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WKH�TXHVW�IRU�EHWWHU�DEVWUDFWLRQV�DQG�EHWWHU�WRROV�WR�VXSSRUW�WKH�FUDIW�RI�ZULWLQJ�VRIWZDUH�
2YHU�WKH�\HDUV��,�KDYH�FRPH�WR�YDOXH�RQH�WUDLW�PRUH�WKDQ�DQ\�RWKHU��FRPSRVDELOLW\��,I
RQH�FDQ�ZULWH�FRGH�ZLWK�JRRG�FRPSRVDELOLW\��LW�XVXDOO\�PHDQV�WKDW�RWKHU�WUDLWV�ZH�VRIW�
ZDUH�GHYHORSHUV�YDOXH¢VXFK�DV�RUWKRJRQDOLW\��ORRVH�FRXSOLQJ��DQG�KLJK�FRKHVLRQ¢
DUH�DOUHDG\�SUHVHQW��,W�LV�DOO�FRQQHFWHG�

:KHQ�,�GLVFRYHUHG�6FDOD�VRPH�\HDUV�DJR��WKH�WKLQJ�WKDW�PDGH�WKH�ELJJHVW�LPSUHVVLRQ
RQ�PH�ZDV�LWV�FRPSRVDELOLW\��7KURXJK�VRPH�YHU\�HOHJDQW�GHVLJQ�FKRLFHV�DQG�VLPSOH�\HW
SRZHUIXO� DEVWUDFWLRQV� WKDW� ZHUH� WDNHQ� IURP� WKH� REMHFW�RULHQWHG� DQG� IXQFWLRQDO
SURJUDPPLQJ�ZRUOGV��0DUWLQ�2GHUVN\�KDV�PDQDJHG�WR�FUHDWH�D� ODQJXDJH�ZLWK�KLJK
FRKHVLRQ�DQG�RUWKRJRQDO��GHHS�DEVWUDFWLRQV�WKDW�LQYLWHV�FRPSRVDELOLW\�LQ�DOO�GLPHQVLRQV
RI�VRIWZDUH�GHVLJQ��6FDOD�LV�WUXO\�D�6&$ODEOH�/$QJXDJH�WKDW�VFDOHV�ZLWK�XVDJH��IURP
VFULSWLQJ�DOO�WKH�ZD\�XS�WR�ODUJH�VFDOH�HQWHUSULVH�DSSOLFDWLRQV�DQG�PLGGOHZDUH��6FDOD
ZDV�ERUQ�RXW�RI�DFDGHPLD��EXW�LW�KDV�JURZQ�LQWR�D�SUDJPDWLF�DQG�SUDFWLFDO�ODQJXDJH
WKDW�LV�YHU\�PXFK�UHDG\�IRU�UHDO�ZRUOG�SURGXFWLRQ�XVH�

:KDW�H[FLWHV�PH�PRVW�DERXW�WKLV�ERRN�LV�WKDW�LW¦V�VR�SUDFWLFDO��'HDQ�DQG�$OH[�KDYH�GRQH
D�IDQWDVWLF�MRE��QRW�RQO\�E\�H[SODLQLQJ�WKH�ODQJXDJH�WKURXJK�LQWHUHVWLQJ�GLVFXVVLRQV�DQG
VDPSOHV��EXW�DOVR�E\�SXWWLQJ� LW� LQ� WKH�FRQWH[W�RI� WKH� UHDO�ZRUOG�� ,W;V�ZULWWHQ� IRU� WKH
SURJUDPPHU�ZKR�ZDQWV�WR�JHW�WKLQJV�GRQH��,�KDG�WKH�SOHDVXUH�RI�JHWWLQJ�WR�NQRZ�'HDQ
VRPH�\HDUV�DJR�ZKHQ�ZH�ZHUH�ERWK�SDUW�RI� WKH�DVSHFW�RULHQWHG�SURJUDPPLQJ�FRP�
PXQLW\��'HDQ�KROGV�D�UDUH�PL[�RI�GHHS�DQDO\WLFDO�DFDGHPLF�WKLQNLQJ�DQG�D�SUDJPDWLF�
JHW�WKLQJV�GRQH�NLQG�RI�PHQWDOLW\��$OH[��ZKRP�,¦YH�KDG�WKH�SOHDVXUH�WR�PHHW�RQFH��LV
OHDGLQJ�WKH�$3,�WHDP�DW�7ZLWWHU��,QF��$OH[�KDV�SOD\HG�D�OHDGLQJ�UROH�LQ�PRYLQJ�7ZLWWHU¦V
FRGH�DQG�LQIUDVWUXFWXUH�WR�6FDOD��PDNLQJ�LW�RQH�RQ�WKH�ILUVW�FRPSDQLHV�WR�VXFFHVVIXOO\
GHSOR\�6FDOD�LQ�SURGXFWLRQ�
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<RX�DUH�DERXW�WR�OHDUQ�KRZ�WR�ZULWH�UHXVDEOH�FRPSRQHQWV�XVLQJ�PL[LQ�DQG�IXQFWLRQ
FRPSRVLWLRQ��KRZ�WR�ZULWH�FRQFXUUHQW�DSSOLFDWLRQV�XVLQJ�6FDOD¦V�$FWRUV��KRZ�WR�PDNH
HIIHFWLYH�XVH�RI�6FDOD¦V�;0/�;3DWK�VXSSRUW��KRZ�WR�XWLOL]H�6FDOD;V�ULFK��IOH[LEOH��DQG
H[SUHVVLYH� V\QWD[� WR�EXLOG�'RPDLQ�6SHFLILF�/DQJXDJHV��KRZ� WR�HIIHFWLYHO\� WHVW�\RXU
6FDOD�FRGH��KRZ�WR�XVH�6FDOD�ZLWK�SRSXODU�IUDPHZRUNV�VXFK�DV�6SULQJ��+DGRRS��DQG
7HUUDFRWWD��DQG�PXFK��PXFK�PRUH��(QMR\�WKH�ULGH��,�VXUH�GLG�

¢-RQDV�%RQpU
,QGHSHQGHQW�&RQVXOWDQW��6FDODEOH�6ROXWLRQV�$%

$XJXVW������
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Preface

3URJUDPPLQJ�6FDOD�LQWURGXFHV�DQ�H[FLWLQJ�QHZ�ODQJXDJH�WKDW�RIIHUV�DOO�WKH�EHQHILWV�RI
D�PRGHUQ�REMHFW�PRGHO��IXQFWLRQDO�SURJUDPPLQJ��DQG�DQ�DGYDQFHG�W\SH�V\VWHP��3DFNHG
ZLWK�FRGH�H[DPSOHV��WKLV�FRPSUHKHQVLYH�ERRN�WHDFKHV�\RX�KRZ�WR�EH�SURGXFWLYH�ZLWK
6FDOD�TXLFNO\��DQG�H[SODLQV�ZKDW�PDNHV�WKLV�ODQJXDJH�LGHDO�IRU�WRGD\¦V�VFDODEOH��GLV�
WULEXWHG��FRPSRQHQW�EDVHG�DSSOLFDWLRQV� WKDW�VXSSRUW�FRQFXUUHQF\�DQG�GLVWULEXWLRQ�
<RX¦OO�DOVR�OHDUQ�KRZ�6FDOD�WDNHV�DGYDQWDJH�RI�WKH�DGYDQFHG�-DYD�9LUWXDO�0DFKLQH�DV�D
SODWIRUP�IRU�SURJUDPPLQJ�ODQJXDJHV�

/HDUQ�PRUH�DW�KWWS���SURJUDPPLQJVFDOD�FRP�RU�DW�WKH�ERRN¦V�FDWDORJ�SDJH�

Welcome to Programming Scala
3URJUDPPLQJ�ODQJXDJHV�EHFRPH�SRSXODU�IRU�PDQ\�UHDVRQV��6RPHWLPHV��SURJUDPPHUV
RQ�D�JLYHQ�SODWIRUP�SUHIHU�D�SDUWLFXODU�ODQJXDJH��RU�RQH�LV�LQVWLWXWLRQDOL]HG�E\�D�YHQGRU�
0RVW�0DF�26�SURJUDPPHUV�XVH�2EMHFWLYH�&��0RVW�:LQGRZV�SURJUDPPHUV�XVH�&��
DQG��1(7�ODQJXDJHV��0RVW�HPEHGGHG�V\VWHPV�GHYHORSHUV�XVH�&�DQG�&���

6RPHWLPHV��SRSXODULW\�GHULYHG�IURP�WHFKQLFDO�PHULW�JLYHV�ZD\�WR�IDVKLRQ�DQG�IDQDWL�
FLVP�� &���� -DYD�� DQG� 5XE\� KDYH� EHHQ� WKH� REMHFWV� RI� IDQDWLFDO� GHYRWLRQ� DPRQJ
SURJUDPPHUV�

6RPHWLPHV��D�ODQJXDJH�EHFRPHV�SRSXODU�EHFDXVH�LW�ILWV�WKH�QHHGV�RI�LWV�HUD��-DYD�ZDV
LQLWLDOO\� VHHQ� DV� D� SHUIHFW� ILW� IRU� EURZVHU�EDVHG�� ULFK� FOLHQW� DSSOLFDWLRQV�� 6PDOOWDON
FDSWXUHG� WKH�HVVHQFH�RI�REMHFW�RULHQWHG�SURJUDPPLQJ� �223��DV� WKDW�PRGHO�RI�SUR�
JUDPPLQJ�HQWHUHG�WKH�PDLQVWUHDP�

7RGD\��FRQFXUUHQF\��KHWHURJHQHLW\��DOZD\V�RQ�VHUYLFHV��DQG�HYHU�VKULQNLQJ�GHYHORS�
PHQW�VFKHGXOHV�DUH�GULYLQJ�LQWHUHVW�LQ�IXQFWLRQDO�SURJUDPPLQJ��)3���,W�DSSHDUV�WKDW�WKH
GRPLQDQFH�RI�REMHFW�RULHQWHG�SURJUDPPLQJ�PD\�EH�RYHU��0L[LQJ�SDUDGLJPV�LV�EHFRP�
LQJ�SRSXODU��HYHQ�QHFHVVDU\�

:H�JUDYLWDWHG�WR�6FDOD�IURP�RWKHU�ODQJXDJHV�EHFDXVH�6FDOD�HPERGLHV�PDQ\�RI�WKH�RS�
WLPDO�TXDOLWLHV�ZH�ZDQW�LQ�D�JHQHUDO�SXUSRVH�SURJUDPPLQJ�ODQJXDJH�IRU�WKH�NLQGV�RI
DSSOLFDWLRQV�ZH�EXLOG�WRGD\��UHOLDEOH��KLJK�SHUIRUPDQFH��KLJKO\�FRQFXUUHQW�,QWHUQHW�DQG
HQWHUSULVH�DSSOLFDWLRQV�
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6FDOD� LV�D�PXOWL�SDUDGLJP�ODQJXDJH��VXSSRUWLQJ�ERWK�REMHFW�RULHQWHG�DQG�IXQFWLRQDO
SURJUDPPLQJ�DSSURDFKHV��6FDOD�LV�VFDODEOH��VXLWDEOH�IRU�HYHU\WKLQJ�IURP�VKRUW�VFULSWV
XS�WR�ODUJH�VFDOH��FRPSRQHQW�EDVHG�DSSOLFDWLRQV��6FDOD�LV�VRSKLVWLFDWHG��LQFRUSRUDWLQJ
VWDWH�RI�WKH�DUW�LGHDV�IURP�WKH�KDOOV�RI�FRPSXWHU�VFLHQFH�GHSDUWPHQWV�ZRUOGZLGH��<HW
6FDOD�LV�SUDFWLFDO��,WV�FUHDWRU��0DUWLQ�2GHUVN\��SDUWLFLSDWHG�LQ�WKH�GHYHORSPHQW�RI�-DYD
IRU�\HDUV�DQG�XQGHUVWDQGV�WKH�QHHGV�RI�SURIHVVLRQDO�GHYHORSHUV�

%RWK�RI�XV�ZHUH�VHGXFHG�E\�6FDOD��E\�LWV�FRQFLVH��HOHJDQW��DQG�H[SUHVVLYH�V\QWD[�DQG�E\
WKH�EUHDGWK�RI�WRROV�LW�SXW�DW�RXU�GLVSRVDO��,Q�WKLV�ERRN��ZH�VWULYH�WR�GHPRQVWUDWH�ZK\
DOO�WKHVH�TXDOLWLHV�PDNH�6FDOD�D�FRPSHOOLQJ�DQG�LQGLVSHQVDEOH�SURJUDPPLQJ�ODQJXDJH�

,I�\RX�DUH�DQ�H[SHULHQFHG�GHYHORSHU�ZKR�ZDQWV�D�IDVW��WKRURXJK�LQWURGXFWLRQ�WR�6FDOD�
WKLV�ERRN�LV�IRU�\RX��<RX�PD\�EH�HYDOXDWLQJ�6FDOD�DV�D�UHSODFHPHQW�IRU�RU�FRPSOHPHQW
WR�\RXU�FXUUHQW�ODQJXDJHV��0D\EH�\RX�KDYH�DOUHDG\�GHFLGHG�WR�XVH�6FDOD��DQG�\RX�QHHG
WR� OHDUQ� LWV� IHDWXUHV�DQG�KRZ�WR�XVH� LW�ZHOO��(LWKHU�ZD\��ZH�KRSH� WR� LOOXPLQDWH� WKLV
SRZHUIXO�ODQJXDJH�IRU�\RX�LQ�DQ�DFFHVVLEOH�ZD\�

:H�DVVXPH�WKDW�\RX�DUH�ZHOO�YHUVHG� LQ�REMHFW�RULHQWHG�SURJUDPPLQJ��EXW�ZH�GRQ¦W
DVVXPH�WKDW�\RX�KDYH�SULRU�H[SRVXUH�WR�IXQFWLRQDO�SURJUDPPLQJ��:H�DVVXPH�WKDW�\RX
DUH�H[SHULHQFHG�LQ�RQH�RU�PRUH�RWKHU�SURJUDPPLQJ�ODQJXDJHV��:H�GUDZ�SDUDOOHOV�WR
IHDWXUHV�LQ�-DYD��&���5XE\��DQG�RWKHU�ODQJXDJHV��,I�\RX�NQRZ�DQ\�RI�WKHVH�ODQJXDJHV�
ZH¦OO�SRLQW�RXW�VLPLODU�IHDWXUHV�LQ�6FDOD��DV�ZHOO�DV�PDQ\�IHDWXUHV�WKDW�DUH�QHZ�

:KHWKHU�\RX�FRPH�IURP�DQ�REMHFW�RULHQWHG�RU�IXQFWLRQDO�SURJUDPPLQJ�EDFNJURXQG�
\RX�ZLOO�VHH�KRZ�6FDOD�HOHJDQWO\�FRPELQHV�ERWK�SDUDGLJPV��GHPRQVWUDWLQJ�WKHLU�FRP�
SOHPHQWDU\�QDWXUH��%DVHG�RQ�PDQ\�H[DPSOHV��\RX�ZLOO�XQGHUVWDQG�KRZ�DQG�ZKHQ�WR
DSSO\�223�DQG�)3�WHFKQLTXHV�WR�PDQ\�GLIIHUHQW�GHVLJQ�SUREOHPV�

,Q�WKH�HQG��ZH�KRSH�WKDW�\RX�WRR�ZLOO�EH�VHGXFHG�E\�6FDOD��(YHQ�LI�6FDOD�GRHV�QRW�HQG
XS�EHFRPLQJ�\RXU�GD\�WR�GD\�ODQJXDJH��ZH�KRSH�\RX�ZLOO�JDLQ�LQVLJKWV�WKDW�\RX�FDQ
DSSO\�UHJDUGOHVV�RI�ZKLFK�ODQJXDJH�\RX�DUH�XVLQJ�

Conventions Used in This Book
7KH�IROORZLQJ�W\SRJUDSKLFDO�FRQYHQWLRQV�DUH�XVHG�LQ�WKLV�ERRN�

,WDOLF
,QGLFDWHV�QHZ�WHUPV��85/V��HPDLO�DGGUHVVHV��ILOH�QDPHV��DQG�ILOH�H[WHQVLRQV��0DQ\
LWDOLFL]HG�WHUPV�DUH�GHILQHG�LQ�WKH�*ORVVDU\�RQ�SDJH�����

Constant width

8VHG�IRU�SURJUDP�OLVWLQJV��DV�ZHOO�DV�ZLWKLQ�SDUDJUDSKV�WR�UHIHU�WR�SURJUDP�HOHPHQWV
VXFK�DV�YDULDEOH�RU�IXQFWLRQ�QDPHV��GDWDEDVHV��GDWD�W\SHV��HQYLURQPHQW�YDULDEOHV�
VWDWHPHQWV��DQG�NH\ZRUGV�

Constant width bold

6KRZV�FRPPDQGV�RU�RWKHU�WH[W�WKDW�VKRXOG�EH�W\SHG�OLWHUDOO\�E\�WKH�XVHU�
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Constant width italic

6KRZV�WH[W�WKDW�VKRXOG�EH�UHSODFHG�ZLWK�XVHU�VXSSOLHG�YDOXHV�RU�E\�YDOXHV�GHWHU�
PLQHG�E\�FRQWH[W�

7KLV�LFRQ�VLJQLILHV�D�WLS��VXJJHVWLRQ��RU�JHQHUDO�QRWH�

7KLV�LFRQ�LQGLFDWHV�D�ZDUQLQJ�RU�FDXWLRQ�

Using Code Examples
7KLV�ERRN�LV�KHUH�WR�KHOS�\RX�JHW�\RXU�MRE�GRQH��,Q�JHQHUDO��\RX�PD\�XVH�WKH�FRGH�LQ
WKLV�ERRN�LQ�\RXU�SURJUDPV�DQG�GRFXPHQWDWLRQ��<RX�GR�QRW�QHHG�WR�FRQWDFW�XV�IRU
SHUPLVVLRQ�XQOHVV�\RX¦UH�UHSURGXFLQJ�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�FRGH��)RU�H[DPSOH�
ZULWLQJ�D�SURJUDP�WKDW�XVHV�VHYHUDO�FKXQNV�RI�FRGH�IURP�WKLV�ERRN�GRHV�QRW�UHTXLUH
SHUPLVVLRQ��6HOOLQJ�RU�GLVWULEXWLQJ�D�&'�520�RI�H[DPSOHV�IURP�2¦5HLOO\�ERRNV�GRHV
UHTXLUH�SHUPLVVLRQ��$QVZHULQJ�D�TXHVWLRQ�E\�FLWLQJ�WKLV�ERRN�DQG�TXRWLQJ�H[DPSOH
FRGH�GRHV�QRW�UHTXLUH�SHUPLVVLRQ��,QFRUSRUDWLQJ�D�VLJQLILFDQW�DPRXQW�RI�H[DPSOH�FRGH
IURP�WKLV�ERRN�LQWR�\RXU�SURGXFW¦V�GRFXPHQWDWLRQ�GRHV�UHTXLUH�SHUPLVVLRQ�

:H�DSSUHFLDWH��EXW�GR�QRW�UHTXLUH��DWWULEXWLRQ��$Q�DWWULEXWLRQ�XVXDOO\�LQFOXGHV�WKH�WLWOH�
DXWKRU��SXEOLVKHU��DQG�,6%1��)RU�H[DPSOH��£3URJUDPPLQJ�6FDOD�E\�'HDQ�:DPSOHU�DQG
$OH[�3D\QH��&RS\ULJKW������'HDQ�:DPSOHU�DQG�$OH[�3D\QH��������������������¤

,I�\RX�IHHO�\RXU�XVH�RI�FRGH�H[DPSOHV�IDOOV�RXWVLGH�IDLU�XVH�RU�WKH�SHUPLVVLRQ�JLYHQ�DERYH�
IHHO�IUHH�WR�FRQWDFW�XV�DW�SHUPLVVLRQV#RUHLOO\�FRP�

Getting the Code Examples
<RX� FDQ� GRZQORDG� WKH� FRGH� H[DPSOHV� IURP� KWWS���H[DPSOHV�RUHLOO\�FRP�
����������������8Q]LS�WKH�ILOHV�WR�D�FRQYHQLHQW�ORFDWLRQ��6HH�WKH�5($'0(�W[W�ILOH�LQ
WKH�GLVWULEXWLRQ�IRU�LQVWUXFWLRQV�RQ�EXLOGLQJ�DQG�XVLQJ�WKH�H[DPSOHV�

6RPH�RI�WKH�H[DPSOH�ILOHV�FDQ�EH�UXQ�DV�VFULSWV�XVLQJ�WKH�scala�FRPPDQG��2WKHUV�PXVW
EH�FRPSLOHG�LQWR�FODVV�ILOHV��6RPH�ILOHV�FRQWDLQ�GHOLEHUDWH�HUURUV�DQG�ZRQ¦W�FRPSLOH��:H
KDYH�DGRSWHG�D�ILOH�QDPLQJ�FRQYHQWLRQ�WR�LQGLFDWH�HDFK�RI�WKHVH�FDVHV��DOWKRXJK�DV�\RX
OHDUQ�6FDOD�LW�VKRXOG�EHFRPH�REYLRXV�IURP�WKH�FRQWHQWV�RI�WKH�ILOHV��LQ�PRVW�FDVHV�


�VFULSW�VFDOD
)LOHV�WKDW�HQG�LQ��VFULSW�VFDOD�FDQ�EH�UXQ�RQ�D�FRPPDQG�OLQH�XVLQJ�scala��H�J���scala
foo-script.scala��<RX� FDQ� DOVR� VWDUW�scala� LQ� WKH� LQWHUSUHWHU�PRGH� �ZKHQ� \RX
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GRQ¦W�VSHFLI\�D�VFULSW�ILOH��DQG�ORDG�DQ\�VFULSW�ILOH�LQ�WKH�LQWHUSUHWHU�XVLQJ�WKH�:load
filename�FRPPDQG�


�ZRQW�FRPSLOH�VFDOD
)LOHV�WKDW�HQG�LQ��ZRQW�FRPSLOH�VFDOD�FRQWDLQ�GHOLEHUDWH�HUURUV�WKDW�ZLOO�FDXVH�WKHP
WR�IDLO�WR�FRPSLOH��:H�XVH�WKLV�QDPLQJ�FRQYHQWLRQ��DORQJ�ZLWK�RQH�RU�PRUH�HP�
EHGGHG�FRPPHQWV�DERXW�WKH�HUURUV��VR�LW�ZLOO�EH�FOHDU�WKDW�WKH\�DUH�LQYDOLG��$OVR�
WKHVH�ILOHV�DUH�VNLSSHG�E\�WKH�EXLOG�SURFHVV�IRU�WKH�H[DPSOHV�

VDNH�VFDOD
)LOHV�QDPHG�VDNH�VFDOD�DUH�XVHG�E\�RXU�EXLOG�WRRO��FDOOHG�sake��7KH�5($'0(�W[W
ILOH�GHVFULEHV�WKLV�WRRO�


�VFDOD
$OO�RWKHU�6FDOD�ILOHV�PXVW�EH�FRPSLOHG�XVLQJ�scalac��,Q�WKH�GLVWULEXWLRQ��WKH\�DUH
XVHG�HLWKHU�E\�RWKHU�FRPSLOHG�RU�VFULSW�ILOHV��VXFK�DV�WHVWV��QRW�DOO�RI�ZKLFK�DUH�OLVWHG
LQ�WKLV�ERRN�

Safari® Books Online
6DIDUL�%RRNV�2QOLQH�LV�DQ�RQ�GHPDQG�GLJLWDO�OLEUDU\�WKDW�OHWV�\RX�HDVLO\
VHDUFK�RYHU�������WHFKQRORJ\�DQG�FUHDWLYH�UHIHUHQFH�ERRNV�DQG�YLGHRV�WR
ILQG�WKH�DQVZHUV�\RX�QHHG�TXLFNO\�

:LWK�D�VXEVFULSWLRQ��\RX�FDQ�UHDG�DQ\�SDJH�DQG�ZDWFK�DQ\�YLGHR�IURP�RXU�OLEUDU\�RQOLQH�
5HDG�ERRNV�RQ�\RXU�FHOO�SKRQH�DQG�PRELOH�GHYLFHV��$FFHVV�QHZ�WLWOHV�EHIRUH�WKH\�DUH
DYDLODEOH�IRU�SULQW��DQG�JHW�H[FOXVLYH�DFFHVV�WR�PDQXVFULSWV�LQ�GHYHORSPHQW�DQG�SRVW
IHHGEDFN�IRU�WKH�DXWKRUV��&RS\�DQG�SDVWH�FRGH�VDPSOHV��RUJDQL]H�\RXU�IDYRULWHV��GRZQ�
ORDG�FKDSWHUV��ERRNPDUN�NH\�VHFWLRQV��FUHDWH�QRWHV��SULQW�RXW�SDJHV��DQG�EHQHILW�IURP
WRQV�RI�RWKHU�WLPH�VDYLQJ�IHDWXUHV�

2¦5HLOO\�0HGLD�KDV�XSORDGHG�WKLV�ERRN�WR�WKH�6DIDUL�%RRNV�2QOLQH�VHUYLFH��7R�KDYH�IXOO
GLJLWDO�DFFHVV�WR�WKLV�ERRN�DQG�RWKHUV�RQ�VLPLODU�WRSLFV�IURP�2¦5HLOO\�DQG�RWKHU�SXE�
OLVKHUV��VLJQ�XS�IRU�IUHH�DW�KWWS���P\�VDIDULERRNVRQOLQH�FRP�

How to Contact Us
3OHDVH�DGGUHVV�FRPPHQWV�DQG�TXHVWLRQV�FRQFHUQLQJ�WKLV�ERRN�WR�WKH�SXEOLVKHU�

2¦5HLOO\�0HGLD��,QF�
�����*UDYHQVWHLQ�+LJKZD\�1RUWK
6HEDVWRSRO��&$������
��������������LQ�WKH�8QLWHG�6WDWHV�RU�&DQDGD�
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��������������LQWHUQDWLRQDO�RU�ORFDO�
��������������ID[�

:H�KDYH�D�ZHE�SDJH�IRU�WKLV�ERRN��ZKHUH�ZH�OLVW�HUUDWD��H[DPSOHV��DQG�DQ\�DGGLWLRQDO
LQIRUPDWLRQ��<RX�FDQ�DFFHVV�WKLV�SDJH�DW�

KWWS���RUHLOO\�FRP�FDWDORJ���������������

7R�FRPPHQW�RU�DVN�WHFKQLFDO�TXHVWLRQV�DERXW�WKLV�ERRN��VHQG�HPDLO�WR�

ERRNTXHVWLRQV#RUHLOO\�FRP

)RU� PRUH� LQIRUPDWLRQ� DERXW� RXU� ERRNV�� FRQIHUHQFHV�� 5HVRXUFH� &HQWHUV�� DQG� WKH
2¦5HLOO\�1HWZRUN��VHH�RXU�ZHEVLWH�DW�

KWWS���RUHLOO\�FRP
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$V�ZH�GHYHORSHG�WKLV�ERRN��PDQ\�SHRSOH�UHDG�HDUO\�GUDIWV�DQG�VXJJHVWHG�QXPHURXV
LPSURYHPHQWV�WR�WKH�WH[W��IRU�ZKLFK�ZH�DUH�HWHUQDOO\�JUDWHIXO��:H�DUH�HVSHFLDOO\�JUDWHIXO
WR�6WHYH�-HQVHQ��5DPQLYDV�/DGGDG��0DUFHO�0ROLQD��%LOO�9HQQHUV��DQG�-RQDV�%RQpU�IRU
WKHLU�H[WHQVLYH�IHHGEDFN�

0XFK�RI�WKH�IHHGEDFN�ZH�UHFHLYHG�FDPH�WKURXJK�WKH�6DIDUL�5RXJK�&XWV�UHOHDVHV�DQG
WKH�RQOLQH�HGLWLRQ�DYDLODEOH�DW�KWWS���SURJUDPPLQJVFDOD�FRP��:H�DUH�JUDWHIXO� IRU� WKH
IHHGEDFN�SURYLGHG�E\��LQ�QR�SDUWLFXODU�RUGHU��,XOLDQ�'UDJRV��1LNRODM�/LQGEHUJ��0DWW
+HOOLJH��'DYLG�9\GUD��5LFN\�&ODUNVRQ��$OH[�&UXLVH��-RVK�&URQHPH\HU��7\OHU�-HQQLQJV�
$ODQ�6XS\QXN��7RQ\�+LOOHUVRQ��5RJHU�9DXJKQ��$UEL�6RRND]LDQ��%UXFH�/HLGO��'DQLHO
6REUDO��(GHU�$QGUHV�$YLOD��0DUHN�.XELFD��+HQULN�+XWWXQHQ��%KDVNDU�0DGGDOD��*HG
%\UQH��'HUHN�0DKDU��*HRIIUH\�:LVHPDQ��3HWHU�5DZVWKRUQH��*HRIIUH\�:LVHPDQ��-RH
%RZEHHU��$OH[DQGHU� %DWWLVWL�� 5RE�'LFNHQV�� 7LP�0DF(DFKHUQ�� -DVRQ�+DUULV�� 6WHYHQ
*UDG\��%RE�)ROOHN��$ULHO�2UWL]��3DUWK�0DOZDQNDU��5HLG�+RFKVWHGOHU��-DVRQ�=DXJJ��-RQ
+DQVRQ��0DULR�*OHLFKPDQQ��'DYLG�*DWHV�� =HI�+HPHO��0LFKDHO� <HH��0DULXV�.UHLV�
0DUWLQ�6�VVNUDXW��-DYLHU�9HJDV��7RELDV�+DXWK��)UDQFHVFR�%RFKLFFKLR��6WHSKHQ�'XQFDQ
-U���3DWULN�'XGLWV�� -DQ�1LHKXVPDQQ��%LOO�%XUGLFN��'DYLG�+ROEURRN��6KDORP�'HLWFK�
-HVSHU�1RUGHQEHUJ��(VD�/DLQH��*OHE�)UDQN��6LPRQ�$QGHUVVRQ��3DWULN�'XGLWV��&KULV
/HZLV��-XOLDQ�+RZDUWK��'LUN�.X]HPF]DN��+HQUL�*HUULWV��-RKQ�+HLQW]��6WXDUW�5RHEXFN�
DQG�-XQJKR�.LP��0DQ\�RWKHU�UHDGHUV�IRU�ZKRP�ZH�RQO\�KDYH�XVHUQDPHV�DOVR�SURYLGHG
IHHGEDFN��:H�ZLVK�WR�WKDQN�=DFN��-RVK*��HZLOOLJHUV��DEFRDWHV��EUDG��WHWR��SMFM��PNOHLQW�
GDQGR\RQ��$UHN��UXH��DFDQJLDQR��YNHOPDQ��EU\DQO��-HII��PED[WHU��SME���N[HQ��KLSHU�
WUDFNHU��FWUDQ��5DP�5���FRG\��1RODQ��-RVKXD��$MD\��-RH��DQG�DQRQ\PRXV�FRQWULEXWRUV�
:H�DSRORJL]H�LI�ZH�KDYH�RYHUORRNHG�DQ\RQH�

2XU�HGLWRU��0LNH�/RXNLGHV��NQRZV�KRZ�WR�SXVK�DQG�SURG�JHQWOH��+H¦V�EHHQ�D�JUHDW�KHOS
WKURXJKRXW� WKLV�FUD]\�SURFHVV��0DQ\�RWKHU�SHRSOH�DW�2¦5HLOO\�ZHUH�DOZD\V� WKHUH� WR
DQVZHU�RXU�TXHVWLRQV�DQG�KHOS�XV�PRYH�IRUZDUG�
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:H�WKDQN�-RQDV�%RQpU�IRU�ZULWLQJ�WKH�)RUHZRUG�IRU�WKH�ERRN��-RQDV�LV�D�ORQJWLPH�IULHQG
DQG�FROODERUDWRU�IURP�WKH�DVSHFW�RULHQWHG�SURJUDPPLQJ��$23��FRPPXQLW\��)RU�\HDUV�
KH�KDV�GRQH�SLRQHHULQJ�ZRUN�LQ�WKH�-DYD�FRPPXQLW\��1RZ�KH�LV�DSSO\LQJ�KLV�HQHUJLHV
WR�SURPRWLQJ�6FDOD�DQG�JURZLQJ�WKDW�FRPPXQLW\�

%LOO�9HQQHUV�JUDFLRXVO\�SURYLGHG�WKH�TXRWH�RQ�WKH�EDFN�FRYHU��7KH�ILUVW�SXEOLVKHG�ERRN
RQ�6FDOD��3URJUDPPLQJ�LQ�6FDOD��$UWLPD���WKDW�KH�FRZURWH�ZLWK�0DUWLQ�2GHUVN\�DQG
/H[�6SRRQ��LV�LQGLVSHQVDEOH�IRU�WKH�6FDOD�GHYHORSHU��%LOO�KDV�DOVR�FUHDWHG�WKH�ZRQGHUIXO
6FDOD7HVW�OLEUDU\�

:H�KDYH�OHDUQHG�D�ORW�IURP�IHOORZ�GHYHORSHUV�DURXQG�WKH�ZRUOG��%HVLGHV�-RQDV�DQG�%LOO�
'HEDVLVK�*KRVK��-DPHV� ,U\��'DQLHO�6SLHZDN��'DYLG�3ROODFN��3DXO�6QLYHO\��2OD�%LQL�
'DQLHO�6REUDO��-RVK�6XHUHWK��5REH\�3RLQWHU��1DWKDQ�+DPEOHQ��-RUJH�2UWL]��DQG�RWKHUV
KDYH�LOOXPLQDWHG�GDUN�FRUQHUV�ZLWK�WKHLU�EORJ�HQWULHV��IRUXP�GLVFXVVLRQV��DQG�SHUVRQDO
FRQYHUVDWLRQV�

'HDQ�WKDQNV�KLV�FROOHDJXHV�DW�2EMHFW�0HQWRU�DQG�VHYHUDO�GHYHORSHUV�DW�FOLHQW�VLWHV�IRU
PDQ\�VWLPXODWLQJ�GLVFXVVLRQV�RQ�ODQJXDJHV��VRIWZDUH�GHVLJQ��DQG�WKH�SUDJPDWLF�LVVXHV
IDFLQJ�GHYHORSHUV� LQ� LQGXVWU\��7KH�PHPEHUV�RI� WKH�&KLFDJR�$UHD�6FDOD�(QWKXVLDVWV
�&$6(��JURXS�KDYH�DOVR�EHHQ�D�VRXUFH�RI�YDOXDEOH�IHHGEDFN�DQG�LQVSLUDWLRQ�

$OH[� WKDQNV�KLV� FROOHDJXHV� DW�7ZLWWHU� IRU� WKHLU� HQFRXUDJHPHQW� DQG� VXSHUE�ZRUN� LQ
GHPRQVWUDWLQJ�6FDOD¦V�HIIHFWLYHQHVV�DV�D�ODQJXDJH��+H�DOVR�WKDQNV�WKH�%D\�$UHD�6FDOD
(QWKXVLDVWV��%$6(��IRU�WKHLU�PRWLYDWLRQ�DQG�FRPPXQLW\�

0RVW�RI�DOO��ZH�WKDQN�0DUWLQ�2GHUVN\�DQG�KLV�WHDP�IRU�FUHDWLQJ�6FDOD�
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CHAPTER 1

Zero to Sixty: Introducing Scala

Why Scala?
7RGD\¦V�HQWHUSULVH�DQG�,QWHUQHW�DSSOLFDWLRQV�PXVW�EDODQFH�D�QXPEHU�RI�FRQFHUQV��7KH\
PXVW�EH�LPSOHPHQWHG�TXLFNO\�DQG�UHOLDEO\��1HZ�IHDWXUHV�PXVW�EH�DGGHG�LQ�VKRUW��LQ�
FUHPHQWDO�F\FOHV��%H\RQG�VLPSO\�SURYLGLQJ�EXVLQHVV�ORJLF��DSSOLFDWLRQV�PXVW�VXSSRUW
VHFXUH�DFFHVV��SHUVLVWHQFH�RI�GDWD��WUDQVDFWLRQDO�EHKDYLRU��DQG�RWKHU�DGYDQFHG�IHDWXUHV�
$SSOLFDWLRQV�PXVW� EH� KLJKO\� DYDLODEOH� DQG� VFDODEOH�� UHTXLULQJ� GHVLJQV� WKDW� VXSSRUW
FRQFXUUHQF\�DQG�GLVWULEXWLRQ��$SSOLFDWLRQV�DUH�QHWZRUNHG�DQG�SURYLGH�LQWHUIDFHV�IRU
ERWK�SHRSOH�DQG�RWKHU�DSSOLFDWLRQV�WR�XVH�

7R�PHHW�WKHVH�FKDOOHQJHV��PDQ\�GHYHORSHUV�DUH�ORRNLQJ�IRU�QHZ�ODQJXDJHV�DQG�WRROV�
9HQHUDEOH�VWDQGE\V�OLNH�-DYD��&���DQG�&���DUH�QR�ORQJHU�RSWLPDO�IRU�GHYHORSLQJ�WKH
QH[W�JHQHUDWLRQ�RI�DSSOLFDWLRQV�

If You Are a Java Programmer…
-DYD�ZDV�RIILFLDOO\�LQWURGXFHG�E\�6XQ�0LFURV\VWHPV�LQ�0D\�RI�������DW�WKH�DGYHQW�RI
ZLGHVSUHDG�LQWHUHVW�LQ�WKH�,QWHUQHW��-DYD�ZDV�LPPHGLDWHO\�KDLOHG�DV�DQ�LGHDO�ODQJXDJH
IRU�ZULWLQJ�EURZVHU�EDVHG�DSSOHWV��ZKHUH�D�VHFXUH��SRUWDEOH��DQG�GHYHORSHU�IULHQGO\
DSSOLFDWLRQ� ODQJXDJH�ZDV�QHHGHG��7KH� UHLJQLQJ� ODQJXDJH�RI� WKH�GD\��&����ZDV�QRW
VXLWDEOH�IRU�WKLV�GRPDLQ�

7RGD\��-DYD�LV�PRUH�RIWHQ�XVHG�IRU�VHUYHU�VLGH�DSSOLFDWLRQV��,W�LV�RQH�RI�WKH�PRVW�SRSXODU
ODQJXDJHV�LQ�XVH�IRU�WKH�GHYHORSPHQW�RI�ZHE�DQG�HQWHUSULVH�DSSOLFDWLRQV�

+RZHYHU��-DYD�ZDV�D�FKLOG�RI�LWV�WLPH��1RZ�LW�VKRZV�LWV�DJH��,Q�������-DYD�SURYLGHG�D
V\QWD[�VLPLODU�HQRXJK�WR�&���WR�HQWLFH�&���GHYHORSHUV��ZKLOH�DYRLGLQJ�PDQ\�RI�WKDW
ODQJXDJH¦V�GHILFLHQFLHV�DQG�£VKDUS�HGJHV�¤�-DYD�DGRSWHG�WKH�PRVW�XVHIXO�LGHDV�IRU�WKH
GHYHORSPHQW�SUREOHPV�RI�LWV�HUD��VXFK�DV�REMHFW�RULHQWHG�SURJUDPPLQJ��223���ZKLOH
GLVFDUGLQJ�PRUH�WURXEOHVRPH�WHFKQLTXHV��VXFK�DV�PDQXDO�PHPRU\�PDQDJHPHQW��7KHVH
GHVLJQ�FKRLFHV�VWUXFN�DQ�H[FHOOHQW�EDODQFH�WKDW�PLQLPL]HG�FRPSOH[LW\�DQG�PD[LPL]HG
GHYHORSHU�SURGXFWLYLW\��ZKLOH�WUDGLQJ�RII�SHUIRUPDQFH�FRPSDUHG�WR�QDWLYHO\�FRPSLOHG
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FRGH��:KLOH�-DYD�KDV�HYROYHG�VLQFH� LWV�ELUWK��PDQ\�SHRSOH�EHOLHYH� LW�KDV�JURZQ�WRR
FRPSOH[�ZLWKRXW�DGHTXDWHO\�DGGUHVVLQJ�VRPH�QHZHU�GHYHORSPHQW�FKDOOHQJHV�

'HYHORSHUV�ZDQW�ODQJXDJHV�WKDW�DUH�PRUH�VXFFLQFW�DQG�IOH[LEOH�WR�LPSURYH�WKHLU�SUR�
GXFWLYLW\��7KLV�LV�RQH�UHDVRQ�ZK\�VR�FDOOHG�VFULSWLQJ�ODQJXDJHV�OLNH�5XE\�DQG�3\WKRQ
KDYH�EHFRPH�PRUH�SRSXODU�UHFHQWO\�

7KH�QHYHU�HQGLQJ�QHHG�WR�VFDOH�LV�GULYLQJ�DUFKLWHFWXUHV�WRZDUG�SHUYDVLYH�FRQFXUUHQF\�
+RZHYHU��-DYD¦V�FRQFXUUHQF\�PRGHO��ZKLFK�LV�EDVHG�RQ�V\QFKURQL]HG�DFFHVV�WR�VKDUHG�
PXWDEOH�VWDWH��UHVXOWV�LQ�FRPSOH[�DQG�HUURU�SURQH�SURJUDPV�

:KLOH�WKH�-DYD�ODQJXDJH�LV�VKRZLQJ�LWV�DJH��WKH�-DYD�9LUWXDO�0DFKLQH��-90��RQ�ZKLFK
LW�UXQV�FRQWLQXHV�WR�VKLQH��7KH�RSWLPL]DWLRQV�SHUIRUPHG�E\�WRGD\¦V�-90�DUH�H[WUDRU�
GLQDU\��DOORZLQJ�E\WH�FRGH�WR�RXWSHUIRUP�QDWLYHO\�FRPSLOHG�FRGH�LQ�PDQ\�FDVHV��7RGD\�
PDQ\�GHYHORSHUV�EHOLHYH�WKDW�XVLQJ�WKH�-90�ZLWK�QHZ�ODQJXDJHV�LV�WKH�SDWK�IRUZDUG�
6XQ�LV�HPEUDFLQJ�WKLV�WUHQG�E\�HPSOR\LQJ�PDQ\�RI�WKH�OHDG�GHYHORSHUV�RI�-5XE\�DQG
-\WKRQ��ZKLFK�DUH�-90�SRUWV�RI�5XE\�DQG�3\WKRQ��UHVSHFWLYHO\�

7KH�DSSHDO�RI�6FDOD�IRU�WKH�-DYD�GHYHORSHU�LV�WKDW�LW�JLYHV�\RX�D�QHZHU��PRUH�PRGHUQ
ODQJXDJH��ZKLOH� OHYHUDJLQJ� WKH� -90¦V�DPD]LQJ�SHUIRUPDQFH�DQG� WKH�ZHDOWK�RI� -DYD
OLEUDULHV�WKDW�KDYH�EHHQ�GHYHORSHG�IRU�RYHU�D�GHFDGH�

If You Are a Ruby, Python, etc. Programmer…
'\QDPLFDOO\� W\SHG� ODQJXDJHV� OLNH�5XE\�� 3\WKRQ��*URRY\�� -DYD6FULSW�� DQG�6PDOOWDON
RIIHU�YHU\�KLJK�SURGXFWLYLW\�GXH�WR�WKHLU�IOH[LELOLW\��SRZHUIXO�PHWDSURJUDPPLQJ��DQG
HOHJDQFH�

Statically Typed Versus Dynamically Typed Languages
2QH�RI�WKH�IXQGDPHQWDO�ODQJXDJH�GHVLJQ�FKRLFHV�LV�VWDWLF�YHUVXV�G\QDPLF�W\SLQJ�

7KH�ZRUG�£W\SLQJ¤�LV�XVHG�LQ�PDQ\�FRQWH[WV�LQ�VRIWZDUH��7KH�IROORZLQJ�LV�D�£SODXVLEOH¤
GHILQLWLRQ�WKDW�LV�XVHIXO�IRU�RXU�SXUSRVHV�

$�W\SH�V\VWHP�LV�D�WUDFWDEOH�V\QWDFWLF�PHWKRG�IRU�SUHVHUYLQJ�WKH�DEVHQFH�RI�FHUWDLQ
SURJUDP�EHKDYLRUV�E\�FODVVLI\LQJ�SKUDVHV�DFFRUGLQJ�WR�WKH�NLQGV�RI�YDOXHV�WKH\
FRPSXWH�

¢%HQMDPLQ�&��3LHUFH��7\SHV�DQG�3URJUDPPLQJ�/DQJXDJHV��0,7�3UHVV�������

1RWH�WKH�HPSKDVLV�RQ�KRZ�D�W\SH�V\VWHP�DOORZV�UHDVRQLQJ�DERXW�ZKDW�D�V\VWHP�H[�
FOXGHV�IURP�KDSSHQLQJ��7KDW¦V�JHQHUDOO\�HDVLHU�WKDQ�WU\LQJ�WR�GHWHUPLQH�WKH�VHW�RI�DOO
DOORZHG�SRVVLELOLWLHV��$�W\SH�V\VWHP�LV�XVHG�WR�FDWFK�YDULRXV�HUURUV��OLNH�XQVXSSRUWHG
RSHUDWLRQV�RQ�SDUWLFXODU�GDWD�VWUXFWXUHV��DWWHPSWLQJ�WR�FRPELQH�GDWD�LQ�DQ�XQGHILQHG
ZD\��H�J���WU\LQJ�WR�DGG�DQ�LQWHJHU�WR�D�VWULQJ���EUHDNLQJ�DEVWUDFWLRQV��HWF�

,QIRUPDOO\��LQ�VWDWLF�W\SLQJ��D�YDULDEOH�LV�ERXQG�WR�D�SDUWLFXODU�W\SH�IRU�LWV�OLIHWLPH��,WV
W\SH�FDQ¦W�EH�FKDQJHG�DQG�LW�FDQ�RQO\�UHIHUHQFH�W\SH�FRPSDWLEOH�LQVWDQFHV��7KDW�LV��LI�D
YDULDEOH�UHIHUV�WR�D�YDOXH�RI�W\SH�A��\RX�FDQ¦W�DVVLJQ�D�YDOXH�RI�D�GLIIHUHQW�W\SH�B�WR�LW�
XQOHVV�B�LV�D�VXEW\SH�RI�A��IRU�VRPH�UHDVRQDEOH�GHILQLWLRQ�RI�£VXEW\SH�¤
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,Q�G\QDPLF�W\SLQJ��WKH�W\SH�LV�ERXQG�WR�WKH�YDOXH��QRW�WKH�YDULDEOH��6R��D�YDULDEOH�PLJKW
UHIHU�WR�D�YDOXH�RI�W\SH�A��WKHQ�EH�UHDVVLJQHG�ODWHU�WR�D�YDOXH�RI�DQ�XQUHODWHG�W\SH�X�

7KH�WHUP�G\QDPLFDOO\�W\SHG�LV�XVHG�EHFDXVH�WKH�W\SH�RI�D�YDULDEOH�LV�HYDOXDWHG�ZKHQ�LW
LV�XVHG�GXULQJ�UXQWLPH��ZKLOH�LQ�D�VWDWLFDOO\�W\SHG�ODQJXDJH�WKH�W\SH�LV�HYDOXDWHG�DW�SDUVH
WLPH�

7KLV�PD\�VHHP�OLNH�D�VPDOO�GLVWLQFWLRQ��EXW�LW�KDV�D�SHUYDVLYH�LPSDFW�RQ�WKH�SKLORVRSK\�
GHVLJQ��DQG�LPSOHPHQWDWLRQ�RI�D�ODQJXDJH��:H¦OO�H[SORUH�VRPH�RI�WKHVH�LPSOLFDWLRQV�DV
ZH�JR�WKURXJK�WKH�ERRN�

6FDOD�DQG�-DYD�DUH�VWDWLFDOO\�W\SHG�ODQJXDJHV��ZKHUHDV�5XE\��3\WKRQ��*URRY\��-DYD�
6FULSW��DQG�6PDOOWDON�DUH�G\QDPLFDOO\�W\SHG�ODQJXDJHV�

)RU�VLPSOLFLW\��ZH�ZLOO�RIWHQ�XVH� WKH�WHUPV�VWDWLF� ODQJXDJH�DQG�G\QDPLF� ODQJXDJH�DV
VKRUWKDQGV�IRU�VWDWLFDOO\�W\SHG�ODQJXDJH�DQG�G\QDPLFDOO\�W\SHG�ODQJXDJH��UHVSHFWLYHO\�

$Q�RUWKRJRQDO�GHVLJQ�FRQVLGHUDWLRQ�LV�VWURQJ�YHUVXV�ZHDN�W\SLQJ��,Q�VWURQJ�W\SLQJ��HYHU\
YDULDEOH��IRU�VWDWLF�W\SLQJ��RU�YDOXH��IRU�G\QDPLF�W\SLQJ��PXVW�KDYH�DQ�XQDPELJXRXV
W\SH��,Q�ZHDN�W\SLQJ��D�VSHFLILF�W\SH�LV�QRW�UHTXLUHG��:KLOH�PRVW�ODQJXDJHV�DOORZ�VRPH
PL[WXUH�RI�VWURQJ�YHUVXV�ZHDN�W\SLQJ��6FDOD��-DYD��DQG�5XE\�DUH�SUHGRPLQDQWO\�VWURQJO\
W\SHG�ODQJXDJHV��6RPH�ODQJXDJHV��OLNH�&�DQG�3HUO��DUH�PRUH�ZHDNO\�W\SHG�

'HVSLWH�WKHLU�SURGXFWLYLW\�DGYDQWDJHV��G\QDPLF�ODQJXDJHV�PD\�QRW�EH�WKH�EHVW�FKRLFHV
IRU�DOO�DSSOLFDWLRQV��SDUWLFXODUO\�IRU�YHU\�ODUJH�FRGH�EDVHV�DQG�KLJK�SHUIRUPDQFH�DSSOL�
FDWLRQV��7KHUH�LV�D�ORQJVWDQGLQJ��VSLULWHG�GHEDWH�LQ�WKH�SURJUDPPLQJ�FRPPXQLW\�DERXW
WKH�UHODWLYH�PHULWV�RI�G\QDPLF�YHUVXV�VWDWLF�W\SLQJ��0DQ\�RI�WKH�SRLQWV�RI�FRPSDULVRQ
DUH�VRPHZKDW�VXEMHFWLYH��:H�ZRQ¦W�JR�WKURXJK�DOO�WKH�DUJXPHQWV�KHUH��EXW�ZH�ZLOO�RIIHU
D�IHZ�WKRXJKWV�IRU�FRQVLGHUDWLRQ�

2SWLPL]LQJ�WKH�SHUIRUPDQFH�RI�D�G\QDPLF�ODQJXDJH�LV�PRUH�FKDOOHQJLQJ�WKDQ�IRU�D�VWDWLF
ODQJXDJH��,Q�D�VWDWLF� ODQJXDJH��RSWLPL]HUV�FDQ�H[SORLW�WKH�W\SH�LQIRUPDWLRQ�WR�PDNH
GHFLVLRQV�� ,Q� D�G\QDPLF� ODQJXDJH�� IHZHU� VXFK� FOXHV� DUH� DYDLODEOH� IRU� WKH�RSWLPL]HU�
PDNLQJ�RSWLPL]DWLRQ�FKRLFHV�KDUGHU��:KLOH�UHFHQW�DGYDQFHPHQWV�LQ�RSWLPL]DWLRQV�IRU
G\QDPLF�ODQJXDJHV�DUH�SURPLVLQJ��WKH\�ODJ�EHKLQG�WKH�VWDWH�RI�WKH�DUW�IRU�VWDWLF�ODQ�
JXDJHV��6R��LI�\RX�UHTXLUH�YHU\�KLJK�SHUIRUPDQFH��VWDWLF�ODQJXDJHV�DUH�SUREDEO\�D�VDIHU
FKRLFH�

6WDWLF� ODQJXDJHV� FDQ�DOVR�EHQHILW� WKH�GHYHORSPHQW�SURFHVV�� ,QWHJUDWHG�GHYHORSPHQW
HQYLURQPHQW� �,'(�� IHDWXUHV� OLNH� DXWRFRPSOHWLRQ� �VRPHWLPHV� FDOOHG� FRGH� VHQVH�� DUH
HDVLHU�WR�LPSOHPHQW�IRU�VWDWLF�ODQJXDJHV��DJDLQ�EHFDXVH�RI�WKH�H[WUD�W\SH�LQIRUPDWLRQ
DYDLODEOH�� 7KH�PRUH� H[SOLFLW� W\SH� LQIRUPDWLRQ� LQ� VWDWLF� FRGH� SURPRWHV� EHWWHU� £VHOI�
GRFXPHQWDWLRQ�¤�ZKLFK�FDQ�EH�LPSRUWDQW�IRU�FRPPXQLFDWLQJ�LQWHQW�DPRQJ�GHYHORSHUV�
HVSHFLDOO\�DV�D�SURMHFW�JURZV�

:KHQ�XVLQJ�D�VWDWLF�ODQJXDJH��\RX�KDYH�WR�WKLQN�DERXW�DSSURSULDWH�W\SH�FKRLFHV�PRUH
RIWHQ��ZKLFK�IRUFHV�\RX�WR�ZHLJK�GHVLJQ�FKRLFHV�PRUH�FDUHIXOO\��:KLOH�WKLV�PD\�VORZ
GRZQ�GDLO\�GHVLJQ�GHFLVLRQV��WKLQNLQJ�WKURXJK�WKH�W\SHV�LQ�WKH�DSSOLFDWLRQ�FDQ�UHVXOW
LQ�D�PRUH�FRKHUHQW�GHVLJQ�RYHU�WLPH�
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$QRWKHU�VPDOO�EHQHILW�RI�VWDWLF�ODQJXDJHV�LV�WKH�H[WUD�FKHFNLQJ�WKH�FRPSLOHU�SHUIRUPV�
:H�WKLQN�WKLV�DGYDQWDJH�LV�RIWHQ�RYHUVROG��DV�W\SH�PLVPDWFK�HUURUV�DUH�D�VPDOO�IUDFWLRQ
RI�WKH�UXQWLPH�HUURUV�\RX�W\SLFDOO\�VHH��7KH�FRPSLOHU�FDQ¦W�ILQG�ORJLF�HUURUV��ZKLFK�DUH
IDU�PRUH�VLJQLILFDQW��2QO\�D�FRPSUHKHQVLYH��DXWRPDWHG�WHVW�VXLWH�FDQ�ILQG�ORJLF�HUURUV�
)RU�G\QDPLFDOO\�W\SHG�ODQJXDJHV��WKH�WHVWV�PXVW�FRYHU�SRVVLEOH�W\SH�HUURUV��WRR��,I�\RX
DUH�FRPLQJ�IURP�D�G\QDPLFDOO\�W\SHG�ODQJXDJH��\RX�PD\�ILQG�WKDW�\RXU�WHVW�VXLWHV�DUH
D�OLWWOH�VPDOOHU�DV�D�UHVXOW��EXW�QRW�WKDW�PXFK�VPDOOHU�

0DQ\�GHYHORSHUV�ZKR�ILQG�VWDWLF�ODQJXDJHV�WRR�YHUERVH�RIWHQ�EODPH�VWDWLF�W\SLQJ�IRU
WKH�YHUERVLW\�ZKHQ�WKH�UHDO�SUREOHP�LV�D�ODFN�RI�W\SH�LQIHUHQFH��,Q�W\SH�LQIHUHQFH��WKH
FRPSLOHU�LQIHUV�WKH�W\SHV�RI�YDOXHV�EDVHG�RQ�WKH�FRQWH[W��)RU�H[DPSOH��WKH�FRPSLOHU�ZLOO
UHFRJQL]H� WKDW�x = 1 + 3�PHDQV� WKDW�x�PXVW�EH�DQ� LQWHJHU��7\SH� LQIHUHQFH� UHGXFHV
YHUERVLW\� VLJQLILFDQWO\�� PDNLQJ� WKH� FRGH� IHHO� PRUH� OLNH� FRGH� ZULWWHQ� LQ� D� G\QDPLF
ODQJXDJH�

:H�KDYH�ZRUNHG�ZLWK�ERWK�VWDWLF�DQG�G\QDPLF�ODQJXDJHV��DW�YDULRXV�WLPHV��:H�ILQG
ERWK�NLQGV�RI�ODQJXDJHV�FRPSHOOLQJ�IRU�GLIIHUHQW�UHDVRQV��:H�EHOLHYH�WKH�PRGHUQ�VRIW�
ZDUH�GHYHORSHU�PXVW�PDVWHU�D�UDQJH�RI� ODQJXDJHV�DQG�WRROV��6RPHWLPHV��D�G\QDPLF
ODQJXDJH�ZLOO�EH�WKH�ULJKW�WRRO�IRU�WKH�MRE��$W�RWKHU�WLPHV��D�VWDWLF�ODQJXDJH�OLNH�6FDOD�LV
MXVW�ZKDW�\RX�QHHG�

Introducing Scala
6FDOD� LV�D� ODQJXDJH�WKDW�DGGUHVVHV� WKH�PDMRU�QHHGV�RI� WKH�PRGHUQ�GHYHORSHU�� ,W� LV�D
VWDWLFDOO\�W\SHG��PL[HG�SDUDGLJP��-90�ODQJXDJH�ZLWK�D�VXFFLQFW��HOHJDQW��DQG�IOH[LEOH
V\QWD[��D�VRSKLVWLFDWHG�W\SH�V\VWHP��DQG�LGLRPV�WKDW�SURPRWH�VFDODELOLW\�IURP�VPDOO�
LQWHUSUHWHG�VFULSWV�WR�ODUJH��VRSKLVWLFDWHG�DSSOLFDWLRQV��7KDW¦V�D�PRXWKIXO��VR�OHW¦V�ORRN
DW�HDFK�RI�WKRVH�LGHDV�LQ�PRUH�GHWDLO�

6WDWLFDOO\�W\SHG
$V�ZH�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��D�VWDWLFDOO\�W\SHG�ODQJXDJH�ELQGV�WKH�W\SH
WR�D�YDULDEOH�IRU�WKH�OLIHWLPH�RI�WKDW�YDULDEOH��,Q�FRQWUDVW��G\QDPLFDOO\�W\SHG�ODQ�
JXDJHV�ELQG�WKH�W\SH�WR�WKH�DFWXDO�YDOXH�UHIHUHQFHG�E\�D�YDULDEOH��PHDQLQJ�WKDW�WKH
W\SH�RI�D�YDULDEOH�FDQ�FKDQJH�DORQJ�ZLWK�WKH�YDOXH�LW�UHIHUHQFHV�

2I�WKH�VHW�RI�QHZHU�-90�ODQJXDJHV��6FDOD�LV�RQH�RI�WKH�IHZ�WKDW�LV�VWDWLFDOO\�W\SHG�
DQG�LW�LV�WKH�EHVW�NQRZQ�DPRQJ�WKHP�

0L[HG�SDUDGLJP¢REMHFW�RULHQWHG�SURJUDPPLQJ
6FDOD� IXOO\� VXSSRUWV� REMHFW�RULHQWHG� SURJUDPPLQJ� �223��� 6FDOD� LPSURYHV� XSRQ
-DYD¦V�VXSSRUW�IRU�223�ZLWK�WKH�DGGLWLRQ�RI�WUDLWV��D�FOHDQ�ZD\�RI�LPSOHPHQWLQJ
FODVVHV�XVLQJ�PL[LQ�FRPSRVLWLRQ��6FDOD¦V�WUDLWV�ZRUN�PXFK�OLNH�5XE\¦V�PRGXOHV��,I
\RX¦UH� D� -DYD� SURJUDPPHU�� WKLQN� RI� WUDLWV� DV� XQLI\LQJ� LQWHUIDFHV� ZLWK� WKHLU
LPSOHPHQWDWLRQV�

,Q�6FDOD��HYHU\WKLQJ�LV�UHDOO\�DQ�REMHFW��6FDOD�GRHV�QRW�KDYH�SULPLWLYH�W\SHV��OLNH
-DYD�� ,QVWHDG�� DOO� QXPHULF� W\SHV� DUH� WUXH� REMHFWV�� +RZHYHU�� IRU� RSWLPDO
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SHUIRUPDQFH��6FDOD�XVHV�WKH�XQGHUO\LQJ�SULPLWLYHV�W\SHV�RI�WKH�UXQWLPH�ZKHQHYHU
SRVVLEOH��$OVR��6FDOD�GRHV�QRW�VXSSRUW�£VWDWLF¤�RU�FODVV�OHYHO�PHPEHUV�RI�W\SHV��VLQFH
WKH\�DUH�QRW�DVVRFLDWHG�ZLWK�DQ�DFWXDO�LQVWDQFH��,QVWHDG��6FDOD�VXSSRUWV�D�VLQJOHWRQ
REMHFW�FRQVWUXFW� WR�VXSSRUW� WKRVH�FDVHV�ZKHUH�H[DFWO\�RQH� LQVWDQFH�RI�D� W\SH� LV
QHHGHG�

0L[HG�SDUDGLJP¢IXQFWLRQDO�SURJUDPPLQJ
6FDOD�IXOO\�VXSSRUWV�IXQFWLRQDO�SURJUDPPLQJ��)3���)3�LV�D�SURJUDPPLQJ�SDUDGLJP
WKDW�LV�ROGHU�WKDQ�223��EXW�LW�KDV�EHHQ�VKHOWHUHG�LQ�WKH�LYRU\�WRZHUV�RI�DFDGHPLD
XQWLO�UHFHQWO\��,QWHUHVW�LQ�)3�LV�LQFUHDVLQJ�EHFDXVH�RI�WKH�ZD\V�LW�VLPSOLILHV�FHUWDLQ
GHVLJQ�SUREOHPV��HVSHFLDOO\�FRQFXUUHQF\��£3XUH¤�IXQFWLRQDO�ODQJXDJHV�GRQ¦W�DOORZ
IRU�DQ\�PXWDEOH�VWDWH��WKHUHE\�DYRLGLQJ�WKH�QHHG�IRU�V\QFKURQL]DWLRQ�RQ�VKDUHG
DFFHVV�WR�PXWDEOH�VWDWH��,QVWHDG��SURJUDPV�ZULWWHQ�LQ�SXUH�IXQFWLRQDO�ODQJXDJHV
FRPPXQLFDWH�E\�SDVVLQJ�PHVVDJHV�EHWZHHQ�FRQFXUUHQW��DXWRQRPRXV�SURFHVVHV�
6FDOD�VXSSRUWV�WKLV�PRGHO�ZLWK�LWV�$FWRUV�OLEUDU\��EXW�LW�DOORZV�IRU�ERWK�PXWDEOH
DQG�LPPXWDEOH�YDULDEOHV�

)XQFWLRQV�DUH�£ILUVW�FODVV¤�FLWL]HQV�LQ�)3��PHDQLQJ�WKH\�FDQ�EH�DVVLJQHG�WR�YDULDEOHV�
SDVVHG�WR�RWKHU�IXQFWLRQV��HWF���MXVW�OLNH�RWKHU�YDOXHV��7KLV�IHDWXUH�SURPRWHV�FRP�
SRVLWLRQ�RI�DGYDQFHG�EHKDYLRU�XVLQJ�SULPLWLYH�RSHUDWLRQV��%HFDXVH�6FDOD�DGKHUHV
WR�WKH�GLFWXP�WKDW�HYHU\WKLQJ�LV�DQ�REMHFW��IXQFWLRQV�DUH�WKHPVHOYHV�REMHFWV�LQ�6FDOD�

6FDOD�DOVR�RIIHUV�FORVXUHV��D�IHDWXUH�WKDW�G\QDPLF�ODQJXDJHV�OLNH�3\WKRQ�DQG�5XE\
KDYH�DGRSWHG�IURP�WKH�IXQFWLRQDO�SURJUDPPLQJ�ZRUOG��DQG�RQH�VDGO\�DEVHQW�IURP
UHFHQW�YHUVLRQV�RI�-DYD��&ORVXUHV�DUH�IXQFWLRQV�WKDW�UHIHUHQFH�YDULDEOHV�IURP�WKH
VFRSH�HQFORVLQJ�WKH�IXQFWLRQ�GHILQLWLRQ��7KDW�LV��WKH�YDULDEOHV�DUHQ¦W�SDVVHG�LQ�DV
DUJXPHQWV� RU� GHILQHG� DV� ORFDO� YDULDEOHV�ZLWKLQ� WKH� IXQFWLRQ�� $� FORVXUH� £FORVHV
DURXQG¤�WKHVH�UHIHUHQFHV��VR�WKH�IXQFWLRQ�LQYRFDWLRQ�FDQ�VDIHO\�UHIHU�WR�WKH�YDULDEOHV
HYHQ�ZKHQ� WKH�YDULDEOHV�KDYH�JRQH�RXW�RI� VFRSH��&ORVXUHV�DUH� VXFK�D�SRZHUIXO
DEVWUDFWLRQ� WKDW� REMHFW� V\VWHPV� DQG� IXQGDPHQWDO� FRQWURO� VWUXFWXUHV� DUH� RIWHQ
LPSOHPHQWHG�XVLQJ�WKHP�

$�-90�DQG��1(7�ODQJXDJH
:KLOH�6FDOD�LV�SULPDULO\�NQRZQ�DV�D�-90�ODQJXDJH��PHDQLQJ�WKDW�6FDOD�JHQHUDWHV
-90�E\WH�FRGH��D��1(7�YHUVLRQ�RI�6FDOD�WKDW�JHQHUDWHV�&RPPRQ�/DQJXDJH�5XQWLPH
�&/5�� E\WH� FRGH� LV� DOVR� XQGHU� GHYHORSPHQW��:KHQ�ZH� UHIHU� WR� WKH� XQGHUO\LQJ
£UXQWLPH�¤�ZH�ZLOO�XVXDOO\�GLVFXVV�WKH�-90��EXW�PRVW�RI�ZKDW�ZH�ZLOO�VD\�DSSOLHV
HTXDOO\�WR�ERWK�UXQWLPHV��:KHQ�ZH�GLVFXVV�-90�VSHFLILF�GHWDLOV��WKH\�JHQHUDOL]H
WR�WKH��1(7�YHUVLRQ��H[FHSW�ZKHUH�QRWHG�

7KH�6FDOD�FRPSLOHU�XVHV�FOHYHU�WHFKQLTXHV�WR�PDS�6FDOD�H[WHQVLRQV�WR�YDOLG�E\WH
FRGH�LGLRPV��)URP�6FDOD��\RX�FDQ�HDVLO\�LQYRNH�E\WH�FRGH�WKDW�RULJLQDWHG�DV�-DYD
VRXUFH��IRU�WKH�-90��RU�&��VRXUFH��IRU��1(7���&RQYHUVHO\��\RX�FDQ�LQYRNH�6FDOD
FRGH�IURP�-DYD��&���HWF��5XQQLQJ�RQ�WKH�-90�DQG�&/5�DOORZV�WKH�6FDOD�GHYHORSHU
WR�OHYHUDJH�DYDLODEOH�OLEUDULHV�DQG�WR�LQWHURSHUDWH�ZLWK�RWKHU�ODQJXDJHV�KRVWHG�RQ
WKRVH�UXQWLPHV�
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$�VXFFLQFW��HOHJDQW��DQG�IOH[LEOH�V\QWD[
-DYD�V\QWD[�FDQ�EH�YHUERVH��6FDOD�XVHV�D�QXPEHU�RI�WHFKQLTXHV�WR�PLQLPL]H�XQ�
QHFHVVDU\�V\QWD[��PDNLQJ�6FDOD�FRGH�DV�VXFFLQFW�DV�FRGH�LQ�PRVW�G\QDPLFDOO\�W\SHG
ODQJXDJHV��7\SH�LQIHUHQFH�PLQLPL]HV�WKH�QHHG�IRU�H[SOLFLW�W\SH�LQIRUPDWLRQ�LQ�PDQ\
FRQWH[WV��'HFODUDWLRQV�RI�W\SHV�DQG�IXQFWLRQV�DUH�YHU\�FRQFLVH�

6FDOD�DOORZV�IXQFWLRQ�QDPHV�WR�LQFOXGH�QRQ�DOSKDQXPHULF�FKDUDFWHUV��&RPELQHG
ZLWK�VRPH�V\QWDFWLF�VXJDU��WKLV�IHDWXUH�SHUPLWV�WKH�XVHU�WR�GHILQH�PHWKRGV�WKDW�ORRN
DQG�EHKDYH�OLNH�RSHUDWRUV��$V�D�UHVXOW��OLEUDULHV�RXWVLGH�WKH�FRUH�RI�WKH�ODQJXDJH
FDQ�IHHO�£QDWLYH¤�WR�XVHUV�

$�VRSKLVWLFDWHG�W\SH�V\VWHP
6FDOD�H[WHQGV�WKH�W\SH�V\VWHP�RI�-DYD�ZLWK�PRUH�IOH[LEOH�JHQHULFV�DQG�D�QXPEHU�RI
PRUH�DGYDQFHG�W\SLQJ�FRQVWUXFWV��7KH�W\SH�V\VWHP�FDQ�EH�LQWLPLGDWLQJ�DW�ILUVW��EXW
PRVW�RI�WKH�WLPH�\RX�ZRQ¦W�QHHG�WR�ZRUU\�DERXW�WKH�DGYDQFHG�FRQVWUXFWV��7\SH
LQIHUHQFH�KHOSV�E\�DXWRPDWLFDOO\�LQIHUULQJ�W\SH�VLJQDWXUHV��VR�WKDW�WKH�XVHU�GRHVQ¦W
KDYH�WR�SURYLGH�WULYLDO�W\SH�LQIRUPDWLRQ�PDQXDOO\��:KHQ�\RX�QHHG�WKHP��WKRXJK�
WKH�DGYDQFHG�W\SH�IHDWXUHV�SURYLGH�\RX�ZLWK�JUHDWHU�IOH[LELOLW\�IRU�VROYLQJ�GHVLJQ
SUREOHPV�LQ�D�W\SH�VDIH�ZD\�

6FDODEOH¢DUFKLWHFWXUHV
6FDOD�LV�GHVLJQHG�WR�VFDOH�IURP�VPDOO��LQWHUSUHWHG�VFULSWV�WR�ODUJH��GLVWULEXWHG�DS�
SOLFDWLRQV��6FDOD�SURYLGHV�IRXU�ODQJXDJH�PHFKDQLVPV�WKDW�SURPRWH�VFDODEOH�FRP�
SRVLWLRQ�RI�V\VWHPV�����H[SOLFLW�VHOI�W\SHV�����DEVWUDFW�W\SH�PHPEHUV�DQG�JHQHULFV�
���QHVWHG�FODVVHV��DQG����PL[LQ�FRPSRVLWLRQ�XVLQJ�WUDLWV�

1R�RWKHU�ODQJXDJH�SURYLGHV�DOO�WKHVH�PHFKDQLVPV��7RJHWKHU��WKH\�DOORZ�DSSOLFD�
WLRQV�WR�EH�FRQVWUXFWHG�IURP�UHXVDEOH�£FRPSRQHQWV¤�LQ�D�W\SH�VDIH�DQG�VXFFLQFW
PDQQHU��$V�ZH�ZLOO�VHH��PDQ\�FRPPRQ�GHVLJQ�SDWWHUQV�DQG�DUFKLWHFWXUDO�WHFKQL�
TXHV�OLNH�GHSHQGHQF\�LQMHFWLRQ�DUH�HDV\�WR�LPSOHPHQW�LQ�6FDOD�ZLWKRXW�WKH�ERLOHU�
SODWH�FRGH�RU� OHQJWK\�;0/�FRQILJXUDWLRQ�ILOHV�WKDW�FDQ�PDNH�-DYD�GHYHORSPHQW
WHGLRXV�

6FDODEOH¢SHUIRUPDQFH
%HFDXVH�6FDOD�FRGH�UXQV�RQ�WKH�-90�DQG�WKH�&/5��LW�EHQHILWV�IURP�DOO�WKH�SHUIRUP�
DQFH�RSWLPL]DWLRQV�SURYLGHG�E\�WKRVH�UXQWLPHV�DQG�DOO�WKH�WKLUG�SDUW\�WRROV�WKDW
VXSSRUW�SHUIRUPDQFH�DQG�VFDODELOLW\��VXFK�DV�SURILOHUV��GLVWULEXWHG�FDFKH�OLEUDULHV�
FOXVWHULQJ�PHFKDQLVPV��HWF��,I�\RX�WUXVW�-DYD¦V�DQG�&�¦V�SHUIRUPDQFH��\RX�FDQ�WUXVW
6FDOD¦V�SHUIRUPDQFH��2I�FRXUVH��VRPH�SDUWLFXODU�FRQVWUXFWV�LQ�WKH�ODQJXDJH�DQG
VRPH�SDUWV�RI�WKH�OLEUDU\�PD\�SHUIRUP�VLJQLILFDQWO\�EHWWHU�RU�ZRUVH�WKDQ�DOWHUQDWLYH
RSWLRQV�LQ�RWKHU�ODQJXDJHV��$V�DOZD\V��\RX�VKRXOG�SURILOH�\RXU�FRGH�DQG�RSWLPL]H
LW�ZKHQ�QHFHVVDU\�

,W�PLJKW�DSSHDU�WKDW�223�DQG�)3�DUH�LQFRPSDWLEOH��,Q�IDFW��D�GHVLJQ�SKLORVRSK\�RI�6FDOD
LV�WKDW�223�DQG�)3�DUH�PRUH�V\QHUJLVWLF�WKDQ�RSSRVHG��7KH�IHDWXUHV�RI�RQH�DSSURDFK
FDQ�HQKDQFH�WKH�RWKHU�
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,Q�)3��IXQFWLRQV�KDYH�QR�VLGH�HIIHFWV�DQG�YDULDEOHV�DUH�LPPXWDEOH��ZKLOH�LQ�223��PX�
WDEOH�VWDWH�DQG�VLGH�HIIHFWV�DUH�FRPPRQ��HYHQ�HQFRXUDJHG��6FDOD�OHWV�\RX�FKRRVH�WKH
DSSURDFK�WKDW�EHVW�ILWV�\RXU�GHVLJQ�SUREOHPV��)XQFWLRQDO�SURJUDPPLQJ�LV�HVSHFLDOO\
XVHIXO�IRU�FRQFXUUHQF\��VLQFH�LW�HOLPLQDWHV�WKH�QHHG�WR�V\QFKURQL]H�DFFHVV�WR�PXWDEOH
VWDWH��+RZHYHU��£SXUH¤�)3�FDQ�EH�UHVWULFWLYH��6RPH�GHVLJQ�SUREOHPV�DUH�HDVLHU�WR�VROYH
ZLWK�PXWDEOH�REMHFWV�

7KH�QDPH�6FDOD�LV�D�FRQWUDFWLRQ�RI�WKH�ZRUGV�VFDODEOH�ODQJXDJH��:KLOH�WKLV�VXJJHVWV
WKDW�WKH�SURQXQFLDWLRQ�VKRXOG�EH�VFDOH�DK��WKH�FUHDWRUV�RI�6FDOD�DFWXDOO\�SURQRXQFH�LW
VFDK�ODK��OLNH�WKH�,WDOLDQ�ZRUG�IRU�£VWDLUV�¤�7KH�WZR�£D¤V�DUH�SURQRXQFHG�WKH�VDPH�

6FDOD�ZDV�VWDUWHG�E\�0DUWLQ�2GHUVN\�LQ�������0DUWLQ�LV�D�SURIHVVRU�LQ�WKH�6FKRRO�RI
&RPSXWHU�DQG�&RPPXQLFDWLRQ�6FLHQFHV�DW�WKH�(FROH�3RO\WHFKQLTXH�)pGpUDOH�GH�/DX�
VDQQH��(3)/���+H�VSHQW�KLV�JUDGXDWH�\HDUV�ZRUNLQJ�LQ�WKH�JURXS�KHDGHG�E\�1LNODXV
:LUWK��RI�3DVFDO�IDPH��0DUWLQ�ZRUNHG�RQ�3L]]D��DQ�HDUO\�IXQFWLRQDO�ODQJXDJH�RQ�WKH
-90��+H�ODWHU�ZRUNHG�RQ�*-��D�SURWRW\SH�RI�ZKDW�ODWHU�EHFDPH�*HQHULFV�LQ�-DYD��ZLWK
3KLOLS�:DGOHU�RI�+DVNHOO�IDPH��0DUWLQ�ZDV�KLUHG�E\�6XQ�0LFURV\VWHPV�WR�SURGXFH�WKH
UHIHUHQFH�LPSOHPHQWDWLRQ�RI�javac��WKH�-DYD�FRPSLOHU�WKDW�VKLSV�ZLWK�WKH�-DYD�'HYHORSHU
.LW��-'.��WRGD\�

0DUWLQ�2GHUVN\¦V�EDFNJURXQG�DQG�H[SHULHQFH�DUH�HYLGHQW�LQ�WKH�ODQJXDJH��$V�\RX�OHDUQ
6FDOD��\RX�FRPH�WR�XQGHUVWDQG�WKDW� LW� LV� WKH�SURGXFW�RI�FDUHIXOO\�FRQVLGHUHG�GHVLJQ
GHFLVLRQV��H[SORLWLQJ�WKH�VWDWH�RI�WKH�DUW�LQ�W\SH�WKHRU\��223��DQG�)3��0DUWLQ¦V�H[SH�
ULHQFH�ZLWK�WKH�-90�LV�HYLGHQW�LQ�6FDOD¦V�HOHJDQW�LQWHJUDWLRQ�ZLWK�WKDW�SODWIRUP��7KH
V\QWKHVLV�LW�FUHDWHV�EHWZHHQ�223�DQG�)3�LV�DQ�H[FHOOHQW�£EHVW�RI�ERWK�ZRUOGV¤�VROXWLRQ�

The Seductions of Scala
7RGD\��RXU�LQGXVWU\�LV�IRUWXQDWH�WR�KDYH�D�ZLGH�YDULHW\�RI�ODQJXDJH�RSWLRQV��7KH�SRZHU�
IOH[LELOLW\��DQG�HOHJDQFH�RI�G\QDPLFDOO\�W\SHG�ODQJXDJHV�KDYH�PDGH�WKHP�YHU\�SRSXODU
DJDLQ��<HW�WKH�ZHDOWK�RI�-DYD�DQG��1(7�OLEUDULHV�DQG�WKH�SHUIRUPDQFH�RI�WKH�-90�DQG
&/5�PHHW�PDQ\�SUDFWLFDO�QHHGV�IRU�HQWHUSULVH�DQG�,QWHUQHW�SURMHFWV�

6FDOD�LV�FRPSHOOLQJ�EHFDXVH�LW�IHHOV�OLNH�D�G\QDPLFDOO\�W\SHG�VFULSWLQJ�ODQJXDJH��GXH�WR
LWV�VXFFLQFW�V\QWD[�DQG�W\SH�LQIHUHQFH��<HW�6FDOD�JLYHV�\RX�DOO�WKH�EHQHILWV�RI�VWDWLF�W\SLQJ�
D�PRGHUQ�REMHFW�PRGHO��IXQFWLRQDO�SURJUDPPLQJ��DQG�DQ�DGYDQFHG�W\SH�V\VWHP��7KHVH
WRROV�OHW�\RX�EXLOG�VFDODEOH��PRGXODU�DSSOLFDWLRQV�WKDW�FDQ�UHXVH�OHJDF\�-DYD�DQG��1(7
$3,V�DQG�OHYHUDJH�WKH�SHUIRUPDQFH�RI�WKH�-90�DQG�&/5�

6FDOD�LV�D�ODQJXDJH�IRU�SURIHVVLRQDO�GHYHORSHUV��&RPSDUHG�WR�ODQJXDJHV�OLNH�-DYD�DQG
5XE\��6FDOD�LV�D�PRUH�GLIILFXOW�ODQJXDJH�WR�PDVWHU�EHFDXVH�LW�UHTXLUHV�FRPSHWHQF\�ZLWK
223��)3��DQG�VWDWLF�W\SLQJ�WR�XVH�LW�PRVW�HIIHFWLYHO\��,W�LV�WHPSWLQJ�WR�SUHIHU�WKH�UHODWLYH
VLPSOLFLW\�RI�G\QDPLFDOO\�W\SHG�ODQJXDJHV��<HW�WKLV�VLPSOLFLW\�FDQ�EH�GHFHSWLYH��,Q�D
G\QDPLFDOO\�W\SHG�ODQJXDJH��LW�LV�RIWHQ�QHFHVVDU\�WR�XVH�PHWDSURJUDPPLQJ�IHDWXUHV�WR
LPSOHPHQW�DGYDQFHG�GHVLJQV��:KLOH�PHWDSURJUDPPLQJ�LV�SRZHUIXO��XVLQJ�LW�ZHOO�WDNHV
H[SHULHQFH�DQG�WKH�UHVXOWLQJ�FRGH�WHQGV�WR�EH�KDUG�WR�XQGHUVWDQG��PDLQWDLQ��DQG�GHEXJ�
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,Q�6FDOD��PDQ\�RI� WKH� VDPH�GHVLJQ�JRDOV� FDQ�EH� DFKLHYHG� LQ� D� W\SH�VDIH�PDQQHU�E\
H[SORLWLQJ�LWV�W\SH�V\VWHP�DQG�PL[LQ�FRPSRVLWLRQ�WKURXJK�WUDLWV�

:H�IHHO�WKDW�WKH�H[WUD�HIIRUW�UHTXLUHG�GD\�WR�GD\�WR�XVH�6FDOD�ZLOO�SURPRWH�PRUH�FDUHIXO
UHIOHFWLRQ�DERXW�\RXU�GHVLJQV��2YHU�WLPH��WKLV�GLVFLSOLQH�ZLOO�\LHOG�PRUH�FRKHUHQW��PRG�
XODU��DQG�PDLQWDLQDEOH�DSSOLFDWLRQV��)RUWXQDWHO\��\RX�GRQ¦W�QHHG�DOO�RI�WKH�VRSKLVWLFD�
WLRQ�RI�6FDOD�DOO�RI�WKH�WLPH��0XFK�RI�\RXU�FRGH�ZLOO�KDYH�WKH�VLPSOLFLW\�DQG�FODULW\�RI
FRGH�ZULWWHQ�LQ�\RXU�IDYRULWH�G\QDPLFDOO\�W\SHG�ODQJXDJH�

$Q�DOWHUQDWLYH�VWUDWHJ\�LV�WR�FRPELQH�VHYHUDO��VLPSOHU�ODQJXDJHV��H�J���-DYD�IRU�REMHFW�
RULHQWHG�FRGH�DQG�(UODQJ�IRU�IXQFWLRQDO��FRQFXUUHQW�FRGH��6XFK�D�GHFRPSRVLWLRQ�FDQ
ZRUN��EXW�RQO\�LI�\RXU�V\VWHP�GHFRPSRVHV�FOHDQO\�LQWR�VXFK�GLVFUHWH�SDUWV�DQG�\RXU
WHDP�FDQ�PDQDJH�D�KHWHURJHQHRXV�HQYLURQPHQW��6FDOD� LV�DWWUDFWLYH� IRU� VLWXDWLRQV� LQ
ZKLFK�D�VLQJOH��DOO�LQ�RQH�ODQJXDJH�LV�SUHIHUUHG��7KDW�VDLG��6FDOD�FRGH�FDQ�KDSSLO\�FR�
H[LVW�ZLWK�RWKHU�ODQJXDJHV��HVSHFLDOO\�RQ�WKH�-90�RU��1(7�

Installing Scala
7R�JHW�XS�DQG�UXQQLQJ�DV�TXLFNO\�DV�SRVVLEOH��WKLV�VHFWLRQ�GHVFULEHV�KRZ�WR�LQVWDOO�WKH
FRPPDQG�OLQH�WRROV�IRU�6FDOD��ZKLFK�DUH�DOO�\RX�QHHG�WR�ZRUN�ZLWK�WKH�H[DPSOHV�LQ�WKH
ERRN��)RU�GHWDLOV�RQ�XVLQJ�6FDOD� LQ�YDULRXV�HGLWRUV�DQG� ,'(V�� VHH�£,QWHJUDWLRQ�ZLWK
,'(V¤�RQ�SDJH������7KH�H[DPSOHV�XVHG�LQ�WKLV�ERRN�ZHUH�ZULWWHQ�DQG�FRPSLOHG�XVLQJ
6FDOD� YHUVLRQ� ������ILQDO�� WKH� ODWHVW� UHOHDVH� DW� WKH� WLPH�RI� WKLV�ZULWLQJ�� DQG� £QLJKWO\
EXLOGV¤�RI�6FDOD�YHUVLRQ��������ZKLFK�PD\�EH�ILQDOL]HG�E\�WKH�WLPH�\RX�UHDG�WKLV�

9HUVLRQ� ���� LQWURGXFHV�PDQ\� QHZ� IHDWXUHV�� ZKLFK� ZH� ZLOO� KLJKOLJKW
WKURXJKRXW�WKH�ERRN�

:H�ZLOO�ZRUN�ZLWK�WKH�-90�YHUVLRQ�RI�6FDOD�LQ�WKLV�ERRN��)LUVW��\RX�PXVW�KDYH�-DYD����
RU�JUHDWHU�LQVWDOOHG������RU�JUHDWHU�LV�UHFRPPHQGHG���,I�\RX�QHHG�WR�LQVWDOO�-DYD��JR�WR
KWWS���ZZZ�MDYD�FRP�HQ�GRZQORDG�PDQXDO�MVS�DQG�IROORZ�WKH�LQVWUXFWLRQV�WR�LQVWDOO�-DYD
RQ�\RXU�PDFKLQH�

7KH� RIILFLDO� 6FDOD� ZHEVLWH� LV� KWWS���ZZZ�VFDOD�ODQJ�RUJ��� 7R� LQVWDOO� 6FDOD�� JR� WR� WKH
GRZQORDGV�SDJH��'RZQORDG�WKH�LQVWDOOHU�IRU�\RXU�HQYLURQPHQW�DQG�IROORZ�WKH�LQVWUXF�
WLRQV�RQ�WKH�GRZQORDGV�SDJH�

7KH�HDVLHVW�FURVV�SODWIRUP�LQVWDOOHU�LV�WKH�,]3DFN�LQVWDOOHU��'RZQORDG�WKH�6FDOD�-$5�ILOH�
HLWKHU�VFDOD�������ILQDO�LQVWDOOHU�MDU�RU�VFDOD�������1�LQVWDOOHU�MDU��ZKHUH�N� LV�WKH�ODWHVW
UHOHDVH�RI�WKH�������YHUVLRQ��*R�WR�WKH�GRZQORDG�GLUHFWRU\�LQ�D�WHUPLQDO�ZLQGRZ��DQG
LQVWDOO� 6FDOD�ZLWK� WKH� java� FRPPDQG�� $VVXPLQJ� \RX� GRZQORDGHG� VFDOD�������ILQDO�
LQVWDOOHU�MDU��UXQ�WKH�IROORZLQJ�FRPPDQG��ZKLFK�ZLOO�JXLGH�\RX�WKURXJK�WKH�SURFHVV�

java -jar scala-2.8.0.final-installer.jar
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2Q�0DF�26�;��WKH�HDVLHVW�URXWH�WR�D�ZRUNLQJ�6FDOD�LQVWDOODWLRQ�LV�YLD
0DF3RUWV��)ROORZ�WKH�LQVWDOODWLRQ�LQVWUXFWLRQV�DW�KWWS���ZZZ�PDFSRUWV
�RUJ���WKHQ�sudo port install scala��<RX¦OO�EH�XS�DQG�UXQQLQJ�LQ�D�IHZ
PLQXWHV�

7KURXJKRXW�WKLV�ERRN��ZH�ZLOO�XVH�WKH�V\PERO�scala-home�WR�UHIHU�WR�WKH�£URRW¤�GLUHFWRU\
RI�\RXU�6FDOD�LQVWDOODWLRQ�

2Q�8QL[�� /LQX[�� DQG�0DF�26�;� V\VWHPV�� \RX�ZLOO� QHHG� WR� UXQ� WKLV
FRPPDQG�DV�WKH�root�XVHU�RU�XVLQJ�WKH�sudo�FRPPDQG�LI�\RX�ZDQW�WR
LQVWDOO� 6FDOD� XQGHU� D� V\VWHP� GLUHFWRU\�� H�J��� scala-home�  � �XVU�ORFDO�
VFDOD�������ILQDO�

$V� DQ� DOWHUQDWLYH�� \RX� FDQ� GRZQORDG� DQG� H[SDQG� WKH� FRPSUHVVHG� 7$5� ILOH� �H�J��
VFDOD�������ILQDO�WJ]��RU�=,3�ILOH��VFDOD�������ILQDO�]LS���2Q�8QL[�OLNH�V\VWHPV��H[SDQG
WKH�FRPSUHVVHG�ILOH�LQWR�D�ORFDWLRQ�RI�\RXU�FKRRVLQJ��$IWHUZDUG��DGG�WKH�scala-home�
ELQ� VXEGLUHFWRU\� LQ� WKH� QHZ� GLUHFWRU\� WR� \RXU� PATH�� )RU� H[DPSOH�� LI� \RX� LQVWDOOHG
LQWR��XVU�ORFDO�VFDOD�������ILQDO��WKHQ�DGG��XVU�ORFDO�VFDOD�������ILQDO�ELQ�WR�\RXU�PATH�

7R�WHVW�\RXU�LQVWDOODWLRQ��UXQ�WKH�IROORZLQJ�FRPPDQG�RQ�WKH�FRPPDQG�OLQH�

scala -version

:H¦OO�OHDUQ�PRUH�DERXW�WKH�scala�FRPPDQG�OLQH�WRRO�ODWHU��<RX�VKRXOG�JHW�VRPHWKLQJ
OLNH�WKH�IROORZLQJ�RXWSXW�

Scala code runner version 2.8.0.final -- Copyright 2002-2009, LAMP/EPFL

2I�FRXUVH��WKH�YHUVLRQ�QXPEHU�\RX�VHH�ZLOO�EH�GLIIHUHQW�LI�\RX�LQVWDOOHG�D�GLIIHUHQW�UH�
OHDVH��)URP�QRZ�RQ��ZKHQ�ZH�VKRZ�FRPPDQG�RXWSXW�WKDW�FRQWDLQV�WKH�YHUVLRQ�QXPEHU�
ZH¦OO�VKRZ�LW�DV�version 2.8.0.final�

&RQJUDWXODWLRQV��\RX�KDYH�LQVWDOOHG�6FDOD��,I�\RX�JHW�DQ�HUURU�PHVVDJH�DORQJ�WKH�OLQHV
RI�scala: command not found��PDNH�VXUH�\RXU�HQYLURQPHQW¦V�PATH� LV�VHW�SURSHUO\�WR
LQFOXGH�WKH�FRUUHFW�ELQ�GLUHFWRU\�

6FDOD�YHUVLRQV�����;�DQG�HDUOLHU�DUH�FRPSDWLEOH�ZLWK�-'.�����DQG�ODWHU�
6FDOD�YHUVLRQ�����GURSV�����FRPSDWLELOLW\��1RWH�WKDW�6FDOD�XVHV�PDQ\
-'.�FODVVHV�DV�LWV�RZQ��IRU�H[DPSOH��WKH�String�FODVV��2Q��1(7��6FDOD
XVHV�WKH�FRUUHVSRQGLQJ��1(7�FODVVHV�

<RX�FDQ�DOVR�ILQG�GRZQORDGV�IRU�WKH�$3,�GRFXPHQWDWLRQ�DQG�WKH�VRXUFHV�IRU�6FDOD�LWVHOI
RQ�WKH�VDPH�GRZQORDGV�SDJH�
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For More Information
$V�\RX�H[SORUH�6FDOD��\RX�ZLOO�ILQG�RWKHU�XVHIXO�UHVRXUFHV�WKDW�DUH�DYDLODEOH�RQ�KWWS���
VFDOD�ODQJ�RUJ��<RX�ZLOO�ILQG�OLQNV�IRU�GHYHORSPHQW�VXSSRUW�WRROV�DQG�OLEUDULHV��WXWRULDOV�
WKH�ODQJXDJH�VSHFLILFDWLRQ�>6FDOD6SHF����@��DQG�DFDGHPLF�SDSHUV�WKDW�GHVFULEH�IHDWXUHV
RI�WKH�ODQJXDJH�

7KH�GRFXPHQWDWLRQ�IRU�WKH�6FDOD�WRROV�DQG�$3,V�DUH�HVSHFLDOO\�XVHIXO��<RX�FDQ�EURZVH
WKH�$3,�DW�KWWS���ZZZ�VFDOD�ODQJ�RUJ�GRFX�ILOHV�DSL�LQGH[�KWPO��7KLV�GRFXPHQWDWLRQ�ZDV
JHQHUDWHG�XVLQJ�WKH�scaladoc�WRRO��DQDORJRXV�WR�-DYD¦V�javadoc�WRRO��6HH�£7KH�VFDODGRF
&RPPDQG�/LQH�7RRO¤�RQ�SDJH�����IRU�PRUH�LQIRUPDWLRQ�

<RX�FDQ�DOVR�GRZQORDG�D�FRPSUHVVHG�ILOH�RI�WKH�$3,�GRFXPHQWDWLRQ�IRU�ORFDO�EURZVLQJ
XVLQJ�WKH�DSSURSULDWH�OLQN�RQ�WKH�GRZQORDGV�SDJH��RU�\RX�FDQ�LQVWDOO�LW�ZLWK�WKH�sbaz
SDFNDJH�WRRO��DV�IROORZV�

sbaz install scala-devel-docs

sbaz�LV�LQVWDOOHG�LQ�WKH�VDPH�ELQ�GLUHFWRU\�DV�WKH�scala�DQG�scalac�FRPPDQG�OLQH�WRROV�
7KH�LQVWDOOHG�GRFXPHQWDWLRQ�DOVR�LQFOXGHV�GHWDLOV�RQ�WKH�VFDOD�WRRO�FKDLQ��LQFOXGLQJ
sbaz��DQG�FRGH�H[DPSOHV��)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�6FDOD�FRPPDQG�OLQH�WRROV�DQG
RWKHU�UHVRXUFHV��VHH�&KDSWHU����

A Taste of Scala
,W¦V�WLPH�WR�ZKHW�\RXU�DSSHWLWH�ZLWK�VRPH�UHDO�6FDOD�FRGH��,Q�WKH�IROORZLQJ�H[DPSOHV�
ZH¦OO�GHVFULEH�MXVW�HQRXJK�RI�WKH�GHWDLOV�VR�\RX�XQGHUVWDQG�ZKDW¦V�JRLQJ�RQ��7KH�JRDO
LV�WR�JLYH�\RX�D�VHQVH�RI�ZKDW�SURJUDPPLQJ�LQ�6FDOD�LV�OLNH��:H¦OO�H[SORUH�WKH�GHWDLOV�RI
WKH�IHDWXUHV�LQ�VXEVHTXHQW�FKDSWHUV�

)RU�RXU�ILUVW�H[DPSOH��\RX�FRXOG�UXQ�LW�RQH�RI�WZR�ZD\V��LQWHUDFWLYHO\��RU�DV�D�£VFULSW�¤

/HW¦V�VWDUW�ZLWK�WKH�LQWHUDFWLYH�PRGH��6WDUW�WKH�VFDOD�LQWHUSUHWHU�E\�W\SLQJ�scala�DQG�WKH
UHWXUQ�NH\�RQ�\RXU�FRPPDQG�OLQH��<RX¦OO�VHH�WKH�IROORZLQJ�RXWSXW���6RPH�RI�WKH�YHUVLRQ
QXPEHUV�PD\�YDU\��

Welcome to Scala version 2.8.0.final (Java ...).
Type in expressions to have them evaluated.
Type :help for more information.

scala>

7KH�ODVW�OLQH�LV�WKH�SURPSW�WKDW�LV�ZDLWLQJ�IRU�\RXU�LQSXW��7KH�LQWHUDFWLYH�PRGH�RI�WKH
scala�FRPPDQG�LV�YHU\�FRQYHQLHQW�IRU�H[SHULPHQWDWLRQ��VHH�£7KH�VFDOD�&RPPDQG�/LQH
7RRO¤�RQ�SDJH�����IRU�PRUH�GHWDLOV���$Q�LQWHUDFWLYH�LQWHUSUHWHU�OLNH�WKLV�LV�FDOOHG�D�5(3/�
5HDG��(YDOXDWH��3ULQW��/RRS�

10 | Chapter 1:�Zero to Sixty: Introducing Scala

Download at WoweBook.Com



7\SH�LQ�WKH�IROORZLQJ�WZR�OLQHV�RI�FRGH�

val book = "Programming Scala"
println(book)

7KH�DFWXDO�LQSXW�DQG�RXWSXW�VKRXOG�ORRN�OLNH�WKH�IROORZLQJ�

scala> val book = "Programming Scala"
book: java.lang.String = Programming Scala

scala> println(book)
Programming Scala

scala>

7KH�ILUVW�OLQH�XVHV�WKH�val�NH\ZRUG�WR�GHFODUH�D�UHDG�RQO\�YDULDEOH�QDPHG�book��1RWH
WKDW�WKH�RXWSXW�UHWXUQHG�IURP�WKH�LQWHUSUHWHU�VKRZV�\RX�WKH�W\SH�DQG�YDOXH�RI�book�
7KLV�FDQ�EH�YHU\�KDQG\�IRU�XQGHUVWDQGLQJ�FRPSOH[�GHFODUDWLRQV��7KH�VHFRQG�OLQH�SULQWV
WKH�YDOXH�RI�book��ZKLFK�LV�£3URJUDPPLQJ�6FDOD¤�

([SHULPHQWLQJ�ZLWK�WKH�scala�FRPPDQG�LQ�WKH�LQWHUDFWLYH�PRGH��5(3/�
LV�D�JUHDW�ZD\�WR�OHDUQ�WKH�GHWDLOV�RI�6FDOD�

0DQ\�RI�WKH�H[DPSOHV�LQ�WKLV�ERRN�FDQ�EH�H[HFXWHG�LQ�WKH�LQWHUSUHWHU�OLNH�WKLV��+RZHYHU�
LW¦V�RIWHQ�PRUH�FRQYHQLHQW�WR�XVH�WKH�VHFRQG�RSWLRQ�ZH�PHQWLRQHG��ZULWLQJ�6FDOD�VFULSWV
LQ�D�WH[W�HGLWRU�RU�,'(�DQG�H[HFXWLQJ�WKHP�ZLWK�WKH�VDPH�scala�FRPPDQG��:H¦OO�GR
WKDW�IRU�PRVW�RI�WKH�UHPDLQLQJ�H[DPSOHV�LQ�WKLV�FKDSWHU�

,Q�\RXU�WH[W�HGLWRU�RI�FKRLFH��VDYH�WKH�6FDOD�FRGH� LQ�WKH�IROORZLQJ�H[DPSOH�WR�D� ILOH
QDPHG�XSSHU��VFULSW�VFDOD�LQ�D�GLUHFWRU\�RI�\RXU�FKRRVLQJ�

// code-examples/IntroducingScala/upper1-script.scala

class Upper {
  def upper(strings: String*): Seq[String] = {
    strings.map((s:String) => s.toUpperCase())
  }
}

val up = new Upper
Console.println(up.upper("A", "First", "Scala", "Program"))

7KLV�6FDOD�VFULSW�FRQYHUWV�VWULQJV�WR�XSSHUFDVH�

%\�WKH�ZD\��WKDW¦V�D�FRPPHQW�RQ�WKH�ILUVW�OLQH��ZLWK�WKH�QDPH�RI�WKH�VRXUFH�ILOH�IRU�WKH
FRGH�H[DPSOH���6FDOD�IROORZV�WKH�VDPH�FRPPHQW�FRQYHQWLRQV�DV�-DYD��&���&����HWF�
$�// comment�JRHV�WR�WKH�HQG�RI�D�OLQH��ZKLOH�D�/* comment */�FDQ�FURVV�OLQH�ERXQGDULHV�
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7R�UXQ�WKLV�VFULSW��JR�WR�D�FRPPDQG�ZLQGRZ��FKDQJH�WR�WKH�VDPH�GLUHFWRU\��DQG�UXQ
WKH�IROORZLQJ�FRPPDQG�

scala upper1-script.scala

7KH�ILOH�LV�LQWHUSUHWHG��PHDQLQJ�LW�LV�FRPSLOHG�DQG�H[HFXWHG�LQ�RQH�VWHS��<RX�VKRXOG
JHW�WKH�IROORZLQJ�RXWSXW�

Array(A, FIRST, SCALA, PROGRAM)

Interpreting Versus Compiling and Running Scala Code
7R�VXPPDUL]H��LI�\RX�W\SH�scala�RQ�WKH�FRPPDQG�OLQH�ZLWKRXW�D�ILOH�DUJXPHQW��WKH
LQWHUSUHWHU�UXQV�LQ�LQWHUDFWLYH�PRGH��<RX�W\SH�LQ�GHILQLWLRQV�DQG�VWDWHPHQWV�WKDW�DUH
HYDOXDWHG�RQ�WKH�IO\��,I�\RX�JLYH�WKH�FRPPDQG�D�VFDOD�VRXUFH�ILOH�DUJXPHQW��LW�FRPSLOHV
DQG�UXQV�WKH�ILOH�DV�D�VFULSW��DV�LQ�RXU�scala upper1-script.scala�H[DPSOH��)LQDOO\��\RX
FDQ�FRPSLOH�6FDOD�ILOHV�VHSDUDWHO\�DQG�H[HFXWH�WKH�class�ILOH��DV�ORQJ�DV�LW�KDV�D�main
PHWKRG��MXVW�DV�\RX�ZRXOG�QRUPDOO\�GR�ZLWK�WKH�java�FRPPDQG���:H¦OO�VKRZ�DQ�H[�
DPSOH�VKRUWO\��

7KHUH�DUH�VRPH�VXEWOHWLHV�\RX¦OO�QHHG�WR�XQGHUVWDQG�DERXW�WKH�OLPLWDWLRQV�RI�XVLQJ�WKH
LQWHUSUHWHU�PRGHV�YHUVXV�VHSDUDWH�FRPSLODWLRQ�DQG�H[HFXWLRQ�VWHSV��:H�GLVFXVV�WKHVH
VXEWOHWLHV�LQ�£&RPPDQG�/LQH�7RROV¤�RQ�SDJH�����

:KHQHYHU�ZH�UHIHU�WR�H[HFXWLQJ�D�VFULSW��ZH�PHDQ�UXQQLQJ�D�6FDOD�VRXUFH�ILOH�ZLWK�WKH
scala�FRPPDQG�

,Q�WKH�FXUUHQW�H[DPSOH��WKH�upper�PHWKRG�LQ�WKH�Upper�FODVV��QR�SXQ�LQWHQGHG��FRQYHUWV
WKH�LQSXW�VWULQJV�WR�XSSHUFDVH�DQG�UHWXUQV�WKHP�LQ�DQ�DUUD\��7KH�ODVW�OLQH�LQ�WKH�H[DPSOH
FRQYHUWV�IRXU�VWULQJV�DQG�SULQWV�WKH�UHVXOWLQJ�Array�

/HW¦V�H[DPLQH�WKH�FRGH�LQ�GHWDLO��VR�ZH�FDQ�EHJLQ�WR�OHDUQ�6FDOD�V\QWD[��7KHUH�DUH�D�ORW
RI�GHWDLOV�LQ�MXVW�VL[�OLQHV�RI�FRGH��:H¦OO�H[SODLQ�WKH�JHQHUDO�LGHDV�KHUH��$OO�WKH�LGHDV
XVHG�LQ�WKLV�H[DPSOH�ZLOO�EH�H[SODLQHG�PRUH�WKRURXJKO\�LQ�ODWHU�VHFWLRQV�RI�WKH�ERRN�

,Q�WKH�H[DPSOH��WKH�Upper�FODVV�EHJLQV�ZLWK�WKH�class�NH\ZRUG��7KH�FODVV�ERG\�LV�LQVLGH
WKH�RXWHUPRVW�FXUO\�EUDFHV��{...}��

7KH�upper�PHWKRG�GHILQLWLRQ�EHJLQV�RQ�WKH�VHFRQG�OLQH�ZLWK�WKH�def�NH\ZRUG��IROORZHG
E\�WKH�PHWKRG�QDPH�DQG�DQ�DUJXPHQW�OLVW��WKH�UHWXUQ�W\SH�RI�WKH�PHWKRG��DQ�HTXDOV
VLJQ��=���DQG�WKHQ�WKH�PHWKRG�ERG\�

7KH�DUJXPHQW�OLVW�LQ�SDUHQWKHVHV�LV�DFWXDOO\�D�YDULDEOH�OHQJWK�DUJXPHQW�OLVW�RI�StringV�
LQGLFDWHG�E\�WKH�String*�W\SH�IROORZLQJ�WKH�FRORQ��7KDW�LV��\RX�FDQ�SDVV�LQ�DV�PDQ\
FRPPD�VHSDUDWHG�VWULQJV�DV�\RX�ZDQW��LQFOXGLQJ�DQ�HPSW\�OLVW���7KHVH�VWULQJV�DUH�VWRUHG
LQ�D�SDUDPHWHU�QDPHG�strings��,QVLGH�WKH�PHWKRG��strings�LV�DFWXDOO\�DQ�Array�
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:KHQ�H[SOLFLW�W\SH�LQIRUPDWLRQ�IRU�YDULDEOHV�LV�ZULWWHQ�LQ�WKH�FRGH��WKHVH
W\SH�DQQRWDWLRQV�IROORZ�WKH�FRORQ�DIWHU�WKH�LWHP�QDPH��L�H���3DVFDO�OLNH
V\QWD[���:K\�GRHVQ¦W�6FDOD�IROORZ�-DYD�FRQYHQWLRQV"�5HFDOO�WKDW�W\SH
LQIRUPDWLRQ�LV�RIWHQ�LQIHUUHG�LQ�6FDOD��XQOLNH�-DYD���PHDQLQJ�ZH�GRQ¦W
DOZD\V� VKRZ� W\SH� DQQRWDWLRQV� H[SOLFLWO\�� &RPSDUHG� WR� -DYD¦V
type item�FRQYHQWLRQ��WKH�item: type�FRQYHQWLRQ�LV�HDVLHU�IRU�WKH�FRP�
SLOHU�WR�DQDO\]H�XQDPELJXRXVO\�ZKHQ�\RX�RPLW�WKH�FRORQ�DQG�WKH�W\SH
DQQRWDWLRQ�DQG�MXVW�ZULWH�item�

7KH�PHWKRG�UHWXUQ�W\SH�DSSHDUV�DIWHU�WKH�DUJXPHQW�OLVW��,Q�WKLV�FDVH��WKH�UHWXUQ�W\SH�LV
Seq[String]��ZKHUH�Seq��£VHTXHQFH¤��LV�D�SDUWLFXODU�NLQG�RI�FROOHFWLRQ��,W�LV�D�SDUDPH�
WHUL]HG�W\SH��OLNH�D�JHQHULF�W\SH�LQ�-DYD���SDUDPHWHUL]HG�KHUH�ZLWK�String��1RWH�WKDW�6FDOD
XVHV�VTXDUH�EUDFNHWV��[...]��IRU�SDUDPHWHUL]HG�W\SHV��ZKHUHDV�-DYD�XVHV�DQJOH�EUDFNHWV
�<...>��

6FDOD�DOORZV�DQJOH�EUDFNHWV�WR�EH�XVHG�LQ�PHWKRG�QDPHV��H�J���QDPLQJ�D
£OHVV�WKDQ¤�PHWKRG�<�LV�FRPPRQ��6R��WR�DYRLG�DPELJXLWLHV��6FDOD�XVHV
VTXDUH�EUDFNHWV�LQVWHDG�IRU�SDUDPHWHUL]HG�W\SHV��7KH\�FDQ¦W�EH�XVHG�LQ
PHWKRG�QDPHV��$OORZLQJ�<�DQG�>�LQ�PHWKRG�QDPHV�LV�ZK\�6FDOD�GRHVQ¦W
IROORZ�-DYD¦V�FRQYHQWLRQ�IRU�DQJOH�EUDFNHWV�

7KH�ERG\�RI�WKH�upper�PHWKRG�FRPHV�DIWHU�WKH�HTXDOV�VLJQ��=���:K\�DQ�HTXDOV�VLJQ"
:K\�QRW�MXVW�FXUO\�EUDFHV��{...}���OLNH�LQ�-DYD"�%HFDXVH�VHPLFRORQV��IXQFWLRQ�UHWXUQ
W\SHV��PHWKRG�DUJXPHQWV�OLVWV��DQG�HYHQ�WKH�FXUO\�EUDFHV�DUH�VRPHWLPHV�RPLWWHG��XVLQJ
DQ�HTXDOV�VLJQ�SUHYHQWV�VHYHUDO�SRVVLEOH�SDUVLQJ�DPELJXLWLHV��8VLQJ�DQ�HTXDOV�VLJQ�DOVR
UHPLQGV�XV� WKDW�HYHQ� IXQFWLRQV�DUH�YDOXHV� LQ�6FDOD��ZKLFK� LV�FRQVLVWHQW�ZLWK�6FDOD¦V
VXSSRUW�RI�IXQFWLRQDO�SURJUDPPLQJ��GHVFULEHG�LQ�PRUH�GHWDLO�LQ�&KDSWHU���

7KH�PHWKRG�ERG\�FDOOV�WKH�map�PHWKRG�RQ�WKH�strings�DUUD\��ZKLFK�WDNHV�D�IXQFWLRQ
OLWHUDO�DV�DQ�DUJXPHQW��)XQFWLRQ�OLWHUDOV�DUH�£DQRQ\PRXV¤�IXQFWLRQV��7KH\�DUH�VLPLODU
WR�ODPEGDV��FORVXUHV��EORFNV��RU�SURFV�LQ�RWKHU�ODQJXDJHV��,Q�-DYD��\RX�ZRXOG�KDYH�WR�XVH
DQ�DQRQ\PRXV�LQQHU�FODVV�KHUH�WKDW�LPSOHPHQWV�D�PHWKRG�GHILQHG�E\�DQ�LQWHUIDFH��HWF�

,Q�WKLV�FDVH��ZH�SDVVHG�LQ�WKH�IROORZLQJ�IXQFWLRQ�OLWHUDO�

(s:String) => s.toUpperCase()

,W� WDNHV� DQ�DUJXPHQW� OLVW�ZLWK�D� VLQJOH�String� DUJXPHQW�QDPHG�s��7KH�ERG\�RI� WKH
IXQFWLRQ�OLWHUDO�LV�DIWHU�WKH�£DUURZ�¤�=>��,W�FDOOV�toUpperCase()�RQ�s��7KH�UHVXOW�RI�WKLV
FDOO�LV�UHWXUQHG�E\�WKH�IXQFWLRQ�OLWHUDO��,Q�6FDOD��WKH�ODVW�H[SUHVVLRQ�LQ�D�IXQFWLRQ�LV�WKH
UHWXUQ�YDOXH��DOWKRXJK�\RX�FDQ�KDYH�return�VWDWHPHQWV�HOVHZKHUH��WRR��7KH�return�NH\�
ZRUG�LV�RSWLRQDO�KHUH�DQG�LV�UDUHO\�XVHG��H[FHSW�ZKHQ�UHWXUQLQJ�RXW�RI�WKH�PLGGOH�RI�D
EORFN��H�J���LQ�DQ�if�VWDWHPHQW��
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7KH�YDOXH�RI�WKH�ODVW�H[SUHVVLRQ�LV�WKH�GHIDXOW�UHWXUQ�YDOXH�RI�D�IXQFWLRQ�
1R�return�LV�UHTXLUHG�

6R��map�SDVVHV�HDFK�String�LQ�strings�WR�WKH�IXQFWLRQ�OLWHUDO�DQG�EXLOGV�XS�D�QHZ�FRO�
OHFWLRQ�ZLWK�WKH�UHVXOWV�UHWXUQHG�E\�WKH�IXQFWLRQ�OLWHUDO�

7R�H[HUFLVH�WKH�FRGH��ZH�FUHDWH�D�QHZ�Upper�LQVWDQFH�DQG�DVVLJQ�LW�WR�D�YDULDEOH�QDPHG
up��$V�LQ�-DYD��&���DQG�VLPLODU�ODQJXDJHV��WKH�V\QWD[�new Upper�FUHDWHV�D�QHZ�LQVWDQFH�
7KH�up�YDULDEOH�LV�GHFODUHG�DV�D�UHDG�RQO\�£YDOXH¤�XVLQJ�WKH�val�NH\ZRUG�

)LQDOO\��ZH�FDOO� WKH�upper�PHWKRG�RQ�D� OLVW�RI� VWULQJV��DQG�SULQW�RXW� WKH� UHVXOW�ZLWK
Console.println(...)��ZKLFK�LV�HTXLYDOHQW�WR�-DYD¦V�System.out.println(...)�

:H�FDQ�DFWXDOO\�VLPSOLI\�RXU�VFULSW�HYHQ�IXUWKHU��&RQVLGHU�WKLV�VLPSOLILHG�YHUVLRQ�RI�WKH
VFULSW�

// code-examples/IntroducingScala/upper2-script.scala

object Upper {
  def upper(strings: String*) = strings.map(_.toUpperCase())
}

println(Upper.upper("A", "First", "Scala", "Program"))

7KLV�FRGH�GRHV�H[DFWO\�WKH�VDPH�WKLQJ��EXW�ZLWK�D�WKLUG�IHZHU�FKDUDFWHUV�

2Q�WKH�ILUVW�OLQH��Upper�LV�QRZ�GHFODUHG�DV�DQ�object��ZKLFK�LV�D�VLQJOHWRQ��:H�DUH�GH�
FODULQJ�D�FODVV��EXW�WKH�6FDOD�UXQWLPH�ZLOO�RQO\�HYHU�FUHDWH�RQH�LQVWDQFH�RI�Upper���<RX
FDQ¦W�ZULWH�new Upper��IRU�H[DPSOH���6FDOD�XVHV�objects�IRU�VLWXDWLRQV�ZKHUH�RWKHU�ODQ�
JXDJHV�ZRXOG�XVH�£FODVV�OHYHO¤�PHPEHUV�� OLNH�staticV� LQ�-DYD��:H�GRQ¦W�UHDOO\�QHHG
PRUH�WKDQ�RQH�LQVWDQFH�KHUH��VR�D�VLQJOHWRQ�LV�ILQH�

:K\�GRHVQ¦W� 6FDOD� VXSSRUW� staticV"� 6LQFH� HYHU\WKLQJ� LV� DQ� REMHFW� LQ
6FDOD��WKH�object�FRQVWUXFW�NHHSV�WKLV�SROLF\�FRQVLVWHQW��-DYD¦V�static
PHWKRGV�DQG�ILHOGV�DUH�QRW�WLHG�WR�DQ�DFWXDO�LQVWDQFH�

1RWH�WKDW�WKLV�FRGH�LV�IXOO\�WKUHDG�VDIH��:H�GRQ¦W�GHFODUH�DQ\�YDULDEOHV�WKDW�PLJKW�FDXVH
WKUHDG�VDIHW\�LVVXHV��7KH�$3,�PHWKRGV�ZH�XVH�DUH�DOVR�WKUHDG�VDIH��7KHUHIRUH��ZH�GRQ¦W
QHHG�PXOWLSOH�LQVWDQFHV��$�VLQJOHWRQ�object�ZRUNV�ILQH�

7KH�LPSOHPHQWDWLRQ�RI�upper�RQ�WKH�VHFRQG�OLQH�LV�DOVR�VLPSOHU��6FDOD�FDQ�XVXDOO\�LQIHU
WKH�UHWXUQ�W\SH�RI�WKH�PHWKRG��EXW�QRW�WKH�W\SHV�RI�WKH�PHWKRG�DUJXPHQWV���VR�ZH�GURS
WKH�H[SOLFLW�GHFODUDWLRQ��$OVR��EHFDXVH�WKHUH�LV�RQO\�RQH�H[SUHVVLRQ�LQ�WKH�PHWKRG�ERG\�
ZH�GURS�WKH�EUDFHV�DQG�SXW�WKH�HQWLUH�PHWKRG�GHILQLWLRQ�RQ�RQH�OLQH��7KH�HTXDOV�VLJQ
EHIRUH�WKH�PHWKRG�ERG\�WHOOV� WKH�FRPSLOHU��DV�ZHOO�DV� WKH�KXPDQ�UHDGHU��ZKHUH�WKH
PHWKRG�ERG\�EHJLQV�
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:H�KDYH�DOVR�H[SORLWHG�D�VKRUWKDQG�IRU�WKH�IXQFWLRQ�OLWHUDO��3UHYLRXVO\�ZH�ZURWH�LW�DV
IROORZV�

(s:String) => s.toUpperCase()

:H�FDQ�VKRUWHQ�LW�WR�WKH�IROORZLQJ�H[SUHVVLRQ�

_.toUpperCase()

%HFDXVH�map�WDNHV�RQH�DUJXPHQW��D�IXQFWLRQ��ZH�FDQ�XVH�WKH�£SODFHKROGHU¤�LQGLFDWRU�_
LQVWHDG�RI�D�QDPHG�SDUDPHWHU��7KDW�LV��WKH�_�DFWV�OLNH�DQ�DQRQ\PRXV�YDULDEOH��WR�ZKLFK
HDFK�VWULQJ�ZLOO�EH�DVVLJQHG�EHIRUH�toUpperCase�LV�FDOOHG��1RWH�WKDW�WKH�String�W\SH�LV
LQIHUUHG�IRU�XV��WRR��$V�ZH�ZLOO�VHH��6FDOD�XVHV�_�DV�D�£ZLOGFDUG¤�LQ�VHYHUDO�FRQWH[WV�

<RX�FDQ�DOVR�XVH�WKLV�VKRUWKDQG�V\QWD[�LQ�VRPH�PRUH�FRPSOH[�IXQFWLRQ�OLWHUDOV��DV�ZH
ZLOO�VHH�LQ�&KDSWHU���

2Q�WKH�ODVW� OLQH��XVLQJ�DQ�object� UDWKHU�WKDQ�D�class�VLPSOLILHV�WKH�FRGH��,QVWHDG�RI
FUHDWLQJ�DQ�LQVWDQFH�ZLWK�new Upper��ZH�FDQ�MXVW�FDOO�WKH�upper�PHWKRG�RQ�WKH�Upper
REMHFW�GLUHFWO\��QRWH�KRZ�WKLV�ORRNV�OLNH�WKH�V\QWD[�\RX�ZRXOG�XVH�ZKHQ�FDOOLQJ�VWDWLF
PHWKRGV�LQ�D�-DYD�FODVV��

)LQDOO\��6FDOD�DXWRPDWLFDOO\�LPSRUWV�PDQ\�PHWKRGV�IRU�,�2��OLNH�println��VR�ZH�GRQ¦W
QHHG�WR�FDOO�Console.println()��:H�FDQ� MXVW�XVH�println�E\� LWVHOI�� �6HH�£7KH�3UHGHI
2EMHFW¤�RQ�SDJH�����IRU�GHWDLOV�RQ�WKH�W\SHV�DQG�PHWKRGV�WKDW�DUH�DXWRPDWLFDOO\�LP�
SRUWHG�RU�GHILQHG��

/HW¦V�GR�RQH�ODVW�UHIDFWRULQJ��&RQYHUW�WKH�VFULSW�LQWR�D�FRPSLOHG��FRPPDQG�OLQH�WRRO�

// code-examples/IntroducingScala/upper3.scala

object Upper {
  def main(args: Array[String]) = {
    args.map(_.toUpperCase()).foreach(printf("%s ",_))
    println("")
  }
}

1RZ�WKH�upper�PHWKRG�KDV�EHHQ�UHQDPHG�main��%HFDXVH�Upper�LV�DQ�object��WKLV�main
PHWKRG�ZRUNV�H[DFWO\�OLNH�D�static main�PHWKRG�LQ�D�-DYD�FODVV��,W�LV�WKH�HQWU\�SRLQW�WR
WKH�Upper�DSSOLFDWLRQ�

,Q�6FDOD��main�PXVW�EH�D�PHWKRG�LQ�DQ�object���,Q�-DYD��main�PXVW�EH�D
static�PHWKRG�LQ�D�class���7KH�FRPPDQG�OLQH�DUJXPHQWV�IRU�WKH�DSSOL�
FDWLRQ�DUH�SDVVHG�WR�main�LQ�DQ�DUUD\�RI�VWULQJV��H�J���args: Array[String]�

7KH�ILUVW�OLQH�LQVLGH�WKH�main�PHWKRG�XVHV�WKH�VDPH�VKRUWKDQG�QRWDWLRQ�IRU�map�WKDW�ZH
MXVW�H[DPLQHG�

args.map(_.toUpperCase())...
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7KH�FDOO�WR�map�UHWXUQV�D�QHZ�FROOHFWLRQ��:H�LWHUDWH�WKURXJK�LW�ZLWK�foreach��:H�XVH�D
_�SODFHKROGHU�VKRUWFXW�DJDLQ�LQ�DQRWKHU�IXQFWLRQ�OLWHUDO�WKDW�ZH�SDVV�WR�foreach��,Q�WKLV
FDVH��HDFK�VWULQJ�LQ�WKH�FROOHFWLRQ�LV�SDVVHG�DV�DQ�DUJXPHQW�WR�printf�

...foreach(printf("%s ",_))

7R�EH�FOHDU��WKHVH�WZR�XVHV�RI�_�DUH�FRPSOHWHO\�LQGHSHQGHQW�RI�HDFK�RWKHU��0HWKRG
FKDLQLQJ�DQG�IXQFWLRQ�OLWHUDO�VKRUWKDQGV��DV�LQ�WKLV�H[DPSOH��FDQ�WDNH�VRPH�JHWWLQJ�XVHG
WR��EXW�RQFH�\RX�DUH�FRPIRUWDEOH�ZLWK�WKHP��WKH\�\LHOG�YHU\�UHDGDEOH�FRGH�ZLWK�PLQLPDO
XVH�RI�WHPSRUDU\�YDULDEOHV�

7KH�ODVW�OLQH�LQ�main�DGGV�D�ILQDO�OLQH�IHHG�WR�WKH�RXWSXW�

7KLV�WLPH��\RX�PXVW�ILUVW�FRPSLOH�WKH�FRGH�WR�D�-90��FODVV�ILOH�XVLQJ�scalac�

scalac upper3.scala

<RX�VKRXOG�QRZ�KDYH�D�ILOH�QDPHG�8SSHU�FODVV��MXVW�DV�LI�\RX�KDG�MXVW�FRPSLOHG�D�-DYD
FODVV�

<RX�PD\�KDYH�QRWLFHG�WKDW� WKH�FRPSLOHU�GLG�QRW�FRPSODLQ�ZKHQ�WKH
ILOH�ZDV�QDPHG�XSSHU��VFDOD�DQG�WKH�object�ZDV�QDPHG�Upper��8QOLNH
-DYD�� WKH�ILOH�QDPH�GRHVQ¦W�KDYH�WR�PDWFK�WKH�QDPH�RI�WKH�W\SH�ZLWK
public� VFRSH�� �:H¦OO� H[SORUH� WKH� YLVLELOLW\� UXOHV� LQ� £9LVLELOLW\
5XOHV¤�RQ�SDJH������,Q�IDFW��XQOLNH�-DYD��\RX�FDQ�KDYH�DV�PDQ\�SXEOLF
W\SHV�LQ�D�VLQJOH�ILOH�DV�\RX�ZDQW��)XUWKHUPRUH��WKH�GLUHFWRU\�ORFDWLRQ�RI
D�ILOH�GRHVQ¦W�KDYH�WR�PDWFK�WKH�SDFNDJH�GHFODUDWLRQ��+RZHYHU��\RX�FDQ
FHUWDLQO\�IROORZ�WKH�-DYD�FRQYHQWLRQV��LI�\RX�ZDQW�WR�

1RZ��\RX�FDQ�H[HFXWH�WKLV�FRPPDQG�IRU�DQ\�OLVW�RI�VWULQJV��+HUH�LV�DQ�H[DPSOH�

scala -cp . Upper Hello World!

7KH�-cp .�RSWLRQ�DGGV�WKH�FXUUHQW�GLUHFWRU\�WR�WKH�VHDUFK�£FODVV�SDWK�¤�<RX�VKRXOG�JHW
WKH�IROORZLQJ�RXWSXW�

 HELLO WORLD!

7KHUHIRUH��ZH�KDYH�PHW�WKH�UHTXLUHPHQW�WKDW�D�SURJUDPPLQJ�ODQJXDJH�ERRN�PXVW�VWDUW
ZLWK�D�£KHOOR�ZRUOG¤�SURJUDP�

A Taste of Concurrency
7KHUH�DUH�PDQ\�UHDVRQV�WR�EH�VHGXFHG�E\�6FDOD��2QH�UHDVRQ�LV�WKH�$FWRUV�$3,�LQFOXGHG
LQ�WKH�6FDOD�OLEUDU\��ZKLFK�LV�EDVHG�RQ�WKH�UREXVW�$FWRUV�FRQFXUUHQF\�PRGHO�EXLOW�LQWR
(UODQJ��VHH�>+DOOHU����@���+HUH�LV�DQ�H[DPSOH�WR�ZKHW�\RXU�DSSHWLWH�

,Q�WKH�$FWRU�PRGHO�RI�FRQFXUUHQF\��>$JKD����@���LQGHSHQGHQW�VRIWZDUH�HQWLWLHV�FDOOHG
$FWRUV� VKDUH� QR� VWDWH� LQIRUPDWLRQ� ZLWK� HDFK� RWKHU�� ,QVWHDG�� WKH\� FRPPXQLFDWH� E\
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H[FKDQJLQJ�PHVVDJHV��%\�HOLPLQDWLQJ�WKH�QHHG�WR�V\QFKURQL]H�DFFHVV�WR�VKDUHG��PXWDEOH
VWDWH��LW�LV�IDU�HDVLHU�WR�ZULWH�UREXVW��FRQFXUUHQW�DSSOLFDWLRQV�

,Q�WKLV�H[DPSOH��LQVWDQFHV�LQ�D�JHRPHWULF�Shape�KLHUDUFK\�DUH�VHQW�WR�DQ�$FWRU�IRU�GUDZ�
LQJ�RQ�D�GLVSOD\��,PDJLQH�D�VFHQDULR�ZKHUH�D�UHQGHULQJ�£IDUP¤�JHQHUDWHV�VFHQHV�LQ�DQ
DQLPDWLRQ��$V�WKH�UHQGHULQJ�RI�D�VFHQH�LV�FRPSOHWHG��WKH�VKDSH�£SULPLWLYHV¤�WKDW�DUH
SDUW�RI�WKH�VFHQH�DUH�VHQW�WR�DQ�$FWRU�IRU�D�GLVSOD\�VXEV\VWHP�

7R�EHJLQ��ZH�GHILQH�D�Shape�FODVV�KLHUDUFK\�

// code-examples/IntroducingScala/shapes.scala

package shapes {
  class Point(val x: Double, val y: Double) {
    override def toString() = "Point(" + x + "," + y + ")"
  }

  abstract class Shape() {
    def draw(): Unit
  }

  class Circle(val center: Point, val radius: Double) extends Shape {
    def draw() = println("Circle.draw: " + this)
    override def toString() = "Circle(" + center + "," + radius + ")"
  }

  class Rectangle(val lowerLeft: Point, val height: Double, val width: Double)
        extends Shape {
    def draw() = println("Rectangle.draw: " + this)
    override def toString() =
      "Rectangle(" + lowerLeft + "," + height + "," + width + ")"
  }

  class Triangle(val point1: Point, val point2: Point, val point3: Point)
        extends Shape {
    def draw() = println("Triangle.draw: " + this)
    override def toString() =
      "Triangle(" + point1 + "," + point2 + "," + point3 + ")"
  }
}

7KH�Shape�FODVV�KLHUDUFK\�LV�GHILQHG�LQ�D�shapes�SDFNDJH��<RX�FDQ�GHFODUH�WKH�SDFNDJH
XVLQJ�-DYD�V\QWD[��EXW�6FDOD�DOVR�VXSSRUWV�D�V\QWD[�VLPLODU�WR�&�¦V�£QDPHVSDFH¤�V\QWD[�
ZKHUH�WKH�HQWLUH�GHFODUDWLRQ�LV�VFRSHG�XVLQJ�FXUO\�EUDFHV��DV�XVHG�KHUH��7KH�-DYD�VW\OH
SDFNDJH�GHFODUDWLRQ�V\QWD[�LV�IDU�PRUH�FRPPRQO\�XVHG��KRZHYHU��EHLQJ�ERWK�FRPSDFW
DQG�UHDGDEOH�

7KH�Point�FODVV�UHSUHVHQWV�D�WZR�GLPHQVLRQDO�SRLQW�RQ�D�SODQH��1RWH�WKH�DUJXPHQW�OLVW
DIWHU�WKH�FODVV�QDPH��7KRVH�DUH�FRQVWUXFWRU�SDUDPHWHUV��,Q�6FDOD��WKH�ZKROH�FODVV�ERG\
LV�WKH�FRQVWUXFWRU��VR�\RX�OLVW�WKH�DUJXPHQWV�IRU�WKH�SULPDU\�FRQVWUXFWRU�DIWHU�WKH�FODVV
QDPH�DQG�EHIRUH� WKH�FODVV�ERG\�� �:H¦OO� VHH�KRZ�WR�GHILQH�DX[LOLDU\�FRQVWUXFWRUV� LQ
£&RQVWUXFWRUV� LQ�6FDOD¤�RQ�SDJH������%HFDXVH�ZH�SXW� WKH�val� NH\ZRUG�EHIRUH�HDFK
SDUDPHWHU�GHFODUDWLRQ��WKH\�DUH�DXWRPDWLFDOO\�FRQYHUWHG�WR�UHDG�RQO\�ILHOGV�ZLWK�WKH
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VDPH�QDPHV�ZLWK�SXEOLF�UHDGHU�PHWKRGV�RI�WKH�VDPH�QDPH��7KDW�LV��ZKHQ�\RX�LQVWDQ�
WLDWH�D�Point�LQVWDQFH��H�J���point��\RX�FDQ�UHDG�WKH�ILHOGV�XVLQJ�point.x�DQG�point.y��,I
\RX�ZDQW�PXWDEOH�ILHOGV��WKHQ�XVH�WKH�NH\ZRUG�var��:H¦OO�H[SORUH�YDULDEOH�GHFODUDWLRQV
DQG�WKH�val�DQG�var�NH\ZRUGV�LQ�£9DULDEOH�'HFODUDWLRQV¤�RQ�SDJH����

7KH�ERG\�RI�Point�GHILQHV�RQH�PHWKRG��DQ�RYHUULGH�RI�WKH�IDPLOLDU�toString�PHWKRG�LQ
-DYD��OLNH�ToString�LQ�&����1RWH�WKDW�6FDOD��OLNH�&���UHTXLUHV�WKH�override�NH\ZRUG
ZKHQHYHU� \RX� RYHUULGH� D� FRQFUHWH� PHWKRG�� 8QOLNH� &��� \RX� GRQ¦W� KDYH� WR� XVH� D
virtual�NH\ZRUG�RQ�WKH�RULJLQDO�FRQFUHWH�PHWKRG��,Q�IDFW��WKHUH�LV�QR�virtual�NH\ZRUG
LQ�6FDOD��$V�EHIRUH��ZH�RPLW�WKH�FXUO\�EUDFHV��{...}��DURXQG�WKH�ERG\�RI�toString��VLQFH
LW�KDV�RQO\�RQH�H[SUHVVLRQ�

Shape�LV�DQ�DEVWUDFW�FODVV��$EVWUDFW�FODVVHV�LQ�6FDOD�DUH�VLPLODU�WR�WKRVH�LQ�-DYD�DQG�&��
:H�FDQ¦W�LQVWDQWLDWH�LQVWDQFHV�RI�DEVWUDFW�FODVVHV��HYHQ�ZKHQ�DOO�WKHLU�ILHOG�DQG�PHWKRG
PHPEHUV�DUH�FRQFUHWH�

,Q�WKLV�FDVH��6KDSH�GHFODUHV�DQ�DEVWUDFW�draw�PHWKRG��:H�NQRZ�LW�LV�DEVWUDFW�EHFDXVH�LW
KDV�QR�ERG\��1R�abstract�NH\ZRUG�LV�UHTXLUHG�RQ�WKH�PHWKRG��$EVWUDFW�PHWKRGV�LQ
6FDOD� DUH� MXVW� OLNH� DEVWUDFW�PHWKRGV� LQ� -DYD�DQG�&��� �6HH� £2YHUULGLQJ�0HPEHUV�RI
&ODVVHV�DQG�7UDLWV¤�RQ�SDJH�����IRU�PRUH�GHWDLOV��

7KH�draw�PHWKRG�UHWXUQV�Unit��ZKLFK�LV�D�W\SH�WKDW�LV�URXJKO\�HTXLYDOHQW�WR�void�LQ�&�
GHULYHG�ODQJXDJHV�OLNH�-DYD��HWF���6HH�£7KH�6FDOD�7\SH�+LHUDUFK\¤�RQ�SDJH�����IRU�PRUH
GHWDLOV��

Circle�LV�GHFODUHG�DV�D�FRQFUHWH�VXEFODVV�RI�Shape��,W�GHILQHV�WKH�draw�PHWKRG�WR�VLPSO\
SULQW�D�PHVVDJH�WR�WKH�FRQVROH��Circle�DOVR�RYHUULGHV�toString�

Rectangle� LV� DOVR� D� FRQFUHWH� VXEFODVV� RI� Shape� WKDW� GHILQHV� draw� DQG� RYHUULGHV
toString��)RU�VLPSOLFLW\��ZH�DVVXPH�LW�LV�QRW�URWDWHG�UHODWLYH�WR�WKH�[�DQG�\�D[HV��+HQFH�
DOO�ZH�QHHG�LV�RQH�SRLQW��WKH�ORZHU�OHIWKDQG�SRLQW�ZLOO�GR��DQG�WKH�KHLJKW�DQG�ZLGWK�RI
WKH�UHFWDQJOH�

Triangle�IROORZV�WKH�VDPH�SDWWHUQ��,W�WDNHV�WKUHH�Points�DV�LWV�FRQVWUXFWRU�DUJXPHQWV�

%RWK�draw�PHWKRGV�LQ�Circle��Rectangle��DQG�Triangle�XVH�this��$V�LQ�-DYD�DQG�&��
this�LV�KRZ�DQ�LQVWDQFH�UHIHUV�WR�LWVHOI��,Q�WKLV�FRQWH[W��ZKHUH�this�LV�WKH�ULJKWKDQG�VLGH
RI�D�6WULQJ�FRQFDWHQDWLRQ�H[SUHVVLRQ��XVLQJ�WKH�SOXV�VLJQ���this.toString� LV�LQYRNHG
LPSOLFLWO\�

2I�FRXUVH��LQ�D�UHDO�DSSOLFDWLRQ��\RX�ZRXOG�QRW�LPSOHPHQW�GUDZLQJ�LQ
£GRPDLQ�PRGHO¤�FODVVHV�OLNH�WKLV��VLQFH�WKH�LPSOHPHQWDWLRQV�ZRXOG�GH�
SHQG�RQ�GHWDLOV�OLNH�WKH�RSHUDWLQJ�V\VWHP�SODWIRUP��JUDSKLFV�$3,��HWF�
:H�ZLOO�VHH�D�EHWWHU�GHVLJQ�DSSURDFK�ZKHQ�ZH�GLVFXVV�WUDLWV�LQ�&KDSWHU���

1RZ�WKDW�ZH�KDYH�GHILQHG�RXU�VKDSHV�W\SHV��OHW¦V�UHWXUQ�WR�$FWRUV��:H�GHILQH�DQ�$FWRU
WKDW�UHFHLYHV�£PHVVDJHV¤�WKDW�DUH�VKDSHV�WR�GUDZ�
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// code-examples/IntroducingScala/shapes-actor.scala

package shapes {
  import scala.actors._
  import scala.actors.Actor._

  object ShapeDrawingActor extends Actor {
    def act() {
      loop {
        receive {
          case s: Shape => s.draw()
          case "exit"   => println("exiting..."); exit
          case x: Any   => println("Error: Unknown message! " + x)
        }
      }
    }
  }
}

7KH�$FWRU� LV�GHFODUHG� WR�EH�SDUW�RI� WKH�shapes�SDFNDJH��1H[W��ZH�KDYH� WZR� LPSRUW
VWDWHPHQWV�

7KH�ILUVW�LPSRUW�VWDWHPHQW�LPSRUWV�DOO�WKH�W\SHV�LQ�WKH�scala.actors�SDFNDJH��,Q�6FDOD�
WKH�XQGHUVFRUH�_�LV�XVHG�WKH�ZD\�WKH�VWDU�*�LV�XVHG�LQ�-DYD�

%HFDXVH�*�LV�D�YDOLG�FKDUDFWHU�IRU�D�IXQFWLRQ�QDPH��LW�FDQ¦W�EH�XVHG�DV�WKH
import�ZLOGFDUG��,QVWHDG��_�LV�UHVHUYHG�IRU�WKLV�SXUSRVH�

$OO�WKH�PHWKRGV�DQG�SXEOLF�ILHOGV�IURP�Actor�DUH�LPSRUWHG�E\�WKH�VHFRQG�import��7KHVH
DUH�QRW�static�LPSRUWV�IURP�WKH�Actor�W\SH��DV�WKH\�ZRXOG�EH�LQ�-DYD��5DWKHU��WKH\�DUH
LPSRUWHG�IURP�DQ�object�WKDW�LV�DOVR�QDPHG�Actor��7KH�class�DQG�object�FDQ�KDYH�WKH
VDPH�QDPH��DV�ZH�ZLOO�VHH�LQ�£&RPSDQLRQ�2EMHFWV¤�RQ�SDJH�����

2XU�$FWRU�FODVV�GHILQLWLRQ��ShapeDrawingActor��LV�DQ�object�WKDW�H[WHQGV�Actor��WKH�W\SH�
QRW�WKH�object���7KH�act�PHWKRG�LV�RYHUULGGHQ�WR�GR�WKH�XQLTXH�ZRUN�RI�WKH�$FWRU�
%HFDXVH�act� LV� DQ�DEVWUDFW�PHWKRG��ZH�GRQ¦W�QHHG� WR�H[SOLFLWO\�RYHUULGH� LW�ZLWK� WKH
override�NH\ZRUG��2XU�$FWRU�ORRSV�LQGHILQLWHO\��ZDLWLQJ�IRU�LQFRPLQJ�PHVVDJHV�

'XULQJ�HDFK�SDVV�LQ�WKH�ORRS��WKH�receive�PHWKRG�LV�FDOOHG��,W�EORFNV�XQWLO�D�QHZ�PHVVDJH
DUULYHV��:K\�LV�WKH�FRGH�DIWHU�receive�HQFORVHG�LQ�FXUO\�EUDFHV�{...}�DQG�QRW�SDUHQWKHVHV
(...)"�:H�ZLOO�OHDUQ�ODWHU�WKDW�WKHUH�DUH�FDVHV�ZKHUH�WKLV�VXEVWLWXWLRQ�LV�DOORZHG�DQG�LV
TXLWH�XVHIXO��VHH�&KDSWHU�����)RU�QRZ��ZKDW�\RX�QHHG�WR�NQRZ�LV�WKDW�WKH�H[SUHVVLRQV
LQVLGH�WKH�EUDFHV�FRQVWLWXWH�D�VLQJOH�IXQFWLRQ�OLWHUDO�WKDW�LV�SDVVHG�WR�receive��7KLV�IXQF�
WLRQ�OLWHUDO�GRHV�D�SDWWHUQ�PDWFK�RQ�WKH�PHVVDJH�LQVWDQFH�WR�GHFLGH�KRZ�WR�KDQGOH�WKH
PHVVDJH��%HFDXVH�RI�WKH�case�FODXVHV��LW�ORRNV�OLNH�D�W\SLFDO�VZLWFK�VWDWHPHQW�LQ�-DYD�
IRU�H[DPSOH��DQG�WKH�EHKDYLRU�LV�YHU\�VLPLODU�
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7KH�ILUVW�case�GRHV�D�W\SH�FRPSDULVRQ�ZLWK�WKH�PHVVDJH���7KHUH�LV�QR�H[SOLFLW�YDULDEOH
IRU�WKH�PHVVDJH�LQVWDQFH�LQ�WKH�FRGH��LW�LV�LQIHUUHG���,I�WKH�PHVVDJH�LV�RI�W\SH�Shape��WKH
ILUVW�case�PDWFKHV��7KH�PHVVDJH�LQVWDQFH�LV�FDVW�WR�D�Shape�DQG�DVVLJQHG�WR�WKH�YDULDEOH
s��DQG�WKHQ�WKH�draw�PHWKRG�LV�FDOOHG�RQ�LW�

,I� WKH�PHVVDJH� LV� QRW� D�Shape�� WKH� VHFRQG�case� LV� WULHG�� ,I� WKH�PHVVDJH� LV� WKH� VWULQJ
"exit"��WKH�$FWRU�SULQWV�D�PHVVDJH�DQG�WHUPLQDWHV�H[HFXWLRQ��$FWRUV�VKRXOG�XVXDOO\
KDYH�D�ZD\�WR�H[LW�JUDFHIXOO\�

7KH�ODVW�case�FODXVH�KDQGOHV�DQ\�RWKHU�PHVVDJH�LQVWDQFH��WKHUHE\�IXQFWLRQLQJ�DV�WKH
GHIDXOW�FDVH��7KH�$FWRU�UHSRUWV�DQ�HUURU�DQG�WKHQ�GURSV�WKH�PHVVDJH��Any�LV�WKH�SDUHQW
RI�DOO�W\SHV�LQ�WKH�6FDOD�W\SH�KLHUDUFK\��OLNH�Object�LV�WKH�URRW�W\SH�LQ�-DYD�DQG�RWKHU
ODQJXDJHV��+HQFH��WKLV�FDVH�FODXVH�ZLOO�PDWFK�DQ\�PHVVDJH�RI�DQ\�W\SH��3DWWHUQ�PDWFKLQJ
LV�HDJHU��ZH�KDYH�WR�SXW�WKLV�FDVH�FODXVH�DW�WKH�HQG��VR�LW�GRHVQ¦W�FRQVXPH�WKH�PHVVDJHV
ZH�DUH�H[SHFWLQJ�

5HFDOO� WKDW�ZH� GHFODUHG� draw� DV� DQ� DEVWUDFW�PHWKRG� LQ� Shape� DQG�ZH� LPSOHPHQWHG
draw�LQ�WKH�FRQFUHWH�VXEFODVVHV��+HQFH��WKH�FRGH�LQ�WKH�ILUVW�case�VWDWHPHQW�LQYRNHV�D
SRO\PRUSKLF�RSHUDWLRQ�

Pattern Matching Versus Polymorphism
3DWWHUQ�PDWFKLQJ�SOD\V�D�FHQWUDO�UROH�LQ�IXQFWLRQDO�SURJUDPPLQJ�MXVW�DV�SRO\PRUSKLVP
SOD\V�D�FHQWUDO�UROH�LQ�REMHFW�RULHQWHG�SURJUDPPLQJ��)XQFWLRQDO�SDWWHUQ�PDWFKLQJ�LV
PXFK�PRUH� LPSRUWDQW�DQG�VRSKLVWLFDWHG� WKDQ� WKH�FRUUHVSRQGLQJ�switch/case� VWDWH�
PHQWV�IRXQG�LQ�PRVW�LPSHUDWLYH�ODQJXDJHV��OLNH�-DYD��:H�ZLOO�H[DPLQH�6FDOD¦V�VXSSRUW
IRU�SDWWHUQ�PDWFKLQJ�LQ�PRUH�GHWDLO�LQ�&KDSWHU����,Q�RXU�H[DPSOH�KHUH��ZH�FDQ�EHJLQ�WR
VHH�WKDW� MRLQLQJ�IXQFWLRQDO�VW\OH�SDWWHUQ�PDWFKLQJ�ZLWK�REMHFW�RULHQWHG�SRO\PRUSKLF
GLVSDWFKLQJ�LV�D�SRZHUIXO�FRPELQDWLRQ�WKDW�LV�D�EHQHILW�RI�PL[HG�SDUDGLJP�ODQJXDJHV
OLNH�6FDOD�

)LQDOO\��KHUH�LV�D�VFULSW�WKDW�XVHV�WKH�ShapeDrawingActor�$FWRU�

// code-examples/IntroducingScala/shapes-actor-script.scala

import shapes._

ShapeDrawingActor.start()

ShapeDrawingActor ! new Circle(new Point(0.0,0.0), 1.0)
ShapeDrawingActor ! new Rectangle(new Point(0.0,0.0), 2, 5)
ShapeDrawingActor ! new Triangle(new Point(0.0,0.0),
                                 new Point(1.0,0.0),
                                 new Point(0.0,1.0))
ShapeDrawingActor ! 3.14159

ShapeDrawingActor ! "exit"
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7KH�VKDSHV�LQ�WKH�shapes�SDFNDJH�DUH�LPSRUWHG�

7KH�ShapeDrawingActor�$FWRU�LV�VWDUWHG��%\�GHIDXOW��LW�UXQV�LQ�LWV�RZQ�WKUHDG��WKHUH�DUH
DOWHUQDWLYHV�ZH�ZLOO�GLVFXVV�LQ�&KDSWHU�����ZDLWLQJ�IRU�PHVVDJHV�

)LYH�PHVVDJHV�DUH�VHQW�WR�WKH�$FWRU��XVLQJ�WKH�V\QWD[�actor ! message��7KH�ILUVW�PHVVDJH
VHQGV�D�Circle� LQVWDQFH��7KH�$FWRU�£GUDZV¤�WKH�FLUFOH��7KH�VHFRQG�PHVVDJH�VHQGV�D
Rectangle�PHVVDJH��7KH�$FWRU�£GUDZV¤�WKH�UHFWDQJOH��7KH�WKLUG�PHVVDJH�GRHV�WKH�VDPH
WKLQJ�IRU�D�Triangle��7KH�IRXUWK�PHVVDJH�VHQGV�D�Double�WKDW�LV�DSSUR[LPDWHO\�HTXDO�WR
3L��7KLV�LV�DQ�XQNQRZQ�PHVVDJH�IRU�WKH�$FWRU��VR�LW�MXVW�SULQWV�DQ�HUURU�PHVVDJH��7KH
ILQDO�PHVVDJH�VHQGV�DQ�£H[LW¤�VWULQJ��ZKLFK�FDXVHV�WKH�$FWRU�WR�WHUPLQDWH�

7R� WU\� RXW� WKH� $FWRU� H[DPSOH�� VWDUW� E\� FRPSLOLQJ� WKH� ILUVW� WZR� ILOHV�� <RX� FDQ� JHW
WKH� VRXUFHV� IURP� WKH� 2¦5HLOO\� GRZQORDG� VLWH� �VHH� £*HWWLQJ� WKH� &RGH� ([DP�
SOHV¤�RQ�SDJH�[L[�IRU�GHWDLOV���RU�\RX�FDQ�FUHDWH�WKHP�\RXUVHOI�

8VH�WKH�IROORZLQJ�FRPPDQG�WR�FRPSLOH�WKH�ILOHV�

 scalac shapes.scala shapes-actor.scala

:KLOH�WKH�VRXUFH�ILOH�QDPHV�DQG�ORFDWLRQV�GRQ¦W�KDYH�WR�PDWFK�WKH�ILOH�FRQWHQWV��\RX
ZLOO�QRWLFH�WKDW�WKH�JHQHUDWHG�FODVV�ILOHV�DUH�ZULWWHQ�WR�D�VKDSHV�GLUHFWRU\�DQG�WKHUH�LV
RQH�FODVV�ILOH�IRU�HDFK�FODVV�ZH�GHILQHG��7KH�FODVV�ILOH�QDPHV�DQG�ORFDWLRQV�PXVW�FRQIRUP
WR�WKH�-90�UHTXLUHPHQWV�

1RZ�\RX�FDQ�UXQ�WKH�VFULSW�WR�VHH�WKH�$FWRU�LQ�DFWLRQ�

 scala -cp . shapes-actor-script.scala

<RX�VKRXOG�VHH�WKH�IROORZLQJ�RXWSXW�

Circle.draw: Circle(Point(0.0,0.0),1.0)
Rectangle.draw: Rectangle(Point(0.0,0.0),2.0,5.0)
Triangle.draw: Triangle(Point(0.0,0.0),Point(1.0,0.0),Point(0.0,1.0))
Error: Unknown message! 3.14159
exiting...

)RU�PRUH�RQ�$FWRUV��VHH�&KDSWHU���

Recap and What’s Next
:H�PDGH�WKH�FDVH�IRU�6FDOD�DQG�JRW�\RX�VWDUWHG�ZLWK�WZR�VDPSOH�6FDOD�SURJUDPV��RQH
RI�ZKLFK�JDYH�\RX�D�WDVWH�RI�6FDOD¦V�$FWRUV�OLEUDU\�IRU�FRQFXUUHQF\��1H[W��ZH¦OO�GLYH�LQWR
PRUH�6FDOD�V\QWD[��HPSKDVL]LQJ�YDULRXV�NH\VWURNH�HFRQRPLFDO�ZD\V�RI�JHWWLQJ�ORWV�RI
ZRUN�GRQH�
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CHAPTER 2

Type Less, Do More

In This Chapter
:H�HQGHG�WKH�SUHYLRXV�FKDSWHU�ZLWK�D�IHZ�£WHDVHU¤�H[DPSOHV�RI�6FDOD�FRGH��7KLV�FKDSWHU
GLVFXVVHV�XVHV�RI�6FDOD�WKDW�SURPRWH�VXFFLQFW��IOH[LEOH�FRGH��:H¦OO�GLVFXVV�RUJDQL]DWLRQ
RI�ILOHV�DQG�SDFNDJHV��LPSRUWLQJ�RWKHU�W\SHV��YDULDEOH�GHFODUDWLRQV��PLVFHOODQHRXV�V\Q�
WD[�FRQYHQWLRQV��DQG�D�IHZ�RWKHU�FRQFHSWV��:H¦OO�HPSKDVL]H�KRZ�WKH�FRQFLVH�V\QWD[�RI
6FDOD�KHOSV�\RX�ZRUN�EHWWHU�DQG�IDVWHU�

6FDOD¦V�V\QWD[�LV�HVSHFLDOO\�XVHIXO�ZKHQ�ZULWLQJ�VFULSWV��6HSDUDWH�FRPSLOH�DQG�UXQ�VWHSV
DUHQ¦W�UHTXLUHG�IRU�VLPSOH�SURJUDPV�WKDW�KDYH�IHZ�GHSHQGHQFLHV�RQ�OLEUDULHV�RXWVLGH�RI
ZKDW�6FDOD�SURYLGHV��<RX�FRPSLOH�DQG�UXQ�VXFK�SURJUDPV�LQ�RQH�VKRW�ZLWK�WKH�scala
FRPPDQG��,I�\RX¦YH�GRZQORDGHG�WKH�H[DPSOH�FRGH�IRU�WKLV�ERRN��PDQ\�RI�WKH�VPDOOHU
H[DPSOHV�FDQ�EH�UXQ�XVLQJ�WKH�scala�FRPPDQG��H�J���scala filename.scala��6HH�WKH
5($'0(�W[W�ILOHV�LQ�HDFK�FKDSWHU¦V�FRGH�H[DPSOHV�IRU�PRUH�GHWDLOV��6HH�DOVR�£&RP�
PDQG�/LQH�7RROV¤�RQ�SDJH�����IRU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�WKH�scala�FRPPDQG�

Semicolons
<RX�PD\�KDYH�DOUHDG\�QRWLFHG�WKDW�WKHUH�ZHUH�YHU\�IHZ�VHPLFRORQV�LQ�WKH�FRGH�H[DPSOHV
LQ�WKH�SUHYLRXV�FKDSWHU��<RX�FDQ�XVH�VHPLFRORQV�WR�VHSDUDWH�VWDWHPHQWV�DQG�H[SUHV�
VLRQV��DV�LQ�-DYD��&��3+3��DQG�VLPLODU�ODQJXDJHV��,Q�PRVW�FDVHV��WKRXJK��6FDOD�EHKDYHV
OLNH�PDQ\�VFULSWLQJ�ODQJXDJHV�LQ�WUHDWLQJ�WKH�HQG�RI�WKH�OLQH�DV�WKH�HQG�RI�D�VWDWHPHQW
RU�DQ�H[SUHVVLRQ��:KHQ�D�VWDWHPHQW�RU�H[SUHVVLRQ�LV�WRR�ORQJ�IRU�RQH�OLQH��6FDOD�FDQ
XVXDOO\�LQIHU�ZKHQ�\RX�DUH�FRQWLQXLQJ�RQ�WR�WKH�QH[W�OLQH��DV�VKRZQ�LQ�WKLV�H[DPSOH�

// code-examples/TypeLessDoMore/semicolon-example-script.scala

// Trailing equals sign indicates more code on next line
def equalsign = {
  val reallySuperLongValueNameThatGoesOnForeverSoYouNeedANewLine =
    "wow that was a long value name"

  println(reallySuperLongValueNameThatGoesOnForeverSoYouNeedANewLine)
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}

// Trailing opening curly brace indicates more code on next line
def equalsign2(s: String) = {
  println("equalsign2: " + s)
}

// Trailing comma, operator, etc. indicates more code on next line
def commas(s1: String,
           s2: String) = {
  println("comma: " + s1 +
          ", " + s2)
}

:KHQ�\RX�ZDQW�WR�SXW�PXOWLSOH�VWDWHPHQWV�RU�H[SUHVVLRQV�RQ�WKH�VDPH�OLQH��\RX�FDQ
XVH�VHPLFRORQV� WR�VHSDUDWH� WKHP��:H�XVHG� WKLV� WHFKQLTXH� LQ� WKH�ShapeDrawingActor
H[DPSOH�LQ�£$�7DVWH�RI�&RQFXUUHQF\¤�RQ�SDJH����

case "exit" => println("exiting..."); exit

7KLV�FRGH�FRXOG�DOVR�EH�ZULWWHQ�DV�IROORZV�

...
case "exit" =>
      println("exiting...")
      exit
...

<RX�PLJKW�ZRQGHU�ZK\�\RX�GRQ¦W�QHHG�FXUO\�EUDFHV��{...}��DURXQG�WKH�WZR�VWDWHPHQWV
DIWHU�WKH�case ... =>�OLQH��<RX�FDQ�SXW�WKHP�LQ�LI�\RX�ZDQW��EXW�WKH�FRPSLOHU�NQRZV
ZKHQ�\RX¦YH�UHDFKHG�WKH�HQG�RI�WKH�£EORFN¤�ZKHQ�LW�ILQGV�WKH�QH[W�case�FODXVH�RU�WKH
FXUO\�EUDFH��}��WKDW�HQGV�WKH�HQFORVLQJ�EORFN�IRU�DOO�WKH�case�FODXVHV�

2PLWWLQJ�RSWLRQDO�VHPLFRORQV�PHDQV�IHZHU�FKDUDFWHUV�WR�W\SH�DQG�IHZHU�FKDUDFWHUV�WR
FOXWWHU�\RXU�FRGH��%UHDNLQJ�VHSDUDWH�VWDWHPHQWV�RQWR�WKHLU�RZQ�OLQHV� LQFUHDVHV�\RXU
FRGH¦V�UHDGDELOLW\�

Variable Declarations
6FDOD�DOORZV�\RX�WR�GHFLGH�ZKHWKHU�D�YDULDEOH�LV�LPPXWDEOH��UHDG�RQO\��RU�QRW��UHDG�
ZULWH��ZKHQ�\RX�GHFODUH� LW��$Q� LPPXWDEOH�£YDULDEOH¤� LV�GHFODUHG�ZLWK� WKH�NH\ZRUG
val��WKLQN�YDOXH�REMHFW��

val array: Array[String] = new Array(5)

7R�EH�PRUH�SUHFLVH�� WKH� array� UHIHUHQFH� FDQQRW� EH� FKDQJHG� WR� SRLQW� WR� D� GLIIHUHQW
Array��EXW�WKH�DUUD\�LWVHOI�FDQ�EH�PRGLILHG��DV�VKRZQ�LQ�WKH�IROORZLQJ�scala�VHVVLRQ�

scala> val array: Array[String] = new Array(5)
array: Array[String] = Array(null, null, null, null, null)

scala> array = new Array(2)
<console>:5: error: reassignment to val
       array = new Array(2)
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             ^

scala> array(0) = "Hello"

scala> array
res3: Array[String] = Array(Hello, null, null, null, null)

scala>

$Q�LPPXWDEOH�val�PXVW�EH�LQLWLDOL]HG¢WKDW�LV��GHILQHG¢ZKHQ�LW�LV�GHFODUHG�

$�PXWDEOH�YDULDEOH�LV�GHFODUHG�ZLWK�WKH�NH\ZRUG�var�

scala> var stockPrice: Double = 100.
stockPrice: Double = 100.0

scala> stockPrice = 10.
stockPrice: Double = 10.0

scala>

6FDOD�DOVR�UHTXLUHV�\RX�WR�LQLWLDOL]H�D�var�ZKHQ�LW�LV�GHFODUHG��<RX�FDQ�DVVLJQ�D�QHZ�YDOXH
WR�D�var�DV�RIWHQ�DV�\RX�ZDQW��$JDLQ��WR�EH�SUHFLVH��WKH�stockPrice�UHIHUHQFH�FDQ�EH
FKDQJHG�WR�SRLQW�WR�D�GLIIHUHQW�Double�REMHFW��H�J���10.���,Q�WKLV�FDVH��WKH�REMHFW�WKDW
stockPrice�UHIHUV�WR�FDQ¦W�EH�FKDQJHG��EHFDXVH�Doubles�LQ�6FDOD�DUH�LPPXWDEOH�

7KHUH�DUH�D�IHZ�H[FHSWLRQV�WR�WKH�UXOH�WKDW�\RX�PXVW�LQLWLDOL]H�valV�DQG�varV�ZKHQ�WKH\
DUH�GHFODUHG��%RWK�NH\ZRUGV�FDQ�EH�XVHG�ZLWK�FRQVWUXFWRU�SDUDPHWHUV��:KHQ�XVHG�DV
FRQVWUXFWRU�SDUDPHWHUV��WKH�PXWDEOH�RU�LPPXWDEOH�YDULDEOHV�VSHFLILHG�ZLOO�EH�LQLWLDOL]HG
ZKHQ�DQ�REMHFW�LV�LQVWDQWLDWHG��%RWK�NH\ZRUGV�FDQ�EH�XVHG�WR�GHFODUH�£DEVWUDFW¤��XQ�
LQLWLDOL]HG��YDULDEOHV�LQ�DEVWUDFW�W\SHV��$OVR��GHULYHG�W\SHV�FDQ�RYHUULGH�valV�GHFODUHG
LQVLGH�SDUHQW�W\SHV��:H¦OO�GLVFXVV�WKHVH�H[FHSWLRQV�LQ�&KDSWHU���

6FDOD�HQFRXUDJHV�\RX�WR�XVH�LPPXWDEOH�YDOXHV�ZKHQHYHU�SRVVLEOH��$V�ZH�ZLOO�VHH��WKLV
SURPRWHV�EHWWHU�REMHFW�RULHQWHG�GHVLJQ�DQG�LV�FRQVLVWHQW�ZLWK�WKH�SULQFLSOHV�RI�£SXUH¤
IXQFWLRQDO�SURJUDPPLQJ��,W�PD\�WDNH�VRPH�JHWWLQJ�XVHG�WR��EXW�\RX¦OO�ILQG�D�QHZIRXQG
FRQILGHQFH�LQ�\RXU�FRGH�ZKHQ�LW�LV�ZULWWHQ�LQ�DQ�LPPXWDEOH�VW\OH�

7KH�var�DQG�val�NH\ZRUGV�RQO\�VSHFLI\�ZKHWKHU�WKH�UHIHUHQFH�FDQ�EH
FKDQJHG�WR�UHIHU�WR�D�GLIIHUHQW�REMHFW��var��RU�QRW��val���7KH\�GRQ¦W�VSHF�
LI\�ZKHWKHU�RU�QRW�WKH�REMHFW�WKH\�UHIHUHQFH�LV�PXWDEOH�

Method Declarations
,Q�&KDSWHU���ZH�VDZ�VHYHUDO�H[DPSOHV�RI�KRZ�WR�GHILQH�PHWKRGV��ZKLFK�DUH�IXQFWLRQV
WKDW�DUH�PHPEHUV�RI�D�FODVV��0HWKRG�GHILQLWLRQV�VWDUW�ZLWK�WKH�def�NH\ZRUG��IROORZHG
E\�RSWLRQDO�DUJXPHQW�OLVWV��D�FRORQ�FKDUDFWHU��:��DQG�WKH�UHWXUQ�W\SH�RI�WKH�PHWKRG��DQ
HTXDOV�VLJQ��=���DQG�ILQDOO\�WKH�PHWKRG�ERG\��0HWKRGV�DUH�LPSOLFLWO\�GHFODUHG�£DEVWUDFW¤
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LI� \RX� OHDYH�RII� WKH�HTXDOV� VLJQ�DQG�PHWKRG�ERG\��7KH�HQFORVLQJ� W\SH� LV� WKHQ� LWVHOI
DEVWUDFW��:H¦OO�GLVFXVV�DEVWUDFW�W\SHV�LQ�PRUH�GHWDLO�LQ�&KDSWHU���

:H�VDLG�£RSWLRQDO�DUJXPHQW�OLVWV�¤�PHDQLQJ�PRUH�WKDQ�RQH��6FDOD�OHWV�\RX�GHILQH�PRUH
WKDQ�RQH�DUJXPHQW�OLVW�IRU�D�PHWKRG��7KLV�LV�UHTXLUHG�IRU�FXUU\LQJ�PHWKRGV��ZKLFK�ZH¦OO
GLVFXVV�LQ�£&XUU\LQJ¤�RQ�SDJH������,W�LV�DOVR�YHU\�XVHIXO�IRU�GHILQLQJ�\RXU�RZQ�'RPDLQ�
6SHFLILF�/DQJXDJHV��'6/V���DV�ZH¦OO�VHH�LQ�&KDSWHU�����1RWH�WKDW�HDFK�DUJXPHQW�OLVW�LV
VXUURXQGHG�E\�SDUHQWKHVHV�DQG�WKH�DUJXPHQWV�DUH�VHSDUDWHG�E\�FRPPDV�

,I�D�PHWKRG�ERG\�KDV�PRUH�WKDQ�RQH�H[SUHVVLRQ��\RX�PXVW�VXUURXQG�LW�ZLWK�FXUO\�EUDFHV
�{...}���<RX�FDQ�RPLW�WKH�EUDFHV�LI�WKH�PHWKRG�ERG\�KDV�MXVW�RQH�H[SUHVVLRQ�

Method Default and Named Arguments (Scala Version 2.8)
0DQ\� ODQJXDJHV� OHW�\RX�GHILQH�GHIDXOW�YDOXHV� IRU�VRPH�RU�DOO�RI� WKH�DUJXPHQWV� WR�D
PHWKRG��&RQVLGHU�WKH�IROORZLQJ�VFULSW�ZLWK�D�StringUtil�REMHFW�WKDW�OHWV�\RX�MRLQ�D�OLVW
RI�VWULQJV�ZLWK�D�XVHU�VSHFLILHG�VHSDUDWRU�

// code-examples/TypeLessDoMore/string-util-v1-script.scala
// Version 1 of "StringUtil".

object StringUtil {
  def joiner(strings: List[String], separator: String): String =
    strings.mkString(separator)

  def joiner(strings: List[String]): String = joiner(strings, " ")
}
import StringUtil._    // Import the joiner methods.

println( joiner(List("Programming", "Scala")) )

7KHUH�DUH�DFWXDOO\�WZR��£RYHUORDGHG¤�joiner�PHWKRGV��7KH�VHFRQG�RQH�XVHV�D�VLQJOH
VSDFH�DV�WKH�£GHIDXOW¤�VHSDUDWRU��+DYLQJ�WZR�PHWKRGV�VHHPV�D�ELW�ZDVWHIXO��,W�ZRXOG
EH� QLFH� LI� ZH� FRXOG� HOLPLQDWH� WKH� VHFRQG� joiner� PHWKRG� DQG� GHFODUH� WKDW� WKH
separator�DUJXPHQW�LQ�WKH�ILUVW�joiner�KDV�D�GHIDXOW�YDOXH��,Q�IDFW��LQ�6FDOD�YHUVLRQ�����
\RX�FDQ�QRZ�GR�WKLV�

// code-examples/TypeLessDoMore/string-util-v2-v28-script.scala
// Version 2 of "StringUtil" for Scala v2.8 only.

object StringUtil {
  def joiner(strings: List[String], separator: String = " "): String =
    strings.mkString(separator)
}
import StringUtil._    // Import the joiner methods.

println(joiner(List("Programming", "Scala")))

7KHUH�LV�DQRWKHU�DOWHUQDWLYH�IRU�HDUOLHU�YHUVLRQV�RI�6FDOD��<RX�FDQ�XVH�LPSOLFLW�DUJXPHQWV�
ZKLFK�ZH�ZLOO�GLVFXVV�LQ�£,PSOLFLW�)XQFWLRQ�3DUDPHWHUV¤�RQ�SDJH�����
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6FDOD�YHUVLRQ�����RIIHUV�DQRWKHU�HQKDQFHPHQW�IRU�PHWKRG�DUJXPHQW�OLVWV��QDPHG�DUJX�
PHQWV��:H�FRXOG�DFWXDOO\�ZULWH�WKH�ODVW�OLQH�RI�WKH�SUHYLRXV�H[DPSOH�LQ�VHYHUDO�ZD\V�
$OO�RI�WKH�IROORZLQJ�println�VWDWHPHQWV�DUH�IXQFWLRQDOO\�HTXLYDOHQW�

println(joiner(List("Programming", "Scala")))
println(joiner(strings = List("Programming", "Scala")))
println(joiner(List("Programming", "Scala"), " "))   // #1
println(joiner(List("Programming", "Scala"), separator = " ")) // #2
println(joiner(strings = List("Programming", "Scala"), separator = " "))

:K\�LV�WKLV�XVHIXO"�)LUVW��LI�\RX�FKRRVH�JRRG�QDPHV�IRU�WKH�PHWKRG�DUJXPHQWV��WKHQ
\RXU�FDOOV�WR�WKRVH�PHWKRGV�GRFXPHQW�HDFK�DUJXPHQW�ZLWK�D�QDPH��)RU�H[DPSOH��FRP�
SDUH�WKH�WZR�OLQHV�ZLWK�FRPPHQWV����DQG�����,Q�WKH�ILUVW�OLQH��LW�PD\�QRW�EH�REYLRXV
ZKDW� WKH� VHFRQG� " "� DUJXPHQW� LV� IRU�� ,Q� WKH� VHFRQG� FDVH�� ZH� VXSSO\� WKH� QDPH
separator��ZKLFK�VXJJHVWV�WKH�SXUSRVH�RI�WKH�DUJXPHQW�

7KH�VHFRQG�EHQHILW�LV�WKDW�\RX�FDQ�VSHFLI\�WKH�SDUDPHWHUV�LQ�DQ\�RUGHU�ZKHQ�\RX�VSHFLI\
WKHP�E\�QDPH��&RPELQHG�ZLWK�GHIDXOW�YDOXHV��\RX�FDQ�ZULWH�FRGH�OLNH�WKH�IROORZLQJ�

// code-examples/TypeLessDoMore/user-profile-v28-script.scala
// Scala v2.8 only.

object OptionalUserProfileInfo {
  val UnknownLocation = ""
  val UnknownAge = -1
  val UnknownWebSite = ""
}

class OptionalUserProfileInfo(
  location: String = OptionalUserProfileInfo.UnknownLocation,
  age: Int         = OptionalUserProfileInfo.UnknownAge,
  webSite: String  = OptionalUserProfileInfo.UnknownWebSite)

println( new OptionalUserProfileInfo )
println( new OptionalUserProfileInfo(age = 29) )
println( new OptionalUserProfileInfo(age = 29, location="Earth") )

OptionalUserProfileInfo�UHSUHVHQWV�DOO�WKH�£RSWLRQDO¤�XVHU�SURILOH�GDWD�LQ�\RXU�QH[W
:HE�����VRFLDO�QHWZRUNLQJ�VLWH��,W�GHILQHV�GHIDXOW�YDOXHV�IRU�DOO� LWV�ILHOGV��7KH�VFULSW
FUHDWHV�LQVWDQFHV�ZLWK�]HUR�RU�PRUH�QDPHG�SDUDPHWHUV��7KH�RUGHU�RI�WKRVH�SDUDPHWHUV
LV�DUELWUDU\�

7KH�H[DPSOHV�ZH�KDYH�VKRZQ�XVH�FRQVWDQW�YDOXHV�DV�WKH�GHIDXOWV��0RVW�ODQJXDJHV�ZLWK
GHIDXOW�DUJXPHQW�YDOXHV�RQO\�DOORZ�FRQVWDQWV�RU�RWKHU�YDOXHV�WKDW�FDQ�EH�GHWHUPLQHG
DW�SDUVH�WLPH��+RZHYHU��LQ�6FDOD��DQ\�H[SUHVVLRQ�FDQ�EH�XVHG�DV�WKH�GHIDXOW��DV�ORQJ�DV
LW�FDQ�FRPSLOH�ZKHUH�XVHG��)RU�H[DPSOH��DQ�H[SUHVVLRQ�FRXOG�QRW�UHIHU�WR�DQ�LQVWDQFH
ILHOG�WKDW�ZLOO�EH�FRPSXWHG�LQVLGH�WKH�FODVV�RU�REMHFW�ERG\��EXW�LW�FRXOG�LQYRNH�D�PHWKRG
RQ�D�VLQJOHWRQ�REMHFW�

$�UHODWHG�OLPLWDWLRQ�LV�WKDW�D�GHIDXOW�H[SUHVVLRQ�IRU�RQH�SDUDPHWHU�FDQ¦W�UHIHU�WR�DQRWKHU
SDUDPHWHU�LQ�WKH�OLVW��XQOHVV�WKH�SDUDPHWHU�WKDW�LV�UHIHUHQFHG�DSSHDUV�HDUOLHU�LQ�WKH�OLVW
DQG�WKH�SDUDPHWHUV�DUH�FXUULHG��D�FRQFHSW�ZH¦OO�GLVFXVV�LQ�£&XUU\LQJ¤�RQ�SDJH�����
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)LQDOO\��DQRWKHU�FRQVWUDLQW�RQ�QDPHG�SDUDPHWHUV�LV�WKDW�RQFH�\RX�SURYLGH�D�QDPH�IRU
D�SDUDPHWHU�LQ�D�PHWKRG�LQYRFDWLRQ��WKH�UHVW�RI�WKH�SDUDPHWHUV�DSSHDULQJ�DIWHU�LW�PXVW
DOVR�EH�QDPHG��)RU�H[DPSOH��new OptionalUserProfileInfo(age = 29, "Earth")�ZRXOG
QRW�FRPSLOH�EHFDXVH�WKH�VHFRQG�DUJXPHQW�LV�QRW�LQYRNHG�E\�QDPH�

:H¦OO�VHH�DQRWKHU�XVHIXO�H[DPSOH�RI�QDPHG�DQG�GHIDXOW�DUJXPHQWV�ZKHQ�ZH�GLVFXVV
FDVH�FODVVHV�LQ�£&DVH�&ODVVHV¤�RQ�SDJH�����

Nesting Method Definitions
0HWKRG�GHILQLWLRQV�FDQ�DOVR�EH�QHVWHG��+HUH�LV�DQ�LPSOHPHQWDWLRQ�RI�D�IDFWRULDO�FDOFX�
ODWRU��ZKHUH�ZH�XVH�D�FRQYHQWLRQDO�WHFKQLTXH�RI�FDOOLQJ�D�VHFRQG��QHVWHG�PHWKRG�WR�GR
WKH�ZRUN�

// code-examples/TypeLessDoMore/factorial-script.scala

def factorial(i: Int): Int = {
  def fact(i: Int, accumulator: Int): Int = {
    if (i <= 1)
      accumulator
    else
      fact(i - 1, i * accumulator)
  }

  fact(i, 1)
}

println( factorial(0) )
println( factorial(1) )
println( factorial(2) )
println( factorial(3) )
println( factorial(4) )
println( factorial(5) )

7KH�VHFRQG�PHWKRG�FDOOV�LWVHOI�UHFXUVLYHO\��SDVVLQJ�DQ�accumulator�SDUDPHWHU��ZKHUH
WKH�UHVXOW�RI�WKH�FDOFXODWLRQ�LV�£DFFXPXODWHG�¤�1RWH�WKDW�ZH�UHWXUQ�WKH�DFFXPXODWHG
YDOXH�ZKHQ� WKH�FRXQWHU�i� UHDFKHV���� �:H¦UH� LJQRULQJ� LQYDOLG�QHJDWLYH� LQWHJHUV��7KH
IXQFWLRQ� DFWXDOO\� UHWXUQV� �� IRU� i < 0��� $IWHU� WKH� GHILQLWLRQ� RI� WKH� QHVWHG�PHWKRG�
factorial�FDOOV�LW�ZLWK�WKH�SDVVHG�LQ�YDOXH�i�DQG�WKH�LQLWLDO�DFFXPXODWRU�YDOXH�RI���

/LNH�D�ORFDO�YDULDEOH�GHFODUDWLRQ�LQ�PDQ\�ODQJXDJHV��D�QHVWHG�PHWKRG�LV�RQO\�YLVLEOH
LQVLGH�WKH�HQFORVLQJ�PHWKRG��,I�\RX�WU\�WR�FDOO�fact�RXWVLGH�RI�factorial��\RX�ZLOO�JHW�D
FRPSLOHU�HUURU�

'LG�\RX�QRWLFH�WKDW�ZH�XVH�i�DV�D�SDUDPHWHU�QDPH�WZLFH��ILUVW�LQ�WKH�factorial�PHWKRG
DQG�DJDLQ�LQ�WKH�QHVWHG�fact�PHWKRG"�$V�LQ�PDQ\�ODQJXDJHV��WKH�XVH�RI�i�DV�D�SDUDPHWHU
QDPH�IRU�fact�£VKDGRZV¤�WKH�RXWHU�XVH�RI�i�DV�D�SDUDPHWHU�QDPH�IRU�factorial��7KLV�LV
ILQH��EHFDXVH�ZH�GRQ¦W�QHHG�WKH�RXWHU�YDOXH�RI�i�LQVLGH�fact��:H�RQO\�XVH�LW�WKH�ILUVW
WLPH�ZH�FDOO�fact��DW�WKH�HQG�RI�factorial�
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:KDW�LI�ZH�QHHG�WR�XVH�D�YDULDEOH�WKDW�LV�GHILQHG�RXWVLGH�D�QHVWHG�IXQFWLRQ"�&RQVLGHU
WKLV�FRQWULYHG�H[DPSOH�

// code-examples/TypeLessDoMore/count-to-script.scala

def countTo(n: Int):Unit = {
  def count(i: Int): Unit = {
    if (i <= n) {
      println(i)
      count(i + 1)
    }
  }
  count(1)
}

countTo(5)

1RWH�WKDW�WKH�QHVWHG�count�PHWKRG�XVHV�WKH�n�YDOXH�WKDW�LV�SDVVHG�DV�D�SDUDPHWHU�WR
countTo��7KHUH�LV�QR�QHHG�WR�SDVV�n�DV�DQ�DUJXPHQW�WR�count��%HFDXVH�count�LV�QHVWHG
LQVLGH�countTo��n�LV�YLVLEOH�WR�LW�

7KH�GHFODUDWLRQ�RI�D�ILHOG��PHPEHU�YDULDEOH��FDQ�EH�SUHIL[HG�ZLWK�NH\ZRUGV�LQGLFDWLQJ
WKH�YLVLELOLW\��MXVW�DV�LQ�ODQJXDJHV�OLNH�-DYD�DQG�&���6LPLODUO\�WKH�GHFODUDWLRQ�RI�D�QRQ�
QHVWHG�PHWKRG�FDQ�EH�SUHIL[HG�ZLWK�WKH�VDPH�NH\ZRUGV��:H�ZLOO�GLVFXVV�WKH�YLVLELOLW\
UXOHV�DQG�NH\ZRUGV�LQ�£9LVLELOLW\�5XOHV¤�RQ�SDJH����

Inferring Type Information
6WDWLFDOO\�W\SHG�ODQJXDJHV�FDQ�EH�YHU\�YHUERVH��&RQVLGHU�WKLV�W\SLFDO�GHFODUDWLRQ�LQ�-DYD�

import java.util.Map;
import java.util.HashMap;
...
Map<Integer, String> intToStringMap = new HashMap<Integer, String>();

:H�KDYH�WR�VSHFLI\�WKH�W\SH�SDUDPHWHUV�<Integer, String>�WZLFH���6FDOD�XVHV�WKH�WHUP
W\SH�DQQRWDWLRQV�IRU�H[SOLFLW�W\SH�GHFODUDWLRQV�OLNH�HashMap<Integer, String>��

6FDOD�VXSSRUWV�W\SH�LQIHUHQFH��VHH��IRU�H[DPSOH��>7\SH,QIHUHQFH@�DQG�>3LHUFH����@���7KH
ODQJXDJH¦V�FRPSLOHU�FDQ�GLVFHUQ�TXLWH�D�ELW�RI�W\SH�LQIRUPDWLRQ�IURP�WKH�FRQWH[W��ZLWK�
RXW�H[SOLFLW�W\SH�DQQRWDWLRQV��+HUH¦V�WKH�VDPH�GHFODUDWLRQ�UHZULWWHQ�LQ�6FDOD��ZLWK�LQ�
IHUUHG�W\SH�LQIRUPDWLRQ�

import java.util.Map
import java.util.HashMap
...
val intToStringMap: Map[Integer, String] = new HashMap

5HFDOO�IURP�&KDSWHU���WKDW�6FDOD�XVHV�VTXDUH�EUDFNHWV��[...]��IRU�JHQHULF�W\SH�SDUDP�
HWHUV��:H�VSHFLI\�Map[Integer, String]�RQ�WKH�OHIWKDQG�VLGH�RI�WKH�HTXDOV�VLJQ���:H�DUH
VWLFNLQJ�ZLWK�-DYD�W\SHV�IRU�WKH�H[DPSOH���2Q�WKH�ULJKWKDQG�VLGH��ZH�LQVWDQWLDWH�WKH
DFWXDO�W\SH�ZH�ZDQW��D�HashMap��EXW�ZH�GRQ¦W�KDYH�WR�UHSHDW�WKH�W\SH�SDUDPHWHUV�
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)RU�FRPSOHWHQHVV��VXSSRVH�ZH�GRQ¦W�DFWXDOO\�FDUH�LI�WKH�LQVWDQFH�LV�RI�W\SH�Map��WKH�-DYD
LQWHUIDFH�W\SH���,W�FDQ�EH�RI�W\SH�HashMap�IRU�DOO�ZH�FDUH�

import java.util.Map
import java.util.HashMap
...
val intToStringMap2 = new HashMap[Integer, String]

7KLV�GHFODUDWLRQ�UHTXLUHV�QR�W\SH�DQQRWDWLRQV�RQ�WKH�OHIWKDQG�VLGH�EHFDXVH�DOO�RI�WKH
W\SH�LQIRUPDWLRQ�QHHGHG�LV�RQ�WKH�ULJKWKDQG�VLGH��7KH�FRPSLOHU�DXWRPDWLFDOO\�PDNHV
intToStringMap2�D�HashMap[Integer,String]�

7\SH�LQIHUHQFH�LV�XVHG�IRU�PHWKRGV��WRR��,Q�PRVW�FDVHV��WKH�UHWXUQ�W\SH�RI�WKH�PHWKRG
FDQ�EH�LQIHUUHG��VR�WKH�:�DQG�UHWXUQ�W\SH�FDQ�EH�RPLWWHG��+RZHYHU��W\SH�DQQRWDWLRQV
DUH�UHTXLUHG�IRU�DOO�PHWKRG�SDUDPHWHUV�

3XUH�IXQFWLRQDO�ODQJXDJHV�OLNH�+DVNHOO��VHH��H�J���>2¦6XOOLYDQ����@��XVH�W\SH�LQIHUHQFH
DOJRULWKPV�OLNH�+LQGOH\�0LOQHU��VHH�>6SLHZDN����@�IRU�DQ�HDVLO\�GLJHVWHG�H[SODQDWLRQ��
&RGH�ZULWWHQ�LQ�WKHVH�ODQJXDJHV�UHTXLUH�W\SH�DQQRWDWLRQV�OHVV�RIWHQ�WKDQ�LQ�6FDOD��EH�
FDXVH�6FDOD¦V�W\SH�LQIHUHQFH�DOJRULWKP�KDV�WR�VXSSRUW�REMHFW�RULHQWHG�W\SLQJ�DV�ZHOO�DV
IXQFWLRQDO�W\SLQJ��6R��6FDOD�UHTXLUHV�PRUH�W\SH�DQQRWDWLRQV�WKDQ�ODQJXDJHV�OLNH�+DVNHOO�
+HUH�LV�D�VXPPDU\�RI�WKH�UXOHV�IRU�ZKHQ�H[SOLFLW�W\SH�DQQRWDWLRQV�DUH�UHTXLUHG�LQ�6FDOD�

When Explicit Type Annotations Are Required
,Q� SUDFWLFDO� WHUPV�� \RX� KDYH� WR� SURYLGH� H[SOLFLW� W\SH� DQQRWDWLRQV� IRU� WKH� IROORZLQJ
VLWXDWLRQV�

�� $�YDULDEOH�GHFODUDWLRQ��XQOHVV�\RX�DVVLJQ�D�YDOXH�WR�WKH�YDULDEOH��H�J���val name =
"Programming Scala"�

�� $OO�PHWKRG�SDUDPHWHUV��H�J���def deposit(amount: Money)...�

�� 0HWKRG�UHWXUQ�YDOXHV�LQ�WKH�IROORZLQJ�FDVHV�

D� :KHQ�\RX�H[SOLFLWO\�FDOO�return�LQ�D�PHWKRG��HYHQ�DW�WKH�HQG�

E� :KHQ�D�PHWKRG�LV�UHFXUVLYH

F� :KHQ� D�PHWKRG� LV� RYHUORDGHG� DQG� RQH� RI� WKH�PHWKRGV� FDOOV� DQRWKHU�� WKH
FDOOLQJ�PHWKRG�QHHGV�D�UHWXUQ�W\SH�DQQRWDWLRQ

G� :KHQ�WKH�LQIHUUHG�UHWXUQ�W\SH�ZRXOG�EH�PRUH�JHQHUDO�WKDQ�\RX�LQWHQGHG��H�J��
Any

7KH�Any�W\SH�LV�WKH�URRW�RI�WKH�6FDOD�W\SH�KLHUDUFK\��VHH�£7KH�6FDOD�7\SH
+LHUDUFK\¤�RQ�SDJH�����IRU�PRUH�GHWDLOV���,I�D�EORFN�RI�FRGH�UHWXUQV�D
YDOXH�RI�W\SH�Any�XQH[SHFWHGO\��FKDQFHV�DUH�JRRG�WKDW�WKH�W\SH�LQIHUHQFHU
FRXOGQ¦W�ILJXUH�RXW�ZKDW�W\SH�WR�UHWXUQ��VR�LW�FKRVH�WKH�PRVW�JHQHULF�W\SH
SRVVLEOH�
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/HW¦V�ORRN�DW�H[DPSOHV�ZKHUH�H[SOLFLW�GHFODUDWLRQV�RI�PHWKRG�UHWXUQ�W\SHV�DUH�UHTXLUHG�
,Q�WKH�IROORZLQJ�VFULSW��WKH�upCase�PHWKRG�KDV�D�FRQGLWLRQDO�UHWXUQ�VWDWHPHQW�IRU�]HUR�
OHQJWK�VWULQJV�

// code-examples/TypeLessDoMore/method-nested-return-script.scala
// ERROR: Won't compile until you put a String return type on upCase.

def upCase(s: String) = {
  if (s.length == 0)
    return s
  else
    s.toUpperCase()
}

println( upCase("") )
println( upCase("Hello") )

5XQQLQJ�WKLV�VFULSW�JLYHV�\RX�WKH�IROORZLQJ�HUURU�

... 6: error: method upCase has return statement; needs result type
        return s
         ^

<RX�FDQ�IL[�WKLV�HUURU�E\�FKDQJLQJ�WKH�ILUVW�OLQH�RI�WKH�PHWKRG�WR�WKH�IROORZLQJ�

def upCase(s: String): String = {

$FWXDOO\��IRU�WKLV�SDUWLFXODU�VFULSW��DQ�DOWHUQDWLYH�IL[�LV�WR�UHPRYH�WKH�return�NH\ZRUG
IURP�WKH�OLQH��,W�LV�QRW�QHHGHG�IRU�WKH�FRGH�WR�ZRUN�SURSHUO\��EXW�LW�LOOXVWUDWHV�RXU�SRLQW�

5HFXUVLYH�PHWKRGV�DOVR�UHTXLUH�DQ�H[SOLFLW�UHWXUQ�W\SH��5HFDOO�RXU�factorial�PHWKRG
LQ�£1HVWLQJ�0HWKRG�'HILQLWLRQV¤�RQ�SDJH�����/HW¦V�UHPRYH�WKH�: Int�UHWXUQ�W\SH�RQ�WKH
QHVWHG�fact�PHWKRG�

// code-examples/TypeLessDoMore/method-recursive-return-script.scala
// ERROR: Won't compile until you put an Int return type on "fact".

def factorial(i: Int) = {
  def fact(i: Int, accumulator: Int) = {
    if (i <= 1)
      accumulator
    else
      fact(i - 1, i * accumulator)
  }

  fact(i, 1)
}

1RZ�LW�IDLOV�WR�FRPSLOH�

... 9: error: recursive method fact needs result type
            fact(i - 1, i * accumulator)
             ^
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2YHUORDGHG�PHWKRGV�FDQ�VRPHWLPHV�UHTXLUH�DQ�H[SOLFLW�UHWXUQ�W\SH��:KHQ�RQH�VXFK
PHWKRG�FDOOV�DQRWKHU��ZH�KDYH�WR�DGG�D�UHWXUQ�W\SH�WR�WKH�RQH�GRLQJ�WKH�FDOOLQJ��DV�LQ
WKLV�H[DPSOH�

// code-examples/TypeLessDoMore/method-overloaded-return-script.scala
// Version 1 of "StringUtil" (with a compilation error).
// ERROR: Won't compile: needs a String return type on the second "joiner".

object StringUtil {
  def joiner(strings: List[String], separator: String): String =
    strings.mkString(separator)

  def joiner(strings: List[String]) = joiner(strings, " ")
}
import StringUtil._    // Import the joiner methods.

println( joiner(List("Programming", "Scala")) )

7KH�WZR�joiner�PHWKRGV�FRQFDWHQDWH�D�List�RI�VWULQJV�WRJHWKHU��7KH�ILUVW�PHWKRG�DOVR
WDNHV�DQ�DUJXPHQW�IRU�WKH�VHSDUDWRU�VWULQJ��7KH�VHFRQG�PHWKRG�FDOOV�WKH�ILUVW�ZLWK�D
£GHIDXOW¤�VHSDUDWRU�RI�D�VLQJOH�VSDFH�

,I�\RX�UXQ�WKLV�VFULSW��\RX�JHW�WKH�IROORZLQJ�HUURU�

... 9: error: overloaded method joiner needs result type
    def joiner(strings: List[String]) = joiner(strings, "")
                                         ^

6LQFH�WKH�VHFRQG�joiner�PHWKRG�FDOOV�WKH�ILUVW��LW�UHTXLUHV�DQ�H[SOLFLW�String�UHWXUQ�W\SH�
,W�VKRXOG�ORRN�OLNH�WKLV�

def joiner(strings: List[String]): String = joiner(strings, " ")

7KH�ILQDO�VFHQDULR�FDQ�EH�VXEWOH��ZKHQ�D�PRUH�JHQHUDO�UHWXUQ�W\SH�LV�LQIHUUHG�WKDQ�ZKDW
\RX�H[SHFWHG��<RX�XVXDOO\�VHH�WKLV�HUURU�ZKHQ�\RX�DVVLJQ�D�YDOXH�UHWXUQHG�IURP�D�IXQF�
WLRQ� WR� D� YDULDEOH� ZLWK� D� PRUH� VSHFLILF� W\SH�� )RU� H[DPSOH�� \RX� ZHUH� H[SHFWLQJ� D
String��EXW�WKH�IXQFWLRQ�LQIHUUHG�DQ�Any�IRU�WKH�UHWXUQHG�REMHFW��/HW¦V�VHH�D�FRQWULYHG
H[DPSOH�WKDW�UHIOHFWV�D�EXJ�ZKHUH�WKLV�VFHQDULR�FDQ�RFFXU�

// code-examples/TypeLessDoMore/method-broad-inference-return-script.scala
// ERROR: Won't compile; needs a String return type on the second "joiner".

def makeList(strings: String*) = {
  if (strings.length == 0)
    List(0)  // #1
  else
    strings.toList
}

val list: List[String] = makeList()

5XQQLQJ�WKLV�VFULSW�UHWXUQV�WKH�IROORZLQJ�HUURU�

...11: error: type mismatch;
 found   : List[Any]
 required: List[String]
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val list: List[String] = makeList()
                          ^

:H�LQWHQGHG�IRU�makeList�WR�UHWXUQ�D�List[String]��EXW�ZKHQ�strings.length�HTXDOV
]HUR��ZH�UHWXUQHG�List(0)��LQFRUUHFWO\�£DVVXPLQJ¤�WKDW�WKLV�H[SUHVVLRQ�LV�WKH�FRUUHFW
ZD\�WR�FUHDWH�DQ�HPSW\�OLVW��,Q�IDFW��ZH�UHWXUQHG�D�List[Int]�ZLWK�RQH�HOHPHQW��0��:H
VKRXOG�KDYH� UHWXUQHG�List()��6LQFH� WKH�else� H[SUHVVLRQ� UHWXUQV�D�List[String]�� WKH
UHVXOW�RI�strings.toList��WKH�LQIHUUHG�UHWXUQ�W\SH�IRU�WKH�PHWKRG�LV�WKH�FORVHVW�FRPPRQ
VXSHUW\SH�RI�List[Int]�DQG�List[String]��ZKLFK�LV�List[Any]��1RWH�WKDW�WKH�FRPSLOD�
WLRQ�HUURU�GRHVQ¦W�RFFXU�LQ�WKH�IXQFWLRQ�GHILQLWLRQ��:H�RQO\�VHH�LW�ZKHQ�ZH�DWWHPSW�WR
DVVLJQ�WKH�YDOXH�UHWXUQHG�IURP�makeList�WR�D�List[String]�YDULDEOH�

,Q�WKLV�FDVH��IL[LQJ�WKH�EXJ�LV�WKH�VROXWLRQ��$OWHUQDWLYHO\��ZKHQ�WKHUH�LVQ¦W�D�EXJ��LW�PD\
EH�WKDW�WKH�FRPSLOHU�MXVW�QHHGV�WKH�£KHOS¤�RI�DQ�H[SOLFLW�UHWXUQ�W\SH�GHFODUDWLRQ��,QYHV�
WLJDWH�WKH�PHWKRG�WKDW�DSSHDUV�WR�UHWXUQ�WKH�XQH[SHFWHG�W\SH��,Q�RXU�H[SHULHQFH��\RX
RIWHQ�ILQG�WKDW�\RX�PRGLILHG�WKDW�PHWKRG��RU�DQRWKHU�RQH�LQ�WKH�FDOO�SDWK��LQ�VXFK�D
ZD\�WKDW�WKH�FRPSLOHU�QRZ�LQIHUV�D�PRUH�JHQHUDO�UHWXUQ�W\SH�WKDQ�QHFHVVDU\��$GG�WKH
H[SOLFLW�UHWXUQ�W\SH�LQ�WKLV�FDVH�

$QRWKHU�ZD\�WR�SUHYHQW�WKHVH�SUREOHPV�LV�WR�DOZD\V�GHFODUH�UHWXUQ�W\SHV�IRU�PHWKRGV�
HVSHFLDOO\�ZKHQ�GHILQLQJ�PHWKRGV�IRU�D�SXEOLF�$3,��/HW¦V�UHYLVLW�RXU�StringUtil�H[DPSOH
DQG�VHH�ZK\�H[SOLFLW�GHFODUDWLRQV�DUH�D�JRRG�LGHD��DGDSWHG�IURP�>6PLWK����D@��

+HUH�LV�RXU�StringUtil�£$3,¤�DJDLQ�ZLWK�D�QHZ�PHWKRG��toCollection�

// code-examples/TypeLessDoMore/string-util-v3.scala
// Version 3 of "StringUtil" (for all versions of Scala).

object StringUtil {
  def joiner(strings: List[String], separator: String): String =
    strings.mkString(separator)

  def joiner(strings: List[String]): String = strings.mkString(" ")

  def toCollection(string: String) = string.split(' ')
}

7KH�toCollection�PHWKRG�VSOLWV�D�VWULQJ�RQ�VSDFHV�DQG�UHWXUQV�DQ�Array�FRQWDLQLQJ�WKH
VXEVWULQJV��7KH�UHWXUQ�W\SH�LV�LQIHUUHG��ZKLFK�LV�D�SRWHQWLDO�SUREOHP��DV�ZH�ZLOO�VHH��7KH
PHWKRG� LV� VRPHZKDW� FRQWULYHG�� EXW� LW� ZLOO� LOOXVWUDWH� RXU� SRLQW��+HUH� LV� D� FOLHQW� RI
StringUtil�WKDW�XVHV�WKLV�PHWKRG�

// code-examples/TypeLessDoMore/string-util-client.scala

import StringUtil._

object StringUtilClient {
  def main(args: Array[String]) = {
    args foreach { s => toCollection(s).foreach { x => println(x) } }
  }
}
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,I�\RX�FRPSLOH�WKHVH�ILOHV�ZLWK�scala��\RX�FDQ�UXQ�WKH�FOLHQW�DV�IROORZV�

$ scala -cp ... StringUtilClient "Programming Scala"
Programming
Scala

)RU�WKH�-cp ...�FODVV�SDWK�DUJXPHQW��XVH�WKH�GLUHFWRU\�ZKHUH�scalac
ZURWH�WKH�FODVV�ILOHV��ZKLFK�GHIDXOWV�WR�WKH�FXUUHQW�GLUHFWRU\��L�H���XVH
-cp .���,I�\RX�XVHG�WKH�EXLOG�SURFHVV�LQ�WKH�GRZQORDGHG�FRGH�H[DPSOHV�
WKH� FODVV� ILOHV� DUH� ZULWWHQ� WR� WKH� EXLOG� GLUHFWRU\� �XVLQJ� scalac -d

build ...���,Q�WKLV�FDVH��XVH�-cp build�

(YHU\WKLQJ� LV� ILQH� DW� WKLV� SRLQW�� EXW� QRZ� LPDJLQH� WKDW� WKH� FRGH� EDVH� KDV� JURZQ�
StringUtil�DQG�LWV�FOLHQWV�DUH�QRZ�EXLOW�VHSDUDWHO\�DQG�EXQGOHG�LQWR�GLIIHUHQW�-$5V�
,PDJLQH�DOVR�WKDW�WKH�PDLQWDLQHUV�RI�StringUtil�GHFLGH�WR�UHWXUQ�D�List�LQVWHDG�RI�WKH
GHIDXOW�

object StringUtil {
  ...

  def toCollection(string: String) = string.split(' ').toList  // changed!
}

7KH�RQO\�GLIIHUHQFH�LV�WKH�ILQDO�FDOO�WR�toList�WKDW�FRQYHUWV�WKH�FRPSXWHG�Array�WR�D
List��<RX�UHFRPSLOH�StringUtil�DQG�UHGHSOR\�LWV�-$5��7KHQ�\RX�UXQ�WKH�VDPH�FOLHQW�
ZLWKRXW�UHFRPSLOLQJ�LW�ILUVW�

$ scala -cp ... StringUtilClient "Programming Scala"
java.lang.NoSuchMethodError: StringUtil$.toCollection(...
  at StringUtilClient$$anonfun$main$1.apply(string-util-client.scala:6)
  at StringUtilClient$$anonfun$main$1.apply(string-util-client.scala:6)
...

:KDW�KDSSHQHG"�:KHQ�WKH�FOLHQW�ZDV�FRPSLOHG��StringUtil.toCollection�UHWXUQHG�DQ
Array��7KHQ�toCollection�ZDV�FKDQJHG�WR�UHWXUQ�List��,Q�ERWK�YHUVLRQV��WKH�PHWKRG
UHWXUQ�YDOXH�ZDV�LQIHUUHG��7KHUHIRUH��WKH�FOLHQW�VKRXOG�KDYH�EHHQ�UHFRPSLOHG��WRR�

+RZHYHU��KDG�DQ�H[SOLFLW�UHWXUQ�W\SH�RI�Seq�EHHQ�GHFODUHG��ZKLFK�LV�D�SDUHQW�IRU�ERWK
Array�DQG�List��WKHQ�WKH�LPSOHPHQWDWLRQ�FKDQJH�ZRXOG�QRW�KDYH�IRUFHG�D�UHFRPSLODWLRQ
RI�WKH�FOLHQW�

:KHQ�GHYHORSLQJ�$3,V�WKDW�DUH�EXLOW�VHSDUDWHO\�IURP�WKHLU�FOLHQWV��GH�
FODUH�PHWKRG�UHWXUQ�W\SHV�H[SOLFLWO\�DQG�XVH�WKH�PRVW�JHQHUDO�UHWXUQ�W\SH
\RX�FDQ��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�ZKHQ�$3,V�GHFODUH�DEVWUDFW�PHWK�
RGV��VHH��H�J���&KDSWHU����

7KHUH� LV� DQRWKHU� VFHQDULR� WR�ZDWFK� IRU�ZKHQ� XVLQJ� GHFODUDWLRQV� RI� FROOHFWLRQV� OLNH
val map = Map()��DV�LQ�WKH�IROORZLQJ�H[DPSOH�
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val map = Map()

map.update("book", "Programming Scala")

... 3: error: type mismatch;
 found   : java.lang.String("book")
 required: Nothing
map.update("book", "Programming Scala")
            ^

:KDW� KDSSHQHG"� 7KH� W\SH� SDUDPHWHUV� RI� WKH� JHQHULF� W\SH� Map� ZHUH� LQIHUUHG� DV
[Nothing,Nothing]�ZKHQ�WKH�PDS�ZDV�FUHDWHG���:H¦OO�GLVFXVV�Nothing� LQ�£7KH�6FDOD
7\SH�+LHUDUFK\¤�RQ�SDJH������EXW�LWV�QDPH�LV�VXJJHVWLYH���:H�DWWHPSWHG�WR�LQVHUW�DQ
LQFRPSDWLEOH�NH\�YDOXH�SDLU�RI�W\SHV�String�DQG�String��&DOO�LW�D�Map�WR�QRZKHUH��7KH
VROXWLRQ� LV� WR�SDUDPHWHUL]H� WKH� LQLWLDO�PDS�GHFODUDWLRQ��H�J���val map = Map[String,
String]()��RU�WR�VSHFLI\�LQLWLDO�YDOXHV�VR�WKDW�WKH�PDS�SDUDPHWHUV�DUH�LQIHUUHG��H�J���val
map = Map("Programming" → "Scala")�

)LQDOO\��WKHUH�LV�D�VXEWOH�EHKDYLRU�ZLWK�LQIHUUHG�UHWXUQ�W\SHV�WKDW�FDQ�FDXVH�XQH[SHFWHG
DQG�EDIIOLQJ�UHVXOWV��VHH�>6FDOD7LSV@���&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�scala�VHVVLRQ�

scala> def double(i: Int) { 2 * i }
double: (Int)Unit

scala> println(double(2))
()

:K\�GLG�WKH�VHFRQG�FRPPDQG�SULQW�()�LQVWHDG�RI�4"�/RRN�FDUHIXOO\�DW�ZKDW�WKH�scala
LQWHUSUHWHU�VDLG�WKH�ILUVW�FRPPDQG�UHWXUQHG��double (Int)Unit��:H�GHILQHG�D�PHWKRG
QDPHG�double�WKDW�WDNHV�DQ�Int�DUJXPHQW�DQG�UHWXUQV�Unit��7KH�PHWKRG�GRHVQ¦W�UHWXUQ
DQ�Int�DV�ZH�ZRXOG�H[SHFW�

7KH�FDXVH�RI�WKLV�XQH[SHFWHG�EHKDYLRU�LV�D�PLVVLQJ�HTXDOV�VLJQ�LQ�WKH�PHWKRG�GHILQLWLRQ�
+HUH�LV�WKH�GHILQLWLRQ�ZH�DFWXDOO\�LQWHQGHG�

scala> def double(i: Int) = { 2 * i }
double: (Int)Int

scala> println(double(2))
4

1RWH�WKH�HTXDOV�VLJQ�EHIRUH�WKH�ERG\�RI�double��1RZ��WKH�RXWSXW�VD\V�ZH�KDYH�GHILQHG
double�WR�UHWXUQ�DQ�Int�DQG�WKH�VHFRQG�FRPPDQG�GRHV�ZKDW�ZH�H[SHFW�LW�WR�GR�

7KHUH�LV�D�UHDVRQ�IRU�WKLV�EHKDYLRU��6FDOD�UHJDUGV�D�PHWKRG�ZLWK�WKH�HTXDOV�VLJQ�EHIRUH
WKH�ERG\�DV�D�IXQFWLRQ�GHILQLWLRQ�DQG�D�IXQFWLRQ�DOZD\V�UHWXUQV�D�YDOXH�LQ�IXQFWLRQDO
SURJUDPPLQJ��2Q�WKH�RWKHU�KDQG��ZKHQ�6FDOD�VHHV�D�PHWKRG�ERG\�ZLWKRXW�WKH�OHDGLQJ
HTXDOV� VLJQ�� LW� DVVXPHV� WKH� SURJUDPPHU� LQWHQGHG� WKH�PHWKRG� WR� EH� D� £SURFHGXUH¤
GHILQLWLRQ��PHDQW�IRU�SHUIRUPLQJ�VLGH�HIIHFWV�RQO\�ZLWK�WKH�UHWXUQ�YDOXH�Unit��,Q�SUDFWLFH�
LW�LV�PRUH�OLNHO\�WKDW�WKH�SURJUDPPHU�VLPSO\�IRUJRW�WR�LQVHUW�WKH�HTXDOV�VLJQ�
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:KHQ�WKH�UHWXUQ�W\SH�RI�D�PHWKRG�LV�LQIHUUHG�DQG�\RX�GRQ¦W�XVH�DQ�HTXDOV
VLJQ�EHIRUH�WKH�RSHQLQJ�SDUHQWKHVLV�IRU�WKH�PHWKRG�ERG\��6FDOD�LQIHUV�D
Unit�UHWXUQ�W\SH��HYHQ�ZKHQ�WKH�ODVW�H[SUHVVLRQ�LQ�WKH�PHWKRG�LV�D�YDOXH
RI�DQRWKHU�W\SH�

%\�WKH�ZD\��ZKHUH�GLG�WKDW�()�FRPH�IURP�WKDW�ZDV�SULQWHG�EHIRUH�ZH�IL[HG�WKH�EXJ"�,W
LV�DFWXDOO\� WKH�UHDO�QDPH�RI� WKH�VLQJOHWRQ� LQVWDQFH�RI� WKH�Unit� W\SH�� �7KLV�QDPH� LV�D
IXQFWLRQDO�SURJUDPPLQJ�FRQYHQWLRQ��

Literals
2IWHQ��D�QHZ�REMHFW�LV�LQLWLDOL]HG�ZLWK�D�OLWHUDO�YDOXH��VXFK�DV�val book = "Programming
Scala"��/HW¦V�GLVFXVV�WKH�NLQGV�RI�OLWHUDO�YDOXHV�VXSSRUWHG�E\�6FDOD��+HUH��ZH¦OO�OLPLW
RXUVHOYHV� WR� OH[LFDO� V\QWD[� OLWHUDOV��:H¦OO� FRYHU� OLWHUDO� V\QWD[� IRU� IXQFWLRQV� �XVHG� DV
YDOXHV��QRW�PHPEHU�PHWKRGV���WXSOHV��DQG�FHUWDLQ�W\SHV�OLNH�Lists�DQG�Maps�DV�ZH�FRPH
WR�WKHP�

Integer Literals
,QWHJHU�OLWHUDOV�FDQ�EH�H[SUHVVHG�LQ�GHFLPDO��KH[DGHFLPDO��RU�RFWDO��7KH�GHWDLOV�DUH�VXP�
PDUL]HG�LQ�7DEOH�����

7DEOH������,QWHJHU�OLWHUDOV

Kind Format Examples

Decimal 0 or a nonzero digit followed by zero or more digits (0–9) 0, 1, 321

Hexadecimal 0x followed by one or more hexadecimal digits (0–9, A–F, a–f) 0xFF, 0x1a3b

Octal 0 followed by one or more octal digits (0–7) 013, 077

)RU�Long�OLWHUDOV��LW�LV�QHFHVVDU\�WR�DSSHQG�WKH�L�RU�l�FKDUDFWHU�DW�WKH�HQG�RI�WKH�OLWHUDO�
2WKHUZLVH��DQ�Int�LV�XVHG��7KH�YDOLG�YDOXHV�IRU�DQ�LQWHJHU�OLWHUDO�DUH�ERXQGHG�E\�WKH
W\SH�RI�WKH�YDULDEOH�WR�ZKLFK�WKH�YDOXH�ZLOO�EH�DVVLJQHG��7DEOH�����GHILQHV�WKH�OLPLWV�
ZKLFK�DUH�LQFOXVLYH�

7DEOH������5DQJHV�RI�DOORZHG�YDOXHV�IRU�LQWHJHU�OLWHUDOV��ERXQGDULHV�DUH�LQFOXVLYH�

Target type Minimum (inclusive) Maximum (inclusive)

Long −263 263 − 1

Int −231 231 − 1

Short −215 215 − 1

Char 0 216 − 1

Byte −27 27 − 1
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$�FRPSLOH�WLPH�HUURU�RFFXUV�LI�DQ�LQWHJHU�OLWHUDO�QXPEHU�LV�VSHFLILHG�WKDW�LV�RXWVLGH�WKHVH
UDQJHV��DV�LQ�WKH�IROORZLQJ�H[DPSOHV�

scala > val i = 12345678901234567890
<console>:1: error: integer number too large
       val i = 12345678901234567890
scala> val b: Byte = 128
<console>:4: error: type mismatch;
 found   : Int(128)
 required: Byte
       val b: Byte = 128
                     ^

scala> val b: Byte = 127
b: Byte = 127

Floating-Point Literals
)ORDWLQJ�SRLQW�OLWHUDOV�DUH�H[SUHVVLRQV�ZLWK�]HUR�RU�PRUH�GLJLWV��IROORZHG�E\�D�SHULRG
�.���IROORZHG�E\�]HUR�RU�PRUH�GLJLWV��,I�WKHUH�DUH�QR�GLJLWV�EHIRUH�WKH�SHULRG��L�H���WKH
QXPEHU�LV�OHVV�WKDQ������WKHQ�WKHUH�PXVW�EH�RQH�RU�PRUH�GLJLWV�DIWHU�WKH�SHULRG��)RU
Float� OLWHUDOV�� DSSHQG� WKH� F� RU� f� FKDUDFWHU� DW� WKH� HQG� RI� WKH� OLWHUDO�� 2WKHUZLVH�� D
Double�LV�DVVXPHG��<RX�FDQ�RSWLRQDOO\�DSSHQG�D�D�RU�d�IRU�D�Double�

)ORDWLQJ�SRLQW�OLWHUDOV�FDQ�EH�H[SUHVVHG�ZLWK�RU�ZLWKRXW�H[SRQHQWLDOV��7KH�IRUPDW�RI
WKH�H[SRQHQWLDO�SDUW�LV�e�RU�E��IROORZHG�E\�DQ�RSWLRQDO�+�RU�-��IROORZHG�E\�RQH�RU�PRUH
GLJLWV�

+HUH�DUH�VRPH�H[DPSOH�IORDWLQJ�SRLQW�OLWHUDOV�

0.
.0
0.0
3.
3.14
.14
0.14
3e5
3E5
3.E5
3.e5
3.e+5
3.e-5
3.14e-5
3.14e-5f
3.14e-5F
3.14e-5d
3.14e-5D

Float� FRQVLVWV� RI� DOO� ,(((� ���� ���ELW�� VLQJOH�SUHFLVLRQ� ELQDU\� IORDWLQJ�SRLQW� YDOXHV�
Double�FRQVLVWV�RI�DOO�,(((��������ELW��GRXEOH�SUHFLVLRQ�ELQDU\�IORDWLQJ�SRLQW�YDOXHV�
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7R�DYRLG�SDUVLQJ�DPELJXLWLHV��\RX�PXVW�KDYH�DW�OHDVW�RQH�VSDFH�DIWHU�D
IORDWLQJ�SRLQW�OLWHUDO��LI�LW�LV�IROORZHG�E\�D�WRNHQ�WKDW�VWDUWV�ZLWK�D�OHWWHU�
$OVR��WKH�H[SUHVVLRQ�1.toString�UHWXUQV�WKH�LQWHJHU�YDOXH�1�DV�D�VWULQJ�
ZKLOH�1. toString�XVHV�WKH�RSHUDWRU�QRWDWLRQ�WR�LQYRNH�toString�RQ�WKH
IORDWLQJ�SRLQW�OLWHUDO�1.�

Boolean Literals
7KH�ERROHDQ� OLWHUDOV�DUH�true�DQG�false��7KH�W\SH�RI� WKH�YDULDEOH� WR�ZKLFK�WKH\�DUH
DVVLJQHG�ZLOO�EH�LQIHUUHG�WR�EH�Boolean�

scala> val b1 = true
b1: Boolean = true

scala> val b2 = false
b2: Boolean = false

Character Literals
$�FKDUDFWHU�OLWHUDO�LV�HLWKHU�D�SULQWDEOH�8QLFRGH�FKDUDFWHU�RU�DQ�HVFDSH�VHTXHQFH��ZULWWHQ
EHWZHHQ�VLQJOH�TXRWHV��$�FKDUDFWHU�ZLWK�D�8QLFRGH�YDOXH�EHWZHHQ���DQG�����PD\�DOVR
EH�UHSUHVHQWHG�E\�DQ�RFWDO�HVFDSH��L�H���D�EDFNVODVK��\��IROORZHG�E\�D�VHTXHQFH�RI�XS�WR
WKUHH�RFWDO�FKDUDFWHUV��,W�LV�D�FRPSLOH�WLPH�HUURU�LI�D�EDFNVODVK�FKDUDFWHU�LQ�D�FKDUDFWHU
RU�VWULQJ�OLWHUDO�GRHV�QRW�VWDUW�D�YDOLG�HVFDSH�VHTXHQFH�

+HUH�DUH�VRPH�H[DPSOHV�

'A'
'\u0041'  // 'A' in Unicode
'\n'
'\012'    // '\n' in octal
'\t'

7KH�YDOLG�HVFDSH�VHTXHQFHV�DUH�VKRZQ�LQ�7DEOH�����

7DEOH������&KDUDFWHU�HVFDSH�VHTXHQFHV

Sequence Unicode Meaning

\b \u0008 Backspace (BS)

\t \u0009 Horizontal tab (HT)

\n \u000a Line feed (LF)

\f \u000c Form feed (FF)

\r \u000d Carriage return (CR)

\" \u0022 Double quote (")

\’ \u0027 Single quote (’)

\\ \u0009 Backslash (\)
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String Literals
$�VWULQJ�OLWHUDO�LV�D�VHTXHQFH�RI�FKDUDFWHUV�HQFORVHG�LQ�GRXEOH�TXRWHV�RU�WULSOHV�RI�GRXEOH
TXRWHV��L�H���"""..."""�

)RU�VWULQJ�OLWHUDOV�LQ�GRXEOH�TXRWHV��WKH�DOORZHG�FKDUDFWHUV�DUH�WKH�VDPH�DV�WKH�FKDUDFWHU
OLWHUDOV�� +RZHYHU�� LI� D� GRXEOH� TXRWH� "� FKDUDFWHU� DSSHDUV� LQ� WKH� VWULQJ�� LW� PXVW� EH
£HVFDSHG¤�ZLWK�D�\�FKDUDFWHU��+HUH�DUH�VRPH�H[DPSOHV�

"Programming\nScala"
"He exclaimed, \"Scala is great!\""
"First\tSecond"

7KH�VWULQJ�OLWHUDOV�ERXQGHG�E\�WULSOHV�RI�GRXEOH�TXRWHV�DUH�DOVR�FDOOHG�PXOWL�OLQH�VWULQJ
OLWHUDOV��7KHVH�VWULQJV�FDQ�FRYHU�VHYHUDO�OLQHV��WKH�OLQH�IHHGV�ZLOO�EH�SDUW�RI�WKH�VWULQJ�
7KH\�FDQ�LQFOXGH�DQ\�FKDUDFWHUV��LQFOXGLQJ�RQH�RU�WZR�GRXEOH�TXRWHV�WRJHWKHU��EXW�QRW
WKUHH�WRJHWKHU��7KH\�DUH�XVHIXO�IRU�VWULQJV�ZLWK�\�FKDUDFWHUV�WKDW�GRQ¦W�IRUP�YDOLG�8QL�
FRGH�RU�HVFDSH�VHTXHQFHV��OLNH�WKH�YDOLG�VHTXHQFHV�OLVWHG�LQ�7DEOH������5HJXODU�H[SUHV�
VLRQV� DUH� D� W\SLFDO� H[DPSOH��ZKLFK�ZH¦OO� GLVFXVV� LQ�&KDSWHU� ���+RZHYHU�� LI� HVFDSH
VHTXHQFHV�DSSHDU��WKH\�DUHQ¦W�LQWHUSUHWHG�

+HUH�DUH�WKUHH�H[DPSOH�VWULQJV�

"""Programming\nScala"""
"""He exclaimed, "Scala is great!" """
"""First line\n
Second line\t

Fourth line"""

1RWH�WKDW�ZH�KDG�WR�DGG�D�VSDFH�EHIRUH�WKH�WUDLOLQJ�"""�LQ�WKH�VHFRQG�H[DPSOH�WR�SUHYHQW
D�SDUVH�HUURU��7U\LQJ�WR�HVFDSH�WKH�VHFRQG�"�WKDW�HQGV�WKH�"Scala is great!"�TXRWH��L�H��
"Scala is great!\"��GRHVQ¦W�ZRUN�

&RS\�DQG�SDVWH�WKHVH�VWULQJV�LQWR�WKH�scala�LQWHUSUHWHU��'R�WKH�VDPH�IRU�WKH�SUHYLRXV
VWULQJ�H[DPSOHV��+RZ�DUH�WKH\�LQWHUSUHWHG�GLIIHUHQWO\"

Symbol Literals
6FDOD�VXSSRUWV�V\PEROV��ZKLFK�DUH�LQWHUQHG�VWULQJV��PHDQLQJ�WKDW�WZR�V\PEROV�ZLWK�WKH
VDPH�£QDPH¤��L�H���WKH�VDPH�FKDUDFWHU�VHTXHQFH��ZLOO�DFWXDOO\�UHIHU�WR�WKH�VDPH�REMHFW
LQ�PHPRU\��6\PEROV�DUH�XVHG�OHVV�RIWHQ�LQ�6FDOD�WKDQ�LQ�VRPH�RWKHU�ODQJXDJHV�� OLNH
5XE\��6PDOOWDON��DQG�/LVS��7KH\�DUH�XVHIXO�DV�PDS�NH\V�LQVWHDG�RI�VWULQJV�

$�V\PERO�OLWHUDO�LV�D�VLQJOH�TXRWH��'���IROORZHG�E\�D�OHWWHU��IROORZHG�E\�]HUR�RU�PRUH
GLJLWV�DQG�OHWWHUV��1RWH�WKDW�DQ�H[SUHVVLRQ�OLNH�'1�LV�LQYDOLG��EHFDXVH�WKH�FRPSLOHU�WKLQNV
LW�LV�DQ�LQFRPSOHWH�FKDUDFWHU�OLWHUDO�

$�V\PERO�OLWHUDO�'id�LV�D�VKRUWKDQG�IRU�WKH�H[SUHVVLRQ�scala.Symbol("id")�
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,I� \RX� ZDQW� WR� FUHDWH� D� V\PERO� WKDW� FRQWDLQV� ZKLWHVSDFH�� XVH� H�J��
scala.Symbol(" Programming Scala ")��$OO�WKH�ZKLWHVSDFH�LV�SUHVHUYHG�

Tuples
+RZ�PDQ\�WLPHV�KDYH�\RX�ZDQWHG�WR�UHWXUQ�WZR�RU�PRUH�YDOXHV�IURP�D�PHWKRG"�,Q
PDQ\�ODQJXDJHV��OLNH�-DYD��\RX�RQO\�KDYH�D�IHZ�RSWLRQV��QRQH�RI�ZKLFK�LV�YHU\�DSSHDOLQJ�
<RX�FRXOG�SDVV�LQ�SDUDPHWHUV�WR�WKH�PHWKRG�WKDW�ZLOO�EH�PRGLILHG�IRU�DOO�RU�VRPH�RI�WKH
£UHWXUQ¤�YDOXHV��ZKLFK�LV�XJO\��2U�\RX�FRXOG�GHFODUH�VRPH�VPDOO�£VWUXFWXUDO¤�FODVV�WKDW
KROGV�WKH�WZR�RU�PRUH�YDOXHV��WKHQ�UHWXUQ�DQ�LQVWDQFH�RI�WKDW�FODVV�

6FDOD��VXSSRUWV�WXSOHV��D�JURXSLQJ�RI�WZR�RU�PRUH�LWHPV��XVXDOO\�FUHDWHG�ZLWK�WKH�OLWHUDO
V\QWD[�RI�D�FRPPD�VHSDUDWHG�OLVW�RI�WKH�LWHPV�LQVLGH�SDUHQWKHVHV��H�J���(x1, x2, ...)�
7KH�W\SHV�RI�WKH�xL�HOHPHQWV�DUH�XQUHODWHG�WR�HDFK�RWKHU��\RX�FDQ�PL[�DQG�PDWFK�W\SHV�
7KHVH� OLWHUDO� £JURXSLQJV¤�DUH� LQVWDQWLDWHG�DV�scala.TupleN� LQVWDQFHV��ZKHUH�N� LV� WKH
QXPEHU�RI�LWHPV�LQ�WKH�WXSOH��7KH�6FDOD�$3,�GHILQHV�VHSDUDWH�TupleN�FODVVHV�IRU�N�EHWZHHQ
��DQG�����LQFOXVLYH��7XSOH�LQVWDQFHV�DUH�LPPXWDEOH��ILUVW�FODVV�YDOXHV��VR�\RX�FDQ�DVVLJQ
WKHP�WR�YDULDEOHV��SDVV�WKHP�DV�YDOXHV��DQG�UHWXUQ�WKHP�IURP�PHWKRGV�

7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�WKH�XVH�RI�WXSOHV�

// code-examples/TypeLessDoMore/tuple-example-script.scala

def tupleator(x1: Any, x2: Any, x3: Any) = (x1, x2, x3)

val t = tupleator("Hello", 1, 2.3)
println( "Print the whole tuple: " + t )
println( "Print the first item:  " + t._1 )
println( "Print the second item: " + t._2 )
println( "Print the third item:  " + t._3 )

val (t1, t2, t3) = tupleator("World", '!', 0x22)
println( t1 + " " + t2 + " " + t3 )

5XQQLQJ�WKLV�VFULSW�ZLWK�scala�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

Print the whole tuple: (Hello,1,2.3)
Print the first item:  Hello
Print the second item: 1
Print the third item:  2.3
World ! 34

7KH�tupleator�PHWKRG�VLPSO\�UHWXUQV�D�£��WXSOH¤�ZLWK�WKH�LQSXW�DUJXPHQWV��7KH�ILUVW
VWDWHPHQW�WKDW�XVHV�WKLV�PHWKRG�DVVLJQV�WKH�UHWXUQHG�WXSOH�WR�D�VLQJOH�YDULDEOH�t��7KH
QH[W� IRXU� VWDWHPHQWV� SULQW� t� LQ� YDULRXV� ZD\V�� 7KH� ILUVW� SULQW� VWDWHPHQW� FDOOV
Tuple3.toString��ZKLFK�ZUDSV�SDUHQWKHVHV�DURXQG�WKH�LWHP�OLVW��7KH�IROORZLQJ�WKUHH
VWDWHPHQWV�SULQW�HDFK�LWHP�LQ�t�VHSDUDWHO\��7KH�H[SUHVVLRQ�t._N�UHWULHYHV�WKH�N�LWHP�
VWDUWLQJ�DW����QRW����WKLV�FKRLFH�IROORZV�IXQFWLRQDO�SURJUDPPLQJ�FRQYHQWLRQV��
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7KH�ODVW�WZR�OLQHV�VKRZ�WKDW�ZH�FDQ�XVH�D�WXSOH�H[SUHVVLRQ�RQ�WKH�OHIWKDQG�VLGH�RI�WKH
DVVLJQPHQW��:H�GHFODUH�WKUHH�valV¢t1��t2��DQG�t3¢WR�KROG�WKH�LQGLYLGXDO�LWHPV�LQ�WKH
WXSOH��,Q�HVVHQFH��WKH�WXSOH�LWHPV�DUH�H[WUDFWHG�DXWRPDWLFDOO\�

1RWLFH�KRZ�ZH�PL[HG�W\SHV�LQ�WKH�WXSOHV��<RX�FDQ�VHH�WKH�W\SHV�PRUH�FOHDUO\�LI�\RX�XVH
WKH�LQWHUDFWLYH�PRGH�RI�WKH�scala�FRPPDQG��ZKLFK�ZH�LQWURGXFHG�LQ�&KDSWHU���

,QYRNH� WKH� scala� FRPPDQG�ZLWK� QR� VFULSW� DUJXPHQW�� $W� WKH� scala>� SURPSW�� HQWHU
val t = ("Hello",1,2.3)�DQG�VHH�WKDW�\RX�JHW�WKH�IROORZLQJ�UHVXOW��ZKLFK�VKRZV�\RX
WKH�W\SH�RI�HDFK�HOHPHQW�LQ�WKH�WXSOH�

scala> val t = ("Hello",1,2.3)
t: (java.lang.String, Int, Double) = (Hello,1,2.3)

,W¦V�ZRUWK�QRWLQJ�WKDW�WKHUH¦V�PRUH�WKDQ�RQH�ZD\�WR�GHILQH�D�WXSOH��:H¦YH�EHHQ�XVLQJ
WKH�PRUH�FRPPRQ�SDUHQWKHVL]HG�V\QWD[��EXW�\RX�FDQ�DOVR�XVH�WKH�DUURZ�RSHUDWRU�EH�
WZHHQ�WZR�YDOXHV��DV�ZHOO�DV�VSHFLDO�IDFWRU\�PHWKRGV�RQ�WKH�WXSOH�UHODWHG�FODVVHV�

scala> 1 -> 2
res0: (Int, Int) = (1,2)

scala> Tuple2(1, 2)
res1: (Int, Int) = (1,2)

scala> Pair(1, 2)
res2: (Int, Int) = (1,2)

Option, Some, and None: Avoiding nulls
:H¦OO� GLVFXVV� WKH� VWDQGDUG� W\SH� KLHUDUFK\� IRU� 6FDOD� LQ� £7KH� 6FDOD� 7\SH� +LHUDU�
FK\¤�RQ�SDJH������+RZHYHU�� WKUHH�XVHIXO�FODVVHV� WR�XQGHUVWDQG�QRZ�DUH� WKH�Option
FODVV�DQG�LWV�WZR�VXEFODVVHV��Some�DQG�None�

0RVW�ODQJXDJHV�KDYH�D�VSHFLDO�NH\ZRUG�RU�REMHFW�WKDW¦V�DVVLJQHG�WR�UHIHUHQFH�YDULDEOHV
ZKHQ�WKHUH¦V�QRWKLQJ�HOVH�IRU�WKHP�WR�UHIHU�WR��,Q�-DYD��WKLV�LV�null��LQ�5XE\��LW¦V�nil��,Q
-DYD��null�LV�D�NH\ZRUG��QRW�DQ�REMHFW��DQG�WKXV�LW¦V�LOOHJDO�WR�FDOO�DQ\�PHWKRGV�RQ�LW�
%XW�WKLV�LV�D�FRQIXVLQJ�FKRLFH�RQ�WKH�ODQJXDJH�GHVLJQHU¦V�SDUW��:K\�UHWXUQ�D�NH\ZRUG
ZKHQ�WKH�SURJUDPPHU�H[SHFWV�DQ�REMHFW"

7R�EH�PRUH�FRQVLVWHQW�ZLWK�WKH�JRDO�RI�PDNLQJ�HYHU\WKLQJ�DQ�REMHFW��DV�ZHOO�DV�WR�FRQ�
IRUP� ZLWK� IXQFWLRQDO� SURJUDPPLQJ� FRQYHQWLRQV�� 6FDOD� HQFRXUDJHV� \RX� WR� XVH� WKH
Option�W\SH�IRU�YDULDEOHV�DQG�IXQFWLRQ�UHWXUQ�YDOXHV�ZKHQ�WKH\�PD\�RU�PD\�QRW�UHIHU�WR
D�YDOXH��:KHQ�WKHUH�LV�QR�YDOXH��XVH�None��DQ�object�WKDW�LV�D�VXEFODVV�RI�Option��:KHQ
WKHUH�LV�D�YDOXH��XVH�Some��ZKLFK�ZUDSV�WKH�YDOXH��Some�LV�DOVR�D�VXEFODVV�RI�Option�

None�LV�GHFODUHG�DV�DQ�object��QRW�D�class��EHFDXVH�ZH�UHDOO\�RQO\�QHHG
RQH�LQVWDQFH�RI�LW��,Q�WKDW�VHQVH��LW¦V�OLNH�WKH�null�NH\ZRUG��EXW�LW�LV�D�UHDO
REMHFW�ZLWK�PHWKRGV�
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<RX�FDQ�VHH�Option��Some��DQG�None�LQ�DFWLRQ�LQ�WKH�IROORZLQJ�H[DPSOH��ZKHUH�ZH�FUHDWH
D�PDS�RI�VWDWH�FDSLWDOV�LQ�WKH�8QLWHG�6WDWHV�

// code-examples/TypeLessDoMore/state-capitals-subset-script.scala

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  // ...
  "Wyoming" -> "Cheyenne")

println( "Get the capitals wrapped in Options:" )
println( "Alabama: " + stateCapitals.get("Alabama") )
println( "Wyoming: " + stateCapitals.get("Wyoming") )
println( "Unknown: " + stateCapitals.get("Unknown") )

println( "Get the capitals themselves out of the Options:" )
println( "Alabama: " + stateCapitals.get("Alabama").get )
println( "Wyoming: " + stateCapitals.get("Wyoming").getOrElse("Oops!") )
println( "Unknown: " + stateCapitals.get("Unknown").getOrElse("Oops2!") )

7KH�FRQYHQLHQW�->�V\QWD[�IRU�GHILQLQJ�QDPH�YDOXH�SDLUV�WR�LQLWLDOL]H�D�Map�ZLOO�EH�GLV�
FXVVHG�LQ�£7KH�3UHGHI�2EMHFW¤�RQ�SDJH������)RU�QRZ��ZH�ZDQW�WR�IRFXV�RQ�WKH�WZR
JURXSV�RI�println�VWDWHPHQWV��ZKHUH�ZH�VKRZ�ZKDW�KDSSHQV�ZKHQ�\RX�UHWULHYH�WKH
YDOXHV�IURP�WKH�PDS��,I�\RX�UXQ�WKLV�VFULSW�ZLWK�WKH�scala�FRPPDQG��\RX¦OO�JHW�WKH
IROORZLQJ�RXWSXW�

Get the capitals wrapped in Options:
Alabama: Some(Montgomery)
Wyoming: Some(Cheyenne)
Unknown: None
Get the capitals themselves out of the Options:
Alabama: Montgomery
Wyoming: Cheyenne
Unknown: Oops2!

7KH�ILUVW�JURXS�RI�println�VWDWHPHQWV�LQYRNH�toString�LPSOLFLWO\�RQ�WKH�LQVWDQFHV�UH�
WXUQHG�E\�get��:H�DUH�FDOOLQJ�toString�RQ�Some�RU�None�LQVWDQFHV�EHFDXVH�WKH�YDOXHV
UHWXUQHG�E\�Map.get�DUH�DXWRPDWLFDOO\�ZUDSSHG�LQ�D�Some��ZKHQ�WKHUH�LV�D�YDOXH�LQ�WKH
PDS�IRU�WKH�VSHFLILHG�NH\��1RWH�WKDW�WKH�6FDOD�OLEUDU\�GRHVQ¦W�VWRUH�WKH�Some�LQ�WKH�PDS�
LW�ZUDSV�WKH�YDOXH�LQ�D�Some�XSRQ�UHWULHYDO��&RQYHUVHO\��ZKHQ�ZH�DVN�IRU�D�PDS�HQWU\
WKDW�GRHVQ¦W�H[LVW��WKH�None�REMHFW�LV�UHWXUQHG��UDWKHU�WKDQ�null��7KLV�RFFXUUHG�LQ�WKH
ODVW�println�RI�WKH�WKUHH�

7KH�VHFRQG�JURXS�RI�println�VWDWHPHQWV�JRHV�D�VWHS�IXUWKHU��$IWHU�FDOOLQJ�Map.get��WKH\
FDOO� get� RU� getOrElse� RQ� HDFK� Option� LQVWDQFH� WR� UHWULHYH� WKH� YDOXH� LW� FRQWDLQV�
Option.get� UHTXLUHV�WKDW�WKH�Option� LV�QRW�HPSW\¢WKDW� LV�� WKH�Option� LQVWDQFH�PXVW
DFWXDOO\�EH�D�Some��,Q�WKLV�FDVH��get�UHWXUQV�WKH�YDOXH�ZUDSSHG�E\�WKH�Some��DV�GHPRQ�
VWUDWHG�LQ�WKH�println�ZKHUH�ZH�SULQW�WKH�FDSLWDO�RI�$ODEDPD��+RZHYHU��LI�WKH�Option
LV�DFWXDOO\�None��WKHQ�None.get�WKURZV�D�NoSuchElementException�
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:H�DOVR�VKRZ�WKH�DOWHUQDWLYH�PHWKRG��getOrElse��LQ�WKH�ODVW�WZR�println�VWDWHPHQWV�
7KLV�PHWKRG�UHWXUQV�HLWKHU�WKH�YDOXH�LQ�WKH�Option��LI�LW�LV�D�Some�LQVWDQFH��RU�LW�UHWXUQV
WKH�VHFRQG�DUJXPHQW�ZH�SDVVHG�WR�getOrElse��LI�LW�LV�D�None�LQVWDQFH��,Q�RWKHU�ZRUGV�
WKH�VHFRQG�DUJXPHQW�WR�getOrElse�IXQFWLRQV�DV�WKH�GHIDXOW�UHWXUQ�YDOXH�

6R��getOrElse�LV�WKH�PRUH�GHIHQVLYH�RI�WKH�WZR�PHWKRGV��,W�DYRLGV�D�SRWHQWLDO�WKURZQ
H[FHSWLRQ��:H¦OO�GLVFXVV�WKH�PHULWV�RI�DOWHUQDWLYHV�OLNH�get�YHUVXV�getOrElse�LQ�£([FHS�
WLRQV�DQG�WKH�$OWHUQDWLYHV¤�RQ�SDJH�����

1RWH�WKDW�EHFDXVH�WKH�Map.get�PHWKRG�UHWXUQV�DQ�Option��LW�DXWRPDWLFDOO\�GRFXPHQWV
WKH�IDFW�WKDW�WKHUH�PD\�QRW�EH�DQ�LWHP�PDWFKLQJ�WKH�VSHFLILHG�NH\��7KH�PDS�KDQGOHV
WKLV�VLWXDWLRQ�E\�UHWXUQLQJ�D�None��0RVW�ODQJXDJHV�ZRXOG�UHWXUQ�null��RU�WKH�HTXLYDOHQW�
ZKHQ�WKHUH�LV�QR�£UHDO¤�YDOXH�WR�UHWXUQ��<RX�OHDUQ�IURP�H[SHULHQFH�WR�H[SHFW�D�SRVVLEOH
null��8VLQJ�Option�PDNHV�WKH�EHKDYLRU�PRUH�H[SOLFLW�LQ�WKH�PHWKRG�VLJQDWXUH��VR�LW¦V
PRUH�VHOI�GRFXPHQWLQJ�

$OVR��WKDQNV�WR�6FDOD¦V�VWDWLF�W\SLQJ��\RX�FDQ¦W�PDNH�WKH�PLVWDNH�RI�DWWHPSWLQJ�WR�FDOO
D�PHWKRG�RQ�D�YDOXH�WKDW�PLJKW�DFWXDOO\�EH�null��:KLOH�WKLV�PLVWDNH�LV�HDV\�WR�GR�LQ
-DYD�� LW� ZRQ¦W� FRPSLOH� LQ� 6FDOD� EHFDXVH� \RX�PXVW� ILUVW� H[WUDFW� WKH� YDOXH� IURP� WKH
Option��6R��WKH�XVH�RI�Option�VWURQJO\�HQFRXUDJHV�PRUH�UHVLOLHQW�SURJUDPPLQJ�

%HFDXVH�6FDOD�UXQV�RQ�WKH�-90�DQG��1(7�DQG�EHFDXVH�LW�PXVW�LQWHURSHUDWH�ZLWK�RWKHU
OLEUDULHV��6FDOD�KDV�WR�VXSSRUW�null��6WLOO��\RX�VKRXOG�DYRLG�XVLQJ�null�LQ�\RXU�FRGH�
7RQ\�+RDUH��ZKR� LQYHQWHG� WKH�QXOO� UHIHUHQFH� LQ������ZKLOH�ZRUNLQJ�RQ�DQ�REMHFW�
RULHQWHG�ODQJXDJH�FDOOHG�$/*2/�:��FDOOHG�LWV�LQYHQWLRQ�KLV�£ELOOLRQ�GROODU�PLVWDNH¤
�VHH�>+RDUH����@���'RQ¦W�FRQWULEXWH�WR�WKDW�ILJXUH�

6R��KRZ�ZRXOG�\RX�ZULWH�D�PHWKRG�WKDW�UHWXUQV�DQ�Option"�+HUH�LV�D�SRVVLEOH�LPSOH�
PHQWDWLRQ�RI�get� WKDW�FRXOG�EH�XVHG�E\�D�FRQFUHWH�VXEFODVV�RI�Map� �Map.get� LWVHOI� LV
DEVWUDFW��� )RU� D� PRUH� VRSKLVWLFDWHG� YHUVLRQ�� VHH� WKH� LPSOHPHQWDWLRQ� RI� get� LQ
scala.collection.immutable.HashMap�LQ�WKH�6FDOD�OLEUDU\�VRXUFH�FRGH�GLVWULEXWLRQ�

def get(key: A): Option[B] = {
  if (contains(key))
    new Some(getValue(key))
  else
    None
}

7KH�contains�PHWKRG�LV�DOVR�GHILQHG�IRU�Map��,W�UHWXUQV�true�LI�WKH�PDS�FRQWDLQV�D�YDOXH
IRU�WKH�VSHFLILHG�NH\��7KH�getValue�PHWKRG�LV�LQWHQGHG�WR�EH�DQ�LQWHUQDO�PHWKRG�WKDW
UHWULHYHV�WKH�YDOXH�IURP�WKH�XQGHUO\LQJ�VWRUDJH��ZKDWHYHU�LW�LV�

1RWH�KRZ�WKH�YDOXH�UHWXUQHG�E\�getValue�LV�ZUDSSHG�LQ�D�Some[B]��ZKHUH�WKH�W\SH�B�LV
LQIHUUHG��+RZHYHU��LI�WKH�FDOO�WR�contains(key)�UHWXUQV�false��WKHQ�WKH�object None�LV
UHWXUQHG�

<RX�FDQ�XVH�WKLV�VDPH�LGLRP�ZKHQ�\RXU�PHWKRGV�UHWXUQ�DQ�Option��:H¦OO�H[SORUH�RWKHU
XVHV� IRU�Option� LQ� VXEVHTXHQW� VHFWLRQV�� ,WV�SHUYDVLYH�XVH� LQ� 6FDOD� FRGH�PDNHV� LW� DQ
LPSRUWDQW�FRQFHSW�WR�JUDVS�
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Organizing Code in Files and Namespaces
6FDOD�DGRSWV�WKH�SDFNDJH�FRQFHSW�WKDW�-DYD�XVHV�IRU�QDPHVSDFHV��EXW�6FDOD�RIIHUV�D�PRUH
IOH[LEOH�V\QWD[��-XVW�DV�ILOH�QDPHV�GRQ¦W�KDYH�WR�PDWFK�WKH�W\SH�QDPHV��WKH�SDFNDJH
VWUXFWXUH�GRHV�QRW�KDYH�WR�PDWFK�WKH�GLUHFWRU\�VWUXFWXUH��6R��\RX�FDQ�GHILQH�SDFNDJHV
LQ�ILOHV�LQGHSHQGHQW�RI�WKHLU�£SK\VLFDO¤�ORFDWLRQ�

7KH�IROORZLQJ�H[DPSOH�GHILQHV�D�FODVV�MyClass�LQ�D�SDFNDJH�com.example.mypkg�XVLQJ
WKH�FRQYHQWLRQDO�-DYD�V\QWD[�

// code-examples/TypeLessDoMore/package-example1.scala

package com.example.mypkg

class MyClass {
  // ...
}

7KH�QH[W�H[DPSOH�VKRZV�D�FRQWULYHG�H[DPSOH�WKDW�GHILQHV�SDFNDJHV�XVLQJ�WKH�QHVWHG
SDFNDJH�V\QWD[�LQ�6FDOD��ZKLFK�LV�VLPLODU�WR�WKH�namespace�V\QWD[�LQ�&��DQG�WKH�XVH�RI
modules�DV�QDPHVSDFHV�LQ�5XE\�

// code-examples/TypeLessDoMore/package-example2.scala

package com {
  package example {
    package pkg1 {
      class Class11 {
        def m = "m11"
      }
      class Class12 {
        def m = "m12"
      }
    }

    package pkg2 {
      class Class21 {
        def m = "m21"
        def makeClass11 = {
          new pkg1.Class11
        }
        def makeClass12 = {
          new pkg1.Class12
        }
      }
    }

    package pkg3.pkg31.pkg311 {
      class Class311 {
        def m = "m21"
      }
    }
  }
}
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7ZR�SDFNDJHV�� pkg1� DQG� pkg2�� DUH� GHILQHG� XQGHU� WKH� com.example� SDFNDJH��$� WRWDO
RI� WKUHH� FODVVHV� DUH� GHILQHG� EHWZHHQ� WKH� WZR� SDFNDJHV�� 7KH� makeClass11� DQG
makeClass12�PHWKRGV� LQ� Class21� LOOXVWUDWH� KRZ� WR� UHIHUHQFH� D� W\SH� LQ� WKH� £VLEOLQJ¤
SDFNDJH�� pkg1�� <RX� FDQ� DOVR� UHIHUHQFH� WKHVH� FODVVHV� E\� WKHLU� IXOO� SDWKV�
com.example.pkg1.Class11�DQG�com.example.pkg1.Class12��UHVSHFWLYHO\�

7KH�SDFNDJH�pkg3.pkg31.pkg311�VKRZV�WKDW�\RX�FDQ�£FKDLQ¤�VHYHUDO�SDFNDJHV�WRJHWKHU
LQ�RQH�FODXVH��,W�LV�QRW�QHFHVVDU\�WR�XVH�D�VHSDUDWH�package�FODXVH�IRU�HDFK�SDFNDJH�

)ROORZLQJ�WKH�FRQYHQWLRQV�RI�-DYD��WKH�URRW�SDFNDJH�IRU�6FDOD¦V�OLEUDU\�FODVVHV�LV�QDPHG
scala�

6FDOD�GRHV�QRW�DOORZ�SDFNDJH�GHFODUDWLRQV�LQ�VFULSWV�WKDW�DUH�H[HFXWHG
GLUHFWO\�ZLWK�WKH�scala�LQWHUSUHWHU��7KH�UHDVRQ�KDV�WR�GR�ZLWK�WKH�ZD\
WKH� LQWHUSUHWHU� FRQYHUWV� VWDWHPHQWV� LQ� VFULSWV� WR� YDOLG� 6FDOD� FRGH
EHIRUH� FRPSLOLQJ� WR� E\WH� FRGH�� 6HH� £7KH� VFDOD� &RPPDQG�/LQH
7RRO¤�RQ�SDJH�����IRU�PRUH�GHWDLOV�

Importing Types and Their Members
7R�XVH�GHFODUDWLRQV�LQ�SDFNDJHV��\RX�KDYH�WR�LPSRUW�WKHP��MXVW�DV�\RX�GR�LQ�-DYD�DQG
VLPLODUO\�IRU�RWKHU�ODQJXDJHV��+RZHYHU��FRPSDUHG�WR�-DYD��6FDOD�JUHDWO\�H[SDQGV�\RXU
RSWLRQV��7KH�IROORZLQJ�H[DPSOH�LOOXVWUDWHV�VHYHUDO�ZD\V�WR�LPSRUW�-DYD�W\SHV�

// code-examples/TypeLessDoMore/import-example1.scala

import java.awt._
import java.io.File
import java.io.File._
import java.util.{Map, HashMap}

<RX�FDQ�LPSRUW�DOO�W\SHV�LQ�D�SDFNDJH��XVLQJ�WKH�XQGHUVFRUH�� _ ��DV�D�ZLOGFDUG��DV�VKRZQ
RQ�WKH�ILUVW�OLQH��<RX�FDQ�DOVR�LPSRUW�LQGLYLGXDO�6FDOD�RU�-DYD�W\SHV��DV�VKRZQ�RQ�WKH
VHFRQG�OLQH�

-DYD�XVHV�WKH�£VWDU¤�FKDUDFWHU��*��DV�WKH�ZLOGFDUG�IRU�PDWFKLQJ�DOO�W\SHV�LQ�D�SDFNDJH�RU
DOO�VWDWLF�PHPEHUV�RI�D�W\SH�ZKHQ�GRLQJ�£VWDWLF� LPSRUWV�¤�,Q�6FDOD��WKLV�FKDUDFWHU� LV
DOORZHG�LQ�PHWKRG�QDPHV��VR�_�LV�XVHG�DV�D�ZLOGFDUG��DV�ZH�VDZ�SUHYLRXVO\�

$V�VKRZQ�RQ�WKH�WKLUG�OLQH��\RX�FDQ�LPSRUW�DOO�WKH�VWDWLF�PHWKRGV�DQG�ILHOGV�LQ�-DYD
W\SHV��,I�java.io.File�ZHUH�DFWXDOO\�D�6FDOD�object��DV�GLVFXVVHG�SUHYLRXVO\��WKHQ�WKLV
OLQH�ZRXOG�LPSRUW�WKH�ILHOGV�DQG�PHWKRGV�IURP�WKH�REMHFW�

)LQDOO\��\RX�FDQ�VHOHFWLYHO\�LPSRUW�MXVW�WKH�W\SHV�\RX�FDUH�DERXW��2Q�WKH�IRXUWK�OLQH��ZH
LPSRUW�MXVW�WKH�java.util.Map�DQG�java.util.HashMap�W\SHV�IURP�WKH�java.util�SDFN�
DJH��&RPSDUH�WKLV�RQH�OLQH�LPSRUW�VWDWHPHQW�ZLWK�WKH�WZR�OLQH�LPSRUW�VWDWHPHQWV�ZH
XVHG� LQ� RXU� ILUVW� H[DPSOH� LQ� £,QIHUULQJ� 7\SH� ,QIRUPDWLRQ¤� RQ� SDJH� ���� 7KH\� DUH
IXQFWLRQDOO\�HTXLYDOHQW�
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7KH�QH[W�H[DPSOH�VKRZV�PRUH�DGYDQFHG�RSWLRQV�IRU�LPSRUW�VWDWHPHQWV�

// code-examples/TypeLessDoMore/import-example2-script.scala

def writeAboutBigInteger() = {

  import java.math.BigInteger.{
    ONE => _,
    TEN,
    ZERO => JAVAZERO }

  // ONE is effectively undefined
  // println( "ONE: "+ONE )
  println( "TEN: "+TEN )
  println( "ZERO: "+JAVAZERO )
}

writeAboutBigInteger()

7KLV�H[DPSOH�GHPRQVWUDWHV�WZR�IHDWXUHV��)LUVW��ZH�FDQ�SXW�LPSRUW�VWDWHPHQWV�DOPRVW
DQ\ZKHUH�ZH�ZDQW��QRW�MXVW�DW�WKH�WRS�RI�WKH�ILOH��DV�UHTXLUHG�E\�-DYD��7KLV�IHDWXUH�DOORZV
XV�WR�VFRSH�WKH�LPSRUWV�PRUH�QDUURZO\��)RU�H[DPSOH��ZH�FDQ¦W�UHIHUHQFH�WKH�LPSRUWHG
BigInteger�GHILQLWLRQV�RXWVLGH�WKH�VFRSH�RI�WKH�PHWKRG��$QRWKHU�DGYDQWDJH�RI�WKLV�IHD�
WXUH�LV�WKDW�LW�SXWV�DQ�LPSRUW�VWDWHPHQW�FORVHU�WR�ZKHUH�WKH�LPSRUWHG�LWHPV�DUH�DFWXDOO\
XVHG�

7KH� VHFRQG� IHDWXUH� VKRZQ� LV� WKH� DELOLW\� WR� UHQDPH� LPSRUWHG� LWHPV�� )LUVW�� WKH
java.math.BigInteger.ONE�FRQVWDQW�LV�UHQDPHG�WR�WKH�XQGHUVFRUH�ZLOGFDUG��7KLV�HIIHF�
WLYHO\�PDNHV�LW�LQYLVLEOH�DQG�XQDYDLODEOH�WR�WKH�LPSRUWLQJ�VFRSH��7KLV�LV�D�XVHIXO�WHFK�
QLTXH�ZKHQ�\RX�ZDQW�WR�LPSRUW�HYHU\WKLQJ�H[FHSW�D�IHZ�SDUWLFXODU�LWHPV�

1H[W��WKH�java.math.BigInteger.TEN�FRQVWDQW�LV�LPSRUWHG�ZLWKRXW�UHQDPLQJ��VR�LW�FDQ
EH�UHIHUHQFHG�VLPSO\�DV�TEN�

)LQDOO\��WKH�java.math.BigInteger.ZERO�FRQVWDQW�LV�JLYHQ�WKH�£DOLDV¤�JAVAZERO�

$OLDVLQJ�LV�XVHIXO�LI�\RX�ZDQW�WR�JLYH�WKH�LWHP�D�PRUH�FRQYHQLHQW�QDPH�RU�\RX�ZDQW�WR
DYRLG�DPELJXLWLHV�ZLWK�RWKHU�LWHPV�LQ�VFRSH�WKDW�KDYH�WKH�VDPH�QDPH�

Imports are Relative
7KHUH¦V�RQH�RWKHU�LPSRUWDQW�WKLQJ�WR�NQRZ�DERXW�LPSRUWV��WKH\�DUH�UHODWLYH��1RWH�WKH
FRPPHQWV�IRU�WKH�IROORZLQJ�LPSRUWV�

// code-examples/TypeLessDoMore/relative-imports.scala
import scala.collection.mutable._
import collection.immutable._         // Since "scala" is already imported
import _root_.scala.collection.jcl._  // full path from real "root"
package scala.actors {
  import remote._                     // We're in the scope of "scala.actors"
}
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1RWH�WKDW�WKH�ODVW�LPSRUW�VWDWHPHQW�QHVWHG�LQ�WKH�scala.actor�SDFNDJH�VFRSH�LV�UHODWLYH
WR�WKDW�VFRSH�

7KH�>6FDOD:LNL@�KDV�RWKHU�H[DPSOHV�DW�KWWS���VFDOD�V\JQHFD�FRP�IDTV�ODQJXDJH�KRZ�GR
�L�LPSRUW�

,W¦V�IDLUO\�UDUH�WKDW�\RX¦OO�KDYH�SUREOHPV�ZLWK�UHODWLYH�LPSRUWV��EXW�WKH�SUREOHP�ZLWK
WKLV�FRQYHQWLRQ�LV�WKDW�WKH\�VRPHWLPHV�FDXVH�VXUSULVHV��HVSHFLDOO\�LI�\RX�DUH�DFFXVWRPHG
WR�ODQJXDJHV�OLNH�-DYD��ZKHUH�LPSRUWV�DUH�DEVROXWH��,I�\RX�JHW�D�P\VWLI\LQJ�FRPSLOHU
HUURU�WKDW�D�SDFNDJH�ZDVQ¦W�IRXQG��FKHFN�WKDW�WKH�VWDWHPHQW�LV�SURSHUO\�UHODWLYH�WR�WKH
ODVW�LPSRUW�VWDWHPHQW�RU�DGG�WKH�_root_.�SUHIL[��$OVR��\RX�PLJKW�VHH�DQ�,'(�RU�RWKHU
WRRO�LQVHUW�DQ�import _root_...�VWDWHPHQW�LQ�\RXU�FRGH��1RZ�\RX�NQRZ�ZKDW�LW�PHDQV�

5HPHPEHU�WKDW�LPSRUW�VWDWHPHQWV�DUH�UHODWLYH��QRW�DEVROXWH��7R�FUHDWH
DQ�DEVROXWH�SDWK��VWDUW�ZLWK�_root_�

Abstract Types And Parameterized Types
:H�PHQWLRQHG� LQ�£$�7DVWH�RI�6FDOD¤�RQ�SDJH���� WKDW�6FDOD�VXSSRUWV�SDUDPHWHUL]HG
W\SHV��ZKLFK�DUH�YHU\�VLPLODU�WR�JHQHULFV�LQ�-DYD���:H�FRXOG�XVH�WKH�WZR�WHUPV�LQWHU�
FKDQJHDEO\��EXW� LW¦V�PRUH�FRPPRQ� WR�XVH�£SDUDPHWHUL]HG� W\SHV¤� LQ� WKH�6FDOD�FRP�
PXQLW\�DQG�£JHQHULFV¤�LQ�WKH�-DYD�FRPPXQLW\���7KH�PRVW�REYLRXV�GLIIHUHQFH�LV�LQ�WKH
V\QWD[��ZKHUH�6FDOD�XVHV�VTXDUH�EUDFNHWV��[...]���ZKLOH�-DYD�XVHV�DQJOH�EUDFNHWV��<...>��

)RU�H[DPSOH��D�OLVW�RI�VWULQJV�ZRXOG�EH�GHFODUHG�DV�IROORZV�

val languages: List[String] = ...

7KHUH� DUH� RWKHU� LPSRUWDQW� GLIIHUHQFHV�ZLWK� -DYD¦V� JHQHULFV�� ZKLFK�ZH¦OO� H[SORUH� LQ
£8QGHUVWDQGLQJ�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH�����

)RU�QRZ��ZH¦OO�PHQWLRQ�RQH�RWKHU�XVHIXO�GHWDLO� WKDW�\RX¦OO�HQFRXQWHU�EHIRUH�ZH�FDQ
H[SODLQ�LW�LQ�GHSWK�LQ�&KDSWHU�����,I�\RX�ORRN�DW�WKH�GHFODUDWLRQ�RI�scala.List�LQ�WKH
6FDODGRFV��\RX¦OO�VHH�WKDW�WKH�GHFODUDWLRQ�LV�ZULWWHQ�DV�... class List[+A]��7KH�+� LQ
IURQW�RI�WKH�A�PHDQV�WKDW�List[B]�LV�D�VXEW\SH�RI�List[A]�IRU�DQ\�B�WKDW�LV�D�VXEW\SH�RI
A��,I�WKHUH�LV�D�-�LQ�IURQW�RI�D�W\SH�SDUDPHWHU��WKHQ�WKH�UHODWLRQVKLS�JRHV�WKH�RWKHU�ZD\�
Foo[B]�ZRXOG�EH�D�VXSHUW\SH�RI�Foo[A]��LI�WKH�GHFODUDWLRQ�LV�Foo[-A]�

6FDOD�VXSSRUWV�DQRWKHU�W\SH�DEVWUDFWLRQ�PHFKDQLVP�FDOOHG�DEVWUDFW�W\SHV��XVHG�LQ�PDQ\
IXQFWLRQDO�SURJUDPPLQJ�ODQJXDJHV��VXFK�DV�+DVNHOO��$EVWUDFW�W\SHV�ZHUH�DOVR�FRQVLG�
HUHG�IRU�LQFOXVLRQ�LQ�-DYD�ZKHQ�JHQHULFV�ZHUH�DGRSWHG��:H�ZDQW�WR�LQWURGXFH�WKHP
QRZ�EHFDXVH�\RX¦OO� VHH�PDQ\�H[DPSOHV�RI� WKHP�EHIRUH�ZH�GLYH� LQWR� WKHLU�GHWDLOV� LQ
&KDSWHU�����)RU�D�YHU\�GHWDLOHG�FRPSDULVRQ�RI�WKHVH�WZR�PHFKDQLVPV��VHH�>%UXFH����@�

$EVWUDFW�W\SHV�FDQ�EH�DSSOLHG�WR�PDQ\�RI�WKH�VDPH�GHVLJQ�SUREOHPV�IRU�ZKLFK�SDUD�
PHWHUL]HG�W\SHV�DUH�XVHG��+RZHYHU��ZKLOH�WKH�WZR�PHFKDQLVPV�RYHUODS��WKH\�DUH�QRW
UHGXQGDQW��(DFK�KDV�VWUHQJWKV�DQG�ZHDNQHVVHV�IRU�FHUWDLQ�GHVLJQ�SUREOHPV�

Abstract Types And Parameterized Types | 47

Download at WoweBook.Com



+HUH�LV�DQ�H[DPSOH�WKDW�XVHV�DQ�DEVWUDFW�W\SH�

// code-examples/TypeLessDoMore/abstract-types-script.scala

import java.io._

abstract class BulkReader {
  type In
  val source: In
  def read: String
}

class StringBulkReader(val source: String) extends BulkReader {
  type In = String
  def read = source
}

class FileBulkReader(val source: File) extends BulkReader {
  type In = File
  def read = {
    val in = new BufferedInputStream(new FileInputStream(source))
    val numBytes = in.available()
    val bytes = new Array[Byte](numBytes)
    in.read(bytes, 0, numBytes)
    new String(bytes)
  }
}

println( new StringBulkReader("Hello Scala!").read )
println( new FileBulkReader(new File("abstract-types-script.scala")).read )

5XQQLQJ�WKLV�VFULSW�ZLWK�scala�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

Hello Scala!
import java.io._

abstract class BulkReader {
...

7KH�BulkReader�DEVWUDFW� FODVV�GHFODUHV� WKUHH� DEVWUDFW�PHPEHUV�� D�type� QDPHG�In�� D
val�ILHOG�source��DQG�D�read�PHWKRG��$V�LQ�-DYD��LQVWDQFHV�LQ�6FDOD�FDQ�RQO\�EH�FUHDWHG
IURP�FRQFUHWH�FODVVHV��ZKLFK�PXVW�KDYH�GHILQLWLRQV�IRU�DOO�PHPEHUV�

7KH�GHULYHG�FODVVHV��StringBulkReader� DQG�FileBulkReader��SURYLGH�FRQFUHWH�GHILQL�
WLRQV�IRU�WKHVH�DEVWUDFW�PHPEHUV��:H¦OO�FRYHU�WKH�GHWDLOV�RI�FODVV�GHFODUDWLRQV�LQ�&KDS�
WHU���DQG�WKH�SDUWLFXODUV�RI�RYHUULGLQJ�PHPEHU�GHFODUDWLRQV�LQ�£2YHUULGLQJ�0HPEHUV
RI�&ODVVHV�DQG�7UDLWV¤�RQ�SDJH�����LQ�&KDSWHU���

)RU�QRZ��QRWH�WKDW�WKH�type�ILHOG�ZRUNV�YHU\�PXFK�OLNH�D�W\SH�SDUDPHWHU�LQ�D�SDUDPH�
WHUL]HG�W\SH��,Q�IDFW��ZH�FRXOG�UHZULWH�WKLV�H[DPSOH�DV�IROORZV��ZKHUH�ZH�VKRZ�RQO\
ZKDW�ZRXOG�EH�GLIIHUHQW�

abstract class BulkReader[In] {
  val source: In
  ...
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}

class StringBulkReader(val source: String) extends BulkReader[String] {...}

class FileBulkReader(val source: File) extends BulkReader[File] {...}

-XVW�DV�IRU�SDUDPHWHUL]HG�W\SHV��LI�ZH�GHILQH�WKH�In�W\SH�WR�EH�String��WKHQ�WKH�source
ILHOG�PXVW�DOVR�EH�GHILQHG�DV�D�String��1RWH�WKDW�WKH�StringBulkReader¦V�read�PHWKRG
VLPSO\�UHWXUQV�WKH�source�ILHOG��ZKLOH�WKH�FileBulkReader¦V�read�PHWKRG�UHDGV�WKH�FRQ�
WHQWV�RI�WKH�ILOH�

$V�GHPRQVWUDWHG�E\�>%UXFH����@��SDUDPHWHUL]HG�W\SHV�WHQG�WR�EH�EHVW�IRU�FROOHFWLRQV�
ZKLFK�LV�KRZ�WKH\�DUH�PRVW�RIWHQ�XVHG�LQ�-DYD�FRGH��ZKHUHDV�DEVWUDFW�W\SHV�DUH�PRVW
XVHIXO�IRU�W\SH�£IDPLOLHV¤�DQG�RWKHU�W\SH�VFHQDULRV�

:H¦OO�H[SORUH�WKH�GHWDLOV�RI�6FDOD¦V�DEVWUDFW�W\SHV�LQ�&KDSWHU�����)RU�H[DPSOH��ZH¦OO�VHH
KRZ�WR�FRQVWUDLQ�WKH�SRVVLEOH�FRQFUHWH�W\SHV�WKDW�FDQ�EH�XVHG�

Reserved Words
7DEOH�����OLVWV�WKH�UHVHUYHG�ZRUGV�LQ�6FDOD��ZKLFK�ZH�VRPHWLPHV�FDOO�£NH\ZRUGV�¤�DQG
EULHIO\�GHVFULEHV�KRZ�WKH\�DUH�XVHG��VHH�>6FDOD6SHF����@��

7DEOH������5HVHUYHG�ZRUGV

Word Description See …

abstract Makes a declaration abstract. Unlike Java, the keyword is usually

not required for abstract members.

“Class and Object Basics” on page 89

case Start a case clause in a match expression. “Pattern Matching” on page 63

catch Start a clause for catching thrown exceptions. “Using try, catch, and finally Clau-

ses” on page 70

class Start a class declaration. “Class and Object Basics” on page 89

def Start a method declaration. “Method Declarations” on page 25

do Start a do...while loop. “Other Looping Constructs”

on page 61

else Start an else clause for an if clause. “Scala if Statements” on page 58

extends Indicates that the class or trait that follows is the parent type of the

class or trait being declared.

“Parent Classes” on page 91

false Boolean false. “The Scala Type Hierarchy”

on page 155

final Applied to a class or trait to prohibit deriving child types from it.

Applied to a member to prohibit overriding it in a derived class or

trait.

“Attempting to Override final Declara-

tions” on page 112

finally Start a clause that is executed after the corresponding try clause,

whether or not an exception is thrown by the try clause.

“Using try, catch, and finally Clau-

ses” on page 70
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Word Description See …

for Start a for comprehension (loop). “Scala for Comprehen-

sions” on page 59

forSome Used in existential type declarations to constrain the allowed

concrete types that can be used.

“Existential Types” on page 284

if Start an if clause. “Scala if Statements” on page 58

implicit Marks a method as eligible to be used as an implicit type converter.

Marks a method parameter as optional, as long as a type-

compatible substitute object is in the scope where the method is

called.

“Implicit Conversions” on page 186

import Import one or more types or members of types into the current

scope.

“Importing Types and Their Mem-

bers” on page 45

lazy Defer evaluation of a val. “Lazy Vals” on page 190

match Start a pattern matching clause. “Pattern Matching” on page 63

new Create a new instance of a class. “Class and Object Basics” on page 89

null Value of a reference variable that has not been assigned a value. “The Scala Type Hierarchy”

on page 155

object Start a singleton declaration: a class with only one instance. “Classes and Objects: Where Are the

Statics?” on page 148

override Override a concrete member of a class or trait, as long as the original

is not marked final.

“Overriding Members of Classes and

Traits” on page 111

package Start a package scope declaration. “Organizing Code in Files and Namespa-

ces” on page 44

private Restrict visibility of a declaration. “Visibility Rules” on page 96

protected Restrict visibility of a declaration. “Visibility Rules” on page 96

requires Deprecated. Was used for self typing. “The Scala Type Hierarchy”

on page 155

return Return from a function. “A Taste of Scala” on page 10

sealed Applied to a parent class to require all directly derived

classes to be declared in the same source file.

“Case Classes” on page 136

super Analogous to this, but binds to the parent type. “Overriding Abstract and Concrete

Methods” on page 112

this How an object refers to itself. The method name for auxiliary

constructors.

“Class and Object Basics” on page 89

throw Throw an exception. “Using try, catch, and finally Clau-

ses” on page 70

trait A mixin module that adds additional state and behavior to an

instance of a class.

Chapter 4

try Start a block that may throw an exception. “Using try, catch, and finally Clau-

ses” on page 70
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Word Description See …

true Boolean true. “The Scala Type Hierarchy”

on page 155

type Start a type declaration. “Abstract Types And Parameterized

Types” on page 47

val Start a read-only “variable” declaration. “Variable Declarations” on page 24

var Start a read-write variable declaration. “Variable Declarations” on page 24

while Start a while loop. “Other Looping Constructs”

on page 61

with Include the trait that follows in the class being declared or the object

being instantiated.

Chapter 4

yield Return an element in a for comprehension that becomes part of

a sequence.

“Yielding” on page 60

_ A placeholder, used in imports, function literals, etc. Many

: Separator between identifiers and type annotations. “A Taste of Scala” on page 10

= Assignment. “A Taste of Scala” on page 10

=> Used in function literals to separate the argument list from the

function body.

“Function Literals and Clo-

sures” on page 169

<- Used in for comprehensions in generator expressions. “Scala for Comprehen-

sions” on page 59

<: Used in parameterized and abstract type declarations to constrain

the allowed types.

“Type Bounds” on page 259

<% Used in parameterized and abstract type “view bounds”

declarations.

“Type Bounds” on page 259

>: Used in parameterized and abstract type declarations to constrain

the allowed types.

“Type Bounds” on page 259

# Used in type projections. “Path-Dependent Types” on page 272

@ Marks an annotation. “Annotations” on page 289

º (Unicode \u21D2) Same as =>. “Function Literals and Clo-

sures” on page 169

← (Unicode \u2190) Same as <-. “Scala for Comprehen-

sions” on page 59

1RWLFH�WKDW�break�DQG�continue�DUH�QRW�OLVWHG��7KHVH�FRQWURO�NH\ZRUGV�GRQ¦W�H[LVW�LQ
6FDOD��,QVWHDG��6FDOD�HQFRXUDJHV�\RX�WR�XVH�IXQFWLRQDO�SURJUDPPLQJ�LGLRPV�WKDW�DUH
XVXDOO\�PRUH�VXFFLQFW�DQG�OHVV�HUURU�SURQH��:H¦OO�GLVFXVV�DOWHUQDWLYH�DSSURDFKHV�ZKHQ
ZH�GLVFXVV�for�ORRSV��VHH�£*HQHUDWRU�([SUHVVLRQV¤�RQ�SDJH�����

6RPH� -DYD� PHWKRGV� XVH� QDPHV� WKDW� DUH� UHVHUYHG� E\� 6FDOD�� IRU� H[DPSOH�
java.util.Scanner.match��7R�DYRLG�D�FRPSLODWLRQ�HUURU��VXUURXQG�WKH�QDPH�ZLWK�VLQJOH
EDFN�TXRWHV��H�J���java.util.Scanner.ÂmatchÂ�
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Recap and What’s Next
:H�FRYHUHG�VHYHUDO�ZD\V�WKDW�6FDOD¦V�V\QWD[�LV�FRQFLVH��IOH[LEOH��DQG�SURGXFWLYH��:H
DOVR�GHVFULEHG�PDQ\�6FDOD�IHDWXUHV��,Q�WKH�QH[W�FKDSWHU��ZH�ZLOO�URXQG�RXW�VRPH�6FDOD
HVVHQWLDOV�EHIRUH�ZH�GLYH� LQWR�6FDOD¦V�VXSSRUW� IRU�REMHFW�RULHQWHG�SURJUDPPLQJ�DQG
IXQFWLRQDO�SURJUDPPLQJ�
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CHAPTER 3

Rounding Out the Essentials

%HIRUH�ZH�GLYH�LQWR�6FDOD¦V�VXSSRUW�IRU�REMHFW�RULHQWHG�DQG�IXQFWLRQDO�SURJUDPPLQJ�
OHW¦V�ILQLVK�RXU�GLVFXVVLRQ�RI�WKH�HVVHQWLDO�IHDWXUHV�\RX¦OO�XVH�LQ�PRVW�RI�\RXU�SURJUDPV�

Operator? Operator?
$Q�LPSRUWDQW�IXQGDPHQWDO�FRQFHSW�LQ�6FDOD�LV�WKDW�DOO�RSHUDWRUV�DUH�DFWXDOO\�PHWKRGV�
&RQVLGHU�WKLV�PRVW�EDVLF�RI�H[DPSOHV�

// code-examples/Rounding/one-plus-two-script.scala

1 + 2

7KDW� SOXV� VLJQ� EHWZHHQ� WKH� QXPEHUV"� ,W¦V� D� PHWKRG�� )LUVW�� 6FDOD� DOORZV� QRQ�
DOSKDQXPHULF�PHWKRG�QDPHV��<RX�FDQ�FDOO�PHWKRGV�+��-��$��RU�ZKDWHYHU�\RX�GHVLUH�
6HFRQG��WKLV�H[SUHVVLRQ�LV�LGHQWLFDO�WR�1 .+(2)���:H�SXW�D�VSDFH�DIWHU�WKH�1�EHFDXVH�1.
ZRXOG�EH�LQWHUSUHWHG�DV�D�Double���:KHQ�D�PHWKRG�WDNHV�RQH�DUJXPHQW��6FDOD�OHWV�\RX
GURS�ERWK� WKH�SHULRG�DQG� WKH�SDUHQWKHVHV�� VR� WKH�PHWKRG� LQYRFDWLRQ� ORRNV� OLNH� DQ
RSHUDWRU�LQYRFDWLRQ��7KLV�LV�FDOOHG�£LQIL[¤�QRWDWLRQ��ZKHUH�WKH�RSHUDWRU�LV�EHWZHHQ�WKH
LQVWDQFH�DQG�WKH�DUJXPHQW��:H¦OO�ILQG�RXW�PRUH�DERXW�WKLV�VKRUWO\�

6LPLODUO\��D�PHWKRG�ZLWK�QR�DUJXPHQWV�FDQ�EH�LQYRNHG�ZLWKRXW�WKH�SHULRG��7KLV�LV�FDOOHG
£SRVWIL[¤�QRWDWLRQ�

5XE\�DQG�6PDOOWDON�SURJUDPPHUV�VKRXOG�QRZ�IHHO�ULJKW�DW�KRPH��$V�XVHUV�RI� WKRVH
ODQJXDJHV�NQRZ��WKHVH�VLPSOH�UXOHV�KDYH�IDU�UHDFKLQJ�EHQHILWV�ZKHQ�LW�FRPHV�WR�FUHDWLQJ
SURJUDPV�WKDW�IORZ�QDWXUDOO\�DQG�HOHJDQWO\�

6R��ZKDW�FKDUDFWHUV�FDQ�\RX�XVH�LQ�LGHQWLILHUV"�+HUH�LV�D�VXPPDU\�RI�WKH�UXOHV�IRU�LGHQ�
WLILHUV�� XVHG� IRU�PHWKRG�DQG� W\SH�QDPHV�� YDULDEOHV�� HWF�� )RU� WKH�SUHFLVH�GHWDLOV�� VHH
>6FDOD6SHF����@��6FDOD�DOORZV�DOO�WKH�SULQWDEOH�$6&,,�FKDUDFWHUV��VXFK�DV�OHWWHUV��GLJLWV�
WKH�XQGHUVFRUH�� _ ���DQG�WKH�GROODU�VLJQ��$���ZLWK�WKH�H[FHSWLRQV�RI�WKH�£SDUHQWKHWLFDO¤
FKDUDFWHUV¢(��)��[��]��{��DQG�}¢DQG�WKH�£GHOLPLWHU¤�FKDUDFWHUV¢`��’��'��"��.��;��DQG�,�
6FDOD�DOORZV�WKH�RWKHU�FKDUDFWHUV�EHWZHHQ�?X����¡?X���)�WKDW�DUH�QRW�LQ�WKH�VHWV�MXVW
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VKRZQ��VXFK�DV�PDWKHPDWLFDO�V\PEROV�DQG�£RWKHU¤�V\PEROV��7KHVH�UHPDLQLQJ�FKDUDF�
WHUV�DUH�FDOOHG�RSHUDWRU�FKDUDFWHUV��DQG�WKH\�LQFOXGH�FKDUDFWHUV�VXFK�DV�/��<��HWF�

5HVHUYHG�ZRUGV�FDQ¦W�EH�XVHG
$V�LQ�PRVW�ODQJXDJHV��\RX�FDQ¦W�UHXVH�UHVHUYHG�ZRUGV�IRU�LGHQWLILHUV��:H�OLVWHG�WKH
UHVHUYHG�ZRUGV�LQ�£5HVHUYHG�:RUGV¤�RQ�SDJH�����5HFDOO�WKDW�VRPH�RI�WKHP�DUH
FRPELQDWLRQV�RI�RSHUDWRU�DQG�SXQFWXDWLRQ�FKDUDFWHUV��)RU�H[DPSOH��D�VLQJOH�XQ�
GHUVFRUH�� _ ��LV�D�UHVHUYHG�ZRUG�

3ODLQ�LGHQWLILHUV¢FRPELQDWLRQV�RI�OHWWHUV��GLJLWV��$��_��DQG�RSHUDWRUV
/LNH�-DYD�DQG�PDQ\�ODQJXDJHV��D�SODLQ�LGHQWLILHU�FDQ�EHJLQ�ZLWK�D�OHWWHU�RU�XQGHU�
VFRUH�� IROORZHG�E\�PRUH� OHWWHUV��GLJLWV��XQGHUVFRUHV��DQG�GROODU� VLJQV��8QLFRGH�
HTXLYDOHQW�FKDUDFWHUV�DUH�DOVR�DOORZHG��+RZHYHU��OLNH�-DYD��6FDOD�UHVHUYHV�WKH�GROODU
VLJQ� IRU� LQWHUQDO� XVH�� VR� \RX� VKRXOGQ¦W� XVH� LW� LQ� \RXU� RZQ� LGHQWLILHUV��$IWHU� DQ
XQGHUVFRUH��\RX�FDQ�KDYH�HLWKHU�OHWWHUV�DQG�GLJLWV�RU�D�VHTXHQFH�RI�RSHUDWRU�FKDU�
DFWHUV��7KH�XQGHUVFRUH�LV�LPSRUWDQW��,W�WHOOV�WKH�FRPSLOHU�WR�WUHDW�DOO�WKH�FKDUDFWHUV
XS�WR�WKH�QH[W�ZKLWHVSDFH�DV�SDUW�RI�WKH�LGHQWLILHU��)RU�H[DPSOH��val xyz_++= = 1
DVVLJQV�WKH�YDULDEOH�xyz_++=�WKH�YDOXH�1��ZKLOH�WKH�H[SUHVVLRQ�val xyz++= = 1�ZRQ¦W
FRPSLOH�EHFDXVH�WKH�£LGHQWLILHU¤�FRXOG�DOVR�EH�LQWHUSUHWHG�DV�xyz ++=��ZKLFK�ORRNV
OLNH�DQ�DWWHPSW�WR�DSSHQG�VRPHWKLQJ�WR�xyz��6LPLODUO\��LI�\RX�KDYH�RSHUDWRU�FKDU�
DFWHUV�DIWHU�WKH�XQGHUVFRUH��\RX�FDQ¦W�PL[�WKHP�ZLWK�OHWWHUV�DQG�GLJLWV��7KLV�UH�
VWULFWLRQ�SUHYHQWV�DPELJXRXV�H[SUHVVLRQV�OLNH�WKLV��abc_=123��,V�WKDW�DQ�LGHQWLILHU
abc_=123�RU�DQ�DVVLJQPHQW�RI�WKH�YDOXH�123�WR�abc_"

3ODLQ�LGHQWLILHUV¢RSHUDWRUV
,I�DQ�LGHQWLILHU�EHJLQV�ZLWK�DQ�RSHUDWRU�FKDUDFWHU��WKH�UHVW�RI�WKH�FKDUDFWHUV�PXVW
EH�RSHUDWRU�FKDUDFWHUV�

£%DFN�TXRWH¤�OLWHUDOV
$Q�LGHQWLILHU�FDQ�DOVR�EH�DQ�DUELWUDU\�VWULQJ��VXEMHFW�WR�SODWIRUP�OLPLWDWLRQV��EH�
WZHHQ�WZR�EDFN�TXRWH�FKDUDFWHUV��H�J���val ̀ this is a valid identifier` = "Hello

World!"��5HFDOO�WKDW�WKLV�V\QWD[�LV�DOVR�WKH�ZD\�WR�LQYRNH�D�PHWKRG�RQ�D�-DYD�RU��1(7
FODVV� ZKHQ� WKH� PHWKRG¦V� QDPH� LV� LGHQWLFDO� WR� D� 6FDOD� UHVHUYHG� ZRUG�� H�J��
java.net.Proxy.ÂtypeÂ()�

3DWWHUQ�PDWFKLQJ�LGHQWLILHUV
,Q� SDWWHUQ�PDWFKLQJ� H[SUHVVLRQV�� WRNHQV� WKDW� EHJLQ�ZLWK� D� ORZHUFDVH� OHWWHU� DUH
SDUVHG�DV�YDULDEOH�LGHQWLILHUV��ZKLOH�WRNHQV�WKDW�EHJLQ�ZLWK�DQ�XSSHUFDVH�OHWWHU�DUH
SDUVHG�DV�FRQVWDQW�LGHQWLILHUV��7KLV�UHVWULFWLRQ�SUHYHQWV�VRPH�DPELJXLWLHV�EHFDXVH
RI�WKH�YHU\�VXFFLQFW�YDULDEOH�V\QWD[�WKDW�LV�XVHG��H�J���QR�val�NH\ZRUG�LV�SUHVHQW�

Syntactic Sugar
2QFH�\RX�NQRZ�WKDW�DOO�RSHUDWRUV�DUH�PHWKRGV��LW¦V�HDVLHU�WR�UHDVRQ�DERXW�XQIDPLOLDU
6FDOD�FRGH��<RX�GRQ¦W�KDYH�WR�ZRUU\�DERXW�VSHFLDO�FDVHV�ZKHQ�\RX�VHH�QHZ�RSHUDWRUV�
:KHQ�ZRUNLQJ�ZLWK�$FWRUV�LQ�£$�7DVWH�RI�&RQFXUUHQF\¤�RQ�SDJH�����\RX�PD\�KDYH
QRWLFHG�WKDW�ZH�XVHG�DQ�H[FODPDWLRQ�SRLQW��!��WR�VHQG�D�PHVVDJH�WR�DQ�$FWRU��1RZ�\RX
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NQRZ�WKDW�WKH�!�LV�MXVW�DQRWKHU�PHWKRG��DV�DUH�WKH�RWKHU�KDQG\�VKRUWFXW�RSHUDWRUV�\RX
FDQ�XVH�WR�WDON�WR�$FWRUV��6LPLODUO\��6FDOD¦V�;0/�OLEUDU\�SURYLGHV�WKH�\�DQG�\\�RSHUDWRUV
WR�GLYH�LQWR�GRFXPHQW�VWUXFWXUHV��7KHVH�DUH�MXVW�PHWKRGV�RQ�WKH�scala.xml.NodeSeq
FODVV�

7KLV�IOH[LEOH�PHWKRG�QDPLQJ�JLYHV�\RX�WKH�SRZHU�WR�ZULWH�OLEUDULHV�WKDW�IHHO�OLNH�D�QDWXUDO
H[WHQVLRQ�RI�6FDOD�LWVHOI��<RX�FRXOG�ZULWH�D�QHZ�PDWK�OLEUDU\�ZLWK�QXPHULF�W\SHV�WKDW
DFFHSW�DOO�WKH�XVXDO�PDWKHPDWLFDO�RSHUDWRUV��OLNH�DGGLWLRQ�DQG�VXEWUDFWLRQ��<RX�FRXOG
ZULWH�D�QHZ�FRQFXUUHQW�PHVVDJLQJ�OD\HU�WKDW�EHKDYHV�MXVW�OLNH�$FWRUV��7KH�SRVVLELOLWLHV
DUH�FRQVWUDLQHG�RQO\�E\�6FDOD¦V�PHWKRG�QDPLQJ�OLPLWDWLRQV�

-XVW�EHFDXVH�\RX�FDQ�GRHVQ¦W�PHDQ�\RX�VKRXOG��:KHQ�GHVLJQLQJ�\RXU
RZQ�OLEUDULHV�DQG�$3,V�LQ�6FDOD��NHHS�LQ�PLQG�WKDW�REVFXUH�SXQFWXDWLRQDO
RSHUDWRUV�DUH�KDUG�IRU�SURJUDPPHUV�WR�UHPHPEHU��2YHUXVH�RI�WKHVH�FDQ
FRQWULEXWH�D�£OLQH�QRLVH¤�TXDOLW\�RI�XQUHDGDELOLW\�WR�\RXU�FRGH��6WLFN�WR
FRQYHQWLRQV�DQG�HUU�RQ�WKH�VLGH�RI�VSHOOLQJ�PHWKRG�QDPHV�RXW�ZKHQ�D
VKRUWFXW�GRHVQ¦W�FRPH�UHDGLO\�WR�PLQG�

Methods Without Parentheses and Dots
7R�IDFLOLWDWH�D�YDULHW\�RI�UHDGDEOH�SURJUDPPLQJ�VW\OHV��6FDOD�LV�IOH[LEOH�DERXW�WKH�XVH�RI
SDUHQWKHVHV�LQ�PHWKRGV��,I�D�PHWKRG�WDNHV�QR�SDUDPHWHUV��\RX�FDQ�GHILQH�LW�ZLWKRXW
SDUHQWKHVHV��&DOOHUV�PXVW�LQYRNH�WKH�PHWKRG�ZLWKRXW�SDUHQWKHVHV��,I�\RX�DGG�HPSW\
SDUHQWKHVHV�� WKHQ� FDOOHUV� PD\� RSWLRQDOO\� DGG� SDUHQWKHVHV�� )RU� H[DPSOH�� WKH� size
PHWKRG�IRU�List�KDV�QR�SDUHQWKHVHV��VR�\RX�ZULWH�List(1, 2, 3).size��,I�\RX�WU\�List(1,
2, 3).size()��\RX¦OO�JHW�DQ�HUURU��+RZHYHU��WKH�length�PHWKRG�IRU�java.lang.String
GRHV� KDYH� SDUHQWKHVHV� LQ� LWV� GHILQLWLRQ�� EXW� 6FDOD� OHWV� \RX� ZULWH� ERWK
"hello".length()�DQG�"hello".length�

7KH�FRQYHQWLRQ�LQ�WKH�6FDOD�FRPPXQLW\�LV�WR�RPLW�SDUHQWKHVHV�ZKHQ�FDOOLQJ�D�PHWKRG
WKDW�KDV�QR�VLGH�HIIHFWV��6R��DVNLQJ�IRU�WKH�VL]H�RI�D�VHTXHQFH�LV�ILQH�ZLWKRXW�SDUHQWKHVHV�
EXW�GHILQLQJ�D�PHWKRG�WKDW�WUDQVIRUPV�WKH�HOHPHQWV�LQ�WKH�VHTXHQFH�VKRXOG�EH�ZULWWHQ
ZLWK�SDUHQWKHVHV��7KLV�FRQYHQWLRQ�VLJQDOV�D�SRWHQWLDOO\�WULFN\�PHWKRG�IRU�XVHUV�RI�\RXU
FRGH�

,W¦V�DOVR�SRVVLEOH�WR�RPLW�WKH�GRW��SHULRG��ZKHQ�FDOOLQJ�D�SDUDPHWHUOHVV�PHWKRG�RU�RQH
WKDW� WDNHV�RQO\�RQH�DUJXPHQW��:LWK�WKLV� LQ�PLQG��RXU�List(1, 2, 3).size�H[DPSOH
FRXOG�EH�ZULWWHQ�DV�

// code-examples/Rounding/no-dot-script.scala

List(1, 2, 3) size

1HDW�� EXW� FRQIXVLQJ��:KHQ� GRHV� WKLV� V\QWDFWLFDO� IOH[LELOLW\� EHFRPH� XVHIXO"�:KHQ
FKDLQLQJ�PHWKRG�FDOOV�WRJHWKHU�LQWR�H[SUHVVLYH��VHOI�H[SODQDWRU\�£VHQWHQFHV¤�RI�FRGH�
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// code-examples/Rounding/no-dot-better-script.scala

def isEven(n: Int) = (n % 2) == 0

List(1, 2, 3, 4) filter isEven foreach println

$V�\RX�PLJKW�JXHVV��UXQQLQJ�WKLV�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

2
4

6FDOD¦V� OLEHUDO�DSSURDFK�WR�SDUHQWKHVHV�DQG�GRWV�RQ�PHWKRGV�SURYLGHV�RQH�EXLOGLQJ
EORFN�IRU�ZULWLQJ�'RPDLQ�6SHFLILF�/DQJXDJHV��:H¦OO�OHDUQ�PRUH�DERXW�WKHP�DIWHU�D�EULHI
GLVFXVVLRQ�RI�RSHUDWRU�SUHFHGHQFH�

Precedence Rules
6R��LI�DQ�H[SUHVVLRQ�OLNH�2.0 * 4.0 / 3.0 * 5.0�LV�DFWXDOO\�D�VHULHV�RI�PHWKRG�FDOOV�RQ
DoubleV��ZKDW�DUH�WKH�RSHUDWRU�SUHFHGHQFH�UXOHV"�+HUH�WKH\�DUH�LQ�RUGHU�IURP�ORZHVW�WR
KLJKHVW�SUHFHGHQFH��VHH�>6FDOD6SHF����@��

�� $OO�OHWWHUV

�� |

�� ^

�� &

�� < >

�� = !

�� :

�� + -

�� * / %

��� $OO�RWKHU�VSHFLDO�FKDUDFWHUV

&KDUDFWHUV�RQ�WKH�VDPH�OLQH�KDYH�WKH�VDPH�SUHFHGHQFH��$Q�H[FHSWLRQ�LV�=�ZKHQ�XVHG
IRU�DVVLJQPHQW��ZKHQ�LW�KDV�WKH�ORZHVW�SUHFHGHQFH�

6LQFH�
�DQG���KDYH�WKH�VDPH�SUHFHGHQFH��WKH�WZR�OLQHV�LQ�WKH�IROORZLQJ�scala�VHVVLRQ
EHKDYH�WKH�VDPH�

scala> 2.0 * 4.0 / 3.0 * 5.0
res2: Double = 13.333333333333332

scala> (((2.0 * 4.0) / 3.0) * 5.0)
res3: Double = 13.333333333333332

,Q�D�VHTXHQFH�RI�OHIW�DVVRFLDWLYH�PHWKRG�LQYRFDWLRQV��WKH\�VLPSO\�ELQG�LQ�OHIW�WR�ULJKW
RUGHU��£/HIW�DVVRFLDWLYH¤�\RX�VD\"�,Q�6FDOD��DQ\�PHWKRG�ZLWK�D�QDPH�WKDW�HQGV�ZLWK�D
FRORQ�:�DFWXDOO\�ELQGV�WR�WKH�ULJKW��ZKLOH�DOO�RWKHU�PHWKRGV�ELQG�WR�WKH�OHIW��)RU�H[DPSOH�
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\RX�FDQ�SUHSHQG�DQ�HOHPHQW�WR�D�List�XVLQJ�WKH�::�PHWKRG��FDOOHG�£FRQV�¤�VKRUW�IRU
£FRQVWUXFWRU¤��

scala> val list = List('b', 'c', 'd')
list: List[Char] = List(b, c, d)

scala> 'a' :: list
res4: List[Char] = List(a, b, c, d)

7KH�VHFRQG�H[SUHVVLRQ�LV�HTXLYDOHQW�WR�list.::(a)��,Q�D�VHTXHQFH�RI�ULJKW�DVVRFLDWLYH
PHWKRG�LQYRFDWLRQV��WKH\�ELQG�IURP�ULJKW�WR�OHIW��:KDW�DERXW�D�PL[WXUH�RI�OHIW�ELQGLQJ
DQG�ULJKW�ELQGLQJ�H[SUHVVLRQV"

scala> 'a' :: list ++ List('e', 'f')
res5: List[Char] = List(a, b, c, d, e, f)

�7KH�++�PHWKRG�DSSHQGV�WZR�OLVWV���,Q�WKLV�FDVH��list�LV�DGGHG�WR�WKH�List(e, f)��WKHQ
a�LV�SUHSHQGHG�WR�FUHDWH�WKH�ILQDO�OLVW��,W¦V�XVXDOO\�EHWWHU�WR�DGG�SDUHQWKHVHV�WR�UHPRYH
DQ\�SRWHQWLDO�XQFHUWDLQW\�

$Q\�PHWKRG�ZKRVH�QDPH�HQGV�ZLWK�D�:�ELQGV�WR�WKH�ULJKW��QRW�WKH�OHIW�

)LQDOO\��QRWH�WKDW�ZKHQ�\RX�XVH�WKH�scala�FRPPDQG��HLWKHU�LQWHUDFWLYHO\�RU�ZLWK�VFULSWV�
LW�PD\�DSSHDU�WKDW�\RX�FDQ�GHILQH�£JOREDO¤�YDULDEOHV�DQG�PHWKRGV�RXWVLGH�RI�W\SHV��7KLV
LV�DFWXDOO\�DQ�LOOXVLRQ��WKH�LQWHUSUHWHU�ZUDSV�DOO�GHILQLWLRQV�LQ�DQ�DQRQ\PRXV�W\SH�EHIRUH
JHQHUDWLQJ�-90�RU��1(7�&/5�E\WH�FRGH�

Domain-Specific Languages
'RPDLQ�6SHFLILF�/DQJXDJHV��RU�'6/V��SURYLGH�D�FRQYHQLHQW�V\QWDFWLFDO�PHDQV�IRU�H[�
SUHVVLQJ�JRDOV�LQ�D�JLYHQ�SUREOHP�GRPDLQ��)RU�H[DPSOH��64/�SURYLGHV�MXVW�HQRXJK�RI
D�SURJUDPPLQJ�ODQJXDJH�WR�KDQGOH�WKH�SUREOHPV�RI�ZRUNLQJ�ZLWK�GDWDEDVHV��PDNLQJ
LW�D�'RPDLQ�6SHFLILF�/DQJXDJH�

:KLOH�VRPH�'6/V�OLNH�64/�DUH�VHOI�FRQWDLQHG��LW¦V�EHFRPH�SRSXODU�WR�LPSOHPHQW�'6/V
DV�VXEVHWV�RI�IXOO�IOHGJHG�SURJUDPPLQJ�ODQJXDJHV��7KLV�DOORZV�SURJUDPPHUV�WR�OHYHUDJH
WKH�HQWLUHW\�RI�WKH�KRVW�ODQJXDJH�IRU�HGJH�FDVHV�WKDW�WKH�'6/�GRHV�QRW�FRYHU��DQG�VDYHV
WKH�ZRUN�RI�ZULWLQJ�OH[HUV��SDUVHUV��DQG�WKH�RWKHU�EXLOGLQJ�EORFNV�RI�D�ODQJXDJH�

6FDOD¦V�ULFK��IOH[LEOH�V\QWD[�PDNHV�ZULWLQJ�'6/V�D�EUHH]H��&RQVLGHU�WKLV�H[DPSOH�RI�D
VW\OH�RI�WHVW�ZULWLQJ�FDOOHG�%HKDYLRU�'ULYHQ�'HYHORSPHQW��VHH�>%''@��XVLQJ�WKH�6SHFV
OLEUDU\��VHH�£6SHFV¤�RQ�SDJH������

// code-examples/Rounding/specs-script.scala

"nerd finder" should {
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  "identify nerds from a List" in {
    val actors = List("Rick Moranis", "James Dean", "Woody Allen")
    val finder = new NerdFinder(actors)
    finder.findNerds mustEqual List("Rick Moranis", "Woody Allen")
  }
}

1RWLFH�KRZ�PXFK�WKLV�FRGH�UHDGV�OLNH�(QJOLVK��£7KLV�VKRXOG�WHVW�WKDW�LQ�WKH�IROORZLQJ
VFHQDULR�¤�£7KLV�YDOXH�PXVW�HTXDO� WKDW�YDOXH�¤�DQG�VR� IRUWK��7KLV�H[DPSOH�XVHV� WKH
VXSHUE�6SHFV�OLEUDU\��ZKLFK�HIIHFWLYHO\�SURYLGHV�D�'6/�IRU�WKH�%HKDYLRU�'ULYHQ�'HYHO�
RSPHQW�WHVWLQJ�DQG�HQJLQHHULQJ�PHWKRGRORJ\��%\�PDNLQJ�PD[LPXP�XVH�RI�6FDOD¦V�OLE�
HUDO�V\QWD[�DQG�ULFK�PHWKRGV��6SHFV�WHVW�VXLWHV�DUH�UHDGDEOH�HYHQ�E\�QRQ�GHYHORSHUV�

7KLV�LV�MXVW�D�WDVWH�RI�WKH�SRZHU�RI�'6/V�LQ�6FDOD��:H¦OO�VHH�RWKHU�H[DPSOHV�ODWHU�DQG
OHDUQ�KRZ�WR�ZULWH�RXU�RZQ�DV�ZH�JHW�PRUH�DGYDQFHG��VHH�&KDSWHU�����

Scala if Statements
(YHQ�WKH�PRVW�IDPLOLDU�ODQJXDJH�IHDWXUHV�DUH�VXSHUFKDUJHG�LQ�6FDOD��/HW¦V�KDYH�D�ORRN
DW�WKH�ORZO\�if�VWDWHPHQW��$V�LQ�PRVW�HYHU\�ODQJXDJH��6FDOD¦V�if�HYDOXDWHV�D�FRQGLWLRQDO
H[SUHVVLRQ��WKHQ�SURFHHGV�WR�D�EORFN�LI�WKH�UHVXOW�LV�true��RU�EUDQFKHV�WR�DQ�DOWHUQDWH
EORFN�LI�WKH�UHVXOW�LV�false��$�VLPSOH�H[DPSOH�

// code-examples/Rounding/if-script.scala

if (2 + 2 == 5) {
  println("Hello from 1984.")
} else if (2 + 2 == 3) {
    println("Hello from Remedial Math class?")
} else {
  println("Hello from a non-Orwellian future.")
}

:KDW¦V�GLIIHUHQW�LQ�6FDOD�LV�WKDW�if�DQG�DOPRVW�DOO�RWKHU�VWDWHPHQWV�DUH�DFWXDOO\�H[SUHV�
VLRQV�WKHPVHOYHV��6R��ZH�FDQ�DVVLJQ�WKH�UHVXOW�RI�DQ�if�H[SUHVVLRQ��DV�VKRZQ�KHUH�

// code-examples/Rounding/assigned-if-script.scala

val configFile = new java.io.File("~/.myapprc")

val configFilePath = if (configFile.exists()) {
  configFile.getAbsolutePath()
} else {
  configFile.createNewFile()
  configFile.getAbsolutePath()
}

1RWH�WKDW�if�VWDWHPHQWV�DUH�H[SUHVVLRQV��PHDQLQJ�WKH\�KDYH�YDOXHV��,Q�WKLV�H[DPSOH�
WKH�YDOXH�configFilePath� LV�WKH�UHVXOW�RI�DQ�if�H[SUHVVLRQ�WKDW�KDQGOHV�WKH�FDVH�RI�D
FRQILJXUDWLRQ�ILOH�QRW�H[LVWLQJ�LQWHUQDOO\��WKHQ�UHWXUQV�WKH�DEVROXWH�SDWK�WR�WKDW�ILOH��7KLV
YDOXH�FDQ�QRZ�EH�UHXVHG�WKURXJKRXW�DQ�DSSOLFDWLRQ��DQG�WKH�if�H[SUHVVLRQ�ZRQ¦W�EH
UHHYDOXDWHG�ZKHQ�WKH�YDOXH�LV�XVHG�
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%HFDXVH�if�VWDWHPHQWV�DUH�H[SUHVVLRQV�LQ�6FDOD��WKHUH�LV�QR�QHHG�IRU�WKH�VSHFLDO�FDVH
WHUQDU\�FRQGLWLRQDO�H[SUHVVLRQV�WKDW�H[LVW�LQ�&�GHULYHG�ODQJXDJHV��<RX�ZRQ¦W�VHH�x ?
doThis() : doThat()�LQ�6FDOD��6FDOD�SURYLGHV�D�PHFKDQLVP�WKDW¦V�MXVW�DV�SRZHUIXO�DQG
PRUH�UHDGDEOH�

:KDW� LI�ZH� RPLW� WKH� else� FODXVH� LQ� WKH� SUHYLRXV� H[DPSOH"�7\SLQJ� WKH� FRGH� LQ� WKH
scala�LQWHUSUHWHU�ZLOO�WHOO�XV�ZKDW�KDSSHQV�

scala> val configFile = new java.io.File("~/.myapprc")
configFile: java.io.File = ~/.myapprc

scala> val configFilePath = if (configFile.exists()) {
     |   configFile.getAbsolutePath()
     | }
configFilePath: Unit = ()

scala>

1RWH�WKDW�configFilePath�LV�QRZ�Unit���,W�ZDV�String�EHIRUH���7KH�W\SH�LQIHUHQFH�SLFNV
D�W\SH�WKDW�ZRUNV�IRU�DOO�RXWFRPHV�RI�WKH�if�H[SUHVVLRQ��Unit�LV�WKH�RQO\�SRVVLELOLW\��VLQFH
QR�YDOXH�LV�RQH�SRVVLEOH�RXWFRPH�

Scala for Comprehensions
$QRWKHU� IDPLOLDU�FRQWURO� VWUXFWXUH� WKDW¦V�SDUWLFXODUO\� IHDWXUH�ULFK� LQ�6FDOD� LV� WKH�for
ORRS��UHIHUUHG�WR�LQ�WKH�6FDOD�FRPPXQLW\�DV�D�for�FRPSUHKHQVLRQ�RU�for�H[SUHVVLRQ��7KLV
FRUQHU�RI�WKH�ODQJXDJH�GHVHUYHV�DW�OHDVW�RQH�IDQF\�QDPH��EHFDXVH�LW�FDQ�GR�VRPH�JUHDW
SDUW\�WULFNV�

$FWXDOO\��WKH�WHUP�comprehension�FRPHV�IURP�IXQFWLRQDO�SURJUDPPLQJ��,W�H[SUHVVHV�WKH
LGHD�WKDW�ZH�DUH�WUDYHUVLQJ�D�VHW�RI�VRPH�NLQG��£FRPSUHKHQGLQJ¤�ZKDW�ZH�ILQG��DQG
FRPSXWLQJ�VRPHWKLQJ�QHZ�IURP�LW�

A Dog-Simple Example
/HW¦V�VWDUW�ZLWK�D�EDVLF�for�H[SUHVVLRQ�

// code-examples/Rounding/basic-for-script.scala

val dogBreeds = List("Doberman", "Yorkshire Terrier", "Dachshund",
                     "Scottish Terrier", "Great Dane", "Portuguese Water Dog")

for (breed <- dogBreeds)
  println(breed)

$V�\RX�PLJKW�JXHVV��WKLV�FRGH�VD\V��£)RU�HYHU\�HOHPHQW�LQ�WKH�OLVW�dogBreeds��FUHDWH�D
WHPSRUDU\�YDULDEOH�FDOOHG�breed�ZLWK�WKH�YDOXH�RI�WKDW�HOHPHQW��WKHQ�SULQW�LW�¤�7KLQN�RI
WKH�<-�RSHUDWRU�DV�DQ�DUURZ�GLUHFWLQJ�HOHPHQWV�RI�D�FROOHFWLRQ��RQH�E\�RQH��WR�WKH�VFRSHG
YDULDEOH�E\�ZKLFK�ZH¦OO�UHIHU�WR�WKHP�LQVLGH�WKH�for�H[SUHVVLRQ��7KH�OHIW�DUURZ�RSHUDWRU
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LV�FDOOHG�D�JHQHUDWRU��VR�QDPHG�EHFDXVH�LW¦V�JHQHUDWLQJ�LQGLYLGXDO�YDOXHV�IURP�D�FROOHF�
WLRQ�IRU�XVH�LQ�DQ�H[SUHVVLRQ�

Filtering
:KDW�LI�ZH�ZDQW�WR�JHW�PRUH�JUDQXODU"�6FDOD¦V�for�H[SUHVVLRQV�DOORZ�IRU�ILOWHUV�WKDW�OHW
XV�VSHFLI\�ZKLFK�HOHPHQWV�RI�D�FROOHFWLRQ�ZH�ZDQW�WR�ZRUN�ZLWK��6R�WR�ILQG�DOO�WHUULHUV
LQ�RXU�OLVW�RI�GRJ�EUHHGV��ZH�FRXOG�PRGLI\�WKH�SUHYLRXV�H[DPSOH�WR�WKH�IROORZLQJ�

// code-examples/Rounding/filtered-for-script.scala

for (breed <- dogBreeds
  if breed.contains("Terrier")
) println(breed)

7R�DGG�PRUH�WKDQ�RQH�ILOWHU�WR�D�for�H[SUHVVLRQ��VHSDUDWH�WKH�ILOWHUV�ZLWK�VHPLFRORQV�

// code-examples/Rounding/double-filtered-for-script.scala

for (breed <- dogBreeds
  if breed.contains("Terrier");
  if !breed.startsWith("Yorkshire")
) println(breed)

<RX¦YH�QRZ�IRXQG�DOO�WKH�WHUULHUV�WKDW�GRQ¦W�KDLO�IURP�<RUNVKLUH��DQG�KRSHIXOO\�OHDUQHG
MXVW�KRZ�XVHIXO�ILOWHUV�FDQ�EH�LQ�WKH�SURFHVV�

Yielding
:KDW� LI�� UDWKHU� WKDQ�SULQWLQJ� \RXU� ILOWHUHG� FROOHFWLRQ�� \RX�QHHGHG� WR�KDQG� LW� RII� WR
DQRWKHU�SDUW�RI�\RXU�SURJUDP"�7KH�yield�NH\ZRUG� LV�\RXU�WLFNHW� WR�JHQHUDWLQJ�QHZ
FROOHFWLRQV�ZLWK�for�H[SUHVVLRQV��,Q�WKH�IROORZLQJ�H[DPSOH��QRWH�WKDW�ZH¦UH�ZUDSSLQJ
XS�WKH�for�H[SUHVVLRQ�LQ�FXUO\�EUDFHV��DV�ZH�ZRXOG�ZKHQ�GHILQLQJ�DQ\�EORFN�

// code-examples/Rounding/yielding-for-script.scala

val filteredBreeds = for {
  breed <- dogBreeds
  if breed.contains("Terrier")
  if !breed.startsWith("Yorkshire")
} yield breed

for�H[SUHVVLRQV�PD\�EH�GHILQHG�ZLWK�SDUHQWKHVHV�RU�FXUO\�EUDFHV��EXW
XVLQJ�FXUO\�EUDFHV�PHDQV�\RX�GRQ¦W�KDYH�WR�VHSDUDWH�\RXU�ILOWHUV�ZLWK
VHPLFRORQV��0RVW�RI�WKH�WLPH��\RX¦OO�SUHIHU�XVLQJ�FXUO\�EUDFHV�ZKHQ�\RX
KDYH�PRUH�WKDQ�RQH�ILOWHU��DVVLJQPHQW��HWF�

(YHU\�WLPH�WKURXJK�WKH�for�H[SUHVVLRQ��WKH�ILOWHUHG�UHVXOW�LV�\LHOGHG�DV�D�YDOXH�QDPHG
breed��7KHVH�UHVXOWV�DFFXPXODWH�ZLWK�HYHU\�UXQ��DQG�WKH�UHVXOWLQJ�FROOHFWLRQ�LV�DVVLJQHG
WR� WKH�YDOXH�filteredBreeds� �DV�ZH�GLG�ZLWK�if� VWDWHPHQWV�HDUOLHU���7KH� W\SH�RI� WKH
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FROOHFWLRQ�UHVXOWLQJ�IURP�D�for-yield�H[SUHVVLRQ�LV�LQIHUUHG�IURP�WKH�W\SH�RI�WKH�FROOHF�
WLRQ�EHLQJ�LWHUDWHG�RYHU��,Q�WKLV�FDVH��filteredBreeds�LV�RI�W\SH�List[String]��VLQFH�LW�LV
D�VXEVHW�RI�WKH�dogBreeds�OLVW��ZKLFK�LV�DOVR�RI�W\SH�List[String]�

Expanded Scope
2QH�ILQDO�XVHIXO�IHDWXUH�RI�6FDOD¦V�for�FRPSUHKHQVLRQV�LV�WKH�DELOLW\�WR�GHILQH�YDULDEOHV
LQVLGH�WKH�ILUVW�SDUW�RI�\RXU�for�H[SUHVVLRQV�WKDW�FDQ�EH�XVHG�LQ�WKH�ODWWHU�SDUW��7KLV�LV
EHVW�LOOXVWUDWHG�ZLWK�DQ�H[DPSOH�

// code-examples/Rounding/scoped-for-script.scala

for {
  breed <- dogBreeds
  upcasedBreed = breed.toUpperCase()
} println(upcasedBreed)

1RWH�WKDW�ZLWKRXW�GHFODULQJ�upcasedBreed�DV�D�val��\RX�FDQ�UHXVH�LW�ZLWKLQ�WKH�ERG\�RI
\RXU�for�H[SUHVVLRQ��7KLV�DSSURDFK�LV�LGHDO�IRU�WUDQVIRUPLQJ�HOHPHQWV�LQ�D�FROOHFWLRQ
DV�\RX�ORRS�WKURXJK�WKHP�

)LQDOO\�� LQ� £2SWLRQV� DQG� IRU� &RPSUHKHQVLRQV¤� RQ� SDJH� ����� ZH¦OO� VHH� KRZ� XVLQJ
Options�ZLWK�for�FRPSUHKHQVLRQV�FDQ�JUHDWO\�UHGXFH�FRGH�VL]H�E\�HOLPLQDWLQJ�XQQHF�
HVVDU\�£QXOO¤�DQG�£PLVVLQJ¤�FKHFNV�

Other Looping Constructs
6FDOD�SURYLGHV�VHYHUDO�RWKHU�ORRSLQJ�FRQVWUXFWV�

Scala while Loops
)DPLOLDU�LQ�PDQ\�ODQJXDJHV��WKH�while�ORRS�H[HFXWHV�D�EORFN�RI�FRGH�DV�ORQJ�DV�D�FRQ�
GLWLRQ�LV�WUXH��)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�SULQWV�RXW�D�FRPSODLQW�RQFH�D�GD\�XQWLO
WKH�QH[W�)ULGD\�WKH���WK�KDV�DUULYHG�

// code-examples/Rounding/while-script.scala
// WARNING: This script runs for a LOOOONG time!

import java.util.Calendar

def isFridayThirteen(cal: Calendar): Boolean = {
  val dayOfWeek = cal.get(Calendar.DAY_OF_WEEK)
  val dayOfMonth = cal.get(Calendar.DAY_OF_MONTH)

  // Scala returns the result of the last expression in a method
  (dayOfWeek == Calendar.FRIDAY) && (dayOfMonth == 13)
}

while (!isFridayThirteen(Calendar.getInstance())) {
  println("Today isn't Friday the 13th. Lame.")
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  // sleep for a day
  Thread.sleep(86400000)
}

7DEOH�����ODWHU�LQ�WKLV�FKDSWHU�VKRZV�WKH�FRQGLWLRQDO�RSHUDWRUV�WKDW�ZRUN�LQ�while�ORRSV�

Scala do-while Loops
/LNH�WKH�while�ORRS��D�do-while�ORRS�H[HFXWHV�VRPH�FRGH�ZKLOH�D�FRQGLWLRQDO�H[SUHVVLRQ
LV�WUXH��7KH�RQO\�GLIIHUHQFH�WKDW�D�do-while�FKHFNV�WR�VHH�LI�WKH�FRQGLWLRQ�LV�WUXH�DIWHU
UXQQLQJ�WKH�EORFN��7R�FRXQW�XS�WR�����ZH�FRXOG�ZULWH�WKLV�

// code-examples/Rounding/do-while-script.scala

var count = 0

do {
  count += 1
  println(count)
} while (count < 10)

$V�LW�WXUQV�RXW��WKHUH¦V�D�PRUH�HOHJDQW�ZD\�WR�ORRS�WKURXJK�FROOHFWLRQV�LQ�6FDOD��DV�ZH¦OO
VHH�LQ�WKH�QH[W�VHFWLRQ�

Generator Expressions
5HPHPEHU�WKH�DUURZ�RSHUDWRU��<-��IURP�WKH�GLVFXVVLRQ�DERXW�for�ORRSV"�:H�FDQ�SXW
LW�WR�ZRUN�KHUH��WRR��/HW¦V�FOHDQ�XS�WKH�do-while�H[DPSOH�MXVW�VKRZQ�

// code-examples/Rounding/generator-script.scala

for (i <- 1 to 10) println(i)

<XS�� WKDW¦V� DOO� WKDW¦V� QHFHVVDU\�� 7KLV� FOHDQ� RQH�OLQHU� LV� SRVVLEOH� EHFDXVH� RI� 6FDOD¦V
RichInt�FODVV��$Q�LPSOLFLW�FRQYHUVLRQ�LV�LQYRNHG�E\�WKH�FRPSLOHU�WR�FRQYHUW�WKH�1��DQ
Int�� LQWR� D� RichInt�� �:H¦OO� GLVFXVV� WKHVH� FRQYHUVLRQV� LQ� £7KH� 6FDOD� 7\SH� +LHUDU�
FK\¤�RQ�SDJH�����DQG�LQ�£,PSOLFLW�&RQYHUVLRQV¤�RQ�SDJH�������RichInt�GHILQHV�D�to
PHWKRG�WKDW�WDNHV�DQRWKHU�LQWHJHU�DQG�UHWXUQV�DQ�LQVWDQFH�RI�Range.Inclusive��7KDW�LV�
Inclusive� LV�D�QHVWHG�FODVV� LQ� WKH�Range�FRPSDQLRQ�REMHFW� �D�FRQFHSW�ZH� LQWURGXFHG
EULHIO\�LQ�&KDSWHU����VHH�&KDSWHU���IRU�GHWDLOV���7KLV�VXEFODVV�RI�WKH�FODVV�Range�LQKHULWV
D�QXPEHU�RI�PHWKRGV�IRU�ZRUNLQJ�ZLWK�VHTXHQFHV�DQG�LWHUDEOH�GDWD�VWUXFWXUHV��LQFOXGLQJ
WKRVH�QHFHVVDU\�WR�XVH�LW�LQ�D�for�ORRS�

%\�WKH�ZD\��LI�\RX�ZDQWHG�WR�FRXQW�IURP���XS�WR�EXW�QRW�LQFOXGLQJ�����\RX�FRXOG�XVH
until�LQVWHDG�RI�to��)RU�H[DPSOH��for (i <- 0 until 10)�

7KLV�VKRXOG�SDLQW�D�FOHDUHU�SLFWXUH�RI�KRZ�6FDOD¦V�LQWHUQDO�OLEUDULHV�FRPSRVH�WR�IRUP
HDV\�WR�XVH�ODQJXDJH�FRQVWUXFWV�
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:KHQ�ZRUNLQJ�ZLWK�ORRSV�LQ�PRVW�ODQJXDJHV��\RX�FDQ�break�RXW�RI�D
ORRS�RU�continue�WKH�LWHUDWLRQV��6FDOD�GRHVQ¦W�KDYH�HLWKHU�RI�WKHVH�VWDWH�
PHQWV��EXW�ZKHQ�ZULWLQJ�LGLRPDWLF�6FDOD�FRGH��WKH\¦UH�QRW�QHFHVVDU\�
8VH�FRQGLWLRQDO�H[SUHVVLRQV�WR�WHVW�LI�D�ORRS�VKRXOG�FRQWLQXH��RU�PDNH
XVH�RI�UHFXUVLRQ��%HWWHU�\HW��ILOWHU�\RXU�FROOHFWLRQV�DKHDG�RI�WLPH�WR�HOLP�
LQDWH�FRPSOH[�FRQGLWLRQV�ZLWKLQ�\RXU�ORRSV��+RZHYHU��EHFDXVH�RI�GH�
PDQG�IRU�LW��6FDOD�YHUVLRQ�����LQFOXGHV�VXSSRUW�IRU�break��LPSOHPHQWHG
DV�D�OLEUDU\�PHWKRG��UDWKHU�WKDQ�D�EXLOW�LQ�break�NH\ZRUG�

Conditional Operators
6FDOD�ERUURZV�PRVW�RI�WKH�FRQGLWLRQDO�RSHUDWRUV�IURP�-DYD�DQG�LWV�SUHGHFHVVRUV��<RX¦OO
ILQG�WKH�RQHV�OLVWHG�LQ�7DEOH�����LQ�if�VWDWHPHQWV��while� ORRSV��DQG�HYHU\ZKHUH�HOVH
FRQGLWLRQV�DSSO\�

7DEOH������&RQGLWLRQDO�RSHUDWRUV

Operator Operation Description

&& and The values on the left and right of the operator are true. The righthand side is only evaluated

if the lefthand side is true.

|| or At least one of the values on the left or right is true. The righthand side is only evaluated if the

lefthand side is false.

> greater than The value on the left is greater than the value on the right.

>= greater than or

equals

The value on the left is greater than or equal to the value on the right.

< less than The value on the left is less than the value on the right.

<= less than or

equals

The value on the left is less than or equal to the value on the right.

== equals The value on the left is the same as the value on the right.

!= not equal The value on the left is not the same as the value on the right.

1RWH�WKDW�&&�DQG�||�DUH�£VKRUW�FLUFXLWLQJ¤�RSHUDWRUV��7KH\�VWRS�HYDOXDWLQJ�H[SUHVVLRQV
DV�VRRQ�DV�WKH�DQVZHU�LV�NQRZQ�

:H¦OO�GLVFXVV�REMHFW�HTXDOLW\�LQ�PRUH�GHWDLO�LQ�£(TXDOLW\�RI�2EMHFWV¤�RQ�SDJH������)RU
H[DPSOH��ZH¦OO�VHH�WKDW�==�KDV�D�GLIIHUHQW�PHDQLQJ�LQ�6FDOD�YHUVXV�-DYD��2WKHUZLVH��WKHVH
RSHUDWRUV�VKRXOG�DOO�EH�IDPLOLDU��VR�OHW¦V�PRYH�RQ�WR�VRPHWKLQJ�QHZ�DQG�H[FLWLQJ�

Pattern Matching
$Q�LGHD�ERUURZHG�IURP�IXQFWLRQDO�ODQJXDJHV��SDWWHUQ�PDWFKLQJ�LV�D�SRZHUIXO�\HW�FRQFLVH
ZD\�WR�PDNH�D�SURJUDPPDWLF�FKRLFH�EHWZHHQ�PXOWLSOH�FRQGLWLRQV��3DWWHUQ�PDWFKLQJ�LV
WKH�IDPLOLDU�case�VWDWHPHQW�IURP�\RXU�IDYRULWH�&�OLNH�ODQJXDJH��EXW�RQ�VWHURLGV��,Q�WKH
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W\SLFDO�case�VWDWHPHQW�\RX¦UH�OLPLWHG�WR�PDWFKLQJ�DJDLQVW�YDOXHV�RI�RUGLQDO�W\SHV��\LHOG�
LQJ�WULYLDO�H[SUHVVLRQV�OLNH�WKLV��£,Q�WKH�FDVH�WKDW�i�LV����SULQW�D�PHVVDJH��LQ�WKH�FDVH�WKDW
i�LV����H[LW�WKH�SURJUDP�¤�:LWK�6FDOD¦V�SDWWHUQ�PDWFKLQJ��\RXU�FDVHV�FDQ�LQFOXGH�W\SHV�
ZLOGFDUGV��VHTXHQFHV��UHJXODU�H[SUHVVLRQV��DQG�HYHQ�GHHS� LQVSHFWLRQV�RI�DQ�REMHFW¦V
YDULDEOHV�

A Simple Match
7R�EHJLQ�ZLWK��OHW¦V�VLPXODWH�IOLSSLQJ�D�FRLQ�E\�PDWFKLQJ�WKH�YDOXH�RI�D�ERROHDQ�

// code-examples/Rounding/match-boolean-script.scala

val bools = List(true, false)

for (bool <- bools) {
  bool match {
    case true => println("heads")
    case false => println("tails")
    case _ => println("something other than heads or tails (yikes!)")
  }
}

,W�ORRNV�MXVW�OLNH�D�&�VW\OH�case�VWDWHPHQW��ULJKW"�7KH�RQO\�GLIIHUHQFH�LV�WKH�ODVW�case�ZLWK
WKH�XQGHUVFRUH�� _ ��ZLOGFDUG��,W�PDWFKHV�DQ\WKLQJ�QRW�GHILQHG�LQ�WKH�FDVHV�DERYH�LW��VR
LW�VHUYHV�WKH�VDPH�SXUSRVH�DV�WKH�default�NH\ZRUG�LQ�-DYD�DQG�&��switch�VWDWHPHQWV�

3DWWHUQ�PDWFKLQJ�LV�HDJHU��WKH�ILUVW�PDWFK�ZLQV��6R��LI�\RX�WU\�WR�SXW�D�case _�FODXVH
EHIRUH�DQ\�RWKHU�case�FODXVHV��WKH�FRPSLOHU�ZLOO�WKURZ�DQ�£XQUHDFKDEOH�FRGH¤�HUURU�RQ
WKH�QH[W�FODXVH��EHFDXVH�QRWKLQJ�ZLOO�JHW�SDVW�WKH�GHIDXOW�FODXVH�

8VH�case _�IRU�WKH�GHIDXOW��£FDWFK�DOO¤�PDWFK�

:KDW�LI�ZH�ZDQW�WR�ZRUN�ZLWK�PDWFKHV�DV�YDULDEOHV"

Variables in Matches
,Q� WKH� IROORZLQJ� H[DPSOH�� ZH� DVVLJQ� WKH� ZLOGFDUG� FDVH� WR� D� YDULDEOH� FDOOHG� other
Number��WKHQ�SULQW�LW�LQ�WKH�VXEVHTXHQW�H[SUHVVLRQ��,I�ZH�JHQHUDWH�D����ZH¦OO�H[WRO�WKDW
QXPEHU¦V�YLUWXHV��2WKHUZLVH��ZH¦OO�FXUVH�IDWH�IRU�PDNLQJ�XV�VXIIHU�DQ�XQOXFN\�QXPEHU�

// code-examples/Rounding/match-variable-script.scala

import scala.util.Random

val randomInt = new Random().nextInt(10)

randomInt match {
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  case 7 => println("lucky seven!")
  case otherNumber => println("boo, got boring ol' " + otherNumber)
}

Matching on Type
7KHVH�VLPSOH�H[DPSOHV�GRQ¦W�HYHQ�EHJLQ�WR�VFUDWFK�WKH�VXUIDFH�RI�6FDOD¦V�SDWWHUQ�PDWFK�
LQJ�IHDWXUHV��/HW¦V�WU\�PDWFKLQJ�EDVHG�RQ�W\SH�

// code-examples/Rounding/match-type-script.scala

val sundries = List(23, "Hello", 8.5, 'q')

for (sundry <- sundries) {
  sundry match {
    case i: Int => println("got an Integer: " + i)
    case s: String => println("got a String: " + s)
    case f: Double => println("got a Double: " + f)
    case other => println("got something else: " + other)
  }
}

+HUH�ZH�SXOO�HDFK�HOHPHQW�RXW�RI�D�List�RI�Any�W\SH�RI�HOHPHQW��LQ�WKLV�FDVH�FRQWDLQLQJ
D�String��D�Double��DQ�Int��DQG�D�Char��)RU�WKH�ILUVW�WKUHH�RI�WKRVH�W\SHV��ZH�OHW�WKH�XVHU
NQRZ�VSHFLILFDOO\�ZKLFK�W\SH�ZH�JRW�DQG�ZKDW�WKH�YDOXH�ZDV��:KHQ�ZH�JHW�VRPHWKLQJ
HOVH��WKH�Char���ZH�MXVW�OHW�WKH�XVHU�NQRZ�WKH�YDOXH��:H�FRXOG�DGG�IXUWKHU�HOHPHQWV�WR
WKH�OLVW�RI�RWKHU�W\SHV�DQG�WKH\¦G�EH�FDXJKW�E\�WKH�other�ZLOGFDUG�FDVH�

Matching on Sequences
6LQFH�ZRUNLQJ�LQ�6FDOD�RIWHQ�PHDQV�ZRUNLQJ�ZLWK�VHTXHQFHV��ZRXOGQ¦W�LW�EH�KDQG\�WR
EH�DEOH� WR�PDWFK�DJDLQVW� WKH� OHQJWK�DQG�FRQWHQWV�RI� OLVWV�DQG�DUUD\V"�7KH�IROORZLQJ
H[DPSOH�GRHV�MXVW�WKDW��WHVWLQJ�WZR�OLVWV�WR�VHH�LI�WKH\�FRQWDLQ�IRXU�HOHPHQWV��WKH�VHFRQG
RI�ZKLFK�LV�WKH�LQWHJHU�3�

// code-examples/Rounding/match-seq-script.scala

val willWork = List(1, 3, 23, 90)
val willNotWork = List(4, 18, 52)
val empty = List()

for (l <- List(willWork, willNotWork, empty)) {
  l match {
    case List(_, 3, _, _) => println("Four elements, with the 2nd being '3'.")
    case List(_*) => println("Any other list with 0 or more elements.")
  }
}

,Q�WKH�VHFRQG�case�ZH¦YH�XVHG�D�VSHFLDO�ZLOGFDUG�SDWWHUQ�WR�PDWFK�D�List�RI�DQ\�VL]H�
HYHQ�]HUR�HOHPHQWV��DQG�DQ\�HOHPHQW�YDOXHV��<RX�FDQ�XVH�WKLV�SDWWHUQ�DW�WKH�HQG�RI�DQ\
VHTXHQFH�PDWFK�WR�UHPRYH�OHQJWK�DV�D�FRQGLWLRQ�
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5HFDOO�WKDW�ZH�PHQWLRQHG�WKH�£FRQV¤�PHWKRG�IRU�List��::��7KH�H[SUHVVLRQ�a :: list
SUHSHQGV�a�WR�D�OLVW��<RX�FDQ�DOVR�XVH�WKLV�RSHUDWRU�WR�H[WUDFW�WKH�KHDG�DQG�WDLO�RI�D�OLVW�

// code-examples/Rounding/match-list-script.scala

val willWork = List(1, 3, 23, 90)
val willNotWork = List(4, 18, 52)
val empty = List()

def processList(l: List[Any]): Unit = l match {
  case head :: tail =>
    format("%s ", head)
    processList(tail)
  case Nil => println("")
}

for (l <- List(willWork, willNotWork, empty)) {
  print("List: ")
  processList(l)
}

7KH�processList�PHWKRG�PDWFKHV�RQ�WKH�List�DUJXPHQW�O��,W�PD\�ORRN�VWUDQJH�WR�VWDUW
WKH�PHWKRG�GHILQLWLRQ�OLNH�WKH�IROORZLQJ�

def processList(l: List[Any]): Unit = l match {
  ...
}

+RSHIXOO\�KLGLQJ�WKH�GHWDLOV�ZLWK�WKH�HOOLSVLV�PDNHV�WKH�PHDQLQJ�D�OLWWOH�FOHDUHU��7KH
processList�PHWKRG�LV�DFWXDOO\�RQH�VWDWHPHQW�WKDW�FURVVHV�VHYHUDO�OLQHV�

,W�ILUVW�PDWFKHV�RQ�head :: tail��ZKHUH�head�ZLOO�EH�DVVLJQHG�WKH�ILUVW�HOHPHQW�LQ�WKH
OLVW�DQG�tail�ZLOO�EH�DVVLJQHG�WKH�UHVW�RI�WKH�OLVW��7KDW�LV��ZH¦UH�H[WUDFWLQJ�WKH�KHDG�DQG
WDLO�IURP�WKH�OLVW�XVLQJ�::��:KHQ�WKLV�FDVH�PDWFKHV��LW�SULQWV�WKH�head�DQG�FDOOV�process
List�UHFXUVLYHO\�WR�SURFHVV�WKH�WDLO�

7KH�VHFRQG�FDVH�PDWFKHV�WKH�HPSW\�OLVW��Nil��,W�SULQWV�DQ�HQG�RI�OLQH�DQG�WHUPLQDWHV�WKH
UHFXUVLRQ�

Matching on Tuples (and Guards)
$OWHUQDWHO\��LI�ZH�MXVW�ZDQWHG�WR�WHVW�WKDW�ZH�KDYH�D�WXSOH�RI�WZR�LWHPV��ZH�FRXOG�GR�D
WXSOH�PDWFK�

// code-examples/Rounding/match-tuple-script.scala

val tupA = ("Good", "Morning!")
val tupB = ("Guten", "Tag!")

for (tup <- List(tupA, tupB)) {
  tup match {
    case (thingOne, thingTwo) if thingOne == "Good" =>
        println("A two-tuple starting with 'Good'.")
    case (thingOne, thingTwo) =>
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        println("This has two things: " + thingOne + " and " + thingTwo)
  }
}

,Q�WKH�VHFRQG�case�LQ�WKLV�H[DPSOH��ZH¦YH�H[WUDFWHG�WKH�YDOXHV�LQVLGH�WKH�WXSOH�WR�VFRSHG
YDULDEOHV��WKHQ�UHXVHG�WKHVH�YDULDEOHV�LQ�WKH�UHVXOWLQJ�H[SUHVVLRQ�

,Q�WKH�ILUVW�FDVH�ZH¦YH�DGGHG�D�QHZ�FRQFHSW��JXDUGV��7KH�if�FRQGLWLRQ�DIWHU�WKH�WXSOH�LV
D�JXDUG��7KH�JXDUG�LV�HYDOXDWHG�ZKHQ�PDWFKLQJ��EXW�RQO\�H[WUDFWLQJ�DQ\�YDULDEOHV�LQ
WKH�SUHFHGLQJ�SDUW�RI�WKH�FDVH��*XDUGV�SURYLGH�DGGLWLRQDO�JUDQXODULW\�ZKHQ�FRQVWUXFWLQJ
FDVHV��,Q�WKLV�H[DPSOH��WKH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�WZR�SDWWHUQV�LV�WKH�JXDUG�H[�
SUHVVLRQ��EXW�WKDW¦V�HQRXJK�IRU�WKH�FRPSLOHU�WR�GLIIHUHQWLDWH�WKHP�

5HFDOO�WKDW�WKH�FDVHV�LQ�D�SDWWHUQ�PDWFK�DUH�HYDOXDWHG�LQ�RUGHU��)RU�H[�
DPSOH��LI�\RXU�ILUVW�FDVH�LV�EURDGHU�WKDQ�\RXU�VHFRQG�FDVH��WKH�VHFRQG
FDVH�ZLOO�QHYHU�EH�UHDFKHG�� �8QUHDFKDEOH�FDVHV�ZLOO�FDXVH�D�FRPSLOHU
HUURU���<RX�PD\�LQFOXGH�D�£GHIDXOW¤�FDVH�DW�WKH�HQG�RI�D�SDWWHUQ�PDWFK�
HLWKHU�XVLQJ�WKH�XQGHUVFRUH�ZLOGFDUG�FKDUDFWHU�RU�D�PHDQLQJIXOO\�QDPHG
YDULDEOH��:KHQ�XVLQJ�D�YDULDEOH�� LW�VKRXOG�KDYH�QR�H[SOLFLW� W\SH�RU� LW
VKRXOG�EH�GHFODUHG�DV�Any��VR�LW�FDQ�PDWFK�DQ\WKLQJ��2Q�WKH�RWKHU�KDQG�
WU\�WR�GHVLJQ�\RXU�FRGH�WR�DYRLG�D�FDWFK�DOO�FODXVH�E\�HQVXULQJ�LW�RQO\
UHFHLYHV�VSHFLILF�LWHPV�WKDW�DUH�H[SHFWHG�

Matching on Case Classes
/HW¦V�WU\�D�GHHS�PDWFK��H[DPLQLQJ�WKH�FRQWHQWV�RI�REMHFWV�LQ�RXU�SDWWHUQ�PDWFK�

// code-examples/Rounding/match-deep-script.scala

case class Person(name: String, age: Int)

val alice = new Person("Alice", 25)
val bob = new Person("Bob", 32)
val charlie = new Person("Charlie", 32)

for (person <- List(alice, bob, charlie)) {
  person match {
    case Person("Alice", 25) => println("Hi Alice!")
    case Person("Bob", 32) => println("Hi Bob!")
    case Person(name, age) =>
      println("Who are you, " + age + " year-old person named " + name + "?")
  }
}

3RRU�&KDUOLH�JHWV�WKH�FROG�VKRXOGHU��DV�ZH�FDQ�VHH�LQ�WKH�RXWSXW�

Hi Alice!
Hi Bob!
Who are you, 32 year-old person named Charlie?
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:H�ILUVW�GHILQH�D�FDVH�FODVV��D�VSHFLDO�W\SH�RI�FODVV�WKDW�ZH¦OO�OHDUQ�PRUH�DERXW�LQ�£&DVH
&ODVVHV¤�RQ�SDJH������)RU�QRZ��LW�ZLOO�VXIILFH�WR�VD\�WKDW�D�FDVH�FODVV�DOORZV�IRU�YHU\
WHUVH�FRQVWUXFWLRQ�RI�VLPSOH�REMHFWV�ZLWK�VRPH�SUHGHILQHG�PHWKRGV��2XU�SDWWHUQ�PDWFK
WKHQ�ORRNV�IRU�$OLFH�DQG�%RE�E\�LQVSHFWLQJ�WKH�YDOXHV�SDVVHG�WR�WKH�FRQVWUXFWRU�RI�WKH
Person�FDVH�FODVV��&KDUOLH�IDOOV�WKURXJK�WR�WKH�FDWFK�DOO�FDVH��HYHQ�WKRXJK�KH�KDV�WKH
VDPH�age�YDOXH�DV�%RE��ZH¦UH�PDWFKLQJ�RQ�WKH�name�SURSHUW\�DV�ZHOO�

7KLV�W\SH�RI�SDWWHUQ�PDWFK�EHFRPHV�H[WUHPHO\�XVHIXO�ZKHQ�ZRUNLQJ�ZLWK�$FWRUV��DV
ZH¦OO� VHH� ODWHU�RQ��&DVH�FODVVHV�DUH� IUHTXHQWO\�VHQW� WR�$FWRUV�DV�PHVVDJHV��DQG�GHHS
SDWWHUQ�PDWFKLQJ�RQ�DQ�REMHFW¦V�FRQWHQWV�LV�D�FRQYHQLHQW�ZD\�WR�£SDUVH¤�WKRVH�PHVVDJHV�

Matching on Regular Expressions
5HJXODU�H[SUHVVLRQV�DUH�FRQYHQLHQW�IRU�H[WUDFWLQJ�GDWD�IURP�VWULQJV�WKDW�KDYH�DQ�LQIRU�
PDO�VWUXFWXUH��EXW�DUH�QRW�£VWUXFWXUHG�GDWD¤��WKDW�LV��LQ�D�IRUPDW�OLNH�;0/�RU�-621��IRU
H[DPSOH���&RPPRQO\�UHIHUUHG�WR�DV�UHJH[HV��UHJXODU�H[SUHVVLRQV�DUH�D�IHDWXUH�RI�QHDUO\
DOO�PRGHUQ�SURJUDPPLQJ�ODQJXDJHV��7KH\�SURYLGH�D�WHUVH�V\QWD[�IRU�VSHFLI\LQJ�FRPSOH[
PDWFKHV��RQH� WKDW� LV� W\SLFDOO\� WUDQVODWHG� LQWR�D�VWDWH�PDFKLQH�EHKLQG�WKH�VFHQHV� IRU
RSWLPXP�SHUIRUPDQFH�

5HJH[HV�LQ�6FDOD�VKRXOG�FRQWDLQ�QR�VXUSULVHV�LI�\RX¦YH�XVHG�WKHP�LQ�RWKHU�SURJUDPPLQJ
ODQJXDJHV��/HW¦V�VHH�DQ�H[DPSOH�

// code-examples/Rounding/match-regex-script.scala

val BookExtractorRE = """Book: title=([^,]+),\s+authors=(.+)""".r
val MagazineExtractorRE = """Magazine: title=([^,]+),\s+issue=(.+)""".r

val catalog = List(
  "Book: title=Programming Scala, authors=Dean Wampler, Alex Payne",
  "Magazine: title=The New Yorker, issue=January 2009",
  "Book: title=War and Peace, authors=Leo Tolstoy",
  "Magazine: title=The Atlantic, issue=February 2009",
  "BadData: text=Who put this here??"
)

for (item <- catalog) {
  item match {
    case BookExtractorRE(title, authors) =>
      println("Book \"" + title + "\", written by " + authors)
    case MagazineExtractorRE(title, issue) =>
      println("Magazine \"" + title + "\", issue " + issue)
    case entry => println("Unrecognized entry: " + entry)
  }
}

:H�VWDUW�ZLWK�WZR�UHJXODU�H[SUHVVLRQV��RQH�IRU�UHFRUGV�RI�ERRNV�DQG�DQRWKHU�IRU�UHFRUGV
RI�PDJD]LQHV��&DOOLQJ�.r�RQ�D�VWULQJ�WXUQV�LW�LQWR�D�UHJXODU�H[SUHVVLRQ��ZH�XVH�UDZ��WULSOH�
TXRWHG��VWULQJV�KHUH�WR�DYRLG�KDYLQJ�WR�GRXEOH�HVFDSH�EDFNVODVKHV��6KRXOG�\RX�ILQG
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WKH�.r�WUDQVIRUPDWLRQ�PHWKRG�RQ�VWULQJV�XQFOHDU��\RX�FDQ�DOVR�GHILQH�UHJH[HV�E\�FUHDWLQJ
QHZ�LQVWDQFHV�RI�WKH�Regex�FODVV��DV�LQ��new Regex("""\W""")�

1RWLFH�WKDW�HDFK�RI�RXU�UHJH[HV�GHILQHV�WZR�FDSWXUH�JURXSV��FRQQRWHG�E\�SDUHQWKHVHV�
(DFK�JURXS�FDSWXUHV�WKH�YDOXH�RI�D�VLQJOH�ILHOG�LQ�WKH�UHFRUG��VXFK�DV�D�ERRN¦V�WLWOH�RU
DXWKRU��5HJH[HV�LQ�6FDOD�WUDQVODWH�WKRVH�FDSWXUH�JURXSV�WR�H[WUDFWRUV��(YHU\�PDWFK�VHWV
D�ILHOG�WR�WKH�FDSWXUHG�UHVXOW��HYHU\�PLVV�LV�VHW�WR�null�

:KDW�GRHV�WKLV�PHDQ� LQ�SUDFWLFH"� ,I� WKH�WH[W� IHG�WR�WKH�UHJXODU�H[SUHVVLRQ�PDWFKHV�
case BookExtractorRE(title, authors)�ZLOO�DVVLJQ�WKH�ILUVW�FDSWXUH�JURXS�WR�title�DQG
WKH� VHFRQG� WR�authors��:H� FDQ� WKHQ�XVH� WKRVH� YDOXHV� RQ� WKH� ULJKWKDQG� VLGH�RI� WKH
case� FODXVH�� DV� ZH� KDYH� LQ� WKH� SUHYLRXV� H[DPSOH�� 7KH� YDULDEOH� QDPHV� title� DQG
author�ZLWKLQ� WKH� H[WUDFWRU� DUH� DUELWUDU\��PDWFKHV� IURP� FDSWXUH� JURXSV� DUH� VLPSO\
DVVLJQHG�IURP�OHIW�WR�ULJKW��DQG�\RX�FDQ�FDOO�WKHP�ZKDWHYHU�\RX¦G�OLNH�

7KDW¦V�UHJH[HV�LQ�6FDOD�LQ�QXWVKHOO��7KH�scala.util.matching.Regex�FODVV�VXSSOLHV�VHY�
HUDO�KDQG\�PHWKRGV�IRU�ILQGLQJ�DQG�UHSODFLQJ�PDWFKHV�LQ�VWULQJV��ERWK�DOO�RFFXUUHQFHV
RI�D�PDWFK�DQG�MXVW�WKH�ILUVW�RFFXUUHQFH��VR�EH�VXUH�WR�PDNH�XVH�RI�WKHP�

:KDW�ZH�ZRQ¦W�FRYHU�LQ�WKLV�VHFWLRQ�LV�WKH�GHWDLOV�RI�ZULWLQJ�UHJXODU�H[SUHVVLRQV��6FDOD¦V
Regex� FODVV� XVHV� WKH� XQGHUO\LQJ� SODWIRUP¦V� UHJXODU� H[SUHVVLRQ� $3,V� �WKDW� LV�� -DYD¦V
RU��1(7¦V���&RQVXOW�UHIHUHQFHV�RQ�WKRVH�$3,V�IRU�WKH�KDLU\�GHWDLOV��DV�WKH\�PD\�EH�VXEWO\
GLIIHUHQW�IURP�WKH�UHJH[�VXSSRUW�LQ�\RXU�ODQJXDJH�RI�FKRLFH�

Binding Nested Variables in Case Clauses
6RPHWLPHV�\RX�ZDQW�WR�ELQG�D�YDULDEOH�WR�DQ�REMHFW�HQFORVHG�LQ�D�PDWFK��ZKHUH�\RX�DUH
DOVR�VSHFLI\LQJ�PDWFK�FULWHULD�RQ�WKH�QHVWHG�REMHFW��6XSSRVH�ZH�PRGLI\�D�SUHYLRXV�H[�
DPSOH�VR�ZH¦UH�PDWFKLQJ�RQ� WKH�NH\�YDOXH�SDLUV� IURP�D�PDS��:H¦OO� VWRUH�RXU�VDPH
Person�REMHFWV�DV�WKH�YDOXHV�DQG�XVH�DQ�HPSOR\HH�,'�DV�WKH�NH\��:H¦OO�DOVR�DGG�DQRWKHU
DWWULEXWH�WR�Person��D�role�ILHOG�WKDW�SRLQWV�WR�DQ�LQVWDQFH�IURP�D�W\SH�KLHUDUFK\�

// code-examples/Rounding/match-deep-pair-script.scala

class Role
case object Manager extends Role
case object Developer extends Role

case class Person(name: String, age: Int, role: Role)

val alice = new Person("Alice", 25, Developer)
val bob = new Person("Bob", 32, Manager)
val charlie = new Person("Charlie", 32, Developer)

for (item <- Map(1 -> alice, 2 -> bob, 3 -> charlie)) {
  item match {
    case (id, p @ Person(_, _, Manager)) => format("%s is overpaid.\n", p)
    case (id, p @ Person(_, _, _)) => format("%s is underpaid.\n", p)
  }
}
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7KH�case objects�DUH�MXVW�VLQJOHWRQ�REMHFWV�OLNH�ZH¦YH�VHHQ�EHIRUH��EXW�ZLWK�WKH�VSHFLDO
case�EHKDYLRU��:H¦UH�PRVW�LQWHUHVWHG�LQ�WKH�HPEHGGHG�p @ Person(...)�LQVLGH�WKH�FDVH
FODXVH��:H¦UH�PDWFKLQJ�RQ�SDUWLFXODU�NLQGV�RI�Person�REMHFWV�LQVLGH�WKH�HQFORVLQJ�WXSOH�
:H�DOVR�ZDQW�WR�DVVLJQ�WKH�Person�WR�D�YDULDEOH�p��VR�ZH�FDQ�XVH�LW�IRU�SULQWLQJ�

Person(Alice,25,Developer) is underpaid.
Person(Bob,32,Manager) is overpaid.
Person(Charlie,32,Developer) is underpaid.

,I�ZH�ZHUHQ¦W�XVLQJ�PDWFKLQJ�FULWHULD�LQ�Person�LWVHOI��ZH�FRXOG�MXVW�ZULWH�p: Person��)RU
H[DPSOH��WKH�SUHYLRXV�match�FODXVH�FRXOG�EH�ZULWWHQ�WKLV�ZD\�

item match {
  case (id, p: Person) => p.role match {
    case Manager => format("%s is overpaid.\n", p)
    case _ => format("%s is underpaid.\n", p)
  }
}

1RWH�WKDW�WKH�p @ Person(...)�V\QWD[�JLYHV�XV�D�ZD\�WR�IODWWHQ�WKLV�QHVWLQJ�RI�PDWFK
VWDWHPHQWV�LQWR�RQH�VWDWHPHQW��,W�LV�DQDORJRXV�WR�XVLQJ�£FDSWXUH�JURXSV¤�LQ�D�UHJXODU
H[SUHVVLRQ� WR�SXOO�RXW� VXEVWULQJV�ZH�ZDQW�� LQVWHDG�RI� VSOLWWLQJ� WKH� VWULQJ� LQ� VHYHUDO
VXFFHVVLYH�VWHSV�WR�H[WUDFW�WKH�VXEVWULQJV�ZH�ZDQW��8VH�ZKLFKHYHU�WHFKQLTXH�\RX�SUHIHU�

Using try, catch, and finally Clauses
7KURXJK�LWV�XVH�RI�IXQFWLRQDO�FRQVWUXFWV�DQG�VWURQJ�W\SLQJ��6FDOD�HQFRXUDJHV�D�FRGLQJ
VW\OH� WKDW� OHVVHQV� WKH�QHHG� IRU� H[FHSWLRQV�DQG�H[FHSWLRQ�KDQGOLQJ��%XW�ZKHUH�6FDOD
LQWHUDFWV�ZLWK�-DYD��H[FHSWLRQV�DUH�VWLOO�SUHYDOHQW�

6FDOD�GRHV�QRW�KDYH�FKHFNHG�H[FHSWLRQV��OLNH�-DYD��(YHQ�-DYD¦V�FKHFNHG
H[FHSWLRQV�DUH�WUHDWHG�DV�XQFKHFNHG�E\�6FDOD��7KHUH�LV�DOVR�QR�throws
FODXVH�RQ�PHWKRG�GHFODUDWLRQV��+RZHYHU��WKHUH�LV�D�@throws�DQQRWDWLRQ
WKDW� LV� XVHIXO� IRU� -DYD� LQWHURSHUDELOLW\�� 6HH� WKH� VHFWLRQ� £$QQRWD�
WLRQV¤�RQ�SDJH�����

7KDQNIXOO\��6FDOD�WUHDWV�H[FHSWLRQ�KDQGOLQJ�DV�MXVW�DQRWKHU�SDWWHUQ�PDWFK��DOORZLQJ�XV
WR�PDNH�VPDUW�FKRLFHV�ZKHQ�SUHVHQWHG�ZLWK�D�PXOWLSOLFLW\�RI�SRWHQWLDO�H[FHSWLRQV��/HW¦V
VHH�WKLV�LQ�DFWLRQ�

// code-examples/Rounding/try-catch-script.scala

import java.util.Calendar

val then = null
val now = Calendar.getInstance()

try {
  now.compareTo(then)
} catch {

70 | Chapter 3:�Rounding Out the Essentials

Download at WoweBook.Com



  case e: NullPointerException => println("One was null!"); System.exit(-1)
  case unknown => println("Unknown exception " + unknown); System.exit(-1)
} finally {
  println("It all worked out.")
  System.exit(0)
}

,Q�WKLV�H[DPSOH��ZH�H[SOLFLWO\�FDWFK�WKH�NullPointerException�WKURZQ�ZKHQ�WU\LQJ�WR
FRPSDUH�D�Calendar�LQVWDQFH�ZLWK�null��:H�DOVR�GHILQH�unknown�DV�D�FDWFK�DOO�FDVH��MXVW
WR�EH�VDIH��,I�ZH�ZHUHQ¦W�KDUGFRGLQJ�WKLV�SURJUDP�WR�IDLO��WKH�finally�EORFN�ZRXOG�EH
UHDFKHG�DQG�WKH�XVHU�ZRXOG�EH�LQIRUPHG�WKDW�HYHU\WKLQJ�ZRUNHG�RXW�MXVW�ILQH�

<RX�FDQ�XVH�DQ�XQGHUVFRUH��6FDOD¦V�VWDQGDUG�ZLOGFDUG�FKDUDFWHU��DV�D
SODFHKROGHU�WR�FDWFK�DQ\�W\SH�RI�H[FHSWLRQ��UHDOO\��WR�PDWFK�DQ\�FDVH�LQ
D�SDWWHUQ�PDWFKLQJ�H[SUHVVLRQ���+RZHYHU��\RX�ZRQ¦W�EH�DEOH�WR�UHIHU�WR
WKH�H[FHSWLRQ�LQ�WKH�VXEVHTXHQW�H[SUHVVLRQ��1DPH�WKH�H[FHSWLRQ�YDUL�
DEOH�LI�\RX�QHHG�LW��IRU�H[DPSOH��LI�\RX�QHHG�WR�SULQW�WKH�H[FHSWLRQ�DV�ZH
GR�LQ�WKH�FDWFK�DOO�FDVH�RI�WKH�SUHYLRXV�H[DPSOH�

3DWWHUQ�PDWFKLQJ�DVLGH��6FDOD¦V�WUHDWPHQW�RI�H[FHSWLRQ�KDQGOLQJ�VKRXOG�EH�IDPLOLDU�WR
WKRVH�IOXHQW�LQ�-DYD��5XE\��3\WKRQ��DQG�PRVW�RWKHU�PDLQVWUHDP�ODQJXDJHV��$QG�\HV�
\RX�WKURZ�DQ�H[FHSWLRQ�E\�ZULWLQJ�throw new MyBadException(...)��7KDW¦V�DOO�WKHUH�LV
WR�LW�

Concluding Remarks on Pattern Matching
3DWWHUQ�PDWFKLQJ�LV�D�SRZHUIXO�DQG�HOHJDQW�ZD\�RI�H[WUDFWLQJ�LQIRUPDWLRQ�IURP�REMHFWV�
ZKHQ�XVHG�DSSURSULDWHO\��5HFDOO�IURP�&KDSWHU���WKDW�ZH�KLJKOLJKWHG�WKH�V\QHUJ\�EH�
WZHHQ�SDWWHUQ�PDWFKLQJ�DQG�SRO\PRUSKLVP��0RVW�RI�WKH�WLPH��\RX�ZDQW�WR�DYRLG�WKH
SUREOHPV�RI�£VZLWFK¤�VWDWHPHQWV�WKDW�NQRZ�D�FODVV�KLHUDUFK\��EHFDXVH�WKH\�KDYH�WR�EH
PRGLILHG�HYHU\�WLPH�WKH�KLHUDUFK\�LV�FKDQJHG�

,Q�RXU�GUDZLQJ�$FWRU�H[DPSOH��ZH�XVHG�SDWWHUQ�PDWFKLQJ�WR�VHSDUDWH�GLIIHUHQW�£FDWH�
JRULHV¤�RI�PHVVDJHV��EXW�ZH�XVHG�SRO\PRUSKLVP�WR�GUDZ�WKH�VKDSHV�VHQW�WR�LW��:H�FRXOG
FKDQJH�WKH�Shape�KLHUDUFK\�DQG�WKH�$FWRU�FRGH�ZRXOG�QRW�UHTXLUH�FKDQJHV�

3DWWHUQ�PDWFKLQJ�LV�DOVR�XVHIXO�IRU�WKH�GHVLJQ�SUREOHP�ZKHUH�\RX�QHHG�WR�JHW�DW�GDWD
LQVLGH�DQ�REMHFW��EXW�RQO\�LQ�VSHFLDO�FLUFXPVWDQFHV��2QH�RI�WKH�XQLQWHQGHG�FRQVHTXHQ�
FHV�RI�WKH�-DYD%HDQV��VHH�>-DYD%HDQV6SHF@��VSHFLILFDWLRQ�ZDV�WKDW�LW�HQFRXUDJHG�SHRSOH
WR�H[SRVH� ILHOGV� LQ� WKHLU�REMHFWV� WKURXJK�JHWWHUV�DQG�VHWWHUV��7KLV�VKRXOG�QHYHU�EH�D
GHIDXOW�GHFLVLRQ��$FFHVV�WR�£VWDWH�LQIRUPDWLRQ¤�VKRXOG�EH�HQFDSVXODWHG�DQG�H[SRVHG
RQO\�LQ�ZD\V�WKDW�PDNH�ORJLFDO�VHQVH�IRU�WKH�W\SH��DV�YLHZHG�IURP�WKH�DEVWUDFWLRQ�LW
H[SRVHV�

,QVWHDG��FRQVLGHU�XVLQJ�SDWWHUQ�PDWFKLQJ�IRU�WKRVH�£UDUH¤�WLPHV�ZKHQ�\RX�QHHG�WR�H[�
WUDFW�LQIRUPDWLRQ�LQ�D�FRQWUROOHG�ZD\��$V�ZH�ZLOO�VHH�LQ�£8QDSSO\¤�RQ�SDJH������WKH
SDWWHUQ�PDWFKLQJ�H[DPSOHV�ZH�KDYH�VKRZQ�XVH�unapply�PHWKRGV�GHILQHG�WR�H[WUDFW
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LQIRUPDWLRQ�IURP�LQVWDQFHV��7KHVH�PHWKRGV�OHW�\RX�H[WUDFW�WKDW�LQIRUPDWLRQ�ZKLOH�KLG�
LQJ�WKH�LPSOHPHQWDWLRQ�GHWDLOV��,Q�IDFW��WKH�LQIRUPDWLRQ�UHWXUQHG�E\�unapply�PLJKW�EH
D�WUDQVIRUPDWLRQ�RI�WKH�DFWXDO�LQIRUPDWLRQ�LQ�WKH�W\SH�

)LQDOO\��ZKHQ�GHVLJQLQJ�SDWWHUQ�PDWFKLQJ�VWDWHPHQWV��EH�ZDU\�RI�UHO\LQJ�RQ�D�GHIDXOW
FDVH�FODXVH��8QGHU�ZKDW�FLUFXPVWDQFHV�ZRXOG�£QRQH�RI�WKH�DERYH¤�EH�WKH�FRUUHFW�DQ�
VZHU"�,W�PD\�LQGLFDWH�WKDW�WKH�GHVLJQ�VKRXOG�EH�UHILQHG�VR�\RX�NQRZ�PRUH�SUHFLVHO\�DOO
WKH�SRVVLEOH�PDWFKHV�WKDW�PLJKW�RFFXU��:H¦OO�OHDUQ�RQH�WHFKQLTXH�WKDW�KHOSV�ZKHQ�ZH
GLVFXVV�VHDOHG�FODVV�KLHUDUFKLHV�LQ�£6HDOHG�&ODVV�+LHUDUFKLHV¤�RQ�SDJH�����

Enumerations
5HPHPEHU�RXU�H[DPSOHV�LQYROYLQJ�YDULRXV�EUHHGV�RI�GRJ"�,Q�WKLQNLQJ�DERXW�WKH�W\SHV
LQ�WKHVH�SURJUDPV��ZH�PLJKW�ZDQW�D�WRS�OHYHO�Breed�W\SH�WKDW�NHHSV�WUDFN�RI�D�QXPEHU
RI�EUHHGV��6XFK�D�W\SH�LV�FDOOHG�DQ�HQXPHUDWHG�W\SH��DQG�WKH�YDOXHV�LW�FRQWDLQV�DUH�FDOOHG
HQXPHUDWLRQV�

:KLOH�HQXPHUDWLRQV�DUH�D�EXLOW�LQ�SDUW�RI�PDQ\�SURJUDPPLQJ�ODQJXDJHV��6FDOD�WDNHV�D
GLIIHUHQW�URXWH�DQG�LPSOHPHQWV�WKHP�DV�D�FODVV�LQ�LWV�VWDQGDUG�OLEUDU\��7KLV�PHDQV�WKHUH
LV�QR�VSHFLDO�V\QWD[�IRU�HQXPHUDWLRQV�LQ�6FDOD��DV�LQ�-DYD�DQG�&���,QVWHDG��\RX�MXVW
GHILQH�DQ�REMHFW�WKDW�H[WHQGV�WKH�Enumeration�FODVV��+HQFH��DW�WKH�E\WH�FRGH�OHYHO��WKHUH
LV�QR�FRQQHFWLRQ�EHWZHHQ�6FDOD�HQXPHUDWLRQV�DQG�WKH�enum�FRQVWUXFWV�LQ�-DYD�DQG�&��

+HUH�LV�DQ�H[DPSOH�

// code-examples/Rounding/enumeration-script.scala

object Breed extends Enumeration {
  val doberman = Value("Doberman Pinscher")
  val yorkie = Value("Yorkshire Terrier")
  val scottie = Value("Scottish Terrier")
  val dane = Value("Great Dane")
  val portie = Value("Portuguese Water Dog")
}

// print a list of breeds and their IDs
println("ID\tBreed")
for (breed <- Breed) println(breed.id + "\t" + breed)

// print a list of Terrier breeds
println("\nJust Terriers:")
Breed.filter(_.toString.endsWith("Terrier")).foreach(println)

:KHQ�UXQ��\RX¦OO�JHW�WKH�IROORZLQJ�RXWSXW�

ID      Breed
0       Doberman Pinscher
1       Yorkshire Terrier
2       Scottish Terrier
3       Great Dane
4       Portuguese Water Dog
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Just Terriers:
Yorkshire Terrier
Scottish Terrier

:H�FDQ�VHH�WKDW�RXU�Breed�HQXPHUDWHG�W\SH�FRQWDLQV�VHYHUDO�YDULDEOHV�RI�W\SH�Value��DV
LQ�WKH�IROORZLQJ�H[DPSOH�

val doberman = Value("Doberman Pinscher")

(DFK�GHFODUDWLRQ�LV�DFWXDOO\�FDOOLQJ�D�PHWKRG�QDPHG�Value�WKDW�WDNHV�D�VWULQJ�DUJXPHQW�
:H�XVH�WKLV�PHWKRG�WR�DVVLJQ�D�ORQJ�IRUP�EUHHG�QDPH�WR�HDFK�HQXPHUDWLRQ�YDOXH��ZKLFK
LV�ZKDW�WKH�Value.toString�PHWKRG�UHWXUQHG�LQ�WKH�RXWSXW�

1RWH�WKDW�WKHUH�LV�QR�QDPHVSDFH�FROOLVLRQ�EHWZHHQ�WKH�W\SH�DQG�PHWKRG�WKDW�ERWK�KDYH
WKH�QDPH�Value��7KHUH�DUH�RWKHU�RYHUORDGHG�YHUVLRQV�RI�WKH�Value�PHWKRG��2QH�RI�WKHP
WDNHV�QR�DUJXPHQWV��DQRWKHU�WDNHV�DQ�Int�,'�YDOXH��DQG�DQRWKHU�WDNHV�ERWK�DQ�Int�DQG
String��7KHVH�Value�PHWKRGV�UHWXUQ�D�Value�REMHFW��DQG�WKH\�DGG�WKH�YDOXH�WR�WKH�HQX�
PHUDWLRQ¦V�FROOHFWLRQ�RI�YDOXHV�

,Q�IDFW��6FDOD¦V�Enumeration�FODVV�VXSSRUWV�WKH�XVXDO�PHWKRGV�IRU�ZRUNLQJ�ZLWK�FROOHF�
WLRQV��VR�ZH�FDQ�HDVLO\�LWHUDWH�WKURXJK�WKH�EUHHGV�ZLWK�D�for�ORRS�DQG�filter�WKHP�E\
QDPH��7KH�RXWSXW�DERYH�DOVR�GHPRQVWUDWHG�WKDW�HYHU\�Value�LQ�DQ�HQXPHUDWLRQ�LV�DX�
WRPDWLFDOO\�DVVLJQHG�D�QXPHULF� LGHQWLILHU��XQOHVV�\RX�FDOO�RQH�RI� WKH�Value�PHWKRGV
ZKHUH�\RX�VSHFLI\�\RXU�RZQ�,'�YDOXH�H[SOLFLWO\�

<RX¦OO�RIWHQ�ZDQW�WR�JLYH�\RXU�HQXPHUDWLRQ�YDOXHV�KXPDQ�UHDGDEOH�QDPHV��DV�ZH�GLG
KHUH��+RZHYHU��VRPHWLPHV�\RX�PD\�QRW�QHHG�WKHP��+HUH¦V�DQRWKHU�HQXPHUDWLRQ�H[�
DPSOH�DGDSWHG�IURP�WKH�6FDODGRF�HQWU\�IRU�Enumeration�

// code-examples/Rounding/days-enumeration-script.scala

object WeekDay extends Enumeration {
  type WeekDay = Value
  val Mon, Tue, Wed, Thu, Fri, Sat, Sun = Value
}
import WeekDay._

def isWorkingDay(d: WeekDay) = ! (d == Sat || d == Sun)

WeekDay filter isWorkingDay foreach println

5XQQLQJ�WKLV�VFULSW�ZLWK�scala�\LHOGV�WKH�IROORZLQJ�RXWSXW�

Main$$anon$1$WeekDay(0)
Main$$anon$1$WeekDay(1)
Main$$anon$1$WeekDay(2)
Main$$anon$1$WeekDay(3)
Main$$anon$1$WeekDay(4)

:KHQ�D�QDPH�LVQ¦W�DVVLJQHG�XVLQJ�RQH�RI�WKH�Value�PHWKRGV�WKDW�WDNHV�D�String�DUJX�
PHQW��Value.toString�SULQWV�WKH�QDPH�RI�WKH�W\SH�WKDW�LV�V\QWKHVL]HG�E\�WKH�FRPSLOHU�
DORQJ�ZLWK�WKH�,'�YDOXH�WKDW�ZDV�JHQHUDWHG�DXWRPDWLFDOO\�
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1RWH�WKDW�ZH�LPSRUWHG�WeekDay._��7KLV�PDGH�HDFK�HQXPHUDWLRQ�YDOXH��Mon��Tues��HWF��
LQ�VFRSH��2WKHUZLVH��\RX�ZRXOG�KDYH�WR�ZULWH�WeekDay.Mon��WeekDay.Tues��HWF�

$OVR��WKH�LPSRUW�PDGH�WKH�W\SH�DOLDV��type Weekday = Value��LQ�VFRSH��ZKLFK�ZH�XVHG
DV�WKH�W\SH�IRU�WKH�DUJXPHQW�IRU�WKH�isWorkingDay�PHWKRG��,I�\RX�GRQ¦W�GHILQH�D�W\SH
DOLDV� OLNH� WKLV�� WKHQ� \RX� ZRXOG� GHFODUH� WKH� PHWKRG� DV� def isWorkingDay(d: Week
Day.Value)�

6LQFH�6FDOD�HQXPHUDWLRQV�DUH�MXVW�UHJXODU�REMHFWV��\RX�FRXOG�XVH�DQ\�REMHFW�ZLWK�vals
WR�LQGLFDWH�GLIIHUHQW�£HQXPHUDWLRQ�YDOXHV�¤�+RZHYHU��H[WHQGLQJ�Enumeration�KDV�VHY�
HUDO�DGYDQWDJHV��,W�DXWRPDWLFDOO\�PDQDJHV�WKH�YDOXHV�DV�D�FROOHFWLRQ�WKDW�\RX�FDQ�LWHUDWH
RYHU��HWF���DV�LQ�RXU�H[DPSOHV��,W�DOVR�DXWRPDWLFDOO\�DVVLJQV�XQLTXH�LQWHJHU�,'V�WR�HDFK
YDOXH�

&DVH�FODVVHV��VHH�£&DVH�&ODVVHV¤�RQ�SDJH������DUH�RIWHQ�XVHG�LQVWHDG�RI�HQXPHUDWLRQV
LQ�6FDOD�EHFDXVH�WKH�£XVH�FDVH¤�IRU�WKHP�RIWHQ�LQYROYHV�SDWWHUQ�PDWFKLQJ��:H¦OO�UHYLVLW
WKLV�WRSLF�LQ�£(QXPHUDWLRQV�9HUVXV�3DWWHUQ�0DWFKLQJ¤�RQ�SDJH�����

Recap and What’s Next
:H¦YH�FRYHUHG�D�ORW�RI�JURXQG�LQ�WKLV�FKDSWHU��:H�OHDUQHG�KRZ�IOH[LEOH�6FDOD¦V�V\QWD[
FDQ�EH��DQG�KRZ� LW� IDFLOLWDWHV� WKH�FUHDWLRQ�RI�'RPDLQ�6SHFLILF�/DQJXDJHV��7KHQ�ZH
H[SORUHG�6FDOD¦V�HQKDQFHPHQWV�WR�ORRSLQJ�FRQVWUXFWV�DQG�FRQGLWLRQDO�H[SUHVVLRQV��:H
H[SHULPHQWHG�ZLWK�GLIIHUHQW�XVHV�IRU�SDWWHUQ�PDWFKLQJ��D�SRZHUIXO�LPSURYHPHQW�RQ�WKH
IDPLOLDU� case-switch� VWDWHPHQW�� )LQDOO\�� ZH� OHDUQHG� KRZ� WR� HQFDSVXODWH� YDOXHV� LQ
HQXPHUDWLRQV�

<RX�VKRXOG�QRZ�EH�SUHSDUHG�WR�UHDG�D�IDLU�ELW�RI�6FDOD�FRGH��EXW�WKHUH¦V�SOHQW\�PRUH
DERXW�WKH�ODQJXDJH�WR�SXW�LQ�\RXU�WRRO�EHOW��,Q�WKH�QH[W�IRXU�FKDSWHUV��ZH¦OO�H[SORUH
6FDOD¦V�DSSURDFK�WR�REMHFW�RULHQWHG�SURJUDPPLQJ��VWDUWLQJ�ZLWK�WUDLWV�
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CHAPTER 4

Traits

Introducing Traits
%HIRUH�ZH�GLYH�LQWR�REMHFW�RULHQWHG�SURJUDPPLQJ��WKHUH¦V�RQH�PRUH�HVVHQWLDO�IHDWXUH�RI
6FDOD�WKDW�\RX�VKRXOG�JHW�DFTXDLQWHG�ZLWK��WUDLWV��8QGHUVWDQGLQJ�WKH�YDOXH�RI�WKLV�IHDWXUH
UHTXLUHV�D�OLWWOH�EDFNVWRU\�

,Q�-DYD��D�FODVV�FDQ�LPSOHPHQW�DQ�DUELWUDU\�QXPEHU�RI�LQWHUIDFHV��7KLV�PRGHO�LV�YHU\
XVHIXO�IRU�GHFODULQJ�WKDW�D�FODVV�H[SRVHV�PXOWLSOH�DEVWUDFWLRQV��8QIRUWXQDWHO\��LW�KDV�RQH
PDMRU�GUDZEDFN�

)RU�PDQ\�LQWHUIDFHV��PXFK�RI�WKH�IXQFWLRQDOLW\�FDQ�EH�LPSOHPHQWHG�ZLWK�ERLOHUSODWH
FRGH�WKDW�ZLOO�EH�YDOLG�IRU�DOO�FODVVHV�WKDW�XVH�WKH�LQWHUIDFH��-DYD�SURYLGHV�QR�EXLOW�LQ
PHFKDQLVP�IRU�GHILQLQJ�DQG�XVLQJ�VXFK�UHXVDEOH�FRGH��,QVWHDG��-DYD�SURJUDPPHUV�PXVW
XVH�DG�KRF�FRQYHQWLRQV�WR�UHXVH�LPSOHPHQWDWLRQ�FRGH�IRU�D�JLYHQ�LQWHUIDFH��,Q�WKH�ZRUVW
FDVH��WKH�GHYHORSHU�MXVW�FRSLHV�DQG�SDVWHV�WKH�VDPH�FRGH�LQWR�HYHU\�FODVV�WKDW�QHHGV�LW�

2IWHQ��WKH�LPSOHPHQWDWLRQ�RI�DQ�LQWHUIDFH�KDV�PHPEHUV�WKDW�DUH�XQUHODWHG��£RUWKRJR�
QDO¤��WR�WKH�UHVW�RI�WKH�LQVWDQFH¦V�PHPEHUV��7KH�WHUP�PL[LQ�LV�RIWHQ�XVHG�IRU�VXFK�IRFXVHG
DQG�SRWHQWLDOO\�UHXVDEOH�SDUWV�RI�DQ�LQVWDQFH�WKDW�FRXOG�EH�LQGHSHQGHQWO\�PDLQWDLQHG�

+DYH�D�ORRN�DW�WKH�IROORZLQJ�FRGH�IRU�D�EXWWRQ�LQ�D�JUDSKLFDO�XVHU�LQWHUIDFH��ZKLFK�XVHV
FDOOEDFNV�IRU�£FOLFNV¤�

// code-examples/Traits/ui/button-callbacks.scala

package ui

class ButtonWithCallbacks(val label: String,
    val clickedCallbacks: List[() => Unit]) extends Widget {

  require(clickedCallbacks != null, "Callback list can't be null!")

  def this(label: String, clickedCallback: () => Unit) =
    this(label, List(clickedCallback))

  def this(label: String) = {
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    this(label, Nil)
    println("Warning: button has no click callbacks!")
  }

  def click() = {
    // ... logic to give the appearance of clicking a physical button ...
    clickedCallbacks.foreach(f => f())
  }
}

7KHUH¦V�D�ORW�JRLQJ�RQ�KHUH��7KH�SULPDU\�FRQVWUXFWRU�WDNHV�D�label�DUJXPHQW�DQG�D�OLVW
RI�callbacks�WKDW�DUH�LQYRNHG�ZKHQ�WKH�EXWWRQ¦V�click�PHWKRG�LV�LQYRNHG��:H¦OO�H[SORUH
WKLV�FODVV�LQ�JUHDWHU�GHWDLO�LQ�&KDSWHU����)RU�QRZ��ZH�ZDQW�WR�IRFXV�RQ�RQH�SDUWLFXODU
SUREOHP��1RW�RQO\�GRHV�ButtonWithCallbacks�KDQGOH�EHKDYLRUV�HVVHQWLDO� WR�EXWWRQV
�OLNH�FOLFNLQJ���LW�DOVR�KDQGOHV�QRWLILFDWLRQ�RI�FOLFN�HYHQWV�E\�LQYRNLQJ�WKH�FDOOEDFN�IXQF�
WLRQV��7KLV�JRHV�DJDLQVW�WKH�6LQJOH�5HVSRQVLELOLW\�3ULQFLSOH��VHH�>0DUWLQ����@���D�PHDQV
WR�WKH�GHVLJQ�JRDO�RI�VHSDUDWLRQ�RI�FRQFHUQV��:H�ZRXOG� OLNH�WR�VHSDUDWH� WKH�EXWWRQ�
VSHFLILF�ORJLF�IURP�WKH�FDOOEDFN�ORJLF��VXFK�WKDW�HDFK�ORJLFDO�FRPSRQHQW�EHFRPHV�VLP�
SOHU��PRUH�PRGXODU��DQG�PRUH�UHXVDEOH��7KH�FDOOEDFN�ORJLF�LV�D�JRRG�H[DPSOH�RI�D�PL[LQ�

7KLV�VHSDUDWLRQ�LV�GLIILFXOW�WR�GR�LQ�-DYD��HYHQ�LI�ZH�GHILQH�DQ�LQWHUIDFH�IRU�WKH�FDOOEDFN
EHKDYLRU��:H� VWLOO� KDYH� WR� HPEHG� WKH� LPSOHPHQWDWLRQ� FRGH� LQ� WKH� FODVV� VRPHKRZ�
FRPSURPLVLQJ�PRGXODULW\��7KH�RQO\�RWKHU�DOWHUQDWLYH�LV�WR�XVH�D�VSHFLDOL]HG�WRRO�OLNH
DVSHFW�RULHQWHG� SURJUDPPLQJ� �$23�� VHH� >$26'@��� DV� LPSOHPHQWHG� E\� $VSHFW-� �VHH
>$VSHFW-@���DQ�H[WHQVLRQ�RI�-DYD��$23�LV�SULPDULO\�GHVLJQHG�WR�VHSDUDWH�WKH�LPSOHPHQ�
WDWLRQV�RI�£SHUYDVLYH¤�FRQFHUQV�WKDW�DUH�UHSHDWHG�WKURXJKRXW�DQ�DSSOLFDWLRQ��,W�VHHNV
WR�PRGXODUL]H�WKHVH�FRQFHUQV��\HW�HQDEOH�WKH�ILQH�JUDLQHG�£PL[LQJ¤�RI�WKHLU�EHKDYLRUV
ZLWK�RWKHU�FRQFHUQV��LQFOXGLQJ�WKH�FRUH�GRPDLQ�ORJLF�RI�WKH�DSSOLFDWLRQ��HLWKHU�DW�EXLOG
RU�UXQWLPH�

Traits As Mixins
6FDOD�SURYLGHV�D�FRPSOHWH�PL[LQ�VROXWLRQ��FDOOHG�WUDLWV��,Q�RXU�H[DPSOH��ZH�FDQ�GHILQH
WKH�FDOOEDFN�DEVWUDFWLRQ�LQ�D�WUDLW��DV�LQ�D�-DYD�LQWHUIDFH��EXW�ZH�FDQ�DOVR�LPSOHPHQW�WKH
DEVWUDFWLRQ�LQ�WKH�WUDLW��RU�D�GHULYHG�WUDLW���:H�FDQ�GHFODUH�FODVVHV�WKDW�£PL[�LQ¤�WKH
WUDLW��PXFK�WKH�ZD\�\RX�FDQ�GHFODUH�FODVVHV�WKDW�LPSOHPHQW�DQ�LQWHUIDFH�LQ�-DYD��+RZ�
HYHU��LQ�6FDOD�ZH�FDQ�HYHQ�PL[�LQ�WUDLWV�DW�WKH�VDPH�WLPH�ZH�FUHDWH�LQVWDQFHV��7KDW�LV�
ZH�GRQ¦W�KDYH�WR�GHFODUH�D�FODVV�ILUVW�WKDW�PL[HV�LQ�DOO�WKH�WUDLWV�ZH�ZDQW��6R��6FDOD�WUDLWV
SUHVHUYH�VHSDUDWLRQ�RI�FRQFHUQV�ZKLOH�JLYLQJ�XV� WKH�DELOLW\� WR�FRPSRVH�EHKDYLRU�RQ
GHPDQG�

,I�\RX�FRPH�IURP�D�-DYD�EDFNJURXQG��\RX�FDQ�WKLQN�RI�WUDLWV�DV�LQWHUIDFHV�ZLWK�RSWLRQDO
LPSOHPHQWDWLRQV��2U��LI�\RX�SUHIHU��\RX�FDQ�WKLQN�RI�WUDLWV�DV�D�£FRQVWUDLQHG¤�IRUP�RI
PXOWLSOH�LQKHULWDQFH��2WKHU�ODQJXDJHV�SURYLGH�FRQVWUXFWV�WKDW�DUH�VLPLODU�WR�WUDLWV��VXFK
DV�PRGXOHV�LQ�5XE\��IRU�H[DPSOH�

/HW¦V�XVH�D�WUDLW�WR�VHSDUDWH�WKH�FDOOEDFN�KDQGOLQJ�IURP�WKH�EXWWRQ�ORJLF��:H¦OO�JHQHUDOL]H
RXU�DSSURDFK�D�OLWWOH�ELW��&DOOEDFNV�DUH�UHDOO\�D�VSHFLDO�FDVH�RI�WKH�2EVHUYHU�3DWWHUQ��VHH
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>*2)����@���6R�� OHW¦V�FUHDWH�D�WUDLW�WKDW� LPSOHPHQWV�WKLV�SDWWHUQ��DQG�WKHQ�XVH�LW�WR
KDQGOH�FDOOEDFN�EHKDYLRU��7R�VLPSOLI\� WKLQJV��ZH¦OO� VWDUW�ZLWK�D� VLQJOH�FDOOEDFN� WKDW
FRXQWV�WKH�QXPEHU�RI�EXWWRQ�FOLFNV�

)LUVW��OHW¦V�GHILQH�D�VLPSOH�Button�FODVV�

// code-examples/Traits/ui/button.scala

package ui

class Button(val label: String) extends Widget {
  def click() = {
    // Logic to give the appearance of clicking a button...
  }
}

+HUH�LV�WKH�SDUHQW�FODVV��Widget�

// code-examples/Traits/ui/widget.scala

package ui

abstract class Widget

7KH�ORJLF�IRU�PDQDJLQJ�FDOOEDFNV��L�H���WKH�clickedCallbacks�OLVW��LV�RPLWWHG��DV�DUH�WKH
WZR�DX[LOLDU\�FRQVWUXFWRUV��2QO\�WKH�EXWWRQ¦V�label�ILHOG�DQG�click�PHWKRG�UHPDLQ�
7KH�click�PHWKRG�QRZ�RQO\�FDUHV�DERXW�WKH�YLVXDO�DSSHDUDQFH�RI�D�£SK\VLFDO¤�EXWWRQ
EHLQJ�FOLFNHG��Button�KDV�RQO\�RQH�FRQFHUQ��KDQGOLQJ�WKH�£HVVHQFH¤�RI�EHLQJ�D�EXWWRQ�

+HUH�LV�D�WUDLW�WKDW�LPSOHPHQWV�WKH�ORJLF�RI�WKH�2EVHUYHU�3DWWHUQ�

// code-examples/Traits/observer/observer.scala

package observer

trait Subject {
  type Observer = { def receiveUpdate(subject: Any) }

  private var observers = List[Observer]()
  def addObserver(observer:Observer) = observers ::= observer
  def notifyObservers = observers foreach (_.receiveUpdate(this))
}

([FHSW�IRU�WKH�trait�NH\ZRUG��Subject�ORRNV�OLNH�D�QRUPDO�FODVV��Subject�GHILQHV�DOO�WKH
PHPEHUV�LW�GHFODUHV��7UDLWV�FDQ�GHFODUH�DEVWUDFW�PHPEHUV��FRQFUHWH�PHPEHUV��RU�ERWK�
MXVW�DV�FODVVHV�FDQ��VHH�£2YHUULGLQJ�0HPEHUV�RI�&ODVVHV�DQG�7UDLWV¤�RQ�SDJH�����IRU
PRUH�GHWDLOV���$OVR�OLNH�FODVVHV��WUDLWV�FDQ�FRQWDLQ�QHVWHG�WUDLW�DQG�FODVV�GHILQLWLRQV��DQG
FODVVHV�FDQ�FRQWDLQ�QHVWHG�WUDLW�GHILQLWLRQV�

7KH� ILUVW� OLQH� GHILQHV� D� type� IRU� DQ� Observer�� 7KLV� LV� D� VWUXFWXUDO� W\SH� RI� WKH� IRUP
{ def receiveUpdate(subject:Any) }��6WUXFWXUDO�W\SHV�VSHFLI\�RQO\�WKH�VWUXFWXUH�D�W\SH
PXVW�VXSSRUW��\RX�FRXOG�WKLQN�RI�WKHP�DV�£DQRQ\PRXV¤�W\SHV�
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,Q�WKLV�FDVH��WKH�VWUXFWXUDO�W\SH�LV�GHILQHG�E\�D�PHWKRG�ZLWK�D�SDUWLFXODU�VLJQDWXUH��$Q\
W\SH�WKDW�KDV�D�PHWKRG�ZLWK�WKLV�VLJQDWXUH�FDQ�EH�XVHG�DV�DQ�REVHUYHU��:H¦OO�OHDUQ�PRUH
DERXW�VWUXFWXUDO�W\SHV�LQ�&KDSWHU�����,I�\RX¦UH�ZRQGHULQJ�ZK\�ZH�GLGQ¦W�XVH�Subject
DV�WKH�W\SH�RI�WKH�DUJXPHQW��LQVWHDG�RI�Any��ZH¦OO�UHYLVLW�WKDW�LVVXH�LQ�£6HOI�7\SH�$QQR�
WDWLRQV�DQG�$EVWUDFW�7\SH�0HPEHUV¤�RQ�SDJH�����

7KH�PDLQ�WKLQJ�WR�QRWLFH�IRU�QRZ�LV�KRZ�WKLV�VWUXFWXUDO�W\SH�PLQLPL]HV�WKH�FRXSOLQJ
EHWZHHQ�WKH�Subject�WUDLW�DQG�DQ\�SRWHQWLDO�XVHUV�RI�WKH�WUDLW�

Subject�LV�VWLOO�FRXSOHG�E\�WKH�QDPH�RI�WKH�PHWKRG�LQ�Observer�WKURXJK
WKH�VWUXFWXUDO�W\SH��L�H���WR�D�PHWKRG�QDPHG�receiveUpdate��7KHUH�DUH
VHYHUDO�ZD\V�ZH�FDQ�UHGXFH�WKLV�UHPDLQLQJ�FRXSOLQJ��:H¦OO�VHH�KRZ�LQ
£2YHUULGLQJ�$EVWUDFW�7\SHV¤�RQ�SDJH�����

1H[W��ZH�GHFODUH�D�OLVW�RI�REVHUYHUV��:H�PDNH�LW�D�var��UDWKHU�WKDQ�D�val��EHFDXVH�List
LV� LPPXWDEOH�� VR� ZH�PXVW� FUHDWH� D� QHZ� OLVW� ZKHQ� DQ� REVHUYHU� LV� DGGHG� XVLQJ� WKH
addObserver�PHWKRG�

:H¦OO�GLVFXVV�6FDOD�ListV�PRUH�LQ�£7KH�6FDOD�7\SH�+LHUDUFK\¤�RQ�SDJH�����DQG�DOVR
LQ�&KDSWHU����)RU�QRZ��QRWLFH�WKDW�addObserver�XVHV�WKH�OLVW�FRQV�£RSHUDWRU¤�PHWKRG
�::��WR�SUHSHQG�DQ�observer�WR�WKH�OLVW�RI�observers��7KH�scala�FRPSLOHU�LV�VPDUW�HQRXJK
WR�WXUQ�WKH�IROORZLQJ�VWDWHPHQW�

observers ::= observer

LQWR�WKLV�VWDWHPHQW�

observers = observer :: observers

1RWH� WKDW�ZH�ZURWH�observer :: observers��ZLWK� WKH� H[LVWLQJ�observers� OLVW�RQ� WKH
ULJKWKDQG�VLGH��5HFDOO� WKDW�DQ\�PHWKRG� WKDW�HQGV�ZLWK�:�ELQGV� WR� WKH�ULJKW��6R�� WKH
SUHYLRXV�VWDWHPHQW�LV�HTXLYDOHQW�WR�WKH�IROORZLQJ�VWDWHPHQW�

observers = observers.::(observer)

7KH�notifyObservers�PHWKRG�LWHUDWHV�WKURXJK�WKH�observers��XVLQJ�WKH�foreach�PHWKRG
DQG�FDOOV�receiveUpdate�RQ�HDFK�RQH���1RWH�WKDW�ZH�DUH�XVLQJ�WKH�£LQIL[¤�RSHUDWRU�QR�
WDWLRQ�LQVWHDG�RI�observers.foreach���:H�XVH�WKH�SODFHKROGHU�_�WR�VKRUWHQ�WKH�IROORZLQJ
H[SUHVVLRQ�

(obs) => obs.receiveUpdate(this)

LQWR�WKLV�H[SUHVVLRQ�

_.receiveUpdate(this)

7KLV�H[SUHVVLRQ� LV�DFWXDOO\� WKH�ERG\�RI�DQ�£DQRQ\PRXV� IXQFWLRQ�¤�FDOOHG�D� IXQFWLRQ
OLWHUDO� LQ�6FDOD��7KLV� LV� VLPLODU� WR� D� ODPEGD� DQG� OLNH� FRQVWUXFWV�XVHG� LQ�PDQ\�RWKHU
ODQJXDJHV�� )XQFWLRQ� OLWHUDOV� DQG� WKH� UHODWHG� FRQFHSW� RI� D� FORVXUH� DUH� GLVFXVVHG� LQ
£)XQFWLRQ�/LWHUDOV�DQG�&ORVXUHV¤�RQ�SDJH�����
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,Q�-DYD��WKH�foreach�PHWKRG�ZRXOG�SUREDEO\�WDNH�DQ�LQWHUIDFH��DQG�\RX�ZRXOG�SDVV�DQ
LQVWDQFH�RI�D�FODVV�WKDW�LPSOHPHQWV�WKH�LQWHUIDFH��H�J���WKH�ZD\�Comparable�LV�W\SLFDOO\
XVHG��

,Q�6FDOD��WKH�List[A].foreach�PHWKRG�H[SHFWV�DQ�DUJXPHQW�RI�W\SH�(A) => Unit��ZKLFK
LV�D�IXQFWLRQ�WDNLQJ�DQ�LQVWDQFH�RI�W\SH�A¢ZKHUH�A�UHSUHVHQWV�WKH�W\SH�RI�WKH�HOHPHQWV
RI�WKH�OLVW��Observer��LQ�WKLV�FDVH�¢DQG�UHWXUQLQJ�Unit��OLNH�void�LQ�-DYD��

:H�FKRVH�WR�XVH�D�var�ZLWK�LPPXWDEOH�Lists�IRU�WKH�REVHUYHUV�LQ�WKLV
H[DPSOH�� :H� FRXOG� KDYH� XVHG� D� val� ZLWK� D� PXWDEOH� W\SH�� OLNH
ListBuffer�� 7KDW� FKRLFH� ZRXOG� PDNH� D� OLWWOH� PRUH� VHQVH� IRU� D� UHDO
DSSOLFDWLRQ��EXW�ZH�ZDQWHG�WR�DYRLG�WKH�GLVWUDFWLRQ�RI�H[SODLQLQJ�QHZ
OLEUDU\�FODVVHV�

2QFH� DJDLQ�� ZH� OHDUQHG� D� ORW� RI� 6FDOD� IURP� D� VPDOO� H[DPSOH�� 1RZ� OHW¦V� SXW� RXU
Subject�WUDLW�WR�XVH��+HUH�LV�ObservableButton��ZKLFK�VXEFODVVHV�Button�DQG�PL[HV�LQ
Subject�

// code-examples/Traits/ui/observable-button.scala

package ui
import observer._

class ObservableButton(name: String) extends Button(name) with Subject {
  override def click() = {
    super.click()
    notifyObservers
  }
}

:H� VWDUW� E\� LPSRUWLQJ� HYHU\WKLQJ� LQ� WKH� observer� SDFNDJH�� XVLQJ� WKH� _� ZLOGFDUG�
$FWXDOO\��ZH�KDYH�RQO\�GHILQHG�WKH�Subject�WUDLW�LQ�WKH�SDFNDJH�

7KH�QHZ�FODVV�XVHV�WKH�with�NH\ZRUG�WR�DGG�WKH�Subject�WUDLW�WR�WKH�FODVV��Observable
Button�RYHUULGHV�WKH�click�PHWKRG��8VLQJ�WKH�super�NH\ZRUG��VHH�£2YHUULGLQJ�$EVWUDFW
DQG� &RQFUHWH� 0HWKRGV¤� RQ� SDJH� ������ LW� ILUVW� LQYRNHV� WKH� £VXSHUFODVV¤� PHWKRG�
Button.click��DQG�WKHQ�LW�QRWLILHV�WKH�REVHUYHUV��6LQFH�WKH�QHZ�click�PHWKRG�RYHUULGHV
Button¦V�FRQFUHWH�LPSOHPHQWDWLRQ��WKH�override�NH\ZRUG�LV�UHTXLUHG�

7KH�with�NH\ZRUG�LV�DQDORJRXV�WR�-DYD¦V�implements�NH\ZRUG�IRU�LQWHUIDFHV��<RX�FDQ
VSHFLI\�DV�PDQ\�WUDLWV�DV�\RX�ZDQW��HDFK�ZLWK�LWV�RZQ�with�NH\ZRUG�

$�FODVV�FDQ�H[WHQG�D�WUDLW��DQG�D�WUDLW�FDQ�H[WHQG�D�FODVV��,Q�IDFW��RXU�Widget�FODVV�HDUOLHU
FRXOG�KDYH�EHHQ�GHFODUHG�WR�EH�D�WUDLW�

,I�\RX�GHFODUH�D�FODVV�WKDW�XVHV�RQH�RU�PRUH�WUDLWV�DQG�LW�GRHVQ¦W�H[WHQG
DQRWKHU�FODVV��\RX�PXVW�XVH�WKH�extends�NH\ZRUG�IRU�WKH�ILUVW�WUDLW�OLVWHG�
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,I�\RX�GRQ¦W�XVH�extends�IRU�WKH�ILUVW�WUDLW��H�J���\RX�ZULWH�WKH�IROORZLQJ�

// ERROR:
class ObservableButton(name: String) with Button(name) with Subject {...}

<RX¦OO�JHW�DQ�HUURU�OLNH�WKLV�

... error: ';' expected but 'with' found.
       class ObservableButton(name: String) with Button(name) with Subject {...}
                                            ^

7KH�HUURU�VKRXOG�UHDOO\�VD\��£with�IRXQG��EXW�extends�H[SHFWHG�¤

7R�GHPRQVWUDWH�WKLV�FRGH��OHW¦V�VWDUW�ZLWK�D�FODVV�IRU�REVHUYLQJ�EXWWRQ�FOLFNV�WKDW�VLPSO\
FRXQWV�WKH�QXPEHU�RI�FOLFNV�

// code-examples/Traits/ui/button-count-observer.scala

package ui
import observer._

class ButtonCountObserver {
  var count = 0
  def receiveUpdate(subject: Any) = count += 1
}

)LQDOO\��OHW¦V�ZULWH�D�WHVW�WKDW�H[HUFLVHV�DOO�WKHVH�FODVVHV��:H�ZLOO�XVH�WKH�6SHFV�OLEUDU\
�GLVFXVVHG�LQ�£6SHFV¤�RQ�SDJH������WR�ZULWH�D�%HKDYLRU�'ULYHQ�'HYHORSPHQW��>%''@�
£VSHFLILFDWLRQ¤�WKDW�H[HUFLVHV�WKH�FRPELQHG�Button�DQG�Subject�W\SHV�

// code-examples/Traits/ui/button-observer-spec.scala

package ui
import org.specs._
import observer._

object ButtonObserverSpec extends Specification {
  "A Button Observer" should {
    "observe button clicks" in {
      val observableButton = new ObservableButton("Okay")
      val buttonObserver = new ButtonCountObserver
      observableButton.addObserver(buttonObserver)

      for (i <- 1 to 3) observableButton.click()
      buttonObserver.count mustEqual 3
    }
  }
}

,I�\RX�GRZQORDGHG�WKH�FRGH�H[DPSOHV�IURP�WKH�2¦5HLOO\�VLWH��\RX�FDQ�IROORZ�WKH�GLUHF�
WLRQV�LQ�LWV�5($'0(�ILOHV�IRU�EXLOGLQJ�DQG�UXQQLQJ�WKH�H[DPSOHV�LQ�WKLV�FKDSWHU��7KH
RXWSXW�RI�WKH�specs�£WDUJHW¤�RI�WKH�EXLOG�VKRXOG�LQFOXGH�WKH�IROORZLQJ�WH[W�

Specification "ButtonCountObserverSpec"
  A Button Observer should
  + observe button clicks
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Total for specification "ButtonCountObserverSpec":
Finished in 0 second, 10 ms
1 example, 1 expectation, 0 failure, 0 error

1RWLFH�WKDW�WKH�VWULQJV�A Button Observer should�DQG�observe button clicks�FRUUH�
VSRQG�WR�VWULQJV�LQ�WKH�H[DPSOH��7KH�RXWSXW�RI�D�6SHFV�UXQ�SURYLGHV�D�QLFH�VXPPDU\�RI
WKH�UHTXLUHPHQWV�IRU�WKH�LWHPV�EHLQJ�WHVWHG��DVVXPLQJ�JRRG�FKRLFHV�ZHUH�PDGH�IRU�WKH
VWULQJV�

7KH�ERG\�RI�WKH�WHVW�FUHDWHV�DQ�£2ND\¤�ObservableButton�DQG�D�ButtonCountObserver�
ZKLFK�JLYHV�WKH�REVHUYHU�WR�WKH�EXWWRQ��7KH�EXWWRQ�LV�FOLFNHG�WKUHH�WLPHV��XVLQJ�WKH
for�ORRS��7KH�ODVW�OLQH�UHTXLUHV�WKH�REVHUYHU¦V�count�WR�HTXDO����,I�\RX�DUH�DFFXVWRPHG
WR�XVLQJ�DQ�;8QLW�VW\OH�7''�WRRO��OLNH�JUnit��VHH�>-8QLW@��RU�ScalaTest��VHH�>6FDOD7HVW�
7RRO@�DQG�£6FDOD7HVW¤�RQ�SDJH�������WKHQ�WKH�ODVW�OLQH�LV�HTXLYDOHQW�WR�WKH�IROORZLQJ
JUnit�DVVHUWLRQ�

assertEquals(3, buttonObserver.count)

7KH�6SHFV�OLEUDU\��VHH�£6SHFV¤�RQ�SDJH������DQG�WKH�6FDOD7HVW�OLEUDU\
�VHH�£6FDOD7HVW¤�RQ�SDJH������ERWK�VXSSRUW�%HKDYLRU�'ULYHQ�'HYHORS�
PHQW��>%''@���D�VW\OH�RI�7HVW�'ULYHQ�'HYHORSPHQW��>7''@��WKDW�HPSKD�
VL]HV�WKH�£VSHFLILFDWLRQ¤�UROH�RI�WHVWV�

6XSSRVH�ZH�QHHG�RQO\�RQH�ObservableButton�LQVWDQFH"�:H�DFWXDOO\�GRQ¦W�KDYH�WR�GH�
FODUH�D�FODVV�WKDW�VXEFODVVHV�Button�ZLWK�Subject��:H�FDQ�LQFRUSRUDWH�WKH�WUDLW�ZKHQ�ZH
FUHDWH�WKH�LQVWDQFH�

7KH�QH[W�H[DPSOH�VKRZV�D�UHYLVHG�6SHFV�ILOH�WKDW�LQVWDQWLDWHV�D�Button�ZLWK�Subject
PL[HG�LQ�DV�SDUW�RI�WKH�GHFODUDWLRQ�

// code-examples/Traits/ui/button-observer-anon-spec.scala

package ui
import org.specs._
import observer._

object ButtonObserverAnonSpec extends Specification {
  "A Button Observer" should {
    "observe button clicks" in {
      val observableButton = new Button("Okay") with Subject {
        override def click() = {
          super.click()
          notifyObservers
        }
      }

      val buttonObserver = new ButtonCountObserver
      observableButton.addObserver(buttonObserver)

      for (i <- 1 to 3) observableButton.click()
      buttonObserver.count mustEqual 3
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    }
  }
}

7KH�UHYLVHG�GHFODUDWLRQ�RI�observableButton�DFWXDOO\�FUHDWHV�DQ�DQRQ\PRXV�FODVV� LQ
ZKLFK�ZH�RYHUULGH� WKH�click�PHWKRG�� DV�EHIRUH��7KH�PDLQ�GLIIHUHQFH�ZLWK� FUHDWLQJ
DQRQ\PRXV�FODVVHV�LQ�-DYD�LV�WKDW�ZH�FDQ�LQFRUSRUDWH�WUDLWV�LQ�WKLV�SURFHVV��-DYD�GRHV
QRW�OHW�\RX�LPSOHPHQW�D�QHZ�LQWHUIDFH�ZKLOH�LQVWDQWLDWLQJ�D�FODVV�

)LQDOO\��QRWH�WKDW�WKH�LQKHULWDQFH�KLHUDUFK\�IRU�DQ�LQVWDQFH�FDQ�EH�FRPSOH[�LI�LW�PL[HV
LQ� WUDLWV� WKDW� H[WHQG� RWKHU� WUDLWV�� HWF��:H¦OO� GLVFXVV� WKH� GHWDLOV� RI� WKH� KLHUDUFK\� LQ
£/LQHDUL]DWLRQ�RI�DQ�2EMHFW¦V�+LHUDUFK\¤�RQ�SDJH�����

Stackable Traits
7KHUH�DUH�D�FRXSOH�RI�UHILQHPHQWV�ZH�FDQ�GR�WR�LPSURYH�WKH�UHXVDELOLW\�RI�RXU�ZRUN�DQG
WR�PDNH�LW�HDVLHU�WR�XVH�PRUH�WKDQ�RQH�WUDLW�DW�D�WLPH��L�H���WR�£VWDFN¤�WKHP�

)LUVW��OHW¦V�LQWURGXFH�D�QHZ�WUDLW��Clickable��DQ�DEVWUDFWLRQ�IRU�DQ\�ZLGJHW�WKDW�UHVSRQGV
WR�FOLFNV�

// code-examples/Traits/ui2/clickable.scala

package ui2

trait Clickable {
  def click()
}

:H¦UH�VWDUWLQJ�ZLWK�D�QHZ�SDFNDJH��ui2��WR�PDNH�LW�HDVLHU�WR�NHHS�ROGHU
DQG�QHZHU�YHUVLRQV�RI�WKH�H[DPSOHV�GLVWLQFW�LQ�WKH�GRZQORDGDEOH�FRGH�

7KH�Clickable�WUDLW�ORRNV�MXVW�OLNH�D�-DYD�LQWHUIDFH��LW�LV�FRPSOHWHO\�DEVWUDFW��,W�GHILQHV
D�VLQJOH��DEVWUDFW�PHWKRG��click��7KH�PHWKRG�LV�DEVWUDFW�EHFDXVH� LW�KDV�QR�ERG\�� ,I
Clickable�ZHUH�D�FODVV��ZH�ZRXOG�KDYH�WR�DGG�WKH�abstract�NH\ZRUG�LQ�IURQW�RI�WKH
class�NH\ZRUG��7KLV�LV�QRW�QHFHVVDU\�IRU�WUDLWV�

+HUH�LV�WKH�UHIDFWRUHG�EXWWRQ��ZKLFK�XVHV�WKH�WUDLW�

// code-examples/Traits/ui2/button.scala

package ui2

import ui.Widget

class Button(val label: String) extends Widget with Clickable {
  def click() = {
    // Logic to give the appearance of clicking a button...
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  }
}

7KLV�FRGH�LV�OLNH�-DYD�FRGH�WKDW�LPSOHPHQWV�D�Clickable�LQWHUIDFH�

:KHQ�ZH�SUHYLRXVO\�GHILQHG�ObservableButton��LQ�£7UDLWV�$V�0L[LQV¤�RQ�SDJH������ZH
RYHUURGH� Button.click� WR� QRWLI\� WKH� REVHUYHUV�� :H� KDG� WR� GXSOLFDWH� WKDW� ORJLF� LQ
ButtonObserverAnonSpec�ZKHQ�ZH�GHFODUHG�observableButton�DV�D�Button�LQVWDQFH�WKDW
PL[HG�LQ�WKH�Subject�WUDLW�GLUHFWO\��/HW¦V�HOLPLQDWH�WKLV�GXSOLFDWLRQ�

:KHQ�ZH�UHIDFWRU�WKH�FRGH�WKLV�ZD\��ZH�UHDOL]H�WKDW�ZH�GRQ¦W�UHDOO\�FDUH�DERXW�REVHUYLQJ
EXWWRQV��ZH�FDUH�DERXW�REVHUYLQJ�FOLFNV��+HUH�LV�D�WUDLW�WKDW�IRFXVHV�VROHO\�RQ�REVHUYLQJ
Clickable�

// code-examples/Traits/ui2/observable-clicks.scala

package ui2
import observer._

trait ObservableClicks extends Clickable with Subject {
  abstract override def click() = {
    super.click()
    notifyObservers
  }
}

7KH�ObservableClicks�WUDLW�H[WHQGV�Clickable�DQG�PL[HV�LQ�Subject��,W�WKHQ�RYHUULGHV
WKH�click�PHWKRG�ZLWK�DQ�LPSOHPHQWDWLRQ�WKDW�ORRNV�DOPRVW�WKH�VDPH�DV�WKH�RYHUULGGHQ
PHWKRG� VKRZQ� LQ� £7UDLWV�$V�0L[LQV¤� RQ� SDJH� ���� 7KH� LPSRUWDQW� GLIIHUHQFH� LV� WKH
abstract�NH\ZRUG�

/RRN�FORVHO\�DW�WKLV�PHWKRG��,W�FDOOV�super.click()��EXW�ZKDW�LV�super�LQ�WKLV�FDVH"�$W
WKLV�SRLQW��LW�FRXOG�RQO\�DSSHDU�WR�EH�Clickable��ZKLFK�GHFODUHV�EXW�GRHV�QRW�GHILQH�WKH
click�PHWKRG��RU�LW�FRXOG�EH�Subject��ZKLFK�GRHVQ¦W�KDYH�D�click�PHWKRG��6R��super
FDQ¦W�EH�ERXQG��DW�OHDVW�QRW�\HW�

,Q�IDFW��super�ZLOO�EH�ERXQG�ZKHQ�WKLV�WUDLW� LV�PL[HG�LQWR�DQ�LQVWDQFH�WKDW�GHILQHV�D
FRQFUHWH�click�PHWKRG��VXFK�DV�Button��7KHUHIRUH��ZH�QHHG�DQ�abstract�NH\ZRUG�RQ
ObservableClicks.click�WR�WHOO�WKH�FRPSLOHU��DQG�WKH�UHDGHU��WKDW�click�LV�QRW�\HW�IXOO\
LPSOHPHQWHG��HYHQ�WKRXJK�ObservableClicks.click�KDV�D�ERG\�

([FHSW�IRU�GHFODULQJ�DEVWUDFW�FODVVHV��WKH�abstract�NH\ZRUG�LV�RQO\�UH�
TXLUHG�RQ�D�PHWKRG�LQ�D�WUDLW�ZKHQ�WKH�PHWKRG�KDV�D�ERG\��EXW�LW�FDOOV
WKH� super� PHWKRG� WKDW� GRHVQ¦W� KDYH� D� FRQFUHWH� LPSOHPHQWDWLRQ� LQ
SDUHQWV�RI�WKH�WUDLW�

/HW¦V�XVH�WKLV�WUDLW�ZLWK�Button�DQG�LWV�FRQFUHWH�click�PHWKRG�LQ�D�6SHFV�WHVW�

// code-examples/Traits/ui2/button-clickable-observer-spec.scala

package ui2
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import org.specs._
import observer._
import ui.ButtonCountObserver

object ButtonClickableObserverSpec extends Specification {
  "A Button Observer" should {
    "observe button clicks" in {
      val observableButton = new Button("Okay") with ObservableClicks
      val buttonClickCountObserver = new ButtonCountObserver
      observableButton.addObserver(buttonClickCountObserver)

      for (i <- 1 to 3) observableButton.click()
      buttonClickCountObserver.count mustEqual 3
    }
  }
}

&RPSDUH� WKLV� FRGH� WR� ButtonObserverAnonSpec�� :H� LQVWDQWLDWH� D� Button� ZLWK� WKH
ObservableClicks�WUDLW�PL[HG�LQ��EXW�QRZ�WKHUH�LV�QR�RYHUULGH�RI�click�UHTXLUHG��+HQFH�
WKLV�FOLHQW�RI�Button�GRHVQ¦W�KDYH�WR�ZRUU\�DERXW�SURSHUO\�RYHUULGLQJ�click��7KH�KDUG
ZRUN�LV�DOUHDG\�GRQH�E\�ObservableClicks��7KH�GHVLUHG�EHKDYLRU�LV�FRPSRVHG�GHFODUD�
WLYHO\�ZKHQ�QHHGHG�

/HW¦V� ILQLVK�RXU�H[DPSOH�E\�DGGLQJ�D�VHFRQG�WUDLW��7KH�-DYD%HDQV�VSHFLILFDWLRQ� �VHH
>-DYD%HDQV6SHF@��KDV�WKH�LGHD�RI�£YHWRDEOH¤�HYHQWV��ZKHUH�OLVWHQHUV�IRU�FKDQJHV�WR�D
-DYD%HDQ� FDQ�YHWR� WKH� FKDQJH��/HW¦V� LPSOHPHQW� VRPHWKLQJ� VLPLODU�ZLWK� D� WUDLW� WKDW
YHWRHV�PRUH�WKDQ�D�VHW�QXPEHU�RI�FOLFNV�

// code-examples/Traits/ui2/vetoable-clicks.scala

package ui2
import observer._

trait VetoableClicks extends Clickable {
  val maxAllowed = 1  // default
  private var count = 0

  abstract override def click() = {
    if (count < maxAllowed) {
      count += 1
      super.click()
    }
  }
}

2QFH�DJDLQ��ZH�RYHUULGH�WKH�click�PHWKRG��$V�EHIRUH��WKH�RYHUULGH�PXVW�EH�GHFODUHG
abstract��7KH�PD[LPXP�DOORZHG�QXPEHU�RI�FOLFNV�GHIDXOWV�WR����<RX�PLJKW�ZRQGHU
ZKDW�ZH�PHDQ�E\�£GHIDXOWV¤�KHUH�� ,VQ¦W� WKH� ILHOG�GHFODUHG� WR�EH�D�val"�7KHUH� LV�QR
FRQVWUXFWRU�GHILQHG� WR� LQLWLDOL]H� LW� WR�DQRWKHU�YDOXH��:H¦OO� UHYLVLW� WKHVH�TXHVWLRQV� LQ
£2YHUULGLQJ�0HPEHUV�RI�&ODVVHV�DQG�7UDLWV¤�RQ�SDJH�����

7KLV� WUDLW�DOVR�GHFODUHV�D�count�YDULDEOH� WR�NHHS�WUDFN�RI� WKH�QXPEHU�RI�FOLFNV�VHHQ�
,W� LV� GHFODUHG� private�� VR� LW� LV� LQYLVLEOH� RXWVLGH� WKH� WUDLW� �VHH� £9LVLELOLW\
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5XOHV¤�RQ�SDJH������7KH�RYHUULGGHQ�click�PHWKRG�LQFUHPHQWV�count��,W�RQO\�FDOOV�WKH
super.click()�PHWKRG�LI�WKH�FRXQW�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�maxAllowed�FRXQW�

+HUH�LV�D�6SHFV�REMHFW�WKDW�GHPRQVWUDWHV�ObservableClicks�DQG�VetoableClicks�ZRUNLQJ
WRJHWKHU��1RWH�WKDW�D�VHSDUDWH�with�NH\ZRUG�LV�UHTXLUHG�IRU�HDFK�WUDLW��DV�RSSRVHG�WR
XVLQJ� RQH� NH\ZRUG� DQG� VHSDUDWLQJ� WKH� QDPHV� ZLWK� FRPPDV�� DV� -DYD� GRHV� IRU
implements�FODXVHV�

// code-examples/Traits/ui2/button-clickable-observer-vetoable-spec.scala

package ui2
import org.specs._
import observer._
import ui.ButtonCountObserver

object ButtonClickableObserverVetoableSpec extends Specification {
  "A Button Observer with Vetoable Clicks" should {
    "observe only the first button click" in {
      val observableButton =
          new Button("Okay") with ObservableClicks with VetoableClicks
      val buttonClickCountObserver = new ButtonCountObserver
      observableButton.addObserver(buttonClickCountObserver)

      for (i <- 1 to 3) observableButton.click()
      buttonClickCountObserver.count mustEqual 1
    }
  }
}

7KH�H[SHFWHG�REVHUYHU�FRXQW�LV����7KH�observableButton�LV�GHFODUHG�DV�IROORZV�

new Button("Okay") with ObservableClicks with VetoableClicks

:H�FDQ�LQIHU�WKDW�WKH�click�RYHUULGH�LQ�VetoableClicks�LV�FDOOHG�EHIRUH�WKH�click�RYHUULGH
LQ� ObservableClicks�� /RRVHO\� VSHDNLQJ�� VLQFH� RXU� DQRQ\PRXV� FODVV� GRHVQ¦W� GHILQH
click�LWVHOI��WKH�PHWKRG�ORRNXS�SURFHHGV�ULJKW�WR�OHIW��DV�GHFODUHG��,W¦V�DFWXDOO\�PRUH
FRPSOLFDWHG� WKDQ� WKDW�� DV� ZH¦OO� VHH� ODWHU� LQ� £/LQHDUL]DWLRQ� RI� DQ� 2EMHFW¦V� +LHUDU�
FK\¤�RQ�SDJH�����

,Q�WKH�PHDQWLPH��ZKDW�KDSSHQV�LI�ZH�XVH�WKH�WUDLWV�LQ�WKH�UHYHUVH�RUGHU"

// code-examples/Traits/ui2/button-vetoable-clickable-observer-spec.scala

package ui2
import org.specs._
import observer._
import ui.ButtonCountObserver

object ButtonVetoableClickableObserverSpec extends Specification {
  "A Vetoable Button with Click Observer" should {
    "observe all the button clicks, even when some are vetoed" in {
      val observableButton =
          new Button("Okay") with VetoableClicks with ObservableClicks
      val buttonClickCountObserver = new ButtonCountObserver
      observableButton.addObserver(buttonClickCountObserver)
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      for (i <- 1 to 3) observableButton.click()
      buttonClickCountObserver.count mustEqual 3
    }
  }
}

1RZ� WKH� H[SHFWHG�REVHUYHU� FRXQW� LV� ���ObservableClicks� QRZ�KDV�SUHFHGHQFH�RYHU
VetoableClicks��VR�WKH�FRXQW�RI�FOLFNV�LV�LQFUHPHQWHG��HYHQ�ZKHQ�VRPH�FOLFNV�DUH�VXE�
VHTXHQWO\�YHWRHG�

6R��WKH�RUGHU�RI�GHFODUDWLRQ�PDWWHUV��ZKLFK�LV�LPSRUWDQW�WR�UHPHPEHU�IRU�SUHYHQWLQJ
XQH[SHFWHG�EHKDYLRU�ZKHQ�WUDLWV�LPSDFW�HDFK�RWKHU��3HUKDSV�DQRWKHU�OHVVRQ�WR�QRWH�LV
WKDW�VSOLWWLQJ�REMHFWV�LQWR�WRR�PDQ\�ILQH�JUDLQHG�WUDLWV�FDQ�REVFXUH�WKH�RUGHU�RI�H[HFX�
WLRQ�LQ�\RXU�FRGH�

%UHDNLQJ�XS�\RXU�DSSOLFDWLRQ� LQWR� VPDOO�� IRFXVHG� WUDLWV� LV� D�SRZHUIXO�ZD\� WR�FUHDWH
UHXVDEOH��VFDODEOH�DEVWUDFWLRQV�DQG�£FRPSRQHQWV�¤�&RPSOH[�EHKDYLRUV�FDQ�EH�EXLOW�XS
WKURXJK�GHFODUDWLYH�FRPSRVLWLRQ�RI�WUDLWV��:H�ZLOO�H[SORUH�WKLV�LGHD�LQ�JUHDWHU�GHWDLO�LQ
£6FDODEOH�$EVWUDFWLRQV¤�RQ�SDJH�����

Constructing Traits
7UDLWV�GRQ¦W�VXSSRUW�DX[LOLDU\�FRQVWUXFWRUV��QRU�GR�WKH\�DFFHSW�DQ�DUJXPHQW�OLVW�IRU�WKH
SULPDU\�FRQVWUXFWRU��WKH�ERG\�RI�D�WUDLW��7UDLWV�FDQ�H[WHQG�FODVVHV�RU�RWKHU�WUDLWV��+RZ�
HYHU��WKH\�FDQ¦W�SDVV�DUJXPHQWV�WR�WKH�SDUHQW�FODVV�FRQVWUXFWRU��HYHQ�OLWHUDO�YDOXHV���VR
WUDLWV�FDQ�RQO\�H[WHQG�FODVVHV�WKDW�KDYH�D�QR�DUJXPHQW�SULPDU\�RU�DX[LOLDU\�FRQVWUXFWRU�

+RZHYHU��OLNH�FODVVHV��WKH�ERG\�RI�D�WUDLW�LV�H[HFXWHG�HYHU\�WLPH�DQ�LQVWDQFH�LV�FUHDWHG
WKDW�XVHV�WKH�WUDLW��DV�GHPRQVWUDWHG�E\�WKH�IROORZLQJ�VFULSW�

// code-examples/Traits/trait-construction-script.scala

trait T1 {
  println( "  in T1: x = " + x )
  val x=1
  println( "  in T1: x = " + x )
}
trait T2 {
  println( "  in T2: y = " + y )
  val y="T2"
  println( "  in T2: y = " + y )
}

class Base12 {
  println( "  in Base12: b = " + b )
  val b="Base12"
  println( "  in Base12: b = " + b )
}
class C12 extends Base12 with T1 with T2 {
  println( "  in C12: c = " + c )
  val c="C12"
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  println( "  in C12: c = " + c )
}
println( "Creating C12:" )
new C12
println( "After Creating C12" )

5XQQLQJ�WKLV�VFULSW�ZLWK�WKH�scala�FRPPDQG�\LHOGV�WKH�IROORZLQJ�RXWSXW�

Creating C12:
  in Base12: b = null
  in Base12: b = Base12
  in T1: x = 0
  in T1: x = 1
  in T2: y = null
  in T2: y = T2
  in C12: c = null
  in C12: c = C12
After Creating C12

1RWLFH�WKH�RUGHU�RI�LQYRFDWLRQ�RI�WKH�FODVV�DQG�WUDLW�FRQVWUXFWRUV��6LQFH�WKH�GHFODUDWLRQ
RI�C12�LV�extends Base12 with T1 with T2��WKH�RUGHU�RI�FRQVWUXFWLRQ�IRU�WKLV�VLPSOH�FODVV
KLHUDUFK\�LV�OHIW�WR�ULJKW��VWDUWLQJ�ZLWK�WKH�EDVH�FODVV�Base12��IROORZHG�E\�WKH�WUDLWV�T1
DQG� T2�� DQG� HQGLQJ� ZLWK� WKH� C12� FRQVWUXFWRU� ERG\�� �)RU� FRQVWUXFWLQJ� DUELWUDULO\
FRPSOH[�KLHUDUFKLHV��VHH�£/LQHDUL]DWLRQ�RI�DQ�2EMHFW¦V�+LHUDUFK\¤�RQ�SDJH������

6R��ZKLOH�\RX�FDQ¦W�SDVV�FRQVWUXFWLRQ�SDUDPHWHUV�WR�WUDLWV��\RX�FDQ�LQLWLDOL]H�ILHOGV�ZLWK
GHIDXOW�YDOXHV�RU�OHDYH�WKHP�DEVWUDFW��:H�DFWXDOO\�VDZ�WKLV�EHIRUH�LQ�RXU�Subject�WUDLW�
ZKHUH�WKH�Subject.observers�ILHOG�ZDV�LQLWLDOL]HG�WR�DQ�HPSW\�OLVW�

,I�D�FRQFUHWH�ILHOG�LQ�D�WUDLW�GRHV�QRW�KDYH�D�VXLWDEOH�GHIDXOW�YDOXH��WKHUH�LV�QR�£IDLO�VDIH¤
ZD\�WR�LQLWLDOL]H�WKH�YDOXH��$OO�WKH�DOWHUQDWLYH�DSSURDFKHV�UHTXLUH�VRPH�DG�KRF�VWHSV�E\
XVHUV�RI�WKH�WUDLW��ZKLFK�LV�HUURU�SURQH�EHFDXVH�WKH\�PLJKW�GR�LW�ZURQJ�RU�IRUJHW�WR�GR
LW�DOO��3HUKDSV�WKH�ILHOG�VKRXOG�EH�OHIW�DEVWUDFW��VR�WKDW�FODVVHV�RU�RWKHU�WUDLWV�WKDW�XVH
WKLV�WUDLW�DUH�IRUFHG�WR�GHILQH�WKH�YDOXH�DSSURSULDWHO\��:H¦OO�GLVFXVV�RYHUULGLQJ�DEVWUDFW
DQG�FRQFUHWH�PHPEHUV�LQ�GHWDLO�LQ�&KDSWHU���

$QRWKHU�VROXWLRQ�LV�WR�PRYH�WKDW�ILHOG�WR�D�VHSDUDWH�FODVV��ZKHUH�WKH�FRQVWUXFWLRQ�SURFHVV
FDQ�JXDUDQWHH�WKDW�WKH�FRUUHFW�LQLWLDOL]DWLRQ�GDWD�LV�VXSSOLHG�E\�WKH�XVHU��,W�PLJKW�EH
WKDW�WKH�ZKROH�WUDLW�VKRXOG�DFWXDOO\�EH�D�FODVV�LQVWHDG��VR�\RX�FDQ�GHILQH�D�FRQVWUXFWRU
IRU�LW�WKDW�LQLWLDOL]HV�WKH�ILHOG�

Class or Trait?
:KHQ�FRQVLGHULQJ�ZKHWKHU�D�£FRQFHSW¤�VKRXOG�EH�D�WUDLW�RU�D�FODVV��NHHS�LQ�PLQG�WKDW
WUDLWV�DV�PL[LQV�PDNH�WKH�PRVW�VHQVH�IRU�£DGMXQFW¤�EHKDYLRU��,I�\RX�ILQG�WKDW�D�SDUWLFXODU
WUDLW�LV�XVHG�PRVW�RIWHQ�DV�D�SDUHQW�RI�RWKHU�FODVVHV��VR�WKDW�WKH�FKLOG�FODVVHV�EHKDYH�DV
WKH�SDUHQW�WUDLW��WKHQ�FRQVLGHU�GHILQLQJ�WKH�WUDLW�DV�D�FODVV�LQVWHDG��WR�PDNH�WKLV�ORJLFDO
UHODWLRQVKLS�PRUH�FOHDU���:H�VDLG�EHKDYHV�DV��UDWKHU�WKDQ�LV�D��EHFDXVH�WKH�IRUPHU�LV�WKH
PRUH�SUHFLVH�GHILQLWLRQ�RI�LQKHULWDQFH��EDVHG�RQ�WKH�/LVNRY�6XEVWLWXWLRQ�3ULQFLSOH¢VHH
>0DUWLQ����@��IRU�H[DPSOH��
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$YRLG�FRQFUHWH�ILHOGV�LQ�WUDLWV�WKDW�FDQ¦W�EH�LQLWLDOL]HG�WR�VXLWDEOH�GHIDXOW
YDOXHV��8VH�DEVWUDFW�ILHOGV�LQVWHDG��RU�FRQYHUW�WKH�WUDLW�WR�D�FODVV�ZLWK
D� FRQVWUXFWRU��2I� FRXUVH�� VWDWHOHVV� WUDLWV� GRQ¦W� KDYH� DQ\� LVVXHV� ZLWK
LQLWLDOL]DWLRQ�

,W¦V�D�JHQHUDO�SULQFLSOH�RI�JRRG�REMHFW�RULHQWHG�GHVLJQ�WKDW�DQ�LQVWDQFH�VKRXOG�DOZD\V
EH�LQ�D�NQRZQ�YDOLG�VWDWH��VWDUWLQJ�IURP�WKH�PRPHQW�WKH�FRQVWUXFWLRQ�SURFHVV�ILQLVKHV�

Recap and What’s Next
,Q�WKLV�FKDSWHU��ZH�OHDUQHG�KRZ�WR�XVH�WUDLWV�WR�HQFDSVXODWH�DQG�VKDUH�FURVV�FXWWLQJ
FRQFHUQV�EHWZHHQ�FODVVHV��:H�FRYHUHG�ZKHQ�DQG�KRZ�WR�XVH�WUDLWV��KRZ�WR�£VWDFN¤
PXOWLSOH�WUDLWV��DQG�WKH�UXOHV�IRU�LQLWLDOL]LQJ�YDOXHV�ZLWKLQ�WUDLWV�

,Q�WKH�QH[W�FKDSWHU��ZH�H[SORUH�KRZ�WKH�IXQGDPHQWDOV�RI�REMHFW�RULHQWHG�SURJUDPPLQJ
ZRUN�LQ�6FDOD��(YHQ�LI�\RX¦UH�DQ�ROG�KDQG�DW�REMHFW�RULHQWHG�SURJUDPPLQJ��\RX¦OO�ZDQW
WR�UHDG�WKH�QH[W�VHYHUDO�FKDSWHUV�WR�XQGHUVWDQG�WKH�SDUWLFXODUV�RI�6FDOD¦V�DSSURDFK�WR
223�
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CHAPTER 5

Basic Object-Oriented Programming
in Scala

6FDOD�LV�DQ�REMHFW�RULHQWHG�ODQJXDJH�OLNH�-DYD��3\WKRQ��5XE\��6PDOOWDON��DQG�RWKHUV��,I
\RX¦UH�FRPLQJ�IURP�WKH�-DYD�ZRUOG��\RX¦OO�QRWLFH�VRPH�QRWDEOH�LPSURYHPHQWV�RYHU�WKH
OLPLWDWLRQV�RI�-DYD¦V�REMHFW�PRGHO�

:H�DVVXPH�\RX�KDYH�VRPH�SULRU�H[SHULHQFH�ZLWK�REMHFW�RULHQWHG�SURJUDPPLQJ��223��
VR�ZH�ZLOO�QRW�GLVFXVV�WKH�EDVLF�SULQFLSOHV�KHUH��DOWKRXJK�VRPH�FRPPRQ�WHUPV�DQG
FRQFHSWV�DUH�GLVFXVVHG�LQ�WKH�*ORVVDU\�RQ�SDJH������6HH�>0H\HU����@�IRU�D�GHWDLOHG
LQWURGXFWLRQ�WR�223��VHH�>0DUWLQ����@�IRU�D�UHFHQW�WUHDWPHQW�RI�223�SULQFLSOHV�LQ�WKH
FRQWH[W�RI�£DJLOH�VRIWZDUH�GHYHORSPHQW¤��VHH�>*2)����@�WR� OHDUQ�DERXW�GHVLJQ�SDW�
WHUQV��DQG�VHH�>:LUIV%URFN����@�IRU�D�GLVFXVVLRQ�RI�REMHFW�RULHQWHG�GHVLJQ�FRQFHSWV�

Class and Object Basics
/HW¦V�UHYLHZ�WKH�WHUPLQRORJ\�RI�223�LQ�6FDOD�

:H� VDZ�SUHYLRXVO\� WKDW� 6FDOD� KDV� WKH� FRQFHSW� RI� D� GHFODUHG� object�
ZKLFK� ZH¦OO� GLJ� LQWR� LQ� £&ODVVHV� DQG� 2EMHFWV��:KHUH� $UH� WKH� 6WDW�
LFV"¤�RQ�SDJH������:H¦OO�XVH�WKH�WHUP�LQVWDQFH�WR�UHIHU�WR�D�FODVV�LQVWDQFH
JHQHULFDOO\��PHDQLQJ�HLWKHU�DQ�object�RU�DQ�LQVWDQFH�RI�D�class��WR�DYRLG
WKH�SRWHQWLDO�IRU�FRQIXVLRQ�EHWZHHQ�WKHVH�WZR�FRQFHSWV�

&ODVVHV�DUH�GHFODUHG�ZLWK�WKH�NH\ZRUG�class��:H�ZLOO�VHH�ODWHU�WKDW�DGGLWLRQDO�NH\ZRUGV
FDQ�DOVR�EH�XVHG��OLNH�final�WR�SUHYHQW�FUHDWLRQ�RI�GHULYHG�FODVVHV�DQG�abstract�WR�LQGL�
FDWH�WKDW�WKH�FODVV�FDQ¦W�EH�LQVWDQWLDWHG��XVXDOO\�EHFDXVH�LW�FRQWDLQV�RU�LQKHULWV�PHPEHU
GHFODUDWLRQV�ZLWKRXW�SURYLGLQJ�FRQFUHWH�GHILQLWLRQV�IRU�WKHP�

$Q� LQVWDQFH� FDQ� UHIHU� WR� LWVHOI� XVLQJ� WKH� this� NH\ZRUG�� MXVW� DV� LQ� -DYD� DQG� VLPLODU
ODQJXDJHV�
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)ROORZLQJ�6FDOD¦V�FRQYHQWLRQ��ZH�XVH�WKH�WHUP�PHWKRG�IRU�D�IXQFWLRQ�WKDW�LV�WLHG�WR�DQ
LQVWDQFH�� 6RPH� RWKHU� REMHFW�RULHQWHG� ODQJXDJHV� XVH� WKH� WHUP� £PHPEHU� IXQFWLRQ�¤
0HWKRG�GHILQLWLRQV�VWDUW�ZLWK�WKH�def�NH\ZRUG�

/LNH�-DYD��EXW�XQOLNH�5XE\�DQG�3\WKRQ��6FDOD�DOORZV�RYHUORDGHG�PHWKRGV��7ZR�RU�PRUH
PHWKRGV�FDQ�KDYH�WKH�VDPH�QDPH�DV�ORQJ�DV�WKHLU�IXOO�VLJQDWXUHV�DUH�XQLTXH��7KH�VLJ�
QDWXUH� LQFOXGHV� WKH� W\SH�QDPH�� WKH� OLVW�RI�SDUDPHWHUV�ZLWK� W\SHV��DQG�WKH�PHWKRG¦V
UHWXUQ�YDOXH�

7KHUH�LV�DQ�H[FHSWLRQ�WR�WKLV�UXOH�GXH�WR�W\SH�HUDVXUH��ZKLFK�LV�D�IHDWXUH�RI�WKH�-90
RQO\��EXW�LV�XVHG�E\�6FDOD�RQ�ERWK�WKH�-90�DQG��1(7�SODWIRUPV��WR�PLQLPL]H�LQFRP�
SDWLELOLWLHV��6XSSRVH�WZR�PHWKRGV�DUH�LGHQWLFDO�H[FHSW�WKDW�RQH�WDNHV�D�SDUDPHWHU�RI
W\SH�List[String]�ZKLOH�WKH�RWKHU�WDNHV�D�SDUDPHWHU�RI�W\SH�List[Int]��DV�IROORZV�

// code-examples/BasicOOP/type-erasure-wont-compile.scala
// WON'T COMPILE

object Foo {
  def bar(list: List[String]) = list.toString
  def bar(list: List[Int]) = list.size.toString
}

<RX¦OO�JHW�D�FRPSLODWLRQ�HUURU�RQ�WKH�VHFRQG�PHWKRG�EHFDXVH�WKH�WZR�PHWKRGV�ZLOO
KDYH�DQ�LGHQWLFDO�VLJQDWXUH�DIWHU�W\SH�HUDVXUH�

7KH�scala�LQWHUSUHWHU�ZLOO�OHW�\RX�W\SH�LQ�ERWK�PHWKRGV��,W�VLPSO\�GURSV
WKH�ILUVW�YHUVLRQ��+RZHYHU��LI�\RX�WU\�WR�ORDG�WKH�SUHYLRXV�H[DPSOH�XVLQJ
WKH�:load file�FRPPDQG��\RX¦OO�JHW�WKH�VDPH�HUURU�scalac�UDLVHV�

:H¦OO�GLVFXVV�W\SH�HUDVXUH�LQ�PRUH�GHWDLO�LQ�&KDSWHU����

$OVR�E\�FRQYHQWLRQ��ZH�XVH�WKH�WHUP�ILHOG�IRU�D�YDULDEOH�WKDW�LV�WLHG�WR�DQ�LQVWDQFH��7KH
WHUP�DWWULEXWH�LV�RIWHQ�XVHG�LQ�RWKHU�ODQJXDJHV��OLNH�5XE\���1RWH�WKDW�WKH�VWDWH�RI�DQ
LQVWDQFH�LV�WKH�XQLRQ�RI�DOO�WKH�YDOXHV�FXUUHQWO\�UHSUHVHQWHG�E\�WKH�LQVWDQFH¦V�ILHOGV�

$V�ZH�GLVFXVVHG�LQ�£9DULDEOH�'HFODUDWLRQV¤�RQ�SDJH�����UHDG�RQO\��£YDOXH¤��ILHOGV�DUH
GHFODUHG� XVLQJ� WKH� val� NH\ZRUG�� DQG� UHDG�ZULWH� ILHOGV� DUH� GHFODUHG� XVLQJ� WKH� var
NH\ZRUG�

6FDOD�DOVR�DOORZV�W\SHV�WR�EH�GHFODUHG�LQ�FODVVHV��DV�ZH�VDZ�LQ�£$EVWUDFW�7\SHV�$QG
3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH����

:H�XVH�WKH�WHUP�PHPEHU�WR�UHIHU�WR�D�ILHOG��PHWKRG��RU�W\SH�LQ�D�JHQHULF�ZD\��1RWH�WKDW
ILHOG�DQG�PHWKRG�PHPEHUV��EXW�QRW�W\SH�PHPEHUV��VKDUH�WKH�VDPH�QDPHVSDFH��XQOLNH
-DYD��:H¦OO�GLVFXVV� WKLV�PRUH� LQ�£:KHQ�$FFHVVRU�0HWKRGV�DQG�)LHOGV�$UH� ,QGLVWLQ�
JXLVKDEOH��7KH�8QLIRUP�$FFHVV�3ULQFLSOH¤�RQ�SDJH�����

)LQDOO\��QHZ�LQVWDQFHV�RI�UHIHUHQFH�W\SHV�DUH�FUHDWHG�IURP�D�FODVV�XVLQJ�WKH�new�NH\ZRUG�
DV�LQ�ODQJXDJHV�OLNH�-DYD�DQG�&���1RWH�WKDW�\RX�FDQ�GURS�WKH�SDUHQWKHVHV�ZKHQ�XVLQJ
D�GHIDXOW�FRQVWUXFWRU��L�H���RQH�WKDW�WDNHV�QR�DUJXPHQWV���,Q�VRPH�FDVHV��OLWHUDO�YDOXHV
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FDQ�EH�XVHG�LQVWHDG��H�J���val name = "Programming Scala"�LV�HTXLYDOHQW�WR�val name =
new String("Programming Scala")�

,QVWDQFHV�RI�YDOXH�W\SHV��Int��Double��HWF����ZKLFK�FRUUHVSRQG�WR�WKH�SULPLWLYHV�LQ�ODQ�
JXDJHV�OLNH�-DYD��DUH�DOZD\V�FUHDWHG�XVLQJ�OLWHUDO�YDOXHV��H�J���1��3.14��,Q�IDFW��WKHUH�DUH
QR�SXEOLF�FRQVWUXFWRUV�IRU�WKHVH�W\SHV��VR�DQ�H[SUHVVLRQ�OLNH�val i = new Int(1)�ZRQ¦W
FRPSLOH�

:H¦OO�GLVFXVV� WKH�GLIIHUHQFH�EHWZHHQ� UHIHUHQFH� DQG�YDOXH� W\SHV� LQ� £7KH�6FDOD�7\SH
+LHUDUFK\¤�RQ�SDJH�����

Parent Classes
6FDOD�VXSSRUWV�VLQJOH�LQKHULWDQFH��QRW�PXOWLSOH�LQKHULWDQFH��$�FKLOG��RU�GHULYHG��FODVV
FDQ�KDYH�RQH�DQG�RQO\�RQH�SDUHQW��RU�EDVH��FODVV��7KH�VROH�H[FHSWLRQ�LV�WKH�URRW�RI�WKH
6FDOD�FODVV�KLHUDUFK\��Any��ZKLFK�KDV�QR�SDUHQW�

:H¦YH�VHHQ�VHYHUDO�H[DPSOHV�RI�SDUHQW�DQG�FKLOG�FODVVHV��+HUH�DUH�VQLSSHWV�RI�RQH�RI
WKH�ILUVW�ZH�VDZ��LQ�£$EVWUDFW�7\SHV�$QG�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH����

// code-examples/TypeLessDoMore/abstract-types-script.scala

import java.io._

abstract class BulkReader {
  // ...
}

class StringBulkReader(val source: String) extends BulkReader {
  // ...
}

class FileBulkReader(val source: File) extends BulkReader {
  // ...
}

$V�LQ�-DYD��WKH�NH\ZRUG�extends�LQGLFDWHV�WKH�SDUHQW�FODVV��LQ�WKLV�FDVH�BulkReader��,Q
6FDOD��extends�LV�DOVR�XVHG�ZKHQ�D�FODVV�LQKHULWV�D�WUDLW�DV�LWV�SDUHQW��HYHQ�ZKHQ�LW�PL[HV
LQ�RWKHU�WUDLWV�XVLQJ�WKH�with�NH\ZRUG���$OVR��extends�LV�XVHG�ZKHQ�RQH�WUDLW�LV�WKH�FKLOG
RI�DQRWKHU�WUDLW�RU�FODVV��<HV��WUDLWV�FDQ�LQKHULW�FODVVHV�

,I�\RX�GRQ¦W�extend�D�SDUHQW�FODVV��WKH�GHIDXOW�SDUHQW�LV�AnyRef��D�GLUHFW�FKLOG�FODVV�RI
Any���:H�GLVFXVV�WKH�GLIIHUHQFH�EHWZHHQ�Any�DQG�AnyRef�ZKHQ�ZH�GLVFXVV�WKH�6FDOD�W\SH
KLHUDUFK\�LQ�£7KH�6FDOD�7\SH�+LHUDUFK\¤�RQ�SDJH������

Constructors in Scala
6FDOD�GLVWLQJXLVKHV�EHWZHHQ�D�SULPDU\�FRQVWUXFWRU�DQG�]HUR�RU�PRUH�DX[LOLDU\�FRQVWUXF�
WRUV��,Q�6FDOD��WKH�SULPDU\�FRQVWUXFWRU�LV�WKH�HQWLUH�ERG\�RI�WKH�FODVV��$Q\�SDUDPHWHUV
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WKDW�WKH�FRQVWUXFWRU�UHTXLUHV�DUH�OLVWHG�DIWHU�WKH�FODVV�QDPH��:H¦YH�VHHQ�PDQ\�H[DPSOHV
RI�WKLV�DOUHDG\��DV�LQ�WKH�ButtonWithCallbacks�H[DPSOH�ZH�XVHG�LQ�&KDSWHU���

// code-examples/Traits/ui/button-callbacks.scala

package ui

class ButtonWithCallbacks(val label: String,
    val clickedCallbacks: List[() => Unit]) extends Widget {

  require(clickedCallbacks != null, "Callback list can't be null!")

  def this(label: String, clickedCallback: () => Unit) =
    this(label, List(clickedCallback))

  def this(label: String) = {
    this(label, Nil)
    println("Warning: button has no click callbacks!")
  }

  def click() = {
    // ... logic to give the appearance of clicking a physical button ...
    clickedCallbacks.foreach(f => f())
  }
}

7KH�ButtonWithCallbacks�FODVV�UHSUHVHQWV�D�EXWWRQ�RQ�D�JUDSKLFDO�XVHU�LQWHUIDFH��,W�KDV
D�ODEHO�DQG�D�OLVW�RI�FDOOEDFN�IXQFWLRQV�WKDW�DUH�LQYRNHG�LI�WKH�EXWWRQ�LV�FOLFNHG��(DFK
FDOOEDFN� IXQFWLRQ� WDNHV�QR� DUJXPHQWV� DQG� UHWXUQV�Unit��7KH�click�PHWKRG� LWHUDWHV
WKURXJK�WKH�OLVW�RI�FDOOEDFNV�DQG�LQYRNHV�HDFK�RQH�

ButtonWithCallbacks�GHILQHV�WKUHH�FRQVWUXFWRUV��7KH�SULPDU\�FRQVWUXFWRU��ZKLFK�LV�WKH
ERG\�RI�WKH�HQWLUH�FODVV��KDV�D�SDUDPHWHU�OLVW�WKDW�WDNHV�D�ODEHO�VWULQJ�DQG�D�OLVW�RI�FDOOEDFN
IXQFWLRQV��%HFDXVH�HDFK�SDUDPHWHU�LV�GHFODUHG�DV�D�val��WKH�FRPSLOHU�JHQHUDWHV�D�SULYDWH
ILHOG�FRUUHVSRQGLQJ�WR�HDFK�SDUDPHWHU��D�GLIIHUHQW�LQWHUQDO�QDPH�LV�XVHG���DORQJ�ZLWK�D
SXEOLF�UHDGHU�PHWKRG�WKDW�KDV�WKH�VDPH�QDPH�DV�WKH�SDUDPHWHU��£3ULYDWH¤�DQG�£SXEOLF¤
KDYH�WKH�VDPH�PHDQLQJ�KHUH�DV�LQ�PRVW�REMHFW�RULHQWHG�ODQJXDJHV��:H¦OO�GLVFXVV�WKH
YDULRXV� YLVLELOLW\� UXOHV� DQG� WKH� NH\ZRUGV� WKDW� FRQWURO� WKHP� LQ� £9LVLELOLW\
5XOHV¤�RQ�SDJH����

,I�D�SDUDPHWHU�KDV�WKH�var�NH\ZRUG��D�SXEOLF�ZULWHU�PHWKRG�LV�DOVR�JHQHUDWHG�ZLWK�WKH
SDUDPHWHU¦V�QDPH�DV�D�SUHIL[��IROORZHG�E\�_=��)RU�H[DPSOH��LI�label�ZHUH�GHFODUHG�DV�D
var��WKH�ZULWHU�PHWKRG�ZRXOG�EH�QDPHG�label_=�DQG�LW�ZRXOG�WDNH�D�VLQJOH�DUJXPHQW
RI�W\SH�String�

7KHUH�DUH�WLPHV�ZKHQ�\RX�GRQ¦W�ZDQW�WKH�DFFHVVRU�PHWKRGV�WR�EH�JHQHUDWHG�DXWRPDW�
LFDOO\��,Q�RWKHU�ZRUGV��\RX�ZDQW�WKH�ILHOG�WR�EH�SULYDWH��$GG�WKH�private�NH\ZRUG�EHIRUH
WKH�val�RU�var�NH\ZRUG��DQG�WKH�DFFHVVRU�PHWKRGV�ZRQ¦W�EH�JHQHUDWHG���6HH�£9LVLELOLW\
5XOHV¤�RQ�SDJH����IRU�PRUH�GHWDLOV��
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)RU�\RX�-DYD�SURJUDPPHUV��6FDOD�GRHVQ¦W�IROORZ�WKH�-DYD%HDQV�>-DYD�
%HDQV6SHF@�FRQYHQWLRQ�WKDW�ILHOG�UHDGHU�DQG�ZULWHU�PHWKRGV�EHJLQ�ZLWK
get�DQG�set��UHVSHFWLYHO\��IROORZHG�E\�WKH�ILHOG�QDPH�ZLWK�WKH�ILUVW�FKDU�
DFWHU�FDSLWDOL]HG��:H¦OO�VHH�ZK\�ZKHQ�ZH�GLVFXVV�WKH�8QLIRUP�$FFHVV
3ULQFLSOH�LQ�£:KHQ�$FFHVVRU�0HWKRGV�DQG�)LHOGV�$UH�,QGLVWLQJXLVKDEOH�
7KH�8QLIRUP�$FFHVV� 3ULQFLSOH¤� RQ� SDJH� �����+RZHYHU�� \RX� FDQ� JHW
-DYD%HDQV�VW\OH� JHWWHUV� DQG� VHWWHUV� ZKHQ� \RX� QHHG� WKHP� XVLQJ� WKH
scala.reflect.BeanProperty�DQQRWDWLRQ��DV�ZH¦OO�GLVFXVV�LQ�£-DYD%HDQ
3URSHUWLHV¤�RQ�SDJH�����

:KHQ�DQ�LQVWDQFH�RI�WKH�FODVV�LV�FUHDWHG��HDFK�ILHOG�FRUUHVSRQGLQJ�WR�D�SDUDPHWHU�LQ�WKH
SDUDPHWHU�OLVW�ZLOO�EH�LQLWLDOL]HG�ZLWK�WKH�SDUDPHWHU�DXWRPDWLFDOO\��1R�FRQVWUXFWRU�ORJLF
LV�UHTXLUHG�WR�LQLWLDOL]H�WKHVH�ILHOGV��LQ�FRQWUDVW�WR�PRVW�RWKHU�REMHFW�RULHQWHG�ODQJXDJHV�

7KH�ILUVW�VWDWHPHQW�LQ�WKH�ButtonWithCallbacks�FODVV��L�H���WKH�FRQVWUXFWRU��ERG\�LV�D�WHVW
WR�HQVXUH�WKDW�D�QRQ�null�OLVW�KDV�EHHQ�SDVVHG�WR�WKH�FRQVWUXFWRU���,W�GRHV�DOORZ�DQ�HPSW\
Nil�OLVW��KRZHYHU���,W�XVHV�WKH�FRQYHQLHQW�require�IXQFWLRQ�WKDW�LV�LPSRUWHG�DXWRPDWL�
FDOO\�LQWR�WKH�FXUUHQW�VFRSH��DV�ZH¦OO�GLVFXVV�LQ�£7KH�3UHGHI�2EMHFW¤�RQ�SDJH�������,I
WKH�OLVW�LV�QXOO��require�ZLOO�WKURZ�DQ�H[FHSWLRQ��7KH�require�IXQFWLRQ�DQG�LWV�FRPSDQLRQ
assume�DUH�YHU\�XVHIXO� IRU�'HVLJQ�E\�&RQWUDFW�SURJUDPPLQJ��DV�GLVFXVVHG� LQ�£%HWWHU
'HVLJQ�ZLWK�'HVLJQ�%\�&RQWUDFW¤�RQ�SDJH�����

+HUH� LV� SDUW� RI� D� IXOO� VSHFLILFDWLRQ� IRU� ButtonWithCallbacks� WKDW� GHPRQVWUDWHV� WKH
require�VWDWHPHQW�LQ�XVH�

// code-examples/Traits/ui/button-callbacks-spec.scala
package ui
import org.specs._

object ButtonWithCallbacksSpec extends Specification {
  "A ButtonWithCallbacks" should {
    // ...
    "not be constructable with a null callback list" in {
      val nullList:List[() => Unit] = null
      val errorMessage =
        "requirement failed: Callback list can't be null!"
      (new ButtonWithCallbacks("button1", nullList)) must throwA(
        new IllegalArgumentException(errorMessage))
    }
  }
}

6FDOD�HYHQ�PDNHV�LW�GLIILFXOW�WR�SDVV�null�DV�WKH�VHFRQG�SDUDPHWHU�WR�WKH�FRQVWUXFWRU��LW
ZRQ¦W�W\SH�FKHFN�ZKHQ�\RX�FRPSLOH�LW��+RZHYHU��\RX�FDQ�DVVLJQ�null�WR�D�YDOXH��DV
VKRZQ�� ,I�ZH�GLGQ¦W�KDYH� WKH�must throwA(...)� FODXVH��ZH�ZRXOG� VHH� WKH� IROORZLQJ
H[FHSWLRQ�WKURZQ�

java.lang.IllegalArgumentException: requirement failed: Callback list can't be null!
        at scala.Predef$.require(Predef.scala:112)
        at ui.ButtonWithCallbacks.<init>(button-callbacks.scala:7)
...
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ButtonWithCallbacks�GHILQHV�WZR�DX[LOLDU\�FRQVWUXFWRUV�IRU�WKH�XVHU¦V�FRQYHQLHQFH��7KH
ILUVW� DX[LOLDU\�FRQVWUXFWRU�DFFHSWV�D� ODEHO�DQG�D� VLQJOH�FDOOEDFN�� ,W� FDOOV� WKH�SULPDU\
FRQVWUXFWRU��SDVVLQJ�WKH�ODEHO�DQG�D�QHZ�List�WR�ZUDS�WKH�VLQJOH�FDOOEDFN�

7KH�VHFRQG�DX[LOLDU\�FRQVWUXFWRU�DFFHSWV�MXVW�D�ODEHO��,W�FDOOV�WKH�SULPDU\�FRQVWUXFWRU
ZLWK�Nil��ZKLFK�UHSUHVHQWV�DQ�HPSW\�List�REMHFW���7KH�FRQVWUXFWRU�WKHQ�SULQWV�D�ZDUQ�
LQJ�PHVVDJH�WKDW�WKHUH�DUH�QR�FDOOEDFNV��VLQFH�OLVWV�DUH�LPPXWDEOH�DQG�WKHUH�LV�QR�ZD\
WR�UHSODFH�WKH�FDOOEDFN�OLVW�val�ZLWK�D�QHZ�RQH�

7R�DYRLG�LQILQLWH�UHFXUVLRQ��6FDOD�UHTXLUHV�HDFK�DX[LOLDU\�FRQVWUXFWRU�WR�LQYRNH�DQRWKHU
FRQVWUXFWRU�GHILQHG�EHIRUH�LW��VHH�>6FDOD6SHF����@���7KH�FRQVWUXFWRU�LQYRNHG�PD\�EH
HLWKHU�DQRWKHU�DX[LOLDU\�FRQVWUXFWRU�RU�WKH�SULPDU\�FRQVWUXFWRU��DQG�LW�PXVW�EH�WKH�ILUVW
VWDWHPHQW�LQ�WKH�DX[LOLDU\�FRQVWUXFWRU¦V�ERG\��$GGLWLRQDO�SURFHVVLQJ�FDQ�RFFXU�DIWHU
WKLV�FDOO��VXFK�DV�WKH�ZDUQLQJ�PHVVDJH�SULQWHG�LQ�RXU�H[DPSOH�

%HFDXVH�DOO�DX[LOLDU\�FRQVWUXFWRUV�HYHQWXDOO\�LQYRNH�WKH�SULPDU\�FRQ�
VWUXFWRU��ORJLF�FKHFNV�DQG�RWKHU�LQLWLDOL]DWLRQV�GRQH�LQ�WKH�ERG\�ZLOO�EH
SHUIRUPHG�FRQVLVWHQWO\�IRU�DOO�LQVWDQFHV�FUHDWHG�

7KHUH�DUH�D�IHZ�DGYDQWDJHV�RI�6FDOD¦V�FRQVWUDLQWV�RQ�FRQVWUXFWRUV�

(OLPLQDWLRQ�RI�GXSOLFDWLRQ
%HFDXVH�DX[LOLDU\�FRQVWUXFWRUV�LQYRNH�WKH�SULPDU\�FRQVWUXFWRU��SRWHQWLDO�GXSOLFD�
WLRQ�RI�FRQVWUXFWLRQ�ORJLF�LV�ODUJHO\�HOLPLQDWHG�

&RGH�VL]H�UHGXFWLRQ
$V�VKRZQ�LQ�WKH�H[DPSOHV��ZKHQ�RQH�RU�PRUH�RI�WKH�SULPDU\�FRQVWUXFWRU�SDUDP�
HWHUV�LV�GHFODUHG�DV�D�val�RU�D�var��6FDOD�DXWRPDWLFDOO\�JHQHUDWHV�D�ILHOG��WKH�DSSUR�
SULDWH�DFFHVVRU�PHWKRGV��XQOHVV�WKH\�DUH�GHFODUHG�private���DQG�WKH�LQLWLDOL]DWLRQ
ORJLF�IRU�ZKHQ�LQVWDQFHV�DUH�FUHDWHG�

7KHUH�LV�DOVR�DW�OHDVW�RQH�GLVDGYDQWDJH�RI�6FDOD¦V�FRQVWUDLQWV�RQ�FRQVWUXFWRUV�

/HVV�IOH[LELOLW\
6RPHWLPHV�LW¦V�MXVW�QRW�FRQYHQLHQW�WR�KDYH�RQH�FRQVWUXFWRU�ERG\�WKDW�DOO�FRQVWUXF�
WRUV�DUH�IRUFHG�WR�XVH��+RZHYHU��ZH�ILQG�WKHVH�FLUFXPVWDQFHV�WR�EH�UDUH��,Q�VXFK
FDVHV��LW�PD\�VLPSO\�EH�WKDW�WKH�FODVV�KDV�WRR�PDQ\�UHVSRQVLELOLWLHV�DQG�LW�VKRXOG
EH�UHIDFWRUHG�LQWR�VPDOOHU�FODVVHV�

Calling Parent Class Constructors
7KH�SULPDU\�FRQVWUXFWRU�LQ�D�GHULYHG�FODVV�PXVW�LQYRNH�RQH�RI�WKH�SDUHQW�FODVV�FRQ�
VWUXFWRUV��HLWKHU�WKH�SULPDU\�FRQVWUXFWRU�RU�DQ�DX[LOLDU\�FRQVWUXFWRU��,Q�WKH�IROORZLQJ
H[DPSOH��D�FODVV�GHULYHG�IURP�ButtonWithCallbacks��FDOOHG�RadioButtonWithCallbacks�
LQYRNHV�WKH�SULPDU\�ButtonWithCallbacks�FRQVWUXFWRU��£5DGLR¤�EXWWRQV�FDQ�EH�HLWKHU
RQ�RU�RII�
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// code-examples/BasicOOP/ui/radio-button-callbacks.scala

package ui

/**
 * Button with two states, on or off, like an old-style,
 * channel-selection button on a radio.
 */
class RadioButtonWithCallbacks(
  var on: Boolean, label: String, clickedCallbacks: List[() => Unit])
      extends ButtonWithCallbacks(label, clickedCallbacks) {

  def this(on: Boolean, label: String, clickedCallback: () => Unit) =
      this(on, label, List(clickedCallback))

  def this(on: Boolean, label: String) = this(on, label, Nil)
}

7KH�SULPDU\�FRQVWUXFWRU�IRU�RadioButtonWithCallbacks�WDNHV�WKUHH�SDUDPHWHUV��DQ�on
VWDWH��true�RU�false���D�ODEHO��DQG�D�OLVW�RI�FDOOEDFNV��,W�SDVVHV�WKH�ODEHO�DQG�OLVW�RI�FDOOEDFNV
WR�LWV�SDUHQW�FODVV��ButtonWithCallbacks��7KH�on�SDUDPHWHU�LV�GHFODUHG�DV�D�var��VR�LW�LV
PXWDEOH��on�LV�DOVR�WKH�RQH�FRQVWUXFWRU�SDUDPHWHU�XQLTXH�WR�D�UDGLR�EXWWRQ��VR�LW�LV�NHSW
DV�DQ�DWWULEXWH�RI�RadioButtonWithCallbacks�

)RU�FRQVLVWHQF\�ZLWK�LWV�SDUHQW�FODVV��RadioButtonWithCallbacks�DOVR�GHFODUHV�WZR�DX[�
LOLDU\�FRQVWUXFWRUV��1RWH�WKDW�WKH\�PXVW�LQYRNH�D�SUHFHGLQJ�FRQVWUXFWRU�LQ�RadioButton
WithCallbacks��DV�EHIRUH��7KH\�FDQ¦W�LQYRNH�D�ButtonWithCallbacks�FRQVWUXFWRU�GLUHFWO\�
'HFODULQJ�DOO�WKHVH�FRQVWUXFWRUV�LQ�HDFK�FODVV�FRXOG�JHW�WHGLRXV�DIWHU�D�ZKLOH��EXW�ZH
H[SORUHG�WHFKQLTXHV�LQ�&KDSWHU���WKDW�FDQ�HOLPLQDWH�UHSHWLWLRQ�

:KLOH�super�LV�XVHG�WR�LQYRNH�RYHUULGGHQ�PHWKRGV��DV�LQ�-DYD��LW�FDQQRW
EH�XVHG�WR�LQYRNH�D�VXSHU�FODVV�FRQVWUXFWRU�

Nested Classes
6FDOD�OHWV�\RX�QHVW�FODVV�GHFODUDWLRQV��OLNH�PDQ\�REMHFW�RULHQWHG�ODQJXDJHV��6XSSRVH�ZH
ZDQW�DOO�Widgets�WR�KDYH�D�PDS�RI�SURSHUWLHV��7KHVH�SURSHUWLHV�FRXOG�EH�VL]H��FRORU�
ZKHWKHU� RU� QRW� WKH� ZLGJHW� LV� YLVLEOH�� HWF��:H�PLJKW� XVH� D� VLPSOH� map� WR� KROG� WKH
SURSHUWLHV��EXW�OHW¦V�DVVXPH�WKDW�ZH�DOVR�ZDQW�WR�FRQWURO�DFFHVV�WR�WKH�SURSHUWLHV��DQG
WR�SHUIRUP�RWKHU�RSHUDWLRQV�ZKHQ�WKH\�FKDQJH�

+HUH�LV�RQH�ZD\�ZH�PLJKW�H[SDQG�RXU�RULJLQDO�Widget�H[DPSOH�IURP�£7UDLWV�$V�0L[�
LQV¤�RQ�SDJH����WR�DGG�WKLV�IHDWXUH�

// code-examples/BasicOOP/ui/widget.scala

package ui
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abstract class Widget {
  class Properties {
    import scala.collection.immutable.HashMap

    private var values: Map[String, Any] = new HashMap

    def size = values.size

    def get(key: String) = values.get(key)

    def update(key: String, value: Any) = {
      // Do some preprocessing, e.g., filtering.
      values = values.update(key, value)
      // Do some postprocessing.
    }
  }

  val properties = new Properties
}

:H�DGGHG�D�Properties�FODVV�WKDW�KDV�D�SULYDWH��PXWDEOH�UHIHUHQFH�WR�DQ�LPPXWDEOH
HashMap��:H�DOVR�DGGHG�WKUHH�SXEOLF�PHWKRGV�WKDW�UHWULHYH�WKH�VL]H��L�H���WKH�QXPEHU�RI
SURSHUWLHV�GHILQHG���UHWULHYH�D�VLQJOH�HOHPHQW�LQ�WKH�PDS��DQG�XSGDWH�WKH�PDS�ZLWK�D
QHZ�HOHPHQW��UHVSHFWLYHO\��:H�PLJKW�QHHG�WR�GR�DGGLWLRQDO�ZRUN�LQ�WKH�update�PHWKRG�
DQG�ZH¦YH�LQGLFDWHG�DV�PXFK�ZLWK�FRPPHQWV�

<RX�FDQ�VHH�IURP�WKH�SUHYLRXV�H[DPSOH�WKDW�6FDOD�DOORZV�FODVVHV�WR�EH
GHFODUHG� LQVLGH�RQH�DQRWKHU��RU� £QHVWHG�¤�$�QHVWHG�FODVV�PDNH� VHQVH
ZKHQ�\RX�KDYH�HQRXJK�UHODWHG�IXQFWLRQDOLW\�WR�OXPS�WRJHWKHU�LQ�D�FODVV�
EXW�WKH�IXQFWLRQDOLW\�LV�RQO\�HYHU�JRLQJ�WR�EH�XVHG�E\�LWV�£RXWHU¤�FODVV�

6R�IDU��ZH¦YH�FRYHUHG�KRZ�WR�GHFODUH�FODVVHV��KRZ�WR�LQVWDQWLDWH�WKHP��DQG�VRPH�RI�WKH
EDVLFV�RI�LQKHULWDQFH��,Q�WKH�QH[W�VHFWLRQ��ZH¦OO�GLVFXVV�YLVLELOLW\�UXOHV�ZLWKLQ�FODVVHV�DQG
REMHFWV�

Visibility Rules

)RU�FRQYHQLHQFH��ZH¦OO�XVH�WKH�ZRUG�£W\SH¤�LQ�WKLV�VHFWLRQ�WR�UHIHU�WR
FODVVHV�DQG�WUDLWV�JHQHULFDOO\��DV�RSSRVHG�WR�UHIHUULQJ�WR�PHPEHU�type
GHFODUDWLRQV��:H¦OO� LQFOXGH� WKRVH� ZKHQ� ZH� XVH� WKH� WHUP� £PHPEHU¤
JHQHULFDOO\��XQOHVV�RWKHUZLVH�LQGLFDWHG�

0RVW�REMHFW�RULHQWHG�ODQJXDJHV�KDYH�FRQVWUXFWV�WR�FRQVWUDLQ�WKH�YLVLELOLW\��RU�VFRSH��RI
W\SH�DQG�W\SH�PHPEHU�GHFODUDWLRQV��7KHVH�FRQVWUXFWV�VXSSRUW�WKH�REMHFW�RULHQWHG�IRUP
RI�HQFDSVXODWLRQ��ZKHUH�RQO\�WKH�HVVHQWLDO�SXEOLF�DEVWUDFWLRQ�RI�D�FODVV�RU�WUDLW�LV�H[SRVHG
DQG�LPSOHPHQWDWLRQ�LQIRUPDWLRQ�LV�KLGGHQ�IURP�YLHZ�
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<RX¦OO�ZDQW�WR�XVH�SXEOLF�YLVLELOLW\�IRU�DQ\WKLQJ�WKDW�XVHUV�RI�\RXU�FODVVHV�DQG�REMHFWV
VKRXOG�VHH�DQG�XVH��.HHS�LQ�PLQG�WKDW�WKH�VHW�RI�SXEOLFO\�YLVLEOH�PHPEHUV�IRUP�WKH
DEVWUDFWLRQ�H[SRVHG�E\�WKH�W\SH��DORQJ�ZLWK�WKH�W\SH¦V�QDPH�LWVHOI�

7KH�FRQYHQWLRQDO�ZLVGRP�LQ�REMHFW�RULHQWHG�GHVLJQ�LV�WKDW�ILHOGV�VKRXOG�EH�SULYDWH�RU
SURWHFWHG��,I�DFFHVV�LV�UHTXLUHG��LW�VKRXOG�KDSSHQ�WKURXJK�PHWKRGV��EXW�QRW�HYHU\WKLQJ
VKRXOG�EH�DFFHVVLEOH�E\�GHIDXOW��7KH�YLUWXH�RI�WKH�8QLIRUP�$FFHVV�3ULQFLSOH��VHH�£:KHQ
$FFHVVRU� 0HWKRGV� DQG� )LHOGV� $UH� ,QGLVWLQJXLVKDEOH�� 7KH� 8QLIRUP� $FFHVV� 3ULQFL�
SOH¤�RQ�SDJH������LV�WKDW�ZH�FDQ�JLYH�WKH�XVHU�WKH�VHPDQWLFV�RI�SXEOLF�ILHOG�DFFHVV�YLD
HLWKHU�D�PHWKRG�RU�GLUHFW�DFFHVV�WR�D�ILHOG��ZKLFKHYHU�LV�DSSURSULDWH�IRU�WKH�WDVN�

7KH�DUW�RI�JRRG�REMHFW�RULHQWHG�GHVLJQ�LQFOXGHV�GHILQLQJ�PLQLPDO��FOHDU�
DQG�FRKHVLYH�SXEOLF�DEVWUDFWLRQV�

7KHUH�DUH� WZR�NLQGV�RI� £XVHUV¤�RI� D� W\SH��GHULYHG� W\SHV�� DQG�FRGH� WKDW�ZRUNV�ZLWK
LQVWDQFHV�RI�WKH�W\SH��'HULYHG�W\SHV�XVXDOO\�QHHG�PRUH�DFFHVV�WR�WKH�PHPEHUV�RI�WKHLU
SDUHQW�W\SHV�WKDQ�XVHUV�RI�LQVWDQFHV�GR�

6FDOD¦V�YLVLELOLW\�UXOHV�DUH�VLPLODU�WR�-DYD¦V��EXW�WHQG�WR�EH�ERWK�PRUH�FRQVLVWHQWO\�DSSOLHG
DQG�PRUH�IOH[LEOH��)RU�H[DPSOH��LQ�-DYD��LI�DQ�LQQHU�FODVV�KDV�D�private�PHPEHU��WKH
HQFORVLQJ�FODVV�FDQ�VHH�LW��,Q�6FDOD��WKH�HQFORVLQJ�FODVV�FDQ¦W�VHH�D�private�PHPEHU��EXW
6FDOD�SURYLGHV�DQRWKHU�ZD\�WR�GHFODUH�LW�YLVLEOH�WR�WKH�HQFORVLQJ�FODVV�

$V� LQ� -DYD� DQG� &��� WKH� NH\ZRUGV� WKDW� PRGLI\� YLVLELOLW\�� VXFK� DV� private� DQG
protected��DSSHDU�DW�WKH�EHJLQQLQJ�RI�GHFODUDWLRQV��<RX¦OO�ILQG�WKHP�EHIRUH�WKH�class
RU�trait�NH\ZRUGV�IRU�W\SHV��EHIRUH�WKH�val�RU�var� IRU�ILHOGV��DQG�EHIRUH�WKH�def� IRU
PHWKRGV�

<RX�FDQ�DOVR�XVH�DQ�DFFHVV�PRGLILHU�NH\ZRUG�RQ�WKH�SULPDU\�FRQVWUXFWRU
RI�D�FODVV��3XW�LW�DIWHU�WKH�W\SH�QDPH�DQG�W\SH�SDUDPHWHUV��LI�DQ\��DQG
EHIRUH� WKH� DUJXPHQW� OLVW�� DV� LQ� WKLV� H[DPSOH�� class Restricted[+A]
private (name: String) {...}

7DEOH�����VXPPDUL]HV�WKH�YLVLELOLW\�VFRSHV�

7DEOH������9LVLELOLW\�VFRSHV

Name Keyword Description

public none Public members and types are visible everywhere, across all boundaries.

protected protected Protected members are visible to the defining type, to derived types, and to

nested types. Protected types are visible only within the same package and

subpackages.
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Name Keyword Description

private private Private members are visible only within the defining type and nested types.

Private types are visible only within the same package.

scoped protected protected[scope] Visibility is limited to scope, which can be a package, type, or this (meaning

the same instance, when applied to members, or the enclosing package, when

applied to types). See the text below for details.

scoped private private[scope] Synonymous with scoped protected visibility, except under inheritance (dis-

cussed below).

/HW¦V�H[SORUH�WKHVH�YLVLELOLW\�RSWLRQV�LQ�PRUH�GHWDLO��7R�NHHS�WKLQJV�VLPSOH��ZH¦OO�XVH
ILHOGV�IRU�PHPEHU�H[DPSOHV��0HWKRG�DQG�W\SH�GHFODUDWLRQV�EHKDYH�WKH�VDPH�ZD\�

8QIRUWXQDWHO\��\RX�FDQ¦W�DSSO\�DQ\�RI�WKH�YLVLELOLW\�PRGLILHUV�WR�SDFN�
DJHV��7KHUHIRUH��D�SDFNDJH�LV�DOZD\V�SXEOLF��HYHQ�ZKHQ�LW�FRQWDLQV�QR
SXEOLFO\�YLVLEOH�W\SHV�

Public Visibility
$Q\�GHFODUDWLRQ�ZLWKRXW�D�YLVLELOLW\�NH\ZRUG�LV�£SXEOLF�¤�PHDQLQJ�LW�LV�YLVLEOH�HYHU\�
ZKHUH��7KHUH�LV�QR�public�NH\ZRUG�LQ�6FDOD��7KLV�LV�LQ�FRQWUDVW�WR�-DYD��ZKLFK�GHIDXOWV
WR�SXEOLF�YLVLELOLW\�RQO\�ZLWKLQ�WKH�HQFORVLQJ�SDFNDJH��L�H���£SDFNDJH�SULYDWH¤���2WKHU
REMHFW�RULHQWHG�ODQJXDJHV��OLNH�5XE\��DOVR�GHIDXOW�WR�SXEOLF�YLVLELOLW\�

// code-examples/BasicOOP/scoping/public.scala

package scopeA {
  class PublicClass1 {
    val publicField = 1

    class Nested {
      val nestedField = 1
    }

    val nested = new Nested
  }

  class PublicClass2 extends PublicClass1 {
    val field2  = publicField + 1
    val nField2 = new Nested().nestedField
  }
}

package scopeB {
  class PublicClass1B extends scopeA.PublicClass1

  class UsingClass(val publicClass: scopeA.PublicClass1) {
    def method = "UsingClass:" +
      " field: " + publicClass.publicField +
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      " nested field: " + publicClass.nested.nestedField
  }
}

<RX�FDQ�FRPSLOH�WKLV�ILOH�ZLWK�scalac��,W�VKRXOG�FRPSLOH�ZLWKRXW�HUURU�

(YHU\WKLQJ�LV�SXEOLF�LQ�WKHVH�SDFNDJHV�DQG�FODVVHV��1RWH�WKDW�scopeB.UsingClass�FDQ
DFFHVV�scopeA.PublicClass1�DQG�LWV�PHPEHUV��LQFOXGLQJ�WKH�LQVWDQFH�RI�Nested�DQG�LWV
SXEOLF�ILHOG�

Protected Visibility
3URWHFWHG�YLVLELOLW\�LV�IRU�WKH�EHQHILW�RI�LPSOHPHQWHUV�RI�GHULYHG�W\SHV��ZKR�QHHG�D�OLWWOH
PRUH� DFFHVV� WR� WKH� GHWDLOV� RI� WKHLU� SDUHQW� W\SHV�� $Q\� PHPEHU� GHFODUHG� ZLWK� WKH
protected�NH\ZRUG�LV�YLVLEOH�RQO\�WR�WKH�GHILQLQJ�W\SH��LQFOXGLQJ�RWKHU�LQVWDQFHV�RI�WKH
VDPH�W\SH�DQG�DQ\�GHULYHG�W\SHV��:KHQ�DSSOLHG�WR�D�W\SH��protected�OLPLWV�YLVLELOLW\�WR
WKH�HQFORVLQJ�SDFNDJH�

-DYD��LQ�FRQWUDVW��PDNHV�SURWHFWHG�PHPEHUV�YLVLEOH�WKURXJKRXW�WKH�HQFORVLQJ�SDFNDJH�
6FDOD�KDQGOHV�WKLV�FDVH�ZLWK�VFRSHG�SULYDWH�DQG�SURWHFWHG�DFFHVV�

// code-examples/BasicOOP/scoping/protected-wont-compile.scala
// WON'T COMPILE

package scopeA {
  class ProtectedClass1(protected val protectedField1: Int) {
    protected val protectedField2 = 1

    def equalFields(other: ProtectedClass1) =
      (protectedField1 == other.protectedField1) &&
      (protectedField1 == other.protectedField1) &&
      (nested == other.nested)

    class Nested {
      protected val nestedField = 1
    }

    protected val nested = new Nested
  }

  class ProtectedClass2 extends ProtectedClass1(1) {
    val field1 = protectedField1
    val field2 = protectedField2
    val nField = new Nested().nestedField  // ERROR
  }

  class ProtectedClass3 {
    val protectedClass1 = new ProtectedClass1(1)
    val protectedField1 = protectedClass1.protectedField1 // ERROR
    val protectedField2 = protectedClass1.protectedField2 // ERROR
    val protectedNField = protectedClass1.nested.nestedField // ERROR
  }
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  protected class ProtectedClass4

  class ProtectedClass5 extends ProtectedClass4
  protected class ProtectedClass6 extends ProtectedClass4
}

package scopeB {
  class ProtectedClass4B extends scopeA.ProtectedClass4 // ERROR
}

:KHQ�\RX�FRPSLOH�WKLV�ILOH�ZLWK�scalac��\RX�JHW�WKH�IROORZLQJ�RXWSXW���7KH�ILOH�QDPHV
EHIRUH�WKH�N:�OLQH�QXPEHUV�KDYH�EHHQ�UHPRYHG�IURP�WKH�RXWSXW�WR�EHWWHU�ILW�WKH�VSDFH��

16: error: value nestedField cannot be accessed in ProtectedClass2.this.Nested
        val nField = new Nested().nestedField
                                  ^
20: error: value protectedField1 cannot be accessed in scopeA.ProtectedClass1
        val protectedField1 = protectedClass1.protectedField1
                                              ^
21: error: value protectedField2 cannot be accessed in scopeA.ProtectedClass1
        val protectedField2 = protectedClass1.protectedField2
                                              ^
22: error: value nested cannot be accessed in scopeA.ProtectedClass1
        val protectedNField = protectedClass1.nested.nestedField
                                              ^
32: error: class ProtectedClass4 cannot be accessed in package scopeA
    class ProtectedClass4B extends scopeA.ProtectedClass4
                                          ^
5 errors found

7KH�// ERROR�FRPPHQWV�LQ�WKH�OLVWLQJ�PDUN�WKH�OLQHV�WKDW�IDLO�WR�SDUVH�

ProtectedClass2� FDQ� DFFHVV�SURWHFWHG�PHPEHUV�RI�ProtectedClass1�� VLQFH� LW� GHULYHV
IURP� LW��+RZHYHU�� LW� FDQ¦W� DFFHVV� WKH�SURWHFWHG�nestedField� LQ�protectedClass1.nes
ted�� $OVR�� ProtectedClass3� FDQ¦W� DFFHVV� SURWHFWHG�PHPEHUV� RI� WKH� ProtectedClass1
LQVWDQFH�LW�XVHV�

)LQDOO\��EHFDXVH�ProtectedClass4�LV�GHFODUHG�protected��LW�LV�QRW�YLVLEOH�LQ�WKH�scopeB
SDFNDJH�

Private Visibility
3ULYDWH�YLVLELOLW\�FRPSOHWHO\�KLGHV�LPSOHPHQWDWLRQ�GHWDLOV��HYHQ�IURP�WKH�LPSOHPHQWHUV
RI�GHULYHG�FODVVHV��$Q\�PHPEHU�GHFODUHG�ZLWK�WKH�private�NH\ZRUG�LV�YLVLEOH�RQO\�WR
WKH�GHILQLQJ�W\SH��LQFOXGLQJ�RWKHU�LQVWDQFHV�RI�WKH�VDPH�W\SH��:KHQ�DSSOLHG�WR�D�W\SH�
private�OLPLWV�YLVLELOLW\�WR�WKH�HQFORVLQJ�SDFNDJH�

// code-examples/BasicOOP/scoping/private-wont-compile.scala
// WON'T COMPILE

package scopeA {
  class PrivateClass1(private val privateField1: Int) {
    private val privateField2 = 1

100 | Chapter 5:�Basic Object-Oriented Programming in Scala

Download at WoweBook.Com



    def equalFields(other: PrivateClass1) =
      (privateField1 == other.privateField1) &&
      (privateField2 == other.privateField2) &&
      (nested == other.nested)

    class Nested {
      private val nestedField = 1
    }

    private val nested = new Nested
  }

  class PrivateClass2 extends PrivateClass1(1) {
    val field1 = privateField1  // ERROR
    val field2 = privateField2  // ERROR
    val nField = new Nested().nestedField // ERROR
  }

  class PrivateClass3 {
    val privateClass1 = new PrivateClass1(1)
    val privateField1 = privateClass1.privateField1 // ERROR
    val privateField2 = privateClass1.privateField2 // ERROR
    val privateNField = privateClass1.nested.nestedField // ERROR
  }

  private class PrivateClass4

  class PrivateClass5 extends PrivateClass4  // ERROR
  protected class PrivateClass6 extends PrivateClass4 // ERROR
  private class PrivateClass7 extends PrivateClass4
}

package scopeB {
  class PrivateClass4B extends scopeA.PrivateClass4  // ERROR
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

14: error: not found: value privateField1
        val field1 = privateField1
                     ^
15: error: not found: value privateField2
        val field2 = privateField2
                     ^
16: error: value nestedField cannot be accessed in PrivateClass2.this.Nested
        val nField = new Nested().nestedField
                                  ^
20: error: value privateField1 cannot be accessed in scopeA.PrivateClass1
        val privateField1 = privateClass1.privateField1
                                          ^
21: error: value privateField2 cannot be accessed in scopeA.PrivateClass1
        val privateField2 = privateClass1.privateField2
                                          ^
22: error: value nested cannot be accessed in scopeA.PrivateClass1
        val privateNField = privateClass1.nested.nestedField
                                          ^
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27: error: private class PrivateClass4 escapes its defining scope as part
of type scopeA.PrivateClass4
    class PrivateClass5 extends PrivateClass4
                                ^
28: error: private class PrivateClass4 escapes its defining scope as part
of type scopeA.PrivateClass4
    protected class PrivateClass6 extends PrivateClass4
                                          ^
33: error: class PrivateClass4 cannot be accessed in package scopeA
    class PrivateClass4B extends scopeA.PrivateClass4
                                        ^
9 errors found

1RZ��PrivateClass2�FDQ¦W�DFFHVV�SULYDWH�PHPEHUV�RI�LWV�SDUHQW�FODVV�PrivateClass1�
7KH\�DUH�FRPSOHWHO\�LQYLVLEOH�WR�WKH�VXEFODVV��DV�LQGLFDWHG�E\�WKH�HUURU�PHVVDJHV��1RU
FDQ�LW�DFFHVV�D�SULYDWH�ILHOG�LQ�D�Nested�FODVV�

-XVW�DV�IRU�WKH�FDVH�RI�protected�DFFHVV��PrivateClass3�FDQ¦W�DFFHVV�SULYDWH�PHPEHUV�RI
WKH�PrivateClass1�LQVWDQFH�LW�LV�XVLQJ��1RWH��KRZHYHU��WKDW�WKH�equalFields�PHWKRG�FDQ
DFFHVV�SULYDWH�PHPEHUV�RI�WKH�other�LQVWDQFH�

7KH� GHFODUDWLRQV� RI� PrivateClass5� DQG� PrivateClass6� IDLO� EHFDXVH�� LI� DOORZHG�� WKH\
ZRXOG�HQDEOH�PrivateClass4�WR�£HVFDSH�LWV�GHILQLQJ�VFRSH�¤�+RZHYHU��WKH�GHFODUDWLRQ
RI�PrivateClass7�VXFFHHGV�EHFDXVH�LW�LV�DOVR�GHFODUHG�WR�EH�SULYDWH��&XULRXVO\��RXU�SUH�
YLRXV�H[DPSOH�ZDV�DEOH�WR�GHFODUH�D�SXEOLF�FODVV�WKDW�VXEFODVVHG�D�SURWHFWHG�FODVV�ZLWK�
RXW�D�VLPLODU�HUURU�

)LQDOO\��MXVW�DV�IRU�protected�W\SH�GHFODUDWLRQV��WKH�private�W\SHV�FDQ¦W�EH�VXEFODVVHG
RXWVLGH�WKH�VDPH�SDFNDJH�

Scoped Private and Protected Visibility
6FDOD� DOORZV� \RX� WR� ILQH�WXQH� WKH� VFRSH� RI� YLVLELOLW\� ZLWK� WKH� VFRSHG� private� DQG
protected�YLVLELOLW\�GHFODUDWLRQV��1RWH�WKDW�XVLQJ�private�RU�protected�LQ�D�VFRSHG�GHF�
ODUDWLRQ�LV�LQWHUFKDQJHDEOH��DV�WKH\�EHKDYH�LGHQWLFDOO\��H[FHSW�XQGHU�LQKHULWDQFH�ZKHQ
DSSOLHG�WR�PHPEHUV�

:KLOH�HLWKHU�FKRLFH�EHKDYHV�WKH�VDPH�LQ�PRVW�VFHQDULRV��LW�LV�PRUH�FRP�
PRQ�WR�VHH�private[X]�UDWKHU�WKDQ�protected[X]�XVHG�LQ�FRGH��,Q�WKH
FRUH�OLEUDULHV�LQFOXGHG�ZLWK�6FDOD��WKH�UDWLR�LV�URXJKO\�ILYH�WR�RQH�

/HW¦V�EHJLQ�E\�FRQVLGHULQJ�WKH�RQO\�GLIIHUHQFHV�LQ�EHKDYLRU�EHWZHHQ�VFRSHG�SULYDWH�DQG
VFRSHG� SURWHFWHG¢KRZ� WKH\� EHKDYH� XQGHU� LQKHULWDQFH� ZKHQ�PHPEHUV� KDYH� WKHVH
VFRSHV�

// code-examples/BasicOOP/scoping/scope-inheritance-wont-compile.scala
// WON'T COMPILE

package scopeA {
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  class Class1 {
    private[scopeA]   val scopeA_privateField = 1
    protected[scopeA] val scopeA_protectedField = 2
    private[Class1]   val class1_privateField = 3
    protected[Class1] val class1_protectedField = 4
    private[this]     val this_privateField = 5
    protected[this]   val this_protectedField = 6
  }

  class Class2 extends Class1 {
    val field1 = scopeA_privateField
    val field2 = scopeA_protectedField
    val field3 = class1_privateField     // ERROR
    val field4 = class1_protectedField
    val field5 = this_privateField       // ERROR
    val field6 = this_protectedField
  }
}

package scopeB {
  class Class2B extends scopeA.Class1 {
    val field1 = scopeA_privateField     // ERROR
    val field2 = scopeA_protectedField
    val field3 = class1_privateField     // ERROR
    val field4 = class1_protectedField
    val field5 = this_privateField       // ERROR
    val field6 = this_protectedField
  }
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

17: error: not found: value class1_privateField
    val field3 = class1_privateField     // ERROR
                 ^
19: error: not found: value this_privateField
    val field5 = this_privateField       // ERROR
                 ^
26: error: not found: value scopeA_privateField
    val field1 = scopeA_privateField     // ERROR
                 ^
28: error: not found: value class1_privateField
    val field3 = class1_privateField     // ERROR
                 ^
30: error: not found: value this_privateField
    val field5 = this_privateField       // ERROR
                 ^
5 errors found

7KH�ILUVW�WZR�HUURUV��LQVLGH�Class2��VKRZ�XV�WKDW�D�GHULYHG�FODVV�LQVLGH�WKH�VDPH�SDFNDJH
FDQ¦W�UHIHUHQFH�D�PHPEHU�WKDW�LV�VFRSHG�SULYDWH�WR�WKH�SDUHQW�FODVV�RU�this��EXW�LW�FDQ
UHIHUHQFH�D�SULYDWH�PHPEHU�VFRSHG�WR�WKH�SDFNDJH��RU�W\SH��WKDW�HQFORVHV�ERWK�Class1
DQG�Class2�
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,Q�FRQWUDVW��IRU�D�GHULYHG�FODVV�RXWVLGH�WKH�VDPH�SDFNDJH��LW�KDV�QR�DFFHVV�WR�DQ\�RI�WKH
VFRSHG�SULYDWH�PHPEHUV�RI�Class1�

+RZHYHU��DOO�WKH�VFRSHG�SURWHFWHG�PHPEHUV�DUH�YLVLEOH�LQ�ERWK�GHULYHG�FODVVHV�

:H¦OO�XVH�VFRSHG�SULYDWH�GHFODUDWLRQV�IRU�WKH�UHVW�RI�RXU�H[DPSOHV�DQG�GLVFXVVLRQ��VLQFH
XVH�RI�VFRSHG�SULYDWH�LV�D�OLWWOH�PRUH�FRPPRQ�LQ�WKH�6FDOD�OLEUDU\�WKDQ�VFRSHG�SURWHFWHG�
ZKHQ�WKH�SUHYLRXV�LQKHULWDQFH�VFHQDULRV�DUHQ¦W�D�IDFWRU�

)LUVW�� OHW¦V� VWDUW�ZLWK� WKH�PRVW� UHVWULFWLYH� YLVLELOLW\��private[this]�� DV� LW� DIIHFWV� W\SH
PHPEHUV�

// code-examples/BasicOOP/scoping/private-this-wont-compile.scala
// WON'T COMPILE

package scopeA {
  class PrivateClass1(private[this] val privateField1: Int) {
    private[this] val privateField2 = 1

    def equalFields(other: PrivateClass1) =
      (privateField1 == other.privateField1) && // ERROR
      (privateField2 == other.privateField2) &&
      (nested == other.nested)

    class Nested {
      private[this] val nestedField = 1
    }

    private[this] val nested = new Nested
  }

  class PrivateClass2 extends PrivateClass1(1) {
    val field1 = privateField1  // ERROR
    val field2 = privateField2  // ERROR
    val nField = new Nested().nestedField  // ERROR
  }

  class PrivateClass3 {
    val privateClass1 = new PrivateClass1(1)
    val privateField1 = privateClass1.privateField1  // ERROR
    val privateField2 = privateClass1.privateField2  // ERROR
    val privateNField = privateClass1.nested.nestedField // ERROR
  }
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

5: error: value privateField1 is not a member of scopeA.PrivateClass1
            (privateField1 == other.privateField1) &&
                                    ^
14: error: not found: value privateField1
        val field1 = privateField1
                     ^
15: error: not found: value privateField2
        val field2 = privateField2
                     ^
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16: error: value nestedField is not a member of PrivateClass2.this.Nested
        val nField = new Nested().nestedField
                                  ^
20: error: value privateField1 is not a member of scopeA.PrivateClass1
        val privateField1 = privateClass1.privateField1
                                          ^
21: error: value privateField2 is not a member of scopeA.PrivateClass1
        val privateField2 = privateClass1.privateField2
                                          ^
22: error: value nested is not a member of scopeA.PrivateClass1
        val privateNField = privateClass1.nested.nestedField
                                          ^
7 errors found

/LQHV��¡��DOVR�ZRQ¦W�SDUVH��6LQFH�WKH\�DUH�SDUW�RI�WKH�H[SUHVVLRQ�WKDW
VWDUWHG�RQ�OLQH����WKH�FRPSLOHU�VWRSSHG�DIWHU�WKH�ILUVW�HUURU�

7KH�private[this]�PHPEHUV�DUH�RQO\�YLVLEOH�WR�WKH�VDPH�LQVWDQFH��$Q�LQVWDQFH�RI�WKH
VDPH�FODVV�FDQ¦W�VHH�private[this]�PHPEHUV�RI�DQRWKHU�LQVWDQFH��VR�WKH�equalFields
PHWKRG�ZRQ¦W�SDUVH�

2WKHUZLVH�� WKH� YLVLELOLW\� RI� FODVV�PHPEHUV� LV� WKH� VDPH� DV� private� ZLWKRXW� D� VFRSH
VSHFLILHU�

:KHQ�GHFODULQJ�D�W\SH�ZLWK�private[this]��XVH�RI�this�HIIHFWLYHO\�ELQGV�WR�WKH�HQFORVLQJ
SDFNDJH��DV�VKRZQ�KHUH�

// code-examples/BasicOOP/scoping/private-this-pkg-wont-compile.scala
// WON'T COMPILE

package scopeA {
  private[this] class PrivateClass1

  package scopeA2 {
    private[this] class PrivateClass2
  }

  class PrivateClass3 extends PrivateClass1  // ERROR
  protected class PrivateClass4 extends PrivateClass1 // ERROR
  private class PrivateClass5 extends PrivateClass1
  private[this] class PrivateClass6 extends PrivateClass1

  private[this] class PrivateClass7 extends scopeA2.PrivateClass2 // ERROR
}

package scopeB {
  class PrivateClass1B extends scopeA.PrivateClass1 // ERROR
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�
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8: error: private class PrivateClass1 escapes its defining scope as part
of type scopeA.PrivateClass1
    class PrivateClass3 extends PrivateClass1
                                ^
9: error: private class PrivateClass1 escapes its defining scope as part
of type scopeA.PrivateClass1
    protected class PrivateClass4 extends PrivateClass1
                                          ^
13: error: type PrivateClass2 is not a member of package scopeA.scopeA2
    private[this] class PrivateClass7 extends scopeA2.PrivateClass2
                                                      ^
17: error: type PrivateClass1 is not a member of package scopeA
    class PrivateClass1B extends scopeA.PrivateClass1
                                        ^
four errors found

,Q�WKH�VDPH�SDFNDJH��DWWHPSWLQJ�WR�GHFODUH�D�public�RU�protected�VXEFODVV�IDLOV��2QO\
private�DQG�private[this]�VXEFODVVHV�DUH�DOORZHG��$OVR��PrivateClass2� LV�VFRSHG�WR
scopeA2��VR�\RX�FDQ¦W�GHFODUH�LW�RXWVLGH�scopeA2��6LPLODUO\��DQ�DWWHPSW�WR�GHFODUH�D�FODVV
LQ�XQUHODWHG�scopeB�XVLQJ�PrivateClass1�DOVR�IDLOV�

+HQFH��ZKHQ�DSSOLHG�WR�W\SHV��private[this]�LV�HTXLYDOHQW�WR�-DYD¦V�package private
YLVLELOLW\�

1H[W��OHW¦V�H[DPLQH�W\SH�OHYHO�YLVLELOLW\��private[T]��ZKHUH�T�LV�D�W\SH�

// code-examples/BasicOOP/scoping/private-type-wont-compile.scala
// WON'T COMPILE

package scopeA {
  class PrivateClass1(private[PrivateClass1] val privateField1: Int) {
    private[PrivateClass1] val privateField2 = 1

    def equalFields(other: PrivateClass1) =
      (privateField1 == other.privateField1) &&
      (privateField2 == other.privateField2) &&
      (nested  == other.nested)

    class Nested {
      private[Nested] val nestedField = 1
    }

    private[PrivateClass1] val nested = new Nested
    val nestedNested = nested.nestedField   // ERROR
  }

  class PrivateClass2 extends PrivateClass1(1) {
    val field1 = privateField1  // ERROR
    val field2 = privateField2  // ERROR
    val nField = new Nested().nestedField  // ERROR
  }

  class PrivateClass3 {
    val privateClass1 = new PrivateClass1(1)
    val privateField1 = privateClass1.privateField1  // ERROR
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    val privateField2 = privateClass1.privateField2  // ERROR
    val privateNField = privateClass1.nested.nestedField // ERROR
  }
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

12: error: value nestedField cannot be accessed in PrivateClass1.this.Nested
        val nestedNested = nested.nestedField
                                  ^
15: error: not found: value privateField1
        val field1 = privateField1
                     ^
16: error: not found: value privateField2
        val field2 = privateField2
                     ^
17: error: value nestedField cannot be accessed in PrivateClass2.this.Nested
        val nField = new Nested().nestedField
                                  ^
21: error: value privateField1 cannot be accessed in scopeA.PrivateClass1
        val privateField1 = privateClass1.privateField1
                                          ^
22: error: value privateField2 cannot be accessed in scopeA.PrivateClass1
        val privateField2 = privateClass1.privateField2
                                          ^
23: error: value nested cannot be accessed in scopeA.PrivateClass1
        val privateNField = privateClass1.nested.nestedField
                                          ^
7 errors found

$�private[PrivateClass1]�PHPEHU� LV� YLVLEOH� WR�RWKHU� LQVWDQFHV�� VR� WKH�equalFields
PHWKRG�QRZ�SDUVHV��+HQFH��private[T]� LV�QRW�DV� UHVWULFWLYH�DV�private[this]��1RWH
WKDW� PrivateClass1� FDQ¦W� VHH� Nested.nestedField� EHFDXVH� WKDW� ILHOG� LV� GHFODUHG
private[Nested]�

:KHQ�PHPEHUV�RI�T�DUH�GHFODUHG�private[T]�WKH�EHKDYLRU�LV�HTXLYDOHQW
WR� private�� ,W� LV� QRW� HTXLYDOHQW� WR� private[this]�� ZKLFK� LV� PRUH
UHVWULFWLYH�

:KDW�LI�ZH�FKDQJH�WKH�VFRSH�RI�Nested.nestedField�WR�EH�private[PrivateClass1]"�/HW¦V
VHH�KRZ�private[T]�DIIHFWV�QHVWHG�W\SHV�

// code-examples/BasicOOP/scoping/private-type-nested-wont-compile.scala
// WON'T COMPILE

package scopeA {
  class PrivateClass1 {
    class Nested {
      private[PrivateClass1] val nestedField = 1
    }

    private[PrivateClass1] val nested = new Nested
    val nestedNested = nested.nestedField
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  }

  class PrivateClass2 extends PrivateClass1 {
    val nField = new Nested().nestedField   // ERROR
  }

  class PrivateClass3 {
    val privateClass1 = new PrivateClass1
    val privateNField = privateClass1.nested.nestedField // ERROR
  }
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

10: error: value nestedField cannot be accessed in PrivateClass2.this.Nested
        def nField = new Nested().nestedField
                                  ^
14: error: value nested cannot be accessed in scopeA.PrivateClass1
        val privateNField = privateClass1.nested.nestedField
                                          ^
two errors found

1RZ�nestedField�LV�YLVLEOH�WR�PrivateClass1��EXW�LW�LV�VWLOO�LQYLVLEOH�RXWVLGH�RI�Private
Class1��7KLV�LV�KRZ�private�ZRUNV�LQ�-DYD�

/HW¦V�H[DPLQH�VFRSLQJ�XVLQJ�D�SDFNDJH�QDPH�

// code-examples/BasicOOP/scoping/private-pkg-type-wont-compile.scala
// WON'T COMPILE

package scopeA {
  private[scopeA] class PrivateClass1

  package scopeA2 {
    private [scopeA2] class PrivateClass2
    private [scopeA]  class PrivateClass3
  }

  class PrivateClass4 extends PrivateClass1
  protected class PrivateClass5 extends PrivateClass1
  private class PrivateClass6 extends PrivateClass1
  private[this] class PrivateClass7 extends PrivateClass1

  private[this] class PrivateClass8 extends scopeA2.PrivateClass2 // ERROR
  private[this] class PrivateClass9 extends scopeA2.PrivateClass3
}

package scopeB {
  class PrivateClass1B extends scopeA.PrivateClass1 // ERROR
}

&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

14: error: class PrivateClass2 cannot be accessed in package scopeA.scopeA2
    private[this] class PrivateClass8 extends scopeA2.PrivateClass2
                                                      ^
19: error: class PrivateClass1 cannot be accessed in package scopeA
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    class PrivateClass1B extends scopeA.PrivateClass1
                                        ^
two errors found

1RWH�WKDW�PrivateClass2�FDQ¦W�EH�VXEFODVVHG�RXWVLGH�RI�scopeA2��EXW�PrivateClass3�FDQ
EH�VXEFODVVHG�LQ�scopeA��EHFDXVH�LW�LV�GHFODUHG�private[scopeA]�

)LQDOO\��OHW¦V�ORRN�DW�WKH�HIIHFW�RI�SDFNDJH�OHYHO�VFRSLQJ�RI�W\SH�PHPEHUV�

// code-examples/BasicOOP/scoping/private-pkg-wont-compile.scala
// WON'T COMPILE

package scopeA {
  class PrivateClass1 {
    private[scopeA] val privateField = 1

    class Nested {
      private[scopeA] val nestedField = 1
    }

    private[scopeA] val nested = new Nested
  }

  class PrivateClass2 extends PrivateClass1 {
    val field  = privateField
    val nField = new Nested().nestedField
  }

  class PrivateClass3 {
    val privateClass1 = new PrivateClass1
    val privateField  = privateClass1.privateField
    val privateNField = privateClass1.nested.nestedField
  }

  package scopeA2 {
    class PrivateClass4 {
      private[scopeA2] val field1 = 1
      private[scopeA]  val field2 = 2
    }
  }

  class PrivateClass5 {
    val privateClass4 = new scopeA2.PrivateClass4
    val field1 = privateClass4.field1  // ERROR
    val field2 = privateClass4.field2
  }
}

package scopeB {
  class PrivateClass1B extends scopeA.PrivateClass1 {
    val field1 = privateField   // ERROR
    val privateClass1 = new scopeA.PrivateClass1
    val field2 = privateClass1.privateField  // ERROR
  }
}
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&RPSLOLQJ�WKLV�ILOH�\LHOGV�WKH�IROORZLQJ�RXWSXW�

28: error: value field1 cannot be accessed in scopeA.scopeA2.PrivateClass4
        val field1 = privateClass4.field1
                                   ^
35: error: not found: value privateField
        val field1 = privateField
                     ^
37: error: value privateField cannot be accessed in scopeA.PrivateClass1
        val field2 = privateClass1.privateField
                                   ^
three errors found

7KH�RQO\�HUURUV�DUH�ZKHQ�ZH�DWWHPSW�WR�DFFHVV�PHPEHUV�VFRSHG�WR�scopeA�IURP�WKH
XQUHODWHG�SDFNDJH�scopeB� DQG�ZKHQ�ZH�DWWHPSW� WR�DFFHVV�D�PHPEHU� IURP�D�QHVWHG
SDFNDJH�scopeA2�WKDW�LV�VFRSHG�WR�WKDW�SDFNDJH�

:KHQ�D�W\SH�RU�PHPEHU�LV�GHFODUHG�private[P]��ZKHUH�P�LV�WKH�HQFORVLQJ
SDFNDJH��WKHQ�LW�LV�HTXLYDOHQW�WR�-DYD¦V�package private�YLVLELOLW\�

Final Thoughts on Visibility
6FDOD�YLVLELOLW\�GHFODUDWLRQV�DUH�YHU\�IOH[LEOH��DQG�WKH\�EHKDYH�FRQVLVWHQWO\��7KH\�SURYLGH
ILQH�JUDLQHG� FRQWURO� RYHU� YLVLELOLW\� DW� DOO� SRVVLEOH� VFRSHV�� IURP� WKH� LQVWDQFH� OHYHO
�private[this]��XS�WR�SDFNDJH�OHYHO�YLVLELOLW\��private[P]��IRU�D�SDFNDJH�P���)RU�H[DP�
SOH�� WKH\�PDNH� LW� HDVLHU� WR� FUHDWH� £FRPSRQHQWV¤�ZLWK� W\SHV� H[SRVHG�RXWVLGH�RI� WKH
FRPSRQHQW¦V�WRS�OHYHO�SDFNDJH��ZKLOH�KLGLQJ�LPSOHPHQWDWLRQ�W\SHV�DQG�W\SH�PHPEHUV
ZLWKLQ�WKH�£FRPSRQHQW¦V¤�SDFNDJHV�

)LQDOO\��ZH�KDYH�REVHUYHG�D�SRWHQWLDO�£JRWFKD¤�ZLWK�KLGGHQ�PHPEHUV�RI�WUDLWV�

%H�FDUHIXO�ZKHQ�FKRRVLQJ�WKH�QDPHV�RI�PHPEHUV�RI�WUDLWV��,I�WZR�WUDLWV
KDYH�D�PHPEHU�RI�WKH�VDPH�QDPH�DQG�WKH�WUDLWV�DUH�XVHG�LQ�WKH�VDPH
LQVWDQFH��D�QDPH�FROOLVLRQ�ZLOO�RFFXU�HYHQ�LI�ERWK�PHPEHUV�DUH�SULYDWH�

)RUWXQDWHO\��WKH�FRPSLOHU�FDWFKHV�WKLV�SUREOHP�

Recap and What’s Next
:H�LQWURGXFHG�WKH�EDVLFV�RI�6FDOD¦V�REMHFW�PRGHO��LQFOXGLQJ�FRQVWUXFWRUV��LQKHULWDQFH�
QHVWLQJ�RI�FODVVHV��DQG�UXOHV�IRU�YLVLELOLW\�

,Q�WKH�QH[W�FKDSWHU�ZH¦OO�H[SORUH�6FDOD¦V�PRUH�DGYDQFHG�223�IHDWXUHV��LQFOXGLQJ�RYHU�
ULGLQJ��FRPSDQLRQ�REMHFWV��FDVH�FODVVHV��DQG�UXOHV�IRU�HTXDOLW\�EHWZHHQ�REMHFWV�
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CHAPTER 6

Advanced Object-Oriented
Programming In Scala

:H¦YH�JRW�WKH�EDVLFV�RI�223�LQ�6FDOD�XQGHU�RXU�EHOW��EXW�WKHUH¦V�SOHQW\�PRUH�WR�OHDUQ�

Overriding Members of Classes and Traits
&ODVVHV� DQG� WUDLWV� FDQ� GHFODUH� DEVWUDFW� PHPEHUV�� ILHOGV��PHWKRGV�� DQG� W\SHV�� 7KHVH
PHPEHUV�PXVW�EH�GHILQHG�E\�D�GHULYHG�FODVV�RU�WUDLW�EHIRUH�DQ�LQVWDQFH�FDQ�EH�FUHDWHG�
0RVW�REMHFW�RULHQWHG�ODQJXDJHV�VXSSRUW�DEVWUDFW�PHWKRGV��DQG�VRPH�DOVR�VXSSRUW�DE�
VWUDFW�ILHOGV�DQG�W\SHV�

:KHQ�RYHUULGLQJ�D�FRQFUHWH�PHPEHU��6FDOD�UHTXLUHV�WKH�override�NH\�
ZRUG��,W� LV�RSWLRQDO�ZKHQ�D�VXEW\SH�GHILQHV��£RYHUULGHV¤��DQ�DEVWUDFW
PHPEHU��&RQYHUVHO\��GRQ¦W�XVH�override�XQOHVV�\RX�DUH�DFWXDOO\�RYHU�
ULGLQJ�D�PHPEHU�

5HTXLULQJ�WKH�override�NH\ZRUG�KDV�VHYHUDO�EHQHILWV�

� ,W�FDWFKHV�PLVVSHOOHG�PHPEHUV�WKDW�ZHUH�LQWHQGHG�WR�EH�RYHUULGHV��7KH�FRPSLOHU
ZLOO�WKURZ�DQ�HUURU�WKDW�WKH�PHPEHU�GRHVQ¦W�RYHUULGH�DQ\WKLQJ�

� ,W�FDWFKHV�D�SRWHQWLDOO\�VXEWOH�EXJ�WKDW�FDQ�RFFXU�LI�D�QHZ�PHPEHU�LV�DGGHG�WR�D
EDVH�FODVV�ZKHUH�WKH�PHPEHU¦V�QDPH�FROOLGHV�ZLWK�DQ�ROGHU�GHULYHG�FODVV�PHPEHU
WKDW�LV�XQNQRZQ�WR�WKH�EDVH�FODVV�GHYHORSHU��7KDW�LV��WKH�GHULYHG�FODVV�PHPEHU�ZDV
QHYHU�LQWHQGHG�WR�RYHUULGH�D�EDVH�FODVV�PHPEHU��%HFDXVH�WKH�GHULYHG�FODVV�PHPEHU
ZRQ¦W�KDYH�WKH�override�NH\ZRUG��WKH�FRPSLOHU�ZLOO�WKURZ�DQ�HUURU�ZKHQ�WKH�QHZ
EDVH�FODVV�PHPEHU�LV�LQWURGXFHG�

� +DYLQJ� WR�DGG� WKH�NH\ZRUG� UHPLQGV�\RX� WR�FRQVLGHU�ZKDW�PHPEHUV� VKRXOG�RU
VKRXOG�QRW�EH�RYHUULGGHQ�
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-DYD�KDV�DQ�RSWLRQDO�@Override�DQQRWDWLRQ�IRU�PHWKRGV��,W�KHOSV�FDWFK�HUURUV�RI�WKH�ILUVW
W\SH��PLVVSHOOLQJV���EXW�LW�FDQ¦W�KHOS�ZLWK�HUURUV�RI�WKH�VHFRQG�W\SH��VLQFH�XVLQJ�WKH
DQQRWDWLRQ�LV�RSWLRQDO�

Attempting to Override final Declarations
+RZHYHU��LI�D�GHFODUDWLRQ�LQFOXGHV�WKH�final�NH\ZRUG��WKHQ�RYHUULGLQJ�WKH�GHFODUDWLRQ
LV�SURKLELWHG��,Q�WKH�IROORZLQJ�H[DPSOH��WKH�fixedMethod�LV�GHFODUHG�final�LQ�WKH�SDUHQW
FODVV��$WWHPSWLQJ�WR�FRPSLOH�WKH�H[DPSOH�ZLOO�UHVXOW�LQ�D�FRPSLODWLRQ�HUURU�

// code-examples/AdvOOP/overrides/final-member-wont-compile.scala
// WON'T COMPILE.

class NotFixed {
  final def fixedMethod = "fixed"
}

class Changeable2 extends NotFixed {
  override def fixedMethod = "not fixed"   // ERROR
}

7KLV�FRQVWUDLQW�DSSOLHV�WR�FODVVHV�DQG�WUDLWV�DV�ZHOO�DV�PHPEHUV��,Q�WKLV�H[DPSOH��WKH
FODVV�Fixed�LV�GHFODUHG�final��VR�DQ�DWWHPSW�WR�GHULYH�D�QHZ�W\SH�IURP�LW�ZLOO�DOVR�IDLO�WR
FRPSLOH�

// code-examples/AdvOOP/overrides/final-class-wont-compile.scala
// WON'T COMPILE.

final class Fixed {
  def doSomething = "Fixed did something!"
}

class Changeable1 extends Fixed     // ERROR

6RPH�RI�WKH�W\SHV�LQ�WKH�6FDOD�OLEUDU\�DUH�ILQDO��LQFOXGLQJ�-'.�FODVVHV
OLNH�String�DQG�DOO�WKH�£YDOXH¤�W\SHV�GHULYHG�IURP�AnyVal��VHH�£7KH�6FDOD
7\SH�+LHUDUFK\¤�RQ�SDJH������

)RU�GHFODUDWLRQV�WKDW�DUHQ¦W�ILQDO��OHW¦V�H[DPLQH�WKH�UXOHV�DQG�EHKDYLRUV�IRU�RYHUULGLQJ�
VWDUWLQJ�ZLWK�PHWKRGV�

Overriding Abstract and Concrete Methods
/HW¦V�H[WHQG�RXU�IDPLOLDU�Widget�EDVH�FODVV�ZLWK�DQ�DEVWUDFW�PHWKRG�draw��WR�VXSSRUW
£UHQGHULQJ¤� WKH�ZLGJHW� WR� D� GLVSOD\��ZHE� SDJH�� HWF��:H¦OO� DOVR� RYHUULGH� D� FRQFUHWH
PHWKRG�IDPLOLDU�WR�DQ\�-DYD�SURJUDPPHU��toString()��XVLQJ�DQ�DG�KRF�IRUPDW��$V�EH�
IRUH��ZH�ZLOO�XVH�D�QHZ�SDFNDJH��ui3�
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'UDZLQJ�LV�DFWXDOO\�D�FURVV�FXWWLQJ�FRQFHUQ��7KH�VWDWH�RI�D�Widget�LV�RQH
WKLQJ��KRZ�LW�LV�UHQGHUHG�RQ�GLIIHUHQW�SODWIRUPV��WKLFN�FOLHQWV��ZHE�SDJHV�
PRELOH�GHYLFHV��HWF���LV�D�VHSDUDWH�LVVXH��6R��GUDZLQJ�LV�D�YHU\�JRRG�FDQ�
GLGDWH� IRU�D� WUDLW��HVSHFLDOO\� LI�\RX�ZDQW�\RXU�*8,�DEVWUDFWLRQV� WR�EH
SRUWDEOH��+RZHYHU��WR�NHHS�WKLQJV�VLPSOH��ZH�ZLOO�KDQGOH�GUDZLQJ�LQ�WKH
Widget�KLHUDUFK\�LWVHOI�

+HUH�LV�WKH�UHYLVHG�Widget�FODVV��ZLWK�draw�DQG�toString�PHWKRGV�

// code-examples/AdvOOP/ui3/widget.scala

package ui3

abstract class Widget {
  def draw(): Unit
  override def toString() = "(widget)"
}

7KH�draw�PHWKRG�LV�DEVWUDFW�EHFDXVH�LW�KDV�QR�ERG\��WKDW�LV��WKH�PHWKRG�LVQ¦W�IROORZHG
E\� DQ� HTXDOV� VLJQ� �=��� QRU� DQ\� WH[W� DIWHU� LW�� 7KHUHIRUH�� Widget� KDV� WR� EH� GHFODUHG
abstract��LW�ZDV�RSWLRQDO�EHIRUH���(DFK�FRQFUHWH�VXEFODVV�RI�Widget�ZLOO�KDYH�WR�LPSOH�
PHQW�draw�RU�UHO\�RQ�D�SDUHQW�FODVV�WKDW�LPSOHPHQWV�LW��:H�GRQ¦W�QHHG�WR�UHWXUQ�DQ\WKLQJ
IURP�draw��VR�LWV�UHWXUQ�YDOXH�LV�Unit�

7KH� toString()� PHWKRG� LV� VWUDLJKWIRUZDUG�� 6LQFH� AnyRef� GHILQHV� toString�� WKH
override�NH\ZRUG�LV�UHTXLUHG�IRU�Widget.toString�

+HUH�LV�WKH�UHYLVHG�Button�FODVV��ZLWK�draw�DQG�toString�PHWKRGV�

// code-examples/AdvOOP/ui3/button.scala

package ui3

class Button(val label: String) extends Widget with Clickable {

  def click() = {
    // Logic to give the appearance of clicking a button...
  }

  def draw() = {
    // Logic to draw the button on the display, web page, etc.
  }

  override def toString() =
    "(button: label=" + label + ", " + super.toString() + ")"
}

Button� LPSOHPHQWV� WKH� DEVWUDFW� PHWKRG� draw�� 1R� override� NH\ZRUG� LV� UHTXLUHG�
Button� DOVR� RYHUULGHV� toString�� VR� WKH� override� NH\ZRUG� LV� UHTXLUHG�� 1RWH� WKDW
super.toString�LV�FDOOHG�
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7KH�super�NH\ZRUG�LV�DQDORJRXV�WR�this��EXW�LW�ELQGV�WR�WKH�SDUHQW�W\SH��ZKLFK�LV�WKH
DJJUHJDWLRQ� RI� WKH� SDUHQW� FODVV� DQG� DQ\� PL[HG�LQ� WUDLWV�� 7KH� VHDUFK� IRU
super.toString� ZLOO� ILQG� WKH� £FORVHVW¤� SDUHQW� W\SH� toString�� DV� GHWHUPLQHG� E\� WKH
OLQHDUL]DWLRQ�SURFHVV��VHH�£/LQHDUL]DWLRQ�RI�DQ�2EMHFW¦V�+LHUDUFK\¤�RQ�SDJH�������,Q
WKLV�FDVH��VLQFH�Clickable�GRHVQ¦W�GHILQH�toString��Widget.toString�ZLOO�EH�FDOOHG�

2YHUULGLQJ�D�FRQFUHWH�PHWKRG�VKRXOG�EH�GRQH�UDUHO\��EHFDXVH�LW�LV�HUURU�
SURQH��6KRXOG�\RX�LQYRNH�WKH�SDUHQW�PHWKRG"�,I�VR��ZKHQ"�'R�\RX�FDOO
LW�EHIRUH�GRLQJ�DQ\WKLQJ�HOVH��RU�DIWHUZDUG"�:KLOH�WKH�ZULWHU�RI�WKH�SD�
UHQW�PHWKRG�PLJKW�GRFXPHQW�WKH�RYHUULGLQJ�FRQVWUDLQWV�IRU�WKH�PHWKRG�
LW¦V�GLIILFXOW�WR�HQVXUH�WKDW�WKH�ZULWHU�RI�D�GHULYHG�FODVV�ZLOO�KRQRU�WKRVH
FRQVWUDLQWV��$�PXFK�PRUH�UREXVW�DSSURDFK�LV�WKH�7HPSODWH�0HWKRG�3DW�
WHUQ��VHH�>*2)����@��

Overriding Abstract and Concrete Fields
0RVW�REMHFW�RULHQWHG�ODQJXDJHV�DOORZ�\RX�WR�RYHUULGH�PXWDEOH�ILHOGV��var���)HZHU�22
ODQJXDJHV� DOORZ�\RX� WR�GHILQH�DEVWUDFW� ILHOGV�RU�RYHUULGH� FRQFUHWH� LPPXWDEOH� ILHOGV
�val���)RU�H[DPSOH��LW¦V�FRPPRQ�IRU�D�EDVH�FODVV�FRQVWUXFWRU�WR�LQLWLDOL]H�D�PXWDEOH�ILHOG
DQG�IRU�D�GHULYHG�FODVV�FRQVWUXFWRU�WR�FKDQJH�LWV�YDOXH�

:H¦OO�GLVFXVV�RYHUULGLQJ�ILHOGV�LQ�WUDLWV�DQG�FODVVHV�VHSDUDWHO\��DV�WUDLWV�KDYH�VRPH�SDU�
WLFXODU�LVVXHV�

Overriding Abstract and Concrete Fields in Traits
5HFDOO�RXU�VetoableClicks�WUDLW�LQ�£6WDFNDEOH�7UDLWV¤�RQ�SDJH�����,W�GHILQHV�D�val�QDPHG
maxAllowed�DQG�LQLWLDOL]HV�LW�WR�1��:H�ZRXOG�OLNH�WKH�DELOLW\�WR�RYHUULGH�WKH�YDOXH�LQ�D
FODVV�WKDW�PL[HV�LQ�WKLV�WUDLW�

8QIRUWXQDWHO\��LQ�6FDOD�YHUVLRQ�����;��LW�LV�QRW�SRVVLEOH�WR�RYHUULGH�D�val�GHILQHG�LQ�D
WUDLW��+RZHYHU�LW�LV�SRVVLEOH�WR�RYHUULGH�D�val�GHILQHG�LQ�D�SDUHQW�FODVV��9HUVLRQ�����RI
6FDOD�GRHV�VXSSRUW�RYHUULGLQJ�D�val�LQ�D�WUDLW�

%HFDXVH�WKH�RYHUULGH�EHKDYLRU�IRU�D�val�LQ�D�WUDLW�LV�FKDQJLQJ��\RX�VKRXOG
DYRLG�UHO\LQJ�RQ�WKH�DELOLW\�WR�RYHUULGH�LW��LI�\RX�DUH�FXUUHQWO\�XVLQJ�6FDOD
YHUVLRQ�����;��8VH�DQRWKHU�DSSURDFK�LQVWHDG�

8QIRUWXQDWHO\��WKH�YHUVLRQ�����FRPSLOHU�DFFHSWV�FRGH�WKDW�DWWHPSWV�WR�RYHUULGH�D�WUDLW�
GHILQHG�val��EXW�WKH�RYHUULGH�GRHV�QRW�DFWXDOO\�KDSSHQ��DV�LOOXVWUDWHG�E\�WKLV�H[DPSOH�

// code-examples/AdvOOP/overrides/trait-val-script.scala
// DANGER! Silent failure to override a trait's "name" (V2.7.5 only).
// Works as expected in V2.8.0.
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trait T1 {
  val name = "T1"
}

class Base

class ClassWithT1 extends Base with T1 {
  override val name = "ClassWithT1"
}

val c = new ClassWithT1()
println(c.name)

class ClassExtendsT1 extends T1 {
  override val name = "ClassExtendsT1"
}

val c2 = new ClassExtendsT1()
println(c2.name)

,I�\RX�UXQ�WKLV�VFULSW�ZLWK�scala�YHUVLRQ��������WKH�RXWSXW�LV�WKH�IROORZLQJ�

T1
T1

5HDGLQJ�WKH�VFULSW��ZH�ZRXOG�KDYH�H[SHFWHG�WKH�WZR�T1�VWULQJV�WR�EH�ClassWithT1�DQG
ClassExtendsT1��UHVSHFWLYHO\�

+RZHYHU��LI�\RX�UXQ�WKLV�VFULSW�ZLWK�scala�YHUVLRQ��������\RX�JHW�WKLV�RXWSXW�

ClassWithT1
ClassExtendsT1

$WWHPSWV�WR�RYHUULGH�D�WUDLW�GHILQHG�val�ZLOO�EH�DFFHSWHG�E\�WKH�FRPSLOHU�
EXW�KDYH�QR�HIIHFW�LQ�6FDOD�YHUVLRQ�����;�

7KHUH�DUH�WKUHH�ZRUNDURXQGV�\RX�FDQ�XVH�ZLWK�6FDOD�YHUVLRQ������7KH�ILUVW�LV�WR�XVH�VRPH
DGYDQFHG�RSWLRQV�IRU�scala�DQG�scalac��7KH�-Xfuture�RSWLRQ�ZLOO�HQDEOH�WKH�RYHUULGH
EHKDYLRU�VXSSRUWHG�LQ�YHUVLRQ������7KH�-Xcheckinit�RSWLRQ�ZLOO�DQDO\]H�\RXU�FRGH�DQG
UHSRUW�ZKHWKHU�WKH�EHKDYLRU�FKDQJH�ZLOO�EUHDN�LW��7KH�RSWLRQ�-Xexperimental��ZKLFK
HQDEOHV� PDQ\� H[SHULPHQWDO� FKDQJHV�� ZLOO� DOVR� ZDUQ� \RX� WKDW� WKH� val� RYHUULGH
EHKDYLRU�LV�GLIIHUHQW�

7KH�VHFRQG�ZRUNDURXQG�LV�WR�PDNH�WKH�val�DEVWUDFW�LQ�WKH�WUDLW��7KLV�IRUFHV�DQ�LQVWDQFH
XVLQJ�WKH�WUDLW�WR�DVVLJQ�D�YDOXH��'HFODULQJ�D�val�LQ�D�WUDLW�DEVWUDFW�LV�D�SHUIHFWO\�XVHIXO
GHVLJQ�DSSURDFK�IRU�ERWK�YHUVLRQV�RI�6FDOD��,Q�IDFW��WKLV�ZLOO�EH�WKH�EHVW�GHVLJQ�FKRLFH�
ZKHQ�WKHUH�LV�QR�DSSURSULDWH�GHIDXOW�YDOXH�WR�DVVLJQ�WR�WKH�val�LQ�WKH�WUDLW�

// code-examples/AdvOOP/overrides/trait-abs-val-script.scala

trait AbstractT1 {
  val name: String
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}

class Base

class ClassWithAbstractT1 extends Base with AbstractT1 {
  val name = "ClassWithAbstractT1"
}

val c = new ClassWithAbstractT1()
println(c.name)

class ClassExtendsAbstractT1 extends AbstractT1 {
  val name = "ClassExtendsAbstractT1"
}

val c2 = new ClassExtendsAbstractT1()
println(c2.name)

7KLV�VFULSW�SURGXFHV�WKH�RXWSXW�WKDW�ZH�ZRXOG�H[SHFW�

ClassWithAbstractT1
ClassExtendsAbstractT1

6R��DQ�DEVWUDFW�val�ZRUNV�ILQH��XQOHVV�WKH�ILHOG�LV�XVHG�LQ�WKH�WUDLW�ERG\�LQ�D�ZD\�WKDW�ZLOO
IDLO�XQWLO�WKH�ILHOG�LV�SURSHUO\�LQLWLDOL]HG��8QIRUWXQDWHO\��WKH�SURSHU�LQLWLDOL]DWLRQ�ZRQ¦W
RFFXU�XQWLO�DIWHU�WKH�WUDLW¦V�ERG\�KDV�H[HFXWHG��&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�

// code-examples/AdvOOP/overrides/trait-invalid-init-val-script.scala
// ERROR: "value" read before initialized.

trait AbstractT2 {
  println("In AbstractT2:")
  val value: Int
  val inverse = 1.0/value      // ???
  println("AbstractT2: value = "+value+", inverse = "+inverse)
}

val c2b = new AbstractT2 {
  println("In c2b:")
  val value = 10
}
println("c2b.value = "+c2b.value+", inverse = "+c2b.inverse)

:KLOH� LW� DSSHDUV� WKDW� ZH� DUH� FUHDWLQJ� DQ� LQVWDQFH� RI� WKH� WUDLW� ZLWK� new

AbstractT2 ...��ZH�DUH�DFWXDOO\�XVLQJ�DQ�DQRQ\PRXV�FODVV�WKDW�LPSOLFLWO\�H[WHQGV�WKH
WUDLW��7KLV�VFULSW�VKRZV�ZKDW�KDSSHQV�ZKHQ�inverse�LV�FDOFXODWHG�

In AbstractT2:
AbstractT2: value = 0, inverse = Infinity
In c2b:
c2b.value = 10, inverse = Infinity

$V�\RX�PLJKW�H[SHFW��WKH�inverse� LV�FDOFXODWHG�WRR�HDUO\��1RWH�WKDW�D�GLYLGH�E\�]HUR
H[FHSWLRQ�LVQ¦W�WKURZQ��WKH�FRPSLOHU�UHFRJQL]HV�WKH�YDOXH�LV�LQILQLWH��EXW�LW�KDVQ¦W�DF�
WXDOO\�£WULHG¤�WKH�GLYLVLRQ�\HW�
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7KH�EHKDYLRU�RI�WKLV�VFULSW�LV�DFWXDOO\�TXLWH�VXEWOH��$V�DQ�H[HUFLVH��WU\�VHOHFWLYHO\�UH�
PRYLQJ��RU�FRPPHQWLQJ�RXW��WKH�GLIIHUHQW�println�VWDWHPHQWV��RQH�DW�D�WLPH��2EVHUYH
ZKDW�KDSSHQV�WR�WKH�UHVXOWV��6RPHWLPHV�inverse�LV�LQLWLDOL]HG�SURSHUO\���+LQW��UHPRYH
WKH�println("In c2b:")�VWDWHPHQW��7KHQ�WU\�SXWWLQJ�LW�EDFN��EXW�DIWHU�WKH�val value =
10�OLQH��

:KDW�WKLV�H[SHULPHQW�UHDOO\�VKRZV�LV�WKDW�VLGH�HIIHFWV��L�H���IURP�WKH�println�VWDWHPHQWV�
FDQ�EH�XQH[SHFWHG�DQG�VXEWOH��HVSHFLDOO\�GXULQJ�LQLWLDOL]DWLRQ��,W¦V�EHVW�WR�DYRLG�WKHP�

6FDOD�SURYLGHV�WZR�VROXWLRQV�WR�WKLV�SUREOHP��OD]\�YDOXHV��ZKLFK�ZH�GLVFXVV�LQ�£/D]\
9DOV¤�RQ�SDJH������DQG�SUH�LQLWLDOL]HG�ILHOGV��ZKLFK�LV�GHPRQVWUDWHG�LQ�WKH�IROORZLQJ
UHILQHPHQW�WR�WKH�SUHYLRXV�H[DPSOH�

// code-examples/AdvOOP/overrides/trait-pre-init-val-script.scala

trait AbstractT2 {
  println("In AbstractT2:")
  val value: Int
  val inverse = 1.0/value
  println("AbstractT2: value = "+value+", inverse = "+inverse)
}

val c2c = new {
  // Only initializations are allowed in pre-init. blocks.
  // println("In c2c:")
  val value = 10
} with AbstractT2

println("c2c.value = "+c2c.value+", inverse = "+c2c.inverse)

:H�LQVWDQWLDWH�DQ�DQRQ\PRXV�LQQHU�FODVV��LQLWLDOL]LQJ�WKH�value�ILHOG�LQ�WKH�EORFN��EHIRUH
WKH�with AbstractT2�FODXVH��7KLV�JXDUDQWHHV�WKDW�value�LV�LQLWLDOL]HG�EHIRUH�WKH�ERG\�RI
AbstractT2�LV�H[HFXWHG��DV�VKRZQ�ZKHQ�\RX�UXQ�WKH�VFULSW�

In AbstractT2:
AbstractT2: value = 10, inverse = 0.1
c2c.value = 10, inverse = 0.1

$OVR��LI�\RX�VHOHFWLYHO\�UHPRYH�DQ\�RI�WKH�println�VWDWHPHQWV��\RX�JHW�WKH�VDPH�H[SHFWHG
DQG�QRZ�SUHGLFWDEOH�UHVXOWV�

1RZ�OHW¦V�FRQVLGHU�WKH�VHFRQG�ZRUNDURXQG�ZH�GHVFULEHG�HDUOLHU��FKDQJLQJ�WKH�GHFOD�
UDWLRQ�WR�var��7KLV�VROXWLRQ�LV�PRUH�VXLWDEOH�LI�D�JRRG�GHIDXOW�YDOXH�H[LVWV�DQG�\RX�GRQ¦W
ZDQW�WR�UHTXLUH�LQVWDQFHV�WKDW�XVH�WKH�WUDLW�WR�DOZD\V�VHW�WKH�YDOXH��,Q�WKLV�FDVH��FKDQJH
WKH�val�WR�D�var��HLWKHU�D�SXEOLF�var�RU�D�SULYDWH�var�KLGGHQ�EHKLQG�UHDGHU�DQG�ZULWHU
PHWKRGV��(LWKHU�ZD\��ZH�FDQ�VLPSO\�UHDVVLJQ�WKH�YDOXH�LQ�D�GHULYHG�WUDLW�RU�FODVV�

5HWXUQLQJ�WR�RXU�VetoableClicks�H[DPSOH��KHUH�LV�WKH�PRGLILHG�VetoableClicks� WUDLW
WKDW�XVHV�D�SXEOLF�var�IRU�maxAllowed�
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// code-examples/AdvOOP/ui3/vetoable-clicks.scala

package ui3
import observer._

trait VetoableClicks extends Clickable {
  var maxAllowed = 1       // default
  private var count = 0
  abstract override def click() = {
    count += 1
    if (count <= maxAllowed)
      super.click()
  }
}

+HUH�LV�D�QHZ�specs�REMHFW��ButtonClickableObserverVetoableSpec2��WKDW�GHPRQVWUDWHV
FKDQJLQJ�WKH�YDOXH�RI�maxAllowed�

// code-examples/AdvOOP/ui3/button-clickable-observer-vetoable2-spec.scala
package ui3

import org.specs._
import observer._
import ui.ButtonCountObserver

object ButtonClickableObserverVetoableSpec2 extends Specification {
  "A Button Observer with Vetoable Clicks" should {
    "observe only the first 'maxAllowed' clicks" in {
      val observableButton =
        new Button("Okay") with ObservableClicks with VetoableClicks {
          maxAllowed = 2
      }
      observableButton.maxAllowed mustEqual 2
      val buttonClickCountObserver = new ButtonCountObserver
      observableButton.addObserver(buttonClickCountObserver)
      for (i <- 1 to 3) observableButton.click()
      buttonClickCountObserver.count mustEqual 2
    }
  }
}

1R�override var�LV�UHTXLUHG��:H�MXVW�DVVLJQ�D�QHZ�YDOXH��6LQFH�WKH�ERG\�RI�WKH�WUDLW�LV
H[HFXWHG� EHIRUH� WKH� ERG\� RI� WKH� FODVV� XVLQJ� LW�� UHDVVLJQLQJ� WKH� ILHOG� YDOXH� KDSSHQV
DIWHU�WKH�LQLWLDO�DVVLJQPHQW�LQ�WKH�WUDLW¦V�ERG\��+RZHYHU��DV�ZH�VDZ�EHIRUH��WKDW�UHDV�
VLJQPHQW�FRXOG�KDSSHQ�WRR�ODWH�LI�WKH�ILHOG�LV�XVHG�LQ�WKH�WUDLW¦V�ERG\�LQ�VRPH�FDOFXODWLRQ
WKDW�ZLOO�EHFRPH�LQYDOLG�E\�D�UHDVVLJQPHQW�ODWHU��<RX�FDQ�DYRLG�WKLV�SUREOHP�LI�\RX
PDNH�WKH�ILHOG�SULYDWH�DQG�GHILQH�D�SXEOLF�ZULWHU�PHWKRG�WKDW�UHGRHV�DQ\�GHSHQGHQW
FDOFXODWLRQV�

$QRWKHU�GLVDGYDQWDJH�RI�XVLQJ�D�var�GHFODUDWLRQ�LV�WKDW�maxAllowed�ZDV�QRW�LQWHQGHG�WR
EH�ZULWDEOH��$V�ZH�ZLOO�VHH�LQ�&KDSWHU����UHDG�RQO\�YDOXHV�KDYH�LPSRUWDQW�EHQHILWV��:H
ZRXOG�SUHIHU� IRU�maxAllowed� WR�EH� UHDG�RQO\��DW� OHDVW�DIWHU� WKH�FRQVWUXFWLRQ�SURFHVV
FRPSOHWHV�
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:H�FDQ�VHH�WKDW�WKH�VLPSOH�DFW�RI�FKDQJLQJ�WKH�val�WR�D�var�FDXVHV�SRWHQWLDO�SUREOHPV
IRU�WKH�PDLQWDLQHU�RI�VetoableClicks��&RQWURO�RYHU�WKDW�ILHOG�LV�QRZ�ORVW��7KH�PDLQWDLQHU
PXVW�FDUHIXOO\�FRQVLGHU�ZKHWKHU�RU�QRW�WKH�YDOXH�ZLOO�FKDQJH�DQG�LI�D�FKDQJH�ZLOO�LQYD�
OLGDWH� WKH� VWDWH�RI� WKH� LQVWDQFH��7KLV� LVVXH� LV� HVSHFLDOO\�SHUQLFLRXV� LQ�PXOWLWKUHDGHG
V\VWHPV��VHH�£7KH�3UREOHPV�RI�6KDUHG��6\QFKURQL]HG�6WDWH¤�RQ�SDJH������

$YRLG�var� ILHOGV�ZKHQ�SRVVLEOH��LQ�FODVVHV�DV�ZHOO�DV�WUDLWV���&RQVLGHU
SXEOLF�var�ILHOGV�HVSHFLDOO\�ULVN\�

Overriding Abstract and Concrete Fields in Classes
,Q�FRQWUDVW�WR�WUDLWV��RYHUULGLQJ�D�val�GHFODUHG�LQ�D�FODVV�ZRUNV�DV�H[SHFWHG��+HUH�LV�DQ
H[DPSOH�ZLWK�ERWK�D�val�RYHUULGH�DQG�D�var�UHDVVLJQPHQW�LQ�D�GHULYHG�FODVV�

// code-examples/AdvOOP/overrides/class-field-script.scala

class C1 {
  val name = "C1"
  var count = 0
}

class ClassWithC1 extends C1 {
  override val name = "ClassWithC1"
  count = 1
}

val c = new ClassWithC1()
println(c.name)
println(c.count)

7KH�override�NH\ZRUG�LV�UHTXLUHG�IRU�WKH�FRQFUHWH�val�ILHOG�name��EXW�QRW�IRU�WKH�var
ILHOG�count��7KLV�LV�EHFDXVH�ZH�DUH�FKDQJLQJ�WKH�LQLWLDOL]DWLRQ�RI�D�FRQVWDQW��val���ZKLFK
LV�D�£VSHFLDO¤�RSHUDWLRQ�

,I�\RX�UXQ�WKLV�VFULSW��WKH�RXWSXW�LV�WKH�IROORZLQJ�

ClassWithC1
1

%RWK�ILHOGV�DUH�RYHUULGGHQ�LQ�WKH�GHULYHG�FODVV��DV�H[SHFWHG��+HUH�LV�WKH�VDPH�H[DPSOH
PRGLILHG�VR�WKDW�ERWK�WKH�val�DQG�WKH�var�DUH�DEVWUDFW�LQ�WKH�EDVH�FODVV�

// code-examples/AdvOOP/overrides/class-abs-field-script.scala

abstract class AbstractC1 {
  val name: String
  var count: Int
}

class ClassWithAbstractC1 extends AbstractC1 {
  val name = "ClassWithAbstractC1"
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  var count = 1
}

val c = new ClassWithAbstractC1()
println(c.name)
println(c.count)

7KH�override�NH\ZRUG�LV�QRW�UHTXLUHG�IRU�name�LQ�ClassWithAbstractC1��VLQFH�WKH�RULJ�
LQDO�GHFODUDWLRQ�LV�DEVWUDFW��7KH�RXWSXW�RI�WKLV�VFULSW�LV�WKH�IROORZLQJ�

ClassWithAbstractC1
1

,W¦V�LPSRUWDQW�WR�HPSKDVL]H�WKDW�name�DQG�count�DUH�DEVWUDFW�ILHOGV��QRW�FRQFUHWH�ILHOGV
ZLWK� GHIDXOW� YDOXHV�� $� VLPLODU�ORRNLQJ� GHFODUDWLRQ� RI� name� LQ� D� -DYD� FODVV�
String name;��ZRXOG�GHFODUH�D�FRQFUHWH�ILHOG�ZLWK�WKH�GHIDXOW�YDOXH��null�LQ�WKLV�FDVH��
-DYD�GRHVQ¦W�VXSSRUW�DEVWUDFW�ILHOGV�RU�W\SHV��DV�ZH¦OO�GLVFXVV�QH[W���RQO\�PHWKRGV�

Overriding Abstract Types
:H� LQWURGXFHG� DEVWUDFW� W\SH� GHFODUDWLRQV� LQ� £$EVWUDFW� 7\SHV� $QG� 3DUDPHWHUL]HG
7\SHV¤�RQ�SDJH�����5HFDOO�WKH�BulkReader�H[DPSOH�IURP�WKDW�VHFWLRQ�

// code-examples/TypeLessDoMore/abstract-types-script.scala

import java.io._

abstract class BulkReader {
  type In
  val source: In
  def read: String
}

class StringBulkReader(val source: String) extends BulkReader {
  type In = String
  def read = source
}

class FileBulkReader(val source: File) extends BulkReader {
  type In = File
  def read = {
    val in = new BufferedInputStream(new FileInputStream(source))
    val numBytes = in.available()
    val bytes = new Array[Byte](numBytes)
    in.read(bytes, 0, numBytes)
    new String(bytes)
  }
}

println( new StringBulkReader("Hello Scala!").read )
println( new FileBulkReader(new File("abstract-types-script.scala")).read )
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$EVWUDFW�W\SHV�DUH�DQ�DOWHUQDWLYH�WR�SDUDPHWHUL]HG�W\SHV��ZKLFK�ZH¦OO�H[SORUH�LQ�£8Q�
GHUVWDQGLQJ�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH������/LNH�SDUDPHWHUL]HG�W\SHV��WKH\�SUR�
YLGH�DQ�DEVWUDFWLRQ�PHFKDQLVP�DW�WKH�W\SH�OHYHO�

7KH�H[DPSOH�VKRZV�KRZ�WR�GHFODUH�DQ�DEVWUDFW�W\SH�DQG�KRZ�WR�GHILQH�D�FRQFUHWH�YDOXH
LQ�GHULYHG�FODVVHV��BulkReader�GHFODUHV�type In�ZLWKRXW� LQLWLDOL]LQJ� LW��7KH�FRQFUHWH
GHULYHG�FODVV�StringBulkReader�SURYLGHV�D�FRQFUHWH�YDOXH�XVLQJ�type In = String�

8QOLNH� ILHOGV�DQG�PHWKRGV�� LW� LV�QRW�SRVVLEOH� WR�RYHUULGH�D�FRQFUHWH�type�GHILQLWLRQ�
+RZHYHU��WKH�DEVWUDFW�GHFODUDWLRQ�FDQ�FRQVWUDLQ�WKH�DOORZHG�FRQFUHWH�W\SH�YDOXHV��:H¦OO
OHDUQ�KRZ�LQ�&KDSWHU����

)LQDOO\��\RX�SUREDEO\�QRWLFHG�WKDW�WKLV�H[DPSOH�DOVR�GHPRQVWUDWHV�GHILQLQJ�DQ�DEVWUDFW
ILHOG��XVLQJ�D�FRQVWUXFWRU�SDUDPHWHU��DQG�DQ�DEVWUDFW�PHWKRG�

)RU� DQRWKHU� H[DPSOH�� OHW¦V� UHYLVLW� RXU� Subject� WUDLW� IURP� £7UDLWV� $V� 0L[�
LQV¤�RQ�SDJH�����7KH�GHILQLWLRQ�RI�WKH�Observer�W\SH�LV�D�VWUXFWXUDO�W\SH�ZLWK�D�PHWKRG
QDPHG�receiveUpdate��2EVHUYHUV�PXVW�KDYH�WKLV�£VWUXFWXUH�¤�/HW¦V�JHQHUDOL]H�WKH�LP�
SOHPHQWDWLRQ�QRZ��XVLQJ�DQ�DEVWUDFW�W\SH�

// code-examples/AdvOOP/observer/observer2.scala

package observer

trait AbstractSubject {
  type Observer

  private var observers = List[Observer]()
  def addObserver(observer:Observer) = observers ::= observer
  def notifyObservers = observers foreach (notify(_))

  def notify(observer: Observer): Unit
}

trait SubjectForReceiveUpdateObservers extends AbstractSubject {
  type Observer = { def receiveUpdate(subject: Any) }

  def notify(observer: Observer): Unit = observer.receiveUpdate(this)
}

trait SubjectForFunctionalObservers extends AbstractSubject {
  type Observer = (AbstractSubject) => Unit

  def notify(observer: Observer): Unit = observer(this)
}

1RZ��AbstractSubject�GHFODUHV�type Observer�DV�DEVWUDFW��LPSOLFLWO\��EHFDXVH�WKHUH�LV
QR�GHILQLWLRQ���6LQFH�WKH�RULJLQDO�VWUXFWXUDO�W\SH�LV�JRQH��ZH�GRQ¦W�NQRZ�H[DFWO\�KRZ�WR
QRWLI\�DQ�REVHUYHU��6R��ZH�DOVR�DGGHG�DQ�DEVWUDFW�PHWKRG�notify��ZKLFK�D�FRQFUHWH�FODVV
RU�WUDLW�ZLOO�GHILQH�DV�DSSURSULDWH�
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7KH�SubjectForReceiveUpdateObservers�GHULYHG�WUDLW�GHILQHV�Observer�ZLWK�WKH�VDPH
VWUXFWXUDO� W\SH� ZH� XVHG� LQ� WKH� RULJLQDO� H[DPSOH�� DQG� notify� VLPSO\� FDOOV
receiveUpdate��DV�EHIRUH�

7KH� SubjectForFunctionalObservers� GHULYHG� WUDLW� GHILQHV� Observer� WR� EH� D� IXQFWLRQ
WDNLQJ�DQ�LQVWDQFH�RI�AbstractSubject�DQG�UHWXUQLQJ�Unit��$OO�notify�KDV�WR�GR�LV�FDOO
WKH�REVHUYHU�IXQFWLRQ��SDVVLQJ�WKH�VXEMHFW�DV�WKH�VROH�DUJXPHQW��1RWH�WKDW�WKLV�LPSOH�
PHQWDWLRQ�LV�VLPLODU�WR�WKH�DSSURDFK�ZH�XVHG�LQ�RXU�RULJLQDO�EXWWRQ�LPSOHPHQWDWLRQ�
ButtonWithCallbacks��ZKHUH�WKH�£FDOOEDFNV¤�ZHUH�XVHU�VXSSOLHG�IXQFWLRQV���6HH�£,QWUR�
GXFLQJ� 7UDLWV¤� RQ� SDJH� ��� DQG� D� UHYLVLWHG� YHUVLRQ� LQ� £&RQVWUXFWRUV� LQ� 6FDOD¤
RQ�SDJH�����

+HUH�LV�D�VSHFLILFDWLRQ�WKDW�H[HUFLVHV�WKHVH�WZR�YDULDWLRQV��REVHUYLQJ�EXWWRQ�FOLFNV�DV
EHIRUH�

// code-examples/AdvOOP/observer/button-observer2-spec.scala

package ui
import org.specs._
import observer._

object ButtonObserver2Spec extends Specification {
  "An Observer watching a SubjectForReceiveUpdateObservers button" should {
    "observe button clicks" in {
      val observableButton =
        new Button(name) with SubjectForReceiveUpdateObservers {
        override def click() = {
          super.click()
          notifyObservers
        }
      }
      val buttonObserver = new ButtonCountObserver
      observableButton.addObserver(buttonObserver)
      for (i <- 1 to 3) observableButton.click()
      buttonObserver.count mustEqual 3
    }
  }
  "An Observer watching a SubjectForFunctionalObservers button" should {
    "observe button clicks" in {
      val observableButton =
        new Button(name) with SubjectForFunctionalObservers {
        override def click() = {
          super.click()
          notifyObservers
        }
      }
      var count = 0
      observableButton.addObserver((button) => count += 1)
      for (i <- 1 to 3) observableButton.click()
      count mustEqual 3
    }
  }
}

122 | Chapter 6:�Advanced Object-Oriented Programming In Scala

Download at WoweBook.Com



)LUVW�ZH�H[HUFLVH�SubjectForReceiveUpdateObservers��ZKLFK�ORRNV�YHU\�VLPLODU�WR�RXU
HDUOLHU�H[DPSOHV��1H[W�ZH�H[HUFLVH�SubjectForFunctionalObservers�� ,Q� WKLV�FDVH��ZH
GRQ¦W�QHHG�DQRWKHU�£REVHUYHU¤�LQVWDQFH�DW�DOO��:H�MXVW�PDLQWDLQ�D�count�YDULDEOH�DQG
SDVV�D�IXQFWLRQ�OLWHUDO�WR�addObserver�WR�LQFUHPHQW�WKH�FRXQW��DQG�LJQRUH�WKH�EXWWRQ��

7KH�PDLQ�YLUWXH�RI�SubjectForFunctionalObservers� LV� LWV�PLQLPDOLVP��,W�UHTXLUHV�QR
VSHFLDO� LQVWDQFHV��QR� WUDLWV�GHILQLQJ�DEVWUDFWLRQV�� HWF��)RU�PDQ\�FDVHV�� LW� LV� DQ� LGHDO
DSSURDFK�

AbstractSubject� LV�PRUH�UHXVDEOH� WKDQ�WKH�RULJLQDO�GHILQLWLRQ�RI�Subject��EHFDXVH� LW
LPSRVHV�IHZHU�FRQVWUDLQWV�RQ�SRWHQWLDO�REVHUYHUV�

AbstractSubject�LOOXVWUDWHV�WKDW�DQ�DEVWUDFWLRQ�ZLWK�IHZHU�FRQFUHWH�GH�
WDLOV�LV�XVXDOO\�PRUH�UHXVDEOH�

%XW�ZDLW��WKHUH¦V�PRUH��:H¦OO�UHYLVLW�WKH�XVH�RI�DEVWUDFW�W\SHV�DQG�WKH�2EVHUYHU�3DWWHUQ
LQ�£6FDODEOH�$EVWUDFWLRQV¤�RQ�SDJH�����

When Accessor Methods and Fields Are Indistinguishable: The Uniform
Access Principle
6XSSRVH�D�XVHU�RI�ButtonCountObserver�IURP�£7UDLWV�$V�0L[LQV¤�RQ�SDJH����DFFHVVHV
WKH�count�PHPEHU�

// code-examples/Traits/ui/button-count-observer-script.scala

val bco = new ui.ButtonCountObserver
val oldCount = bco.count
bco.count = 5
val newCount = bco.count
println(newCount + " == 5 and " + oldCount + " == 0?")

:KHQ�WKH�count�ILHOG�LV�UHDG�RU�ZULWWHQ��DV�LQ�WKLV�H[DPSOH��DUH�PHWKRGV�FDOOHG�RU�LV�WKH
ILHOG�DFFHVVHG�GLUHFWO\"�$V�RULJLQDOO\�GHFODUHG�LQ�ButtonCountObserver��WKH�ILHOG�LV�DF�
FHVVHG�GLUHFWO\��+RZHYHU��WKH�XVHU�GRHVQ¦W�UHDOO\�FDUH��,Q�IDFW��WKH�IROORZLQJ�WZR�GHIL�
QLWLRQV�DUH�IXQFWLRQDOO\�HTXLYDOHQW��IURP�WKH�SHUVSHFWLYH�RI�WKH�XVHU�

class ButtonCountObserver {
  var count = 0  // public field access (original definition)
  // ...
}

class ButtonCountObserver {
  private var cnt = 0  // private field
  def count = cnt      // reader method
  def count_=(newCount: Int) = cnt = newCount  // writer method
  // ...
}
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7KLV�HTXLYDOHQFH�LV�DQ�H[DPSOH�RI�WKH�8QLIRUP�$FFHVV�3ULQFLSOH��&OLHQWV�UHDG�DQG�ZULWH
ILHOG�YDOXHV�DV�LI�WKH\�DUH�SXEOLFO\�DFFHVVLEOH��HYHQ�WKRXJK�LQ�VRPH�FDVHV�WKH\�DUH�DFWXDOO\
FDOOLQJ�PHWKRGV��7KH�PDLQWDLQHU�RI�ButtonCountObserver�KDV�WKH�IUHHGRP�WR�FKDQJH�WKH
LPSOHPHQWDWLRQ�ZLWKRXW�IRUFLQJ�XVHUV�WR�PDNH�FRGH�FKDQJHV�

7KH�UHDGHU�PHWKRG�LQ�WKH�VHFRQG�YHUVLRQ�GRHV�QRW�KDYH�SDUHQWKHVHV��5HFDOO�WKDW�FRQ�
VLVWHQF\�LQ�WKH�XVH�RI�SDUHQWKHVHV�LV�UHTXLUHG�LI�D�PHWKRG�GHILQLWLRQ�RPLWV�SDUHQWKHVHV�
7KLV�LV�RQO\�SRVVLEOH�LI�WKH�PHWKRG�WDNHV�QR�DUJXPHQWV��)RU�WKH�8QLIRUP�$FFHVV�3ULQ�
FLSOH�WR�ZRUN��ZH�ZDQW�WR�GHILQH�ILHOG�UHDGHU�PHWKRGV�ZLWKRXW�SDUHQWKHVHV���&RQWUDVW
WKDW�ZLWK�5XE\��ZKHUH�PHWKRG�SDUHQWKHVHV�DUH�DOZD\V�RSWLRQDO�DV�ORQJ�DV�WKH�SDUVH�LV
XQDPELJXRXV��

7KH�ZULWHU�PHWKRG�KDV�WKH�IRUPDW�count_=(...)��$V�D�ELW�RI�V\QWDFWLF�VXJDU��WKH�FRPSLOHU
DOORZV�LQYRFDWLRQV�RI�PHWKRGV�ZLWK�WKLV�IRUPDW�WR�EH�ZULWWHQ�LQ�HLWKHU�RI�WKH�IROORZLQJ
ZD\V�

obj.field_=(newValue)
// or
obj.field = newValue

:H�QDPHG�WKH�SULYDWH�YDULDEOH�cnt�LQ�WKH�DOWHUQDWLYH�GHILQLWLRQ��6FDOD�NHHSV�ILHOG�DQG
PHWKRG�QDPHV�LQ�WKH�VDPH�QDPHVSDFH��ZKLFK�PHDQV�ZH�FDQ¦W�QDPH�WKH�ILHOG�count�LI�D
PHWKRG�LV�QDPHG�count��0DQ\�ODQJXDJHV��OLNH�-DYD��GRQ¦W�KDYH�WKLV�UHVWULFWLRQ�EHFDXVH
WKH\�NHHS�ILHOG�DQG�PHWKRG�QDPHV�LQ�VHSDUDWH�QDPHVSDFHV��+RZHYHU��WKHVH�ODQJXDJHV
FDQ¦W� VXSSRUW� WKH�8QLIRUP�$FFHVV�3ULQFLSOH�DV�D� UHVXOW��XQOHVV� WKH\�EXLOG� LQ�DG�KRF
VXSSRUW�LQ�WKHLU�JUDPPDUV�RU�FRPSLOHUV�

6LQFH�PHPEHU�object�GHILQLWLRQV�EHKDYH�VLPLODU�WR�ILHOGV�IURP�WKH�FDOOHU¦V�SHUVSHFWLYH�
WKH\�DUH�DOVR�LQ�WKH�VDPH�QDPHVSDFH�DV�PHWKRGV�DQG�ILHOGV��+HQFH��WKH�IROORZLQJ�FODVV
ZRXOG�QRW�FRPSLOH�

// code-examples/AdvOOP/overrides/member-namespace-wont-compile.scala
// WON'T COMPILE

class IllegalMemberNameUse {
  def member(i: Int) = 2 * i
  val member = 2         // ERROR
  object member {        // ERROR
    def apply() = 2
  }
}

7KHUH�LV�RQH�RWKHU�EHQHILW�RI�WKLV�QDPHVSDFH�£XQLILFDWLRQ�¤�,I�D�SDUHQW�FODVV�GHFODUHV�D
SDUDPHWHUOHVV�PHWKRG�� WKHQ�D� VXEFODVV� FDQ�RYHUULGH� WKDW�PHWKRG�ZLWK�D�val�� ,I� WKH
SDUHQW¦V�PHWKRG�LV�FRQFUHWH��WKHQ�WKH�override�NH\ZRUG�LV�UHTXLUHG�

// code-examples/AdvOOP/overrides/method-field-class-script.scala

class Parent {
  def name = "Parent"
}
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class Child extends Parent {
  override val name = "Child"
}

println(new Child().name)   // => "Child"

,I�WKH�SDUHQW¦V�PHWKRG�LV�DEVWUDFW��WKHQ�WKH�override�NH\ZRUG�LV�RSWLRQDO�

// code-examples/AdvOOP/overrides/abs-method-field-class-script.scala

abstract class AbstractParent {
  def name: String
}

class ConcreteChild extends AbstractParent {
  val name = "Child"
}

println(new ConcreteChild().name)   // => "Child"

7KLV�DOVR�ZRUNV�IRU�WUDLWV��,I�WKH�WUDLW¦V�PHWKRG�LV�FRQFUHWH��ZH�KDYH�WKH�IROORZLQJ�

// code-examples/AdvOOP/overrides/method-field-trait-script.scala

trait NameTrait {
  def name = "NameTrait"
}

class ConcreteNameClass extends NameTrait {
  override val name = "ConcreteNameClass"
}

println(new ConcreteNameClass().name)   // => "ConcreteNameClass"

,I�WKH�WUDLW¦V�PHWKRG�LV�DEVWUDFW��ZH�KDYH�WKH�IROORZLQJ�

// code-examples/AdvOOP/overrides/abs-method-field-trait-script.scala

trait AbstractNameTrait {
  def name: String
}

class ConcreteNameClass extends AbstractNameTrait {
  val name = "ConcreteNameClass"
}

println(new ConcreteNameClass().name)   // => "ConcreteNameClass"

:K\�LV�WKLV�IHDWXUH�XVHIXO"�,W�DOORZV�GHULYHG�FODVVHV�DQG�WUDLWV�WR�XVH�D�VLPSOH�ILHOG�DFFHVV
ZKHQ�WKDW�LV�VXIILFLHQW��RU�D�PHWKRG�FDOO�ZKHQ�PRUH�SURFHVVLQJ�LV�UHTXLUHG��VXFK�DV�OD]\
LQLWLDOL]DWLRQ��7KH�VDPH�DUJXPHQW�KROGV�IRU�WKH�8QLIRUP�$FFHVV�3ULQFLSOH��LQ�JHQHUDO�

2YHUULGLQJ�D�def�ZLWK�D�val�LQ�D�VXEFODVV�FDQ�DOVR�EH�KDQG\�ZKHQ�LQWHURSHUDWLQJ�ZLWK
-DYD�FRGH��7XUQ�D�JHWWHU�LQWR�D�val�E\�SODFLQJ�LW�LQ�WKH�FRQVWUXFWRU��<RX¦OO�VHH�WKLV�LQ
DFWLRQ�LQ�WKH�IROORZLQJ�H[DPSOH��LQ�ZKLFK�RXU�6FDOD�FODVV�Person�LPSOHPHQWV�D�K\SR�
WKHWLFDO�PersonInterface�IURP�VRPH�OHJDF\�-DYD�FRGH�
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class Person(val getName: String) extends PersonInterface

,I�\RX�RQO\�KDYH�D�IHZ�DFFHVVRUV�LQ�WKH�-DYD�FRGH�\RX¦UH�LQWHJUDWLQJ�ZLWK��WKLV�WHFKQLTXH
PDNHV�TXLFN�ZRUN�RI�WKHP�

:KDW�DERXW�RYHUULGLQJ�D�SDUDPHWHUOHVV�PHWKRG�ZLWK�D�var��RU�RYHUULGLQJ�D�val�RU�var
ZLWK�D�PHWKRG"�7KHVH�DUH�QRW�SHUPLWWHG�EHFDXVH�WKH\�FDQ¦W�PDWFK�WKH�EHKDYLRUV�RI�WKH
WKLQJV�WKH\�DUH�RYHUULGLQJ�

,I�\RX�DWWHPSW�WR�XVH�D�var�WR�RYHUULGH�D�SDUDPHWHUOHVV�PHWKRG��\RX�JHW�DQ�HUURU�WKDW
WKH�ZULWHU�PHWKRG��override name_=�� LV�QRW�RYHUULGLQJ�DQ\WKLQJ��7KLV�ZRXOG�DOVR�EH
LQFRQVLVWHQW�ZLWK�D�SKLORVRSKLFDO�JRDO�RI�IXQFWLRQDO�SURJUDPPLQJ��WKDW�D�PHWKRG�WKDW
WDNHV�QR�SDUDPHWHUV� VKRXOG�DOZD\V� UHWXUQ� WKH� VDPH� UHVXOW��7R�GR�RWKHUZLVH�ZRXOG
UHTXLUH� VLGH� HIIHFWV� LQ� WKH� LPSOHPHQWDWLRQ��ZKLFK� IXQFWLRQDO� SURJUDPPLQJ� WULHV� WR
DYRLG��IRU�UHDVRQV�ZH�ZLOO�H[DPLQH�LQ�&KDSWHU����%HFDXVH�D�var�LV�FKDQJHDEOH��WKH�QR�
SDUDPHWHU�£PHWKRG¤�GHILQHG�LQ�WKH�SDUHQW�W\SH�ZRXOG�QR�ORQJHU�UHWXUQ�WKH�VDPH�UHVXOW
FRQVLVWHQWO\�

,I�\RX�FRXOG�RYHUULGH�D�val�ZLWK�D�PHWKRG��WKHUH�ZRXOG�EH�QR�ZD\�IRU�6FDOD�WR�JXDUDQWHH
WKDW�WKH�PHWKRG�ZRXOG�DOZD\V�UHWXUQ�WKH�VDPH�YDOXH��FRQVLVWHQW�ZLWK�val�VHPDQWLFV�
7KDW�LVVXH�GRHVQ¦W�H[LVW�ZLWK�D�var��RI�FRXUVH��EXW�\RX�ZRXOG�KDYH�WR�RYHUULGH�WKH�var
ZLWK� WZR�PHWKRGV�� D� UHDGHU� DQG�D�ZULWHU��7KH�6FDOD� FRPSLOHU�GRHVQ¦W� VXSSRUW� WKDW
VXEVWLWXWLRQ�

Companion Objects
5HFDOO�WKDW�ILHOGV�DQG�PHWKRGV�GHILQHG�LQ�objects�VHUYH�WKH�UROH�WKDW�FODVV�£VWDWLF¤�ILHOGV
DQG�PHWKRGV�VHUYH�LQ�ODQJXDJHV�OLNH�-DYD��:KHQ�object�EDVHG�ILHOGV�DQG�PHWKRGV�DUH
FORVHO\�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�class��WKH\�DUH�QRUPDOO\�GHILQHG�LQ�D�FRPSDQLRQ
REMHFW�

:H�PHQWLRQHG�FRPSDQLRQ�REMHFWV�EULHIO\� LQ�&KDSWHU���� DQG�ZH�GLVFXVVHG� WKH�Pair
H[DPSOH�IURP�WKH�6FDOD�OLEUDU\�LQ�&KDSWHU����/HW¦V�ILOO�LQ�WKH�UHPDLQLQJ�GHWDLOV�QRZ�

)LUVW��UHFDOO�WKDW�LI�D�class��RU�D�type�UHIHUULQJ�WR�D�FODVV��DQG�DQ�object�DUH�GHFODUHG�LQ
WKH�VDPH�ILOH��LQ�WKH�VDPH�SDFNDJH��DQG�ZLWK�WKH�VDPH�QDPH��WKH\�DUH�FDOOHG�D�FRPSDQLRQ
FODVV��RU�FRPSDQLRQ�W\SH��DQG�D�FRPSDQLRQ�REMHFW��UHVSHFWLYHO\�

7KHUH�LV�QR�QDPHVSDFH�FROOLVLRQ�ZKHQ�WKH�QDPH�LV�UHXVHG�LQ�WKLV�ZD\��EHFDXVH�6FDOD
VWRUHV�WKH�FODVV�QDPH�LQ�WKH�W\SH�QDPHVSDFH��ZKLOH�LW�VWRUHV�WKH�REMHFW�QDPH�LQ�WKH�WHUP
QDPHVSDFH��VHH�>6FDOD6SHF����@��

7KH� WZR� PRVW� LQWHUHVWLQJ� PHWKRGV� IUHTXHQWO\� GHILQHG� LQ� D� FRPSDQLRQ� REMHFW� DUH
apply�DQG�unapply�
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Apply
6FDOD�SURYLGHV�VRPH�V\QWDFWLF�VXJDU�LQ�WKH�IRUP�RI�WKH�apply�PHWKRG��:KHQ�DQ�LQVWDQFH
RI�D�FODVV�LV�IROORZHG�E\�SDUHQWKHVHV�ZLWK�D�OLVW�RI�]HUR�RU�PRUH�SDUDPHWHUV��WKH�FRPSLOHU
LQYRNHV�WKH�apply�PHWKRG�IRU�WKDW�LQVWDQFH��7KLV�LV�WUXH�IRU�DQ�object�ZLWK�D�GHILQHG
apply�PHWKRG��VXFK�DV�D�FRPSDQLRQ�REMHFW���DV�ZHOO�DV�DQ�LQVWDQFH�RI�D�class�WKDW�GHILQHV
DQ�apply�PHWKRG�

,Q�WKH�FDVH�RI�DQ�object��apply�LV�FRQYHQWLRQDOO\�XVHG�DV�D�IDFWRU\�PHWKRG��UHWXUQLQJ�D
QHZ�LQVWDQFH��7KLV�LV�ZKDW�Pair.apply�GRHV�LQ�WKH�6FDOD�OLEUDU\��+HUH�LV�Pair�IURP�WKH
VWDQGDUG�OLEUDU\�

type Pair[+A, +B] = Tuple2[A, B]
object Pair {
  def apply[A, B](x: A, y: B) = Tuple2(x, y)
  def unapply[A, B](x: Tuple2[A, B]): Option[Tuple2[A, B]] = Some(x)
}

6R��\RX�FDQ�FUHDWH�D�QHZ�Pair�DV�IROORZV�

val p = Pair(1, "one")

,W�ORRNV�OLNH�ZH�DUH�VRPHKRZ�FUHDWLQJ�D�Pair�LQVWDQFH�ZLWKRXW�D�new��5DWKHU�WKDQ�FDOOLQJ
D�Pair�FRQVWUXFWRU�GLUHFWO\��ZH�DUH�DFWXDOO\�FDOOLQJ�Pair.apply��L�H���WKH�FRPSDQLRQ�RE�
MHFW�Pair���ZKLFK�WKHQ�FDOOV�Tuple2.apply�RQ�WKH�Tuple2�FRPSDQLRQ�REMHFW�

,I�WKHUH�DUH�VHYHUDO�DOWHUQDWLYH�FRQVWUXFWRUV�IRU�D�FODVV�DQG�LW�DOVR�KDV�D
FRPSDQLRQ�REMHFW��FRQVLGHU�GHILQLQJ�IHZHU�FRQVWUXFWRUV�RQ�WKH�FODVV�DQG
GHILQLQJ�VHYHUDO�RYHUORDGHG�apply�PHWKRGV�RQ�WKH�FRPSDQLRQ�REMHFW�WR
KDQGOH�WKH�YDULDWLRQV�

+RZHYHU��apply�LV�QRW�OLPLWHG�WR�LQVWDQWLDWLQJ�WKH�FRPSDQLRQ�FODVV��,W�FRXOG�LQVWHDG
UHWXUQ�DQ�LQVWDQFH�RI�D�VXEFODVV�RI�WKH�FRPSDQLRQ�FODVV��+HUH�LV�DQ�H[DPSOH�ZKHUH�ZH
GHILQH�D�FRPSDQLRQ�REMHFW�Widget�WKDW�XVHV�UHJXODU�H[SUHVVLRQV�WR�SDUVH�D�VWULQJ�UHS�
UHVHQWLQJ�D�Widget�VXEFODVV��:KHQ�D�PDWFK�RFFXUV��WKH�VXEFODVV�LV�LQVWDQWLDWHG�DQG�WKH
QHZ�LQVWDQFH�LV�UHWXUQHG�

// code-examples/AdvOOP/objects/widget.scala

package objects

abstract class Widget {
  def draw(): Unit
  override def toString() = "(widget)"
}

object Widget {
  val ButtonExtractorRE = """\(button: label=([^,]+),\s+\(Widget\)\)""".r
  val TextFieldExtractorRE = """\(textfield: text=([^,]+),\s+\(Widget\)\)""".r

  def apply(specification: String): Option[Widget] = specification match {
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    case ButtonExtractorRE(label)   => new Some(new Button(label))
    case TextFieldExtractorRE(text) => new Some(new TextField(text))
    case _ => None
  }
}

Widget.apply�UHFHLYHV�D�VWULQJ�£VSHFLILFDWLRQ¤�WKDW�GHILQHV�ZKLFK�FODVV�WR�LQVWDQWLDWH�
7KH�VWULQJ�PLJKW�FRPH�IURP�D�FRQILJXUDWLRQ�ILOH�ZLWK�ZLGJHWV�WR�FUHDWH�DW�VWDUWXS��IRU
H[DPSOH��7KH�VWULQJ�IRUPDW�LV�WKH�VDPH�IRUPDW�XVHG�E\�toString()��5HJXODU�H[SUHVVLRQV
DUH�GHILQHG�IRU�HDFK�W\SH���3DUVHU�FRPELQDWRUV�DUH�DQ�DOWHUQDWLYH��7KH\�DUH�GLVFXVVHG�LQ
£([WHUQDO�'6/V�ZLWK�3DUVHU�&RPELQDWRUV¤�RQ�SDJH������

7KH�match�H[SUHVVLRQ�DSSOLHV�HDFK�UHJXODU�H[SUHVVLRQ�WR�WKH�VWULQJ��$�FDVH�H[SUHVVLRQ
OLNH�

case ButtonExtractorRE(label) => new Some(new Button(label))

PHDQV�WKDW�WKH�VWULQJ�LV�PDWFKHG�DJDLQVW�WKH�ButtonExtractorRE�UHJXODU�H[SUHVVLRQ��,I
VXFFHVVIXO��LW�H[WUDFWV�WKH�VXEVWULQJ�LQ�WKH�ILUVW�FDSWXUH�JURXS�LQ�WKH�UHJXODU�H[SUHVVLRQ
DQG�DVVLJQV�LW�WR�WKH�YDULDEOH�label��)LQDOO\��D�QHZ�Button�ZLWK�WKLV� ODEHO� LV�FUHDWHG�
ZUDSSHG�LQ�D�Some��:H¦OO�OHDUQ�KRZ�WKLV�H[WUDFWLRQ�SURFHVV�ZRUNV�LQ�WKH�QH[W�VHFWLRQ�
£8QDSSO\¤�RQ�SDJH�����

$�VLPLODU�FDVH�KDQGOHV�TextField�FUHDWLRQ���TextField�LV�QRW�VKRZQ��6HH�WKH�RQOLQH�FRGH
H[DPSOHV���)LQDOO\��LI�apply�FDQ¦W�PDWFK�WKH�VWULQJ��LW�UHWXUQV�None�

+HUH�LV�D�specs�object�WKDW�H[HUFLVHV�Widget.apply�

// code-examples/AdvOOP/objects/widget-apply-spec.scala

package objects
import org.specs._

object WidgetApplySpec extends Specification {
  "Widget.apply with a valid widget specification string" should {
    "return a widget instance with the correct fields set" in {
      Widget("(button: label=click me, (Widget))") match {
        case Some(w) => w match {
          case b:Button => b.label mustEqual "click me"
          case x => fail(x.toString())
        }
        case None => fail("None returned.")
      }
      Widget("(textfield: text=This is text, (Widget))") match {
        case Some(w) => w match {
          case tf:TextField => tf.text mustEqual "This is text"
          case x => fail(x.toString())
        }
        case None => fail("None returned.")
      }
    }
  }
  "Widget.apply with an invalid specification string" should {
    "return None" in {
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      Widget("(button: , (Widget)") mustEqual None
    }
  }
}

7KH�ILUVW�PDWFK�VWDWHPHQW�LPSOLFLWO\�LQYRNHV�Widget.apply�ZLWK�WKH�VWULQJ�"(button:
label=click me, (Widget))"��,I�D�EXWWRQ�ZUDSSHG�LQ�D�Some�LV�QRW�UHWXUQHG�ZLWK�WKH
ODEHO�"click me"��WKLV�WHVW�ZLOO�IDLO��1H[W��D�VLPLODU�WHVW�IRU�D�TextField�ZLGJHW�LV�GRQH�
7KH�ILQDO�WHVW�XVHV�DQ�LQYDOLG�VWULQJ�DQG�FRQILUPV�WKDW�None�LV�UHWXUQHG�

$�GUDZEDFN�RI�WKLV�SDUWLFXODU�LPSOHPHQWDWLRQ�LV�WKDW�ZH�KDYH�KDUGFRGHG�D�GHSHQGHQF\
RQ�HDFK�GHULYHG�FODVV�RI�Widget�LQ�Widget�LWVHOI��ZKLFK�EUHDNV�WKH�2SHQ�&ORVHG�3ULQFL�
SOH��VHH�>0H\HU����@�DQG�>0DUWLQ����@���$�EHWWHU�LPSOHPHQWDWLRQ�ZRXOG�XVH�D�IDFWRU\
GHVLJQ�SDWWHUQ�IURP�>*2)����@��1HYHUWKHOHVV��WKH�H[DPSOH�LOOXVWUDWHV�KRZ�DQ�apply
PHWKRG�FDQ�EH�XVHG�DV�D�UHDO�IDFWRU\�

7KHUH�LV�QR�UHTXLUHPHQW�IRU�apply�LQ�DQ�object�WR�EH�XVHG�DV�D�IDFWRU\��1HLWKHU�LV�WKHUH
DQ\�UHVWULFWLRQ�RQ�WKH�DUJXPHQW�OLVW�RU�ZKDW�apply�UHWXUQV��+RZHYHU��EHFDXVH�LW�LV�VR
FRPPRQ�WR�XVH�apply�LQ�DQ�object�DV�D�IDFWRU\��XVH�FDXWLRQ�ZKHQ�XVLQJ�apply�IRU�RWKHU
SXUSRVHV��DV�LW�FRXOG�FRQIXVH�XVHUV��+RZHYHU��WKHUH�DUH�JRRG�FRXQWHUH[DPSOHV��VXFK
DV�WKH�XVH�RI�apply�LQ�'RPDLQ�6SHFLILF�/DQJXDJHV��VHH�&KDSWHU�����

7KH�IDFWRU\�FRQYHQWLRQ�LV�OHVV�FRPPRQO\�XVHG�IRU�apply�GHILQHG�LQ�FODVVHV��)RU�H[DPSOH�
LQ�WKH�6FDOD�VWDQGDUG�OLEUDU\��Array.apply(i: int)�UHWXUQV�WKH�HOHPHQW�DW�LQGH[�i�LQ�WKH
DUUD\��0DQ\�RI�WKH�RWKHU�FROOHFWLRQV�XVH�apply�LQ�D�VLPLODU�ZD\��6R��XVHUV�FDQ�ZULWH�FRGH
OLNH�WKH�IROORZLQJ�

val a = Array(1,2,3,4)
println(a(2))  // => 3

)LQDOO\��DV�D�UHPLQGHU��DOWKRXJK�apply�LV�KDQGOHG�VSHFLDOO\�E\�WKH�FRPSLOHU��LW�LV�RWKHU�
ZLVH�QR�GLIIHUHQW�IURP�DQ\�RWKHU�PHWKRG��<RX�FDQ�RYHUORDG�LW��\RX�FDQ�LQYRNH�LW�GLUHFWO\�
HWF�

Unapply
7KH�QDPH�unapply�VXJJHVWV�WKDW�LW�GRHV�WKH�£RSSRVLWH¤�RSHUDWLRQ�RI�apply��,QGHHG��LW�LV
XVHG�WR�H[WUDFW�WKH�FRQVWLWXHQW�SDUWV�RI�DQ�LQVWDQFH��3DWWHUQ�PDWFKLQJ�XVHV�WKLV�IHDWXUH
H[WHQVLYHO\��+HQFH��unapply�LV�RIWHQ�GHILQHG�LQ�FRPSDQLRQ�REMHFWV�DQG�LV�XVHG�WR�H[WUDFW
WKH�ILHOG�YDOXHV�IURP�LQVWDQFHV�RI�WKH�FRUUHVSRQGLQJ�FRPSDQLRQ�W\SHV��)RU�WKLV�UHDVRQ�
unapply�PHWKRGV�DUH�FDOOHG�H[WUDFWRUV�

+HUH�LV�DQ�H[SDQGHG�button.scala�ZLWK�D�Button�object�WKDW�GHILQHV�DQ�unapply�H[WUDFWRU
PHWKRG�

// code-examples/AdvOOP/objects/button.scala

package objects
import ui3.Clickable

class Button(val label: String) extends Widget with Clickable {
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  def click() = {
    // Logic to give the appearance of clicking a button...
  }

  def draw() = {
    // Logic to draw the button on the display, web page, etc.
  }

  override def toString() = "(button: label="+label+", "+super.toString()+")"
}

object Button {
  def unapply(button: Button) = Some(button.label)
}

Button.unapply�WDNHV�D�VLQJOH�Button�DUJXPHQW�DQG�UHWXUQV�D�Some�ZUDSSLQJ�WKH�label
YDOXH��7KLV�GHPRQVWUDWHV�WKH�SURWRFRO�IRU�unapply�PHWKRGV��7KH\�UHWXUQ�D�Some�ZUDS�
SLQJ�WKH�H[WUDFWHG�ILHOGV���:H¦OO�VHH�KRZ�WR�KDQGOH�PRUH�WKDQ�RQH�ILHOG�LQ�D�PRPHQW��

+HUH�LV�D�specs�object�WKDW�H[HUFLVHV�Button.unapply�

// code-examples/AdvOOP/objects/button-unapply-spec.scala

package objects
import org.specs._

object ButtonUnapplySpec extends Specification {
  "Button.unapply" should {
    "match a Button object" in {
      val b = new Button("click me")
      b match {
        case Button(label) =>
        case _ => fail()
      }
    }
    "match a RadioButton object" in {
      val b = new RadioButton(false, "click me")
      b match {
        case Button(label) =>
        case _ => fail()
      }
    }
    "not match a non-Button object" in {
      val tf = new TextField("hello world!")
      tf match {
        case Button(label) => fail()
        case _ =>
      }
    }
    "extract the Button's label" in {
      val b = new Button("click me")
      b match {
        case Button(label) => label mustEqual "click me"
        case _ => fail()
      }
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    }
    "extract the RadioButton's label" in {
      val rb = new RadioButton(false, "click me, too")
      rb match {
        case Button(label) => label mustEqual "click me, too"
        case _ => fail()
      }
    }
  }
}

7KH� ILUVW� WKUHH�H[DPSOHV� �in� FODXVHV��FRQILUP�WKDW�Button.unapply� LV�RQO\�FDOOHG� IRU
DFWXDO�Button�LQVWDQFHV�RU�LQVWDQFHV�RI�GHULYHG�FODVVHV��OLNH�RadioButton�

6LQFH�unapply�WDNHV�D�Button�DUJXPHQW��LQ�WKLV�FDVH���WKH�6FDOD�UXQWLPH�W\SH�FKHFNV�WKH
LQVWDQFH�EHLQJ�PDWFKHG��,W�WKHQ�ORRNV�IRU�D�FRPSDQLRQ�REMHFW�ZLWK�DQ�unapply�PHWKRG
DQG�LQYRNHV�WKDW�PHWKRG��SDVVLQJ�WKH�LQVWDQFH��7KH�GHIDXOW�FDVH�FODXVH�case _�LV�LQYRNHG
IRU�WKH�LQVWDQFHV�WKDW�GRQ¦W�W\SH�FKHFN�DV�FRPSDWLEOH��7KH�SDWWHUQ�PDWFKLQJ�SURFHVV�LV
IXOO\�W\SH�VDIH�

7KH�UHPDLQLQJ�H[DPSOHV��in�FODXVHV��FRQILUP�WKDW�WKH�FRUUHFW�YDOXHV�IRU�WKH�label�DUH
H[WUDFWHG��7KH�6FDOD�UXQWLPH�DXWRPDWLFDOO\�H[WUDFWV�WKH�LWHP�LQ�WKH�Some�

:KDW�DERXW�H[WUDFWLQJ�PXOWLSOH�ILHOGV"�)RU�D�IL[HG�VHW�RI�NQRZQ�ILHOGV��D�Some�ZUDSSLQJ
D�Tuple�LV�UHWXUQHG��DV�VKRZQ�LQ�WKLV�XSGDWHG�YHUVLRQ�RI�RadioButton�

// code-examples/AdvOOP/objects/radio-button.scala

package objects

/**
 * Button with two states, on or off, like an old-style,
 * channel-selection botton on a radio.
 */
class RadioButton(val on: Boolean, label: String) extends Button(label)

object RadioButton {
  def unapply(button: RadioButton) = Some((button.on, button.label))
                 // equivalent to: = Some(Pair(button.on, button.label))
}

$�Some�ZUDSSLQJ�D�Pair(button.on, button.label)�LV�UHWXUQHG��$V�ZH�GLVFXVV�LQ�£7KH
3UHGHI�2EMHFW¤�RQ�SDJH������Pair�LV�D�W\SH�GHILQHG�WR�EH�HTXDO�WR�Tuple2��+HUH�LV�WKH
FRUUHVSRQGLQJ�specs�object�WKDW�WHVWV�LW�

// code-examples/AdvOOP/objects/radio-button-unapply-spec.scala

package objects
import org.specs._

object RadioButtonUnapplySpec extends Specification {
  "RadioButton.unapply" should {
    "should match a RadioButton object" in {
      val b = new RadioButton(true, "click me")
      b match {
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        case RadioButton(on, label) =>
        case _ => fail()
      }
    }
    "not match a Button (parent class) object" in {
      val b = new Button("click me")
      b match {
        case RadioButton(on, label) => fail()
        case _ =>
      }
    }
    "not match a non-RadioButton object" in {
      val tf = new TextField("hello world!")
      tf match {
        case RadioButton(on, label) => fail()
        case _ =>
      }
    }
    "extract the RadioButton's on/off state and label" in {
      val b = new RadioButton(true, "click me")
      b match {
        case RadioButton(on, label) => {
          label mustEqual "click me"
          on    mustEqual true
        }
        case _ => fail()
      }
    }
  }
}

Apply and UnapplySeq for Collections
:KDW�LI�\RX�ZDQW�WR�EXLOG�D�FROOHFWLRQ�IURP�D�YDULDEOH�DUJXPHQW�OLVW�SDVVHG�WR�apply"
:KDW�LI�\RX�ZDQW�WR�H[WUDFW�WKH�ILUVW�IHZ�HOHPHQWV�IURP�D�FROOHFWLRQ�DQG�\RX�GRQ¦W�FDUH
DERXW�WKH�UHVW�RI�LW"

,Q�WKLV�FDVH��\RX�GHILQH�apply�DQG�unapplySeq��£XQDSSO\�VHTXHQFH¤��PHWKRGV��+HUH�DUH
WKRVH�PHWKRGV�IURP�6FDOD¦V�RZQ�List�FODVV�

def apply[A](xs: A*): List[A] = xs.toList

def unapplySeq[A](x: List[A]): Some[List[A]] = Some(x)

7KH�[A]�W\SH�SDUDPHWHUL]DWLRQ�RQ�WKHVH�PHWKRGV�DOORZV�WKH�List�object��ZKLFK�LV�QRW
SDUDPHWHUL]HG�� WR� FRQVWUXFW� D� QHZ� List[A]�� �6HH� £8QGHUVWDQGLQJ� 3DUDPHWHUL]HG
7\SHV¤�RQ�SDJH�����IRU�PRUH�GHWDLOV���0RVW�RI�WKH�WLPH��WKH�W\SH�SDUDPHWHU�ZLOO�EH
LQIHUUHG�EDVHG�RQ�WKH�FRQWH[W�

7KH�SDUDPHWHU�OLVW�xs: A*�LV�D�YDULDEOH�DUJXPHQW�OLVW��&DOOHUV�RI�apply�FDQ�SDVV�DV�PDQ\
A�LQVWDQFHV�DV�WKH\�ZDQW��LQFOXGLQJ�QRQH��,QWHUQDOO\��YDULDEOH�DUJXPHQW�OLVWV�DUH�VWRUHG
LQ�DQ�Array[A]��ZKLFK�LQKHULWV�WKH�toList�PHWKRG�IURP�Iterable�WKDW�ZH�XVHG�KHUH�
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7KLV�LV�D�KDQG\�LGLRP�IRU�$3,�ZULWHUV��$FFHSWLQJ�YDULDEOH�DUJXPHQWV�WR
D�IXQFWLRQ�FDQ�EH�FRQYHQLHQW�IRU�XVHUV��DQG�FRQYHUWLQJ�WKH�DUJXPHQWV
WR�D�List�LV�RIWHQ�LGHDO�IRU�LQWHUQDO�PDQDJHPHQW�

+HUH�LV�DQ�H[DPSOH�VFULSW�WKDW�XVHV�List.apply�LPSOLFLWO\�

// code-examples/AdvOOP/objects/list-apply-example-script.scala

val list1 = List()
val list2 = List(1, 2.2, "three", 'four)
val list3 = List("1", "2.2", "three", "four")
println("1: "+list1)
println("2: "+list2)
println("3: "+list3)

7KH�'four�LV�D�V\PERO��HVVHQWLDOO\�DQ�LQWHUQHG�VWULQJ��6\PEROV�DUH�PRUH�FRPPRQO\�XVHG
LQ�5XE\��IRU�H[DPSOH��ZKHUH�WKH�VDPH�V\PERO�ZRXOG�EH�ZULWWHQ�DV�:four��6\PEROV�DUH
XVHIXO�IRU�UHSUHVHQWLQJ�LGHQWLWLHV�FRQVLVWHQWO\�

7KLV�VFULSW�\LHOGV�WKH�IROORZLQJ�RXWSXW�

1: List()
2: List(1, 2.2, three, 'four)
3: List(1, 2.2, three, four)

7KH�unapplySeq�PHWKRG�LV�WULYLDO��LW�UHWXUQV�WKH�LQSXW�OLVW�ZUDSSHG�LQ�D�Some��+RZHYHU�
WKLV�LV�VXIILFLHQW�IRU�SDWWHUQ�PDWFKLQJ��DV�VKRZQ�LQ�WKLV�H[DPSOH�

// code-examples/AdvOOP/objects/list-unapply-example-script.scala

val list = List(1, 2.2, "three", 'four)
list match {
  case List(x, y, _*) => println("x = "+x+", y = "+y)
  case _ => throw new Exception("No match! "+list)
}

7KH�List(x, y, _*)�V\QWD[�PHDQV�ZH�ZLOO�RQO\�PDWFK�RQ�D�OLVW�ZLWK�DW�OHDVW�WZR�HOHPHQWV�
DQG�WKH�ILUVW�WZR�HOHPHQWV�ZLOO�EH�DVVLJQHG�WR�x�DQG�y��:H�GRQ¦W�FDUH�DERXW�WKH�UHVW�RI
WKH�OLVW��7KH�_*�PDWFKHV�]HUR�RU�PRUH�UHPDLQLQJ�HOHPHQWV�

7KH�RXWSXW�LV�WKH�IROORZLQJ�

x = 1, y = 2.2

:H¦OO�KDYH�PXFK�PRUH�WR�VD\�DERXW�List�DQG�SDWWHUQ�PDWFKLQJ�LQ�£/LVWV�LQ�)XQFWLRQDO
3URJUDPPLQJ¤�RQ�SDJH�����

Companion Objects and Java Static Methods
7KHUH�LV�RQH�PRUH�WKLQJ�WR�NQRZ�DERXW�FRPSDQLRQ�REMHFWV��:KHQHYHU�\RX�GHILQH�D
main�PHWKRG�WR�XVH�DV�WKH�HQWU\�SRLQW�IRU�DQ�DSSOLFDWLRQ��6FDOD�UHTXLUHV�\RX�WR�SXW�LW�LQ
DQ�REMHFW��+RZHYHU��DW�WKH�WLPH�RI�WKLV�ZULWLQJ��main�PHWKRGV�FDQQRW�EH�GHILQHG�LQ�D
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FRPSDQLRQ�REMHFW��%HFDXVH�RI�LPSOHPHQWDWLRQ�GHWDLOV�LQ�WKH�JHQHUDWHG�FRGH��WKH�-90
ZRQ¦W�ILQG�WKH�main�PHWKRG��7KLV�LVVXH�PD\�EH�UHVROYHG�LQ�D�IXWXUH�UHOHDVH��)RU�QRZ�
\RX�PXVW�GHILQH�DQ\�main�PHWKRG�LQ�D�VLQJOHWRQ�REMHFW��L�H���D�£QRQ�FRPSDQLRQ¤�REMHFW�
VHH�>6FDOD7LSV@���&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�RI�D�VLPSOH�Person�FODVV�DQG�FRP�
SDQLRQ�REMHFW�WKDW�DWWHPSWV�WR�GHILQH�main�

// code-examples/AdvOOP/objects/person.scala

package objects

class Person(val name: String, val age: Int) {
  override def toString = "name: " + name + ", age: " + age
}

object Person {
  def apply(name: String, age: Int) = new Person(name, age)
  def unapply(person: Person) = Some((person.name, person.age))

  def main(args: Array[String]) = {
    // Test the constructor...
    val person = new Person("Buck Trends", 18)
    assert(person.name == "Buck Trends")
    assert(person.age  == 21)
  }
}

object PersonTest {
  def main(args: Array[String]) = Person.main(args)
}

7KLV�FRGH�FRPSLOHV�ILQH��EXW�LI�\RX�DWWHPSW�WR�LQYRNH�Person.main��XVLQJ�scala -cp ...
objects.Person��\RX�JHW�WKH�IROORZLQJ�HUURU�

java.lang.NoSuchMethodException: objects.Person.main([Ljava.lang.String;)

7KH�objects/Person.class�ILOH�H[LVWV��,I�\RX�GHFRPSLOH�LW�ZLWK�javap -classpath ...
objects.Person� �UHIHU� WR� £7KH� VFDODS�� MDYDS�� DQG� MDG� &RPPDQG�/LQH
7RROV¤�RQ�SDJH�������\RX�FDQ�VHH�WKDW� LW�GRHVQ¦W�FRQWDLQ�D�main�PHWKRG��,I�\RX�GH�
FRPSLOH�objects/Person$.class��WKH�ILOH�IRU�WKH�FRPSDQLRQ�REMHFW¦V�E\WH�FRGH��LW�KDV�D
main�PHWKRG��EXW�QRWLFH�WKDW�LW�LVQ¦W�GHFODUHG�static��6R��DWWHPSWLQJ�WR�LQYRNH�scala
-cp ... objects.Person$�DOVR�IDLOV�WR�ILQG�WKH�£VWDWLF¤�main�

java.lang.NoSuchMethodException: objects.Person$.main is not static

7KH�VHSDUDWH�VLQJOHWRQ�REMHFW�PersonTest�GHILQHG�LQ�WKLV�H[DPSOH�KDV�WR�EH�XVHG��'H�
FRPSLOLQJ�LW�ZLWK�javap -classpath ... objects.PersonTest�VKRZV�WKDW�LW�KDV�D�static
main�PHWKRG��,I�\RX�LQYRNH�LW�XVLQJ�scala -cp ... objects.PersonTest��WKH�PersonT
est.main�PHWKRG�LV�LQYRNHG��ZKLFK�LQ�WXUQ�LQYRNHV�Person.main��<RX�JHW�DQ�DVVHUWLRQ
HUURU�IURP�WKH�VHFRQG�FDOO�WR�assert��ZKLFK�LV�LQWHQWLRQDO�

java.lang.AssertionError: assertion failed
    at scala.Predef$.assert(Predef.scala:87)
    at objects.Person$.test(person.scala:15)
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    at objects.PersonTest$.main(person.scala:20)
    at objects.PersonTest.main(person.scala)
    ...

,Q�IDFW��WKLV�LV�D�JHQHUDO�LVVXH�ZLWK�PHWKRGV�GHILQHG�LQ�FRPSDQLRQ�REMHFWV�WKDW�QHHG�WR
EH�YLVLEOH�WR�-DYD�FRGH�DV�VWDWLF�PHWKRGV��7KH\�DUHQ¦W�VWDWLF�LQ�WKH�E\WH�FRGH��<RX�KDYH
WR�SXW�WKHVH�PHWKRGV�LQ�VLQJOHWRQ�REMHFWV�LQVWHDG��&RQVLGHU�WKH�IROORZLQJ�-DYD�FODVV
WKDW�DWWHPSWV�WR�FUHDWH�D�XVHU�ZLWK�Person.apply�

// code-examples/AdvOOP/objects/PersonUserWontCompile.java
// WON'T COMPILE

package objects;

public class PersonUserWontCompile {
  public static void main(String[] args) {
    Person buck = Person.apply("Buck Trends", 100);  // ERROR
    System.out.println(buck);
  }
}

,I�ZH�FRPSLOH�LW��DIWHU�FRPSLOLQJ�Person.scala���ZH�JHW�WKH�IROORZLQJ�HUURU�

$ javac -classpath ... objects/PersonUserWontCompile.java
objects/PersonUserWontCompile.java:5: cannot find symbol
symbol  : method apply(java.lang.String,int)
location: class objects.Person
        Person buck = Person.apply("Buck Trends", 100);
                            ^
1 error

+RZHYHU��ZH�FDQ�XVH�WKH�IROORZLQJ�VLQJOHWRQ�REMHFW�

// code-examples/AdvOOP/objects/person-factory.scala

package objects

object PersonFactory {
  def make(name: String, age: Int) = new Person(name, age)
}

1RZ�WKH�IROORZLQJ�-DYD�FODVV�ZLOO�FRPSLOH�

// code-examples/AdvOOP/objects/PersonUser.java

package objects;

public class PersonUser {
  public static void main(String[] args) {
    // The following line won't compile.
    // Person buck = Person.apply("Buck Trends", 100);
    Person buck = PersonFactory.make("Buck Trends", 100);
    System.out.println(buck);
  }
}
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'R�QRW�GHILQH�main�RU�DQ\�RWKHU�PHWKRG�LQ�D�FRPSDQLRQ�REMHFW�WKDW�QHHGV
WR�EH�YLVLEOH�WR�-DYD�FRGH�DV�D�static�PHWKRG��'HILQH�LW�LQ�D�VLQJOHWRQ
REMHFW��LQVWHDG�

,I�\RX�KDYH�QR�RWKHU�FKRLFH�EXW�WR�FDOO�D�PHWKRG�LQ�D�FRPSDQLRQ�REMHFW�IURP�-DYD��\RX
FDQ�H[SOLFLWO\�FUHDWH�DQ�LQVWDQFH�RI�WKH�REMHFW�ZLWK�new��VLQFH�WKH�REMHFW�LV�D�£UHJXODU¤
-DYD�FODVV�LQ�WKH�E\WH�FRGH��DQG�FDOO�WKH�PHWKRG�RQ�WKH�LQVWDQFH�

Case Classes
,Q�£0DWFKLQJ�RQ�&DVH�&ODVVHV¤�RQ�SDJH�����ZH�EULHIO\�LQWURGXFHG�\RX�WR�FDVH�FODVVHV�
&DVH�FODVVHV�KDYH�VHYHUDO�XVHIXO�IHDWXUHV��EXW�DOVR�VRPH�GUDZEDFNV�

/HW¦V�UHZULWH�WKH�Shape�H[DPSOH�ZH�XVHG�LQ�£$�7DVWH�RI�&RQFXUUHQF\¤�RQ�SDJH����WR
XVH�FDVH�FODVVHV��+HUH�LV�WKH�RULJLQDO�LPSOHPHQWDWLRQ�

// code-examples/IntroducingScala/shapes.scala

package shapes {
  class Point(val x: Double, val y: Double) {
    override def toString() = "Point(" + x + "," + y + ")"
  }

  abstract class Shape() {
    def draw(): Unit
  }

  class Circle(val center: Point, val radius: Double) extends Shape {
    def draw() = println("Circle.draw: " + this)
    override def toString() = "Circle(" + center + "," + radius + ")"
  }

  class Rectangle(val lowerLeft: Point, val height: Double, val width: Double)
        extends Shape {
    def draw() = println("Rectangle.draw: " + this)
    override def toString() =
      "Rectangle(" + lowerLeft + "," + height + "," + width + ")"
  }

  class Triangle(val point1: Point, val point2: Point, val point3: Point)
        extends Shape() {
    def draw() = println("Triangle.draw: " + this)
    override def toString() =
      "Triangle(" + point1 + "," + point2 + "," + point3 + ")"
  }
}

+HUH�LV�WKH�H[DPSOH�UHZULWWHQ�XVLQJ�WKH�case�NH\ZRUG�

// code-examples/AdvOOP/shapes/shapes-case.scala

package shapes {
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  case class Point(x: Double, y: Double)

  abstract class Shape() {
    def draw(): Unit
  }

  case class Circle(center: Point, radius: Double) extends Shape() {
    def draw() = println("Circle.draw: " + this)
  }

  case class Rectangle(lowerLeft: Point, height: Double, width: Double)
      extends Shape() {
    def draw() = println("Rectangle.draw: " + this)
  }

  case class Triangle(point1: Point, point2: Point, point3: Point)
      extends Shape() {
    def draw() = println("Triangle.draw: " + this)
  }
}

$GGLQJ�WKH�case�NH\ZRUG�FDXVHV�WKH�FRPSLOHU�WR�DGG�D�QXPEHU�RI�XVHIXO�IHDWXUHV�DX�
WRPDWLFDOO\��7KH� NH\ZRUG� VXJJHVWV� DQ� DVVRFLDWLRQ�ZLWK� case� H[SUHVVLRQV� LQ� SDWWHUQ
PDWFKLQJ��,QGHHG��WKH\�DUH�SDUWLFXODUO\�ZHOO�VXLWHG�IRU�WKDW�DSSOLFDWLRQ��DV�ZH�ZLOO�VHH�

)LUVW��WKH�FRPSLOHU�DXWRPDWLFDOO\�FRQYHUWV�WKH�FRQVWUXFWRU�DUJXPHQWV�LQWR�LPPXWDEOH
ILHOGV��valV���7KH�val�NH\ZRUG�LV�RSWLRQDO��,I�\RX�ZDQW�PXWDEOH�ILHOGV��XVH�WKH�var�NH\�
ZRUG��6R��RXU�FRQVWUXFWRU�DUJXPHQW�OLVWV�DUH�QRZ�VKRUWHU�

6HFRQG��WKH�FRPSLOHU�DXWRPDWLFDOO\�LPSOHPHQWV�equals��hashCode��DQG�toString�PHWK�
RGV�WR�WKH�FODVV��ZKLFK�XVH�WKH�ILHOGV�VSHFLILHG�DV�FRQVWUXFWRU�DUJXPHQWV��6R��ZH�QR
ORQJHU�QHHG�RXU�RZQ�toString�PHWKRGV��,Q�IDFW��WKH�JHQHUDWHG�toString�PHWKRGV�SUR�
GXFH� WKH� VDPH� RXWSXWV� DV� WKH� RQHV� ZH� LPSOHPHQWHG� RXUVHOYHV�� $OVR�� WKH� ERG\� RI
Point�LV�JRQH�EHFDXVH�WKHUH�DUH�QR�PHWKRGV�WKDW�ZH�QHHG�WR�GHILQH�

7KH�IROORZLQJ�VFULSW�XVHV�WKHVH�PHWKRGV�WKDW�DUH�QRZ�LQ�WKH�VKDSHV�

// code-examples/AdvOOP/shapes/shapes-usage-example1-script.scala

import shapes._

val shapesList = List(
  Circle(Point(0.0, 0.0), 1.0),
  Circle(Point(5.0, 2.0), 3.0),
  Rectangle(Point(0.0, 0.0), 2, 5),
  Rectangle(Point(-2.0, -1.0), 4, 3),
  Triangle(Point(0.0, 0.0), Point(1.0, 0.0), Point(0.0, 1.0)))

val shape1 = shapesList.head  // grab the first one.
println("shape1: "+shape1+". hash = "+shape1.hashCode)
for (shape2 <- shapesList) {
  println("shape2: "+shape2+". 1 == 2 ? "+(shape1 == shape2))
}
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7KLV�VFULSW�RXWSXWV�WKH�IROORZLQJ�

shape1: Circle(Point(0.0,0.0),1.0). hash = 2061963534
shape2: Circle(Point(0.0,0.0),1.0). 1 == 2 ? true
shape2: Circle(Point(5.0,2.0),3.0). 1 == 2 ? false
shape2: Rectangle(Point(0.0,0.0),2.0,5.0). 1 == 2 ? false
shape2: Rectangle(Point(-2.0,-1.0),4.0,3.0). 1 == 2 ? false
shape2: Triangle(Point(0.0,0.0),Point(1.0,0.0),Point(0.0,1.0)). 1 == 2 ? false

$V�ZH¦OO�VHH�LQ�£(TXDOLW\�RI�2EMHFWV¤�RQ�SDJH������WKH�==�PHWKRG�DFWXDOO\�LQYRNHV�WKH
equals�PHWKRG�

(YHQ�RXWVLGH�RI�case�H[SUHVVLRQV��DXWRPDWLF�JHQHUDWLRQ�RI�WKHVH�WKUHH�PHWKRGV�LV�YHU\
FRQYHQLHQW�IRU�VLPSOH��£VWUXFWXUDO¤�FODVVHV��L�H���FODVVHV�WKDW�FRQWDLQ�UHODWLYHO\�VLPSOH
ILHOGV�DQG�EHKDYLRUV�

7KLUG��ZKHQ�WKH�case�NH\ZRUG�LV�XVHG��WKH�FRPSLOHU�DXWRPDWLFDOO\�FUHDWHV�D�FRPSDQLRQ
REMHFW�ZLWK�DQ�apply� IDFWRU\�PHWKRG� WKDW� WDNHV� WKH� VDPH�DUJXPHQWV�DV� WKH�SULPDU\
FRQVWUXFWRU��7KH�SUHYLRXV�H[DPSOH�XVHG�WKH�DSSURSULDWH�apply�PHWKRGV�WR�FUHDWH�WKH
Points��WKH�GLIIHUHQW�Shapes��DQG�DOVR�WKH�List� LWVHOI��7KDW¦V�ZK\�ZH�GRQ¦W�QHHG�new�
ZH¦UH�DFWXDOO\�FDOOLQJ�apply(x,y)�LQ�WKH�Point�FRPSDQLRQ�REMHFW��IRU�H[DPSOH�

<RX�FDQ�KDYH�VHFRQGDU\�FRQVWUXFWRUV�LQ�FDVH�FODVVHV��EXW�WKHUH�ZLOO�EH
QR�RYHUORDGHG�apply�PHWKRG�JHQHUDWHG�WKDW�KDV�WKH�VDPH�DUJXPHQW�OLVW�
<RX¦OO�KDYH�WR�XVH�new�WR�FUHDWH�LQVWDQFHV�ZLWK�WKRVH�FRQVWUXFWRUV�

7KH�FRPSDQLRQ�REMHFW�DOVR�JHWV�DQ�unapply�H[WUDFWRU�PHWKRG��ZKLFK�H[WUDFWV�DOO�WKH
ILHOGV�RI�DQ�LQVWDQFH�LQ�DQ�HOHJDQW�IDVKLRQ��7KH�IROORZLQJ�VFULSW�GHPRQVWUDWHV�WKH�H[�
WUDFWRUV�LQ�SDWWHUQ�PDWFKLQJ�case�VWDWHPHQWV�

// code-examples/AdvOOP/shapes/shapes-usage-example2-script.scala

import shapes._

val shapesList = List(
  Circle(Point(0.0, 0.0), 1.0),
  Circle(Point(5.0, 2.0), 3.0),
  Rectangle(Point(0.0, 0.0), 2, 5),
  Rectangle(Point(-2.0, -1.0), 4, 3),
  Triangle(Point(0.0, 0.0), Point(1.0, 0.0), Point(0.0, 1.0)))

def matchOn(shape: Shape) = shape match {
  case Circle(center, radius) =>
    println("Circle: center = "+center+", radius = "+radius)
  case Rectangle(ll, h, w) =>
    println("Rectangle: lower-left = "+ll+", height = "+h+", width = "+w)
  case Triangle(p1, p2, p3) =>
    println("Triangle: point1 = "+p1+", point2 = "+p2+", point3 = "+p3)
  case _ =>
    println("Unknown shape!"+shape)
}

138 | Chapter 6:�Advanced Object-Oriented Programming In Scala

Download at WoweBook.Com



shapesList.foreach { shape => matchOn(shape) }

7KLV�VFULSW�RXWSXWV�WKH�IROORZLQJ�

Circle: center = Point(0.0,0.0), radius = 1.0
Circle: center = Point(5.0,2.0), radius = 3.0
Rectangle: lower-left = Point(0.0,0.0), height = 2.0, width = 5.0
Rectangle: lower-left = Point(-2.0,-1.0), height = 4.0, width = 3.0
Triangle: point1 = Point(0.0,0.0), point2 = Point(1.0,0.0), point3 = Point(0.0,1.0)

Syntactic Sugar for Binary Operations
%\�WKH�ZD\��UHPHPEHU�LQ�£0DWFKLQJ�RQ�6HTXHQFHV¤�RQ�SDJH����ZKHQ�ZH�GLVFXVVHG
PDWFKLQJ�RQ�OLVWV"�:H�ZURWH�WKLV�case�H[SUHVVLRQ�

def processList(l: List[Any]): Unit = l match {
  case head :: tail => ...
  ...
}

,W�WXUQV�RXW�WKDW�WKH�IROORZLQJ�H[SUHVVLRQV�DUH�LGHQWLFDO�

case head :: tail => ...
  case ::(head, tail) => ...

:H�DUH�XVLQJ�WKH�FRPSDQLRQ�REMHFW�IRU�WKH�FDVH�FODVV�QDPHG�::��ZKLFK�LV�XVHG�IRU�QRQ�
HPSW\�OLVWV��:KHQ�XVHG�LQ�case�H[SUHVVLRQV��WKH�FRPSLOHU�VXSSRUWV�WKLV�VSHFLDO�LQIL[
RSHUDWRU�QRWDWLRQ�IRU�LQYRFDWLRQV�RI�unapply�

,W�ZRUNV�QRW�RQO\�IRU�unapply�PHWKRGV�ZLWK�WZR�DUJXPHQWV��EXW�DOVR�ZLWK�RQH�RU�PRUH
DUJXPHQWV��:H�FRXOG�UHZULWH�RXU�matchOn�PHWKRG�WKLV�ZD\�

def matchOn(shape: Shape) = shape match {
  case center Circle radius => ...
  case ll Rectangle (h, w) => ...
  case p1 Triangle (p2, p3) => ...
  case _ => ...
}

)RU�DQ�unapply� WKDW� WDNHV�RQH�DUJXPHQW��\RX�ZRXOG�KDYH� WR� LQVHUW�DQ�HPSW\�VHW�RI
SDUHQWKHVHV�WR�DYRLG�D�SDUVLQJ�DPELJXLW\�

case arg Foo () => ...

)URP�WKH�SRLQW�RI�YLHZ�RI�FODULW\��WKLV�V\QWD[�LV�HOHJDQW�IRU�VRPH�FDVHV�ZKHQ�WKHUH�DUH
WZR�DUJXPHQWV��)RU�OLVWV��head :: tail�PDWFKHV�WKH�H[SUHVVLRQV�IRU�EXLOGLQJ�XS�OLVWV�
VR�WKHUH�LV�D�EHDXWLIXO�V\PPHWU\�ZKHQ�WKH�H[WUDFWLRQ�SURFHVV�XVHV�WKH�VDPH�V\QWD[�
+RZHYHU��WKH�PHULWV�RI�WKLV�V\QWD[�DUH�OHVV�FOHDU�IRU�RWKHU�H[DPSOHV��HVSHFLDOO\�ZKHQ
WKHUH�DUH�1�� ���DUJXPHQWV�
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The copy Method in Scala Version 2.8
,Q�6FDOD�YHUVLRQ������DQRWKHU�LQVWDQFH�PHWKRG�LV�DXWRPDWLFDOO\�JHQHUDWHG��FDOOHG�copy�
7KLV�PHWKRG�LV�XVHIXO�ZKHQ�\RX�ZDQW�WR�PDNH�D�QHZ�LQVWDQFH�RI�D�FDVH�FODVV�WKDW�LV
LGHQWLFDO�WR�DQRWKHU�LQVWDQFH�ZLWK�D�IHZ�ILHOGV�FKDQJHG��&RQVLGHU�WKH�IROORZLQJ�H[DPSOH
VFULSW�

// code-examples/AdvOOP/shapes/shapes-usage-example3-v28-script.scala
// Scala version 2.8 only.

import shapes._

val circle1 = Circle(Point(0.0, 0.0), 2.0)
val circle2 = circle1 copy (radius = 4.0)

println(circle1)
println(circle2)

7KH� VHFRQG� FLUFOH� LV� FUHDWHG�E\� FRS\LQJ� WKH� ILUVW� DQG� VSHFLI\LQJ� D� QHZ� UDGLXV��7KH
copy�PHWKRG�LPSOHPHQWDWLRQ�WKDW�LV�JHQHUDWHG�E\�WKH�FRPSLOHU�H[SORLWV�WKH�QHZ�QDPHG
DQG�GHIDXOW�SDUDPHWHUV�LQ�6FDOD�YHUVLRQ������ZKLFK�ZH�GLVFXVVHG�LQ�£0HWKRG�'HIDXOW
DQG�1DPHG�$UJXPHQWV��6FDOD�9HUVLRQ�����¤�RQ�SDJH�����7KH�JHQHUDWHG�LPSOHPHQWDWLRQ
RI�Circle.copy�ORRNV�URXJKO\�OLNH�WKH�IROORZLQJ�

case class Circle(center: Point, radius: Double) extends Shape() {
  ...
  def copy(center: Point = this.center, radius: Double = this.radius) =
    new Circle(center, radius)
}

6R��GHIDXOW�YDOXHV�DUH�SURYLGHG�IRU�DOO�WKH�DUJXPHQWV�WR�WKH�PHWKRG��RQO\�WZR�LQ�WKLV
FDVH���:KHQ�XVLQJ�WKH�copy�PHWKRG��WKH�XVHU�VSHFLILHV�E\�QDPH�RQO\�WKH�ILHOGV�WKDW�DUH
FKDQJLQJ��7KH�YDOXHV�IRU�WKH�UHVW�RI�WKH�ILHOGV�DUH�XVHG�ZLWKRXW�KDYLQJ�WR�UHIHUHQFH�WKHP
H[SOLFLWO\�

Case Class Inheritance
'LG�\RX�QRWLFH�WKDW�WKH�QHZ�Shapes�FRGH�LQ�£&DVH�&ODVVHV¤�RQ�SDJH�����GLG�QRW�SXW�WKH
case�NH\ZRUG�RQ�WKH�DEVWUDFW�Shape�FODVV"�7KLV�LV�DOORZHG�E\�WKH�FRPSLOHU��EXW�WKHUH
DUH�UHDVRQV�IRU�QRW�KDYLQJ�RQH�FDVH�FODVV�LQKHULW�DQRWKHU��)LUVW��LW�FDQ�FRPSOLFDWH�ILHOG
LQLWLDOL]DWLRQ��6XSSRVH�ZH�PDNH�Shape�D�FDVH�FODVV��6XSSRVH�ZH�ZDQW�WR�DGG�D�VWULQJ
ILHOG�WR�DOO�VKDSHV�UHSUHVHQWLQJ�DQ�id�WKDW�WKH�XVHU�ZDQWV�WR�VHW��,W�PDNHV�VHQVH�WR�GHILQH
WKLV�ILHOG�LQ�Shape��/HW¦V�PDNH�WKHVH�WZR�FKDQJHV�WR�Shape�

abstract case class Shape(id: String) {
  def draw(): Unit
}

1RZ�WKH�GHULYHG�VKDSHV�QHHG�WR�SDVV�WKH�id�WR�WKH�Shape�FRQVWUXFWRU��)RU�H[DPSOH�
Circle�ZRXOG�EHFRPH�WKH�IROORZLQJ�
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case class Circle(id: String, center: Point, radius: Double) extends Shape(id){
  def draw(): Unit
}

+RZHYHU��LI�\RX�FRPSLOH�WKLV�FRGH��\RX¦OO�JHW�HUURUV�OLNH�WKH�IROORZLQJ�

... error: error overriding value id in class Shape of type String;
 value id needs `override' modifier
  case class Circle(id: String, center: Point, radius: Double) extends Shape(id){
                    ^

5HPHPEHU� WKDW�ERWK�GHILQLWLRQV�RI�id�� WKH�RQH� LQ�Shape� DQG� WKH�RQH� LQ�Circle�� DUH
FRQVLGHUHG� val� ILHOG� GHILQLWLRQV�� 7KH� HUURU� PHVVDJH� WHOOV� XV� WKH� DQVZHU�� XVH� WKH
override� NH\ZRUG�� DV� ZH� GLVFXVVHG� LQ� £2YHUULGLQJ� 0HPEHUV� RI� &ODVVHV� DQG
7UDLWV¤�RQ�SDJH������6R��WKH�FRPSOHWH�VHW�RI�UHTXLUHG�PRGLILFDWLRQV�DUH�DV�IROORZV�

// code-examples/AdvOOP/shapes/shapes-case-id.scala

package shapesid {
  case class Point(x: Double, y: Double)

  abstract case class Shape(id: String) {
    def draw(): Unit
  }

  case class Circle(override val id: String, center: Point, radius: Double)
        extends Shape(id) {
    def draw() = println("Circle.draw: " + this)
  }

  case class Rectangle(override val id: String, lowerLeft: Point,
        height: Double, width: Double) extends Shape(id) {
    def draw() = println("Rectangle.draw: " + this)
  }

  case class Triangle(override val id: String, point1: Point,
        point2: Point, point3: Point) extends Shape(id) {
    def draw() = println("Triangle.draw: " + this)
  }
}

1RWH�WKDW�ZH�DOVR�KDYH�WR�DGG�WKH�val�NH\ZRUGV��7KLV�ZRUNV��EXW�LW�LV�VRPHZKDW�XJO\�

$�PRUH�RPLQRXV�SUREOHP�LQYROYHV�WKH�JHQHUDWHG�equals�PHWKRGV��8QGHU�LQKHULWDQFH�
WKH�equals�PHWKRGV�GRQ¦W�REH\�DOO�WKH�VWDQGDUG�UXOHV�IRU�UREXVW�REMHFW�HTXDOLW\��:H¦OO
GLVFXVV�WKRVH�UXOHV�LQ�£(TXDOLW\�RI�2EMHFWV¤�RQ�SDJH������)RU�QRZ��FRQVLGHU�WKH�IRO�
ORZLQJ�H[DPSOH�

// code-examples/AdvOOP/shapes/shapes-case-equals-ambiguity-script.scala

import shapesid._

case class FancyCircle(name: String, override val id: String,
    override val center: Point, override val radius: Double)
      extends Circle(id, center, radius) {
  override def draw() = println("FancyCircle.draw: " + this)
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}

val fc = FancyCircle("me", "circle", Point(0.0,0.0), 10.0)
val c  = Circle("circle", Point(0.0,0.0), 10.0)
format("FancyCircle == Circle? %b\n", (fc == c))
format("Circle == FancyCircle? %b\n", (c  == fc))

,I�\RX�UXQ�WKLV�VFULSW��\RX�JHW�WKH�IROORZLQJ�RXWSXW�

FancyCircle == Circle? false
Circle == FancyCircle? true

6R��Circle.equals�HYDOXDWHV�WR�true�ZKHQ�JLYHQ�D�FancyCircle�ZLWK�WKH�VDPH�YDOXHV�IRU
WKH�Circle� ILHOGV��7KH�UHYHUVH�FDVH� LVQ¦W� WUXH��:KLOH�\RX�PLJKW�DUJXH� WKDW��DV� IDU�DV
Circle�LV�FRQFHUQHG��WKH\�UHDOO\�DUH�HTXDO��PRVW�SHRSOH�ZRXOG�DUJXH�WKDW�WKLV�LV�D�ULVN\�
£UHOD[HG¤�LQWHUSUHWDWLRQ�RI�HTXDOLW\��,W¦V�WUXH�WKDW�D�IXWXUH�YHUVLRQ�RI�6FDOD�FRXOG�JHQ�
HUDWH�equals�PHWKRGV�IRU�case�FODVVHV�WKDW�GR�H[DFW�W\SH�HTXDOLW\�FKHFNLQJ�

6R��WKH�FRQYHQLHQFHV�SURYLGHG�E\�FDVH�FODVVHV�VRPHWLPHV�OHDG�WR�SUREOHPV��,W�LV�EHVW�WR
DYRLG�LQKHULWDQFH�RI�RQH�FDVH�FODVV�E\�DQRWKHU��1RWH�WKDW�LW¦V�ILQH�IRU�D�FDVH�FODVV�WR
LQKHULW�IURP�D�QRQ�FDVH�FODVV�RU�WUDLW��,W¦V�DOVR�ILQH�IRU�D�QRQ�FDVH�FODVV�RU�WUDLW�WR�LQKHULW
IURP�D�FDVH�FODVV�

%HFDXVH�RI�WKHVH�LVVXHV��LW�LV�SRVVLEOH�WKDW�FDVH�FODVV�LQKHULWDQFH�ZLOO�EH�GHSUHFDWHG�DQG
UHPRYHG�LQ�IXWXUH�YHUVLRQV�RI�6FDOD�

$YRLG�LQKHULWLQJ�D�FDVH�FODVV�IURP�DQRWKHU�FDVH�FODVV�

Equality of Objects
,PSOHPHQWLQJ�D�UHOLDEOH�HTXDOLW\�WHVW�IRU�LQVWDQFHV�LV�GLIILFXOW�WR�GR�FRUUHFWO\��(IIHFWLYH
-DYD��>%ORFK����@��DQG�WKH�6FDODGRF�SDJH�IRU�AnyRef.equals�GHVFULEH�WKH�UHTXLUHPHQWV
IRU�D�JRRG�HTXDOLW\�WHVW��$�YHU\�JRRG�GHVFULSWLRQ�RI�WKH�WHFKQLTXHV�IRU�ZULWLQJ�FRUUHFW
equals�DQG�hashCode�PHWKRGV�FDQ�EH�IRXQG�LQ�>2GHUVN\����@��ZKLFK�XVHV�-DYD�V\QWD[�
EXW�LV�DGDSWHG�IURP�&KDSWHU����RI�3URJUDPPLQJ�LQ�6FDOD� �>2GHUVN\����@���&RQVXOW
WKHVH�UHIHUHQFHV�ZKHQ�\RX�QHHG�WR�LPSOHPHQW�\RXU�RZQ�equals�DQG�hashCode�PHWKRGV�
5HFDOO�WKDW�WKHVH�PHWKRGV�DUH�FUHDWHG�DXWRPDWLFDOO\�IRU�case�FODVVHV�

+HUH�ZH�IRFXV�RQ�WKH�GLIIHUHQW�HTXDOLW\�PHWKRGV�DYDLODEOH�LQ�6FDOD�DQG�WKHLU�PHDQLQJV�
7KHUH� DUH� VRPH� VOLJKW� LQFRQVLVWHQFLHV� EHWZHHQ� WKH� 6FDOD� VSHFLILFDWLRQ� �VHH� >6FDOD6�
SHF����@�� DQG� WKH� 6FDODGRF� SDJHV� IRU� WKH� HTXDOLW\�UHODWHG� PHWKRGV� IRU� Any� DQG
AnyRef��EXW�WKH�JHQHUDO�EHKDYLRU�LV�FOHDU�

6RPH�RI�WKH�HTXDOLW\�PHWKRGV�KDYH�WKH�VDPH�QDPHV�DV�HTXDOLW\�PHWKRGV
LQ�RWKHU�ODQJXDJHV��EXW�WKH�VHPDQWLFV�DUH�VRPHWLPHV�GLIIHUHQW�
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The equals Method
7KH�equals�PHWKRG�WHVWV�IRU�YDOXH�HTXDOLW\��7KDW�LV��obj1 equals obj2�LV�WUXH�LI�ERWK
obj1�DQG�obj2�KDYH�WKH�VDPH�YDOXH��7KH\�GR�QRW�QHHG�WR�UHIHU�WR�WKH�VDPH�LQVWDQFH�

+HQFH��equals�EHKDYHV�OLNH�WKH�equals�PHWKRG�LQ�-DYD�DQG�WKH�eql?�PHWKRG�LQ�5XE\�

The == and != Methods
:KLOH�==�LV�DQ�RSHUDWRU�LQ�PDQ\�ODQJXDJHV��LW�LV�D�PHWKRG�LQ�6FDOD��GHILQHG�DV�final�LQ
Any��,W�WHVWV�IRU�YDOXH�HTXDOLW\��OLNH�equals��7KDW�LV��obj1 == obj2�LV�WUXH�LI�ERWK�obj1�DQG
obj2�KDYH�WKH�VDPH�YDOXH��,Q�IDFW��==�GHOHJDWHV�WR�equals��+HUH�LV�SDUW�RI�WKH�6FDODGRF
HQWU\�IRU�Any.==�

o == arg0 is the same as o.equals(arg0).

+HUH�LV�WKH�FRUUHVSRQGLQJ�SDUW�RI�WKH�6FDODGRF�HQWU\�IRU�AnyRef.==�

o == arg0 is the same as if (o eq null) arg0 eq null else o.equals(arg0).

$V�\RX�ZRXOG�H[SHFW��!=�LV�WKH�QHJDWLRQ��L�H���LW�LV�HTXLYDOHQW�WR�!(obj1 == obj2)�

6LQFH�==�DQG�!=�DUH�GHFODUHG�final�LQ�Any��\RX�FDQ¦W�RYHUULGH�WKHP��EXW�\RX�GRQ¦W�QHHG
WR��VLQFH�WKH\�GHOHJDWH�WR�equals�

,Q� -DYD��&���� DQG�&��� WKH�==� RSHUDWRU� WHVWV� IRU� UHIHUHQFH�� QRW�YDOXH
HTXDOLW\��,Q�FRQWUDVW��5XE\¦V�==�RSHUDWRU�WHVWV�IRU�YDOXH�HTXDOLW\��:KDW�
HYHU�ODQJXDJH�\RX¦UH�XVHG�WR��PDNH�VXUH�WR�UHPHPEHU�WKDW�LQ�6FDOD��==
LV�WHVWLQJ�IRU�YDOXH�HTXDOLW\�

The ne and eq Methods
7KH�eq�PHWKRG�WHVWV�IRU�UHIHUHQFH�HTXDOLW\��7KDW�LV��obj1 eq obj2�LV�WUXH�LI�ERWK�obj1�DQG
obj2�SRLQW�WR�WKH�VDPH�ORFDWLRQ�LQ�PHPRU\��7KHVH�PHWKRGV�DUH�RQO\�GHILQHG�IRU�AnyRef�

+HQFH��eq�EHKDYHV�OLNH�WKH�==�RSHUDWRU�LQ�-DYD��&����DQG�&���EXW�QRW�==�LQ�5XE\�

7KH�ne�PHWKRG�LV�WKH�QHJDWLRQ�RI�eq��L�H���LW�LV�HTXLYDOHQW�WR�!(obj1 eq obj2)�

Array Equality and the sameElements Method
&RPSDULQJ�WKH�FRQWHQWV�RI�WZR�ArrayV�GRHVQ¦W�KDYH�DQ�REYLRXV�UHVXOW�LQ�6FDOD�

scala> Array(1, 2) == Array(1, 2)
res0: Boolean = false

7KDW¦V� D� VXUSULVH�� 7KDQNIXOO\�� WKHUH¦V� D� VLPSOH� VROXWLRQ� LQ� WKH� IRUP� RI� WKH
sameElements�PHWKRG�

scala> Array(1, 2).sameElements(Array(1, 2))
res1: Boolean = true

Equality of Objects | 143

Download at WoweBook.Com



0XFK�EHWWHU��5HPHPEHU�WR�XVH�sameElements�ZKHQ�\RX�ZDQW�WR�WHVW�LI�WZR�ArrayV�FRQ�
WDLQ�WKH�VDPH�HOHPHQWV�

:KLOH�WKLV�PD\�VHHP�OLNH�DQ�LQFRQVLVWHQF\��HQFRXUDJLQJ�DQ�H[SOLFLW�WHVW�RI�WKH�HTXDOLW\
RI�WZR�PXWDEOH�GDWD�VWUXFWXUHV�LV�D�FRQVHUYDWLYH�DSSURDFK�RQ�WKH�SDUW�RI�WKH�ODQJXDJH
GHVLJQHUV�� ,Q� WKH� ORQJ� UXQ�� LW� VKRXOG� VDYH� \RX� IURP� XQH[SHFWHG� UHVXOWV� LQ� \RXU
FRQGLWLRQDOV�

Recap and What’s Next
:H�H[SORUHG�WKH�ILQH�SRLQWV�RI�RYHUULGLQJ�PHPEHUV�LQ�GHULYHG�FODVVHV��:H�OHDUQHG�DERXW
REMHFW�HTXDOLW\��FDVH�FODVVHV��DQG�FRPSDQLRQ�FODVVHV�DQG�REMHFWV�

,Q� WKH� QH[W� FKDSWHU�� ZH¦OO� OHDUQ� DERXW� WKH� 6FDOD� W\SH� KLHUDUFK\¢LQ� SDUWLFXODU�� WKH
Predef�REMHFW�WKDW�LQFOXGHV�PDQ\�XVHIXO�GHILQLWLRQV��:H¦OO�DOVR�OHDUQ�DERXW�6FDOD¦V�DO�
WHUQDWLYH�WR�-DYD¦V�static�FODVV�PHPEHUV�DQG�WKH�OLQHDUL]DWLRQ�UXOHV�IRU�PHWKRG�ORRNXS�
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CHAPTER 7

The Scala Object System

The Predef Object
)RU�\RXU�FRQYHQLHQFH��ZKHQHYHU�\RX�FRPSLOH�FRGH��WKH�6FDOD�FRPSLOHU�DXWRPDWLFDOO\
LPSRUWV�WKH�GHILQLWLRQV�LQ�WKH�java.lang�SDFNDJH��javac�GRHV�WKLV��WRR���2Q�WKH��1(7
SODWIRUP��LW�LPSRUWV�WKH�system�SDFNDJH��7KH�FRPSLOHU�DOVR�LPSRUWV�WKH�GHILQLWLRQV�LQ
WKH�DQDORJRXV�6FDOD�SDFNDJH��scala��+HQFH��FRPPRQ�-DYD�RU��1(7�W\SHV�FDQ�EH�XVHG
ZLWKRXW�H[SOLFLWO\�LPSRUWLQJ�WKHP�RU�IXOO\�TXDOLI\LQJ�WKHP�ZLWK�WKH�java.lang.�SUHIL[�
LQ�WKH�-DYD�FDVH��6LPLODUO\��D�QXPEHU�RI�FRPPRQ��6FDOD�VSHFLILF�W\SHV�DUH�PDGH�DYDLODEOH
ZLWKRXW�TXDOLILFDWLRQ��VXFK�DV�List��:KHUH�WKHUH�DUH�-DYD�DQG�6FDOD�W\SH�QDPHV�WKDW
RYHUODS��OLNH�String��WKH�6FDOD�YHUVLRQ�LV�LPSRUWHG�ODVW��VR�LW�£ZLQV�¤

7KH�FRPSLOHU�DOVR�DXWRPDWLFDOO\�LPSRUWV�WKH�Predef�REMHFW��ZKLFK�GHILQHV�RU�LPSRUWV
VHYHUDO�XVHIXO�W\SHV��REMHFWV��DQG�IXQFWLRQV�

<RX�FDQ�OHDUQ�D�ORW�RI�6FDOD�E\�YLHZLQJ�WKH�VRXUFH�IRU�Predef��,W�LV�DYDLO�
DEOH�E\�FOLFNLQJ�WKH�£VRXUFH¤�OLQN�LQ�WKH�Predef�6FDODGRF�SDJH��RU�\RX
FDQ�GRZQORDG�WKH� IXOO� VRXUFH�FRGH� IRU�6FDOD�DW�KWWS���ZZZ�VFDOD�ODQJ
�RUJ��

7DEOH�����VKRZV�D�SDUWLDO�OLVW�RI�WKH�LWHPV�LPSRUWHG�RU�GHILQHG�E\�Predef�RQ�WKH�-DYD
SODWIRUP�

7DEOH������,WHPV�LPSRUWHG�RU�GHILQHG�E\�3UHGHI

Types Character, Class, Error, Function, Integer, Map, Pair, Runnable, Set, String, Throwa

ble, Triple.

Exceptions Exception, ArrayIndexOutOfBoundsException, ClassCastException, IllegalArgumen

tException, IndexOutOfBoundsException, NoSuchElementException, NullPointerEx

ception, NumberFormatException, RuntimeException, StringIndexOutOfBoundsExcep

tion, UnsupportedOperationException.

Values Map, Set.
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Objects Pair, Triple.

Classes Ensuring, ArrowAssoc.

Methods Factory methods to create tuples; overloaded versions of exit, error, assert, assume, and require;

implicit type conversion methods; I/O methods like readLine, println, and format; and a method

currentThread, which calls java.lang.Thread.currentThread.

Predef�GHFODUHV�WKH�W\SHV�DQG�H[FHSWLRQV�OLVWHG�LQ�WKH�WDEOH�XVLQJ�WKH�type�NH\ZRUG�
7KH\�DUH�GHILQLWLRQV�WKDW�HTXDO�WKH�FRUUHVSRQGLQJ�scala.<Type>�RU�java.lang.<Type>
FODVVHV��VR�WKH\�EHKDYH�OLNH�£DOLDVHV¤�RU�LPSRUWV�IRU�WKH�FRUUHVSRQGLQJ�FODVVHV��)RU�H[�
DPSOH��String�LV�GHFODUHG�DV�IROORZV�

type String = java.lang.String

,Q� WKLV�FDVH�� WKH�GHFODUDWLRQ�KDV� WKH� VDPH�QHW�HIIHFW�DV�DQ�import java.lang.String
VWDWHPHQW�ZRXOG�KDYH�

%XW�GLGQ¦W�ZH�MXVW�VD\�WKDW�GHILQLWLRQV�LQ�java.lang�DUH�LPSRUWHG�DXWRPDWLFDOO\��OLNH
String"�7KH�UHDVRQ�WKHUH�LV�D�W\SH�GHILQLWLRQ�LV�WR�HQDEOH�VXSSRUW�IRU�D�XQLIRUP�VWULQJ
W\SH�DFURVV�DOO�UXQWLPH�HQYLURQPHQWV��7KH�GHILQLWLRQ�LV�RQO\�UHGXQGDQW�RQ�WKH�-90�

7KH�W\SH�Pair�LV�DQ�£DOLDV¤�IRU�Tuple2�

type Pair[+A, +B] = Tuple2[A, B]

7KHUH�DUH� WZR� W\SH�SDUDPHWHUV��A� DQG�B��RQH� IRU�HDFK� LWHP� LQ� WKH�SDLU��5HFDOO� IURP
£$EVWUDFW�7\SHV�$QG�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH����WKDW�ZH�H[SODLQHG�WKH�PHDQLQJ
RI�WKH�+�LQ�IURQW�RI�HDFK�W\SH�SDUDPHWHU�

%ULHIO\��D�Pair[A2,B2]��IRU�VRPH�A2�DQG�B2��LV�D�VXEFODVV�RI�Pair[A1,B1]��IRU�VRPH�A1�DQG
B1��LI�A2�LV�D�VXEW\SH�RI�A1�DQG�B2�LV�D�VXEW\SH�RI�B1��,Q�£8QGHUVWDQGLQJ�3DUDPHWHUL]HG
7\SHV¤�RQ�SDJH������ZH¦OO�GLVFXVV�+�DQG�RWKHU�W\SH�TXDOLILHUV�LQ�PRUH�GHWDLO�

7KH�Pair�FODVV�DOVR�KDV�D�FRPSDQLRQ�REMHFW�Pair�ZLWK�DQ�apply�IDFWRU\�PHWKRG��DV�GLV�
FXVVHG�LQ�£&RPSDQLRQ�2EMHFWV¤�RQ�SDJH������+HQFH��ZH�FDQ�FUHDWH�Pair�LQVWDQFHV�DV
LQ�WKLV�H[DPSOH�

val p = Pair(1, "one")

Pair.apply�LV�FDOOHG�ZLWK�WKH�WZR�DUJXPHQWV��7KH�W\SHV�A�DQG�B��VKRZQ�LQ�WKH�GHILQLWLRQ
RI�Pair��DUH�LQIHUUHG��$�QHZ�Tuple2�LQVWDQFH�LV�UHWXUQHG�

Map� DQG� Set� DSSHDU� LQ� ERWK� WKH� W\SHV� DQG� YDOXHV� OLVWV�� ,Q� WKH� YDOXHV� OLVW�� WKH\� DUH
DVVLJQHG� WKH� FRPSDQLRQ� REMHFWV� scala.collection.immutable.Map� DQG� scala.collec
tion.immutable.Set��UHVSHFWLYHO\��+HQFH��Map�DQG�Set�LQ�Predef�DUH�YDOXHV��QRW�REMHFW
GHILQLWLRQV��EHFDXVH�WKH\�UHIHU�WR�REMHFWV�GHILQHG�HOVHZKHUH��ZKHUHDV�Pair�DQG�Triple
DUH� GHILQHG� LQ� Predef� LWVHOI�� 7KH� W\SHV� Map� DQG� Set� DUH� DVVLJQHG� WKH� FRUUHVSRQGLQJ
LPPXWDEOH�FODVVHV�
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7KH�ArrowAssoc�FODVV�GHILQHV�WZR�PHWKRGV��->��DQG�WKH�8QLFRGH�HTXLYDOHQW�→��7KH�XWLOLW\
RI�WKHVH�PHWKRGV�ZDV�GHPRQVWUDWHG�SUHYLRXVO\�LQ�£2SWLRQ��6RPH��DQG�1RQH��$YRLGLQJ
QXOOV¤�RQ�SDJH�����ZKHUH�ZH�FUHDWHG�D�PDS�RI�8�6��VWDWH�FDSLWDOV�

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  // ...
  "Wyoming" -> "Cheyenne")
// ...

7KH�GHILQLWLRQ�RI�WKH�ArrowAssoc�FODVV�DQG�WKH�Map�DQG�Set�YDOXHV�LQ�Predef�PDNH�WKH
FRQYHQLHQW�Map�LQLWLDOL]DWLRQ�V\QWD[�SRVVLEOH��)LUVW��ZKHQ�6FDOD�VHHV�Map(...)�LW�FDOOV�WKH
apply�PHWKRG�RQ�WKH�Map�FRPSDQLRQ�REMHFW��MXVW�DV�ZH�GLVFXVVHG�IRU�Pair�

Map.apply�H[SHFWV�]HUR�RU�PRUH�Pairs��H�J���(a1, b2), (a2, b2), ...���ZKHUH�HDFK�WXSOH
KROGV�D�QDPH�DQG�YDOXH��,Q�WKH�H[DPSOH��WKH�WXSOH�W\SHV�DUH�DOO�LQIHUUHG�WR�EH�RI�W\SH
Pair[String,String]��7KH�GHFODUDWLRQ�RI�Map.apply�LV�DV�IROORZV�

object Map {
  ...
  def apply[A, B](elems : (A, B)*) : Map[A, B] = ...
}

5HFDOO�WKDW�WKHUH�FDQ�EH�QR�W\SH�SDUDPHWHUV�RQ�WKH�Map�FRPSDQLRQ�REMHFW�EHFDXVH�WKHUH
FDQ�EH�RQO\�RQH�LQVWDQFH��+RZHYHU��apply�FDQ�KDYH�W\SH�SDUDPHWHUV�

7KH�DSSO\�PHWKRG�WDNHV�D�YDULDEOH�OHQJWK�DUJXPHQW�OLVW��,QWHUQDOO\��x�ZLOO�EH�D�VXEW\SH
RI�Array[X]��6R��IRU�Map.apply��elems�LV�RI�W\SH�Array[(A,B)]�RU�Array[Tuple2[A,B]]��LI
\RX�SUHIHU�

6R��QRZ�WKDW�ZH�NQRZ�ZKDW�Map.apply�H[SHFWV��KRZ�GR�ZH�JHW�IURP�a -> b�WR�(a, b)"

Predef� DOVR� GHILQHV� DQ� LPSOLFLW� W\SH� FRQYHUVLRQ�PHWKRG� FDOOHG� any2ArrowAssoc�� 7KH
FRPSLOHU�NQRZV�WKDW�String�GRHV�QRW�GHILQH�D�->�PHWKRG��VR�LW�ORRNV�IRU�DQ� LPSOLFLW
FRQYHUVLRQ� LQ� VFRSH� WR�D� W\SH� WKDW�GHILQHV� VXFK�D�PHWKRG�� VXFK�DV�ArrowAssoc��7KH
any2ArrowAssoc�PHWKRG�SHUIRUPV�WKDW�FRQYHUVLRQ��,W�KDV�WKH�IROORZLQJ�LPSOHPHQWDWLRQ�

implicit def any2ArrowAssoc[A](x: A): ArrowAssoc[A] = new ArrowAssoc(x)

,W�LV�DSSOLHG�WR�HDFK�LWHP�WR�WKH�OHIW�RI�DQ�DUURZ�->��H�J���WKH�"Alabama"�VWULQJ��7KHVH
VWULQJV�DUH�ZUDSSHG�LQ�ArrowAssoc�LQVWDQFHV��XSRQ�ZKLFK�WKH�->�PHWKRG�LV�WKHQ�LQYRNHG�
7KLV�PHWKRG�KDV�WKH�IROORZLQJ�LPSOHPHQWDWLRQ�

class ArrowAssoc[A](x: A) {
    ...
    def -> [B](y: B): Tuple2[A, B] = Tuple2(x, y)
}

:KHQ�LW�LV�LQYRNHG��LW�LV�SDVVHG�WKH�VWULQJ�RQ�WKH�ULJKWKDQG�VLGH�RI�WKH�->��7KH�PHWKRG
UHWXUQV�D�WXSOH�ZLWK�WKH�YDOXH��("Alabama", "Montgomery")��IRU�H[DPSOH��,Q�WKLV�ZD\�
HDFK�key -> value�LV�FRQYHUWHG�LQWR�D�WXSOH�DQG�WKH�UHVXOWLQJ�FRPPD�VHSDUDWHG�OLVW�RI
WXSOHV�LV�SDVVHG�WR�WKH�Map.apply�IDFWRU\�PHWKRG�
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7KH�GHVFULSWLRQ�PD\�VRXQG�FRPSOLFDWHG�DW�ILUVW��EXW�WKH�EHDXW\�RI�6FDOD�LV�WKDW�WKLV�PDS
LQLWLDOL]DWLRQ�V\QWD[�LV�QRW�DQ�DG�KRF�ODQJXDJH�IHDWXUH��VXFK�DV�D�VSHFLDO�SXUSRVH�RSHU�
DWRU�->�GHILQHG�LQ�WKH�ODQJXDJH�JUDPPDU��,QVWHDG��WKLV�V\QWD[�LV�GHILQHG�ZLWK�QRUPDO
GHILQLWLRQV�RI�W\SHV�DQG�PHWKRGV��FRPELQHG�ZLWK�D�IHZ�JHQHUDO�SXUSRVH�SDUVLQJ�FRQ�
YHQWLRQV��VXFK�DV�VXSSRUW�IRU�LPSOLFLWV��)XUWKHUPRUH��LW�LV�DOO�W\SH�VDIH��<RX�FDQ�XVH�WKH
VDPH�WHFKQLTXHV�WR�ZULWH�\RXU�RZQ�FRQYHQLHQW�£RSHUDWRUV¤�IRU�PLQL�'RPDLQ�6SHFLILF
/DQJXDJHV��VHH�&KDSWHU�����

,PSOLFLW� W\SH� FRQYHUVLRQV� DUH� GLVFXVVHG� LQ� PRUH� GHWDLO� LQ� £,PSOLFLW� &RQYHU�
VLRQV¤�RQ�SDJH�����

1H[W�� UHFDOO� IURP� &KDSWHU� �� WKDW� ZH� ZHUH� DEOH� WR� UHSODFH� FDOOV� WR
Console.println(...)�ZLWK�println(...)��7KLV� £EDUH¤�println�PHWKRG� LV�GHILQHG� LQ
Predef��WKHQ�LPSRUWHG�DXWRPDWLFDOO\�E\�WKH�FRPSLOHU��7KH�GHILQLWLRQ�FDOOV�WKH�FRUUH�
VSRQGLQJ�PHWKRG�LQ�Console��6LPLODUO\��DOO�WKH�RWKHU�,�2�PHWKRGV�GHILQHG�E\�Predef�
H�J���readLine�DQG�format��FDOO�WKH�FRUUHVSRQGLQJ�Console�PHWKRGV�

)LQDOO\�� WKH�assert��assume�� DQG�require�PHWKRGV�DUH� HDFK�RYHUORDGHG�ZLWK�YDULRXV
DUJXPHQW�OLVW�RSWLRQV��7KH\�DUH�XVHG�IRU�UXQWLPH�WHVWLQJ�RI�ERROHDQ�FRQGLWLRQV��,I�D
FRQGLWLRQ�LV�IDOVH��DQ�H[FHSWLRQ�LV�WKURZQ��7KH�Ensuring�FODVV�VHUYHV�D�VLPLODU�SXUSRVH�
<RX�FDQ�XVH�WKHVH�IHDWXUHV�IRU�'HVLJQ�E\�&RQWUDFW�SURJUDPPLQJ��DV�GLVFXVVHG�LQ�£%HWWHU
'HVLJQ�ZLWK�'HVLJQ�%\�&RQWUDFW¤�RQ�SDJH�����

)RU�WKH�IXOO�OLVW�RI�IHDWXUHV�GHILQHG�E\�Predef��VHH�WKH�FRUUHVSRQGLQJ�6FDODGRF�HQWU\�LQ
>6FDOD$3,����@�

Four Ways to Create a Two-Item Tuple
:H�QRZ�NQRZ�IRXU�ZD\V�WR�FUHDWH�D�WZR�LWHP�WXSOH��WZRSOH"��

�� �£+HOOR¤�������

�� 3DLU�£+HOOR¤�������

�� 7XSOH��£+HOOR¤�������

�� £+HOOR¤�z�����

Classes and Objects: Where Are the Statics?
0DQ\�REMHFW�RULHQWHG�ODQJXDJHV�DOORZ�FODVVHV�WR�KDYH�FODVV�OHYHO�FRQVWDQWV��ILHOGV��DQG
PHWKRGV��FDOOHG�£VWDWLF¤�PHPEHUV�LQ�-DYD��&���DQG�&����7KHVH�FRQVWDQWV��ILHOGV��DQG
PHWKRGV�DUH�QRW�DVVRFLDWHG�ZLWK�DQ\�LQVWDQFHV�RI�WKH�FODVV�

$Q�H[DPSOH�RI�D�FODVV�OHYHO�ILHOG�LV�D�VKDUHG�ORJJLQJ�LQVWDQFH�XVHG�E\�DOO�LQVWDQFHV�RI�D
FODVV�IRU�ORJJLQJ�PHVVDJHV��$Q�H[DPSOH�RI�D�FODVV�OHYHO�FRQVWDQW�LV�WKH�GHIDXOW�ORJJLQJ
£WKUHVKROG¤�OHYHO�
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$Q�H[DPSOH�RI�D�FODVV�OHYHO�PHWKRG�LV�D�£ILQGHU¤�PHWKRG�WKDW�ORFDWHV�DOO�LQVWDQFHV�RI
WKH�FODVV�LQ�VRPH�UHSRVLWRU\�WKDW�PDWFK�VRPH�XVHU�VSHFLILHG�FULWHULD��$QRWKHU�H[DPSOH
LV� D� IDFWRU\� PHWKRG�� DV� XVHG� LQ� RQH� RI� WKH� IDFWRU\�UHODWHG� GHVLJQ� SDWWHUQV� �VHH
>*2)����@��

7R�UHPDLQ�FRQVLVWHQW�ZLWK�WKH�JRDO�WKDW�£HYHU\WKLQJ�LV�DQ�REMHFW¤�LQ�6FDOD��FODVV�OHYHO
ILHOGV�DQG�PHWKRGV�DUH�QRW�VXSSRUWHG��,QVWHDG��6FDOD�VXSSRUWV�GHFODUDWLRQV�RI�FODVVHV
WKDW� DUH� VLQJOHWRQV�� XVLQJ� WKH� object� NH\ZRUG� LQVWHDG� RI� WKH� class� NH\ZRUG�� 7KH
objects� SURYLGH�DQ�REMHFW�RULHQWHG�DSSURDFK� WR�£VWDWLF¤�GDWD�DQG�PHWKRGV��+HQFH�
6FDOD�GRHV�QRW�HYHQ�KDYH�D�static�NH\ZRUG�

Objects�DUH�LQVWDQWLDWHG�DXWRPDWLFDOO\�DQG�OD]LO\�E\�WKH�UXQWLPH�V\VWHP��VHH�6HFWLRQ����
RI�>6FDOD6SHF����@���-XVW�DV�IRU�FODVVHV�DQG�WUDLWV��WKH�ERG\�RI�WKH�object�LV�WKH�FRQ�
VWUXFWRU��EXW�VLQFH�WKH�V\VWHP�LQVWDQWLDWHV�WKH�REMHFW��WKHUH�LV�QR�ZD\�IRU�WKH�XVHU�WR
VSHFLI\�D�SDUDPHWHU�OLVW�IRU�WKH�FRQVWUXFWRU��VR�WKH\�DUHQ¦W�VXSSRUWHG��$Q\�GDWD�GHILQHG
LQ�WKH�REMHFW�KDV�WR�EH�LQLWLDOL]HG�ZLWK�GHIDXOW�YDOXHV��)RU�WKH�VDPH�UHDVRQV��DX[LOLDU\
FRQVWUXFWRUV�FDQ¦W�EH�XVHG�DQG�DUH�QRW�VXSSRUWHG�

:H¦YH�DOUHDG\�VHHQ�VRPH�H[DPSOHV�RI�REMHFWV��VXFK�DV�WKH�specs�REMHFWV�XVHG�SUHYLRXVO\
IRU�WHVWV��DQG�WKH�Pair�W\SH�DQG�LWV�FRPSDQLRQ�REMHFW��ZKLFK�ZH�H[SORUHG�LQ�£7KH�3UHGHI
2EMHFW¤�RQ�SDJH�����

type Pair[+A, +B] = Tuple2[A, B]
object Pair {
  def apply[A, B](x: A, y: B) = Tuple2(x, y)
  def unapply[A, B](x: Tuple2[A, B]): Option[Tuple2[A, B]] = Some(x)
}

7R� UHIHUHQFH� DQ� REMHFW� ILHOG� RU� PHWKRG�� \RX� XVH� WKH� V\QWD[� object_name.field� RU
object_name.method(...)��UHVSHFWLYHO\��)RU�H[DPSOH��Pair.apply(...)��1RWH�WKDW�WKLV
LV�WKH�VDPH�V\QWD[�WKDW�LV�FRPPRQO\�XVHG�LQ�ODQJXDJHV�ZLWK�VWDWLF�ILHOGV�DQG�PHWKRGV�

:KHQ�DQ�REMHFW�QDPHG�MyObject�LV�FRPSLOHG�WR�D�FODVV�ILOH��WKH�FODVV�ILOH
QDPH�ZLOO�EH�MyObject$.class�

,Q�-DYD�DQG�&���WKH�FRQYHQWLRQ�IRU�GHILQLQJ�FRQVWDQWV�LV�WR�XVH�final static�ILHOGV�
�&��DOVR�KDV�D�constant�NH\ZRUG�IRU�VLPSOH�ILHOGV��OLNH�ints�DQG�strings���,Q�6FDOD��WKH
FRQYHQWLRQ�LV�WR�XVH�val�ILHOGV�LQ�REMHFWV�

)LQDOO\��UHFDOO�IURP�£1HVWHG�&ODVVHV¤�RQ�SDJH����WKDW�FODVV�GHILQLWLRQV�FDQ�EH�QHVWHG
ZLWKLQ�RWKHU�FODVV�GHILQLWLRQV��7KLV�SURSHUW\�JHQHUDOL]HV� IRU�REMHFWV��<RX�FDQ�GHILQH
QHVWHG�REMHFWV��WUDLWV��DQG�FODVVHV�LQVLGH�RWKHU�REMHFWV��WUDLWV��DQG�FODVVHV�
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Package Objects
6FDOD�YHUVLRQ�����LQWURGXFHV�D�QHZ�VFRSLQJ�FRQVWUXFW�FDOOHG�SDFNDJH�REMHFWV��7KH\�DUH
XVHG�WR�GHILQH�W\SHV��YDULDEOHV��DQG�PHWKRGV�WKDW�DUH�YLVLEOH�DW�WKH�OHYHO�RI�WKH�FRUUH�
VSRQGLQJ�SDFNDJH��7R�XQGHUVWDQG� WKHLU�XVHIXOQHVV�� OHW¦V� VHH�DQ�H[DPSOH� IURP�6FDOD
YHUVLRQ� ���� LWVHOI�� 7KH� FROOHFWLRQ� OLEUDU\� LV� EHLQJ� UHRUJDQL]HG� WR� UHILQH� WKH� SDFNDJH
VWUXFWXUH�DQG�WR�XVH�LW�PRUH�FRQVLVWHQWO\��DPRQJ�RWKHU�FKDQJHV���7KH�6FDOD�WHDP�IDFHG
D�GLOHPPD��7KH\�ZDQWHG�WR�PRYH�W\SHV�WR�QHZ�SDFNDJHV��EXW�DYRLG�EUHDNLQJ�EDFNZDUG
FRPSDWLELOLW\��7KH�package object� FRQVWUXFW�SURYLGHG� D� VROXWLRQ�� DORQJ�ZLWK�RWKHU
EHQHILWV�

)RU�H[DPSOH��WKH�LPPXWDEOH�List�LV�GHILQHG�LQ�WKH�scala�SDFNDJH�LQ�YHUVLRQ������EXW�LW
LV� PRYHG� WR� WKH� scala.collection.immutable� SDFNDJH� LQ� YHUVLRQ� ����� 'HVSLWH� WKH
FKDQJH��List�LV�PDGH�YLVLEOH�LQ�WKH�scala�SDFNDJH�XVLQJ�package object scala��IRXQG
LQ�WKH�VUF�OLEUDU\�VFDOD�SDFNDJH�VFDOD� ILOH� LQ�WKH�YHUVLRQ�����VRXUFH�FRGH�GLVWULEXWLRQ�
1RWH�WKH�ILOH�QDPH��,W¦V�QRW�UHTXLUHG��EXW�LW¦V�D�XVHIXO�FRQYHQWLRQ�IRU�SDFNDJH�REMHFWV�
+HUH�LV�WKH�IXOO�SDFNDJH�REMHFW�GHILQLWLRQ��DW�WKH�WLPH�RI�WKLV�ZULWLQJ��LW�FRXOG�FKDQJH
EHIRUH�WKH�������ILQDO�YHUVLRQ�LV�UHOHDVHG��

package object scala {
  type Iterable[+A] = scala.collection.Iterable[A]
  val Iterable = scala.collection.Iterable

  @deprecated("use Iterable instead") type Collection[+A] = Iterable[A]
  @deprecated("use Iterable instead") val Collection = Iterable

  type Seq[+A] = scala.collection.Sequence[A]
  val Seq = scala.collection.Sequence

  type RandomAccessSeq[+A] = scala.collection.Vector[A]
  val RandomAccessSeq = scala.collection.Vector

  type Iterator[+A] = scala.collection.Iterator[A]
  val Iterator = scala.collection.Iterator

  type BufferedIterator[+A] = scala.collection.BufferedIterator[A]

  type List[+A] = scala.collection.immutable.List[A]
  val List = scala.collection.immutable.List

  val Nil = scala.collection.immutable.Nil

  type ::[A] = scala.collection.immutable.::[A]
  val :: = scala.collection.immutable.::

  type Stream[+A] = scala.collection.immutable.Stream[A]
  val Stream = scala.collection.immutable.Stream

  type StringBuilder = scala.collection.mutable.StringBuilder
  val StringBuilder = scala.collection.mutable.StringBuilder
}
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1RWH�WKDW�SDLUV�RI�GHFODUDWLRQV�OLNH�type List[+] = ...�DQG�val List = ...�DUH�HIIHF�
WLYHO\�£DOLDVHV¤�IRU�WKH�FRPSDQLRQ�FODVV�DQG�REMHFW��UHVSHFWLYHO\��%HFDXVH�WKH�FRQWHQWV
RI�WKH�scala�SDFNDJH�DUH�DXWRPDWLFDOO\�LPSRUWHG�E\�WKH�FRPSLOHU��\RX�FDQ�VWLOO�UHIHUHQFH
DOO�WKH�GHILQLWLRQV�LQ�WKLV�REMHFW�LQ�DQ\�VFRSH�ZLWKRXW�DQ�H[SOLFLW�LPSRUW�VWDWHPHQW�IRU
IXOO\�TXDOLILHG�QDPHV�

2WKHU�WKDQ�WKH�ZD\�WKH�PHPEHUV�LQ�SDFNDJH�REMHFWV�DUH�VFRSHG��WKH\�EHKDYH�MXVW�OLNH
RWKHU�REMHFW�GHFODUDWLRQV��:KLOH�WKLV�H[DPSOH�FRQWDLQV�RQO\�valV�DQG�typeV��\RX�FDQ
DOVR�GHILQH�PHWKRGV��DQG�\RX�FDQ�VXEFODVV�DQRWKHU�FODVV�RU�WUDLW�DQG�PL[�LQ�RWKHU�WUDLWV�

$QRWKHU�EHQHILW�RI�SDFNDJH�REMHFWV�LV�WKDW�LW�SURYLGHV�D�PRUH�VXFFLQFW�LPSOHPHQWDWLRQ
RI�ZKDW�ZDV�DQ�DZNZDUG�LGLRP�EHIRUH��:LWKRXW�SDFNDJH�REMHFWV��\RX�ZRXOG�KDYH�WR
SXW�GHILQLWLRQV�LQ�DQ�DG�KRF�REMHFW�LQVLGH�WKH�GHVLUHG�SDFNDJH��WKHQ�LPSRUW�IURP�WKH
REMHFW��)RU�H[DPSOH��KHUH�LV�KRZ�List�ZRXOG�KDYH�WR�EH�KDQGOHG�ZLWKRXW�D�SDFNDJH
REMHFW�

package scala {
  object toplevel {
    ...
    type List[+A] = scala.collection.immutable.List[A]
    val List = scala.collection.immutable.List
    ...
  }
}

...
import scala.toplevel._
...

)LQDOO\��DQRWKHU�EHQHILW�RI�SDFNDJH�REMHFWV�LV�WKH�ZD\�WKH\�SURYLGH�D�FOHDU�VHSDUDWLRQ
EHWZHHQ�WKH�DEVWUDFWLRQV�H[SRVHG�E\�D�SDFNDJH�DQG�WKH�LPSOHPHQWDWLRQV�WKDW�VKRXOG
EH�KLGGHQ�LQVLGH�LW��,Q�D�ODUJHU�DSSOLFDWLRQ��D�SDFNDJH�REMHFW�FRXOG�EH�XVHG�WR�H[SRVH
DOO�WKH�SXEOLF�W\SHV��YDOXHV��DQG�RSHUDWLRQV��PHWKRGV��IRU�D�£FRPSRQHQW�¤�ZKLOH�HY�
HU\WKLQJ�HOVH�LQ�WKH�SDFNDJH�DQG�QHVWHG�SDFNDJHV�FRXOG�EH�WUHDWHG�DV�LQWHUQDO�LPSOH�
PHQWDWLRQ�GHWDLOV�

Sealed Class Hierarchies
5HFDOO�IURP�£&DVH�&ODVVHV¤�RQ�SDJH�����WKDW�ZH�GHPRQVWUDWHG�SDWWHUQ�PDWFKLQJ�ZLWK
RXU�Shapes�KLHUDUFK\��ZKLFK�XVH�FDVH�FODVVHV��:H�KDG�D�GHIDXOW�case _ => ...�H[SUHV�
VLRQ��,W¦V�XVXDOO\�ZLVH�WR�KDYH�RQH��2WKHUZLVH��LI�VRPHRQH�GHILQHV�D�QHZ�VXEW\SH�RI
Shape�DQG�SDVVHV�LW�WR�WKLV�match�VWDWHPHQW��D�UXQWLPH�scala.MatchError�ZLOO�EH�WKURZQ�
EHFDXVH�WKH�QHZ�VKDSH�ZRQ¦W�PDWFK�WKH�VKDSHV�FRYHUHG�LQ�WKH�PDWFK�VWDWHPHQW��+RZ�
HYHU��LW¦V�QRW�DOZD\V�SRVVLEOH�WR�GHILQH�UHDVRQDEOH�EHKDYLRU�IRU�WKH�GHIDXOW�FDVH�

7KHUH�LV�DQ�DOWHUQDWLYH�VROXWLRQ�LI�\RX�NQRZ�WKDW�WKH�FDVH�FODVV�KLHUDUFK\�LV�XQOLNHO\�WR
FKDQJH�DQG�\RX�FDQ�GHILQH�WKH�ZKROH�KLHUDUFK\�LQ�RQH�ILOH��,Q�WKLV�VLWXDWLRQ��\RX�FDQ
DGG�WKH�sealed�NH\ZRUG�WR�WKH�GHFODUDWLRQ�RI�WKH�FRPPRQ�EDVH�FODVV��:KHQ�VHDOHG��WKH
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FRPSLOHU�NQRZV�DOO�WKH�SRVVLEOH�FODVVHV�WKDW�FRXOG�DSSHDU�LQ�WKH�match�H[SUHVVLRQ��EH�
FDXVH�DOO�RI�WKHP�PXVW�EH�GHILQHG�LQ�WKH�VDPH�VRXUFH�ILOH��6R��LI�\RX�FRYHU�DOO�WKRVH
FODVVHV�LQ�WKH�case�H[SUHVVLRQV��HLWKHU�H[SOLFLWO\�RU�WKURXJK�VKDUHG�SDUHQW�FODVVHV���WKHQ
\RX�FDQ�VDIHO\�HOLPLQDWH�WKH�GHIDXOW�case�H[SUHVVLRQ�

+HUH�LV�DQ�H[DPSOH�XVLQJ�WKH�+773�����PHWKRGV��VHH�>+773���@���ZKLFK�DUH�QRW�OLNHO\
WR�FKDQJH�YHU\�RIWHQ��VR�ZH�GHFODUH�D�£VHDOHG¤�VHW�RI�FDVH�FODVVHV�IRU�WKHP�

// code-examples/ObjectSystem/sealed/http-script.scala

sealed abstract class HttpMethod()
case class Connect(body: String) extends HttpMethod
case class Delete (body: String) extends HttpMethod
case class Get    (body: String) extends HttpMethod
case class Head   (body: String) extends HttpMethod
case class Options(body: String) extends HttpMethod
case class Post   (body: String) extends HttpMethod
case class Put    (body: String) extends HttpMethod
case class Trace  (body: String) extends HttpMethod

def handle (method: HttpMethod) = method match {
  case Connect (body) => println("connect: " + body)
  case Delete  (body) => println("delete: "  + body)
  case Get     (body) => println("get: "     + body)
  case Head    (body) => println("head: "    + body)
  case Options (body) => println("options: " + body)
  case Post    (body) => println("post: "    + body)
  case Put     (body) => println("put: "     + body)
  case Trace   (body) => println("trace: "   + body)
}

val methods = List(
  Connect("connect body..."),
  Delete ("delete body..."),
  Get    ("get body..."),
  Head   ("head body..."),
  Options("options body..."),
  Post   ("post body..."),
  Put    ("put body..."),
  Trace  ("trace body..."))

methods.foreach { method => handle(method) }

7KLV�VFULSW�RXWSXWV�WKH�IROORZLQJ�

connect: connect body...
delete: delete body...
get: get body...
head: head body...
options: options body...
post: post body...
put: put body...
trace: trace body...
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1R�GHIDXOW�FDVH�LV�QHFHVVDU\��VLQFH�ZH�FRYHU�DOO�WKH�SRVVLELOLWLHV��&RQYHUVHO\��LI�\RX�RPLW
RQH�RI�WKH�FODVVHV�DQG�\RX�GRQ¦W�SURYLGH�D�GHIDXOW�FDVH�RU�D�FDVH�IRU�D�VKDUHG�SDUHQW
FODVV��WKH�FRPSLOHU�ZDUQV�\RX�WKDW�WKH�£PDWFK�LV�QRW�H[KDXVWLYH�¤�)RU�H[DPSOH��LI�\RX
FRPPHQW�RXW�WKH�FDVH�IRU�Put��\RX�JHW�WKLV�ZDUQLQJ�

warning: match is not exhaustive!
missing combination            Put

def handle (method: HttpMethod) = method match {
...

<RX�DOVR�JHW�D�MatchError�H[FHSWLRQ�LI�D�Put�LQVWDQFH�LV�SDVVHG�WR�WKH�PDWFK�

8VLQJ�sealed�KDV�RQH�GUDZEDFN��(YHU\�WLPH�\RX�DGG�RU�UHPRYH�D�FODVV�IURP�WKH�KLHU�
DUFK\��\RX�KDYH�WR�PRGLI\�WKH�ILOH��VLQFH�WKH�HQWLUH�KLHUDUFK\�KDV�WR�EH�GHFODUHG�LQ�WKH
VDPH�ILOH��7KLV�EUHDNV�WKH�2SHQ�&ORVHG�3ULQFLSOH��VHH�>0H\HU����@�DQG�>0DUWLQ����@��
ZKLFK�LV�D�VROXWLRQ�WR�WKH�SUDFWLFDO�SUREOHP�WKDW�LW�FDQ�EH�FRVWO\�WR�PRGLI\�H[LVWLQJ�FRGH�
UHWHVW�LW��DQG�RWKHU�FRGH�WKDW�XVHV�LW���DQG�UHGHSOR\�LW��,W¦V�PXFK�OHVV�£FRVWO\¤�LI�\RX�FDQ
H[WHQG�WKH�V\VWHP�E\�DGGLQJ�QHZ�GHULYHG�W\SHV�LQ�VHSDUDWH�VRXUFH�ILOHV��7KLV�LV�ZK\�ZH
SLFNHG�WKH�+773�PHWKRG�KLHUDUFK\�IRU�WKH�H[DPSOH��7KH�OLVW�RI�PHWKRGV�LV�YHU\�VWDEOH�

$YRLG�sealed�FDVH�FODVV�KLHUDUFKLHV�LI�WKH�KLHUDUFK\�FKDQJHV�IUHTXHQWO\
�IRU�DQ�DSSURSULDWH�GHILQLWLRQ�RI�£IUHTXHQWO\¤��

)LQDOO\��\RX�PD\�KDYH�QRWLFHG�VRPH�GXSOLFDWLRQ�LQ�WKH�H[DPSOH��$OO�WKH�FRQFUHWH�FODVVHV
KDYH�D�body�ILHOG��:K\�GLGQ¦W�ZH�SXW�WKDW�ILHOG�LQ�WKH�SDUHQW�HttpMethod�FODVV"�%HFDXVH
ZH�GHFLGHG�WR�XVH�FDVH�FODVVHV�IRU�WKH�FRQFUHWH�FODVVHV��ZH¦OO�UXQ�LQWR�WKH�VDPH�SUREOHP
ZLWK� FDVH� FODVV� LQKHULWDQFH� WKDW� ZH� GLVFXVVHG� LQ� £&DVH� &ODVV� ,QKHUL�
WDQFH¤�RQ�SDJH������ZKHUH�ZH�DGGHG�D�VKDUHG�id�ILHOG�LQ�WKH�Shape�KLHUDUFK\��:H�QHHG
WKH�body�DUJXPHQW�IRU�HDFK�+773�PHWKRG¦V�FRQVWUXFWRU��\HW�LW�ZLOO�EH�PDGH�D�ILHOG�RI
HDFK�PHWKRG�W\SH�DXWRPDWLFDOO\��6R��ZH�ZRXOG�KDYH�WR�XVH�WKH�override val�WHFKQLTXH
ZH�GHPRQVWUDWHG�SUHYLRXVO\�

:H�FRXOG�UHPRYH�WKH�FDVH�NH\ZRUGV�DQG�LPSOHPHQW�WKH�PHWKRGV�DQG�FRPSDQLRQ�RE�
MHFWV�WKDW�ZH�QHHG��+RZHYHU��LQ�WKLV�FDVH��WKH�GXSOLFDWLRQ�LV�PLQLPDO�DQG�WROHUDEOH�

:KDW�LI�ZH�ZDQW�WR�XVH�FDVH�FODVVHV��\HW�DOVR�UHIHUHQFH�WKH�body�ILHOG�LQ�HttpMethod"
)RUWXQDWHO\��ZH�NQRZ�WKDW�6FDOD�ZLOO�JHQHUDWH�D�body�UHDGHU�PHWKRG�LQ�HYHU\�FRQFUHWH
VXEFODVV��DV�ORQJ�DV�ZH�XVH�WKH�QDPH�body�FRQVLVWHQWO\����6R��ZH�FDQ�GHFODUH�WKDW�PHWKRG
DEVWUDFW�LQ�HttpMethod��WKHQ�XVH�LW�DV�ZH�VHH�ILW��7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV
WKLV�WHFKQLTXH�

// code-examples/ObjectSystem/sealed/http-body-script.scala

sealed abstract class HttpMethod() {
    def body: String
    def bodyLength = body.length
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}

case class Connect(body: String) extends HttpMethod
case class Delete (body: String) extends HttpMethod
case class Get    (body: String) extends HttpMethod
case class Head   (body: String) extends HttpMethod
case class Options(body: String) extends HttpMethod
case class Post   (body: String) extends HttpMethod
case class Put    (body: String) extends HttpMethod
case class Trace  (body: String) extends HttpMethod

def handle (method: HttpMethod) = method match {
  case Connect (body) => println("connect: " + body)
  case Delete  (body) => println("delete: "  + body)
  case Get     (body) => println("get: "     + body)
  case Head    (body) => println("head: "    + body)
  case Options (body) => println("options: " + body)
  case Post    (body) => println("post: "    + body)
  case Put     (body) => println("put: "     + body)
  case Trace   (body) => println("trace: "   + body)
}

val methods = List(
  Connect("connect body..."),
  Delete ("delete body..."),
  Get    ("get body..."),
  Head   ("head body..."),
  Options("options body..."),
  Post   ("post body..."),
  Put    ("put body..."),
  Trace  ("trace body..."))

methods.foreach { method =>
  handle(method)
  println("body length? " + method.bodyLength)
}

:H�GHFODUHG�body�DEVWUDFW�LQ�HttpMethod��:H�DGGHG�D�VLPSOH�bodyLength�PHWKRG�WKDW
FDOOV�body��7KH�ORRS�DW�WKH�HQG�RI�WKH�VFULSW�FDOOV�bodyLength��5XQQLQJ�WKLV�VFULSW�SUR�
GXFHV�WKH�IROORZLQJ�RXWSXW�

connect: connect body...
body length? 15
delete: delete body...
body length? 14
get: get body...
body length? 11
head: head body...
body length? 12
options: options body...
body length? 15
post: post body...
body length? 12
put: put body...
body length? 11
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trace: trace body...
body length? 13

$V�DOZD\V��HYHU\�IHDWXUH�KDV�SOXVHV�DQG�PLQXVHV��&DVH�FODVVHV�DQG�VHDOHG�FODVV�KLHUDU�
FKLHV�KDYH�YHU\�XVHIXO�SURSHUWLHV��EXW�WKH\�DUHQ¦W�VXLWDEOH�IRU�DOO�VLWXDWLRQV�

The Scala Type Hierarchy
:H�KDYH�PHQWLRQHG�D�QXPEHU�RI�W\SHV�LQ�6FDOD¦V�W\SH�KLHUDUFK\�DOUHDG\��/HW¦V�ORRN�DW
WKH�JHQHUDO�VWUXFWXUH�RI�WKH�KLHUDUFK\��DV�LOOXVWUDWHG�LQ�)LJXUH�����

)LJXUH������6FDOD¦V�W\SH�KLHUDUFK\

7DEOHV�����DQG�����GLVFXVV�WKH�W\SHV�VKRZQ�LQ�)LJXUH������DV�ZHOO�DV�VRPH�RWKHU�LP�
SRUWDQW�W\SHV�WKDW�DUHQ¦W�VKRZQ��6RPH�GHWDLOV�DUH�RPLWWHG�IRU�FODULW\��:KHQ�WKH�XQGHU�
O\LQJ�£UXQWLPH¤�LV�GLVFXVVHG��WKH�SRLQWV�PDGH�DSSO\�HTXDOO\�WR�WKH�-90�DQG�WKH��1(7
&/5��H[FHSW�ZKHUH�QRWHG�
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7DEOH������$Q\��$Q\9DO��DQG�$Q\5HI

Name Parent Description

Any none The root of the hierarchy. Defines a few final methods like ==, !=, isInstanceOf[T] (for type

checking), and asInstanceOf[T] (for type casting), as well as default versions of equals,

hashCode, and toString, which are designed to be overridden by subclasses.

AnyVal Any The parent of all value types, which correspond to the primitive types on the runtime platform, plus

Unit. All the AnyVal instances are immutable value instances, and all the AnyVal types are

abstract final. Hence, none of them can be instantiated with new. Rather, new instances are

created with literal values (e.g., 3.14 for a Double) or by calling methods on instances that return

new values.

AnyRef Any The parent of all reference types, including all java.* and scala.* types. It is equivalent to

java.lang.Object for the JVM and object (System.Object) for the .NET runtime. Instances

of reference types are created with new.

7KH�YDOXH�W\SHV�DUH�FKLOGUHQ�RI�AnyVal�

7DEOH������'LUHFW�VXEW\SHV�RI�$Q\9DO��WKH�YDOXH�W\SHV

Name Runtime primitive type

Boolean Boolean (true and false).

Byte Byte.

Char Char.

Short Short.

Int Int.

Long Long.

Float Float.

Double Double.

Unit Serves the same role as void in most imperative languages. Used primarily as a function return value.

There is only one instance of Unit, named (). Think of it as a tuple with zero items.

$OO�RWKHU�W\SHV��WKH�UHIHUHQFH�W\SHV��DUH�FKLOGUHQ�RI�AnyRef��7DEOH�����OLVWV�VRPH�RI�WKH
PRUH�FRPPRQO\�XVHG�UHIHUHQFH�W\SHV��1RWH�WKDW�WKHUH�DUH�VRPH�VLJQLILFDQW�GLIIHUHQFHV
EHWZHHQ�WKH�YHUVLRQ�����;�DQG�����FROOHFWLRQV�

7DEOH������'LUHFW�DQG�LQGLUHFW�VXEW\SHV�RI�$Q\5HI��WKH�UHIHUHQFH�W\SHV

Name Parent Description

Collection[+T] Iterable[T] Trait for collections of known size.

Either[+T1, +T2] AnyRef Used most often as a return type when a method could return an instance

of one of two unrelated types. For example, an exception or a “successful”

result. The Either can be pattern matched for its Left or Right

subtypes. (It is analogous to Option, with Some and None.) For the
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Name Parent Description
exception-handling idiom, it is conventional to use Left for the

exception.

FunctionN[-T1, -T2,

..., -TN, +R]

AnyRef Trait representing a function that takes N arguments, each of which can

have its own type, and returns a value of type R. (Traits are defined for

N = 0 to 22.) The variance annotations (+ and -) in front of the types will

be explained in “Variance Under Inheritance” on page 251.

Iterable[+T] AnyRef Trait with methods for operating on collections of instances. Users

implement the abstract elements method to return an Iterable

instance.

List[+T] Seq[T] sealed abstract class for ordered collections with functional-

style list semantics. It is the most widely used collection in Scala, so it is

defined in the scala package, rather than one of the collection packages.

(In Scala version2.8, it is actually defined in scala.collec

tion.immutable and “aliased” in package object scala). It

has two subclasses, case object Nil, which extends List[Noth

ing] and represents an empty list, and case final class ::

[T], which represents a non-empty list, characterized by a head element

and a tail list, which would be Nil for a one-element list.

Nothing All other types Nothing is the subtype of all other types. It has no instances. It is used

primarily for defining other types in a type-safe way, such as the special

List subtype Nil. See also “Nothing and Null” on page 267.

Null All reference types Null has one instance, null, corresponding to the runtime’s concept

of null.

Option[T] Product Wraps an optional item. It is a sealed abstract type and the only

allowed instances are an instance of its derived case class

Some[T], wrapping an instance of T, or its derived case object

None, which extends Option[Nothing].

Predef AnyRef An object that defines and imports many commonly used types and

methods. See “The Predef Object” on page 145 for details.

Product AnyRef Trait with methods for determining arity and getting the nth item in a

“Cartesian product.” Subtraits are defined for Product, called

ProductN, for dimension N from 1 through 22.

ScalaObject AnyRef Mixin trait added to all Scala reference type instances.

Seq[+T] Collection[T] Trait for ordered collections.

TupleN ProductN Separate case classes for arity N = 1 through 22. Tuples support the

literal syntax (x1, x2, ..., xN).

%HVLGHV�List��VRPH�RI�WKH�RWKHU�OLEUDU\�FROOHFWLRQV�LQFOXGH�Map��Set��Queue��DQG�Stack�
7KHVH�RWKHU�FROOHFWLRQV�FRPH�LQ�WZR�YDULHWLHV��PXWDEOH�DQG�LPPXWDEOH��7KH�LPPXWDEOH
FROOHFWLRQV�DUH�LQ�WKH�SDFNDJH�scala.collection.immutable��ZKLOH�WKH�PXWDEOH�FROOHF�
WLRQV�DUH�LQ�scala.collection.mutable��2QO\�DQ�LPPXWDEOH�YHUVLRQ�RI�List�LV�SURYLGHG�
IRU�D�PXWDEOH�OLVW��XVH�D�ListBuffer��ZKLFK�FDQ�UHWXUQ�D�List�YLD�WKH�toList�PHWKRG�
)RU� 6FDOD� YHUVLRQ� ����� WKH� FROOHFWLRQV� LPSOHPHQWDWLRQV� UHXVH� FRGH� IURP
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scala.collection.generic��8VHUV�RI�WKH�FROOHFWLRQV�ZRXOG�QRUPDOO\�QRW�XVH�DQ\�W\SHV
GHILQHG� LQ� WKLV�SDFNDJH��:H¦OO�H[SORUH�VRPH�RI� WKHVH�FROOHFWLRQV� LQ�JUHDWHU�GHWDLO� LQ
£)XQFWLRQDO�'DWD�6WUXFWXUHV¤�RQ�SDJH�����

&RQVLVWHQW�ZLWK� LWV� HPSKDVLV�RQ� IXQFWLRQDO�SURJUDPPLQJ� �VHH�&KDSWHU�����6FDOD�HQ�
FRXUDJHV�\RX�WR�XVH�WKH�LPPXWDEOH�FROOHFWLRQV��VLQFH�List�LV�DXWRPDWLFDOO\�LPSRUWHG
DQG�Predef� GHILQHV� W\SHV�Map� DQG�Set� WKDW� UHIHU� WR� WKH� LPPXWDEOH� YHUVLRQV�RI� WKHVH
FROOHFWLRQV��$OO�RWKHU�FROOHFWLRQV�KDYH�WR�EH�LPSRUWHG�H[SOLFLWO\�

Predef�GHILQHV�D�QXPEHU�RI�LPSOLFLW�FRQYHUVLRQ�PHWKRGV�IRU�WKH�YDOXH�W\SHV��H[FOXGLQJ
Unit���7KHUH�DUH�LPSOLFLW�FRQYHUVLRQV�WR�WKH�FRUUHVSRQGLQJ�scala.runtime.RichX�W\SHV�
)RU�H[DPSOH��WKH�byteWrapper�PHWKRG�FRQYHUWV�D�Byte� WR�D�scala.runtime.RichByte�
7KHUH�DUH�LPSOLFLW�FRQYHUVLRQV�EHWZHHQ�WKH�£QXPHULF¤�W\SHV¢Byte��Short��Int��Long�
DQG�Float¢WR�WKH�RWKHU�W\SHV�WKDW�DUH�£ZLGHU¤�WKDQ�WKH�RULJLQDO��)RU�H[DPSOH��Byte�WR
Int��Int�WR�Long��Int�WR�Double��HWF��)LQDOO\��WKHUH�DUH�FRQYHUVLRQV�WR�WKH�FRUUHVSRQGLQJ
-DYD�ZUDSSHU�W\SHV��H�J���Int�WR�java.lang.Integer��:H�GLVFXVV�LPSOLFLW�FRQYHUVLRQV�LQ
PRUH�GHWDLO�LQ�£,PSOLFLW�&RQYHUVLRQV¤�RQ�SDJH�����

7KHUH�DUH�VHYHUDO�H[DPSOHV�RI�Option�HOVHZKHUH��H�J���£2SWLRQ��6RPH��DQG�1RQH��$YRLG�
LQJ�QXOOV¤�RQ�SDJH�����+HUH�LV�D�VFULSW�WKDW�LOOXVWUDWHV�XVLQJ�DQ�Either�UHWXUQ�YDOXH�WR
KDQGOH�D�WKURZQ�H[FHSWLRQ�RU�VXFFHVVIXO�UHVXOW��DGDSWHG�IURP�KWWS���GFVREUDO�EORJVSRW
�FRP���������FDWFKLQJ�H[FHSWLRQV�KWPO��

// code-examples/ObjectSystem/typehierarchy/either-script.scala

def exceptionToLeft[T](f: => T): Either[java.lang.Throwable, T] = try {
  Right(f)
} catch {
  case ex => Left(ex)
}

def throwsOnOddInt(i: Int) = i % 2 match {
  case 0 => i
  case 1 => throw new RuntimeException(i + " is odd!")
}

for(i <- 0 to 3)
  exceptionToLeft(throwsOnOddInt(i)) match {
    case Left(ex) => println("Oops, got exception " + ex.toString)
    case Right(x) => println(x)
  }

7KH�exceptionToLeft�PHWKRG�HYDOXDWHV�f��,W�FDWFKHV�D�Throwable�DQG�UHWXUQV�LW�DV�WKH
Left�YDOXH�RU�UHWXUQV�WKH�QRUPDO�UHVXOW�DV�WKH�Right�YDOXH��7KH�for�ORRS�XVHV�WKLV�PHWKRG
WR�LQYRNH�throwsOnOddInt��,W�SDWWHUQ�PDWFKHV�RQ�WKH�UHVXOW�DQG�SULQWV�DQ�DSSURSULDWH
PHVVDJH��7KH�RXWSXW�RI�WKH�VFULSW�LV�WKH�IROORZLQJ�

0
Oops, got exception java.lang.RuntimeException: 1 is odd!
2
Oops, got exception java.lang.RuntimeException: 3 is odd!
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$�FunctionN�WUDLW��ZKHUH�N�LV���WR�����LV�LQVWDQWLDWHG�IRU�DQ�DQRQ\PRXV�IXQFWLRQ�ZLWK
N�DUJXPHQWV��6R��FRQVLGHU�WKH�IROORZLQJ�DQRQ\PRXV�IXQFWLRQ�

(t1: T1, ..., tN: TN) => new R(...)

,W�LV�V\QWDFWLF�VXJDU�IRU�WKH�IROORZLQJ�FUHDWLRQ�RI�DQ�DQRQ\PRXV�FODVV�

new FunctionN {
  def apply(t1: T1, ..., tN: TN): R = new R(...)

  // other methods
}

:H¦OO�UHYLVLW�FunctionN�LQ�£9DULDQFH�8QGHU�,QKHULWDQFH¤�RQ�SDJH�����DQG�£)XQFWLRQ
7\SHV¤�RQ�SDJH�����

Linearization of an Object’s Hierarchy
%HFDXVH�RI�VLQJOH�LQKHULWDQFH��WKH�LQKHULWDQFH�KLHUDUFK\�ZRXOG�EH�OLQHDU��LI�ZH�LJQRUHG
PL[HG�LQ�WUDLWV��:KHQ�WUDLWV�DUH�FRQVLGHUHG��HDFK�RI�ZKLFK�PD\�EH�GHULYHG�IURP�RWKHU
WUDLWV�DQG�FODVVHV��WKH�LQKHULWDQFH�KLHUDUFK\�IRUPV�D�GLUHFWHG��DF\FOLF�JUDSK��VHH�>6FD�
OD6SHF����@���7KH�WHUP�OLQHDUL]DWLRQ�UHIHUV�WR�WKH�DOJRULWKP�XVHG�WR�£IODWWHQ¤�WKLV�JUDSK
IRU�WKH�SXUSRVHV�RI�UHVROYLQJ�PHWKRG�ORRNXS�SULRULWLHV��FRQVWUXFWRU�LQYRFDWLRQ�RUGHU�
ELQGLQJ�RI�super��HWF�

,QIRUPDOO\��ZH�VDZ�LQ�£6WDFNDEOH�7UDLWV¤�RQ�SDJH����WKDW�ZKHQ�DQ�LQVWDQFH�KDV�PRUH
WKDQ�RQH�WUDLW��WKH\�ELQG�ULJKW�WR�OHIW��DV�GHFODUHG��&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�RI
OLQHDUL]DWLRQ�

// code-examples/ObjectSystem/linearization/linearization1-script.scala

class C1 {
  def m = List("C1")
}

trait T1 extends C1 {
  override def m = { "T1" :: super.m }
}

trait T2 extends C1 {
  override def m = { "T2" :: super.m }
}

trait T3 extends C1 {
  override def m = { "T3" :: super.m }
}

class C2 extends T1 with T2 with T3 {
  override def m = { "C2" :: super.m }
}

val c2 = new C2
println(c2.m)
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5XQQLQJ�WKLV�VFULSW�\LHOGV�WKH�IROORZLQJ�RXWSXW�

List(C2, T3, T2, T1, C1)

7KLV�OLVW�RI�VWULQJV�EXLOW�XS�E\�WKH�m�PHWKRGV�UHIOHFWV�WKH�OLQHDUL]DWLRQ�RI�WKH�LQKHULWDQFH
KLHUDUFK\��ZLWK�D�IHZ�PLVVLQJ�SLHFHV�ZH¦OO�GLVFXVV�VKRUWO\��:H¦OO�DOVR�VHH�ZK\�&��LV�DW
WKH�HQG�RI�WKH�OLVW��)LUVW��OHW¦V�VHH�ZKDW�WKH�LQYRFDWLRQ�VHTXHQFH�RI�WKH�FRQVWUXFWRUV�ORRNV
OLNH�

// code-examples/ObjectSystem/linearization/linearization2-script.scala

var clist = List[String]()

class C1 {
  clist ::= "C1"
}

trait T1 extends C1 {
  clist ::= "T1"
}

trait T2 extends C1 {
  clist ::= "T2"
}

trait T3 extends C1 {
  clist ::= "T3"
}

class C2 extends T1 with T2 with T3 {
  clist ::= "C2"
}

val c2 = new C2
println(clist.reverse)

5XQQLQJ�WKLV�VFULSW�\LHOGV�WKH�IROORZLQJ�RXWSXW�

List(C1, T1, T2, T3, C2)

6R��WKH�FRQVWUXFWLRQ�VHTXHQFH�LV�WKH�UHYHUVH���:H�KDG�WR�UHYHUVH�WKH�OLVW�RQ�WKH�ODVW�OLQH�
EHFDXVH�WKH�ZD\�LW�ZDV�FRQVWUXFWHG�SXW�WKH�HOHPHQWV�LQ�WKH�UHYHUVH�RUGHU���7KLV�LQYR�
FDWLRQ�RUGHU�PDNHV�VHQVH��)RU�SURSHU�FRQVWUXFWLRQ�WR�RFFXU��WKH�SDUHQW�W\SHV�QHHG�WR
EH� FRQVWUXFWHG�EHIRUH� WKH� GHULYHG� W\SHV�� VLQFH� D� GHULYHG� W\SH� RIWHQ�XVHV� ILHOGV� DQG
PHWKRGV�LQ�WKH�SDUHQW�W\SHV�GXULQJ�LWV�FRQVWUXFWLRQ�SURFHVV�

7KH�RXWSXW�RI�WKH�ILUVW�OLQHDUL]DWLRQ�VFULSW�LV�DFWXDOO\�PLVVLQJ�WKUHH�W\SHV�DW�WKH�HQG��7KH
IXOO�OLQHDUL]DWLRQ�IRU�UHIHUHQFH�W\SHV�DFWXDOO\�HQGV�ZLWK�ScalaObject��AnyRef��DQG�Any�
6R�WKH�OLQHDUL]DWLRQ�IRU�C2�LV�DFWXDOO\�

List(C2, T3, T2, T1, C1, ScalaObject, AnyRef, Any)

6FDOD�LQVHUWV�WKH�ScalaObject�WUDLW�DV�WKH�ODVW�PL[LQ��MXVW�EHIRUH�AnyRef�DQG�Any�WKDW�DUH
WKH�SHQXOWLPDWH�DQG�XOWLPDWH�SDUHQW�FODVVHV�RI�DQ\�UHIHUHQFH�W\SH��2I�FRXUVH��WKHVH�WKUHH
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W\SHV�GR�QRW�VKRZ�XS�LQ�WKH�RXWSXW�RI�WKH�VFULSWV��EHFDXVH�ZH�XVHG�DQ�DG�KRF�m�PHWKRG
WR�ILJXUH�RXW�WKH�EHKDYLRU�E\�EXLOGLQJ�XS�DQ�RXWSXW�VWULQJ�

7KH�£YDOXH�W\SHV�¤�VXEFODVVHV�RI�AnyVal��DUH�DOO�GHFODUHG�abstract final��7KH�FRPSLOHU
PDQDJHV�LQVWDQWLDWLRQ�RI�WKHP��6LQFH�ZH�FDQ¦W�VXEFODVV�WKHP��WKHLU�OLQHDUL]DWLRQV�DUH
VLPSOH�DQG�VWUDLJKWIRUZDUG�

7KH�OLQHDUL]DWLRQ�GHILQHV�WKH�RUGHU�LQ�ZKLFK�PHWKRG�ORRNXS�RFFXUV��/HW¦V�H[DPLQH�LW
PRUH�FORVHO\�

$OO�RXU�FODVVHV�DQG�WUDLWV�GHILQH�WKH�PHWKRG�m��7KH�RQH�LQ�C2�LV�FDOOHG�ILUVW��VLQFH�WKH
LQVWDQFH�LV�RI�WKDW�W\SH��C2.m�FDOOV�super.m��ZKLFK�UHVROYHV�WR�T3.m��7KH�VHDUFK�DSSHDUV
WR�EH�EUHDGWK�ILUVW��UDWKHU�WKDQ�GHSWK�ILUVW��,I�LW�ZHUH�GHSWK�ILUVW��LW�ZRXOG�LQYRNH�C1.m
DIWHU�T3.m��$IWHUZDUG��T3.m��T2.m��WKHQ�T1.m��DQG�ILQDOO\�C1.m�DUH�LQYRNHG��C1�LV�WKH�SDUHQW
RI�WKH�WKUHH�WUDLWV��)URP�ZKLFK�RI�WKH�WUDLWV�GLG�ZH�WUDYHUVH�WR�C1"�$FWXDOO\��LW�LV�EUHDGWK�
ILUVW��ZLWK�£GHOD\HG¤�HYDOXDWLRQ��DV�ZH�ZLOO�VHH��/HW¦V�PRGLI\�RXU�ILUVW�H[DPSOH�DQG�VHH
KRZ�ZH�JRW�WR�C1�

// code-examples/ObjectSystem/linearization/linearization3-script.scala

class C1 {
  def m(previous: String) = List("C1("+previous+")")
}

trait T1 extends C1 {
  override def m(p: String) = { "T1" :: super.m("T1") }
}

trait T2 extends C1 {
  override def m(p: String) = { "T2" :: super.m("T2") }
}

trait T3 extends C1 {
  override def m(p: String) = { "T3" :: super.m("T3") }
}

class C2 extends T1 with T2 with T3 {
  override def m(p: String) = { "C2" :: super.m("C2") }
}

val c2 = new C2
println(c2.m(""))

1RZ�ZH�SDVV�WKH�QDPH�RI�WKH�FDOOHU�RI�super.m�DV�D�SDUDPHWHU��WKHQ�C1�SULQWV�RXW�ZKR
FDOOHG�LW��5XQQLQJ�WKLV�VFULSW�\LHOGV�WKH�IROORZLQJ�RXWSXW�

List(C2, T3, T2, T1, C1(T1))

,W¦V�WKH�ODVW�RQH��T1��:H�PLJKW�KDYH�H[SHFWHG�T3�IURP�D�£QDwYH¤�DSSOLFDWLRQ�RI�EUHDGWK�
ILUVW�WUDYHUVDO�

+HUH�LV�WKH�DFWXDO�DOJRULWKP�IRU�FDOFXODWLQJ�WKH�OLQHDUL]DWLRQ��$�PRUH�IRUPDO�GHILQLWLRQ
LV�JLYHQ�LQ�>6FDOD6SHF����@�
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Linearization Algorithm for Reference Types

�� 3XW�WKH�DFWXDO�W\SH�RI�WKH�LQVWDQFH�DV�WKH�ILUVW�HOHPHQW�

�� 6WDUWLQJ�ZLWK�WKH�ULJKWPRVW�SDUHQW�W\SH�DQG�ZRUNLQJ�OHIW��FRPSXWH�WKH�OLQHDUL]DWLRQ
RI�HDFK�W\SH��DSSHQGLQJ�LWV�OLQHDUL]DWLRQ�WR�WKH�FXPXODWLYH�OLQHDUL]DWLRQ���,JQRUH
ScalaObject��AnyRef��DQG�Any�IRU�QRZ��

�� :RUNLQJ�IURP�OHIW�WR�ULJKW��UHPRYH�DQ\�W\SH�LI�LW�DSSHDUV�DJDLQ�WR�WKH�ULJKW�RI�WKH
FXUUHQW�SRVLWLRQ�

�� $SSHQG�ScalaObject��AnyRef��DQG�Any�

7KLV�H[SODLQV�KRZ�ZH�JRW�WR�C1�IURP�T1�LQ�WKH�SUHYLRXV�H[DPSOH��T3�DQG�T2�DOVR�KDYH�LW
LQ�WKHLU�OLQHDUL]DWLRQV��EXW�WKH\�FRPH�EHIRUH�T1��VR�WKH�C1�WHUPV�WKH\�FRQWULEXWHG�ZHUH
GHOHWHG�

/HW¦V�ZRUN�WKURXJK�WKH�DOJRULWKP�XVLQJ�D�VOLJKWO\�PRUH�LQYROYHG�H[DPSOH�

// code-examples/ObjectSystem/linearization/linearization4-script.scala

class C1 {
  def m = List("C1")
}

trait T1 extends C1 {
  override def m = { "T1" :: super.m }
}

trait T2 extends C1 {
  override def m = { "T2" :: super.m }
}

trait T3 extends C1 {
  override def m = { "T3" :: super.m }
}

class C2A extends T2 {
  override def m = { "C2A" :: super.m }
}

class C2 extends C2A with T1 with T2 with T3 {
  override def m = { "C2" :: super.m }
}

def calcLinearization(obj: C1, name: String) = {
  val lin = obj.m ::: List("ScalaObject", "AnyRef", "Any")
  println(name + ":  " + lin)
}

calcLinearization(new C2, "C2 ")
println("")
calcLinearization(new T3 {}, "T3 ")
calcLinearization(new T2 {}, "T2 ")
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calcLinearization(new T1 {}, "T1 ")
calcLinearization(new C2A, "C2A")
calcLinearization(new C1, "C1 ")

7KH�RXWSXW�LV�WKH�IROORZLQJ�

C2 :  List(C2, T3, T1, C2A, T2, C1, ScalaObject, AnyRef, Any)

T3 :  List(T3, C1, ScalaObject, AnyRef, Any)
T2 :  List(T2, C1, ScalaObject, AnyRef, Any)
T1 :  List(T1, C1, ScalaObject, AnyRef, Any)
C2A:  List(C2A, T2, C1, ScalaObject, AnyRef, Any)
C1 :  List(C1, ScalaObject, AnyRef, Any)

7R�KHOS�XV�DORQJ��ZH�FDOFXODWHG� WKH� OLQHDUL]DWLRQV� IRU� WKH�RWKHU� W\SHV�� DQG�ZH�DOVR
DSSHQGHG�ScalaObject��AnyRef��DQG�Any�WR�UHPLQG�RXUVHOYHV�WKDW�WKH\�VKRXOG�DOVR�EH
WKHUH��:H�DOVR�UHPRYHG�WKH�ORJLF�WR�SDVV�WKH�FDOOHU¦V�QDPH�WR�m��7KDW�FDOOHU�RI�C1�ZLOO
DOZD\V�EH�WKH�HOHPHQW�WR�LWV�LPPHGLDWH�OHIW�

6R��OHW¦V�ZRUN�WKURXJK�WKH�DOJRULWKP�IRU�C2�DQG�FRQILUP�RXU�UHVXOWV��:H¦OO�VXSSUHVV�WKH
ScalaObject��AnyRef��DQG�Any�IRU�FODULW\��XQWLO�WKH�HQG��6HH�7DEOH�����

7DEOH������+DQG�FDOFXODWLRQ�RI�&��OLQHDUL]DWLRQ��&��H[WHQGV�&�$�ZLWK�7��ZLWK�7��ZLWK�7��^���`

# Linearization Description

1 C2 Add the type of the instance.

2 C2, T3, C1 Add the linearization for T3 (farthest on the right).

3 C2, T3, C1, T2, C1 Add the linearization for T2.

4 C2, T3, C1, T2, C1, T1, C1 Add the linearization for T1.

5 C2, T3, C1, T2, C1, T1, C1, C2A, T2, C1 Add the linearization for C2A.

6 C2, T3, T2, T1, C2A, T2, C1 Remove duplicates of C1; all but the last C1.

7 C2, T3, T1, C2A, T2, C1 Remove duplicate T2; all but the last T2.

8 C2, T3, T1, C2A, T2, C1, ScalaObject,

AnyRef, Any

Finish!

:KDW�WKH�DOJRULWKP�GRHV�LV�SXVK�DQ\�VKDUHG�W\SHV�WR�WKH�ULJKW�XQWLO�WKH\�FRPH�DIWHU
DOO�WKH�W\SHV�WKDW�GHULYH�IURP�WKHP�

7U\�PRGLI\LQJ�WKH�ODVW�VFULSW�ZLWK�GLIIHUHQW�KLHUDUFKLHV�DQG�VHH�LI�\RX�FDQ�UHSURGXFH�WKH
UHVXOWV�XVLQJ�WKH�DOJRULWKP�

2YHUO\� FRPSOH[� W\SH� KLHUDUFKLHV� FDQ� UHVXOW� LQ�PHWKRG� ORRNXS� £VXU�
SULVHV�¤�,I�\RX�KDYH�WR�ZRUN�WKURXJK�WKLV�DOJRULWKP�WR�ILJXUH�RXW�ZKDW¦V
JRLQJ�RQ��WU\�WR�VLPSOLI\�\RXU�FRGH�
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Recap and What’s Next
:H�KDYH� ILQLVKHG�RXU� VXUYH\�RI� 6FDOD¦V� REMHFW�PRGHO�� ,I� \RX� FRPH� IURP�DQ�REMHFW�
RULHQWHG� ODQJXDJH�EDFNJURXQG��\RX�QRZ�NQRZ�HQRXJK�DERXW�6FDOD� WR� UHSODFH�\RXU
H[LVWLQJ�REMHFW�RULHQWHG�ODQJXDJH�ZLWK�REMHFW�RULHQWHG�6FDOD�

+RZHYHU��WKHUH�LV�PXFK�PRUH�WR�FRPH��6FDOD�VXSSRUWV�IXQFWLRQDO�SURJUDPPLQJ��ZKLFK
RIIHUV�SRZHUIXO�PHFKDQLVPV�IRU�DGGUHVVLQJ�D�QXPEHU�RI�GHVLJQ�SUREOHPV��VXFK�DV�FRQ�
FXUUHQF\��:H¦OO�VHH�WKDW�IXQFWLRQDO�SURJUDPPLQJ�DSSHDUV�WR�FRQWUDGLFW�REMHFW�RULHQWHG
SURJUDPPLQJ��DW�OHDVW�RQ�WKH�VXUIDFH��7KDW�VDLG��D�JXLGLQJ�SULQFLSOH�EHKLQG�6FDOD�LV�WKDW
WKHVH�WZR�SDUDGLJPV�FRPSOHPHQW�HDFK�RWKHU�PRUH�WKDQ�WKH\�FRQIOLFW��&RPELQHG��WKH\
JLYH�\RX�PRUH�RSWLRQV�IRU�EXLOGLQJ�UREXVW��VFDODEOH�VRIWZDUH��6FDOD�OHWV�\RX�FKRRVH�WKH
WHFKQLTXHV�WKDW�ZRUN�EHVW�IRU�\RXU�QHHGV�
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CHAPTER 8

Functional Programming in Scala

(YHU\�GHFDGH�RU�WZR��D�PDMRU�FRPSXWLQJ�LGHD�JRHV�PDLQVWUHDP��7KHVH�LGHDV�PD\�KDYH
OXUNHG�LQ�WKH�EDFNJURXQG�RI�DFDGHPLF�FRPSXWHU�VFLHQFH�UHVHDUFK��RU�SRVVLEO\�LQ�VRPH
OHVVHU�NQRZQ�ILHOG�RI�LQGXVWU\��7KH�WUDQVLWLRQ�WR�PDLQVWUHDP�DFFHSWDQFH�FRPHV�LQ�UH�
VSRQVH�WR�D�SHUFHLYHG�SUREOHP�IRU�ZKLFK�WKH�LGHD�LV�ZHOO�VXLWHG��2EMHFW�RULHQWHG�SUR�
JUDPPLQJ��ZKLFK�ZDV�LQYHQWHG�LQ�WKH�����V��ZHQW�PDLQVWUHDP�LQ�WKH�����V��DUJXDEO\
LQ�UHVSRQVH�WR�WKH�HPHUJHQFH�RI�JUDSKLFDO�XVHU�LQWHUIDFHV��IRU�ZKLFK�WKH�223�SDUDGLJP
LV�D�QDWXUDO�ILW�

)XQFWLRQDO�SURJUDPPLQJ�DSSHDUV�WR�EH�H[SHULHQFLQJ�D�VLPLODU�EUHDNRXW��/RQJ�WKH�WRSLF
RI�FRPSXWHU�VFLHQFH�UHVHDUFK�DQG�HYHQ�ROGHU�WKDQ�REMHFW�RULHQWHG�SURJUDPPLQJ��IXQF�
WLRQDO�SURJUDPPLQJ�RIIHUV�HIIHFWLYH�WHFKQLTXHV�IRU�FRQFXUUHQW�SURJUDPPLQJ��ZKLFK�LV
JURZLQJ�LQ�LPSRUWDQFH�

%HFDXVH�IXQFWLRQDO�SURJUDPPLQJ�LV�OHVV�ZLGHO\�XQGHUVWRRG�WKDQ�REMHFW�RULHQWHG�SUR�
JUDPPLQJ��ZH�ZRQ¦W�DVVXPH�WKDW�\RX�KDYH�SULRU�H[SHULHQFH�ZLWK�LW��:H¦OO�VWDUW�WKLV
FKDSWHU�ZLWK�SOHQW\�RI�EDFNJURXQG�LQIRUPDWLRQ��$V�\RX¦OO�VHH��IXQFWLRQDO�SURJUDPPLQJ
LV�QRW�RQO\� D� YHU\� HIIHFWLYH�ZD\� WR� DSSURDFK�FRQFXUUHQW�SURJUDPPLQJ��ZKLFK�ZH¦OO
H[SORUH� LQ�GHSWK� LQ�&KDSWHU����EXW� IXQFWLRQDO�SURJUDPPLQJ�FDQ�DOVR� LPSURYH�\RXU
REMHFWV�

2I�FRXUVH��ZH�FDQ¦W�SURYLGH�DQ�H[KDXVWLYH�LQWURGXFWLRQ�WR�IXQFWLRQDO�SURJUDPPLQJ��7R
OHDUQ�PRUH�DERXW�LW��>2¦6XOOLYDQ����@�KDV�D�PRUH�GHWDLOHG�LQWURGXFWLRQ�LQ�WKH�FRQWH[W
RI�WKH�+DVNHOO�ODQJXDJH��>$EHOVRQ����@��>9DQ5R\����@��DQG�>7XUEDN����@�RIIHU�WKRU�
RXJK� LQWURGXFWLRQV� WR� JHQHUDO� SURJUDPPLQJ� DSSURDFKHV�� LQFOXGLQJ� IXQFWLRQDO� SUR�
JUDPPLQJ��)LQDOO\��>2NDVDNL����@�DQG�>5DEKL����@�GLVFXVV�IXQFWLRQDO�GDWD�VWUXFWXUHV
DQG�DOJRULWKPV�LQ�GHWDLO�

What Is Functional Programming?
'RQ¦W�DOO�SURJUDPPLQJ�ODQJXDJHV�KDYH�IXQFWLRQV�RI�VRPH�VRUW"�:KHWKHU�WKH\�DUH�FDOOHG
PHWKRGV�� SURFHGXUHV�� RU� GOTOs�� SURJUDPPHUV� DUH� DOZD\V� GHDOLQJ� LQ� IXQFWLRQV�
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)XQFWLRQDO�SURJUDPPLQJ�LV�EDVHG�RQ�WKH�EHKDYLRU�RI�IXQFWLRQV�LQ�WKH�PDWKHPDWLFDO
VHQVH��ZLWK�DOO�WKH�LPSOLFDWLRQV�WKDW�VWDUWLQJ�SRLQW�LPSOLHV�

Functions in Mathematics
,Q�PDWKHPDWLFV��IXQFWLRQV�KDYH�QR�VLGH�HIIHFWV��&RQVLGHU�WKH�FODVVLF�IXQFWLRQ�sin(x)�

y = sin(x)

1R�PDWWHU�KRZ�PXFK�ZRUN�sin(x)�GRHV��DOO�WKH�UHVXOWV�DUH�UHWXUQHG�DQG�DVVLJQHG�WR�y�
1R�JOREDO�VWDWH�RI�DQ\�NLQG�LV�PRGLILHG�LQWHUQDOO\�E\�sin(x)��+HQFH��ZH�VD\�WKDW�VXFK
D�IXQFWLRQ�LV�IUHH�RI�VLGH�HIIHFWV��RU�SXUH�

7KLV�SURSHUW\�VLPSOLILHV�HQRUPRXVO\�WKH�FKDOOHQJH�RI�DQDO\]LQJ��WHVWLQJ��DQG�GHEXJJLQJ
D�IXQFWLRQ��<RX�FDQ�GR�WKHVH�WKLQJV�ZLWKRXW�KDYLQJ�WR�NQRZ�DQ\WKLQJ�DERXW�WKH�FRQWH[W
LQ�ZKLFK�WKH�IXQFWLRQ�LV�LQYRNHG��H[FHSW�IRU�DQ\�RWKHU�IXQFWLRQV�LW�PLJKW�FDOO��+RZHYHU�
\RX�FDQ�DQDO\]H�WKHP�LQ�WKH�VDPH�ZD\��ZRUNLQJ�ERWWRP�XS�WR�YHULI\�WKH�ZKROH�£VWDFN�¤

7KLV�REOLYLRXVQHVV�WR�WKH�VXUURXQGLQJ�FRQWH[W�LV�NQRZQ�DV�5HIHUHQWLDO�7UDQVSDUHQF\�
<RX�FDQ�FDOO�VXFK�D�IXQFWLRQ�DQ\ZKHUH�DQG�EH�FRQILGHQW�WKDW�LW�ZLOO�DOZD\V�EHKDYH�WKH
VDPH�ZD\�� ,I� QR� JOREDO� VWDWH� LV�PRGLILHG�� FRQFXUUHQW� LQYRFDWLRQ� RI� WKH� IXQFWLRQ� LV
VWUDLJKWIRUZDUG�DQG�UHOLDEOH�

,Q�IXQFWLRQDO�SURJUDPPLQJ��\RX�FDQ�FRPSRVH�IXQFWLRQV�IURP�RWKHU�IXQFWLRQV��)RU�H[�
DPSOH��tan(x) = sin(x)/cos(x)��$Q�LPSOLFDWLRQ�RI�FRPSRVDELOLW\�LV�WKDW�IXQFWLRQV�FDQ
EH�WUHDWHG�DV�YDOXHV��,Q�RWKHU�ZRUGV��IXQFWLRQV�DUH�ILUVW�FODVV��MXVW�OLNH�GDWD��<RX�FDQ
DVVLJQ�IXQFWLRQV�WR�YDULDEOHV��<RX�FDQ�SDVV�IXQFWLRQV�WR�RWKHU�IXQFWLRQV��<RX�FDQ�UHWXUQ
IXQFWLRQV�DV�YDOXHV�IURP�IXQFWLRQV��,Q�WKH�IXQFWLRQDO�SDUDGLJP��IXQFWLRQV�EHFRPH�D
SULPLWLYH�W\SH��D�EXLOGLQJ�EORFN�WKDW¦V�MXVW�DV�HVVHQWLDO�WR�WKH�ZRUN�RI�SURJUDPPLQJ�DV
LQWHJHUV�RU�VWULQJV�

:KHQ�D�IXQFWLRQ�WDNHV�RWKHU�IXQFWLRQV�DV�DUJXPHQWV�RU�UHWXUQV�D�IXQFWLRQ��LW�LV�FDOOHG
D�KLJKHU�RUGHU�IXQFWLRQ��,Q�PDWKHPDWLFV��WZR�H[DPSOHV�RI�KLJKHU�RUGHU�IXQFWLRQV�IURP
FDOFXOXV�DUH�GHULYDWLRQ�DQG�LQWHJUDWLRQ�

Variables that Aren’t
7KH�ZRUG�£YDULDEOH¤�WDNHV�RQ�D�QHZ�PHDQLQJ�LQ�IXQFWLRQDO�SURJUDPPLQJ��,I�\RX�FRPH
IURP�D�SURFHGXUDO�RU�REMHFW�RULHQWHG�SURJUDPPLQJ�EDFNJURXQG��\RX�DUH�DFFXVWRPHG
WR�YDULDEOHV�WKDW�DUH�PXWDEOH��,Q�IXQFWLRQDO�SURJUDPPLQJ��YDULDEOHV�DUH�LPPXWDEOH�

7KLV�LV�DQRWKHU�FRQVHTXHQFH�RI�WKH�PDWKHPDWLFDO�RULHQWDWLRQ��,Q�WKH�H[SUHVVLRQ�y =
sin(x)��RQFH�\RX�SLFN�x��WKHQ�y�LV�IL[HG��$V�DQRWKHU�H[DPSOH��LI�\RX�LQFUHPHQW�WKH�LQWHJHU
��E\����\RX�GRQ¦W�£PRGLI\�WKH���REMHFW�¤�\RX�FUHDWH�D�QHZ�YDOXH�WR�UHSUHVHQW���

7R�EH�PRUH�SUHFLVH��LW�LV�WKH�YDOXHV�WKDW�DUH�LPPXWDEOH��)XQFWLRQDO�SURJUDPPLQJ�ODQ�
JXDJHV�SUHYHQW�\RX�IURP�DVVLJQLQJ�D�QHZ�YDOXH�WR�D�YDULDEOH�WKDW�DOUHDG\�KDV�D�YDOXH�
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,PPXWDELOLW\�LV�GLIILFXOW�ZKHQ�\RX¦UH�QRW�XVHG�WR�LW��,I�\RX�FDQ¦W�FKDQJH�D�YDULDEOH��WKHQ
\RX�FDQ¦W�KDYH�ORRS�FRXQWHUV��IRU�H[DPSOH��:H¦UH�DFFXVWRPHG�WR�REMHFWV�WKDW�FKDQJH
WKHLU�VWDWH�ZKHQ�ZH�FDOO�PHWKRGV�RQ�WKHP��/HDUQLQJ�WR�WKLQN�LQ�LPPXWDEOH�WHUPV�WDNHV
VRPH�HIIRUW�

+RZHYHU��LPPXWDELOLW\�KDV�HQRUPRXV�EHQHILWV�IRU�FRQFXUUHQF\��$OPRVW�DOO�WKH�GLIILFXOW\
RI�PXOWLWKUHDGHG�SURJUDPPLQJ�OLHV�LQ�V\QFKURQL]LQJ�DFFHVV�WR�VKDUHG��PXWDEOH�VWDWH��,I
\RX�UHPRYH�PXWDELOLW\��WKHQ�WKH�SUREOHPV�HVVHQWLDOO\�JR�DZD\��,W�LV�WKH�FRPELQDWLRQ�RI
UHIHUHQWLDOO\� WUDQVSDUHQW� IXQFWLRQV�DQG� LPPXWDEOH�YDOXHV� WKDW�PDNH� IXQFWLRQDO�SUR�
JUDPPLQJ�FRPSHOOLQJ�DV�D�EHWWHU�ZD\�WR�ZULWH�FRQFXUUHQW�VRIWZDUH�

7KHVH�TXDOLWLHV� EHQHILW� SURJUDPV� LQ� RWKHU�ZD\V��$OPRVW� DOO� WKH� FRQVWUXFWV�ZH�KDYH
LQYHQWHG�LQ����RGG�\HDUV�RI�FRPSXWHU�SURJUDPPLQJ�KDYH�EHHQ�DWWHPSWV�WR�PDQDJH
FRPSOH[LW\��+LJKHU�RUGHU�IXQFWLRQV�DQG�UHIHUHQWLDO�WUDQVSDUHQF\�SURYLGH�YHU\�IOH[LEOH
EXLOGLQJ�EORFNV�IRU�FRPSRVLQJ�SURJUDPV�

,PPXWDELOLW\�JUHDWO\�UHGXFHV�UHJUHVVLRQ�EXJV��PDQ\�RI�ZKLFK�DUH�FDXVHG�E\�XQLQWHQ�
GHG�VWDWH�FKDQJHV�LQ�RQH�SDUW�RI�D�SURJUDP�GXH�WR�LQWHQGHG�FKDQJHV�LQ�DQRWKHU�SDUW�
7KHUH�DUH�RWKHU�FRQWULEXWRUV�WR�VXFK�QRQ�ORFDO�HIIHFWV��EXW�PXWDELOLW\�LV�RQH�RI�WKH�PRVW
LPSRUWDQW�

,W¦V�FRPPRQ�LQ�REMHFW�RULHQWHG�GHVLJQV�WR�HQFDSVXODWH�DFFHVV�WR�GDWD�VWUXFWXUHV�LQ�RE�
MHFWV��,I�WKHVH�VWUXFWXUHV�DUH�PXWDEOH��ZH�FDQ¦W�VLPSO\�VKDUH�WKHP�ZLWK�FOLHQWV��:H�KDYH
WR�DGG�VSHFLDO�DFFHVVRU�PHWKRGV�WR�FRQWURO�DFFHVV��VR�FOLHQWV�FDQ¦W�PRGLI\�WKHP�RXWVLGH
RXU�FRQWURO��7KHVH�DGGLWLRQV�LQFUHDVH�FRGH�VL]H��ZKLFK�LQFUHDVHV�WKH�WHVWLQJ�DQG�PDLQ�
WHQDQFH�EXUGHQ��DQG�WKH\�LQFUHDVH�WKH�HIIRUW�UHTXLUHG�E\�FOLHQWV�WR�XQGHUVWDQG�WKH�DG
KRF�IHDWXUHV�RI�RXU�$3,V�

,Q�FRQWUDVW��ZKHQ�ZH�KDYH�LPPXWDEOH�GDWD�VWUXFWXUHV��PDQ\�RI�WKHVH�SUREOHPV�VLPSO\
JR�DZD\��:H�FDQ�SURYLGH�DFFHVV�WR�FROOHFWLRQV�ZLWKRXW�IHDU�RI�GDWD�ORVV�RU�FRUUXSWLRQ�
2I�FRXUVH��WKH�JHQHUDO�SULQFLSOHV�RI�PLQLPDO�FRXSOLQJ�VWLOO�DSSO\��VKRXOG�FOLHQWV�FDUH�LI
D�Set�RU�List�LV�XVHG��DV�ORQJ�foreach�LV�DYDLODEOH"

,PPXWDEOH�GDWD�DOVR�LPSOLHV�WKDW�ORWV�RI�FRSLHV�ZLOO�EH�PDGH��ZKLFK�FDQ�EH�H[SHQVLYH�
)XQFWLRQDO�GDWD�VWUXFWXUHV�RSWLPL]H�IRU�WKLV�SUREOHP��VHH�>2NDVDNL����@��DQG�PDQ\�RI
WKH�EXLOW�LQ�6FDOD�W\SHV�DUH�HIILFLHQW�DW�FUHDWLQJ�QHZ�FRSLHV�IURP�H[LVWLQJ�FRSLHV�

,W¦V�WLPH�WR�GLYH�LQWR�WKH�SUDFWLFDOLWLHV�RI�IXQFWLRQDO�SURJUDPPLQJ�LQ�6FDOD��:H¦OO�GLVFXVV
RWKHU�DVSHFWV�DQG�EHQHILWV�RI�WKH�DSSURDFK�DV�ZH�SURFHHG�

Functional Programming in Scala
$V�D�K\EULG�REMHFW�IXQFWLRQDO�ODQJXDJH��6FDOD�GRHV�QRW�UHTXLUH�IXQFWLRQV�WR�EH�SXUH�
QRU�GRHV�LW�UHTXLUH�YDULDEOHV�WR�EH�LPPXWDEOH��,W�GRHV��KRZHYHU��HQFRXUDJH�\RX�WR�ZULWH
\RXU�FRGH� WKLV�ZD\�ZKHQHYHU�SRVVLEOH��<RX�KDYH� WKH� IUHHGRP�WR�XVH�SURFHGXUDO�RU
REMHFW�RULHQWHG�WHFKQLTXHV�ZKHQ�DQG�ZKHUH�WKH\�VHHP�PRVW�DSSURSULDWH�
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7KRXJK� IXQFWLRQDO� ODQJXDJHV� DUH� DOO� DERXW� HOLPLQDWLQJ� VLGH� HIIHFWV�� D� ODQJXDJH� WKDW
QHYHU�DOORZHG�IRU�VLGH�HIIHFWV�ZRXOG�EH�XVHOHVV��,QSXW�DQG�RXWSXW��,2��DUH�LQKHUHQWO\
DERXW�VLGH�HIIHFWV��DQG�,2�LV�HVVHQWLDO�WR�DOO�SURJUDPPLQJ�WDVNV��)RU�WKLV�UHDVRQ��DOO
IXQFWLRQDO�ODQJXDJHV�SURYLGH�PHFKDQLVPV�IRU�SHUIRUPLQJ�VLGH�HIIHFWV�LQ�D�FRQWUROOHG
ZD\�

6FDOD�GRHVQ¦W�UHVWULFW�ZKDW�\RX�FDQ�GR��EXW�ZH�HQFRXUDJH�\RX�WR�XVH�LPPXWDEOH�YDOXHV
DQG�SXUH�IXQFWLRQV�DQG�PHWKRGV�ZKHQHYHU�SRVVLEOH��:KHQ�PXWDELOLW\�DQG�VLGH�HIIHFWV
DUH�QHFHVVDU\��SXUVXH�WKHP�LQ�D�£SULQFLSOHG¤�ZD\��LVRODWHG�LQ�ZHOO�GHILQHG�PRGXOHV�DQG
IRFXVHG�RQ�LQGLYLGXDO�WDVNV�

,I�\RX¦UH�QHZ�WR�IXQFWLRQDO�SURJUDPPLQJ��NHHS�LQ�PLQG�WKDW�LW¦V�HDV\�WR�IDOO�EDFN�WR�ROG
KDELWV��:H�HQFRXUDJH�\RX�WR�PDVWHU�WKH�IXQFWLRQDO�VLGH�RI�6FDOD�DQG�WR�OHDUQ�WR�XVH�LW
HIIHFWLYHO\�

$�IXQFWLRQ�WKDW�UHWXUQV�Unit�LPSOLHV�WKDW�WKH�IXQFWLRQ�KDV�SXUH�VLGH�HI�
IHFWV��PHDQLQJ�WKDW�LI�LW�GRHV�DQ\�XVHIXO�ZRUN��WKDW�ZRUN�PXVW�EH�DOO�VLGH
HIIHFWV��VLQFH�WKH�IXQFWLRQ�GRHVQ¦W�UHWXUQ�DQ\WKLQJ�

:H¦YH�VHHQ�PDQ\�H[DPSOHV�RI�KLJKHU�RUGHU�IXQFWLRQV�DQG�FRPSRVDELOLW\�LQ�6FDOD��)RU
H[DPSOH��List.map�WDNHV�D�IXQFWLRQ�WR�WUDQVIRUP�HDFK�HOHPHQW�RI�WKH�OLVW�WR�VRPHWKLQJ
HOVH�

// code-examples/FP/basics/list-map-example-script.scala

List(1, 2, 3, 4, 5) map { _ * 2 }

5HFDOO�WKDW�_ * 2�LV�D�IXQFWLRQ�OLWHUDO�WKDW�LV�VKRUWKDQG�IRU�i => i * 2��)RU�HDFK�DUJXPHQW
WR�WKH�IXQFWLRQ��\RX�FDQ�XVH�_�LI�WKH�DUJXPHQW�LV�XVHG�RQO\�RQFH��:H�DOVR�XVHG�WKH�LQIL[
RSHUDWRU�QRWDWLRQ�WR�LQYRNH�map��+HUH¦V�DQ�H[DPSOH�WKDW�£UHGXFHV¤�WKH�VDPH�OLVW�E\
PXOWLSO\LQJ�DOO�WKH�HOHPHQWV�WRJHWKHU�

// code-examples/FP/basics/list-reduceLeft-example-script.scala

List(1, 2, 3, 4, 5) reduceLeft { _ * _ }

7KH�ILUVW�_�UHSUHVHQWV�WKH�DUJXPHQW�WKDW�LV�DFFXPXODWLQJ�WKH�YDOXH�RI�WKH�UHGXFWLRQ��DQG
WKH�VHFRQG�_�UHSUHVHQWV�WKH�FXUUHQW�HOHPHQW�RI�WKH�OLVW�

%RWK�H[DPSOHV�VXFFHVVIXOO\�£ORRSHG¤� WKURXJK� WKH� OLVW�ZLWKRXW� WKH�XVH�RI�D�PXWDEOH
FRXQWHU�WR�WUDFN�LWHUDWLRQV��0RVW�FRQWDLQHUV�LQ�WKH�6FDOD�OLEUDU\�SURYLGH�IXQFWLRQDOO\
SXUH�LWHUDWLRQ�PHWKRGV��,Q�RWKHU�FDVHV��UHFXUVLRQ�LV�WKH�SUHIHUUHG�ZD\�WR�WUDYHUVH�D�GDWD
VWUXFWXUH� RU� SHUIRUP� DQ� DOJRULWKP�� :H¦OO� UHWXUQ� WR� WKLV� WRSLF� LQ� £5HFXU�
VLRQ¤�RQ�SDJH�����
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Function Literals and Closures
/HW¦V�H[SDQG�RXU�SUHYLRXV�map�H[DPSOH�D�ELW�

// code-examples/FP/basics/list-map-closure-example-script.scala

var factor = 3
val multiplier = (i:Int) => i * factor

val l1 = List(1, 2, 3, 4, 5) map multiplier

factor = 5
val l2 = List(1, 2, 3, 4, 5) map multiplier

println(l1)
println(l2)

:H�GHILQHG�D�YDULDEOH��factor��WR�XVH�DV�WKH�PXOWLSOLFDWLRQ�IDFWRU��DQG�ZH�SXOOHG�RXW
WKH� SUHYLRXV� DQRQ\PRXV� IXQFWLRQ� LQWR� D� YDOXH� FDOOHG� multiplier� WKDW� QRZ� XVHV
factor��7KHQ�ZH�PDS�RYHU�D� OLVW�RI� LQWHJHUV��DV�ZH�GLG�EHIRUH��$IWHU�WKH�ILUVW�FDOO� WR
map��ZH�FKDQJH�factor�DQG�PDS�DJDLQ��+HUH�LV�WKH�RXWSXW�

List(3, 6, 9, 12, 15)
List(5, 10, 15, 20, 25)

(YHQ�WKRXJK�multiplier�ZDV�DQ�LPPXWDEOH�IXQFWLRQ�YDOXH��LWV�EHKDYLRU�FKDQJHG�ZKHQ
factor�FKDQJHG�

7KHUH�DUH�WZR�IUHH�YDULDEOHV�LQ�multiplier��i�DQG�factor��2QH�RI�WKHP��i��LV�D�IRUPDO
SDUDPHWHU�WR�WKH�IXQFWLRQ��+HQFH��LW�LV�ERXQG�WR�D�QHZ�YDOXH�HDFK�WLPH�multiplier�LV
FDOOHG�

+RZHYHU��factor�LV�QRW�D�IRUPDO�SDUDPHWHU��EXW�D�UHIHUHQFH�WR�D�YDULDEOH�LQ�WKH�HQFORVLQJ
VFRSH�� +HQFH�� WKH� FRPSLOHU� FUHDWHV� D� FORVXUH� WKDW� HQFRPSDVVHV� �RU� £FORVHV� RYHU¤�
multiplier�DQG�WKH�H[WHUQDO�FRQWH[W�RI�WKH�XQERXQG�YDULDEOHV�multiplier�UHIHUHQFHV�
WKHUHE\�ELQGLQJ�WKRVH�YDULDEOHV�DV�ZHOO�

7KLV�LV�ZK\�WKH�EHKDYLRU�RI�multiplier�FKDQJHG�DIWHU�FKDQJLQJ�factor��,W�UHIHUHQFHV
factor�DQG�UHDGV�LWV�FXUUHQW�YDOXH�HDFK�WLPH��,I�D�IXQFWLRQ�KDV�QR�H[WHUQDO�UHIHUHQFHV�
WKHQ�LW�LV�WULYLDOO\�FORVHG�RYHU�LWVHOI��1R�H[WHUQDO�FRQWH[W�LV�UHTXLUHG�

Purity Inside Versus Outside
,I�ZH�FDOOHG�sin(x)�WKRXVDQGV�RI�WLPHV�ZLWK�WKH�VDPH�YDOXH�RI�x��LW�ZRXOG�EH�ZDVWHIXO�LI
LW�FDOFXODWHG�WKH�VDPH�YDOXH�HYHU\�VLQJOH�WLPH��(YHQ�LQ�£SXUH¤�IXQFWLRQDO�OLEUDULHV��LW�LV
FRPPRQ�WR�SHUIRUP�LQWHUQDO�RSWLPL]DWLRQV�OLNH�FDFKLQJ�SUHYLRXVO\�FRPSXWHG�YDOXHV
�VRPHWLPHV�FDOOHG�PHPRL]DWLRQ���&DFKLQJ�LQWURGXFHV�VLGH�HIIHFWV��DV�WKH�VWDWH�RI�WKH
FDFKH�LV�PRGLILHG�

+RZHYHU��WKLV�ODFN�RI�SXULW\�VKRXOG�EH�RSDTXH�WR�WKH�XVHU��H[FHSW�SHUKDSV�LQ�WHUPV�RI
WKH�SHUIRUPDQFH� LPSDFW��� ,I�\RX�DUH�GHVLJQLQJ� IXQFWLRQDO� OLEUDULHV��HQVXUH� WKDW� WKH\
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SUHVHUYH�WKH�SXULW\�RI�WKHLU�DEVWUDFWLRQV��LQFOXGLQJ�WKH�EHKDYLRU�RI�UHIHUHQWLDO�WUDQVSDU�
HQF\�DQG�LWV�LPSOLFDWLRQV�IRU�FRQFXUUHQF\�

<RX�FDQ�VHH�H[DPSOHV�RI�IXQFWLRQDO�OLEUDULHV�ZLWK�PXWDEOH�LQWHUQDOV�LQ�WKH�6FDOD�OLEUDU\�
7KH�PHWKRGV�LQ�List�RIWHQ�XVH�PXWDEOH�ORFDO�YDULDEOHV�IRU�HIILFLHQW�WUDYHUVDO��7KH�ORFDO
YDULDEOHV�DUH�WKUHDG�VDIH��DV�DUH�WKH�WUDYHUVDOV��VLQFH�Lists�WKHPVHOYHV�DUH�LPPXWDEOH�

Recursion
5HFXUVLRQ�SOD\V�D�ODUJHU�UROH�LQ�SXUH�IXQFWLRQDO�SURJUDPPLQJ�WKDQ�LQ�LPSHUDWLYH�SUR�
JUDPPLQJ��LQ�SDUW�EHFDXVH�RI�WKH�UHVWULFWLRQ�WKDW�YDULDEOHV�DUH�LPPXWDEOH��)RU�H[DPSOH�
\RX�FDQ¦W�KDYH�ORRS�FRXQWHUV��ZKLFK�ZRXOG�FKDQJH�RQ�HDFK�SDVV�WKURXJK�D�ORRS��2QH
ZD\�WR�LPSOHPHQW�ORRSLQJ�LQ�D�SXUHO\�IXQFWLRQDO�ZD\�LV�ZLWK�UHFXUVLRQ�

&DOFXODWLQJ� IDFWRULDOV� SURYLGHV� D� JRRG� H[DPSOH�� +HUH� LV� DQ� LPSHUDWLYH� ORRS
LPSOHPHQWDWLRQ�

// code-examples/FP/recursion/factorial-loop-script.scala

def factorial_loop(i: BigInt): BigInt = {
  var result = BigInt(1)
  for (j <- 2 to i.intValue)
    result *= j
  result
}

for (i <- 1 to 10)
  format("%s: %s\n", i, factorial_loop(i))

%RWK�WKH�ORRS�FRXQWHU�j�DQG�WKH�result�DUH�PXWDEOH�YDULDEOHV���)RU�VLPSOLFLW\��ZH¦UH
LJQRULQJ�LQSXW�QXPEHUV�WKDW�DUH�OHVV�WKDQ�RU�HTXDO�WR�]HUR���7KH�RXWSXW�RI�WKH�VFULSW�LV
WKH�IROORZLQJ�

1: 1
2: 2
3: 6
4: 24
5: 120
6: 720
7: 5040
8: 40320
9: 362880
10: 3628800

+HUH¦V�D�ILUVW�SDVV�DW�D�UHFXUVLYH�LPSOHPHQWDWLRQ�

// code-examples/FP/recursion/factorial-recur1-script.scala

def factorial(i: BigInt): BigInt = i match {
  case _ if i == 1 => i
  case _ => i * factorial(i - 1)
}
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for (i <- 1 to 10)
  format("%s: %s\n", i, factorial(i))

7KH�RXWSXW�LV�WKH�VDPH��EXW�QRZ�WKHUH�DUH�QR�PXWDEOH�YDULDEOHV��5HFXUVLRQ�QRW�RQO\
KHOSV� XV� DYRLG�PXWDEOH� YDULDEOHV�� LW� LV� DOVR� WKH�PRVW� QDWXUDO�ZD\� WR� H[SUHVV� VRPH
IXQFWLRQV��SDUWLFXODUO\�PDWKHPDWLFDO�IXQFWLRQV��7KH�UHFXUVLYH�GHILQLWLRQ�LQ�RXU�VHFRQG
factorial� LV�VWUXFWXUDOO\�VLPLODU�WR�D�GHILQLWLRQ�IRU�IDFWRULDOV�WKDW�\RX�PLJKW�VHH�LQ�D
PDWKHPDWLFV�ERRN�

+RZHYHU��WKHUH�DUH�WZR�SRWHQWLDO�SUREOHPV�ZLWK�UHFXUVLRQ��WKH�SHUIRUPDQFH�RYHUKHDG
RI�UHSHDWHG�IXQFWLRQ�LQYRFDWLRQV�DQG�WKH�ULVN�RI�VWDFN�RYHUIORZ�

3HUIRUPDQFH�SUREOHPV�LQ�D�UHFXUVLYH�VFHQDULR�FDQ�VRPHWLPHV�EH�DGGUHVVHG�ZLWK�PHPR�
L]DWLRQ��EXW�FDUH�VKRXOG�EH�WDNHQ�WKDW�WKH�VSDFH�UHTXLUHPHQWV�RI�FDFKLQJ�GRQ¦W�RXWZHLJK
WKH�SHUIRUPDQFH�EHQHILWV�

6WDFN�RYHUIORZ�FDQ�EH�DYRLGHG�E\�FRQYHUWLQJ�WKH�UHFXUVLYH�LQYRFDWLRQ�LQWR�D�ORRS�RI
VRPH�NLQG��,Q�IDFW��WKH�6FDOD�FRPSLOHU�FDQ�GR�WKLV�FRQYHUVLRQ�IRU�\RX�IRU�VRPH�NLQGV�RI
UHFXUVLYH�LQYRFDWLRQV��ZKLFK�ZH�GHVFULEH�QH[W�

Tail Calls and Tail-Call Optimization
$�SDUWLFXODU�NLQG�RI�UHFXUVLRQ�LV�FDOOHG�WDLO�FDOO�UHFXUVLRQ��ZKLFK�RFFXUV�ZKHQ�D�IXQFWLRQ
FDOOV�LWVHOI�DV�LWV�ILQDO�RSHUDWLRQ��7DLO�FDOO�UHFXUVLRQ�LV�YHU\�LPSRUWDQW�EHFDXVH�LW�LV�WKH
HDVLHVW�NLQG�RI�UHFXUVLRQ�WR�RSWLPL]H�E\�FRQYHUVLRQ�LQWR�D�ORRS��/RRSV�HOLPLQDWH�WKH
SRWHQWLDO�RI�D�VWDFN�RYHUIORZ��DQG�WKH\�LPSURYH�SHUIRUPDQFH�E\�HOLPLQDWLQJ�WKH�UHFXU�
VLYH�IXQFWLRQ�FDOO�RYHUKHDG��:KLOH�WDLO�UHFXUVLRQ�RSWLPL]DWLRQV�DUH�QRW�\HW�VXSSRUWHG
QDWLYHO\�RQ�WKH�-90��scalac�FDQ�GR�WKHP�

+RZHYHU��RXU�IDFWRULDO�H[DPSOH�LV�QRW�D�WDLO�UHFXUVLRQ��EHFDXVH�factorial�FDOOV�LWVHOI�DQG
WKHQ�GRHV�D�PXOWLSOLFDWLRQ�ZLWK�WKH�UHVXOWV��7KHUH�LV�D�ZD\�WR�LPSOHPHQW�factorial�LQ
D�WDLO�UHFXUVLYH�ZD\��:H�DFWXDOO\�VDZ�DQ�LPSOHPHQWDWLRQ�LQ�£1HVWLQJ�0HWKRG�'HILQL�
WLRQV¤�RQ�SDJH�����+RZHYHU��WKDW�H[DPSOH�GLGQ¦W�XVH�VRPH�FRQVWUXFWV�ZH¦YH�OHDUQHG
DERXW�VLQFH��VXFK�DV�for�FRPSUHKHQVLRQV�DQG�SDWWHUQ�PDWFKLQJ��6R��KHUH¦V�D�QHZ�LP�
SOHPHQWDWLRQ�RI�factorial��FDOFXODWHG�ZLWK�WDLO�FDOO�UHFXUVLRQ�

// code-examples/FP/recursion/factorial-recur2-script.scala

def factorial(i: BigInt): BigInt = {
  def fact(i: BigInt, accumulator: BigInt): BigInt = i match {
    case _ if i == 1 => accumulator
    case _ => fact(i - 1, i * accumulator)
  }
  fact(i, 1)
}

for (i <- 1 to 10)
  format("%s: %s\n", i, factorial(i))
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7KLV�VFULSW�SURGXFHV�WKH�VDPH�RXWSXW�DV�EHIRUH��1RZ��factorial�GRHV�DOO�WKH�ZRUN�ZLWK
D�QHVWHG�PHWKRG��fact��WKDW�LV�WDLO�UHFXUVLYH�EHFDXVH�LW�SDVVHV�DQ�accumulator�DUJXPHQW
WR�KROG�WKH�FRPSXWDWLRQ�LQ�SURJUHVV��7KLV�DUJXPHQW�LV�FRPSXWHG�ZLWK�D�PXOWLSOLFDWLRQ
EHIRUH�WKH�UHFXUVLYH�FDOO�WR�fact��ZKLFK�LV�QRZ�WKH�YHU\�ODVW�WKLQJ�WKDW�LV�GRQH��,Q�RXU
SUHYLRXV�LPSOHPHQWDWLRQ��WKLV�PXOWLSOLFDWLRQ�ZDV�GRQH�DIWHU�WKH�FDOO�WR�fact��:KHQ�ZH
FDOO�fact(1)��ZH�VLPSO\�UHWXUQ�WKH�DFFXPXODWHG�YDOXH�

,I� \RX�FDOO�RXU�RULJLQDO�QRQ�WDLO� UHFXUVLYH� LPSOHPHQWDWLRQ�RI�factorial�ZLWK�D� ODUJH
QXPEHU¢VD\�������¢\RX¦OO�FDXVH�D�VWDFN�RYHUIORZ�RQ�D�W\SLFDO�GHVNWRS�FRPSXWHU�
7KH�WDLO�UHFXUVLYH�LPSOHPHQWDWLRQ�ZRUNV�VXFFHVVIXOO\��UHWXUQLQJ�D�YHU\�ODUJH�QXPEHU�

7KLV�LGLRP�RI�QHVWLQJ�D�WDLO�UHFXUVLYH�IXQFWLRQ�WKDW�XVHV�DQ�DFFXPXODWRU�LV�D�YHU\�XVHIXO
WHFKQLTXH� IRU�FRQYHUWLQJ�PDQ\�UHFXUVLYH�DOJRULWKPV� LQWR� WDLO� UHFXUVLRQV� WKDW�FDQ�EH
RSWLPL]HG�LQWR�ORRSV�E\�scalac�

7KH�WDLO�FDOO�RSWLPL]DWLRQ�ZRQ¦W�EH�DSSOLHG�ZKHQ�D�PHWKRG�WKDW�FDOOV
LWVHOI�PLJKW�EH�RYHUULGGHQ�LQ�D�GHULYHG�W\SH��7KH�PHWKRG�PXVW�EH�SULYDWH
RU�ILQDO��GHILQHG�LQ�DQ�object��RU�QHVWHG�LQ�DQRWKHU�PHWKRG��OLNH�fact
HDUOLHU���7KH�QHZ�@tailrec�DQQRWDWLRQ�LQ�YHUVLRQ�����ZLOO�WULJJHU�DQ�HUURU
LI� WKH� FRPSLOHU� FDQ¦W� RSWLPL]H� WKH� DQQRWDWHG�PHWKRG�� �6HH� £$QQRWD�
WLRQV¤�RQ�SDJH������

Trampoline for Tail Calls
$�WUDPSROLQH�LV�D�ORRS�WKDW�ZRUNV�WKURXJK�D�OLVW�RI�IXQFWLRQV��FDOOLQJ�HDFK�RQH�LQ�WXUQ�
7KH�PHWDSKRU�RI�ERXQFLQJ�WKH�IXQFWLRQV�RII�D�WUDPSROLQH�LV�WKH�VRXUFH�RI�WKH�QDPH�

&RQVLGHU�D�NLQG�RI�UHFXUVLRQ�ZKHUH�D�IXQFWLRQ�A�GRHVQ¦W�FDOO�LWVHOI�UHFXUVLYHO\��EXW�LQ�
VWHDG�LW�FDOOV�DQRWKHU�IXQFWLRQ�B��ZKLFK�FDOOV�A��ZKLFK�FDOOV�B��HWF��7KLV�NLQG�RI�EDFN�
DQG�IRUWK�UHFXUVLRQ�FDQ�DOVR�EH�FRQYHUWHG�LQWR�D�ORRS�XVLQJ�D�WUDPSROLQH��1RWH�WKDW
WUDPSROLQHV� LPSRVH�D�SHUIRUPDQFH�RYHUKHDG��EXW� WKH\�DUH� LGHDO� IRU�SXUH� IXQFWLRQDO
UHFXUVLRQV��YHUVXV�DQ�LPSHUDWLYH�HTXLYDOHQW��WKDW�ZRXOG�RWKHUZLVH�H[KDXVW�WKH�VWDFN�

6XSSRUW�IRU�WKLV�RSWLPL]DWLRQ�LV�SODQQHG�IRU�6FDOD�YHUVLRQ������DOWKRXJK�LW�KDV�QRW�\HW
EHHQ�LPSOHPHQWHG�DW�WKH�WLPH�RI�WKLV�ZULWLQJ�

Functional Data Structures
7KHUH�DUH�VHYHUDO�GDWD�VWUXFWXUHV�WKDW�DUH�FRPPRQ�LQ�IXQFWLRQDO�SURJUDPPLQJ��PRVW
RI�ZKLFK�DUH�FRQWDLQHUV��OLNH�FROOHFWLRQV��/DQJXDJHV�OLNH�(UODQJ�UHO\�RQ�YHU\�IHZ�W\SHV�
ZKLOH�RWKHU�IXQFWLRQDO�ODQJXDJHV�SURYLGH�D�ULFKHU�W\SH�V\VWHP�

7KH�FRPPRQ�GDWD�VWUXFWXUHV�VXSSRUW�WKH�VDPH�VXEVHW�RI�KLJKHU�RUGHU�IXQFWLRQV�IRU
UHDG�RQO\�WUDYHUVDO�DQG�DFFHVV�WR�WKH�HOHPHQWV�LQ�WKH�GDWD�VWUXFWXUHV��7KHVH�IHDWXUHV
PDNH�WKHP�VXLWDEOH�DV�£SURWRFROV¤�IRU�PLQLPL]LQJ�WKH�FRXSOLQJ�EHWZHHQ�FRPSRQHQWV�
ZKLOH�VXSSRUWLQJ�GDWD�H[FKDQJH�
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,Q�IDFW��WKHVH�GDWD�VWUXFWXUHV�DQG�WKHLU�RSHUDWLRQV�DUH�VR�XVHIXO�WKDW�PDQ\�ODQJXDJHV
VXSSRUW�WKHP��LQFOXGLQJ�WKRVH�WKDW�DUH�QRW�FRQVLGHUHG�IXQFWLRQDO�ODQJXDJHV��OLNH�-DYD
DQG�5XE\��-DYD�GRHVQ¦W�VXSSRUW�KLJKHU�RUGHU�IXQFWLRQV�GLUHFWO\��,QVWHDG��IXQFWLRQ�YDO�
XHV�KDYH�WR�EH�ZUDSSHG�LQ�REMHFWV��5XE\�XVHV�procs�DQG�lambdas�DV�IXQFWLRQ�YDOXHV�

Lists in Functional Programming
/LVWV�DUH�WKH�PRVW�FRPPRQ�GDWD�VWUXFWXUH�LQ�IXQFWLRQDO�SURJUDPPLQJ��7KH\�DUH�WKH
FRUH�RI�WKH�ILUVW�IXQFWLRQDO�SURJUDPPLQJ�ODQJXDJH��/LVS�

,Q�WKH�LQWHUHVW�RI�LPPXWDELOLW\��D�QHZ�OLVW�LV�FUHDWHG�ZKHQ�\RX�DGG�DQ�HOHPHQW�WR�D�OLVW�
,W�LV�FRQYHQWLRQDO�WR�SUHSHQG�WKH�QHZ�HOHPHQW�WR�WKH�OLVW��DV�ZH¦YH�VHHQ�EHIRUH�

// code-examples/FP/datastructs/list-script.scala

val list1 = List("Programming", "Scala")
val list2 = "People" :: "should" :: "read" :: list1
println(list2)

%HFDXVH�WKH�::�RSHUDWRU�ELQGV�WR�WKH�ULJKW��WKH�GHILQLWLRQ�RI�list2�LV�HTXLYDOHQW�WR�ERWK
RI�WKH�IROORZLQJ�YDULDWLRQV�

val list2 = ("People" :: ("should" :: ("read" :: list1)))
val list2 = list1.::("read").::("should").::("People")

,Q�WHUPV�RI�SHUIRUPDQFH��SUHSHQGLQJ�LV�2�����:H¦OO�VHH�ZK\�ZKHQ�ZH�GLYH�LQWR�6FDOD¦V
LPSOHPHQWDWLRQ�RI�List�LQ�£$�&ORVHU�/RRN�DW�/LVWV¤�RQ�SDJH������DIWHU�ZH�KDYH�OHDUQHG
PRUH�DERXW�SDUDPHWHUL]HG�W\SHV�LQ�6FDOD�

8QOLNH�VRPH�RI�WKH�RWKHU�FROOHFWLRQV��6FDOD�RQO\�GHILQHV�DQ�LPPXWDEOH�List��+RZHYHU�
LW�DOVR�GHILQHV�VRPH�PXWDEOH�OLVW�W\SHV��VXFK�DV�ListBuffer�DQG�LinkedList

Maps in Functional Programming
3HUKDSV�WKH�VHFRQG�PRVW�FRPPRQ�GDWD�VWUXFWXUH�LV�WKH�PDS��UHIHUUHG�WR�DV�D�KDVK�RU
GLFWLRQDU\� LQ�RWKHU�ODQJXDJHV��DQG�QRW�WR�EH�FRQIXVHG�ZLWK�WKH�map�IXQFWLRQ�ZH�VDZ
HDUOLHU��0DSV�DUH�XVHG�WR�KROG�SDLUV�RI�NH\V�DQG�YDOXHV�

,Q�WKH�LQWHUHVW�RI�PLQLPDOLVP��PDSV�FRXOG�EH�LPSOHPHQWHG�ZLWK�OLVWV��(YHU\�HYHQ�HOH�
PHQW�LQ�WKH�OLVW��FRXQWLQJ�IURP�]HUR��FRXOG�EH�D�NH\��IROORZHG�E\�WKH�YDOXH�LQ�WKH�QH[W
RGG�SRVLWLRQ��,Q�SUDFWLFH��PDSV�DUH�XVXDOO\�LPSOHPHQWHG�LQ�RWKHU�ZD\V�IRU�HIILFLHQF\�

6FDOD�VXSSRUWV�WKH�VSHFLDO�LQLWLDOL]DWLRQ�V\QWD[�ZH�VDZ�SUHYLRXVO\�

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  // ...
  "Wyoming" -> "Cheyenne")
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7KH�scala.collection.Map[A,+B]�WUDLW�RQO\�GHILQHV�PHWKRGV�IRU�UHDGLQJ�WKH�Map��7KHUH
DUH� GHULYHG� WUDLWV� IRU� LPPXWDEOH� DQG� PXWDEOH� PDSV�� scala.collection.immuta
ble.Map[A,+B]� DQG� scala.collection.mutable.Map[A,B]�� UHVSHFWLYHO\�� 7KH\� GHILQH� +
DQG�-�RSHUDWRUV�IRU�DGGLQJ�DQG�UHPRYLQJ�HOHPHQWV��DQG�++�DQG�--�RSHUDWRUV�IRU�DGGLQJ
DQG�UHPRYLQJ�HOHPHQWV�GHILQHG�LQ�Iterators�RI�Pairs��ZKHUH�HDFK�Pair�LV�D�NH\�YDOXH
SDLU�

<RX�PLJKW�KDYH�QRWLFHG�WKDW�WKH�+�GRHV�QRW�DSSHDU�LQ�IURQW�RI�WKH�B�W\SH
SDUDPHWHUV�IRU�scala.collection.mutable.Map��<RX¦OO�VHH�ZK\�LQ�£9DU�
LDQFH�RI�0XWDEOH�7\SHV¤�RQ�SDJH�����

Sets in Functional Programming
6HWV�DUH�OLNH�OLVWV��EXW�WKH\�UHTXLUH�HDFK�HOHPHQW�WR�EH�XQLTXH��6HWV�FRXOG�DOVR�EH�LP�
SOHPHQWHG�XVLQJ�OLVWV��DV� ORQJ�DV�WKH�HTXLYDOHQW�RI�WKH� OLVW�£FRQV¤�RSHUDWRU��::�� ILUVW
FKHFNV�WKDW�WKH�HOHPHQW�GRHVQ¦W�DOUHDG\�H[LVW�LQ�WKH�VWRUDJH�OLVW��7KLV�SURSHUW\�PHDQV
WKDW�HOHPHQW�LQVHUWLRQ�ZRXOG�EH�2�1��LI�D�VWRUDJH�OLVW�ZHUH�XVHG��DQG�WKH�RUGHU�RI�WKH
HOHPHQWV�LQ�WKH�VHW�ZRXOGQ¦W�QHFHVVDULO\�PDWFK�WKH�RUGHU�RI�£LQVHUWLRQ¤�RSHUDWLRQV��,Q
SUDFWLFH��VHWV�DUH�XVXDOO\�LPSOHPHQWHG�ZLWK�PRUH�HIILFLHQW�GDWD�VWUXFWXUHV�

-XVW�DV�IRU�Map��WKH�scala.collection.Set[A]�WUDLW�RQO\�GHILQHV�PHWKRGV�IRU�UHDGLQJ�WKH
Set�� 7KHUH� DUH� GHULYHG� WUDLWV� IRU� LPPXWDEOH� DQG� PXWDEOH� VHWV�� scala.collec
tion.immutable.Set[A]�DQG�scala.collection.mutable.Set[A]��UHVSHFWLYHO\��7KH\�GH�
ILQH�+�DQG�-�RSHUDWRUV�IRU�DGGLQJ�DQG�UHPRYLQJ�HOHPHQWV��DQG�++�DQG�--�RSHUDWRUV�IRU
DGGLQJ�DQG�UHPRYLQJ�HOHPHQWV�GHILQHG�LQ�Iterators��ZKLFK�FRXOG�EH�RWKHU�VHWV��OLVWV�
HWF���

Other Data Structures in Functional Programming
2WKHU�IDPLOLDU�GDWD�VWUXFWXUHV��OLNH�Tuples�DQG�Arrays��ZLOO�DSSHDU�LQ�IXQFWLRQDO�ODQ�
JXDJHV��7\SLFDOO\��WKH\¦UH�XVHG�WR�SURYLGH�VRPH�FRQYHQLHQW�IHDWXUH�QRW�VXSSRUWHG�E\�D
PRUH�FRPPRQ�IXQFWLRQDO�W\SH��,Q�PRVW�FDVHV�WKH\�FRXOG�EH�UHSODFHG�ZLWK�OLVWV�

Traversing, Mapping, Filtering, Folding, and Reducing
7KH�IXQFWLRQDO�FROOHFWLRQV�ZH�MXVW�GLVFXVVHG¢OLVWV��PDSV��VHWV��DV�ZHOO�DV�WXSOHV�DQG
DUUD\V¢DOO�VXSSRUW�VHYHUDO�FRPPRQ�RSHUDWLRQV�EDVHG�RQ�UHDG�RQO\�WUDYHUVDO��,Q�IDFW�
WKLV�XQLIRUPLW\�FDQ�EH�H[SORLWHG�LI�DQ\�£FRQWDLQHU¤�W\SH�DOVR�VXSSRUWV�WKHVH�RSHUDWLRQV�
)RU�H[DPSOH��DQ�Option�FRQWDLQV�]HUR�RU�RQH�HOHPHQWV��LI�LW�LV�D�None�RU�Some��UHVSHFWLYHO\�
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Traversal
7KH�VWDQGDUG�WUDYHUVDO�PHWKRG�IRU�6FDOD�FRQWDLQHUV�LV�foreach��ZKLFK�LV�GHILQHG�E\�WKH
Iterable�WUDLWV�WKDW�WKH�FRQWDLQHUV�PL[�LQ��,W�LV�2�1��LQ�WKH�QXPEHU�RI�HOHPHQWV��+HUH
LV�DQ�H[DPSOH�RI�LWV�XVH�IRU�OLVWV�DQG�PDSV�

// code-examples/FP/datastructs/foreach-script.scala

List(1, 2, 3, 4, 5) foreach { i => println("Int: " + i) }

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  "Wyoming" -> "Cheyenne")

stateCapitals foreach { kv => println(kv._1 + ": " + kv._2) }

7KH�VLJQDWXUH�RI�foreach�LV�WKH�IROORZLQJ�

trait Iterable[+A] {
  ...
  def foreach(f : (A) => Unit) : Unit = ...
  ...
}

foreach� LV�D�KLJKHU�RUGHU� IXQFWLRQ�WKDW� WDNHV�D� IXQFWLRQ�DUJXPHQW�� WKH�RSHUDWLRQ�WR
SHUIRUP�RQ�HDFK�HOHPHQW��1RWH�WKDW�IRU�D�PDS��A�LV�DFWXDOO\�D�WXSOH��DV�VKRZQ�LQ�WKH
H[DPSOH��$OVR��foreach�UHWXUQV�Unit��foreach�LV�QRW�LQWHQGHG�WR�FUHDWH�QHZ�FROOHFWLRQV�
ZH¦OO�VHH�H[DPSOHV�RI�RSHUDWLRQV�WKDW�FUHDWH�FROOHFWLRQV�VKRUWO\�

2QFH�\RX�KDYH�foreach�� \RX�FDQ� LPSOHPHQW�DOO� WKH�RWKHU� WUDYHUVDO�RSHUDWLRQV�ZH¦OO
GLVFXVV�QH[W��DQG�PRUH��$� ORRN�DW�Iterable�ZLOO� VKRZ�WKDW� LW� VXSSRUWV�PHWKRGV� IRU
ILOWHULQJ� FROOHFWLRQV�� ILQGLQJ� HOHPHQWV� WKDW� PDWFK� VSHFLILHG� FULWHULD�� FDOFXODWLQJ� WKH
QXPEHU�RI�HOHPHQWV��DQG�VR�IRUWK�

7KH�PHWKRGV�ZH¦OO�GLVFXVV�QH[W�DUH�KDOOPDUNV�RI�IXQFWLRQDO�SURJUDPPLQJ��PDSSLQJ�
ILOWHULQJ��IROGLQJ��DQG�UHGXFLQJ�

Mapping
:H¦YH�HQFRXQWHUHG�WKH�map�PHWKRG�EHIRUH��,W�UHWXUQV�D�QHZ�FROOHFWLRQ�RI�WKH�VDPH�VL]H
DV�WKH�RULJLQDO�FROOHFWLRQ��,W�LV�DOVR�D�PHPEHU�RI�Iterable��DQG�LWV�VLJQDWXUH�LV�

trait Iterable[+A] {
  ...
  def map[B](f : (A) => B) : Iterable[B] = ...
  ...
}
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7KH�SDVVHG�LQ�IXQFWLRQ��f��FDQ�WUDQVIRUP�DQ�RULJLQDO�HOHPHQW�RI�W\SH�A�WR�D�QHZ�W\SH
B��+HUH�LV�DQ�H[DPSOH�

// code-examples/FP/datastructs/map-script.scala

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  "Wyoming" -> "Cheyenne")

val lengths = stateCapitals map { kv => (kv._1, kv._2.length) }
println(lengths)

7KLV� VFULSW�SURGXFHV� WKH�RXWSXW�ArrayBuffer((Alabama,10), (Alaska,6), (Wyoming,
8))�� 7KDW� LV�� ZH� FRQYHUW� WKH� Pair[String,String]� HOHPHQWV� WR� DQ� ArrayBuffer� RI
Pair[String,Int]�HOHPHQWV��:KHUH�GLG�WKH�ArrayBuffer�FRPH�IURP"�,W�WXUQV�RXW�WKDW
Iterable.map�FUHDWHV�DQG�UHWXUQV�DQ�ArrayBuffer�DV�WKH�QHZ�Iterable�FROOHFWLRQ�

7KLV�EULQJV�XS�D�JHQHUDO�FRQIOLFW�EHWZHHQ�LPPXWDEOH�W\SHV�DQG�REMHFW�RULHQWHG�W\SH
KLHUDUFKLHV��,I�D�EDVH�W\SH�FUHDWHV�D�QHZ�LQVWDQFH�RQ�PRGLILFDWLRQ��KRZ�GRHV�LW�NQRZ
ZKDW�NLQG�RI�W\SH�WR�FUHDWH"

<RX�FRXOG�VROYH�WKLV�SUREOHP�WZR�ZD\V��)LUVW��\RX�FRXOG�KDYH�HDFK�W\SH�LQ�WKH�KLHUDUFK\
RYHUULGH�PHWKRGV�OLNH�map�WR�UHWXUQ�DQ�LQVWDQFH�RI�WKHLU�RZQ�W\SH��7KLV�DSSURDFK�LV
HUURU�SURQH��WKRXJK��DV�LW�ZRXOG�EH�HDV\�WR�IRUJHW�WR�RYHUULGH�DOO�VXFK�PHWKRGV�ZKHQ�D
QHZ�W\SH�LV�DGGHG�

(YHQ�LI�\RX�DOZD\V�UHPHPEHU�WR�RYHUULGH�HDFK�PHWKRG��\RX�KDYH�WKH�GLOHPPD�RI�KRZ
WR�LPSOHPHQW�WKH�RYHUULGH��'R�\RX�FDOO�WKH�super�PHWKRG�WR�UHXVH�WKH�DOJRULWKP��WKHQ
LWHUDWH�WKURXJK�WKH�UHWXUQHG�LQVWDQFH�WR�FUHDWH�D�QHZ�LQVWDQFH�RI�WKH�FRUUHFW�W\SH"�7KDW
ZRXOG�EH�LQHIILFLHQW��<RX�FRXOG�FRS\�DQG�SDVWH�WKH�DOJRULWKP�LQWR�HDFK�RYHUULGH��EXW
WKDW�FUHDWHV�LVVXHV�RI�FRGH�EORDW��PDLQWDLQDELOLW\��DQG�VNHZ�

7KHUH¦V�DQ�DOWHUQDWLYH�DSSURDFK��GRQ¦W�HYHQ�WU\��+RZ�LV�WKH�QHZ�LQVWDQFH�WKDW�LV�UHWXUQHG
DFWXDOO\�XVHG"�'R�ZH�UHDOO\�FDUH�LI�LW�KDV�WKH�£ZURQJ¤�W\SH"�.HHS�LQ�PLQG�WKDW�DOO�ZH
XVXDOO\�FDUH�DERXW�DUH�WKH�ORZ�OHYHO�DEVWUDFWLRQV�OLNH�OLVWV��PDSV��DQG�VHWV��,Q�WKH�FDVH
RI� IXQFWLRQDO� GDWD� VWUXFWXUHV�� WKH� GHULYHG� W\SHV�ZH�PLJKW� LPSOHPHQW� XVLQJ� REMHFW�
RULHQWHG�LQKHULWDQFH�DUH�PRVW�RIWHQ�LPSOHPHQWDWLRQ�RSWLPL]DWLRQV��7KH�6FDOD�W\SH�KL�
HUDUFK\� IRU� FRQWDLQHUV� GRHV� KDYH� D� IHZ� OHYHOV� RI� DEVWUDFWLRQV� DW� WKH� ERWWRP�� H�J��
Collection�H[WHQGV�Iterable�H[WHQGV�AnyRef��EXW�DERYH�Collection�DUH�Seq��SDUHQW�RI
List���Map��Set��HWF�

7KDW�VDLG��LI�\RX�UHDOO\�QHHG�D�Map��\RX�FDQ�FUHDWH�RQH�HDVLO\�HQRXJK�

// code-examples/FP/datastructs/map2-script.scala

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  "Wyoming" -> "Cheyenne")

val map2 = stateCapitals map { kv => (kv._1, kv._2.length) }
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// val lengths = Map(map2)  // ERROR: won't work
val lengths = Map[String,Int]() ++ map2

println(lengths)

7KH�FRPPHQWHG�RXW�OLQH�VXJJHVWV�WKDW�LW�ZRXOG�EH�QLFH�LI�\RX�FRXOG�VLPSO\�SDVV�WKH
QHZ�Iterable�WR�Map.apply��EXW�WKLV�GRHVQ¦W�ZRUN��+HUH�LV�WKH�VLJQDWXUH�RI�Map.apply�

object Map {
  ...
  def apply[A, B](elems : (A, B)*) : Map[A, B] = ...
  ...
}

,W�H[SHFWV�D�YDULDEOH�DUJXPHQW�OLVW��QRW�DQ�Iterable��+RZHYHU��ZH�FDQ�FUHDWH�DQ�HPSW\
PDS�RI�WKH�ULJKW�W\SH�DQG�WKHQ�DGG�WKH�QHZ�Iterable�WR�LW��XVLQJ�WKH�++�PHWKRG��ZKLFK
UHWXUQV�D�QHZ�Map�

6R��ZH�FDQ�JHW�WKH�Map�ZH�ZDQW�ZKHQ�ZH�PXVW�KDYH�RQH��:KLOH� LW�ZRXOG�EH�QLFH�LI
PHWKRGV�OLNH�map�UHWXUQHG�WKH�VDPH�FROOHFWLRQ�W\SH��ZH�VDZ�WKDW�WKHUH�LV�QR�HDV\�ZD\
WR�GR�WKLV��,QVWHDG��ZH�DFFHSW�WKDW�map�DQG�VLPLODU�PHWKRGV�UHWXUQ�DQ�DEVWUDFWLRQ�OLNH
Iterable�DQG�WKHQ�UHO\�RQ�WKH�VSHFLILF�VXEW\SHV�WR�WDNH�Iterables�DV�LQSXW�DUJXPHQWV
IRU�SRSXODWLQJ�WKH�FROOHFWLRQ�

$�UHODWHG�Map�RSHUDWLRQ�LV�flatMap��ZKLFK�FDQ�EH�XVHG�WR�£IODWWHQ¤�D�KLHUDUFKLFDO�GDWD
VWUXFWXUH��UHPRYH�£HPSW\¤�HOHPHQWV��HWF��+HQFH��XQOLNH�map��LW�PD\�QRW�UHWXUQ�D�QHZ
FROOHFWLRQ�RI�WKH�VDPH�VL]H�DV�WKH�RULJLQDO�FROOHFWLRQ�

// code-examples/FP/datastructs/flatmap-script.scala

val graph = List(
  "a", List("b1", "b2", "b3"), List("c1", List("c21", Nil, "c22"), Nil, "e")
)

def flatten(list: List[_]): List[_] = list flatMap {
  case head :: tail => head :: flatten(tail)
  case Nil => Nil
  case x => List(x)
}

println(flatten(graph))

7KLV�VFULSW�UHGXFHV�WKH�KLHUDUFKLFDO�graph�WR�List(a, b1, b2, b3, c1, c21, c22, e)�
1RWLFH�WKDW�WKH�Nil�HOHPHQWV�KDYH�EHHQ�UHPRYHG��:H�XVHG�List[_]�EHFDXVH�ZH�ZRQ¦W
NQRZ�ZKDW�WKH�W\SH�SDUDPHWHUV�DUH�IRU�DQ\�HPEHGGHG�OLVWV�ZKHQ�ZH¦UH�WUDYHUVLQJ�WKH
RXWHU�OLVW��GXH�WR�W\SH�HUDVXUH�

+HUH�LV�WKH�VLJQDWXUH�IRU�flatMap��DORQJ�ZLWK�map��IRU�FRPSDULVRQ�

trait Iterable[+A] {
  ...
  def map[B]    (f : (A) => B) : Iterable[B] = ...
  def flatMap[B](f : (A) => Iterable[B]) : Iterable[B]
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  ...
}

(DFK�SDVV�PXVW� UHWXUQ�DQ�Iterable[B]��QRW�D�B��$IWHU�JRLQJ� WKURXJK� WKH�FROOHFWLRQ�
flatMap�ZLOO�£IODWWHQ¤�DOO�WKRVH�Iterables�LQWR�RQH�FROOHFWLRQ��1RWH�WKDW�flatMap�ZRQ¦W
IODWWHQ�HOHPHQWV�EH\RQG�RQH�OHYHO��,I�RXU�IXQFWLRQ�OLWHUDO�OHDYHV�QHVWHG�OLVWV�LQWDFW��WKH\
ZRQ¦W�EH�IODWWHQHG�IRU�XV�

Filtering
,W�LV�FRPPRQ�WR�WUDYHUVH�D�FROOHFWLRQ�DQG�H[WUDFW�D�QHZ�FROOHFWLRQ�IURP�LW�ZLWK�HOHPHQWV
WKDW�PDWFK�FHUWDLQ�FULWHULD�

// code-examples/FP/datastructs/filter-script.scala

val stateCapitals = Map(
  "Alabama" -> "Montgomery",
  "Alaska"  -> "Juneau",
  "Wyoming" -> "Cheyenne")

val map2 = stateCapitals filter { kv => kv._1 startsWith "A" }

println( map2 )

7KHUH�DUH�VHYHUDO�GLIIHUHQW�NLQGV�RI�PHWKRGV�GHILQHG�LQ�Iterable�IRU�ILOWHULQJ�RU�RWKHU�
ZLVH�UHWXUQLQJ�SDUW�RI�WKH�RULJLQDO�FROOHFWLRQ��FRPPHQWV�DGDSWHG�IURP�WKH�6FDODGRFV��

trait Iterable[+A] {
  ...
  // Returns this iterable without its n first elements. If this iterable
  // has less than n elements, the empty iterable is returned.
  def drop (n : Int) : Collection[A] = ...

  // Returns the longest suffix of this iterable whose first element does
  // not satisfy the predicate p.
  def dropWhile (p : (A) => Boolean) : Collection[A] = ...

  // Apply a predicate p to all elements of this iterable object and
  // return true, iff there is at least one element for which p yields true.
  def exists (p : (A) => Boolean) : Boolean = ...

  // Returns all the elements of this iterable that satisfy the predicate p.
  // The order of the elements is preserved.
  def filter (p : (A) => Boolean) : Iterable[A] = ...

  // Find and return the first element of the iterable object satisfying a
  // predicate, if any.
  def find (p : (A) => Boolean) : Option[A] = ...

  // Returns index of the first element satisying a predicate, or -1.
  def findIndexOf (p : (A) => Boolean) : Int = ...

  // Apply a predicate p to all elements of this iterable object and return
  // true, iff the predicate yields true for all elements.
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  def forall (p : (A) => Boolean) : Boolean = ...

  // Returns the index of the first occurence of the specified object in
  // this iterable object.
  def indexOf [B >: A](elem : B) : Int = ...

  // Partitions this iterable in two iterables according to a predicate.
  def partition (p : (A) => Boolean) : (Iterable[A], Iterable[A]) = ...

  // Checks if the other iterable object contains the same elements.
  def sameElements [B >: A](that : Iterable[B]) : Boolean = ...

  // Returns an iterable consisting only over the first n elements of this
  // iterable, or else the whole iterable, if it has less than n elements.
  def take (n : Int) : Collection[A] = ...

  // Returns the longest prefix of this iterable whose elements satisfy the
  // predicate p.
  def takeWhile (p : (A) => Boolean) : Iterable[A] = ...
}

7\SHV�OLNH�Map�DQG�Set�KDYH�DGGLWLRQDO�PHWKRGV�

Folding and Reducing
:H¦OO�GLVFXVV� IROGLQJ�DQG�UHGXFLQJ� LQ�WKH�VDPH�VHFWLRQ��DV� WKH\¦UH�VLPLODU��%RWK�DUH
RSHUDWLRQV�IRU�£VKULQNLQJ¤�D�FROOHFWLRQ�GRZQ�WR�D�VPDOOHU�FROOHFWLRQ�RU�D�VLQJOH�YDOXH�

)ROGLQJ�VWDUWV�ZLWK�DQ�LQLWLDO�£VHHG¤�YDOXH�DQG�SURFHVVHV�HDFK�HOHPHQW�LQ�WKH�FRQWH[W�RI
WKDW�YDOXH��,Q�FRQWUDVW��UHGXFLQJ�GRHVQ¦W�VWDUW�ZLWK�D�XVHU�VXSSOLHG�LQLWLDO�YDOXH��5DWKHU�
LW�XVHV�WKH�ILUVW�HOHPHQW�DV�WKH�LQLWLDO�YDOXH�

// code-examples/FP/datastructs/foldreduce-script.scala

List(1,2,3,4,5,6) reduceLeft(_ + _)

List(1,2,3,4,5,6).foldLeft(10)(_ * _)

7KLV�VFULSW�UHGXFHV�WKH�OLVW�RI�LQWHJHUV�E\�DGGLQJ�WKHP�WRJHWKHU��UHWXUQLQJ�����,W�WKHQ
IROGV�WKH�VDPH�OLVW�XVLQJ�PXOWLSOLFDWLRQ�ZLWK�D�VHHG�RI�����UHWXUQLQJ�������

5HGXFLQJ�FDQ¦W�ZRUN�RQ�DQ�HPSW\�FROOHFWLRQ��VLQFH�WKHUH�ZRXOG�EH�QRWKLQJ�WR�UHWXUQ�
,Q�WKLV�FDVH��DQ�H[FHSWLRQ�LV�WKURZQ��)ROGLQJ�RQ�DQ�HPSW\�FROOHFWLRQ�ZLOO�VLPSO\�UHWXUQ
WKH�VHHG�YDOXH�

)ROGLQJ�DOVR�RIIHUV�PRUH�RSWLRQV�IRU�WKH�ILQDO�UHVXOW��+HUH�LV�D�£IROG¤�RSHUDWLRQ�WKDW�LV
UHDOO\�D�PDS�RSHUDWLRQ�

// code-examples/FP/datastructs/foldleft-map-script.scala

List(1, 2, 3, 4, 5, 6).foldLeft(List[String]()) {
  (list, x) => ("<" + x + ">") :: list
}.reverse
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,W�UHWXUQV�List(<1>, <2>, <3>, <4>, <5>, <6>)��1RWH�WKDW�ZH�KDG�WR�FDOO�reverse�RQ
WKH�UHVXOW�WR�JHW�EDFN�D�OLVW�LQ�WKH�VDPH�RUGHU�DV�WKH�LQSXW�OLVW�

+HUH�DUH�WKH�VLJQDWXUHV�IRU�WKH�YDULRXV�IROG�DQG�UHGXFH�RSHUDWLRQV�LQ�Iterable�

trait Iterable[+A] {
  ...
  // Combines the elements of this iterable object together using the
  // binary function op, from left to right, and starting with the value z.
  def foldLeft [B](z : B)(op : (B, A) => B) : B

  // Combines the elements of this list together using the binary function
  // op, from right to left, and starting with the value z.
  def foldRight [B](z : B)(op : (A, B) => B) : B

  // Similar to foldLeft but can be used as an operator with the order of
  // list and zero arguments reversed. That is, z /: xs is the same as
  // xs foldLeft z
  def /: [B](z : B)(op : (B, A) => B) : B

  // An alias for foldRight. That is, xs :\ z is the same as xs foldRight z
  def :\ [B](z : B)(op : (A, B) => B) : B

  // Combines the elements of this iterable object together using the
  // binary operator op, from left to right
  def reduceLeft [B >: A](op : (B, A) => B) : B

  // Combines the elements of this iterable object together using the
  // binary operator op, from right to left
  def reduceRight [B >: A](op : (A, B) => B) : B

0DQ\�SHRSOH�FRQVLGHU�WKH�RSHUDWRU�IRUPV��:\�IRU�foldRight�DQG�/:�IRU�foldLeft��WR�EH
D�OLWWOH�WRR�REVFXUH�DQG�KDUG�WR�UHPHPEHU��'RQ¦W�IRUJHW�WKH�LPSRUWDQFH�RI�FRPPXQL�
FDWLQJ�ZLWK�\RXU�UHDGHUV�ZKHQ�ZULWLQJ�FRGH�

:K\�DUH�WKHUH�OHIW�DQG�ULJKW�IRUPV�RI�IROG�DQG�UHGXFH"�)RU�WKH�ILUVW�H[DPSOHV�ZH�VKRZHG�
DGGLQJ�DQG�PXOWLSO\LQJ�D�OLVW�RI�LQWHJHUV��WKH\�ZRXOG�UHWXUQ�WKH�VDPH�UHVXOW��&RQVLGHU
D�foldRight�YHUVLRQ�RI�RXU�ODVW�H[DPSOH�WKDW�XVHG�IROG�WR�PDS�WKH�LQWHJHUV�WR�VWULQJV�

// code-examples/FP/datastructs/foldright-map-script.scala

List(1, 2, 3, 4, 5, 6).foldRight(List[String]()) {
  (x, list) => ("<" + x + ">") :: list
}

7KLV� VFULSW� SURGXFHV� List(<1>, <2>, <3>, <4>, <5>, <6>)��ZLWKRXW� KDYLQJ� WR� FDOO
reverse��DV�ZH�GLG�EHIRUH��1RWH�DOVR�WKDW�WKH�DUJXPHQWV�WR�WKH�IXQFWLRQ�OLWHUDO�DUH�UH�
YHUVHG� FRPSDUHG� WR� WKH� DUJXPHQWV� IRU� foldLeft�� DV� UHTXLUHG� E\� WKH� GHILQLWLRQ� RI
foldRight�

%RWK� foldLeft� DQG� reduceLeft� SURFHVV� WKH� HOHPHQWV� IURP� OHIW� WR� ULJKW��+HUH� LV� WKH
foldLeft�VHTXHQFH�IRU�List(1,2,3,4,5,6).foldLeft(10)(_ * _)�

((((((10 * 1) * 2) * 3) * 4) * 5) * 6)
((((((10) * 2) * 3) * 4) * 5) * 6)
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(((((20) * 3) * 4) * 5) * 6)
((((60) * 4) * 5) * 6)
(((240) * 5) * 6)
((1200) * 6)
(7200)

+HUH�LV�WKH�foldRight�VHTXHQFH�

(1 * (2 * (3 * (4 * (5 * (6 * 10))))))
(1 * (2 * (3 * (4 * (5 * (60))))))
(1 * (2 * (3 * (4 * (300)))))
(1 * (2 * (3 * (1200))))
(1 * (2 * (3600)))
(1 * (7200))
(7200)

,W�WXUQV�RXW�WKDW�foldLeft�DQG�reduceLeft�KDYH�RQH�YHU\�LPSRUWDQW�DGYDQWDJH�RYHU�WKHLU
£ULJKW�KDQGHG¤�EUHWKUHQ��WKH\�DUH�WDLO�FDOO�UHFXUVLYH��DQG�DV�VXFK�WKH\�FDQ�EHQHILW�IURP
WDLO�FDOO�RSWLPL]DWLRQ�

,I�\RX�VWDUH�DW�WKH�SUHYLRXV�EUHDNGRZQV�IRU�PXOWLSO\LQJ�WKH�LQWHJHUV��\RX�FDQ�SUREDEO\
VHH�ZK\�WKH\�DUH�WDLO�FDOO�UHFXUVLYH��5HFDOO�WKDW�D�WDLO�FDOO�PXVW�EH�WKH�ODVW�RSHUDWLRQ�LQ
DQ�LWHUDWLRQ��)RU�HDFK�OLQH�LQ�WKH�foldRight�VHTXHQFH��WKH�RXWHUPRVW�PXOWLSOLFDWLRQ�FDQ¦W
EH�GRQH�XQWLO� WKH� LQQHUPRVW�PXOWLSOLFDWLRQV�DOO�FRPSOHWH��VR�WKH�RSHUDWLRQ� LVQ¦W� WDLO
UHFXUVLYH�

,Q�WKH�IROORZLQJ�VFULSW��WKH�ILUVW�OLQH�SULQWV�������������ZKLOH�WKH�VHFRQG�OLQH�FDXVHV�D
VWDFN�RYHUIORZ�

// code-examples/FP/datastructs/reduceleftright-script.scala

println((1 to 1000000) reduceLeft(_ + _))
println((1 to 1000000) reduceRight(_ + _))

6R�ZK\�KDYH�ERWK�NLQGV�RI�UHFXUVLRQ"�,I�\RX¦UH�QRW�ZRUULHG�DERXW�RYHUIORZ��D�ULJKW
UHFXUVLRQ�PLJKW�EH�WKH�PRVW�QDWXUDO�ILW� IRU�WKH�RSHUDWLRQ�\RX�DUH�GRLQJ��5HFDOO�WKDW
ZKHQ�ZH�XVHG�foldLeft�WR�PDS�LQWHJHUV�WR�VWULQJV��ZH�KDG�WR�UHYHUVH�WKH�UHVXOW��7KDW
ZDV�HDV\�HQRXJK�WR�GR�LQ�WKDW�FDVH��EXW�LQ�JHQHUDO��WKH�UHVXOW�RI�D�OHIW�UHFXUVLRQ�PLJKW
QRW�DOZD\V�EH�HDV\�WR�FRQYHUW�WR�WKH�ULJKW�IRUP�

Functional Options
<RX¦OO�ILQG�WKH�IXQFWLRQDO�RSHUDWLRQV�ZH¦YH�H[SORUHG�WKURXJKRXW�WKH�6FDOD�OLEUDU\��DQG
QRW� H[FOXVLYHO\� RQ� FROOHFWLRQ� FODVVHV�� 7KH� DOZD\V� KDQG\� Option� FRQWDLQHU� VXSSRUWV
filter��map��flatMap��DQG�RWKHU�IXQFWLRQDOO\�RULHQWHG�PHWKRGV�WKDW�DUH�DSSOLHG�RQO\�LI
WKH�Option�LVQ¦W�HPSW\��WKDW�LV��LI�LW¦V�D�Some�DQG�QRW�D�None��

/HW¦V�VHH�WKLV�LQ�SUDFWLFH�

// code-examples/FP/datastructs/option-script.scala

val someNumber = Some(5)
val noneNumber = None
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for (option <- List(noneNumber, someNumber)) {
  option.map(n => println(n * 5))
}

,Q�WKLV�H[DPSOH��ZH�DWWHPSW�WR�PXOWLSO\�WKH�FRQWHQWV�RI�WZR�Options�E\�ILYH��1RUPDOO\�
WU\LQJ�WR�PXOWLSO\�D�null�YDOXH�ZRXOG�UHVXOW�LQ�DQ�HUURU��%XW�EHFDXVH�WKH�LPSOHPHQWDWLRQ
RI�map�RQ�Option�RQO\�DSSOLHV�WKH�SDVVHG�LQ�IXQFWLRQ�ZKHQ�LW¦V�QRQ�HPSW\��ZH�GRQ¦W
KDYH�WR�ZRUU\�DERXW�WHVWLQJ�IRU�WKH�SUHVHQFH�RI�D�YDOXH�RU�KDQGOLQJ�DQ�H[FHSWLRQ�ZKHQ
ZH�PDS�RYHU�WKH�None�

)XQFWLRQDO�RSHUDWLRQV�RQ�Options�VDYH�XV�IURP�H[WUD�FRQGLWLRQDO�H[SUHVVLRQV�RU�SDWWHUQ
PDWFKLQJ��3DWWHUQ�PDWFKLQJ��WKRXJK��LV�D�SRZHUIXO�WRRO�ZLWKLQ�WKH�FRQWH[W�RI�IXQFWLRQDO
SURJUDPPLQJ��DV�ZH¦OO�H[SORUH�LQ�WKH�QH[W�VHFWLRQ�

Pattern Matching
:H¦YH�VHHQ�PDQ\�H[DPSOHV�RI�SDWWHUQ�PDWFKLQJ�WKURXJKRXW�WKLV�ERRN��:H�JRW�RXU�ILUVW
WDVWH�LQ�£$�7DVWH�RI�&RQFXUUHQF\¤�RQ�SDJH�����ZKHUH�ZH�XVHG�SDWWHUQ�PDWFKLQJ�LQ�RXU
$FWRU�WKDW�GUHZ�JHRPHWULF�VKDSHV��:H�GLVFXVVHG�SDWWHUQ�PDWFKLQJ�LQ�GHSWK�LQ�£3DWWHUQ
0DWFKLQJ¤�RQ�SDJH����

3DWWHUQ�PDWFKLQJ�LV�D�IXQGDPHQWDO�WRRO�LQ�IXQFWLRQDO�SURJUDPPLQJ��,W¦V�MXVW�DV�LPSRU�
WDQW�DV�SRO\PRUSKLVP�LV�LQ�REMHFW�RULHQWHG�SURJUDPPLQJ��DOWKRXJK�WKH�JRDOV�RI�WKH�WZR
WHFKQLTXHV�DUH�YHU\�GLIIHUHQW�

3DWWHUQ�PDWFKLQJ�LV�DQ�HOHJDQW�ZD\�WR�GHFRPSRVH�REMHFWV�LQWR�WKHLU�FRQVWLWXHQW�SDUWV
IRU�SURFHVVLQJ��2Q�WKH�IDFH�RI�LW��SDWWHUQ�PDWFKLQJ�IRU�WKLV�SXUSRVH�VHHPV�WR�YLRODWH�WKH
JRDO�RI�HQFDSVXODWLRQ�WKDW�REMHFWV�SURYLGH��,PPXWDELOLW\��WKRXJK��ODUJHO\�UHFWLILHV�WKLV
FRQIOLFW��7KH�ULVN�WKDW�WKH�SDUWV�RI�DQ�REMHFW�PLJKW�EH�FKDQJHG�RXWVLGH�RI�WKH�FRQWURO�RI
WKH�HQFORVLQJ�REMHFW�LV�DYRLGHG�

)RU�H[DPSOH��LI�ZH�KDYH�D�Person�FODVV�WKDW�FRQWDLQV�D�OLVW�RI�DGGUHVVHV��ZH�GRQ¦W�PLQG
H[SRVLQJ�WKDW�OLVW�WR�FOLHQWV�LI�WKH�OLVW�LV�LPPXWDEOH��7KH\�FDQ¦W�XQH[SHFWHGO\�FKDQJH�WKH
OLVW�

+RZHYHU��H[SRVLQJ�FRQVWLWXHQW�SDUWV�SRWHQWLDOO\�FRXSOHV�FOLHQWV�WR�WKH�W\SHV�RI�WKRVH
SDUWV��:H�FDQ¦W�FKDQJH�KRZ�WKH�SDUWV�DUH�LPSOHPHQWHG�ZLWKRXW�EUHDNLQJ�WKH�FOLHQWV��$
ZD\�WR�PLQLPL]H�WKLV�ULVN� LV� WR�H[SRVH�WKH� ORZHVW�OHYHO�DEVWUDFWLRQV�SRVVLEOH��:KHQ
FOLHQWV�DFFHVV�D�SHUVRQ¦V�DGGUHVVHV��GR�WKH\�UHDOO\�QHHG�WR�NQRZ�WKDW�WKH\�DUH�VWRUHG�LQ
D�List��RU�LV�LW�VXIILFLHQW�WR�NQRZ�WKDW�WKH\�DUH�VWRUHG�LQ�DQ�Iterable�RU�Seq"�,I�VR��WKHQ
ZH�FDQ�FKDQJH�WKH�LPSOHPHQWDWLRQ�RI�WKH�DGGUHVVHV�DV�ORQJ�DV�WKH\�VWLOO�VXSSRUW�WKRVH
DEVWUDFWLRQV��2I�FRXUVH��ZH¦YH�NQRZQ�IRU�D�ORQJ�WLPH�LQ�REMHFW�RULHQWHG�SURJUDPPLQJ
WKDW�\RX� VKRXOG�RQO\� FRXSOH� WR�DEVWUDFWLRQV��QRW� FRQFUHWH�GHWDLOV� �IRU� H[DPSOH�� VHH
>0DUWLQ����@��
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)XQFWLRQDO� SDWWHUQ� PDWFKLQJ� DQG� REMHFW�RULHQWHG� SRO\PRUSKLVP� DUH� SRZHUIXO
FRPSOHPHQWV�WR�HDFK�RWKHU��:H�VDZ�WKLV�LQ�WKH�$FWRU�H[DPSOH�LQ�£$�7DVWH�RI�&RQFXU�
UHQF\¤�RQ�SDJH�����ZKHUH�ZH�PDWFKHG�RQ�WKH�Shape�DEVWUDFWLRQ��EXW�FDOOHG�WKH�SRO\�
PRUSKLF�draw�RSHUDWLRQ�

Partial Functions
<RX¦YH� VHHQ�SDUWLDOO\� DSSOLHG� IXQFWLRQV��RU�SDUWLDO� IXQFWLRQV�� WKURXJKRXW� WKLV�ERRN�
:KHQ�\RX¦YH�VHHQ�DQ�XQGHUVFRUH�SDVVHG�WR�D�PHWKRG��\RX¦YH�SUREDEO\�VHHQ�SDUWLDO
DSSOLFDWLRQ�DW�ZRUN�

3DUWLDO�IXQFWLRQV�DUH�H[SUHVVLRQV�LQ�ZKLFK�QRW�DOO�RI�WKH�DUJXPHQWV�GHILQHG�LQ�D�IXQFWLRQ
DUH�VXSSOLHG�DV�SDUDPHWHUV�WR�WKH�IXQFWLRQ��,Q�6FDOD��SDUWLDO�IXQFWLRQV�DUH�XVHG�WR�EXQGOH
XS�D�IXQFWLRQ��LQFOXGLQJ�LWV�SDUDPHWHUV�DQG�UHWXUQ�W\SH��DQG�DVVLJQ�WKDW�IXQFWLRQ�WR�D
YDULDEOH�RU�SDVV�LW�DV�DQ�DUJXPHQW�WR�DQRWKHU�IXQFWLRQ�

7KLV�LV�D�ELW�FRQIXVLQJ�XQWLO�ZH�VHH�LW�LQ�SUDFWLFH�

// code-examples/FP/partial/partial-script.scala

def concatUpper(s1: String, s2: String): String = (s1 + " " + s2).toUpperCase

val c = concatUpper _
println(c("short", "pants"))

val c2 = concatUpper("short", _: String)
println(c2("pants"))

&DOOLQJ�concatUpper�ZLWK�DQ�XQGHUVFRUH�� _ ��WXUQV�WKH�PHWKRG�LQWR�D�IXQFWLRQ�YDOXH�
,Q� WKH� ILUVW� SDUW� RI� WKH� H[DPSOH�� ZH¦YH� DVVLJQHG� D� SDUWLDOO\� DSSOLHG� YHUVLRQ� RI
concatUpper�WR�WKH�YDOXH�c��:H�WKHQ�DSSO\�LW��LPSOLFLWO\�FDOOLQJ�WKH�apply�PHWKRG�RQ�c
E\�SDVVLQJ�SDUDPHWHUV�WR�LW�GLUHFWO\��7KH�UHWXUQHG�YDOXH�LV�WKHQ�SULQWHG�

,Q�WKH�VHFRQG�SDUW��ZH¦YH�VSHFLILHG�WKH�ILUVW�SDUDPHWHU�WR�concatUpper�EXW�QRW�WKH�VHF�
RQG��DOWKRXJK�ZH�KDYH�VSHFLILHG�WKH�W\SH�RI�WKH�VHFRQG�SDUDPHWHU��:H¦YH�DVVLJQHG�WKLV
YDULDQW�WR�D�VHFRQG�YDOXH��c2��7R�SURGXFH�WKH�VDPH�RXWSXW�DV�ZH�VDZ�EHIRUH��ZH�QHHG
RQO\�SDVV�LQ�D�VLQJOH�YDOXH�ZKHQ�ZH�DSSO\�c2��:H¦YH�DSSOLHG�SDUW�RI�WKH�IXQFWLRQ�LQ�WKH
DVVLJQPHQW�WR�c2��DQG�ZH�£ILOO�LQ�WKH�EODQNV¤�ZKHQ�ZH�FDOO�c2�RQ�WKH�QH[W�OLQH�

:H¦YH�VHHQ�SDUWLDOO\�DSSOLHG�IXQFWLRQV�ZLWKRXW�WKH�XQGHUVFRUH�V\QWD[�DV�ZHOO�

List("short", "pants").map(println)

,Q�WKLV�H[DPSOH��println�LV�WKH�SDUWLDOO\�DSSOLHG�IXQFWLRQ��,W¦V�DSSOLHG�ZKHQ�LQYRNHG�E\
PDSSLQJ�RYHU�HDFK�HOHPHQW�LQ�WKH�OLVW��%HFDXVH�WKH�PDS�RSHUDWLRQ�H[SHFWV�D�IXQFWLRQ
DV�DQ�DUJXPHQW��ZH�GRQ¦W�QHHG�WR�ZULWH�map(println _)��7KH�WUDLOLQJ�XQGHUVFRUH�WKDW
WXUQV�println�LQWR�D�IXQFWLRQ�YDOXH�LV�LPSOLHG��LQ�WKLV�FRQWH[W�

$QRWKHU�ZD\�RI�WKLQNLQJ�RI�SDUWLDO�IXQFWLRQV�LV�DV�IXQFWLRQV�WKDW�ZLOO�LQIRUP�\RX�ZKHQ
\RX�VXSSO\�WKHP�ZLWK�SDUDPHWHUV�WKDW�DUH�RXW�RI�WKHLU�GRPDLQ��(YHU\�SDUWLDO�IXQFWLRQ
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LV�� DV� \RX� PLJKW� JXHVV�� RI� WKH� W\SH� PartialFunction�� 7KLV� WUDLW� GHILQHV� D� PHWKRG
orElse�WKDW�WDNHV�DQRWKHU�PartialFunction��6KRXOG�WKH�ILUVW�SDUWLDO�IXQFWLRQ�QRW�DSSO\�
WKH�VHFRQG�ZLOO�EH�LQYRNHG�

$JDLQ��WKLV�LV�HDVLHU�XQGHUVWRRG�LQ�SUDFWLFH�

// code-examples/FP/partial/orelse-script.scala

val truthier: PartialFunction[Boolean, String] = { case true => "truthful" }
val fallback: PartialFunction[Boolean, String] = { case x => "sketchy" }
val tester = truthier orElse fallback

println(tester(1 == 1))
println(tester(2 + 2 == 5))

,Q�WKLV�H[DPSOH��tester�LV�D�SDUWLDO�IXQFWLRQ�FRPSRVHG�RI�WZR�RWKHU�SDUWLDO�IXQFWLRQV�
truthier�DQG�fallback��,Q�WKH�ILUVW�println�VWDWHPHQW��truthier�LV�H[HFXWHG�EHFDXVH�WKH
SDUWLDO�IXQFWLRQ¦V�LQWHUQDO�FDVH�PDWFKHV��,Q�WKH�VHFRQG��fallback�LV�H[HFXWHG�EHFDXVH
WKH�YDOXH�RI�WKH�H[SUHVVLRQ�LV�RXWVLGH�RI�WKH�GRPDLQ�RI�truthier�

7KH�case�VWDWHPHQWV�ZH¦YH�VHHQ�WKURXJK�RXU�H[SORUDWLRQ�RI�6FDOD�DUH�H[SDQGHG�LQWHU�
QDOO\� WR� SDUWLDOO\� DSSOLHG� IXQFWLRQV�� 7KH� IXQFWLRQV� SURYLGH� WKH� DEVWUDFW� PHWKRG
isDefinedAt��D�IHDWXUH�RI�WKH�PartialFunction�WUDLW�XVHG�WR�VSHFLI\�WKH�ERXQGDULHV�RI�D
SDUWLDO�IXQFWLRQ¦V�GRPDLQ�

// code-examples/FP/partial/isdefinedat-script.scala

val pantsTest: PartialFunction[String, String] = {
  case "pants" => "yes, we have pants!"
}

println(pantsTest.isDefinedAt("pants"))
println(pantsTest.isDefinedAt("skort"))

+HUH��RXU�SDUWLDO�IXQFWLRQ�LV�D�WHVW�IRU�WKH�VWULQJ�"pants"��:KHQ�ZH�LQTXLUH�DV�WR�ZKHWKHU
WKH� VWULQJ�"pants"� LV� GHILQHG� IRU� WKLV� IXQFWLRQ�� WKH� UHVXOW� LV�true�� %XW� IRU� WKH� VWULQJ
"skort"��WKH�UHVXOW�LV�false��:HUH�ZH�GHILQLQJ�RXU�RZQ�SDUWLDO�IXQFWLRQ��ZH�FRXOG�SUR�
YLGH�DQ�LPSOHPHQWDWLRQ�RI�isDefinedAt�WKDW�SHUIRUPV�DQ\�DUELWUDU\�WHVW�IRU�WKH�ERXQ�
GDULHV�RI�RXU�IXQFWLRQ�

Currying
-XVW�DV�\RX�HQFRXQWHUHG�SDUWLDOO\�DSSOLHG�IXQFWLRQV�EHIRUH�ZH�GHILQHG�WKHP��\RX¦YH�DOVR
VHHQ�FXUULHG� IXQFWLRQV��1DPHG�DIWHU�PDWKHPDWLFLDQ�+DVNHOO�&XUU\� �IURP�ZKRP�WKH
+DVNHOO�ODQJXDJH�DOVR�JHW�LWV�QDPH���FXUU\LQJ�WUDQVIRUPV�D�IXQFWLRQ�WKDW�WDNHV�PXOWLSOH
SDUDPHWHUV�LQWR�D�FKDLQ�RI�IXQFWLRQV��HDFK�WDNLQJ�D�VLQJOH�SDUDPHWHU�

,Q�6FDOD��FXUULHG�IXQFWLRQV�DUH�GHILQHG�ZLWK�PXOWLSOH�SDUDPHWHU�OLVWV��DV�IROORZV�

def cat(s1: String)(s2: String) = s1 + s2

2I�FRXUVH��ZH�FRXOG�GHILQH�PRUH�WKDQ�WZR�SDUDPHWHUV�RQ�D�FXUULHG�IXQFWLRQ��LI�ZH�OLNH�
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:H�FDQ�DOVR�XVH�WKH�IROORZLQJ�V\QWD[�WR�GHILQH�D�FXUULHG�IXQFWLRQ�

def cat(s1: String) = (s2: String) => s1 + s2

:KLOH�WKH�SUHYLRXV�V\QWD[�LV�PRUH�UHDGDEOH��LQ�RXU�HVWLPDWLRQ��XVLQJ�WKLV�V\QWD[�HOLP�
LQDWHV�WKH�UHTXLUHPHQW�RI�D�WUDLOLQJ�XQGHUVFRUH�ZKHQ�WUHDWLQJ�WKH�FXUULHG�IXQFWLRQ�DV�D
SDUWLDOO\�DSSOLHG�IXQFWLRQ�

&DOOLQJ�RXU�FXUULHG�VWULQJ�FRQFDWHQDWLRQ�IXQFWLRQ�ORRNV�OLNH�WKLV�LQ�WKH�6FDOD�5(3/�

scala> cat("foo")("bar")
res1: java.lang.String = foobar

:H�FDQ�DOVR�FRQYHUW�PHWKRGV�WKDW�WDNH�PXOWLSOH�SDUDPHWHUV�LQWR�D�FXUULHG�IRUP�ZLWK
WKH�Function.curried�PHWKRG�

scala> def cat(s1: String, s2: String) = s1 + s2
cat: (String,String)java.lang.String

scala> val curryCat = Function.curried(cat _)
curryCat: (String) => (String) => java.lang.String = <function>

scala> cat("foo", "bar") == curryCat("foo")("bar")
res2: Boolean = true

,Q�WKLV�H[DPSOH��ZH�WUDQVIRUP�D�IXQFWLRQ�WKDW�WDNHV�WZR�DUJXPHQWV��cat��LQWR�LWV�FXUULHG
HTXLYDOHQW�WKDW�WDNHV�PXOWLSOH�SDUDPHWHU�OLVWV��,I�cat�KDG�WDNHQ�WKUHH�SDUDPHWHUV��LWV
FXUULHG�HTXLYDOHQW�ZRXOG�WDNH�WKUHH�OLVWV�RI�DUJXPHQWV��DQG�VR�RQ��7KH�WZR�IRUPV�DUH
IXQFWLRQDOO\�HTXLYDOHQW��DV�GHPRQVWUDWHG�E\�WKH�HTXDOLW\�WHVW��EXW�curryCat�FDQ�QRZ�EH
XVHG�DV�WKH�EDVLV�RI�D�SDUWLDOO\�DSSOLHG�IXQFWLRQ�DV�ZHOO�

scala> val partialCurryCat = curryCat("foo")(_)
partialCurryCat: (String) => java.lang.String = <function>

scala> partialCurryCat("bar")
res3: java.lang.String = foobar

,Q�SUDFWLFH��WKH�SULPDU\�XVH�IRU�FXUU\LQJ�LV�WR�VSHFLDOL]H�IXQFWLRQV�IRU�SDUWLFXODU�W\SHV
RI�GDWD��<RX�FDQ�VWDUW�ZLWK�DQ�H[WUHPHO\�JHQHUDO�FDVH��DQG�XVH�WKH�FXUULHG�IRUP�RI�D
IXQFWLRQ�WR�QDUURZ�GRZQ�WR�SDUWLFXODU�FDVHV�

$V�D�VLPSOH�H[DPSOH�RI�WKLV�DSSURDFK��WKH�IROORZLQJ�FRGH�SURYLGHV�VSHFLDOL]HG�IRUPV
RI�D�EDVH�IXQFWLRQ�WKDW�KDQGOHV�PXOWLSOLFDWLRQ�

def multiplier(i: Int)(factor: Int) = i * factor
val byFive = multiplier(5) _
val byTen = multiplier(10) _

:H�VWDUW�ZLWK�multiplier��ZKLFK�WDNHV�WZR�SDUDPHWHUV��DQ�LQWHJHU��DQG�DQRWKHU�LQWHJHU
WR�PXOWLSO\�WKH�ILUVW�RQH�E\��:H�WKHQ�FXUU\�WZR�VSHFLDO�FDVHV�RI�multiplier�LQWR�IXQFWLRQ
YDOXHV��1RWH�WKH�WUDLOLQJ�XQGHUVFRUHV��ZKLFK�LQGLFDWH�WR�WKH�FRPSLOHU�WKDW�WKH�SUHFHGLQJ
H[SUHVVLRQ�LV�WR�EH�FXUULHG��,Q�SDUWLFXODU��WKH�ZLOGFDUG�XQGHUVFRUHV�LQGLFDWH�WKDW�WKH
UHPDLQLQJ�DUJXPHQWV��LQ�WKLV�H[DPSOH��RQH�DUJXPHQW��DUH�XQVSHFLILHG�
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,Q�WKH�6FDOD�FRQVROH��ZH�JHW�SUHGLFWDEOH�RXWSXW�ZKHQ�FDOOLQJ�RXU�FXUULHG�IXQFWLRQV�

scala> byFive(2)
res4: Int = 10

scala> byTen(2)
res5: Int = 20

:H¦OO�UHYLVLW�WKH�curry�PHWKRG�LQ�£)XQFWLRQ�7\SHV¤�RQ�SDJH�����

$V�\RX�FDQ�VHH��FXUU\LQJ�DQG�SDUWLDOO\�DSSOLHG�IXQFWLRQV�DUH�FORVHO\�UHODWHG�FRQFHSWV�
<RX�PD\�VHH�WKHP�UHIHUUHG�WR�DOPRVW�LQWHUFKDQJHDEO\��EXW�ZKDW¦V�LPSRUWDQW�LV�WKHLU
DSSOLFDWLRQ��QR�SXQ�LQWHQGHG��

Implicits
7KHUH�DUH�WLPHV�ZKHQ�\RX�KDYH�DQ�LQVWDQFH�RI�RQH�W\SH�DQG�\RX�QHHG�WR�XVH�LW� LQ�D
FRQWH[W�ZKHUH�D�GLIIHUHQW��EXW�SHUKDSV�D�VLPLODU�W\SH�LV�UHTXLUHG��)RU�WKH�£RQH�RII¤�FDVH�
\RX�PLJKW�FUHDWH�DQ�LQVWDQFH�RI�WKH�UHTXLUHG�W\SH�XVLQJ�WKH�VWDWH�RI�WKH�LQVWDQFH�\RX
DOUHDG\�KDYH��+RZHYHU��IRU�WKH�JHQHUDO�FDVH��LI�WKHUH�DUH�PDQ\�VXFK�RFFXUUHQFHV�LQ�WKH
FRGH��\RX�ZRXOG�UDWKHU�KDYH�DQ�DXWRPDWHG�FRQYHUVLRQ�PHFKDQLVP�

$�VLPLODU�SUREOHP�RFFXUV�ZKHQ�\RX�FDOO�RQH�RU�PRUH�IXQFWLRQV�UHSHDWHGO\�DQG�KDYH�WR
SDVV�WKH�VDPH�YDOXH�WR�DOO�WKH�LQYRFDWLRQV��<RX�PLJKW�OLNH�D�ZD\�RI�VSHFLI\LQJ�D�GHIDXOW
YDOXH�IRU�WKDW�SDUDPHWHU��VR�LW�LV�QRW�QHFHVVDU\�WR�VSHFLI\�LW�H[SOLFLWO\�DOO�WKH�WLPH�

7KH�6FDOD�NH\ZRUG�implicit�FDQ�EH�XVHG�WR�VXSSRUW�ERWK�QHHGV�

Implicit Conversions
&RQVLGHU�WKH�IROORZLQJ�FRGH�IUDJPHQW�

val name: String = "scala"
println(name.capitalize.reverse)

,W�SULQWV�WKH�IROORZLQJ�

alacS

:H�VDZ�LQ�£7KH�3UHGHI�2EMHFW¤�RQ�SDJH�����WKDW�Predef�GHILQHV�WKH�String�W\SH�WR�EH
java.lang.String�� \HW� WKH� PHWKRGV� capitalize� DQG� reverse� DUHQ¦W� GHILQHG� RQ
java.lang.String��+RZ�GLG�WKLV�FRGH�ZRUN"

7KH�6FDOD�OLEUDU\�GHILQHV�D�£ZUDSSHU¤�FODVV�FDOOHG�scala.runtime.RichString�WKDW�KDV
WKHVH�PHWKRGV��DQG�WKH�FRPSLOHU�FRQYHUWHG�WKH�name�VWULQJ�WR�LW�LPSOLFLWO\�XVLQJ�D�VSHFLDO
PHWKRG�GHILQHG�LQ�Predef�FDOOHG�stringWrapper�

implicit def stringWrapper(x: String) = new runtime.RichString(x)

7KH�implicit�NH\ZRUG�WHOOV�WKH�FRPSLOHU�LW�FDQ�XVH�WKLV�PHWKRG�IRU�DQ�£LPSOLFLW¤�FRQ�
YHUVLRQ�IURP�D�String�WR�D�RichString��ZKHQHYHU�WKH�ODWWHU�LV�UHTXLUHG��7KH�FRPSLOHU
GHWHFWHG�DQ�DWWHPSW�WR�FDOO�D�capitalize�PHWKRG��DQG�LW�GHWHUPLQHG�WKDW�RichString
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KDV�VXFK�D�PHWKRG��7KHQ�LW�ORRNHG�ZLWKLQ�WKH�FXUUHQW�VFRSH�IRU�DQ�implicit�PHWKRG
WKDW�FRQYHUWV�String�WR�RichString��ILQGLQJ�stringWrapper�

$V�ZH¦OO�VHH�LQ�£9LHZV�DQG�9LHZ�%RXQGV¤�RQ�SDJH������WKHVH�FRQYHUVLRQ�PHWKRGV�DUH
VRPHWLPHV�FDOOHG�YLHZV��LQ�WKH�VHQVH�WKDW�RXU�stringWrapper�FRQYHUVLRQ�SURYLGHV�D�YLHZ
IURP�String�WR�RichString�

Predef� GHILQHV�PDQ\� RWKHU� LPSOLFLW� FRQYHUVLRQ�PHWKRGV��PRVW� RI�ZKLFK� IROORZ� WKH
QDPLQJ�FRQYHQWLRQ�old2New��ZKHUH�old� LV�WKH�W\SH�RI�REMHFW�DYDLODEOH�DQG�New� LV�WKH
GHVLUHG�W\SH��+RZHYHU��WKHUH�LV�QR�UHVWULFWLRQ�RQ�WKH�QDPHV�RI�FRQYHUVLRQ�PHWKRGV�
7KHUH�DUH�DOVR�D�QXPEHU�RI�RWKHU�Rich�ZUDSSHU�FODVVHV�GHILQHG�LQ�WKH�scala.runtime
SDFNDJH�

+HUH�LV�D�VXPPDU\�RI�WKH�ORRNXS�UXOHV�XVHG�E\�WKH�FRPSLOHU�WR�ILQG�DQG�DSSO\�FRQYHUVLRQ
PHWKRGV��)RU�PRUH�GHWDLOV��VHH�>6FDOD6SHF����@�

�� 1R�FRQYHUVLRQ�ZLOO�EH�DWWHPSWHG�LI�WKH�REMHFW�DQG�PHWKRG�FRPELQDWLRQ�W\SH�FKHFN
VXFFHVVIXOO\�

�� 2QO\�PHWKRGV�ZLWK�WKH�implicit�NH\ZRUG�DUH�FRQVLGHUHG�

�� 2QO\� LPSOLFLW�PHWKRGV� LQ� WKH� FXUUHQW� VFRSH� DUH� FRQVLGHUHG�� DV�ZHOO� DV� LPSOLFLW
PHWKRGV�GHILQHG�LQ�WKH�FRPSDQLRQ�REMHFW�RI�WKH�WDUJHW�W\SH�

�� ,PSOLFLW�PHWKRGV�DUHQ¦W�FKDLQHG�WR�JHW�IURP�WKH�DYDLODEOH�W\SH��WKURXJK�LQWHUPHGL�
DWH� W\SHV�� WR� WKH�target� W\SH��2QO\� D�PHWKRG� WKDW� WDNHV� D� VLQJOH� DYDLODEOH� W\SH
LQVWDQFH�DQG�UHWXUQV�D�WDUJHW�W\SH�LQVWDQFH�ZLOO�EH�FRQVLGHUHG�

�� 1R�FRQYHUVLRQ�LV�DWWHPSWHG�LI�PRUH�WKDQ�RQH�SRVVLEOH�FRQYHUVLRQ�PHWKRG�FRXOG
EH�DSSOLHG��7KHUH�PXVW�EH�RQH�DQG�RQO\�RQH�SRVVLELOLW\�

:KDW�LI�\RX�FDQ¦W�GHILQH�D�FRQYHUVLRQ�PHWKRG�LQ�D�FRPSDQLRQ�REMHFW��WR�VDWLVI\�WKH
WKLUG�UXOH��SHUKDSV�EHFDXVH�\RX�FDQ¦W�PRGLI\�RU�FUHDWH�WKH�FRPSDQLRQ�REMHFW"�,Q�WKLV
FDVH��GHILQH�WKH�PHWKRG�VRPHZKHUH�HOVH�DQG�LPSRUW�LW��1RUPDOO\��\RX�ZLOO�GHILQH�DQ
object�ZLWK�MXVW�WKH�FRQYHUVLRQ�PHWKRG�V��QHHGHG��+HUH�LV�DQ�H[DPSOH�

// code-examples/FP/implicits/implicit-conversion-script.scala
import scala.runtime.RichString

class FancyString(val str: String)

object FancyString2RichString {
    implicit def fancyString2RichString(fs: FancyString) =
        new RichString(fs.str)
}

import FancyString2RichString._

val fs = new FancyString("scala")
println(fs.capitalize.reverse)
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:H�FDQ¦W�PRGLI\�RichString�RU�Predef�WR�DGG�DQ�LPSOLFLW�FRQYHUVLRQ�PHWKRG�IRU�RXU
FXVWRP� FancyString� FODVV�� ,QVWHDG�� ZH� GHILQH� DQ� object� QDPHG� FancyString2Rich
String�DQG�GHILQH�WKH�FRQYHUVLRQ�PHWKRG�LQ�LW��:H�WKHQ�LPSRUW�WKH�FRQWHQWV�RI�WKLV
REMHFW�DQG�WKH�FRQYHUWHU�JHWV�LQYRNHG�LPSOLFLWO\�LQ�WKH�ODVW�OLQH��7KH�RXWSXW�RI�WKLV�VFULSW
LV�WKH�IROORZLQJ�

alacS

7KLV�SDWWHUQ�IRU�HIIHFWLYHO\�DGGLQJ�QHZ�PHWKRGV�WR�FODVVHV�KDV�EHHQ�FDOOHG�3LPS�0\
/LEUDU\��VHH�>2GHUVN\����@��

Implicit Function Parameters
:H�VDZ�LQ�&KDSWHU���WKDW�6FDOD�YHUVLRQ�����DGGV�VXSSRUW�IRU�GHIDXOW�DUJXPHQW�YDOXHV�
OLNH�\RX�ILQG�LQ�RWKHU�ODQJXDJHV�OLNH�5XE\�DQG�&����7KHUH�DUH�WZR�RWKHU�ZD\V�WR�DFKLHYH
WKH�VDPH�HIIHFW�LQ�DOO�YHUVLRQV�RI�6FDOD��7KH�ILUVW�LV�WR�XVH�IXQFWLRQ�FXUU\LQJ��DV�ZH�KDYH
VHHQ��7KH�VHFRQG�ZD\�LV�WR�GHILQH�LPSOLFLW�YDOXHV��XVLQJ�WKH�implicit�NH\ZRUG�

/HW¦V�H[DPLQH�KRZ�LPSOLFLW�YDOXHV�ZRUN�

// code-examples/FP/implicits/implicit-parameter-script.scala
import scala.runtime.RichString

def multiplier(i: Int)(implicit factor: Int) {
  println(i * factor)
}

implicit val factor = 2

multiplier(2)
multiplier(2)(3)

2XU�PXOWLSOLHU� WDNHV� WZR� OLVWV� RI� SDUDPHWHUV�� 7KH� ODWWHU� LQFOXGHV� DQ� LQWHJHU� YDOXH�
factor��PDUNHG�implicit��7KLV�NH\ZRUG� LQIRUPV� WKH�FRPSLOHU� WR� VHHN� WKH�YDOXH� IRU
factor�IURP�WKH�VXUURXQGLQJ�VFRSH��LI�DYDLODEOH��RU�WR�XVH�ZKDWHYHU�SDUDPHWHU�KDV�EHHQ
H[SOLFLWO\�VXSSOLHG�WR�WKH�IXQFWLRQ�

:H¦YH�GHILQHG�RXU�RZQ�factor�YDOXH�LQ�VFRSH��DQG�WKDW�YDOXH�LV�XVHG�LQ�WKH�ILUVW�FDOO�WR
multiplier�� ,Q� WKH� VHFRQG�FDOO��ZH¦UH� H[SOLFLWO\�SDVVLQJ� LQ� D� YDOXH� IRU�factor� DQG� LW
RYHUULGHV�WKH�YDOXH�LQ�WKH�VXUURXQGLQJ�VFRSH�

(VVHQWLDOO\�� LPSOLFLW�IXQFWLRQ�SDUDPHWHUV�EHKDYH�DV�SDUDPHWHUV�ZLWK�D�GHIDXOW�YDOXH�
ZLWK�WKH�NH\�GLIIHUHQFH�EHLQJ�WKDW�WKH�YDOXH�FRPHV�IURP�WKH�VXUURXQGLQJ�VFRSH��+DG
RXU�factor�YDOXH�UHVLGHG�LQ�D�FODVV�RU�REMHFW��ZH�ZRXOG�KDYH�KDG�WR�LPSRUW�LW�LQWR�WKH
ORFDO�VFRSH��,I�WKH�FRPSLOHU�FDQ¦W�GHWHUPLQH�WKH�YDOXH�WR�XVH�IRU�DQ�LPSOLFLW�SDUDPHWHU�
DQ�HUURU�RI�£QR�LPSOLFLW�DUJXPHQW�PDWFKLQJ�SDUDPHWHU¤�ZLOO�RFFXU�
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Final Thoughts on Implicits
,PSOLFLWV�FDQ�EH�SHULORXVO\�FORVH�WR�£PDJLF�¤�:KHQ�XVHG�H[FHVVLYHO\��WKH\�REIXVFDWH�WKH
FRGH¦V�EHKDYLRU�IRU�WKH�UHDGHU��$OVR��EH�FDUHIXO�DERXW�WKH�LPSOHPHQWDWLRQ�RI�D�FRQYHU�
VLRQ�PHWKRG��HVSHFLDOO\�LI�WKH�UHWXUQ�W\SH�LV�QRW�H[SOLFLWO\�GHFODUHG��,I�D�IXWXUH�FKDQJH
WR�WKH�PHWKRG�DOVR�FKDQJHV�WKH�UHWXUQ�W\SH�LQ�VRPH�VXEWOH�ZD\��WKH�FRQYHUVLRQ�PD\
VXGGHQO\�IDLO�WR�ZRUN��,Q�JHQHUDO��LPSOLFLWV�FDQ�FDXVH�P\VWHULRXV�EHKDYLRU�WKDW�LV�KDUG
WR�GHEXJ�

:KHQ�GHFLGLQJ�KRZ�WR� LPSOHPHQW�£GHIDXOW¤�YDOXHV� IRU�PHWKRG�DUJXPHQWV��D�PDMRU
DGYDQWDJH�RI�XVLQJ�GHIDXOW�DUJXPHQW�YDOXHV��LQ�6FDOD�YHUVLRQ������LV�WKDW�WKH�PHWKRG
PDLQWDLQHU� GHFLGHV� ZKDW� WR� XVH� DV� WKH� GHIDXOW� YDOXH�� 7KH� LPSOHPHQWDWLRQ� LV�PRUH
VWUDLJKWIRUZDUG�DQG�\RX�DYRLG� WKH�£PDJLF¤�RI� LPSOLFLW�PHWKRGV��+RZHYHU��D�GLVDG�
YDQWDJH�RI�XVLQJ�GHIDXOW�DUJXPHQW�YDOXHV�LV�WKDW�LW�PLJKW�EH�GHVLUDEOH�WR�XVH�D�GLIIHUHQW
£GHIDXOW¤�YDOXH�EDVHG�RQ�WKH�FRQWH[W�LQ�ZKLFK�WKH�PHWKRG�LV�EHLQJ�FDOOHG��6FDOD�YHUVLRQ
����SURYLGHV�VRPH�IOH[LELOLW\��DV�\RX�FDQ�XVH�DQ�H[SUHVVLRQ�IRU�DQ�DUJXPHQW��QRW�MXVW�D
FRQVWDQW�YDOXH��+RZHYHU��WKDW�IOH[LELOLW\�PLJKW�QRW�EH�HQRXJK��LQ�ZKLFK�FDVH�LPSOLFLWV
DUH�D�YHU\�IOH[LEOH�DQG�SRZHUIXO�DOWHUQDWLYH�

8VH�LPSOLFLWV�VSDULQJO\�DQG�FDXWLRXVO\��$OVR��FRQVLGHU�DGGLQJ�DQ�H[SOLFLW
UHWXUQ�W\SH�WR�£QRQ�WULYLDO¤�FRQYHUVLRQ�PHWKRGV�

Call by Name, Call by Value
7\SLFDOO\��SDUDPHWHUV�WR�IXQFWLRQV�DUH�E\�YDOXH�SDUDPHWHUV��WKDW� LV�� WKH�YDOXH�RI�WKH
SDUDPHWHU�LV�GHWHUPLQHG�EHIRUH�LW�LV�SDVVHG�WR�WKH�IXQFWLRQ��,Q�PRVW�FLUFXPVWDQFHV��WKLV
LV�WKH�EHKDYLRU�ZH�ZDQW�DQG�H[SHFW�

%XW�ZKDW�LI�ZH�QHHG�WR�ZULWH�D�IXQFWLRQ�WKDW�DFFHSWV�DV�D�SDUDPHWHU�DQ�H[SUHVVLRQ�WKDW
ZH�GRQ¦W�ZDQW�HYDOXDWHG�XQWLO�LW¦V�FDOOHG�ZLWKLQ�RXU�IXQFWLRQ"�)RU�WKLV�FLUFXPVWDQFH�
6FDOD�RIIHUV�E\�QDPH�SDUDPHWHUV�

$�E\�QDPH�SDUDPHWHU�LV�VSHFLILHG�E\�RPLWWLQJ�WKH�SDUHQWKHVHV�WKDW�QRUPDOO\�DFFRPSDQ\
D�IXQFWLRQ�SDUDPHWHU��DV�IROORZV�

def myCallByNameFunction(callByNameParameter: => ReturnType)

:LWKRXW�WKLV�V\QWDFWLF�VKRUWFXW��WKLV�PHWKRG�GHILQLWLRQ�ZRXOG�ORRN�OLNH�WKH�IROORZLQJ�

def myCallByNameFunction(callByNameParameter: () => ReturnType)

$QG�ZKDW¦V�PRUH��ZH�ZRXOG�KDYH�WR� LQFOXGH�WKRVH�XQVLJKWO\��HPSW\�SDUHQWKHVHV� LQ
HYHU\�FDOO�WR�WKDW�PHWKRG��8VH�RI�E\�QDPH�SDUDPHWHUV�UHPRYHV�WKDW�UHTXLUHPHQW�

:H�FDQ�XVH�E\�QDPH�SDUDPHWHUV�WR�LPSOHPHQW�SRZHUIXO�ORRSLQJ�FRQVWUXFWV��DPRQJ
RWKHU�WKLQJV��/HW¦V�JR�FUD]\�DQG�LPSOHPHQW�RXU�RZQ�while�ORRS��WKURZLQJ�FXUU\LQJ�LQWR
WKH�PL[�
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// code-examples/FP/overrides/call-by-name-script.scala

def whileAwesome(conditional: => Boolean)(f: => Unit) {
  if (conditional) {
    f
    whileAwesome(conditional)(f)
  }
}

var count = 0

whileAwesome(count < 5) {
  println("still awesome")
  count += 1
}

:KDW�ZRXOG�KDSSHQ�LI�ZH�UHPRYHG�WKH�DUURZ�EHWZHHQ�conditional:�DQG�Boolean"�7KH
H[SUHVVLRQ�count < 5�ZRXOG�EH�HYDOXDWHG�WR�true�EHIRUH�EHLQJ�SDVVHG�LQWR�RXU�FXVWRP
while�ORRS��DQG�WKH�PHVVDJH�£VWLOO�DZHVRPH¤�ZRXOG�EH�SULQWHG�WR�WKH�FRQVROH�LQGHIL�
QLWHO\��%\�GHOD\LQJ�HYDOXDWLRQ�XQWLO�conditional�LV�FDOOHG�LQVLGH�RXU�IXQFWLRQ�ZLWK�D�E\�
QDPH�SDUDPHWHU��ZH�JHW�WKH�EHKDYLRU�ZH�H[SHFW�

Lazy Vals
,Q�£2YHUULGLQJ�$EVWUDFW�DQG�&RQFUHWH�)LHOGV�LQ�7UDLWV¤�RQ�SDJH������ZH�VKRZHG�VHYHUDO
VFHQDULRV�ZKHUH�WKH�RUGHU�RI�LQLWLDOL]DWLRQ�IRU�ILHOGV�LQ�RYHUULGH�VFHQDULRV�FDQ�EH�SURE�
OHPDWLF��:H�GLVFXVVHG�RQH�VROXWLRQ��SUH�LQLWLDOL]HG�ILHOGV��1RZ�ZH�GLVFXVV�WKH�RWKHU
VROXWLRQ�ZH�PHQWLRQHG�SUHYLRXVO\��lazy valV�

+HUH�LV�WKDW�H[DPSOH�UHZULWWHQ�ZLWK�D�lazy val�

// code-examples/FP/overrides/trait-lazy-init-val-script.scala

trait AbstractT2 {
  println("In AbstractT2:")
  val value: Int
  lazy val inverse = { println("initializing inverse:"); 1.0/value }
  //println("AbstractT2: value = "+value+", inverse = "+inverse)
}

val c2d = new AbstractT2 {
  println("In c2d:")
  val value = 10
}

println("Using c2d:")
println("c2d.value = "+c2d.value+", inverse = "+c2d.inverse)

7KH�LV�WKH�RXWSXW�RI�WKH�VFULSW�

In AbstractT2:
In c2d:
Using c2d:
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initializing inverse:
c2d.value = 10, inverse = 0.1

$V�EHIRUH��ZH�DUH�XVLQJ�DQ�DQRQ\PRXV�LQQHU�FODVV�WKDW�LPSOLFLWO\�H[WHQGV�WKH�WUDLW��7KH
ERG\�RI�WKH�FODVV��ZKLFK�LQLWLDOL]HV�value��LV�HYDOXDWHG�DIWHU�WKH�WUDLW¦V�ERG\��+RZHYHU�
QRWH�WKDW�inverse�LV�GHFODUHG�lazy��ZKLFK�PHDQV�WKDW�WKH�ULJKWKDQG�VLGH�ZLOO�EH�HYDOXDWHG
RQO\�ZKHQ�inverse�LV�DFWXDOO\�XVHG��,Q�WKLV�FDVH��WKDW�KDSSHQV�LQ�WKH�ODVW�println�VWDWH�
PHQW��2QO\�WKHQ�LV�inverse�LQLWLDOL]HG��XVLQJ�value��ZKLFK�LV�SURSHUO\�LQLWLDOL]HG�DW�WKLV
SRLQW�

7U\�XQFRPPHQWLQJ�WKH�println�VWDWHPHQW�DW�WKH�HQG�RI�WKH�AbstractT2�ERG\��:KDW
KDSSHQV�QRZ"

In AbstractT2:
initializing inverse:
AbstractT2: value = 0, inverse = Infinity
In c2d:
Using c2d:
c2d.value = 10, inverse = Infinity

7KLV� println� IRUFHV� inverse� WR� EH� HYDOXDWHG� LQVLGH� WKH� ERG\� RI� AbstractT2�� EHIRUH
value�LV�LQLWLDOL]HG�E\�WKH�FODVV�ERG\��WKHUHE\�UHSURGXFLQJ�WKH�SUREOHP�ZH�KDG�EHIRUH�

7KLV�H[DPSOH�UDLVHV�DQ�LPSRUWDQW�SRLQW��LI�RWKHU�valV�XVH�WKH�lazy val�LQ�WKH�VDPH�FODVV
RU�WUDLW�ERG\��WKH\�VKRXOG�EH�GHFODUHG�lazy��WRR��$OVR��ZDWFK�RXW�IRU�IXQFWLRQ�FDOOV�LQ
WKH�ERG\�WKDW�XVH�WKH�lazy val�

,I�D�val�LV�lazy��PDNH�VXUH�DOO�XVHV�RI�WKH�val�DUH�DOVR�lazy�

6R��KRZ�LV�D�lazy val�GLIIHUHQW�IURP�D�PHWKRG�FDOO"�,Q�D�PHWKRG�FDOO��WKH�ERG\�LV�H[HFXWHG
HYHU\�WLPH�WKH�PHWKRG�LV�LQYRNHG��)RU�D�lazy val��WKH�LQLWLDOL]DWLRQ�£ERG\¤�LV�HYDOXDWHG
RQO\�RQFH��ZKHQ�WKH�YDULDEOH�LV�XVHG�IRU�WKH�ILUVW�WLPH��7KLV�RQH�WLPH�HYDOXDWLRQ�PDNHV
OLWWOH�VHQVH�IRU�D�PXWDEOH�ILHOG��7KHUHIRUH��WKH�lazy�NH\ZRUG�LV�QRW�DOORZHG�RQ�varV�
�7KH\�FDQ¦W�UHDOO\�PDNH�XVH�RI�LW�DQ\ZD\��

<RX�FDQ�DOVR�XVH�lazy valV�WR�DYRLG�FRVWO\�LQLWLDOL]DWLRQV�WKDW�\RX�PD\�QRW�DFWXDOO\�QHHG
DQG�WR�GHIHU�LQLWLDOL]DWLRQV�WKDW�VORZ�GRZQ�DSSOLFDWLRQ�VWDUWXS��7KH\�ZRUN�ZHOO�LQ�FRQ�
VWUXFWRUV��ZKHUH�LW¦V�FOHDU�WR�RWKHU�SURJUDPPHUV�WKDW�DOO�WKH�RQH�WLPH�KHDY\�OLIWLQJ�IRU
LQLWLDOL]LQJ�DQ�LQVWDQFH�LV�GRQH�LQ�RQH�SODFH�

$QRWKHU�XVH�IRU�OD]LQHVV�LV�WR�PDQDJH�SRWHQWLDOO\�LQILQLWH�GDWD�VWUXFWXUHV�ZKHUH�RQO\�D
PDQDJHDEOH�VXEVHW�RI�WKH�GDWD�ZLOO�DFWXDOO\�EH�XVHG��,Q�IDFW��PDWKHPDWLF�QRWDWLRQ�LV
LQKHUHQWO\�OD]\��:KHQ�ZH�ZULWH�WKH�)LERQDFFL�VHTXHQFH��IRU�H[DPSOH��ZH�PLJKW�ZULWH
LW�DV�DQ�LQILQLWH�VHTXHQFH��VRPHWKLQJ�OLNH�WKLV�

Fib = 1, 1, 2, 3, 5, 8, ...
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6RPH�SXUH� IXQFWLRQDO� ODQJXDJHV�DUH� OD]\�E\�GHIDXOW��VR� WKH\�PLPLF�WKLV�EHKDYLRU�DV
FORVHO\�DV�SRVVLEOH��7KLV�FDQ�ZRUN�ZLWKRXW�H[KDXVWLQJ�UHVRXUFHV�LI�WKH�XVHU�QHYHU�WULHV
WR�XVH�PRUH�WKDQ�D�ILQLWH�VXEVHW�RI�WKHVH�YDOXHV��6FDOD�LV�QRW�OD]\�E\�GHIDXOW��EXW�LW�GRHV
RIIHU� VXSSRUW� IRU�ZRUNLQJ�ZLWK� LQILQLWH� GDWD� VWUXFWXUHV��:H¦OO� DGGUHVV� WKLV� WRSLF� LQ
£,QILQLWH�'DWD�6WUXFWXUHV�DQG�/D]LQHVV¤�RQ�SDJH�����

Recap: Functional Component Abstractions
:KHQ�REMHFW�RULHQWHG�SURJUDPPLQJ�ZHQW�PDLQVWUHDP�LQ�WKH�ODWH�¦��V�DQG�HDUO\�¦��V�
WKHUH�ZDV�JUHDW�KRSH�WKDW�LW�ZRXOG�XVKHU�LQ�DQ�HUD�RI�UHXVDEOH�VRIWZDUH�FRPSRQHQWV��,W
GLGQ¦W�UHDOO\�ZRUN�RXW�WKDW�ZD\��H[FHSW�LQ�VRPH�UDUH�FDVHV��OLNH�WKH�ZLQGRZLQJ�$3,V�RI
YDULRXV�SODWIRUPV�

:K\�GLG�WKLV�QRW�KDSSHQ"�7KHUH�DUH�FHUWDLQO\�PDQ\�UHDVRQV��EXW�D�OLNHO\�VRXUFH�LV�WKH
IDFW� WKDW� VLPSOH� VRXUFH� RU� ELQDU\� LQWHURSHUDELOLW\� SURWRFROV� QHYHU�PDWHULDOL]HG� WKDW
ZRXOG�JOXH�WKHVH�FRPSRQHQWV�WRJHWKHU��7KH�ULFKQHVV�RI�REMHFW�$3,V�ZDV�WKH�YHU\�IDFWRU
WKDW�XQGHUPLQHG�FRPSRQHQWL]DWLRQ�

&RPSRQHQW�PRGHOV�WKDW�KDYH�VXFFHHGHG�DUH�DOO�EDVHG�RQ�YHU\�VLPSOH�IRXQGDWLRQV��,Q�
WHJUDWHG�FLUFXLWV��,&V��LQ�HOHFWURQLFV�SOXJ�LQWR�EXVHV�ZLWK��Q�VLJQDOLQJ�ZLUHV�WKDW�DUH
ERROHDQ��HLWKHU�RQ�RU�RII��)URP�WKDW�YHU\�VLPSOH�SURWRFRO��WKH�PRVW�H[SORVLYH�JURZWK
RI�DQ\�LQGXVWU\�LQ�KXPDQ�KLVWRU\�ZDV�ERUQ�

+773�LV�DQRWKHU�JRRG�H[DPSOH��:LWK�D�KDQGIXO�RI�PHVVDJH�W\SHV�DQG�D�YHU\�VLPSOH
VWDQGDUG�IRU�PHVVDJH�FRQWHQW��LW�VHW�WKH�VWDJH�IRU�WKH�,QWHUQHW�UHYROXWLRQ��5(67IXO�ZHE
VHUYLFHV�EXLOW�RQ�WRS�RI�+773�DUH�DOVR�SURYLQJ�VXFFHVVIXO�DV�FRPSRQHQWV��EXW�WKH\�DUH
MXVW�FRPSOH[�HQRXJK�WKDW�FDUH�LV�UHTXLUHG�WR�HQVXUH�WKDW�WKH\�ZRUN�VXFFHVVIXOO\�

6R��LV�WKHUH�KRSH�IRU�D�ELQDU\�RU�VRXUFH�OHYHO�FRPSRQHQW�PRGHO"�,W�SUREDEO\�ZRQ¦W�EH
REMHFW�RULHQWHG��DV�ZH¦YH�VHHQ��5DWKHU��LW�FRXOG�EH�PRUH�IXQFWLRQDO�

&RPSRQHQWV�VKRXOG�LQWHURSHUDWH�E\�H[FKDQJLQJ�D�IHZ�LPPXWDEOH�GDWD�VWUXFWXUHV��H�J��
OLVWV�DQG�PDSV��WKDW�FDUU\�ERWK�GDWD�DQG�£FRPPDQGV�¤�6XFK�D�FRPSRQHQW�PRGHO�ZRXOG
KDYH�WKH�VLPSOLFLW\�QHFHVVDU\�IRU�VXFFHVV�DQG�WKH�ULFKQHVV�UHTXLUHG�WR�SHUIRUP�UHDO�ZRUN�
1RWLFH�KRZ�WKDW�VRXQGV�D�ORW�OLNH�+773�DQG�5(67�

,Q�IDFW��WKH�$FWRU�PRGHO�KDV�PDQ\�RI�WKHVH�TXDOLWLHV��DV�ZH¦OO�H[SORUH�LQ�WKH�QH[W�FKDSWHU�
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CHAPTER 9

Robust, Scalable Concurrency
with Actors

The Problems of Shared, Synchronized State
&RQFXUUHQF\�LVQ¦W�HDV\��*HWWLQJ�D�SURJUDP�WR�GR�PRUH�WKDQ�RQH�WKLQJ�DW�D�WLPH�KDV
WUDGLWLRQDOO\�PHDQW�KDVVOLQJ�ZLWK�PXWH[HV��UDFH�FRQGLWLRQV��ORFN�FRQWHQWLRQ��DQG�WKH
UHVW� RI� WKH� XQSOHDVDQW� EDJJDJH� WKDW� FRPHV� DORQJ�ZLWK�PXOWLWKUHDGLQJ�� (YHQW�EDVHG
FRQFXUUHQF\�PRGHOV�DOOHYLDWH�VRPH�RI�WKHVH�FRQFHUQV��EXW�FDQ�WXUQ�ODUJH�SURJUDPV�LQWR
D�UDW¦V�QHVW�RI�FDOOEDFN�IXQFWLRQV��1R�ZRQGHU��WKHQ��WKDW�FRQFXUUHQW�SURJUDPPLQJ�LV�D
WDVN�PRVW�SURJUDPPHUV�GUHDG��RU�DYRLG�DOWRJHWKHU�E\�UHWUHDWLQJ�WR�PXOWLSOH�LQGHSHQG�
HQW�SURFHVVHV�WKDW�VKDUH�GDWD�H[WHUQDOO\��IRU�H[DPSOH��WKURXJK�D�GDWDEDVH�RU�PHVVDJH
TXHXH��

$�ODUJH�SDUW�RI�WKH�GLIILFXOW\�RI�FRQFXUUHQW�SURJUDPPLQJ�FRPHV�GRZQ�WR�VWDWH��KRZ�GR
\RX�NQRZ�ZKDW�\RXU�PXOWLWKUHDGHG�SURJUDP�LV�GRLQJ��DQG�ZKHQ"�:KDW�YDOXH�GRHV�D
SDUWLFXODU�YDULDEOH�KROG�ZKHQ�\RX�KDYH���WKUHDGV�UXQQLQJ��RU����RU���"�+RZ�FDQ�\RX
JXDUDQWHH�WKDW�\RXU�SURJUDP¦V�PDQ\�WHQGULOV�DUHQ¦W�FOREEHULQJ�RQH�DQRWKHU�LQ�D�UDFH�WR
WDNH� DFWLRQ"� $� WKUHDG�EDVHG� FRQFXUUHQF\� SDUDGLJP� SRVHV� PRUH� TXHVWLRQV� WKDQ� LW
DQVZHUV�

7KDQNIXOO\�� 6FDOD� RIIHUV� D� UHDVRQDEOH�� IOH[LEOH� DSSURDFK� WR� FRQFXUUHQF\� WKDW� ZH¦OO
H[SORUH�LQ�WKLV�FKDSWHU�

Actors
7KRXJK�\RX�PD\�KDYH�KHDUG�RI�6FDOD�DQG�$FWRUV�LQ�WKH�VDPH�EUHDWK��$FWRUV�DUHQ¦W�D
FRQFHSW�XQLTXH�WR�6FDOD��$FWRUV��RULJLQDOO\�LQWHQGHG�IRU�XVH�LQ�$UWLILFLDO�,QWHOOLJHQFH
UHVHDUFK��ZHUH�ILUVW�SXW�IRUWK�LQ�������VHH�>+HZLWW����@�DQG�>$JKD����@���6LQFH�WKHQ�
YDULDWLRQV�RQ�WKH�LGHD�RI�$FWRUV�KDYH�DSSHDUHG�LQ�D�QXPEHU�RI�SURJUDPPLQJ�ODQJXDJHV�
PRVW�QRWDEO\�LQ�(UODQJ�DQG�,R��$V�DQ�DEVWUDFWLRQ��$FWRUV�DUH�JHQHUDO�HQRXJK�WKDW�WKH\

193

Download at WoweBook.Com



FDQ�EH�LPSOHPHQWHG�DV�D�OLEUDU\��DV�LQ�6FDOD���RU�DV�WKH�IXQGDPHQWDO�XQLW�RI�D�FRPSX�
WDWLRQDO�V\VWHP�

Actors in Abstract
)XQGDPHQWDOO\��DQ�$FWRU�LV�DQ�REMHFW�WKDW�UHFHLYHV�PHVVDJHV�DQG�WDNHV�DFWLRQ�RQ�WKRVH
PHVVDJHV��7KH�RUGHU�LQ�ZKLFK�PHVVDJHV�DUULYH�LV�XQLPSRUWDQW�WR�DQ�$FWRU��WKRXJK�VRPH
$FWRU� LPSOHPHQWDWLRQV� �VXFK� DV� 6FDOD¦V�� TXHXH�PHVVDJHV� LQ� RUGHU��$Q�$FWRU�PLJKW
KDQGOH�D�PHVVDJH�LQWHUQDOO\��RU�LW�PLJKW�VHQG�D�PHVVDJH�WR�DQRWKHU�$FWRU��RU�LW�PLJKW
FUHDWH�DQRWKHU�$FWRU�WR�WDNH�DFWLRQ�EDVHG�RQ�WKH�PHVVDJH��$FWRUV�DUH�D�YHU\�KLJK�OHYHO
DEVWUDFWLRQ�

8QOLNH�WUDGLWLRQDO�REMHFW�V\VWHPV��ZKLFK��\RX�PLJKW�EH�WKLQNLQJ�WR�\RXUVHOI��KDYH�PDQ\
RI�WKH�VDPH�SURSHUWLHV�ZH¦YH�GHVFULEHG���$FWRUV�GRQ¦W�HQIRUFH�D�VHTXHQFH�RU�RUGHULQJ
WR�WKHLU�DFWLRQV��7KLV�LQKHUHQW�HVFKHZLQJ�RI�VHTXHQWLDOLW\��FRXSOHG�ZLWK�LQGHSHQGHQFH
IURP�VKDUHG�JOREDO�VWDWH��DOORZ�$FWRUV�WR�GR�WKHLU�ZRUN�LQ�SDUDOOHO��$V�ZH¦OO�VHH�ODWHU�RQ�
WKH�MXGLFLRXV�XVH�RI�LPPXWDEOH�GDWD�ILWV�WKH�$FWRU�PRGHO�LGHDOO\��DQG�IXUWKHU�DLGV�LQ
VDIH��FRPSUHKHQVLEOH�FRQFXUUHQW�SURJUDPPLQJ�

(QRXJK�WKHRU\��/HW¦V�VHH�$FWRUV�LQ�DFWLRQ�

Actors in Scala
$W�WKHLU�PRVW�EDVLF��$FWRUV�LQ�6FDOD�DUH�REMHFWV�WKDW�LQKHULW�IURP�scala.actors.Actor�

// code-examples/Concurrency/simple-actor-script.scala

import scala.actors.Actor

class Redford extends Actor {
  def act() {
    println("A lot of what acting is, is paying attention.")
  }
}

val robert = new Redford
robert.start

$V�ZH�FDQ�VHH��DQ�$FWRU�GHILQHG�LQ�WKLV�ZD\�PXVW�EH�ERWK� LQVWDQWLDWHG�DQG�VWDUWHG�
VLPLODU�WR�KRZ�WKUHDGV�DUH�KDQGOHG�LQ�-DYD��,W�PXVW�DOVR�LPSOHPHQW�WKH�DEVWUDFW�PHWKRG
act��ZKLFK�UHWXUQV�Unit��2QFH�ZH¦YH�VWDUWHG�WKLV�VLPSOH�$FWRU��WKH�IROORZLQJ�VDJH�DGYLFH
IRU�WKHVSLDQV�LV�SULQWHG�WR�WKH�FRQVROH�

A lot of what acting is, is paying attention.

7KH�scala.actors�SDFNDJH�FRQWDLQV�D�IDFWRU\�PHWKRG�IRU�FUHDWLQJ�$FWRUV�WKDW�DYRLGV
PXFK�RI�WKH�VHWXS�LQ�WKH�DERYH�H[DPSOH��:H�FDQ�LPSRUW�WKLV�PHWKRG�DQG�RWKHU�FRQ�
YHQLHQFH�PHWKRGV�IURP�scala.actors.Actors._��+HUH�LV�D�IDFWRU\�PDGH�$FWRU�
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// code-examples/Concurrency/factory-actor-script.scala

import scala.actors.Actor
import scala.actors.Actor._

val paulNewman = actor {
  println("To be an actor, you have to be a child.")
}

:KLOH�D�VXEFODVV�WKDW�H[WHQGV�WKH�Actor�FODVV�PXVW�GHILQH�act�LQ�RUGHU�WR�EH�FRQFUHWH�
D�IDFWRU\�SURGXFHG�$FWRU�KDV�QR�VXFK�OLPLWDWLRQ��,Q�WKLV�VKRUWHU�H[DPSOH��WKH�ERG\�RI
WKH�PHWKRG�SDVVHG�WR�actor�LV�HIIHFWLYHO\�SURPRWHG�WR�WKH�act�PHWKRG�IURP�RXU�ILUVW
H[DPSOH��3UHGLFWDEO\��WKLV�$FWRU�DOVR�SULQWV�D�PHVVDJH�ZKHQ�UXQ��,OOXPLQDWLQJ��EXW�ZH
VWLOO�KDYHQ¦W�VKRZQ�WKH�HVVHQWLDO�SLHFH�RI�WKH�$FWRUV�SX]]OH��VHQGLQJ�PHVVDJHV�

Sending Messages to Actors
$FWRUV�FDQ�UHFHLYH�DQ\�VRUW�RI�REMHFW�DV�D�PHVVDJH��IURP�VWULQJV�RI�WH[W�WR�QXPHULF�W\SHV
WR�ZKDWHYHU�FODVVHV�\RX¦YH�FRRNHG�XS�LQ�\RXU�SURJUDPV��)RU�WKLV�UHDVRQ��$FWRUV�DQG
SDWWHUQ�PDWFKLQJ�JR�KDQG�LQ�KDQG��$Q�$FWRU�VKRXOG�RQO\�DFW�RQ�PHVVDJHV�RI�IDPLOLDU
W\SHV��D�SDWWHUQ�PDWFK�RQ�WKH�FODVV�DQG�RU�FRQWHQWV�RI�D�PHVVDJH� LV�JRRG�GHIHQVLYH
SURJUDPPLQJ�DQG�LQFUHDVHV�WKH�UHDGDELOLW\�RI�$FWRU�FRGH�

// code-examples/Concurrency/pattern-match-actor-script.scala

import scala.actors.Actor
import scala.actors.Actor._

val fussyActor = actor {
  loop {
    receive {
      case s: String => println("I got a String: " + s)
      case i: Int => println("I got an Int: " + i.toString)
      case _ => println("I have no idea what I just got.")
    }
  }
}

fussyActor ! "hi there"
fussyActor ! 23
fussyActor ! 3.33

7KLV�H[DPSOH�SULQWV�WKH�IROORZLQJ�ZKHQ�UXQ�

I got a String: hi there
I got an Int: 23
I have no idea what I just got.

7KH�ERG\�RI�fussyActor�LV�D�receive�PHWKRG�ZUDSSHG�LQ�D�loop��loop�LV�HVVHQWLDOO\�D
QLFH�VKRUWFXW�IRU�while(true)��LW�GRHV�ZKDWHYHU�LV�LQVLGH�LWV�EORFN�UHSHDWHGO\��receive
EORFNV�XQWLO�LW�JHWV�D�PHVVDJH�RI�D�W\SH�WKDW�ZLOO�VDWLVI\�RQH�RI�LWV�LQWHUQDO�SDWWHUQ�PDWFK�
LQJ�FDVHV�
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7KH�ILQDO�OLQHV�RI�WKLV�H[DPSOH�GHPRQVWUDWH�XVH�RI�WKH�!��H[FODPDWLRQ�SRLQW��RU�EDQJ�
PHWKRG�WR�VHQG�PHVVDJHV�WR�RXU�$FWRU��,I�\RX¦YH�HYHU�VHHQ�$FWRUV�LQ�(UODQJ��\RX¦OO�ILQG
WKLV� V\QWD[� IDPLOLDU��7KH�$FWRU� LV� DOZD\V�RQ� WKH� OHIWKDQG� VLGH�RI� WKH�EDQJ�� DQG� WKH
PHVVDJH�EHLQJ�VHQW�WR�VDLG�$FWRU�LV�DOZD\V�RQ�WKH�ULJKW��,I�\RX�QHHG�D�PQHPRQLF�IRU�WKLV
JUDQXOH�RI�V\QWDFWLF�VXJDU��LPDJLQH�WKDW�\RX¦UH�DQ�LUDWH�GLUHFWRU�VKRXWLQJ�FRPPDQGV�DW
\RXU�$FWRUV�

The Mailbox
(YHU\�$FWRU�KDV�D�PDLOER[�LQ�ZKLFK�PHVVDJHV�VHQW�WR�WKDW�$FWRU�DUH�TXHXHG��/HW¦V�VHH
DQ�H[DPSOH�ZKHUH�ZH�LQVSHFW�WKH�VL]H�RI�DQ�$FWRU¦V�PDLOER[�

// code-examples/Concurrency/actor-mailbox-script.scala

import scala.actors.Actor
import scala.actors.Actor._

val countActor = actor {
  loop {
    react {
      case "how many?" => {
        println("I've got " + mailboxSize.toString + " messages in my mailbox.")
      }
    }
  }
}

countActor ! 1
countActor ! 2
countActor ! 3
countActor ! "how many?"
countActor ! "how many?"
countActor ! 4
countActor ! "how many?"

7KLV�H[DPSOH�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

I've got 3 messages in my mailbox.
I've got 3 messages in my mailbox.
I've got 4 messages in my mailbox.

1RWH�WKDW�WKH�ILUVW�DQG�VHFRQG�OLQHV�RI�RXWSXW�DUH�LGHQWLFDO��%HFDXVH�RXU�$FWRU�ZDV�VHW
XS�VROHO\�WR�SURFHVV�PHVVDJHV�RI�WKH�VWULQJ�"how many?"��WKRVH�PHVVDJHV�GLGQ¦W�UHPDLQ
LQ�LWV�PDLOER[��2QO\�WKH�PHVVDJHV�RI�W\SHV�ZH�GLGQ¦W�NQRZ�DERXW¢LQ�WKLV�FDVH��Int¢
UHPDLQHG�XQSURFHVVHG�

,I� \RX� VHH� DQ� $FWRU¦V� PDLOER[� VL]H� EDOORRQLQJ� XQH[SHFWHGO\�� \RX¦UH
SUREDEO\�VHQGLQJ�PHVVDJHV�RI�D�W\SH�WKDW�WKH�$FWRU�GRHVQ¦W�NQRZ�DERXW�
,QFOXGH�D�FDWFKDOO�FDVH�� _ ��ZKHQ�SDWWHUQ�PDWFKLQJ�PHVVDJHV�WR�ILQG�RXW
ZKDW¦V�KDUDVVLQJ�\RXU�$FWRUV�
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Actors in Depth
1RZ�WKDW�ZH¦YH�JRW�D�EDVLF�VHQVH�RI�ZKDW�$FWRUV�DUH�DQG�KRZ�WKH\¦UH�XVHG�LQ�6FDOD��OHW¦V
SXW�WKHP�WR�ZRUN��6SHFLILFDOO\��OHW¦V�SXW�WKHP�WR�ZRUN�FXWWLQJ�KDLU��7KH�VOHHSLQJ�EDUEHU
SUREOHP� �VHH� >6OHHSLQJ%DUEHU3UREOHP@�� LV�RQH�RI� D�SRSXODU� VHW�RI� FRPSXWHU� VFLHQFH
K\SRWKHWLFDOV�GHVLJQHG�WR�GHPRQVWUDWH�LVVXHV�RI�FRQFXUUHQF\�DQG�V\QFKURQL]DWLRQ�

7KH�SUREOHP�LV�WKLV��D�K\SRWKHWLFDO�EDUEHU�VKRS�KDV�MXVW�RQH�EDUEHU�ZLWK�RQH�EDUEHU
FKDLU��DQG�WKUHH�FKDLUV�LQ�ZKLFK�FXVWRPHUV�PD\�ZDLW�IRU�D�KDLUFXW��:LWKRXW�FXVWRPHUV
DURXQG��WKH�EDUEHU�VOHHSV��:KHQ�D�FXVWRPHU�DUULYHV��WKH�EDUEHU�ZDNHV�XS�WR�FXW�KLV
KDLU��,I�WKH�EDUEHU�LV�EXV\�FXWWLQJ�KDLU�ZKHQ�D�FXVWRPHU�DUULYHV��WKH�FXVWRPHU�VLWV�GRZQ
LQ�DQ�DYDLODEOH�FKDLU��,I�D�FKDLU�LVQ¦W�DYDLODEOH��WKH�FXVWRPHU�OHDYHV�

7KH�VOHHSLQJ�EDUEHU�SUREOHP�LV�XVXDOO\�VROYHG�ZLWK�VHPDSKRUHV�DQG�PXWH[HV��EXW�ZH¦YH
JRW�EHWWHU�WRROV�DW�RXU�GLVSRVDO��6WUDLJKW�DZD\��ZH�VHH�VHYHUDO�WKLQJV�WR�PRGHO�DV�$FWRUV�
WKH�EDUEHU�LV�FOHDUO\�RQH��DV�DUH�WKH�FXVWRPHUV��7KH�EDUEHUVKRS�LWVHOI�FRXOG�EH�PRGHOHG
DV�DQ�$FWRU��WRR��WKHUH�QHHG�QRW�EH�D�UHDO�ZRUOG�SDUDOOHO�WR�YHUEDO�FRPPXQLFDWLRQ�LQ�DQ
$FWRU�V\VWHP��HYHQ�WKRXJK�ZH¦UH�VHQGLQJ�PHVVDJHV�

/HW¦V� VWDUW� ZLWK� WKH� VOHHSLQJ� EDUEHU¦V� FXVWRPHUV�� DV� WKH\� KDYH� WKH� VLPSOHVW
UHVSRQVLELOLWLHV�

// code-examples/Concurrency/sleepingbarber/customer.scala

package sleepingbarber

import scala.actors.Actor
import scala.actors.Actor._

case object Haircut

class Customer(val id: Int) extends Actor {
  var shorn = false

  def act() = {
    loop {
      react {
        case Haircut => {
          shorn = true
          println("[c] customer " + id + " got a haircut")
        }
      }
    }
  }
}

)RU�WKH�PRVW�SDUW��WKLV�VKRXOG�ORRN�SUHWW\�IDPLOLDU��ZH�GHFODUH�WKH�SDFNDJH�LQ�ZKLFK
WKLV�FRGH�OLYHV��ZH�LPSRUW�FRGH�IURP�WKH�scala.actors�SDFNDJH��DQG�ZH�GHILQH�D�FODVV
WKDW�H[WHQGV�Actor��7KHUH�DUH�D�IHZ�GHWDLOV�ZRUWK�QRWLQJ��KRZHYHU�

)LUVW�RI�DOO��WKHUH¦V�RXU�GHFODUDWLRQ�RI�case object Haircut��$�FRPPRQ�SDWWHUQ�ZKHQ
ZRUNLQJ�ZLWK�$FWRUV�LQ�6FDOD�LV�WR�XVH�D�case object�WR�UHSUHVHQW�D�PHVVDJH�ZLWKRXW

Actors in Scala | 197

Download at WoweBook.Com



LQWHUQDO�GDWD��,I�ZH�ZDQWHG�WR�LQFOXGH��VD\��WKH�WLPH�DW�ZKLFK�WKH�KDLUFXW�ZDV�FRPSOHWHG�
ZH¦G�XVH�D�case class�LQVWHDG��:H�GHFODUH�Haircut�KHUH�EHFDXVH�LW¦V�D�PHVVDJH�W\SH�WKDW
ZLOO�EH�VHQW�VROHO\�WR�FXVWRPHUV�

1RWH�DV�ZHOO�WKDW�ZH¦UH�VWRULQJ�RQH�ELW�RI�PXWDEOH�VWDWH�LQ�HDFK�Customer��ZKHWKHU�RU
QRW�WKH\¦YH�JRWWHQ�D�KDLUFXW��,Q�WKHLU�LQWHUQDO�ORRS��HDFK�Customer�ZDLWV�IRU�D�Haircut
PHVVDJH�DQG��XSRQ�UHFHLSW�RI�RQH��ZH�VHW�WKH�shorn�ERROHDQ�WR�true��Customer�XVHV�WKH
DV\QFKURQRXV�react�PHWKRG�WR�UHVSRQG�WR�LQFRPLQJ�PHVVDJHV��,I�ZH�QHHGHG�WR�UHWXUQ
WKH�UHVXOW�RI�SURFHVVLQJ�WKH�PHVVDJH��ZH�ZRXOG�XVH�receive��EXW�ZH�GRQ¦W��DQG�LQ�WKH
SURFHVV�ZH�VDYH�VRPH�PHPRU\�DQG�WKUHDG�XVH�XQGHU�WKH�KRRG�

/HW¦V�PRYH�RQ�WR�WKH�EDUEHU�KLPVHOI��%HFDXVH�WKHUH¦V�RQO\�RQH�EDUEHU��ZH�FRXOG�KDYH
XVHG�WKH�actor�IDFWRU\�PHWKRG�WHFKQLTXH�PHQWLRQHG�HDUOLHU�WR�FUHDWH�KLP��)RU�WHVWLQJ
SXUSRVHV��ZH¦YH�LQVWHDG�GHILQHG�RXU�RZQ�Barber�FODVV�

// code-examples/Concurrency/sleepingbarber/barber.scala

package sleepingbarber

import scala.actors.Actor
import scala.actors.Actor._
import scala.util.Random

class Barber extends Actor {
  private val random = new Random()

  def helpCustomer(customer: Customer) {
    if (self.mailboxSize >= 3) {
      println("[b] not enough seats, turning customer " + customer.id + " away")
    } else {
      println("[b] cutting hair of customer " + customer.id)
      Thread.sleep(100 + random.nextInt(400))
      customer ! Haircut
    }
  }

  def act() {
    loop {
      react {
        case customer: Customer => helpCustomer(customer)
      }
    }
  }
}

7KH� FRUH� RI� WKH� Barber� FODVV� ORRNV� YHU\�PXFK� OLNH� WKH� Customer��:H� ORRS� DURXQG
react��ZDLWLQJ�IRU�D�SDUWLFXODU�W\SH�RI�REMHFW��7R�NHHS�WKDW�ORRS�WLJKW�DQG�UHDGDEOH��ZH
FDOO�D�PHWKRG��helpCustomer��ZKHQ�D�QHZ�Customer�LV�VHQW�WR�WKH�EDUEHU��:LWKLQ�WKDW
PHWKRG�ZH�HPSOR\�D�FKHFN�RQ�WKH�PDLOER[�VL]H�WR�VHUYH�DV�RXU�£FKDLUV¤�WKDW�FXVWRPHUV
PD\�RFFXS\��ZH�FRXOG�KDYH�WKH�Barber�RU�Shop�FODVVHV�PDLQWDLQ�DQ�LQWHUQDO�Queue��EXW
ZK\�ERWKHU�ZKHQ�HDFK�$FWRU¦V�PDLOER[�DOUHDG\�LV�RQH"
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,I�WKUHH�RU�PRUH�FXVWRPHUV�DUH�LQ�WKH�TXHXH��ZH�VLPSO\�LJQRUH�WKDW�PHVVDJH��LW¦V�WKHQ
GLVFDUGHG� IURP�WKH�EDUEHU¦V�PDLOER[��2WKHUZLVH��ZH�VLPXODWH�D� VHPL�UDQGRP�GHOD\
�DOZD\V�DW�OHDVW�����PLOOLVHFRQGV��IRU�WKH�WLPH�LW�WDNHV�WR�FXW�D�FXVWRPHU¦V�KDLU��WKHQ
VHQG� RII� D� Haircut� PHVVDJH� WR� WKDW� FXVWRPHU�� �:HUH� ZH� QRW� WU\LQJ� WR� VLPXODWH� D
UHDO�ZRUOG�VFHQDULR��ZH�ZRXOG�RI�FRXUVH�UHPRYH�WKH�FDOO�WR�Thread.sleep()�DQG�DOORZ
RXU�EDUEHU�WR�UXQ�IXOO�WLOW��

1H[W�XS��ZH�KDYH�D�VLPSOH�FODVV�WR�UHSUHVHQW�WKH�EDUEHUVKRS�LWVHOI�

// code-examples/Concurrency/sleepingbarber/shop.scala

package sleepingbarber

import scala.actors.Actor
import scala.actors.Actor._

class Shop extends Actor {
  val barber = new Barber()
  barber.start

  def act() {
    println("[s] the shop is open")

    loop {
      react {
        case customer: Customer => barber ! customer
      }
    }
  }
}

%\�QRZ��WKLV�VKRXOG�DOO�ORRN�YHU\�IDPLOLDU��(DFK�Shop�FUHDWHV�DQG�VWDUWV�D�QHZ�Barber�
SULQWV�D�PHVVDJH�WHOOLQJ�WKH�ZRUOG�WKDW�WKH�VKRS�LV�RSHQ��DQG�VLWV�LQ�D�ORRS�ZDLWLQJ�IRU
FXVWRPHUV��:KHQ�D�Customer�FRPHV�LQ��KH¦V�VHQW�WR�WKH�EDUEHU��:H�QRZ�VHH�DQ�XQH[�
SHFWHG�EHQHILW�RI�$FWRUV��WKH\�DOORZ�XV�WR�GHVFULEH�FRQFXUUHQW�EXVLQHVV�ORJLF�LQ�HDVLO\
XQGHUVWRRG�WHUPV��£6HQG�WKH�FXVWRPHU�WR�WKH�EDUEHU¤�PDNHV�SHUIHFW�VHQVH��PXFK�PRUH
VR�WKDQ�£1RWLI\�WKH�EDUEHU��XQORFN�WKH�PXWH[�DURXQG�WKH�FXVWRPHU�VHDWV��LQFUHPHQW
WKH�QXPEHU�RI�IUHH�VHDWV�¤�DQG�VR�IRUWK��$FWRUV�JHW�XV�FORVHU�WR�RXU�GRPDLQ�

)LQDOO\��ZH�KDYH�D�GULYHU�IRU�RXU�VLPXODWLRQ�

// code-examples/Concurrency/sleepingbarber/barbershop-simulator.scala

package sleepingbarber

import scala.actors.Actor._
import scala.collection.{immutable, mutable}
import scala.util.Random

object BarbershopSimulator {
  private val random = new Random()
  private val customers = new mutable.ArrayBuffer[Customer]()
  private val shop = new Shop()
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  def generateCustomers {
    for (i <- 1 to 20) {
      val customer = new Customer(i)
      customer.start()
      customers += customer
    }

    println("[!] generated " + customers.size + " customers")
  }

  // customers arrive at random intervals
  def trickleCustomers {
    for (customer <- customers) {
      shop ! customer
      Thread.sleep(random.nextInt(450))
    }
  }

  def tallyCuts {
    // wait for any remaining concurrent actions to complete
    Thread.sleep(2000)

    val shornCount = customers.filter(c => c.shorn).size
    println("[!] " + shornCount + " customers got haircuts today")
  }

  def main(args: Array[String]) {
    println("[!] starting barbershop simulation")
    shop.start()

    generateCustomers
    trickleCustomers
    tallyCuts

    System.exit(0)
  }
}

$IWHU�£RSHQLQJ�WKH�VKRS�¤�ZH�JHQHUDWH�D�QXPEHU�RI�Customer�REMHFWV��DVVLJQLQJ�D�QX�
PHULF�,'�WR�HDFK�DQG�VWRULQJ�WKH�ORW�LQ�DQ�ArrayBuffer��1H[W��ZH�£WULFNOH¤�WKH�FXVWRPHUV
LQ�E\�VHQGLQJ�WKHP�DV�PHVVDJHV�WR�WKH�VKRS�DQG�VOHHSLQJ�IRU�D�VHPL�UDQGRP�DPRXQW�RI
WLPH�EHWZHHQ�ORRSV��$W�WKH�HQG�RI�RXU�VLPXODWHG�GD\��ZH�WDOO\�XS�WKH�QXPEHU�RI�FXV�
WRPHUV�ZKR�JRW�KDLUFXWV�E\�ILOWHULQJ�RXW�WKH�FXVWRPHUV�ZKRVH�LQWHUQDO�shorn�ERROHDQ
ZDV�VHW�WR�true�DQG�DVNLQJ�IRU�WKH�VL]H�RI�WKH�UHVXOWLQJ�VHTXHQFH�

&RPSLOH�DQG�UXQ�WKH�FRGH�ZLWKLQ�WKH�sleepingbarber�GLUHFWRU\�DV�IROORZV�

fsc *.scala
scala -classpath . sleepingbarber.BarbershopSimulator

7KURXJKRXW� RXU� FRGH��ZH¦YH� SUHIL[HG� FRQVROH�PHVVDJHV�ZLWK� DEEUHYLDWLRQV� IRU� WKH
FODVVHV�IURP�ZKLFK�WKH�PHVVDJHV�ZHUH�SULQWHG��:KHQ�ZH�ORRN�DW�DQ�H[DPSOH�UXQ�RI�RXU
VLPXODWRU��LW¦V�HDV\�WR�VHH�ZKHUH�HDFK�PHVVDJH�FDPH�IURP�
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[!] starting barbershop simulation
[s] the shop is open
[!] generated 20 customers
[b] cutting hair of customer 1
[b] cutting hair of customer 2
[c] customer 1 got a haircut
[c] customer 2 got a haircut
[b] cutting hair of customer 3
[c] customer 3 got a haircut
[b] cutting hair of customer 4
[b] cutting hair of customer 5
[c] customer 4 got a haircut
[b] cutting hair of customer 6
[c] customer 5 got a haircut
[b] cutting hair of customer 7
[c] customer 6 got a haircut
[b] not enough seats, turning customer 8 away
[b] cutting hair of customer 9
[c] customer 7 got a haircut
[b] not enough seats, turning customer 10 away
[c] customer 9 got a haircut
[b] cutting hair of customer 11
[b] cutting hair of customer 12
[c] customer 11 got a haircut
[b] cutting hair of customer 13
[c] customer 12 got a haircut
[b] cutting hair of customer 14
[c] customer 13 got a haircut
[b] not enough seats, turning customer 15 away
[b] not enough seats, turning customer 16 away
[b] not enough seats, turning customer 17 away
[b] cutting hair of customer 18
[c] customer 14 got a haircut
[b] cutting hair of customer 19
[c] customer 18 got a haircut
[b] cutting hair of customer 20
[c] customer 19 got a haircut
[c] customer 20 got a haircut
[!] 15 customers got haircuts today

<RX¦OO�ILQG�WKDW�HDFK�UXQ¦V�RXWSXW�LV��SUHGLFWDEO\��VOLJKWO\�GLIIHUHQW��(YHU\�WLPH�WKH�EDU�
EHU�WDNHV�D�ELW�ORQJHU�WR�FXW�KDLU�WKDQ�LW�GRHV�IRU�VHYHUDO�FXVWRPHUV�WR�HQWHU��WKH�£FKDLUV¤
�WKH�EDUEHU¦V�PDLOER[�TXHXH��ILOO�XS��DQG�QHZ�FXVWRPHUV�VLPSO\�OHDYH�

2I�FRXUVH��ZH�KDYH�WR�LQFOXGH�WKH�VWDQGDUG�FDYHDWV�WKDW�FRPH�ZLWK�VLPSOH�H[DPSOHV�
)RU�RQH�� LW¦V�SRVVLEOH� WKDW�RXU�H[DPSOH�PD\�QRW�EH�VXLWDEO\� UDQGRP��SDUWLFXODUO\� LI
UDQGRP�YDOXHV�DUH�UHWULHYHG�ZLWKLQ�D�PLOOLVHFRQG�RI�RQH�DQRWKHU��7KLV�LV�D�E\SURGXFW
RI�WKH�ZD\�WKH�-90�JHQHUDWHV�UDQGRP�QXPEHUV��DQG�D�JRRG�UHPLQGHU�WR�EH�FDUHIXO
DERXW�UDQGRPQHVV�LQ�FRQFXUUHQW�SURJUDPV��<RX¦G�DOVR�ZDQW�WR�UHSODFH�WKH�sleep�LQVLGH
tallyCuts�ZLWK�D�FOHDUHU�VLJQDO�WKDW�WKH�YDULRXV�DFWRUV�LQ�WKH�V\VWHP�DUH�GRQH�GRLQJ�WKHLU
ZRUN��SHUKDSV�E\�PDNLQJ�WKH�BarbershopSimulation�DQ�$FWRU�DQG�VHQGLQJ�LW�PHVVDJHV
WKDW�LQGLFDWH�FRPSOHWLRQ�
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7U\� PRGLI\LQJ� WKH� FRGH� WR� LQWURGXFH� PRUH� FXVWRPHUV�� DGGLWLRQDO� PHVVDJH� W\SHV�
GLIIHUHQW�GHOD\V�� RU� WR� UHPRYH� WKH� UDQGRPQHVV� DOWRJHWKHU�� ,I� \RX¦UH� DQ� H[SHULHQFHG
PXOWLWKUHDGHG�SURJUDPPHU��\RX�PLJKW�WU\�ZULWLQJ�\RXU�RZQ�VOHHSLQJ�EDUEHU� LPSOH�
PHQWDWLRQ�MXVW�WR�FRPSDUH�DQG�FRQWUDVW��:H¦UH�ZLOOLQJ�WR�EHW�WKDW�DQ�LPSOHPHQWDWLRQ
LQ�6FDOD�ZLWK�$FWRUV�ZLOO�EH�WHUVHU�DQG�HDVLHU�WR�PDLQWDLQ�

Effective Actors
7R�JHW�WKH�PRVW�RXW�RI�$FWRUV��WKHUH�DUH�IHZ�WKLQJV�WR�UHPHPEHU��)LUVW��QRWH�WKDW�WKHUH
DUH�VHYHUDO�PHWKRGV�\RX�FDQ�XVH�WR�JHW�GLIIHUHQW�W\SHV�RI�EHKDYLRU�RXW�RI�\RXU�$FWRUV�
7DEOH�����VKRXOG�KHOS�FODULI\�ZKHQ�WR�XVH�HDFK�PHWKRG�

7DEOH������$FWRU�PHWKRGV

Method Returns Description

act Unit Abstract, top-level method for an Actor. Typically contains one of the

following methods inside it.

receive Result of processing

message

Blocks until a message of matched type is received.

receiveWithin Result of processing

message

Like receive, but unblocks after specified number of milliseconds.

react Nothing Requires less overhead (threads) than receive.

reactWithin Nothing Like react, but unblocks after specified number of milliseconds.

7\SLFDOO\��\RX¦OO�ZDQW�WR�XVH�react�ZKHUHYHU�SRVVLEOH��,I�\RX�QHHG�WKH�UHVXOWV�RI�SUR�
FHVVLQJ�D�PHVVDJH��WKDW�LV��\RX�QHHG�D�V\QFKURQRXV�UHVSRQVH�IURP�VHQGLQJ�D�PHVVDJH
WR�DQ�$FWRU���XVH�WKH�receiveWithin�YDULDQW�WR�UHGXFH�\RXU�FKDQFHV�RI�EORFNLQJ�LQGHIL�
QLWHO\�RQ�DQ�$FWRU�WKDW¦V�JRWWHQ�ZHGJHG�

$QRWKHU�VWUDWHJ\�WR�NHHS�\RXU�$FWRU�EDVHG�FRGH�DV\QFKURQRXV�LV�WKH�XVH�RI�IXWXUHV��$
IXWXUH�LV�D�SODFHKROGHU�REMHFW�IRU�D�YDOXH�WKDW�KDVQ¦W�\HW�EHHQ�UHWXUQHG�IURP�DQ�DV\Q�
FKURQRXV�SURFHVV��<RX�FDQ�VHQG�D�PHVVDJH�WR�DQ�$FWRU�ZLWK�WKH�!!�PHWKRG��D�YDULDQW
RI�WKLV�PHWKRG�DOORZV�\RX�WR�SDVV�DORQJ�D�SDUWLDO�IXQFWLRQ�WKDW�LV�DSSOLHG�WR�WKH�IXWXUH
YDOXH��$V�\RX�FDQ�VHH�IURP�WKH�IROORZLQJ�H[DPSOH��UHWULHYLQJ�D�YDOXH�IURP�D�Future�LV
DV�VWUDLJKWIRUZDUG�DV�LQYRNLQJ�LWV�apply�PHWKRG��1RWH�WKDW�UHWULHYLQJ�D�YDOXH�IURP�D
Future�LV�D�EORFNLQJ�RSHUDWLRQ�

// code-examples/Concurrency/future-script.scala 
import scala.actors.Futures._

val eventually = future(5 * 42)
println(eventually())

(DFK�$FWRU� LQ� \RXU� V\VWHP� VKRXOG�KDYH� FOHDU� UHVSRQVLELOLWLHV��'RQ¦W� XVH�$FWRUV� IRU
JHQHUDO�SXUSRVH�� KLJKO\� VWDWHIXO� WDVNV�� ,QVWHDG�� WKLQN� OLNH� D� GLUHFWRU�� ZKDW� DUH� WKH
GLVWLQFW� UROHV� LQ� WKH� £VFULSW¤� RI� \RXU� DSSOLFDWLRQ�� DQG� ZKDW¦V� WKH� OHDVW� DPRXQW� RI
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LQIRUPDWLRQ�HDFK�$FWRU�QHHGV�WR�GR�LWV�MRE"�*LYH�HDFK�$FWRU�MXVW�D�FRXSOH�RI�UHVSRQVL�
ELOLWLHV��DQG�XVH�PHVVDJHV��XVXDOO\�LQ�WKH�IRUP�RI�D�case class�RU�case object��WR�GHOHJDWH
WKRVH�UHVSRQVLELOLWLHV�WR�RWKHU�$FWRUV�

'RQ¦W�EH�KHVLWDQW�WR�FRS\�GDWD�ZKHQ�ZULWLQJ�$FWRU�FHQWULF�FRGH��7KH�PRUH�LPPXWDEOH
\RXU�GHVLJQ��WKH�OHVV�OLNHO\�\RX�DUH�WR�HQG�XS�ZLWK�XQH[SHFWHG�VWDWH��7KH�PRUH�\RX
FRPPXQLFDWH�YLD�PHVVDJHV��WKH�OHVV�\RX�KDYH�WR�ZRUU\�DERXW�V\QFKURQL]DWLRQ��$OO�WKRVH
PHVVDJHV�DQG�LPPXWDEOH�YDULDEOHV�PLJKW�DSSHDU�WR�EH�RYHUO\�FRVWO\��%XW��ZLWK�WRGD\¦V
SOHQWLIXO�KDUGZDUH��WUDGLQJ�PHPRU\�RYHUKHDG�IRU�FODULW\�DQG�SUHGLFWDELOLW\�VHHPV�PRUH
WKDQ�IDLU�IRU�PRVW�DSSOLFDWLRQV�

/DVWO\��NQRZ�ZKHQ�$FWRUV�DUHQ¦W�DSSURSULDWH��-XVW�EHFDXVH�$FWRUV�DUH�D�JUHDW�ZD\�WR
KDQGOH�FRQFXUUHQF\�LQ�6FDOD�GRHVQ¦W�PHDQ�WKDW�WKH\¦UH�WKH�RQO\�ZD\��DV�ZH¦OO�VHH�VRRQ�
7UDGLWLRQDO�WKUHDGLQJ�DQG�ORFNLQJ�PD\�EHWWHU�VXLW�ZULWH�KHDY\�FULWLFDO�SDWKV�IRU�ZKLFK
D�PHVVDJLQJ�DSSURDFK�ZRXOG�LQFXU�WRR�PXFK�RYHUKHDG��,Q�RXU�H[SHULHQFH��\RX�FDQ�XVH
D�SXUHO\�$FWRU�EDVHG�GHVLJQ�WR�SURWRW\SH�D�FRQFXUUHQW�VROXWLRQ��WKHQ�XVH�SURILOLQJ�WRROV
WR�VXVV�RXW�SDUWV�RI�\RXU�DSSOLFDWLRQ�WKDW�PLJKW�EHQHILW�IURP�D�GLIIHUHQW�DSSURDFK�

Traditional Concurrency in Scala: Threading and Events
:KLOH�$FWRUV�DUH�D�JUHDW�ZD\�WR�KDQGOH�FRQFXUUHQW�RSHUDWLRQV��WKH\¦UH�QRW�WKH�RQO\�ZD\
WR�GR�VR�LQ�6FDOD��$V�6FDOD�LV�LQWHURSHUDEOH�ZLWK�-DYD��WKH�FRQFXUUHQF\�FRQFHSWV�WKDW
\RX�PD\�EH�IDPLOLDU�ZLWK�RQ�WKH�-90�VWLOO�DSSO\�

One-Off Threads
)RU�VWDUWHUV��6FDOD�SURYLGHV�D�KDQG\�ZD\�WR�UXQ�D�EORFN�RI�FRGH�LQ�D�QHZ�WKUHDG�

// code-examples/Concurrency/threads/by-block-script.scala

new Thread { println("this will run in a new thread") }

$�VLPLODU�FRQVWUXFW�LV�DYDLODEOH�LQ�WKH�scala.concurrent�SDFNDJH��DV�D�PHWKRG�RQ�WKH
ops�REMHFW�WR�UXQ�D�EORFN�DV\QFKURQRXVO\�ZLWK�spawn�

// code-examples/Concurrency/threads/spawn.scala

import scala.concurrent.ops._

object SpawnExample {
  def main(args: Array[String]) {
    println("this will run synchronously")

    spawn {
      println("this will run asychronously")
    }
  }
}
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Using java.util.concurrent
,I�\RX¦UH�IDPLOLDU�ZLWK�WKH�YHQHUDEOH�java.util.concurrent�SDFNDJH��\RX¦OO�ILQG�LW�MXVW
DV�HDV\�WR�XVH�IURP�6FDOD��RU�KDUG�WR�XVH��GHSHQGLQJ�RQ�\RXU�SRLQW�RI�YLHZ���/HW¦V�XVH
Executors�WR�FUHDWH�D�SRRO�RI�WKUHDGV��:H¦OO�XVH�WKH�WKUHDG�SRRO�WR�UXQ�D�VLPSOH�FODVV�
LPSOHPHQWLQJ�-DYD¦V�Runnable�LQWHUIDFH�IRU�WKUHDG�IULHQGO\�FODVVHV��WKDW�LGHQWLILHV�ZKLFK
WKUHDG�LW¦V�UXQQLQJ�RQ�

// code-examples/Concurrency/threads/util-concurrent-script.scala

import java.util.concurrent._

class ThreadIdentifier extends Runnable {
  def run {
    println("hello from Thread " + currentThread.getId)
  }
}

val pool = Executors.newFixedThreadPool(5)

for (i <- 1 to 10) {
  pool.execute(new ThreadIdentifier)
}

$V�LV�VWDQGDUG�LQ�-DYD�FRQFXUUHQF\��WKH�run�PHWKRG�LV�ZKHUH�D�WKUHDGHG�FODVV�VWDUWV�
(YHU\�WLPH�RXU�pool�H[HFXWHV�D�QHZ�ThreadIdentifier��LWV�run�PHWKRG�LV�LQYRNHG��$�ORRN
DW�WKH�RXWSXW�WHOOV�XV�WKDW�ZH¦UH�UXQQLQJ�RQ�WKH�ILYH�WKUHDGV�LQ�WKH�SRRO��ZLWK�,'V�UDQJLQJ
IURP���WR����

hello from Thread 9
hello from Thread 10
hello from Thread 11
hello from Thread 12
hello from Thread 13
hello from Thread 9
hello from Thread 11
hello from Thread 10
hello from Thread 10
hello from Thread 13

7KLV� LV�� RI� FRXUVH�� MXVW� VFUDWFKLQJ� WKH� VXUIDFH� RI� ZKDW� LV� DYDLODEOH� LQ
java.util.concurrent��<RX¦OO�ILQG�WKDW�\RXU�H[LVWLQJ�NQRZOHGJH�RI�-DYD¦V�DSSURDFK�WR
PXOWLWKUHDGLQJ�VWLOO�DSSOLHV�LQ�6FDOD��:KDW¦V�PRUH��\RX¦OO�EH�DEOH�WR�DFFRPSOLVK�WKH�VDPH
WDVNV�XVLQJ�OHVV�FRGH��ZKLFK�VKRXOG�FRQWULEXWH�WR�PDLQWDLQDELOLW\�DQG�SURGXFWLYLW\�

Events
7KUHDGLQJ�DQG�$FWRUV�DUHQ¦W�WKH�RQO\�ZD\�WR�GR�FRQFXUUHQF\��(YHQW�EDVHG�FRQFXUUHQF\�
D�SDUWLFXODU�DSSURDFK�WR�DV\QFKURQRXV�RU�QRQ�EORFNLQJ�,�2��1,2���KDV�EHFRPH�D�ID�
YRUHG�ZD\� WR�ZULWH� VHUYHUV� WKDW�QHHG� WR�VFDOH� WR� WKRXVDQGV�RI� VLPXOWDQHRXV�FOLHQWV�
(VFKHZLQJ�WKH�WUDGLWLRQDO�RQH�WR�RQH�UHODWLRQVKLS�RI�WKUHDGV�WR�FOLHQWV��WKLV�PRGHO�RI
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FRQFXUUHQF\� H[SRVHV� HYHQWV� WKDW� RFFXU� ZKHQ� SDUWLFXODU� FRQGLWLRQV� DUH� PHW� �IRU
H[DPSOH��ZKHQ�GDWD�LV�UHFHLYHG�IURP�D�FOLHQW�RYHU�D�QHWZRUN�VRFNHW���7\SLFDOO\��WKH
SURJUDPPHU�ZLOO�DVVRFLDWH�D�FDOOEDFN�PHWKRG�ZLWK�HDFK�HYHQW�WKDW¦V�UHOHYDQW�WR�KHU
SURJUDP�

:KLOH�WKH�java.nio�SDFNDJH�SURYLGHV�D�YDULHW\�RI�XVHIXO�SULPLWLYHV�IRU�QRQ�EORFNLQJ
,�2��EXIIHUV��FKDQQHOV��HWF����LW¦V�VWLOO�D�IDLU�ELW�RI�ZRUN�WR�FREEOH�WRJHWKHU�DQ�HYHQW�EDVHG
FRQFXUUHQW�SURJUDP�IURP�WKRVH�VLPSOH�SDUWV��(QWHU�$SDFKH�0,1$��EXLOW�DWRS�-DYD�1,2
DQG�GHVFULEHG�RQ�LWV�KRPH�SDJH�DV�£D�QHWZRUN�DSSOLFDWLRQ�IUDPHZRUN�ZKLFK�KHOSV�XVHUV
GHYHORS� KLJK� SHUIRUPDQFH� DQG� KLJK� VFDODELOLW\� QHWZRUN� DSSOLFDWLRQV� HDVLO\¤� �VHH
>0,1$@��

:KLOH�0,1$�PD\�EH�HDVLHU�WR�XVH�WKDQ�-DYD¦V�EXLOW�LQ�1,2�OLEUDULHV��ZH¦YH�JRWWHQ�XVHG
WR�VRPH�FRQYHQLHQFHV�RI�6FDOD�WKDW� MXVW�DUHQ¦W�DYDLODEOH� LQ�0,1$��7KH�RSHQ�VRXUFH
1DJJDWL�OLEUDU\��VHH�>1DJJDWL@��DGGV�D�6FDOD�IULHQGO\�OD\HU�DWRS�0,1$�WKDW��DFFRUGLQJ
WR�LWV�DXWKRU��£PDNHV�LW�HDV\�WR�EXLOG�SURWRFRO�ILOWHUV�>XVLQJ�D@�VHTXHQWLDO�VW\OH�¤�(VVHQ�
WLDOO\��1DJJDWL� LV�D�'6/�IRU�SDUVLQJ�QHWZRUN�SURWRFROV��ZLWK�0,1$¦V�SRZHUIXO�1,2
DELOLWLHV�XQGHU�WKH�KRRG�

/HW¦V�XVH�1DJJDWL�WR�ZULWH�WKH�IRXQGDWLRQV�RI�DQ�6073�HPDLO�VHUYHU��7R�NHHS�WKLQJV
VLPSOH��ZH¦UH�RQO\�GHDOLQJ�ZLWK� WZR�6073�FRPPDQGV��HELO� DQG�QUIT��7KH� IRUPHU
FRPPDQG�LGHQWLILHV�D�FOLHQW��DQG�WKH�ODWWHU�HQGV�WKH�FOLHQW¦V�VHVVLRQ�

:H¦OO�NHHS�RXUVHOYHV�KRQHVW�ZLWK�D�WHVW�VXLWH��IDFLOLWDWHG�E\�WKH�6SHFV�%HKDYLRU�'ULYHQ
'HYHORSPHQW�OLEUDU\��VHH�£6SHFV¤�RQ�SDJH������

// .../smtpd/src/test/scala/com/programmingscala/smtpd/SmtpDecoderSpec.scala

package com.programmingscala.smtpd

import java.nio.ByteOrder
import net.lag.naggati._
import org.apache.mina.core.buffer.IoBuffer
import org.apache.mina.core.filterchain.IoFilter
import org.apache.mina.core.session.{DummySession, IoSession}
import org.apache.mina.filter.codec._
import org.specs._
import scala.collection.{immutable, mutable}

object SmtpDecoderSpec extends Specification {
  private var fakeSession: IoSession = null
  private var fakeDecoderOutput: ProtocolDecoderOutput = null
  private var written = new mutable.ListBuffer[Request]

  def quickDecode(s: String): Unit = {
    Codec.decoder.decode(fakeSession, IoBuffer.wrap(s.getBytes), fakeDecoderOutput)
  }

  "SmtpRequestDecoder" should {
    doBefore {
      written.clear()
      fakeSession = new DummySession
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      fakeDecoderOutput = new ProtocolDecoderOutput {
        override def flush(nextFilter: IoFilter.NextFilter, s: IoSession) = {}
        override def write(obj: AnyRef) = written += obj.asInstanceOf[Request]
      }
    }

    "parse HELO" in {
      quickDecode("HELO client.example.org\n")
      written.size mustEqual 1
      written(0).command mustEqual "HELO"
      written(0).data mustEqual "client.example.org"
    }

    "parse QUIT" in {
      quickDecode("QUIT\n")
      written.size mustEqual 1
      written(0).command mustEqual "QUIT"
      written(0).data mustEqual null
    }
  }
}

$IWHU�VHWWLQJ�XS�DQ�HQYLURQPHQW�IRU�HDFK�WHVW�UXQ��RXU�VXLWH�H[HUFLVHV�WKH�WZR�6073
FRPPDQGV�ZH¦UH�LQWHUHVWHG�LQ��7KH�doBefore�EORFN�UXQV�EHIRUH�HDFK�WHVW��JXDUDQWHHLQJ
WKDW�PRFN�VHVVLRQ�DQG�RXWSXW�EXIIHUV�DUH�LQ�D�FOHDQ�VWDWH��,Q�HDFK�WHVW�ZH¦UH�SDVVLQJ�D
VWULQJ�RI�K\SRWKHWLFDO�FOLHQW�LQSXW�WR�RXU�DV�\HW�XQLPSOHPHQWHG�Codec��WKHQ�YHULI\LQJ
WKDW�WKH�UHVXOWLQJ�Request��D�case class��FRQWDLQV�WKH�FRUUHFW�command�DQG�data�ILHOGV�
$V�WKH�QUIT�FRPPDQG�GRHVQ¦W�UHTXLUH�DQ\�DGGLWLRQDO�LQIRUPDWLRQ�IURP�WKH�FOLHQW��ZH
VLPSO\�FKHFN�WKDW�data�LV�null�

:LWK�RXU�WHVWV�LQ�SODFH��OHW¦V�LPSOHPHQW�D�EDVLF�FRGHF��DQ�HQFRGHU�DQG�GHFRGHU��IRU
6073�

// .../smtpd/src/main/scala/com/programmingscala/smtpd/Codec.scala

package com.programmingscala.smtpd

import org.apache.mina.core.buffer.IoBuffer
import org.apache.mina.core.session.{IdleStatus, IoSession}
import org.apache.mina.filter.codec._
import net.lag.naggati._
import net.lag.naggati.Steps._

case class Request(command: String, data: String)
case class Response(data: IoBuffer)

object Codec {
  val encoder = new ProtocolEncoder {
    def encode(session: IoSession, message: AnyRef, out: ProtocolEncoderOutput) = {
      val buffer = message.asInstanceOf[Response].data
      out.write(buffer)
    }

    def dispose(session: IoSession): Unit = {
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      // no-op, required by ProtocolEncoder trait
    }
  }

  val decoder = new Decoder(readLine(true, "ISO-8859-1") { line =>
    line.split(' ').first match {
      case "HELO" => state.out.write(Request("HELO", line.split(' ')(1))); End
      case "QUIT" => state.out.write(Request("QUIT", null)); End
      case _ => throw new ProtocolError("Malformed request line: " + line)
    }
  })
}

:H�ILUVW�GHILQH�D�Request�case class�LQ�ZKLFK�WR�VWRUH�UHTXHVW�GDWD�DV�LW�DUULYHV��7KHQ
ZH�VSHFLI\�WKH�encoder�SRUWLRQ�RI�RXU�FRGHF��ZKLFK�H[LVWV�VLPSO\�WR�ZULWH�GDWD�RXW��$
dispose� PHWKRG� LV� GHILQHG� �EXW� QRW� IOHVKHG� RXW�� WR� IXOILOO� WKH� FRQWUDFW� RI� WKH
ProtocolEncoder�WUDLW�

7KH�GHFRGHU�LV�ZKDW�ZH¦UH�UHDOO\�LQWHUHVWHG�LQ��readRequest�UHDGV�D�OLQH��SLFNV�RXW�WKH
ILUVW�ZRUG�LQ�WKDW�OLQH��DQG�SDWWHUQ�PDWFKHV�RQ�LW�WR�ILQG�6073�FRPPDQGV��,Q�WKH�FDVH
RI�D�HELO�FRPPDQG��ZH�DOVR�JUDE�WKH�VXEVHTXHQW�VWULQJ�RQ�WKDW�OLQH��7KH�UHVXOWV�DUH
SODFHG�LQ�D�Request�REMHFW�DQG�ZULWWHQ�RXW�WR�state��$V�\RX�PLJKW�LPDJLQH��state�VWRUHV
RXU�SURJUHVV�WKURXJKRXW�WKH�SDUVLQJ�SURFHVV�

7KRXJK�WULYLDO��WKH�DERYH�H[DPSOH�GHPRQVWUDWHV�MXVW�KRZ�HDV\�LW�LV�WR�SDUVH�SURWRFROV
ZLWK�1DJJDWL��1RZ�WKDW�ZH¦YH�JRW�D�ZRUNLQJ�FRGHF��OHW¦V�FRPELQH�1DJJDWL�DQG�0,1$
ZLWK�$FWRUV�WR�ZLUH�XS�D�VHUYHU�

)LUVW��D�IHZ�OLQHV�RI�VHWXS�JUXQW�ZRUN�WR�JHW�WKLQJV�JRLQJ�IRU�RXU�6073�VHUYHU�

// .../smtpd/src/main/scala/com/programmingscala/smtpd/Main.scala

package com.programmingscala.smtpd

import net.lag.naggati.IoHandlerActorAdapter
import org.apache.mina.filter.codec.ProtocolCodecFilter
import org.apache.mina.transport.socket.SocketAcceptor
import org.apache.mina.transport.socket.nio.{NioProcessor, NioSocketAcceptor}
import java.net.InetSocketAddress
import java.util.concurrent.{Executors, ExecutorService}
import scala.actors.Actor._

object Main {
  val listenAddress = "0.0.0.0"
  val listenPort = 2525

  def setMaxThreads = {
    val maxThreads = (Runtime.getRuntime.availableProcessors * 2)
    System.setProperty("actors.maxPoolSize", maxThreads.toString)
  }

  def initializeAcceptor = {
    var acceptorExecutor = Executors.newCachedThreadPool()
    var acceptor =
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      new NioSocketAcceptor(acceptorExecutor, new NioProcessor(acceptorExecutor))
    acceptor.setBacklog(1000)
    acceptor.setReuseAddress(true)
    acceptor.getSessionConfig.setTcpNoDelay(true)
    acceptor.getFilterChain.addLast("codec",
            new ProtocolCodecFilter(smtpd.Codec.encoder, smtpd.Codec.decoder))
    acceptor.setHandler(
            new IoHandlerActorAdapter(session => new SmtpHandler(session)))
    acceptor.bind(new InetSocketAddress(listenAddress, listenPort))
  }

  def main(args: Array[String]) {
    setMaxThreads
    initializeAcceptor
    println("smtpd: up and listening on " + listenAddress + ":" + listenPort)
  }
}

7R�HQVXUH�WKDW�ZH¦UH�JHWWLQJ�WKH�PRVW�RXW�RI�WKH�$FWRU�LQVWDQFHV�LQ�RXU�VHUYHU��ZH�VHW
WKH�actors.maxPoolSize�V\VWHP�SURSHUW\�WR�WZLFH�WKH�QXPEHU�RI�DYDLODEOH�SURFHVVRUV
RQ�RXU�PDFKLQH��:H�WKHQ�LQLWLDOL]H�DQ�NioSocketAcceptor��D�NH\�SLHFH�RI�0,1$�PD�
FKLQHU\�WKDW�DFFHSWV�QHZ�FRQQHFWLRQV�IURP�FOLHQWV��7KH�ILQDO�WKUHH�OLQHV�RI�WKLV�FRQILJ�
XUDWLRQ�DUH�FULWLFDO��DV�WKH\�SXW�RXU�FRGHF�WR�ZRUN��WHOO�WKH�DFFHSWRU�WR�KDQGOH�UHTXHVWV
ZLWK�D�VSHFLDO�REMHFW��DQG�VWDUW�WKH�VHUYHU�OLVWHQLQJ�IRU�QHZ�FRQQHFWLRQV�RQ�SRUW�����
�UHDO�6073�VHUYHUV�UXQ�RQ�WKH�SULYLOHJHG�SRUW�����

7KH�DIRUHPHQWLRQHG�VSHFLDO�REMHFW�LV�DQ�$FWRU�ZUDSSHG�LQ�DQ�IoHandlerActorAdapter�
D�EULGJLQJ�OD\HU�EHWZHHQ�6FDOD�$FWRUV�DQG�0,1$�WKDW¦V�SURYLGHG�E\�1DJJDWL��7KLV�LV
WKH�SLHFH�RI�RXU�VHUYHU�WKDW�WDONV�EDFN�WR�WKH�FOLHQW��1RZ�WKDW�ZH�NQRZ�ZKDW�WKH�FOLHQW
LV�VD\LQJ��WKDQNV�WR�WKH�GHFRGHU��ZH�DFWXDOO\�NQRZ�ZKDW�WR�VD\�EDFN�

// .../smtpd/src/main/scala/com/programmingscala/smtpd/SmtpHandler.scala

package com.programmingscala.smtpd

import net.lag.naggati.{IoHandlerActorAdapter, MinaMessage, ProtocolError}
import org.apache.mina.core.buffer.IoBuffer
import org.apache.mina.core.session.{IdleStatus, IoSession}
import java.io.IOException
import scala.actors.Actor
import scala.actors.Actor._
import scala.collection.{immutable, mutable}

class SmtpHandler(val session: IoSession) extends Actor {
  start

  def act = {
    loop {
      react {
        case MinaMessage.MessageReceived(msg) =>
            handle(msg.asInstanceOf[smtpd.Request])
        case MinaMessage.SessionClosed => exit()
        case MinaMessage.SessionIdle(status) => session.close
        case MinaMessage.SessionOpened => reply("220 localhost Tapir SMTPd 0.1\n")
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        case MinaMessage.ExceptionCaught(cause) => {
          cause.getCause match {
            case e: ProtocolError => reply("502 Error: " + e.getMessage + "\n")
            case i: IOException   => reply("502 Error: " + i.getMessage + "\n")
            case _                => reply("502 Error unknown\n")
          }
          session.close
        }
      }
    }
  }

  private def handle(request: smtpd.Request) = {
    request.command match {
      case "HELO" => reply("250 Hi there " + request.data + "\n")
      case "QUIT" => reply("221 Peace out girl scout\n"); session.close
    }
  }

  private def reply(s: String) = {
    session.write(new smtpd.Response(IoBuffer.wrap(s.getBytes)))
  }

}

6WUDLJKW�DZD\��ZH�VHH�WKH�VDPH�SDWWHUQ�WKDW�ZH�VDZ�LQ�WKH�$FWRUV�H[DPSOHV�HDUOLHU�LQ
WKLV�FKDSWHU�� ORRSLQJ�DURXQG�D�react�EORFN�WKDW�SDWWHUQ�PDWFKHV�RQ�D�OLPLWHG�VHW�RI
FDVHV��,Q�SmtpHandler��DOO�RI�WKRVH�FDVHV�DUH�HYHQWV�SURYLGHG�E\�0,1$��)RU�H[DPSOH�
0,1$� ZLOO� VHQG� XV� MinaMessage.SessionOpened� ZKHQ� D� FOLHQW� FRQQHFWV� DQG
MinaMessage.SessionClosed�ZKHQ�D�FOLHQW�GLVFRQQHFWV�

7KH�FDVH�ZH¦UH�PRVW� LQWHUHVWHG� LQ� LV�MinaMessage.MessageReceived��:H¦UH�KDQGHG�D
IDPLOLDU�Request�REMHFW�ZLWK�HDFK�QHZO\�UHFHLYHG�YDOLG�PHVVDJH��DQG�ZH�FDQ�SDWWHUQ
PDWFK�RQ�WKH�command�ILHOG�WR�WDNH�DSSURSULDWH�DFWLRQ��:KHQ�WKH�FOLHQW�VD\V�HELO��ZH
FDQ�UHSO\�ZLWK�DQ�DFNQRZOHGJHPHQW��:KHQ�WKH�FOLHQW�VD\V�QUIT��ZH�VD\�JRRGE\H�DQG
GLVFRQQHFW�KLP�

1RZ�WKDW�ZH¦YH�JRW�DOO�WKH�SLHFHV�LQ�SODFH��OHW¦V�KDYH�D�FRQYHUVDWLRQ�ZLWK�RXU�VHUYHU�

[al3x@jaya ~]$ telnet localhost 2525
Trying ::1...
Connected to localhost.
Escape character is '^]'.
220 localhost Tapir SMTPd 0.1
HELO jaya.local
250 Hi there jaya.local
QUIT
221 Peace out girl scout
Connection closed by foreign host.
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$�EULHI�FRQYHUVDWLRQ��WR�EH�VXUH��EXW�RXU�VHUYHU�ZRUNV��1RZ��ZKDW�KDSSHQV�LI�ZH�WKURZ
VRPHWKLQJ�XQH[SHFWHG�DW�LW"

[al3x@jaya ~]$ telnet localhost 2525
Trying ::1...
Connected to localhost.
Escape character is '^]'.
220 localhost Tapir SMTPd 0.1
HELO jaya.local
250 Hi there jaya.local
BAD COMMAND
502 Error: Malformed request line: BAD COMMAND
Connection closed by foreign host.

1LFHO\�KDQGOHG��*RRG�WKLQJ�ZH�WRRN�WKH�WLPH�WR�GLJ�RXW�WKRVH�H[FHSWLRQV�ZKHQ�ZH
UHFHLYHG�D�MinaMessage.ExceptionCaught�LQ�RXU�SmtpHandler�$FWRU�

2I�FRXUVH��ZKDW�ZH¦YH�EXLOW�MXVW�KDQGOHV�WKH�EHJLQQLQJ�DQG�HQG�RI�D�FRPSOHWH�6073
FRQYHUVDWLRQ��$V�DQ�H[HUFLVH��WU\�ILOOLQJ�RXW�WKH�UHVW�RI�WKH�FRPPDQGV��2U��WR�VNLS�DKHDG
WR� VRPHWKLQJ�YHU\�PXFK�DNLQ� WR�ZKDW�ZH¦YH�EXLOW�KHUH�� FKHFN�RXW� WKH�RSHQ� VRXUFH
0DLOVORW�SURMHFW�RQ�*LW+XE��VHH�>0DLOVORW@��

Recap and What’s Next
:H�OHDUQHG�KRZ�WR�EXLOG�VFDODEOH��UREXVW�FRQFXUUHQW�DSSOLFDWLRQV�XVLQJ�6FDOD¦V�$FWRU
OLEUDU\�WKDW�DYRLG�WKH�SUREOHPV�RI�WUDGLWLRQDO�DSSURDFKHV�EDVHG�RQ�V\QFKURQL]HG�DFFHVV
WR�VKDUHG��PXWDEOH�VWDWH��:H�DOVR�GHPRQVWUDWHG�WKDW�-DYD¦V�SRZHUIXO�EXLOW�LQ�WKUHDGLQJ
PRGHO�LV�HDVLO\�DFFHVVLEOH�IURP�6FDOD��)LQDOO\��ZH�OHDUQHG�KRZ�WR�FRPELQH�$FWRUV�ZLWK
WKH�SRZHUIXO�0,1$�1,2�IUDPHZRUN�DQG�1DJJDWL�WR�GHYHORS�HYHQW�GULYHQ��DV\QFKUR�
QRXV�QHWZRUN�VHUYHUV�IURP�WKH�JURXQG�XS�LQ�MXVW�D�IHZ�OLQHV�RI�FRGH�

7KH�QH[W�FKDSWHU�H[DPLQHV�6FDOD¦V�EXLOW�LQ�VXSSRUW�IRU�ZRUNLQJ�ZLWK�;0/�
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CHAPTER 10

Herding XML in Scala

;0/�KDV�ORQJ�VLQFH�EHFRPH�WKH�OLQJXD�IUDQFD�RI�PDFKLQH�WR�PDFKLQH�FRPPXQLFDWLRQ
RQ�WKH�,QWHUQHW��7KH�IRUPDW¦V�FRPELQDWLRQ�RI�KXPDQ�UHDGDELOLW\��VWDQGDUGL]DWLRQ��DQG
WRRO�VXSSRUW�KDV�PDGH�ZRUNLQJ�ZLWK�;0/�DQ�LQHYLWDELOLW\�IRU�SURJUDPPHUV��<HW��ZULW�
LQJ�FRGH�WKDW�GHDOV�LQ�;0/�LV�DQ�XQSOHDVDQW�FKRUH�LQ�PRVW�SURJUDPPLQJ�ODQJXDJHV�
6FDOD�LPSURYHV�WKLV�VLWXDWLRQ�

$V�ZLWK�WKH�$FWRU�IXQFWLRQDOLW\�ZH�OHDUQHG�DERXW�LQ�&KDSWHU����6FDOD¦V�;0/�VXSSRUW�LV
LPSOHPHQWHG�SDUWO\�DV�D�OLEUDU\��ZLWK�VRPH�EXLOW�LQ�V\QWD[�VXSSRUW��,W�IHHOV�WR�WKH�SUR�
JUDPPHU� OLNH� DQ� HQWLUHO\�QDWXUDO�SDUW�RI� WKH� ODQJXDJH��&RQYHQLHQW�RSHUDWRUV� DGG�D
VSRRQIXO�RI�V\QWDFWLF�VXJDU�WR�WKH�WDVN�RI�GLYLQJ�GHHS�LQWR�FRPSOH[�GRFXPHQW�VWUXF�
WXUHV�� DQG� SDWWHUQ�PDWFKLQJ� IXUWKHU� VZHHWHQV� WKH� GHDO��2XWSXWWLQJ� ;0/� LV� MXVW� DV
SOHDVDQW�

8QXVXDO�LQ�SURJUDPPLQJ�ODQJXDJHV�DQG�SDUWLFXODUO\�KDQG\��6FDOD�DOORZV�LQOLQH�;0/�
0RVW�DQ\ZKHUH�\RX�PLJKW�SXW�D�VWULQJ��\RX�FDQ�SXW�;0/��7KLV�IHDWXUH�PDNHV�WHP�
SODWLQJ�DQG�FRQILJXUDWLRQ�D�EUHH]H��DQG�OHWV�XV�WHVW�RXU�XVH�RI�;0/�ZLWKRXW�VR�PXFK
DV�RSHQLQJ�D�ILOH�

/HW¦V�H[SORUH�ZRUNLQJ�ZLWK�;0/�LQ�6FDOD��)LUVW��ZH¦OO�ORRN�DW�UHDGLQJ�DQG�QDYLJDWLQJ�DQ
;0/�GRFXPHQW��)LQDOO\��ZH¦OO�SURGXFH�;0/�RXWSXW�SURJUDPPDWLFDOO\�DQG�GHPRQ�
VWUDWH�XVHV�IRU�LQOLQH�;0/�

Reading XML
:H¦OO�VWDUW�ZLWK�WKH�EDVLFV��KRZ�WR�WXUQ�D�VWULQJ�IXOO�RI�;0/�LQWR�D�GDWD�VWUXFWXUH�ZH
FDQ�ZRUN�ZLWK�

// code-examples/XML/reading/from-string-script.scala

import scala.xml._

val someXMLInAString = """
<sammich>
  <bread>wheat</bread>
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  <meat>salami</meat>
  <condiments>
    <condiment expired="true">mayo</condiment>
    <condiment expired="false">mustard</condiment>
  </condiments>
</sammich>
"""

val someXML = XML.loadString(someXMLInAString)
assert(someXML.isInstanceOf[scala.xml.Elem])

$OO�ILQH�DQG�ZHOO��:H¦YH�WUDQVIRUPHG�WKH�VWULQJ�LQWR�D�NodeSeq��6FDOD¦V�W\SH�IRU�VWRULQJ
D�VHTXHQFH�RI�;0/�QRGHV��:HUH�RXU�;0/�GRFXPHQW�LQ�D�ILOH�RQ�GLVN��ZH�FRXOG�KDYH
XVHG�WKH�loadFile�PHWKRG�IURP�WKH�VDPH�SDFNDJH�

6LQFH�ZH¦UH�VXSSO\LQJ�WKH�;0/�RXUVHOYHV��ZH�FDQ�VNLS�WKH�XML.loadString�VWHS�DQG�MXVW
DVVLJQ�D�FKXQN�RI�PDUNXS�WR�D�val�RU�var�

// code-examples/XML/reading/inline-script.scala

import scala.xml._

val someXML =
<sammich>
  <bread>wheat</bread>
  <meat>salami</meat>
  <condiments>
    <condiment expired="true">mayo</condiment>
    <condiment expired="false">mustard</condiment>
  </condiments>
</sammich>

assert(someXML.isInstanceOf[scala.xml.Elem])

Exploring XML
,I�ZH�SDVWH�WKH�SUHYLRXV�H[DPSOH�LQWR�WKH�LQWHUSUHWHU��ZH�FDQ�H[SORUH�RXU�VDQGZLFK
XVLQJ�VRPH�KDQG\�WRROV�SURYLGHG�E\�NodeSeq�

scala> someXML \ "bread"
res2: scala.xml.NodeSeq = <bread>wheat</bread>

7KDW�EDFNVODVK¢ZKDW�WKH�GRFXPHQWDWLRQ�FDOOV�D�SURMHFWLRQ�IXQFWLRQ¢VD\V��£)LQG�PH
HOHPHQWV�QDPHG�bread�¤�:H¦OO�DOZD\V�JHW�D�NodeSeq�EDFN�ZKHQ�XVLQJ�D�SURMHFWLRQ�IXQF�
WLRQ��,I�ZH¦UH�RQO\�LQWHUHVWHG�LQ�ZKDW¦V�EHWZHHQ�WKH�WDJV��ZH�FDQ�XVH�WKH�text�PHWKRG�

scala> (someXML \ "bread").text
res3: String = wheat

,W¦V�YDOLG�V\QWD[�WR�VD\�someXML \ "bread" text��ZLWKRXW�SDUHQWKHVHV�RU
WKH�GRW�EHIRUH�WKH�FDOO�WR�text��<RX¦OO�VWLOO�JHW�WKH�VDPH�UHVXOW��EXW�LW¦V
KDUGHU�WR�UHDG��3DUHQWKHVHV�PDNH�\RXU�LQWHQW�FOHDU�
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:H¦YH�RQO\�LQVSHFWHG�WKH�RXWHUPRVW�OD\HU�RI�RXU�VDQGZLFK��/HW¦V�WU\�WR�JHW�D�NodeSeq�RI
WKH�FRQGLPHQWV�

scala> someXML \ "condiment"
res4: scala.xml.NodeSeq =

:KDW�ZHQW�ZURQJ"�7KH�\� IXQFWLRQ�GRHVQ¦W�GHVFHQG� LQWR�FKLOG�HOHPHQWV�RI�DQ�;0/
VWUXFWXUH��7R�GR�WKDW��ZH�XVH�LWV�VLVWHU�IXQFWLRQ��\\��WZR�EDFNVODVKHV��

scala> someXML \\ "condiment"
res5: scala.xml.NodeSeq = <condiment expired="true">mayo</condiment>
  <condiment expired="false">mustard</condiment>

0XFK�EHWWHU���:H�VSOLW�WKH�VLQJOH�RXWSXW�OLQH�LQWR�WZR�OLQHV�VR�LW�ZRXOG�ILW�RQ�WKH�SDJH��
:H�GRYH�LQWR�WKH�VWUXFWXUH�DQG�SXOOHG�RXW�WKH�WZR�<condiment>�HOHPHQWV��/RRNV�OLNH
RQH�RI�WKH�FRQGLPHQWV�KDV�JRQH�EDG��WKRXJK��:H�FDQ�ILQG�RXW�LI�DQ\�RI�WKH�FRQGLPHQWV
KDV�H[SLUHG�E\�H[WUDFWLQJ�LWV�expired�DWWULEXWH��$OO�LW�WDNHV�LV�DQ�@�EHIRUH�WKH�DWWULEXWH
QDPH�

scala> (someXML \\ "condiment")(0) \ "@expired"
res6: scala.xml.NodeSeq = true

:H�XVHG�WKH�(0)�WR�SLFN�WKH�ILUVW�RI�WKH�WZR�FRQGLPHQWV�WKDW�ZHUH�UHWXUQHG�E\�(someXML
\\ "condiment")�

Looping and Matching XML
7KH�SUHYLRXV�ELW�RI�FRGH�H[WUDFWHG�WKH�YDOXH�RI�WKH�expired�DWWULEXWH��true��LQ�WKLV�FDVH��
EXW�LW�GLGQ¦W�WHOO�XV�ZKLFK�FRQGLPHQW�LV�H[SLUHG��,I�ZH�ZHUH�KDQGHG�DQ�DUELWUDU\�;0/
VDQGZLFK��KRZ�ZRXOG�ZH�LGHQWLI\�WKH�H[SLUHG�FRQGLPHQWV"�:H�FDQ�ORRS�WKURXJK�WKH
;0/�

// code-examples/XML/reading/for-loop-script.scala

for (condiment <- (someXML \\ "condiment")) {
  if ((condiment \ "@expired").text == "true")
    println("the " + condiment.text + " has expired!")
}

%HFDXVH�NodeSeq�LQKHULWV�WKH�VDPH�IDPLOLDU�DWWULEXWHV�WKDW�PRVW�6FDOD�FROOHFWLRQ�W\SHV
FDUU\��WRROV�OLNH�for� ORRSV�DSSO\�GLUHFWO\��,Q�WKH�H[DPSOH�MXVW�VKRZQ��ZH�H[WUDFW�WKH
<condiment>�QRGHV��ORRS�RYHU�HDFK�RI�WKHP��DQG�WHVW�ZKHWKHU�RU�QRW�WKHLU�expired�DW�
WULEXWH�HTXDOV�WKH�VWULQJ�"true"��:H�KDYH�WR�VSHFLI\�WKDW�ZH�ZDQW�WKH�text�RI�D�JLYHQ
condiment��RWKHUZLVH��ZH¦G�JHW�D�VWULQJ�UHSUHVHQWDWLRQ�RI�WKH�HQWLUH�OLQH�RI�;0/�

:H�FDQ�DOVR�XVH�SDWWHUQ�PDWFKLQJ�RQ�;0/�VWUXFWXUHV��&DVHV�LQ�SDWWHUQ�PDWFKHV�FDQ�EH
ZULWWHQ�LQ�WHUPV�RI�;0/�OLWHUDOV��H[SUHVVLRQV�EHWZHHQ�FXUO\�EUDFHV��{}��HVFDSH�EDFN�WR
VWDQGDUG�6FDOD�SDWWHUQ�PDWFKLQJ�V\QWD[��7R�PDWFK�DOO�;0/�QRGHV�LQ�WKH�HVFDSHG�SRU�
WLRQ�RI�D�SDWWHUQ�PDWFK��XVH�DQ�XQGHUVFRUH��ZLOGFDUG��IROORZHG�E\�DQ�DVWHULVN�� _*���7R
ELQG�ZKDW�\RX¦YH�PDWFKHG�RQ�WR�D�YDULDEOH��SUHIL[�WKH�PDWFK�ZLWK�WKH�YDULDEOH�QDPH
DQG�DQ�@�VLJQ�
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/HW¦V�SXW�DOO�WKDW�WRJHWKHU�LQWR�RQH�H[DPSOH��:H¦OO�LQFOXGH�WKH�RULJLQDO�;0/�GRFXPHQW
DJDLQ�VR�\RX�FDQ�IROORZ�DORQJ�DV�ZH�SDWWHUQ�PDWFK�RQ�;0/�

// code-examples/XML/reading/pattern-matching-script.scala

import scala.xml._

val someXML =
<sammich>
  <bread>wheat</bread>
  <meat>salami</meat>
  <condiments>
    <condiment expired="true">mayo</condiment>
    <condiment expired="false">mustard</condiment>
  </condiments>
</sammich>

someXML match {
  case <sammich>{ingredients @ _*}</sammich> => {
    for (cond @ <condiments>{_*}</condiments> <- ingredients)
      println("condiments: " + cond.text)
  }
}

+HUH��ZH�ELQG�WKH�FRQWHQWV�RI�RXU�<sammich>�VWUXFWXUH��WKDW�LV��ZKDW¦V�LQVLGH�WKH�RSHQLQJ
DQG�FORVLQJ�WDJ��WR�D�YDULDEOH�FDOOHG�ingredients��7KHQ��DV�ZH�LWHUDWH�WKURXJK�WKH�LQ�
JUHGLHQWV�LQ�D�for�ORRS��ZH�DVVLJQ�WKH�HOHPHQWV�WKDW�DUH�EHWZHHQ�WKH�<condiments>�WDJV
WR�D�WHPSRUDU\�YDULDEOH��cond��(DFK�cond�LV�SULQWHG�

7KH�VDPH�WRROV�WKDW�OHW�XV�HDVLO\�PDQLSXODWH�FRPSOH[�GDWD�VWUXFWXUHV�LQ�6FDOD�DUH�UHDGLO\
DYDLODEOH�IRU�;0/�SURFHVVLQJ��$V�D�UHDGDEOH�DOWHUQDWLYH�WR�;6/7��6FDOD¦V�;0/�OLEUDU\
PDNHV�UHDGLQJ�DQG�SDUVLQJ�;0/�D�EUHH]H��,W�DOVR�JLYHV�XV�HTXDOO\�SRZHUIXO�WRROV�IRU
ZULWLQJ�;0/��ZKLFK�ZH¦OO�H[SORUH�LQ�WKH�QH[W�VHFWLRQ�

Writing XML
:KLOH�VRPH�ODQJXDJHV�FRQVWUXFW�;0/�WKURXJK�FRPSOH[�REMHFW�VHULDOL]DWLRQ�PHFKD�
QLVPV��6FDOD¦V�VXSSRUW�IRU�;0/�OLWHUDOV�PDNHV�ZULWLQJ�;0/�IDU�VLPSOHU��(VVHQWLDOO\�
ZKHQ�\RX�ZDQW�;0/��MXVW�ZULWH�;0/��7R�LQWHUSRODWH�YDULDEOHV�DQG�H[SUHVVLRQV��HVFDSH
RXW�WR�6FDOD�ZLWK�FXUO\�EUDFHV��DV�ZH�GLG�LQ�WKH�SDWWHUQ�PDWFKLQJ�H[DPSOHV�HDUOLHU�

scala> var name = "Bob"
name: java.lang.String = Bob

scala> val bobXML =
     | <person>
     |   <name>{name}</name>
     | </person>
bobXML: scala.xml.Elem =
<person>
  <name>Bob</name>
</person>
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$V�ZH�FDQ�VHH��WKH�name�YDULDEOH�ZDV�VXEVWLWXWHG�ZKHQ�ZH�FRQVWUXFWHG�WKH�;0/�GRFX�
PHQW�DVVLJQHG�WR�bobXML��7KDW�HYDOXDWLRQ�RQO\�RFFXUV�RQFH��ZHUH�name�VXEVHTXHQWO\
UHGHILQHG��WKH�<name>�HOHPHQW�RI�bobXML�ZRXOG�VWLOO�FRQWDLQ�WKH�VWULQJ�£%RE¤�

A Real-World Example
)RU�D�PRUH�FRPSOHWH�H[DPSOH��OHW¦V�VD\�ZH¦UH�GHVLJQLQJ�WKDW�IDYRULWH�ODWWHU�GD\�£KHOOR
ZRUOG�¤�D�EORJJLQJ�V\VWHP��:H¦OO�VWDUW�ZLWK�D�FODVV�WR�UHSUHVHQW�DQ�$WRP�IULHQGO\�EORJ
SRVW�

// code-examples/XML/writing/post.scala

import java.text.SimpleDateFormat
import java.util.Date

class Post(val title: String, val body: String, val updated: Date) {
  lazy val dashedDate = {
    val dashed = new SimpleDateFormat("yy-MM-dd")
    dashed.format(updated)
  }

  lazy val atomDate = {
    val rfc3339 = new SimpleDateFormat("yyyy-MM-dd'T'h:m:ss'-05:00'")
    rfc3339.format(updated)
  }

  lazy val slug = title.toLowerCase.replaceAll("\\W", "-")
  lazy val atomId  = "tag:example.com," + dashedDate + ":/" + slug
}

%H\RQG�WKH�REYLRXV�title�DQG�body�DWWULEXWHV��ZH¦YH�GHILQHG�VHYHUDO�OD]LO\�ORDGHG�YDOXHV
LQ�RXU�Post�FODVV��7KHVH�DWWULEXWHV�ZLOO�FRPH�LQ�KDQG\�ZKHQ�ZH�WUDQVPXWH�RXU�SRVWV
LQWR�DQ�$WRP�IHHG��WKH�VWDQGDUG�ZD\�WR�V\QGLFDWH�EORJV�EHWZHHQ�FRPSXWHUV�RQ�WKH�:HE�
$WRP�GRFXPHQWV�DUH�D�IODYRU�RI�;0/��DQG�D�SHUIHFW�DSSOLFDWLRQ�IRU�GHPRQVWUDWLQJ�WKH
SURFHVV�RI�RXWSXWWLQJ�;0/�ZLWK�6FDOD�

:H¦OO�GHILQH�DQ�AtomFeed�FODVV�WKDW�WDNHV�D�VHTXHQFH�RI�Post�REMHFWV�DV�LWV�VROH�DUJXPHQW�

// code-examples/XML/writing/atom-feed.scala

import scala.xml.XML

class AtomFeed(posts: Seq[Post]) {
  val feed =
  <feed xmlns="">
    <title>My Blog</title>
    <subtitle>A fancy subtitle.</subtitle>
    <link href=""/>
    <link href="" rel="self"/>
    <updated>{posts(0).atomDate}</updated>
    <author>
      <name>John Doe</name>
      <uri></uri>
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    </author>
    <id></id>
    {for (post <- posts) yield
    <entry>
      <title>{post.title}</title>
      <link href={"" + post.slug + ".html"} rel="alternate"/>
      <id>{post.atomId}</id>
      <updated>{post.atomDate}</updated>
      <content type="html">{post.body}</content>
      <author>
        <name>John Doe</name>
        <uri></uri>
      </author>
    </entry>
    }
  </feed>

  def write = XML.saveFull("/tmp/atom-example.xml", feed, "UTF-8", true, null)
}

:H¦UH�PDNLQJ�KHDY\�XVH�RI�WKH�DELOLW\�WR�HVFDSH�RXW�WR�6FDOD�H[SUHVVLRQV�LQ�WKLV�H[DPSOH�
:KHQHYHU�ZH�QHHG�D�SLHFH�RI�G\QDPLF�LQIRUPDWLRQ¢IRU�H[DPSOH��WKH�GDWH�RI�WKH�ILUVW
SRVW� LQ�WKH�VHTXHQFH�� IRUPDWWHG�IRU�WKH�$WRP�VWDQGDUG¢ZH�VLPSO\�HVFDSH�RXW�DQG
ZULWH�6FDOD�DV�ZH�QRUPDOO\�ZRXOG��,Q�WKH�ODWWHU�KDOI�RI�WKH�<feed>�HOHPHQW��ZH�XVH�D
for�FRPSUHKHQVLRQ�WR�yield�VXFFHVVLYH�EORFNV�RI�G\QDPLFDOO\�IRUPDWWHG�;0/�

7KH�write�PHWKRG�RI�AtomFeed�GHPRQVWUDWHV�WKH�XVH�RI�WKH�saveFull�PHWKRG��SURYLGHG
E\�WKH�scala.xml�OLEUDU\��saveFull�ZULWHV�DQ�;0/�GRFXPHQW�WR�GLVN��RSWLRQDOO\�LQ�GLI�
IHUHQW�HQFRGLQJ�VFKHPHV�DQG�ZLWK�GLIIHUHQW�GRFXPHQW�W\SH�GHFODUDWLRQV��$OWHUQDWHO\�
WKH�save�PHWKRG�ZLWKLQ�WKH�VDPH�SDFNDJH�ZLOO�PDNH�XVH�RI�DQ\�java.io.Writer�YDULDQW�
VKRXOG�\RX�QHHG�EXIIHULQJ��SLSLQJ��HWF�

:ULWLQJ�;0/�ZLWK�6FDOD� LV�VWUDLJKWIRUZDUG��FRQVWUXFW�WKH�GRFXPHQW�\RX�QHHG�ZLWK
LQOLQH�;0/��XVH�LQWHUSRODWLRQ�ZKHUH�G\QDPLF�FRQWHQW�LV�WR�EH�VXEVWLWXWHG��DQG�PDNH
XVH�RI�WKH�KDQG\�FRQYHQLHQFH�PHWKRGV�WR�ZULWH�\RXU�FRPSOHWHG�GRFXPHQWV�WR�GLVN�RU
WR�RWKHU�RXWSXW�VWUHDPV�

Recap and What’s Next
;0/�KDV�EHFRPH�XELTXLWRXV�LQ�VRIWZDUH�DSSOLFDWLRQV��\HW�IHZ�ODQJXDJHV�PDNH�ZRUNLQJ
ZLWK�;0/�D�VLPSOH�WDVN��:H�OHDUQHG�KRZ�6FDOD�DFFHOHUDWHV�;0/�GHYHORSPHQW�E\�PDN�
LQJ�LW�HDV\�WR�UHDG�DQG�ZULWH�;0/�

,Q�WKH�QH[W�FKDSWHU��ZH¦OO�OHDUQ�KRZ�6FDOD�SURYLGHV�ULFK�VXSSRUW�IRU�FUHDWLQJ�\RXU�RZQ
'RPDLQ�6SHFLILF�/DQJXDJHV��'6/V��
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CHAPTER 11

Domain-Specific Languages in Scala

$�'RPDLQ�6SHFLILF�/DQJXDJH�LV�D�SURJUDPPLQJ�ODQJXDJH�WKDW�PLPLFV�WKH�WHUPV��LGLRPV�
DQG�H[SUHVVLRQV�XVHG�DPRQJ�H[SHUWV�LQ�WKH�WDUJHWHG�GRPDLQ��&RGH�ZULWWHQ�LQ�D�'6/
UHDGV�OLNH�VWUXFWXUHG�SURVH�IRU�WKH�GRPDLQ��,GHDOO\��D�GRPDLQ�H[SHUW�ZLWK�OLWWOH�H[SHUL�
HQFH�LQ�SURJUDPPLQJ�FDQ�UHDG��XQGHUVWDQG��DQG�YDOLGDWH�WKLV�FRGH��6RPHWLPHV��D�GR�
PDLQ�H[SHUW�PLJKW�EH�DEOH�WR�ZULWH�'6/�FRGH��HYHQ�LI�KH�LVQ¦W�D�SURIHVVLRQDO�SURJUDPPHU�

'6/V�DUH�D�ODUJH�WRSLF��:H¦OO�RQO\�WRXFK�WKH�VXUIDFH�RI�'6/V�DQG�6FDOD¦V�LPSUHVVLYH
VXSSRUW� IRU� WKHP�� )RU� PRUH� LQIRUPDWLRQ� RQ� '6/V� LQ� JHQHUDO�� VHH� >)RZOHU����@�
>)RUG����@��DQG� >'HXUVHQ@��7KH�EDVLF�EXLOG� WRRO�ZH�XVHG� IRU� WKH�ERRN¦V�H[DPSOHV�
sake�� XVHV� D�'6/� VLPLODU� WR� WKH� YHQHUDEOH� make� DQG� LWV� 5XE\� FRXVLQ� rake�� �6HH� WKH
5($'0(�LQ�WKH�FRGH�GRZQORDG�DUFKLYH�IRU�GHWDLOV���)RU�RWKHU�H[DPSOHV�RI�6FDOD�£LQ�
WHUQDO¤�DQG�£H[WHUQDO¤�'6/V��VHH�>*KRVK����D@�DQG�>*KRVK����E@��)RU�VRPH�DGYDQFHG
ZRUN�RQ�'6/V�XVLQJ�6FDOD��>+RIHU����@�H[SORUHV�SRO\PRUSKLF�VXEVWLWXWLRQ�RI�DOWHUQD�
WLYH�LPSOHPHQWDWLRQV�IRU�'6/�DEVWUDFWLRQV��ZKLFK�LV�XVHIXO�IRU�DQDO\VLV��RSWLPL]DWLRQ�
FRPSRVLWLRQ��HWF�

:HOO�FUDIWHG�'6/V�RIIHU�VHYHUDO�EHQHILWV�

(QFDSVXODWLRQ
$�'6/�KLGHV�LPSOHPHQWDWLRQ�GHWDLOV�DQG�H[SRVHV�RQO\�WKRVH�DEVWUDFWLRQV�UHOHYDQW
WR�WKH�GRPDLQ�

(IILFLHQF\
%HFDXVH�LPSOHPHQWDWLRQ�GHWDLOV�DUH�HQFDSVXODWHG��D�'6/�RSWLPL]HV�WKH�HIIRUW�UH�
TXLUHG�WR�ZULWH�RU�PRGLI\�FRGH�IRU�DSSOLFDWLRQ�IHDWXUHV�

&RPPXQLFDWLRQ
$�'6/�KHOSV�GHYHORSHUV�XQGHUVWDQG�WKH�GRPDLQ�DQG�GRPDLQ�H[SHUWV�WR�YHULI\�WKDW
WKH�LPSOHPHQWDWLRQ�PHHWV�WKH�UHTXLUHPHQWV�

4XDOLW\
$�'6/�PLQLPL]HV�WKH�£LPSHGDQFH�PLVPDWFK¤�EHWZHHQ�IHDWXUH�UHTXLUHPHQWV��DV
H[SUHVVHG�E\�GRPDLQ�H[SHUWV��DQG�WKH�LPSOHPHQWLQJ�VRXUFH�FRGH��WKHUHE\�PLQL�
PL]LQJ�SRWHQWLDO�EXJV�
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+RZHYHU��'6/V�DOVR�KDYH�VHYHUDO�GUDZEDFNV�

'LIILFXOWLHV�RI�FUHDWLQJ�JRRG�'6/V
*RRG�'6/V�DUH�KDUGHU�WR�GHVLJQ�WKDQ�WUDGLWLRQDO�$3,V��7KH�ODWWHU�WHQG�WR�IROORZ
ODQJXDJH�LGLRPV�IRU�$3,�GHVLJQ��ZKHUH�XQLIRUPLW\�LV�LPSRUWDQW��(YHQ�WKHQ��HOHJDQW�
HIIHFWLYH��DQG�HDV\�WR�XVH�$3,V�DUH�GLIILFXOW�WR�GHVLJQ��,Q�FRQWUDVW��HDFK�'6/�VKRXOG
UHIOHFW� WKH�XQLTXH� ODQJXDJH� LGLRPV�RI� LWV�GRPDLQ��7KH�'6/�GHVLJQHU�KDV�PXFK
JUHDWHU�ODWLWXGH��ZKLFK�DOVR�PHDQV�LW�LV�PXFK�KDUGHU�WR�GHWHUPLQH�WKH�£EHVW¤�GHVLJQ
FKRLFHV�

/RQJ�WHUP�PDLQWHQDQFH
'6/V� FDQ� UHTXLUH� PRUH� PDLQWHQDQFH� RYHU� WKH� ORQJ� WHUP� WR� IDFWRU� LQ� GRPDLQ
FKDQJHV��$OVR��QHZ�GHYHORSHUV�ZLOO� UHTXLUH�PRUH� WLPH� WR� OHDUQ�KRZ� WR�XVH�DQG
PDLQWDLQ�D�'6/�

+RZHYHU��ZKHQ�D�'6/�LV�DSSURSULDWH�IRU�DQ�DSSOLFDWLRQ¢H�J���ZKHQ�LW�ZRXOG�EH�XVHG
IUHTXHQWO\�WR�LPSOHPHQW�DQG�FKDQJH�IXQFWLRQDOLW\¢D�ZHOO�GHVLJQHG�'6/�FDQ�EH�D�SRZ�
HUIXO�WRRO�IRU�EXLOGLQJ�IOH[LEOH�DQG�UREXVW�DSSOLFDWLRQV�

)URP� WKH� LPSOHPHQWDWLRQ� SRLQW� RI� YLHZ�� '6/V� DUH� RIWHQ� FODVVLILHG� DV� LQWHUQDO� DQG
H[WHUQDO�

$Q�LQWHUQDO��VRPHWLPHV�FDOOHG�HPEHGGHG��'6/�LV�DQ�LGLRPDWLF�ZD\�RI�ZULWLQJ�FRGH�LQ�D
JHQHUDO�SXUSRVH�SURJUDPPLQJ�ODQJXDJH��OLNH�6FDOD��1R�VSHFLDO�SXUSRVH�SDUVHU�LV�QHF�
HVVDU\�IRU�LQWHUQDO�'6/V��,QVWHDG��WKH\�DUH�SDUVHG�MXVW�OLNH�DQ\�RWKHU�FRGH�ZULWWHQ�LQ�WKH
ODQJXDJH��,Q�FRQWUDVW��DQ�H[WHUQDO�'6/�LV�D�FXVWRP�ODQJXDJH�ZLWK�LWV�RZQ�FXVWRP�JUDP�
PDU�DQG�SDUVHU�

,QWHUQDO�'6/V�DUH�HDVLHU�WR�FUHDWH�EHFDXVH�WKH\�GRQ¦W�UHTXLUH�D�VSHFLDO�SXUSRVH�SDUVHU�
2Q�WKH�RWKHU�KDQG��WKH�FRQVWUDLQWV�RI�WKH�XQGHUO\LQJ�ODQJXDJH�OLPLW�WKH�RSWLRQV�IRU
H[SUHVVLQJ�GRPDLQ�FRQFHSWV��([WHUQDO�'6/V�UHPRYH�WKLV�FRQVWUDLQW��<RX�FDQ�GHVLJQ�WKH
ODQJXDJH�DQ\�ZD\�\RX�ZDQW��DV�ORQJ�DV�\RX�FDQ�ZULWH�D�UHOLDEOH�SDUVHU�IRU�LW��7KH�GRZQ�
VLGH�RI�H[WHUQDO�'6/V�LV�WKH�UHTXLUHPHQW�WR�ZULWH�DQG�XVH�D�FXVWRP�SDUVHU�

'6/V�KDYH�EHHQ�DURXQG�D�ORQJ�WLPH��)RU�H[DPSOH��LQWHUQDO�'6/V�ZULWWHQ�LQ�/LVS�DUH�DV
ROG�DV�/LVS�LWVHOI��,QWHUHVW�LQ�'6/V�KDV�VXUJHG�UHFHQWO\��GULYHQ�LQ�SDUW�E\�WKH�5XE\�FRP�
PXQLW\��EHFDXVH�WKH\�DUH�YHU\�HDV\�WR�LPSOHPHQW�LQ�5XE\��$V�ZH¦OO�VHH��6FDOD�SURYLGHV
H[FHOOHQW�VXSSRUW�IRU�WKH�FUHDWLRQ�RI�LQWHUQDO�DQG�H[WHUQDO�'6/V�

Internal DSLs
/HW¦V� FUHDWH�DQ� LQWHUQDO�'6/� IRU�D�SD\UROO� DSSOLFDWLRQ� WKDW�FRPSXWHV�DQ�HPSOR\HH¦V
SD\FKHFN�HYHU\�SD\�SHULRG��ZKLFK�ZLOO�EH�WZR�ZHHNV�ORQJ��7KH�SD\FKHFN�ZLOO�LQFOXGH
WKH� HPSOR\HH¦V�QHW� VDODU\��ZKLFK� LV� WKH�JURVV� VDODU\�PLQXV� WKH�GHGXFWLRQV� IRU� WD[HV�
LQVXUDQFH�SUHPLXPV��DW�OHDVW�LQ�VRPH�FRXQWULHV���UHWLUHPHQW�IXQG�FRQWULEXWLRQV��HWF�
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7R�EHWWHU�XQGHUVWDQG�WKH�FRQWUDVWV�EHWZHHQ�FRGH�WKDW�PDNHV�XVH�RI�'6/V�DQG�FRGH�WKDW
GRHV�QRW�� OHW¦V� WU\�ERWK�WHFKQLTXHV�RQ�WKH�VDPH�SUREOHP��+HUH¦V�KRZ�WKH�SD\FKHFN
PLJKW�EH�FDOFXODWHG�IRU�WZR�HPSOR\HHV��ZLWKRXW�WKH�KHOS�RI�D�'6/�

// code-examples/DSLs/payroll/api/payroll-api-script.scala

import payroll.api._
import payroll.api.DeductionsCalculator._
import payroll._
import payroll.Type2Money._

val buck = Employee(Name("Buck", "Trends"), Money(80000))
val jane = Employee(Name("Jane", "Doe"), Money(90000))

List(buck, jane).foreach { employee =>
  // Assume annual is based on 52 weeks.
  val biweeklyGross = employee.annualGrossSalary / 26.

  val deductions = federalIncomeTax(employee, biweeklyGross) +
          stateIncomeTax(employee, biweeklyGross) +
          insurancePremiums(employee, biweeklyGross) +
          retirementFundContributions(employee, biweeklyGross)

  val check = Paycheck(biweeklyGross, biweeklyGross - deductions, deductions)

  format("%s %s: %s\n", employee.name.first, employee.name.last, check)
}

)RU�HDFK�HPSOR\HH��WKH�VFULSW�FDOFXODWHV�WKH�JURVV�SD\�IRU�WKH�SD\�SHULRG��WKH�GHGXFWLRQV�
DQG�WKH�UHVXOWLQJ�QHW��7KHVH�YDOXHV�DUH�SODFHG�LQWR�D�Paycheck��ZKLFK�LV�SULQWHG�RXW�
%HIRUH�ZH�GHVFULEH�WKH�W\SHV�ZH�DUH�XVLQJ��QRWLFH�D�IHZ�WKLQJV�DERXW�WKH�foreach�ORRS
WKDW�GRHV�WKH�ZRUN�

)LUVW��LW�LV�QRLV\��)RU�H[DPSOH��LW�PHQWLRQV�employee�DQG�biweeklyGross�LQFHVVDQWO\��$
'6/�ZLOO�KHOS�XV�PLQLPL]H�WKDW�£QRLVH¤�DQG�IRFXV�RQ�ZKDW¦V�UHDOO\�JRLQJ�RQ�

6HFRQG��QRWLFH�WKDW�WKH�FRGH�LV�LPSHUDWLYH��,W�VD\V�£GLYLGH�WKLV��DGG�WKDW�¤�DQG�VR�IRUWK�
:H¦OO�VHH�WKDW�RXU�'6/V�ORRN�VLPLODU��EXW�WKH\�DUH�PRUH�GHFODUDWLYH��KLGLQJ�WKH�ZRUN
IURP�WKH�XVHU�

+HUH�LV�WKH�VLPSOH�Paycheck�FODVV�XVHG�LQ�WKH�VFULSW�

// code-examples/DSLs/payroll/paycheck.scala

package payroll

/** We're ignoring invalid (?) cases like a negative net
 *  when deductions exceed the gross.
 */
case class Paycheck(gross: Money, net: Money, deductions: Money) {

  def plusGross (m: Money)      = Paycheck(gross + m, net + m, deductions)
  def plusDeductions (m: Money) = Paycheck(gross,     net - m, deductions + m)
}
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7KH�Employee�W\SH�XVHV�D�Name�W\SH�

// code-examples/DSLs/payroll/employee.scala

package payroll

case class Name(first: String, last: String)

case class Employee(name: Name, annualGrossSalary: Money)

7KH�Money� W\SH�KDQGOHV�DULWKPHWLF�� URXQGLQJ� WR� IRXU�GHFLPDO�SODFHV�� HWF�� ,W� LJQRUHV
FXUUHQF\��H[FHSW�IRU�WKH�toString�PHWKRG��3URSHU�ILQDQFLDO�DULWKPHWLF�LV�QRWRULRXVO\
GLIILFXOW�WR�GR�FRUUHFWO\�IRU�UHDO�ZRUOG�WUDQVDFWLRQV��7KLV�LPSOHPHQWDWLRQ�LV�QRW�SHUIHFWO\
DFFXUDWH��EXW�LW¦V�FORVH�HQRXJK�IRU�RXU�SXUSRVHV��>0RQH\,Q-DYD@�SURYLGHV�XVHIXO�LQIRU�
PDWLRQ�RQ�GRLQJ�UHDO�PRQH\�FDOFXODWLRQV�

// code-examples/DSLs/payroll/money.scala

package payroll
import java.math.{BigDecimal => JBigDecimal,
    MathContext => JMathContext, RoundingMode => JRoundingMode}

/** Most arithmetic is done using JBigDecimals for tighter control.
 */
class Money(val amount: BigDecimal) {

  def + (m: Money)  =
      Money(amount.bigDecimal.add(m.amount.bigDecimal))
  def - (m: Money)  =
      Money(amount.bigDecimal.subtract(m.amount.bigDecimal))
  def * (m: Money)  =
      Money(amount.bigDecimal.multiply(m.amount.bigDecimal))
  def / (m: Money)  =
      Money(amount.bigDecimal.divide(m.amount.bigDecimal,
          Money.scale, Money.jroundingMode))

  def <  (m: Money)  = amount <  m.amount
  def <= (m: Money)  = amount <= m.amount
  def >  (m: Money)  = amount >  m.amount
  def >= (m: Money)  = amount >= m.amount

  override def equals (o: Any) = o match {
    case m: Money => amount equals m.amount
    case _ => false
  }

  override def hashCode = amount.hashCode * 31

  // Hack: Must explicitly call the correct conversion: double2Double
  override def toString =
      String.format("$%.2f", double2Double(amount.doubleValue))
}

object Money {
  def apply(amount: BigDecimal)  = new Money(amount)
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  def apply(amount: JBigDecimal) = new Money(scaled(new BigDecimal(amount)))
  def apply(amount: Double)      = new Money(scaled(BigDecimal(amount)))
  def apply(amount: Long)        = new Money(scaled(BigDecimal(amount)))
  def apply(amount: Int)         = new Money(scaled(BigDecimal(amount)))

  def unapply(m: Money) = Some(m.amount)

  protected def scaled(d: BigDecimal) = d.setScale(scale, roundingMode)

  val scale = 4
  val jroundingMode = JRoundingMode.HALF_UP
  val roundingMode  = BigDecimal.RoundingMode.ROUND_HALF_UP
  val context = new JMathContext(scale, jroundingMode)
}

object Type2Money {
  implicit def bigDecimal2Money(b: BigDecimal)   = Money(b)
  implicit def jBigDecimal2Money(b: JBigDecimal) = Money(b)
  implicit def double2Money(d: Double)           = Money(d)
  implicit def long2Money(l: Long)               = Money(l)
  implicit def int2Money(i: Int)                 = Money(i)
}

1RWH�WKDW�ZH�XVH�scala.BigDecimal��ZKLFK�ZUDSV�java.math.BigDecimal��DV�WKH�VWRUDJH
W\SH�IRU�ILQDQFLDO�ILJXUHV�

'HGXFWLRQV� DUH� FDOFXODWHG� XVLQJ� IRXU� KHOSHU� PHWKRGV� LQ� payroll.api.Deduction
sCalculator�

// code-examples/DSLs/payroll/api/deductions-calc.scala

package payroll.api
import payroll.Type2Money._

object DeductionsCalculator {
  def federalIncomeTax(empl: Employee, gross: Money) = gross * .25

  def stateIncomeTax(empl: Employee, gross: Money) = gross * .05

  def insurancePremiums(empl: Employee, gross: Money) = Money(500)

  def retirementFundContributions(empl: Employee, gross: Money) = gross * .10
}

(DFK�PHWKRG�PLJKW�XVH� WKH�HPSOR\HH� LQIRUPDWLRQ�DQG� WKH�JURVV� VDODU\� IRU� WKH�SD\
SHULRG��,Q�WKLV�FDVH��ZH�XVH�YHU\�VLPSOH�DOJRULWKPV�EDVHG�RQ�MXVW�WKH�JURVV�VDODU\��H[FHSW
IRU�LQVXUDQFH�SUHPLXPV��ZKLFK�ZH�WUHDW�DV�D�IL[HG�YDOXH�

5XQQLQJ�WKH�VFULSW�IRU�WKH�SD\UROO�$3,�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

(665) $ scala -cp ... payroll-api-script.scala
Buck Trends: Paycheck($3076.92,$1346.15,$1730.77)
Jane Doe: Paycheck($3461.54,$1576.92,$1884.62)
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A Payroll Internal DSL
7KH�SUHYLRXV�FRGH�ZRUNV�ZHOO�HQRXJK��EXW�VXSSRVH�ZH�ZDQWHG�WR�VKRZ�LW�WR�WKH�$F�
FRXQWLQJ� 'HSDUWPHQW� WR� FRQILUP� WKDW� ZH¦UH� FDOFXODWLQJ� SD\FKHFNV� FRUUHFWO\��0RVW
OLNHO\��WKH\�ZRXOG�JHW�ORVW�LQ�WKH�6FDOD�LGLRPV��6XSSRVH�IXUWKHU�WKDW�ZH�QHHG�WKH�DELOLW\
WR�FXVWRPL]H�WKLV�DOJRULWKP�IUHTXHQWO\¢IRU�H[DPSOH��EHFDXVH�LW�QHHGV�WR�EH�FXVWRPL]HG
IRU�GLIIHUHQW�HPSOR\HH�W\SHV��VDODULHG��KRXUO\��HWF����RU�WR�PRGLI\�WKH�GHGXFWLRQ�FDOFX�
ODWLRQV��,GHDOO\��ZH�ZRXOG�OLNH�WR�HQDEOH�WKH�DFFRXQWDQWV�WR�GR�WKHVH�FXVWRPL]DWLRQV
WKHPVHOYHV��ZLWKRXW�RXU�KHOS�

:H�PLJKW�DFKLHYH�WKHVH�JRDOV�LI�ZH�FDQ�H[SUHVV�WKH�ORJLF�LQ�D�'6/�WKDW�LV�VXIILFLHQWO\
LQWXLWLYH�WR�DQ�DFFRXQWDQW��&DQ�ZH�PRUSK�RXU�$3,�H[DPSOH�LQWR�VXFK�D�'6/"

5HWXUQLQJ�WR�WKH�VFULSW�IRU�WKH�SD\UROO�$3,��ZKDW�LI�ZH�KLGH�PRVW�RI�WKH�H[SOLFLW�UHIHUHQFHV
WR�FRQWH[W�LQIRUPDWLRQ��OLNH�WKH�HPSOR\HH��JURVV�VDODU\��DQG�GHGXFWLRQ�YDOXHV"�&RQVLGHU
WKH�IROORZLQJ�WH[W�

Rules to calculate an employee's paycheck:
  employee's gross salary for 2 weeks
  minus deductions for
    federalIncomeTax, which     is  25%  of gross
    stateIncomeTax, which       is  5%   of gross
    insurancePremiums, which    are 500. in gross's currency
    retirementFundContributions are 10%  of gross

7KLV�UHDGV�OLNH�QRUPDO�(QJOLVK��QRW�FRGH��:H�KDYH�LQFOXGHG�VRPH�£EXEEOH¤�ZRUGV��VHH
>)RUG����@��WKDW�DLG�UHDGDELOLW\�EXW�GRQ¦W�QHFHVVDULO\�FRUUHVSRQG�WR�DQ\WKLQJ�HVVHQWLDO�
VXFK�DV�to��an��is��for��of��DQG�which��:H¦OO�HOLPLQDWH�VRPH�RI�WKHVH�XQQHFHVVDU\�ZRUGV
DQG�NHHS�RWKHUV�LQ�RXU�6FDOD�'6/�

&RPSDUHG�WR�WKH�YHUVLRQ�LQ�WKH�SD\UROO�$3,�VFULSW��WKHUH¦V�D�ORW�OHVV�FOXWWHU�REVFXULQJ
WKH�HVVHQWLDOV�RI�WKH�DOJRULWKP��7KLV�LV�EHFDXVH�ZH�KDYH�PLQLPL]HG�H[SOLFLW�UHIHUHQFHV
WR�WKH�FRQWH[WXDO�LQIRUPDWLRQ��:H�RQO\�PHQWLRQ�employee�WZLFH��:H�PHQWLRQ�gross
ILYH�WLPHV��EXW�KRSHIXOO\�LQ�£LQWXLWLYH¤�ZD\V�

7KHUH�DUH�PDQ\�SRVVLEOH�LQWHUQDO�6FDOD�'6/V�ZH�FRXOG�FRQVWUXFW�WKDW�UHVHPEOH�WKLV�DG
KRF�'6/��+HUH�LV�RQH�RI�WKHP��DJDLQ�LQ�D�VFULSW��ZKLFK�SURGXFHV�WKH�VDPH�RXWSXW�DV
EHIRUH�

// code-examples/DSLs/payroll/dsl/payroll-dsl-script.scala

import payroll._
import payroll.dsl._
import payroll.dsl.rules_

val payrollCalculator = rules { employee =>
  employee salary_for 2.weeks minus_deductions_for { gross =>
    federalIncomeTax            is  (25.  percent_of gross)
    stateIncomeTax              is  (5.   percent_of gross)
    insurancePremiums           are (500. in gross.currency)
    retirementFundContributions are (10.  percent_of gross)
  }
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}

val buck = Employee(Name("Buck", "Trends"), Money(80000))
val jane = Employee(Name("Jane", "Doe"), Money(90000))

List(buck, jane).foreach { employee =>
  val check = payrollCalculator(employee)
  format("%s %s: %s\n", employee.name.first, employee.name.last, check)
}

:H¦OO�JR�WKURXJK�WKH�LPSOHPHQWDWLRQ�VWHS�E\�VWHS��EXW�ILUVW��OHW¦V�VXPPDUL]H�WKH�IHDWXUHV
RI�6FDOD�WKDW�DOORZ�XV�WR�LPSOHPHQW�WKLV�'6/�

Infix Operator Notation
&RQVLGHU�WKLV�OLQH�LQ�WKH�GHILQLWLRQ�RI�payrollCalculator�

employee salary_for 2.weeks minus_deductions_for { gross =>

7KLV�LQIL[�QRWDWLRQ�LV�HTXLYDOHQW�WR�WKH�IROORZLQJ�OHVV�UHDGDEOH�IRUP�

employee.salary_for(2.weeks).minus_deductions_for { gross =>

<RX�FDQ�VHH�ZK\�ZH�ZURWH�2.weeks�HDUOLHU��EHFDXVH�WKH�UHVXOW�RI�WKLV�H[SUHVVLRQ�LV�SDVVHG
WR� salary_for�� :LWKRXW� WKH� SHULRG�� WKH� LQIL[� H[SUHVVLRQ� ZRXOG� EH� SDUVHG� DV
employee.salary_for(2).weeks...��7KHUH�LV�QR�weeks�PHWKRG�RQ�Int��RI�FRXUVH��:H¦OO
UHYLVLW�WKLV�H[SUHVVLRQ�LQ�D�PRPHQW�

0HWKRG�FKDLQLQJ�OLNH�WKLV�LV�RIWHQ�LPSOHPHQWHG�ZKHUH�HDFK�PHWKRG�UHWXUQV�this�VR�\RX
FDQ�FRQWLQXH�FDOOLQJ�PHWKRGV�RQ�WKH�VDPH�LQVWDQFH��1RWH�WKDW�UHWXUQLQJ�this�DOORZV
WKRVH�PHWKRG�FDOOV�WR�RFFXU�LQ�DQ\�RUGHU��,I�\RX�QHHG�WR�LPSRVH�D�VSHFLILF�RUGHULQJ��WKHQ
UHWXUQ�DQ�LQVWDQFH�RI�D�GLIIHUHQW�W\SH��)RU�H[DPSOH��LI�minus_deductions_for�PXVW�EH
FDOOHG�DIWHU�salary_for��WKHQ�salary_for�VKRXOG�UHWXUQ�D�QHZ�LQVWDQFH�

%HFDXVH�FKDLQLQJ�LV�VR�HDV\��ZH�FRXOG�KDYH�FUHDWHG�VHSDUDWH�PHWKRGV�IRU�salary��for�
minus��DQG�deductions��DOORZLQJ�XV�WR�ZULWH�WKH�IROORZLQJ�H[SUHVVLRQ�

employee salary for 2.weeks minus deductions for { gross =>

1RWH�WKDW�FDOOV�WR�for�DUH�SUHFHGHG�E\�GLIIHUHQW�FDOOV�ZLWK�YHU\�GLIIHUHQW�PHDQLQJV��6R�
LI�WKH�VDPH�LQVWDQFH�LV�XVHG�WKURXJKRXW��LW�ZRXOG�KDYH�WR�WUDFN�WKH�£IORZ¤�LQWHUQDOO\�
&KDLQLQJ�GLIIHUHQW�LQVWDQFHV�ZRXOG�HOLPLQDWH�WKLV�SUREOHP��+RZHYHU��VLQFH�QR�FRP�
SXWDWLRQV�DUH�DFWXDOO\�QHHGHG�EHWZHHQ�WKHVH�ZRUGV��ZH�FKRVH�WKH�VLPSOHU�GHVLJQ�ZKHUH
ZRUGV�DUH�MRLQHG�WRJHWKHU��VHSDUDWHG�E\�_�

Implicit Conversions and User-Defined Types
5HWXUQLQJ�WR�2.weeks��VLQFH�Int�GRHVQ¦W�KDYH�D�weeks�PHWKRG��ZH�XVH�DQ�LPSOLFLW�FRQ�
YHUVLRQ�WR�D�Duration�LQVWDQFH�WKDW�ZUDSV�DQ�Int�VSHFLI\LQJ�DQ�DPRXQW�
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// code-examples/DSLs/payroll/dsl/duration.scala

package payroll.dsl

case class Duration(val amount: Int) {
  /** @return the number of work days in "amount" weeks. */
  def weeks = amount * 5

  /** @return the number of work days in "amount" years. */
  def years = amount * 260
}

7KH�weeks�PHWKRG�PXOWLSOHV�WKDW�DPRXQW�E\���WR�UHWXUQ�WKH�FRUUHVSRQGLQJ�DPRXQW�RI
ZRUN�GD\V��+HQFH��ZH�GHVLJQHG�WKH�SD\UROO�FDOFXODWRU�WR�ZRUN�ZLWK�GD\V�DV�WKH�XQLW�RI
WLPH��7KLV�GHFLVLRQ�LV�FRPSOHWHO\�KLGGHQ�EHKLQG�WKH�'6/��6KRXOG�ZH�ODWHU�DGG�VXSSRUW
IRU�ZRUN�KRXUV��LW�ZRXOG�EH�HDV\�WR�UHIDFWRU�WKH�GHVLJQ�WR�XVH�KRXUV�LQVWHDG�

Duration�LV�RQH�RI�WKH�DG�KRF�W\SHV�WKDW�ZH�GHVLJQHG�WR�HQFDSVXODWH�WKH�LPSOLFLW�FRQWH[W�
WR�LPSOHPHQW�KHOSHU�PHWKRGV�IRU�WKH�'6/��HWF��:H¦OO�GLVFXVV�WKH�LPSOLFLW�FRQYHUVLRQ
PHWKRG�ZH�QHHG�LQ�D�PRPHQW�

Apply Methods
$�QXPEHU�RI�WKH�LPSOHPHQWDWLRQ�REMHFWV�XVH�apply�WR�LQYRNH�EHKDYLRU��7KH�rules�REMHFW
HQFDSVXODWHV�WKH�SURFHVV�RI�EXLOGLQJ�WKH�UXOHV�IRU�SD\UROO�FDOFXODWLRQ��,WV�apply�PHWKRG
WDNHV�D�IXQFWLRQ�OLWHUDO��Employee => Paycheck�

Payroll Rules DSL Implementation
1RZ�OHW¦V�H[SORUH�WKH�LPSOHPHQWDWLRQ��VWDUWLQJ�ZLWK�WKH�rules�REMHFW�DQG�ZRUNLQJ�RXU
ZD\�GRZQ�

// code-examples/DSLs/payroll/dsl/payroll.scala

package payroll.dsl
import payroll._

object rules {

  def apply(rules: Employee => Paycheck) = new PayrollBuilderRules(rules)

  implicit def int2Duration(i: Int) = Duration(i)

  implicit def employee2GrossPayBuilder(e: Employee) =
      new GrossPayBuilder(e)

  implicit def grossPayBuilder2DeductionsBuilder(b: GrossPayBuilder)
      = new DeductionsBuilder(b)

  implicit def double2DeductionsBuilderDeductionHelper(d: Double) =
      new DeductionsBuilderDeductionHelper(d)
}
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import rules._
...

7KH�IXQFWLRQ�OLWHUDO�DUJXPHQW�IRU�rules.apply� LV�XVHG�WR�FRQVWUXFW�D�PayrollBuilder
Rules�WKDW�ZLOO�SURFHVV�WKH�VSHFLILHG�UXOHV��,W�LV�XVHG�DW�WKH�YHU\�EHJLQQLQJ�RI�WKH�'6/�

val payrollCalculator = rules { employee => ...

7KH� rules� REMHFW� DOVR� GHILQHV� LPSOLFLW� FRQYHUVLRQV�� 7KH� ILUVW� RQH� LV� XVHG� E\� WKH
2.weeks�H[SUHVVLRQ��,W�FRQYHUWV�2�LQWR�D�Duration�LQVWDQFH��ZKLFK�ZH�GLVFXVVHG�SUHYL�
RXVO\��7KH�RWKHU�FRQYHUVLRQV�DUH�XVHG�ODWHU�LQ�WKH�'6/�WR�HQDEOH�WUDQVSDUHQW�FRQYHUVLRQ
RI�Doubles��Employees��HWF��LQWR�ZUDSSHU�LQVWDQFHV�WKDW�ZH�ZLOO�GHVFULEH�VKRUWO\�

1RWH�WKDW�WKH�rules�REMHFW�LV�LPSRUWHG�VR�WKHVH�FRQYHUVLRQV�DUH�YLVLEOH�LQ�WKH�UHVW�RI�WKH
FXUUHQW�ILOH��,W�ZLOO�DOVR�QHHG�WR�EH�LPSRUWHG�LQ�ILOHV�WKDW�XVH�WKH�'6/�

7KH�PayrollBuilderRules�LV�RXU�ILUVW�ZUDSSHU�LQVWDQFH��,W�HYDOXDWHV�WKH�IXQFWLRQ�OLWHUDO
IRU�WKH�ZKROH�UXOH�VHW��ZUDSSHG�LQ�D�try/catch�EORFN�

// code-examples/DSLs/payroll/dsl/payroll.scala
...
class PayrollException(message: String, cause: Throwable)
    extends RuntimeException(message, cause)

protected[dsl] class PayrollBuilderRules(rules: Employee => Paycheck) {
  def apply(employee: Employee) = {
    try {
      rules(employee)
    } catch {
      case th: Throwable => new PayrollException(
        "Failed to process payroll for employee: " + employee, th)
    }
  }
}
...

1RWH�WKDW�ZH�SURWHFW�DFFHVV� WR�PayrollBuilderRules��EHFDXVH�ZH�GRQ¦W�ZDQW�FOLHQWV
XVLQJ�LW�GLUHFWO\��+RZHYHU��ZH�OHIW�WKH�H[FHSWLRQ�SXEOLF�IRU�XVH�LQ�catch�FODXVHV���<RX
FDQ�GHFLGH�ZKHWKHU�RU�QRW�\RX�OLNH�ZUDSSLQJ�D�WKURZQ�H[FHSWLRQ�LQ�D�£GRPDLQ�VSHFLILF¤
H[FHSWLRQ��DV�VKRZQ��

1RWH�WKDW�ZH�KDYH�WR�SDVV�WKH�HPSOR\HH�DV�D�£FRQWH[W¤�LQVWDQFH�LQ�WKH�IXQFWLRQ�OLWHUDO�
:H�VDLG�WKDW�LW�LV�GHVLUDEOH�WR�PDNH�WKH�FRQWH[W�DV�LPSOLFLW�DV�SRVVLEOH��$�FRPPRQ�WKHPH
LQ�RXU�LPSOHPHQWDWLRQ�FODVVHV��OLNH�PayrollBuilderRules��LV�WR�KROG�FRQWH[W�LQIRUPDWLRQ
LQ�ZUDSSHU� LQVWDQFHV�DQG�WR�PLQLPL]H�WKHLU�YLVLELOLW\� LQ�WKH�'6/��$Q�DOWHUQDWLYH�DS�
SURDFK�ZRXOG�EH�WR�VWRUH�FRQWH[W�LQ�VLQJOHWRQ�REMHFWV�VR�RWKHU�LQVWDQFHV�FDQ�JHW�WR�WKHP�
7KLV�DSSURDFK�UDLVHV�WKUHDG�VDIHW\�LVVXHV��XQIRUWXQDWHO\�

7R�VHH�ZKDW�ZH�PHDQ�FRQFHUQLQJ�WKH�FRQWH[W��FRQVLGHU�WKH�SDUW�RI�RXU�VFULSW�WKDW�XVHV
WKH�SD\UROO�'6/��ZKHUH�WKH�GHGXFWLRQV�DUH�VSHFLILHG�

... { gross =>
  federalIncomeTax            is  (25.  percent_of gross)
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  stateIncomeTax              is  (5.   percent_of gross)
  insurancePremiums           are (500. in gross.currency)
  retirementFundContributions are (10.  percent_of gross)
}

&RQVLGHU�WKH�LQVXUDQFH�SUHPLXPV��IRU�ZKLFK�D�IODW�Money(500)�LV�GHGXFWHG��:K\�GLGQ¦W
ZH�MXVW�ZULWH�insurancePremiums are 500.��LQVWHDG"�,W�WXUQV�RXW�ZH�KDYH�WR�£VQHDN¤�WKH
gross� LQVWDQFH� LQWR� WKH� H[SUHVVLRQ� VRPHKRZ�� 7KH� QDPH� gross� LPSOLHV� WKDW� LW� LV� D
Money� UHSUHVHQWLQJ� WKH� HPSOR\HH¦V� VDODU\� IRU� WKH�SD\�SHULRG��7ULFNVH\�'6/VHV��� ,W� LV
DFWXDOO\�DQRWKHU�KHOSHU�LQVWDQFH��DeductionsBuilder��ZKLFK�KROGV�WKH�ZKROH�SD\FKHFN�
LQFOXGLQJ�WKH�JURVV�SD\��DQG�WKH�HPSOR\HH�LQVWDQFH��7KH�QDPH�gross�LV�XVHG�PHUHO\
EHFDXVH�LW�UHDGV�ZHOO�LQ�WKH�SODFHV�ZKHUH�LW�LV�XVHG�

7KLV�EORFN� LV�FDOFXODWLQJ� WKH�GHGXFWLRQV�DQG�GHGXFWLQJ� WKHP�IURP�WKH�JURVV�SD\�WR
GHWHUPLQH�WKH�QHW�SD\��7KH�gross�LQVWDQFH�KDQGOHV�WKLV�SURFHVV��7KHUH�LV�QR�£FRPPX�
QLFDWLRQ¤�EHWZHHQ�WKH�IRXU�OLQHV�RI�WKH�IXQFWLRQ�OLWHUDO��)XUWKHUPRUH��federalIncome
Tax��insurancePremiums��HWF��DUH�REMHFWV�ZLWK�QR�FRQQHFWLRQ�WR�DeductionsBuilder��DV
ZH¦OO�VHH�VKRUWO\���,W�ZRXOG�EH�JUHDW�LI�WKH\�FRXOG�EH�PHPEHUV�RI�DeductionsBuilder�RU
SHUKDSV�VRPH�RWKHU�ZUDSSHU�LQVWDQFH�HQFORVLQJ�WKLV�VFRSH��7KHQ�HDFK�OLQH�ZRXOG�EH�D
PHWKRG�FDOO�RQ�RQH�RU�WKH�RWKHU�ZUDSSHU��8QIRUWXQDWHO\��WKLV�GRHVQ¦W�ZRUN��+HQFH�
HDFK�OLQH�PXVW�VSHFLI\�WKH�gross� LQVWDQFH�WR�PDLQWDLQ�FRQWLQXLW\��:H�MXPS�WKURXJK
YDULRXV�KRRSV�WR�VXSSRUW�WKH�V\QWD[��\HW�DOORZ�gross�WR�EH�DYDLODEOH��DV�QHHGHG�

6R��ZH�FRQWULYHG�WKH�FRQYHQWLRQ�WKDW�£UDZ¤�QXPEHUV�� OLNH�WKH�LQVXUDQFH�GHGXFWLRQ�
KDYH�WR�EH�TXDOLILHG�E\�WKH�SDUWLFXODU�FXUUHQF\�XVHG�IRU�WKH�JURVV�SD\��:H¦OO�VHH�KRZ
WKH�H[SUHVVLRQ�500. in gross.currency�ZRUNV�LQ�D�PRPHQW��,W�LV�VRPHWKLQJ�RI�D�KDFN�
EXW�LW�UHDGV�ZHOO�DQG�LW�VROYHV�RXU�GHVLJQ�SUREOHP�

+HUH�LV�D�SRVVLEOH�DOWHUQDWLYH�GHVLJQ�WKDW�ZRXOG�KDYH�DYRLGHG�WKH�SUREOHP�

... { builder =>
  builder federalIncomeTax            (25.  percent_of gross)
  builder stateIncomeTax              (5.   percent_of gross)
  builder insurancePremiums           500.
  builder retirementFundContributions (10.  percent_of gross)
}

1RZ� WKH� IDFW� WKDW� D� builder� LV� EHLQJ� XVHG� LV�PRUH� H[SOLFLW�� DQG� federalIncomeTax�
insurancePremiums��HWF��DUH�PHWKRGV�RQ�WKH�EXLOGHU��:H�RSWHG�IRU�D�PRUH�UHDGDEOH�VW\OH�
ZLWK�WKH�SHQDOW\�RI�D�KDUGHU�LPSOHPHQWDWLRQ��<RX¦OO�VRPHWLPHV�KHDU�WKH�SKUDVH�IOXHQW
LQWHUIDFH�XVHG�WR�UHIHU�WR�'6/V�WKDW�HPSKDVL]H�UHDGDELOLW\�

+HUH�LV�GrossPayBuilder�

// code-examples/DSLs/payroll/dsl/payroll.scala
...
import payroll.Type2Money._

protected[dsl] class GrossPayBuilder(val employee: Employee) {

  var gross: Money = 0
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  def salary_for(days: Int) = {
    gross += dailyGrossSalary(employee.annualGrossSalary) * days
    this
  }

  // Assume 260 working days: 52 weeks (including vacation) * 5 days/week.
  def weeklyGrossSalary(annual: Money) = annual / 52.0
  def dailyGrossSalary(annual: Money)  = annual / 260.0
}
...

5HFDOO�WKDW�rules�GHILQHV�DQ�LPSOLFLW�FRQYHUVLRQ�IURP�Employee�WR�WKLV�W\SH��,W�LV�LQYRNHG
E\�WKH�H[SUHVVLRQ�employee salary_for��VR�WKH�GrossPayBuilder.salary_for�PHWKRG�FDQ
EH�FDOOHG��GrossPayBuilder�LQLWLDOL]HV�WKH�gross�DQG�DSSHQGV�QHZ�YDOXHV�WR�LW�ZKHQHYHU
salary_for� LV� FDOOHG��ZKLFK�DVVXPHV�ZH¦UH� DGGLQJ�JURVV�SD\� LQ� LQFUHPHQWV�RI�GD\V�
)LQDOO\��salary_for�UHWXUQV�this�WR�VXSSRUW�FKDLQLQJ�

'HGXFWLRQ�FDOFXODWLRQ�LV�WKH�PRVW�FRPSOH[�SDUW��:KHQ�minus_deductions_for�LV�XVHG
LQ� WKH� '6/�� LW� WULJJHUV� WKH� LPSOLFLW� FRQYHUVLRQ� GHILQHG� LQ� rules� IURP� WKH� GrossPay
Builder�WR�D�DeductionsBuilder�

// code-examples/DSLs/payroll/dsl/payroll.scala
...
protected[dsl] class DeductionsBuilder(gpb: GrossPayBuilder) {

  val employee = gpb.employee
  var paycheck: Paycheck = new Paycheck(gpb.gross, gpb.gross, 0)

  def currency = this

  def minus_deductions_for(deductionRules: DeductionsBuilder => Unit) = {
    deductionRules(this)
    paycheck
  }

  def addDeductions(amount: Money) = paycheck = paycheck plusDeductions amount

  def addDeductionsPercentageOfGross(percentage: Double) = {
    val amount = paycheck.gross * (percentage/100.)
    addDeductions(amount)
  }
}
...

DeductionsBuilder� VDYHV� WKH�employee� IURP�WKH�SDVVHG�LQ�GrossPayBuilder��ZKLFK� LW
GRHVQ¦W�VDYH�DV�D�ILHOG��,W�DOVR�LQLWLDOL]HV�WKH�paycheck�XVLQJ�WKH�FDOFXODWHG�JURVV�SD\�

1RWH�WKDW�WKH�currency�PHWKRG�VLPSO\�UHWXUQV�this��:H�GRQ¦W�QHHG�WR�GR�DQ\WKLQJ�ZLWK
WKH�DFWXDO�FXUUHQF\�ZKHQ�WKLV�PHWKRG�LV�LQYRNHG��,QVWHDG��LW�LV�XVHG�WR�VXSSRUW�D�GHVLJQ
LGLRP�WKDW�ZH¦OO�GLVFXVV�VKRUWO\�

7KH�minus_deductions_for�GRHV�WKH�LPSRUWDQW�ZRUN��,W�LQYRNHV�WKH�IXQFWLRQ�OLWHUDO�ZLWK
WKH�LQGLYLGXDO�UXOHV�DQG�WKHQ�UHWXUQV�WKH�FRPSOHWHG�Paycheck�LQVWDQFH��ZKLFK�LV�XOWL�
PDWHO\�ZKDW�rules.apply�UHWXUQV�
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2XU� UHPDLQLQJ� WZR�PHWKRGV� DUH�XVHG� WR� FDOFXODWH� LQGLYLGXDO� GHGXFWLRQV��7KH\� DUH
FDOOHG�IURP�DeductionsBuilderDeductionHelper��ZKLFK�ZH�VKRZ�QRZ�

// code-examples/DSLs/payroll/dsl/payroll.scala
...
class DeductionCalculator {
  def is(builder: DeductionsBuilder) = apply(builder)
  def are(builder: DeductionsBuilder) = apply(builder)

  def apply(builder: DeductionsBuilder) = {}
}

object federalIncomeTax extends DeductionCalculator
object stateIncomeTax extends DeductionCalculator
object insurancePremiums extends DeductionCalculator
object retirementFundContributions extends DeductionCalculator

protected[dsl] class DeductionsBuilderDeductionHelper(val factor: Double) {
  def in (builder: DeductionsBuilder) = {
    builder addDeductions Money(factor)
    builder
  }
  def percent_of (builder: DeductionsBuilder) = {
    builder addDeductionsPercentageOfGross factor
    builder
  }
}

1RZ�ZH�VHH� WKDW�federalIncomeTax�� HWF��DUH�VLQJOHWRQ�REMHFWV��1RWH� WKH�£V\QRQ\P¤
PHWKRGV� is� DQG� are��:H� XVHG� are� IRU� WKH� REMHFWV�ZLWK� SOXUDO� QDPHV�� OLNH� insuran
cePremiums��DQG�is�IRU�WKH�VLQJXODU�REMHFWV��OLNH�federalIncomeTax��,Q�IDFW��VLQFH�ERWK
PHWKRGV�GHOHJDWH�WR�apply��WKH\�DUH�HIIHFWLYHO\�EXEEOH�ZRUGV�WKDW�WKH�XVHU�FRXOG�RPLW�
7KDW�LV��WKH�IROORZLQJ�WZR�'6/�OLQHV�DUH�HTXLYDOHQW�

federalIncomeTax is (25. percent_of gross)
federalIncomeTax    (25. percent_of gross)

7KH�apply�PHWKRG�WDNHV�DeductionsBuilder�DQG�GRHV�QRWKLQJ�ZLWK�LW��,Q�IDFW��E\�WKH
WLPH�apply�LV�FDOOHG��WKH�GHGXFWLRQ�KDV�DOUHDG\�EHHQ�FDOFXODWHG�DQG�IDFWRUHG�LQWR�WKH
SD\FKHFN��%\� LPSOLFDWLRQ�� WKH�SUHVHQFH�RI�H[SUHVVLRQV� OLNH�federalIncomeTax is�DUH
HIIHFWLYHO\�V\QWDFWLF�VXJDU��DW�OHDVW�DV�WKLV�'6/�LV�FXUUHQWO\�LPSOHPHQWHG���7KH\�DUH�D
IDQF\�IRUP�RI�FRPPHQWV��EXW�DW�OHDVW�WKH\�KDYH�WKH�YLUWXH�RI�W\SH�FKHFNLQJ�WKH�£NLQGV¤
RI�GHGXFWLRQV�WKDW�DUH�DOORZHG��2I�FRXUVH��DV�WKH� LPSOHPHQWDWLRQ�HYROYHV�� WKHVH� LQ�
VWDQFHV�PLJKW�GR�UHDO�ZRUN�

7R� VHH� ZK\� DeductionCalculator.apply� LV� HPSW\�� OHW¦V� GLVFXVV� DeductionsBuil
derDeductionHelper��5HFDOO�WKDW�WKH�rules�REMHFW�KDV�DQ�LPSOLFLW�FRQYHUVLRQ�PHWKRG�WR
FRQYHUW�D�Double�WR�D�DeductionsBuilderDeductionHelper��2QFH�ZH�KDYH�D�KHOSHU�LQ�
VWDQFH��ZH�FDQ�FDOO�HLWKHU�WKH�in�PHWKRG�RU�WKH�percent_of�PHWKRG��(YHU\�OLQH�LQ�WKH
GHGXFWLRQV�IXQFWLRQ�OLWHUDO�H[SORLWV�WKLV�LQVWDQFH�

228 | Chapter 11:�Domain-Specific Languages in Scala

Download at WoweBook.Com



)RU�H[DPSOH��(25. percent_of gross)�LV�URXJKO\�HTXLYDOHQW�WR�WKH�IROORZLQJ�VWHSV�

�� &DOO� WR� rules.double2DeductionsBuilderDeductionHelper(25.)� WR� FUHDWH� D� QHZ
DeductionsBuilderDeductionHelper(25.)

�� &DOO�WR�WKH�KHOSHU¦V�percent_of(gross)�PHWKRG��ZKHUH�gross�LV�D�DeductionsBuilder

�� gross.addDeductionsPercentageOfGross(factor)

,Q�RWKHU�ZRUGV��ZH�XVHG�DeductionsBuilderDeductionHelper�WR�FRQYHUW�DQ�H[SUHVVLRQ
RI� WKH� IRUP� Double method DeductionsBuilder� LQWR� DQ� H[SUHVVLRQ� RI� WKH� IRUP
DeductionsBuilder method2 Double��DeductionsBuilder� DFFXPXODWHV� HDFK�GHGXFWLRQ
LQWR�WKH�SD\FKHFN�ZH¦UH�EXLOGLQJ�

7KH� H[SUHVVLRQ� 500. in gross.currency� ZRUNV� DOPRVW� LGHQWLFDOO\�� Deductions
Builder.currency�LV�HIIHFWLYHO\�DQRWKHU�EXEEOH�ZRUG��LW�VLPSO\�UHWXUQV�this��EXW�JLYHV
D�UHDGDEOH�LGLRP�IRU�WKH�'6/��7KH�in�PHWKRG�VLPSO\�FRQYHUWV�WKH�Double�WR�D�Money�DQG
SDVVHV�LW�WR�DeductionsBuilder.addDeductions�

6R�DeductionCalculator.apply�GRHV�QRWKLQJ��EHFDXVH�DOO�WKH�ZRUN�LV�DOUHDG\�GRQH�E\
WKH�WLPH�apply�LV�FDOOHG�

Internal DSLs: Final Thoughts
6R�ZKLFK�LV�EHWWHU��WKH�RULJLQDO�$3,�LPSOHPHQWDWLRQ�RU�WKH�'6/�LPSOHPHQWDWLRQ"�7KH
'6/�LPSOHPHQWDWLRQ� LV�FRPSOH[��/LNH�DQ\� ODQJXDJH�� WHVWLQJ� LWV�UREXVWQHVV�FDQ�EH�D
FKDOOHQJH��8VHUV�ZLOO�WU\�PDQ\�FRPELQDWLRQV�RI�H[SUHVVLRQV��7KH\�ZLOO�SUREDEO\�QRW
XQGHUVWDQG�WKH�FRPSLOHU�HUURU�PHVVDJHV�WKDW�UHIHU�WR�WKH�LQWHUQDOV�ZH¦YH�KLGGHQ�EHKLQG
WKH�'6/�

'HVLJQLQJ�D�TXDOLW\�'6/� LV�GLIILFXOW��:LWK�DQ�$3,�� \RX�FDQ� IROORZ� WKH�6FDOD� OLEUDU\
FRQYHQWLRQV�IRU�W\SHV��PHWKRG�QDPHV��HWF��+RZHYHU��ZLWK�D�'6/��\RX¦UH�WU\LQJ�WR�LPL�
WDWH�WKH�ODQJXDJH�RI�D�QHZ�GRPDLQ��,W¦V�KDUG�WR�JHW�LW�ULJKW�

,W¦V�ZRUWK� WKH� HIIRUW�� WKRXJK��$�ZHOO�GHVLJQHG�'6/�PLQLPL]HV� WKH� WUDQVODWLRQ�HIIRUW
EHWZHHQ� UHTXLUHPHQWV� DQG� FRGH�� WKHUHE\� LPSURYLQJ� FRPPXQLFDWLRQV� ZLWK
VWDNHKROGHUV�DERXW�UHTXLUHPHQWV��'6/V�DOVR�IDFLOLWDWH�UDSLG�IHDWXUH�FKDQJH�DQG�KLGH
GLVWUDFWLQJ� LPSOHPHQWDWLRQ� GHWDLOV�� $V� DOZD\V�� WKHUH� LV� D� FRVW�EHQHILW� DQDO\VLV� \RX
VKRXOG�PDNH�ZKHQ�GHFLGLQJ�ZKHWKHU�WR�XVH�D�'6/�

$VVXPLQJ�\RX¦YH�PDGH�WKH�£JR¤�GHFLVLRQ��D�FRPPRQ�SUREOHP�LQ�'6/�GHVLJQ�LV�WKH
ILQLVKLQJ�SUREOHP��VHH�>)RUG����@���+RZ�GR�\RX�NQRZ�ZKHQ�\RX¦YH�ILQLVKHG�EXLOGLQJ
XS�WKH�VWDWH�RI�DQ�LQVWDQFH�DQG�LW¦V�UHDG\�WR�XVH"

:H�VROYHG�WKLV�SUREOHP�LQ�WZR�ZD\V��)LUVW��ZH�QHVWHG�WKH�FDOFXODWLRQ�VWHSV�LQ�D�IXQFWLRQ
OLWHUDO��$V�VRRQ�DV�rules(employee)�ZDV�LQYRNHG��WKH�SD\FKHFN�ZDV�EXLOW�WR�FRPSOHWLRQ�
$OVR��DOO�WKH�VWHSV�ZHUH�HYDOXDWHG�£HDJHUO\�¤�:H�GLGQ¦W�QHHG�WR�SXW�LQ�DOO�WKH�UXOHV��WKHQ
UXQ�WKHP�DW�WKH�HQG��2XU�RQO\�RUGHULQJ�UHTXLUHPHQW�ZDV�WKH�QHHG�WR�FDOFXODWH�WKH�JURVV
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SD\�ILUVW��VLQFH�WKH�GHGXFWLRQV�DUH�EDVHG�RQ�LW��:H�HQIRUFHG�WKH�FRUUHFW�RUGHU�RI�LQYR�
FDWLRQ�XVLQJ�LQVWDQFHV�RI�GLIIHUHQW�W\SHV�

7KHUH�DUH�FDVHV�LQ�ZKLFK�\RX�FDQ¦W�HYDOXDWH�WKH�EXLOG�VWHSV�HDJHUO\��)RU�H[DPSOH��D�'6/
WKDW�EXLOGV�XS�D�64/�TXHU\�VWULQJ�FDQ¦W�UXQ�D�TXHU\�DIWHU�HDFK�VWHS�RI�WKH�EXLOG�SURFHVV�
,Q�WKLV�FDVH��HYDOXDWLRQ�KDV�WR�ZDLW�XQWLO�WKH�TXHU\�VWULQJ�LV�FRPSOHWHO\�EXLOW�

%\�FRQWUDVW��LI�\RXU�'6/�VWHSV�DUH�VWDWHOHVV��FKDLQHG�PHWKRG�LQYRFDWLRQ�ZRUNV�MXVW�ILQH�
,Q�WKLV�FDVH�� LW�GRHVQ¦W�PDWWHU�ZKHQ�\RX�VWRS�FDOOLQJ�FKDLQHG�PHWKRGV��,I�\RX�FKDLQ
PHWKRGV�WKDW�EXLOG�XS�VWDWH��\RX¦OO�KDYH�WR�DGG�VRPH�VRUW�RI�done�PHWKRG�DQG�WUXVW�WKH
XVHUV�WR�DOZD\V�XVH�LW�DW�WKH�HQG�

External DSLs with Parser Combinators
:KHQ�\RX�ZULWH�D�SDUVHU�IRU�DQ�H[WHUQDO�'6/��\RX�FDQ�XVH�D�SDUVHU�JHQHUDWRU�WRRO�OLNH
$QWOU��VHH�>$QWOU@���+RZHYHU��WKH�6FDOD�OLEUDU\�LQFOXGHV�D�SRZHUIXO�SDUVHU�FRPELQDWRU
OLEUDU\�WKDW�FDQ�EH�XVHG�IRU�SDUVLQJ�PRVW�H[WHUQDO�'6/V�WKDW�KDYH�D�FRQWH[W�IUHH�JUDP�
PDU��$Q�DWWUDFWLYH�IHDWXUH�RI�WKLV�OLEUDU\�LV�WKH�ZD\�LW�GHILQHV�DQ�LQWHUQDO�'6/�WKDW�PDNHV
SDUVHU�GHILQLWLRQV�ORRN�YHU\�VLPLODU�WR�IDPLOLDU�JUDPPDU�QRWDWLRQV��OLNH�(%1)��([WHQGHG
%DFNXV�1DXU�)RUP¢VHH�>%1)@��

About Parser Combinators
3DUVHU�FRPELQDWRUV�DUH�EXLOGLQJ�EORFNV�IRU�SDUVHUV��3DUVHUV�WKDW�KDQGOH�VSHFLILF�NLQGV
RI�LQSXW¢IORDWLQJ�SRLQW�QXPEHUV��LQWHJHUV��HWF�¢FDQ�EH�FRPELQHG�WRJHWKHU�WR�IRUP
RWKHU�SDUVHU�FRPELQDWRUV�IRU�ODUJHU�H[SUHVVLRQV��$�FRPELQDWRU�IUDPHZRUN�PDNHV�LW�HDV\
WR� FRPELQH� SDUVHUV� WR� KDQGOH� VHTXHQWLDO� DQG� DOWHUQDWLYH� FDVHV�� UHSHWLWLRQ�� RSWLRQDO
WHUPV��HWF�

:H¦OO�OHDUQ�PRUH�DERXW�SDUVLQJ�WHFKQLTXHV�DQG�WHUPLQRORJ\�DV�ZH�SURFHHG��$�FRPSOHWH
H[SRVLWLRQ�RI�SDUVLQJ�WHFKQLTXHV�LV�EH\RQG�RXU�VFRSH��EXW�RXU�H[DPSOH�VKRXOG�JHW�\RX
VWDUWHG��<RX�FDQ�ILQG�DGGLWLRQDO�H[DPSOHV�RI�SDUVHUV�ZULWWHQ�XVLQJ�6FDOD¦V�SDUVHU�FRP�
ELQDWRU�OLEUDU\�LQ�>6SLHZDN����E@��>*KRVK����D@��DQG�>2GHUVN\����@�

A Payroll External DSL
)RU�RXU�SDUVHU�FRPELQDWRU�H[DPSOH��ZH¦OO�UHXVH�WKH�H[DPSOH�ZH�MXVW�GLVFXVVHG�IRU�LQ�
WHUQDO�'6/V��:H¦OO�PRGLI\�WKH�JUDPPDU�VOLJKWO\��VLQFH�RXU�H[WHUQDO�'6/�GRHV�QRW�KDYH
WR�EH�YDOLG�6FDOD�V\QWD[��2WKHU�FKDQJHV�ZLOO�PDNH�SDUVHU�FRQVWUXFWLRQ�HDVLHU��+HUH¦V�DQ
H[DPSOH�ZULWWHQ�LQ�WKH�H[WHUQDO�'6/�

paycheck for employee "Buck Trends" is salary for 2 weeks minus deductions for {
  federal income tax            is  25.  percent of gross,
  state income tax              is  5.   percent of gross,
  insurance premiums            are 500. in gross currency,
  retirement fund contributions are 10.  percent of gross
}
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&RPSDUH� WKLV� H[DPSOH� WR� WKH� LQWHUQDO� '6/� ZH� GHILQHG� LQ� £$� 3D\UROO� ,QWHUQDO
'6/¤�RQ�SDJH�����

... = rules { employee =>
  employee salary_for 2.weeks minus_deductions_for { gross =>
    federalIncomeTax            is  (25.  percent_of gross)
    stateIncomeTax              is  (5.   percent_of gross)
    insurancePremiums           are (500. in gross.currency)
    retirementFundContributions are (10.  percent_of gross)
  }
}
...

,Q�RXU�QHZ�'6/��ZH�LQVHUW�D�VSHFLILF�HPSOR\HH�LQ�WKH�VFULSW��:H�ZRXOGQ¦W�H[SHFW�D�XVHU
WR�FRS\�DQG�SDVWH�WKLV�VFULSW�IRU�HYHU\�HPSOR\HH��$�QDWXUDO�H[WHQVLRQ�WKDW�ZH�ZRQ¦W
SXUVXH�ZRXOG�DOORZ� WKH�XVHU� WR� ORRS�RYHU� DOO� VDODULHG� HPSOR\HHV� LQ� D�GDWDEDVH�� IRU
H[DPSOH�

6RPH�RI�WKH�GLIIHUHQFHV�DUH�£JUDWXLWRXV¤��ZH�FRXOG�KDYH�XVHG�WKH�VDPH�V\QWD[�ZH�XVHG
SUHYLRXVO\��7KHVH�FKDQJHV�LQFOXGH�UHPRYLQJ�XQGHUVFRUHV�EHWZHHQ�ZRUGV�LQ�VRPH�H[�
SUHVVLRQV�DQG�H[SDQGLQJ�FDPHO�FDVH�ZRUGV� LQWR�VSDFH�VHSDUDWHG�ZRUGV��7KDW� LV��ZH
WXUQHG�VRPH�VLQJOH�ZRUGV�LQWR�PXOWL�ZRUG�H[SUHVVLRQV��:H�PDGH�WKHVH�FKDQJHV�EH�
FDXVH�WKH\�ZLOO�EH�HDV\�WR�LPSOHPHQW�XVLQJ�SDUVHU�FRPELQDWRUV��EXW�XVLQJ�WKH�VDPH
PXOWL�ZRUG�H[SUHVVLRQV�ZRXOG�KDYH�DGGHG�D�ORW�RI�FRPSOH[LW\�WR�WKH�LQWHUQDO�'6/¦V
LPSOHPHQWDWLRQ�

:H�QR�ORQJHU�QHHG�£ORFDO�YDULDEOHV¤�OLNH�employee�DQG�gross��7KRVH�ZRUGV�VWLOO�DSSHDU
LQ�WKH�'6/��EXW�RXU�SDUVHU�ZLOO�NHHS�WUDFN�RI�WKH�FRUUHVSRQGLQJ�LQVWDQFHV�LQWHUQDOO\�

7KH�UHPDLQLQJ�FKDQJHV�DUH�SXQFWXDWLRQ��,W�LV�VWLOO�FRQYHQLHQW�WR�VXUURXQG�WKH�OLVW�RI
GHGXFWLRQV�ZLWK�FXUO\�EUDFHV��:H�QRZ�XVH�D�FRPPD�WR�VHSDUDWH�WKH�LQGLYLGXDO�GHGXF�
WLRQV��DV�WKDW�ZLOO�PDNH�WKH�SDUVHU¦V�MRE�HDVLHU��:H�FDQ�DOVR�GURS�WKH�SDUHQWKHVHV�ZH
XVHG�HDUOLHU�

7R�VHH�KRZ�FORVHO\�WKH�LQWHUQDO�'6/�IRU�6FDOD¦V�SDUVHU�FRPELQDWRU�OLEUDU\�UHVHPEOHV�WKH
FRQWH[W�IUHH�JUDPPDU��OHW¦V�VWDUW�ZLWK�WKH�JUDPPDU�LWVHOI��ZULWWHQ�LQ�D�YDULDWLRQ�RI�(%1)�
:H¦OO�RPLW�FRPPDV�WR�VHSDUDWH�VHTXHQFHV��IRU�FODULW\�

paycheck = empl gross deduct;

empl = "paycheck" "for" "employee" employeeName;

gross = "is" "salary" "for" duration;

deduct = "minus" "deductions" "for" "{" deductItems "}";

employeeName = "\"" name " " name "\"";

name = ...

duration = decimalNumber weeksDays;

weeksDays = "week" | "weeks" | "day" | "days";
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deductItems = R�| deductItem { "," deductItem };

deductItem = deductKind deductAmount;

deductKind = tax | insurance | retirement;

tax = fedState "income" "tax";

fedState = "federal" | "state";

insurance = "insurance" "premiums";

retirement = "retirement" "fund" "contributions";

deductAmount = percentage | amount;

percentage = toBe doubleNumber "percent" "of" "gross";

amount = toBe doubleNumber "in" "gross" "currency";

toBe = "is" | "are";

decimalNumber = ...

doubleNumber = ...

:H�FDQ�VHH�WKDW�PRVW�RI�WKH�WHUPLQDOV��WKH�OLWHUDO�VWULQJV�paycheck��for��employee��WKH
FKDUDFWHUV�{�DQG�}��HWF���ZLOO�EH�EXEEOH�ZRUGV��DV�GHILQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��:H¦OO
LJQRUH�WKHVH�DIWHU�SDUVLQJ��7KH�R�LV�XVHG�WR�LQGLFDWH�DQ�HPSW\�SURGXFWLRQ�IRU�deductI
tems��DOWKRXJK�WKHUH�ZLOO�UDUHO\�EH�QR�GHGXFWLRQV�

:H�GLGQ¦W�VSHOO�RXW�WKH�GHWDLOV� IRU�GHFLPDO�QXPEHUV��GRXEOH�QXPEHUV��DQG�DOORZHG
OHWWHUV�LQ�WKH�HPSOR\HH�QDPHV��:H�VLPSO\�HOLGHG�WKRVH�GHILQLWLRQV��:H¦OO�KDQGOH�WKH
GHWDLOV�ODWHU�

(DFK�OLQH�LQ�WKH�JUDPPDU�GHILQHV�D�SURGXFWLRQ�UXOH��7KH�HQG�RI�WKH�GHILQLWLRQ�LV�PDUNHG
ZLWK�D�VHPLFRORQ��$�QRQWHUPLQDO�DSSHDUV�RQ�WKH�OHIWKDQG�VLGH�RI�WKH�HTXDOV�VLJQ��7KH
ULJKWKDQG�VLGH�FRQVLVWV�RI�WHUPLQDOV��H�J���WKH�OLWHUDO�VWULQJV�DQG�FKDUDFWHUV�ZH�MXVW�PHQ�
WLRQHG�� WKDW� UHTXLUH� QR� IXUWKHU� SDUVLQJ�� RWKHU� QRQWHUPLQDOV� �LQFOXGLQJ� SRVVLEO\� D
UHFXUVLYH�UHIHUHQFH�WR�WKH�OHIWKDQG�VLGH�QRQWHUPLQDO���DQG�RSHUDWRUV�WKDW�H[SUHVV�UHOD�
WLRQVKLSV� EHWZHHQ� WKH� LWHPV�� 1RWLFH� WKDW� WKH� JUDPPDU� IRUPV� KDYH� D� KLHUDUFKLFDO
GHFRPSRVLWLRQ�� DOWKRXJK� QRW� D� GLUHFWHG� DF\FOLF� JUDSK�� DV� JHQHUDOO\� VSHDNLQJ� WKHVH
JUDPPDUV�FDQ�KDYH�F\FOHV�

:H�KDYH�D�FRQWH[W�IUHH�JUDPPDU�EHFDXVH�HYHU\�SURGXFWLRQ�UXOH�KDV�D�VLQJOH�QRQWHUPL�
QDO�RQ�WKH�OHIWKDQG�VLGH�RI�WKH�HTXDOV�VLJQ��L�H���ZLWKRXW�DQ\�DGGLWLRQDO�FRQWH[W�LQIRU�
PDWLRQ�UHTXLUHG�WR�VSHFLI\�WKH�SURGXFWLRQ¦V�DSSOLFDELOLW\�DQG�PHDQLQJ�

3URGXFWLRQ�UXOHV�OLNH�toBe = "is" | "are"�PHDQ�WKH�is�SURGXFWLRQ��D�WHUPLQDO�LQ�WKLV
FDVH��RU�WKH�are�SURGXFWLRQ�ZLOO�PDWFK��7KLV�LV�DQ�H[DPSOH�RI�DQ�DOWHUQDWLYH�FRPSRVLWLRQ�
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:KHQ�SURGXFWLRQV�DUH�VHSDUDWHG�E\�ZKLWH�VSDFH�RQ�WKH�ULJKWKDQG�VLGH�RI�DQRWKHU�SUR�
GXFWLRQ��H�J���prod1 prod2��ERWK�SURGXFWLRQV�DUH�UHTXLUHG�WR�DSSHDU�VHTXHQWLDOO\�IRU�D
PDWFK���0RVW�(%1)�IRUPDWV�DFWXDOO\�UHTXLUH�D�FRPPD�WR�VHSDUDWH�WKHVH�LWHPV���+HQFH�
WKHVH�H[SUHVVLRQV�DUH�PRUH� OLNH�£DQG¤�H[SUHVVLRQV��EXW� VHTXHQWLDO� FRPSRVLWLRQ� LV� VR
FRPPRQ�WKDW�QR�&�RSHUDWRU�LV�XVHG��WKH�DQDORJ�RI�|�IRU�DOWHUQDWLYH�FRPSRVLWLRQ�

7KH�SURGXFWLRQ�UXOH�ZLWK�"{" deductItem { "," deductItem } "}"�GHPRQVWUDWHV�KRZ
WR�VSHFLI\�RSWLRQDO��]HUR�RU�PRUH��UHSHWLWLRQV��7KLV�H[SUHVVLRQ�PDWFKHV�D�OLWHUDO�{�FKDU�
DFWHU��IROORZHG�E\�D�deductItem��DQRWKHU�SURGXFWLRQ���IROORZHG�E\�]HUR�RU�PRUH�H[�
SUHVVLRQV�FRQVLVWLQJ�RI�D�OLWHUDO�FRPPD�,�DQG�DQRWKHU�deductItem��DQG�ILQDOO\�HQGLQJ
ZLWK�D�OLWHUDO�}�FKDUDFWHU��6RPHWLPHV�DQ�DVWHULVN�LV�XVHG�WR�LQGLFDWH�UHSHWLWLRQ�]HUR�RU
PRUH�WLPHV��H�J���prod *��)RU�UHSHWLWLRQ�DW�OHDVW�RQFH��prod +�LV�VRPHWLPHV�XVHG�

)LQDOO\��LI�ZH�KDG�RSWLRQDO�LWHPV�LQ�RXU�JUDPPDU��ZH�ZRXOG�HQFORVH�WKHP�LQ�VTXDUH
EUDFNHWV�� [...]�� 7KHUH� DUH� RWKHU� NLQGV� RI� FRPSRVLWLRQ� RSHUDWRUV� SRVVLEOH� �DQG
VXSSRUWHG�LQ�WKH�6FDOD�OLEUDU\���D�IHZ�RI�ZKLFK�ZH¦OO�GLVFXVV��6HH�WKH�>6FDOD$3,����@
HQWU\�IRU�Parsers�IRU�PRUH�GHWDLOV�

A Scala Implementation of the External DSL Grammar
+HUH�LV�WKH�SDUVHU�ZULWWHQ�XVLQJ�6FDOD¦V�SDUVHU�FRPELQDWRUV��$W�WKLV�SRLQW��ZH�ZRQ¦W�GR
DQ\WKLQJ�WR�DFWXDOO\�FDOFXODWH�DQ�HPSOR\HH¦V�SD\FKHFN��VR�ZH¦OO�DSSHQG�V1�WR�WKH�FODVV
QDPH�

// code-examples/DSLs/payroll/pcdsl/payroll-parser-comb-v1.scala

package payroll.pcdsl
import scala.util.parsing.combinator._
import org.specs._
import payroll._
import payroll.Type2Money._

class PayrollParserCombinatorsV1 extends JavaTokenParsers {

  def paycheck = empl ~ gross ~ deduct

  def empl = "paycheck" ~> "for" ~> "employee" ~> employeeName

  def gross = "is" ~> "salary" ~> "for" ~> duration

  def deduct = "minus" ~> "deductions" ~> "for" ~> "{" ~> deductItems  <~ "}"

  // stringLiteral provided by JavaTokenParsers
  def employeeName = stringLiteral

  // decimalNumber provided by JavaTokenParsers
  def duration = decimalNumber ~ weeksDays

  def weeksDays = "weeks" | "week" | "days" | "day"

  def deductItems = repsep(deductItem, "," )
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  def deductItem = deductKind ~> deductAmount

  def deductKind = tax | insurance | retirement

  def tax = fedState <~ "income" <~ "tax"

  def fedState = "federal" | "state"

  def insurance = "insurance" ~> "premiums"

  def retirement = "retirement" ~> "fund" ~> "contributions"

  def deductAmount = percentage | amount

  def percentage = toBe ~> doubleNumber <~ "percent" <~ "of" <~ "gross"

  def amount = toBe ~> doubleNumber <~ "in" <~ "gross" <~ "currency"

  def toBe = "is" | "are"

  // floatingPointNumber provided by JavaTokenParsers
  def doubleNumber = floatingPointNumber
}

7KH�ERG\�RI�PayrollParserCombinatorsV1�ORRNV�YHU\�VLPLODU�WR�WKH�JUDPPDU�ZH�GHILQHG
IRU�WKH�'6/��(DFK�SURGXFWLRQ�UXOH�EHFRPHV�D�PHWKRG��7KH�WHUPLQDWLQJ�VHPLFRORQ�LV
GURSSHG��EXW�VLQFH�WKH�SURGXFWLRQ�LV�D�PHWKRG��LW�ZRXOG�EH�YDOLG�6FDOD�WR�OHDYH�LW�LQ�

:KHUH�ZH�KDG�ZKLWHVSDFH�EHWZHHQ�HDFK�SURGXFWLRQ�RQ�WKH�ULJKWKDQG�VLGH��ZH�QRZ�XVH
D�FRPELQDWRU�RSHUDWRU��HLWKHU�����>��RU�<���7KH�FRPELQDWRU�IRU�VHTXHQWLDO�FRPSRVLWLRQ
LV����XVHG�ZKHQ�ZH�ZDQW�WR�UHWDLQ�IRU�IXUWKHU�SURFHVVLQJ�WKH�UHVXOWV�SURGXFHG�E\�ERWK
SURGXFWLRQV�RQ� WKH� OHIW�DQG�ULJKW�VLGHV�RI� WKH����)RU�H[DPSOH��ZKHQ�SURFHVVLQJ� WKH
paycheck�SURGXFWLRQ��ZH�ZDQW�WR�NHHS�DOO�WKUHH�UHVXOWV�IURP�empl��gross��DQG�deduct�
+HQFH�ZH�XVH�WZR���RSHUDWRUV�

def paycheck = empl ~ gross ~ deduct

:H�XVH�DQRWKHU�VHTXHQWLDO�FRPSRVLWLRQ�FRPELQDWRU��>�ZKHQ�ZH�QR�ORQJHU�QHHG�WKH
UHVXOW�RI�WKH�SURGXFWLRQ�WR�WKH�OHIW��)RU�H[DPSOH��ZKHQ�SURFHVVLQJ�WKH�empl�SURGXFWLRQ�
ZH�RQO\�ZDQW�WR�NHHS�WKH�SDUVH�UHVXOW�IRU�WKH�ODVW�SURGXFWLRQ��employeeName�

def empl = "paycheck" ~> "for" ~> "employee" ~> employeeName

6LPLODUO\��ZH� XVH� <��ZKHQ�ZH� QR� ORQJHU� QHHG� WKH� UHVXOW� IRU� WKH� SURGXFWLRQ� WR� WKH
ULJKW��)RU�H[DPSOH��ZKHQ�SURFHVVLQJ�WKH�tax�SURGXFWLRQ��ZH�RQO\�ZDQW�WR�NHHS�WKH�UHVXOW
RI�WKH�ILUVW�SURGXFWLRQ��fedState�

def tax = fedState <~ "income" <~ "tax"

2XU�KHDY\�XVH�RI�WKH�<��VHTXHQWLDO�FRPELQDWRU�LQ�WKH�YDULRXV�SURGXFWLRQV�UHODWHG�WR
GHGXFWLRQV�LQGLFDWHV�WKDW�ZH�DUHQ¦W�NHHSLQJ�WUDFN�RI�WKH�VRXUFH�RI�HDFK�GHGXFWLRQ��MXVW
WKH�DPRXQW�RI�WKH�GHGXFWLRQ��$�UHDO�SD\FKHFN�DSSOLFDWLRQ�ZRXOG�SULQW�WKLV�LQIRUPDWLRQ�
RI� FRXUVH�� 2XU� DLP� LV� IRU� VLPSOLFLW\�� $V� DQ� H[HUFLVH�� FRQVLGHU� KRZ� PayrollParser

234 | Chapter 11:�Domain-Specific Languages in Scala

Download at WoweBook.Com



CombinatorsV1�DQG�WKH�VXEVHTXHQW�UHILQHPHQWV�EHORZ�ZRXOG�FKDQJH�LI�ZH�WUDFNHG�WKLV
LQIRUPDWLRQ��:RXOG�\RX�QHFHVVDULO\�NHHS�WKH�SDUVHG�VWULQJV�RU�WUDFN�WKH�LQIRUPDWLRQ
VRPH�RWKHU�ZD\"

7KH�£RU¤�FDVH�LV�H[SUHVVHG�ZLWK�WKH�|�PHWKRG��MXVW�DV�LQ�WKH�JUDPPDU�

def weeksDays = "weeks" | "week" | "days" | "day"

7KH�rep�PHWKRG�FDQ�EH�XVHG�IRU�]HUR�RU�PRUH�UHSHWLWLRQV��:H�DFWXDOO\�XVH�D�VLPLODU
PHWKRG��repsep��ZKLFK�OHWV�XV�VSHFLI\�D�VHSDUDWRU��LQ�RXU�FDVH�D�FRPPD��,��

def deduct = ... ~> "{" ~> repsep(deductItem, "," ) <~ "}"

1RWH�WKDW�deduct�FRPELQHV�VHYHUDO�IHDWXUHV�ZH�KDYH�MXVW�GHVFULEHG�

/LNH�UHSHWLWLRQ��WKHUH�LV�DQ�opt�PHWKRG�IRU�RSWLRQDO�WHUPV��ZKLFK�ZH�DUHQ¦W�XVLQJ�

PayrollParserCombinatorsV1� LQKHULWV� IURP� JavaTokenParsers�� ZKLFK� LQKHULWV� IURP
RegexParsers��ZKLFK�LQKHULWV�IURP�WKH�URRW�SDUVHU�WUDLW�Parsers��,W¦V�ZHOO�NQRZQ�WKDW
SDUVLQJ�QRQ�WULYLDO�JUDPPDUV�ZLWK�MXVW�UHJXODU�H[SUHVVLRQV�WHQGV�WR�EUHDN�GRZQ�SUHWW\
TXLFNO\��+RZHYHU��XVLQJ�UHJXODU�H[SUHVVLRQV�WR�SDUVH�LQGLYLGXDO�WHUPV�LQVLGH�D�SDUVLQJ
IUDPHZRUN� FDQ� EH� YHU\� HIIHFWLYH�� ,Q� RXU� H[DPSOH�� ZH� H[SORLW� WKH� SURGXFWLRQV� LQ
JavaTokenParsers�WR�SDUVH�TXRWHG�VWULQJV��IRU�WKH�HPSOR\HH¦V�QDPH���GHFLPDO�OLWHUDOV�
DQG�IORDWLQJ�SRLQW�OLWHUDOV�

/HW¦V�WU\�LW�RXW��+HUH�LV�D�VSHFLILFDWLRQ�WKDW�H[HUFLVHV�WKH�SDUVHU�IRU�WZR�FDVHV��ZLWKRXW
DQG�ZLWK�GHGXFWLRQV�

// code-examples/DSLs/payroll/pcdsl/payroll-parser-comb-v1-spec.scala

package payroll.pcdsl
import scala.util.parsing.combinator._
import org.specs._
import payroll._
import payroll.Type2Money._

object PayrollParserCombinatorsV1Spec
  extends Specification("PayrollParserCombinatorsV1") {

  "PayrollParserCombinatorsV1" should {
    "parse rules when there are no deductions" in {
      val input = """paycheck for employee "Buck Trends"
                     is salary for 2 weeks minus deductions for {}"""
      val p = new PayrollParserCombinatorsV1
      p.parseAll(p.paycheck, input) match {
        case p.Success(r,_) => r.toString mustEqual
                    """(("Buck Trends"~(2~weeks))~List())"""
        case x => fail(x.toString)
      }
    }

    "calculate the gross, net, and deductions for the pay period" in {
      val input =
          """paycheck for employee "Buck Trends"
             is salary for 2 weeks minus deductions for {
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               federal income tax            is  25.  percent of gross,
               state income tax              is  5.   percent of gross,
               insurance premiums            are 500. in gross currency,
               retirement fund contributions are 10.  percent of gross
             }"""
      val p = new PayrollParserCombinatorsV1
      p.parseAll(p.paycheck, input) match {
        case p.Success(r,_) => r.toString mustEqual
            """(("Buck Trends"~(2~weeks))~List(25., 5., 500., 10.))"""
        case x => fail(x.toString)
      }
    }
  }
}

7KLV�SDUW�RI�WKH�VSHFLILFDWLRQ�VKRZV�XV�KRZ�WR�LQVWDQWLDWH�DQG�XVH�WKH�SDUVHU�

val p = new PayrollParserCombinatorsV1

p.parseAll(p.paycheck, input) match {
  case p.Success(r,_) => r.toString mustEqual "..."
  case x => fail(x.toString)
}

7KH�parseAll�PHWKRG�LV�GHILQHG�LQ�D�SDUHQW�FODVV��:H�LQYRNH�WKH�WRS�OHYHO�SURGXFWLRQ
PHWKRG��paycheck��DQG�SDVV�LWV�UHWXUQ�YDOXH�DV�WKH�ILUVW�DUJXPHQW�WR�parseAll�DQG�SDVV
WKH�VWULQJ�WR�SDUVH�DV�WKH�VHFRQG�DUJXPHQW�

,I�WKH�SDUVLQJ�SURFHVV�LV�VXFFHVVIXO��WKH�UHVXOW�RI�WKH�SDUVH�LV�UHWXUQHG�DV�DQ�LQVWDQFH�RI
W\SH�p.Success[+T]��D�FDVH�FODVV�GHFODUHG�LQ�WKH�Parsers�WUDLW��:K\�LV�WKHUH�D�p.�SUHIL["
,W� LQGLFDWHV�WKDW�p.Success� LV�D�SDWK�GHSHQGHQW�W\SH��ZKLFK�ZH�ZLOO�GLVFXVV�LQ�£3DWK�
'HSHQGHQW�7\SHV¤�RQ�SDJH������)RU�QRZ��MXVW�NQRZ�WKDW�HYHQ�WKRXJK�Success�LV�GH�
ILQHG�LQ�WKH�Parsers�WUDLW��WKH�DFWXDO�W\SH�RI�WKH�LQVWDQFH�LV�GHSHQGHQW�RQ�WKH�Payroll
ParserCombinatorsV1� LQVWDQFH�ZH�FUHDWHG��,Q�RWKHU�ZRUGV�� LI�ZH�KDG�DQRWKHU�SDUVHU�
VD\� p2� RI� W\SH� MyOtherParser�� WKHQ� p2.Success[String]� ZRXOG� EH� GLIIHUHQW� IURP
p.Success[String]�DQG�RQH�FRXOG�QRW�EH�VXEVWLWXWHG�IRU�WKH�RWKHU�

7KH�Success�LQVWDQFH�FRQWDLQV�WZR�ILHOGV��7KH�ILUVW�LV�WKH�UHVXOW�RI�WKH�SDUVH��DQ�LQVWDQFH
RI�W\SH�T��DVVLJQHG�WR�r�LQ�WKH�case�FODXVH���7KH�VHFRQG�LV�WKH�UHPDLQLQJ�LQSXW�VWULQJ�WR
SDUVH��ZKLFK�ZLOO�EH�HPSW\�DIWHU�D�VXFFHVVIXO�SDUVH��ZH�ZLOO�KDYH�SDUVHG�WKH�ZKROH�VWULQJ
DW�WKLV�SRLQW���7KLV�VWULQJ�LV�DVVLJQHG�WR�_�

,I� WKH�SDUVH� IDLOV�� WKH� UHWXUQHG� LQVWDQFH� LV� HLWKHU� D�p.Failure� RU�p.Error��ZKLFK�RXU
H[DPSOH�KDQGOHV�ZLWK�D�JHQHULF�case�FODXVH��%RWK�DUH�GHULYHG�IURP�p.NoSuccess��ZKLFK
FRQWDLQV�ILHOGV�IRU�DQ�HUURU�PHVVDJH�DQG�WKH�XQFRQVXPHG�LQSXW�DW�WKH�SRLQW�RI�IDLOXUH�
$�p.Failure�LQ�D�SDUVHU�ZLOO�WULJJHU�EDFNWUDFNLQJ�VR�WKDW�D�UHWU\�ZLWK�D�GLIIHUHQW�SDUVHU
FDQ�EH�LQYRNHG�E\�WKH�SDUVHU�IUDPHZRUN��LI�SRVVLEOH��$Q�Error�UHVXOW�GRHV�QRW�WULJJHU
EDFNWUDFNLQJ�DQG�LV�XVHG�WR�VLJQDO�PRUH�VHULRXV�SUREOHPV�

)RU�FRPSOHWHQHVV��ERWK�p.Success�DQG�p.NoSuccess�GHULYH�IURP�p.ParseResult�
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:H�KDYH� WZR�ELJ�XQDQVZHUHG�TXHVWLRQV��ZKDW�GR� WKH�SURGXFWLRQ�PHWKRGV�DFWXDOO\
UHWXUQ��DQG�ZKDW�LV�WKH�W\SH�RI�WKH�UHVXOW�LQVWDQFH�UHWXUQHG�LQ�WKH�p.Success"

7KH�SURGXFWLRQ�PHWKRGV�WKHPVHOYHV�UHWXUQ�SDUVHUV��0RVW�RI�WKHP�LQ�RXU�H[DPSOH�UH�
WXUQ�p.Parser[String]��DJDLQ��D�SDWK�GHSHQGHQW�W\SH���+RZHYHU��EHFDXVH�WKH�deduct
PHWKRG� KDQGOHV� UHSHWLWLRQ� �LW� LQYRNHV� WKH� repsep� PHWKRG��� LW� DFWXDOO\� UHWXUQV� D
p.Parser[List[String]]��:KHQ�WKLV�SDUVHU�LV�XVHG��LW�ZLOO�UHWXUQ�D�List[String]��ZLWK
RQH�VWULQJ�FRUUHVSRQGLQJ�WR�HDFK�PDWFK�LQ�WKH�UHSHWLWLRQ�

6R��RXU�FDOO�WR�p.parseAll(p.paycheck, input)�HDUOLHU�SDUVHV�WKH�input�VWULQJ�XVLQJ�WKH
SDUVHU�UHWXUQHG�E\�p.paycheck��7KDW�EULQJV�XV�WR�WKH�VHFRQG�TXHVWLRQ��ZKDW�LV�WKH�UHVXOW
RI�D�VXFFHVVIXO�SDUVH"

7R�VHH�ZKDW¦V�UHWXUQHG��FRPSLOH�WKH�3D\UROO3DUVHU&RPELQDWRUV9��ILOH�OLVWHG�DW�WKH�EH�
JLQQLQJ�RI�WKLV�VHFWLRQ�DQG�LQYRNH�WKH�scala�LQWHUSUHWHU�ZLWK�WKH�-cp�RSWLRQ�WR�LQFOXGH
WKH�GLUHFWRU\�ZKHUH�WKH�FODVV�ILOHV�ZHUH�ZULWWHQ��LW�ZLOO�EH�EXLOG�LI�\RX�XVHG�WKH�EXLOG
SURFHVV�IRU�WKH�FRGH�H[DPSOH�GLVWULEXWLRQ��

2QFH�LQ�WKH�LQWHUSUHWHU��HQWHU�WKH�IROORZLQJ�H[SUHVVLRQV�DIWHU�WKH�scala>�SURPSW���<RX
FDQ�DOVR�ILQG�WKLV�LQSXW�WKH�SD\UROO�SDUVHU�FRPE�VFULSW�VFDOD�ILOH�LQ�WKH�FRGH�H[DPSOH
GLVWULEXWLRQ��

scala> import scala.util.parsing.combinator._
import scala.util.parsing.combinator._

scala> import payroll.pcdsl._
import payroll.pcdsl._

scala> val p = new PayrollParserCombinatorsV1
p: payroll.pcdsl.PayrollParserCombinatorsV1 = \
    payroll.pcdsl.PayrollParserCombinatorsV1@79e84310

scala> p.empl
res0: p.Parser[String] = Parser (~>)

scala> p.weeksDays
res2: p.Parser[String] = Parser (|)

scala> p.doubleNumber
res3: p.Parser[String] = Parser ()

scala> p.deduct
res1: p.Parser[List[String]] = Parser (<~)

scala> p.paycheck
res4: p.Parser[p.~[p.~[String,p.~[String,String]],List[String]]] = Parser (~)

scala> p.parseAll(p.weeksDays, "weeks")
res5: p.ParseResult[String] = [1.6] parsed: weeks

scala> val input = """paycheck for employee "Buck Trends"
     | is salary for 2 weeks minus deductions for {}"""
input: java.lang.String =
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paycheck for employee "Buck Trends"
       is salary for 2 weeks minus deductions for {}

scala> p.parseAll(p.paycheck, input)
res6: p.ParseResult[p.~[p.~[String,p.~[String,String]],List[String]]] = \
    [2.53] parsed: (("Buck Trends"~(2~weeks))~List())

scala>

:H�LPSRUW�WKH�QHFHVVDU\�W\SHV�DQG�FUHDWH�D�PayrollParserCombinatorsV1�LQVWDQFH��7KHQ
ZH�FDOO�VHYHUDO�RI�WKH�SURGXFWLRQ�PHWKRGV�WR�VHH�ZKDW�NLQG�RI�Parser�HDFK�UHWXUQV��7KH
ILUVW�WKUHH¢empl��weeksDays��DQG�doubleNumber¢UHWXUQ�p.Parser[String]�

1RWH�ZKDW¦V�ZULWWHQ�RQ�WKH�ULJKWKDQG�VLGH�LQ�WKH�RXWSXW�IRU�WKH�ILUVW�WKUHH�SDUVHUV��empl�
weeksDays��DQG�doubleNumber��:H�VHH�Parser (�>)��Parser (|)��DQG�Parser ()��UHVSHF�
WLYHO\��7KH�SDUVHUV�UHWXUQHG�UHIOHFW�WKH�GHILQLWLRQV�RI�WKH�SURGXFWLRQ�UXOHV��ZKHUH�empl
HQGV�ZLWK�D�FRPELQDWRU�RI�WKH�IRUP�prod1 �> prod2��weeksDays�UHWXUQV�D�FRPELQDWRU
RI�WKH�IRUP�prod1 | prod2��DQG�doubleNumber�UHWXUQV�D�SDUVHU�IRU�D�VLQJOH�SURGXFWLRQ�

%HFDXVH�deduct�FRQVLVWV�RI�FRPELQDWRUV�WKDW�KDQGOH�UHSHWLWLRQ��WKH�SDUVHU�UHWXUQHG�E\
deduct�LV�RI�W\SH�p.Parser[List[String]]��DV�ZH�VWDWHG�SUHYLRXVO\��7KH�ULJKWKDQG�VLGH
RI�WKH�RXWSXW�LV�Parser (<�)��EHFDXVH�WKH�GHILQLWLRQ�RI�deduct�HQGV�ZLWK�prod1 <� prod2�

7KLQJV�JHW�PRUH�LQWHUHVWLQJ�ZKHQ�ZH�ORRN�DW�WKH�WRS�OHYHO�SURGXFWLRQ��paycheck��:KDW
LV� p.Parser[p.�[p.�[String,p.�[String,String]],List[String]]] = Parser (�)

VXSSRVHG�WR�PHDQ"�:HOO��WKH�ULJKWKDQG�VLGH�VKRXOG�EH�HDV\�WR�XQGHUVWDQG�QRZ��WKH
GHILQLWLRQ� RI� paycheck� HQGV� LQ� prod1 � prod2�� :KDW� LV� WKH� W\SH� SDUDPHWHU� IRU
p.Parser�RQ�WKH�OHIWKDQG�VLGH�RI�WKH�HTXDOV�VLJQ"

7KH�Parsers�WUDLW�DOVR�GHILQHV�D�FDVH�FODVV�QDPHG���WKDW�UHSUHVHQWV�D�SDLU�RI�VHTXHQWLDO
UXOHV�

case class ~[+a, +b](_1: a, _2: b) {
  override def toString = "("+ _1 +"~"+ _2 +")"
}

7KH�DFWXDO�SDWK�GHSHQGHQW�W\SH�LQ�RXU�H[DPSOH�LV�p.�[+a,+b]��+HQFH��WKH�W\SH�SDUDP�
HWHU�T�LQ�p.Parser[T]�LV�p.�[p.�[String,p.�[String,String]],List[String]]��ZKLFK�LV
D�KLHUDUFKLFDO�WUHH�RI�W\SHV�

/HW¦V�EUHDN�LW�GRZQ��ZRUNLQJ�RXU�ZD\�LQVLGH�RXW��1RWH�WKDW�WKHUH�DUH�WKUHH�p.���:H¦OO
VWDUW�ZLWK�WKH�LQQHUPRVW�W\SH��p.�[String,String]��DQG�PDS�WKH�W\SH�GHFODUDWLRQ�WR�WKH
RXWSXW�ZH�VDZ�LQ�WKH�scala�VHVVLRQ�"Buck Trends"�(2�weeks�List())�

7KH� p.�[String,String]� FRUUHVSRQGV� WR� WKH� SDUVHU� WKDW� KDQGOHV� H[SUHVVLRQV� OLNH
2 weeks��+HQFH��WKH�LQVWDQFH�FUHDWHG�ZKHQ�ZH�SDUVHG�RXU�H[DPSOH�VWULQJ�ZDV�WKH�LQ�
VWDQFH� p.�("2", "weeks")�� &DOOLQJ� WKH� p.�.toString� PHWKRG� SURGXFHV� WKH� RXWSXW
(2~weeks)�

:RUNLQJ�RXW�RQH�OHYHO��ZH�KDYH�p.�[String,p.�[String,String]]��7KLV�FRPELQDWLRQ
SDUVHV�paycheck for employee "Buck Trends" is salary for 2 weeks��5HFDOO�WKDW�ZH

238 | Chapter 11:�Domain-Specific Languages in Scala

Download at WoweBook.Com



GLVFDUG�paycheck for employee�DQG�is salary for��NHHSLQJ�RQO\�WKH�Buck Trends�DQG
2 weeks��6R�ZH�FUHDWH�DQ� LQVWDQFH�p.�("Buck Trends", p.�("2", "weeks"))��&DOOLQJ
toString�DJDLQ�UHVXOWV�LQ�WKH�VWULQJ�("Buck Trends"�(2�weeks))�

)LQDOO\�� DW� WKH� RXWHUPRVW� OHYHO�� \RX� FDQ� VHH� ZH� KDYH� WKH� IROORZLQJ�
p.�[p.�[String,p.�[String,String]],List[String]]��:H¦YH�DOUHDG\�GLVFXVVHG�HYHU\�
WKLQJ�XS�WR�WKH�ODVW�List[String]��ZKLFK�FRPHV�IURP�WKH�deduct�SURGXFWLRQ�

def deduct = "minus" ~> "deductions" ~> "for" ~>
             "{" ~> repsep(deductItem, "," ) <~ "}"

:H�GLVFDUG�HYHU\WKLQJ�H[FHSW�IRU�WKH�OLVW�RI�]HUR�RU�PRUH�deductItems��7KHUH�DUH�QRQH
LQ�RXU�H[DPSOH��VR�ZH�JHW�DQ�HPSW\�OLVW�IRU�ZKLFK�toString�UHWXUQV�List()��7KHUHIRUH�
FDOOLQJ� p.�.toString� RQ� RXU� RXWHUPRVW� W\SH�� WKH� RQH� WKDW� SDUDPHWHUL]HV� p.Parser�
UHWXUQV�WKH�VWULQJ�"Buck Trends"�(2�weeks�List())��:H¦UH�GRQH�

:HOO�� QRW� TXLWH��:H¦UH� VWLOO� QRW� FDOFXODWLQJ� DQ� DFWXDO� SD\FKHFN� IRU� RO¦� %XFN�� /HW¦V
FRPSOHWH�RXU�LPSOHPHQWDWLRQ�

Generating Paychecks with the External DSL
$V�ZH�SDUVH�WKH�'6/��ZH�ZDQW�WR�ORRN�XS�WKH�HPSOR\HH�E\�QDPH��IHWFK�KLV�RU�KHU�JURVV
VDODU\�IRU�WKH�VSHFLILHG�SD\�SHULRG��DQG�WKHQ�FDOFXODWH�WKH�GHGXFWLRQV�DV�ZH�JR��:KHQ
WKH�SDUVHU�UHWXUQHG�E\�paycheck�ILQLVKHV��ZH�ZDQW�WR�UHWXUQ�D�Pair�ZLWK�WKH�Employee
LQVWDQFH�DQG�WKH�FRPSOHWHG�Paycheck�

:H�ZLOO�UHXVH�£GRPDLQ¤�FODVVHV�OLNH�Employee��Money��Paycheck��HWF��IURP�HDUOLHU�LQ�WKH
FKDSWHU�� 7R� GR� WKH� FDOFXODWLRQV� RQ� GHPDQG�� ZH� ZLOO� FUHDWH� D� VHFRQG� LWHUDWLRQ� RI
PayrollParserCombinatorsV1� WKDW�ZH¦OO� FDOO�PayrollParserCombinators��:H¦OO�PRGLI\
WKH�SDUVHUV�UHWXUQHG�E\�VRPH�RI�WKH�SURGXFWLRQ�PHWKRGV�WR�UHWXUQ�QHZ�NLQGV�RI�SDUVHUV�
:H¦OO�DOVR�GR�DGPLQLVWUDWLYH�ZRUN�OLNH�VWRULQJ�UXQQLQJ�FRQWH[W�GDWD��DV�QHHGHG��2XU
LPSOHPHQWDWLRQ�ZRQ¦W�EH�WKUHDG�VDIH��<RX¦OO�ZDQW�WR�HQVXUH�WKDW�RQO\�RQH�WKUHDG�XVHV
D�JLYHQ�PayrollParserCombinators��:H�FRXOG�PDNH�LW�PRUH�UREXVW��EXW�GRLQJ�VR�LVQ¦W
WKH�JRDO�RI�WKLV�H[HUFLVH�

+HUH�LV�RXU�ILQDO�PayrollParserCombinators�

// code-examples/DSLs/payroll/pcdsl/payroll-parser-comb.scala

package payroll.pcdsl
import scala.util.parsing.combinator._
import org.specs._
import payroll._
import payroll.Type2Money._

class UnknownEmployee(name: Name) extends RuntimeException(name.toString)

class PayrollParserCombinators(val employees: Map[Name, Employee])
  extends JavaTokenParsers {

  var currentEmployee: Employee = null
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  var grossAmount: Money = Money(0)

  /** @return Parser[(Employee, Paycheck)] */
  def paycheck = empl ~ gross ~ deduct ^^ {
    case e ~ g ~ d => (e, Paycheck(g, g-d, d))
  }

  /** @return Parser[Employee] */
  def empl = "paycheck" ~> "for" ~> "employee" ~> employeeName ^^ { name =>
    val names = name.substring(1, name.length-1).split(" ") // remove ""
    val n = Name(names(0), names(1));
    if (! employees.contains(n))
      throw new UnknownEmployee(n)
    currentEmployee = employees(n)
    currentEmployee
  }

  /** @return Parser[Money] */
  def gross = "is" ~> "salary" ~> "for" ~> duration ^^ { dur =>
    grossAmount = salaryForDays(dur)
    grossAmount
  }

  def deduct = "minus" ~> "deductions" ~> "for" ~> "{" ~> deductItems  <~ "}"

  /**
   * "stringLiteral" provided by JavaTokenParsers
   * @return Parser[String]
   */
  def employeeName = stringLiteral

  /**
   * "decimalNumber" provided by JavaTokenParsers
   * @return Parser[Int]
   */
  def duration = decimalNumber ~ weeksDays ^^ {
    case n ~ factor => n.toInt * factor
  }

  def weeksDays = weeks | days

  def weeks = "weeks?".r ^^ { _ => 5 }

  def days = "days?".r ^^ { _ => 1 }

  /** @return Parser[Money] */
  def deductItems = repsep(deductItem, ",") ^^ { items =>
    items.foldLeft(Money(0)) {_ + _}
  }

  /** @return Parser[Money] */
  def deductItem = deductKind ~> deductAmount

  def deductKind = tax | insurance | retirement
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  def tax = fedState <~ "income" <~ "tax"

  def fedState = "federal" | "state"

  def insurance = "insurance" ~> "premiums"

  def retirement = "retirement" ~> "fund" ~> "contributions"

  def deductAmount = percentage | amount

  /** @return Parser[Money] */
  def percentage = toBe ~> doubleNumber <~ "percent" <~ "of" <~ "gross"  ^^ {
    percentage => grossAmount * (percentage / 100.)
  }

  def amount = toBe ~> doubleNumber <~ "in" <~ "gross" <~ "currency" ^^ {
    Money(_)
  }

  def toBe = "is" | "are"

  def doubleNumber = floatingPointNumber ^^ { _.toDouble }

  // Support method. Assume 260 (52 * 5) paid work days/year
  def salaryForDays(days: Int) =
      (currentEmployee.annualGrossSalary / 260.0) * days
}

)RU�VLPSOLFLW\��ZH¦OO�XVH�D�PDS�RI�£NQRZQ¤�HPSOR\HHV��NH\HG�E\�Name�LQVWDQFHV��WKDW
ZH�VDYH�DV�D�ILHOG�LQ�PayrollParserCombinators��$�UHDO�LPSOHPHQWDWLRQ�ZRXOG�SUREDEO\
XVH�D�GDWD�VWRUH�RI�VRPH�NLQG�

7KHUH�DUH�WZR�RWKHU�ILHOGV��currentEmployee��ZKLFK�UHPHPEHUV�ZKLFK�HPSOR\HH�ZH�DUH
SURFHVVLQJ��DQG�grossAmount��ZKLFK�UHPHPEHUV�WKH�JURVV�DPRXQW�RI�SD\�IRU�WKH�HP�
SOR\HH�IRU�WKH�SD\�SHULRG��%RWK�ILHOGV�KDYH�D�VOLJKW�GHVLJQ�VPHOO��7KH\�DUH�PXWDEOH��7KH\
DUH�VHW�RQO\�RQFH�SHU�SDUVH��EXW�QRW�ZKHQ�WKH\�DUH�GHFODUHG��RQO\�ZKHQ�ZH�SDUVH�WKH
LQSXW�WKDW�DOORZV�XV�WR�FDOFXODWH�WKHP��<RX�PLJKW�KDYH�DOVR�QRWLFHG�WKDW�LI�WKH�VDPH
PayrollParserCombinators�LQVWDQFH�LV�XVHG�PRUH�WKDQ�RQFH��ZH�GRQ¦W�UHVHW�WKHVH�ILHOGV
WR�WKHLU�GHIDXOW�YDOXHV��1R�GRXEW�LW�ZRXOG�EH�SRVVLEOH�WR�ZULWH�VFULSWV�LQ�WKH�'6/�WKDW
H[SORLW�WKLV�EXJ�

7KHVH�ZHDNQHVVHV�DUH�QRW�LQKHUHQW�WR�SDUVHU�FRPELQDWRUV��7KH\�UHIOHFW�VLPSOLILFDWLRQV
ZH�XVHG�IRU�RXU�SXUSRVHV��$V�DQ�H[HUFLVH��\RX�PLJKW�WU\�LPSURYLQJ�WKH�LPSOHPHQWDWLRQ
WR�HOLPLQDWH�WKHVH�ZHDNQHVVHV�

:H�KDYH�DGGHG�-DYDGRF�VW\OH�@return�DQQRWDWLRQV�IRU�PRVW�RI�WKH�SURGXFWLRQV�WR�PDNH
LW�FOHDU�ZKDW�WKH\�DUH�QRZ�UHWXUQLQJ��,Q�VRPH�FDVHV��WKH�SURGXFWLRQV�DUH�XQFKDQJHG��DV
WKH�RULJLQDO�SDUVHU� LQVWDQFHV�DUH�ILQH�DV�LV��0RVW�RI�WKH�FKDQJHV�UHIOHFW�RXU�GHVLUH�WR
FDOFXODWH�WKH�SD\FKHFN�DV�ZH�JR�
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&RQVLGHU�WKH�QHZ�paycheck�SURGXFWLRQ�

/** @return Parser[(Employee, Paycheck)] */
def paycheck = empl ~ gross ~ deduct ^^ {
  case e ~ g ~ d => (e, Paycheck(g, g-d, d))
}

1RZ��ZH�UHWXUQ�D�Pair�ZLWK�WKH�Employee�DQG�WKH�FRPSXWHG�Paycheck��7KH�empl � gross
� deduct� FRPELQDWLRQ� ZRXOG� VWLOO� UHWXUQ� Parser[String]� �ZH¦OO� GURS� WKH� SDWK�
GHSHQGHQW� SUHIL[� IRU� QRZ���:H� KDYH� DGGHG� D� QHZ� FRPELQDWRU� ^^�� H�J��� prod1 ^^
func1��ZKHUH�func1�LV�D�IXQFWLRQ��,I�prod1�VXFFHHGV��WKHQ�WKH�UHVXOW�RI�DSSO\LQJ�func1�WR
WKH�UHVXOW�RI�prod1�LV�UHWXUQHG��7KDW�LV��ZH�UHWXUQ�func1(prod1)�

)RU�paycheck��ZH�JLYH�LW�D�IXQFWLRQ�OLWHUDO�WKDW�GRHV�D�SDWWHUQ�PDWFK�WR�H[WUDFW�WKH�WKUHH
UHVXOWV�IURP�empl��gross��DQG�deduct��UHVSHFWLYHO\��:H�FUHDWH�D���WXSOH��Pair��ZLWK�e�
WKH�Employee��DQG�D�Paycheck�FDOFXODWHG�IURP�WKH�JURVV�VDODU\�IRU�WKH�SD\�SHULRG��LQ�g�
DQG�WKH�VXP�RI�DOO�WKH�GHGXFWLRQV��LQ�d��

,W¦V�LPSRUWDQW�WR�NHHS�FOHDU�WKDW�WKH�DQRQ\PRXV�IXQFWLRQ�SDVVHG�DV�DQ�DUJXPHQW�WR
^^� UHWXUQV�D�WXSOH�(Employee, Paycheck)��EXW�WKH�SURGXFWLRQ�paycheck�PHWKRG�LWVHOI
UHWXUQV�D�Parser[(Employee, Paycheck)]��7KLV�SDWWHUQ�KDV�EHHQ�WUXH�IURP�WKH�EHJLQQLQJ�
DFWXDOO\��ZKHUH�Strings�ZHUH�DOZD\V�LQYROYHG�LQ�RXU�ILUVW�YHUVLRQ��,W�ZLOO�UHPDLQ�WUXH�IRU
DOO�WKH�SURGXFWLRQ�UXOHV�LQ�PayrollParserCombinators�

7KH�empl�SURGXFWLRQ�DVVXPHV�WKH�HPSOR\HH¦V�ILUVW�QDPH�DQG�ODVW�QDPH�DUH�JLYHQ���2E�
YLRXVO\��WKLV�ZRXOG�EH�LQDGHTXDWH�LQ�D�UHDO�DSSOLFDWLRQ��

/** @return Parser[Employee] */
def empl = "paycheck" ~> "for" ~> "employee" ~> employeeName ^^ { name =>
   val names = name.substring(1, name.length-1).split(" ") // remove ""
   val n = Name(names(0), names(1));
   if (! employees.contains(n))
     throw new UnknownEmployee(n)
   currentEmployee = employees(n)
   currentEmployee
}

7R�FRQVWUXFW�WKH�QDPH��WKH�HPEHGGHG�GRXEOH�TXRWHV�KDYH�WR�EH�UHPRYHG��ZKLFK�LV�ZK\
ZH�VWDUW�E\�H[WUDFWLQJ�WKH�VXEVWULQJ�WKDW�WRVVHV�WKH�ILUVW�DQG�ODVW�FKDUDFWHUV��7KH�QDPH
LV�XVHG�WR� ORRN�XS�WKH�Employee� LQVWDQFH� LQ�WKH�PDS��VDYLQJ�WKH�YDOXH� LQ�WKH�curren
tEmployee�ILHOG��,Q�JHQHUDO��WKHUH�LV�QRW�D�ORW�RI�£JUDFHIXO¤�HUURU�KDQGOLQJ�LQ�PayrollPar
serCombinators��+RZHYHU�� WKH�empl�PHWKRG�KDQGOHV� WKH�FDVH�ZKHUH�QR�HPSOR\HH� LV
IRXQG�ZLWK� WKH� VSHFLILHG� QDPH�� WKURZLQJ� DQ� UnknownEmployee� H[FHSWLRQ�ZKHQ� WKLV
RFFXUV�

7KH�UHVW�RI�WKH�SURGXFWLRQV�ZRUN�VLPLODUO\��6RPHWLPHV��D�SDUVHU�FRQYHUWV�DQ�LQSXW�VWULQJ
WR�DQ�Int��H�J���duration��RU�D�Money��H�J���gross���$Q�LQWHUHVWLQJ�FDVH�LV�deduct��,W�IROGV
WKH�OLVW�RI�GHGXFWLRQV�LQWR�D�VLQJOH�GHGXFWLRQ�DPRXQW��XVLQJ�DGGLWLRQ��7KH�foldLeft
PHWKRG�WDNHV�WZR�DUJXPHQW�OLVWV��7KH�ILUVW�KDV�D�VLQJOH�DUJXPHQW�WKDW�VSHFLILHV�WKH�LQLWLDO
YDOXH��LQ�WKLV�FDVH��]HUR�Money��7KH�VHFRQG�DUJXPHQW�OLVW�KDV�D�VLQJOH�IXQFWLRQ�OLWHUDO
DUJXPHQW�WKDW�WDNHV�WZR�DUJXPHQWV��WKH�DFFXPXODWHG�YDOXH�RI�WKH�IROGLQJ�RSHUDWLRQ�
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DQG� DQ� LWHP� IURP� WKH� OLVW�� ,Q� WKLV� FDVH�� ZH� UHWXUQ� WKH� VXP� RI� WKH� DUJXPHQWV�� 6R�
foldLeft� LWHUDWHV� RYHU� WKH� items� FROOHFWLRQ�� DGGLQJ� WKHP� WRJHWKHU�� 6HH� £7UDYHUVLQJ�
0DSSLQJ�� )LOWHULQJ�� )ROGLQJ�� DQG�5HGXFLQJ¤� RQ�SDJH� ���� IRU�PRUH� LQIRUPDWLRQ�RQ
foldLeft�DQG�UHODWHG�RSHUDWLRQV�

7KH�weeks�DQG�days�SURGXFWLRQV�UHPLQG�XV�WKDW�ZH�DUH�XVLQJ�SDUVHU�FRPELQDWRUV�EDVHG
RQ�UHJXODU�H[SUHVVLRQV���:H¦UH�DOVR�XVLQJ�stringLiteral��decimalNumber��DQG�floating
PointNumber�SURYLGHG�E\�JavaTokenParsers���1RWH�WKDW�weeks�DQG�days�LJQRUH�WKH�SDUVHG
VWULQJ��7KH\�MXVW�UHWXUQ�D�PXOWLSOLFDWLRQ�IDFWRU�XVHG�WR�GHWHUPLQH�WRWDO�GD\V�LQ�WKH�SD\
SHULRG�LQ�WKH�duration�SURGXFWLRQ�UXOH�

7KHUH�DUH�RWKHU�FRPELQDWRU�PHWKRGV�IRU�DSSO\LQJ�IXQFWLRQV�WR�SDUVHU�UHVXOWV�LQ�GLIIHUHQW
ZD\V��6HH�WKH�Parsers�6FDODGRF�SDJH�IRU�GHWDLOV�

7KH�IROORZLQJ��VRPHZKDW�LQFRPSOHWH��VSHFLILFDWLRQ�VKRZV�WKH�FDOFXODWLRQ�RI�SD\FKHFNV
ZKHQ�WKHUH�DUH�QR�GHGXFWLRQV�DQG�ZKHQ�WKHUH�DUH�VHYHUDO�GHGXFWLRQV�

// code-examples/DSLs/payroll/pcdsl/payroll-parser-comb-spec.scala

package payroll.pcdsl
import scala.util.parsing.combinator._
import org.specs._
import payroll._
import payroll.Type2Money._

// Doesn't test "sad path" scenarios...
object PayrollParserCombinatorsSpec
    extends Specification("PayrollParserCombinators") {

  val salary = Money(100000.1)  // for a full year
  val gross = salary / 26.      // for two weeks
  val buck = Employee(Name("Buck", "Trends"), salary)
  val employees = Map(buck.name -> buck)

  implicit def money2double(m: Money) = m.amount.doubleValue

  "PayrollParserCombinators" should {
    "calculate the gross == net when there are no deductions" in {
      val input = """paycheck for employee "Buck Trends"
                     is salary for 2 weeks minus deductions for {}"""
      val p = new PayrollParserCombinators(employees)
      p.parseAll(p.paycheck, input) match {
        case p.Success(Pair(employee, paycheck),_) =>
          employee mustEqual buck
          paycheck.gross must beCloseTo(gross, Money(.001))
          paycheck.net must beCloseTo(gross, Money(.001))
          // zero deductions?
          paycheck.deductions must beCloseTo(Money(0.), Money(.001))
        case x => fail(x.toString)
      }
    }

    "calculate the gross, net, and deductions for the pay period" in {
      val input =
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        """paycheck for employee "Buck Trends"
           is salary for 2 weeks minus deductions for {
             federal income tax            is  25.  percent of gross,
             state income tax              is  5.   percent of gross,
             insurance premiums            are 500. in gross currency,
             retirement fund contributions are 10.  percent of gross
           }"""

      val p = new PayrollParserCombinators(employees)
      p.parseAll(p.paycheck, input) match {
        case p.Success(Pair(employee, paycheck),_) =>
          employee mustEqual buck
          val deductions = (gross * .4) + Money(500)
          val net = gross - deductions
          paycheck.gross must beCloseTo(gross, Money(.001))
          paycheck.net must beCloseTo(net, Money(.001))
          paycheck.deductions must beCloseTo(deductions, Money(.001))
        case x => fail(x.toString)
      }
    }
  }
}

,I�\RX�ZRUN�RXW�ZKDW�WKH�UHVXOWV�VKRXOG�EH�IURP�WKH�LQSXW�VWULQJV��\RX¦OO�VHH�WKDW�WKH
LPSOHPHQWDWLRQ�FRUUHFWO\�FDOFXODWHV�WKH�SD\FKHFN�

%HVLGHV�WKH�PDQ\�VPDOO�GHWDLOV�WKDW�GLIIHU�EHWZHHQ�WKLV�LPSOHPHQWDWLRQ�RI�WKH�H[WHUQDO
'6/�DQG�WKH�SUHYLRXV�LPSOHPHQWDWLRQ�RI�WKH�LQWHUQDO�'6/��WKHUH�LV�RQH�ELJ�FRQFHSWXDO
GLIIHUHQFH�IURP�WKH�WZR�LPSOHPHQWDWLRQV��+HUH�ZH�DUH�FRPSXWLQJ�WKH�SD\FKHFN�DV�ZH
SDUVH� FRGH� ZULWWHQ� LQ� WKH� H[WHUQDO� '6/�� ,Q� WKH� LQWHUQDO� '6/� FDVH�� ZH� JHQHUDWHG� D
SD\FKHFN�FDOFXODWRU�ZKHQ�ZH�SDUVHG�WKH�'6/��$IWHUZDUG��ZH�XVHG�WKDW�FDOFXODWRU�WR
FRPSXWH�SD\FKHFNV�IRU�RQH�HPSOR\HH�DW�D�WLPH��:H�FRXOG�KDYH�JHQHUDWHG�D�SD\FKHFN
FDOFXODWRU�OLNH�ZH�GLG�EHIRUH��EXW�ZH�FKRVH�D�VLPSOHU�DSSURDFK�WR�IRFXV�RQ�WKH�FRQ�
VWUXFWLRQ�RI�WKH�SDUVHU�LWVHOI��$OVR��DV�ZH�GLVFXVVHG�HDUOLHU��ZH�ZHUHQ¦W�DV�FDUHIXO�DERXW
WKUHDG�VDIHW\�DQG�RWKHU�LVVXHV�LQ�WKH�LPSOHPHQWDWLRQ�

Internal Versus External DSLs: Final Thoughts
6FDOD�SURYLGHV�ULFK�VXSSRUW�IRU�FUHDWLQJ�\RXU�RZQ�LQWHUQDO�DQG�H[WHUQDO�'6/V��+RZHYHU�
D�QRQ�WULYLDO�'6/�FDQ�EH�D�FKDOOHQJH�WR�LPSOHPHQW�DQG�GHEXJ��)RU�WKH�H[DPSOHV�LQ�WKLV
FKDSWHU��WKH�SDUVHU�FRPELQDWRUV�LPSOHPHQWDWLRQ�ZDV�HDVLHU�WR�GHVLJQ�DQG�ZULWH�WKDQ
WKH� LPSOHPHQWDWLRQ� IRU� WKH� LQWHUQDO� '6/�� +RZHYHU�� ZH� IRXQG� WKDW� GHEXJJLQJ� WKH
LQWHUQDO�'6/�ZDV�HDVLHU�
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<RX�PXVW�DOVR�FRQVLGHU�KRZ�UREXVW�WKH�SDUVHU�PXVW�EH�ZKHQ�KDQGOLQJ�LQYDOLG�LQSXW�
'HSHQGLQJ�RQ�WKH� OHYHO�RI�VRSKLVWLFDWLRQ�RI� WKH�XVHUV�RI� WKH�'6/��\RX�PD\�QHHG�WR
SURYLGH�YHU\�JRRG�IHHGEDFN�ZKHQ�HUURUV�RFFXU��HVSHFLDOO\�ZKHQ�\RXU�XVHUV�DUH�QRQ�
SURJUDPPHUV��7KH�SDUVHU�FRPELQDWRU�OLEUDU\�LQ�6FDOD�YHUVLRQ�����ZLOO�SURYLGH�LPSURYHG
VXSSRUW�IRU�HUURU�UHFRYHU\�DQG�UHSRUWLQJ��FRPSDUHG�WR�WKH�YHUVLRQ�����;�OLEUDU\�

7KH�YHUVLRQ�����OLEUDU\�ZLOO�DOVR�SURYLGH�VXSSRUW�IRU�ZULWLQJ�SDFNUDW�SDUVHUV�WKDW�FDQ
LPSOHPHQW�XQDPELJXRXV�SDUVLQJ�H[SUHVVLRQ�JUDPPDUV��3(*V���7KH�����LPSOHPHQWD�
WLRQ�RI�SDFNUDW�SDUVHUV�DOVR�VXSSRUWV�PHPRL]DWLRQ��ZKLFK�KHOSV�LPSURYH�SHUIRUPDQFH�
DPRQJ�RWKHU�EHQHILWV��,I�\RX�QHHG�D�IDVW�SDUVHU��D�SDFNUDW�SDUVHU�ZLOO�WDNH�\RX�IXUWKHU
EHIRUH�\RX�QHHG�WR�FRQVLGHU�PRUH�VSHFLDOL]HG�WRROV��OLNH�SDUVHU�JHQHUDWRUV�

Recap and What’s Next
,W¦V�WHPSWLQJ�WR�FUHDWH�'6/V�ZLWK�DEDQGRQ��'6/V�LQ�6FDOD�FDQ�EH�TXLWH�IXQ�WR�ZRUN�ZLWK�
EXW�GRQ¦W�XQGHUHVWLPDWH�WKH�HIIRUW�UHTXLUHG�WR�FUHDWH�UREXVW�'6/V�WKDW�PHHW�\RXU�FOLHQWV
XVDELOLW\�QHHGV��QRU�ORQJ�WHUP�PDLQWHQDQFH�DQG�VXSSRUW�LVVXHV�

,I�\RX�FKRRVH�WR�ZULWH�D�'6/��\RX�KDYH�ULFK�RSWLRQV�LQ�6FDOD��7KH�V\QWD[�LV�IOH[LEOH�\HW
SRZHUIXO�HQRXJK�WKDW�DQ�LQWHUQDO�'6/�PD\�EH�VXIILFLHQW��$�LQWHUQDO�'6/�LV�DQ�H[FHOOHQW
VWDUWLQJ�SRLQW��HVSHFLDOO\�LI�RWKHU�SURJUDPPHUV�ZLOO�EH�WKH�SULPDU\�ZULWHUV�RI�FRGH�LQ
WKH�'6/�

,I�\RX�H[SHFW�\RXU�QRQ�SURJUDPPLQJ�VWDNHKROGHUV�WR�UHDG�RU�HYHQ�ZULWH�FRGH�ZULWWHQ
LQ�WKH�'6/��LW�PLJKW�EH�ZRUWK�WKH�H[WUD�HIIRUW�WR�FUHDWH�DQ�H[WHUQDO�'6/�WKDW�HOLPLQDWHV
DV�PDQ\�RI�WKH�SURJUDPPLQJ�ODQJXDJH�LGLRPV�DV�SRVVLEOH��&RQVLGHU�ZKHWKHU�WKH�FRGH
ZULWWHQ�LQ�WKH�'6/�ZLOO�QHHG�WR�EH�SURFHVVHG�IRU�RWKHU�SXUSRVHV��OLNH�JHQHUDWLQJ�GRFX�
PHQWDWLRQ��VSUHDGVKHHWV��HWF��6LQFH�\RX�ZLOO�KDYH�WR�ZULWH�D�SDUVHU�IRU�WKH�'6/�DQ\ZD\�
LW�PLJKW�EH�VWUDLJKWIRUZDUG�WR�ZULWH�RWKHUV�WR�KDQGOH�WKHVH�GLIIHUHQW�SXUSRVHV�

,Q�WKH�QH[W�FKDSWHU��ZH¦OO�H[SORUH�WKH�ULFKQHVV�RI�6FDOD¦V�W\SH�V\VWHP��:H¦YH�OHDUQHG
PDQ\�RI�LWV�IHDWXUHV�DOUHDG\��1RZ��ZH¦OO�H[SORUH�WKH�W\SH�V\VWHP�LQ�IXOO�GHWDLO�
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CHAPTER 12

The Scala Type System

6FDOD�LV�D�VWDWLFDOO\�W\SHG�ODQJXDJH��,WV�W\SH�V\VWHP�LV�RQH�RI�WKH�PRVW�VRSKLVWLFDWHG�LQ
DQ\�SURJUDPPLQJ� ODQJXDJH�� LQ�SDUW�EHFDXVH� LW�FRPELQHV�FRPSUHKHQVLYH� LGHDV� IURP
IXQFWLRQDO�SURJUDPPLQJ�DQG�REMHFW�RULHQWHG�SURJUDPPLQJ��7KH�W\SH�V\VWHP�WULHV�WR
EH�ORJLFDOO\�FRPSUHKHQVLYH��FRPSOHWH��DQG�FRQVLVWHQW��,W�H[FHHGV�OLPLWDWLRQV�LQ�-DYD¦V
W\SH�V\VWHP�ZKLOH�FRQWDLQLQJ�LQQRYDWLRQV�WKDW�DSSHDU�LQ�6FDOD�IRU�WKH�ILUVW�WLPH�

+RZHYHU��WKH�W\SH�V\VWHP�FDQ�EH�LQWLPLGDWLQJ�DW�ILUVW��HVSHFLDOO\�LI�\RX�FRPH�IURP�D
G\QDPLFDOO\� W\SHG� ODQJXDJH� OLNH�5XE\�RU�3\WKRQ��)RUWXQDWHO\�� W\SH� LQIHUHQFH�KLGHV
PRVW�RI�WKH�FRPSOH[LWLHV�DZD\��0RVW�RI�WKH�WLPH��\RX�GRQ¦W�QHHG�WR�NQRZ�WKH�SDUWLFX�
ODUV��VR�ZH�HQFRXUDJH�\RX�QRW�WR�ZRUU\�WKDW�\RX�PXVW�PDVWHU�WKH�W\SH�V\VWHP�LQ�RUGHU
WR�XVH�6FDOD�HIIHFWLYHO\��<RX�PLJKW�FKRRVH�WR�VNLP�WKLV�FKDSWHU�LI�\RX¦UH�QHZ�WR�6FDOD�
VR�\RX¦OO�NQRZ�ZKHUH�WR�ORRN�ZKHQ�W\SH�UHODWHG�TXHVWLRQV�DULVH�ODWHU�

6WLOO��WKH�PRUH�\RX�NQRZ�DERXW�WKH�W\SH�V\VWHP��WKH�PRUH�\RX�ZLOO�EH�DEOH�WR�H[SORLW
LWV�IHDWXUHV�LQ�\RXU�SURJUDPV��7KLV�LV�HVSHFLDOO\�WUXH�IRU�OLEUDU\�ZULWHUV��ZKR�ZLOO�ZDQW
WR�XQGHUVWDQG�ZKHQ�WR�XVH�SDUDPHWHUL]HG�W\SHV�YHUVXV�DEVWUDFW�W\SHV��ZKLFK�W\SH�SD�
UDPHWHUV�VKRXOG�EH�FRYDULDQW��FRQWUDYDULDQW��RU�LQYDULDQW�XQGHU�VXEW\SLQJ��DQG�VR�IRUWK�
$OVR��VRPH�XQGHUVWDQGLQJ�RI�WKH�W\SH�V\VWHP�ZLOO�KHOS�\RX�XQGHUVWDQG�DQG�GHEXJ�WKH
RFFDVLRQDO�FRPSLODWLRQ�IDLOXUH�UHODWHG�WR�W\SLQJ��)LQDOO\��WKLV�XQGHUVWDQGLQJ�ZLOO�KHOS
\RX�PDNH�VHQVH�RI�WKH�W\SH�LQIRUPDWLRQ�VKRZQ�LQ�WKH�VRXUFHV�DQG�6FDODGRFV�IRU�6FDOD
OLEUDULHV�

,I�\RX�GLGQ¦W�XQGHUVWDQG�VRPH�RI�WKH�WHUPV�ZH�XVHG�LQ�WKH�SUHFHGLQJ�SDUDJUDSKV��GRQ¦W
ZRUU\��:H¦OO�H[SODLQ�WKHP�DQG�ZK\�WKH\�DUH�XVHIXO��:H¦UH�QRW�JRLQJ�WR�GLVFXVV�6FDOD¦V
W\SH�V\VWHP�LQ�H[KDXVWLYH�GHWDLO��5DWKHU��ZH�ZDQW�\RX�WR�FRPH�DZD\�ZLWK�D�SUDJPDWLF
XQGHUVWDQGLQJ�RI�WKH�W\SH�V\VWHP��<RX�VKRXOG�GHYHORS�DQ�DZDUHQHVV�RI�WKH�IHDWXUHV
DYDLODEOH��ZKDW�SXUSRVHV�WKH\�VHUYH��DQG�KRZ�WR�UHDG�DQG�XQGHUVWDQG�W\SH�GHFODUDWLRQV�

:H¦OO�DOVR�KLJKOLJKW�VLPLODULWLHV�ZLWK�-DYD¦V�W\SH�V\VWHP��VLQFH�LW�PD\�EH�D�IDPLOLDU�SRLQW
RI�UHIHUHQFH�IRU�\RX��8QGHUVWDQGLQJ�WKH�GLIIHUHQFHV�LV�DOVR�XVHIXO�IRU�LQWHURSHUDELOLW\
ZLWK�-DYD� OLEUDULHV��7R�IRFXV�WKH�GLVFXVVLRQ��ZH�ZRQ¦W�FRYHU� WKH� �1(7�W\SH�V\VWHP�
H[FHSW� WR�SRLQW�RXW� VRPH�QRWDEOH�GLIIHUHQFHV� WKDW� �1(7�SURJUDPPHUV�ZLOO�ZDQW� WR
NQRZ�
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Reflecting on Types
6FDOD�VXSSRUWV�WKH�VDPH�UHIOHFWLRQ�FDSDELOLWLHV�WKDW�-DYD�DQG��1(7�VXSSRUW��7KH�V\QWD[
LV�GLIIHUHQW�LQ�VRPH�FDVHV�

)LUVW��\RX�FDQ�XVH�WKH�VDPH�PHWKRGV�\RX�PLJKW�XVH�LQ�-DYD�RU��1(7�FRGH��7KH�IROORZLQJ
VFULSW� VKRZV� VRPH� RI� WKH� UHIOHFWLRQ� PHWKRGV� DYDLODEOH� RQ� WKH� -90�� WKURXJK
java.lang.Object�DQG�java.lang.Class�

// code-examples/TypeSystem/reflection/jvm-script.scala

trait T[A] {
  val vT: A
  def mT = vT
}

class C extends T[String] {
  val vT = "T"
  val vC = "C"
  def mC = vC

  class C2
  trait T2
}

val c = new C
val clazz = c.getClass              // method from java.lang.Object
val clazz2 = classOf[C]             // Scala method: classOf[C] ~ C.class
val methods = clazz.getMethods      // method from java.lang.Class<T>
val ctors = clazz.getConstructors   // ...
val fields = clazz.getFields
val annos = clazz.getAnnotations
val name  = clazz.getName
val parentInterfaces = clazz.getInterfaces
val superClass = clazz.getSuperclass
val typeParams = clazz.getTypeParameters

1RWH�WKDW�WKHVH�PHWKRGV�DUH�RQO\�DYDLODEOH�RQ�VXEW\SHV�RI�AnyRef�

7KH�classOf[T]�PHWKRG�UHWXUQV�WKH�UXQWLPH�UHSUHVHQWDWLRQ�IRU�D�6FDOD�W\SH��,W�LV�DQDO�
RJRXV�WR�WKH�-DYD�H[SUHVVLRQ�T.class��8VLQJ�classOf[T]�LV�FRQYHQLHQW�ZKHQ�\RX�KDYH
D�W\SH�WKDW�\RX�ZDQW�LQIRUPDWLRQ�DERXW��ZKLOH�getClass�LV�FRQYHQLHQW�IRU�UHWULHYLQJ�WKH
VDPH�LQIRUPDWLRQ�IURP�DQ�LQVWDQFH�RI�WKH�W\SH�

+RZHYHU��classOf[T]�DQG�getClass�UHWXUQ�VOLJKWO\�GLIIHUHQW�YDOXHV��UHIOHFWLQJ�WKH�HIIHFW
RI�W\SH�HUDVXUH�RQ�WKH�-90��LQ�WKH�FDVH�RI�getClass�

scala> classOf[C]
res0: java.lang.Class[C] = class C

scala> c.getClass
res1: java.lang.Class[_] = class C
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$OWKRXJK��1(7�GRHV�QRW�KDYH�W\SH�HUDVXUH��PHDQLQJ�LW�VXSSRUWV�UHLILHG
W\SHV�� WKH� �1(7�YHUVLRQ�RI�6FDOD�FXUUHQWO\� IROORZV� WKH� -90¦V�HUDVXUH
PRGHO�LQ�RUGHU�WR�DYRLG�LQFRPSDWLELOLWLHV�WKDW�ZRXOG�UHTXLUH�D�£IRUNHG¤
LPSOHPHQWDWLRQ�

:H¦OO�GLVFXVV�D�ZRUNDURXQG�IRU�HUDVXUH��FDOOHG�ManifestV��DIWHU�ZH�GLVFXVV�SDUDPHWHU�
L]HG�W\SHV�LQ�WKH�QH[W�VHFWLRQ�

6FDOD�DOVR�SURYLGHV�PHWKRGV�IRU�WHVWLQJ�ZKHWKHU�DQ�REMHFW�PDWFKHV�D�W\SH�DQG�DOVR�IRU
FDVWLQJ�DQ�REMHFW�WR�D�W\SH�

x.isInstanceOf[T]�ZLOO�UHWXUQ�true�LI�WKH�LQVWDQFH�x�LV�RI�W\SH�T��+RZHYHU��WKLV�WHVW�LV
VXEMHFW�WR�W\SH�HUDVXUH��)RU�H[DPSOH��List(3.14159).isInstanceOf[List[String]]�ZLOO
UHWXUQ�true�EHFDXVH�WKH�W\SH�SDUDPHWHU�RI�List�LV�ORVW�DW�WKH�E\WH�FRGH�OHYHO��+RZHYHU�
\RX¦OO�JHW�DQ�£XQFKHFNHG¤�ZDUQLQJ�IURP�WKH�FRPSLOHU�

x.asInstanceOf[T]�ZLOO�FDVW�x�WR�T�RU�WKURZ�D�ClassCastException�LI�T�DQG�WKH�W\SH�RI
x�DUH�QRW�FRPSDWLEOH��2QFH�DJDLQ��W\SH�HUDVXUH�PXVW�EH�FRQVLGHUHG�ZLWK�SDUDPHWHUL]HG
W\SHV��7KH�H[SUHVVLRQ�List(3.14159).asInstanceOf[List[String]]�ZLOO�VXFFHHG�

1RWH�WKDW�WKHVH�WZR�RSHUDWLRQV�DUH�PHWKRGV�DQG�QRW�NH\ZRUGV�LQ�WKH�ODQJXDJH��DQG
WKHLU�QDPHV�DUH�GHOLEHUDWHO\�VRPHZKDW�YHUERVH��1RUPDOO\��W\SH�FKHFNV�DQG�FDVWV�OLNH
WKHVH� VKRXOG�EH�DYRLGHG��)RU� W\SH�FKHFNV��XVH�SDWWHUQ�PDWFKLQJ� LQVWHDG��)RU�FDVWV�
FRQVLGHU�ZK\�D�FDVW�LV�QHFHVVDU\�DQG�GHWHUPLQH�LI�D�UHIDFWRULQJ�RI�WKH�GHVLJQ�FDQ�HOLP�
LQDWH�WKH�UHTXLUHPHQW�IRU�D�FDVW�

$W�WKH�WLPH�RI�WKLV�ZULWLQJ��WKHUH�DUH�VRPH�H[SHULPHQWDO�IHDWXUHV�WKDW
PLJKW�DSSHDU�LQ�WKH�ILQDO�YHUVLRQ�����UHOHDVH�LQ�WKH�scala.reflect�SDFN�
DJH��7KHVH� IHDWXUHV�DUH�GHVLJQHG� WR�PDNH� UHIOHFWLYH� H[DPLQDWLRQ�DQG
LQYRFDWLRQ�RI�FRGH�HDVLHU�WKDQ�XVLQJ�WKH�FRUUHVSRQGLQJ�-DYD�PHWKRGV�

Understanding Parameterized Types
:H�LQWURGXFHG�SDUDPHWHUL]HG�W\SHV�DQG�PHWKRGV�LQ�&KDSWHU����DQG�ILOOHG�LQ�D�IHZ�PRUH
GHWDLOV�LQ�£$EVWUDFW�7\SHV�$QG�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH�����,I�\RX�FRPH�IURP�D
-DYD�RU�&��EDFNJURXQG��\RX�SUREDEO\�DOUHDG\�KDYH�VRPH�NQRZOHGJH�RI�SDUDPHWHUL]HG
W\SHV�DQG�PHWKRGV��1RZ�ZH�H[SORUH�WKH�GHWDLOV�RI�6FDOD¦V�VRSKLVWLFDWHG�VXSSRUW�IRU
SDUDPHWHUL]HG�W\SHV�

6FDOD¦V�SDUDPHWHUL]HG�W\SHV�DUH�VLPLODU�WR�-DYD�DQG�&��JHQHULFV�DQG�&���WHPSODWHV�
7KH\�SURYLGH�WKH�VDPH�FDSDELOLWLHV�DV�-DYD�JHQHULFV��EXW�ZLWK�VLJQLILFDQW�GLIIHUHQFHV�DQG
H[WHQVLRQV��UHIOHFWLQJ�WKH�VRSKLVWLFDWLRQ�RI�6FDOD¦V�W\SH�V\VWHP�

7R�UHFDS��D�GHFODUDWLRQ�OLNH�class List[+A]�PHDQV�WKDW�List�LV�SDUDPHWHUL]HG�E\�D�VLQJOH
W\SH��UHSUHVHQWHG�E\�A��7KH�+�LV�FDOOHG�D�YDULDQFH�DQQRWDWLRQ��:H¦OO�FRPH�EDFN�WR�LW�LQ
£9DULDQFH�8QGHU�,QKHULWDQFH¤�RQ�SDJH�����
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6RPHWLPHV��D�SDUDPHWHUL]HG�W\SH�OLNH�List�LV�FDOOHG�D�W\SH�FRQVWUXFWRU��EHFDXVH�LW�LV�XVHG
WR�FUHDWH�VSHFLILF�W\SHV��)RU�H[DPSOH��List�LV�WKH�W\SH�FRQVWUXFWRU�IRU�List[String]�DQG
List[Int]��ZKLFK�DUH�GLIIHUHQW�W\SHV��DOWKRXJK�WKH\�DUH�DFWXDOO\�LPSOHPHQWHG�ZLWK�WKH
VDPH�E\WH�FRGH�GXH�WR�W\SH�HUDVXUH���,Q�IDFW��LW¦V�PRUH�DFFXUDWH�WR�VD\�WKDW�DOO�WUDLWV�DQG
FODVVHV� DUH� W\SH� FRQVWUXFWRUV�� 7KRVH� ZLWKRXW� W\SH� SDUDPHWHUV� DUH� HIIHFWLYHO\� ]HUR�
DUJXPHQW��SDUDPHWHUL]HG�W\SHV�

,I� \RX�ZULWH�class StringList[String] extends List[String] {...}�
6FDOD�ZLOO�LQWHUSUHW�String�DV�WKH�QDPH�RI�WKH�W\SH�SDUDPHWHU��QRW�WKH
FUHDWLRQ� RI� D� W\SH� EDVHG� RQ� DFWXDO� 6WULQJV�� <RX�ZDQW� WR�ZULWH� class
StringList extends List[String] {...}�

Manifests
7KHUH�LV�DQ�H[SHULPHQWDO�IHDWXUH�LQ�6FDOD��VLQFH�YHUVLRQ���������FDOOHG�ManifestV��WKDW
FDSWXUHV�W\SH�LQIRUPDWLRQ�WKDW�LV�HUDVHG�LQ�WKH�E\WH�FRGH��7KLV�IHDWXUH�LV�QRW�GRFXPHQWHG
LQ�WKH�6FDODGRFV��EXW�\RX�FDQ�H[DPLQH�WKH�VRXUFH�IRU�WKH�scala.reflect.Manifest�WUDLW�
>2UWL]����@�GLVFXVVHV�ManifestV�DQG�SURYLGHV�H[DPSOHV�RI�WKHLU�XVH�

$�Manifest�LV�GHFODUHG�DV�DQ�LPSOLFLW�DUJXPHQW�WR�D�PHWKRG�RU�W\SH�WKDW�ZDQWV�WR�FDSWXUH
WKH�HUDVHG�W\SH�LQIRUPDWLRQ��8QOLNH�PRVW�LPSOLFLW�DUJXPHQWV��WKH�XVHU�GRHV�QRW�QHHG
WR�VXSSO\�DQ�LQ�VFRSH�Manifest�YDOXH�RU�PHWKRG��,QVWHDG��WKH�FRPSLOHU�JHQHUDWHV�RQH
DXWRPDWLFDOO\��+HUH�LV�DQ�H[DPSOH�WKDW�LOOXVWUDWHV�VRPH�RI�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV
RI�ManifestV�

// code-examples/TypeSystem/manifests/manifest-script.scala

import scala.reflect.Manifest

object WhichList {
  def apply[B](value: List[B])(implicit m: Manifest[B]) = m.toString match {
    case "int"              => println( "List[Int]" )
    case "double"           => println( "List[Double]" )
    case "java.lang.String" => println( "List[String]" )
    case _                  => println( "List[???]" )
  }
}

WhichList(List(1, 2, 3))
WhichList(List(1.1, 2.2, 3.3))
WhichList(List("one", "two", "three"))

List(List(1, 2, 3), List(1.1, 2.2, 3.3), List("one", "two", "three")) foreach {
  WhichList(_)
}

WhichList�WULHV�WR�GHWHUPLQH�WKH�W\SH�RI�OLVW�SDVVHG�LQ��,W�XVHV�WKH�YDOXH�RI�WKH�Manifest¦V
toString�PHWKRG�WR�GHWHUPLQH�WKLV�LQIRUPDWLRQ��1RWLFH�WKDW�LW�ZRUNV�ZKHQ�WKH�OLVW�LV
FRQVWUXFWHG� LQVLGH� WKH�FDOO� WR�WhichList.apply�� ,W�GRHV�QRW�ZRUN�ZKHQ�D�SUHYLRXVO\
FRQVWUXFWHG�OLVW�LV�SDVVHG�WR�WhichList.apply�
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7KH�FRPSLOHU�H[SORLWV�WKH�W\SH�LQIRUPDWLRQ�LW�NQRZV�LQ�WKH�ILUVW�FDVH�WR�FRQVWUXFW�WKH
LPSOLFLW�Manifest�ZLWK�WKH�FRUUHFW�B��+RZHYHU��ZKHQ�JLYHQ�SUHYLRXVO\�FRQVWUXFWHG�OLVWV�
WKH�FUXFLDO�W\SH�LQIRUPDWLRQ�LV�DOUHDG\�ORVW�

+HQFH��ManifestV�FDQ¦W�£UHVXUUHFW¤�W\SH�LQIRUPDWLRQ�IURP�E\WH�FRGH��EXW�WKH\�FDQ�EH
XVHG�WR�FDSWXUH�DQG�H[SORLW�W\SH�LQIRUPDWLRQ�EHIRUH�LW�LV�HUDVHG�

Parameterized Methods
,QGLYLGXDO�PHWKRGV�FDQ�DOVR�EH�SDUDPHWHUL]HG��*RRG�H[DPSOHV�DUH�WKH�apply�PHWKRGV
LQ� FRPSDQLRQ�REMHFWV� IRU�SDUDPHWHUL]HG� FODVVHV��5HFDOO� WKDW� FRPSDQLRQ�REMHFWV� DUH
VLQJOHWRQ�REMHFWV�DVVRFLDWHG�ZLWK�D�FRPSDQLRQ�FODVV��7KHUH�LV�RQO\�RQH�LQVWDQFH�RI�D
VLQJOHWRQ�REMHFW��DV�LWV�QDPH�LPSOLHV��VR�W\SH�SDUDPHWHUV�ZRXOG�EH�PHDQLQJOHVV�

/HW¦V�FRQVLGHU�object List��WKH�FRPSDQLRQ�REMHFW�IRU�class List[+A]��+HUH�LV�WKH�GHI�
LQLWLRQ�RI�WKH�apply�PHWKRG�LQ�object List�

def apply[A](xs: A*): List[A] = xs.toList

7KH�apply�PHWKRGV�WDNHV�D�YDULDEOH�OHQJWK�OLVW�RI�DUJXPHQWV�RI�W\SH�A��ZKLFK�ZLOO�EH
LQIHUUHG�IURP�WKH�DUJXPHQWV��DQG�UHWXUQV�D�OLVW�FUHDWHG�IURP�WKH�DUJXPHQWV��+HUH�LV�DQ
H[DPSOH�

val languages = List("Scala", "Java", "Ruby", "C#", "C++", "Python", ...)
val positiveInts = List(1, 2, 3, 4, 5, 6, 7, ...)

:H¦OO�ORRN�DW�RWKHU�SDUDPHWHUL]HG�PHWKRGV�VKRUWO\�

Variance Under Inheritance
$Q�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�-DYD�DQG�6FDOD�JHQHULFV�LV�KRZ�YDULDQFH�XQGHU�LQKHU�
LWDQFH�ZRUNV��)RU�H[DPSOH��LI�D�PHWKRG�KDV�DQ�DUJXPHQW�RI�W\SH�List[AnyRef]��FDQ�\RX
SDVV� D� List[String]� YDOXH"� ,Q� RWKHU�ZRUGV�� VKRXOG� D� List[String]� EH� FRQVLGHUHG� D
VXEW\SH�RI�List[AnyRef]"�,I�VR��WKLV�NLQG�RI�YDULDQFH�LV�FDOOHG�FRYDULDQFH��EHFDXVH�WKH
VXSHUW\SH�VXEW\SH�UHODWLRQVKLS�RI�WKH�FRQWDLQHU��WKH�SDUDPHWHUL]HG�W\SH��£JRHV�LQ�WKH
VDPH�GLUHFWLRQ¤�DV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�W\SH�SDUDPHWHUV��,Q�RWKHU�FRQWH[WV��\RX
PLJKW�ZDQW�FRQWUDYDULDQW�RU�LQYDULDQW�EHKDYLRU��ZKLFK�ZH¦OO�GHVFULEH�VKRUWO\�

,Q�6FDOD��WKH�YDULDQFH�EHKDYLRU�LV�GHILQHG�DW�WKH�GHFODUDWLRQ�VLWH�XVLQJ�YDULDQFH�DQQRWD�
WLRQV��+��-��RU�QRWKLQJ��,Q�RWKHU�ZRUGV��WKH�W\SH�GHVLJQHU�GHFLGHV�KRZ�WKH�W\SH�VKRXOG
YDU\�XQGHU�LQKHULWDQFH�

/HW¦V�H[DPLQH�WKH�WKUHH�NLQGV�RI�YDULDQFH��VXPPDUL]HG�LQ�7DEOH�������DQG�XQGHUVWDQG
KRZ�WR�XVH�WKHP�HIIHFWLYHO\��:H¦OO�DVVXPH�WKDW�TVXS� LV�D�VXSHUW\SH�RI�T�DQG�TVXE� LV�D
VXEW\SH�RI�T�
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7DEOH�������7\SH�YDULDQFH�DQQRWDWLRQV�DQG�WKHLU�PHDQLQJV

Annotation Java equivalent Description

+ ? extends T Covariant subclassing. E.g., List[Tsub] is a subtype of List[T].

- ? super T Contravariant subclassing. E.g., X[Tsup] is a subtype of X[T].

none T Invariant subclassing. E.g., Can’t substitute Y[Tsup] or Y[Tsub] for Y[T].

7KH�£-DYD�HTXLYDOHQW¤�FROXPQ�LV�D�ELW�PLVOHDGLQJ��ZH¦OO�H[SODLQ�ZK\�LQ�D�PRPHQW�

&ODVV� List� LV� GHFODUHG� List[+A]�� ZKLFK� PHDQV� WKDW� List[String]� LV� D� VXEFODVV� RI
List[AnyRef]��VR�Lists�DUH�FRYDULDQW�LQ�WKH�W\SH�SDUDPHWHU�A���:KHQ�D�W\SH�OLNH�List
KDV�RQO\�RQH�FRYDULDQW�W\SH�SDUDPHWHU��\RX¦OO�RIWHQ�KHDU�WKH�VKRUWKDQG�H[SUHVVLRQ�£/LVWV
DUH�FRYDULDQW¤�DQG�VLPLODUO\�IRU�W\SHV�ZLWK�D�VLQJOH�FRQWUDYDULDQW�W\SH�SDUDPHWHU��

7KH�WUDLWV�FunctionN��IRU�N�HTXDOV���WR�����DUH�XVHG�E\�6FDOD�WR�LPSOHPHQW�IXQFWLRQ�YDOXHV
DV�WUXH�REMHFWV��/HW¦V�SLFN�Function1�DV�D�UHSUHVHQWDWLYH�H[DPSOH��,W�LV�GHFODUHG�trait
Function1[-T, +R]�

7KH�+R�LV�WKH�UHWXUQ�W\SH�DQG�KDV�WKH�FRYDULDQW�DQQRWDWLRQ�+��7KH�W\SH�IRU�WKH�VLQJOH
DUJXPHQW�KDV�WKH�FRQWUDYDULDQW�DQQRWDWLRQ�-��)RU�IXQFWLRQV�ZLWK�PRUH�WKDQ�RQH�DUJX�
PHQW��DOO�WKH�DUJXPHQW�W\SHV�KDYH�WKH�FRQWUDYDULDQW�DQQRWDWLRQ��6R��IRU�H[DPSOH��XVLQJ
RXU�T��TVXS��DQG�TVXE�W\SHV��WKH�IROORZLQJ�GHILQLWLRQ�ZRXOG�EH�OHJDO�

val f: Function1[T, T] = new Function1[Tsup, Tsub] { ... }

+HQFH��WKH�IXQFWLRQ�WUDLWV�DUH�FRYDULDQW�LQ�WKH�UHWXUQ�W\SH�SDUDPHWHU�R�DQG�FRQWUDYDULDQW
LQ�WKH�DUJXPHQW�SDUDPHWHUV�T�, T�, ..., T1�

6R��ZKDW�GRHV�WKLV�UHDOO\�PHDQ"�/HW¦V�ORRN�DW�DQ�H[DPSOH�WR�XQGHUVWDQG�WKH�YDULDQFH
EHKDYLRU��,I�\RX�KDYH�SULRU�H[SHULHQFH�ZLWK�'HVLJQ�E\�&RQWUDFW� �VHH�>'HVLJQ%\&RQ�
WUDFW@���LW�PLJKW�KHOS�\RX�WR�UHFDOO�KRZ�LW�ZRUNV��ZKLFK�LV�YHU\�VLPLODU���:H�ZLOO�GLVFXVV
'HVLJQ�E\�&RQWUDFW�EULHIO\�LQ�£%HWWHU�'HVLJQ�ZLWK�'HVLJQ�%\�&RQWUDFW¤�RQ�SDJH������
7KLV�VFULSW�GHPRQVWUDWHV�YDULDQFH�XQGHU�LQKHULWDQFH�

// code-examples/TypeSystem/variances/func-script.scala
// WON'T COMPILE

class CSuper                { def msuper = println("CSuper") }
class C      extends CSuper { def m      = println("C") }
class CSub   extends C      { def msub   = println("CSub") }

var f: C => C = (c: C)      => new C       // #1
    f         = (c: CSuper) => new CSub    // #2
    f         = (c: CSuper) => new C       // #3
    f         = (c: C)      => new CSub    // #4
    f         = (c: CSub)   => new CSuper  // #5: ERROR!

7KLV�VFULSW�GRHVQ¦W�SURGXFH�DQ\�RXWSXW��,I�\RX�UXQ�LW��LW�ZLOO�IDLO�WR�FRPSLOH�RQ�WKH�ODVW
OLQH�
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:H� VWDUW� E\� GHILQLQJ� D� YHU\� VLPSOH� KLHUDUFK\� RI� WKUHH� FODVVHV�� C� DQG� LWV� VXSHUFODVV
CSuper�DQG�LWV�VXEW\SH�CSub��(DFK�RQH�GHILQHV�D�PHWKRG��ZKLFK�ZH¦OO�H[SORLW�VKRUWO\�

1H[W�ZH�GHILQH�D�var�QDPHG�f�RQ�WKH�OLQH�ZLWK�WKH����FRPPHQW��,W�LV�D�IXQFWLRQ�ZLWK
WKH�VLJQDWXUH�C => C��0RUH�SUHFLVHO\��LW�LV�RI�W\SH�Function1(-C,+C)��7R�EH�FOHDU��WKH
YDOXH�DVVLJQHG�WR�f�LV�DIWHU�WKH�HTXDOV�VLJQ��(c: C) => new C��:H�DFWXDOO\�LJQRUH�WKH
LQSXW�c�YDOXH�DQG�MXVW�FUHDWH�D�QHZ�C�

1RZ�ZH�DVVLJQ�GLIIHUHQW�DQRQ\PRXV�IXQFWLRQ�YDOXHV�WR�f��:H�XVH�ZKLWHVSDFH�WR�PDNH
WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�VWDQG�RXW�ZKHQ�FRPSDULQJ�WKH�RULJLQDO�GHFODUDWLRQ�RI
f� DQG� WKH� VXEVHTXHQW� UHDVVLJQPHQWV��:H�NHHS� UHDVVLJQLQJ� WR�f�EHFDXVH�ZH�DUH� MXVW
WHVWLQJ�ZKDW�ZLOO�DQG�ZRQ¦W�FRPSLOH�DW�WKLV�SRLQW��6SHFLILFDOO\��ZH�ZDQW�WR�NQRZ�ZKDW
IXQFWLRQ�YDOXHV�ZH�FDQ�OHJDOO\�DVVLJQ�WR�f: (C) => C�

7KH�VHFRQG�DVVLJQPHQW�RQ�OLQH����DVVLJQV�(x:CSuper) => new CSub�DV�WKH�IXQFWLRQ�YDOXH�
7KLV�DOVR�ZRUNV��EHFDXVH�WKH�DUJXPHQW�WR�Function1�LV�FRQWUDYDULDQW��VR�ZH�FDQ�VXE�
VWLWXWH�WKH�VXSHUW\SH��ZKLOH�WKH�UHWXUQ�W\SH�RI�Function1�LV�FRYDULDQW��VR�RXU�IXQFWLRQ
YDOXH�FDQ�UHWXUQ�DQ�LQVWDQFH�RI�WKH�VXEW\SH�

7KH�QH[W�WZR�OLQHV�DOVR�ZRUN��2Q�OLQH�����ZH�XVH�D�CSuper�IRU�WKH�DUJXPHQW��ZKLFK
ZRUNV�DV�LW�GLG�LQ�OLQH�����:H�UHWXUQ�D�C��ZKLFK�DOVR�ZRUNV�DV�H[SHFWHG��6LPLODUO\��RQ
OLQH�����ZH�XVH�C�DV�WKH�DUJXPHQW�DQG�CSub�DV�WKH�UHWXUQ�W\SH��ERWK�RI�ZKLFK�ZRUNHG
ILQH�LQ�WKH�SUHYLRXV�OLQHV�

7KH�ODVW�OLQH������GRHV�QRW�FRPSLOH�EHFDXVH�ZH�DUH�DWWHPSWLQJ�WR�XVH�D�FRYDULDQW�DUJX�
PHQW�LQ�D�FRQWUDYDULDQW�SRVLWLRQ��:H¦UH�DOVR�DWWHPSWLQJ�WR�XVH�D�FRQWUDYDULDQW�UHWXUQ
YDOXH�ZKHUH�RQO\�FRYDULDQW�YDOXHV�DUH�DOORZHG�

:K\�LV�WKH�EHKDYLRU�FRUUHFW�LQ�WKHVH�FDVHV"�+HUH¦V�ZKHUH�'HVLJQ�E\�&RQWUDFW�WKLQNLQJ
FRPHV�LQ�KDQG\��/HW¦V�VHH�KRZ�D�FOLHQW�PLJKW�XVH�VRPH�RI�WKHVH�GHILQLWLRQV�RI�f�

// code-examples/TypeSystem/variances/func2-script.scala
// WON'T COMPILE

class CSuper                { def msuper = println("CSuper") }
class C      extends CSuper { def m      = println("C") }
class CSub   extends C      { def msub   = println("CSub") }

def useF(f: C => C) = {
  val c1 = new C     // #1
  val c2: C = f(c1)  // #2
  c2.msuper          // #3
  c2.m               // #4
}

useF((c: C)      => new C)        // #5
useF((c: CSuper) => new CSub)     // #6
useF((c: CSub)   => {println(c.msub); new CSuper})   // #7: ERROR!

7KH�useF�PHWKRG�WDNHV�D�IXQFWLRQ�C => C�DV�DQ�DUJXPHQW���:H¦UH�MXVW�SDVVLQJ�IXQFWLRQ
OLWHUDOV�QRZ��UDWKHU�WKDQ�DVVLJQLQJ�WKHP�WR�f���,W�FUHDWHV�D�C��OLQH�����DQG�SDVVHV�LW�WR
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WKH�LQSXW�IXQFWLRQ�WR�FUHDWH�D�QHZ�C��OLQH������7KHQ�LW�XVHV�WKH�IHDWXUHV�RI�C��QDPHO\��LW
FDOOV�WKH�msuper�DQG�m�PHWKRGV��OLQHV����DQG�����UHVSHFWLYHO\��

<RX�FRXOG�VD\�WKDW�WKH�useF�PHWKRG�VSHFLILHV�D�FRQWUDFW�RI�EHKDYLRU��,W�H[SHFWV�WR�EH
SDVVHG�D�IXQFWLRQ�WKDW�FDQ�WDNH�D�C�DQG�UHWXUQ�D�C��,W�ZLOO�FDOO�WKH�SDVVHG�LQ�IXQFWLRQ�
SDVVLQJ�D�C�LQVWDQFH�WR�LW��DQG�LW�ZLOO�H[SHFW�WR�UHFHLYH�D�C�EDFN�

,Q�OLQH�����ZH�SDVV�useF�D�IXQFWLRQ�WKDW�WDNHV�D�C�DQG�UHWXUQV�D�C��7KH�UHWXUQHG�C�ZLOO
ZRUN�ZLWK�OLQHV����DQG�����E\�GHILQLWLRQ��$OO�LV�JRRG�

)LQDOO\��ZH�FRPH�WR�WKH�SRLQW�RI�WKLV�H[DPSOH��,Q�OLQH�����ZH�SDVV�LQ�D�IXQFWLRQ�WKDW�LV
£ZLOOLQJ¤�WR�DFFHSW�D�CSuper�DQG�£SURPLVHV¤�WR�UHWXUQ�D�CSub��7KDW�LV��WKLV�IXQFWLRQ�LV
W\SH�LQIHUUHG�WR�EH�Function1[CSuper,CSub]��,Q�HIIHFW��LW�ZLGHQV�WKH�DOORZHG�LQVWDQFHV
E\�DFFHSWLQJ�D�VXSHUW\SH��.HHS�LQ�PLQG�WKDW�LW�ZLOO�QHYHU�DFWXDOO\�EH�SDVVHG�D�CSuper
E\�useF��RQO\�D�C��+RZHYHU��VLQFH�LW�FDQ�DFFHSW�D�ZLGHU�VHW�RI�LQVWDQFHV��LW�ZLOO�ZRUN�ILQH
LI�LW�RQO\�JHWV�C�LQVWDQFHV�

6LPLODUO\��E\�£SURPLVLQJ¤�WR�UHWXUQ�D�CSub��WKLV�DQRQ\PRXV�IXQFWLRQ�QDUURZV�WKH�SRV�
VLEOH�YDOXHV�UHWXUQHG�WR�useF��7KDW¦V�2.��WRR��EHFDXVH�useF�ZLOO�DFFHSW�DQ\�C�LQ�UHWXUQ�
VR�LI�LW�RQO\�JHWV�CSubs��LW�ZLOO�EH�KDSS\��/LQHV����DQG����ZLOO�VWLOO�ZRUN�

$SSO\LQJ�WKH�VDPH�DUJXPHQWV��ZH�FDQ�VHH�ZK\�WKH�ODVW�OLQH�LQ�WKH�VFULSW��OLQH�����IDLOV
WR�FRPSLOH��1RZ�WKH�DQRQ\PRXV�IXQFWLRQ�FDQ�RQO\�DFFHSW�D�CSub��EXW�useF�ZLOO�SDVV�LW
D�C��7KH�ERG\�RI�WKH�DQRQ\PRXV�IXQFWLRQ�ZRXOG�QRZ�EUHDN��EHFDXVH�LW�FDOOV�c.msub�
ZKLFK�GRHVQ¦W�H[LVW�LQ�C��6LPLODUO\��UHWXUQLQJ�D�CSuper�ZKHQ�D�C�LV�H[SHFWHG�EUHDNV�OLQH
���LQ�useF��EHFDXVH�CSuper�GRHVQ¦W�KDYH�WKH�m�PHWKRG�

7KH�VDPH�DUJXPHQWV�DUH�XVHG�WR�H[SODLQ�KRZ�FRQWUDFWV�FDQ�FKDQJH�XQGHU�LQKHULWDQFH
LQ�'HVLJQ�E\�&RQWUDFW�

1RWH�WKDW�YDULDQFH�DQQRWDWLRQV�RQO\�PDNH�VHQVH�RQ�WKH�W\SH�SDUDPHWHUV�IRU�SDUDPH�
WHUL]HG�W\SHV��QRW�SDUDPHWHUL]HG�PHWKRGV��EHFDXVH�WKH�DQQRWDWLRQV�DIIHFW�WKH�EHKDYLRU
RI� VXEW\SLQJ��0HWKRGV� DUHQ¦W� VXEW\SHG�� EXW� WKH� W\SHV� WKDW� FRQWDLQ� WKHP�PLJKW� EH
VXEW\SHG�

7KH�+�YDULDQFH�DQQRWDWLRQ�PHDQV�WKH�SDUDPHWHUL]HG�W\SH�LV�FRYDULDQW�LQ
WKH�W\SH�SDUDPHWHU��7KH�-�YDULDQFH�DQQRWDWLRQ�PHDQV�WKH�SDUDPHWHUL]HG
W\SH� LV� FRQWUDYDULDQW� LQ� WKH� W\SH� SDUDPHWHU��1R� YDULDQFH� DQQRWDWLRQ
PHDQV�WKH�SDUDPHWHUL]HG�W\SH�LV�LQYDULDQW�LQ�WKH�W\SH�SDUDPHWHU�

)LQDOO\��WKH�FRPSLOHU�FKHFNV�\RXU�XVH�RI�YDULDQFH�DQQRWDWLRQV�IRU�SUREOHPV�OLNH�WKH�RQH
ZH�MXVW�GHVFULEHG�LQ�WKH�ODVW�OLQHV�RI�WKH�H[DPSOHV��6XSSRVH�\RX�DWWHPSWHG�WR�GHILQH
\RXU�RZQ�IXQFWLRQ�W\SH�WKLV�ZD\�

trait MyFunction2[+T1, +T2, -R] {
  def apply(v1:T1, v2:T2): R = { ... }
  ...
}
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7KH�FRPSLOHU�ZRXOG�WKURZ�WKH�IROORZLQJ�HUURUV�IRU�WKH�apply�PHWKRG�

... error: contravariant type R occurs in covariant position in type (T1,T2)R
       def apply(v1:T1, v2:T2):R
           ^
... error: covariant type T1 occurs in contravariant position in type T1 ...
       def apply(v1:T1, v2:T2):R
                 ^
... error: covariant type T2 occurs in contravariant position in type T2 ...
       def apply(v1:T1, v2:T2):R
                        ^

Variance of Mutable Types
$OO�WKH�SDUDPHWHUL]HG�W\SHV�ZH¦YH�GLVFXVVHG�VR�IDU�KDYH�EHHQ�LPPXWDEOH�W\SHV��:KDW
DERXW�WKH�YDULDQFH�EHKDYLRU�RI�PXWDEOH�W\SHV"�7KH�VKRUW�DQVZHU�LV�WKDW�RQO\� LQYDUL�
DQFH�LV�DOORZHG��&RQVLGHU�WKLV�H[DPSOH�

// code-examples/TypeSystem/variances/mutable-type-variance-script.scala
// WON'T COMPILE: Mutable parameterized types can't have variance annotations

class ContainerPlus[+A](var value: A)      // ERROR
class ContainerMinus[-A](var value: A)     // ERROR

println( new ContainerPlus("Hello World!") )
println( new ContainerMinus("Hello World!") )

5XQQLQJ�WKLV�VFULSW�WKURZV�WKH�IROORZLQJ�HUURUV�

... 4: error: covariant type A occurs in contravariant position in type A \
    of parameter of setter value_=
class ContainerPlus[+A](var value: A)      // ERROR
                             ^
... 5: error: contravariant type A occurs in covariant position in type => A \
    of method value
class ContainerMinus[-A](var value: A)     // ERROR
                              ^
two errors found

:H�FDQ�PDNH�VHQVH�RI�WKHVH�HUURUV�E\�UHPHPEHULQJ�RXU�GLVFXVVLRQ�RI�FunctionN�W\SH
YDULDQFH�XQGHU�LQKHULWDQFH��ZKHUH�WKH�W\SHV�RI�WKH�IXQFWLRQ�DUJXPHQWV�DUH�FRQWUDYDU�
LDQW��L�H���-T1��DQG�WKH�UHWXUQ�W\SH�LV�FRYDULDQW��L�H���+R��

7KH�SUREOHP�ZLWK�D�PXWDEOH�W\SH�LV�WKDW�DW�OHDVW�RQH�RI�LWV�ILHOGV�KDV�WKH�HTXLYDOHQW�RI
UHDG�DQG�ZULWH�RSHUDWLRQV��HLWKHU�WKURXJK�GLUHFW�DFFHVV�RU�WKURXJK�DFFHVVRU�PHWKRGV�

,Q�WKH�ILUVW�HUURU��ZH�DUH�WU\LQJ�WR�XVH�D�FRYDULDQW�W\SH�DV�DQ�DUJXPHQW�WR�D�VHWWHU��ZULWH�
PHWKRG��EXW�ZH�VDZ�IURP�RXU�GLVFXVVLRQ�RI�IXQFWLRQ�W\SHV�WKDW�DUJXPHQW�W\SHV�WR�D
PHWKRG�PXVW�EH�FRQWUDYDULDQW��$�FRYDULDQW�W\SH�LV�ILQH�IRU�WKH�JHWWHU��UHDG��PHWKRG�

6LPLODUO\��IRU�WKH�VHFRQG�HUURU��ZH�DUH�WU\LQJ�WR�XVH�D�FRQWUDYDULDQW�W\SH�DV�WKH�UHWXUQ
YDOXH�RI�D�UHDG�PHWKRG��ZKLFK�PXVW�EH�FRYDULDQW��)RU�WKH�ZULWH�PHWKRG��WKH�FRQWUD�
YDULDQW�W\SH�LV�ILQH�
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+HQFH��WKH�FRPSLOHU�ZRQ¦W�OHW�XV�XVH�D�YDULDQFH�DQQRWDWLRQ�RQ�D�W\SH�WKDW�LV�XVHG�IRU�D
PXWDEOH�ILHOG��)RU�WKLV�UHDVRQ��DOO�WKH�PXWDEOH�SDUDPHWHUL]HG�W\SHV�LQ�WKH�6FDOD�OLEUDU\
DUH�LQYDULDQW�LQ�WKHLU�W\SH�SDUDPHWHUV��6RPH�RI�WKHP�KDYH�FRUUHVSRQGLQJ�LPPXWDEOH
W\SHV�WKDW�KDYH�FRYDULDQW�RU�FRQWUDYDULDQW�SDUDPHWHUV�

Variance In Scala Versus Java
$V�ZH�VDLG��WKH�YDULDQFH�EHKDYLRU�LV�GHILQHG�DW�WKH�GHFODUDWLRQ�VLWH�LQ�6FDOD��,Q�-DYD��LW
LV�GHILQHG�DW�WKH�FDOO�VLWH��7KH�FOLHQW�RI�D�W\SH�GHILQHV�WKH�YDULDQFH�EHKDYLRU�GHVLUHG��VHH
>1DIWDOLQ����@��� ,Q�RWKHU�ZRUGV��ZKHQ�\RX�XVH�D� -DYD�JHQHULF� DQG� VSHFLI\� WKH� W\SH
SDUDPHWHU��\RX�DOVR�VSHFLI\�WKH�YDULDQFH�EHKDYLRU��LQFOXGLQJ�LQYDULDQFH��ZKLFK�LV�WKH
GHIDXOW���<RX�FDQ¦W�VSHFLI\�YDULDQFH�EHKDYLRU�DW�WKH�GHILQLWLRQ�VLWH�LQ�-DYD��DOWKRXJK�\RX
FDQ�XVH�H[SUHVVLRQV�WKDW� ORRN�VLPLODU��7KRVH�H[SUHVVLRQV�GHILQH� W\SH�ERXQGV��ZKLFK
ZH¦OO�GLVFXVV�VKRUWO\�

,Q� -DYD� YDULDQFH� VSHFLILFDWLRQV�� D� ZLOGFDUG� ?� DOZD\V� DSSHDUV� EHIRUH� WKH� super� RU
extends�NH\ZRUG��DV�VKRZQ�HDUOLHU�LQ�7DEOH�������:KHQ�ZH�VDLG�DIWHU�WKH�WDEOH�WKDW�WKH
£-DYD�(TXLYDOHQW¤�FROXPQ�LV�D�ELW�PLVOHDGLQJ��ZH�ZHUH�UHIHUULQJ�WR�WKH�GLIIHUHQFHV�EH�
WZHHQ�GHFODUDWLRQ�YHUVXV�FDOO�VLWH�VSHFLILFDWLRQV��7KHUH�LV�DQRWKHU�ZD\�LQ�ZKLFK�WKH�6FDOD
DQG�-DYD�EHKDYLRUV�GLIIHU��ZKLFK�ZH¦OO�FRYHU�LQ�£([LVWHQWLDO�7\SHV¤�RQ�SDJH�����

$�GUDZEDFN�RI�FDOO�VLWH�YDULDQFH�VSHFLILFDWLRQV�LV�WKDW�WKH\�IRUFH�WKH�XVHUV�RI�-DYD�JH�
QHULFV�WR�XQGHUVWDQG�WKH�W\SH�V\VWHP�PRUH�WKRURXJKO\�WKDQ�LV�QHFHVVDU\�IRU�XVHUV�RI
6FDOD�SDUDPHWHUL]HG�W\SHV��ZKR�GRQ¦W�QHHG�WR�VSHFLI\�WKLV�EHKDYLRU�ZKHQ�XVLQJ�SDUD�
PHWHUL]HG�W\SHV���6FDOD�XVHUV�DOVR�EHQHILW�JUHDWO\�IURP�W\SH�LQIHUHQFH��

/HW¦V� ORRN�DW� D� -DYD� H[DPSOH�� D� VLPSOLILHG� -DYD�YHUVLRQ�RI� 6FDOD¦V�Option��Some�� DQG
None�W\SHV�

// code-examples/TypeSystem/variances/Option.java

package variances;

abstract public class Option<T> {
  abstract public boolean isEmpty();

  abstract public T get();

  public T getOrElse(T t) {
    return isEmpty() ? t : get();
  }
}

// code-examples/TypeSystem/variances/Some.java

package variances;

public class Some<T> extends Option<T> {

  public Some(T value) {
    this.value = value;
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  }

  public boolean isEmpty() { return false; }

  private T value;

  public T get() { return value; }

  public String toString() {
    return "Option(" + value + ")";
  }
}

// code-examples/TypeSystem/variances/None.java

package variances;

public class None<T> extends Option<T> {

  public boolean isEmpty() { return true; }

  public T get() { throw new java.util.NoSuchElementException(); }

  public String toString() {
    return "None";
  }
}

+HUH�LV�DQ�H[DPSOH�WKDW�XVHV�WKLV�-DYD�Option�KLHUDUFK\�

// code-examples/TypeSystem/variances/OptionExample.java

package variances;
import java.io.*;
import shapes.*;  // From "Introducing Scala" chapter

public class OptionExample {
  static String[] shapeNames = {"Rectangle", "Circle", "Triangle", "Unknown"};
  static public void main(String[] args) {

    Option<? extends Shape> shapeOption =
      makeShape(shapeNames[0], new Point(0.,0.), 2., 5.);
    print(shapeNames[0], shapeOption);

    shapeOption = makeShape(shapeNames[1], new Point(0.,0.), 2.);
    print(shapeNames[1], shapeOption);

    shapeOption = makeShape(shapeNames[2],
      new Point(0.,0.), new Point(2.,0.), new Point(0.,2.));
    print(shapeNames[2], shapeOption);

    shapeOption = makeShape(shapeNames[3]);
    print(shapeNames[3], shapeOption);
  }

  static public Option<? extends Shape> makeShape(String shapeName,
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      Object... args) {
    if (shapeName == shapeNames[0])
      return new Some<Rectangle>(new Rectangle((Point) args[0],
        (Double) args[1], (Double) args[2]));
    else if (shapeName == shapeNames[1])
      return new Some<Circle>(new Circle((Point) args[0], (Double) args[1]));
    else if (shapeName == shapeNames[2])
      return new Some<Triangle>(new Triangle((Point) args[0],
        (Point) args[1], (Point) args[2]));
    else
      return new None<Shape>();
  }

  static void print(String name, Option<? extends Shape> shapeOption) {
    System.out.println(name + "? " + shapeOption);
  }
}

OptionExample.main�XVHV�WKH�Shape�KLHUDUFK\�IURP�&KDSWHU����EXW�ZH�KDYH�XSGDWHG�LW
VOLJKWO\�WR�H[SORLW�IHDWXUHV�WKDW�ZH¦YH�OHDUQHG�VLQFH�WKHQ��VXFK�DV�case�FODVVHV�

// code-examples/TypeSystem/shapes/shapes.scala

package shapes {
  case class Point(x: Double, y: Double) {
    override def toString() = "Point(" + x + "," + y + ")"
  }

  abstract class Shape() {
    def draw(): Unit
  }

  case class Circle(center: Point, radius: Double) extends Shape {
    def draw() = println("Circle.draw: " + this)
  }

  case class Rectangle(lowerLeft: Point, height: Double, width: Double)
        extends Shape {
    def draw() = println("Rectangle.draw: " + this)
  }

  case class Triangle(point1: Point, point2: Point, point3: Point)
        extends Shape() {
    def draw() = println("Triangle.draw: " + this)
  }
}

5XQQLQJ�OptionExample�ZLWK�scala -cp ... variances.OptionExample� SURGXFHV� WKH
IROORZLQJ�RXWSXW�

Rectangle? Option(Rectangle(Point(0.0,0.0),2.0,5.0))
Circle? Option(Circle(Point(0.0,0.0),2.0))
Triangle? Option(Triangle(Point(0.0,0.0),Point(2.0,0.0),Point(0.0,2.0)))
Unknown? None
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%\�WKH�ZD\��ZH�DUH�DOVR�GHPRQVWUDWLQJ�6FDOD�-DYD�LQWHURSHUDELOLW\��ZKLFK�ZH¦OO�UHYLVLW
LQ�£-DYD�,QWHURSHUDELOLW\¤�RQ�SDJH�����

OptionExample.main�FDOOV�WKH�VWDWLF�IDFWRU\�PHWKRG�makeShape��ZKRVH�DUJXPHQWV�DUH�WKH
QDPH� RI� D� JHRPHWULF� VKDSH� DQG� D� YDULDEOH� OHQJWK� OLVW� RI� SDUDPHWHUV� WR� SDVV� WR� WKH
Shape�FRQVWUXFWRUV�

1RWH� WKDW� makeShape� UHWXUQV� Option<? extends Shape>�� DQG� ZKHQ� ZH� LQVWDQWLDWH� D
Shape��ZH�UHWXUQ�D�Some�SDUDPHWHUL]HG�ZLWK�WKH�Shape�VXEW\SH�LW�ZUDSV��,I�DQ�XQNQRZQ
VKDSH�QDPH�LV�SDVVHG�LQ��WKHQ�ZH�UHWXUQ�D�None<Shape>��:H�PXVW�SDUDPHWHUL]H�D�None
LQVWDQFH�ZLWK�Shape��%HFDXVH�6FDOD�GHILQHV�D�VXEW\SH�RI�DOO�W\SHV��Nothing��6FDOD�FDQ
GHILQH�None�DV�case object None extends Option[Nothing]�

7KH�-DYD�W\SH�V\VWHP�SURYLGHV�QR�ZD\�WR�LPSOHPHQW�RXU�-DYD�None�LQ�D�VLPLODU�ZD\�
+DYLQJ�D�VLQJOHWRQ�REMHFW�None�KDV�D�QXPEHU�RI�DGYDQWDJHV��LQFOXGLQJ�JUHDWHU�HIILFLHQF\�
EHFDXVH�ZH�DUHQ¦W�FUHDWLQJ�ORWV�RI�OLWWOH�REMHFWV��DQG�XQDPELJXRXV�EHKDYLRU�RI�equals�
EHFDXVH�ZH�GRQ¦W�QHHG�WR�GHILQH�WKH�VHPDQWLFV�RI�HTXDOLW\�EHWZHHQ�GLIIHUHQW�W\SH�LQ�
VWDQWLDWLRQV�RI�RXU�-DYD�None<?>�W\SH¢IRU�H[DPSOH��None<String>�YHUVXV�None<Shape>�

)LQDOO\�� QRWH� WKDW� OptionExample�� D� FOLHQW� RI� Option�� KDV� WR� VSHFLI\� W\SH� YDULDQFH�
Option<? extends Shape>�LQ�VHYHUDO�SODFHV��,Q�6FDOD��WKH�FOLHQW�GRHVQ¦W�FDUU\�WKLV�EXUGHQ�

Implementation Notes
7KH�LPSOHPHQWDWLRQ�RI�SDUDPHWHUL]HG�W\SHV�DQG�PHWKRGV�LV�ZRUWK�QRWLQJ��7KH�LPSOH�
PHQWDWLRQV�DUH�JHQHUDWHG�ZKHQ�WKH�GHILQLQJ�VRXUFH�ILOH�LV�FRPSLOHG��)RU�HDFK�W\SH�SD�
UDPHWHU��WKH�LPSOHPHQWDWLRQ�DVVXPHV�WKDW�Any�VXEW\SH�FRXOG�EH�VSHFLILHG��Object� LV
XVHG�LQ�-DYD�JHQHULFV���7KHVH�DVSHFWV�KDYH�SHUIRUPDQFH�LPSOLFDWLRQV�WKDW�ZH�ZLOO�UHYLVLW
ZKHQ�ZH�GLVFXVV�WKH�@specialized�DQQRWDWLRQ�LQ�£$QQRWDWLRQV¤�RQ�SDJH�����

Type Bounds
:KHQ� GHILQLQJ� D� SDUDPHWHUL]HG� W\SH� RU� PHWKRG�� LW� PD\� EH� QHFHVVDU\� WR� VSHFLI\
ERXQGV�RQ�WKH�W\SH��)RU�H[DPSOH��D�SDUDPHWHUL]HG�W\SH�PLJKW�DVVXPH�WKDW�D�SDUWLFXODU
W\SH�SDUDPHWHU�FRQWDLQV�FHUWDLQ�PHWKRGV�

Upper Type Bounds
&RQVLGHU�WKH�RYHUORDGHG�apply�PHWKRGV�LQ�object scala.Array�WKDW�FUHDWH�QHZ�DUUD\V�
7KHUH�DUH�RSWLPL]HG�LPSOHPHQWDWLRQV�IRU�HDFK�RI�WKH�AnyVal�W\SHV��7KHUH�LV�DQRWKHU
LPSOHPHQWDWLRQ� RI� apply� WKDW� LV� SDUDPHWHUL]HG� IRU� DQ\� W\SH� WKDW� LV� D� VXEW\SH� RI
AnyRef��+HUH�LV�WKH�LPSOHPHQWDWLRQ�LQ�6FDOD�YHUVLRQ�������

object Array {
  ...
  def apply[A <: AnyRef](xs: A*): Array[A] = {
    val array = new Array[A](xs.length)
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    var i = 0
    for (x <- xs.elements) { array(i) = x; i += 1 }
    array
  }
  ...
}

7KH�W\SH�SDUDPHWHU�A <: AnyRef�PHDQV�£DQ\�W\SH�A�WKDW�LV�D�VXEW\SH�RI�AnyRef�¤�1RWH
WKDW�D�W\SH�LV�DOZD\V�D�VXEW\SH�DQG�D�VXSHUW\SH�RI�LWVHOI��VR�A�FRXOG�DOVR�HTXDO�AnyRef�
6R�WKH�<:�RSHUDWRU�LQGLFDWHV�WKDW�WKH�W\SH�WR�WKH�OHIW�PXVW�EH�GHULYHG�IURP�WKH�W\SH�WR
WKH� ULJKW�� RU� WKDW� WKH\� PXVW� EH� WKH� VDPH� W\SH�� $V� ZH� VDLG� LQ� £5HVHUYHG
:RUGV¤�RQ�SDJH�����WKLV�RSHUDWRU�LV�DFWXDOO\�D�UHVHUYHG�ZRUG�LQ�WKH�ODQJXDJH�

7KHVH�ERXQGV�DUH�FDOOHG�XSSHU� W\SH�ERXQGV�� IROORZLQJ� WKH�GH� IDFWR�FRQYHQWLRQ� WKDW
GLDJUDPV�RI�W\SH�KLHUDUFKLHV�SXW�VXEW\SHV�EHORZ�WKHLU�VXSHUW\SHV��:H�IROORZHG�WKLV
FRQYHQWLRQ�LQ�WKH�GLDJUDP�VKRZQ�LQ�£7KH�6FDOD�7\SH�+LHUDUFK\¤�RQ�SDJH�����

:LWKRXW� WKH� ERXQG� LQ� WKLV� FDVH�� L�H��� LI� WKH� VLJQDWXUH�ZHUH� def apply[A](xs: A*):
Array[A]��WKH�GHFODUDWLRQ�ZRXOG�EH�DPELJXRXV�ZLWK�WKH�RWKHU�apply�PHWKRGV�IRU�HDFK
RI�WKH�AnyVal�W\SHV�

7KH�W\SH�VLJQDWXUH�A <: B�VD\V�WKDW�A�PXVW�EH�D�VXEW\SH�RI�B��,Q�-DYD��WKLV
ZRXOG�EH�H[SUHVVHG�DV�A extends B�LQ�D�W\SH�GHFODUDWLRQ��7KLV�LV�GLIIHUHQW
IURP�LQVWDQWLDWLQJ�D�W\SH�DW�D�FDOO�VLWH��ZKHUH�WKH�V\QWD[�? extends B�LV
XVHG�LQ�-DYD��LQGLFDWLQJ�WKH�YDULDQFH�EHKDYLRU�

.HHS�LQ�PLQG�WKH�GLVWLQFWLRQ�EHWZHHQ�W\SH�YDULDQFH�DQG�W\SH�ERXQGV��)RU�D�W\SH�OLNH
List�� WKH� YDULDQFH� EHKDYLRU� GHVFULEHV� KRZ� DFWXDO� W\SHV� LQVWDQWLDWHG� IURP� LW�� OLNH
List[AnyRef]�DQG�List[String]��DUH�UHODWHG��,Q�WKLV�FDVH��List[String]�LV�D�VXEW\SH�RI
List[AnyRef]��VLQFH�String�LV�D�VXEW\SH�RI�AnyRef�

,Q�FRQWUDVW��ORZHU�DQG�XSSHU�W\SH�ERXQGV�OLPLW�WKH�DOORZHG�W\SHV�WKDW�FDQ�EH�XVHG�IRU
D�W\SH�SDUDPHWHU�ZKHQ�LQVWDQWLDWLQJ�D�W\SH�IURP�D�SDUDPHWHUL]HG�W\SH��)RU�H[DPSOH�
def apply[A <: AnyRef]...�VD\V�WKDW�DQ\�W\SH�XVHG�IRU�A�PXVW�EH�D�VXEW\SH�RI�AnyRef�

Lower Type Bounds
6LPLODUO\�� WKHUH� DUH� FLUFXPVWDQFHV�ZKHQ�ZH�PLJKW�ZDQW� WR� H[SUHVV� WKDW� RQO\�super
types�RI�D�SDUWLFXODU�W\SH�DUH�DOORZHG���5HFDOO�WKDW�D�W\SH�LV�DOVR�D�VXSHUW\SH�RI�LWVHOI��
:H�FDOO�WKHVH�ORZHU�W\SH�ERXQGV��DJDLQ�EHFDXVH�WKH�DOORZHG�W\SH�ZRXOG�EH�DERYH�WKH
ERXQGDU\�LQ�D�W\SLFDO�W\SH�KLHUDUFK\�GLDJUDP�

$�SDUWLFXODUO\�LQWHUHVWLQJ�H[DPSOH�LV�WKH�::��£FRQV¤��PHWKRG�LQ�FODVV�List[+A]��5HFDOO
WKDW�WKLV�RSHUDWRU�LV�XVHG�WR�FUHDWH�D�QHZ�OLVW�E\�SUHSHQGLQJ�DQ�HOHPHQW�WR�D�OLVW�

class List[+A] {
  ...
  def ::[B >: A](x : B) : List[B] = new scala.::(x, this)
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  ...
}

7KH�QHZ�OLVW�ZLOO�EH�RI�W\SH�List[B]��VSHFLILFDOO\�D�scala.::��7KH�::�FODVV��DV�RSSRVHG
WR�WKH�::�PHWKRG��LV�GHULYHG�IURP�List��:H¦OO�FRPH�EDFN�WR�LW�LQ�D�PRPHQW�

7KH�::�PHWKRG�FDQ�SUHSHQG�DQ�REMHFW�RI�D�GLIIHUHQW�W\SH�IURP�A��WKH�W\SH�RI�WKH�HOHPHQWV
LQ�WKH�RULJLQDO�OLVW��7KH�FRPSLOHU�ZLOO�LQIHU�WKH�FORVHVW�FRPPRQ�VXSHUW\SH�IRU�A�DQG�WKH
SDUDPHWHU�x��,W�ZLOO�XVH�WKDW�VXSHUW\SH�DV�B��+HUH¦V�DQ�H[DPSOH�WKDW�SUHSHQGV�D�GLIIHUHQW
W\SH�RI�REMHFW�RQ�D�OLVW�

// code-examples/TypeSystem/bounds/list-ab-script.scala

val languages = List("Scala", "Java", "Ruby", "C#", "C++", "Python")
val list = 3.14 :: languages
println(list)

7KH�VFULSW�SULQWV�WKH�IROORZLQJ�RXWSXW�

List(3.14, Scala, Java, Ruby, C#, C++, Python)

7KH�QHZ�OLVW�RI�W\SH�List[Any]��VLQFH�Any�LV�WKH�FORVHVW�FRPPRQ�VXSHUW\SH�RI�String
DQG�Double��:H�VWDUWHG�ZLWK�D�OLVW�RI�Strings��VR�A�ZDV�String��7KHQ�ZH�SUHSHQGHG�D
Double��VR�WKH�FRPSLOHU�LQIHUUHG�B�WR�EH�Any��WKH�FORVHVW��DQG�RQO\��FRPPRQ�VXSHUW\SH�

7KH�W\SH�VLJQDWXUH�B >: A�VD\V�WKDW�B�PXVW�EH�D�VXSHUW\SH�RI�A��7KHUH�LV
QR�DQDORJ�LQ�-DYD��B super A�LV�QRW�VXSSRUWHG�

A Closer Look at Lists
3XWWLQJ�WKHVH�IHDWXUHV�WRJHWKHU��LW¦V�ZRUWK�ORRNLQJ�DW�WKH�LPSOHPHQWDWLRQ�RI�WKH�List
FODVV� LQ�WKH�6FDOD� OLEUDU\��,W� LOOXVWUDWHV�VHYHUDO�XVHIXO� LGLRPV�IRU�IXQFWLRQDO�VW\OH�� LP�
PXWDEOH�GDWD�VWUXFWXUHV�WKDW�DUH�IXOO\�W\SH�VDIH��\HW�IOH[LEOH��:H�ZRQ¦W�VKRZ�WKH�HQWLUH
LPSOHPHQWDWLRQ��DQG�ZH¦OO�RPLW�WKH�object List��PDQ\�PHWKRGV�LQ�WKH�List�FODVV��DQG
WKH�FRPPHQWV�WKDW�DUH�XVHG�WR�JHQHUDWH�WKH�6FDODGRFV��:H�HQFRXUDJH�\RX�WR�ORRN�DW
WKH�FRPSOHWH�LPSOHPHQWDWLRQ�RI�List��HLWKHU�E\�GRZQORDGLQJ�WKH�VRXUFH�GLVWULEXWLRQ
IURP�WKH�6FDOD�ZHEVLWH�RU�E\�EURZVLQJ�WR�WKH�LPSOHPHQWDWLRQ�WKURXJK�WKH�6FDODGRFV
SDJH�IRU�List��7R�DYRLG�FRQIXVLRQ�ZLWK�scala.List��ZH¦OO�XVH�RXU�RZQ�SDFNDJH�DQG
QDPH��AbbrevList�

// code-examples/TypeSystem/bounds/abbrev-list.scala
// Adapted from scala/List.scala in the Scala version 2.7.5 distribution.

package bounds.abbrevlist

sealed abstract class AbbrevList[+A] {

  def isEmpty: Boolean
  def head: A
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  def tail: AbbrevList[A]

  def ::[B >: A] (x: B): AbbrevList[B] = new bounds.abbrevlist.::(x, this)

  final def foreach(f: A => Unit) = {
    var these = this
    while (!these.isEmpty) {
      f(these.head)
      these = these.tail
    }
  }
}

// The empty AbbrevList.

case object AbbrevNil extends AbbrevList[Nothing] {
  override def isEmpty = true

  def head: Nothing =
    throw new NoSuchElementException("head of empty AbbrevList")

  def tail: AbbrevList[Nothing] =
    throw new NoSuchElementException("tail of empty AbbrevList")
}

// A non-empty AbbrevList characterized by a head and a tail.

final case class ::[B](private var hd: B,
    private[abbrevlist] var tl: AbbrevList[B]) extends AbbrevList[B] {

  override def isEmpty: Boolean = false
  def head : B = hd
  def tail : AbbrevList[B] = tl
}

1RWLFH�WKDW�ZKLOH�AbbrevList�LV�LPPXWDEOH��WKH�LQWHUQDO�LPSOHPHQWDWLRQ�XVHV�PXWDEOH
YDULDEOHV��H�J���LQ�forEach�

7KHUH�DUH�WKUHH�W\SHV�GHILQHG��IRUPLQJ�D�VHDOHG�KLHUDUFK\��AbbrevList��WKH�DQDORJ�RI
List��LV�DQ�DEVWUDFW�WUDLW�WKDW�GHFODUHV�WKUHH�DEVWUDFW�PHWKRGV��isEmpty��head��DQG�tail�
,W�GHILQHV�WKH�£FRQV¤�RSHUDWRU��::��DQG�D�foreach�PHWKRG��$OO�WKH�RWKHU�PHWKRGV�IRXQG
LQ� List� FRXOG� EH� LPSOHPHQWHG� ZLWK� WKHVH� PHWKRGV�� DOWKRXJK� VRPH� PHWKRGV� �OLNH
List.length��XVH�GLIIHUHQW�LPSOHPHQWDWLRQ�RSWLRQV�IRU�HIILFLHQF\�

AbbrevNil�LV�WKH�DQDORJ�RI�Nil��,W�LV�D�FDVH�REMHFW�WKDW�H[WHQGV�AbbrevList[Nothing]��,W
UHWXUQV�true� IURP�isEmpty��DQG�LW�WKURZV�DQ�H[FHSWLRQ�IURP�head�DQG�tail��%HFDXVH
AbbrevNil��DQG�Nil��KDYH�HVVHQWLDOO\�QR�VWDWH�DQG�EHKDYLRU��KDYLQJ�DQ�REMHFW�UDWKHU�WKDQ
D�FODVV�HOLPLQDWHV�XQQHFHVVDU\�FRSLHV��PDNHV�equals�IDVW�DQG�VLPSOH��HWF�

7KH�::�FODVV�LV�WKH�DQDORJ�RI�scala.::�GHULYHG�IURP�List��,W�LV�GHFODUHG�ILQDO��,WV�DUJX�
PHQWV�DUH�WKH�HOHPHQW�WR�EHFRPH�WKH�head�RI�WKH�QHZ�OLVW�DQG�DQ�H[LVWLQJ�OLVW��ZKLFK�ZLOO
EH�WKH�tail�RI� WKH�QHZ�OLVW��1RWH�WKDW� WKHVH�YDOXHV�DUH�VWRUHG�GLUHFWO\�DV� ILHOGV��7KH
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head�DQG�tail�PHWKRGV�GHILQHG�LQ�AbbrevList�DUH�MXVW�UHDGHU�PHWKRGV�IRU�WKHVH�ILHOGV�
7KHUH�LV�QR�RWKHU�GDWD�VWUXFWXUH�UHTXLUHG�WR�UHSUHVHQW�WKH�OLVW�

7KLV�LV�ZK\�SUHSHQGLQJ�D�QHZ�HOHPHQW�WR�FUHDWH�D�QHZ�OLVW�LV�DQ�2����RSHUDWLRQ��7KH
List� FODVV� DOVR�KDV� D�GHSUHFDWHG�PHWKRG�+� IRU� FUHDWLQJ� D�QHZ� OLVW�E\� DSSHQGLQJ�DQ
HOHPHQW�WR�WKH�HQG�RI�DQ�H[LVWLQJ�OLVW��7KDW�RSHUDWLRQ�LV�2�1���ZKHUH�1�LV�WKH�OHQJWK�RI
WKH�OLVW�

$V�\RX�EXLOG�XS�QHZ�OLVWV�E\�SUHSHQGLQJ�HOHPHQWV�WR�RWKHU� OLVWV��D�QHVWHG�KLHUDUFK\
RI�::�LQVWDQFHV�LV�FUHDWHG��%HFDXVH�WKH�OLVWV�DUH�LPPXWDEOH��WKHUH�DUH�QR�FRQFHUQV�DERXW
FRUUXSWLRQ�LI�RQH�RI�WKH�::�LV�FKDQJHG�LQ�VRPH�ZD\�

<RX�FDQ�VHH�WKLV�QHVWLQJ�LI�\RX�SULQW�RXW�D�OLVW��H[SORLWLQJ�WKH�toString�PHWKRG�JHQHUDWHG
EHFDXVH�RI�WKH�case�NH\ZRUG��+HUH�LV�DQ�H[DPSOH�scala�VHVVLRQ�

$ scala -cp ...
Welcome to Scala version 2.7.5.final ...
Type in expressions to have them evaluated.
Type :help for more information.

scala> import bounds.abbrevlist._
import bounds.abbrevlist._

scala> 1 :: 2 :: 3 :: AbbrevNil
res1: bounds.abbrevlist.AbbrevList[Int] = ::(1,::(2,::(3,AbbrevNil)))

1RWH�WKH�RXWSXW�RQ�WKH�ODVW�OLQH��ZKLFK�VKRZV�WKH�QHVWLQJ�RI�(head,tail)�HOHPHQWV�

)RU�DQRWKHU�H[DPSOH�XVLQJ�VLPLODU�DSSURDFKHV��WKLV�WLPH�IRU�GHILQLQJ�D�VWDFN��UHIHU�WR
KWWS���ZZZ�VFDOD�ODQJ�RUJ�QRGH�����

Views and View Bounds
:H¦YH�VHHQ�PDQ\�H[DPSOHV�ZKHUH�DQ�implicit�PHWKRG�ZDV�XVHG�WR�FRQYHUW�RQH�W\SH
WR�DQRWKHU¢IRU�H[DPSOH��WR�JLYH�WKH�DSSHDUDQFH�RI�DGGLQJ�QHZ�PHWKRGV�WR�DQ�H[LVWLQJ
W\SH��WKH�VR�FDOOHG�3LPS�0\�/LEUDU\�SDWWHUQ��:H�XVHG�WKLV�SDWWHUQ�H[WHQVLYHO\�LQ�&KDS�
WHU�����<RX�FDQ�DOVR�XVH�IXQFWLRQ�YDOXHV�WKDW�KDYH�WKH�implicit�NH\ZRUG��:H¦OO�VHH
H[DPSOHV�RI�ERWK�VKRUWO\�

$�YLHZ�LV�DQ�LPSOLFLW�YDOXH�RI�IXQFWLRQ�W\SH�WKDW�FRQYHUWV�D�W\SH�A�WR�B��7KH�IXQFWLRQ�KDV
WKH�W\SH�A => B�RU�(=> A) => B��UHFDOO�WKDW�(=> A)�LV�D�E\�QDPH�SDUDPHWHU���$Q�LQ�VFRSH
LPSOLFLW�PHWKRG�ZLWK�WKH�VDPH�VLJQDWXUH�FDQ�DOVR�EH�XVHG�DV�D�YLHZ��H�J���DQ�LPSOLFLW
PHWKRG�LPSRUWHG�IURP�DQ�object��7KH�WHUP�YLHZ�FRQYH\V�WKH�VHQVH�RI�KDYLQJ�D�YLHZ
IURP�RQH�W\SH��A��WR�DQRWKHU�W\SH��B��

$�YLHZ�LV�DSSOLHG�LQ�WZR�FLUFXPVWDQFHV�

�� :KHQ�D�W\SH�A�LV�XVHG�LQ�D�FRQWH[W�ZKHUH�DQRWKHU�W\SH�B�LV�H[SHFWHG�DQG�WKHUH�LV�D
YLHZ�LQ�VFRSH�WKDW�FDQ�FRQYHUW�A�WR�B�
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�� :KHQ�D�QRQ�H[LVWHQW�PHPEHU�m�RI�D�W\SH�A�LV�UHIHUHQFHG��EXW�WKHUH�LV�DQ�LQ�VFRSH
YLHZ�WKDW�FDQ�FRQYHUW�A�WR�D�B�WKDW�KDV�WKH�m�PHPEHU�

$�FRPPRQ�H[DPSOH�RI�WKH�VHFRQG�FLUFXPVWDQFH�LV�WKH�x -> y�LQLWLDOL]DWLRQ�V\QWD[�IRU
Maps��ZKLFK�WULJJHUV�LQYRFDWLRQ�RI�Predef.anyToArrowAssoc(x)��DV�ZH�GLVFXVVHG�LQ�£7KH
3UHGHI�2EMHFW¤�RQ�SDJH�����

)RU�DQ�H[DPSOH�RI�WKH�ILUVW�FLUFXPVWDQFH��Predef�DOVR�GHILQHV�PDQ\�YLHZV�IRU�FRQYHUWLQJ
EHWZHHQ� AnyVal� W\SHV� DQG� IRU� FRQYHUWLQJ� DQ� AnyVal� W\SH� WR� LWV� FRUUHVSRQGLQJ
java.lang� W\SH�� )RU� H[DPSOH�� double2Double� FRQYHUWV� D� scala.Double� WR� D
java.lang.Double�

$�YLHZ�ERXQG�LQ�D�W\SH�GHFODUDWLRQ�LV�LQGLFDWHG�ZLWK�WKH�<%�NH\ZRUG��H�J���A <% B��,W
DOORZV�DQ\�W\SH�WR�EH�XVHG�IRU�A�LI�LW�FDQ�EH�FRQYHUWHG�WR�B�XVLQJ�D�YLHZ�

$�PHWKRG�RU�FODVV�FRQWDLQLQJ�VXFK�D�W\SH�SDUDPHWHU�LV�WUHDWHG�DV�EHLQJ�HTXLYDOHQW�WR�D
FRUUHVSRQGLQJ�PHWKRG�RU�FODVV�ZLWK�DQ�H[WUD�DUJXPHQW�OLVW�ZLWK�RQH�HOHPHQW��D�YLHZ�
)RU�H[DPSOH��FRQVLGHU�WKH�IROORZLQJ�PHWKRG�GHILQLWLRQ�ZLWK�D�YLHZ�ERXQG�

def m [A <% B](arglist): R = ...

,W�LV�HIIHFWLYHO\�WKH�VDPH�DV�WKLV�PHWKRG�GHILQLWLRQ�

def m [A](arglist)(implicit viewAB: A => B): R = ...

�7KH�LPSOLFLW�SDUDPHWHU�viewAB�ZRXOG�EH�JLYHQ�D�XQLTXH�QDPH�E\�WKH�FRPSLOHU���1RWH
WKDW�ZH�KDYH�DQ�DGGLWLRQDO�DUJXPHQW�OLVW��DV�RSSRVHG�WR�DQ�DGGLWLRQDO�DUJXPHQW�LQ�WKH
H[LVWLQJ�DUJXPHQW�OLVW�

:K\�GRHV�WKLV�WUDQVIRUPDWLRQ�ZRUN"�:H�VDLG�WKDW�D�YDOLG�A�PXVW�KDYH�D�YLHZ�LQ�VFRSH
WKDW� WUDQVIRUPV� LW� WR�D�B��7KH� LPSOLFLW�viewAB�DUJXPHQW�ZLOO�JHW� LQYRNHG� LQVLGH�m� WR
FRQYHUW�DOO�A�LQVWDQFHV�WR�B�LQVWDQFHV�ZKHUH�QHHGHG�

)RU�WKLV�WR�ZRUN��WKHUH�PXVW�EH�D�YLHZ�RI�WKH�FRUUHFW�W\SH�LQ�VFRSH�WR�VDWLVI\�WKH�LPSOLFLW
DUJXPHQW��<RX�FRXOG�DOVR�SDVV�D�IXQFWLRQ�ZLWK�WKH�FRUUHFW�VLJQDWXUH�H[SOLFLWO\�DV�WKH
VHFRQG�DUJXPHQW�OLVW�ZKHQ�\RX�FDOO�m��+RZHYHU��WKHUH�LV�RQH�VLWXDWLRQ�ZKHUH�WKLV�ZRQ¦W
ZRUN��ZKLFK�ZH¦OO�GHVFULEH�DIWHU�RXU�XSFRPLQJ�H[DPSOH�

)RU�YLHZ�ERXQGV�RQ�W\SHV��WKH�LPSOLFLW�YLHZ�DUJXPHQW�OLVW�ZRXOG�EH�DGGHG�WR�WKH�SUL�
PDU\�FRQVWUXFWRU�

7UDLWV�FDQ¦W�KDYH�YLHZ�ERXQGV�IRU�WKHLU�W\SH�SDUDPHWHUV��EHFDXVH�WKH\
FDQ¦W�KDYH�FRQVWUXFWRU�DUJXPHQW�OLVWV�

7R�PDNH�WKLV�PRUH�FRQFUHWH��OHW¦V�XVH�YLHZ�ERXQGV�WR�LPSOHPHQW�D�LinkedList�FODVV
WKDW�XVHV�Nodes��ZKHUH�HDFK�Node�KDV�D�payload�DQG�D�UHIHUHQFH�WR�WKH�QH[W�Node�LQ�WKH
OLVW��)LUVW��KHUH�LV�D�KLHUDUFK\�RI�Nodes�
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// code-examples/TypeSystem/bounds/node.scala

package bounds

abstract trait Node[+A] {
  def payload: A
  def next: Node[A]
}

case class ::[+A](val payload: A, val next: Node[A]) extends Node[A] {
  override def toString =
    String.format("(%s :: %s)", payload.toString, next.toString)
}

object NilNode extends Node[Nothing] {
  def payload = throw new NoSuchElementException("No payload in NilNode")
  def next    = throw new NoSuchElementException("No next in NilNode")

  override def toString = "*"
}

7KLV�W\SH�KLHUDUFK\�LV�PRGHOHG�DIWHU�List�DQG�AbbrevList�HDUOLHU��7KH�::�W\SH�UHSUHVHQWV
LQWHUPHGLDWH� QRGHV�� DQG� NilNode� LV� DQDORJRXV� WR� Nil� IRU� Lists�� :H� DOVR� RYHUULGH
toString�WR�JLYH�XV�FRQYHQLHQW�RXWSXW��ZKLFK�ZH¦OO�H[DPLQH�VKRUWO\�

7KH�IROORZLQJ�VFULSW�GHILQHV�D�LinkedList�W\SH�WKDW�XVHV�Nodes�

// code-examples/TypeSystem/bounds/view-bounds-script.scala

import bounds._

implicit def any2Node[A](x: A): Node[A] = bounds.::[A](x, NilNode)

case class LinkedList[A <% Node[A]](val head: Node[A]) {

  def ::[B >: A <% Node[B]](x: Node[B]) =
    LinkedList(bounds.::(x.payload, head))

  override def toString = head.toString
}

val list1 = LinkedList(1)
val list2 = 2 :: list1
val list3 = 3 :: list2
val list4 = "FOUR!" :: list3

println(list1)
println(list2)
println(list3)
println(list4)

,W�VWDUWV�ZLWK�D�GHILQLWLRQ�RI�D�SDUDPHWHUL]HG�LPSOLFLW�PHWKRG��any2Node��WKDW�FRQYHUWV
A�WR�Node[A]��,W�ZLOO�EH�XVHG�DV�WKH�LPSOLFLW�YLHZ�DUJXPHQW�ZKHQ�ZH�ZRUN�ZLWK�Linked
Lists��,W�FUHDWHV�D�£OHDI¤�QRGH�XVLQJ�D�bounds.::�QRGH�ZLWK�D�UHIHUHQFH�WR�NilNode�DV�WKH
£QH[W¤�HOHPHQW�LQ�WKH�OLVW�
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$Q�DOWHUQDWLYH�ZRXOG�EH�D�IXQFWLRQ�YDOXH�WKDW�FRQYHUWV�Any�WR�Node[Any]�

implicit val any2Node = (a: Any) => bounds.::[Any](a, NilNode)

2WKHUZLVH��WKH�VFULSW�ZRXOG�UXQ�WKH�VDPH��H[FHSW�WKDW�VRPH�RI�WKH�WHPSRUDU\�OLVWV�ZRXOG
EH�XVLQJ�Node[Any]�UDWKHU�WKDQ�Node[Int]�

/RRN�DW�WKH�GHFODUDWLRQ�RI�LinkedList�

case class LinkedList[A <% Node[A]](val head: Node[A]) { ... }

,W�GHILQHV�D�YLHZ�ERXQG�RQ�A�DQG�WDNHV�D�VLQJOH�DUJXPHQW��WKH�KHDG�Node�RI�WKH�OLVW��ZKLFK
PD\�EH�WKH�KHDG�RI�D�FKDLQ�RI�Nodes���$V�ZH�VHH�ODWHU�LQ�WKH�VFULSW��HYHQ�WKRXJK�WKH
FRQVWUXFWRU� H[SHFWV� D�Node[A]� DUJXPHQW��ZH� FDQ�SDVV� LW� DQ�A� DQG� WKH� LPSOLFLW� YLHZ
any2Node�ZLOO�JHW�LQYRNHG��7KH�EHDXW\�RI�WKLV�DSSURDFK�LV�WKDW�D�FOLHQW�QHYHU�KDV�WR�ZRUU\
DERXW�SURSHU�FRQVWUXFWLRQ�RI�Nodes��7KH�PDFKLQHU\�KDQGOHV�WKDW�SURFHVV�DXWRPDWLFDOO\�

7KH�FODVV�DOVR�KDV�D�£FRQV¤�RSHUDWRU�

def ::[B >: A <% Node[B]](x: Node[B]) = ...

7KH�W\SH�SDUDPHWHU�PHDQV�CCB�LV�ORZHU�ERXQGHG�E\��L�H���LV�D�VXSHUW\SH�RI��A��DQG�B�DOVR
KDV�D�YLHZ�ERXQG�RI�B <% Node[B]��$V�ZH�VDZ�IRU�List�DQG�AbbrevList��WKH�ORZHU�ERXQG
DOORZV�XV�WR�SUHSHQG�LWHPV�RI�GLIIHUHQW�W\SHV�IURP�WKH�RULJLQDO�A�W\SH��7KLV�PHWKRG�ZLOO
KDYH� LWV� RZQ� LPSOLFLW� YLHZ� DUJXPHQW�� EXW� RXU� SDUDPHWHUL]HG�� LPSOLFLW� PHWKRG�
any2Node��ZLOO�EH�XVHG�IRU�WKLV�DUJXPHQW��WRR�

:H�PHQWLRQHG�SUHYLRXVO\�WKDW�LI�\RX�GRQ¦W�KDYH�D�YLHZ�LQ�VFRSH��\RX�FRXOG�SDVV�D�£QRQ�
LPSOLFLW¤�FRQYHUWHU�DV�WKH�VHFRQG�DUJXPHQW�OLVW�H[SOLFLWO\��7KLV�DFWXDOO\�ZRQ¦W�ZRUN�LQ
RXU�H[DPSOH��EHFDXVH�WKH�FRQVWUXFWRU�DQG�::�PHWKRG�LQ�LinkedList�WDNH�Node[A]�DUJX�
PHQWV��EXW�ZH�FDOO� WKHP�ZLWK�Ints� DQG�Strings��:H�ZRXOG�KDYH� WR�FDOO� WKHP�ZLWK
Node[Int]�DQG�Node[String]�DUJXPHQWV�H[SOLFLWO\��:H�ZRXOG�DOVR�KDYH�WR�LQYRNH�::�LQ
DQ�XJO\�ZD\¢val list2 = list1.::(2)(converter)��IRU�H[DPSOH�

/HW¦V�FODULI\�WKH�V\QWD[�D�ELW��:KHQ�\RX�VHH�B >: A <% Node[B]��LW¦V�WHPSWLQJ�WR�DVVXPH
WKDW�WKH�<%�VKRXOG�DSSO\�WR�A�LQ�WKLV�H[SUHVVLRQ��,W�DFWXDOO\�DSSOLHV�WR�B��7KH�JUDPPDU
IRU�W\SH�SDUDPHWHUV��LQFOXGLQJ�YLHZ�ERXQGV��LV�WKH�IROORZLQJ��VHH�>6FDOD6SHF����@��

TypeParam ::= (id | â~@~X_â~@~Y) [TypeParamClause] [â~@~X>:â~@~Y Type] [â~@~X<:â~@~Y Type] [â~@~X<%â~@~Y 
TypeParamClause ::= â~@~X[â~@~Y VariantTypeParam {â~@~X,â~@~Y VariantTypeParam} â~@~X]â~@~Y
VariantTypeParam ::= [â~@~X+â~@~Y | â~@~Xâ~@~Y] TypeParam

6R��\HV��\RX�FDQ�KDYH�VRPH�YHU\�FRPSOH[��KLHUDUFKLFDO�W\SHV��,Q�RXU�::�PHWKRG��WKH�id�LV
B��WKH�TypeParamClause�LV�HPSW\��DQG�ZH�KDYH�WKH�>: A�DQG�<% Node[B]�H[SUHVVLRQV�RQ
WKH�ULJKW��$JDLQ��DOO�WKH�ERXQGV�H[SUHVVLRQV�DSSO\�WR�WKH�ILUVW�id��B��RU�WKH�XQGHUVFRUH
� _ ��

7KH� XQGHUVFRUH� LV� XVHG� IRU� H[LVWHQWLDO� W\SHV�� ZKLFK� ZH¦OO� FRYHU� LQ� £([LVWHQWLDO
7\SHV¤�RQ�SDJH�����

)LQDOO\��ZH�FUHDWH�D�LinkedList�LQ�WKH�VFULSW��SUHSHQG�VRPH�YDOXHV�WR�FUHDWH�QHZ�OLVWV�
DQG�WKHQ�SULQW�WKHP�RXW�

266 | Chapter 12:�The Scala Type System

Download at WoweBook.Com



1 :: *
2 :: 1 :: *
3 :: 2 :: 1 :: *
FOUR! :: 3 :: 2 :: 1 :: *

7R�UHFDS��WKH�YLHZ�ERXQGV�OHW�XV�ZRUN�ZLWK�£SD\ORDGV¤�RI�Ints�DQG�Strings�ZKLOH�WKH
LPSOHPHQWDWLRQ�KDQGOHG�WKH�QHFHVVDU\�FRQYHUVLRQV�WR�Nodes�

9LHZ�ERXQGV�DUH�QRW�XVHG�DV�RIWHQ�DV�XSSHU�DQG�ORZHU�ERXQGV��EXW�WKH\�SURYLGH�DQ
HOHJDQW�PHFKDQLVP�IRU�WKRVH�WLPHV�ZKHQ�DXWRPDWLF�FRHUFLRQ�IURP�RQH�W\SH�LQWR�DQRWKHU
LV�XVHIXO��$V�DOZD\V��XVH�LPSOLFLWV�ZLWK�FDXWLRQ��LPSOLFLW�FRQYHUVLRQV�DUH�IDU�IURP�RE�
YLRXV�ZKHQ�UHDGLQJ�FRGH�DQG�GHEXJJLQJ�P\VWHULRXV�EHKDYLRU�

Nothing and Null
,Q�£7KH�6FDOD�7\SH�+LHUDUFK\¤�RQ�SDJH������ZH�PHQWLRQHG�WKDW�Null�LV�D�VXEW\SH�RI�DOO
AnyRef�W\SHV�DQG�Nothing�LV�D�VXEW\SH�RI�DOO�W\SHV��LQFOXGLQJ�Null�

Null�LV�GHFODUHG�DV�D�final trait��VR�LW�FDQ¦W�EH�VXEW\SHG���DQG�LW�KDV�RQO\�RQH�LQVWDQFH�
null��6LQFH�Null�LV�D�VXEW\SH�RI�DOO�AnyRef�W\SHV��\RX�FDQ�DOZD\V�DVVLJQ�null�DV�DQ�LQVWDQFH
RI�DQ\�RI�WKRVH�W\SHV��-DYD��LQ�FRQWUDVW��VLPSO\�WUHDWV�null�DV�D�NH\ZRUG�ZLWK�VSHFLDO
KDQGOLQJ�E\�WKH�FRPSLOHU��+RZHYHU��-DYD¦V�null�DFWXDOO\�EHKDYHV�DV�LI�LW�ZHUH�D�VXEW\SH
RI�DOO�UHIHUHQFH�W\SHV��MXVW�OLNH�6FDOD¦V�Null�

2Q�WKH�RWKHU�KDQG��VLQFH�Null�LV�QRW�D�VXEW\SH�RI�AnyVal��LW�LV�QRW�SRVVLEOH�WR�DVVLJQ
null�WR�DQ�Int��IRU�H[DPSOH��ZKLFK�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�SULPLWLYH�VHPDQWLFV�LQ�-DYD�

Nothing� LV�DOVR�D�final trait��EXW� LW�KDV�QR�LQVWDQFHV��+RZHYHU�� LW� LV�VWLOO�XVHIXO� IRU
GHILQLQJ�W\SHV��7KH�EHVW�H[DPSOH�LV�Nil��WKH�HPSW\�OLVW��ZKLFK�LV�D�case object��,W�LV�RI
W\SH�List[Nothing]��%HFDXVH�OLVWV�DUH�FRYDULDQW�LQ�6FDOD��DV�ZH�VDZ�HDUOLHU��WKLV�PDNHV
Nil�DQ�LQVWDQFH�RI�List[T]��IRU�DQ\�W\SH�7��:H�DOVR�H[SORLWHG�WKLV�IHDWXUH�LQ�RXU�Abbrev
List�DQG�LinkedList�LPSOHPHQWDWLRQV�

Understanding Abstract Types
%HVLGHV�SDUDPHWHUL]HG�W\SHV��ZKLFK�DUH�FRPPRQ�LQ�VWDWLFDOO\�W\SHG��REMHFW�RULHQWHG
ODQJXDJHV�� 6FDOD� DOVR� VXSSRUWV� DEVWUDFW� W\SHV�� ZKLFK� DUH� FRPPRQ� LQ� IXQFWLRQDO
ODQJXDJHV�� :H� LQWURGXFHG� DEVWUDFW� W\SHV� LQ� £$EVWUDFW� 7\SHV� $QG� 3DUDPHWHUL]HG
7\SHV¤�RQ�SDJH����

7KHVH�WZR�IHDWXUHV�RYHUODS�VRPHZKDW��7HFKQLFDOO\��\RX�FRXOG�LPSOHPHQW�DOPRVW�DOO
WKH�LGLRPV�WKDW�SDUDPHWHUL]HG�W\SHV�VXSSRUW�XVLQJ�DEVWUDFW�W\SHV�DQG�YLFH�YHUVD��+RZ�
HYHU��LQ�SUDFWLFH��HDFK�IHDWXUH�LV�D�QDWXUDO�ILW�IRU�GLIIHUHQW�GHVLJQ�SUREOHPV�

5HFDOO�RXU�YHUVLRQ�RI�Observer�WKDW�XVHV�DEVWUDFW�W\SHV�LQ�&KDSWHU���

// code-examples/AdvOOP/observer/observer2.scala

package observer
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trait AbstractSubject {
  type Observer

  private var observers = List[Observer]()
  def addObserver(observer:Observer) = observers ::= observer
  def notifyObservers = observers foreach (notify(_))

  def notify(observer: Observer): Unit
}

trait SubjectForReceiveUpdateObservers extends AbstractSubject {
  type Observer = { def receiveUpdate(subject: Any) }

  def notify(observer: Observer): Unit = observer.receiveUpdate(this)
}

trait SubjectForFunctionalObservers extends AbstractSubject {
  type Observer = (AbstractSubject) => Unit

  def notify(observer: Observer): Unit = observer(this)
}

AbstractSubject�GHFODUHV�D�W\SH�Observer�ZLWK�QR�W\SH�ERXQGV��,W�LV�GHILQHG�LQ�WKH�WZR
GHULYHG� WUDLWV�� ,Q�SubjectForReceiveUpdateObservers�� LW� LV� GHILQHG� WR�EH� D� VWUXFWXUDO
W\SH��,Q�SubjectForFunctionalObservers��LW�LV�GHILQHG�WR�EH�D�IXQFWLRQ�W\SH��:H¦OO�KDYH
PRUH�WR�VD\�DERXW�VWUXFWXUDO�DQG�IXQFWLRQ�W\SHV�ODWHU�LQ�WKLV�FKDSWHU�

:H�FDQ�DOVR�XVH�W\SH�ERXQGV�ZKHQ�ZH�GHFODUH�RU�UHILQH�WKH�GHFODUDWLRQ�RI�DEVWUDFW
W\SHV��:H�VDZ�D�VLPSOH�H[DPSOH�SUHYLRXVO\�LQ�£7\SH�3URMHFWLRQV¤�RQ�SDJH�����ZKHUH
ZH�KDG�D�GHFODUDWLRQ�type t <: AnyRef��7KDW�LV��t�KDG�DQ�XSSHU�W\SH�ERXQG��VXSHUFODVV�
RI�AnyRef��AnyVal�W\SHV�ZHUHQ¦W�DOORZHG�

:H�FDQ�DOVR�KDYH�ORZHU�W\SH�ERXQGV��VXEFODVVHV���DQG�ZH�FDQ�XVH�PRVW�RI�WKH�YDOXH
W\SHV��VHH�£9DOXH�7\SHV¤�RQ�SDJH������LQ�WKH�ERXQGV�H[SUHVVLRQV��+HUH�LV�DQ�H[DPSOH
LOOXVWUDWLQJ�WKH�PRVW�FRPPRQ�RSWLRQV�

// code-examples/TypeSystem/abstracttypes/abs-type-examples-script.scala

trait exampleTrait {
  type t1               // Unconstrained
  type t2 >: t3 <: t1   // t2 must be a supertype of t3 and a subtype of t1
  type t3 <: t1         // t3 must be a subtype of t1
  type t4               // Unconstrained
  type t5 = List[t4]    // List of t4, whatever t4 will eventually be...

  val v1: t1            // Can't initialize until t1 defined.
  val v3: t3            // etc.
  val v2: t2            // ...
  val v4: t4            // ...
  val v5: t5            // ...
}

trait T1 { val name1: String }
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trait T2 extends T1 { val name2: String }
class C(val name1: String, val name2: String) extends T2

object example extends exampleTrait {
  type t1 = T1
  type t2 = T2
  type t3 = C
  type t4 = Int

  val v1 = new T1 { val name1 = "T1"}
  val v3 = new C("C1", "C2")
  val v2 = new T2 { val name1 = "T1"; val name2 = "T2" }
  val v4 = 10
  val v5 = List(1,2,3,4,5)
}

7KH�FRPPHQWV�H[SODLQ�PRVW�RI�WKH�GHWDLOV��7KH�UHODWLRQVKLSV�EHWZHHQ�t1��t2��DQG�t3
KDYH�VRPH�LQWHUHVWLQJ�SRLQWV��)LUVW��WKH�GHFODUDWLRQ�RI�t2�VD\V�WKDW�LW�PXVW�EH�£EHWZHHQ¤
t1�DQG�t3��:KDWHYHU�t1�EHFRPHV��LW�PXVW�EH�D�VXSHU�FODVV�RI�t2��RU�HTXDO�WR�LW���DQG�t3
PXVW�EH�D�VXEFODVV�RI�t2��RU�HTXDO�WR�LW��

5HPHPEHU�IURP�£7\SH�%RXQGV¤�RQ�SDJH�����WKDW�ZH�DUH�PDNLQJ�D�GHFODUDWLRQ�RI�WKH
ILUVW� W\SH� DIWHU� WKH� type� NH\ZRUG�� t2�� QRW� WKH� W\SH� LQ� WKH� PLGGOH�� t3�� 7KH� UHVW� RI
WKH�H[SUHVVLRQ�LV�WHOOLQJ�XV�WKH�ERXQGV�RI�t2�

&RQVLGHU�WKH�QH[W�OLQH�WKDW�GHFODUHV�t3�WR�EH�D�VXEW\SH�RI�t1��,I�\RX�ZHUH�WR�RPLW�WKH
W\SH�ERXQG��WKH�FRPSLOHU�ZRXOG�WKURZ�DQ�HUURU��EHFDXVH�t3 <: t1�LV�LPSOLHG�E\�WKH
SUHYLRXV�GHFODUDWLRQ�RI�t2��7KDW�GRHVQ¦W�PHDQ�WKDW�\RX�FDQ�OHDYH�RXW�WKH�GHFODUDWLRQ�RI
t3��,W�KDV�WR�EH�WKHUH��EXW�LW�DOVR�KDV�WR�VKRZ�D�FRQVLVWHQW�W\SH�ERXQG�ZLWK�WKH�RQH
LPSOLHG�LQ�WKH�t2�GHFODUDWLRQ�

:KHQ�ZH�UHYLVLW�WKH�2EVHUYHU�3DWWHUQ�LQ�£6HOI�7\SH�$QQRWDWLRQV�DQG�$EVWUDFW�7\SH
0HPEHUV¤�RQ�SDJH������ZH¦OO�VHH�DQRWKHU�H[DPSOH�RI�W\SH�ERXQGV�XVHG�RQ�DEVWUDFW
W\SHV��:H¦OO�VHH�D�SUREOHP�WKH\�FDQ�FDXVH��DORQJ�ZLWK�DQ�HOHJDQW�VROXWLRQ�

)LQDOO\��DEVWUDFW�W\SHV�GRQ¦W�KDYH�YDULDQFH�DQQRWDWLRQV�

// code-examples/TypeSystem/abstracttypes/abs-type-variances-wont-compile.scala
// WON'T COMPILE

trait T1 { val name1: String }
trait T2 extends T1 { val name2: String }
class C(val name1: String, val name2: String) extends T2

trait T {
  type t: +T1   // ERROR, no +/- type variance annotations
  val v
}

5HPHPEHU�WKDW�WKH�DEVWUDFW�W\SHV�DUH�PHPEHUV�RI�WKH�HQFORVLQJ�W\SH��QRW�W\SH�SDUDP�
HWHUV��DV�IRU�SDUDPHWHUL]HG�W\SHV��7KH�HQFORVLQJ�W\SH�PD\�KDYH�DQ�LQKHULWDQFH�UHODWLRQ�
VKLS� ZLWK� RWKHU� W\SHV�� EXW� PHPEHU� W\SHV� EHKDYH� MXVW� OLNH� PHPEHU� PHWKRGV� DQG
YDULDEOHV��7KH\�GRQ¦W�DIIHFW�WKH�LQKHULWDQFH�UHODWLRQVKLSV�RI�WKHLU�HQFORVLQJ�W\SH��/LNH
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RWKHU�PHPEHUV��DEVWUDFW�W\SHV�FDQ�EH�GHFODUHG�DEVWUDFW�RU�FRQFUHWH��+RZHYHU��WKH\�FDQ
DOVR�EH�UHILQHG�LQ�VXEW\SHV�ZLWKRXW�EHLQJ�IXOO\�GHILQHG��XQOLNH�YDULDEOHV�DQG�PHWKRGV�
2I�FRXUVH��LQVWDQFHV�FDQ�RQO\�EH�FUHDWHG�ZKHQ�WKH�DEVWUDFW�W\SHV�DUH�JLYHQ�FRQFUHWH
GHILQLWLRQV�

Parameterized Types Versus Abstract Types
:KHQ�VKRXOG�\RX�XVH�SDUDPHWHUL]HG�W\SHV�YHUVXV�DEVWUDFW�W\SHV"�3DUDPHWHUL]HG�W\SHV
DUH�WKH�PRVW�QDWXUDO�ILW�IRU�SDUDPHWHUL]HG�FRQWDLQHU�W\SHV�OLNH�List�DQG�Option��&RQVLGHU
WKH�GHFODUDWLRQ�RI�Some�IURP�WKH�VWDQGDUG�OLEUDU\�

case final class Some[+A](val x : A) { ... }

,I�ZH�WULHG�WR�FRQYHUW�WKLV�WR�XVH�DEVWUDFW�W\SHV��ZH�PLJKW�VWDUW�ZLWK�WKH�IROORZLQJ�

case final class Some(val x : ???) {
  type A
  ...
}

:KDW�VKRXOG�EH�WKH�W\SH�RI�WKH�ILHOG�x"�:H�FDQ¦W�XVH�A�EHFDXVH�LW¦V�QRW�LQ�VFRSH�DW�WKH
SRLQW�RI� WKH�FRQVWUXFWRU�DUJXPHQW��:H�FRXOG�XVH�Any��EXW� WKDW�GHIHDWV� WKH�YDOXH�RI
KDYLQJ�DSSURSULDWHO\�W\SHG�GHFODUDWLRQV�

,I�D�W\SH�ZLOO�KDYH�FRQVWUXFWRU�DUJXPHQWV�GHFODUHG�XVLQJ�D�£SODFHKROGHU¤�W\SH�WKDW�KDV
QRW�\HW�EHHQ�GHILQHG��WKHQ�SDUDPHWHUL]HG�W\SHV�DUH�WKH�RQO\�JRRG�VROXWLRQ��VKRUW�RI
XVLQJ�Any�RU�AnyRef��

<RX�FDQ�XVH�DEVWUDFW�W\SHV�DV�PHWKRG�DUJXPHQWV�DQG�UHWXUQ�YDOXHV�ZLWKLQ�D�IXQFWLRQ�
+RZHYHU�� WZR� SUREOHPV� FDQ� DULVH�� )LUVW�� \RX� FDQ� UXQ� LQWR� SUREOHPV� ZLWK� SDWK�
GHSHQGHQW�W\SHV��GLVFXVVHG�LQ�£3DWK�'HSHQGHQW�7\SHV¤�RQ�SDJH�������ZKHUH�WKH�FRP�
SLOHU�WKLQNV�\RX�DUH�WU\LQJ�WR�XVH�DQ�LQFRPSDWLEOH�W\SH�LQ�D�SDUWLFXODU�FRQWH[W��ZKHQ�LQ
IDFW�WKH\�DUH�SDWKV�WR�FRPSDWLEOH�W\SHV��6HFRQG��LW¦V�DZNZDUG�WR�H[SUHVV�PHWKRGV�OLNH
List.::��£FRQV¤��XVLQJ�DEVWUDFW�W\SHV�ZKHUH�W\SH�FKDQJHV��H[SDQVLRQ�LQ�WKLV�FDVH��FDQ
RFFXU�

class List[+A] {
  ...
  def ::[B >: A](x : B) : List[B] = new scala.::(x, this)
  ...
}

$OVR��LI�\RX�ZDQW�WR�H[SUHVV�YDULDQFH�XQGHU�LQKHULWDQFH�WKDW�LV�WLHG�WR�WKH�W\SH�DEVWUDF�
WLRQV��WKHQ�SDUDPHWHUL]HG�W\SHV�ZLWK�YDULDQFH�DQQRWDWLRQV�PDNH�WKHVH�EHKDYLRUV�REYL�
RXV�DQG�H[SOLFLW�

7KHVH�OLPLWDWLRQV�RI�DEVWUDFW�W\SHV�UHDOO\�UHIOHFW�WKH�WHQVLRQ�EHWZHHQ�REMHFW�RULHQWHG
LQKHULWDQFH� DQG� WKH� RULJLQ� RI� DEVWUDFW� W\SHV� LQ� SXUH� IXQFWLRQDO� SURJUDPPLQJ� W\SH
V\VWHPV��ZKLFK�GRQ¦W�KDYH�LQKHULWDQFH��3DUDPHWHUL]HG�W\SHV�DUH�PRUH�SRSXODU�LQ�REMHFW�
RULHQWHG� ODQJXDJHV� EHFDXVH� WKH\� KDQGOH� LQKHULWDQFH� PRUH� QDWXUDOO\� LQ� PRVW
FLUFXPVWDQFHV�
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2Q�WKH�RWKHU�KDQG��VRPHWLPHV�LW¦V�XVHIXO�WR�UHIHU�WR�D�W\SH�DEVWUDFWLRQ�DV�D�PHPEHU�RI
DQRWKHU�W\SH��DV�RSSRVHG�WR�D�SDUDPHWHU�XVHG�WR�FRQVWUXFW�QHZ�W\SHV�IURP�D�SDUDPH�
WHUL]HG�W\SH��5HILQLQJ�DQ�DEVWUDFW�W\SH�GHFODUDWLRQ�WKURXJK�D�VHULHV�RI�HQFORVLQJ�W\SH
UHILQHPHQWV�FDQ�EH�TXLWH�HOHJDQW�

trait T1 {
  type t
  val v: t
}
trait T2 extends T1 {
  type t <: SomeType1
}
trait T3 extends T2 {
  type t <: SomeType2  // where SomeType2 <: SomeType1
}
class C extends T3 {
  type t = Concrete    // where Concrete <: SomeType2
  val v = new Concrete(...)
}
...

7KLV�H[DPSOH�DOVR�VKRZV�WKDW�DEVWUDFW�W\SHV�DUH�RIWHQ�XVHG�WR�GHFODUH�DEVWUDFW�YDULDEOHV
RI�WKH�VDPH�W\SH��/HVV�IUHTXHQWO\��WKH\�DUH�XVHG�IRU�PHWKRG�GHFODUDWLRQV�

:KHQ�WKH�DEVWUDFW�YDULDEOHV�DUH�HYHQWXDOO\�PDGH�FRQFUHWH��WKH\�FDQ�HLWKHU�EH�GHILQHG
LQVLGH�WKH�W\SH�ERG\��PXFK�DV�WKH\�ZHUH�RULJLQDOO\�GHFODUHG��RU�WKH\�FDQ�EH�LQLWLDOL]HG
WKURXJK�FRQVWUXFWRU�DUJXPHQWV��8VLQJ�FRQVWUXFWRU�DUJXPHQWV�OHWV�WKH�XVHU�GHFLGH�RQ
WKH�DFWXDO�YDOXHV��ZKLOH�LQLWLDOL]LQJ�WKHP�LQ�WKH�ERG\�OHWV�WKH�W\SH�GHVLJQHU�GHFLGH�RQ
WKH�DSSURSULDWH�YDOXH�

:H� XVHG� FRQVWUXFWRU� DUJXPHQWV� LQ� WKH� EULHI� BulkReader� H[DPSOH� ZH� SUHVHQWHG� LQ
£$EVWUDFW�7\SHV�$QG�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH����

// code-examples/TypeLessDoMore/abstract-types-script.scala

import java.io._

abstract class BulkReader {
  type In
  val source: In
  def read: String
}

class StringBulkReader(val source: String) extends BulkReader {
  type In = String
  def read = source
}

class FileBulkReader(val source: File) extends BulkReader {
  type In = File
  def read = {
    val in = new BufferedInputStream(new FileInputStream(source))
    val numBytes = in.available()
    val bytes = new Array[Byte](numBytes)
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    in.read(bytes, 0, numBytes)
    new String(bytes)
  }
}

println( new StringBulkReader("Hello Scala!").read )
println( new FileBulkReader(new File("abstract-types-script.scala")).read )

,I�\RX�FRPH�IURP�DQ�REMHFW�RULHQWHG�EDFNJURXQG��\RX�ZLOO�QDWXUDOO\�WHQG�WR�XVH�SDUD�
PHWHUL]HG�W\SHV�PRUH�RIWHQ�WKDQ�DEVWUDFW�W\SHV��7KH�6FDOD�VWDQGDUG�OLEUDU\�WHQGV�WR
HPSKDVL]H�SDUDPHWHUL]HG�W\SHV��WRR��6WLOO��\RX�VKRXOG�OHDUQ�WKH�PHULWV�RI�DEVWUDFW�W\SHV
DQG�XVH�WKHP�ZKHQ�WKH\�PDNH�VHQVH�

Path-Dependent Types
/DQJXDJHV�WKDW�OHW�\RX�QHVW�W\SHV�SURYLGH�ZD\V�WR�UHIHU�WR�WKRVH�W\SH�SDWKV��6FDOD�SUR�
YLGHV�D�ULFK�V\QWD[�IRU�SDWK�GHSHQGHQW�W\SHV��$OWKRXJK�\RX�ZLOO�SUREDEO\�XVH�WKHP
UDUHO\��LW¦V�XVHIXO�WR�XQGHUVWDQG�WKH�EDVLFV��DV�FRPSLOHU�HUURUV�RIWHQ�FRQWDLQ�W\SH�SDWKV�

&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�

// code-examples/TypeSystem/typepaths/type-path-wont-compile.scala
// ERROR: Won't compile

trait Service {
  trait Logger {
    def log(message: String): Unit
  }
  val logger: Logger

  def run = {
    logger.log("Starting " + getClass.getSimpleName + ":")
    doRun
  }

  protected def doRun: Boolean
}

object MyService1 extends Service {
  class MyService1Logger extends Logger {
    def log(message: String) = println("1: "+message)
  }
  override val logger = new MyService1Logger
  def doRun = true  // do some real work...
}

object MyService2 extends Service {
  override val logger = MyService1.logger  // ERROR
  def doRun = true  // do some real work...
}
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,I�\RX�FRPSLOH�WKLV�ILOH��\RX�JHW�WKH�IROORZLQJ�HUURU�

...:27: error: error overriding value logger in trait Service of type \
    MyService2.Logger;
 value logger has incompatible type MyService1.MyService1Logger
  override val logger = MyService1.logger  // ERROR
               ^
one error found

7KH� HUURU� VD\V� WKDW� WKH� logger� YDOXH� LQ� MyService2� RQ� OLQH� ��� KDV� W\SH� MySer
vice2.Logger��HYHQ�WKRXJK�LW¦V�GHFODUHG�WR�EH�RI�W\SH�Logger�LQ�WKH�SDUHQW�Service�WUDLW�
$OVR��ZH¦UH�WU\LQJ�WR�DVVLJQ�LW�D�YDOXH�RI�W\SH�MyService1.MyService1Logger�

7KHVH�WKUHH�W\SHV�DUH�GLIIHUHQW�LQ�6FDOD��Logger�LV�QHVWHG�LQ�Service��ZKLFK�LV�WKH�SDUHQW
RI�MyService1�DQG�MyService2��,Q�6FDOD��WKDW�PHDQV�WKDW�WKH�QHVWHG�Logger�W\SH�LV�XQLTXH
IRU�HDFK�RI�WKH�VHUYLFH�W\SHV��7KH�DFWXDO�W\SH�LV�SDWK�GHSHQGHQW�

,Q� WKLV� FDVH�� WKH� HDVLHVW� VROXWLRQ� LV� WR� PRYH� WKH� GHFODUDWLRQ� RI� Logger� RXWVLGH� RI
Service��WKHUHE\�UHPRYLQJ�WKH�SDWK�GHSHQGHQF\��,Q�RWKHU�FDVHV��LW¦V�SRVVLEOH�WR�TXDOLI\
WKH�W\SH�VR�WKDW�LW�UHVROYHV�WR�ZKDW�\RX�ZDQW�

7KHUH�DUH�VHYHUDO�NLQGV�RI�W\SH�SDWKV�

C.this
)RU�D�FODVV�C��\RX�FDQ�XVH�C.this�RU�this�LQVLGH�WKH�ERG\�WR�UHIHU�WR�WKH�FXUUHQW�LQVWDQFH�

class C1 {
  var x = "1"
  def setX1(x:String) = this.x = x
  def setX2(x:String) = C1.this.x = x
}

%RWK�setX1�DQG�setX2�KDYH�WKH�VDPH�HIIHFW��EHFDXVH�C1.this�LV�HTXLYDOHQW�WR�this�

,QVLGH�D�W\SH�ERG\�DQG�RXWVLGH�D�PHWKRG�GHILQLWLRQ��this�UHIHUV�WR�WKH�W\SH�LWVHOI�

trait T1 {
  class C
  val c1 = new C
  val c2 = new this.C
}

7KH�YDOXHV�c1�DQG�c2�KDYH�WKH�VDPH�W\SH��7KH�this�LQ�WKH�H[SUHVVLRQ�this.C�UHIHUV�WR
WKH�WUDLW�T1�

C.super
<RX�FDQ�UHIHU�VSHFLILFDOO\�WR�WKH�SDUHQW�RI�D�W\SH�ZLWK�super�

class C2 extends C1
class C3 extends C2 {
  def setX3(x:String) = super.setX1(x)
  def setX4(x:String) = C3.super.setX1(x)
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  def setX5(x:String) = C3.super[C2].setX1(x)
}

C3.super�LV�HTXLYDOHQW�WR�super�LQ�WKLV�H[DPSOH��,I�\RX�ZDQW�WR�UHIHU�VSHFLILFDOO\�WR�RQH
RI�WKH�SDUHQWV�RI�D�W\SH��\RX�FDQ�TXDOLI\�super�ZLWK�WKH�W\SH��DV�VKRZQ�LQ�setX5��7KLV�LV
SDUWLFXODUO\�XVHIXO�IRU�WKH�FDVH�ZKHUH�D�W\SH�PL[HV�LQ�VHYHUDO�WUDLWV��HDFK�RI�ZKLFK�RYHU�
ULGHV�WKH�VDPH�PHWKRG��,I�\RX�QHHG�DFFHVV�WR�RQH�RI�WKH�PHWKRGV�LQ�D�VSHFLILF�WUDLW��\RX
FDQ�TXDOLI\�super��+RZHYHU��WKLV�TXDOLILFDWLRQ�FDQ¦W�UHIHU�WR�£JUDQGSDUHQW¤�W\SHV�

:KDW�LI�\RX�DUH�FDOOLQJ�super�LQ�D�FODVV�ZLWK�VHYHUDO�PL[LQV�DQG�LW�H[WHQGV�DQRWKHU�W\SH"
7R�ZKLFK�W\SH�GRHV�super�ELQG"�:LWKRXW�WKH�TXDOLILFDWLRQ��WKH�UXOHV�RI�OLQHDUL]DWLRQ
GHWHUPLQH� WKH� WDUJHW� RI� super� �VHH� £/LQHDUL]DWLRQ� RI� DQ� 2EMHFW¦V� +LHUDU�
FK\¤�RQ�SDJH������

-XVW�DV�IRU�this��\RX�FDQ�XVH�super�WR�UHIHU�WR�WKH�SDUHQW�W\SH�LQ�D�W\SH�ERG\�RXWVLGH�D
PHWKRG�

class C4 {
  class C5
}
class C6 extends C4 {
  val c5a = new C5
  val c5b = new super.C5
}

%RWK�c5a�DQG�c5b�KDYH�WKH�VDPH�W\SH�

path.x
<RX�FDQ�UHDFK�D�QHVWHG�W\SH�ZLWK�D�SHULRG�GHOLPLWHG�SDWK�H[SUHVVLRQ�

package P1 {
  object O1 {
    object O2 {
      val name = "name"
    }
  }
}
class C7 {
  val name = P1.O1.O2.name
}

C7.name� XVHV� D� SDWK� WR� WKH� name� YDOXH� LQ� O2�� 7KH� HOHPHQWV� RI� D� W\SH� SDWK�PXVW� EH
VWDEOH��ZKLFK�URXJKO\�PHDQV�WKDW�DOO�HOHPHQWV�LQ�WKH�SDWK�PXVW�EH�SDFNDJHV��VLQJOHWRQ
REMHFWV��RU�W\SH�GHFODUDWLRQV�WKDW�DOLDV�WKH�VDPH��7KH�ODVW�HOHPHQW�LQ�WKH�SDWK�FDQ�EH�D
FODVV�RU�WUDLW��6HH�>6FDOD6SHF����@�IRU�WKH�GHWDLOV�

object O3 {
  object O4 {
    type t = java.io.File
    class C
    trait T
  }
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  class C2 {
    type t = Int
  }
}
class C8 {
  type t1 = O3.O4.t
  type t2 = O3.O4.C
  type t3 = O3.O4.T
//  type t4 = O3.C2.t   // ERROR: C2 is not a "value" in O3
}

Value Types
%HFDXVH�6FDOD�LV�VWURQJO\�DQG�VWDWLFDOO\�W\SHG��HYHU\�YDOXH�KDV�D�W\SH��7KH�WHUP�YDOXH
W\SHV�UHIHUV�WR�DOO�WKH�GLIIHUHQW�IRUPV�WKHVH�W\SHV�WDNH��VR�LW�HQFRPSDVVHV�PDQ\�IRUPV
WKDW�DUH�QRZ�IDPLOLDU�WR�XV��SOXV�D�IHZ�QHZ�RQHV�ZH�KDYHQ¦W�HQFRXQWHUHG�XQWLO�QRZ�

:H�DUH�XVLQJ�WKH�WHUP�YDOXH�W\SH�KHUH�LQ�WKH�VDPH�ZD\�WKH�WHUP�LV�XVHG
E\�>6FDOD6SHF����@��+RZHYHU��HOVHZKHUH�LQ�WKH�ERRN�ZH�DOVR�IROORZ�WKH
VSHFLILFDWLRQ¦V� RYHUORDGHG�XVH�RI� WKH� WHUP� WR� UHIHU� WR� DOO� VXEW\SHV� RI
AnyVal�

Type Designators
7KH�FRQYHQWLRQDO�W\SH�,'V�ZH�FRPPRQO\�XVH�DUH�FDOOHG�W\SH�GHVLJQDWRUV�

class Person              // "Person" is a type designator
object O { type t }       // "O" and "t" are type designators
...

7KH\�DUH�DFWXDOO\�D�VKRUWKDQG�V\QWD[�IRU�W\SH�SURMHFWLRQV��ZKLFK�ZH�FRYHU�ODWHU�

Tuples
$�YDOXH�RI�WKH�IRUP�(x�, ... x1)�LV�D�WXSOH�YDOXH�W\SH�

Parameterized Types
:KHQ�ZH�FUHDWH�D�W\SH�IURP�D�SDUDPHWHUL]HG�W\SH��H�J���List[Int]�DQG�List[String]
IURP�List[A]��WKH�W\SHV�List[Int]�DQG�List[String]�DUH�YDOXH�W\SHV��EHFDXVH�WKH\�DUH
DVVRFLDWHG�ZLWK�GHFODUHG�YDOXHV��H�J���val names = List[String]()�

Annotated Types
:KHQ�ZH�DQQRWDWH�D�W\SH��H�J���@serializable @cloneable class C(val x:String)��WKH
DFWXDO�W\SH�LQFOXGHV�WKH�DQQRWDWLRQV�

Value Types | 275

Download at WoweBook.Com



Compound Types
$�GHFODUDWLRQ�RI�WKH�IRUP�T� extends T� with T� { R }��ZKHUH�R�LV�WKH�UHILQHPHQW��ERG\��
GHFODUHV�D�FRPSRXQG�W\SH��$Q\�GHFODUDWLRQV�LQ�WKH�UHILQHPHQW�DUH�SDUW�RI�WKH�FRPSRXQG
W\SH�GHILQLWLRQ��7KH�QRWLRQ�RI�FRPSRXQG�W\SHV�DFFRXQWV�IRU�WKH�IDFW�WKDW�QRW�DOO�W\SHV
DUH�QDPHG��VLQFH�ZH�FDQ�KDYH�DQRQ\PRXV�W\SHV��VXFK�DV�WKLV�H[DPSOH�scala�VHVVLRQ�

scala> val x = new T1 with T2 {
        type z = String
        val v: z = "Z"
}
x: java.lang.Object with T1 with T2{type z = String; def zv: this.z} = \
    $anon$1@9d9347d

1RWH�WKDW�SDWK�GHSHQGHQW�W\SH�this.z�LQ�WKH�RXWSXW�

$�SDUWLFXODUO\� LQWHUHVWLQJ�FDVH� LV�D�GHFODUDWLRQ�RI� WKH� IRUP�val x = new { R }�� L�H��
ZLWKRXW�DQ\�W\SH�,'V��7KLV�LV�HTXLYDOHQW�WR�val x = new AnyRef { R }�

Infix Types
6RPH�SDUDPHWHUL]HG�W\SHV�WDNH�WZR�W\SH�DUJXPHQWV��H�J���scala.Either[+A,+B]��6FDOD
DOORZV�\RX�WR�GHFODUH�LQVWDQFHV�RI�WKHVH�W\SHV�XVLQJ�DQ�LQIL[�QRWDWLRQ��H�J���a Either
b��&RQVLGHU�WKH�IROORZLQJ�VFULSW�WKDW�XVHV�Either�

// code-examples/TypeSystem/valuetypes/infix-types-script.scala

def attempt(operation: => Boolean): Throwable Either Boolean = try {
  Right(operation)
} catch {
  case t: Throwable => Left(t)
}

println(attempt { throw new RuntimeException("Boo!") })
println(attempt { true })
println(attempt { false })

7KH�attempt�PHWKRG�ZLOO�HYDOXDWH�WKH�FDOO�E\�QDPH�SDUDPHWHU�operation�DQG�UHWXUQ�LWV
Boolean� UHVXOW��ZUDSSHG� LQ� D� Right��RU� DQ\� Throwable� WKDW� LV� FDXJKW��ZUDSSHG� LQ� D
Left��7KH�VFULSW�SURGXFHV�WKLV�RXWSXW�

Left(java.lang.RuntimeException: Boo!)
Right(true)
Right(false)

1RWLFH� WKH� GHFODUHG� UHWXUQ� YDOXH�� Throwable Either Boolean�� ,W� LV� LGHQWLFDO� WR
Either[Throwable, Boolean]��5HFDOO�IURP�£7KH�6FDOD�7\SH�+LHUDUFK\¤�RQ�SDJH�����WKDW
ZKHQ�XVLQJ�WKLV�H[FHSWLRQ�KDQGOLQJ�LGLRP�ZLWK�Either��LW�LV�FRQYHQWLRQDO�WR�XVH�Left
IRU�WKH�H[FHSWLRQ�DQG�Right�IRU�WKH�QRUPDO�UHWXUQ�YDOXH�
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Function Types
7KH�IXQFWLRQV�ZH�KDYH�EHHQ�ZULWLQJ�DUH�DOVR�W\SHG��(T�, T�, ... T1) => R�LV�WKH�W\SH
IRU�DOO�IXQFWLRQV�WKDW�WDNH�N�DUJXPHQWV�DQG�UHWXUQ�D�YDOXH�RI�W\SH�R�

:KHQ�WKHUH�LV�RQO\�RQH�DUJXPHQW��\RX�FDQ�GURS�WKH�SDUHQWKHVHV��T => R��$�IXQFWLRQ
WKDW�WDNHV�D�FDOO�E\�QDPH�SDUDPHWHU��DV�GLVFXVVHG�LQ�&KDSWHU����KDV�WKH�W\SH�(=>T) =>
R��:H�XVHG�D�FDOO�E\�QDPH�DUJXPHQW�LQ�RXU�attempt�H[DPSOH�LQ�WKH�SUHYLRXV�VHFWLRQ�

5HFDOO�WKDW�HYHU\WKLQJ�LQ�6FDOD�LV�DQ�REMHFW��HYHQ�IXQFWLRQV��7KH�6FDOD�OLEUDU\�GHILQHV
WUDLWV�IRU�HDFK�FunctionN��IRU�N�IURP�0�WR�22��LQFOXVLYH��+HUH��IRU�H[DPSOH��LV�WKH�YHUVLRQ
������VRXUFH�IRU�scala.Function3��RPLWWLQJ�PRVW�FRPPHQWV�DQG�D�IHZ�RWKHU�GHWDLOV�WKDW
GRQ¦W�FRQFHUQ�XV�QRZ�

// From Scala version 2.7.5: scala.Function3 (excerpt).
package scala

trait Function3[-T1, -T2, -T3, +R] extends AnyRef {
  def apply(v1:T1, v2:T2, v3:T3): R
  override def toString() = "<function>"

  /** f(x1,x2,x3)  == (f.curry)(x1)(x2)(x3)
   */
  def curry: T1 => T2 => T3 => R = {
    (x1: T1) => (x2: T2) => (x3: T3) => apply(x1,x2,x3)
  }
}

$V�ZH�GLVFXVVHG�LQ�£9DULDQFH�8QGHU�,QKHULWDQFH¤�RQ�SDJH������WKH�FunctionN�WUDLWV�DUH
FRQWUDYDULDQW�LQ�WKH�W\SH�SDUDPHWHUV�IRU�WKH�DUJXPHQWV�DQG�FRYDULDQW�LQ�WKH�UHWXUQ�W\SH
SDUDPHWHU�

5HFDOO�WKDW�ZKHQ�\RX�UHIHUHQFH�DQ\�REMHFW�IROORZHG�E\�DQ�DUJXPHQW�OLVW��6FDOD�FDOOV�WKH
apply�PHWKRG�RQ�WKH�REMHFW��,Q�WKLV�ZD\��DQ\�REMHFW�ZLWK�DQ�apply�PHWKRG�FDQ�DOVR�EH
FRQVLGHUHG�D�IXQFWLRQ��SURYLGLQJ�D�QLFH�V\PPHWU\�ZLWK�WKH�REMHFW�RULHQWHG�QDWXUH�RI
6FDOD�

:KHQ� \RX� GHILQH� D� IXQFWLRQ� YDOXH�� WKH� FRPSLOHU� LQVWDQWLDWHV� WKH� DSSURSULDWH
FunctionN�REMHFW�DQG�XVHV�\RXU�GHILQLWLRQ�RI�WKH�IXQFWLRQ�DV�WKH�ERG\�RI�apply�

// code-examples/TypeSystem/valuetypes/function-types-script.scala

val capitalizer = (s: String) => s.toUpperCase

val capitalizer2 = new Function1[String,String] {
  def apply(s: String) = s.toUpperCase
}

println( List("Programming", "Scala") map capitalizer)
println( List("Programming", "Scala") map capitalizer2)

7KH�capitalizer�DQG�capitalizer2�IXQFWLRQ�YDOXHV�DUH�HIIHFWLYHO\�WKH�VDPH��ZKHUH�WKH
ODWWHU�PLPLFV�WKH�FRPSLOHU¦V�RXWSXW�

Value Types | 277

Download at WoweBook.Com



:H�GLVFXVVHG�WKH�curry�PHWKRG�SUHYLRXVO\�LQ�£&XUU\LQJ¤�RQ�SDJH������,W�UHWXUQV�D�QHZ
IXQFWLRQ�ZLWK�N�DUJXPHQW�OLVWV��HDFK�RI�ZKLFK�KDV�D�VLQJOH�DUJXPHQW�WDNHQ�IURP�WKH
RULJLQDO�DUJXPHQW�OLVW�RI�N�DUJXPHQWV��1RWH�WKDW�WKH�VDPH�apply�PHWKRG�LV�LQYRNHG�

// code-examples/TypeSystem/valuetypes/curried-function-script.scala

val f  = (x: Double, y: Double, z: Double) => x * y / z
val fc = f.curry

val answer1 = f(2., 5., 4.)
val answer2 = fc(2.)(5.)(4.)
println( answer1 + " == " + answer2 + "? " + (answer1 == answer2))

val fc1 = fc(2.)
val fc2 = fc1(5.)
val answer3 = fc2(4.)
println( answer3 + " == " + answer2 + "? " + (answer3 == answer2))

7KLV�VFULSW�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

2.5 == 2.5? true
2.5 == 2.5? true

,Q�WKH�ILUVW�SDUW�RI�WKH�VFULSW��ZH�GHILQH�D�Function3�YDOXH�f�WKDW�GRHV�Double�DULWKPHWLF�
:H�FUHDWH�D�QHZ�IXQFWLRQ�YDOXH�fc�E\�FXUU\LQJ�f��7KHQ�ZH�FDOO�ERWK�IXQFWLRQV�ZLWK�WKH
VDPH�DUJXPHQWV�DQG�SULQW�RXW�WKH�UHVXOWV��$V�H[SHFWHG��WKH\�ERWK�SURGXFH�WKH�VDPH
RXWSXW���7KHUH�DUH�QR�FRQFHUQV�DERXW�URXQGLQJ�HUURUV�LQ�WKH�FRPSDULVRQ�KHUH��UHFDOO
WKDW�ERWK�IXQFWLRQV�FDOO�WKH�VDPH�apply�PHWKRG��VR�WKH\�PXVW�UHWXUQ�WKH�VDPH�YDOXH��

,Q�WKH�VHFRQG�SDUW�RI�WKH�VFULSW��ZH�H[SORLW�WKH�IHDWXUH�RI�FXUULHG�IXQFWLRQV�WKDW�ZH�FDQ
SDUWLDOO\�DSSO\�DUJXPHQWV��FUHDWLQJ�QHZ�IXQFWLRQV��XQWLO�ZH�DSSO\�DOO�WKH�DUJXPHQWV�
7KH�H[DPSOH�DOVR�KHOSV�XV�PDNH�VHQVH�RI�WKH�GHFODUDWLRQ�RI�curry�LQ�Function3�

)XQFWLRQV�DUH�ULJKW�DVVRFLDWLYH��VR�D�W\SH�T1 => T2 => T3 => R�LV�HTXLYDOHQW�WR�T1 =>
(T2 => (T3 => R))��:H�VHH�WKLV�LQ�WKH�VFULSW��,Q�WKH�VWDWHPHQW�val fc1 = fc(2.)��ZH
FDOO�fc�ZLWK�MXVW�WKH�ILUVW�DUJXPHQW�OLVW��FRUUHVSRQGLQJ�WR�T1�HTXDOV�Double���,W�UHWXUQV�D
QHZ�IXQFWLRQ�RI�W\SH�T2 => (T3 => R)�RU�Double => (Double => Double)��LQ�RXU�FDVH�

1H[W�� LQ�val fc2 = fc1(5.)��ZH�VXSSO\� WKH� VHFRQG� �T2��DUJXPHQW�� UHWXUQLQJ�D�QHZ
IXQFWLRQ�RI�W\SH�T3 => R��WKDW�LV��Double => Double��)LQDOO\��LQ�val answer3 = fc2(4.)
ZH�VXSSO\�WKH�ODVW�DUJXPHQW�WR�FRPSXWH�WKH�YDOXH�RI�W\SH�R��WKDW�LV�Double�

$�W\SH�T1 => T2 => T3 => R�LV�HTXLYDOHQW�WR�T1 => (T2 => (T3 => R))�
:KHQ�ZH�FDOO�D�IXQFWLRQ�RI�WKLV�W\SH�ZLWK�D�YDOXH�IRU�T1��LW�UHWXUQV�D�QHZ
IXQFWLRQ�RI�W\SH�T2 => (T3 => R)��DQG�VR�IRUWK�

)LQDOO\��VLQFH�IXQFWLRQV�DUH�LQVWDQFHV�RI�WUDLWV��\RX�FDQ�XVH�WKH�WUDLWV�DV�SDUHQWV�RI�RWKHU
W\SHV��,Q�WKH�6FDOD�OLEUDU\��Seq[+A]�LV�D�VXEFODVV�RI�PartialFunction[Int,A]��ZKLFK�LV�D
VXEFODVV�RI�(Int) => A��L�H���Function1[Int,A]�
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Type Projections
7\SH�SURMHFWLRQV�DUH�D�ZD\�WR�UHIHU�WR�D�W\SH�GHFODUDWLRQ�QHVWHG�LQ�DQRWKHU�W\SH�

// code-examples/TypeSystem/valuetypes/type-projection-script.scala

trait T {
  type t <: AnyRef
}
class C1 extends T {
  type t = String
}
class C2 extends C1

val ic1: C1#t = "C1"
val ic2: C2#t = "C2"
println(ic1)
println(ic2)

%RWK�C1#t�DQG�C2#t�DUH�String��<RX�FDQ�DOVR�UHIHUHQFH�WKH�DEVWUDFW�W\SH�T#t��EXW�\RX
FDQ¦W�XVH�LW�LQ�D�GHFODUDWLRQ�EHFDXVH�LW�LV�DEVWUDFW�

Singleton Types
,I�\RX�KDYH�D�YDOXH�v�RI�D�VXEW\SH�RI�AnyRef��LQFOXGLQJ�null��\RX�FDQ�JHW�LWV�VLQJOHWRQ
W\SH�XVLQJ�WKH�H[SUHVVLRQ�v.type��7KHVH�H[SUHVVLRQV�FDQ�EH�XVHG�DV�W\SHV�LQ�GHFODUDWLRQV�
7KLV�IHDWXUH�LV�XVHIXO�RQ�UDUH�RFFDVLRQV�WR�ZRUN�DURXQG�WKH�IDFW�WKDW�W\SHV�DUH�SDWK
GHSHQGHQW��ZKLFK�ZH�GLVFXVVHG�LQ�£3DWK�'HSHQGHQW�7\SHV¤�RQ�SDJH������,Q�WKHVH�FDVHV
DQ�REMHFW�PD\�KDYH�D�SDWK�GHSHQGHQW�W\SH�WKDW�DSSHDUV�WR�EH�LQFRPSDWLEOH�ZLWK�DQRWKHU
SDWK�GHSHQGHQW�W\SH��ZKHQ�LQ�IDFW�WKH\�DUH�FRPSDWLEOH��8VLQJ�WKH�v.type�H[SUHVVLRQ
UHWULHYHV�WKH�VLQJOHWRQ�W\SH��D�£XQLTXH¤�W\SH�WKDW�HOLPLQDWHV�WKH�SDWK�GHSHQGHQF\��7ZR
YDOXHV�v1�DQG�v2�PD\�KDYH�GLIIHUHQW�SDWK�GHSHQGHQW�W\SHV��EXW�WKH\�FRXOG�KDYH�WKH�VDPH
VLQJOHWRQ�W\SH�

7KLV�H[DPSOH�XVHV�WKH�VLQJOHWRQ�W\SH�IRU�RQH�YDOXH�LQ�D�GHFODUDWLRQ�RI�DQRWKHU�

class C {
  val x = "Cx"
}
val c = new C
val x: c.x.type = c.x

Self-Type Annotations
<RX�FDQ�XVH�this�LQ�D�PHWKRG�WR�UHIHU�WR�WKH�HQFORVLQJ�W\SH��ZKLFK�LV�XVHIXO�IRU�UHIHU�
HQFLQJ�D�PHPEHU�RI�WKH�W\SH��8VLQJ�this�LV�QRW�XVXDOO\�QHFHVVDU\�IRU�WKLV�SXUSRVH��EXW
LW¦V�XVHIXO�RFFDVLRQDOO\�IRU�GLVDPELJXDWLQJ�D�UHIHUHQFH�ZKHQ�VHYHUDO�YDOXHV�DUH�LQ�VFRSH
ZLWK�WKH�VDPH�QDPH��%\�GHIDXOW��WKH�W\SH�RI�this�LV�WKH�VDPH�DV�WKH�HQFORVLQJ�W\SH��EXW
WKLV�LV�QRW�UHDOO\�HVVHQWLDO�
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6HOI�W\SH�DQQRWDWLRQV�OHW�\RX�VSHFLI\�DGGLWLRQDO�W\SH�H[SHFWDWLRQV�IRU�this��DQG�WKH\�FDQ
EH�XVHG�WR�FUHDWH�DOLDVHV�IRU�this��/HW¦V�FRQVLGHU�WKH�ODWWHU�FDVH�ILUVW�

// code-examples/TypeSystem/selftype/this-alias-script.scala

class C1 { self =>
  def talk(message: String) = println("C1.talk: " + message)
  class C2 {
    class C3 {
      def talk(message: String) = self.talk("C3.talk: " + message)
    }
    val c3 = new C3
  }
  val c2 = new C2
}
val c1 = new C1
c1.talk("Hello")
c1.c2.c3.talk("World")

,W�SULQWV�WKH�IROORZLQJ�

C1.talk: Hello
C1.talk: C3.talk: World

:H�JLYH�WKH�RXWHU�VFRSH��C1��this�WKH�DOLDV�self��VR�ZH�FDQ�HDVLO\�UHIHU�WR�LW�LQ�C3��:H
FRXOG�XVH�self�ZLWKLQ�DQ\�PHWKRG�LQVLGH�WKH�ERG\�RI�C1�RU�LWV�QHVWHG�W\SHV��1RWH�WKDW
WKH�QDPH�self�LV�DUELWUDU\��EXW�LW�LV�VRPHZKDW�FRQYHQWLRQDO��,Q�IDFW��\RX�FRXOG�VD\�this
=>��EXW�LW�ZRXOG�EH�FRPSOHWHO\�UHGXQGDQW�

,I� WKH� VHOI�W\SH� DQQRWDWLRQ� KDV� W\SHV� LQ� WKH� DQQRWDWLRQ��ZH� JHW� VRPH� YHU\� GLIIHUHQW
EHQHILWV�

// code-examples/TypeSystem/selftype/selftype-script.scala

trait Persistence {
  def startPersistence: Unit
}

trait Midtier {
  def startMidtier: Unit
}

trait UI {
  def startUI: Unit
}

trait Database extends Persistence {
  def startPersistence = println("Starting Database")
}

trait ComputeCluster extends Midtier {
  def startMidtier = println("Starting ComputeCluster")
}

trait WebUI extends UI {
  def startUI = println("Starting WebUI")
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}

trait App {
  self: Persistence with Midtier with UI =>

  def run = {
    startPersistence
    startMidtier
    startUI
  }
}

object MyApp extends App with Database with ComputeCluster with WebUI

MyApp.run

7KLV�VFULSW�VKRZV�D�VFKHPDWLF�OD\RXW�IRU�DQ�App��DSSOLFDWLRQ��LQIUDVWUXFWXUH�VXSSRUWLQJ
VHYHUDO�WLHUV�FRPSRQHQWV��SHUVLVWHQW�VWRUDJH��PLGWLHU��DQG�8,��:H¦OO�H[SORUH�WKLV�DS�
SURDFK�WR�FRPSRQHQW�GHVLJQ�LQ�PRUH�GHWDLO�LQ�&KDSWHU����

)RU�QRZ��ZH�MXVW�FDUH�DERXW�WKH�UROH�RI�VHOI�W\SHV��(DFK�DEVWUDFW�WUDLW�GHFODUHV�D�£VWDUW¤
PHWKRG�WKDW�GRHV�WKH�ZRUN�RI�LQLWLDOL]LQJ�WKH�WLHU���:H¦UH�LJQRULQJ�LVVXHV�OLNH�VXFFHVV
YHUVXV�IDLOXUH�RI�VWDUWXS��HWF���(DFK�DEVWUDFW�WLHU�LV�LPSOHPHQWHG�E\�D�FRUUHVSRQGLQJ
FRQFUHWH�WUDLW��QRW�D�FODVV��VR�ZH�FDQ�XVH�WKHP�DV�PL[LQV���:H�KDYH�WUDLWV�IRU�GDWDEDVH
SHUVLVWHQFH��VRPH�VRUW�RI�FRPSXWDWLRQ�FOXVWHU�WR�GR�WKH�KHDY\�OLIWLQJ�IRU�WKH�EXVLQHVV
ORJLF��DQG�D�ZHE�EDVHG�8,�

7KH�App�WUDLW�ZLUHV�WKH�WLHUV�WRJHWKHU��)RU�H[DPSOH��LW�GRHV�WKH�ZRUN�RI�VWDUWLQJ�WKH�WLHUV
LQ�WKH�run�PHWKRG�

1RWH�WKH�VHOI�W\SH�DQQRWDWLRQ��self: Persistence with Midtier with UI =>��,W�KDV�WZR
SUDFWLFDO�HIIHFWV�

�� 7KH�ERG\�RI�WKH�WUDLW�FDQ�DVVXPH�LW�LV�DQ�LQVWDQFH�RI�Persistence��Midtier��DQG�UI�
VR� LW� FDQ�FDOO�PHWKRGV�GHILQHG� LQ� WKRVH� W\SHV��ZKHWKHU�RU�QRW� WKH\�DUH�DFWXDOO\
GHILQHG�DW�WKLV�SRLQW��:H¦UH�GRLQJ�MXVW�WKDW�LQ�run�

�� 7KH�FRQFUHWH�W\SH�WKDW�PL[HV�LQ�WKLV�WUDLW�PXVW�DOVR�PL[�LQ�WKHVH�WKUHH�RWKHU�WUDLWV
RU�GHVFHQGDQWV�RI�WKHP�

,Q�RWKHU�ZRUGV��WKH�VHOI�W\SH�LQ�App�VSHFLILHV�GHSHQGHQFLHV�RQ�RWKHU�FRPSRQHQWV��7KHVH
GHSHQGHQFLHV�DUH�VDWLVILHG�LQ�MyApp��ZKLFK�PL[HV�LQ�WKH�FRQFUHWH�WUDLWV�IRU�WKH�WKUHH�WLHUV�

:H�FRXOG�KDYH�GHFODUHG�App�XVLQJ�LQKHULWDQFH�LQVWHDG�

trait App with Persistence with Midtier with UI {

  def run = { ... }
}

7KLV�LV�HIIHFWLYHO\�WKH�VDPH��$V�ZH�VDLG��WKH�VHOI�W\SH�DQQRWDWLRQ�OHWV�WKH�App�DVVXPH�LW
LV�RI�W\SH�Persistence��HWF��7KDW¦V�H[DFWO\�ZKDW�KDSSHQV�ZKHQ�\RX�PL[�LQ�D�WUDLW��WRR�
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:K\��WKHQ��DUH�VHOI�W\SHV�XVHIXO�LI�WKH\�DSSHDU�WR�EH�HTXLYDOHQW�WR�LQKHULWDQFH"�7KHUH
DUH�VRPH�WKHRUHWLFDO�UHDVRQV�DQG�D�IHZ�VSHFLDO�FDVHV�ZKHUH�VHOI�W\SH�DQQRWDWLRQV�RIIHU
XQLTXH�EHQHILWV��,Q�SUDFWLFH��\RX�FRXOG�XVH�LQKHULWDQFH�IRU�DOPRVW�DOO�FDVHV��%\�FRQYHQ�
WLRQ��SHRSOH�XVH�LQKHULWDQFH�ZKHQ�WKH\�ZDQW�WR�LPSO\�WKDW�D�W\SH�EHKDYHV�DV��LQKHULWV
IURP��DQRWKHU�W\SH��DQG�WKH\�XVH�VHOI�W\SH�DQQRWDWLRQV�ZKHQ�WKH\�ZDQW�WR�H[SUHVV�D
GHSHQGHQF\�EHWZHHQ�D�W\SH�DQG�RWKHU�W\SHV��VHH�>0F,YHU����@��

,Q�RXU�FDVH��ZH�GRQ¦W�UHDOO\�WKLQN�RI�DQ�App�DV�EHLQJ�D�8,��GDWDEDVH��HWF��:H�WKLQN�RI�DQ
App�DV�EHLQJ�FRPSRVHG�RI�WKRVH�WKLQJV��1RWH�WKDW�LQ�PRVW�REMHFW�RULHQWHG�ODQJXDJHV�
\RX�ZRXOG�H[SUHVV�WKLV�FRPSRVLWLRQDO�GHSHQGHQF\�ZLWK�PHPEHU�ILHOGV��HVSHFLDOO\�LI
\RXU�ODQJXDJH�GRHVQ¦W�VXSSRUW�PL[LQ�FRPSRVLWLRQ��OLNH�-DYD��)RU�H[DPSOH��\RX�PLJKW
ZULWH�App�LQ�-DYD�WKLV�ZD\�

// code-examples/TypeSystem/selftype/JavaApp.java

package selftype;

public abstract class JavaApp {
  public interface Persistence {
    public void startPersistence();
  }

  public interface Midtier {
    public void startMidtier();
  }

  public interface UI {
    public void startUI();
  }

  private Persistence persistence;
  private Midtier midtier;
  private UI ui;

  public JavaApp(Persistence persistence, Midtier midtier, UI ui) {
    this.persistence = persistence;
    this.midtier = midtier;
    this.ui = ui;
  }

  public void run() {
    persistence.startPersistence();
    midtier.startMidtier();
    ui.startUI();
  }
}

�:H�QHVWHG�WKH�FRPSRQHQW�LQWHUIDFHV�LQVLGH�JavaApp�WR�DYRLG�FUHDWLQJ�VHSDUDWH�ILOHV�IRU
HDFK�RQH���<RX�FDQ�FHUWDLQO\�ZULWH�DSSOLFDWLRQV�WKLV�ZD\�LQ�6FDOD��+RZHYHU��WKH�VHOI�
W\SH�DSSURDFK�WXUQV�SURJUDPPDWLF�GHSHQGHQF\�UHVROXWLRQ��L�H���SDVVLQJ�GHSHQGHQFLHV
WR�FRQVWUXFWRUV�RU�VHWWHU�PHWKRGV�DW�UXQWLPH��LQWR�GHFODUDWLYH�GHSHQGHQF\�UHVROXWLRQ
DW�FRPSLOH� WLPH��ZKLFK�FDWFKHV�HUURUV�HDUOLHU��'HFODUDWLYH�SURJUDPPLQJ��ZKLFK� LV�D
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KDOOPDUN�RI� IXQFWLRQDO�SURJUDPPLQJ�� LV� JHQHUDOO\�PRUH� UREXVW�� VXFFLQFW�� DQG�FOHDU�
FRPSDUHG�WR�LPSHUDWLYH�SURJUDPPLQJ�

:H�ZLOO�UHWXUQ�WR�VHOI�W\SH�DQQRWDWLRQV�DV�D�FRPSRQHQW�FRPSRVLWLRQ�PRGHO�LQ�&KDS�
WHU�����6HH�£6HOI�7\SH�$QQRWDWLRQV�DQG�$EVWUDFW�7\SH�0HPEHUV¤�RQ�SDJH�����DQG
£'HSHQGHQF\�,QMHFWLRQ�LQ�6FDOD��7KH�&DNH�3DWWHUQ¤�RQ�SDJH�����

Structural Types
<RX�FDQ�WKLQN�RI�VWUXFWXUDO�W\SHV�DV�D�W\SH�VDIH�DSSURDFK�WR�GXFN�W\SLQJ��WKH�SRSXODU
QDPH�IRU�WKH�ZD\�PHWKRG�UHVROXWLRQ�ZRUNV�LQ�G\QDPLFDOO\�W\SHG�ODQJXDJHV��,Q�5XE\�
IRU� H[DPSOH�� ZKHQ� \RX� ZULWH� starFighter.shootWeapons�� WKH� UXQWLPH� ORRNV� IRU� D
shootWeapons�PHWKRG�RQ�WKH�REMHFW�UHIHUHQFHG�E\�starFighter��7KDW�PHWKRG��LI�IRXQG�
PLJKW�KDYH�EHHQ�GHILQHG�LQ�WKH�FODVV�XVHG�WR�LQVWDQWLDWH�starFighter�RU�RQH�RI�LWV�SDUHQWV
RU�£LQFOXGHG¤�PRGXOHV��7KH�PHWKRG�PLJKW�DOVR�KDYH�EHHQ�DGGHG�WR�WKH�REMHFW�XVLQJ
WKH�PHWDSURJUDPPLQJ�IDFLOLW\�RI�5XE\��)LQDOO\��WKH�REMHFW�PLJKW�RYHUULGH�WKH�FDWFK�DOO
method_missing�PHWKRG�DQG�GR� VRPHWKLQJ� UHDVRQDEOH�ZKHQ� WKH�REMHFW� UHFHLYHV� WKH
shootWeapons�£PHVVDJH�¤

6FDOD�GRHVQ¦W� VXSSRUW� WKLV� NLQG�RI�PHWKRG� UHVROXWLRQ�� ,QVWHDG�� 6FDOD� DOORZV� \RX� WR
VSHFLI\�WKDW�DQ�REMHFW�PXVW�DGKHUH�WR�D�FHUWDLQ�VWUXFWXUH��WKDW�LW�FRQWDLQV�FHUWDLQ�W\SHV�
ILHOGV��RU�PHWKRGV��ZLWKRXW�FRQFHUQ�IRU�WKH�DFWXDO�W\SH�RI�WKH�REMHFW��:H�ILUVW�HQFRXQ�
WHUHG�VWUXFWXUDO�W\SHV�QHDU�WKH�EHJLQQLQJ�RI�&KDSWHU����+HUH�LV�WKH�H[DPSOH�ZH�VDZ
WKHQ��D�YDULDWLRQ�RI�WKH�2EVHUYHU�3DWWHUQ�

// code-examples/Traits/observer/observer.scala

package observer

trait Subject {
  type Observer = { def receiveUpdate(subject: Any) }

  private var observers = List[Observer]()
  def addObserver(observer:Observer) = observers ::= observer
  def notifyObservers = observers foreach (_.receiveUpdate(this))
}

7KH�GHFODUDWLRQ�type Observer = { def receiveUpdate(subject: Any) }�VD\V�WKDW�DQ\
YDOLG�REVHUYHU�PXVW�KDYH�WKH�receiveUpdate�PHWKRG��,W�GRHVQ¦W�PDWWHU�ZKDW�WKH�DFWXDO
W\SH�LV�IRU�D�SDUWLFXODU�REVHUYHU�

6WUXFWXUDO�W\SHV�KDYH�WKH�YLUWXH�RI�PLQLPL]LQJ�WKH�LQWHUIDFH�EHWZHHQ�WZR�WKLQJV��,Q�WKLV
FDVH��WKH�FRXSOLQJ�FRQVLVWV�RI�RQO\�D�VLQJOH�PHWKRG�VLJQDWXUH��UDWKHU�WKDQ�D�W\SH��VXFK
DV�D�VKDUHG�WUDLW��$�GUDZEDFN�RI�D�VWUXFWXUDO�W\SH�LV�WKDW�ZH�VWLOO�FRXSOH�WR�D�SDUWLFXODU
QDPH��,I�D�QDPH�LV�DUELWUDU\��ZH�GRQ¦W�UHDOO\�FDUH�DERXW�LWV�QDPH�VR�PXFK�DV�LWV�LQWHQW�
,Q�RXU�H[DPSOH�RI�D�VLQJOH�PHWKRG��ZH�FDQ�DYRLG�FRXSOLQJ�WR�WKH�QDPH�XVLQJ�D�IXQFWLRQ
REMHFW�LQVWHDG��,Q�IDFW��ZH�GLG�WKLV�LQ�£2YHUULGLQJ�$EVWUDFW�7\SHV¤�RQ�SDJH�����
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2Q�WKH�RWKHU�KDQG��LI�WKH�QDPH�LV�D�XQLYHUVDO�FRQYHQWLRQ�LQ�VRPH�VHQVH��WKHQ�FRXSOLQJ
WR�LW�KDV�PRUH�PHULW��)RU�H[DPSOH��foreach�LV�YHU\�FRPPRQ�QDPH�LQ�WKH�6FDOD�OLEUDU\
ZLWK�D�SDUWLFXODU�PHDQLQJ��VR�GHILQLQJ�D�VWUXFWXUDO�W\SH�EDVHG�RQ�foreach�PLJKW�EH�EHWWHU
IRU�FRQYH\LQJ�LQWHQW�WR�WKH�XVHU��UDWKHU�WKDQ�XVLQJ�DQ�DQRQ\PRXV�IXQFWLRQ�RI�VRPH�NLQG�

Existential Types
([LVWHQWLDO�W\SHV�DUH�D�ZD\�RI�DEVWUDFWLQJ�RYHU�W\SHV��7KH\�OHW�\RX�£DFNQRZOHGJH¤�WKDW
WKHUH�LV�D�W\SH�LQYROYHG�ZLWKRXW�VSHFLI\LQJ�H[DFWO\�ZKDW�LW�LV��XVXDOO\�EHFDXVH�\RX�GRQ¦W
NQRZ�ZKDW�LW�LV�DQG�\RX�GRQ¦W�QHHG�WKDW�NQRZOHGJH�LQ�WKH�FXUUHQW�FRQWH[W�

([LVWHQWLDO�W\SHV�DUH�SDUWLFXODUO\�XVHIXO�IRU�LQWHUIDFLQJ�WR�-DYD¦V�W\SH�V\VWHP�IRU�WKUHH
FDVHV�

� 7KH�W\SH�SDUDPHWHUV�RI�JHQHULFV�DUH�£HUDVHG¤�DW�WKH�E\WH�FRGH�OHYHO��FDOOHG�W\SH
HUDVXUH���)RU�H[DPSOH��ZKHQ�D�List[Int]�LV�FUHDWHG��WKH�Int�W\SH�LV�QRW�DYDLODEOH�LQ
WKH�E\WH�FRGH�

� <RX�PLJKW�HQFRXQWHU�£UDZ¤�W\SHV��VXFK�DV�SUH�-DYD���OLEUDULHV�ZKHUH�FROOHFWLRQV
KDG�QR�W\SH�SDUDPHWHUV���$OO�W\SH�SDUDPHWHUV�DUH�HIIHFWLYHO\�Object��

� :KHQ�-DYD�XVHV�ZLOGFDUGV�LQ�JHQHULFV�WR�H[SUHVV�YDULDQFH�EHKDYLRU�ZKHQ�WKH�JH�
QHULFV�DUH�XVHG��WKH�DFWXDO�W\SH�LV�XQNQRZQ���:H�GLVFXVVHG�WKLV�HDUOLHU�LQ�£9DULDQFH
8QGHU�,QKHULWDQFH¤�RQ�SDJH������

&RQVLGHU�WKH�FDVH�RI�SDWWHUQ�PDWFKLQJ�RQ�List[A]�REMHFWV��<RX�PLJKW�OLNH�WR�ZULWH�FRGH
OLNH�WKH�IROORZLQJ�

// code-examples/TypeSystem/existentials/type-erasure-wont-work.scala
// WARNINGS: Does not work as you might expect.

object ProcessList {
  def apply[B](list: List[B]) = list match {
    case lInt:    List[Int]    => // do something
    case lDouble: List[Double] => // do something
    case lString: List[String] => // do something
    case _                     => // default behavior
  }
}

,I�\RX�FRPSLOH�WKLV�ZLWK�WKH�-unchecked�IODJ�RQ�WKH�-90��\RX¦OO�JHW�ZDUQLQJV�WKDW�WKH
W\SH�SDUDPHWHUV�OLNH�Int�DUH�XQFKHFNHG��EHFDXVH�RI�W\SH�HUDVXUH��+HQFH��ZH�FDQ¦W�GLV�
WLQJXLVK�EHWZHHQ�DQ\�RI�WKH�OLVW�W\SHV�VKRZQ�

7KH�ManifestV�WKDW�ZH�GLVFXVVHG�SUHYLRXVO\�ZRQ¦W�ZRUN�HLWKHU��EHFDXVH�WKH\�FDQ¦W�UH�
FRYHU�WKH�HUDVHG�W\SH�RI�B�

:H¦YH�DOUHDG\�OHDUQHG�WKDW�WKH�EHVW�ZH�FDQ�GR�LQ�SDWWHUQ�PDWFKLQJ�LV�WR�IRFXV�RQ�WKH
IDFW�WKDW�ZH�KDYH�D�OLVW�DQG�QRW�WU\�WR�GHWHUPLQH�WKH�£ORVW¤�W\SH�SDUDPHWHU�IRU�WKH�OLVW
LQVWDQFH��)RU�W\SH�VDIHW\��ZH�KDYH�WR�VSHFLI\�WKDW�D�OLVW�KDV�D�SDUDPHWHU��EXW�VLQFH�ZH
GRQ¦W�NQRZ�ZKDW�LW�LV��ZH�XVH�WKH�ZLOGFDUG�_�FKDUDFWHU�IRU�WKH�W\SH�SDUDPHWHU��H�J��
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case l: List[_] => // do something "generic" with the list

:KHQ�XVHG�LQ�D�W\SH�FRQWH[W�OLNH�WKLV��WKH�List[_]�LV�DFWXDOO\�VKRUWKDQG�IRU�WKH�H[LV�
WHQWLDO�W\SH��List[T] forSome { type T }��7KLV�LV�WKH�PRVW�JHQHUDO�FDVH��:H¦UH�VD\LQJ
WKH�W\SH�SDUDPHWHU�IRU�WKH�OLVW�FRXOG�EH�DQ\�W\SH��7DEOH������OLVWV�VRPH�RWKHU�H[DPSOHV
WKDW�GHPRQVWUDWH�WKH�XVH�RI�W\SH�ERXQGV�

7DEOH�������([LVWHQWLDO�W\SH�H[DPSOHV

Shorthand Full Description

List[_] List[T] forSome { type T } T can be any subtype of Any.

List[_ <:

scala.actors.AbstractActor]

List[T] forSome { type T <:

scala.actors.AbstractActor }

T can be any subtype of

AbstractActor.

List[_ >: MyFancyActor <:

scala.actors.AbstractActor]

List[T] forSome { type T >:

MyFancyActor <:

scala.actors.AbstractActor }

T can be any subtype of

AbstractActor up to and

including the subtype

MyFancyActor.

,I�\RX�WKLQN�DERXW�KRZ�6FDOD�V\QWD[�IRU�JHQHULFV�LV�PDSSHG�WR�-DYD�V\QWD[��\RX�PLJKW
KDYH� QRWLFHG� WKDW� DQ� H[SUHVVLRQ� OLNH� java.util.List[_ <: scala.actors.Abstrac

tActor]�LV�VWUXFWXUDOO\�VLPLODU�WR�WKH�-DYD�YDULDQFH�H[SUHVVLRQ�java.util.List<? extends
scala.actors.AbstractActor>��,Q�IDFW��WKH\�DUH�WKH�VDPH�GHFODUDWLRQV��$OWKRXJK�ZH�VDLG
WKDW�YDULDQFH�EHKDYLRU�LQ�6FDOD�LV�GHILQHG�DW�WKH�GHFODUDWLRQ�VLWH��\RX�FDQ�XVH�H[LVWHQWLDO
W\SH�H[SUHVVLRQV�LQ�6FDOD�WR�GHILQH�FDOO�VLWH�YDULDQFH�EHKDYLRU��,W�LV�QRW�UHFRPPHQGHG�
IRU�WKH�UHDVRQV�GLVFXVVHG�SUHYLRXVO\��EXW�\RX�KDYH�WKDW�RSWLRQ�

<RX�ZRQ¦W�VHH�WKH�forSome�H[LVWHQWLDO� W\SH�V\QWD[�YHU\�RIWHQ� LQ�6FDOD�FRGH��EHFDXVH
H[LVWHQWLDO�W\SHV�H[LVW�SULPDULO\�WR�VXSSRUW�-DYD�JHQHULFV�ZKLOH�SUHVHUYLQJ�FRUUHFWQHVV
LQ�6FDOD¦V�W\SH�V\VWHP��7\SH�LQIHUHQFH�KLGHV�WKH�GHWDLOV�IURP�XV�LQ�PRVW�FRQWH[WV��:KHQ
ZRUNLQJ�ZLWK�6FDOD�W\SHV��WKH�RWKHU�W\SH�FRQVWUXFWV�ZH�KDYH�GLVFXVVHG�LQ�WKLV�FKDSWHU
DUH�SUHIHUUHG�WR�H[LVWHQWLDO�W\SHV�

Infinite Data Structures and Laziness
:H�GHVFULEHG�OD]\�YDOXHV�LQ�&KDSWHU����,Q�IXQFWLRQDO�ODQJXDJHV�WKDW�DUH�OD]\�E\�GHIDXOW�
OLNH�+DVNHOO��OD]LQHVV�PDNHV�LW�HDV\�WR�VXSSRUW�LQILQLWH�GDWD�VWUXFWXUHV�

)RU�H[DPSOH��FRQVLGHU�WKH�IROORZLQJ�6FDOD�PHWKRG�fib� WKDW�FDOFXODWHV�WKH�)LERQDFFL
QXPEHU�IRU�n�LQ�WKH�LQILQLWH�)LERQDFFL�VHTXHQFH�

def fib(n: Int): Int = n match {
  case 0 | 1 => n
  case _ => fib(n-1) + fib(n-2)
}

,I�6FDOD�ZHUH�SXUHO\�OD]\��ZH�FRXOG�LPDJLQH�D�GHILQLWLRQ�RI�WKH�)LERQDFFL�VHTXHQFH�OLNH
WKH�IROORZLQJ�DQG�LW�ZRXOGQ¦W�FUHDWH�DQ�LQILQLWH�ORRS�
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fibonacci_sequence = for (i <- 0 to infinity) yield fib(i)

6FDOD�LVQ¦W�OD]\�E\�GHIDXOW��DQG�WKHUH�LV�QR�infinity�YDOXH�RU�NH\ZRUG����EXW�WKH�OLEUDU\
FRQWDLQV�D�Stream�FODVV�WKDW�VXSSRUWV�OD]\�HYDOXDWLRQ�DQG�KHQFH�LW�FDQ�VXSSRUW�LQILQLWH
GDWD�VWUXFWXUHV��:H¦OO�VKRZ�DQ�LPSOHPHQWDWLRQ�RI�WKH�)LERQDFFL�VHTXHQFH�LQ�D�PRPHQW�
)LUVW��KHUH�LV�D�VLPSOHU�H[DPSOH�WKDW�XVHV�VWUHDPV�WR�UHSUHVHQW�DOO�SRVLWLYH�LQWHJHUV��DOO
SRVLWLYH�RGG�LQWHJHUV��DQG�DOO�SRVLWLYH�HYHQ�LQWHJHUV�

// code-examples/TypeSystem/lazy/lazy-ints-script.scala

def from(n: Int): Stream[Int] = Stream.cons(n, from(n+1))

lazy val ints = from(0)
lazy val odds = ints.filter(_ % 2 == 1)
lazy val evens = ints.filter(_ % 2 == 0)

odds.take(10).print
evens.take(10).print

,W�SURGXFHV�WKLV�RXWSXW�

1, 3, 5, 7, 9, 11, 13, 15, 17, 19, Stream.empty
0, 2, 4, 6, 8, 10, 12, 14, 16, 18, Stream.empty

7KH�from�PHWKRG�LV�UHFXUVLYH�DQG�QHYHU�WHUPLQDWHV��:H�XVH�LW�WR�GHILQH�WKH�ints�E\
FDOOLQJ�from(0)��Streams.cons�LV�DQ�REMHFW�ZLWK�DQ�apply�PHWKRG�WKDW�LV�DQDORJRXV�WR
WKH�::��£FRQV¤��PHWKRG�RQ�List��,W�UHWXUQV�D�QHZ�VWUHDP�ZLWK�WKH�ILUVW�DUJXPHQW�DV�WKH
KHDG�DQG�WKH�VHFRQG�DUJXPHQW��DQRWKHU�VWUHDP��DV�WKH�WDLO��7KH�odds�DQG�evens�LQILQLWH
VWUHDPV�DUH�FRPSXWHG�E\�ILOWHULQJ�ints�

2QFH�ZH�KDYH�GHILQHG�WKH�VWUHDPV��WKH�take�PHWKRG�UHWXUQV�D�QHZ�VWUHDP�RI�WKH�IL[HG
VL]H�VSHFLILHG�����LQ�WKLV�FDVH��:KHQ�ZH�SULQW�WKLV�VWUHDP�ZLWK�WKH�print�PHWKRG��LW
SULQWV�WKH����HOHPHQWV�IROORZHG�E\�Stream.empty�ZKHQ�LW�KLWV�WKH�HQG�RI�WKH�VWUHDP�

5HWXUQLQJ�WR�WKH�)LERQDFFL�VHTXHQFH��WKHUH�LV�D�IDPRXV�GHILQLWLRQ�XVLQJ�LQILQLWH��OD]\
VHTXHQFHV�WKDW�H[SORLWV�WKH�zip�RSHUDWLRQ��VHH��H�J���>$EHOVRQ����@���2XU�GLVFXVVLRQ�IRU
6FDOD�LV�DGDSWHG�IURP�>2UWL]����@�

// code-examples/TypeSystem/lazy/lazy-fibonacci-script.scala

lazy val fib: Stream[Int] =
  Stream.cons(0, Stream.cons(1, fib.zip(fib.tail).map(p => p._1 + p._2)))

fib.take(10).print

,W�SURGXFHV�WKLV�RXWSXW�

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, Stream.empty

+RZ�GRHV�WKLV�ZRUN"�/LNH�RXU�LWHUDWLYH�GHILQLWLRQ�DW�WKH�VWDUW�RI�WKLV�VHFWLRQ��ZH�H[SOLFLWO\
VSHFLI\�WKH�ILUVW�WZR�YDOXHV����DQG����7KH�UHVW�RI�WKH�QXPEHUV�DUH�FRPSXWHG�XVLQJ�zip�
H[SORLWLQJ�WKH�IDFW�WKDW�fib(n) = fib(n-1) + fib(n-2)��IRU�n > 1�
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7KH�FDOO�fib.zip(fib.tail)�FUHDWHV�D�QHZ�VWUHDP�RI�WXSOHV�ZLWK�WKH�HOHPHQWV�RI�fib�LQ
WKH�ILUVW�SRVLWLRQ�RI�WKH�WXSOH��DQG�WKH�HOHPHQWV�RI�fib.tail�LQ�WKH�VHFRQG�SRVLWLRQ�RI
WKH�WXSOH��7R�JHW�EDFN�WR�D�VLQJOH�LQWHJHU�IRU�HDFK�SRVLWLRQ�LQ�WKH�VWUHDP��ZH�PDS�WKH
VWUHDP�RI�WXSOHV�WR�D�VWUHDP�RI�Ints�E\�DGGLQJ�WKH�WXSOH�HOHPHQWV��+HUH�DUH�WKH�WXSOHV
FDOFXODWHG�

(0,1), (1,1), (1,2), (2,3), (3,5), (5,8), (8,13), (13, 21), (21, 34), ...

1RWH�WKDW�HDFK�VHFRQG�HOHPHQW�LV�WKH�QH[W�QXPEHU�LQ�WKH�)LERQDFFL�VHTXHQFH�DIWHU�WKH
ILUVW�HOHPHQW�LQ�WKH�WXSOH��$GGLQJ�WKHP�ZH�JHW�WKH�IROORZLQJ�

1, 2, 3, 5, 8, 13, 21, 34, 55, ...

6LQFH�ZH�FRQFDWHQDWH�WKLV�VWUHDP�DIWHU���DQG����ZH�JHW�WKH�)LERQDFFL�VHTXHQFH�

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, ...

$QRWKHU�OD]\�6FDOD�W\SH��DOEHLW�D�ILQLWH�RQH��LV�Range��7\SLFDOO\��\RX�ZULWH�OLWHUDO�UDQJHV
VXFK�DV�1 to 1000��Range�LV�OD]\��VR�YHU\�ODUJH�UDQJHV�GRQ¦W�FRQVXPH�WRR�PDQ\�UHVRXUFHV�
+RZHYHU��WKLV�IHDWXUH�FDQ�OHDG�WR�VXEWOH�SUREOHPV�XQOHVV�\RX�DUH�FDUHIXO��DV�GRFXPHQWHG
E\�>6PLWK����E@�DQG�FRPPHQWHUV��8VLQJ�WKH�H[DPSOH�GHVFULEHG�WKHUH��FRQVLGHU�WKLV
IXQFWLRQ�IRU�UHWXUQLQJ�D�Seq�RI�WKUHH�UDQGRP�LQWHJHUV�

// code-examples/TypeSystem/lazy/lazy-range-danger-script.scala

def mkRandomInts() = {
  val randInts = for {
    i <- 1 to 3
    val rand = i + (new scala.util.Random).nextInt
  } yield rand
  randInts
}
val ints1 = mkRandomInts

println("Calling first on ints1 Seq:")
for (i <- 1 to 3) {
  println( ints1.first)
}

val ints2 = ints1.toList
println("Calling first on List created from ints1 Seq:")
for (i <- 1 to 3) {
  println( ints2.first)
}

+HUH�LV�WKH�RXWSXW�IURP�RQH�UXQ��7KH�DFWXDO�YDOXHV�ZLOO�YDU\�IURP�UXQ�WR�UXQ�

Calling first on ints1 Seq:
-1532554511
-1532939260
-1532939260
Calling first on List created from ints1 Seq:
-1537171498
-1537171498
-1537171498
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&DOOLQJ�first�RQ�WKH�VHTXHQFH�GRHV�QRW�DOZD\V�UHWXUQ�WKH�VDPH�YDOXH��7KH�UHDVRQ�LV
WKDW�WKH�UDQJH�DW�WKH�EHJLQQLQJ�RI�WKH�for�FRPSUHKHQVLRQ�HIIHFWLYHO\�IRUFHV�WKH�ZKROH
VHTXHQFH�WR�EH�OD]\��+HQFH��LW�LV�UHHYDOXDWHG�ZLWK�HDFK�FDOO�WR�first��DQG�WKH�ILUVW�YDOXH
LQ�WKH�VHTXHQFH�DFWXDOO\�FKDQJHV��VLQFH�Random�UHWXUQV�D�GLIIHUHQW�QXPEHU�HDFK�WLPH��DW
OHDVW��LW�ZLOO�LI�WKHUH�LV�D�VXIILFLHQW�WLPH�GHOWD�EHWZHHQ�FDOOV��

+RZHYHU��FDOOLQJ�toList�RQ�WKH�VHTXHQFH�IRUFHV�LW�WR�HYDOXDWH�WKH�ZKROH�UDQJH�DQG�FUHDWH
D�VWULFW�OLVW�

$YRLG�XVLQJ�UDQJHV�LQ�for (...) yield x�FRQVWUXFWV��ZKLOH�for (...)
{...}�DOWHUQDWLYHV�DUH�ILQH�

)LQDOO\��6FDOD�YHUVLRQ�����ZLOO�LQFOXGH�D�force�PHWKRG�RQ�DOO�FROOHFWLRQV�WKDW�ZLOO�IRUFH
WKHP�WR�EH�VWULFW�

Recap and What’s Next
,W¦V�LPSRUWDQW�WR�UHPHPEHU�WKDW�\RX�GRQ¦W�KDYH�WR�PDVWHU�WKH�LQWULFDFLHV�RI�6FDOD¦V�ULFK
W\SH�V\VWHP�WR�XVH�6FDOD�HIIHFWLYHO\��$V�\RX�XVH�6FDOD�PRUH�DQG�PRUH��PDVWHULQJ�WKH
W\SH�V\VWHP�ZLOO�KHOS�\RX�FUHDWH�SRZHUIXO��VRSKLVWLFDWHG�OLEUDULHV�WKDW�DFFHOHUDWH�\RXU
SURGXFWLYLW\�

7KH�>6FDOD6SHF����@�GHVFULEHV�WKH�W\SH�V\VWHP�LQ�IRUPDO�GHWDLO��/LNH�DQ\�VSHFLILFDWLRQ�
LW�FDQ�EH�GLIILFXOW�UHDGLQJ��7KH�HIIRUW�LV�ZRUWKZKLOH�LI�\RX�ZDQW�D�GHHS�XQGHUVWDQGLQJ
RI�WKH�W\SH�V\VWHP��7KHUH�DUH�DOVR�D�PXOWLWXGH�RI�SDSHUV�RQ�6FDOD¦V�W\SH�V\VWHP��<RX
FDQ�ILQG�OLQNV�WR�PDQ\�RI�WKHP�RQ�WKH�RIILFLDO�KWWS���VFDOD�ODQJ�RUJ�ZHEVLWH�

7KH�QH[W�WZR�FKDSWHUV�FRYHU�WKH�SUDJPDWLFV�RI�DSSOLFDWLRQ�GHVLJQ�DQG�6FDOD¦V�GHYHO�
RSPHQW�WRROV�DQG�OLEUDULHV�
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CHAPTER 13

Application Design

,Q�WKLV�FKDSWHU��ZH�WDNH�D�SUDJPDWLF�ORRN�DW�GHYHORSLQJ�DSSOLFDWLRQV�LQ�6FDOD��:H�GLVFXVV
D� IHZ� ODQJXDJH�DQG�$3,� IHDWXUHV� WKDW�ZH�KDYHQ¦W�FRYHUHG�EHIRUH��H[DPLQH�FRPPRQ
GHVLJQ�SDWWHUQV�DQG�LGLRPV��DQG�UHYLVLW�WUDLWV�ZLWK�DQ�H\H�WRZDUG�VWUXFWXULQJ�RXU�FRGH
HIIHFWLYHO\�

Annotations
/LNH�-DYD�DQG��1(7��6FDOD�VXSSRUWV�DQQRWDWLRQV�IRU�DGGLQJ�PHWDGDWD�WR�GHFODUDWLRQV�
$QQRWDWLRQV�DUH�XVHG�E\�D�YDULHW\�RI�WRROV�LQ�W\SLFDO�HQWHUSULVH�DQG�,QWHUQHW�DSSOLFDWLRQV�
)RU�H[DPSOH��WKHUH�DUH�DQQRWDWLRQV�WKDW�SURYLGH�GLUHFWLYHV�WR�WKH�FRPSLOHU��DQG�VRPH
2EMHFW�5HODWLRQDO�0DSSLQJ� �250�� IUDPHZRUNV�XVH� DQQRWDWLRQV�RQ� W\SHV� DQG� W\SH
PHPEHUV�WR�LQGLFDWH�SHUVLVWHQFH�PDSSLQJ�LQIRUPDWLRQ��:KLOH�VRPH�XVHV�IRU�DQQRWD�
WLRQV�LQ�WKH�-DYD�DQG��1(7�ZRUOGV�FDQ�EH�DFFRPSOLVKHG�WKURXJK�RWKHU�PHDQV�LQ�6FDOD�
DQQRWDWLRQV�FDQ�EH�HVVHQWLDO�IRU�LQWHURSHUDWLQJ�ZLWK�-DYD�DQG��1(7�OLEUDULHV�WKDW�UHO\
KHDYLO\�RQ�WKHP��)RUWXQDWHO\��-DYD�DQG��1(7�DQQRWDWLRQV�FDQ�EH�XVHG�LQ�6FDOD�FRGH�

7KH�LQWHUSUHWDWLRQ�RI�6FDOD�DQQRWDWLRQV�GHSHQGV�RQ�WKH�UXQWLPH�HQYLURQPHQW��,Q�WKLV
VHFWLRQ��ZH�ZLOO�IRFXV�RQ�WKH�-'.�HQYLURQPHQW�

,Q�-DYD��DQQRWDWLRQV�DUH�GHFODUHG�XVLQJ�VSHFLDO�FRQYHQWLRQV��H�J���GHFODULQJ�DQQRWDWLRQV
ZLWK�WKH�@interface�NH\ZRUG�LQVWHDG�RI�WKH�class�RU�interface�NH\ZRUG��+HUH�LV�WKH
GHFODUDWLRQ�RI�DQ�DQQRWDWLRQ�WDNHQ�IURP�D�WRRONLW�FDOOHG�&RQWUDFW�-��VHH�>&RQWUDFW�-@�
WKDW�XVHV�DQQRWDWLRQV�WR�VXSSRUW�'HVLJQ�E\�&RQWUDFW�SURJUDPPLQJ�LQ�-DYD��VHH�DOVR
£%HWWHU�'HVLJQ�ZLWK�'HVLJQ�%\�&RQWUDFW¤�RQ�SDJH�������6RPH�RI�WKH�FRPPHQWV�KDYH
EHHQ�UHPRYHG�IRU�FODULW\�

// code-examples/AppDesign/annotations/Pre.java

package org.contract4j5.contract;
import java.lang.annotation.Documented;
import java.lang.annotation.ElementType;
import java.lang.annotation.Retention;
import java.lang.annotation.RetentionPolicy;
import java.lang.annotation.Target;
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@Documented
@Retention(RetentionPolicy.RUNTIME)
@Target({ElementType.PARAMETER, ElementType.METHOD, ElementType.CONSTRUCTOR})
public @interface Pre {
  /**
   * The "value" is the test expression, which must evaluate to true or false.
   * It must be a valid expression in the scripting language you are using.
   */
  String value() default "";

  /**
   * An optional message to print with the standard message when the contract
   * fails.
   */
  String message() default "";
}

7KH�@Pre�DQQRWDWLRQ�LV�XVHG�WR�VSHFLI\�£SUHFRQGLWLRQV¤�WKDW�PXVW�EH�VDWLVILHG�ZKHQ
HQWHULQJ�D�PHWKRG�RU�FRQVWUXFWRU��RU�EHIRUH�XVLQJ�D�SDUDPHWHU�SDVVHG�WR�D�PHWKRG�RU
FRQVWUXFWRU��7KH�FRQGLWLRQV�DUH�VSHFLILHG�DV�D�VWULQJ�WKDW�LV�DFWXDOO\�D�VQLSSHW�RI�VRXUFH
FRGH�WKDW�HYDOXDWHV�WR�true�RU�false��7KH�VRXUFH�ODQJXDJHV�VXSSRUWHG�IRU�WKHVH�VQLSSHWV
DUH�VFULSWLQJ�ODQJXDJHV�OLNH�*URRY\�DQG�-5XE\��7KH�QDPH�RI�WKH�YDULDEOH�IRU�WKLV�VWULQJ�
value��LV�D�FRQYHQWLRQDO�QDPH�IRU�WKH�PRVW�LPSRUWDQW�ILHOG�LQ�WKH�DQQRWDWLRQ�

7KH�RWKHU�ILHOG�LV�DQ�RSWLRQDO�message�WR�XVH�ZKHQ�UHSRUWLQJ�IDLOXUHV�

7KH�GHFODUDWLRQ�KDV�RWKHU�DQQRWDWLRQV�DSSOLHG�WR�LW¢IRU�H[DPSOH��WKH�@Retention�DQ�
QRWDWLRQ�ZLWK� WKH�YDOXH�RetentionPolicy.RUNTIME�PHDQV� WKDW�ZKHQ�@Pre� LV�XVHG�� LWV
LQIRUPDWLRQ�ZLOO�EH�UHWDLQHG�LQ�WKH�FODVV�ILOH�IRU�UXQWLPH�XVH�

+HUH�LV�D�6FDOD�H[DPSOH�WKDW�XVHV�@Pre�DQG�VKRZV�VHYHUDO�ZD\V�WR�VSHFLI\�WKH�value�DQG
message�SDUDPHWHUV�

// code-examples/AppDesign/annotations/pre-example.scala

import org.contract4j5.contract._

class Person(
  @Pre( "name != null && name.length() > 0" )
  val name: String,
  @Pre{ val value = "age > 0", val message = "You're too young!" }
  val age: Int,
  @Pre( "ssn != null" )
  val ssn: SSN)

class SSN(
  @Pre( "valid(ssn)" ) { val message = "Format must be NNN-NN-NNNN." }
  val ssn: String) {

  private def valid(value: String) =
    value.matches("""^\s*\d{3}-\d{2}-\d{4}\s*$""")
}
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,Q� WKH�Person� FODVV�� WKH�@Pre� DQQRWDWLRQ�RQ�name� KDV� D� VLPSOH� VWULQJ� DUJXPHQW�� WKH
£SUHFRQGLWLRQ¤�WKDW�XVHUV�PXVW�VDWLVI\�ZKHQ�SDVVLQJ�LQ�D�QDPH��7KLV�YDOXH�FDQ¦W�EH
null��DQG� LW�FDQ¦W�EH�RI�]HUR� OHQJWK��$V� LQ�-DYD�� LI�D� VLQJOH�DUJXPHQW� LV�JLYHQ� WR� WKH
DQQRWDWLRQ��LW�LV�DVVLJQHG�WR�WKH�value�ILHOG�

$�VLPLODU�@Pre�DQQRWDWLRQ�LV�XVHG�IRU�WKH�WKLUG�DUJXPHQW��WKH�ssn��6RFLDO�6HFXULW\�QXP�
EHU���,Q�ERWK�FDVHV��WKH�message�GHIDXOWV�WR�WKH�HPSW\�VWULQJ�VSHFLILHG�LQ�WKH�GHILQLWLRQ
RI�Pre�

7KH�@Pre�DQQRWDWLRQ�IRU�WKH�DJH�VKRZV�RQH�ZD\�WR�VSHFLI\�YDOXHV�IRU�PRUH�WKDQ�RQH
ILHOG��,QVWHDG�RI�SDUHQWKHVHV��FXUO\�EUDFHV�DUH�XVHG��7KH�V\QWD[�IRU�HDFK�ILHOG�ORRNV�OLNH
D�val�GHFODUDWLRQ��ZLWKRXW�DQ\�W\SH�LQIRUPDWLRQ��VLQFH�WKH�W\SHV�FDQ�DOZD\V�EH�LQIHUUHG�
7KLV�V\QWD[�DOORZV�\RX�WR�XVH�WKH�VKRUWKDQG�V\QWD[�IRU�WKH�value�DQG�VWLOO�VSHFLI\�YDOXHV
IRU�RWKHU�ILHOGV�

,I�Person�ZHUH�D�-DYD�FODVV��WKLV�DQQRWDWLRQ�H[SUHVVLRQ�ZRXOG�ORRN�LGHQ�
WLFDO��H[FHSW�WKHUH�ZRXOG�EH�QR�val�NH\ZRUGV�DQG�SDUHQWKHVHV�ZRXOG�EH
XVHG�

7KH� @Pre� DQQRWDWLRQ� RQ� WKH� FRQVWUXFWRU� SDUDPHWHU� IRU� WKH� SSN� FODVV� VKRZV� WKH� DO�
WHUQDWLYH�V\QWD[�IRU�VSHFLI\LQJ�YDOXHV�IRU�PRUH�WKDQ�RQH�ILHOG��7KH�value�ILHOG�LV�VSHFLILHG
DV�EHIRUH�ZLWK�D�RQH�HOHPHQW�SDUDPHWHU�OLVW��7KH�message�LV�LQLWLDOL]HG�LQ�D�IROORZ�RQ
EORFN�LQ�FXUO\�EUDFHV�

7HVWLQJ�WKLV�FRGH�ZRXOG�UHTXLUH�WKH�&RQWUDFW�-�OLEUDU\��EXLOG�VHWXS��HWF��:H�ZRQ¦W�FRYHU
WKRVH�VWHSV�KHUH��5HIHU�WR�>&RQWUDFW�-@�IRU�PRUH�LQIRUPDWLRQ�

6FDOD�DQQRWDWLRQV�GRQ¦W�XVH�D�VSHFLDO�GHFODUDWLRQ�V\QWD[��7KH\�DUH�GHFODUHG�DV�QRUPDO
FODVVHV��7KLV�DSSURDFK�HOLPLQDWHV�D�£VSHFLDO�FDVH¤�LQ�WKH�ODQJXDJH��EXW�LW�DOVR�PHDQV
WKDW�VRPH�RI�WKH�IHDWXUHV�SURYLGHG�E\�-DYD�DQQRWDWLRQV�DUHQ¦W�VXSSRUWHG��DV�ZH�ZLOO�VHH�
+HUH�LV�DQ�H[DPSOH�DQQRWDWLRQ�IURP�WKH�6FDOD�OLEUDU\��SerialVersionUID��DJDLQ�ZLWK�WKH
FRPPHQWV�UHPRYHG�IRU�FODULW\��

package scala

class SerialVersionUID(uid: Long) extends StaticAnnotation

7KH�@SerialVersionUID�DQQRWDWLRQ�LV�DSSOLHG�WR�D�FODVV�WR�GHILQH�D�JOREDOO\�XQLTXH�,'
DV�D�Long��:KHQ�WKH�DQQRWDWLRQ�LV�XVHG��WKH�,'�LV�VSHFLILHG�DV�D�FRQVWUXFWRU�DUJXPHQW�
7KLV�DQQRWDWLRQ�VHUYHV�WKH�VDPH�SXUSRVH�DV�D�static�ILHOG�QDPHG�serialVersionUID�LQ
D�-DYD�FODVV��7KLV�LV�RQH�H[DPSOH�RI�D�6FDOD�DQQRWDWLRQ�WKDW�PDSV�WR�D�£QRQ�DQQRWDWLRQ¤
FRQVWUXFW�LQ�-DYD�

7KH�SDUHQW�RI�SerialVersionUID�LV�WKH�WUDLW�scala.StaticAnnotation��ZKLFK�LV�XVHG�DV
WKH�SDUHQW�IRU�DOO�DQQRWDWLRQV�WKDW�VKRXOG�EH�YLVLEOH�WR�WKH�W\SH�FKHFNHU��HYHQ�DFURVV
FRPSLODWLRQ�XQLWV��7KH�SDUHQW�FODVV�RI�scala.StaticAnnotation� LV�scala.Annotation�
ZKLFK�LV�WKH�SDUHQW�RI�DOO�6FDOD�DQQRWDWLRQV�
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'LG�\RX�QRWLFH�WKDW�WKHUH�LV�QR�val�RQ�uid"�:K\�LVQ¦W�uid�D�ILHOG"�7KH�UHDVRQ�LV�WKDW�WKH
DQQRWDWLRQ¦V�GDWD�LV�QRW�LQWHQGHG�IRU�XVH�E\�WKH�SURJUDP��5HFDOO�WKDW�LW� LV�PHWDGDWD
GHVLJQHG�IRU�H[WHUQDO�WRROV�WR�XVH��VXFK�DV�scalac��7KLV�DOVR�PHDQV�WKDW�6FDOD�DQQRWD�
WLRQV�KDYH�QR�ZD\�WR�GHILQH�GHIDXOW�YDOXHV�LQ�YHUVLRQ�����;��DV�LPSOLFLW�DUJXPHQWV�GRQ¦W
ZRUN��+RZHYHU��WKH�QHZ�GHIDXOW�DUJXPHQWV�IHDWXUH�LQ�YHUVLRQ�������PD\�ZRUN���,W�LV
QRW�\HW�LPSOHPHQWHG�DW�WKH�WLPH�RI�WKLV�ZULWLQJ��

/LNH�-DYD��DQG��1(7��DQQRWDWLRQV��D�6FDOD�DQQRWDWLRQ�FODXVH�DSSOLHV�WR�WKH�GHILQLWLRQ
LW�SUHFHGHV��<RX�FDQ�KDYH�DV�PDQ\�DQQRWDWLRQ�FODXVHV�DV�\RX�ZDQW��DQG�WKH�RUGHU�LQ
ZKLFK�WKH\�DSSHDU�LV�QRW�VLJQLILFDQW�

/LNH� -DYD� DQQRWDWLRQV�� 6FDOD� DQQRWDWLRQ� FODXVHV� DUH� ZULWWHQ� XVLQJ� WKH� V\QWD[
@MyAnnotation� LI� WKH� DQQRWDWLRQ� FRQVWUXFWRU� WDNHV� QR� SDUDPHWHUV�� RU� @MyAnnota
tion(arg1, .., argN)�LI�WKH�FRQVWUXFWRU�WDNHV�SDUDPHWHUV��7KH�DQQRWDWLRQ�PXVW�EH�D
VXEFODVV�RI�scala.Annotation�

$OO�WKH�FRQVWUXFWRU�SDUDPHWHUV�PXVW�EH�FRQVWDQW�H[SUHVVLRQV��LQFOXGLQJ�VWULQJV��FODVV
OLWHUDOV��-DYD�HQXPHUDWLRQV��QXPHULFDO�H[SUHVVLRQV�DQG�RQH�GLPHQVLRQDO�DUUD\V�RI�WKH
VDPH��+RZHYHU�� WKH�FRPSLOHU�DOVR�DOORZV�DQQRWDWLRQ�FODXVHV�ZLWK�RWKHU�DUJXPHQWV�
VXFK�DV�ERROHDQ�YDOXHV�DQG�PDSV��DV�VKRZQ�LQ�WKLV�H[DPSOH�

// code-examples/AppDesign/annotations/anno-example.scala

import scala.StaticAnnotation

class Persist(tableName: String, params: Map[String,Any])
  extends StaticAnnotation

// Doesn't compile:
//@Persist("ACCOUNTS", Map("dbms" -> "MySql", "writeAutomatically" -> true))
@Persist("ACCOUNTS", Map(("dbms", "MySql"), ("writeAutomatically", true)))
class Account(val balance: Double)

&XULRXVO\��LI�\RX�DWWHPSW�WR�XVH�WKH�VWDQGDUG�Map�OLWHUDO�V\QWD[�WKDW�LV�VKRZQ�LQ�WKH
FRPPHQWV��\RX�JHW�D�FRPSLODWLRQ�HUURU�WKDW�WKH�->�PHWKRG�GRHVQ¦W�H[LVW�IRU�String��7KH
LPSOLFLW� FRQYHUVLRQ� WR� ArrowAssoc� WKDW� ZH� GLVFXVVHG� LQ� £7KH� 3UHGHI� 2E�
MHFW¤� RQ� SDJH� ���� LVQ¦W� LQYRNHG�� ,QVWHDG�� \RX� KDYH� WR� XVH� D� OLVW� RI� Tuples�� ZKLFK
Map.apply�DFWXDOO\�H[SHFWV�

$QRWKHU�FKLOG�RI�scala.Annotation�WKDW�LV�LQWHQGHG�WR�EH�D�SDUHQW�RI�RWKHU�DQQRWDWLRQV
LV�WKH�WUDLW�scala.ClassfileAnnotation��,W�LV�VXSSRVHG�WR�EH�XVHG�IRU�DQQRWDWLRQV�WKDW
VKRXOG�KDYH�UXQWLPH�UHWHQWLRQ��L�H���WKH�DQQRWDWLRQV�VKRXOG�EH�YLVLEOH�LQ�WKH�FODVV�ILOH
VR�WKH\�DUH�DYDLODEOH�DW�UXQWLPH��+RZHYHU��DFWXDOO\�XVLQJ�LW�ZLWK�WKH�-'.�YHUVLRQ�RI
6FDOD�UHVXOWV�LQ�FRPSLOHU�HUURUV�OLNH�WKH�IROORZLQJ�

...: warning: implementation restriction: subclassing Classfile does not
make your annotation visible at runtime.  If that is what
you want, you must write the annotation class in Java.
...
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+HQFH��LI�\RX�ZDQW�UXQWLPH�YLVLELOLW\��\RX�KDYH�WR�LPSOHPHQW�WKH�DQQRWDWLRQ�LQ�-DYD�
7KLV�ZRUNV�ILQH��VLQFH�\RX�FDQ�XVH�DQ\�-DYD�DQQRWDWLRQ�LQ�6FDOD�FRGH��7KH�6FDOD�OLEUDU\
FXUUHQWO\�GHILQHV�QR�DQQRWDWLRQV�GHULYHG�IURP�ClassfileAnnotation��SHUKDSV�IRU�REYL�
RXV�UHDVRQV�

$YRLG�ClassfileAnnotation��,PSOHPHQW�DQQRWDWLRQV�WKDW�UHTXLUH�UXQ�
WLPH�UHWHQWLRQ�LQ�-DYD�LQVWHDG�

)RU�6FDOD�YHUVLRQ�����;��DQRWKHU�LPSRUWDQW�OLPLWDWLRQ�WR�NHHS�LQ�PLQG�LV�WKDW�DQQRWD�
WLRQV�FDQ¦W�EH�QHVWHG��7KLV�FDXVHV�SUREOHPV�ZKHQ�XVLQJ�-3$�DQQRWDWLRQV�LQ�6FDOD�FRGH�
IRU� H[DPSOH�� DV� GLVFXVVHG� LQ� >-3$6FDOD@�� +RZHYHU�� 6FDOD� YHUVLRQ� ���� UHPRYHV� WKLV
OLPLWDWLRQ�

$QQRWDWLRQV�FDQ�RQO\�EH�QHVWHG�LQ�6FDOD�YHUVLRQ�����

7DEOHV������DQG������GHVFULEH�DOO�WKH�DQQRWDWLRQV�GHILQHG�LQ�WKH�6FDOD�OLEUDU\��DGDSWHG
DQG�H[SDQGHG�IURP�KWWS���ZZZ�VFDOD�ODQJ�RUJ�QRGH�������:H�VWDUW�ZLWK�WKH�GLUHFW�FKLO�
GUHQ�RI�Annotation��IROORZHG�E\�WKH�FKLOGUHQ�RI�StaticAnnotation�

7DEOH�������6FDOD�DQQRWDWLRQV�GHULYHG�IURP�$QQRWDWLRQ

Name Java equivalent Description

ClassfileAnnotation Annotate with @Retention

(RetentionPolicy.RUNTIME)

The parent trait for annotations that should be retained

in the class file for runtime access, but it doesn’t actually

work on the JDK!

BeanDescription BeanDescriptor (class) An annotation for JavaBean types or members that

associates a short description (provided as the anno-

tation argument) that will be included when gener-

ating bean information.

BeanDisplayName BeanDescriptor (class) An annotation for JavaBean types or members that

associates a name (provided as the annotation argu-

ment) that will be included when generating bean

information.

BeanInfo BeanInfo (class) A marker that indicates that a BeanInfo class should

be generated for the marked Scala class. A val

becomes a read-only property. A var becomes a read-

write property. A def becomes a method.

BeanInfoSkip N.A. A marker that indicates that bean information should

not be generated for the annotated member.

StaticAnnotation Static fields,

@Target(ElementType.TYPE)

The parent trait of annotations that should be visible

across compilation units and define “static” metadata.
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Name Java equivalent Description

TypeConstraint N.A. An annotation trait that can be applied to other an-

notations that define constraints on a type, relying

only on information defined within the type itself, as

opposed to external context information where the

type is defined or used. The compiler can exploit this

restriction to rewrite the constraint. There are currently

no library annotations that use this trait.

unchecked N.A. A marker annotation for the selector in a match state-

ment (e.g., the x in x match {...}) that sup-

presses a compiler warning if the case clauses are not

“exhaustive.” You can still have a runtime MatchEr

ror occur if a value of x fails to match any of the

case clauses. See the upcoming example.

unsealed N.A. Deprecated, use @unchecked instead.

7DEOH�������6FDOD�DQQRWDWLRQV�GHULYHG�IURP�6WDWLF$QQRWDWLRQ

Name Java equivalent Description

BeanProperty JavaBean convention A marker for a field (including a constructor argument with

the val or var keyword) that tells the compiler to generate

a JavaBean-style “getter” and “setter” method. The setter is

only generated for var declarations. See the discussion in

“JavaBean Properties” on page 374.

cloneable java.lang.Cloneable

(interface)

A class marker indicating that a class can be cloned.

cps N.A. (version 2.8) Generate byte code using continuation passing

style.

deprecated java.lang.Deprecated A marker for any definition indicating that the defined “item”

is obsolete. The compiler will issue a warning when the item

is used.

inline N.A. A method marker telling the compiler that it should try

“especially hard” to inline the method.

native native (keyword) A method marker indicating the method is implemented as

“native” code. The method body will not be generated by the

compiler, but usage of the method will be type checked.

noinline N.A. A method marker that prevents the compiler from inlining the

method, even when it appears to be safe to do so.

remote java.rmi.Remote

(interface)

A class marker indicating that the class can be invoked from a

remote JVM.

serializable java.io.Serializable

(interface)

A class marker indicating that the class can be serialized.

SerialVersionUID serialVersionUID static

field in a class

Defines a globally unique ID for serialization purposes. The

annotation’s constructor takes a Long argument for the UID.
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Name Java equivalent Description

switch N.A. (version 2.8) An annotation to be applied to a match expression,

e.g., (x: @switch) match {...}. When present, the

compiler will verify that the match has been compiled to a

table-based or lookup-based switch statement. If not, it will

issue an error if it instead compiles into a series of conditional

expressions, which are less efficient.

specialized N.A. (version 2.8) An annotation applied to type parameters in par-

ameterized types and methods. It tells the compiler to generate

optimized versions of the type or method for the AnyVal types

corresponding to platform primitive types. Optionally, you can

limit the AnyVal types for which specialized implementations

will be generated. See the upcoming discussion.

tailRec N.A. (version 2.8) A method annotation that tells the compiler to

verify that the method will be compiled with tail-call optimi-

zation. If it is present, the compiler will issue an error if the

method cannot be optimized into a loop. This happens, for

example, when the method is not private or final, when

it could be overridden, and when recursive invocations are not

true tail calls.

throws throws (keyword) Indicates which exceptions are thrown by the annotated

method. See the upcoming discussion.

transient transient (keyword) Marks a method as “transient.”

uncheckedStable N.A. A marker for a value that is assumed to be stable even though

its type is volatile (i.e., annotated with @volatile).

uncheckedVariance N.A. A marker for a type argument that is volatile, when it is used

in a parameterized type, to suppress variance checking.

volatile volatile (keyword,

for fields only)

A marker for an individual field or a whole type, which affects

all fields, indicating that the field may be modified by a separate

thread.

7KH�DQQRWDWLRQV�PDUNHG�ZLWK�£�YHUVLRQ�����¤�DUH�RQO\�DYDLODEOH�LQ�6FDOD�YHUVLRQ�����RU
ODWHU��&RQVLGHU�@tailrec��DV�XVHG�LQ�WKH�IROORZLQJ�H[DPSOH�

import scala.annotation.tailrec

@tailrec
def fib(i: Int): Int = i match {
  case _ if i <= 1 => i
  case _ => fib(i-1) + fib(i-2)
}
println(fib(5))

1RWH�WKDW�fib��ZKLFK�FDOFXODWHV�)LERQDFFL�QXPEHUV��LV�UHFXUVLYH��EXW�LW�LVQ¦W�WDLO�FDOO
UHFXUVLYH��EHFDXVH�WKH�FDOO�WR�LWVHOI�LV�QRW�WKH�YHU\�ODVW�WKLQJ�WKDW�KDSSHQV�LQ�WKH�VHFRQG
FDVH�FODXVH��5DWKHU��DIWHU�FDOOLQJ�LWVHOI�WZLFH��LW�GRHV�DQ�DGGLWLRQ��+HQFH��D�WDLO�FDOO�RS�
WLPL]DWLRQ�FDQ¦W�EH�SHUIRUPHG�RQ�WKLV�PHWKRG��:KHQ�WKH�FRPSLOHU�VHHV�WKH�@tailrec
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DQQRWDWLRQ��LW�WKURZV�DQ�HUURU�LI�LW�FDQ¦W�DSSO\�WKH�WDLO�FDOO�RSWLPL]DWLRQ��$WWHPSWLQJ�WR
UXQ�WKLV�VFULSW�SURGXFHV�WKH�IROORZLQJ�HUURU�

... 4: error: could not optimize @tailrec annotated method
def fib(i: Int): Int = i match {
     ^
one error found

:H�FDQ�DOVR�XVH�WKH�VDPH�PHWKRG�WR�GHPRQVWUDWH�WKH�QHZ�@switch�DQQRWDWLRQ�DYDLODEOH
LQ�YHUVLRQ�����

import scala.annotation.switch

def fib(i: Int): Int = (i: @switch) match {
  case _ if i <= 1 => i
  case _ => fib(i-1) + fib(i-2)
}
println(fib(5))

7KLV�WLPH�ZH�DQQRWDWH�WKH�i�LQ�WKH�match�VWDWHPHQW��7KLV�DQQRWDWLRQ�FDXVHV�WKH�FRPSLOHU
WR�UDLVH�DQ�HUURU�LI�LW�FDQ¦W�JHQHUDWH�D�VZLWFK�FRQVWUXFW�LQ�E\WH�FRGH�IURP�WKH�FDVHV�LQ�WKH
PDWFK�VWDWHPHQW��6ZLWFKHV�DUH�JHQHUDOO\�PRUH�HIILFLHQW�WKDQ�FRQGLWLRQDO�ORJLF��5XQQLQJ
WKLV�VFULSW�SURGXFHV�WKLV�RXWSXW�

... 3: error: could not emit switch for @switch annotated match
def fib(i: Int): Int = (i: @switch) match {
                                     ^
one error found

&RQGLWLRQDO�EORFNV�KDYH�WR�EH�JHQHUDWHG�LQVWHDG��7KH�UHDVRQ�D�VZLWFK�FDQ¦W�EH�JHQHUDWHG
LV�EHFDXVH�RI�WKH�FRQGLWLRQ�JXDUG�FODXVH�ZH�SXW�LQ�WKH�ILUVW�FDVH�FODXVH��if i <= 1�

/HW¦V� ORRN�DW�DQ�H[DPSOH�RI�@unchecked� LQ�XVH��DGDSWHG�IURP�WKH�6FDODGRF�HQWU\�IRU
@unchecked���&RQVLGHU�WKH�IROORZLQJ�FRGH�IUDJPHQW�

...
def process(x: Option[int]) = x match {
  case Some(value) => ...
}
...

,I�\RX�FRPSLOH�LW��\RX�ZLOO�JHW�WKH�IROORZLQJ�ZDUQLQJ�

...: warning: does not cover case {object None}
  def f(x: Option[int]) = x match {
                          ^
one warning found

1RUPDOO\��\RX�ZRXOG�ZDQW�WR�DGG�D�FDVH�IRU�None��+RZHYHU��LI�\RX�ZDQW�WR�VXSSUHVV
WKH�ZDUQLQJ�PHVVDJH�LQ�VLWXDWLRQV�OLNH�WKLV��FKDQJH�WKH�PHWKRG�DV�IROORZV�

...
def process(x: Option[int]) = (x: @unchecked) match {
  case Some(value) => ...
}
...
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:LWK�WKH�@unchecked�DQQRWDWLRQ�DSSOLHG�WR�x�DV�VKRZQ��WKH�ZDUQLQJ�ZLOO�EH�VXSSUHVVHG�
+RZHYHU��LI�x�LV�HYHU�None��WKHQ�D�MatchError�ZLOO�EH�WKURZQ�

7KH� @specialized� DQQRWDWLRQ� LV� DQRWKHU� RSWLPL]DWLRQ�UHODWHG� DQQRWDWLRQ� DGGHG� LQ
YHUVLRQ������,W�LV�D�SUDJPDWLF�VROXWLRQ�WR�D�WUDGHRII�EHWZHHQ�VSDFH�HIILFLHQF\�DQG�SHU�
IRUPDQFH��,Q�-DYD�DQG�6FDOD��WKH�LPSOHPHQWDWLRQ�RI�D�SDUDPHWHUL]HG�W\SH�RU�PHWKRG�LV
JHQHUDWHG�DW�WKH�SRLQW�RI�WKH�GHFODUDWLRQ��DV�ZH�GLVFXVVHG�LQ�£8QGHUVWDQGLQJ�3DUDPH�
WHUL]HG�7\SHV¤�RQ�SDJH�������,Q�FRQWUDVW�� LQ�&����D�WHPSODWH� LV�XVHG�WR�JHQHUDWH�DQ
LPSOHPHQWDWLRQ�IRU�WKH�DFWXDO�W\SH�SDUDPHWHUV�ZKHUH�WKH�WHPSODWH�LV�XVHG��7KH�&��
DSSURDFK�KDV�WKH�DGYDQWDJH�RI�DOORZLQJ�RSWLPL]HG�LPSOHPHQWDWLRQV�WR�EH�JHQHUDWHG
IRU�SULPLWLYH�W\SHV��ZKLOH�LW�KDV�WKH�GLVDGYDQWDJH�RI�UHVXOWLQJ�LQ�FRGH�EORDW�IURP�DOO�WKH
LQVWDQWLDWLRQV�RI�WHPSODWHV�

,Q�-90�UHODWHG�ODQJXDJHV��WKH�£RQ�GHPDQG¤�JHQHUDWLRQ�RI�LPSOHPHQWDWLRQV�LVQ¦W�VXLW�
DEOH��SULPDULO\�EHFDXVH�WKHUH�LV�QR�£OLQN¤�VWHS�DV�LQ�FRPSLOHG�ODQJXDJHV��ZKHUH�HYHU\
UHTXLUHG� LQVWDQWLDWLRQ�RI�D�WHPSODWH�FDQ�EH�GHWHUPLQHG��7KLV�FUHDWHV�D�GLOHPPD��%\
GHIDXOW��D�6FDOD�SDUDPHWHUL]HG�W\SH�RU�PHWKRG�ZLOO�EH�WUDQVODWHG�WR�D�VLQJOH�LPSOHPHQ�
WDWLRQ�DVVXPLQJ�Any�IRU�WKH�W\SH�SDUDPHWHUV��LQ�SDUW�GXH�WR�W\SH�HUDVXUH�DW�WKH�E\WH�FRGH
OHYHO���-DYD�JHQHULFV�ZRUN�WKH�VDPH�ZD\��+RZHYHU��LI�D�SDUWLFXODU�XVH�RI�WKH�W\SH�RU
PHWKRG�XVHV�RQH�RI�WKH�AnyVal�W\SHV��VD\�Int��WKHQ�ZH�JHW�LQHIILFLHQW�ER[LQJ�DQG�XQ�
ER[LQJ�RSHUDWLRQV�LQ�WKH�LPSOHPHQWDWLRQ�

7KH�DOWHUQDWLYH�ZRXOG�EH�WR�JHQHUDWH�D�VHSDUDWH�LPSOHPHQWDWLRQ�IRU�HYHU\�AnyVal�FRU�
UHVSRQGLQJ�WR�D�SULPLWLYH�W\SH��EXW�WKLV�ZRXOG�OHDG�WR�FRGH�EORDW��HVSHFLDOO\�VLQFH�LW
ZRXOG�EH�UDUH�WKDW�DQ�DSSOLFDWLRQ�ZRXOG�XVH�DOO�WKRVH�LPSOHPHQWDWLRQV��6R��ZH�DUH�IDFHG
ZLWK�D�GLOHPPD�

7KH�@specialized�DQQRWDWLRQ�LV�D�SUDJPDWLF�FRPSURPLVH��,W�OHWV�WKH�XVHU�WHOO�WKH�FRP�
SLOHU�WKDW�UXQWLPH�HIILFLHQF\�LV�PRUH�LPSRUWDQW�WKDQ�VSDFH�HIILFLHQF\��VR�WKH�FRPSLOHU
ZLOO� JHQHUDWH� WKH� VHSDUDWH� LPSOHPHQWDWLRQV� IRU� HDFK� SULPLWLYH� FRUUHVSRQGLQJ� WR� DQ
AnyVal��+HUH�LV�DQ�H[DPSOH�RI�KRZ�WKH�DQQRWDWLRQ�LV�XVHG�

class SpecialCollection[@specialized +T](...) {
  ...
}

$W�WKH�WLPH�RI�WKLV�ZULWLQJ��WKH�LPSOHPHQWDWLRQ�LQ�WKH�YHUVLRQ�����£QLJKWO\¤�EXLOG�RQO\
VXSSRUWV�JHQHUDWLRQ�RI�VSHFLDOL]HG�LPSOHPHQWDWLRQV�IRU�Int�DQG�Double��)RU�WKH�ILQDO
YHUVLRQ�����OLEUDU\��LW�LV�SODQQHG�WKDW�WKH�RWKHU�AnyVal�W\SHV�ZLOO�EH�VXSSRUWHG��7KHUH
DUH�DOVR�SODQV�WR�DOORZ�WKH�XVHU�WR�VSHFLI\�WKH�W\SHV�IRU�ZKLFK�RSWLPL]HG�LPSOHPHQWD�
WLRQV�DUH�JHQHUDWHG�VR�WKDW�XQXVHG�LPSOHPHQWDWLRQV�IRU�WKH�RWKHU�AnyVals�DUH�DYRLGHG�
6HH�WKH�ILQDO�����6FDODGRFV�IRU�GHWDLOV�RQ�WKH�ILQDO�IHDWXUH�VHW�

$QRWKHU�SODQQHG�YHUVLRQ�����DQQRWDWLRQ�LV�@cps��ZKLFK�VWDQGV�IRU�FRQWLQXDWLRQ�SDVVLQJ
VW\OH��,W�ZLOO�EH�D�GLUHFWLYH�LQWHUSUHWHG�E\�D�FRPSLOHU�SOXJLQ�WKDW�ZLOO�WULJJHU�JHQHUDWLRQ
RI�FRQWLQXDWLRQ�EDVHG�E\WH�FRGH�IRU�PHWKRG�LQYRFDWLRQ��UDWKHU�WKDQ�WKH�GHIDXOW�VWDFN
IUDPH�E\WH�FRGH��7KH�DQQRWDWLRQ�ZLOO�KDYH�QR�HIIHFW�XQOHVV�WKH�FRUUHVSRQGLQJ�scalac
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SOXJLQ�LV�XVHG��&RQVXOW�WKH�UHOHDVH�GRFXPHQWDWLRQ�IRU�PRUH�LQIRUPDWLRQ�RQ�WKLV�IHDWXUH�
ZKHQ�LW�EHFRPHV�DYDLODEOH�

7R�XQGHUVWDQG�WKH�@throws�DQQRWDWLRQ��LW¦V�LPSRUWDQW�WR�UHPHPEHU�WKDW�6FDOD�GRHV�QRW
KDYH�FKHFNHG�H[FHSWLRQV��LQ�FRQWUDVW�ZLWK�-DYD��7KHUH�LV�DOVR�QR�throws�FODXVH�DYDLODEOH
IRU�6FDOD�PHWKRG�GHFODUDWLRQV��7KLV� LV�QRW�D�SUREOHP�LI�D�6FDOD�PHWKRG�FDOOV�D�-DYD
PHWKRG� WKDW� LV�GHFODUHG� WR� WKURZ�D�FKHFNHG�H[FHSWLRQ��7KH�H[FHSWLRQ� LV� WUHDWHG�DV
XQFKHFNHG�LQ�6FDOD��+RZHYHU��VXSSRVH�WKH�6FDOD�PHWKRG�LQ�TXHVWLRQ�GRHVQ¦W�FDWFK�WKH
H[FHSWLRQ��EXW�OHWV�LW�SDVV�WKURXJK��:KDW�LI�WKLV�6FDOD�PHWKRG�LV�FDOOHG�E\�RWKHU�-DYD
FRGH"

/HW¦V�ORRN�DW�DQ�H[DPSOH�LQYROYLQJ�java.io.IOException��ZKLFK�LV�D�FKHFNHG�H[FHSWLRQ�
7KH�IROORZLQJ�6FDOD�FODVV�SULQWV�RXW�WKH�FRQWHQWV�RI�D�java.io.File�

// code-examples/AppDesign/annotations/file-printer.scala

import java.io._

class FilePrinter(val file: File) {

  @throws(classOf[IOException])
  def print() = {
    var reader: LineNumberReader = null
    try {
      reader = new LineNumberReader(new FileReader(file))
      loop(reader)
    } finally {
      if (reader != null)
        reader.close
    }
  }

  private def loop(reader: LineNumberReader): Unit = {
    val line = reader.readLine()
    if (line != null) {
      format("%3d: %s\n", reader.getLineNumber, line)
      loop(reader)
    }
  }
}

1RWH�WKH�@throws�DQQRWDWLRQ�DSSOLHG�WR�WKH�print�PHWKRG��7KH�DUJXPHQW�WR�WKH�DQQR�
WDWLRQ�FRQVWUXFWRU�LV�D�VLQJOH�java.lang.Class[Any]�REMHFW��LQ�WKLV�FDVH��classOf[IOExcep
tion]��7KH�-DYD�,2�$3,�PHWKRGV�XVHG�E\�print�DQG�WKH�SULYDWH�PHWKRG�loop�PLJKW
WKURZ�WKLV�H[FHSWLRQ�

%\�WKH�ZD\��QRWLFH�WKDW�loop�XVHV�IXQFWLRQDO�VW\OH�WDLO�UHFXUVLRQ��UDWKHU�WKDQ�D�ORRS��1R
YDULDEOHV�ZHUH�PXWDWHG�GXULQJ�WKH�SURGXFWLRQ�RI�WKLV�RXWSXW���:HOO��ZH�GRQ¦W�DFWXDOO\
NQRZ�ZKDW¦V�KDSSHQLQJ�LQVLGH�WKH�-DYD�,2�FODVVHV�����
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+HUH�LV�D�-DYD�FODVV�WKDW�XVHV�FilePrinter��,W�SURYLGHV�WKH�main�URXWLQH�

// code-examples/AppDesign/annotations/FilePrinterMain.java

import java.io.*;

public class FilePrinterMain {
  public static void main(String[] args) {
    for (String fileName: args) {
      try {
        File file = new File(fileName);
        new FilePrinter(file).print();
      } catch (IOException ioe) {
        System.err.println("IOException for file " + fileName);
        System.err.println(ioe.getMessage());
      }
    }
  }
}

7KHVH�FODVVHV�FRPSLOH�ZLWKRXW�HUURU��<RX�FDQ�WU\�WKHP�RXW�ZLWK�WKH�IROORZLQJ�FRPPDQG
�ZKLFK�DVVXPHV�WKDW�FilePrinterMain.java� LV� LQ� WKH�DQQRWDWLRQV�GLUHFWRU\��DV� LQ� WKH
H[DPSOH�FRGH�GLVWULEXWLRQ��

scala -cp build FilePrinterMain annotations/FilePrinterMain.java

<RX�VKRXOG�JHW�WKH�IROORZLQJ�RXWSXW�

 1: import java.io.*;
 2:
 3: public class FilePrinterMain {
 4:   public static void main(String[] args) {
 5:     for (String fileName: args) {
 6:       try {
 7:         File file = new File(fileName);
 8:         new FilePrinter(file).print();
 9:       } catch (IOException ioe) {
10:         System.err.println("IOException for file " + fileName);
11:         System.err.println(ioe.getMessage());
12:       }
13:     }
14:   }
15: }

1RZ��UHWXUQLQJ�WR�WKH�FilePrinter�FODVV��VXSSRVH�\RX�FRPPHQW�RXW�WKH�@throws�OLQH�
7KLV�ILOH�ZLOO�FRQWLQXH�WR�FRPSLOH��EXW�ZKHQ�\RX�FRPSLOH�FilePrinterMain.java��\RX
ZLOO�JHW�WKH�IROORZLQJ�HUURU�

annotations/FilePrinterMain.java:9: exception java.io.IOException is never
thrown in body of corresponding try statement
      } catch (IOException ioe) {
        ^
1 error
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(YHQ�WKRXJK�java.io.IOException�PD\�JHW�WKURZQ�E\�FilePrinter��WKDW�LQIRUPDWLRQ
LVQ¦W�LQ�WKH�E\WH�FRGH�JHQHUDWHG�E\�scalac��VR�WKH�DQDO\VLV�GRQH�E\�javac�PLVWDNHQO\
FRQFOXGHV�WKDW�IOException�LV�QHYHU�WKURZQ�

6R��WKH�SXUSRVH�RI�@throws�LV�WR�LQVHUW�WKH�LQIRUPDWLRQ�RQ�WKURZQ�FKHFNHG�H[FHSWLRQV
LQWR�WKH�E\WH�FRGH�WKDW�javac�ZLOO�UHDG�

,Q� D� PL[HG� -DYD�6FDOD� HQYLURQPHQW�� FRQVLGHU� DGGLQJ� WKH� @throws
DQQRWDWLRQ�IRU�DOO�\RXU�6FDOD�PHWKRGV�WKDW�FDQ�WKURZ�-DYD�FKHFNHG�H[�
FHSWLRQV��(YHQWXDOO\�� VRPH�-DYD�FRGH�ZLOO�SUREDEO\�FDOO�RQH�RI� WKRVH
PHWKRGV�

Enumerations Versus Pattern Matching
(QXPHUDWLRQV�DUH�D�ZD\�RI�GHILQLQJ�D�ILQLWH�VHW�RI�FRQVWDQW�YDOXHV��7KH\�DUH�D�OLJKWZHLJKW
DOWHUQDWLYH�WR�FDVH�FODVVHV��<RX�FDQ�UHIHUHQFH�WKH�YDOXHV�GLUHFWO\��LWHUDWH�WKURXJK�WKHP�
LQGH[�LQWR�WKHP�ZLWK�LQWHJHU�LQGLFHV��HWF�

-XVW�DV�IRU�DQQRWDWLRQV��6FDOD¦V�IRUP�RI�HQXPHUDWLRQV�DUH�FODVV�EDVHG��ZLWK�D�SDUWLFXODU
VHW�RI�LGLRPV��UDWKHU�WKDQ�UHO\LQJ�RQ�VSHFLDO�NH\ZRUGV�IRU�GHILQLQJ�WKHP��DV�LV�XVHG�IRU
HQXPHUDWLRQV�LQ�-DYD�DQG��1(7��+RZHYHU��\RX�FDQ�DOVR�XVH�HQXPHUDWLRQV�GHILQHG�LQ
WKRVH�ODQJXDJHV�

6FDOD�HQXPHUDWLRQV�DUH�GHILQHG�E\�VXEFODVVLQJ�WKH�DEVWUDFW�scala.Enumeration�FODVV�
7KHUH�DUH�VHYHUDO�ZD\V�WR�FRQVWUXFW�DQG�XVH�DQ�HQXPHUDWLRQ��:H¦OO�GHPRQVWUDWH�RQH
LGLRP�WKDW�PRVW�FORVHO\�PDWFKHV�WKH�-DYD�DQG��1(7�IRUPV�\RX�PD\�DOUHDG\�NQRZ�

5HFDOO� WKH� +773� PHWKRGV� VFULSWV� WKDW� ZH� ZURWH� LQ� £6HDOHG� &ODVV� +LHUDU�
FKLHV¤�RQ�SDJH������:H�GHILQHG�WKH�VHW�RI�+773�����PHWKRGV�XVLQJ�D�VHDOHG�FDVH�FODVV
KLHUDUFK\�

// code-examples/ObjectSystem/sealed/http-script.scala

sealed abstract class HttpMethod()
case class Connect(body: String) extends HttpMethod
case class Delete (body: String) extends HttpMethod
case class Get    (body: String) extends HttpMethod
case class Head   (body: String) extends HttpMethod
case class Options(body: String) extends HttpMethod
case class Post   (body: String) extends HttpMethod
case class Put    (body: String) extends HttpMethod
case class Trace  (body: String) extends HttpMethod

def handle (method: HttpMethod) = method match {
  case Connect (body) => println("connect: " + body)
  case Delete  (body) => println("delete: "  + body)
  case Get     (body) => println("get: "     + body)
  case Head    (body) => println("head: "    + body)
  case Options (body) => println("options: " + body)
  case Post    (body) => println("post: "    + body)
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  case Put     (body) => println("put: "     + body)
  case Trace   (body) => println("trace: "   + body)
}

val methods = List(
  Connect("connect body..."),
  Delete ("delete body..."),
  Get    ("get body..."),
  Head   ("head body..."),
  Options("options body..."),
  Post   ("post body..."),
  Put    ("put body..."),
  Trace  ("trace body..."))

methods.foreach { method => handle(method) }

,Q�WKDW�H[DPSOH��HDFK�PHWKRG�KDG�D�body�DWWULEXWH�IRU�WKH�PHVVDJH�ERG\��:H¦OO�DVVXPH
KHUH�WKDW�WKH�ERG\�LV�KDQGOHG�WKURXJK�RWKHU�PHDQV�DQG�ZH�RQO\�FDUH�DERXW�LGHQWLI\LQJ
WKH�NLQG�RI�+773�PHWKRG�� 6R��KHUH� LV� D� 6FDOD�Enumeration� FODVV� IRU� WKH�+773����
PHWKRGV�

// code-examples/AppDesign/enumerations/http-enum-script.scala

object HttpMethod extends Enumeration {
  type Method = Value
  val Connect, Delete, Get, Head, Options, Post, Put, Trace = Value
}

import HttpMethod._

def handle (method: HttpMethod.Method) = method match {
  case Connect => println("Connect: " + method.id)
  case Delete  => println("Delete: "  + method.id)
  case Get     => println("Get: "     + method.id)
  case Head    => println("Head: "    + method.id)
  case Options => println("Options: " + method.id)
  case Post    => println("Post: "    + method.id)
  case Put     => println("Put: "     + method.id)
  case Trace   => println("Trace: "   + method.id)
}

HttpMethod foreach { method => handle(method) }
println( HttpMethod )

7KLV�VFULSW�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

Connect: 0
Delete: 1
Get: 2
Head: 3
Options: 4
Post: 5
Put: 6
Trace: 7
{Main$$anon$1$HttpMethod(0), Main$$anon$1$HttpMethod(1),
Main$$anon$1$HttpMethod(2), Main$$anon$1$HttpMethod(3),
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Main$$anon$1$HttpMethod(4), Main$$anon$1$HttpMethod(5),
Main$$anon$1$HttpMethod(6), Main$$anon$1$HttpMethod(7)}

�:H� ZUDSSHG� WKH� OLQHV� IRU� WKH� RXWSXW� EHWZHHQ� WKH� {...}��� 7KHUH� DUH� WZR� XVHV� RI
Value�LQ�WKH�GHILQLWLRQ�RI�HttpMethod��7KH�ILUVW�XVDJH�LV�DFWXDOO\�D�UHIHUHQFH�WR�DQ�DEVWUDFW
FODVV��Enumeration.Value��ZKLFK�HQFDSVXODWHV�VRPH�XVHIXO�RSHUDWLRQV�IRU�WKH�£YDOXHV¤
LQ� WKH� HQXPHUDWLRQ��:H� GHILQH� D� QHZ� type�� Method�� WKDW� IXQFWLRQV� DV� DQ� DOLDV� IRU
Value��:H�VHH�LW�XVHG�LQ�WKH�W\SH�RI�WKH�DUJXPHQW�SDVVHG�WR�WKH�handle�PHWKRG��ZKLFK
GHPRQVWUDWHV�HttpMethod�LQ�XVH��HttpMethod.Method�LV�D�PRUH�PHDQLQJIXO�QDPH�WR�WKH
UHDGHU� WKDQ� WKH� JHQHULF� HttpMethod.Value�� 1RWH� WKDW� RQH� RI� WKH� ILHOGV� LQ� Enumera
tion.Value�LV�id��ZKLFK�ZH�DOVR�XVH�LQ�handle�

7KH�VHFRQG�XVH�RI�Value�LV�DFWXDOO\�D�FDOO�WR�D�PHWKRG��7KHUH�LV�QR�QDPHVSDFH�FROOLVLRQ
EHWZHHQ�WKHVH�WZR�QDPHV��7KH�OLQH�val Connect, Delete, Get, Head, Options, Post,
Put, Trace = Value�GHILQHV�WKH�VHW�RI�YDOXHV�IRU�WKH�HQXPHUDWLRQ��7KH�Value�PHWKRG�LV
FDOOHG�IRU�HDFK�RQH��,W�FUHDWHV�D�QHZ�Enumeration.Value�IRU�HDFK�RQH�DQG�DGGV�LW�WR�WKH
PDQDJHG�VHW�RI�YDOXHV�

,Q�WKH�FRGH�EHORZ�WKH�GHILQLWLRQ��ZH�LPSRUW�WKH�GHILQLWLRQV�LQ�HttpMethod�DQG�ZH�GHILQH
D�handle�PHWKRG�WKDW�SDWWHUQ�PDWFKHV�RQ�HttpMethod.Method�REMHFWV��,W�VLPSO\�SULQWV�D
PHVVDJH�IRU�HDFK�YDOXH�DORQJ�ZLWK�LWV�id��1RWH�WKDW�ZKLOH�WKH�H[DPSOH�KDV�QR�£GHIDXOW¤
FDVH�FODXVH��H�J��case _ º�...���QRQH�LV�UHTXLUHG�LQ�WKLV�FDVH��+RZHYHU��WKH�FRPSLOHU
GRHVQ¦W�DFWXDOO\�NQRZ�WKDW�DOO�WKH�SRVVLEOH�YDOXHV�DUH�FRYHUHG��LQ�FRQWUDVW�WR�D�VHDOHG
FDVH�FODVV�KLHUDUFK\��,I�\RX�FRPPHQW�RXW�RQH�RI�WKH�FDVH�VWDWHPHQWV�LQ�handle��\RX�ZLOO
JHW�QR�ZDUQLQJV��EXW�\RX�ZLOO�JHW�D�MatchError�

:KHQ�SDWWHUQ�PDWFKLQJ�RQ�HQXPHUDWLRQ�YDOXHV��WKH�FRPSLOHU�FDQ¦W�WHOO
LI�WKH�PDWFK�LV�£H[KDXVWLYH�¤

<RX�PLJKW�ZRQGHU�ZK\�ZH�KDUGFRGHG�VWULQJV�OLNH�£&RQQHFW¤�LQ�WKH�println�VWDWHPHQWV
LQ�WKH�FDVH�FODXVHV��&DQ¦W�ZH�JHW�WKH�QDPH�IURP�WKH�HttpMethod.Method�REMHFW�LWVHOI"
$QG�ZK\�GLGQ¦W�WKH�RXWSXW�RI�println(HttpMethod)�LQFOXGH�WKRVH�QDPHV��LQVWHDG�RI�WKH
XJO\�LQWHUQDO�REMHFW�QDPHV"

<RX�DUH�SUREDEO\�DFFXVWRPHG�WR�XVLQJ�VXFK�QDPHV�ZLWK�-DYD�RU��1(7�HQXPHUDWLRQV�
8QIRUWXQDWHO\��ZH�FDQ¦W�JHW�WKRVH�QDPHV�IURP�WKH�YDOXHV�LQ�WKH�6FDOD�HQXPHUDWLRQ��DW
OHDVW�JLYHQ�WKH�ZD\�WKDW�ZH�GHFODUHG�HttpMethod��+RZHYHU��WKHUH�DUH�WZR�ZD\V�ZH�FDQ
FKDQJH�WKH�LPSOHPHQWDWLRQ�WR�JHW�QDPH�VWULQJV��,Q�WKH�ILUVW�DSSURDFK��ZH�SDVV�WKH�QDPH
WR�Value�ZKHQ�FUHDWLQJ�WKH�ILHOGV�

// code-examples/AppDesign/enumerations/http-enum2-script.scala

object HttpMethod extends Enumeration {
  type Method = Value
  val Connect = Value("Connect")
  val Delete  = Value("Delete")
  val Get     = Value("Get")
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  val Head    = Value("Head")
  val Options = Value("Options")
  val Post    = Value("Post")
  val Put     = Value("Put")
  val Trace   = Value("Trace")
}

import HttpMethod._

def handle (method: HttpMethod.Method) = method match {
  case Connect => println(method + ": " + method.id)
  case Delete  => println(method + ": " + method.id)
  case Get     => println(method + ": " + method.id)
  case Head    => println(method + ": " + method.id)
  case Options => println(method + ": " + method.id)
  case Post    => println(method + ": " + method.id)
  case Put     => println(method + ": " + method.id)
  case Trace   => println(method + ": " + method.id)
}

HttpMethod foreach { method => handle(method) }
println( HttpMethod )

,W�LV�D�ELW�UHGXQGDQW�WR�KDYH�WR�XVH�WKH�VDPH�ZRUG�WZLFH�LQ�GHFODUDWLRQV�OLNH�val Connect
= Value("Connect")�

5XQQLQJ�WKLV�VFULSW�SURGXFHV�WKH�IROORZLQJ�QLFHU�RXWSXW�

Connect: 0
Delete: 1
Get: 2
Head: 3
Options: 4
Post: 5
Put: 6
Trace: 7
{Connect, Delete, Get, Head, Options, Post, Put, Trace}

,Q�WKH�VHFRQG�DSSURDFK��ZH�SDVV�WKH�OLVW�RI�QDPHV�WR�WKH�Enumeration�FRQVWUXFWRU�

// code-examples/AppDesign/enumerations/http-enum3-script.scala

object HttpMethod extends Enumeration(
    "Connect", "Delete", "Get", "Head", "Options", "Post", "Put", "Trace") {
  type Method = Value
  val Connect, Delete, Get, Head, Options, Post, Put, Trace = Value
}

import HttpMethod._

def handle (method: HttpMethod.Method) = method match {
  case Connect => println(method + ": " + method.id)
  case Delete  => println(method + ": " + method.id)
  case Get     => println(method + ": " + method.id)
  case Head    => println(method + ": " + method.id)
  case Options => println(method + ": " + method.id)

Enumerations Versus Pattern Matching | 303

Download at WoweBook.Com



  case Post    => println(method + ": " + method.id)
  case Put     => println(method + ": " + method.id)
  case Trace   => println(method + ": " + method.id)
}

HttpMethod foreach { method => handle(method) }
println( HttpMethod )

7KLV�VFULSW�SURGXFHV�LGHQWLFDO�RXWSXW��1RWH�WKDW�ZH�KDYH�D�UHGXQGDQW�OLVW�RI�QDPH�VWULQJV
DQG�QDPHV�RI�WKH�vals��,W�LV�XS�WR�\RX�WR�NHHS�WKH�LWHPV�LQ�WKH�OLVW�DQG�WKHLU�RUGHU�FRQVLVWHQW
ZLWK�WKH�GHFODUHG�YDOXHV��7KLV�YHUVLRQ�KDV�IHZHU�FKDUDFWHUV��EXW�LW�LV�PRUH�HUURU�SURQH�
,QWHUQDOO\��Enumeration�SDLUV�WKH�VWULQJV�ZLWK�WKH�FRUUHVSRQGLQJ�Value�LQVWDQFHV�DV�WKH\
DUH�FUHDWHG�

7KH�RXWSXW�ZKHQ�SULQWLQJ�WKH�ZKROH�HttpMethod�REMHFW�LV�EHWWHU�IRU�HLWKHU�DOWHUQDWLYH
LPSOHPHQWDWLRQ��:KHQ�WKH�YDOXHV�KDYH�QDPHV��WKHLU�toString�UHWXUQV�WKH�QDPH��,Q�IDFW�
RXU� ILQDO� WZR�H[DPSOHV�KDYH�EHFRPH�TXLWH�DUWLILFLDO�EHFDXVH�ZH�QRZ�KDYH� LGHQWLFDO
VWDWHPHQWV�IRU�HDFK�FDVH�FODXVH��2I�FRXUVH��LQ�D�UHDO�LPSOHPHQWDWLRQ��\RX�ZRXOG�KDQGOH
WKH�GLIIHUHQW�+773�PHWKRGV�GLIIHUHQWO\�

Thoughts On Annotations and Enumerations
)RU�ERWK�DQQRWDWLRQV�DQG�HQXPHUDWLRQV��WKHUH�DUH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�WR�WKH
6FDOD�DSSURDFK��ZKHUH�ZH�XVH�UHJXODU�FODVV�EDVHG�PHFKDQLVPV��UDWKHU�WKDQ�LQYHQWLQJ
FXVWRP�NH\ZRUGV�DQG�V\QWD[��7KH�DGYDQWDJHV�LQFOXGH�IHZHU�VSHFLDO�FDVHV�LQ�WKH�ODQ�
JXDJH��&ODVVHV�DQG� WUDLWV� DUH�XVHG� LQ�PRUH�RU� OHVV� WKH� VDPH�ZD\V� WKH\�DUH�XVHG� IRU
£QRUPDO¤� FRGH��7KH�GLVDGYDQWDJHV� LQFOXGH� WKH�QHHG� WR�XQGHUVWDQG�DQG�XVH�DG�KRF
FRQYHQWLRQV�WKDW�DUH�QRW�DOZD\V�DV�FRQYHQLHQW�WR�XVH�DV�WKH�FXVWRP�V\QWD[�PHFKDQLVPV
UHTXLUHG�LQ�-DYD�DQG��1(7��$OVR��6FDOD¦V�LPSOHPHQWDWLRQV�DUH�QRW�DV�IXOO�IHDWXUHG�

6R��VKRXOG�WKH�6FDOD�FRPPXQLW\�UHOHQW�DQG�LPSOHPHQW�DG�KRF��EXW�PRUH�IXOO�IHDWXUHG
PHFKDQLVPV�IRU�DQQRWDWLRQV�DQG�HQXPHUDWLRQV"�0D\EH�QRW��6FDOD�LV�D�PRUH�IOH[LEOH
ODQJXDJH�WKDQ�PRVW�ODQJXDJHV��0DQ\�RI�WKH�IHDWXUHV�SURYLGHG�E\�-DYD�DQG��1(7�DQ�
QRWDWLRQV�DQG�HQXPHUDWLRQV�FDQ�EH�LPSOHPHQWHG�LQ�6FDOD�E\�RWKHU�PHDQV�

6RPH�XVH�FDVHV�IRU�WKH�PRUH�DGYDQFHG�IHDWXUHV�RI�-DYD�DQQRWDWLRQV�FDQ�EH�LPSOHPHQWHG
PRUH� HOHJDQWO\� ZLWK� £QRUPDO¤� 6FDOD� FRGH�� DV� ZH� ZLOO� GLVFXVV� LQ� £'HVLJQ� 3DW�
WHUQV¤�RQ�SDJH������)RU�HQXPHUDWLRQV��VHDOHG�FDVH�FODVVHV�DQG�SDWWHUQ�PDWFKLQJ�SUR�
YLGH�D�PRUH�IOH[LEOH�VROXWLRQ��LQ�PDQ\�FDVHV�

Enumerations Versus Case Classes and Pattern Matching
/HW¦V�UHYLVLW�WKH�+773�PHWKRG�VFULSW��ZKLFK�XVHV�D�VHDOHG�FDVH�FODVV�KLHUDUFK\�YHUVXV
WKH�YHUVLRQ�ZH�ZURWH�SUHYLRXVO\�WKDW�XVHV�DQ�Enumeration��6LQFH�WKH�HQXPHUDWLRQ�YHU�
VLRQ�GRHVQ¦W�KDQGOH�WKH�PHVVDJH�ERG\��OHW¦V�ZULWH�D�PRGLILHG�YHUVLRQ�RI�WKH�VHDOHG�FDVH
FODVV�YHUVLRQ� WKDW� LV�FORVHU� WR� WKH�HQXPHUDWLRQ�YHUVLRQ�� L�H��� LW�DOVR�GRHVQ¦W�KROG� WKH
PHVVDJH�ERG\�DQG�LW�KDV�name�DQG�id�PHWKRGV�
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// code-examples/AppDesign/enumerations/http-case-script.scala

sealed abstract class HttpMethod(val id: Int) {
  def name = getClass getSimpleName
  override def toString = name
}

case object Connect extends HttpMethod(0)
case object Delete  extends HttpMethod(1)
case object Get     extends HttpMethod(2)
case object Head    extends HttpMethod(3)
case object Options extends HttpMethod(4)
case object Post    extends HttpMethod(5)
case object Put     extends HttpMethod(6)
case object Trace   extends HttpMethod(7)

def handle (method: HttpMethod) = method match {
  case Connect => println(method + ": " + method.id)
  case Delete  => println(method + ": " + method.id)
  case Get     => println(method + ": " + method.id)
  case Head    => println(method + ": " + method.id)
  case Options => println(method + ": " + method.id)
  case Post    => println(method + ": " + method.id)
  case Put     => println(method + ": " + method.id)
  case Trace   => println(method + ": " + method.id)
}

List(Connect, Delete, Get, Head, Options, Post, Put, Trace) foreach {
  method => handle(method)
}

1RWH�WKDW�ZH�XVHG�case object� IRU�DOO� WKH�FRQFUHWH�VXEFODVVHV��WR�KDYH�D�WUXH�VHW�RI
FRQVWDQWV��7R�PLPLF�WKH�HQXPHUDWLRQ�id��ZH�DGGHG�D�ILHOG�H[SOLFLWO\��EXW�QRZ�LW¦V�XS
WR�XV�WR�SDVV�LQ�YDOLG��XQLTXH�YDOXHV��7KH�handle�PHWKRGV�LQ�WKH�WZR�LPSOHPHQWDWLRQV
DUH�QHDUO\�LGHQWLFDO�

7KLV�VFULSW�RXWSXWV�WKH�IROORZLQJ�

Main$$anon$1$Connect$: 0
Main$$anon$1$Delete$: 1
Main$$anon$1$Get$: 2
Main$$anon$1$Head$: 3
Main$$anon$1$Options$: 4
Main$$anon$1$Post$: 5
Main$$anon$1$Put$: 6
Main$$anon$1$Trace$: 7

7KH�REMHFW�QDPHV�DUH�XJO\��EXW�ZH�FRXOG�SDUVH�WKH�VWULQJ�DQG�UHPRYH�WKH�VXEVWULQJ�ZH
UHDOO\�FDUH�DERXW�

%RWK�DSSURDFKHV�VXSSRUW�WKH�FRQFHSW�RI�D�ILQLWH�DQG�IL[HG�VHW�RI�YDOXHV��DV�ORQJ�DV�WKH
FDVH�FODVV�KLHUDUFK\�LV�VHDOHG��$Q�DGGLWLRQDO�DGYDQWDJH�RI�D�VHDOHG�FDVH�FODVV�KLHUDUFK\
LV� WKH� IDFW� WKDW� WKH� FRPSLOHU� ZLOO� ZDUQ� \RX� LI� SDWWHUQ� PDWFKLQJ� VWDWHPHQWV� DUHQ¦W
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H[KDXVWLYH��7U\�UHPRYLQJ�RQH�RI�WKH�FDVH�FODXVHV�DQG�\RX¦OO�JHW�WKH�XVXDO�ZDUQLQJ��7KH
FRPSLOHU�FDQ¦W�GR�WKLV�ZLWK�HQXPHUDWLRQV��DV�ZH�VDZ�

7KH�HQXPHUDWLRQ�IRUPDW�LV�PRUH�VXFFLQFW��GHVSLWH�WKH�QDPH�GXSOLFDWLRQ�ZH�KDG�WR�XVH�
DQG�LW�DOVR�VXSSRUWV�WKH�DELOLW\�WR�LWHUDWH�WKURXJK�WKH�YDOXHV��:H�KDG�WR�GR�WKDW�PDQXDOO\
LQ�WKH�FDVH�FODXVH�LPSOHPHQWDWLRQ�

7KH�FDVH�FODVV�LPSOHPHQWDWLRQ�QDWXUDOO\�DFFRPPRGDWHV�RWKHU�ILHOGV��H�J���WKH�body��DV
LQ�WKH�RULJLQDO�LPSOHPHQWDWLRQ��ZKLOH�HQXPHUDWLRQV�FDQ�RQO\�DFFRPPRGDWH�FRQVWDQW
Values�ZLWK�DVVRFLDWHG�QDPHV�DQG�,'V�

)RU�FDVHV�ZKHUH�\RX�QHHG�RQO\�D�VLPSOH�OLVW�RI�FRQVWDQWV�E\�QDPH�RU�,'
QXPEHU��XVH�HQXPHUDWLRQV��%H�FDUHIXO�WR�IROORZ�WKH�XVDJH�LGLRPV��)RU
IL[HG�VHWV�RI�PRUH�FRPSOH[��FRQVWDQW�REMHFWV��XVH�VHDOHG�FDVH�REMHFWV�

Using Nulls Versus Options
:KHQ� ZH� LQWURGXFHG� Option� LQ� £2SWLRQ�� 6RPH�� DQG� 1RQH�� $YRLGLQJ
QXOOV¤�RQ�SDJH�����ZH�EULHIO\�GLVFXVVHG�KRZ�LW�HQFRXUDJHV�DYRLGLQJ�null�UHIHUHQFHV�LQ
\RXU�FRGH��ZKLFK�7RQ\�+RDUH��ZKR�LQWURGXFHG�WKH�FRQFHSW�RI�null�LQ�������FDOOHG�KLV
£ELOOLRQ�GROODU�PLVWDNH¤��VHH�>+RDUH����@��

6FDOD�KDV�WR�VXSSRUW�null��EHFDXVH�null�LV�VXSSRUWHG�RQ�ERWK�WKH�-90�DQG��1(7�DQG
RWKHU�OLEUDULHV�XVH�null��,Q�IDFW��null�LV�XVHG�E\�VRPH�6FDOD�OLEUDULHV�

:KDW�LI�null�ZHUH�QRW�DYDLODEOH"�+RZ�ZRXOG�WKDW�FKDQJH�\RXU�GHVLJQV"�7KH�Map�$3,
RIIHUV�VRPH�XVHIXO�H[DPSOHV��&RQVLGHU�WKHVH�WZR�Map�PHWKRGV�

trait Map[A,+B] {
  ...
  def get(key: A) : Option[B]
  def getOrElse [B2 >: B](key : A, default : => B2) : B2 = ...
  ...
}

$�PDS�PD\�QRW�KDYH�D�YDOXH�IRU�D�SDUWLFXODU�NH\��%RWK�RI�WKHVH�PHWKRGV�DYRLG�UHWXUQLQJ
null� LQ�WKDW�FDVH��&RQFUHWH�LPSOHPHQWDWLRQV�RI�get� LQ�VXEFODVVHV�UHWXUQ�D�None� LI�QR
YDOXH�H[LVWV�IRU�WKH�NH\��2WKHUZLVH��WKH\�UHWXUQ�D�Some�ZUDSSLQJ�WKH�YDOXH��7KH�PHWKRG
VLJQDWXUH�WHOOV�\RX�WKDW�D�YDOXH�PLJKW�QRW�H[LVW��DQG�LW�IRUFHV�\RX�WR�KDQGOH�WKDW�VLWXDWLRQ
JUDFHIXOO\�

val stateCapitals = Map("Alabama" -> "Montgomery", ...)
...

stateCapitals.get("North Hinterlandia") match {
  case None => println ("No such state!")
  case Some(x) => println(x)
}
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6LPLODUO\��getOrElse�IRUFHV�\RX�WR�GHVLJQ�GHIHQVLYHO\��<RX�KDYH�WR�VSHFLI\�D�GHIDXOW�YDOXH
IRU�ZKHQ�D�NH\�LVQ¦W�LQ�WKH�PDS��1RWH�WKDW�WKH�GHIDXOW�YDOXH�FDQ�DFWXDOO\�EH�DQ�LQVWDQFH
RI�D�VXSHUW\SH�UHODWLYH�WR�WKH�PDS¦V�YDOXH�W\SH�

println(stateCapitals.getOrElse("North Hinterlandia", "No such state!"))

$�ORW�RI�-DYD�DQG��1(7�$3,V�DOORZ�null�PHWKRG�DUJXPHQWV�DQG�FDQ�UHWXUQ�null�YDOXHV�
<RX�FDQ�ZULWH�6FDOD�ZUDSSHUV�DURXQG�WKHP�WR�LPSOHPHQW�DQ�DSSURSULDWH�VWUDWHJ\�IRU
KDQGOLQJ�nulls�

)RU� H[DPSOH�� OHW¦V� UHYLVLW� RXU� SUHYLRXV� ILOH� SULQWLQJ� H[DPSOH� IURP� £$QQRWD�
WLRQV¤�RQ�SDJH������:H¦OO� UHIDFWRU�RXU�FilePrinter� FODVV�DQG� WKH� -DYD�GULYHU� LQWR�D
FRPELQHG�VFULSW��:H¦OO�DGGUHVV�WZR�LVVXHV�����ZUDS�LineNumberReader.readLine�ZLWK�D
PHWKRG�WKDW�UHWXUQV�DQ�Option�LQVWHDG�RI�null��DQG����ZUDS�FKHFNHG�IOExceptions�LQ
RXU�RZQ�XQFKHFNHG�H[FHSWLRQ��FDOOHG�ScalaIOException�

// code-examples/AppDesign/options-nulls/file-printer-refactored-script.scala

import java.io._

class ScalaIOException(cause: Throwable) extends RuntimeException(cause)

class ScalaLineNumberReader(in: Reader) extends LineNumberReader(in) {
  def inputLine() = readLine() match {
    case null => None
    case line => Some(line)
  }
}

object ScalaLineNumberReader {
  def apply(file: File) = try {
     new ScalaLineNumberReader(new FileReader(file))
  } catch {
    case ex: IOException => throw new ScalaIOException(ex)
  }
}

class FilePrinter(val file: File) {
  def print() = {
    val reader = ScalaLineNumberReader(file)
    try {
      loop(reader)
    } finally {
      if (reader != null)
        reader.close
    }
  }

  private def loop(reader: ScalaLineNumberReader): Unit = {
    reader.inputLine() match {
      case None =>
      case Some(line) => {
        format("%3d: %s\n", reader.getLineNumber, line)
        loop(reader)
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      }
    }
  }
}

// Process the command-line arguments (file names):
args.foreach { fileName =>
  new FilePrinter(new File(fileName)).print();
}

7KH� ScalaLineNumberReader� FODVV� GHILQHV� D� QHZ� PHWKRG� inputLine� WKDW� FDOOV
LineNumberReader.readLine� DQG�SDWWHUQ�PDWFKHV� WKH� UHVXOW�� ,I�null�� WKHQ�None� LV� UH�
WXUQHG��2WKHUZLVH��WKH�OLQH�LV�UHWXUQHG�ZUDSSHG�LQ�D�Some[String]�

ScalaIOException�LV�D�VXEFODVV�RI�RuntimeException��VR�LW�LV�XQFKHFNHG��:H�XVH�LW�WR
ZUDS�DQ\�IOExceptions�WKURZQ�LQ�ScalaLineNumberReader.apply�

7KH� UHIDFWRUHG� FilePrinter� FODVV� XVHV� ScalaLineNumberReader.apply� LQ� LWV� print
PHWKRG��,W�XVHV�ScalaLineNumberReader.inputLine�LQ�LWV�loop�PHWKRG��:KLOH�WKH�RULJ�
LQDO�YHUVLRQ�SURSHUO\�KDQGOHG�WKH�FDVH�RI�LineNumberReader.readLine�UHWXUQLQJ�null�
QRZ�WKH�XVHU�RI�ScalaLineNumberReader�KDV�QR�FKRLFH�EXW�WR�KDQGOH�D�None�UHWXUQ�YDOXH�

7KH�VFULSW�HQGV�ZLWK�D�ORRS�RYHU�WKH�LQSXW�DUJXPHQWV��ZKLFK�DUH�VWRUHG�DXWRPDWLFDOO\
LQ�WKH�args�YDULDEOH��(DFK�DUJXPHQW�LV�WUHDWHG�DV�D�ILOH�QDPH�WR�EH�SULQWHG��7KH�VFULSW
ZLOO�SULQW�LWVHOI�ZLWK�WKH�IROORZLQJ�FRPPDQG�

scala file-printer-refactored-script.scala file-printer-refactored-script.scala

Options and for Comprehensions
7KHUH� LV� RQH� RWKHU� EHQHILW� RI� XVLQJ� Options� ZLWK� for� FRPSUHKHQVLRQV�� DXWRPDWLF
UHPRYDO�RI�None�HOHPHQWV�IURP�FRPSUHKHQVLRQV��XQGHU�PRVW�FRQGLWLRQV��UHIHU�WR�>3RO�
ODN����@� DQG� >6SLHZDN����F@��� &RQVLGHU� WKLV� ILUVW� YHUVLRQ� RI� D� VFULSW� WKDW� XVHV
Options�LQ�D�for�FRPSUHKHQVLRQ�

// code-examples/AppDesign/options-nulls/option-for-comp-v1-script.scala

case class User(userName: String, name: String, email: String, bio: String)

val newUserProfiles = List(
  Map("userName" -> "twitspam", "name" -> "Twit Spam"),
  Map("userName" -> "bucktrends", "name" -> "Buck Trends",
      "email" -> "thebuck@stops.he.re", "bio" -> "World's greatest bloviator"),
  Map("userName" -> "lonelygurl", "name" -> "Lonely Gurl",
      "bio" -> "Obviously fake..."),
  Map("userName" -> "deanwampler", "name" -> "Dean Wampler",
      "email" -> "dean@....com", "bio" -> "Scala passionista"),
  Map("userName" -> "al3x", "name" -> "Alex Payne",
      "email" -> "al3x@....com", "bio" -> "Twitter API genius"))

// Version #1

var validUsers = for {
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  user     <- newUserProfiles
  if (user.contains("userName") && user.contains("name") &&   // #1
      user.contains("email") && user.contains("bio"))         // #1
  userName <- user get "userName"
  name     <- user get "name"
  email    <- user get "email"
  bio      <- user get "bio" }
    yield User(userName, name, email, bio)

validUsers.foreach (user => println(user))

,PDJLQH�WKLV�FRGH�LV�XVHG�LQ�VRPH�VRUW�RI�VRFLDO�QHWZRUNLQJ�VLWH��1HZ�XVHUV�VXEPLW
SURILOH�GDWD��ZKLFK�LV�SDVVHG�WR�WKLV�VHUYLFH�LQ�EXON�IRU�SURFHVVLQJ��)RU�H[DPSOH��ZH
KDUGFRGHG�D�OLVW�RI�VXEPLWWHG�SURILOHV��ZKHUH�HDFK�SURILOH�GDWD�VHW�LV�D�PDS��7KH�PDS
PLJKW�KDYH�EHHQ�FRSLHG�IURP�DQ�+773�VHVVLRQ�

7KH�VHUYLFH�ILOWHUV�RXW�LQFRPSOHWH�SURILOHV��PLVVLQJ�ILHOGV���VKRZQ�ZLWK�WKH����FRP�
PHQWV��DQG�FUHDWHV�QHZ�XVHU�REMHFWV�IURP�WKH�FRPSOHWH�SURILOHV�

5XQQLQJ�WKH�VFULSW�SULQWV�RXW�WKUHH�QHZ�XVHUV�IURP�WKH�ILYH�VXEPLWWHG�SURILOHV�

User(bucktrends,Buck Trends,thebuck@stops.he.re,World's greatest bloviator)
User(deanwampler,Dean Wampler,dean@....com,Scala passionista)
User(al3x,Alex Payne,al3x@....com,Twitter API genius)

1RZ��GHOHWH�WKH�WZR�OLQHV�ZLWK�WKH����FRPPHQW�

...
var validUsers = for {
  user     <- newUserProfiles
  userName <- user get "userName"
  name     <- user get "name"
  email    <- user get "email"
  bio      <- user get "bio" }
    yield User(userName, name, email, bio)

validUsers.foreach (user => println(user))

%HIRUH�\RX�UHUXQ�WKH�VFULSW��ZKDW�GR�\RX�H[SHFW�WR�KDSSHQ"�:LOO�LW�SULQW�ILYH�OLQHV�ZLWK
VRPH�ILHOGV�HPSW\��RU�FRQWDLQLQJ�RWKHU�NLQGV�RI�YDOXHV�"

,W�SULQWV�WKH�VDPH�WKLQJ��+RZ�GLG�LW�GR�WKH�ILOWHULQJ�ZH�ZDQWHG�ZLWKRXW�WKH�H[SOLFLW
FRQGLWLRQDO"

7KH�DQVZHU�OLHV�LQ�WKH�ZD\�WKDW�for�FRPSUHKHQVLRQV�DUH�LPSOHPHQWHG��+HUH�DUH�D�FRXSOH
RI� VLPSOH� IRU� FRPSUHKHQVLRQV� IROORZHG�E\� WKHLU� WUDQVODWLRQV� �VHH� >6FDOD6SHF����@��
)LUVW��ZH¦OO�ORRN�DW�D�VLQJOH�JHQHUDWRU�ZLWK�D�yield�

for (p1 <- e1) yield e2          // for comprehension

e1 map ( case p1 => e2 )         // translation

+HUH¦V�WKH�WUDQVODWLRQ�RI�D�VLQJOH�JHQHUDWRU�IROORZHG�E\�DQ�DUELWUDU\�H[SUHVVLRQ��ZKLFK
FRXOG�EH�VHYHUDO�H[SUHVVLRQV�LQ�EUDFHV��HWF���
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for (p1 <- e1) e2                // for comprehension

e1 foreach ( case p1 => e2 )     // translation

:LWK�PRUH�WKDQ�RQH�JHQHUDWRU��map�LV�UHSODFHG�ZLWK�flatMap�LQ�WKH�yield�H[SUHVVLRQV�
EXW�foreach�LV�XQFKDQJHG�

for (p1 <- e1; p2 <- e2 ...) yield eN       // for comprehension

e1 flatMap ( case p1 => for (p2 <- e2 ...) yield eN )  // translation

for (p1 <- e1; p2 <- e2 ...) eN             // for comprehension

e1 foreach ( case p1 => for (p2 <- e2 ...) eN )       // translation

1RWH�WKDW�WKH�VHFRQG�WKURXJK�WKH�1WK�JHQHUDWRUV�EHFRPH�QHVWHG�IRU�FRPSUHKHQVLRQV
WKDW�QHHG�WUDQVODWLQJ�

7KHUH� DUH� VLPLODU� WUDQVODWLRQV� IRU� FRQGLWLRQDO� VWDWHPHQWV� �ZKLFK� EHFRPH� FDOOV� WR
filter��DQG�val�DVVLJQPHQWV��:H�ZRQ¦W�VKRZ�WKHP�KHUH��VLQFH�RXU�SULPDU\�SXUSRVH�LV
WR� GHVFULEH� MXVW� HQRXJK�RI� WKH� LPSOHPHQWDWLRQ�GHWDLOV� VR� \RX� FDQ�XQGHUVWDQG�KRZ
Options�DQG�for�FRPSUHKHQVLRQV�ZRUN�WRJHWKHU��7KH�DGGLWLRQDO�GHWDLOV�DUH�GHVFULEHG
LQ�>6FDOD6SHF����@��ZLWK�H[DPSOHV�

,I�\RX�IROORZ�WKLV�WUDQVODWLRQ�SURFHVV�RQ�RXU�H[DPSOH��\RX�JHW�WKH�IROORZLQJ�H[SDQVLRQ�

var validUsers = newUserProfiles flatMap {
  case user => user.get("userName") flatMap {
    case userName => user.get("name") flatMap {
      case name => user.get("email") flatMap {
        case email => user.get("bio") map {
          case bio => User(name, userName, email, bio)    // #1
        }
      }
    }
  }
}

1RWH� WKDW� ZH� KDYH� flatMap� FDOOV� XQWLO� WKH� PRVW� QHVWHG� FDVH�� ZKHUH� map� LV� XVHG
�flatMap�DQG�map�EHKDYH�HTXLYDOHQWO\�LQ�WKLV�FDVH��

1RZ�ZH�FDQ�XQGHUVWDQG�ZK\�WKH�ELJ�FRQGLWLRQDO�ZDV�XQQHFHVVDU\��5HFDOO�WKDW�user�LV
D�Map�DQG�user.get("...")�UHWXUQV�DQ�Option��HLWKHU�None�RU�Some(value)��7KH�NH\�LV�WKH
EHKDYLRU�RI�flatMap�GHILQHG�RQ�Option��ZKLFK�OHWV�XV�WUHDW�Options�OLNH�RWKHU�FROOHFWLRQV�
+HUH�LV�WKH�GHILQLWLRQ�RI�flatMap�

def flatMap[B](f: A => Option[B]): Option[B] =
  if (isEmpty) None else f(this.get)

,I�user.get("...")�UHWXUQV�None��WKHQ�flatMap�VLPSO\�UHWXUQV�None�DQG�QHYHU�HYDOXDWHV
WKH�IXQFWLRQ�OLWHUDO��+HQFH��WKH�QHVWHG�LWHUDWLRQV�VLPSO\�VWRS�DQG�QHYHU�JHW�WR�WKH�OLQH
PDUNHG�ZLWK�WKH�FRPPHQW�����ZKHUH�WKH�User�LV�FUHDWHG�

7KH� RXWHUPRVW� flatMap� LV� RQ� WKH� LQSXW� List�� newUserProfiles��2Q� D�PXOWL�HOHPHQW
FROOHFWLRQ�OLNH�WKLV��WKH�EHKDYLRU�RI�flatMap� LV�VLPLODU�WR�map��EXW� LW� IODWWHQV�WKH�QHZ
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FROOHFWLRQ�DQG�GRHVQ¦W�UHTXLUH�WKH�UHVXOWLQJ�PDS�WR�KDYH�WKH�VDPH�QXPEHU�RI�HOHPHQWV
DV�WKH�RULJLQDO�FROOHFWLRQ��OLNH�map�GRHV�

)LQDOO\�� UHFDOO� IURP� £3DUWLDO� )XQFWLRQV¤� RQ� SDJH� ���� WKDW� WKH� case user => ...
VWDWHPHQWV��IRU�H[DPSOH��FDXVH�WKH�FRPSLOHU�WR�JHQHUDWH�D�PartialFunction�WR�SDVV�WR
flatMap�DQG�map��VR�QR�FRUUHVSRQGLQJ�foo match {...}�VW\OH�ZUDSSHUV�DUH�QHFHVVDU\�

8VLQJ�Options�ZLWK�for� FRPSUHKHQVLRQV�HOLPLQDWH� WKH�QHHG� IRU�PRVW
£QXOO�HPSW\¤�FKHFNV�

Exceptions and the Alternatives
,I�nulls�DUH�WKH�£ELOOLRQ�GROODU�PLVWDNH¤�DV�ZH�GLVFXVVHG�LQ�£2SWLRQ��6RPH��DQG�1RQH�
$YRLGLQJ�QXOOV¤�RQ�SDJH�����WKHQ�ZKDW�DERXW�H[FHSWLRQV"�<RX�FDQ�DUJXH�WKDW�nulls
VKRXOG�QHYHU�RFFXU�DQG�\RX�FDQ�GHVLJQ�D�ODQJXDJH�DQG�OLEUDULHV�WKDW�QHYHU�XVH�WKHP�
+RZHYHU��H[FHSWLRQV�KDYH�D�OHJLWLPDWH�SODFH�EHFDXVH�WKH\�VHSDUDWH�WKH�FRQFHUQV�RI�QRU�
PDO�SURJUDP�IORZ�IURP�£H[FHSWLRQDO¤�SURJUDP�IORZ��7KH�GLYLGH�LVQ¦W�DOZD\V�FOHDU�FXW�
)RU�H[DPSOH��LI�D�XVHU�PLVW\SHV�KLV�XVHUQDPH��LV�WKDW�QRUPDO�RU�H[FHSWLRQDO"

$QRWKHU�TXHVWLRQ�LV�ZKHUH�VKRXOG�WKH�H[FHSWLRQ�EH�FDXJKW�DQG�KDQGOHG"�-DYD¦V�FKHFNHG
H[FHSWLRQV�ZHUH�GHVLJQHG� WR�GRFXPHQW� IRU� WKH�$3,�XVHU�ZKDW� H[FHSWLRQV�PLJKW�EH
WKURZQ�E\�D�PHWKRG��7KH�IODZ�ZDV�WKDW�LW�HQFRXUDJHG�KDQGOLQJ�RI�WKH�H[FHSWLRQ�LQ�ZD\V
WKDW�DUH�RIWHQ� VXERSWLPDO�� ,I�RQH�PHWKRG�FDOOV�DQRWKHU�PHWKRG� WKDW�PLJKW� WKURZ�D
FKHFNHG�H[FHSWLRQ��WKH�FDOOLQJ�PHWKRG�LV�IRUFHG�WR�HLWKHU�KDQGOH�WKH�H[FHSWLRQ�RU�GH�
FODUH�WKDW�LW�DOVR�WKURZV�WKH�H[FHSWLRQ��0RUH�RIWHQ�WKDQ�QRW��WKH�FDOOLQJ�PHWKRG�LV�WKH
ZURQJ�SODFH�WR�KDQGOH�WKH�H[FHSWLRQ��,W�LV�WRR�FRPPRQ�IRU�PHWKRGV�WR�VLPSO\�£HDW¤�DQ
H[FHSWLRQ�WKDW�VKRXOG�UHDOO\�EH�SDVVHG�XS�WKH�VWDFN�DQG�KDQGOHG�LQ�D�PRUH�DSSURSULDWH
FRQWH[W��2WKHUZLVH��throws�GHFODUDWLRQV�DUH�UHTXLUHG�XS�WKH�VWDFN�RI�PHWKRG�FDOOV��7KLV
LV�QRW�RQO\�WHGLRXV��EXW�LW�SROOXWHV�WKH�LQWHUPHGLDWH�FRQWH[WV�ZLWK�H[FHSWLRQ�QDPHV�WKDW
RIWHQ�KDYH�QR�FRQQHFWLRQ�WR�WKH�ORFDO�FRQWH[W�

$V�ZH�KDYH�VHHQ��6FDOD�GRHVQ¦W�KDYH�FKHFNHG�H[FHSWLRQV��$Q\�H[FHSWLRQ�FDQ�SURSDJDWH
WR�WKH�SRLQW�ZKHUH�LW�LV�PRVW�DSSURSULDWH�WR�KDQGOH�LW��+RZHYHU��GHVLJQ�GLVFLSOLQH�LV
UHTXLUHG�WR�LPSOHPHQW�KDQGOHUV�LQ�WKH�DSSURSULDWH�SODFHV�IRU�DOO�H[FHSWLRQV�IRU�ZKLFK
UHFRYHU\�LV�SRVVLEOH�

(YHU\�QRZ�DQG�WKHQ��DQ�DUJXPHQW�HUXSWV�DPRQJ�GHYHORSHUV�LQ�D�SDUWLFXODU�ODQJXDJH
FRPPXQLW\�DERXW�ZKHWKHU�RU�QRW�LW¦V�2.�WR�XVH�H[FHSWLRQV�DV�D�FRQWURO�IORZ�PHFKDQLVP
IRU�QRUPDO�SURFHVVLQJ��6RPHWLPHV�WKLV�XVH�RI�H[FHSWLRQV�LV�VHHQ�DV�D�XVHIXO�longjump�RU
QRQ�ORFDO�goto�PHFKDQLVP�IRU�H[LWLQJ�RXW�RI�D�GHHSO\�QHVWHG�VFRSH��2QH�UHDVRQ�WKLV
GHEDWH�SRSV�XS�LV�WKDW�WKLV�XVH�RI�H[FHSWLRQV�LV�VRPHWLPHV�PRUH�HIILFLHQW�WKDQ�D�PRUH
£FRQYHQWLRQDO¤�LPSOHPHQWDWLRQ�
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)RU�H[DPSOH��\RX�PLJKW�LPSOHPHQW�Iterable.foreach�WR�EOLQGO\�WUDYHUVH�D�FROOHFWLRQ
DQG� VWRS�ZKHQ� LW� FDWFKHV�ZKDWHYHU� H[FHSWLRQ� LQGLFDWHV� LW�ZHQW�SDVW� WKH� HQG�RI� WKH
FROOHFWLRQ�

:KHQ�LW�FRPHV�WR�DSSOLFDWLRQ�GHVLJQ��FRPPXQLFDWLQJ�LQWHQW�LV�YHU\�LPSRUWDQW��8VLQJ
H[FHSWLRQV�DV�D�goto�PHFKDQLVP�EUHDNV�WKH�SULQFLSOH�RI�OHDVW�VXUSULVH��,W�ZLOO�EH�UDUH�WKDW
WKH�SHUIRUPDQFH�JDLQ�ZLOO�MXVWLI\�WKH�ORVV�RI�FODULW\��VR�ZH�HQFRXUDJH�\RX�WR�XVH�H[FHS�
WLRQV�RQO\�IRU�WUXO\�£H[FHSWLRQDO¤�FRQGLWLRQV��1RWH�WKDW�5XE\�DFWXDOO\�SURYLGHV�D�QRQ�
ORFDO�goto�OLNH�PHFKDQLVP��,Q�5XE\�WKH�NH\ZRUGV�throw�DQG�catch�DUH�DFWXDOO\�UHVHUYHG
IRU�WKLV�SXUSRVH��ZKLOH�raise�DQG�rescue�DUH�WKH�NH\ZRUGV�IRU�UDLVLQJ�DQ�H[FHSWLRQ�DQG
KDQGOLQJ�LW�

:KDWHYHU�\RXU�YLHZ�RQ�WKH�SURSHU�XVH�RI�H[FHSWLRQV��ZKHQ�\RX�GHVLJQ�$3,V��PLQLPL]LQJ
WKH�SRVVLELOLW\�RI�UDLVLQJ�DQ�H[FHSWLRQ�ZLOO�EHQHILW�\RXU�XVHUV��7KLV�LV�WKH�IOLS�VLGH�RI�DQ
H[FHSWLRQ�KDQGOLQJ�VWUDWHJ\��SUHYHQWLQJ�WKHP�LQ�WKH�ILUVW�SODFH��Option�FDQ�KHOS�

&RQVLGHU�WZR�PHWKRGV�RQ�Seq��first�DQG�firstOption�

trait Seq[+A] {
  ...
  def first : A = ...
  def firstOption : Option[A] = ...
  ...
}

7KH�first�PHWKRG�WKURZV�D�Predef.UnsupportedOperationException�LI�WKH�VHTXHQFH�LV
HPSW\��5HWXUQLQJ�null�LQ�WKLV�FDVH�LVQ¦W�DQ�RSWLRQ��EHFDXVH�WKH�VHTXHQFH�FRXOG�KDYH
null�HOHPHQWV�� ,Q�FRQWUDVW�� WKH�firstOption�PHWKRG�UHWXUQV�DQ�Option�� VR� LW� UHWXUQV
None�LI�WKH�VHTXHQFH�LV�HPSW\��ZKLFK�LV�XQDPELJXRXV�

<RX�FRXOG�DUJXH�WKDW�WKH�Seq�$3,�ZRXOG�EH�PRUH�UREXVW�LI�LW�RQO\�KDG�D�£ILUVW¤�PHWKRG
WKDW�UHWXUQHG�DQ�Option��,W¦V�XVHIXO�WR�DVN�\RXUVHOI��£+RZ�FDQ�,�SUHYHQW�WKH�XVHU�IURP
HYHU�IDLOLQJ"¤�:KHQ�£IDLOXUH¤�FDQ¦W�EH�SUHYHQWHG��XVH�Option�RU�D�VLPLODU�FRQVWUXFW�WR
GRFXPHQW�IRU�WKH�XVHU�WKDW�D�IDLOXUH�PRGH�LV�SRVVLEOH��7KLQNLQJ�LQ�WHUPV�RI�YDOLG�VWDWH
WUDQVIRUPDWLRQV��WKH�first�PHWKRG��ZKLOH�FRQYHQLHQW��LVQ¦W�UHDOO\�YDOLG�IRU�D�VHTXHQFH
LQ�DQ�HPSW\�VWDWH��6KRXOG�WKH�£ILUVW¤�PHWKRGV�QRW�H[LVW�IRU�WKLV�UHDVRQ"�7KLV�FKRLFH�LV
SUREDEO\�WRR�GUDFRQLDQ��EXW�E\�UHWXUQLQJ�Option�IURP�firstOption��WKH�$3,�FRPPX�
QLFDWHV�WR�WKH�XVHU�WKDW�WKHUH�DUH�FLUFXPVWDQFHV�ZKHQ�WKH�PHWKRG�FDQ¦W�VDWLVI\�WKH�UH�
TXHVW�DQG�LW¦V�XS�WR�WKH�XVHU�WR�UHFRYHU�JUDFHIXOO\��,Q�WKLV�VHQVH��firstOption�WUHDWV�DQ
HPSW\�VHTXHQFH�DV�D�QRQ�H[FHSWLRQDO�VLWXDWLRQ�

5HFDOO�WKDW�ZH�VDZ�DQRWKHU�H[DPSOH�RI�WKLV�GHFLVLRQ�WUDGHRII�LQ�£2SWLRQ��6RPH��DQG
1RQH��$YRLGLQJ�QXOOV¤�RQ�SDJH�����:H�GLVFXVVHG�WZR�PHWKRGV�RQ�Option�IRU�UHWULHYLQJ
WKH�YDOXH�DQ�LQVWDQFH�ZUDSV��ZKHQ�WKH�LQVWDQFH�LV�DFWXDOO\�D�Some���7KH�get�PHWKRG
WKURZV�DQ�H[FHSWLRQ�LI�WKHUH�LV�QR�YDOXH��L�H���WKH�Option�LQVWDQFH�LV�DFWXDOO\�None��7KH
RWKHU�PHWKRG��getOrElse�� WDNHV�D� VHFRQG�DUJXPHQW�� D�GHIDXOW� YDOXH� WR� UHWXUQ� LI� WKH
Option�LV�DFWXDOO\�None��,Q�WKLV�FDVH��QR�H[FHSWLRQ�LV�WKURZQ�
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2I�FRXUVH��LW�LV�LPSRVVLEOH�WR�DYRLG�DOO�H[FHSWLRQV��3DUW�RI�WKH�RULJLQDO�LQWHQW�RI�FKHFNHG
YHUVXV�XQFKHFNHG�H[FHSWLRQV�ZDV�WR�GLVWLQJXLVK�EHWZHHQ�SRWHQWLDOO\�UHFRYHUDEOH�SURE�
OHPV�DQG�FDWDVWURSKLF�IDLOXUHV��OLNH�RXW�RI�PHPRU\�HUURUV�

+RZHYHU��WKH�DOWHUQDWLYH�PHWKRGV�LQ�Seq�DQG�Option�VKRZ�D�ZD\�WR�£HQFRXUDJH¤�WKH
XVHU�RI�DQ�$3,�WR�FRQVLGHU�WKH�FRQVHTXHQFHV�RI�D�SRVVLEOH�IDLOXUH��OLNH�DVNLQJ�IRU�WKH
ILUVW�HOHPHQW�LQ�DQ�HPSW\�VHTXHQFH��7KH�XVHU�FDQ�VSHFLI\�WKH�FRQWLQJHQF\�LQ�WKH�HYHQW
WKDW�D�IDLOXUH�RFFXUV��0LQLPL]LQJ�WKH�SRVVLELOLW\�RI�H[FHSWLRQV�ZLOO�LPSURYH�WKH�UREXVW�
QHVV�RI�\RXU�6FDOD�OLEUDULHV�DQG�WKH�DSSOLFDWLRQV�WKDW�XVH�WKHP�

Scalable Abstractions
,W�KDV�EHHQ�D�JRDO�IRU�VRPH�WLPH�LQ�RXU�LQGXVWU\�WR�FUHDWH�UHXVDEOH�FRPSRQHQWV��8Q�
IRUWXQDWHO\��WKHUH�LV�OLWWOH�DJUHHPHQW�RQ�WKH�PHDQLQJ�RI�WKH�WHUP�FRPSRQHQW��QRU�RQ�D
UHODWHG�WHUP��PRGXOH��ZKLFK�VRPH�SHRSOH�FRQVLGHU�V\QRQ\PRXV�ZLWK�FRPSRQHQW���3UR�
SRVHG�GHILQLWLRQV�XVXDOO\�VWDUW�ZLWK�DVVXPSWLRQV�DERXW�WKH�SODWIRUP��JUDQXODULW\��GH�
SOR\PHQW�DQG�FRQILJXUDWLRQ�VFHQDULRV��YHUVLRQLQJ�LVVXHV��HWF���VHH�>6]\SHUVNL����@��

:H¦OO�DYRLG�WKDW�GLVFXVVLRQ�DQG�XVH�WKH�WHUP�FRPSRQHQW�LQIRUPDOO\�WR�UHIHU�WR�D�JURXSLQJ
RI�W\SHV�DQG�SDFNDJHV�WKDW�H[SRVHV�FRKHUHQW�DEVWUDFWLRQV��SUHIHUDEO\�MXVW�RQH��IRU�WKH
VHUYLFHV�LW�RIIHUV��WKDW�KDV�PLQLPDO�FRXSOLQJ�WR�RWKHU�FRPSRQHQWV��DQG�WKDW�LV�LQWHUQDOO\
FRKHVLYH�

$OO�ODQJXDJHV�RIIHU�PHFKDQLVPV�IRU�GHILQLQJ�FRPSRQHQWV��DW�OHDVW�WR�VRPH�GHJUHH��2E�
MHFWV�DUH�WKH�SULPDU\�HQFDSVXODWLRQ�PHFKDQLVP�LQ�REMHFW�RULHQWHG�ODQJXDJHV��+RZHYHU�
REMHFWV�DORQH�DUHQ¦W�HQRXJK��EHFDXVH�ZH�TXLFNO\�ILQG�WKDW�REMHFWV�QDWXUDOO\�FOXVWHU�WR�
JHWKHU�LQWR�PRUH�FRDUVH�JUDLQHG�DJJUHJDWHV��HVSHFLDOO\�DV�RXU�DSSOLFDWLRQV�JURZ��*HQ�
HUDOO\�VSHDNLQJ��DQ�REMHFW�LVQ¦W�QHFHVVDULO\�D�FRPSRQHQW��DQG�D�FRPSRQHQW�PD\�FRQWDLQ
PDQ\�REMHFWV��6FDOD�DQG�-DYD�RIIHU�SDFNDJHV�IRU�DJJUHJDWLQJ�W\SHV��5XE\�PRGXOHV�VHUYH
D�VLPLODU�SXUSRVH��DV�GR�&��DQG�&���QDPHVSDFHV�

+RZHYHU��WKHVH�SDFNDJLQJ�PHFKDQLVPV�VWLOO�KDYH�OLPLWDWLRQV��$�FRPPRQ�SUREOHP�LV
WKDW�WKH\�GRQ¦W�FOHDUO\�GHILQH�ZKDW�LV�SXEOLFO\�YLVLEOH�RXWVLGH�WKH�FRPSRQHQW�ERXQGDU\
DQG�ZKDW�LV�LQWHUQDO�WR�WKH�FRPSRQHQW��)RU�H[DPSOH��LQ�-DYD��DQ\�SXEOLF�W\SH�RU�SXEOLF
PHWKRG�RQ�D�SXEOLF�W\SH�LV�YLVLEOH�RXWVLGH�WKH�SDFNDJH�ERXQGDU\�WR�HYHU\�RWKHU�FRP�
SRQHQW��<RX�FDQ�PDNH�W\SHV�DQG�PHWKRGV�£SDFNDJH�SULYDWH�¤�EXW�WKHQ�WKH\�DUH�LQYLVLEOH
WR�RWKHU�SDFNDJHV�HQFDSVXODWHG�LQ�WKH�FRPSRQHQW��-DYD�GRHVQ¦W�KDYH�D�FOHDU�VHQVH�RI
FRPSRQHQW�ERXQGDULHV�

6FDOD�SURYLGHV�D�QXPEHU�RI�PHFKDQLVPV�WKDW�LPSURYH�WKLV�VLWXDWLRQ��:H�KDYH�VHHQ�PDQ\
RI�WKHP�DOUHDG\�
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Fine-Grained Visibility Rules
:H�VDZ�LQ�£9LVLELOLW\�5XOHV¤�RQ�SDJH����WKDW�6FDOD�SURYLGHV�PRUH�ILQH�JUDLQHG�YLVLELOLW\
UXOHV�WKDQ�PRVW�RWKHU�ODQJXDJHV��<RX�FDQ�FRQWURO�WKH�YLVLELOLW\�RI�W\SHV�DQG�PHWKRGV
RXWVLGH�W\SH�DQG�SDFNDJH�ERXQGDULHV�

&RQVLGHU�WKH�IROORZLQJ�H[DPSOH�RI�D�FRPSRQHQW�LQ�SDFNDJH�encodedstring�

// code-examples/AppDesign/abstractions/encoded-string.scala

package encodedstring {

  trait EncodedString {
    protected[encodedstring] val string: String
    val separator: EncodedString.Separator.Delimiter

    override def toString = string

    def toTokens = string.split(separator.toString).toList
  }

  object EncodedString {
    object Separator extends Enumeration {
      type Delimiter = Value
      val COMMA = Value(",")
      val TAB   = Value("\t")
    }

    def apply(s: String, sep: Separator.Delimiter) = sep match {
      case Separator.COMMA => impl.CSV(s)
      case Separator.TAB   => impl.TSV(s)
    }

    def unapply(es: EncodedString) = Some(Pair(es.string, es.separator))
  }

  package impl {
    private[encodedstring] case class CSV(override val string: String)
        extends EncodedString {
      override val separator = EncodedString.Separator.COMMA
    }

    private[encodedstring] case class TSV(override val string: String)
        extends EncodedString {
      override val separator = EncodedString.Separator.TAB
    }
  }
}

7KLV� H[DPSOH� HQFDSVXODWHV� KDQGOLQJ� RI� VWULQJV� HQFRGLQJ� FRPPD�VHSDUDWHG� YDOXHV
�&69V�� RU� WDE�VHSDUDWHG� YDOXHV� �769V��� 7KH� encodedstring� SDFNDJH� H[SRVHV� D� WUDLW
EncodedString�WKDW�LV�YLVLEOH�WR�FOLHQWV��7KH�FRQFUHWH�FODVVHV�LPSOHPHQWLQJ�&69V�DQG
769V� DUH�GHFODUHG�private[encodedstring]� LQ� WKH�encodedstring.impl� SDFNDJH��7KH
WUDLW�GHILQHV�WZR�DEVWUDFW�val�ILHOGV��RQH�WR�KROG�WKH�HQFRGHG�string��ZKLFK�LV�SURWHFWHG
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IURP�FOLHQW�DFFHVV��DQG�WKH�RWKHU�WR�KROG�WKH�separator��H�J���D�FRPPD���5HFDOO�IURP
&KDSWHU���WKDW�DEVWUDFW�ILHOGV��OLNH�DEVWUDFW�W\SHV�DQG�PHWKRGV��PXVW�EH�LQLWLDOL]HG�LQ
FRQFUHWH�LQVWDQFHV��,Q�WKLV�FDVH��string�ZLOO�EH�GHILQHG�WKURXJK�D�FRQFUHWH�FRQVWUXFWRU�
DQG�WKH�separator�LV�GHILQHG�H[SOLFLWO\�LQ�WKH�FRQFUHWH�FODVVHV��CSV�DQG�TSV�

7KH�toString�PHWKRG�RQ�EncodedString�SULQWV�WKH�VWULQJ�DV�D�£QRUPDO¤�VWULQJ��%\�KLGLQJ
WKH�string�YDOXH�DQG�WKH�FRQFUHWH�FODVVHV��ZH�KDYH�FRPSOHWH�IUHHGRP�LQ�KRZ�WKH�VWULQJ
LV�DFWXDOO\�VWRUHG��)RU�H[DPSOH��IRU�H[WUHPHO\�ODUJH�VWULQJV��ZH�PLJKW�ZDQW�WR�VSOLW�WKHP
RQ�WKH�GHOLPLWHU�DQG�VWRUH�WKH�WRNHQV�LQ�D�GDWD�VWUXFWXUH��7KLV�FRXOG�VDYH�VSDFH�LI�WKH
VWULQJV�DUH�ODUJH�HQRXJK�DQG�ZH�FDQ�VKDUH�WRNHQV�EHWZHHQ�VWULQJV��$OVR��ZH�PLJKW�ILQG
WKLV�VWRUDJH�XVHIXO� IRU�YDULRXV�VHDUFKLQJ��VRUWLQJ��DQG�RWKHU�PDQLSXODWLRQ� WDVNV��$OO
WKHVH�LPSOHPHQWDWLRQ�LVVXHV�DUH�WUDQVSDUHQW�WR�WKH�FOLHQW�

7KH�SDFNDJH�DOVR�H[SRVHV�DQ�REMHFW�ZLWK�DQ�Enumeration�IRU�WKH�NQRZQ�VHSDUDWRUV��DQ
apply� IDFWRU\�PHWKRG� WR� FRQVWUXFW� QHZ� HQFRGHG� VWULQJV�� DQG� DQ� unapply� H[WUDFWRU
PHWKRG�WR�GHFRPSRVH�WKH�HQFRGHG�VWULQJ�LQWR�LWV�HQFORVHG�VWULQJ�DQG�WKH�GHOLPLWHU��,Q
WKLV�FDVH��WKH�unapply�PHWKRG�ORRNV�WULYLDO��EXW�LI�ZH�VWRUHG�WKH�VWULQJV�LQ�D�GLIIHUHQW
ZD\��WKLV�PHWKRG�FRXOG�WUDQVSDUHQWO\�UHFRQVWLWXWH�WKH�RULJLQDO�VWULQJ�

6R��FOLHQWV�RI�WKLV�FRPSRQHQW�RQO\�NQRZ�DERXW�WKH�EncodedString�DEVWUDFWLRQ�DQG�WKH
HQXPHUDWLRQ�UHSUHVHQWLQJ�WKH�VXSSRUWHG�W\SHV�RI�HQFRGHG�VWULQJV��$OO�WKH�DFWXDO�LP�
SOHPHQWDWLRQ�W\SHV�DQG�GHWDLOV�DUH�SULYDWH�WR�WKH�encodedstring�SDFNDJH���:H�SXW�WKHP
LQ�WKH�VDPH�ILOH�IRU�FRQYHQLHQFH��EXW�QRUPDOO\�\RX�ZRXOG�NHSW�WKHP�VHSDUDWH���+HQFH�
WKH�ERXQGDU\�LV�FOHDU�EHWZHHQ�WKH�H[SRVHG�DEVWUDFWLRQV�DQG�WKH�LQWHUQDO�LPSOHPHQWD�
WLRQ�GHWDLOV�

7KH�IROORZLQJ�VFULSW�GHPRQVWUDWHV�WKH�FRPSRQHQW�LQ�XVH�

// code-examples/AppDesign/abstractions/encoded-string-script.scala

import encodedstring._
import encodedstring.EncodedString._

def p(s: EncodedString) = {
  println("EncodedString: " + s)
  s.toTokens foreach (x => println("token: " + x))
}

val csv = EncodedString("Scala,is,great!", Separator.COMMA)
val tsv = EncodedString("Scala\tis\tgreat!", Separator.TAB)

p(csv)
p(tsv)

println( "\nExtraction:" )
List(csv, "ProgrammingScala", tsv, 3.14159) foreach {
  case EncodedString(str, delim) =>
    println( "EncodedString: \"" + str + "\", delimiter: \"" + delim + "\"" )
  case s: String => println( "String: " + s )
  case x => println( "Unknown Value: " + x )
}
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,W�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

EncodedString: Scala,is,great!
token: Scala
token: is
token: great!
EncodedString: Scala    is      great!
token: Scala
token: is
token: great!

Extraction:
EncodedString: "Scala,is,great!", delimiter: ","
String: ProgrammingScala
EncodedString: "Scala   is      great!", delimiter: "   "
Unknown Value: 3.14159

+RZHYHU��LI�ZH�WU\�WR�XVH�WKH�CSV�FODVV�GLUHFWO\��IRU�H[DPSOH��ZH�JHW�WKH�IROORZLQJ�HUURU�

scala> import encodedstring._
import encodedstring._

scala> val csv = impl.CSV("comma,separated,values")
<console>:6: error: object CSV cannot be accessed in package encodedstring.impl
       val csv = impl.CSV("comma,separated,values")
                      ^

scala>

,Q�WKLV�VLPSOH�H[DPSOH��LW�ZDVQ¦W�HVVHQWLDO�WR�PDNH�WKH�FRQFUHWH�W\SHV�SULYDWH�WR�WKH
FRPSRQHQW��+RZHYHU��ZH�KDYH�D�YHU\�PLQLPDO�LQWHUIDFH�WR�FOLHQWV�RI�WKH�FRPSRQHQW�
DQG�ZH�DUH�IUHH�WR�PRGLI\�WKH�LPSOHPHQWDWLRQ�DV�ZH�VHH�ILW�ZLWK�OLWWOH�ULVN�RI�IRUFLQJ
FOLHQW�FRGH�PRGLILFDWLRQV��$�FRPPRQ�FDXVH�RI�PDLQWHQDQFH�SDUDO\VLV�LQ�PDWXUH�DSSOL�
FDWLRQV�LV�WKH�SUHVHQFH�RI�WRR�PDQ\�GHSHQGHQFLHV�EHWZHHQ�FRQFUHWH�W\SHV��ZKLFK�EH�
FRPH�GLIILFXOW�WR�PRGLI\�VLQFH�WKH\�IRUFH�FKDQJHV�WR�FOLHQW�FRGH��6R��IRU�ODUJHU��PRUH
VRSKLVWLFDWHG�FRPSRQHQWV��WKLV�FOHDU�VHSDUDWLRQ�RI�DEVWUDFWLRQ�IURP�LPSOHPHQWDWLRQ
FDQ�NHHS�WKH�FRGH�PDLQWDLQDEOH�DQG�UHXVDEOH�IRU�D�ORQJ�WLPH�

Mixin Composition
:H�VDZ�LQ�&KDSWHU���KRZ�WUDLWV�SURPRWH�PL[LQ�FRPSRVLWLRQ��$�FODVV�FDQ�IRFXV�RQ�LWV
SULPDU\�GRPDLQ��DQG�RWKHU� UHVSRQVLELOLWLHV�FDQ�EH� LPSOHPHQWHG�VHSDUDWHO\� LQ� WUDLWV�
:KHQ�LQVWDQFHV�DUH�FRQVWUXFWHG��FODVVHV�DQG�WUDLWV�FDQ�EH�FRPELQHG�WR�FRPSRVH�WKH
IXOO�UDQJH�RI�UHTXLUHG�EHKDYLRUV�

)RU�H[DPSOH��LQ�£2YHUULGLQJ�$EVWUDFW�7\SHV¤�RQ�SDJH������ZH�GLVFXVVHG�RXU�VHFRQG
YHUVLRQ�RI�WKH�2EVHUYHU�3DWWHUQ�

// code-examples/AdvOOP/observer/observer2.scala

package observer

trait AbstractSubject {

316 | Chapter 13:�Application Design

Download at WoweBook.Com



  type Observer

  private var observers = List[Observer]()
  def addObserver(observer:Observer) = observers ::= observer
  def notifyObservers = observers foreach (notify(_))

  def notify(observer: Observer): Unit
}

trait SubjectForReceiveUpdateObservers extends AbstractSubject {
  type Observer = { def receiveUpdate(subject: Any) }

  def notify(observer: Observer): Unit = observer.receiveUpdate(this)
}

trait SubjectForFunctionalObservers extends AbstractSubject {
  type Observer = (AbstractSubject) => Unit

  def notify(observer: Observer): Unit = observer(this)
}

:H�XVHG�WKLV�YHUVLRQ�WR�REVHUYH�EXWWRQ�£FOLFNV¤�LQ�D�8,��/HW¦V�UHYLVLW�WKLV�LPSOHPHQWDWLRQ
DQG�UHVROYH�D�IHZ�OLPLWDWLRQV��XVLQJ�RXU�QH[W�WRRO�IRU�VFDODEOH�DEVWUDFWLRQV��VHOI�W\SH
DQQRWDWLRQV�FRPELQHG�ZLWK�DEVWUDFW�W\SH�PHPEHUV�

Self-Type Annotations and Abstract Type Members
7KHUH� DUH� D� IHZ� WKLQJV� WKDW� DUH�XQVDWLVI\LQJ� DERXW� WKH� LPSOHPHQWDWLRQ�RI�Abstract
Subject� LQ� RXU� VHFRQG� YHUVLRQ�RI� WKH�2EVHUYHU� 3DWWHUQ��7KH� ILUVW� RFFXUV� LQ� Subject
ForReceiveUpdateObservers��ZKHUH�WKH�Observer�W\SH�LV�GHILQHG�WR�EH�WKH�VWUXFWXUDO�W\SH
{ def receiveUpdate(subject: Any) }�� ,W� ZRXOG� EH� QLFH� WR� QDUURZ� WKH� W\SH� RI
subject�WR�VRPHWKLQJ�PRUH�VSHFLILF�WKDQ�Any�

7KH� VHFRQG� LVVXH��ZKLFK� LV� UHDOO\� WKH� VDPH� SUREOHP� LQ� D� GLIIHUHQW� IRUP�� RFFXUV� LQ
SubjectForFunctionalObservers�� ZKHUH� WKH� Observer� W\SH� LV� GHILQHG� WR� EH� WKH� W\SH
(AbstractSubject) => Unit��:H�ZRXOG�OLNH�WKH�DUJXPHQW�WR�WKH�IXQFWLRQ�WR�EH�VRPH�
WKLQJ�PRUH�VSHFLILF� WKDQ�AbstractSubject��3HUKDSV�WKLV�GUDZEDFN�ZDVQ¦W�VR�HYLGHQW
EHIRUH��EHFDXVH�RXU�VLPSOH�H[DPSOHV�QHYHU�QHHGHG�WR�DFFHVV�Button�VWDWH�LQIRUPDWLRQ
RU�PHWKRGV�

,Q� IDFW�� ZH� H[SHFW� WKH� DFWXDO� W\SHV� RI� WKH� VXEMHFW� DQG� REVHUYHU� WR� EH� VSHFLDOL]HG
FRYDULDQWO\��)RU�H[DPSOH��ZKHQ�ZH¦UH�REVHUYLQJ�Buttons��ZH�H[SHFW�RXU�REVHUYHUV�WR
EH�VSHFLDOL]HG�IRU�Buttons��VR�WKH\�FDQ�DFFHVV�Button�VWDWH�DQG�PHWKRGV��7KLV�FRYD�
ULDQW�VSHFLDOL]DWLRQ�LV�VRPHWLPHV�FDOOHG�IDPLO\�SRO\PRUSKLVP��VHH�>2GHUVN\����@���/HW¦V
IL[�RXU�GHVLJQ�WR�VXSSRUW�WKLV�FRYDULDQFH�

7R�VLPSOLI\�WKH�H[DPSOH��OHW¦V�IRFXV�RQ�MXVW�WKH�receiveUpdate�IRUP�RI�WKH�Observer�
ZKLFK�ZH�LPSOHPHQWHG�ZLWK�SubjectForReceiveUpdateObservers�EHIRUH��+HUH�LV�D�UH�
ZRUNLQJ�RI�RXU�SDWWHUQ��ORRVHO\�IROORZLQJ�DQ�H[DPSOH�LQ�>2GHUVN\����@���1RWH�WKDW�WKH
6FDOD�V\QWD[�KDV�FKDQJHG�VRPHZKDW�VLQFH�WKDW�SDSHU�ZDV�ZULWWHQ��
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// code-examples/AppDesign/abstractions/observer3-wont-compile.scala
// WON'T COMPILE

package observer

abstract class SubjectObserver {
  type S <: Subject
  type O <: Observer

  trait Subject {
    private var observers = List[O]()
    def addObserver(observer: O) = observers ::= observer
    def notifyObservers = observers foreach (_.receiveUpdate(this)) // ERROR
  }

  trait Observer {
    def receiveUpdate(subject: S)
  }
}

:H¦OO�H[SODLQ�WKH�HUURU�LQ�D�PLQXWH��1RWH�KRZ�WKH�W\SHV�S�DQG�O�DUH�GHFODUHG��$V�ZH
VDZ�LQ�£8QGHUVWDQGLQJ�3DUDPHWHUL]HG�7\SHV¤�RQ�SDJH������WKH�H[SUHVVLRQ�type S <:
Subject�GHILQHV�DQ�DEVWUDFW�W\SH�S�ZKHUH�WKH�RQO\�DOORZHG�FRQFUHWH�W\SHV�ZLOO�EH�VXE�
W\SHV�RI�Subject��7KH�GHFODUDWLRQ�RI�O�LV�VLPLODU��7R�EH�FOHDU��S�DQG�O�DUH�£SODFHKROGHUV¤
DW�WKLV�SRLQW��ZKLOH�Subject�DQG�Observer�DUH�DEVWUDFW�WUDLWV�GHILQHG�LQ�SubjectObserver�

%\�WKH�ZD\��GHFODULQJ�SubjectObserver�DV�DQ�DEVWUDFW�FODVV�YHUVXV�D�WUDLW�LV�VRPHZKDW
DUELWUDU\��:H¦OO�GHULYH�FRQFUHWH�REMHFWV�IURP�LW�VKRUWO\��:H�QHHG�SubjectObserver�SUL�
PDULO\�VR�ZH�KDYH�D�W\SH�WR�£KROG¤�RXU�DEVWUDFW�W\SH�PHPEHUV�S�DQG�O�

+RZHYHU��LI�\RX�DWWHPSW�WR�FRPSLOH�WKLV�FRGH�DV�FXUUHQWO\�ZULWWHQ��\RX�JHW�WKH�IROORZLQJ
HUURU�

... 10: error: type mismatch;
 found   : SubjectObserver.this.Subject
 required: SubjectObserver.this.S
      def notifyObservers = observers foreach (_.receiveUpdate(this))
                                                               ^
one error found

,Q�WKH�QHVWHG�Observer�WUDLW��receiveUpdate�LV�H[SHFWLQJ�DQ�LQVWDQFH�RI�W\SH�S��EXW�ZH
DUH�SDVVLQJ�LW�this��ZKLFK�LV�RI�W\SH�Subject��,Q�RWKHU�ZRUGV��ZH�DUH�SDVVLQJ�DQ�LQVWDQFH
RI�D�SDUHQW�W\SH�RI�WKH�W\SH�H[SHFWHG��2QH�VROXWLRQ�ZRXOG�EH�WR�FKDQJH�WKH�VLJQDWXUH
WR�MXVW�H[SHFW�WKH�SDUHQW�W\SH��Subject��7KDW¦V�XQGHVLUDEOH��:H�MXVW�PHQWLRQHG�WKDW�RXU
FRQFUHWH�REVHUYHUV�QHHG�WKH�PRUH�VSHFLILF�W\SH��WKH�DFWXDO�FRQFUHWH�W\SH�ZH¦OO�HYHQWXDOO\
GHILQH� IRU� S�� VR� WKH\� FDQ� FDOO� PHWKRGV� RQ� LW�� )RU� H[DPSOH�� ZKHQ� REVHUYLQJ� 8,
CheckBoxes��WKH�REVHUYHUV�ZLOO�ZDQW�WR�UHDG�ZKHWKHU�RU�QRW�D�ER[�LV�FKHFNHG��:H�GRQ¦W
ZDQW�WR�IRUFH�WKH�REVHUYHUV�WR�XVH�XQVDIH�FDVWV�

:H� ORRNHG� DW� FRPSRVLWLRQ� XVLQJ� VHOI�W\SH� DQQRWDWLRQV� LQ� £6HOI�7\SH� $QQRWD�
WLRQV¤�RQ�SDJH������/HW¦V�XVH�WKLV�IHDWXUH�QRZ�WR�VROYH�RXU�FXUUHQW�FRPSLODWLRQ�SUREOHP�
+HUH�LV�WKH�VDPH�FRGH�DJDLQ�ZLWK�D�VHOI�W\SH�DQQRWDWLRQ�
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// code-examples/AppDesign/abstractions/observer3.scala

package observer

abstract class SubjectObserver {
  type S <: Subject
  type O <: Observer

  trait Subject {
    self: S =>    // #1
    private var observers = List[O]()
    def addObserver(observer: O) = observers ::= observer
    def notifyObservers = observers foreach (_.receiveUpdate(self))  // #2
  }

  trait Observer {
    def receiveUpdate(subject: S)
  }
}

&RPPHQW����VKRZV�WKH�VHOI�W\SH�DQQRWDWLRQ��self: S =>��:H�FDQ�QRZ�XVH�self�DV�DQ
DOLDV�IRU�this��EXW�ZKHQHYHU�LW�DSSHDUV��WKH�W\SH�ZLOO�EH�DVVXPHG�WR�EH�S��QRW�Subject�
,W�LV�DV�LI�ZH¦UH�WHOOLQJ�Subject�WR�LPSHUVRQDWH�DQRWKHU�W\SH��EXW�LQ�D�W\SH�VDIH�ZD\��DV
ZH¦OO�VHH�

$FWXDOO\��ZH�FRXOG�KDYH�XVHG�this�LQVWHDG�RI�self�LQ�WKH�DQQRWDWLRQ��EXW�self�LV�VRPH�
ZKDW�FRQYHQWLRQDO��$�GLIIHUHQW�QDPH�DOVR�UHPLQGV�XV�WKDW�ZH¦UH�ZRUNLQJ�ZLWK�D�GLIIHUHQW
W\SH�

$UH� VHOI�W\SH� DQQRWDWLRQV� D� VDIH� WKLQJ� WR� XVH"� :KHQ� DQ� DFWXDO� FRQFUHWH
SubjectObserver�LV�GHILQHG��S�DQG�O�ZLOO�EH�VSHFLILHG�DQG�W\SH�FKHFNLQJ�ZLOO�EH�SHUIRUPHG
WR�HQVXUH�WKDW�WKH�FRQFUHWH�S�DQG�O�DUH�FRPSDWLEOH�ZLWK�Subject�DQG�Observer��,Q�WKLV
FDVH��EHFDXVH�ZH�DOVR�GHILQHG�S�WR�EH�D�VXEW\SH�RI�Subject�DQG�O�WR�EH�D�VXEW\SH�RI
Observer�� DQ\� FRQFUHWH� W\SHV� GHULYHG� IURP� Subject� DQG� Observer�� UHVSHFWLYHO\��ZLOO
ZRUN�

&RPPHQW����VKRZV�WKDW�ZH�SDVV�self�LQVWHDG�RI�this�WR�receiveUpdate�

1RZ�WKDW�ZH�KDYH�D�JHQHULF�LPSOHPHQWDWLRQ�RI�WKH�SDWWHUQ��OHW¦V�VSHFLDOL]H�LW�IRU�RE�
VHUYLQJ�EXWWRQ�FOLFNV�

// code-examples/AppDesign/abstractions/button-observer3.scala

package ui
import observer._

object ButtonSubjectObserver extends SubjectObserver {
  type S = ObservableButton
  type O = ButtonObserver

  class ObservableButton(name: String) extends Button(name) with Subject {
    override def click() = {
      super.click()
      notifyObservers
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    }
  }

  trait ButtonObserver extends Observer {
    def receiveUpdate(button: ObservableButton)
  }
}

:H�GHFODUH�DQ�REMHFW�ButtonSubjectObserver�ZKHUH�ZH�GHILQH�S�DQG�O�WR�EH�Observable
Button�DQG�ButtonObserver��UHVSHFWLYHO\��ERWK�RI�ZKLFK�DUH�GHILQHG�LQ�WKH�REMHFW��:H
XVH�DQ�object�QRZ�VR�WKDW�ZH�FDQ�UHIHU�WR�WKH�QHVWHG�W\SHV�HDVLO\��DV�ZH¦OO�VHH�VKRUWO\�

ObservableButton�LV�D�FRQFUHWH�FODVV�WKDW�RYHUULGHV�click�WR�QRWLI\�REVHUYHUV��VLPLODU�WR
RXU�SUHYLRXV�LPSOHPHQWDWLRQV�LQ�&KDSWHU����+RZHYHU��ButtonObserver�LV�VWLOO�DQ�DE�
VWUDFW� WUDLW�� EHFDXVH� receiveUpdate� LV� QRW� GHILQHG�� 1RWLFH� WKDW� WKH� DUJXPHQW� WR
receiveUpdate�LV�QRZ�DQ�ObservableButton��WKH�YDOXH�DVVLJQHG�WR�S�

7KH�ILQDO�SLHFH�RI�WKH�SX]]OH�LV�WR�GHILQH�D�FRQFUHWH�REVHUYHU��$V�EHIRUH��ZH¦OO�FRXQW
EXWWRQ�FOLFNV��+RZHYHU��WR�HPSKDVL]H�WKH�YDOXH�RI�KDYLQJ�WKH�VSHFLILF�W\SH�RI�LQVWDQFH
SDVVHG�WR�WKH�REVHUYHU��D�Button�LQ�WKLV�FDVH��ZH¦OO�HQKDQFH�WKH�REVHUYHU�WR�WUDFN�FOLFNV
IRU�PXOWLSOH�EXWWRQV�XVLQJ�D�KDVK�PDS�ZLWK�WKH�EXWWRQ�ODEHOV�DV�WKH�NH\V��1R�W\SH�FDVWV
DUH�UHTXLUHG�

// code-examples/AppDesign/abstractions/button-click-observer3.scala

package ui
import observer._

class ButtonClickObserver extends ButtonSubjectObserver.ButtonObserver {
  val clicks = new scala.collection.mutable.HashMap[String,Int]()

  def receiveUpdate(button: ButtonSubjectObserver.ObservableButton) = {
    val count = clicks.getOrElse(button.label, 0) + 1
    clicks.update(button.label, count)
  }
}

(YHU\�WLPH�ButtonClickObserver.receiveUpdate�LV�FDOOHG��LW�IHWFKHV�WKH�FXUUHQW�FRXQW
IRU�WKH�EXWWRQ��LI�DQ\��DQG�XSGDWHV�WKH�PDS�ZLWK�DQ�LQFUHPHQWHG�FRXQW��1RWH�WKDW�LW�LV
QRZ� LPSRVVLEOH� WR� FDOO� receiveUpdate� ZLWK� D� QRUPDO� Button�� :H� KDYH� WR� XVH� DQ
ObservableButton��7KLV�UHVWULFWLRQ�HOLPLQDWHV�EXJV�ZKHUH�ZH�GRQ¦W�JHW�WKH�QRWLILFDWLRQV
ZH�H[SHFWHG��:H�DOVR�KDYH�DFFHVV�WR�DQ\�£HQKDQFHG¤�IHDWXUHV�WKDW�ObservableButton
PD\�KDYH�

)LQDOO\��KHUH�LV�D�VSHFLILFDWLRQ�WKDW�H[HUFLVHV�WKH�FRGH�

// code-examples/AppDesign/abstractions/button-observer3-spec.scala

package ui
import org.specs._
import observer._

object ButtonObserver3Spec extends Specification {
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  "An Observer counting button clicks" should {
    "see all clicks" in {
      val button1 = new ButtonSubjectObserver.ObservableButton("button1")
      val button2 = new ButtonSubjectObserver.ObservableButton("button2")
      val button3 = new ButtonSubjectObserver.ObservableButton("button3")
      val buttonObserver = new ButtonClickObserver
      button1.addObserver(buttonObserver)
      button2.addObserver(buttonObserver)
      button3.addObserver(buttonObserver)
      clickButton(button1, 1)
      clickButton(button2, 2)
      clickButton(button3, 3)
      buttonObserver.clicks("button1") mustEqual 1
      buttonObserver.clicks("button2") mustEqual 2
      buttonObserver.clicks("button3") mustEqual 3
    }
  }

  def clickButton(button: Button, nClicks: Int) =
    for (i <- 1 to nClicks)
      button.click()
}

:H�FUHDWH�WKUHH�EXWWRQV�DQG�RQH�REVHUYHU�IRU�DOO�RI�WKHP��:H�WKHQ�FOLFN�WKH�EXWWRQV
GLIIHUHQW�QXPEHUV�RI�WLPHV��)LQDOO\��ZH�FRQILUP�WKDW�WKH�FOLFNV�ZHUH�SURSHUO\�FRXQWHG
IRU�HDFK�EXWWRQ�

:H�VHH�DJDLQ�KRZ�DEVWUDFW�W\SHV�FRPELQHG�ZLWK�VHOI�W\SH�DQQRWDWLRQV�SURYLGH�D�UHXV�
DEOH�DEVWUDFWLRQ�WKDW� LV�HDV\�WR�H[WHQG�LQ�D�W\SH�VDIH�ZD\�IRU�SDUWLFXODU�QHHGV��(YHQ
WKRXJK�ZH�GHILQHG�D�JHQHUDO�SURWRFRO�IRU�REVHUYLQJ�DQ�£HYHQW¤�DIWHU�LW�KDSSHQHG��ZH
ZHUH�DEOH�WR�GHILQH�VXEW\SHV�VSHFLILF�WR�Buttons�ZLWKRXW�UHVRUWLQJ�WR�XQVDIH�FDVWV�IURP
Subject�DEVWUDFWLRQV�

7KH� 6FDOD� FRPSLOHU� LWVHOI� LV� LPSOHPHQWHG� XVLQJ� WKHVH� PHFKDQLVPV� �VHH� >2GHU�
VN\����@��WR�PDNH�LW�PRGXODU�LQ�XVHIXO�ZD\V��)RU�H[DPSOH��LW�LV�UHODWLYHO\�VWUDLJKWIRU�
ZDUG�WR�LPSOHPHQW�FRPSLOHU�SOXJLQV�

:H¦OO� UHYLVLW� WKHVH� LGLRPV� LQ� £'HSHQGHQF\� ,QMHFWLRQ� LQ� 6FDOD�� 7KH� &DNH� 3DW�
WHUQ¤�RQ�SDJH�����

Effective Design of Traits
2QH�RI�WKH�UHDVRQV�WKDW�PDQ\�ODQJXDJHV��OLNH�-DYD��GR�QRW�LPSOHPHQW�PXOWLSOH�LQKHUL�
WDQFH�LV�EHFDXVH�RI�WKH�SUREOHPV�REVHUYHG�ZLWK�PXOWLSOH�LQKHULWDQFH�LQ�&����2QH�RI
WKRVH�SUREOHPV�LV�WKH�VR�FDOOHG�GLDPRQG�RI�GHDWK��ZKLFK�LV�LOOXVWUDWHG�LQ�)LJXUH������
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)LJXUH�������'LDPRQG�RI�GHDWK�LQ�ODQJXDJHV�ZLWK�PXOWLSOH�LQKHULWDQFH

,Q�&����HDFK�FRQVWUXFWRU�IRU�C�ZLOO�LQYRNH�D�FRQVWUXFWRU�IRU�B1�DQG�D�FRQVWUXFWRU�IRU
B2��H[SOLFLWO\�RU�LPSOLFLWO\���(DFK�FRQVWUXFWRU�IRU�B1�DQG�B2�ZLOO�LQYRNH�D�FRQVWUXFWRU�IRU
A��+HQFH��LQ�D�QDwYH�LPSOHPHQWDWLRQ�RI�PXOWLSOH�LQKHULWDQFH��WKH�ILHOGV�RI�A��a1�DQG�a2�
FRXOG�EH�LQLWLDOL]HG�WZLFH�DQG�SRVVLEO\�LQLWLDOL]HG�LQ�DQ�LQFRQVLVWHQW�ZD\�RU�WKHUH�PLJKW
EH�WZR�GLIIHUHQW�A�£SLHFHV¤�LQ�WKH�C�LQVWDQFH��RQH�IRU�B1�DQG�RQH�IRU�B2��&���KDV�PHFK�
DQLVPV�WR�FODULI\�ZKDW�VKRXOG�KDSSHQ��EXW�LW¦V�XS�WR�WKH�GHYHORSHU�WR�XQGHUVWDQG�WKH
GHWDLOV�DQG�WR�GR�WKH�FRUUHFW�WKLQJ�

6FDOD¦V�VLQJOH�LQKHULWDQFH�DQG�VXSSRUW�IRU�WUDLWV�DYRLG�WKHVH�SUREOHPV��ZKLOH�SURYLGLQJ
WKH�PRVW�LPSRUWDQW�EHQHILW�RI�PXOWLSOH�LQKHULWDQFH��PL[LQ�FRPSRVLWLRQ��7KH�RUGHU�RI
FRQVWUXFWLRQ� LV� XQDPELJXRXV� �VHH� £/LQHDUL]DWLRQ� RI� DQ� 2EMHFW¦V� +LHUDU�
FK\¤�RQ�SDJH�������7UDLWV�FDQ¦W�KDYH�FRQVWUXFWRU�DUJXPHQW�OLVWV��EXW�6FDOD�HQVXUHV�WKDW
WKHLU� ILHOGV�DUH�SURSHUO\� LQLWLDOL]HG�ZKHQ� LQVWDQFHV�DUH� FUHDWHG�� DV�ZH� VDZ� LQ� £&RQ�
VWUXFWLQJ� 7UDLWV¤� RQ� SDJH� ��� DQG� £2YHUULGLQJ� $EVWUDFW� DQG� &RQFUHWH� )LHOGV� LQ
7UDLWV¤�RQ�SDJH������:H�VDZ�DQRWKHU�H[DPSOH�RI�LQLWLDOL]LQJ�vals�LQ�D�WUDLW�LQ�£)LQH�
*UDLQHG�9LVLELOLW\�5XOHV¤�RQ�SDJH������7KHUH�ZH�GHILQHG�FRQFUHWH�FODVVHV�WKDW�RYHUURGH
WKH�GHILQLWLRQV�RI�WKH�WZR�DEVWUDFW�ILHOGV�LQ�WKH�EncodedString�WUDLW�

6R��6FDOD�KDQGOHV�PDQ\�SRWHQWLDO�LVVXHV�WKDW�DULVH�ZKHQ�PL[LQJ�WKH�FRQWULEXWLRQV�RI
GLIIHUHQW�WUDLWV�LQWR�WKH�VHW�RI�SRVVLEOH�VWDWHV�RI�DQ�LQVWDQFH��6WLOO��LW¦V�LPSRUWDQW�WR�FRQ�
VLGHU�KRZ�WKH�FRQWULEXWLRQV�RI�GLIIHUHQW�WUDLWV�LQWHUDFW�ZLWK�HDFK�RWKHU�

:KHQ�FRQVLGHULQJ�WKH�VWDWH�RI�DQ�LQVWDQFH��LW�LV�XVHIXO�WR�FRQVLGHU�WKH�LQVWDQFH�DV�SRV�
VHVVLQJ�D�VWDWH�PDFKLQH��ZKHUH�HYHQWV��H�J���PHWKRG�FDOOV�DQG�ILHOG�ZULWHV��FDXVH�WUDQVL�
WLRQV�IURP�RQH�VWDWH�WR�DQRWKHU��7KH�VHW�RI�DOO�SRVVLEOH�VWDWHV�IRUP�D�VSDFH��<RX�FDQ
WKLQN�RI�HDFK�ILHOG�DV�FRQWULEXWLQJ�RQH�GLPHQVLRQ�WR�WKLV�VSDFH�

)RU�H[DPSOH��UHFDOO�RXU�VetoableClicks�WUDLW�LQ�£6WDFNDEOH�7UDLWV¤�RQ�SDJH�����ZKHUH
EXWWRQ�FOLFNV�ZHUH�FRXQWHG�DQG�DGGLWLRQDO�FOLFNV�ZHUH�YHWRHG�DIWHU�D�FHUWDLQ�QXPEHU�RI
FOLFNV�RFFXUUHG��2XU�VLPSOH�Button�FODVV�FRQWULEXWHG�RQO\�D�label�GLPHQVLRQ��ZKLOH
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VetoableClicks�FRQWULEXWHG�D�count�GLPHQVLRQ�DQG�D�maxAllowed�FRQVWDQW��+HUH�LV�D
UHFDS�RI�WKHVH�W\SHV��FROOHFWHG�WRJHWKHU�LQWR�D�VLQJOH�VFULSW�WKDW�DOVR�H[HUFLVHV�WKH�FRGH�

// code-examples/AppDesign/abstractions/vetoable-clicks1-script.scala

trait Clickable {
  def click()
}

class Widget
class Button(val label: String) extends Widget with Clickable {
  def click() = println("click!")
}

trait VetoableClicks extends Clickable {
  val maxAllowed = 1
  private var count = 0
  abstract override def click() = {
    if (count < maxAllowed) {
      count += 1
      super.click()
    }
  }
}

val button1 = new Button("click me!")
println("new Button(...)")
for (i <- 1 to 3 ) button1.click()

val button2 = new Button("click me!") with VetoableClicks
println("new Button(...) with VetoableClicks")
for (i <- 1 to 3 ) button2.click()

7KLV�VFULSW�SULQWV�WKH�IROORZLQJ�RXWSXW�

new Button(...)
click!
click!
click!
new Button(...) with VetoableClicks
click!

1RWH�WKDW�maxAllowed�LV�D�FRQVWDQW��EXW�LW�FDQ�EH�RYHUULGGHQ�ZKHQ�LQVWDQWLDWLQJ�HDFK
LQVWDQFH��6R�� WZR� LQVWDQFHV�FRXOG�GLIIHU�RQO\�E\�WKH�YDOXH�RI�maxAllowed��7KHUHIRUH�
maxAllowed� DOVR� FRQWULEXWHV� D� GLPHQVLRQ� WR� WKH� VWDWH�� EXW�ZLWK� RQO\� RQH� YDOXH� SHU
LQVWDQFH�

6R��IRU�D�EXWWRQ�ODEHOHG�£6XEPLW�¤�ZLWK�maxAllowed�VHW�WR����DQG�ZKLFK�KDV�EHHQ�FOLFNHG
WZLFH��VR�count�HTXDOV�����LWV�VWDWH�FDQ�EH�UHSUHVHQWHG�E\�WKH�WXSOH�("Submit", 2, 3)�

,Q�JHQHUDO��D�VLQJOH�WUDLW�FDQ�HLWKHU�EH�VWDWHOHVV��L�H���LW�FRQWULEXWHV�QR�QHZ�GLPHQVLRQV
RI�VWDWH�WR�WKH�LQVWDQFH��RU�LW�FDQ�FRQWULEXWH�RUWKRJRQDO�VWDWH�GLPHQVLRQV�WR�WKH�LQVWDQFH�
L�H���GLPHQVLRQV�WKDW�DUH�LQGHSHQGHQW�RI�WKH�VWDWH�FRQWULEXWLRQV�IURP�RWKHU�WUDLWV�DQG
WKH�SDUHQW�FODVV��,Q�WKH�VFULSW��Clickable�LV�WULYLDOO\�VWDWHOHVV��LJQRULQJ�WKH�EXWWRQ¦V�ODEHO��
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ZKLOH�VetoableClicks�FRQWULEXWHV�maxAllowed�DQG�count��7UDLWV�ZLWK�RUWKRJRQDO�VWDWH
RIWHQ�KDYH�RUWKRJRQDO�PHWKRGV��WRR��)RU�H[DPSOH��WKH�2EVHUYHU�3DWWHUQ�WUDLWV�ZH�XVHG
LQ�&KDSWHU���FRQWDLQHG�PHWKRGV�IRU�PDQDJLQJ�WKHLU�OLVWV�RI�REVHUYHUV�

,QGHSHQGHQW�RI�ZKHWKHU�D�WUDLW�FRQWULEXWHV�VWDWH�GLPHQVLRQV��D�WUDLW�FDQ�DOVR�PRGLI\�WKH
SRVVLEOH�YDOXHV�IRU�D�GLPHQVLRQ�FRQWULEXWHG�E\�D�GLIIHUHQW�WUDLW�RU�WKH�SDUHQW�FODVV��7R
VHH�DQ�H[DPSOH��OHW¦V�UHIDFWRU�WKH�VFULSW�WR�PRYH�WKH�FOLFN�count�WR�WKH�Clickable�WUDLW�

// code-examples/AppDesign/abstractions/vetoable-clicks2-script.scala

trait Clickable {
  private var clicks = 0
  def count = clicks

  def click() = { clicks += 1 }
}

class Widget
class Button(val label: String) extends Widget with Clickable {
  override def click() = {
    super.click()
    println("click!")
  }
}

trait VetoableClicks extends Clickable {
  val maxAllowed = 1
  abstract override def click() = {
    if (count < maxAllowed)
      super.click()
  }
}

val button1 = new Button("click me!")
println("new Button(...)")
for (i <- 1 to 3 ) button1.click()

val button2 = new Button("click me!") with VetoableClicks
println("new Button(...) with VetoableClicks")
for (i <- 1 to 3 ) button2.click()

7KLV�VFULSW�SULQWV�WKH�VDPH�RXWSXW�DV�EHIRUH��1RZ�Clickable�FRQWULEXWHV�RQH�VWDWH�GL�
PHQVLRQ� IRU� count� �ZKLFK� LV� QRZ� D� PHWKRG� WKDW� UHWXUQV� WKH� YDOXH� RI� WKH� SULYDWH
clicks�ILHOG���VetoableClicks�PRGLILHV�WKLV�GLPHQVLRQ�E\�UHGXFLQJ�WKH�QXPEHU�RI�SRV�
VLEOH�YDOXHV�IRU�count�IURP�0�WR�LQILQLW\�GRZQ�WR�MXVW�0�DQG�1��7KHUHIRUH��RQH�WUDLW�DIIHFWV
WKH� EHKDYLRU� RI� DQRWKHU��:H�PLJKW� VD\� WKDW� VetoableClicks� LV� LQYDVLYH�� EHFDXVH� LW
FKDQJHV�WKH�EHKDYLRU�RI�RWKHU�PL[LQV�

:K\�LV�DOO�WKLV�LPSRUWDQW"�:KLOH�WKH�SUREOHPV�RI�PXOWLSOH�LQKHULWDQFH�DUH�HOLPLQDWHG
LQ�6FDOD¦V�PRGHO�RI�VLQJOH�LQKHULWDQFH�SOXV�WUDLWV��FDUH�LV�UHTXLUHG�ZKHQ�PL[LQJ�VWDWH�DQG
EHKDYLRU�FRQWULEXWLRQV�WR�FUHDWH�ZHOO�EHKDYHG�DSSOLFDWLRQV��)RU�H[DPSOH��LI�\RX�KDYH
D�WHVW�VXLWH�WKDW�Button�SDVVHV��ZLOO�D�Button with VetoableClicks�LQVWDQFH�SDVV�WKH�VDPH
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WHVW�VXLWH"�7KH�VXLWH�ZRQ¦W�SDVV�LI�LW�DVVXPHV�WKDW�\RX�FDQ�FOLFN�D�EXWWRQ�DV�PDQ\�WLPHV
DV�\RX�ZDQW��7KHUH�DUH�GLIIHUHQW�£VSHFLILFDWLRQV¤�IRU�WKHVH�WZR�NLQGV�RI�EXWWRQV��7KLV
GLIIHUHQFH�LV�H[SUHVVHG�E\�WKH�/LVNRY�6XEVWLWXWLRQ�3ULQFLSOH��VHH�>0DUWLQ����@���$Q�LQ�
VWDQFH�RI�D�Button with VetoableClicks�ZRQ¦W�EH�VXEVWLWXWDEOH�LQ�HYHU\�VLWXDWLRQ�ZKHUH
D� UHJXODU� Button� LQVWDQFH� LV� XVHG�� 7KLV� LV� D� FRQVHTXHQFH� RI� WKH� LQYDVLYH� QDWXUH� RI
VetoableClicks�

:KHQ�D�WUDLW�DGGV�RQO\�RUWKRJRQDO�VWDWH�DQG�EHKDYLRU��ZLWKRXW�DIIHFWLQJ�WKH�UHVW�RI�WKH
VWDWH�DQG�EHKDYLRU�RI�WKH�LQVWDQFH��LW�PDNHV�UHXVH�DQG�FRPSRVLWLRQ�PXFK�HDVLHU��DV�ZHOO
DV�UHGXFLQJ�WKH�SRWHQWLDO�IRU�EXJV��7KH�2EVHUYHU�3DWWHUQ�LPSOHPHQWDWLRQV�ZH�KDYH�VHHQ
DUH�TXLWH�UHXVDEOH��7KH�RQO\�UHTXLUHPHQW�IRU�UHXVH�LV�WR�SURYLGH�VRPH�£JOXH¤�WR�DGDSW
WKH�JHQHULF�VXEMHFW�DQG�REVHUYHU�WUDLWV�WR�SDUWLFXODU�FLUFXPVWDQFHV�

7KLV�GRHV�QRW�PHDQ�WKDW�LQYDVLYH�PL[LQV�DUH�EDG��MXVW�WKDW�WKH\�VKRXOG�EH�XVHG�ZLVHO\�
7KH�£YHWRDEOH�HYHQWV¤�SDWWHUQ�FDQ�EH�YHU\�XVHIXO�

Design Patterns
'HVLJQ�SDWWHUQV�KDYH�WDNHQ�D�EHDWLQJ�ODWHO\��&ULWLFV�GLVPLVV�WKHP�DV�ZRUNDURXQGV�IRU
PLVVLQJ� ODQJXDJH� IHDWXUHV�� ,QGHHG�� VRPH� RI� WKH� *DQJ� RI� )RXU� SDWWHUQV� �VHH
>*2)����@��DUH�QRW�UHDOO\�QHHGHG�LQ�6FDOD��DV�QDWLYH�IHDWXUHV�SURYLGH�EHWWHU�VXEVWLWXWHV�
2WKHU�SDWWHUQV�DUH�SDUW�RI�WKH�ODQJXDJH�LWVHOI��VR�QR�VSHFLDO�FRGLQJ�LV�QHHGHG��2I�FRXUVH�
SDWWHUQV�DUH�IUHTXHQWO\�PLVXVHG��EXW�WKDW¦V�QRW�WKH�IDXOW�RI�WKH�SDWWHUQV�WKHPVHOYHV�

:H�WKLQN�WKH�FULWLFLVPV�RIWHQ�RYHUORRN�DQ�LPSRUWDQW�SRLQW��WKH�GLVWLQFWLRQ�EHWZHHQ�DQ
LGHD�DQG�KRZ� LW� LV� LPSOHPHQWHG�DQG�XVHG� LQ�D�SDUWLFXODU�VLWXDWLRQ��'HVLJQ�SDWWHUQV
GRFXPHQW�UHFXUULQJ��ZLGHO\�XVHIXO�LGHDV��7KHVH�LGHDV�DUH�SDUW�RI�WKH�YRFDEXODU\�WKDW
VRIWZDUH�GHYHORSHUV�XVH�WR�GHVFULEH�WKHLU�GHVLJQV�

6RPH�FRPPRQ�SDWWHUQV�DUH�QDWLYH�ODQJXDJH�IHDWXUHV�LQ�6FDOD��OLNH�VLQJOHWRQ�REMHFWV�WKDW
HOLPLQDWH�WKH�QHHG�IRU�D�6LQJOHWRQ�3DWWHUQ��>*2)����@��LPSOHPHQWDWLRQ�OLNH�\RX�RIWHQ
XVH�LQ�-DYD�FRGH�

7KH�,WHUDWRU�3DWWHUQ��>*2)����@��LV�VR�SHUYDVLYH�LQ�SURJUDPPLQJ�WKDW�PRVW�ODQJXDJHV
LQFOXGH� LWHUDWLRQ�PHFKDQLVPV�IRU�DQ\�W\SH�WKDW�FDQ�EH�WUHDWHG� OLNH�D�FROOHFWLRQ��)RU
H[DPSOH��LQ�6FDOD�\RX�FDQ�LWHUDWH�WKURXJK�WKH�FKDUDFWHUV�LQ�D�String�ZLWK�foreach�

"Programming Scala" foreach {c => println(c)}

$FWXDOO\�� LQ� WKLV� FDVH�� DQ� LPSOLFLW� FRQYHUVLRQ� LV� LQYRNHG� WR� FRQYHUW� WKH
java.lang.String�WR�D�RichString��ZKLFK�KDV�WKH�foreach�PHWKRG��7KDW¦V�DQ�H[DPSOH
RI� WKH� SDWWHUQ� FDOOHG� 3LPS� 0\� /LEUDU\�� ZKLFK� ZH� VDZ� LQ� £,PSOLFLW� &RQYHU�
VLRQV¤�RQ�SDJH�����

2WKHU�FRPPRQ�SDWWHUQV�KDYH�EHWWHU�DOWHUQDWLYHV�LQ�6FDOD��:H¦OO�GLVFXVV�D�EHWWHU�DOWHU�
QDWLYH�WR�WKH�9LVLWRU�3DWWHUQ��>*2)����@��LQ�D�PRPHQW�
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)LQDOO\��VWLOO�RWKHU�SDWWHUQV�FDQ�EH�LPSOHPHQWHG�LQ�6FDOD�DQG�UHPDLQ�YHU\�XVHIXO��)RU
H[DPSOH��WKH�2EVHUYHU�3DWWHUQ�WKDW�ZH�GLVFXVVHG�HDUOLHU�LQ�WKLV�FKDSWHU�DQG�LQ�&KDS�
WHU���LV�D�YHU\�XVHIXO�SDWWHUQ�IRU�PDQ\�GHVLJQ�SUREOHPV��,W�FDQ�EH�LPSOHPHQWHG�YHU\
HOHJDQWO\�XVLQJ�PL[LQ�FRPSRVLWLRQ�

:H�ZRQ¦W�GLVFXVV�DOO�WKH�ZHOO�NQRZQ�SDWWHUQV��VXFK�DV�WKRVH�LQ�>*2)����@��$�QXPEHU
RI�WKH�*2)�SDWWHUQV�DUH�GLVFXVVHG�DW�>6FDOD:LNL�3DWWHUQV@��DORQJ�ZLWK�RWKHU�SDWWHUQV
WKDW�DUH�VRPHZKDW�VSHFLILF�WR�6FDOD��,QVWHDG��ZH¦OO�GLVFXVV�D�IHZ�LOOXVWUDWLYH�H[DPSOHV�
:H¦OO� VWDUW� E\�GLVFXVVLQJ� D� UHSODFHPHQW� IRU� WKH�9LVLWRU�3DWWHUQ� WKDW� XVHV� IXQFWLRQDO
LGLRPV�DQG�LPSOLFLW�FRQYHUVLRQV��7KHQ�ZH¦OO�GLVFXVV�D�SRZHUIXO�ZD\�RI�LPSOHPHQWLQJ
GHSHQGHQF\�LQMHFWLRQ�LQ�6FDOD�XVLQJ�WKH�&DNH�3DWWHUQ�

The Visitor Pattern: A Better Alternative
7KH�9LVLWRU�3DWWHUQ�VROYHV�WKH�SUREOHP�RI�DGGLQJ�D�QHZ�RSHUDWLRQ�WR�D�FODVV�KLHUDUFK\
ZLWKRXW�HGLWLQJ�WKH�VRXUFH�FRGH�IRU�WKH�FODVVHV�LQ�WKH�KLHUDUFK\��)RU�D�QXPEHU�RI�SUDF�
WLFDO�UHDVRQV��LW�PD\�QRW�EH�IHDVLEOH�RU�GHVLUDEOH�WR�HGLW�WKH�KLHUDUFK\�WR�VXSSRUW�WKH�QHZ
RSHUDWLRQ�

/HW¦V�ORRN�DW�DQ�H[DPSOH�RI�WKH�SDWWHUQ�XVLQJ�WKH�Shape�FODVV�KLHUDUFK\�ZH�KDYH�XVHG
SUHYLRXVO\��:H¦OO�VWDUW�ZLWK�WKH�FDVH�FODVV�YHUVLRQ�IURP�£&DVH�&ODVVHV¤�RQ�SDJH�����

// code-examples/AdvOOP/shapes/shapes-case.scala

package shapes {
  case class Point(x: Double, y: Double)

  abstract class Shape() {
    def draw(): Unit
  }

  case class Circle(center: Point, radius: Double) extends Shape() {
    def draw() = println("Circle.draw: " + this)
  }

  case class Rectangle(lowerLeft: Point, height: Double, width: Double)
      extends Shape() {
    def draw() = println("Rectangle.draw: " + this)
  }

  case class Triangle(point1: Point, point2: Point, point3: Point)
      extends Shape() {
    def draw() = println("Triangle.draw: " + this)
  }
}

6XSSRVH�ZH�GRQ¦W�ZDQW�WKH�draw�PHWKRG�LQ�WKH�FODVVHV��7KLV� LV�D�UHDVRQDEOH�GHVLJQ
FKRLFH��VLQFH�WKH�GUDZLQJ�PHWKRG�ZLOO�EH�KLJKO\�GHSHQGHQW�RQ�WKH�SDUWLFXODU�FRQWH[W
RI�XVH��VXFK�DV�GHWDLOV�RI�WKH�JUDSKLFV�OLEUDULHV�RQ�WKH�SODWIRUPV�WKH�DSSOLFDWLRQ�ZLOO�UXQ
RQ��)RU�JUHDWHU�UHXVDELOLW\��ZH�ZRXOG�OLNH�GUDZLQJ�WR�EH�DQ�RSHUDWLRQ�ZH�GHFRXSOH�IURP
WKH�VKDSHV�WKHPVHOYHV�
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)LUVW��ZH�UHIDFWRU�WKH�Shape�KLHUDUFK\�WR�VXSSRUW�WKH�9LVLWRU�3DWWHUQ��IROORZLQJ�WKH�H[�
DPSOH�LQ�>*2)����@�

// code-examples/AppDesign/patterns/shapes-visitor.scala

package shapes {
  trait ShapeVisitor {
    def visit(circle: Circle): Unit
    def visit(rect: Rectangle): Unit
    def visit(tri: Triangle): Unit
  }

  case class Point(x: Double, y: Double)

  sealed abstract class Shape() {
    def accept(visitor: ShapeVisitor): Unit
  }

  case class Circle(center: Point, radius: Double) extends Shape() {
    def accept(visitor: ShapeVisitor) = visitor.visit(this)
  }

  case class Rectangle(lowerLeft: Point, height: Double, width: Double)
        extends Shape() {
    def accept(visitor: ShapeVisitor) = visitor.visit(this)
  }

  case class Triangle(point1: Point, point2: Point, point3: Point)
        extends Shape() {
    def accept(visitor: ShapeVisitor) = visitor.visit(this)
  }
}

:H�GHILQH�D�ShapeVisitor�WUDLW��ZKLFK�KDV�RQH�PHWKRG�IRU�HDFK�FRQFUHWH�FODVV�LQ�WKH
KLHUDUFK\��H�J���visit(circle: Circle)��(DFK�VXFK�PHWKRG�WDNHV�RQH�SDUDPHWHU�RI�WKH
FRUUHVSRQGLQJ�W\SH�WR�YLVLW��&RQFUHWH�GHULYHG�FODVVHV�ZLOO�LPSOHPHQW�HDFK�PHWKRG�WR
GR�WKH�DSSURSULDWH�RSHUDWLRQ�IRU�WKH�SDUWLFXODU�W\SH�SDVVHG�LQ�

7KH�9LVLWRU�3DWWHUQ�UHTXLUHV�D�RQH�WLPH�PRGLILFDWLRQ�WR�WKH�FODVV�KLHUDUFK\��$Q�RYHU�
ULGGHQ�PHWKRG�QDPHG�accept�PXVW�EH�DGGHG��ZKLFK�WDNHV�D�Visitor�SDUDPHWHU��7KLV
PHWKRG�PXVW�EH�RYHUULGGHQ�IRU�HDFK�FODVV��,W�FDOOV�WKH�FRUUHVSRQGLQJ�PHWKRG�GHILQHG
RQ�WKH�visitor�LQVWDQFH��SDVVLQJ�this�DV�WKH�DUJXPHQW�

)LQDOO\��QRWH�WKDW�ZH�GHFODUHG�Shape�WR�EH�sealed��,W�ZRQ¦W�KHOS�XV�SUHYHQW�VRPH�EXJV
LQ�WKH�9LVLWRU�3DWWHUQ�LPSOHPHQWDWLRQ��EXW�LW�ZLOO�SURYH�XVHIXO�VKRUWO\�

+HUH�LV�D�FRQFUHWH�YLVLWRU�WKDW�VXSSRUWV�RXU�RULJLQDO�draw�RSHUDWLRQ�

// code-examples/AppDesign/patterns/shapes-drawing-visitor.scala

package shapes {
  class ShapeDrawingVisitor extends ShapeVisitor {
    def visit(circle: Circle): Unit =
      println("Circle.draw: " + circle)
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    def visit(rect: Rectangle): Unit =
      println("Rectangle.draw: " + rect)

    def visit(tri: Triangle): Unit =
      println("Triangle.draw: " + tri)
  }
}

)RU�HDFK�visit�PHWKRG��LW�£GUDZV¤�WKH�Shape�LQVWDQFH�DSSURSULDWHO\��)LQDOO\��KHUH�LV�D
VFULSW�WKDW�H[HUFLVHV�WKH�FRGH�

// code-examples/AppDesign/patterns/shapes-drawing-visitor-script.scala

import shapes._

val p00 = Point(0.0, 0.0)
val p10 = Point(1.0, 0.0)
val p01 = Point(0.0, 1.0)

val list = List(Circle(p00, 5.0),
                Rectangle(p00, 2.0, 3.0),
                Triangle(p00, p10, p01))

val shapesDrawer = new ShapeDrawingVisitor
list foreach { _.accept(shapesDrawer) }

,W�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

Circle.draw: Circle(Point(0.0,0.0),5.0)
Rectangle.draw: Rectangle(Point(0.0,0.0),2.0,3.0)
Triangle.draw: Triangle(Point(0.0,0.0),Point(1.0,0.0),Point(0.0,1.0))

9LVLWRU�KDV�EHHQ�FULWLFL]HG�IRU�EHLQJ�VRPHZKDW�LQHOHJDQW�DQG�IRU�EUHDNLQJ�WKH�2SHQ�
&ORVHG�3ULQFLSOH��2&3��VHH�>0DUWLQ����@���EHFDXVH�LI�WKH�KLHUDUFK\�FKDQJHV��\RX�DUH
IRUFHG�WR�HGLW��DQG�WHVW�DQG�UHGHSOR\��DOO�WKH�YLVLWRUV�IRU�WKDW�KLHUDUFK\��1RWH�WKDW�HYHU\
ShapeVisitor�WUDLW�KDV�PHWKRGV�WKDW�KDUGFRGH�LQIRUPDWLRQ�DERXW�HYHU\�Shape�GHULYHG
W\SH��7KHVH�NLQGV�RI�FKDQJHV�DUH�DOVR�HUURU�SURQH�

,Q�ODQJXDJHV�ZLWK�£RSHQ�W\SHV�¤�OLNH�5XE\��DQ�DOWHUQDWLYH�WR�WKH�9LVLWRU�3DWWHUQ�LV�WR
FUHDWH�D�QHZ�VRXUFH�ILOH�WKDW�UHRSHQV�DOO�WKH�W\SHV�LQ�WKH�KLHUDUFK\�DQG�LQVHUWV�DQ�DS�
SURSULDWH�PHWKRG�LPSOHPHQWDWLRQ�LQ�HDFK�RQH��1R�PRGLILFDWLRQV�WR�WKH�RULJLQDO�VRXUFH
FRGH�DUH�UHTXLUHG�

6FDOD�GRHV�QRW�VXSSRUW�RSHQ�W\SHV��RI�FRXUVH��EXW�LW�RIIHUV�D�IHZ�DOWHUQDWLYHV��7KH�ILUVW
DSSURDFK�ZH¦OO�GLVFXVV�FRPELQHV�SDWWHUQ�PDWFKLQJ�ZLWK�LPSOLFLW�FRQYHUVLRQV��/HW¦V�EH�
JLQ�E\�UHIDFWRULQJ�WKH�ShapeVisitor�FRGH�WR�UHPRYH�WKH�9LVLWRU�3DWWHUQ�ORJLF�

// code-examples/AppDesign/patterns/shapes.scala

package shapes2 {
  case class Point(x: Double, y: Double)

  sealed abstract class Shape()

  case class Circle(center: Point, radius: Double) extends Shape()
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  case class Rectangle(lowerLeft: Point, height: Double, width: Double)
      extends Shape()

  case class Triangle(point1: Point, point2: Point, point3: Point)
      extends Shape()
}

,I�ZH�ZRXOG�OLNH�WR�LQYRNH�draw�DV�D�PHWKRG�RQ�DQ\�Shape��WKHQ�ZH�ZLOO�KDYH�WR�XVH�DQ
LPSOLFLW�FRQYHUVLRQ�WR�D�ZUDSSHU�FODVV�ZLWK�WKH�draw�PHWKRG�

// code-examples/AppDesign/patterns/shapes-drawing-implicit.scala

package shapes2 {
  class ShapeDrawer(val shape: Shape) {
    def draw = shape match {
      case c: Circle    => println("Circle.draw: " + c)
      case r: Rectangle => println("Rectangle.draw: " + r)
      case t: Triangle  => println("Triangle.draw: " + t)
    }
  }

  object ShapeDrawer {
    implicit def shape2ShapeDrawer(shape: Shape) = new ShapeDrawer(shape)
  }
}

,QVWDQFHV�RI�ShapeDrawer�KROG�D�Shape�REMHFW��:KHQ�draw�LV�FDOOHG��WKH�VKDSH�LV�SDWWHUQ
PDWFKHG�EDVHG�RQ�LWV�W\SH�WR�GHWHUPLQH�WKH�DSSURSULDWH�ZD\�WR�GUDZ�LW�

$�FRPSDQLRQ�REMHFW�GHFODUHV�DQ�LPSOLFLW�FRQYHUVLRQ�WKDW�ZUDSV�D�Shape�LQ�D�ShapeDrawer�

7KLV�VFULSW�H[HUFLVHV�WKH�FRGH�

// code-examples/AppDesign/patterns/shapes-drawing-implicit-script.scala

import shapes2._

val p00 = Point(0.0, 0.0)
val p10 = Point(1.0, 0.0)
val p01 = Point(0.0, 1.0)

val list = List(Circle(p00, 5.0),
                Rectangle(p00, 2.0, 3.0),
                Triangle(p00, p10, p01))

import shapes2.ShapeDrawer._

list foreach { _.draw }

,W�SURGXFHV�WKH�VDPH�RXWSXW�DV�WKH�H[DPSOH�XVLQJ�WKH�9LVLWRU�3DWWHUQ�

7KLV�LPSOHPHQWDWLRQ�RI�ShapeDrawer�KDV�VRPH�VLPLODULWLHV�ZLWK�WKH�9LVLWRU�3DWWHUQ��EXW
LW�LV�PRUH�FRQFLVH��HOHJDQW��DQG�UHTXLUHV�QR�FRGH�PRGLILFDWLRQV�WR�WKH�RULJLQDO�Shape
KLHUDUFK\�
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7HFKQLFDOO\��WKH�LPSOHPHQWDWLRQ�KDV�WKH�VDPH�2&3�LVVXH�DV�WKH�9LVLWRU�3DWWHUQ��&KDQJ�
LQJ�WKH�Shape�KLHUDUFK\�UHTXLUHV�D�FKDQJH�WR�WKH�SDWWHUQ�PDWFKLQJ�H[SUHVVLRQ��+RZHYHU�
WKH�UHTXLUHG�FKDQJHV�DUH�LVRODWHG�WR�RQH�SODFH�DQG�WKH\�DUH�PRUH�VXFFLQFW��,Q�IDFW��DOO
WKH�ORJLF�IRU�GUDZLQJ�LV�QRZ�FRQWDLQHG�LQ�RQH�SODFH��UDWKHU�WKDQ�VHSDUDWHG�LQWR�draw
PHWKRGV�LQ�HDFK�Shape�FODVV�DQG�SRWHQWLDOO\�VFDWWHUHG�DFURVV�GLIIHUHQW�ILOHV��1RWH�WKDW
EHFDXVH�ZH�sealed�WKH�KLHUDUFK\��D�FRPSLODWLRQ�HUURU�LQ�draw�ZLOO�RFFXU�LI�ZH�IRUJHW�WR
FKDQJH�LW�ZKHQ�WKH�KLHUDUFK\�FKDQJHV�

,I�ZH�GRQ¦W�OLNH�WKH�SDWWHUQ�PDWFKLQJ�LQ�WKH�GUDZ�PHWKRG��ZH�FRXOG�LPSOHPHQW�D�VHS�
DUDWH�£GUDZHU¤�FODVV�DQG�D�VHSDUDWH�LPSOLFLW�FRQYHUVLRQ�IRU�HDFK�Shape�FODVV��7KDW�ZRXOG
DOORZ�XV�WR�NHHS�HDFK�VKDSH�GUDZLQJ�RSHUDWLRQ�LQ�D�VHSDUDWH�ILOH��IRU�PRGXODULW\��ZLWK
WKH�GUDZEDFN�RI�PRUH�FRGH�DQG�ILOHV�WR�PDQDJH�

,I��RQ�WKH�RWKHU�KDQG��ZH�GRQ¦W�FDUH�DERXW�XVLQJ�WKH�REMHFW�RULHQWHG�shape.draw�V\QWD[�
ZH�FRXOG�HOLPLQDWH�WKH�LPSOLFLW�FRQYHUVLRQ�DQG�GR�WKH�VDPH�SDWWHUQ�PDWFKLQJ�WKDW�LV
GRQH�LQ�ShapeDrawer.draw��7KLV�DSSURDFK�FRXOG�EH�VLPSOHU��HVSHFLDOO\�ZKHQ�WKH�H[WUD
EHKDYLRU�FDQ�EH�LVRODWHG�WR�RQH�SODFH��,QGHHG��WKLV�DSSURDFK�ZRXOG�EH�D�FRQYHQWLRQDO
IXQFWLRQDO�DSSURDFK��DV�LOOXVWUDWHG�LQ�WKH�IROORZLQJ�VFULSW�

// code-examples/AppDesign/patterns/shapes-drawing-pattern-script.scala

import shapes2._

val p00 = Point(0.0, 0.0)
val p10 = Point(1.0, 0.0)
val p01 = Point(0.0, 1.0)

val list = List(Circle(p00, 5.0),
                Rectangle(p00, 2.0, 3.0),
                Triangle(p00, p10, p01))

val drawText = (shape:Shape) => shape match {
  case circle: Circle =>  println("Circle.draw: " + circle)
  case rect: Rectangle => println("Rectangle.draw: " + rect)
  case tri: Triangle =>   println("Triangle.draw: " + tri)
}

def pointToXML(point: Point) =
  "<point><x>%.1f</x><y>%.1f</y></point>".format(point.x, point.y)

val drawXML = (shape:Shape) => shape match {
  case circle: Circle =>  {
    println("<circle>")
    println("  <center>" + pointToXML(circle.center) + "</center>")
    println("  <radius>" + circle.radius + "</radius>")
    println("</circle>")
  }
  case rect: Rectangle => {
    println("<rectangle>")
    println("  <lower-left>" + pointToXML(rect.lowerLeft) + "</lower-left>")
    println("  <height>" + rect.height + "</height>")
    println("  <width>" + rect.width + "</width>")
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    println("</rectangle>")
  }
  case tri: Triangle => {
    println("<triangle>")
    println("  <point1>" + pointToXML(tri.point1) + "</point1>")
    println("  <point2>" + pointToXML(tri.point2) + "</point2>")
    println("  <point3>" + pointToXML(tri.point3) + "</point3>")
    println("</triangle>")
  }
}

list foreach (drawText)
println("")
list foreach (drawXML)

:H�GHILQH� WZR� IXQFWLRQ�YDOXHV� DQG�DVVLJQ� WKHP�WR�YDULDEOHV��drawText� DQG�drawXML�
UHVSHFWLYHO\��(DFK�drawX�IXQFWLRQ�WDNHV�DQ�LQSXW�Shape��SDWWHUQ�PDWFKHV�LW�WR�WKH�FRUUHFW
W\SH�� DQG� £GUDZV¤� LW� DSSURSULDWHO\��:H� DOVR� GHILQH� D� KHOSHU� PHWKRG� WR� FRQYHUW� D
Point�WR�;0/�LQ�WKH�IRUPDW�ZH�ZDQW�

)LQDOO\��ZH�ORRS�WKURXJK�WKH�OLVW�RI�VKDSHV�WZLFH��7KH�ILUVW�WLPH��ZH�SDVV�drawText�DV
WKH�DUJXPHQW�WR�foreach��7KH�VHFRQG�WLPH��ZH�SDVV�drawXML��5XQQLQJ�WKLV�VFULSW�UH�
SURGXFHV�WKH�SUHYLRXV�UHVXOWV�IRU�£WH[W¤�RXWSXW��IROORZHG�E\�QHZ�;0/�RXWSXW�

Circle.draw: Circle(Point(0.0,0.0),5.0)
Rectangle.draw: Rectangle(Point(0.0,0.0),2.0,3.0)
Triangle.draw: Triangle(Point(0.0,0.0),Point(1.0,0.0),Point(0.0,1.0))

<circle>
  <center><point><x>0.0</x><y>0.0</y></point></center>
  <radius>5.0</radius>
</circle>
<rectangle>
  <lower-left><point><x>0.0</x><y>0.0</y></point></lower-left>
  <height>2.0</height>
  <width>3.0</width>
</rectangle>
<triangle>
  <point1><point><x>0.0</x><y>0.0</y></point></point1>
  <point2><point><x>1.0</x><y>0.0</y></point></point2>
  <point3><point><x>0.0</x><y>1.0</y></point></point3>
</triangle>

$Q\�RI�WKHVH�LGLRPV�SURYLGHV�D�SRZHUIXO�ZD\�WR�DGG�DGGLWLRQDO��VSHFLDO�SXUSRVH�IXQF�
WLRQDOLW\�WKDW�PD\�QRW�EH�QHHGHG�£HYHU\ZKHUH¤�LQ�WKH�DSSOLFDWLRQ��,W¦V�D�JUHDW�ZD\�WR
UHPRYH�PHWKRGV�IURP�REMHFWV�WKDW�GRQ¦W�DEVROXWHO\�KDYH�WR�EH�WKHUH�

$�GUDZLQJ�DSSOLFDWLRQ�VKRXOG�RQO\�QHHG�WR�NQRZ�KRZ�WR�GR�LQSXW�DQG�RXWSXW�RI�VKDSHV
LQ�RQH�SODFH��ZKHWKHU�LW�LV�VHULDOL]LQJ�VKDSHV�WR�D�WH[WXDO�IRUPDW�IRU�VWRUDJH�RU�UHQGHULQJ
VKDSHV� WR� WKH� VFUHHQ��:H� FDQ� VHSDUDWH� WKH�GUDZLQJ� £FRQFHUQ¤� IURP� WKH� UHVW� RI� WKH
IXQFWLRQDOLW\�IRU�VKDSHV��DQG�ZH�FDQ�LVRODWH�WKH�ORJLF�IRU�GUDZLQJ��DOO�ZLWKRXW�PRGLI\LQJ
WKH�Shape�KLHUDUFK\�RU�DQ\�RI�WKH�SODFHV�ZKHUH�LW�LV�XVHG�LQ�WKH�DSSOLFDWLRQ��7KH�9LVLWRU
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3DWWHUQ�JLYHV�XV�VRPH�RI�WKLV�VHSDUDWLRQ�DQG�LVRODWLRQ��EXW�ZH�DUH�UHTXLUHG�WR�DGG�YLVLWRU
LPSOHPHQWDWLRQ�ORJLF�WR�HDFK�Shape�

/HW¦V�FRQFOXGH�ZLWK�D�GLVFXVVLRQ�RI�RQH�RWKHU�RSWLRQ�WKDW�PD\�EH�DSSOLFDEOH�LQ�VRPH
FRQWH[WV��,I�\RX�KDYH�FRPSOHWH�FRQWURO�RYHU�KRZ�VKDSHV�DUH�FRQVWUXFWHG��H�J���WKURXJK
D�VLQJOH�IDFWRU\��\RX�FDQ�PRGLI\�WKH�IDFWRU\�WR�PL[�LQ�WUDLWV�WKDW�DGG�QHZ�EHKDYLRUV�DV
QHHGHG�

// code-examples/AppDesign/patterns/shapes-drawing-factory.scala

package shapes2 {
  trait Drawing {
    def draw: Unit
  }

  trait CircleDrawing extends Drawing {
    def draw = println("Circle.draw " + this)
  }
  trait RectangleDrawing extends Drawing {
    def draw = println("Rectangle.draw: " + this)
  }
  trait TriangleDrawing extends Drawing {
    def draw = println("Triangle.draw: " + this)
  }

  object ShapeFactory {
    def makeShape(args: Any*) = args(0) match {
      case "circle" => {
        val center = args(1).asInstanceOf[Point]
        val radius = args(2).asInstanceOf[Double]
        new Circle(center, radius) with CircleDrawing
      }
      case "rectangle" => {
        val lowerLeft = args(1).asInstanceOf[Point]
        val height    = args(2).asInstanceOf[Double]
        val width     = args(3).asInstanceOf[Double]
        new Rectangle(lowerLeft, height, width) with RectangleDrawing
      }
      case "triangle" => {
        val p1 = args(1).asInstanceOf[Point]
        val p2 = args(2).asInstanceOf[Point]
        val p3 = args(3).asInstanceOf[Point]
        new Triangle(p1, p2, p3) with TriangleDrawing
      }
      case x => throw new IllegalArgumentException("unknown: " + x)
    }
  }
}

:H�GHILQH�D�Drawing� WUDLW�DQG�FRQFUHWH�GHULYHG�WUDLWV� IRU�HDFK�Shape�FODVV��7KHQ�ZH
GHILQH�D�ShapeFactory�REMHFW�ZLWK�D�makeShape� IDFWRU\�PHWKRG�WKDW�WDNHV�D�YDULDEOH�
OHQJWK�OLVW�RI�DUJXPHQWV��$�PDWFK�LV�GRQH�RQ�WKH�ILUVW�DUJXPHQW�WR�GHWHUPLQH�ZKLFK
VKDSH�WR�PDNH��7KH�WUDLOLQJ�DUJXPHQWV�DUH�FDVW�WR�DSSURSULDWH�W\SHV�WR�FRQVWUXFW�HDFK
VKDSH��ZLWK�WKH�FRUUHVSRQGLQJ�GUDZLQJ�WUDLW�PL[HG�LQ��$�VLPLODU�IDFWRU\�FRXOG�EH�ZULWWHQ
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IRU�DGGLQJ�GUDZ�PHWKRGV� WKDW�RXWSXW�;0/�� �7KH�YDULDEOH�OHQJWK� OLVW�RI�Any� YDOXHV�
KHDY\�XVH�RI�FDVWLQJ��DQG�PLQLPDO�HUURU�FKHFNLQJ�ZHUH�GRQH�IRU�H[SHGLHQF\��$�UHDO
LPSOHPHQWDWLRQ�FRXOG�PLQLPL]H�WKHVH�£KDFNV�¤�

7KH�IROORZLQJ�VFULSW�H[HUFLVHV�WKH�IDFWRU\�

// code-examples/AppDesign/patterns/shapes-drawing-factory-script.scala

import shapes2._

val p00 = Point(0.0, 0.0)
val p10 = Point(1.0, 0.0)
val p01 = Point(0.0, 1.0)

val list = List(
    ShapeFactory.makeShape("circle", p00, 5.0),
    ShapeFactory.makeShape("rectangle", p00, 2.0, 3.0),
    ShapeFactory.makeShape("triangle", p00, p10, p01))

list foreach { _.draw }

&RPSDUHG�WR�RXU�SUHYLRXV�VFULSWV��WKH�OLVW�RI�VKDSHV�LV�QRZ�FRQVWUXFWHG�XVLQJ�WKH�IDF�
WRU\��:KHQ�ZH�ZDQW�WR�GUDZ�WKH�VKDSHV�LQ�WKH�foreach�VWDWHPHQW��ZH�VLPSO\�FDOO�draw
RQ�HDFK�VKDSH��$V�EHIRUH��WKH�RXWSXW�LV�WKH�IROORZLQJ�

Circle.draw Circle(Point(0.0,0.0),5.0)
Rectangle.draw: Rectangle(Point(0.0,0.0),2.0,3.0)
Triangle.draw: Triangle(Point(0.0,0.0),Point(1.0,0.0),Point(0.0,1.0))

7KHUH�LV�RQH�VXEWOHW\�ZLWK�WKLV�DSSURDFK�WKDW�ZH�VKRXOG�GLVFXVV��1RWLFH�WKDW�WKH�VFULSW
QHYHU�DVVLJQV�WKH�UHVXOW�RI�D�ShapeFactory.makeShape�FDOO�WR�D�Shape�YDULDEOH��,I�LW�GLG
WKDW��LW�ZRXOG�QRW�EH�DEOH�WR�FDOO�draw�RQ�WKH�LQVWDQFH�

,Q�WKLV�VFULSW��6FDOD�LQIHUUHG�D�VOLJKWO\�GLIIHUHQW�FRPPRQ�VXSHUW\SH�IRU�WKH�SDUDPHWHUL]HG
OLVW��<RX�FDQ�VHH�WKDW�W\SH�LI�\RX�XVH�WKH�:load�FRPPDQG�WR�ORDG�WKH�VFULSW�ZKLOH�LQVLGH
WKH�LQWHUDFWLYH�scala�LQWHUSUHWHU��DV�LQ�WKH�IROORZLQJ�VHVVLRQ�

$ scala -cp ...
Welcome to Scala version 2.8.0.final (Java ...).
Type in expressions to have them evaluated.
Type :help for more information.

scala> :load design-patterns/shapes-drawing-factory-script.scala
Loading design-patterns/shapes-drawing-factory-script.scala...
import shapes2._
p00: shapes2.Point = Point(0.0,0.0)
p10: shapes2.Point = Point(1.0,0.0)
p01: shapes2.Point = Point(0.0,1.0)
list: List[Product with shapes2.Shape with shapes2.Drawing] = List(...)
Circle.draw Circle(Point(0.0,0.0),5.0)
Rectangle.draw: Rectangle(Point(0.0,0.0),2.0,3.0)
Triangle.draw: Triangle(Point(0.0,0.0),Point(1.0,0.0),Point(0.0,1.0))

scala>
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1RWLFH� WKH� OLQH� WKDW� EHJLQV� list: List[Product with shapes2.Shape with

shapes2.Drawing]��7KLV�OLQH�ZDV�SULQWHG�DIWHU�WKH�OLVW�RI�VKDSHV�ZDV�SDUVHG��7KH�LQIHUUHG
FRPPRQ�VXSHUW\SH�LV�Product with shapes2.Shape with shapes2.Drawing��Product�LV�D
WUDLW�PL[HG�LQWR�DOO�FDVH�FODVVHV��VXFK�DV�RXU�FRQFUHWH�VXEFODVVHV�RI�Shape��5HFDOO�WKDW�WR
DYRLG� FDVH�FODVV� LQKHULWDQFH�� Shape� LWVHOI� LV� QRW� D� FDVH� FODVV�� �6HH� £&DVH
&ODVVHV¤�RQ�SDJH�����IRU�GHWDLOV�RQ�ZK\�FDVH�FODVV�LQKHULWDQFH�VKRXOG�EH�DYRLGHG���6R�
RXU�FRPPRQ�VXSHUW\SH�LV�DQ�DQRQ\PRXV�FODVV�WKDW�LQFRUSRUDWHV�Shape��Product��DQG
WKH�Drawing�WUDLW�

,I�\RX�ZDQW�WR�DVVLJQ�RQH�RI�WKHVH�GUDZDEOH�VKDSHV�WR�D�YDULDEOH�DQG�VWLOO�EH�DEOH�WR
LQYRNH�draw��XVH�D�GHFODUDWLRQ�OLNH�WKH�IROORZLQJ��VKRZQ�DV�D�FRQWLQXDWLRQ�RI�WKH�VDPH
LQWHUDFWLYH�scala�VHVVLRQ��

scala> val s: Shape with Drawing = ShapeFactory.makeShape("circle", p00, 5.0)
s: shapes2.Shape with shapes2.Drawing = Circle(Point(0.0,0.0),5.0)

scala> s.draw
Circle.draw Circle(Point(0.0,0.0),5.0)

scala>

Dependency Injection in Scala: The Cake Pattern
'HSHQGHQF\�LQMHFWLRQ��',���D�IRUP�RI�LQYHUVLRQ�RI�FRQWURO��,R&���LV�D�SRZHUIXO�WHFKQLTXH
IRU�UHVROYLQJ�GHSHQGHQFLHV�EHWZHHQ�£FRPSRQHQWV¤�LQ�ODUJHU�DSSOLFDWLRQV��,W�VXSSRUWV
PLQLPL]LQJ�WKH�FRXSOLQJ�EHWZHHQ�WKHVH�FRPSRQHQWV��VR�LW�LV�UHODWLYHO\�HDV\�WR�VXEVWLWXWH
GLIIHUHQW�FRPSRQHQWV�IRU�GLIIHUHQW�FLUFXPVWDQFHV�

,W�XVHG�WR�EH�WKDW�ZKHQ�D�FOLHQW�REMHFW�QHHGHG�D�GDWDEDVH�£DFFHVVRU¤�REMHFW��IRU�H[DPSOH�
LW�ZRXOG�MXVW�LQVWDQWLDWH�WKH�DFFHVVRU�LWVHOI��:KLOH�FRQYHQLHQW��WKLV�DSSURDFK�PDNHV�XQLW
WHVWLQJ�YHU\�GLIILFXOW�EHFDXVH�\RX�KDYH�WR�WHVW�ZLWK�D�UHDO�GDWDEDVH��,W�DOVR�FRPSURPLVHV
UHXVH��IRU�WKRVH�DOWHUQDWLYH�VLWXDWLRQV�ZKHUH�DQRWKHU�SHUVLVWHQFH�PHFKDQLVP��RU�QRQH�
LV�UHTXLUHG��,QYHUVLRQ�RI�FRQWURO�VROYHV�WKLV�SUREOHP�E\�UHYHUVLQJ�UHVSRQVLELOLW\�IRU�VDW�
LVI\LQJ�WKH�GHSHQGHQF\�EHWZHHQ�WKH�REMHFW�DQG�WKH�GDWDEDVH�FRQQHFWLRQ�

$Q�H[DPSOH�RI�,R&�LV�-1',��,QVWHDG�RI�LQVWDQWLDWLQJ�DQ�DFFHVVRU�REMHFW��WKH�FOLHQW�REMHFW
DVNV�-'1,�WR�SURYLGH�RQH��7KH�FOLHQW�GRHVQ¦W�FDUH�ZKDW�DFWXDO�W\SH�RI�DFFHVVRU�LV�UH�
WXUQHG��+HQFH��WKH�FOLHQW�REMHFW�LV�QR�ORQJHU�FRXSOHG�WR�D�FRQFUHWH�LPSOHPHQWDWLRQ�RI
WKH�GHSHQGHQF\��,W�RQO\�GHSHQGV�RQ�DQ�DSSURSULDWH�DEVWUDFWLRQ�RI�D�SHUVLVWHQFH�DFFHVVRU�
L�H���D�-DYD�LQWHUIDFH�RU�6FDOD�WUDLW�

'HSHQGHQF\�LQMHFWLRQ�WDNHV�,R&�WR�LWV�ORJLFDO�FRQFOXVLRQ��1RZ�WKH�REMHFW�GRHV�QRWKLQJ
WR�UHVROYH�WKH�GHSHQGHQF\��,QVWHDG��DQ�H[WHUQDO�PHFKDQLVP�ZLWK�V\VWHP�ZLGH�NQRZO�
HGJH�£LQMHFWV¤�WKH�DSSURSULDWH�DFFHVVRU�REMHFW�XVLQJ�D�FRQVWUXFWRU�DUJXPHQW�RU�D�VHWWHU
PHWKRG��7KLV�KDSSHQV�ZKHQ�WKH�FOLHQW�LV�FRQVWUXFWHG��',�HOLPLQDWHV�GHSHQGHQFLHV�RQ
,R&�PHFKDQLVPV�LQ�FRGH��H�J���QR�PRUH�-1',�FDOOV��DQG�NHHSV�REMHFWV�UHODWLYHO\�VLPSOH�
ZLWK�PLQLPDO�FRXSOLQJ�WR�RWKHU�REMHFWV�
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%DFN�WR�XQLW�WHVWLQJ��LW�LV�SUHIHUDEOH�WR�XVH�D�WHVW�GRXEOH�IRU�KHDY\ZHLJKW�GHSHQGHQFLHV
WR�PLQLPL]H�WKH�RYHUKHDG�DQG�RWKHU�FRPSOLFDWLRQV�RI�WHVWLQJ��2XU�FOLHQW�REMHFW�ZLWK�D
GHSHQGHQF\�RQ�D�GDWDEDVH�DFFHVVRU�REMHFW�LV�D�FODVVLF�H[DPSOH��:KLOH�XQLW�WHVWLQJ�WKH
FOLHQW��WKH�RYHUKHDG�DQG�FRPSOLFDWLRQV�RI�XVLQJ�D�UHDO�GDWDEDVH�DUH�SURKLELWLYH��8VLQJ
D�OLJKWZHLJKW�WHVW�GRXEOH�ZLWK�KDUGFRGHG�VDPSOH�GDWD�SURYLGHV�VLPSOHU�VHWXS�DQG�WHDU
GRZQ��IDVWHU�H[HFXWLRQ��DQG�SUHGLFWDEOH�EHKDYLRU�IURP�WKH�GDWD�DFFHVVRU�GHSHQGHQF\�

,Q� -DYD��',� LV�XVXDOO\�GRQH�XVLQJ�DQ� LQYHUVLRQ�RI� FRQWURO� FRQWDLQHU�� OLNH� WKH�6SULQJ
)UDPHZRUN��>6SULQJ)UDPHZRUN@���RU�D�-DYD�$3,�HTXLYDOHQW� OLNH�*RRJOH¦V�*XLFH�$3,
�VHH� >*XLFH@���7KHVH�RSWLRQV� FDQ�EH�XVHG�ZLWK�6FDOD� FRGH�� HVSHFLDOO\�ZKHQ�\RX�DUH
LQWURGXFLQJ�6FDOD�LQWR�D�PDWXUH�-DYD�HQYLURQPHQW�

+RZHYHU��6FDOD�RIIHUV�VRPH�XQLTXH�RSWLRQV�IRU�LPSOHPHQWLQJ�',�LQ�6FDOD�FRGH��ZKLFK
DUH�GLVFXVVHG�E\�>%RQpU����E@��:H¦OO�GLVFXVV�RQH�RI�WKHP��WKH�&DNH�3DWWHUQ��ZKLFK�FDQ
UHSODFH�RU�FRPSOHPHQW�WKHVH�RWKHU�GHSHQGHQF\�LQMHFWLRQ�PHFKDQLVPV��:H¦OO�VHH�WKDW
LW�LV�VLPLODU�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�2EVHUYHU�3DWWHUQ�ZH�GLVFXVVHG�HDUOLHU�LQ�WKLV
FKDSWHU��LQ�£6HOI�7\SH�$QQRWDWLRQV�DQG�$EVWUDFW�7\SH�0HPEHUV¤�RQ�SDJH������7KH
&DNH�3DWWHUQ�ZDV�GHVFULEHG�E\�>2GHUVN\����@��DOWKRXJK�LW�ZDV�JLYHQ�WKDW�QDPH�DIWHU
WKDW�SDSHU�ZDV�SXEOLVKHG��>%RQpU����E@�DOVR�GLVFXVVHV�DOWHUQDWLYHV�

/HW¦V�EXLOG�D�VLPSOH�FRPSRQHQW�PRGHO�IRU�DQ�RYHUO\�VLPSOLILHG�7ZLWWHU�FOLHQW��:H�ZDQW
D�FRQILJXUDEOH�8,��D�FRQILJXUDEOH�ORFDO�FDFKH�RI�SDVW�WZHHWV��DQG�D�FRQILJXUDEOH�FRQ�
QHFWLRQ�WR�WKH�7ZLWWHU�VHUYLFH�LWVHOI��(DFK�RI�WKHVH�£FRPSRQHQWV¤�ZLOO�EH�VSHFLILHG�VHS�
DUDWHO\��DORQJ�ZLWK�D�FOLHQW�FRPSRQHQW�WKDW�ZLOO�IXQFWLRQ�DV�WKH�£PLGGOHZDUH¤�WKDW�WLHV
WKH�DSSOLFDWLRQ�WRJHWKHU��7KH�FOLHQW�FRPSRQHQW�ZLOO�GHSHQG�RQ�WKH�RWKHU�FRPSRQHQWV�
:KHQ�ZH�FUHDWH�D�FRQFUHWH�FOLHQW��ZH¦OO�FRQILJXUH�LQ�WKH�FRQFUHWH�SLHFHV�RI�WKH�RWKHU
FRPSRQHQWV�WKDW�ZH�QHHG�

// code-examples/AppDesign/dep-injection/twitter-client.scala

package twitterclient
import java.util.Date
import java.text.DateFormat

class TwitterUserProfile(val userName: String) {
  override def toString = "@" + userName
}

case class Tweet(
  val tweeter: TwitterUserProfile,
  val message: String,
  val time: Date) {

  override def toString = "(" +
    DateFormat.getDateInstance(DateFormat.FULL).format(time) + ") " +
    tweeter + ": " + message
}

trait Tweeter {
  def tweet(message: String)
}
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trait TwitterClientUIComponent {
  val ui: TwitterClientUI

  abstract class TwitterClientUI(val client: Tweeter) {
    def sendTweet(message: String) = client.tweet(message)
    def showTweet(tweet: Tweet): Unit
  }
}

trait TwitterLocalCacheComponent {
  val localCache: TwitterLocalCache

  trait TwitterLocalCache {
    def saveTweet(tweet: Tweet): Unit
    def history: List[Tweet]
  }
}

trait TwitterServiceComponent {
  val service: TwitterService

  trait TwitterService {
    def sendTweet(tweet: Tweet): Boolean
    def history: List[Tweet]
  }
}

trait TwitterClientComponent {
  self: TwitterClientUIComponent with
        TwitterLocalCacheComponent with
        TwitterServiceComponent =>

  val client: TwitterClient

  class TwitterClient(val user: TwitterUserProfile) extends Tweeter {
    def tweet(msg: String) = {
      val twt = new Tweet(user, msg, new Date)
      if (service.sendTweet(twt)) {
        localCache.saveTweet(twt)
        ui.showTweet(twt)
      }
    }
  }
}

7KH�ILUVW�FODVV��TwitterUserProfile��HQFDSVXODWHV�D�XVHU¦V�SURILOH��ZKLFK�ZH�OLPLW�WR�WKH
XVHUQDPH��7KH�VHFRQG�FODVV�LV�D�FDVH�FODVV��Tweet��WKDW�HQFDSVXODWHV�D�VLQJOH�£WZHHW¤��D
7ZLWWHU�PHVVDJH��OLPLWHG�WR�����FKDUDFWHUV�E\�WKH�7ZLWWHU�VHUYLFH���%HVLGHV�WKH�PHVVDJH
VWULQJ��LW�HQFDSVXODWHV�WKH�XVHU�ZKR�VHQW�WKH�WZHHW�DQG�WKH�GDWH�DQG�WLPH�ZKHQ�LW�ZDV
VHQW��:H�PDGH�WKLV�FODVV�D�FDVH�FODVV�IRU�WKH�FRQYHQLHQW�VXSSRUW�FDVH�FODVVHV�SURYLGH
IRU�FUHDWLQJ�REMHFWV�DQG�SDWWHUQ�PDWFKLQJ�RQ�WKHP��:H�GLGQ¦W�PDNH�WKH�SURILOH�FODVV�D
FDVH�FODVV��EHFDXVH�LW�LV�PRUH�OLNHO\�WR�EH�XVHG�DV�WKH�SDUHQW�RI�PRUH�GHWDLOHG�SURILOH
FODVVHV�
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1H[W�LV�WKH�Tweeter�WUDLW�WKDW�GHFODUHV�RQH�PHWKRG��tweet��7KLV�WUDLW�LV�GHILQHG�VROHO\�WR
HOLPLQDWH�D�SRWHQWLDO� FLUFXODU�GHSHQGHQF\�EHWZHHQ� WZR�FRPSRQHQWV��TwitterClient
Component�DQG�TwitterClientUIComponent��$OO�WKH�FRPSRQHQWV�DUH�GHILQHG�QH[W�LQ�WKH
ILOH�

7KHUH�DUH�IRXU�FRPSRQHQWV��1RWH�WKDW�WKH\�DUH�LPSOHPHQWHG�DV�WUDLWV�

� TwitterClientUIComponent��IRU�WKH�8,

� TwitterLocalCacheComponent��IRU�WKH�ORFDO�FDFKH�RI�SULRU�WZHHWV

� TwitterServiceComponent��IRU�DFFHVVLQJ�WKH�7ZLWWHU�VHUYLFH

� TwitterClientComponent��WKH�FOLHQW�WKDW�SXOOV�WKH�SLHFHV�WRJHWKHU

7KH\�DOO�KDYH�D�VLPLODU�VWUXFWXUH��(DFK�RQH�GHFODUHV�D�QHVWHG�WUDLW�RU�FODVV�WKDW�HQFDS�
VXODWHV�WKH�FRPSRQHQW¦V�EHKDYLRU��(DFK�RQH�DOVR�GHFODUHV�D�val�ZLWK�RQH�LQVWDQFH�RI
WKH�QHVWHG�W\SH�

2IWHQ�LQ�-DYD��SDFNDJHV�DUH�LQIRUPDOO\�DVVRFLDWHG�ZLWK�FRPSRQHQWV��7KLV�LV�FRPPRQ
LQ�RWKHU�ODQJXDJHV��WRR��XVLQJ�WKHLU�HTXLYDOHQW�RI�D�SDFNDJH��H�J���D�PRGXOH�RU�D�QDPH�
VSDFH��+HUH�ZH�GHILQH�D�PRUH�SUHFLVH�QRWLRQ�RI�D�FRPSRQHQW��DQG�D�WUDLW�LV�WKH�EHVW
YHKLFOH�IRU�LW��EHFDXVH�WUDLWV�DUH�GHVLJQHG�IRU�PL[LQ�FRPSRVLWLRQ�

TwitterClientUIComponent� GHFODUHV� D� val� QDPHG� ui� RI� WKH� QHVWHG� W\SH� Twitter
ClientUI��7KLV�FODVV�KDV�D�client�ILHOG�WKDW�PXVW�EH�LQLWLDOL]HG�ZLWK�D�Tweeter�LQVWDQFH�
,Q� IDFW�� WKLV� LQVWDQFH� ZLOO� EH� D� TwitterClient� �GHILQHG� LQ� TwitterClientComponent��
ZKLFK�H[WHQGV�Tweeter�

TwitterClientUI�KDV�WZR�PHWKRGV��7KH�ILUVW�LV�sendTweet��ZKLFK�LV�GHILQHG�WR�FDOO�WKH
client�REMHFW��7KLV�PHWKRG�ZRXOG�EH�XVHG�E\�WKH�8,�WR�FDOO�WKH�FOLHQW�ZKHQ�WKH�XVHU
VHQGV�D�QHZ�WZHHW��7KH�VHFRQG�PHWKRG��showTweet��JRHV�WKH�RWKHU�GLUHFWLRQ��,W�LV�FDOOHG
ZKHQHYHU�D�QHZ�WZHHW�LV�WR�EH�GLVSOD\HG��H�J���IURP�DQRWKHU�XVHU��,W�LV�DEVWUDFW��SHQGLQJ
WKH�£GHFLVLRQ¤�RI�WKH�NLQG�RI�8,�WR�XVH�

6LPLODUO\��TwitterLocalCacheComponent�GHFODUHV�TwitterLocalCache�DQG�DQ�LQVWDQFH�RI
LW��,QVWDQFHV�ZLWK�WKLV�WUDLW�VDYH�WZHHWV�WR�WKH�ORFDO�SHUVLVWHQW�FDFKH�ZKHQ�saveTweet�LV
FDOOHG��<RX�FDQ�UHWULHYH�WKH�FDFKHG�WZHHWV�ZLWK�history�

TwitterServiceComponent�LV�YHU\�VLPLODU��,WV�QHVWHG�W\SH�KDV�D�PHWKRG��sendTweet��WKDW
VHQGV�D�QHZ�WZHHW�WR�7ZLWWHU��,W�DOVR�KDV�D�history�PHWKRG�WKDW�UHWULHYHV�DOO�WKH�WZHHWV
IRU�WKH�FXUUHQW�XVHU�

)LQDOO\��TwitterClientComponent�FRQWDLQV�D�FRQFUHWH�FODVV��TwitterClient��WKDW�LQWHJUD�
WHV�WKH�FRPSRQHQWV��,WV�RQH�tweet�PHWKRG�VHQGV�QHZ�WZHHWV�WR�WKH�7ZLWWHU�VHUYLFH��,I
VXFFHVVIXO��LW�VHQGV�WKH�WZHHW�EDFN�WR�WKH�8,�DQG�WR�WKH�ORFDO�SHUVLVWHQW�FDFKH�

TwitterClientComponent�DOVR�KDV�WKH�IROORZLQJ�VHOI�W\SH�DQQRWDWLRQ�

self: TwitterClientUIComponent with
      TwitterLocalCacheComponent with
      TwitterServiceComponent =>
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7KH�HIIHFW�RI�WKLV�GHFODUDWLRQ�LV�WR�VD\�WKDW�DQ\�FRQFUHWH�TwitterClientComponent�PXVW
DOVR�EHKDYH�OLNH�WKHVH�RWKHU�WKUHH�FRPSRQHQWV��WKHUHE\�FRPSRVLQJ�DOO�WKH�FRPSRQHQWV
LQWR�RQH�FOLHQW�DSSOLFDWLRQ�LQVWDQFH��7KLV�FRPSRVLWLRQ�ZLOO�EH�UHDOL]HG�E\�PL[LQJ�LQ
WKHVH�FRPSRQHQWV��ZKLFK�DUH�WUDLWV��ZKHQ�ZH�FUHDWH�FRQFUHWH�FOLHQWV��DV�ZH�ZLOO�VHH
VKRUWO\�

7KH�VHOI�W\SH�DQQRWDWLRQ�DOVR�PHDQV�ZH�FDQ�UHIHUHQFH�WKH�vals�GHFODUHG�LQ�WKHVH�FRP�
SRQHQWV��1RWLFH�KRZ�TwitterClient.tweet�UHIHUHQFHV�WKH�service��localCache��DQG�WKH
ui�DV�LI�WKH\�DUH�YDULDEOHV�LQ�WKH�VFRSH�RI�WKLV�PHWKRG��,Q�IDFW��WKH\�DUH�LQ�VFRSH��EHFDXVH
RI�WKH�VHOI�W\SH�DQQRWDWLRQ�

1RWLFH�DOVR�WKDW�DOO�WKH�PHWKRGV�WKDW�FDOO�RWKHU�FRPSRQHQWV�DUH�FRQFUHWH��7KRVH�LQWHU�
FRPSRQHQW�UHODWLRQVKLSV�DUH�IXOO\�VSHFLILHG��7KH�DEVWUDFWLRQV�DUH�GLUHFWHG�£RXWZDUG�¤
WRZDUG�WKH�JUDSKLFDO�XVHU�LQWHUIDFH��D�FDFKLQJ�PHFKDQLVP��HWF�

/HW¦V�QRZ�GHILQH�D�FRQFUHWH�7ZLWWHU�FOLHQW�WKDW�XVHV�D�WH[WXDO��FRPPDQG�OLQH��8,��DQ
LQ�PHPRU\�ORFDO�FDFKH��DQG�IDNHV�WKH�LQWHUDFWLRQ�ZLWK�WKH�7ZLWWHU�VHUYLFH�

// code-examples/AppDesign/dep-injection/twitter-text-client.scala

package twitterclient

class TextClient(userProfile: TwitterUserProfile)
    extends TwitterClientComponent
    with TwitterClientUIComponent
    with TwitterLocalCacheComponent
    with TwitterServiceComponent {

  // From TwitterClientComponent:

  val client = new TwitterClient(userProfile)

  // From TwitterClientUIComponent:

  val ui = new TwitterClientUI(client) {
    def showTweet(tweet: Tweet) = println(tweet)
  }

  // From TwitterLocalCacheComponent:

  val localCache = new TwitterLocalCache {
    private var tweets: List[Tweet] = Nil

    def saveTweet(tweet: Tweet) = tweets ::= tweet

    def history = tweets
  }

  // From TwitterServiceComponent

  val service = new TwitterService() {
    def sendTweet(tweet: Tweet) = {
      println("Sending tweet to Twitter HQ")
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      true
    }
    def history = List[Tweet]()
  }
}

2XU�TextClient�FRQFUHWH�FODVV�H[WHQGV�TwitterClientComponent�DQG�PL[HV�LQ�WKH�WKUHH
RWKHU�FRPSRQHQWV��%\�PL[LQJ�LQ�WKH�RWKHU�FRPSRQHQWV��ZH�VDWLVI\�WKH�VHOI�W\SH�DQQR�
WDWLRQV�LQ�TwitterClientComponent��,Q�RWKHU�ZRUGV��TextClient�LV�DOVR�D�TwitterClientUI
Component��D�TwitterLocalCacheComponent��DQG�D�TwitterServiceComponent��LQ�DGGLWLRQ
WR�EHLQJ�D�TwitterClientComponent�

7KH�TextClient�FRQVWUXFWRU�WDNHV�RQH�DUJXPHQW��D�XVHU�SURILOH��ZKLFK�ZLOO�EH�SDVVHG
RQWR�WKH�QHVWHG�FOLHQW�FODVV�

TextClient�KDV�WR�GHILQH�IRXU�vals��RQH�IURP�TwitterClientComponent�DQG�WKUHH�IURP
WKH�RWKHU�PL[LQV��)RU�WKH�client��LW�VLPSO\�FUHDWHV�D�QHZ�TwitterClient��SDVVLQJ�LW�WKH
userProfile�

)RU�WKH�ui��LW�LQVWDQWLDWHV�DQ�DQRQ\PRXV�FODVV�GHULYHG�IURP�TwitterClientUI��,W�GHILQHV
showTweet�WR�SULQW�RXW�WKH�WZHHW�

)RU� WKH� localCache�� LW� LQVWDQWLDWHV� DQ� DQRQ\PRXV� FODVV� GHULYHG� IURP
TwitterLocalCache��,W�NHHSV�WKH�KLVWRU\�RI�WZHHWV�LQ�D�List�

)LQDOO\�� IRU� WKH� service�� LW� LQVWDQWLDWHV� DQ� DQRQ\PRXV� FODVV� GHULYHG� IURP
TwitterService��7KLV�£IDNH¤�GHILQHV�sendTweet�WR�SULQW�RXW�D�PHVVDJH�DQG�WR�UHWXUQ�DQ
HPSW\�OLVW�IRU�WKH�KLVWRU\�

/HW¦V�WU\�RXU�FOLHQW�ZLWK�WKH�IROORZLQJ�VFULSW�

// code-examples/AppDesign/dep-injection/twitter-text-client-script.scala

import twitterclient._

val client = new TextClient(new TwitterUserProfile("BuckTrends"))
client.ui.sendTweet("My First Tweet. How's this thing work?")
client.ui.sendTweet("Is this thing on?")
client.ui.sendTweet("Heading to the bathroom...")
println("Chat history:")
client.localCache.history.foreach {t => println(t)}

:H�LQVWDQWLDWH�D�TextClient�IRU�WKH�XVHU�£%XFN7UHQGV�¤�2OG�%XFN�VHQGV�WKUHH�LQVLJKWIXO
WZHHWV�WKURXJK�WKH�8,��:H�ILQLVK�E\�UHSULQWLQJ�WKH�KLVWRU\�RI�WZHHWV��LQ�UHYHUVH�RUGHU�
WKDW�DUH�FDFKHG�ORFDOO\��5XQQLQJ�WKLV�VFULSW�\LHOGV�RXWSXW�OLNH�WKH�IROORZLQJ�

Sending tweet to Twitter HQ
(Sunday, May 3, 2009) @BuckTrends: My First Tweet. How's this thing work?
Sending tweet to Twitter HQ
(Sunday, May 3, 2009) @BuckTrends: Is this thing on?
Sending tweet to Twitter HQ
(Sunday, May 3, 2009) @BuckTrends: Heading to the bathroom...
Chat history:
(Sunday, May 3, 2009) @BuckTrends: Heading to the bathroom...
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(Sunday, May 3, 2009) @BuckTrends: Is this thing on?
(Sunday, May 3, 2009) @BuckTrends: My First Tweet. How's this thing work?

<RXU�GDWH�ZLOO�YDU\��RI�FRXUVH��5HFDOO� WKDW� WKH�Sending tweet to Twitter HQ� OLQH� LV
SULQWHG�E\�WKH�IDNH�VHUYLFH�

7R�UHFDS��HDFK�PDMRU�FRPSRQHQW�LQ�WKH�7ZLWWHU�FOLHQW�ZDV�GHFODUHG�LQ�LWV�RZQ�WUDLW�
ZLWK�D�QHVWHG� W\SH� IRU� WKH�FRPSRQHQW¦V� ILHOGV�DQG�PHWKRGV��7KH�FOLHQW� FRPSRQHQW
GHFODUHG�LWV�GHSHQGHQFLHV�RQ�WKH�RWKHU�FRPSRQHQWV�WKURXJK�D�VHOI�W\SH�DQQRWDWLRQ��7KH
FRQFUHWH�FOLHQW�FODVV�PL[HG�LQ�WKRVH�FRPSRQHQWV�DQG�GHILQHG�HDFK�FRPSRQHQW�val�WR
EH�DQ�DSSURSULDWH�VXEW\SH�RI�WKH�FRUUHVSRQGLQJ�DEVWUDFW�FODVVHV�DQG�WUDLWV�WKDW�ZHUH
GHFODUHG�LQ�WKH�FRPSRQHQWV�

:H�JHW�W\SH�VDIH�£ZLULQJ¤�WRJHWKHU�RI�FRPSRQHQWV��D�IOH[LEOH�FRPSRQHQW�PRGHO��DQG
ZH�GLG�LW�DOO�LQ�6FDOD�FRGH��7KHUH�DUH�DOWHUQDWLYHV�WR�WKH�&DNH�3DWWHUQ�IRU�LPSOHPHQWLQJ
GHSHQGHQF\�LQMHFWLRQ�LQ�6FDOD��6HH�>%RQpU����E@�IRU�RWKHU�H[DPSOHV�

Better Design with Design By Contract
:H¦OO�FRQFOXGH�WKLV�FKDSWHU�ZLWK�D�ORRN�DW�DQ�DSSURDFK�WR�SURJUDPPLQJ�FDOOHG�'HVLJQ
E\�&RQWUDFW� �>'HVLJQ%\&RQWUDFW@���ZKLFK�ZDV�GHYHORSHG�E\�%HUWUDQG�0H\HU� IRU� WKH
(LIIHO�ODQJXDJH��VHH�>(LIIHO@��>+XQW����@��DQG�&KDSWHU�����'HVLJQ�E\�&RQWUDFW�KDV�EHHQ
DURXQG�IRU�DERXW����\HDUV��,W�KDV�IDOOHQ�VRPHZKDW�RXW�RI�IDYRU��EXW�LW�LV�VWLOO�YHU\�XVHIXO
IRU�WKLQNLQJ�DERXW�GHVLJQ�

:KHQ�FRQVLGHULQJ�WKH�£FRQWUDFW¤�RI�D�PRGXOH��\RX�FDQ�VSHFLI\�WKUHH�W\SHV�RI�FRQGLWLRQV�
)LUVW��\RX�FDQ�VSHFLI\�WKH�UHTXLUHG�LQSXWV�IRU�D�PRGXOH�WR�VXFFHVVIXOO\�SHUIRUP�D�VHUYLFH
�H�J���ZKHQ�D�PHWKRG�LV�FDOOHG���7KHVH�FRQVWUDLQWV�DUH�FDOOHG�SUHFRQGLWLRQV��7KH\�FDQ
DOVR�LQFOXGH�V\VWHP�UHTXLUHPHQWV��H�J���JOREDO�GDWD��ZKLFK�\RX�VKRXOG�QRUPDOO\�DYRLG�
RI�FRXUVH��

<RX�FDQ�DOVR�VSHFLI\�WKH�UHVXOWV�WKH�PRGXOH�JXDUDQWHHV�WR�GHOLYHU��WKH�SRVWFRQGLWLRQV��LI
WKH�SUHFRQGLWLRQV�ZHUH�VDWLVILHG�

)LQDOO\��\RX�FDQ�VSHFLI\�LQYDULDQWV�WKDW�PXVW�EH�WUXH�EHIRUH�DQG�DIWHU�DQ�LQYRFDWLRQ�RI
D�VHUYLFH�

7KH�VSHFLILF�DGGLWLRQ�WKDW�'HVLJQ�E\�&RQWUDFW�EULQJV�LV�WKH�LGHD�WKDW�WKHVH�FRQWUDFWXDO
FRQVWUDLQWV�VKRXOG�EH�VSHFLILHG�DV�H[HFXWDEOH�FRGH��VR�WKH\�FDQ�EH�HQIRUFHG�DXWRPDWL�
FDOO\�DW�UXQWLPH��EXW�XVXDOO\�RQO\�GXULQJ�WHVWLQJ�

$�FRQVWUDLQW�IDLOXUH�VKRXOG�WHUPLQDWH�H[HFXWLRQ�LPPHGLDWHO\��IRUFLQJ�\RX�WR�IL[�WKH�EXJ�
2WKHUZLVH��LW�LV�YHU\�HDV\�WR�LJQRUH�WKHVH�EXJV�

6FDOD�GRHVQ¦W�SURYLGH�H[SOLFLW�VXSSRUW� IRU�'HVLJQ�E\�&RQWUDFW��EXW�WKHUH�DUH�VHYHUDO
PHWKRGV�LQ�Predef�WKDW�FDQ�EH�XVHG�IRU�WKLV�SXUSRVH��7KH�IROORZLQJ�H[DPSOH�VKRZV
KRZ�WR�XVH�require�DQG�assume�IRU�FRQWUDFW�HQIRUFHPHQW�
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// code-examples/AppDesign/design-by-contract/bank-account.scala

class BankAccount(val balance: Double) {
  require(balance >= 0.0)
  def debit(amount: Double) = {
    require(amount > 0.0, "The debit amount must be > 0.0")
    assume(balance - amount > 0.0, "Overdrafts are not permitted")
    new BankAccount(balance - amount)
  }
  def credit(amount: Double) = {
    require(amount > 0.0, "The credit amount must be > 0.0")
    new BankAccount(balance + amount)
  }
}

7KH�FODVV�BankAccount�XVHV�require�WR�HQVXUH�WKDW�D�QRQ�QHJDWLYH�EDODQFH�LV�VSHFLILHG
IRU�WKH�FRQVWUXFWRU��6LPLODUO\��WKH�debit�DQG�credit�PHWKRGV�XVH�require�WR�HQVXUH�WKDW
D�SRVLWLYH�amount�LV�VSHFLILHG�

7KH�VSHFLILFDWLRQ�LQ�([DPSOH������FRQILUPV�WKDW�WKH�£FRQWUDFW¤�LV�REH\HG�

([DPSOH�������GHVLJQ�E\�FRQWUDFW�EDQN�DFFRXQW�VSHF�VFDOD��7HVWLQJ�WKH�FRQWUDFW

// code-examples/AppDesign/design-by-contract/bank-account-spec.scala

import org.specs._

object BankAccountSpec extends Specification {
  "Creating an account with a negative balance" should {
    "fail because the initial balance must be positive." in {
      new BankAccount(-100.0) must throwAn[IllegalArgumentException]
    }
  }

  "Debiting an account" should {
    "fail if the debit amount is < 0" in {
      val account = new BankAccount(100.0)
      (account.debit(-10.0)) must throwAn[IllegalArgumentException]
    }
  }

  "Debiting an account" should {
    "fail if the debit amount is > the balance" in {
      val account = new BankAccount(100.0)
      (account.debit(110.0)) must throwAn[AssertionError]
    }
  }
}

,I�ZH�DWWHPSW�WR�FUHDWH�D�BankAccount�ZLWK�D�QHJDWLYH�EDODQFH��DQ�IllegalArgumentExcep
tion�LV�WKURZQ��6LPLODUO\��WKH�VDPH�NLQG�RI�H[FHSWLRQ�LV�WKURZQ�LI�WKH�GHELW�DPRXQW�LV
OHVV� WKDQ� ]HUR�� %RWK� FRQGLWLRQV� DUH� HQIRUFHG� XVLQJ� require�� ZKLFK� WKURZV� DQ
IllegalArgumentException�ZKHQ�WKH�FRQGLWLRQ�VSHFLILHG�LV�IDOVH�
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7KH�assume�PHWKRG��ZKLFK�LV�XVHG�WR�HQVXUH�WKDW�RYHUGUDIWV�GRQ¦W�RFFXU��LV�IXQFWLRQDOO\
DOPRVW� LGHQWLFDO� WR� require�� ,W� WKURZV� DQ� AssertionError� LQVWHDG� RI� DQ
IllegalArgumentException�

%RWK�require�DQG�assume�FRPH�LQ�WZR�IRUPV��RQH�WKDW�WDNHV�MXVW�D�ERROHDQ�FRQGLWLRQ�
DQG�WKH�RWKHU�WKDW�DOVR�WDNHV�DQ�HUURU�PHVVDJH�VWULQJ�

7KHUH�LV�DOVR�DQ�assert�SDLU�RI�PHWKRGV�WKDW�EHKDYH�LGHQWLFDOO\�WR�assume��H[FHSW�IRU�D
VOLJKW�FKDQJH� LQ� WKH�JHQHUDWHG�IDLOXUH�PHVVDJH��3LFN�assert�RU�assume�GHSHQGLQJ�RQ
ZKLFK�RI�WKHVH�£QDPHV¤�SURYLGHV�D�EHWWHU�FRQFHSWXDO�ILW�LQ�D�JLYHQ�FRQWH[W�

Predef�DOVR�GHILQHV�DQ�Ensuring�FODVV�WKDW�FDQ�EH�XVHG�WR�JHQHUDOL]H�WKH�FDSDELOLWLHV�RI
WKHVH�PHWKRGV��Ensuring�KDV�RQH�RYHUORDGHG�PHWKRG��ensure��VRPH�YHUVLRQV�RI�ZKLFK
WDNH�D�IXQFWLRQ�OLWHUDO�DV�D�£SUHGLFDWH�¤

$�GUDZEDFN�RI�XVLQJ�WKHVH�PHWKRGV�DQG�Ensuring�LV�WKDW�\RX�FDQ¦W�GLVDEOH�WKHVH�FKHFNV
LQ�SURGXFWLRQ��,W�PD\�QRW�EH�DFFHSWDEOH�WR�WHUPLQDWH�DEUXSWO\�LI�D�FRQGLWLRQ�IDLOV��DO�
WKRXJK�LI�WKH�V\VWHP�LV�DOORZHG�WR�£OLPS�DORQJ�¤�LW�PLJKW�FUDVK�ODWHU�DQG�WKH�SUREOHP
ZRXOG�EH�KDUGHU�WR�GHEXJ��7KH�SHUIRUPDQFH�RYHUKHDG�PD\�EH�DQRWKHU�UHDVRQ�WR�GLVDEOH
FRQWUDFW�FKHFNV�DW�UXQWLPH�

7KHVH�GD\V��WKH�JRDOV�RI�'HVLJQ�E\�&RQWUDFW�DUH�ODUJHO\�PHW�E\�7HVW�'ULYHQ�'HYHORS�
PHQW��7''���+RZHYHU��WKLQNLQJ�LQ�WHUPV�RI�'HVLJQ�E\�&RQWUDFW�ZLOO�FRPSOHPHQW�WKH
GHVLJQ�EHQHILWV�RI�7''��,I�\RX�GHFLGH�WR�XVH�'HVLJQ�E\�&RQWUDFW�LQ�\RXU�FRGH��FRQVLGHU
FUHDWLQJ�D�FXVWRP�PRGXOH�WKDW�OHWV�\RX�GLVDEOH�WKH�WHVWV�IRU�SURGXFWLRQ�FRGH�

Recap and What’s Next
:H�OHDUQHG�D�QXPEHU�RI�SUDJPDWLF�WHFKQLTXHV��SDWWHUQV��DQG�LGLRPV�IRU�HIIHFWLYH�DS�
SOLFDWLRQ�GHYHORSPHQW�XVLQJ�6FDOD�

*RRG�WRROV�DQG�OLEUDULHV�DUH�LPSRUWDQW�IRU�EXLOGLQJ�DSSOLFDWLRQV�LQ�DQ\�ODQJXDJH��7KH
QH[W�FKDSWHU�SURYLGHV�PRUH�GHWDLOV�DERXW�6FDOD¦V�FRPPDQG�OLQH�WRROV��GHVFULEHV�WKH
VWDWH�RI�6FDOD�,'(�VXSSRUW��DQG�LQWURGXFHV�\RX�WR�VRPH�LPSRUWDQW�6FDOD�OLEUDULHV�
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CHAPTER 14

Scala Tools, Libraries, and IDE Support

,Q�WKH�SUHYLRXV�FKDSWHU��&KDSWHU�����ZH�ORRNHG�DW�KRZ�WR�GHVLJQ�VFDODEOH�DSSOLFDWLRQV
LQ�6FDOD��,Q�WKLV�FKDSWHU��ZH�GLVFXVV�WRROV�DQG�OLEUDULHV�WKDW�DUH�HVVHQWLDO�IRU�6FDOD�DS�
SOLFDWLRQ�GHYHORSHUV�

:H�EULHIO\� LQWURGXFHG�\RX� WR� WKH�6FDOD�FRPPDQG�OLQH� WRROV� LQ�&KDSWHU����1RZ�ZH
H[SORUH�WKHVH�WRROV�LQ�JUHDWHU�GHWDLO�DQG�OHDUQ�DERXW�RWKHU�WRROV�WKDW�DUH�HVVHQWLDO�IRU
WKH�6FDOD�GHYHORSHU��:H¦OO�GLVFXVV�ODQJXDJH�DZDUH�SOXJLQV�IRU�HGLWRUV�DQG�,'(V��WHVWLQJ
WRROV��DQG�YDULRXV�OLEUDULHV�DQG�IUDPHZRUNV��:H�ZRQ¦W�FRYHU�WKHVH�WRSLFV�LQ�H[KDXVWLYH
GHWDLO��EXW�ZH�ZLOO�WHOO�\RX�ZKHUH�WR�ORRN�IRU�PRUH�LQIRUPDWLRQ�

Command-Line Tools
(YHQ�LI�\RX�GR�PRVW�RI�\RXU�ZRUN�ZLWK�,'(V��XQGHUVWDQGLQJ�KRZ�WKH�FRPPDQG�OLQH
WRROV�ZRUN�JLYHV�\RX�DGGLWLRQDO�IOH[LELOLW\��DV�ZHOO�DV�D�IDOOEDFN�VKRXOG�WKH�JUDSKLFDO
WRROV�IDLO�\RX��,Q�WKLV�FKDSWHU��ZH¦OO�JLYH�\RX�VRPH�SUDFWLFDO�DGYLFH�IRU�LQWHUDFWLQJ�ZLWK
WKHVH�WRROV��+RZHYHU��ZH�ZRQ¦W�GHVFULEH�HDFK�DQG�HYHU\�FRPPDQG�OLQH�RSWLRQ��)RU
WKRVH�JRU\�GHWDLOV��ZH�UHFRPPHQG�GRZQORDGLQJ�DQG�FRQVXOWLQJ�WKH�WRRO�GRFXPHQWDWLRQ
SDFNDJH�scala-devel-docs��DV�GHVFULEHG�LQ�£)RU�0RUH�,QIRUPDWLRQ¤�RQ�SDJH����DQG
DOVR�LQ�£7KH�VED]�&RPPDQG�/LQH�7RRO¤�RQ�SDJH�����

$OO�WKH�FRPPDQG�OLQH�WRROV�DUH�LQVWDOOHG�LQ�WKH�scala-home�ELQ�GLUHFWRU\��VHH�£,QVWDOOLQJ
6FDOD¤�RQ�SDJH����

scalac Command-Line Tool
7KH�scalac�FRPPDQG�FRPSLOHV�6FDOD�VRXUFH�ILOHV��JHQHUDWLQJ�-90�FODVV�ILOHV��,Q�FRQWUDVW
ZLWK�-DYD�UHTXLUHPHQWV��WKH�VRXUFH�ILOH�QDPH�GRHVQ¦W�KDYH�WR�PDWFK�WKH�SXEOLF�FODVV
QDPH�LQ�WKH�ILOH��,Q�IDFW��\RX�FDQ�GHILQH�DV�PDQ\�SXEOLF�FODVVHV�LQ�WKH�ILOH�DV�\RX�ZDQW�
<RX� FDQ� DOVR� XVH� DUELWUDU\� SDFNDJH� GHFODUDWLRQV�ZLWKRXW� SXWWLQJ� WKH� ILOHV� LQ� FRUUH�
VSRQGLQJ�GLUHFWRULHV�
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+RZHYHU�� LQ� RUGHU� WR� FRQIRUP� WR� -90� UHTXLUHPHQWV�� D� VHSDUDWH� FODVV� ILOH� ZLOO� EH
JHQHUDWHG�IRU�HDFK�W\SH�ZLWK�D�QDPH�WKDW�FRUUHVSRQGV�WR�WKH�W\SH¦V�QDPH��VRPHWLPHV
HQFRGHG��H�J���IRU�QHVWHG�W\SH�GHILQLWLRQV���$OVR��WKH�FODVV�ILOHV�ZLOO�EH�ZULWWHQ�WR�GLUHF�
WRULHV�FRUUHVSRQGLQJ�WR�WKH�SDFNDJH�GHFODUDWLRQV��:H¦OO�VHH�DQ�H[DPSOH�RI�WKH�W\SHV�RI
FODVV�ILOHV�JHQHUDWHG�LQ�WKH�QH[W�VHFWLRQ��ZKHQ�ZH�GLVFXVV�WKH�scala�FRPPDQG�

7KH�scalac�FRPPDQG�LV�MXVW�D�VKHOO�VFULSW�ZUDSSHU�DURXQG�WKH�java�FRPPDQG��SDVVLQJ
LW� WKH� QDPH� RI� WKH� 6FDOD� FRPSLOHU¦V� Main� REMHFW�� ,W� DGGV� 6FDOD� -$5� ILOHV� WR� WKH
CLASSPATH�DQG�LW�GHILQHV�VHYHUDO�6FDOD�UHODWHG�V\VWHP�SURSHUWLHV��<RX�LQYRNH�WKH�FRP�
PDQG�DV�IROORZV�

scalac [options ...] [source-files]

)RU� H[DPSOH�� ZH� XVHG� WKH� IROORZLQJ� scalac� LQYRFDWLRQ� FRPPDQG� LQ� £$� 7DVWH� RI
6FDOD¤�RQ�SDJH�����ZKHUH�ZH�FUHDWHG�D� VLPSOH�FRPPDQG�OLQH� WRRO� WR�FRQYHUW� LQSXW
VWULQJV�WR�XSSHUFDVH�

scalac upper3.scala

7DEOH������VKRZV�WKH�OLVW�RI�WKH�scalac�options��DV�UHSRUWHG�E\�scalac -help�

7DEOH�������7KH�VFDODF�FRPPDQG�RSWLRQV

Option Description

-X Print a synopsis of advanced options.

-bootclasspath path Override location of bootstrap class files.

-classpath path Specify where to find user class files.

-d directory Specify where to place generated class files.

-dependencyfile file Specify the file in which dependencies are tracked. (version 2.8)

-deprecation Output source locations where deprecated APIs are used.

-encoding encoding Specify character encoding used by source files.

-explaintypes Explain type errors in more detail.

-extdirs dirs Override location of installed compiler extensions.

-g:level Specify level of generated debugging info: none, source, line, vars, notailcalls.

-help Print a synopsis of standard options.

-make:strategy Specify recompilation detection strategy: all, changed, immediate, transitive.

(version 2.8)

-nowarn Generate no warnings.

-optimise Generate faster byte code by applying optimizations to the program.

-print Print program with all Scala-specific features removed.

-sourcepath path Specify where to find input source files.

-target:target Specify for which target JVM object files should be built: jvm-1.5, jvm-1.4, msil.

-unchecked Enable detailed unchecked warnings.

-uniqid Print identifiers with unique names for debugging.

344 | Chapter 14:�Scala Tools, Libraries, and IDE Support

Download at WoweBook.Com



Option Description

-verbose Output messages about what the compiler is doing.

-version Print product version and exit.

@ file A text file containing compiler arguments (options and source files).

:H�UHFRPPHQG�URXWLQH�XVH�RI�WKH�-deprecation�DQG�-unchecked�RSWLRQV�
7KH\�KHOS�SUHYHQW�VRPH�EXJV�DQG�HQFRXUDJH�\RX�WR�HOLPLQDWH�XVH�RI
REVROHWH�OLEUDULHV�

7KH�DGYDQFHG�-X�RSWLRQV�FRQWURO�YHUERVH�RXWSXW��ILQH�WXQH�WKH�FRPSLOHU�EHKDYLRU��LQ�
FOXGLQJ�XVH�RI�H[SHULPHQWDO�H[WHQVLRQV�DQG�SOXJLQV��HWF��:H¦OO�GLVFXVV�WKH�-Xscript
RSWLRQ�ZKHQ�ZH�GLVFXVV�WKH�scala�FRPPDQG�LQ�WKH�QH[W�VHFWLRQ�

$�IHZ�RWKHU�DGYDQFHG�RSWLRQV��-Xfuture�DQG�-Xcheckinit��DUH�XVHIXO�IRU�WKH�val�RYHUULGH
LVVXH�GHVFULEHG�LQ�£2YHUULGLQJ�$EVWUDFW�DQG�&RQFUHWH�)LHOGV�LQ�7UDLWV¤�RQ�SDJH�����WKDW
DIIHFWV�6FDOD�YHUVLRQ�����;��6LPLODUO\��WKH�-Xexperimental�RSWLRQ�HQDEOHV�H[SHULPHQWDO
FKDQJHV�DQG�LVVXHV�ZDUQLQJV�IRU�SRWHQWLDOO\�ULVN\�EHKDYLRU�FKDQJHV��6HH�£2YHUULGLQJ
$EVWUDFW�DQG�&RQFUHWH�)LHOGV�LQ�7UDLWV¤�RQ�SDJH�����IRU�GHWDLOV�

$Q�LPSRUWDQW�IHDWXUH�RI�scalac�LV�LWV�SOXJLQ�DUFKLWHFWXUH��ZKLFK�KDV�EHHQ�VLJQLILFDQWO\
HQKDQFHG�LQ�YHUVLRQ������&RPSLOHU�SOXJLQV�FDQ�EH�LQVHUWHG�LQ�DOO�SKDVHV�RI�WKH�FRPSL�
ODWLRQ��HQDEOLQJ�FRGH�WUDQVIRUPDWLRQV��DQDO\VLV��HWF��)RU�H[DPSOH��YHUVLRQ�����ZLOO�LQ�
FOXGH�D�FRQWLQXDWLRQV�SOXJLQ�WKDW�GHYHORSHUV�FDQ�XVH�WR�JHQHUDWH�E\WH�FRGH�WKDW�XVHV�D
FRQWLQXDWLRQ�SDVVLQJ�VW\OH��&36���UDWKHU�WKDQ�D�VWDFN�EDVHG�VW\OH��2WKHU�SOXJLQV�WKDW
DUH�XQGHU�GHYHORSPHQW�LQFOXGH�DQ�£HIIHFWV¤�DQDO\]HU��XVHIXO�IRU�GHWHUPLQLQJ�ZKHWKHU
IXQFWLRQV�DUH�WUXO\�VLGH�HIIHFW�IUHH��ZKHWKHU�RU�QRW�YDULDEOHV�DUH�PRGLILHG��HWF��)LQDOO\�
WKH�SUHOLPLQDU\�sxr�GRFXPHQWDWLRQ�WRRO��VHH�>6;5@��XVHV�D�FRPSLOHU�SOXJLQ�WR�JHQHUDWH
K\SHUOLQNHG�GRFXPHQWDWLRQ�RI�6FDOD�FRGH�

<RX�FDQ�UHDG�PRUH�LQIRUPDWLRQ�DERXW�scalac� LQ�WKH�GHYHORSHU�WRROV�GRFXPHQWDWLRQ
WKDW�\RX�FDQ�LQVWDOO�ZLWK�WKH�sbaz�FRPPDQG��GLVFXVVHG�ODWHU�LQ�£7KH�VED]�&RPPDQG�
/LQH�7RRO¤�RQ�SDJH������,Q�SDUWLFXODU��7DEOH������VKRZV�DQ�H[DPSOH�sbaz�FRPPDQG
WKDW�LQVWDOOV�WKH�scala-devel-docs�GRFXPHQWDWLRQ�

6FDOD�YHUVLRQ�����FRPSLOHG�E\WH�FRGH�ZLOO�QRW�EH�IXOO\�FRPSDWLEOH�ZLWK
YHUVLRQ�������E\WH�FRGH��6RXUFH�FRPSDWLELOLW\�ZLOO�EH�SUHVHUYHG�LQ�PRVW
FDVHV�� ,I� \RX� KDYH� \RXU� RZQ� FROOHFWLRQV� LPSOHPHQWDWLRQV�� WKH\�PD\
UHTXLUH�FKDQJHV�

The scala Command-Line Tool
7KH�scala�FRPPDQG�LV�DOVR�D�VKHOO�VFULSW�ZUDSSHU�DURXQG�WKH�java�FRPPDQG��,W�DGGV
6FDOD�-$5�ILOHV�WR�WKH�CLASSPATH��DQG�LW�GHILQHV�VHYHUDO�6FDOD�UHODWHG�V\VWHP�SURSHUWLHV�
<RX�LQYRNH�WKH�FRPPDQG�DV�IROORZV�
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scala [options ...] [script-or-object] [arguments]

)RU�H[DPSOH��DIWHU�FRPSLOLQJ�RXU�XSSHU��VFDOD�ILOH�LQ�£$�7DVWH�RI�6FDOD¤�RQ�SDJH����
ZKLFK�ZH�UHYLVLWHG�LQ�WKH�SUHYLRXV�GLVFXVVLRQ�RI�scalac��ZH�FDQ�H[HFXWH�WKH�£DSSOLFD�
WLRQ¤�DV�IROORZV�

scala -cp . Upper Hello World!

7KH�-cp .�RSWLRQ�DGGV�WKH�FXUUHQW�ZRUNLQJ�GLUHFWRU\�WR�WKH�FODVV�SDWK��Upper�LV�WKH�FODVV
QDPH�ZLWK�D�main�PHWKRG�WR�UXQ��Hello World�DUH�DUJXPHQWV�SDVVHG�WR�Upper��7KLV
FRPPDQG�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

 HELLO WORLD!

7KH�FRPPDQG�GHFLGHV�ZKDW�WR�GR�EDVHG�RQ�WKH�script-or-object�VSHFLILHG��,I�\RX�GRQ¦W
VSHFLI\�D�VFULSW�RU�REMHFW��scala�UXQV�DV�DQ�LQWHUDFWLYH�LQWHUSUHWHU��<RX�W\SH�LQ�FRGH�WKDW
LV�HYDOXDWHG�RQ�WKH�IO\��D�VHWXS�VRPHWLPHV�UHIHUUHG�WR�DV�D�5(3/��5HDG��(YDOXDWH��3ULQW�
/RRS��� 7KHUH� DUH� D� IHZ� VSHFLDO� FRPPDQGV� DYDLODEOH� LQ� WKH� LQWHUDFWLYH� PRGH�
7\SH�:help�WR�VHH�D�OLVW�RI�WKHP�

7KH� YHUVLRQ� ���� 5(3/� DGGV� PDQ\� HQKDQFHPHQWV�� LQFOXGLQJ� FRGH
FRPSOHWLRQ�

2XU�Upper�H[DPSOH�GHPRQVWUDWHV�WKH�FDVH�ZKHUH�\RX�VSHFLI\�D�IXOO\�TXDOLILHG�object
QDPH��RU�-DYD�class�QDPH���,Q�WKLV�FDVH��scala�EHKDYHV�MXVW�OLNH�WKH�java�FRPPDQG��LW
VHDUFKHV�WKH�CLASSPATH�IRU�WKH�FRUUHVSRQGLQJ�FRGH��,W�ZLOO�H[SHFW�WR�ILQG�D�main�PHWKRG
LQ�WKH�W\SH��5HFDOO�WKDW�IRU�6FDOD�W\SHV��\RX�KDYH�WR�GHILQH�main�PHWKRGV�LQ�objects��$Q\
arguments�DUH�SDVVHG�DV�DUJXPHQWV�WR�WKH�main�PHWKRG�

,I�\RX�VSHFLI\�D�6FDOD�VRXUFH�ILOH�IRU�script-or-object��scala�LQWHUSUHWV�WKH�ILOH�DV�D�VFULSW
�L�H���FRPSLOHV�DQG�UXQV�LW���0DQ\�RI�WKH�H[DPSOHV�LQ�WKH�ERRN�DUH�LQYRNHG�WKLV�ZD\�
$Q\�arguments�DUH�PDGH�DYDLODEOH�WR�WKH�VFULSW�LQ�WKH�args�DUUD\��+HUH�LV�DQ�H[DPSOH
VFULSW�WKDW�LPSOHPHQWV�WKH�VDPH�£XSSHU¤�IHDWXUH�

// code-examples/ToolsLibs/upper-script.scala

args.map(_.toUpperCase()).foreach(printf("%s ",_))
println("")

,I�ZH�UXQ�WKLV�VFULSW�ZLWK�WKH�IROORZLQJ�FRPPDQG��scala upper.scala Hello World��ZH
JHW�WKH�VDPH�RXWSXW�ZH�JRW�EHIRUH��HELLO WORLD�

)LQDOO\��LI�\RX�LQYRNH�scala�ZLWKRXW�D�VFULSW�ILOH�RU�REMHFW�QDPH�DUJXPHQW��scala�UXQV
LQ�LQWHUSUHWHG�PRGH��+HUH�LV�DQ�H[DPSOH�LQWHUDFWLYH�VHVVLRQ�

$ scala
Welcome to Scala version 2.8.0.final (Java ...).
Type in expressions to have them evaluated.
Type :help for more information.
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scala> "Programming Scala" foreach { c => println(c) }
P
r
o
g
...

7KH�scala�FRPPDQG�DFFHSWV�DOO�WKH�RSWLRQV�WKDW�scalac�DFFHSWV��VHH�7DEOH��������SOXV
WKH�RSWLRQV�OLVWHG�LQ�7DEOH������

7DEOH�������7KH�VFDOD�FRPPDQG�RSWLRQV��LQ�DGGLWLRQ�WR�WKH�VFDODF�RSWLRQV�

Option Description

-howtorun script Explicitly interpret script-or-object as a script file.

-howtorun object Explicitly interpret script-or-object as a compiled object.

-howtorun guess Guess what script-or-object is (default).

-i file Preload file. It is only meaningful for interactive shells.

-e argument Parse argument as Scala code.

-savecompiled Save the compiled script for future use.

-nocompdaemon Don’t use fsc, the offline compiler. (See “The fsc Command-Line Tool” on page 353.)

-Dproperty=value Set a Java system property to value.

8VH�WKH�-i�file�RSWLRQ�LQ�WKH�LQWHUDFWLYH�PRGH�ZKHQ�\RX�ZDQW�WR�SUHORDG�D�ILOH�EHIRUH
W\SLQJ� FRPPDQGV�� 2QFH� LQ� WKH� VKHOO�� \RX� FDQ� DOVR� ORDG� D� ILOH� XVLQJ� WKH� FRP�
PDQG�:load�filename��7DEOH������OLVWV�WKH�VSHFLDO�:X�FRPPDQGV�DYDLODEOH�ZLWKLQ�WKH
LQWHUDFWLYH�PRGH�

7DEOH�������&RPPDQGV�DYDLODEOH�ZLWKLQ�WKH�VFDOD�LQWHUDFWLYH�PRGH

Option Description

:help Prints a help message about these commands.

:load Followed by a file name, loads a Scala file.

:replay Resets execution and replays all previous commands.

:quit Exits the interpreter.

:power Enables power user mode. (version 2.8)

7KH�QHZ�£SRZHU�XVHU�PRGH¤�DGGV�DGGLWLRQDO�FRPPDQGV�IRU�YLHZLQJ�LQ�PHPRU\�GDWD�
VXFK� DV� WKH� DEVWUDFW� V\QWD[� WUHH� DQG� LQWHUSUHWHU� SURSHUWLHV�� DQG� IRU� GRLQJ� RWKHU
RSHUDWLRQV�

)RU�EDWFK�PRGH�LQYRFDWLRQ��XVH�WKH�-e�argument�RSWLRQ�WR�VSHFLI\�6FDOD�FRGH�WR�LQWHUSUHW�
,I�\RX�DUH�XVLQJ�FRPPDQG�VKHOOV�WKDW�VXSSRUW�,�2�UHGLUHFWLRQ��H�J���WKH�%RXUQH�VKHOO�
WKH�&�VKHOO��RU�WKHLU�GHVFHQGDQWV��DQG�\RX�QHHG�WR�EXLOG�XS�OLQHV�RI�FRGH�G\QDPLFDOO\�
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\RX�FDQ�DOVR�SLSH�WKH�FRGH�LQWR�scala��DV�VKRZQ�LQ�WKH�IROORZLQJ�VRPHZKDW�FRQWULYHG
EDVK�VFULSW�H[DPSOH�

#!/usr/bin/env bash
# code-examples/ToolsLibs/pipe-example.sh

h=Hello
w=World
function commands {
cat <<-EOF
println("$h")
println("$w")
EOF
}

commands | scala

,QYRNLQJ�VFULSWV�ZLWK�scala�LV�WHGLRXV�ZKHQ�\RX�XVH�WKHVH�VFULSWV�IUHTXHQWO\��2Q�:LQ�
GRZV�DQG�8QL[�OLNH�V\VWHPV��\RX�FDQ�FUHDWH�VWDQGDORQH�6FDOD�VFULSWV�WKDW�GRQ¦W�UHTXLUH
\RX�WR�XVH�WKH�scala�script-file-name�LQYRFDWLRQ�

)RU�8QL[�OLNH�V\VWHPV��WKH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�KRZ�WR�PDNH�DQ�H[HFXWDEOH
VFULSW��5HPHPEHU�WKDW�\RX�KDYH�WR�PDNH�WKH�SHUPLVVLRQV�H[HFXWDEOH��H�J���chmod +x
secho�

#!/bin/sh
exec scala "$0" "$@"
!#
print("You entered: ")
argv.toList foreach { s => format("%s ", s) }
println

+HUH�LV�KRZ�\RX�PLJKW�XVH�LW�

$ secho Hello World
You entered: Hello World

6LPLODUO\��KHUH�LV�DQ�H[DPSOH�:LQGRZV�.bat�FRPPDQG�

::#!
@echo off
call scala %0 %*
goto :eof
::!#
print("You entered: ")
argv.toList foreach { s => format("%s ", s) }
println

6HH�WKH�scala�PDQ�SDJH�LQ�WKH�GHYHORSHU�GRFXPHQWDWLRQ�SDFNDJH�scala-devel-docs�WR
ILQG�RXW�PRUH�DERXW�DOO�WKH�FRPPDQG�OLQH�RSWLRQV�IRU�scala�

Limitations of scala versus scalac

7KHUH�DUH�VRPH�OLPLWDWLRQV�ZKHQ�UXQQLQJ�D�VRXUFH�ILOH�ZLWK�scala�YHUVXV�FRPSLOLQJ�LW
ZLWK�scalac�
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$Q\�VFULSWV�H[HFXWHG�ZLWK�scala�DUH�ZUDSSHG�LQ�DQ�DQRQ\PRXV�object�WKDW�ORRNV�PRUH
RU�OHVV�OLNH�WKH�IROORZLQJ�H[DPSOH�

// code-examples/ToolsLibs/script-wrapper.scala

object Script {
  def main(args: Array[String]): Unit = {
    new AnyRef {
      // Your script code is inserted here.
    }
  }
}

$V�RI�WKLV�ZULWLQJ��6FDOD�objects�FDQQRW�HPEHG�SDFNDJH�GHFODUDWLRQV��DQG�DV�VXFK�\RX
FDQ¦W�GHFODUH�SDFNDJHV�LQ�VFULSWV��7KLV�LV�ZK\�WKH�H[DPSOHV�LQ�WKLV�ERRN�WKDW�GHFODUH
SDFNDJHV�PXVW�EH�FRPSLOHG�DQG�H[HFXWHG�VHSDUDWHO\��VXFK�DV�WKLV�H[DPSOH�IURP�&KDS�
WHU���

// code-examples/TypeLessDoMore/package-example1.scala

package com.example.mypkg

class MyClass {
  // ...
}

&RQYHUVHO\��WKHUH�DUH�YDOLG�VFULSWV�WKDW�FDQ¦W�EH�FRPSLOHG�ZLWK�scalac��XQOHVV�D�VSHFLDO
-X�RSWLRQ�LV�XVHG��)RU�H[DPSOH��IXQFWLRQ�GHILQLWLRQV�DQG�IXQFWLRQ�LQYRFDWLRQV�RXWVLGH
RI�W\SHV�DUH�QRW�DOORZHG��7KH�IROORZLQJ�H[DPSOH�UXQV�ILQH�ZLWK�scala�

// code-examples/ToolsLibs/example-script.scala

case class Message(name: String)

def printMessage(msg: Message) = {
  println(msg)
}

printMessage(new Message(
    "Must compile this script with scalac -Xscript <name>!"))

5XQQLQJ�WKLV�VFULSW�ZLWK�scala�SURGXFHV�WKH�IROORZLQJ�H[SHFWHG�RXWSXW�

Message(Must compile this script with scalac -Xscript <name>!)

+RZHYHU��LI�\RX�WU\�WR�FRPSLOH�WKH�VFULSW�ZLWK�scalac��ZLWKRXW�WKH�-Xscript�RSWLRQ��
\RX�JHW�WKH�IROORZLQJ�HUURUV�

example-script.scala:3: error: expected class or object definition
def printMessage(msg: Message) = {
^
example-script.scala:7: error: expected class or object definition
printMessage(new Message("Must compile this script with scalac -Xscript <name>!"))
^
two errors found
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7KH�VFULSW�LWVHOI�GHVFULEHV�WKH�VROXWLRQ��WR�FRPSLOH�WKLV�VFULSW�ZLWK�scalac�\RX�PXVW�DGG
WKH�RSWLRQ�-Xscript�name��ZKHUH�name�LV�WKH�QDPH�\RX�ZDQW�WR�JLYH�WKH�FRPSLOHG�FODVV
ILOH��)RU�H[DPSOH��XVLQJ�MessagePrinter�IRU�name�ZLOO�UHVXOW�LQ�WKH�FUHDWLRQ�RI�VHYHUDO
FODVV�ILOHV�ZLWK�WKH�QDPH�SUHIL[�MessagePrinter�

scalac -Xscript MessagePrinter example-script.scala

<RX�FDQ�QRZ�UXQ�WKH�FRPSLOHG�FRGH�ZLWK�WKH�FRPPDQG�

scala -classpath . MessagePrinter

7KH�FXUUHQW�GLUHFWRU\�ZLOO�FRQWDLQ�WKH�IROORZLQJ�FODVV�ILOHV�

MessagePrinter$$anon$1$Message$.class
MessagePrinter$$anon$1$Message.class
MessagePrinter$$anon$1.class
MessagePrinter$.class
MessagePrinter.class

:KDW�DUH�DOO�WKRVH�ILOHV"�MessagePrinter�DQG�MessagePrinter$�DUH�ZUDSSHUV�JHQHUDWHG
E\�scalac�WR�SURYLGH�WKH�HQWU\�SRLQW�IRU�WKH�VFULSW�DV�DQ�£DSSOLFDWLRQ�¤�5HFDOO�WKDW�ZH
VSHFLILHG�MessagePrinter�DV�WKH�name�DUJXPHQW�IRU�-Xscript��MessagePrinter�KDV�WKH
static main�PHWKRG�ZH�QHHG�

MessagePrinter$$anon$1� LV� D� JHQHUDWHG� FODVV� WKDW� ZUDSV� WKH� ZKROH� VFULSW�� 7KH
printMessage�PHWKRG� LQ� WKH� VFULSW� LV� D�PHWKRG� LQ� WKLV� FODVV�� MessagePrinter$$anon
$1$Message�DQG�MessagePrinter$$anon$1$Message$�DUH�WKH�Message�FODVV�DQG�FRPSDQLRQ
REMHFW��UHVSHFWLYHO\��WKDW�DUH�GHFODUHG�LQ�WKH�VFULSW��7KH\�DUH�QHVWHG�LQVLGH�WKH�JHQHUDWHG
FODVV�MessagePrinter$$anon$1�IRU�WKH�ZKROH�VFULSW��,I�\RX�ZDQW�WR�VHH�ZKDW¦V�LQVLGH�WKHVH
FODVV�ILOHV��XVH�RQH�RI�WKH�GHFRPSLOHUV��ZKLFK�ZH�GHVFULEH�QH[W�

The scalap, javap, and jad Command-Line Tools
:KHQ�\RX�DUH�OHDUQLQJ�6FDOD�DQG�\RX�ZDQW�WR�XQGHUVWDQG�KRZ�6FDOD�FRQVWUXFWV�DUH
PDSSHG�WR�WKH�UXQWLPH��WKHUH�DUH�VHYHUDO�GHFRPSLOHUV�WKDW�DUH�YHU\�XVHIXO��7KH\�DUH
HVSHFLDOO\�XVHIXO�ZKHQ�\RX�QHHG�WR�LQYRNH�6FDOD�FRGH�IURP�-DYD�DQG�\RX�ZDQW�WR�NQRZ
KRZ�6FDOD�QDPHV�DUH�PDQJOHG�LQWR�-90�FRPSDWLEOH�QDPHV��RU�\RX�ZDQW�WR�XQGHUVWDQG
KRZ�WKH�VFDOD�FRPSLOHU�WUDQVODWHV�6FDOD�IHDWXUHV�LQWR�YDOLG�E\WH�FRGH�

/HW¦V�GLVFXVV�WKUHH�GHFRPSLOHUV�DQG�WKH�EHQHILWV�WKH\�RIIHU��6LQFH�WKH�FODVV�ILOHV�JHQHUDWHG
E\�scalac�FRQWDLQ�YDOLG�-90�E\WH�FRGHV��\RX�FDQ�XVH�-DYD�GHFRPSLOHUV�WRROV�

� scalap�LV�LQFOXGHG�ZLWK�WKH�6FDOD�GLVWULEXWLRQ��,W�RXWSXWV�GHFODUDWLRQV�DV�WKH\�ZRXOG
DSSHDU�LQ�6FDOD�VRXUFH�FRGH�

� javap�LV�LQFOXGHG�ZLWK�WKH�-'.��,W�RXWSXWV�GHFODUDWLRQV�DV�WKH\�ZRXOG�DSSHDU�LQ
-DYD�VRXUFH�FRGH��7KHUHIRUH��UXQQLQJ�javap�RQ�6FDOD�JHQHUDWHG�FODVV�ILOHV�LV�D�JRRG
ZD\�WR�VHH�KRZ�6FDOD�GHILQLWLRQV�DUH�PDSSHG�WR�YDOLG�E\WH�FRGH�
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� jad�LV�DQ�RSHQ�VRXUFH�FRPPDQG�OLQH�WRRO��VHH�>-$'@���,W�DWWHPSWV�WR�UHFRQVWUXFW�DQ
HQWLUH�-DYD�VRXUFH�ILOH�IURP�WKH�FODVV�ILOH��LQFOXGLQJ�PHWKRG�GHILQLWLRQV��DV�ZHOO�DV
WKH�GHFODUDWLRQV�

0HVVDJH3ULQWHU�FODVV�LV�RQH�RI�WKH�FODVV�ILOHV�JHQHUDWHG�IURP�WKH�H[DPSOH�VFULSW�LQ�WKH
SUHYLRXV�VHFWLRQ��/HW¦V�UXQ�scalap -classpath . MessagePrinter��:H�JHW�WKH�IROORZLQJ
RXWSXW�

package MessagePrinter;
final class MessagePrinter extends scala.AnyRef {
}
object MessagePrinter {
  def main(scala.Array[java.lang.String]): scala.Unit;
  def $tag(): scala.Int;
    throws java.rmi.RemoteException
}

1RWH� WKDW� WKH� ILUVW�PHWKRG� LQVLGH� object MessagePrinter� LV� WKH� main� PHWKRG�� 7KH
$tag�PHWKRG�LV�SDUW�RI�6FDOD¦V�LQWHUQDO�LPSOHPHQWDWLRQ��,W�LV�DQ�DEVWUDFW�PHWKRG�GHILQHG
E\�ScalaObject��7KH�FRPSLOHU�DXWRPDWLFDOO\�JHQHUDWHV�LPSOHPHQWDWLRQV�IRU�FRQFUHWH
W\SHV��7KH�$tag�PHWKRG�ZDV�RULJLQDOO\�LQWURGXFHG�WR�RSWLPL]H�SDWWHUQ�PDWFKLQJ��EXW�LW
LV�QRZ�GHSUHFDWHG�DQG�LW�PD\�EH�UHPRYHG�LQ�D�IRUWKFRPLQJ�UHOHDVH�RI�6FDOD�

/HW¦V� FRPSDUH� WKH�scalap�RXWSXW� WR�ZKDW�ZH�JHW�ZKHQ�ZH� UXQ�javap -classpath .
MessagePrinter�

Compiled from "(virtual file)"
public final class MessagePrinter extends java.lang.Object{
  public static final void main(java.lang.String[]);
  public static final int $tag()       throws java.rmi.RemoteException;
}

1RZ�ZH�VHH�WKH�GHFODUDWLRQ�RI�main�DV�ZH�ZRXOG�W\SLFDOO\�VHH�LW�LQ�D�-DYD�VRXUFH�ILOH�

)LQDOO\��WR�XVH�jad��\RX�VLPSO\�JLYH�LW�WKH�ILOH�QDPH�RI�WKH�FODVV�ILOH��,W�JHQHUDWHV�D�FRU�
UHVSRQGLQJ�RXWSXW�ILOH�ZLWK�WKH��MDG�H[WHQVLRQ��,I�\RX�UXQ�jad MessagePrinter.class�
\RX�JHW�D�ORQJ�ILOH�QDPHG�0HVVDJH3ULQWHU�MDG��<RX�ZLOO�DOVR�JHW�VHYHUDO�ZDUQLQJV�WKDW
jad�FRXOG�QRW�IXOO\�GHFRPSLOH�VRPH�PHWKRGV��:H�ZRQ¦W�UHSURGXFH�WKH�RXWSXW�KHUH�
EXW�WKH��MDG�ILOH�ZLOO�SULQW�QRUPDO�-DYD�VWDWHPHQWV�LQWHUVSHUVHG�ZLWK�VHYHUDO�VHFWLRQV�RI
-90�E\WH�FRGH�LQVWUXFWLRQV��ZKHUH�LW�FRXOG�QRW�GHFRPSLOH�WKH�E\WH�FRGH�

$OO�WKHVH�WRROV�KDYH�FRPPDQG�OLQH�KHOS�

� scalap -help

� javap -help

� jad --help

7KH�6FDOD�GHYHORSHU�GRFXPHQWDWLRQ�FRQWDLQV�GRFXPHQWDWLRQ�IRU�scalap��6LPLODU�GRF�
XPHQWDWLRQ�FRPHV�ZLWK�WKH�-'.�IRU�javap��7KH�jad�GLVWULEXWLRQ�LQFOXGHV�D�5($'0(
ILOH�ZLWK�GRFXPHQWDWLRQ��7KH�0DF�DQG�/LQX[�GLVWULEXWLRQV�DOVR�LQFOXGH�D�PDQ�SDJH�
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)LQDOO\��DV�DQ�H[HUFLVH��FRPSLOH�WKH�IROORZLQJ�YHU\�VLPSOH�Complex�FODVV��UHSUHVHQWLQJ
FRPSOH[�QXPEHUV��7KHQ�UXQ�scalap��javap��DQG�jad�RQ�WKH�UHVXOWLQJ�FODVV�ILOHV�

// code-examples/ToolsLibs/complex.scala

case class Complex(real: Double, imaginary: Double) {
  def +(that: Complex) =
    new Complex(real + that.real, imaginary + that.imaginary)
  def -(that: Complex) =
    new Complex(real - that.real, imaginary - that.imaginary)
}

+RZ�DUH�WKH�+�DQG�-�PHWKRGV�HQFRGHG"�:KDW�DUH�WKH�QDPHV�RI�WKH�UHDGHU�PHWKRGV�IRU
WKH�real�DQG�imaginary�ILHOGV"�:KDW�-DYD�W\SHV�DUH�XVHG�IRU�WKH�ILHOGV"

The scaladoc Command-Line Tool
7KH�scaladoc�FRPPDQG�LV�DQDORJRXV�WR�javadoc��,W�LV�XVHG�WR�JHQHUDWH�GRFXPHQWDWLRQ
IURP�6FDOD� VRXUFH� ILOHV�� FDOOHG� 6FDODGRFV��7KH� scaladoc� SDUVHU� VXSSRUWV� WKH� VDPH� @
DQQRWDWLRQV�WKDW�javadoc�VXSSRUWV��VXFK�DV�@author��@param��HWF�

,I�\RX�XVH�scaladoc�IRU�\RXU�GRFXPHQWDWLRQ��\RX�PLJKW�ZDQW�WR�LQYHVWLJDWH�vscaladoc�
DQ�LPSURYHG�scaladoc�WRRO�WKDW�LV�DYDLODEOH�DW�KWWS���FRGH�JRRJOH�FRP�S�YVFDODGRF���<RX
FDQ�DOVR�ILQG�GRFXPHQWDWLRQ�RQ�vscaladoc�DW�>6FDOD7RROV@�

The sbaz Command-Line Tool
7KH�6FDOD�%D]DDU�6\VWHP��sbaz��LV�D�SDFNDJLQJ�V\VWHP�WKDW�KHOSV�DXWRPDWH�PDLQWHQDQFH
RI�D�6FDOD�LQVWDOODWLRQ��,W�LV�DQDORJRXV�WR�WKH�JHP�SDFNDJLQJ�V\VWHP�IRU�5XE\��&3$1�IRU
3HUO��HWF�

7KHUH�LV�D�QLFH�VXPPDU\�RI�KRZ�WR�XVH�sbaz�RQ�WKH�VFDOD�ODQJ�RUJ�ZHEVLWH��$OO�FRPPDQG�
OLQH�RSWLRQV�DUH�GHVFULEHG�LQ�WKH�GHYHORSHU�GRFXPHQWDWLRQ��7DEOH������VXPPDUL]HV�WKH
PRVW�XVHIXO�RSWLRQV�

7DEOH�������7KH�PRVW�XVHIXO�VED]�FRPPDQG�RSWLRQV

Command Description

sbaz showuniverse Show the current “universe” (remote repository). Defaults to http://scala-we

bapps.epfl.ch/sbaz/scala-dev.

sbaz setuniverse univ Points to a new “universe” univ.

sbaz installed What’s already installed locally?

sbaz available What goodness awaits on the Interwebs?

sbaz install scala-devel-docs Install the invaluable scala-devel-docs package (for example).

sbaz upgrade Upgrade all installed packages to the latest and greatest.

1RWH�WKDW�D�UHPRWH�UHSRVLWRU\�XVHG�E\�sbaz�LV�FDOOHG�D�£XQLYHUVH�¤
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The fsc Command-Line Tool
7KH�IDVW��RIIOLQH��VFDOD�FRPSLOHU�UXQV�DV�D�GDHPRQ�SURFHVV�WR�HQDEOH�IDVWHU�LQYRFDWLRQV
RI�WKH�FRPSLOHU��PRVWO\�E\�HOLPLQDWLQJ�WKH�VWDUWXS�RYHUKHDG��,W�LV�SDUWLFXODUO\�XVHIXO
ZKHQ�UXQQLQJ�VFULSWV�UHSHDWHGO\��IRU�H[DPSOH��ZKHQ�UH�UXQQLQJ�D�WHVW�VXLWH�XQWLO�D�EXJ
FDQ�EH�UHSURGXFHG���,Q�IDFW��fsc�LV�LQYRNHG�DXWRPDWLFDOO\�E\�WKH�scala�FRPPDQG��<RX
FDQ�DOVR�LQYRNH�LW�GLUHFWO\�

Build Tools
6FDOD�SOXJLQV�KDYH�EHHQ�LPSOHPHQWHG�IRU�VHYHUDO��FRPPRQO\�XVHG�EXLOG�WRROV��LQFOXGLQJ
$QW��0DYHQ��DQG�%XLOGU��7KHUH�DUH�DOVR�VHYHUDO�EXLOG�WRROV�ZULWWHQ�LQ�6FDOD�DQG�DLPHG
VSHFLILFDOO\�DW�6FDOD�GHYHORSPHQW��3HUKDSV�WKH�EHVW�NQRZQ�H[DPSOH�RI�WKHVH�WRROV�LV
6%7��VLPSOH�EXLOG�WRRO¢VHH�>6%7@��

7KHVH�SOXJLQV�DQG�WRROV�DUH�GRFXPHQWHG�YHU\�ZHOO�RQ�WKHLU�UHVSHFWLYH�ZHEVLWHV��VR�ZH
UHIHU�\RX�WR�WKRVH�VLWHV�IRU�GHWDLOV�

7KH�6FDOD�GLVWULEXWLRQ�LQFOXGHV�$QW�WDVNV�IRU�scalac��fsc��DQG�scaladoc��7KH\�DUH�XVHG
YHU\�PXFK�OLNH�WKH�FRUUHVSRQGLQJ�-DYD�$QW�WDVNV��7KH\�DUH�GHVFULEHG�DW�KWWS���VFDOD�ODQJ
�RUJ�QRGH����

$� 6FDOD�0DYHQ� SOXJLQ� LV� DYDLODEOH� DW� KWWS���VFDOD�WRROV�RUJ�PYQVLWHV�PDYHQ�VFDOD�SOX
JLQ���,W�GRHV�QRW�UHTXLUH�6FDOD�WR�EH�LQVWDOOHG��DV�LW�ZLOO�GRZQORDG�6FDOD�IRU�\RX��6HYHUDO
WKLUG�SDUW\�6FDOD�SURMHFWV��VXFK�DV�/LIW��VHH�£/LIW¤�RQ�SDJH�������XVH�0DYHQ�

%XLOGU�LV�DQ�$SDFKH�SURMHFW�DYDLODEOH�DW�KWWS���EXLOGU�DSDFKH�RUJ���,W� LV�DLPHG�DW�-90
DSSOLFDWLRQV�ZULWWHQ�LQ�DQ\�ODQJXDJH��ZLWK�EXLOW�LQ�VXSSRUW�IRU�6FDOD�DQG�*URRY\�DV�ZHOO
DV�-DYD��,W�LV�FRPSDWLEOH�ZLWK�0DYHQ�UHSRVLWRULHV�DQG�SURMHFW�OD\RXWV��6LQFH�EXLOG�VFULSWV
DUH�ZULWWHQ�LQ�5XE\��WKH\�WHQG�WR�EH�PXFK�PRUH�VXFFLQFW�WKDQ�FRUUHVSRQGLQJ�0DYHQ
ILOHV��%XLOGU� LV�DOVR�XVHIXO� IRU�WHVWLQJ�-90�DSSOLFDWLRQV�ZLWK�5XE\�WHVWLQJ�WRROV�� OLNH
56SHF�DQG�&XFXPEHU��LI�\RX�XVH�-5XE\�WR�UXQ�\RXU�EXLOGV�

7KH� 6FDOD�RULHQWHG� 6%7�� DYDLODEOH� DW� KWWS���FRGH�JRRJOH�FRP�S�VLPSOH�EXLOG�WRRO��� KDV
VRPH�VLPLODULWLHV�WR�%XLOGU��,W�LV�DOVR�FRPSDWLEOH�ZLWK�0DYHQ��EXW�LW�XVHV�6FDOD�DV�WKH
ODQJXDJH�IRU�ZULWLQJ�EXLOG�VFULSWV��,W�DOVR�KDV�EXLOW�LQ�VXSSRUW�IRU�JHQHUDWLQJ�6FDODGRFV
DQG�IRU�WHVWLQJ�ZLWK�6FDOD7HVW��6SHFV��DQG�6FDOD&KHFN�

Integration with IDEs
,I�\RX�FRPH�IURP�D�-DYD�EDFNJURXQG��\RX�DUH�SUREDEO\�D�OLWWOH�ELW�VSRLOHG�E\�WKH�ULFK
IHDWXUHV�RI�WRGD\¦V�-DYD�,'(V��6FDOD�,'(�VXSSRUW�LV�QRW�\HW�DV�JRRG��EXW�LW�LV�HYROYLQJ
UDSLGO\�LQ�(FOLSVH��,QWHOOL-�,'($��DQG�1HW%HDQV��$W�WKH�WLPH�RI�WKLV�ZULWLQJ��DOO�WKH�6FDOD
SOXJLQV� IRU� WKHVH� ,'(V� VXSSRUW� V\QWD[� KLJKOLJKWLQJ�� SURMHFW� PDQDJHPHQW�� OLPLWHG
VXSSRUW�IRU�DXWRPDWHG�UHIDFWRULQJV��HWF��:KLOH�HDFK�RI�WKH�SOXJLQV�KDV�SDUWLFXODU�DG�
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YDQWDJHV�RYHU�WKH�RWKHUV��WKH\�DUH�DOO�FORVH�HQRXJK�LQ�IXQFWLRQDOLW\�WKDW�\RX�ZLOO�SURE�
DEO\�ILQG�LW�DFFHSWDEOH�WR�DGRSW�WKH�SOXJLQ�IRU�WKH�,'(�WKDW�\RX�DOUHDG\�SUHIHU�

7KLV�VHFWLRQ�GHVFULEHV�KRZ�WR�XVH�WKH�6FDOD�VXSSRUW�DYDLODEOH�LQ�(FOLSVH��,QWHOOL-�,'($�
DQG�1HW%HDQV��:H�DVVXPH�\RX�DOUHDG\�NQRZ�KRZ�WR�XVH�HDFK�,'(�IRU�GHYHORSPHQW�LQ
RWKHU�ODQJXDJHV��OLNH�-DYD�

Eclipse
)RU�GHWDLOV�RQ�WKH�(FOLSVH�6FDOD�SOXJLQ��VWDUW�DW�WKLV�ZHE�SDJH��KWWS���ZZZ�VFDOD�ODQJ
�RUJ�QRGH�����,I�\RX�DUH�LQWHUHVWHG�LQ�FRQWULEXWLQJ�WR�WKH�GHYHORSPHQW�RI�WKH�SOXJLQ��VHH
WKLV�ZHE�SDJH��KWWS���ODPSVYQ�HSIO�FK�WUDF�VFDOD�ZLNL�(FOLSVH3OXJLQ�

Installing the Scala plugin

7KH�SOXJLQ�UHTXLUHV�-'.���RU�KLJKHU��-'.���LV�UHFRPPHQGHG��DQG�(FOLSVH�����RU�KLJKHU
�(FOLSVH�����LV�UHFRPPHQGHG���7KH�SOXJLQ�LQVWDOOV�WKH�6FDOD�6'.�LWVHOI��7R�LQVWDOO�WKH
SOXJLQ��LQYRNH�WKH�£6RIWZDUH�8SGDWHV¤�FRPPDQG�LQ�WKH�+HOS�PHQX�

&OLFN�WKH�$YDLODEOH�6RIWZDUH�WDE�DQG�FOLFN�WKH�£$GG�6LWH�¤�EXWWRQ�RQ�WKH�ULJKWKDQG
VLGH��<RX�ZLOO�VHH�WKH�GLDORJ�VKRZQ�LQ�)LJXUH������

)LJXUH�������7KH�$GG�6LWH�(FOLSVH�GLDORJ
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(QWHU�WKH�85/�WKDW�LV�VKRZQ�LQ�WKH�ILJXUH��KWWS���ZZZ�VFDOD�ODQJ�RUJ�VFDOD�HFOLSVH�SOX
JLQ��6RPH�SHRSOH�SUHIHU�WR�ZRUN�ZLWK�WKH�QLJKWO\�UHOHDVHV��KWWS���ZZZ�VFDOD�ODQJ�RUJ�
VFDOD�HFOLSVH�SOXJLQ�QLJKWO\��EXW�\RX�VKRXOG�EH�DZDUH�WKDW�WKHUH�LV�QR�JXDUDQWHH�WKH\
ZLOO�ZRUN�

6HOHFW�WKH�FKHFNER[�QH[W�WR�WKH�QHZO\�DGGHG�XSGDWH�VLWH�DQG�FOLFN�WKH�,QVWDOO�EXWWRQ�
DV�LQGLFDWHG�LQ�)LJXUH�������'RQ¦W�FOLFN�WKH�£GHIDXOW¤�&ORVH�EXWWRQ�

)LJXUH�������7KH�6RIWZDUH�8SGDWHV�DQG�$GG�RQV�GLDORJ

,W�LV�HDV\�WR�EH�FRQIXVHG�E\�WKH�SRRU�XVDELOLW\�RI�WKH�6RIWZDUH�8SGDWHV
GLDORJ�

$IWHU�ILQGLQJ�WKH�SOXJLQ�RQ�WKH�XSGDWH�VLWH��DQ�,QVWDOO�GLDORJ�LV�SUHVHQWHG��&OLFN�WKURXJK
WKH�VHTXHQFH�RI�VFUHHQV�WR�FRPSOHWH�WKH�LQVWDOODWLRQ��<RX�ZLOO�EH�DVNHG�WR�UHVWDUW�(FOLSVH
ZKHQ�WKH�LQVWDOODWLRQ�FRPSOHWHV�

Developing Scala applications

2QFH� WKH�SOXJLQ� LV� LQVWDOOHG��\RX�FDQ�FUHDWH�6FDOD�SURMHFWV�XVLQJ� WKH�)LOH�z�1HZ�z
2WKHU��PHQX�LWHP��<RX�ZLOO�ILQG�D�6FDOD�:L]DUGV�IROGHU�WKDW�FRQWDLQV�D�ZL]DUG�FDOOHG
6FDOD�3URMHFW��7KLV�ZL]DUG�ZRUNV�MXVW�OLNH�WKH�IDPLOLDU�-DYD�3URMHFW�:L]DUG�

<RX�FDQ�ZRUN�ZLWK�\RXU�6FDOD�SURMHFW�XVLQJ�PRVW�RI�WKH�VDPH�FRPPDQGV�\RX�ZRXOG
XVH�ZLWK�D�W\SLFDO�-DYD�SURMHFW��)RU�H[DPSOH��\RX�FDQ�FUHDWH�D�QHZ�6FDOD�trait��class�
RU�object�XVLQJ�WKH�FRQWH[W�PHQX�

7KH�(FOLSVH�6FDOD�SOXJLQ�VWLOO�KDV�VRPH�URXJK�HGJHV��EXW�6FDOD�GHYHORSHUV�XVLQJ�(FOLSVH
VKRXOG�ILQG�LW�DFFHSWDEOH�IRU�WKHLU�GDLO\�QHHGV�
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IntelliJ
7KH�,QWHOOL-�,'($�WHDP�SURYLGHV�D�EHWD�TXDOLW\�6FDOD�SOXJLQ��6WDUW�KHUH�IRU�GHWDLOV��KWWS�
��ZZZ�MHWEUDLQV�QHW�FRQIOXHQFH�GLVSOD\�6&$�6FDOD�3OXJLQ�IRU�,QWHOOL-�,'($�

Installing the Scala plugins

7R�XVH�WKH�SOXJLQ��\RX�PXVW�XVH�,QWHOOL-�����;�RU�ODWHU��&RQVLGHU�XVLQJ�WKH�PRVW�UHFHQW
£($3¤�EXLOG�IRU�WKH�ODWHVW�IHDWXUH�XSGDWHV�

7R�LQVWDOO�WKH�6FDOD�SOXJLQ��VWDUW�,'($��2SHQ�WKH�6HWWLQJV�SDQHO��H�J���XVLQJ�WKH�)LOH�z
6HWWLQJV�PHQX�LWHP��2Q�WKH�OHIWKDQG�VLGH��VFUROO�GRZQ�WR�DQG�FOLFN�WKH�3OXJLQV�LWHP��DV
VKRZQ�LQ�)LJXUH������

)LJXUH�������,QWHOOL-�,'($�6HWWLQJV�z�3OXJLQV

6HOHFW�WKH�$YDLODEOH�WDE�RQ�WKH�ULJKWKDQG�VLGH��6FUROO�GRZQ�WR�WKH�6FDOD�SOXJLQ��DV�VKRZQ
LQ�)LJXUH������

)LJXUH�������$YDLODEOH�,QWHOOL-�,'($�6FDOD�SOXJLQV
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5LJKW�FOLFN�WKH�6FDOD�SOXJLQ�QDPH�DQG�VHOHFW�£'RZQORDG�DQG�,QVWDOO¤�IURP�WKH�PHQX�
5HSHDW�IRU�WKH�6FDOD�$SSOLFDWLRQ�SOXJLQ��<RX�ZLOO�KDYH�WR�UHVWDUW�,'($�IRU�WKH�SOXJLQV
WR�EH�HQDEOHG�

$IWHU�,'($�UHVWDUWV��FRQILUP�WKDW�WKH�WZR�SOXJLQV�ZHUH�LQVWDOOHG�FRUUHFWO\�E\�UHRSHQLQJ
WKH�3OXJLQ�0DQDJHU��&OLFN�WKH�,QVWDOOHG�WDE�DQG�VFUROO�GRZQ�WR�ILQG�WKH�WZR�6FDOD�SOX�
JLQV��7KH\�VKRXOG�EH�OLVWHG�ZLWK�D�EODFN�IRQW��DQG�WKH�FKHFNER[HV�QH[W�WR�WKHP�VKRXOG
EH�FKHFNHG��DV�VHHQ�LQ�)LJXUH������

)LJXUH�������,QVWDOOHG�,QWHOOL-�,'($�6FDOD�SOXJLQV

,I�WKH�IRQW�LV�UHG�RU�WKH�FKHFNER[HV�DUH�QRW�FKHFNHG��UHIHU�WR�WKH�6FDOD�SOXJLQ�ZHE�SDJH
DERYH�IRU�GHEXJJLQJ�KHOS�

Developing Scala applications

7R�FUHDWH�DQ�,'($�6FDOD�SURMHFW��VWDUW�E\�VHOHFWLQJ�WKH�)LOH�z�1HZ�3URMHFW�PHQX�LWHP�
,Q�WKH�GLDORJ��VHOHFW�WKH�DSSURSULDWH�UDGLR�EXWWRQ�IRU�\RXU�VLWXDWLRQ��H�J���£&UHDWH�1HZ
3URMHFW�IURP�6FUDWFK�¤

2Q�WKH�QH[W�VFUHHQ��VHOHFW�£-DYD�0RGXOH¤�DQG�ILOO�LQ�WKH�XVXDO�SURMHFW�LQIRUPDWLRQ��$Q
H[DPSOH�LV�VKRZQ�LQ�)LJXUH������
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)LJXUH�������6SHFLI\LQJ�,QWHOOL-�,'($�6FDOD�SURMHFW�GHWDLOV

&OLFN� WKURXJK� WR� WKH� VFUHHQ� WLWOHG� £3OHDVH� 6HOHFW� 'HVLUHG� 7HFKQRORJ\�¤� &KHFN� WKH
£6FDOD¤�FKHFNER[��DQG�FKHFN�WKH�£1HZ�6FDOD�6'.¤�FKHFNER[��&OLFN�WKH�EXWWRQ�ODEHOHG
£�¤� WR� QDYLJDWH� WR� WKH� ORFDWLRQ� RI� \RXU� 6FDOD� 6'.� LQVWDOODWLRQ�� DV� VKRZQ� LQ� )LJ�
XUH�������<RX�ZLOO�RQO\�QHHG�WR�VSHFLI\�WKH�6'.�WKH�ILUVW�WLPH�\RX�FUHDWH�D�SURMHFW�RU
ZKHQ�\RX�LQVWDOO�D�QHZ�6'.�LQ�D�GLIIHUHQW�ORFDWLRQ�

)LJXUH�������$GGLQJ�6FDOD�WR�WKH�,QWHOOL-�,'($�SURMHFW

&OLFN�)LQLVK��<RX�ZLOO�EH�SURPSWHG�WR�FUHDWH�HLWKHU�D�SURMHFW�RU�DQ�DSSOLFDWLRQ��6HOHFW
£$SSOLFDWLRQ¤�LI�\RX�ZDQW�WR�VKDUH�WKLV�SURMHFW�ZLWK�RWKHU�6FDOD�SURMHFWV�RQ�WKH�VDPH
PDFKLQH�
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1RZ�\RX�FDQ�ZRUN�ZLWK�\RXU�6FDOD�SURMHFW�XVLQJ�PRVW�RI�WKH�VDPH�FRPPDQGV�\RX
ZRXOG�XVH�ZLWK�D�W\SLFDO�-DYD�SURMHFW��)RU�H[DPSOH��\RX�FDQ�FUHDWH�D�QHZ�6FDOD�trait�
object��RU�class�XVLQJ�WKH�FRQWH[W�PHQX��DV�IRU�-DYD�SURMHFWV�

7KH�,QWHOOL-�,'($�6FDOD�SOXJLQ�LV�VWLOO�EHWD�TXDOLW\��EXW�6FDOD�GHYHORSHUV�XVLQJ�,'($
VKRXOG�ILQG�LW�DFFHSWDEOH�IRU�WKHLU�GDLO\�QHHGV�

NetBeans
1HW%HDQV�KDV�EHWD�TXDOLW\�6FDOD�SOXJLQV��6WDUW�DW�WKLV�ZHE�SDJH�IRU�GHWDLOV��KWWS���ZLNL
�QHWEHDQV�RUJ�6FDOD��1HW%HDQV�����RU�D�PRUH�UHFHQW�QLJKWO\�EXLOG�LV�UHTXLUHG��7KH�6FDOD
SOXJLQ�FRQWDLQV�D�YHUVLRQ�RI�WKH�6FDOD�6'.��7KH�ZLNL�SDJH�SURYLGHV�LQVWUXFWLRQV�IRU
XVLQJ�D�GLIIHUHQW�6'.��ZKHQ�GHVLUHG�

Installing the Scala plugins

7R�LQVWDOO�WKH�SOXJLQ��GRZQORDG�WKH�SOXJLQV�=,3�ILOH�IURP�KWWS���VRXUFHIRUJH�QHW�SURMHFW�
VKRZILOHV�SKS"JURXSBLG ������	SDFNDJHBLG ��������8Q]LS�WKH�ILOH�LQ�D�FRQYHQLHQW
GLUHFWRU\�

6WDUW�1HW%HDQV�DQG�LQYRNH�WKH�7RROV�z�3OXJLQV�PHQX�LWHP��6HOHFW�WKH�'RZQORDGHG�WDE
DQG�FOLFN�WKH�£$GG�3OXJLQV�¤�EXWWRQ��&KRRVH�WKH�GLUHFWRU\�ZKHUH�WKH�6FDOD�SOXJLQV�DUH
XQ]LSSHG��DQG�VHOHFW�DOO�WKH�OLVWHG�
�QEP�ILOHV��DV�VKRZQ�LQ�)LJXUH�������&OLFN�2SHQ�

)LJXUH�������$GGLQJ�WKH�6FDOD�SOXJLQV�WR�EH�LQVWDOOHG
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%DFN� LQ� WKH� 3OXJLQV� GLDORJ��PDNH� VXUH� WKH� FKHFNER[HV� IRU� DOO� WKH� QHZ� SOXJLQV� DUH
FKHFNHG��&OLFN�,QVWDOO�

&OLFN�WKURXJK�WKH�LQVWDOODWLRQ�GLDORJ�DQG�UHVWDUW�1HW%HDQV�ZKHQ�ILQLVKHG�

Developing Scala applications

7R�FUHDWH�D�1HW%HDQV�6FDOD�3URMHFW��VWDUW�E\�VHOHFWLQJ�WKH�)LOH�z�1HZ�3URMHFW�PHQX�LWHP
RU�FOLFNLQJ�WKH�1HZ�3URMHFW�EXWWRQ��,Q�WKH�SRS�XS�GLDORJ��VHOHFW�£6FDOD¤�XQGHU�&DWH�
JRULHV�DQG�£6FDOD�$SSOLFDWLRQ¤�XQGHU�3URMHFWV��DV�VKRZQ�LQ�)LJXUH�������&OLFN�1H[W�

)LJXUH�������&UHDWLQJ�D�QHZ�1HW%HDQV�6FDOD�SURMHFW

)LOO�LQ�WKH�SURMHFW�QDPH��ORFDWLRQ��HWF���DQG�FOLFN�)LQLVK�

2QFH�WKH�SURMHFW�LV�FUHDWHG��\RX�FDQ�ZRUN�ZLWK�LW�XVLQJ�PRVW�RI�WKH�VDPH�FRPPDQGV
\RX�ZRXOG�XVH�ZLWK�D�W\SLFDO�-DYD�SURMHFW��7KHUH�DUH�VRPH�GLIIHUHQFHV��)RU�H[DPSOH�
ZKHQ�\RX�LQYRNH�WKH�1HZ�LWHP�LQ�WKH�FRQWH[W�PHQX��WKH�VXEPHQX�GRHV�QRW�VKRZ�LWHPV
IRU�FUHDWLQJ�QHZ�6FDOD�W\SHV��,QVWHDG��\RX�KDYH�LQYRNH�WKH�2WKHU��PHQX�LWHP�DQG�ZRUN
WKURXJK�D�GLDORJ��7KLV�ZLOO�EH�FKDQJHG�LQ�D�IXWXUH�UHOHDVH�

'HVSLWH�VRPH�PLQRU�LVVXHV�OLNH�WKLV��WKH�1HW%HDQV�6FDOD�SOXJLQ�LV�PDWXUH�HQRXJK�IRU
UHJXODU�XVH�

Text Editors
7KH�sbaz�WRRO�PDQDJHV�WKH�scala-tool-support�SDFNDJH�WKDW�LQFOXGHV�6FDOD�SOXJLQV�IRU
VHYHUDO�HGLWRUV��LQFOXGLQJ�(PDFV��9LP��7H[W0DWH�DQG�RWKHUV��/LNH�sbaz��WKH�scala-tool-
support�SDFNDJH�LV�DOVR�LQFOXGHG�ZLWK�WKH�ODQJXDJH�LQVWDOODWLRQ��6HH�WKH�GLUHFWRULHV�LQ
scala-home�PLVF�VFDOD�WRRO�VXSSRUW� IRU� WKH� VXSSRUWHG� HGLWRUV�� 0RVW� RI� WKH� HGLWRU�
VSHFLILF�GLUHFWRULHV�FRQWDLQ�LQVWUXFWLRQV�IRU�LQVWDOOLQJ�WKH�SOXJLQ��,Q�RWKHU�FDVHV��FRQVXOW
\RXU�HGLWRU¦V�LQVWUXFWLRQV�IRU�LQVWDOOLQJ�WKLUG�SDUW\�SOXJLQV�

6RPH�RI�WKH�SDFNDJHV�DUH�IDLUO\�LPPDWXUH��,I�\RX�ZDQW�WR�FRQWULEXWH�WR�WKH�6FDOD�FRP�
PXQLW\��SOHDVH�FRQVLGHU�LPSURYLQJ�WKH�TXDOLW\�RI�WKH�H[LVWLQJ�SOXJLQV�RU�FRQWULEXWLQJ
QHZ�SOXJLQV�
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$W�WKH�WLPH�RI�WKLV�ZULWLQJ��WKHUH�DUH�VHYHUDO�YDULDWLRQV�RI�D�6FDOD�£EXQGOH¤
IRU�WKH�7H[W0DWH�HGLWRU��ZKLFK�LV�D�SRSXODU�WH[W�HGLWRU�IRU�0DF�26�;�
7KHVH� EXQGOHV� DUH� FXUUHQWO\� EHLQJ�PDQDJHG� E\� 3DXO� 3KLOOLSV� RQ� WKH
*LW+XE�ZHEVLWH��+RSHIXOO\�� WKH�EHVW� IHDWXUHV�RI� HDFK�EXQGOH�ZLOO� EH
XQLILHG� LQWR� DQ� £DXWKRULWDWLYH¤� EXQGOH� DQG� LQWHJUDWHG� EDFN� LQWR� WKH
scala-tool-support�SDFNDJH�

Test-Driven Development in Scala
2QH�RI�WKH�PRVW�LPSRUWDQW�GHYHORSHU�SUDFWLFHV�LQWURGXFHG�LQ�WKH�ODVW�GHFDGH�LV�7HVW�
'ULYHQ�'HYHORSPHQW��7''���7KH�6FDOD�FRPPXQLW\�KDV�FUHDWHG�VHYHUDO�WRROV�WR�VXSSRUW
7''�

,I�\RX�ZRUN�LQ�D�£SXUH¤�-DYD�VKRS��FRQVLGHU�LQWURGXFLQJ�RQH�RU�PRUH�RI�WKHVH�6FDOD
WHVWLQJ�WRROV�WR�WHVW�GULYH�\RXU�-DYD�FRGH��7KLV�DSSURDFK�LV�D�ORZ�ULVN�ZD\�WR�LQWURGXFH
6FDOD�WR�\RXU�HQYLURQPHQW��VR�\RX�FDQ�JDLQ�H[SHULHQFH�ZLWK�LW�EHIRUH�PDNLQJ�WKH�FRP�
PLWPHQW�WR�6FDOD�DV�\RXU�SURGXFWLRQ�FRGH�ODQJXDJH��,Q�SDUWLFXODU��\RX�PLJKW�H[SHUL�
PHQW�ZLWK�6FDOD7HVW��VHH�£6FDOD7HVW¤�QH[W���ZKLFK�FDQ�EH�XVHG�ZLWK�-8QLW��>-8QLW@��DQG
7HVW1*� �>7HVW1*@���<RX�PLJKW� DOVR� FRQVLGHU� 6FDOD&KHFN� RU�5HGXFWLR� �VHH� £6FDOD�
&KHFN¤�RQ�SDJH�������ZKLFK�RIIHU�LQQRYDWLRQV�WKDW�PD\�QRW�EH�DYDLODEOH�LQ�-DYD�WHVWLQJ
IUDPHZRUNV��$OO�RI�WKH�WRROV�ZH�GHVFULEH�KHUH�LQWHJUDWH�ZLWK�-DYD�WHVWLQJ�DQG�EXLOG�WRROV�
OLNH�-8QLW��7HVW1*��YDULRXV�PRFNLQJ�OLEUDULHV��$QW��>$QW@���DQG�0DYHQ��>0DYHQ@���$OO
RI�WKHP�DOVR�RIIHU�FRQYHQLHQW�6FDOD�'6/V�IRU�WHVWLQJ�

ScalaTest
6FDOD¦V�YHUVLRQ�RI�WKH�YHQHUDEOH�;8QLW�WRRO�LV�6FDOD7HVW��DYDLODEOH�DW�KWWS���ZZZ�DUWLPD
�FRP�VFDODWHVW��

<RX�FDQ�GULYH�\RXU�WHVWV�XVLQJ�WKH�EXLOW�LQ�Runner�RU�XVH�WKH�SURYLGHG�LQWHJUDWLRQ�ZLWK
-8QLW�RU�7HVW1*��6FDOD7HVW�DOVR�FRPHV�ZLWK�DQ�$QW�WDVN�DQG�LW�ZRUNV�ZLWK�WKH�6FDOD�
&KHFN�WHVWLQJ�WRRO��GHVFULEHG�ODWHU��

%HVLGHV�VXSSRUWLQJ�WKH�WUDGLWLRQDO�;8QLW�VW\OH�V\QWD[�ZLWK�WHVW�PHWKRGV�DQG�DVVHUWLRQV�
6FDOD7HVW�SURYLGHV�D�%HKDYLRU�'ULYHQ�'HYHORSPHQW��>%''@��V\QWD[�WKDW�LV�EHFRPLQJ
LQFUHDVLQJO\�SRSXODU��7KH�6FDOD7HVW�ZHEVLWH�SURYLGHV�H[DPSOHV�IRU�WKHVH�DQG�RWKHU�RS�
WLRQV�

+HUH�LV�DQ�H[DPSOH�6FDOD7HVW�WHVW�IRU�WKH�VLPSOH�Complex�FODVV�ZH�XVHG�LQ�£7KH�VFDODS�
MDYDS��DQG�MDG�&RPPDQG�/LQH�7RROV¤�RQ�SDJH�����

// code-examples/ToolsLibs/complex-test.scala

import org.scalatest.FunSuite

class ComplexSuite extends FunSuite {

  val c1 = Complex(1.2, 3.4)
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  val c2 = Complex(5.6, 7.8)

  test("addition with (0, 0)") {
    assert(c1 + Complex(0.0, 0.0) === c1)
  }

  test("subtraction with (0, 0)") {
    assert(c1 - Complex(0.0, 0.0) === c1)
  }

  test("addition") {
    assert((c1 + c2).real === (c1.real + c2.real))
    assert((c1 + c2).imaginary === (c1.imaginary + c2.imaginary))
  }

  test("subtraction") {
    assert((c1 - c2).real === (c1.real - c2.real))
    assert((c1 - c2).imaginary === (c1.imaginary - c2.imaginary))
  }
}

7KLV�SDUWLFXODU�H[DPSOH�XVHV�WKH�£IXQFWLRQ�YDOXH¤�V\QWD[�IRU�HDFK�WHVW�WKDW�LV�SURYLGHG
E\�WKH�FunSuite�SDUHQW�WUDLW��(DFK�FDOO�WR�test�UHFHLYHV�DV�DUJXPHQWV�D�GHVFULSWLYH�VWULQJ
DQG�D�IXQFWLRQ�OLWHUDO�ZLWK�WKH�DFWXDO�WHVW�FRGH�

7KH�IROORZLQJ�FRPPDQGV�FRPSLOH�FRPSOH[�VFDOD�DQG�FRPSOH[�WHVW�VFDOD��SXWWLQJ�WKH
FODVV�ILOHV�LQ�D�EXLOG�GLUHFWRU\��DQG�WKHQ�UXQ�WKH�WHVWV��1RWH�WKDW�ZH�DVVXPH�WKDW�VFDODW�
HVW�������MDU��WKH�ODWHVW�UHOHDVH�DW�WKH�WLPH�RI�WKLV�ZULWLQJ��LV�LQ�WKH����OLE�GLUHFWRU\��7KH
GRZQORDGDEOH�GLVWULEXWLRQ�RI�WKH�FRGH�H[DPSOHV�LV�RUJDQL]HG�WKLV�ZD\�

scalac -classpath ../lib/scalatest-0.9.5.jar -d build complex.scala complex-test.scala
scala -classpath build:../lib/scalatest-0.9.5.jar org.scalatest.tools.Runner \
  -p build -o -s ComplexSuite

�:H�XVHG�D�\� WR� FRQWLQXH� WKH� ORQJ� FRPPDQG�RQ�D� VHFRQG� OLQH���7KH�RXWSXW� LV� WKH
IROORZLQJ�

Run starting. Expected test count is: 4
Suite Starting - ComplexSuite: The execute method of a nested suite is \
   about to be invoked.
Test Starting - ComplexSuite: addition with (0, 0)
Test Succeeded - ComplexSuite: addition with (0, 0)
Test Starting - ComplexSuite: subtraction with (0, 0)
Test Succeeded - ComplexSuite: subtraction with (0, 0)
Test Starting - ComplexSuite: addition
Test Succeeded - ComplexSuite: addition
Test Starting - ComplexSuite: subtraction
Test Succeeded - ComplexSuite: subtraction
Suite Completed - ComplexSuite: The execute method of a nested suite \
  returned normally.
Run completed. Total number of tests run was: 4
All tests passed.

$JDLQ��ZH�ZUDSSHG�WKH�ORQJ�RXWSXW�OLQHV�ZLWK�D�\�
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Specs
7KH�6SHFV�OLEUDU\��>6FDOD6SHFV7RRO@��LV�D�%HKDYLRU�'ULYHQ�'HYHORSPHQW��>%''@��WHVW�
LQJ�WRRO�IRU�6FDOD��,W�LV�LQVSLUHG�E\�5XE\¦V�56SHF��>56SHF@���,Q�D�QXWVKHOO��WKH�JRDO�RI
%''�LV�WR�UHFDVW�WUDGLWLRQDO�WHVW�V\QWD[�LQWR�D�IRUP�WKDW�EHWWHU�HPSKDVL]HV�WKH�UROH�RI
7''�DV� D� SURFHVV� WKDW� GULYHV�GHVLJQ��ZKLFK� LQ� WXUQ� VKRXOG� LPSOHPHQW� WKH� UHTXLUH�
PHQWV�£VSHFLILFDWLRQ�¤�7KH�V\QWD[�RI�WUDGLWLRQDO�7''�WRROV��OLNH�WKH�;8QLW�IUDPHZRUNV�
WHQG�WR�HPSKDVL]H�WKH�WHVWLQJ�UROH�RI�7''��:LWK�WKH�V\QWD[�UHDOLJQHG��LW�LV�EHOLHYHG�WKDW
WKH�GHYHORSHU�ZLOO�EH�PRUH�OLNHO\�WR�VWD\�IRFXVHG�RQ�WKH�SULPDU\�UROH�RI�7''��GULYLQJ
DSSOLFDWLRQ�GHVLJQ�

<RX�FDQ�DOVR�ILQG�GRFXPHQWDWLRQ�RQ�6SHFV�DW�>6FDOD7RROV@�

:H�KDYH� DOUHDG\� XVHG� 6SHFV� LQ� VHYHUDO� H[DPSOHV� LQ� WKH� ERRN�� H�J��� ButtonObserver
Spec� LQ� £7UDLWV� $V� 0L[LQV¤� RQ� SDJH� ���� +HUH� LV� DQRWKHU� H[DPSOH� IRU� WKH� VLPSOH
Complex�FODVV�ZH�VKRZHG�SUHYLRXVO\�

// code-examples/ToolsLibs/complex-spec.scala

import org.specs._

object ComplexSpec extends Specification {
  "Complex addition with (0.0, 0.0)" should {
    "return a number N' that is identical to original number N" in {
      val c1 = Complex(1.2, 3.4)
      (c1 + Complex(0.0, 0.0)) mustEqual c1
    }
  }
  "Complex subtraction with (0.0, 0.0)" should {
    "return a number N' that is identical to original number N" in {
      val c1 = Complex(1.2, 3.4)
      (c1 - Complex(0.0, 0.0)) mustEqual c1
    }
  }
  "Complex addition" should {
    """return a new number where
    the real and imaginary parts are the sums of the
    input values' real and imaginary parts, respectively.""" in {
      val c1 = Complex(1.2, 3.4)
      val c2 = Complex(5.6, 7.8)
      (c1 + c2).real mustEqual (c1.real + c2.real)
      (c1 + c2).imaginary mustEqual (c1.imaginary + c2.imaginary)
    }
  }
  "Complex subtraction" should {
    """return a new number where
    the real and imaginary parts are the differences of the
    input values' real and imaginary parts, respectively.""" in {
      val c1 = Complex(1.2, 3.4)
      val c2 = Complex(5.6, 7.8)
      (c1 - c2).real mustEqual (c1.real - c2.real)
      (c1 - c2).imaginary mustEqual (c1.imaginary - c2.imaginary)
    }
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  }
}

$Q�object�WKDW�H[WHQGV�Specification�LV�WKH�DQDORJ�RI�D�WHVW�VXLWH��7KH�QH[W�OHYHO�RI
JURXSLQJ��H�J���WKH�FODXVH�"Complex addition with (0.0, 0.0)" should {...}��HQFDS�
VXODWHV�WKH�LQIRUPDWLRQ�DW�WKH�OHYHO�RI�WKH�W\SH�EHLQJ�WHVWHG��RU�SHUKDSV�D�£FOXVWHU¤�RI
EHKDYLRUV�WKDW�JR�WRJHWKHU�IRU�WKH�W\SH�

7KH� QH[W� OHYHO� FODXVH�� H�J��� WKH� FODXVH� "return a number N' that is identical to
original number N" in {...}��LV�FDOOHG�DQ�£H[DPSOH¤�LQ�%''�WHUPLQRORJ\��,W�LV�DQDOR�
JRXV�WR�D�VLQJOH�WHVW��/LNH�W\SLFDO�;8QLW�IUDPHZRUNV��WKH�WHVWLQJ�LV�GRQH�XVLQJ�£UHSUH�
VHQWDWLYH� H[DPSOHV�¤� UDWKHU� WKDQ� E\� GRLQJ� DQ� H[KDXVWLYH� H[SORUDWLRQ� RI� WKH� HQWLUH
£VSDFH¤�RI�SRVVLEOH�VWDWHV��+HQFH��WKH�WHUP�£H[DPSOH�¤��+RZHYHU��VHH�WKH�GLVFXVVLRQ
RI�6FDOD&KHFN�QH[W��

6WDWHPHQWV� OLNH�(c1 + Complex(0.0, 0.0)) mustEqual c1� DUH� FDOOHG� £H[SHFWDWLRQV�¤
7KH\�GR�WKH�DFWXDO�YHULILFDWLRQV�WKDW�FRQGLWLRQV�DUH�VDWLVILHG��+HQFH��H[SHFWDWLRQV�DUH
DQDORJRXV�WR�DVVHUWLRQV�LQ�;8QLW�WRROV�

7KHUH�DUH�VHYHUDO�ZD\V�WR�UXQ�\RXU�VSHFV��$IWHU�FRPSLOLQJ�FRPSOH[�VSHF�VFDOD�HDUOLHU�
ZH�FDQ�UXQ�WKH�VSHFV�DV�IROORZV�

scala -classpath ../lib/specs-1.4.3.jar:build ComplexSpec

+HUH��DV�EHIRUH��ZH�DVVXPH�WKH�6SHFV�-$5�LV�LQ�WKH����OLE�GLUHFWRU\�DQG�ZH�DVVXPH�WKH
FRPSLOHG�FODVV�ILOHV�DUH�LQ�WKH�EXLOG�GLUHFWRU\��:H�JHW�WKH�IROORZLQJ�RXWSXW�

Specification "ComplexSpec"
  Complex addition with (0.0, 0.0) should
  + return a number N' that is identical to original number N

  Total for SUT "Complex addition with (0.0, 0.0)":
  Finished in 0 second, 0 ms
  1 example, 1 expectation, 0 failure, 0 error

  Complex subtraction with (0.0, 0.0) should
  + return a number N' that is identical to original number N

  Total for SUT "Complex subtraction with (0.0, 0.0)":
  Finished in 0 second, 0 ms
  1 example, 1 expectation, 0 failure, 0 error

  Complex addition should
  + return a new number where
        the real and imaginary parts are the sums of the
        input values real and imaginary parts, respectively.

  Total for SUT "Complex addition":
  Finished in 0 second, 0 ms
  1 example, 2 expectations, 0 failure, 0 error

  Complex subtraction should
  + return a new number where
        the real and imaginary parts are the differences of the
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        input values real and imaginary parts, respectively.

  Total for SUT "Complex subtraction":
  Finished in 0 second, 0 ms
  1 example, 2 expectations, 0 failure, 0 error

Total for specification "ComplexSpec":
Finished in 0 second, 37 ms
4 examples, 6 expectations, 0 failure, 0 error

1RWH�WKDW�WKH�VWULQJV�LQ�WKH�VSHFLILFDWLRQ�DUH�ZULWWHQ�LQ�D�IRUP�WKDW�UHDGV�VRPHZKDW�OLNH
D�UHTXLUHPHQWV�VSHFLILFDWLRQ�

...
Complex addition with (0.0, 0.0) should
+ return a number N' that is identical to original number N
...

7KHUH�DUH�PDQ\�ZD\V�WR�UXQ�VSHFLILFDWLRQV��LQFOXGLQJ�XVLQJ�DQ�$QW�WDVN�RU�XVLQJ�WKH
EXLOW�LQ� LQWHJUDWLRQ�ZLWK�6FDOD7HVW�RU� -8QLW�� -8QLW� LV� WKH�EHVW�DSSURDFK� IRU� UXQQLQJ
VSHFLILFDWLRQV�LQ�VRPH�,'(V��7KHVH�DQG�RWKHU�RSWLRQV�DUH�GHVFULEHG�LQ�WKH�8VHU¦V�*XLGH
DW�KWWS���FRGH�JRRJOH�FRP�S�VSHFV�ZLNL�5XQQLQJ6SHFV�

ScalaCheck
6FDOD&KHFN��>6FDOD&KHFN7RRO@�LV�D�6FDOD�SRUW�RI�WKH�LQQRYDWLYH�+DVNHOO�4XLFN&KHFN
�>4XLFN&KHFN@��WRRO�WKDW�VXSSRUWV�$XWRPDWHG�6SHFLILFDWLRQ�%DVHG�7HVWLQJ��VRPHWLPHV
FDOOHG�W\SH�EDVHG�£SURSHUW\¤�WHVWLQJ�LQ�WKH�+DVNHOO�OLWHUDWXUH��H�J���>2¦6XOOLYDQ����@��

6FDOD&KHFN�FDQ�EH�LQVWDOOHG�XVLQJ�sbaz��L�H���sbaz install scalacheck�

8VLQJ�6FDOD&KHFN��RU�4XLFN&KHFN�IRU�+DVNHOO���FRQGLWLRQV�IRU�D�W\SH�DUH�VSHFLILHG�WKDW
VKRXOG�EH�WUXH�IRU�DQ\�LQVWDQFHV�RI�WKH�W\SH��7KH�WRRO�WULHV�WKH�FRQGLWLRQV�XVLQJ�DXWR�
PDWLFDOO\�JHQHUDWHG�LQVWDQFHV�RI�WKH�W\SH�DQG�YHULILHV�WKDW�WKH�FRQGLWLRQV�DUH�VDWLVILHG�

+HUH�LV�D�6FDOD&KHFN�WHVW�IRU�Complex�

// code-examples/ToolsLibs/complex-check-script.scala

import org.scalacheck._
import org.scalacheck.Prop._

def toD(i: Int) = i * .1

implicit def arbitraryComplex: Arbitrary[Complex] = Arbitrary {
  Gen.sized {s =>
    for {
      r <- Gen.choose(-toD(s), toD(s))
      i <- Gen.choose(-toD(s), toD(s))
    } yield Complex(r, i)
  }
}

object ComplexSpecification extends Properties("Complex") {
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  def additionTest(a: Complex, b: Complex) =
    (a + b).real.equals(a.real + b.real) &&
    (a + b).imaginary.equals(a.imaginary + b.imaginary)

  def subtractionTest(a: Complex, b: Complex) =
    (a - b).real.equals(a.real - b.real) &&
    (a - b).imaginary.equals(a.imaginary - b.imaginary)

  val zero = Complex(0.0, 0.0)

  specify("addition with (0,0)", (a: Complex)  => additionTest(a, zero))
  specify("subtraction with (0,0)", (a: Complex)  => subtractionTest(a, zero))

  specify("addition", (a: Complex, b: Complex) => additionTest(a,b))
  specify("subtraction", (a: Complex, b: Complex) => subtractionTest(a,b))
}
ComplexSpecification.check

7KH�toD�IXQFWLRQ�MXVW�FRQYHUWV�DQ�Int�WR�D�Double�E\�GLYLGLQJ�E\�0.1��,W¦V�XVHIXO�WR�FRQYHUW
DQ�Int�LQGH[�SURYLGHG�E\�6FDOD&KHFN�LQWR�Double�YDOXHV�WKDW�ZH�ZLOO�XVH�WR�FRQVWUXFW
Complex�LQVWDQFHV�

:H� DOVR�QHHG� DQ� LPSOLFLW� FRQYHUVLRQ� YLVLEOH� LQ� WKH� VFRSH�RI� WKH� WHVW� WKDW� JHQHUDWHV
QHZ� Complex� YDOXHV�� 7KH� arbitraryComplex� IXQFWLRQ� SURYLGHV� WKLV� JHQHUDWRU�� $Q
Arbitrary[Complex]�REMHFW��SDUW�RI�WKH�6FDOD&KHFN�$3,��LV�UHWXUQHG�E\�WKLV�PHWKRG�
6FDOD&KHFN�LQYRNHV�DQRWKHU�$3,�PHWKRG��Gen[Complex].sized��:H�SURYLGH�D�IXQFWLRQ
OLWHUDO�WKDW�DVVLJQV�D�SDVVHG�LQ�Int�YDOXH�WR�D�YDULDEOH�s��:H�WKHQ�XVH�D�for�FRPSUHKHQ�
VLRQ�WR�UHWXUQ�Complex�QXPEHUV�ZLWK�UHDO�DQG�LPDJLQDU\�SDUWV�WKDW�UDQJH�IURP�-toD(s)�WR
toD(s)� �L�H���-(s * .1)� WR�(s * .1)���)RUWXQDWHO\��\RX�GRQ¦W�KDYH� WR�GHILQH� LPSOLFLW
FRQYHUVLRQV�RU�JHQHUDWRUV�IRU�PRVW�RI�WKH�FRPPRQO\�XVHG�6FDOD�DQG�-DYD�W\SHV�

7KH�PRVW�LQWHUHVWLQJ�SDUW�LV�WKH�GHILQLWLRQ�DQG�XVH�RI�ComplexSpecification��7KLV�REMHFW
GHILQHV� D� IHZ�KHOSHU�PHWKRGV�� additionTest� DQG� subtractionTest�� WKDW� HDFK� UHWXUQ
true�LI�WKH�FRQGLWLRQV�WKH\�GHILQH�DUH�WUXH��)RU�additionTest��LI�D�QHZ�Complex�QXPEHU
LV�WKH�VXP�RI�WZR�RWKHU�Complex�QXPEHUV��WKHQ�LWV�real�SDUW�PXVW�HTXDO�WKH�VXP�RI�WKH
real�SDUWV�RI�WKH�WZR�RULJLQDO�QXPEHUV��/LNHZLVH��D�VLPLODU�FRQGLWLRQ�PXVW�KROG�IRU�WKH
imaginary�SDUW�RI�WKH�QXPEHUV��)RU�subtractionTest��WKH�VDPH�FRQGLWLRQV�PXVW�KROG
ZLWK�VXEWUDFWLRQ�VXEVWLWXWHG�IRU�DGGLWLRQ�

1H[W��WZR�specify�FODXVHV�DVVHUW�WKDW�WKH�DGGLWLRQ�DQG�VXEWUDFWLRQ�FRQGLWLRQV�VKRXOG
KROG�IRU�DQ\�Complex�QXPEHU�ZKHQ�Complex(0.0, 0.0)�LV�DGGHG�WR�LW�RU�VXEWUDFWHG�IURP
LW��UHVSHFWLYHO\��7ZR�PRUH�specify�FODVVHV�DVVHUW�WKDW�WKH�FRQGLWLRQV�VKRXOG�DOVR�KROG
IRU�DQ\�SDLU�RI�Complex�QXPEHUV�

)LQDOO\��ZKHQ�ComplexSpecification.check�LV�FDOOHG��WHVW�UXQV�DUH�PDGH�ZLWK�GLIIHUHQW
YDOXHV�RI�Complex�QXPEHUV��YHULI\LQJ�WKDW� WKH�SURSHUWLHV�VSHFLILHG�DUH�YDOLG� IRU�HDFK
FRPELQDWLRQ�RI�QXPEHUV�SDVVHG�WR�WKH�KHOSHU�PHWKRGV�

:H� FDQ� UXQ� WKH� FKHFN� XVLQJ� WKH� IROORZLQJ� FRPPDQG� �RQFH� DJDLQ� DVVXPLQJ� WKDW
Complex�LV�DOUHDG\�FRPSLOHG�LQWR�WKH�EXLOG�GLUHFWRU\��
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scala -classpath ../lib/scalacheck.jar:build complex-check-script.scala

,W�SURGXFHV�WKH�IROORZLQJ�RXWSXW�

+ Complex.addition with (0,0): OK, passed 100 tests.
+ Complex.addition: OK, passed 100 tests.
+ Complex.subtraction with (0,0): OK, passed 100 tests.
+ Complex.subtraction: OK, passed 100 tests.

1RWH�WKDW�6FDOD&KHFN�WULHG�HDFK�specify�FDVH�ZLWK�����GLIIHUHQW�LQSXWV�

,W¦V� LPSRUWDQW� WR�XQGHUVWDQG� WKH�YDOXH� WKDW�6FDOD&KHFN�GHOLYHUV��5DWKHU� WKDQ�JRLQJ
WKURXJK�WKH�SURFHVV�RI�ZULWLQJ�HQRXJK�£H[DPSOH¤�WHVW�FDVHV�ZLWK�UHSUHVHQWDWLYH�GDWD�
ZKLFK�LV�WHGLRXV�DQG�HUURU�SURQH��ZH�GHILQH�UHXVDEOH�£JHQHUDWRUV�¤�OLNH�WKH�arbitrary
Complex�IXQFWLRQ��WR�SURGXFH�DQ�DSSURSULDWH�UDQJH�RI�LQVWDQFHV�RI�WKH�W\SH�XQGHU�WHVW�
7KHQ�ZH�ZULWH�SURSHUW\�VSHFLILFDWLRQV�WKDW�VKRXOG�KROG�IRU�DQ\�LQVWDQFHV��6FDOD&KHFN
GRHV�WKH�ZRUN�RI�WHVWLQJ�WKH�SURSHUWLHV�DJDLQVW�D�UDQGRP�VDPSOH�RI�WKH�LQVWDQFHV�SUR�
GXFHG�E\�WKH�JHQHUDWRUV�

<RX�FDQ�ILQG�PRUH�H[DPSOHV�RI�6FDOD&KHFN�XVDJH�LQ�WKH�RQOLQH�FRGH�H[DPSOHV��6RPH
RI�WKH�W\SHV�XVHG�LQ�WKH�SD\UROO�H[DPSOH�LQ�£,QWHUQDO�'6/V¤�RQ�SDJH�����ZHUH�WHVWHG
ZLWK�6FDOD&KHFN��7KHVH�WHVWV�ZHUH�QRW�VKRZQ�LQ�£,QWHUQDO�'6/V¤�RQ�SDJH�����

)LQDOO\��QRWH�WKDW�WKHUH�LV�DQRWKHU�SRUW�RI�4XLFN&KHFN�FDOOHG�5HGXFWLR��,W�LV�SDUW�RI�WKH
)XQFWLRQDO� -DYD� SURMHFW� �>)XQFWLRQDO-DYD@���5HGXFWLR� LV� OHVV�ZLGHO\� XVHG� WKDQ� 6FDOD�
&KHFN��EXW�LW�RIIHUV�D�£QDWLYH¤�-DYD�$3,�DV�ZHOO�DV�D�6FDOD�$3,��VR�LW�ZRXOG�EH�PRUH
FRQYHQLHQW�IRU�£SXUH¤�-DYD�WHDPV�

Other Notable Scala Libraries and Tools
:KLOH�6FDOD�EHQHILWV�IURP�WKH�ULFK�OHJDF\�RI�-DYD�DQG��1(7�OLEUDULHV��WKHUH�LV�D�JURZLQJ
FROOHFWLRQ�RI�OLEUDULHV�ZULWWHQ�VSHFLILFDOO\�IRU�6FDOD��+HUH�ZH�GLVFXVV�VRPH�RI�WKH�PRUH
QRWDEOH�RQHV�

Lift
/LIW�LV�WKH�OHDGLQJ�ZHE�DSSOLFDWLRQ�IUDPHZRUN�ZULWWHQ�LQ�6FDOD��,W�UHFHQWO\�UHDFKHG�£���¤
VWDWXV��/LIW�KDV�EHHQ�XVHG� IRU�D�QXPEHU�RI� FRPPHUFLDO�ZHEVLWHV��<RX�FDQ�DOVR� ILQG
GRFXPHQWDWLRQ�RQ�WKH�/LIW�ZHEVLWH�

2WKHU�ZHE�IUDPHZRUNV�LQFOXGH�6ZHHW��3LQN\��DQG�6OLQN\�

Scalaz
6FDOD]�LV�D�OLEUDU\�WKDW�ILOOV�LQ�JDSV�LQ�WKH�VWDQGDUG�OLEUDU\��$PRQJ�LWV�IHDWXUHV�DUH�HQ�
KDQFHPHQWV�WR�VHYHUDO�FRUH�6FDOD�W\SHV��VXFK�DV�Boolean��Unit��String��DQG�Option��SOXV
VXSSRUW�IRU�IXQFWLRQDO�FRQWURO�DEVWUDFWLRQV��VXFK�DV�FoldLeft��FoldRight��DQG�Monad��WKDW
H[SDQG�XSRQ�ZKDW�LV�DYDLODEOH�LQ�WKH�VWDQGDUG�OLEUDU\�
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Scalax
6FDOD[�LV�DQRWKHU�WKLUG�SDUW\�OLEUDU\�HIIRUW�WR�VXSSOHPHQW�WKH�6FDOD�FRUH�OLEUDU\�

MetaScala
0HWD6FDOD�LV�DQ�H[SHULPHQWDO�PHWDSURJUDPPLQJ�OLEUDU\�IRU�6FDOD��0HWDSURJUDPPLQJ
IHDWXUHV�WHQG�WR�EH�ZHDNHU�LQ�VWDWLFDOO\�W\SHG�ODQJXDJHV�WKDQ�LQ�G\QDPLFDOO\�W\SHG�ODQ�
JXDJHV��$OVR��WKH�-90�DQG��1(7�&/5�LPSRVH�WKHLU�RZQ�FRQVWUDLQWV�RQ�PHWDSURJUDP�
PLQJ�

0DQ\�RI�WKH�IHDWXUHV�RI�6FDOD�REYLDWH�WKH�QHHG�IRU�PHWDSURJUDPPLQJ��FRPSDUHG�WR
ODQJXDJHV� OLNH�5XE\��EXW�VRPHWLPHV�PHWDSURJUDPPLQJ� LV�VWLOO�XVHIXO��0HWD6FDOD�DW�
WHPSWV�WR�DGGUHVV�WKRVH�QHHGV�PRUH�IXOO\�WKDQ�6FDOD¦V�EXLOW�LQ�UHIOHFWLRQ�VXSSRUW�

JavaRebel
-DYD5HEHO�LV�D�FRPPHUFLDO�WRRO�WKDW�SHUPLWV�G\QDPLF�UHORDGLQJ�RI�FODVVHV�LQ�D�UXQQLQJ
-90��ZULWWHQ�LQ�DQ\�ODQJXDJH���EH\RQG�WKH�OLPLWHG�VXSSRUW�SURYLGHG�QDWLYHO\�E\�WKH
£+RW6ZDS¤� IHDWXUH�RI� WKH� -90�� -DYD5HEHO� LV� GHVLJQHG� WR�RIIHU� WKH�GHYHORSHU� IDVWHU
WXUQDURXQG�IRU�FKDQJHV��SURYLGLQJ�DQ�H[SHULHQFH�PRUH�OLNH�WKH�UDSLG�WXUQDURXQG�WKDW
XVHUV�RI�G\QDPLF�ODQJXDJHV�HQMR\��-DYD5HEHO�FDQ�EH�XVHG�ZLWK�6FDOD�FRGH�DV�ZHOO�

Miscellaneous Smaller Libraries
)LQDOO\��7DEOH������LV�D�OLVW�RI�VHYHUDO�6FDOD�VSHFLILF�OLEUDULHV�\RX�PLJKW�ILQG�XVHIXO�IRU
\RXU�DSSOLFDWLRQV�

7DEOH�������0LVFHOODQHRXV�6FDOD�OLEUDULHV

Name Description and URL

Kestrel A tiny, very fast queue system (http://github.com/robey/kestrel/tree/master).

ScalaModules Scala DSL to ease OSGi development (http://code.google.com/p/scalamodules/).

Configgy Managing configuration files and logging for “daemons” written in Scala (http://www.lag.net/configgy/).

scouchdb Scala interface to CouchDB (http://code.google.com/p/scouchdb/).

Akka A project to implement a platform for building fault-tolerant, distributed applications based on REST, Actors,

etc. (http://akkasource.org/).

scala-query A type-safe database query API for Scala (http://github.com/szeiger/scala-query/tree/master).

:H¦OO�GLVFXVV�XVLQJ�6FDOD�ZLWK�VHYHUDO�ZHOO�NQRZQ�-DYD�OLEUDULHV�DIWHU�ZH�GLVFXVV�-DYD
LQWHURSHUDELOLW\��QH[W�
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Java Interoperability
2I�DOO�WKH�DOWHUQDWLYH�-90�ODQJXDJHV��6FDOD¦V�LQWHURSHUDELOLW\�ZLWK�-DYD�VRXUFH�FRGH�LV
DPRQJ�WKH�PRVW�VHDPOHVV��7KLV�VHFWLRQ�EHJLQV�ZLWK�D�GLVFXVVLRQ�RI�LQWHURSHUDELOLW\�ZLWK
FRGH�ZULWWHQ�LQ�-DYD��2QFH�\RX�XQGHUVWDQG�WKH�GHWDLOV��WKH\�FDQ�EH�JHQHUDOL]HG�WR�DG�
GUHVV�LQWHURSHUDELOLW\�ZLWK�RWKHU�-90�ODQJXDJHV��VXFK�DV�-5XE\�RU�*URRY\��)RU�H[DP�
SOH��LI�\RX�DOUHDG\�NQRZ�KRZ�WR�XVH�-5XE\�DQG�-DYD�WRJHWKHU��DQG�\RX�NQRZ�KRZ�WR
XVH�-DYD�DQG�6FDOD�WRJHWKHU��WKHQ�\RX�FDQ�JHQHUDOL]H�WR�XVLQJ�-5XE\�DQG�6FDOD�WRJHWKHU�

%HFDXVH�6FDOD�V\QWD[�LV�SULPDULO\�D�VXSHUVHW�RI�-DYD�V\QWD[��LQYRNLQJ�-DYD�FRGH�IURP
6FDOD�LV�XVXDOO\�VWUDLJKWIRUZDUG��*RLQJ�WKH�RWKHU�GLUHFWLRQ�UHTXLUHV�WKDW�\RX�XQGHUVWDQG
KRZ�VRPH�6FDOD�IHDWXUHV�DUH�HQFRGHG�LQ�ZD\V�WKDW�VDWLVI\�WKH�-90�VSHFLILFDWLRQ��:H
GLVFXVV� VHYHUDO� RI� WKH� LQWHURSHUDELOLW\� LVVXHV� KHUH�� >6SLHZDN����D@� DQG� >2GHU�
VN\����@�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�

Java and Scala Generics
:H� KDYH� VHHQ� PDQ\� H[DPSOHV� RI� 6FDOD� FRGH� WKDW� XVHV� -DYD� W\SHV�� VXFK� DV
java.lang.String�DQG�YDULRXV�MDYD�FROOHFWLRQ�FODVVHV��,QVWDQWLDWLQJ�-DYD�JHQHULF�W\SHV
LV�VWUDLJKWIRUZDUG�LQ�6FDOD��VLQFH�6FDOD�YHUVLRQ���������&RQVLGHU�WKH�IROORZLQJ�YHU\�VLP�
SOH�-DYD�JHQHULF�FODVV��JStack�

// code-examples/ToolsLibs/JStack.java

import java.util.*;

public class JStack<T> {
  private List<T> stack = new ArrayList<T>();
  public void push(T t) {
    stack.add(t);
  }
  public T pop() {
    return stack.remove(stack.size() - 1);
  }
}

:H�FDQ�LQVWDQWLDWH�LW�IURP�6FDOD��VSHFLI\LQJ�WKH�W\SH�SDUDPHWHU��DV�VKRZQ�LQ�([DP�
SOH������

([DPSOH�������$�6FDOD�£VSHF¤�WR�WHVW�WKH�VLPSOH�-DYD�VWDFN

// code-examples/ToolsLibs/JStack-spec.scala

import org.specs._

object JStackSpec extends Specification {
  "Calling a Java generic type from Scala" should {
    "Support parameterization" in {
      val js = new JStack[String]
      js must notBe(null)  // Dummy check...
    }
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    "Support invoking the the type's methods" in {
      val js = new JStack[String]
      js.push("one")
      js.push("two")
      js.pop() mustEqual "two"
      js.pop() mustEqual "one"
    }
  }
}

6LQFH�6FDOD�YHUVLRQ��������\RX�FDQ�DOVR�XVH�6FDOD�JHQHULFV�IURP�-DYD��&RQVLGHU�WKH�IRO�
ORZLQJ�-8QLW���WHVW��ZKLFK�VKRZV�VRPH�RI�WKH�LGLRV\QFUDVLHV�\RX�PLJKW�HQFRXQWHU�

// code-examples/ToolsLibs/SMapTest.java

import org.junit.*;
import static org.junit.Assert.*;
import scala.*;
import scala.collection.mutable.LinkedHashMap;

public class SMapTest {
  static class Name {
    public String firstName;
    public String lastName;

    public Name(String firstName, String lastName) {
      this.firstName = firstName;
      this.lastName  = lastName;
    }
  }

  LinkedHashMap<Integer, Name> map;

  @Before
  public void setup() {
    map = new LinkedHashMap<Integer, Name>();
    map.update(1, new Name("Dean", "Wampler"));
    map.update(2, new Name("Alex", "Payne"));
  }

  @Test
  public void usingMapGetWithWarnings() {
    assertEquals(2, map.size());
    Option<Name> n1 = map.get(1);  // warning
    Option<Name> n2 = map.get(2);  // warning
    assertTrue(n1.isDefined());
    assertTrue(n2.isDefined());
    assertEquals("Dean", n1.get().firstName);
    assertEquals("Alex", n2.get().firstName);
  }

  @Test
  public void usingMapGetWithoutWarnings() {
    assertEquals(2, map.size());
    Option<?> n1 = map.get(1);
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    Option<?> n2 = map.get(2);
    assertTrue(n1.isDefined());
    assertTrue(n2.isDefined());
    assertEquals("Dean", ((Name) n1.get()).firstName);
    assertEquals("Alex", ((Name) n2.get()).firstName);
 }
}

2Q�8QL[�OLNH�V\VWHPV��LW�LV�FRPSLOHG�ZLWK�WKH�IROORZLQJ�FRPPDQG�OLQH�

javac -Xlint:unchecked \
  -cp $SCALA_HOME/lib/scala-library.jar:$JUNIT_HOME/junit-4.4.jar SMapTest.java

�$JDLQ��ZH�ZUDSSHG�WKH�ORQJ�OLQH�ZLWK�\���6&$/$B+20(�DQG�-81,7B+20(�DUH�WKH
LQVWDOODWLRQ�GLUHFWRULHV�RI�6FDOD�DQG�-8QLW��UHVSHFWLYHO\�

7KH�SMapTest� FODVV�GHILQHV�D�QHVWHG�Name� FODVV� WKDW� LV�XVHG�DV� WKH�£YDOXH¤� W\SH� LQ�D
scala.collection.mutable.LinkedHashMap�� )RU� VLPSOLFLW\�� Name� KDV� SXEOLF� firstName
DQG�lastName�ILHOGV�DQG�D�FRQVWUXFWRU�

7KH�setup�PHWKRG�FUHDWHV�D�QHZ�LinkedHashMap<Integer,Name>�DQG� LQVHUWV� WZR�NH\�
YDOXH�SDLUV��7KH�WZR�WHVWV��usingMapGetWithWarnings�DQG�usingMapGetWithoutWarnings�
H[HUFLVH�WKH�-DYD�6FDOD�LQWHURSHUDELOLW\�WKH�VDPH�ZD\��+RZHYHU��WKH�ILUVW�WHVW�KDV�WZR
FRPSLOH�WLPH�ZDUQLQJV��LQGLFDWHG�E\�WKH�// warning�FRPPHQWV��ZKLOH�WKH�VHFRQG�WHVW
FRPSLOHV�ZLWKRXW�ZDUQLQJV�

SMapTest.java:29: warning: [unchecked] unchecked conversion
found   : scala.Option
required: scala.Option<SMapTest.Name>
    Option<Name> n1 = map.get(1);  // warning
                             ^
SMapTest.java:30: warning: [unchecked] unchecked conversion
found   : scala.Option
required: scala.Option<SMapTest.Name>
    Option<Name> n2 = map.get(2);  // warning
                             ^
2 warnings

7KH�ZDUQLQJV�RFFXU�EHFDXVH�RI�W\SH�HUDVXUH��,Q�WKH�FRPSLOHG�6FDOD�OLEUDU\��WKH�UHWXUQ
W\SH�RI�Map.get�LV�Option�ZLWK�QR�W\SH�SDUDPHWHU��RU�HIIHFWLYHO\�Option<Object>��6R�ZH
JHW�ZDUQLQJV�IRU�WKH�FRQYHUVLRQ�WR�Option<Name>�

7KH�VHFRQG�WHVW��usingMapGetWithoutWarnings��KDV�QR�ZDUQLQJV��EHFDXVH�ZH�DVVLJQ�WKH
YDOXHV�UHWXUQHG�E\�Map.get�WR�Option<?>�DQG�WKHQ�GR�DQ�H[SOLFLW�FDVW�WR�Name�ZKHQ�ZH
FDOO�Option.get�LQ�WKH�ILQDO�WZR�DVVHUWLRQV�

Using Scala Functions in Java
&RQWLQXLQJ�ZLWK�RXU�SUHYLRXV�SMapTest�H[DPSOH��ZH�FDQ�H[SORUH�LQYRNLQJ�6FDOD�FRGH
IURP�-DYD�ZKHUH�6FDOD�IXQFWLRQV�DUH�UHTXLUHG�

// code-examples/ToolsLibs/SMapTestWithFunctions.java
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import org.junit.*;
import static org.junit.Assert.*;
import scala.*;
import scala.collection.mutable.LinkedHashMap;
import static scala.collection.Map.Projection;

public class SMapTestWithFunctions {
  static class Name {
    public String firstName;
    public String lastName;

    public Name(String firstName, String lastName) {
      this.firstName = firstName;
      this.lastName  = lastName;
    }

    public static Name emptyName = new Name("","");

    public static Function0<Name> empty = new Function0<Name>() {
      public Name apply() { return emptyName; }

      public int $tag() { return 0; }
    };
  }

  LinkedHashMap<Integer, Name> map;

  @Before
  public void setup() {
    map = new LinkedHashMap<Integer, Name>();
    map.update(1, new Name("Dean", "Wampler"));
    map.update(2, new Name("Alex", "Payne"));
  }

  @Test
  public void usingMapGetOrElse() {
    assertEquals(2, map.size());
    assertEquals("Dean", ((Name) map.getOrElse(1, Name.empty)).firstName);
    assertEquals("Alex", ((Name) map.getOrElse(2, Name.empty)).firstName);
  }

  Function1<Integer, Boolean> filter = new Function1<Integer, Boolean>() {
    public Boolean apply(Integer i) { return i.intValue() <= 1; }

    public <A> Function1<A,Boolean> compose(Function1<A,Integer> g) {
      return Function1$class.compose(this, g);
    }

    public <A> Function1<Integer,A> andThen(Function1<Boolean,A> g) {
      return Function1$class.andThen(this, g);
    }

    public int $tag() { return 0; }
  };
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  @Test
  public void usingFilterKeys() {
    assertEquals(2, map.size());
    Projection<Integer, Name> filteredMap =
        (Projection<Integer, Name>) map.filterKeys(filter);
    assertEquals(1, filteredMap.size());
    assertEquals("Dean", filteredMap.getOrElse(1, Name.empty).firstName);
    assertEquals("",     filteredMap.getOrElse(2, Name.empty).firstName);
  }
}

7KH�SMapTestWithFunctions�FODVV�KDV� LWV�RZQ�Name�FODVV�WKDW�DGGV�D�VWDWLF�emptyName
REMHFW� DQG� D� VWDWLF� scala.Function0� REMHFW� empty�� ZKLFK� GHILQHV� apply� WR� UHWXUQ
emptyName��1RWH�WKDW�LW�LV�DOVR�QHFHVVDU\�WR�GHILQH�WKH�$tag�PHWKRG�WKDW�ZDV�GLVFXVVHG
SUHYLRXVO\�LQ�£7KH�VFDODS��MDYDS��DQG�MDG�&RPPDQG�/LQH�7RROV¤�RQ�SDJH�����

7KH�empty�IXQFWLRQ�REMHFW�LV�QHHGHG�ZKHQ�ZH�XVH�Map.getOrElse�LQ�WKH�WHVW�PHWKRG�
usingMapGetOrElse��7KH�VLJQDWXUH�RI�getOrElse�LV�WKH�IROORZLQJ�

def getOrElse[B2 >: B](key : A, default : => B2) : B2

:KHUH�A�LV�WKH�NH\�W\SH�SDUDPHWHU��B�LV�WKH�YDOXH�W\SH�SDUDPHWHU��DQG�B2�LV�D�VXSHUW\SH
RI�B�RU�WKH�VDPH�DV�B��7KH�VHFRQG�default�DUJXPHQW�LV�D�E\�QDPH�SDUDPHWHU��ZKLFK�ZH
GLVFXVVHG�LQ�&KDSWHU����1RWH�WKDW�E\�QDPH�SDUDPHWHUV�DUH�LPSOHPHQWHG�DV�scala.Func
tion0�REMHFWV��6R��ZH�FDQ¦W�VLPSO\�SDVV�LQ�WKH�VWDWLF�REMHFW�emptyName�

7KH� VHFRQG� WHVW��usingFilterKeys�� UHTXLUHV� D�Function1� REMHFW��ZKLFK�KDV� DQ�apply
PHWKRG�WKDW�WDNHV�RQH�DUJXPHQW��:H�XVH�WKLV�Function1�REMHFW�DV�D�ILOWHU�SDVVHG�WR
Map.filterKeys�

:H�GHILQH�WKH�filter�EHIRUH�WKH�WHVW��7KH�-DYD�FRGH�KHUH�LV�FRQVLGHUDEO\�PRUH�LQYROYHG
WKDQ�WKH�HTXLYDOHQW�6FDOD�FRGH�ZRXOG�EH��1RW�RQO\�GR�ZH�KDYH�WR�GHILQH�WKH�apply�DQG
$tag�PHWKRGV��ZH�PXVW�DOVR�GHILQH�PHWKRGV�XVHG�IRU�IXQFWLRQ�FRPSRVLWLRQ��compose
DQG�andThen��)RUWXQDWHO\��ZH�FDQ�GHOHJDWH�WR�REMHFWV�WKDW�DUH�DOUHDG\�LQ�WKH�6FDOD�OLEUDU\�
DV�VKRZQ��1RWH�WKDW�RWKHU�FunctionN�W\SHV��IRU�N�HTXDOV���WR�����KDYH�RWKHU�PHWKRGV
WKDW�ZRXOG�KDYH�WR�EH� LPSOHPHQWHG�XVLQJ�VLPLODU�£ERLOHUSODWH�¤�)RU�H[DPSOH�� WKHVH
W\SHV�HDFK�KDYH�D�curry�PHWKRG�

)LQDOO\��UHFDOO�WKDW�LQ�£&RPSDQLRQ�2EMHFWV�DQG�-DYD�6WDWLF�0HWKRGV¤�RQ�SDJH������ZH
GLVFXVVHG�WKDW�PHWKRGV�GHILQHG�LQ�FRPSDQLRQ�REMHFWV�DUH�QRW�YLVLEOH�DV�static�PHWKRGV
WR�-DYD�FRGH��)RU�H[DPSOH��main�PHWKRGV�GHILQHG�LQ�FRPSDQLRQ�REMHFWV�FDQ¦W�EH�XVHG
WR�UXQ�WKH�DSSOLFDWLRQ��,QVWHDG��\RX�VKRXOG�GHILQH�VXFK�PHWKRGV�LQ�VLQJOHWRQ�REMHFWV�

6R��XVLQJ�6FDOD�IXQFWLRQ�REMHFWV�IURP�-DYD�FDQ�EH�FKDOOHQJLQJ��,I�\RX�ILQG�LW�QHFHVVDU\
WR�XVH�WKHP�IUHTXHQWO\��\RX�FRXOG�GHILQH�-DYD�XWLOLW\�FODVVHV�WKDW�KDQGOH�WKH�ERLOHUSODWH
IRU�DOO�WKH�PHWKRGV�H[FHSW�apply�
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JavaBean Properties
:H�VDZ�LQ�&KDSWHU���WKDW�6FDOD�GRHV�QRW�IROORZ�WKH�-DYD%HDQV��>-DYD%HDQV6SHF@��FRQ�
YHQWLRQV�IRU�ILHOG�UHDGHU�DQG�ZULWHU�PHWKRGV��IRU�UHDVRQV�GHVFULEHG�LQ�£:KHQ�$FFHVVRU
0HWKRGV� DQG� )LHOGV� $UH� ,QGLVWLQJXLVKDEOH�� 7KH� 8QLIRUP� $FFHVV� 3ULQFL�
SOH¤� RQ� SDJH� ����� +RZHYHU�� WKHUH� DUH� WLPHV� ZKHQ� \RX� QHHG� -DYD%HDQV� DFFHVVRU
PHWKRGV��)RU�H[DPSOH��\RX�QHHG�WKHP�ZKHQ�\RX�ZDQW�\RXU�6FDOD�LQVWDQFHV�WR�EH�FRQ�
ILJXUDEOH�E\�D�GHSHQGHQF\�LQMHFWLRQ�PHFKDQLVP��OLNH�WKH�RQH�SURYLGHG�E\�WKH�6SULQJ
)UDPHZRUN��>6SULQJ)UDPHZRUN@���<RX�PD\�DOVR�QHHG�-DYD%HDQV�DFFHVVRU�PHWKRGV�IRU
VRPH�,'(V�WKDW�GR�EHDQ�£LQWURVSHFWLRQ�¤

6FDOD� VROYHV� WKLV� SUREOHP� ZLWK� DQ� DQQRWDWLRQ� WKDW� \RX� FDQ� DSSO\� WR� D� ILHOG�
@scala.reflect.BeanProperty�� ZKLFK� WHOOV� WKH� FRPSLOHU� WR� JHQHUDWH� -DYD%HDQV�VW\OH
JHWWHU� DQG� VHWWHU� PHWKRGV�� :H� LQWURGXFHG� WKLV� DQQRWDWLRQ� LQ� £$QQRWD�
WLRQV¤�RQ�SDJH�����

5HFDOO�WKH�Complex�FODVV�ZH�VDZ�SUHYLRXVO\��1RZ�ZH�DGG�WKH�DQQRWDWLRQ�WR�HDFK�FRQ�
VWUXFWRU�DUJXPHQW��ZKLFK�LV�D�ILHOG�LQ�WKH�case�FODVV�

// code-examples/ToolsLibs/complex-javabean.scala

case class ComplexBean(
  @scala.reflect.BeanProperty real: Double,
  @scala.reflect.BeanProperty imaginary: Double) {

  def +(that: ComplexBean) =
    new ComplexBean(real + that.real, imaginary + that.imaginary)
  def -(that: ComplexBean) =
    new ComplexBean(real - that.real, imaginary - that.imaginary)
}

,I�\RX�FRPSLOH�WKLV�FODVV��WKHQ�GHFRPSLOH�LW�ZLWK�javap -classpath ... ComplexBean�
\RX�JHW�WKH�IROORZLQJ�RXWSXW�

public class ComplexBean extends java.lang.Object
  implements scala.ScalaObject,scala.Product,java.io.Serializable{
  public ComplexBean(double, double);
  public java.lang.Object productElement(int);
  public int productArity();
  public java.lang.String productPrefix();
  public boolean equals(java.lang.Object);
  public java.lang.String toString();
  public int hashCode();
  public int $tag();
  public ComplexBean $minus(ComplexBean);
  public ComplexBean $plus(ComplexBean);
  public double imaginary();
  public double real();
  public double getImaginary();
  public double getReal();
}

1RZ�FRPSDUH�WKLV�RXWSXW�ZLWK�WKH�UHVXOW�RI�GHFRPSLOLQJ�WKH�RULJLQDO�&RPSOH[�FODVV�ILOH�
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public class Complex extends java.lang.Object
  implements scala.ScalaObject,scala.Product,java.io.Serializable{
  public Complex(double, double);
  public java.lang.Object productElement(int);
  public int productArity();
  public java.lang.String productPrefix();
  public boolean equals(java.lang.Object);
  public java.lang.String toString();
  public int hashCode();
  public int $tag();
  public Complex $minus(Complex);
  public Complex $plus(Complex);
  public double imaginary();
  public double real();
}

7KH�RUGHU�RI�WKH�PHWKRGV�VKRZQ�PD\�EH�GLIIHUHQW�ZKHQ�\RX�UXQ�javap�RQ�WKHVH�ILOHV�
:H�UHRUGHUHG�WKHP�VR�WKH�WZR�OLVWLQJV�ZRXOG�PDWFK�DV�FORVHO\�DV�SRVVLEOH��1RWH�WKDW
WKH�RQO\�GLIIHUHQFHV�DUH�WKH�QDPHV�RI�WKH�FODVVHV�DQG�WKH�SUHVHQFH�RI�getImaginary�DQG
getReal�PHWKRGV�LQ�WKH�ComplexBean�FDVH��:H�ZRXOG�DOVR�KDYH�FRUUHVSRQGLQJ�VHWWHU
PHWKRGV�LI�WKH�real�DQG�imaginary�ILHOGV�ZHUH�GHFODUHG�DV�varV�LQVWHDG�RI�valV�

7KH�6FDODGRF�SDJH�IRU�@BeanProperty��YHUVLRQ������VD\V�WKDW�\RX�FDQ¦W
FDOO�WKH�EHDQ�VHWWHU�PHWKRGV�IURP�6FDOD��<RX�FDQ�FDOO�WKHP��EXW�DV�WKH
6FDODGRF�SDJH�JRHV�RQ�WR�VD\��\RX�VKRXOG�XVH�WKH�6FDOD�VW\OH�ZULWHU��DQG
UHDGHU��PHWKRGV�LQVWHDG�

AnyVal Types and Java Primitives
1RWLFH�DOVR�LQ�WKH�SUHYLRXV�Complex�H[DPSOH�WKDW�WKH�Doubles�ZHUH�FRQYHUWHG�WR�-DYD
SULPLWLYH�doubles��$OO�WKH�AnyVal�W\SHV�DUH�FRQYHUWHG�WR�WKHLU�FRUUHVSRQGLQJ�-DYD�SULP�
LWLYHV��:H�VKRZHG�WKH�PDSSLQJ�LQ�7DEOH������,Q�SDUWLFXODU��QRWH�WKDW�Unit�LV�PDSSHG�WR
void�

Scala Names in Java Code
$V�ZH�GLVFXVVHG� LQ�&KDSWHU� ��� 6FDOD� DOORZV�PRUH� IOH[LEOH� LGHQWLILHUV�� H�J���RSHUDWRU
FKDUDFWHUV�OLNH�*��<��HWF��7KHVH�FKDUDFWHUV�DUH�HQFRGHG��RU�£PDQJOHG�¤�LI�\RX�SUHIHU��WR
VDWLVI\�WKH�WLJKWHU�FRQVWUDLQWV�RI�WKH�-90�VSHFLILFDWLRQ��7KH\�DUH�WUDQVODWHG�DV�VKRZQ
LQ�7DEOH�������DGDSWHG�IURP�>6SLHZDN����D@��

7DEOH�������(QFRGLQJ�RI�RSHUDWRU�FKDUDFWHUV

Operator Encoding

= $eq

> $greater

< $less

+ $plus
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Operator Encoding

- $minus

* $times

/ $div

\ $bslash

| $bar

! $bang

? $qmark

: $colon

% $percent

^ $up

& $amp

@ $at

# $hash

~ $tilde

<RX�FDQ�VHH�WKLV�DW�ZRUN�LQ�WKH�IROORZLQJ�FRQWULYHG�WUDLW��ZKHUH�HDFK�FKDUDFWHU�LV�XVHG
WR�GHFODUH�DQ�DEVWUDFW�PHWKRG�WKDW�WDNHV�QR�DUJXPHQWV�DQG�UHWXUQV�Unit�

// code-examples/ToolsLibs/all-op-chars.scala

trait AllOpChars {
  def == : Unit   // $eq$eq
  def >  : Unit   // $greater
  def <  : Unit   // $less
  def +  : Unit   // $plus
  def -  : Unit   // $minus
  def *  : Unit   // $times
  def /  : Unit   // $div
  def \  : Unit   // $bslash
  def |  : Unit   // $bar
  def !  : Unit   // $bang
  def ?  : Unit   // $qmark
  def :: : Unit   // $colon$colon
  def %  : Unit   // $percent
  def ^  : Unit   // $up
  def &  : Unit   // $amp
  def @@ : Unit   // $at$at
  def ## : Unit   // $hash$hash
  def ~  : Unit   // $tilde
}

1RWH�WKDW�ZH�GRXEOHG�XS�VRPH�RI�WKH�FKDUDFWHUV�WR�JHW�WKHP�WR�FRPSLOH�DV�PHWKRG
QDPHV��ZKHUH�XVLQJ�VLQJOH�FKDUDFWHUV�ZRXOG�KDYH�EHHQ�DPELJXRXV��&RPSLOLQJ�WKLV�ILOH
DQG�GHFRPSLOLQJ�WKH�UHVXOWLQJ�FODVV�ILOH�ZLWK�javap AllOpChars�\LHOGV�WKH�IROORZLQJ�-DYD
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LQWHUIDFH���:H�KDYH�UHDUUDQJHG�WKH�RXWSXW�RUGHU�RI�WKH�PHWKRGV�WR�PDWFK�WKH�RUGHU�LQ
WKH�RULJLQDO�6FDOD�ILOH��

Compiled from "all-op-chars.scala"
public interface AllOpChars{
  public abstract void $eq$eq();
  public abstract void $greater();
  public abstract void $less();
  public abstract void $plus();
  public abstract void $minus();
  public abstract void $times();
  public abstract void $div();
  public abstract void $bslash();
  public abstract void $bar();
  public abstract void $bang();
  public abstract void $qmark();
  public abstract void $colon$colon();
  public abstract void $percent();
  public abstract void $up();
  public abstract void $amp();
  public abstract void $at$at();
  public abstract void $hash$hash();
  public abstract void $tilde();
}

7R�FRQFOXGH��LQWHURSHUDELOLW\�EHWZHHQ�-DYD�DQG�6FDOD�ZRUNV�YHU\�ZHOO��EXW�WKHUH�DUH�D
IHZ�WKLQJV�\RX�PXVW�UHPHPEHU�ZKHQ�LQYRNLQJ�6FDOD�FRGH�IURP�-DYD��,I�\RX¦UH�XQFHUWDLQ
DERXW�KRZ�D�6FDOD�LGHQWLILHU�LV�HQFRGHG�RU�D�6FDOD�PHWKRG�LV�WUDQVODWHG�WR�YDOLG�E\WH
FRGH��XVH�javap�WR�ILQG�RXW�

Java Library Interoperability
7KLV�VHFWLRQ�VSHFLILFDOO\�FRQVLGHUV�LQWHURSHUDELOLW\�ZLWK�VHYHUDO�LPSRUWDQW�-DYD�IUDPH�
ZRUNV��$VSHFW-�� WKH� 6SULQJ�)UDPHZRUN��7HUUDFRWWD�� DQG�+DGRRS��%HFDXVH� WKH\� DUH
ZLGHO\�XVHG�LQ�£HQWHUSULVH¤�DQG�,QWHUQHW�-DYD�DSSOLFDWLRQV��VXFFHVVIXO�LQWHURSHUDELOLW\
ZLWK�6FDOD�LV�LPSRUWDQW�

AspectJ
$VSHFW-� �>$VSHFW-@�� LV� DQ� H[WHQVLRQ� RI� -DYD� WKDW� VXSSRUWV� DVSHFW�RULHQWHG� SURJUDP�
PLQJ��$23���DOVR�NQRZQ�DV�DVSHFW�RULHQWHG�VRIWZDUH�GHYHORSPHQW��>$26'@���7KH�JRDO
RI�$23�LV�WR�HQDEOH�V\VWHPLF�FKDQJHV�RI�WKH�VDPH�NLQG�DFURVV�PDQ\�PRGXOHV��ZKLOH
DYRLGLQJ�FRS\LQJ�DQG�SDVWLQJ�WKH�VDPH�FRGH�RYHU�DQG�RYHU�LQWR�HDFK�ORFDWLRQ��$YRLGLQJ
WKLV�GXSOLFDWLRQ�QRW�RQO\�LPSURYHV�SURGXFWLYLW\��LW�JUHDWO\�UHGXFHV�EXJV�

)RU�H[DPSOH��LI�\RX�ZDQW�DOO�ILHOG�FKDQJHV�WR�DOO�£GRPDLQ�PRGHO¤�REMHFWV�WR�EH�SHUVLVWHG
DXWRPDWLFDOO\� DIWHU� WKH� FKDQJHV�RFFXU�� \RX�FDQ�ZULWH� DQ�DVSHFW� WKDW�REVHUYHV� WKRVH
FKDQJHV�DQG�WULJJHUV�D�SHUVLVWHQFH�ZULWH�DIWHU�HDFK�FKDQJH�
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$VSHFW-�VXSSRUWV�$23�E\�SURYLGLQJ�D�SRLQWFXW�ODQJXDJH�IRU�VSHFLI\LQJ�LQ�D�GHFODUDWLYH
ZD\�DOO�WKH�£H[HFXWLRQ�SRLQWV¤�LQ�D�SURJUDP�IRU�ZKLFK�D�SDUWLFXODU�EHKDYLRU�PRGLILFD�
WLRQ��FDOOHG�DGYLFH��LV�UHTXLUHG��,Q�$VSHFW-�SDUODQFH��HDFK�H[HFXWLRQ�SRLQW�LV�FDOOHG�D
MRLQ�SRLQW�� DQG�D�SDUWLFXODU�TXHU\�RYHU� MRLQ�SRLQWV� LV�D�SRLQWFXW��+HQFH� WKH�SRLQWFXW
ODQJXDJH�LV�D�TXHU\�ODQJXDJH��RI�VRUWV��)RU�D�JLYHQ�SRLQWFXW��$VSHFW-�LQFRUSRUDWHV�WKH
GHVLUHG�EHKDYLRU�PRGLILFDWLRQV�LQWR�HDFK�MRLQ�SRLQW��0DQXDO�LQVHUWLRQ�RI�WKHVH�FKDQJHV
LV�QRW�UHTXLUHG��$Q�DVSHFW�HQFDSVXODWHV�SRLQWFXWV�DQG�DGYLFHV��PXFK�WKH�ZD\�D�FODVV
HQFDSVXODWHV�PHPEHU�ILHOGV�DQG�PHWKRGV�

)RU�D�GHWDLOHG�LQWURGXFWLRQ�WR�$VSHFW-�ZLWK�PDQ\�SUDFWLFDO�H[DPSOHV��UHIHU�WR�>/DG�
GDG����@�

7KHUH�DUH�WZR�LVVXHV�WKDW�PXVW�EH�FRQVLGHUHG�ZKHQ�XVLQJ�$VSHFW-�ZLWK�6FDOD��7KH�ILUVW
LVVXH�LV�KRZ�WR�UHIHUHQFH�6FDOD�H[HFXWLRQ�SRLQWV�XVLQJ�$VSHFW-¦V�SRLQWFXW�ODQJXDJH��H�J��
6FDOD�W\SHV�DQG�PHWKRGV��7KH�VHFRQG�LVVXH�LV�KRZ�WR�LQYRNH�6FDOD�FRGH�DV�DGYLFH�

/HW¦V�ORRN�DW�DQ�DVSHFW�WKDW�ORJV�PHWKRG�FDOOV�WR�WKH�Complex�FODVV�ZH�XVHG�SUHYLRXVO\
LQ�WKLV�FKDSWHU��:H¦OO�DGG�D�SDFNDJH�GHFODUDWLRQ�WKLV�WLPH�WR�SURYLGH�VRPH�VFRSH�

// code-examples/ToolsLibs/aspectj/complex.scala

package example.aspectj

case class Complex(real: Double, imaginary: Double) {
  def +(that: Complex) =
    new Complex(real + that.real, imaginary + that.imaginary)
  def -(that: Complex) =
    new Complex(real - that.real, imaginary - that.imaginary)
}

+HUH�LV�DQ�object�WKDW�XVHV�Complex�

// code-examples/ToolsLibs/aspectj/complex-main.scala

package example.aspectj

object ComplexMain {
  def main(args: Array[String]) {
    val c1 = Complex(1.0, 2.0)
    val c2 = Complex(3.0, 4.0)
    val c12 = c1 + c2
    println(c12)
  }
}

1H[W��KHUH�LV�DQ�$VSHFW-�DVSHFW�WKDW�GHILQHV�RQH�SRLQWFXW�IRU�WKH�FUHDWLRQ�RI�Complex
LQVWDQFHV�DQG�DQRWKHU�SRLQWFXW�IRU�LQYRFDWLRQV�RI�WKH�+�PHWKRG�
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// code-examples/ToolsLibs/aspectj/LogComplex.aj

package example.aspectj;

public aspect LogComplex {
  public pointcut newInstances(double real, double imag):
    execution(Complex.new(..)) && args(real, imag);

  public pointcut plusInvocations(Complex self, Complex other):
    execution(Complex Complex.$plus(Complex)) && this(self) && args(other);

  before(double real, double imag): newInstances(real, imag) {
    System.out.println("new Complex(" + real + "," + imag + ") called.");
  }

  before(Complex self, Complex other): plusInvocations(self, other) {
    System.out.println("Calling " + self + ".+(" + other + ")");
  }

  after(Complex self, Complex other) returning(Complex c):
    plusInvocations(self, other) {
    System.out.println("Complex.+ returned " + c);
  }
}

:H�ZRQ¦W�H[SODLQ�DOO�WKH�GHWDLOV�RI�$VSHFW-�V\QWD[�KHUH��6HH�WKH�$VSHFW-�GRFXPHQW�DW
>$VSHFW-@�DQG�>/DGGDG����@�IRU�WKRVH�GHWDLOV��:H¦OO�OLPLW�RXUVHOYHV�WR�D�£FRQFHSWXDO¤
RYHUYLHZ�RI�WKLV�DVSHFW�

7KH�ILUVW�pointcut��newInstances��PDWFKHV�RQ�H[HFXWLRQV�RI�WKH�FRQVWUXFWRU�FDOOV��XVLQJ
WKH�V\QWD[�Complex.new�WR�UHIHU�WR�WKH�FRQVWUXFWRU��:H�H[SHFW�double�DUJXPHQWV�WR�WKH
FRQVWUXFWRU�FDOO��$V�ZH�VDZ�SUHYLRXVO\��scala.Double�RFFXUUHQFHV�DUH�FRQYHUWHG�WR�-DYD
SULPLWLYH�doubles�ZKHQ�JHQHUDWLQJ�E\WH�FRGH��7KH�args�FODXVH�£ELQGV¤�WKH�YDOXHV�RI�WKH
DUJXPHQWV�SDVVHG�LQ��VR�ZH�FDQ�UHIHU�WR�WKHP�LQ�DGYLFH�

7KH� VHFRQG� pointcut�� plusInvocations��PDWFKHV� RQ� £H[HFXWLRQV¤� RI� WKH� +�PHWKRG�
ZKLFK�LV�DFWXDOO\�$plus�LQ�WKH�E\WH�FRGH��7KH�self�DQG�other�SDUDPHWHUV�DUH�ERXQG�WR
WKH�REMHFW�RQ�ZKLFK�WKH�+�PHWKRG�LV�LQYRNHG��XVLQJ�WKH�this�FODXVH��DQG�WKH�DUJXPHQW
WR�LW��XVLQJ�WKH�args�FODXVH���UHVSHFWLYHO\�

7KH�ILUVW�before�DGYLFH�LV�H[HFXWHG�IRU�WKH�newInstances�SRLQWFXW��WKDW�LV��EHIRUH�ZH
DFWXDOO\�HQWHU�WKH�FRQVWUXFWRU��:H�£ORJ¤�WKH�FDOO��GLVSOD\LQJ�WKH�DFWXDO�UHDO�DQG�LPDJL�
QDU\�YDOXHV�SDVVHG�LQ�

7KH�QH[W�before�DGYLFH�LV�H[HFXWHG�IRU�WKH�plusInvocations�SRLQWFXW��WKDW�LV��EHIRUH�WKH
+�PHWKRG� LV� H[HFXWHG��:H� ORJ� WKH� YDOXH� RI� self� �L�H���this� LQVWDQFH�� DQG� WKH� RWKHU
QXPEHU�

)LQDOO\��DQ�after returning�DGYLFH�LV�DOVR�H[HFXWHG�IRU�WKH�plusInvocations�SRLQWFXW�
WKDW�LV��DIWHU�WKH�+�PHWKRG�UHWXUQV��:H�FDSWXUH�WKH�UHWXUQ�YDOXH�LQ�WKH�YDULDEOH�c�DQG
ZH�ORJ�LW�
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,I�\RX�KDYH�$VSHFW-�LQVWDOOHG�LQ�DQ�aspectj-home�GLUHFWRU\��\RX�FDQ�FRPSLOH�WKLV�ILOH�DV
IROORZV�

ajc -classpath .:aspectj-home/lib/aspectjrt.jar:../lib/scala-library.jar \
  aspectj/LogComplex.aj

7KLV� LV� RQH� OLQH��ZH�XVHG� WKH� \� WR� LQGLFDWH� D� OLQH�ZUDS��7R� UXQ� WKLV� FRGH�ZLWK� WKH
LogComplex� DVSHFW��ZH�XVH� ORDG�WLPH�ZHDYLQJ��:H¦OO� LQYRNH� -DYD�ZLWK�DQ�DJHQW� WKDW
£ZHDYHV¤�WKH�DGYLFH�IURP�LogComplex�LQWR�Complex��7R�XVH�ORDG�WLPH�ZHDYLQJ��ZH�DOVR
QHHG�WKH�IROORZLQJ�FRQILJXUDWLRQ�ILOH��META-INF/aop.xml�

<!-- code-examples/ToolsLibs/META-INF/aop.xml -->

<aspectj>
  <aspects>
    <aspect name="example.aspectj.LogComplex" />
    <include within="example.aspectj.*" />
  </aspects>

  <weaver options="-verbose">
    <dump within="example.aspectj.*" beforeandafter="true">
      <include within="example.aspectj.*" />
    </dump>
  </weaver>
</aspectj>

�7KH�0(7$�,1)�GLUHFWRU\�VKRXOG�EH�RQ�WKH�FODVV�SDWK��ZH¦OO�DVVXPH�LW¦V�LQ�WKH�FXUUHQW
ZRUNLQJ�GLUHFWRU\���7KLV�ILOH�WHOOV�WKH�ZHDYHU�ZKLFK�DVSHFWV�WR�XVH��WKH�aspect�WDJ��DQG
ZKLFK�FODVVHV�WR�WDUJHW�IRU�ZHDYLQJ��WKH�include�WDJ���DQG�LW�DOVR�HQDEOHV�YHUERVH�RXWSXW�
ZKLFK�LV�XVHIXO�IRU�GHEXJJLQJ�SXUSRVHV��)LQDOO\��ZH�FDQ�UXQ�WKH�DSSOLFDWLRQ�ZLWK�WKH
IROORZLQJ�FRPPDQG�

java -classpath .:aspectj-home/lib/aspectjrt.jar:../lib/scala-library.jar \
  -javaagent:aspectj-home/lib/aspectjweaver.jar example.aspectj.ComplexMain

<RX�JHW�VHYHUDO�OLQHV�RI�PHVVDJHV�ORJJLQJ�WKH�ZHDYLQJ�SURFHVV��7KH�RXWSXW�HQGV�ZLWK
WKHVH�OLQHV�

new Complex(1.0,2.0) called.
new Complex(3.0,4.0) called.
Calling Complex(1.0,2.0).+(Complex(3.0,4.0))
new Complex(4.0,6.0) called.
Complex.+ returned Complex(4.0,6.0)
Complex(4.0,6.0)

$OO�EXW� WKH� ODVW� OLQH�ZHUH�RXWSXW�E\�LogComplex��:H�DGGHG�WKLV�DGGLWLRQDO�EHKDYLRU
ZLWKRXW�PDQXDOO\�LQVHUWLQJ�WKHVH�VWDWHPHQWV�LQ�Complex�LWVHOI�

5HFDOO�ZH�VDLG�WKDW�WKH�VHFRQG�LVVXH�\RX�PLJKW�HQFRXQWHU�ZKHQ�XVLQJ�$VSHFW-�LV�KRZ
WR�LQYRNH�6FDOD�FRGH�IURP�DGYLFH��,Q�RXU�LogComplex�DVSHFW��WKH�VWDWHPHQWV�LQVLGH�RXU
GLIIHUHQW�before�DQG�after�DGYLFHV�DUH�UHDOO\�MXVW�-DYD�FRGH��7KHUHIRUH��ZH�FDQ�MXVW�DV
HDVLO\�LQYRNH�6FDOD�FRGH��DSSO\LQJ�WKH�VDPH�OHVVRQV�ZH�KDYH�DOUHDG\�OHDUQHG�IRU�LQYRNLQJ
6FDOD�IURP�-DYD�
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6FDOD�WUDLWV�DOPRVW�UHSODFH�DVSHFWV��:H�VDZ�LQ�&KDSWHUV���DQG����KRZ�\RX�FDQ�FRQVWUXFW
WUDLWV�WKDW�PRGLI\�WKH�EHKDYLRU�RI�RWKHU�WUDLWV��WKHQ�PL[�WKH�EHKDYLRUV�WRJHWKHU�ZKHQ
\RX�FUHDWH�QHZ�FODVVHV�RU�LQVWDQFHV��7KLV�SRZHUIXO�WHFKQLTXH�OHWV�\RX�LPSOHPHQW�D�IRUP
RI�DVSHFW�DGYLFH��+RZHYHU��6FDOD�GRHVQ¦W�KDYH�D�SRLQWFXW�ODQJXDJH��OLNH�$VSHFW-��:KHQ
\RX�QHHG�WR�DIIHFW�D�VHW�RI�MRLQ�SRLQWV�WKDW�GRQ¦W�VKDUH�D�FRPPRQ�VXSHUW\SH��\RX¦OO�QHHG
WKH�FDSDELOLWLHV�RI�$VSHFW-��+RZHYHU��LI�\RX�ILQG�\RXUVHOI�LQ�WKDW�VLWXDWLRQ��\RX�VKRXOG
FRQVLGHU� LI� \RX�FDQ� UHIDFWRU�\RXU�FRGH� WR�H[WUDFW�D� FRPPRQ� WUDLW� WKDW�SURYLGHV� WKH
£KRRNV¤�\RX�QHHG�IRU�DGYLFH�LPSOHPHQWHG�XVLQJ�WUDLWV�

The Spring Framework
7KH� 6SULQJ� )UDPHZRUN� �VHH� >6SULQJ)UDPHZRUN@�� LV� DQ� RSHQ� VRXUFH��PRGXODU� -DYD
HQWHUSULVH� IUDPHZRUN� WKDW�SURYLGHV�D�£SXUH¤� -DYD�$23�$3,�� LQWHJUDWHG� VXSSRUW� IRU
$VSHFW-�� D�GHSHQGHQF\� LQMHFWLRQ� �',�� FRQWDLQHU��XQLIRUP�DQG�ZHOO�GHVLJQHG�$3,V� IRU
LQYRNLQJ� D� YDULHW\� RI� RWKHU� -DYD� WKLUG�SDUW\� $3,V�� DQG� DGGLWLRQDO� FRPSRQHQWV� IRU
VHFXULW\��ZHE�GHYHORSPHQW��HWF�

+HUH�ZH�IRFXV�RQ�GHSHQGHQF\�LQMHFWLRQ��DV�LQWHURSHUDELOLW\�LVVXHV�ZLWK�WKH�RWKHU�SDUWV
RI�WKH�6SULQJ�)UDPHZRUN�ERLO�GRZQ�WR�HLWKHU�-DYD�RU�$VSHFW-�LVVXHV��ZKLFK�ZH�FRYHUHG
HDUOLHU�

:H�GLVFXVVHG� WKH�FRQFHSW�RI�',� LQ�£'HSHQGHQF\� ,QMHFWLRQ� LQ�6FDOD��7KH�&DNH�3DW�
WHUQ¤�RQ�SDJH������ZKHUH�ZH�VKRZHG�HOHJDQW�SDWWHUQV�IRU�LQMHFWLQJ�GHSHQGHQFLHV�XVLQJ
6FDOD�LWVHOI��+RZHYHU��LI�\RX�DUH�LQ�D�PL[HG�-DYD�6FDOD�HQYLURQPHQW��LW�PLJKW�EH�QHFHV�
VDU\�WR�XVH�D�',�IUDPHZRUN�OLNH�WKH�RQH�SURYLGHG�E\�6SULQJ�WR�PDQDJH�GHSHQGHQFLHV�

,Q�6SULQJ�',��GHSHQGHQFLHV�DUH�VSHFLILHG�XVLQJ�D�FRPELQDWLRQ�RI�;0/�FRQILJXUDWLRQ
ILOHV� DQG� VRXUFH�FRGH� DQQRWDWLRQV�� 7KH� 6SULQJ� $3,� UHVROYHV� WKHVH� GHSHQGHQFLHV� DV
FODVVHV�DUH�LQVWDQWLDWHG��6SULQJ�H[SHFWV�WKHVH�FODVVHV�WR�IROORZ�-DYD%HDQ�FRQYHQWLRQV
�VHH�>-DYD%HDQV6SHF@���:HOO�GHVLJQHG�FODVVHV�ZLOO�RQO\�GHSHQG�RQ�DEVWUDFWLRQV��L�H���-DYD
LQWHUIDFHV�RU�6FDOD�WUDLWV��DQG�WKH�FRQFUHWH�LQVWDQFHV�VDWLVI\LQJ�WKRVH�GHSHQGHQFLHV�ZLOO
EH�JLYHQ�WR�WKH�EHDQ�WKURXJK�FRQVWUXFWRU�DUJXPHQWV�RU�WKURXJK�-DYD%HDQ�VHWWHU�PHWK�
RGV�� +HQFH�� LI� \RX� XVH� 6SULQJ� ',� ZLWK� 6FDOD� FODVVHV�� \RX� ZLOO� QHHG� WR� XVH� WKH
@scala.reflect.BeanProperty�DQQRWDWLRQ�ZKHQ�\RX�XVH�VHWWHU�LQMHFWLRQ��7KH�DQQRWD�
WLRQ�LV�QRW�QHHGHG�ZKHQ�\RX�XVH�FRQVWUXFWRU�LQMHFWLRQ�

3UHIHU�FRQVWUXFWRU�LQMHFWLRQ��ZKHQ�SRVVLEOH��1RW�RQO\�GRHV�WKLV�FKRLFH
HOLPLQDWH�WKH�QHHG�WR�XVH�WKH�@BeanProperty�DQQRWDWLRQ��LW�OHDYHV�HDFK
LQVWDQFHV� LQ� D� NQRZQ� JRRG� VWDWH� ZKHQ� WKH� FRQVWUXFWLRQ� SURFHVV� LV
ILQLVKHG�

+RZHYHU��LI�\RX�LQMHFW�GHSHQGHQFLHV�LQWR�6FDOD�objects��\RX�PXVW�XVH�VHWWHU�LQMHFWLRQ�
DV�\RX�KDYH�QR�ZD\�WR�GHILQH�FRQVWUXFWRU�SDUDPHWHUV�DQG�\RX�KDYH�QR�FRQWURO�RYHU�WKH
FRQVWUXFWLRQ�SURFHVV�
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2QH�RWKHU�SRLQW��UHPHPEHU�WKDW�6SULQJ�ZLOO�H[SHFW�-DYD�FRPSDWLEOH�QDPHV��VR�\RX�PXVW
XVH�HQFRGHG�QDPHV�IRU�PHWKRGV�DQG�objects��DV�QHHGHG�

+HUH�LV�DQ�H[DPSOH�WKDW�LOOXVWUDWHV�£ZLULQJ�WRJHWKHU¤�REMHFWV�ZLWK�6SULQJ�

// code-examples/ToolsLibs/spring/object-bean.scala

package example.spring

case class NamedObject(name: String)

trait Factory {
  @scala.reflect.BeanProperty
  var nameOfFactory = "unknown"

  def make(name: String): AnyRef
}

object NamedObjectFactory extends Factory {
  def make(name: String) = NamedObject(name)
}

case class FactoryUsingBean(factory: Factory)

7KH�FDVH�FODVV�FactoryUsingBean�LV�D�VLPSOH�W\SH�ZLWK�D�GHSHQGHQF\�RQ�D�Factory�DE�
VWUDFWLRQ�WKDW�ZH�ZDQW�WR�LQMHFW�XVLQJ�FRQVWUXFWRU�LQMHFWLRQ�

7KH�WUDLW�Factory�GHILQHV�WKH�IDFWRU\�DEVWUDFWLRQ��,W�KDV�D�make�PHWKRG�WR�FUHDWH�LQVWDQFHV
RI� VRPH�NLQG��7R�GHPRQVWUDWH� VHWWHU� LQMHFWLRQ�RQ�objects��ZH� DOVR� JLYH� LW� D�nameOf
Factory�ILHOG��7KLV�ZLOO�GHPRQVWUDWH�object�GHSHQGHQF\�LQMHFWLRQ�EHFDXVH�WKH�FRQFUHWH
VXEW\SH�ZH�ZLOO�DFWXDOO\�XVH��NamedObjectFactory��LV�DQ�object�

6FDOD�UHTXLUHV�XV�WR�LQLWLDOL]H�nameOfFactory�ZLWK�D�YDOXH��EXW�ZH�ZLOO�XVH�6SULQJ�WR�VHW
WKH�UHDO�YDOXH��:H�KDYH�WR�XVH�WKH�@BeanProperty�DQQRWDWLRQ�WR�JHQHUDWH�WKH�setNameOf
Factory�PHWKRG�6SULQJ�ZLOO�H[SHFW�WR�ILQG�

7KH�FRQFUHWH�make�PHWKRG� LQ�NamedObjectFactory� FUHDWHV�D�QHZ�NamedObject�� ,W� LV�D
VLPSOH�FDVH�FODVV�ZLWK�D�name�ILHOG�

1RWH�WKDW�QRQH�RI� WKHVH�W\SHV�GHSHQG�RQ�WKH�6SULQJ�$3,��<RX�FDQ�FRPSLOH� WKLV� ILOH
ZLWKRXW�DQ\�6SULQJ�-$5�ILOHV�

1H[W��ZH�GHILQH�WKH�GHSHQGHQF\�£ZLULQJ¤�XVLQJ�D�VWDQGDUG�6SULQJ�;0/�FRQILJXUDWLRQ
ILOH�

<!-- code-examples/ToolsLibs/spring/scala-spring.xml -->

<beans xmlns=""
       xmlns:xsi=""
       xsi:schemaLocation="
         ">

  <bean id="factory" class="example.spring.NamedObjectFactory$">
    <property name="nameOfFactory" value="Factory for Named Objects" />
  </bean>
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  <bean id="factoryUsingBean" class="example.spring.FactoryUsingBean">
    <constructor-arg ref="factory" />
  </bean>
</beans>

:H�GHILQH�WZR�beans��2XU�IDFWRU\�LV�JLYHQ�WKH�,'�factory��7KH�£FODVV¤�LV�DFWXDOO\�WKH
object�NamedObjectFactory��1RWH�WKDW�ZH�KDYH�WR�DSSHQG�D�$�WR�WKH�HQG�RI�WKH�QDPH�
WKH�DFWXDO�QDPH�RI�WKH�object�LQ�WKH�E\WH�FRGH�

7KH�property� WDJ�VHWV� WKH�YDOXH�RI�nameOfFactory��:H�FDQ¦W�FRQWURO� LQVWDQWLDWLRQ�RI
objects��VR�ZH�KDYH�WR�LQMHFW�WKH�FRUUHFW�GHSHQGHQF\�DIWHU�FRQVWUXFWLRQ�FRPSOHWHV�

7KH� VHFRQG�EHDQ� LV�RXU� VLPSOH�FactoryUsingBean�� 6LQFH� WKLV� LV� D�class��ZH� FDQ�XVH
FRQVWUXFWRU�LQMHFWLRQ��7KH�constructor�WDJ�VSHFLILHV�WKDW�WKH�factory�EHDQ�LV�XVHG�WR
VDWLVI\�WKH�GHSHQGHQF\�DW�FRQVWUXFWLRQ�WLPH�

)LQDOO\��KHUH�LV�D�VFULSW�WKDW�XVHV�WKHVH�W\SHV�WR�GHPRQVWUDWH�6SULQJ�',�ZLWK�6FDOD�

// code-examples/ToolsLibs/spring/object-bean-script.scala

import example.spring._
import org.springframework.context.support._

val context = new ClassPathXmlApplicationContext("spring/scala-spring.xml");

val bean = context.getBean("factoryUsingBean").asInstanceOf[FactoryUsingBean]
println("Factory Name: " + bean.factory.nameOfFactory)

val obj  = bean.factory.make("Dean Wampler")
println("Object: " + obj)

:H�FUHDWH�DQ� LQVWDQFH�RI�ClassPathXmlApplicationContext�� VSHFLI\LQJ�RXU�;0/�ILOH�
7KLV�FRQWH[W�REMHFW�LV�RXU�JDWHZD\�WR�WKH�',�FRQWDLQHU��:H�DVN�LW�IRU�RXU�factoryUsing
Bean��:H�KDYH�WR�FDVW�WKH�UHWXUQHG�AnyRef��L�H���-DYD�Object��WR�WKH�FRUUHFW�W\SH��:H
SULQW�RXW�WKH�IDFWRU\¦V�QDPH��WR�VHH�LI�LW�LV�FRUUHFW�

1H[W��ZH�DVN�WKH�EHDQ¦V�IDFWRU\�WR�PDNH�£VRPHWKLQJ¤�ZLWK�WKH�VWULQJ�"Dean Wampler"�
:KHQ�ZH�SULQW�WKH�UHWXUQHG�REMHFW��LW�VKRXOG�EH�D�NamedObject�

,I�\RX�KDYH�6SULQJ�LQVWDOOHG�LQ�D�spring-home�GLUHFWRU\��\RX�FDQ�UXQ�WKLV�VFULSW�ZLWK�WKH
IROORZLQJ�FRPPDQG�

scala -cp \
  spring-home/dist/spring.jar:spring-home/.../commons-logging.jar:. \
  spring/object-bean-script.scala

�7KH�FXUUHQW�ZRUNLQJ�GLUHFWRU\�£�¤�LV�QHHGHG�LQ�WKH�FODVVSDWK�WR�ILQG�WKH�;0/�ILOH��
7KHUH�DUH�PDQ\�OLQHV�RI�ORJJLQJ�RXWSXW��7KH�ODVW�WZR�OLQHV�DUH�ZKDW�ZH�FDUH�DERXW�

...
Factory Name: Factory for Named Objects
Object: NamedObject(Dean Wampler)
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7KLV�H[DPSOH�UHTXLUHG�D�QXPEHU�RI�ILOHV�DQG�FRQILJXUDWLRQ�GHWDLOV�WR�JHW�ZRUNLQJ��)RU
D�PRGHUDWHO\�ODUJH�-DYD�DSSOLFDWLRQ��WKH�HIIRUW�LV�MXVWLILHG��+RZHYHU��6FDOD�JLYHV�\RX�QHZ
DQG�VLPSOHU�ZD\V�WR�LPSOHPHQW�GHSHQGHQF\�LQMHFWLRQ�LQ�6FDOD�FRGH�ZLWKRXW�FRQILJX�
UDWLRQ�ILOHV�DQG�D�',�FRQWDLQHU�

Terracotta
7HUUDFRWWD��VHH�>7HUUDFRWWD@��LV�DQ�RSHQ�VRXUFH�FOXVWHULQJ�SURGXFW�WKDW�GLVWULEXWHV�DQ
DSSOLFDWLRQ�RYHU�VHYHUDO�VHUYHUV�E\�FOXVWHULQJ�-90V�XSRQ�ZKLFK�WKH�DSSOLFDWLRQ�H[H�
FXWHV��)RU�HIILFLHQF\��QRW�DOO�RI�WKH�DSSOLFDWLRQ¦V�KHDS�REMHFWV�DUH�GLVWULEXWHG��,QVWHDG�
WKH�SURJUDPPHU�VSHFLILHV�ZKLFK�GDWD�VWUXFWXUHV� WR�GLVWULEXWH� WKURXJK�FRQILJXUDWLRQ
ILOHV��$�EHQHILW�RI�7HUUDFRWWD�LV�WKDW�WKH�DSSOLFDWLRQ�GRHV�QRW�UHTXLUH�FRGH�FKDQJHV�WR
VXSSRUW�WKLV�FOXVWHULQJ��DW�OHDVW�LQ�SULQFLSOH��VRPH�OLPLWHG�FXVWRPL]DWLRQ�FDQ�EH�XVHIXO
IRU�SHUIRUPDQFH�UHDVRQV���,QVWHDG��WKH�E\WH�FRGH�LV�LQVWUXPHQWHG�WR�SURYLGH�WKH�FOXV�
WHULQJ��7HUUDFRWWD�LV�DQ�DOWHUQDWLYH�WR�GLVWULEXWHG�FDFKHV�WKDW�UHTXLUH�FRGH�FKDQJHV�

>%RQpU����D@�SURYLGHV�D�GHWDLOHG�ZULWH�XS�RI�KRZ�WR�XVH�7HUUDFRWWD�ZLWK�6FDOD�$FWRUV�
$�6FDOD�VSHFLILF�7HUUDFRWWD�,QWHJUDWLRQ�0RGXOH��7,0��PXVW�EH�LQVWDOOHG��:KHQ�FRQ�
ILJXULQJ�ZKLFK�REMHFWV�WR�GLVWULEXWH��\RX�KDYH�WR�XVH�WKH�HQFRGHG�QDPHV�IRU�FRPSDQLRQ
REMHFWV��PHWKRG�QDPHV��HWF���DV�WKH\�H[LVW�DW�WKH�E\WH�FRGH�OHYHO��:H�GLVFXVVHG�WKHVH
HQFRGLQJV�LQ�£6FDOD�1DPHV�LQ�-DYD�&RGH¤�RQ�SDJH������)LQDOO\��\RX�KDYH�WR�DGG�VRPH
PRUH�SDUDPHWHUV�WR�WKH�java�LQYRFDWLRQ�FRPPDQG�LQVLGH�WKH�scala�VFULSW��2WKHUZLVH�
FOXVWHULQJ� 6FDOD� DSSOLFDWLRQV� ZLWK� 7HUUDFRWWD� ZRUNV� MXVW� OLNH� LW� GRHV� IRU� -DYD
DSSOLFDWLRQV�

Hadoop
0DS5HGXFH�LV�D�GLYLGH�DQG�FRQTXHU�SURJUDPPLQJ�PRGHO�IRU�SURFHVVLQJ�ODUJH�GDWD�VHWV
LQ�SDUDOOHO��,Q�WKH�£PDS¤�SKDVH��D�GDWD�VHW�LV�GLYLGHG�LQWR�1�VXEVHWV�RI�DSSUR[LPDWHO\
HTXDO�VL]H��ZKHUH�1�LV�FKRVHQ�WR�RSWLPL]H�WKH�DPRXQW�RI�ZRUN�WKDW�FDQ�EH�GRQH� LQ
SDUDOOHO��)RU�H[DPSOH��1�PLJKW�EH�FORVH�WR�WKH�WRWDO�QXPEHU�RI�SURFHVVRU�FRUHV�DYDLODEOH�
�$�IHZ�FRUHV�PLJKW�EH�OHIW�LGOH�DV�£EDFNXSV¤�RU�IRU�GRLQJ�RWKHU�SURFHVVLQJ���7KH�GHVLUHG
FRPSXWDWLRQ�LV�SHUIRUPHG�RQ�HDFK�VXEVHW��7KH�£UHGXFH¤�SKDVH�FRPELQHV�WKH�UHVXOWV�RI
WKH�VXEVHW�FDOFXODWLRQV�LQWR�D�ILQDO�UHVXOW�

1RWH� WKDW�PDSSLQJ�DQG�UHGXFLQJ�DUH�HVVHQWLDOO\� IXQFWLRQDO�RSHUDWLRQV��7KHUHIRUH��D
IXQFWLRQDO�ODQJXDJH�OLNH�6FDOD�LV�LGHDOO\�VXLWHG�IRU�ZULWLQJ�0DS5HGXFH�DSSOLFDWLRQV�
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0DS5HGXFH�IUDPHZRUNV�SURYLGH�WRROV�IRU�PDSSLQJ�DQG�UHGXFLQJ�GDWD�VHWV��PDQDJLQJ
DOO�SKDVHV�RI�WKH�FRPSXWDWLRQ��LQFOXGLQJ�WKH�SURFHVVLQJ�QRGHV��UHVWDUWLQJ�RSHUDWLRQV
WKDW�IDLO�IRU�VRPH�UHDVRQ��HWF��7KH�XVHU�RI�D�0DS5HGXFH�IUDPHZRUN�RQO\�KDV�WR�ZULWH
WKH�DOJRULWKPV�IRU�PDSSLQJ��VXEGLYLGLQJ��WKH�LQSXW�GDWD��WKH�FRPSXWDWLRQV�ZLWK�WKH
GDWD�VXEVHWV��DQG�UHGXFLQJ�WKH�UHVXOWV��6HH�>0DS5HGXFH7XWRULDO@�IRU�D�VXFFLQFW�RYHU�
YLHZ�DQG�>0DS5HGXFH@�IRU�D�GHVFULSWLRQ�RI�*RRJOH¦V�0DS5HGXFH�IUDPHZRUN��7KH�QDPH
RI�WKH�*RRJOH�IUDPHZRUN�KDV�EHFRPH�D�GH�IDFWR�VWDQGDUG�IRU�WKHVH�IUDPHZRUNV�

+DGRRS��VHH�>+DGRRS@��LV�DQ�RSHQ�VRXUFH�0DS5HGXFH�IUDPHZRUN�FUHDWHG�DQG�PDLQ�
WDLQHG�E\�<DKRR���7KHUH�DUH�WZR�6FDOD�ZUDSSHUV�DURXQG�WKH�+DGRRS�$3,��6+DGRRS��VHH
>6+DGRRS@��DQG�605��VHH�>605D@�DQG��>605E@���%RWK�H[DPSOHV�GHPRQVWUDWH�WKH�JUHDW
UHGXFWLRQ� LQ� FRGH� VL]H�ZKHQ� XVLQJ� 6FDOD�� >605D@� DWWULEXWHV� WKLV� FRGH� UHGXFWLRQ� WR
6FDOD¦V�VXSSRUW�IRU�KLJKHU�RUGHU�DQG�DQRQ\PRXV�IXQFWLRQV��LWV�VRSKLVWLFDWHG�W\SH�V\V�
WHP�DQG�W\SH�LQIHUHQFH��DQG�WKH�DELOLW\�RI�for�FRPSUHKHQVLRQV�WR�JHQHUDWH�PDSV�LQ�DQ
HOHJDQW�DQG�VXFFLQFW�ZD\�

Recap and What’s Next
7KLV�FKDSWHU�ILOOHG�LQ�WKH�GHWDLOV�RI�WKH�6FDOD�FRPPDQG�OLQH�WRROV�WKDW�\RX�ZLOO�XVH�HYHU\
GD\��:H�DOVR�VXUYH\HG�WKH�DYDLODEOH�VXSSRUW�IRU�6FDOD�LQ�YDULRXV�WH[W�HGLWRUV�DQG�,'(V�
:H�GLVFXVVHG�D�QXPEHU�RI�LPSRUWDQW�OLEUDULHV��VXFK�DV�WHVWLQJ�$3,V��)LQDOO\��ZH�GLV�
FXVVHG�LQWHURSHUDELOLW\�EHWZHHQ�6FDOD�DQG�RWKHU�-90�ODQJXDJHV�DQG�OLEUDULHV�

7KLV�FRPSOHWHV�RXU�VXUYH\�RI�WKH�ZRUOG�RI�6FDOD�SURJUDPPLQJ��7KH�QH[W�FKDSWHU�LV�D
OLVW�RI�UHIHUHQFHV�IRU�IXUWKHU�H[SORUDWLRQ��IROORZHG�E\�D�JORVVDU\�RI�WHUPV�WKDW�ZH�KDYH
XVHG�WKURXJKRXW�WKH�ERRN�
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,QWHUSUHWDWLRQ�RI�&RPSXWHU�3URJUDPV��7KH�0,7�3UHVV�������

>$JKD����@�*XO�$JKD��$FWRUV��7KH�0,7�3UHVV�������

>$NND@�$NND��5(67IXO�'LVWULEXWHG�3HUVLVWHQW�7UDQVDFWLRQDO�$FWRUV��KWWS���DNNDVRXUFH
�RUJ�

>$QW@�7KH�$SDFKH�$QW�3URMHFW��KWWS���DQW�DSDFKH�RUJ��

>$QWOU@�$QWOU��KWWS���ZZZ�DQWOU�RUJ��

>$26'@�$VSHFW�2ULHQWHG�6RIWZDUH�'HYHORSPHQW��KWWS���DRVG�QHW��

>$VSHFW-@�7KH�$VSHFW-�3URMHFW��KWWS���ZZZ�HFOLSVH�RUJ�DVSHFWM��

>%''@�%HKDYLRU�'ULYHQ�'HYHORSPHQW��KWWS���EHKDYLRXU�GULYHQ�RUJ��

>%ORFK����@�-RVKXD�%ORFK��(IIHFWLYH�-DYD��6HFRQG�(GLWLRQ���$GGLVRQ�:HVOH\�������

>%RQpU����D@�-RQDV�%RQpU��&OXVWHULQJ�6FDOD�$FWRUV�ZLWK�7HUUDFRWWD��KWWS���MRQDVERQHU
�FRP������������FOXVWHULQJ�VFDOD�DFWRUV�ZLWK�WHUUDFRWWD�KWPO�

>%RQpU����E@�-RQDV�%RQpU��5HDO�:RUOG�6FDOD��'HSHQGHQF\�,QMHFWLRQ��',���KWWS���MRQDVE
RQHU�FRP������������UHDO�ZRUOG�VFDOD�GHSHQGHQF\�LQMHFWLRQ�GL�KWPO�

>%UXFH����@�.LP�%UXFH��0DUWLQ�2GHUVN\��DQG�3KLOLS�:DGOHU��$�6WDWLFDOO\�6DIH�$OWHU�
QDWLYH� WR�9LUWXDO�7\SHV��3URF��(&223� ¦���� (�� -XO� �(G���� /1&6������� SS�� ���¡����
6SULQJHU�9HUODJ�������

>%XLOGU@�%XLOGU��KWWS���EXLOGU�DSDFKH�RUJ��

>&RQWUDFW�-@�&RQWUDFW�-��'HVLJQ�E\�&RQWUDFW�IRU�-DYD��KWWS���FRQWUDFW�M�RUJ��

>&XFXPEHU@�&XFXPEHU���0DNLQJ�%''�)XQ��KWWS���FXNHV�LQIR�

>'HVLJQ%\&RQWUDFW@�%XLOGLQJ�EXJ�IUHH�2�2�VRIWZDUH��$Q�LQWURGXFWLRQ�WR�'HVLJQ�E\�&RQ�
WUDFW���KWWS���DUFKLYH�HLIIHO�FRP�GRF�PDQXDOV�WHFKQRORJ\�FRQWUDFW��

387

Download at WoweBook.Com



>'HXUVHQ@�$ULH�YDQ�'HXUVHQ��3DXO�.OLQW��DQG�-RRVW�9LVVHU��'RPDLQ�6SHFLILF�/DQJXDJHV�
$Q�$QQRWDWHG�%LEOLRJUDSK\��KWWS���KRPHSDJHV�FZL�QO�aDULH�SDSHUV�GVOELE��

>(%1)@�([WHQGHG�%DFNXV�1DXU�)RUP��KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�([WHQGHGB%DFNXV¡
1DXUB)RUP�

>(LIIHO@�(LIIHO�6RIWZDUH��KWWS���HLIIHO�FRP�

>)RUG@�%U\DQ�)RUG��7KH�3DFNUDW�3DUVLQJ�DQG�3DUVLQJ�([SUHVVLRQ�*UDPPDUV�3DJH��KWWS�
��SGRV�FVDLO�PLW�HGX�aEDIRUG�SDFNUDW��

>)RUG����@�1HDO� )RUG��$GYDQFHG�'6/V� LQ� 5XE\��KWWS���JLWKXE�FRP�QHDOIRUG�SUHVHQWD
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>)RZOHU����@�0DUWLQ�)RZOHU��'RPDLQ�6SHFLILF�/DQJXDJHV��IRUWKFRPLQJ���KWWS���PDUWLQ
IRZOHU�FRP�GVOZLS��

>)XQFWLRQDO-DYD@�)XQFWLRQDO�-DYD��KWWS���IXQFWLRQDOMDYD�RUJ�
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>*KRVK����E@�'HEDVLVK�*KRVK��'HVLJQLQJ�,QWHUQDO�'6/V�LQ�6FDOD��KWWS���GHEDVLVKJ�EORJ
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:HVOH\�������

>*XLFH@�*XLFH��KWWS���FRGH�JRRJOH�FRP�S�JRRJOH�JXLFH��

>+DGRRS@�+DGRRS��KWWS���KDGRRS�DSDFKH�RUJ�

>+DOOHU����@� 3KLOLSS� +DOOHU� DQG� 0DUWLQ� 2GHUVN\�� $FWRUV� 7KDW� 8QLI\� 7KUHDGV� DQG
(YHQWV��KWWS���ODPS�HSIO�FK�aSKDOOHU�GRF�KDOOHU��FRRUG�SGI�

>+HZLWW����@�&DUO�+HZLWW��3HWHU�%LVKRS��DQG�5LFKDUG�6WHLJHU��$�8QLYHUVDO�0RGXODU
$FWRU�)RUPDOLVP�IRU�$UWLILFLDO�,QWHOOLJHQFH��KWWS���GOL�LLLW�DF�LQ�LMFDL�,-&$,����3')����%
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>+RDUH����@�7RQ\�+RDUH��1XOO�5HIHUHQFHV��7KH�%LOOLRQ�'ROODU�0LVWDNH��KWWS���TFRQORQ
GRQ�FRP�ORQGRQ������VSHDNHU�7RQ\�+RDUH�

>+RIHU����@�&KULVWLDQ�+RIHU��.ODXV�2VWHUPDQQ��7LOOPDQQ�5HQGHO��DQG�$GULDDQ�0RRUV�
3RO\PRUSKLF�(PEHGGLQJ�RI�'6/V��*3&(�¦����2FWREHU���¡����������1DVKYLOOH��7HQQHV�
VHH��KWWS���ZZZ�GDLPL�DX�GN�aNR�SDSHUV�JSFH��BKRIHU�SGI�

>+773��@� +\SHUWH[W� 7UDQVIHU� 3URWRFRO¢+773������ KWWS���ZZZ�Z��RUJ�3URWRFROV�
UIF�����UIF�����KWPO�

>+XQW����@�$QGUHZ�+XQW�DQG�'DYH�7KRPDV��7KH�3UDJPDWLF�3URJUDPPHU��$GGLVRQ�
:HVOH\�������

>-$'@�-$YD�'HFRPSLOHU��-$'���KWWS���ZZZ�YDUDQHFNDV�FRP�MDG�
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��ZZZ�GUPDFLYHU�FRP���������VFDOD�WULYLD�RI�WKH�GD\�WUDLWV�FDQ�H[WHQG�FODVVHV��

>0H\HU����@� %HUWUDQG�0H\HU��2EMHFW�2ULHQWHG� 6RIWZDUH� &RQVWUXFWLRQ� �6HFRQG� (GL�
WLRQ���3UHQWLFH�+DOO�������

>0,1$@�$SDFKH�0,1$��KWWS���PLQD�DSDFKH�RUJ��
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MRXUQDO���������0RQH\,Q-DYD�KWPO�
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>2GHUVN\����@�0DUWLQ�2GHUVN\��/H[�6SRRQ��DQG�%LOO�9HQQHUV��+RZ�WR�:ULWH�DQ�(TXDOLW\
0HWKRG�LQ�-DYD��KWWS���ZZZ�DUWLPD�FRP�OHMDYD�DUWLFOHV�HTXDOLW\�KWPO�

References | 389

Download at WoweBook.Com
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&RPSXWHU�3URJUDPPLQJ��7KH�0,7�3UHVV�������

>:DPSOHU����@�'HDQ�:DPSOHU��7UDLWV�YV��$VSHFWV� LQ�6FDOD��KWWS���EORJ�REMHFWPHQWRU
�FRP�DUWLFOHV������������WUDLWV�YV�DVSHFWV�LQ�VFDOD�

References | 391

Download at WoweBook.Com



>:LUIV%URFN����@�5HEHFFD�:LUIV�%URFN�DQG�$ODQ�0F.HDQ��2EMHFW�'HVLJQ��5ROHV��5H�
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Glossary

$tag
$�PHWKRG�GHFODUHG�E\�WKH�ScalaObject�WUDLW
DQG�XVHG�LQWHUQDOO\�E\�6FDOD��,W�WDNHV�QR�DU�
JXPHQWV� DQG� UHWXUQV� DQ� LQWHJHU�� ,W� LV� FXU�
UHQWO\� XVHG� WR� RSWLPL]H� SDWWHUQ�PDWFKLQJ�
EXW�LW�PD\�EH�UHPRYHG�LQ�D�IXWXUH�UHOHDVH�RI
6FDOD��:KLOH�QRUPDOO\�LQYLVLEOH�WR�6FDOD�FRGH
�LW� LV� JHQHUDWHG� DXWRPDWLFDOO\�E\� WKH� FRP�
SLOHU��� -DYD� FRGH� WKDW� H[WHQGV� VRPH� 6FDOD
WUDLWV� DQG� FODVVHV�PD\� QHHG� WR� LPSOHPHQW
WKLV�PHWKRG�

Abstraction
7KH�RXWZDUGO\�YLVLEOH�VWDWH��VWDWH�WUDQVIRU�
PDWLRQV��DQG�RWKHU�RSHUDWLRQV�VXSSRUWHG�E\
D�W\SH��7KLV�LV�VHSDUDWH�IURP�WKH�HQFDSVXOD�
WHG�LPSOHPHQWDWLRQ��ILHOGV�DQG�PHWKRGV��RI
WKH� DEVWUDFWLRQ�� 6FDOD� WUDLWV� DQG� DEVWUDFW
FODVVHV�DUH�RIWHQ�XVHG�WR�GHILQH�DEVWUDFWLRQV
DQG� RSWLRQDOO\� LPSOHPHQW� WKHP��&RQFUHWH
W\SHV�SURYLGH�FRPSOHWH�LPSOHPHQWDWLRQV�

Abstract Type

L� $�FODVV�RU�WUDLW�ZLWK�RQH�RU�PRUH�PHWK�
RGV�� ILHOGV�� RU� W\SHV� GHFODUHG�� EXW
XQGHILQHG��$EVWUDFW�W\SHV�FDQ¦W�EH�LQ�
VWDQWLDWHG�� &RQWUDVW� ZLWK� FRQFUHWH
W\SHV�

LL� $� type� GHFODUDWLRQ�ZLWKLQ� DQ� FODVV� RU
WUDLW�WKDW�LV�DEVWUDFW�

Actor
$Q�DXWRQRPRXV�VHQGHU�DQG�UHFHLYHU�RI�PHV�
VDJHV�LQ�WKH�$FWRU�PRGHO�RI�FRQFXUUHQF\�

Actor Model of Concurrency
$� FRQFXUUHQF\� PRGHO� ZKHUH� DXWRQRPRXV
$FWRUV� FRRUGLQDWH� ZRUN� E\� H[FKDQJLQJ
PHVVDJHV��$Q�$FWRU¦V�PHVVDJHV�DUH�VWRUHG�LQ
D�PDLOER[�XQWLO�WKH�$FWRU�SURFHVVHV�WKHP�

Annotated Type
$Q\�W\SH�WKDW�KDV�RQH�RU�PRUH�@�DQQRWDWLRQV
DSSOLHG�WR�LW�

Annotation
$�ZD\�RI�DWWDFKLQJ�£PHWDGDWD¤�WR�D�GHFODUD�
WLRQ�WKDW�FDQ�EH�H[SORLWHG�E\�WKH�FRPSLOHU
DQG�RWKHU�WRROV�IRU�FRGH�JHQHUDWLRQ��YHULIL�
FDWLRQ� DQG� YDOLGDWLRQ�� HWF�� ,Q� 6FDOD� �DQG
-DYD���DQ�DQQRWDWLRQ�LV�D�FODVV��:KHQ�XVHG�
LW�LV�SUHIL[HG�ZLWK�WKH�@�FKDUDFWHU�

$Q\�H[SOLFLW�W\SH�GHFODUDWLRQV�DUH�DOVR�FDOOHG
W\SH�DQQRWDWLRQV�

2QH�RU�PRUH�DGGLWLRQV�WR�D�W\SH�GHFODUDWLRQ
WKDW� VSHFLI\� EHKDYLRUV� OLNH� YDULDQFH� XQGHU
LQKHULWDQFH��ERXQGV��DQG�YLHZV�

Application
,Q�6FDOD��DQ\�object�ZLWK�D�main�URXWLQH�WKDW
LV�LQYRNHG�E\�WKH�-90�RU��1(7�&/5�DW�WKH
VWDUW�RI�D�QHZ�SURFHVV�

Arity
7KH�QXPEHU�RI�DUJXPHQWV�WR�D�IXQFWLRQ�

Aspect-Oriented Programming
�6RPHWLPHV�FDOOHG�DVSHFW�RULHQWHG�VRIWZDUH
GHYHORSPHQW���$Q�DSSURDFK�WR�FURVV�FXWWLQJ
FRQFHUQV��ZKHUH�WKH�FRQFHUQV�DUH�GHVLJQHG
DQG�LPSOHPHQWHG�LQ�D�£PRGXODU¤�ZD\��WKDW
LV��ZLWK�DSSURSULDWH�HQFDSVXODWLRQ�� ODFN�RI
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GXSOLFDWLRQ�� HWF���� WKHQ� LQWHJUDWHG� LQWR� DOO
WKH�UHOHYDQW�H[HFXWLRQ�SRLQWV�LQ�D�VXFFLQFW
DQG�UREXVW�ZD\��H�J���WKURXJK�GHFODUDWLYH�RU
SURJUDPPDWLF�PHDQV��,Q�$23�WHUPV��WKH�H[�
HFXWLRQ�SRLQWV�DUH�FDOOHG�MRLQ�SRLQWV��D�SDU�
WLFXODU�VHW�RI�WKHP�LV�FDOOHG�D�SRLQWFXW��DQG
WKH� QHZ� EHKDYLRU� WKDW� LV� H[HFXWHG� EHIRUH�
DIWHU��RU�£DURXQG¤�D�MRLQ�SRLQW�LV�FDOOHG�DG�
YLFH��$VSHFW-�LV�WKH�EHVW�NQRZQ�$23�WRRONLW�
6FDOD�WUDLWV�FDQ�EH�XVHG�WR�LPSOHPHQW�VRPH
DVSHFW�OLNH�IXQFWLRQDOLW\�

AspectJ
$Q�H[WHQVLRQ�RI�-DYD�WKDW�VXSSRUWV�$VSHFW�
2ULHQWHG�3URJUDPPLQJ��$VSHFW-��>$VSHFW-@�
VXSSRUWV�WZR�IRUPV�RI�V\QWD[��DQ�H[WHQGHG
-DYD�EDVHG�V\QWD[��DQG�D�£SXUH¤�-DYD�V\QWD[
WKDW� XVHV� -DYD� DQQRWDWLRQV� WR� LQGLFDWH� WKH
SRLQWFXWV�DQG�DGYLFHV�RI�DQ�DVSHFW��7KH�DV�
SHFW�EHKDYLRUV��DGYLFHV��FDQ�EH�LQFRUSRUD�
WHG�LQWR�WKH�WDUJHW�FRGH�DW�FRPSLOH�WLPH��DV
D�SRVW�FRPSLOH� £ZHDYLQJ¤� VWHS�� RU� DW� ORDG
WLPH�

Attribute
$QRWKHU� QDPH� IRU� D� ILHOG�� XVHG� E\
FRQYHQWLRQ� LQ� PDQ\� REMHFW�RULHQWHG� SUR�
JUDPPLQJ� ODQJXDJHV�� 6FDOD� IROORZV� -DYD¦V
FRQYHQWLRQ�RI�SUHIHUULQJ�WKH�WHUP�ILHOG�RYHU
DWWULEXWH�

Auxiliary Constructor
$�VHFRQGDU\�FRQVWUXFWRU�RI�D�FODVV��GHFODUHG
DV�D�PHWKRG�QDPHG�this�ZLWK�QR�UHWXUQ�W\SH�
$Q� DX[LOLDU\� FRQVWUXFWRU� PXVW� LQYRNH� WKH
SULPDU\�FRQVWUXFWRU�RU�D�SUHYLRXVO\�GHILQHG
DX[LOLDU\� FRQVWUXFWRU� DV� WKH� ILUVW� RU� RQO\
VWDWHPHQW�LQ�LWV�PHWKRG�ERG\�

Base Type
$�V\QRQ\P�IRU�SDUHQW�W\SH�

Behavior-Driven Development
$�VW\OH�RI�7HVW�'ULYHQ�'HYHORSPHQW��7''�
WKDW�HPSKDVL]HV�7''¦V�UROH� LQ�GULYLQJ�WKH
XQGHUVWDQGLQJ�RI�UHTXLUHPHQWV�IRU�WKH�FRGH�
<RX� IROORZ� WKH� VDPH� SURFHVV� DV� LQ� 7''�
ZKHUH� WKH� £WHVWV¤� DUH� ZULWWHQ� EHIRUH� WKH
FRGH��7KH�GLIIHUHQFH�LV�WKDW�WKH�DXWRPDWHG
WHVWV�DUH�ZULWWHQ�LQ�D�IRUPDW�WKDW�ORRNV�PRUH
OLNH�D�UHTXLUHPHQWV��RU�EHKDYLRUDO��VSHFLIL�

FDWLRQ�DQG�OHVV�OLNH�D�WHVW�RI�WKH�FRGH¦V�FRQ�
IRUPDQFH�WR�WKH�UHTXLUHPHQWV��+RZHYHU��WKH
VSHFLILFDWLRQ�IRUPDW�LV�VWLOO�H[HFXWDEOH�DQG�LW
VWLOO� SURYLGHV� WKH� YHULILFDWLRQ�� YDOLGDWLRQ�
DQG�UHJUHVVLRQ�WHVWLQJ�VHUYLFH�WKDW�7''�WHVWV
SURYLGH�

Bound Variable
$�YDULDEOH�WKDW�LV�GHFODUHG�DV�DQ�DUJXPHQW�WR
D� IXQFWLRQ� OLWHUDO�� ,W� LV� £ERXQG¤� WR� D� YDOXH
ZKHQ�WKH�FORVXUH�FUHDWHG�IURP�WKH�IXQFWLRQ
OLWHUDO�LV�LQYRNHG�

By-Name Parameter
$�E\�QDPH�SDUDPHWHU�ORRNV�OLNH�D�IXQFWLRQ
YDOXH�WKDW� WDNHV�QR�SDUDPHWHUV��EXW�UDWKHU
WKDQ�EHLQJ�GHFODUHG�ZLWK�WKH�VLJQDWXUH�p: ()
º�R��ZKHUH�R�LV�WKH�UHWXUQ�W\SH��LW�LV�GHFODUHG
ZLWK�WKH�VLJQDWXUH�p: º�R��%\�QDPH�SDUDP�
HWHUV�DUH�HYDOXDWHG�HYHU\�WLPH�WKH\�DUH�UHI�
HUHQFHG� LQ� WKH� IXQFWLRQ�� UDWKHU� WKDQ�EHLQJ
HYDOXDWHG�RQFH�MXVW�EHIRUH�WKH�IXQFWLRQ�FDOO�
OLNH�D�E\�YDOXH�SDUDPHWHU��)RU�H[DPSOH��WKH\
DUH�XVHIXO�IRU�D�IXQFWLRQ�WKDW�LV�GHVLJQHG�WR
ORRN� OLNH� D� FRQWURO� FRQVWUXFW� WKDW� WDNHV� D
£EORFN�¤�QRW�D�IXQFWLRQ�ZLWK�H[SOLFLW�SDUDP�
HWHU� DUJXPHQWV� �WKLQN�RI� KRZ�while� ORRSV
ORRN��IRU�H[DPSOH���7KH�IXQFWLRQ�DUJXPHQW
WKDW�KDV�EORFN�OLNH�EHKDYLRU�ZRXOG�EH�D�E\�
QDPH�SDUDPHWHU�

By-Value Parameter
$�E\�YDOXH� SDUDPHWHU� LV� WKH� XVXDO� NLQG� RI
PHWKRG�SDUDPHWHU�WKDW�LV�HYDOXDWHG�EHIRUH
LW�LV�SDVVHG�WR�WKH�PHWKRG��&RQWUDVW�ZLWK�E\�
QDPH�SDUDPHWHU�

Call By Name
6HH�E\�QDPH�SDUDPHWHU�

Call By Value
6HH�E\�YDOXH�SDUDPHWHU�

Call Site
6HH�GHFODUDWLRQ�VLWH�

Case
7KH�NH\ZRUG�XVHG�LQ�SDWWHUQ�PDWFKLQJ�H[�
SUHVVLRQV� IRU� WHVWLQJ� DQ� REMHFW� DJDLQVW� DQ
H[WUDFWRU��W\SH�FKHFN��HWF�

AspectJ
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Case Class
$�FODVV�GHFODUHG�ZLWK�WKH�NH\ZRUG�case��7KH
6FDOD� FRPSLOHU� DXWRPDWLFDOO\� GHILQHV
equals��hashCode�DQG�toString�PHWKRGV�IRU
WKH�FODVV�DQG�FUHDWHV�D�FRPSDQLRQ�REMHFW�ZLWK
DQ�apply�IDFWRU\�PHWKRG�DQG�DQ�unapply�H[�
WUDFWRU�PHWKRG��&DVH�FODVVHV�DUH�SDUWLFXODUO\
FRQYHQLHQW� IRU� XVH� ZLWK� SDWWHUQ� PDWFKLQJ
�FDVH��H[SUHVVLRQV�

Child Type
$�FODVV�RU�WUDLW� WKDW� LQKHULWV� IURP�D�parent
FODVV�RU�WUDLW��6RPHWLPHV�FDOOHG�D�VXEW\SH�RU
GHULYHG�W\SH��6HH�LQKHULWDQFH�

Client
$Q�LQIRUPDO�WHUP�XVHG�WKURXJKRXW�WKH�ERRN
WR� LQGLFDWH� D� VHFWLRQ�RI� VRIWZDUH� WKDW�XVHV
DQRWKHU�DV�DQ�$3,��HWF�

Class
$�WHPSODWH�IRU� LQVWDQFHV� WKDW�ZLOO�KDYH�WKH
VDPH� ILHOGV�� UHSUHVHQWLQJ� VWDWH� YDOXHV�� DQG
WKH�VDPH�PHWKRGV��6FDOD�FODVVHV�VXSSRUW�VLQ�
JOH�LQKHULWDQFH�DQG�]HUR�RU�PRUH�PL[LQ�WUDLWV�
&RQWUDVW�ZLWK�W\SH�

Closure
,Q�6FDOD��DQ�LQVWDQFH�WKDW�KDV�EHHQ�FUHDWHG
IURP�D�IXQFWLRQ�OLWHUDO�ZLWK�DOO�WKH�IUHH�YDUL�
DEOHV� UHIHUHQFHG� LQ� WKH� IXQFWLRQ� OLWHUDO
ERXQG�WR�YDULDEOHV�RI�WKH�VDPH�QDPH�LQ�WKH
HQFORVLQJ� VFRSH�ZKHUH� WKH� IXQFWLRQ� OLWHUDO
ZDV�GHILQHG��,Q�RWKHU�ZRUGV��WKH�LQVWDQFH�LV
£FORVHG¤�LQ�WKH�VHQVH�WKDW�WKH�IUHH�YDULDEOHV
DUH�ERXQG��%HFDXVH�WKH\�DUH�LQVWDQFHV��FOR�
VXUHV� DUH� ILUVW�FODVV� YDOXHV�� 7KH\� FDQ� EH
SDVVHG�WR�RWKHU�IXQFWLRQV�WR�FXVWRPL]H�WKHLU
EHKDYLRU��)RU�H[DPSOH��List.foreach�WDNHV
D�FORVXUH�WKDW�LV�DSSOLHG�WR�HDFK�HOHPHQW�LQ
WKH�OLVW��6HH�DOVR�ERXQG�YDULDEOHV�DQG�IXQF�
WLRQ�OLWHUDOV�

Comments
6FDOD� IROORZV� WKH� VDPH� FRPPHQW� FRQYHQ�
WLRQV�DV�-DYD��&���&����HWF��$�// comment
JRHV� WR� WKH� HQG� RI� D� OLQH�� ZKLOH� D� /*
comment */�FDQ�FURVV�OLQH�ERXQGDULHV�

Companion Class
$�class�GHFODUHG�ZLWK�WKH�VDPH�QDPH�DV�DQ
REMHFW�DQG�GHILQHG�LQ�WKH�VDPH�VRXUFH�ILOH�
6HH�DOVR�FRPSDQLRQ�REMHFW�

Companion Object
$Q�object�GHFODUHG�ZLWK�WKH�VDPH�QDPH�DV
D� FODVV� �FDOOHG� LWV� FRPSDQLRQ� FODVV�� DQG
GHILQHG�LQ�WKH�VDPH�VRXUFH�ILOH��&RPSDQLRQ
REMHFWV�DUH�ZKHUH�PHWKRGV�DQG�ILHOGV�DUH�GH�
ILQHG�WKDW�ZRXOG�EH�VWDWLFV�LQ�-DYD�FODVVHV�
VXFK� DV� IDFWRU\� PHWKRGV�� apply� DQG
unapply�IRU�SDWWHUQ�PDWFKLQJ��HWF�

Component
)RU�RXU�SXUSRVHV��DQ�DJJUHJDWLRQ�RI�FRKH�
VLYH�W\SHV�WKDW�H[SRVH�VHUYLFHV�WKURXJK�ZHOO�
GHILQHG� DEVWUDFWLRQV�� ZKLOH� HQFDSVXODWLQJ
LPSOHPHQWDWLRQ� GHWDLOV� DQG� PLQLPL]LQJ
FRXSOLQJ�WR�RWKHU�FRPSRQHQWV���7KHUH�LV�D
ZLGH�UDQJH�RI�GHILQLWLRQV�IRU�FRPSRQHQW� LQ
FRPSXWHU�VFLHQFH�DQG�LQGXVWU\��

Compound Type
7KH�DFWXDO�W\SH�RI�D�GHFODUDWLRQ�RI�WKH�IRUP
T1 extends T2 with T3 with ... TN { R }�
ZKHUH�R�LV�WKH�UHILQHPHQW��ERG\���'HILQLWLRQV
LQ�R�DIIHFW�WKH�W\SH�

Concrete Type
$� FODVV�� WUDLW�� RU� REMHFW� ZLWK� DOO� PHWKRGV�
ILHOGV��DQG� W\SHV�GHILQHG�� ,QVWDQFHV� FDQ�EH
FUHDWHG�IURP�FRQFUHWH�W\SHV��&RQWUDVW�ZLWK
DEVWUDFW�W\SHV�

Contract
7KH� SURWRFRO� DQG� UHTXLUHPHQWV� WKDW� H[LVW
EHWZHHQ�D�PRGXOH��H�J���FODVV��WUDLW��REMHFW�
RU�HYHQ�IXQFWLRQ�RU�PHWKRG��DQG�FOLHQWV�RI
WKH�PRGXOH��0RUH�VSHFLILFDOO\��VHH�'HVLJQ�E\
&RQWUDFW�

Context-Free Grammar
$�NLQG�RI�ODQJXDJH�JUDPPDU�IRU�ZKLFK�HDFK
QRQWHUPLQDO� FDQ� EH� VSHFLILHG� DV� D� SURGXF�
WLRQ�ZLWKRXW�UHIHUHQFH�WR�DGGLWLRQDO�FRQWH[W
LQIRUPDWLRQ��7KDW�LV��HDFK�QRQWHUPLQDO�FDQ
DSSHDU�E\�LWVHOI�RQ�WKH�OHIWKDQG�VLGH�RI�WKH
SURGXFWLRQ�WKH�VSHFLILHV�LW�

Context-Free Grammar
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Contravariance or Contravariant
,Q� WKH� FRQWH[W�RI� WKH� YDULDQFH�EHKDYLRU�RI
SDUDPHWHUL]HG�W\SHV�XQGHU�LQKHULWDQFH�� LI�D
SDUDPHWHU�A�LV�FRQWUDYDULDQW�LQ�D�SDUDPHWHU�
L]HG� W\SH�T[-A]�� WKHQ� WKH�-� LV� WKH�YDULDQFH
DQQRWDWLRQ��DQG�D�W\SH�T[B]�LV�D�VXSHUW\SH�RI
T[A]� LI� B� LV� D� VXEW\SH� RI� A�� 6HH� DOVR� FRYD�
ULDQFH�DQG�LQYDULDQFH�

Covariance or Covariant
,Q� WKH� FRQWH[W�RI� WKH� YDULDQFH�EHKDYLRU�RI
SDUDPHWHUL]HG�W\SHV�XQGHU�LQKHULWDQFH�� LI�D
SDUDPHWHU�A�LV�FRYDULDQW�LQ�D�SDUDPHWHUL]HG
W\SH�T[+A]��WKHQ�WKH�+�LV�WKH�YDULDQFH�DQQR�
WDWLRQ��DQG�D�W\SH�T[B]�LV�D�VXEW\SH�RI�T[A]�LI
B� LV�D�VXEW\SH�RI�A��6HH�DOVR�FRQWUDYDULDQFH
DQG�LQYDULDQFH�

Cross-Cutting Concerns
£&RQFHUQV¤��NLQGV�RI�UHTXLUHPHQWV��GHVLJQ
RU�FRGLQJ�LVVXHV��WKDW�GRQ¦W�ILW�LQ�WKH�VDPH
ERXQGDULHV� DV� WKH� SULPDU\�PRGXODULW\� GH�
FRPSRVLWLRQ��7KH�VDPH�EHKDYLRUV�PXVW�EH
LQYRNHG� FRQVLVWHQWO\� DW� VSHFLILF� H[HFXWLRQ
SRLQWV�RYHU�D�UDQJH�RI�REMHFWV�DQG�IXQFWLRQV�
)RU� H[DPSOH�� WKH� VDPH� 250� �2EMHFW�
5HODWLRQDO� 0DSSLQJ�� SHUVLVWHQFH� VWUDWHJ\
QHHGV� WR� EH� XVHG� FRQVLVWHQWO\� IRU� D� VHW� RI
FODVVHV��QRW�MXVW�D�VLQJOH�FODVV��+HQFH��VXFK
FRQFHUQV�DUH�VDLG�WR�EH�FURVV�FXWWLQJ��6XS�
SRUWLQJ� WKHVH�FRQFHUQV� VKRXOG�QRW� LQYROYH
GXSOLFDWLRQ� RI� FRGH�� HWF�� 6HH� DOVR� DVSHFW�
RULHQWHG�SURJUDPPLQJ�

Currying
&RQYHUWLQJ�DQ�1�DUJXPHQW�IXQFWLRQ�LQWR�D
VHTXHQFH�RI�1�IXQFWLRQV�RI�RQH�DUJXPHQW�
ZKHUH� HDFK� IXQFWLRQ� H[FHSW� IRU� WKH� ODVW
UHWXUQV� D�QHZ� IXQFWLRQ� WKDW� WDNHV� D� VLQJOH
DUJXPHQW�WKDW�UHWXUQV�D�QHZ�IXQFWLRQ��HWF��
XQWLO� WKH� ODVW� IXQFWLRQ� WKDW� WDNHV� D� VLQJOH
DUJXPHQW�DQG�UHWXUQV�D�YDOXH�

Declaration Site
,Q�UHIHUHQFH�WR�KRZ�WKH�YDULDQFH�EHKDYLRU�RI
SDUDPHWHUL]HG� W\SHV� LV� VSHFLILHG�� LQ� 6FDOD�
WKLV�LV�GRQH�ZKHQ�W\SHV�DUH�GHFODUHG��L�H���DW
WKH�GHFODUDWLRQ�VLWH��,Q�-DYD��LW�LV�GRQH�ZKHQ
W\SHV�DUH�FDOOHG��WKDW�LV��XVHG���L�H���DW�WKH�FDOO
VLWH�

Declarative Programming
7KH� TXDOLW\� RI� PDQ\� IXQFWLRQDO� SURJUDPV
DQG�'RPDLQ�6SHFLILF�/DQJXDJHV�ZKHUH� WKH
FRGH�FRQVLVWV�RI�VWDWHPHQWV�WKDW�GHFODUH�UH�
ODWLRQVKLSV�EHWZHHQ�YDOXHV�DQG�W\SHV��UDWKHU
WKDQ�GLUHFWLQJ�WKH�V\VWHP�WR�WDNH�D�SDUWLFXODU
VHTXHQFH�RI�DFWLRQ��&RQWUDVW�ZLWK� LPSHUD�
WLYH�SURJUDPPLQJ�

Default Argument Value
�6FDOD�YHUVLRQ�������7KH�DELOLW\� WR�GHILQH�D
GHIDXOW� YDOXH� IRU� D�PHWKRG� DUJXPHQW� WKDW
ZLOO�EH�XVHG�LI�WKH�FDOOHU�GRHV�QRW�VSHFLI\�D
YDOXH��6HH�DOVR�LPSOLFLW�DUJXPHQW�DQG�QDPHG
DUJXPHQW�

Dependency Injection
$�IRUP�RI�LQYHUVLRQ�RI�FRQWURO�ZKHUH�DQ�RE�
MHFW¦V�H[WHUQDO�GHSHQGHQFLHV�DUH�JLYHQ�WR�LW�
HLWKHU� SURJUDPPDWLFDOO\� RU� WKURXJK� D� ',
IUDPHZRUN� WKDW� LV�GULYHQ�E\� FRQILJXUDWLRQ
LQIRUPDWLRQ�� +HQFH�� WKH� REMHFW� UHPDLQV
£SDVVLYH�¤�UDWKHU�WKDQ�WDNLQJ�DQ�DFWLYH�UROH
LQ� UHVROYLQJ� GHSHQGHQFLHV�� 7KH� LQMHFWLRQ
PHFKDQLVP�XVHV�FRQVWUXFWRU�DUJXPHQWV�RU
ILHOG�VHWWHUV�SURYLGHG�E\�WKH�REMHFW��',�PLQ�
LPL]HV� WKH� FRXSOLQJ� RI� REMHFWV�� WKH\� RQO\
QHHG�WR�NQRZ�DERXW�WKH�DEVWUDFWLRQV�RI�WKHLU
GHSHQGHQFLHV�

Derived Type
$�V\QRQ\P�IRU�FKLOG�W\SH�

Design By Contract
$Q�DSSURDFK�WR�FODVV�DQG�PRGXOH�GHVLJQ�LQ�
YHQWHG�E\�%HUWUDQG�0H\HU�IRU�WKH�(LIIHO�ODQ�
JXDJH��)RU�HDFK�HQWU\�SRLQW��YDOLG�LQSXWV�DUH
VSHFLILHG�LQ�D�SURJUDPPDWLF�ZD\��VR�WKH\�FDQ
EH�YDOLGDWHG�GXULQJ�WHVWLQJ��7KHVH�VSHFLILFD�
WLRQV� DUH� FDOOHG� SUHFRQGLWLRQV�� 6LPLODUO\�
DVVXPLQJ� WKH� SUHFRQGLWLRQV� DUH� VSHFLILHG�
VSHFLILFDWLRQV�RQ�WKH�JXDUDQWHHG�UHVXOWV�DUH
FDOOHG�SRVWFRQGLWLRQV�DQG�DUH�DOVR�VSHFLILHG
LQ�DQ�H[HFXWDEOH�ZD\��,QYDULDQWV�FDQ�DOVR�EH
VSHFLILHG�WKDW�VKRXOG�EH�WUXH�RQ�HQWU\�DQG
RQ�H[LW�

Design Pattern
$�VROXWLRQ�WR�D�SUREOHP�LQ�D�FRQWH[W��$�FRGH
LGLRP�RU�GHVLJQ�VWUXFWXUH�WKDW�VDWLVILHV�WKH

Contravariance or Contravariant
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QHHGV� RI� D� IUHTXHQWO\� RFFXUULQJ� SUREOHP�
FRQVWUDLQW��UHTXLUHPHQW��HWF�

Domain-Specific Language
$� FXVWRP� SURJUDPPLQJ� ODQJXDJH� WKDW� UH�
VHPEOHV�WKH�WHUPV��LGLRPV��DQG�H[SUHVVLRQV
RI�D�SDUWLFXODU�GRPDLQ��$Q� LQWHUQDO�'6/�LV
DQ�LGLRPDWLF�IRUP�RI�D�JHQHUDO�SXUSRVH�SUR�
JUDPPLQJ� ODQJXDJH�� 7KDW� LV�� QR� VSHFLDO�
SXUSRVH�SDUVHU�LV�FUHDWHG�IRU�WKH�ODQJXDJH�
,QVWHDG��'6/�FRGH�LV�ZULWWHQ�LQ�WKH�JHQHUDO�
SXUSRVH� ODQJXDJH�DQG�SDUVHG� MXVW� OLNH�DQ\
RWKHU�FRGH��$Q�H[WHUQDO�'6/�LV�D� ODQJXDJH
ZLWK�LWV�RZQ�JUDPPDU�DQG�SDUVHU�

Duck Typing
$�WHUP�XVHG�LQ�ODQJXDJHV�ZLWK�G\QDPLF�W\S�
LQJ�IRU�WKH�ZD\�PHWKRG�UHVROXWLRQ�ZRUNV��$V
ORQJ�DV�DQ�REMHFW�DFFHSWV�D�PHWKRG�FDOO��PHV�
VDJH� VHQG��� WKH� UXQWLPH� LV� VDWLVILHG�� £,I� LW
ZDONV�OLNH�D�GXFN�DQG�WDONV�OLNH�D�GXFN��LW¦V
D�GXFN�¤�&RQWUDVW�ZLWK�WKH�XVH�RI�VWUXFWXUDO
W\SHV�LQ�VRPH�VWDWLFDOO\�W\SHG�ODQJXDJHV�OLNH
6FDOD�

Dynamic Typing
/RRVHO\�VSHDNLQJ��ODWH�ELQGLQJ�RI�W\SH�LQIRU�
PDWLRQ��VRPHWLPHV�UHIHUUHG�WR�DV�ELQGLQJ�WR
WKH�YDOXH�D�UHIHUHQFH� LV�DVVLJQHG�WR��UDWKHU
WKDQ� WR� WKH� UHIHUHQFH� LWVHOI��&RQWUDVW�ZLWK
VWDWLF�W\SLQJ�

Encapsulation
5HVWULFWLQJ� WKH� YLVLELOLW\� RI� PHPEHUV� RI� D
W\SH�VR�WKH\�DUH�QRW�YLVLEOH�WR�FOLHQWV�RI�WKH
W\SH�ZKHQ�WKH\�VKRXOGQ¦W�EH��7KLV�LV�D�ZD\
RI�H[SRVLQJ�RQO\�WKH�DEVWUDFWLRQ�VXSSRUWHG
E\� WKH� W\SH�� ZKLOH� KLGLQJ� LPSOHPHQWDWLRQ
GHWDLOV��ZKLFK�SUHYHQWV�XQZDQWHG�DFFHVV�WR
WKHP� IURP� FOLHQWV� DQG� NHHSV� WKH� DEVWUDF�
WLRQ� H[SRVHG� E\� WKH� W\SH� FRQVLVWHQW� DQG
PLQLPDO�

Event
7KH�QRWLILFDWLRQ�RI�D�VWDWH�FKDQJH�LQ�HYHQW�
EDVHG�FRQFXUUHQF\�

Event-Based Concurrency
$� KLJK�SHUIRUPDQFH� IRUP� RI� FRQFXUUHQF\
ZKHUH�HYHQWV�DUH�XVHG� WR� VLJQDO� LPSRUWDQW
VWDWH� FKDQJHV� DQG� KDQGOHUV� DUH� XVHG� WR
UHVSRQG�WR�WKH�HYHQWV�

Existential Types
$�ZD\�RI�H[SUHVVLQJ�WKH�SUHVHQFH�RI�D�W\SH
ZLWKRXW�NQRZLQJ�LWV�FRQFUHWH�YDOXH��VRPH�
WLPHV��EHFDXVH�LW�FDQ¦W�EH�NQRZQ��,W�LV�XVHG
SULPDULO\�WR�VXSSRUW�DVSHFWV�RI�-DYD¦V�W\SH
V\VWHP�ZLWKLQ�6FDOD¦V�W\SH�V\VWHP��LQFOXGLQJ
W\SH� HUDVXUH�� £UDZ¤� W\SHV� �H�J��� SUH�-DYD� �
FROOHFWLRQV���DQG�FDOO�VLWH�W\SH�YDULDQFH�

Extractor
$Q�unapply�PHWKRG�GHILQHG�LQ�D�FRPSDQLRQ
REMHFW�WKDW�LV�XVHG�WR�H[WUDFW�WKH�FRQVWLWXHQW
YDOXHV�IRU�ILHOGV�LQ�DQ�REMHFW��7KH\�DUH�PRVW
FRPPRQO\� XVHG� LQ� SDWWHUQ� PDWFKLQJ
H[SUHVVLRQV�

Field
$�val�RU�var�LQ�D�W\SH�WKDW�UHSUHVHQWV�SDUW��LI
QRW�DOO��RI� WKH�VWDWH�RI�D�FRUUHVSRQGLQJ� LQ�
VWDQFH�RI�WKH�W\SH�

Final
.H\ZRUG�IRU�GHFODUDWLRQV��)RU�W\SHV��final
SUHYHQWV� XVHUV� IURP� VXEFODVVLQJ� WKH� W\SH�
)RU� W\SH� PHPEHUV�� final� SUHYHQWV� XVHUV
IURP�RYHUULGLQJ�WKH�PHPEHUV�

First Class
$Q�DGMHFWLYH� LQGLFDWLQJ�WKDW�WKH�DSSOLFDEOH
£WKLQJ¤�LV�D�ILUVW�FODVV�YDOXH�LQ�WKH�ODQJXDJH�
PHDQLQJ�\RX�FDQ�DVVLJQ�LQVWDQFHV�WR�YDULD�
EOHV��SDVV�WKHP�DV�IXQFWLRQ�SDUDPHWHUV��DQG
UHWXUQ�WKHP�IURP�IXQFWLRQV��2IWHQ�XVHG�WR
UHIHU�WR�IXQFWLRQV��ZKLFK�DUH�ILUVW�FODVV�YDOXHV
LQ�6FDOD�DQG�RWKHU�IXQFWLRQDO�SURJUDPPLQJ
ODQJXDJHV�

For Comprehension
$QRWKHU�QDPH�IRU�6FDOD¦V�for�H[SUHVVLRQ�

Formal Parameter
$QRWKHU�QDPH�IRU�D�IXQFWLRQ�DUJXPHQW��XVHG
LQ�WKH�FRQWH[W�RI�ELQGLQJ�WKH�IUHH�YDULDEOHV
LQ�WKH�IXQFWLRQ�

Free Variable
$�YDULDEOH�WKDW�LV�UHIHUHQFHG�LQ�D�IXQFWLRQ�OLW�
HUDO� EXW� LV� QRW� SDVVHG� LQ� DV� DQ� DUJXPHQW�
7KHUHIRUH��LW�PXVW�EH�£ERXQG¤�WR�D�GHILQHG
YDULDEOH� RI� WKH� VDPH� QDPH� LQ� WKH� FRQWH[W
ZKHUH�WKH�IXQFWLRQ�OLWHUDO�LV�GHILQHG��WR�IRUP
D�FORVXUH�

Free Variable
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Function
,Q�6FDOD��WKH�WHUP�IXQFWLRQ�LV�XVHG�IRU�D�IXQF�
WLRQ�WKDW�LV�QRW�WLHG�WR�D�SDUWLFXODU�REMHFW�RU
FODVV��&RQWUDVW�ZLWK�PHWKRG��)XQFWLRQV�DUH
LQVWDQFHV�RI�FunctionN�W\SHV��ZKHUH�N�LV�WKH
DULW\�RI�WKH�IXQFWLRQ�

Function Literal
6FDOD¦V�WHUP�IRU�DQ�DQRQ\PRXV�IXQFWLRQ�H[�
SUHVVLRQ��IURP�ZKLFK�FORVXUHV�DUH�FUHDWHG�

Function Type
,Q� 6FDOD�� DOO� IXQFWLRQV� DUH� LQVWDQFHV� RI
FunctionN[-T1, T2, ..., TN, +R]� W\SHV�
ZKHUH� N� LV� WKH� QXPEHU� RI� DUJXPHQWV� ��
WKURXJK����DUH�VXSSRUWHG���7KH�W\SH�VLJQD�
WXUH�V\QWD[�(T1, T2, ..., TN) º�R�LV�XVHG
IRU�GHFODULQJ�FRQFUHWH�LQVWDQFHV��L�H���IXQF�
WLRQ�OLWHUDOV�

Functional Programming
$�IRUP�RI�SURJUDPPLQJ�WKDW�PLPLFV�WKH�ZD\
PDWKHPDWLFDO�IXQFWLRQV�DQG�YDULDEOHV�ZRUN�
0DWKHPDWLFDO�IXQFWLRQV�DUH�VLGH�HIIHFW�IUHH�
DQG�WKH\�DUH�FRPSRVDEOH�IURP�RWKHU�IXQF�
WLRQV�� 9DULDEOHV� DUH� DVVLJQHG� RQFH�� )XQF�
WLRQV� FDQ� EH� DVVLJQHG� WR� YDULDEOHV� DQG
UHWXUQHG�IURP�RWKHU�IXQFWLRQV�

Generator
([SUHVVLRQV�OLNH�i <- listOfInts�LQ�for�H[�
SUHVVLRQV��(DFK�SDVV�WKURXJK�WKH�ORRS�JHQ�
HUDWHV�D�QHZ�val�i�WDNHQ�IURP�WKH�OLVW�listO
fInts��LQ�WKLV�H[DPSOH�

Generics
$QRWKHU�WHUP�IRU�SDUDPHWHUL]HG�W\SHV��XVHG
PRUH�RIWHQ�LQ�-DYD�WKDQ�6FDOD�

Higher-Order Functions
)XQFWLRQV�WKDW�WDNH�RWKHU�IXQFWLRQV�DV�DUJX�
PHQWV�RU�UHWXUQ�D�IXQFWLRQ�YDOXH�

Immutable Value
$�YDOXH� WKDW� FDQ¦W� EH� FKDQJHG� DIWHU� LW� KDV
EHHQ� LQLWLDOL]HG�� &RQWUDVW� ZLWK� PXWDEOH
YDOXH�

Imperative Programming
7KH� TXDOLW\� RI� PDQ\� REMHFW�RULHQWHG� DQG
£SURFHGXUDO¤�SURJUDPV�ZKHUH�WKH�FRGH�FRQ�
VLVWV�RI� VWDWHPHQWV�GLUHFWLQJ� WKH� V\VWHP� WR

WDNH�D�SDUWLFXODU�VHTXHQFH�RI�DFWLRQV��&RQ�
WUDVW�ZLWK�GHFODUDWLYH�SURJUDPPLQJ�

Implicit
$�6FDOD�NH\ZRUG�XVHG�WR�PDUN�D�PHWKRG�RU
IXQFWLRQ�YDOXH�DV�HOLJLEOH�IRU�XVH�DV�DQ� LP�
SOLFLW� W\SH�FRQYHUVLRQ��7KH�NH\ZRUG� LV�DOVR
XVHG�WR�PDUN�DQ�LPSOLFLW�DUJXPHQW�

Implicit Type Conversion
$�PHWKRG�RU�IXQFWLRQ�YDOXH�WKDW�LV�PDUNHG
ZLWK�WKH�LPSOLFLW�NH\ZRUG��PDUNLQJ�LW�DV�HO�
LJLEOH�IRU�XVH�DV�DQ�LPSOLFLW�W\SH�FRQYHUVLRQ�
ZKHQHYHU� LW� LV� LQ� VFRSH� DQG� FRQYHUVLRQ� LV
QHHGHG� �H�J��� IRU� WKH� 3LPS� 0\� /LEUDU\
SDWWHUQ��

Implicit Argument
0HWKRG�DUJXPHQWV�WKDW�DUH�RSWLRQDO�IRU�WKH
XVHU� WR� VSHFLI\� DQG� LQGLFDWHG� ZLWK� WKH
implicit�NH\ZRUG��,I�WKH�XVHU�GRHV�QRW�VSHF�
LI\�D�YDOXH�IRU�WKH�DUJXPHQW��D�GHIDXOW�YDOXH
LV�XVHG�LQVWHDG��ZKLFK�LV�HLWKHU�DQ�LQ�VFRSH
YDOXH�RI�WKH�VDPH�W\SH�RU�WKH�UHVXOW�RI�FDOOLQJ
DQ� LQ�VFRSH��QR�DUJXPHQW�PHWKRG� WKDW� UH�
WXUQV�DQ�LQVWDQFH�RI�WKH�VDPH�W\SH��6HH�DOVR
GHIDXOW�DUJXPHQW�YDOXH�

Infinite Data Structure
$� GDWD� VWUXFWXUH� WKDW� UHSUHVHQWV� D� QRQ�
WHUPLQDWLQJ�FROOHFWLRQ�RI�YDOXHV��EXW�ZKLFK
LV� FDSDEOH�RI�GRLQJ� VR�ZLWKRXW� H[KDXVWLQJ
V\VWHP�UHVRXUFHV��7KH�YDOXHV�DUH�QRW�FRP�
SXWHG� XQWLO� WKH� GDWD� VWUXFWXUH� LV� DVNHG� WR
SURGXFH�WKHP��$V�ORQJ�DV�RQO\�D�ILQLWH�VXEVHW
RI� WKH� YDOXHV� DUH� UHTXHVWHG�� UHVRXUFH� H[�
KDXVWLRQ�LV�DYRLGHG�

Infix Notation
$� V\QWD[� VXSSRUWHG� E\� WKH� FRPSLOHU� IRU
PHWKRGV�ZLWK�RQH�DUJXPHQW��7KH�PHWKRG
FDQ�EH�LQYRNHG�ZLWKRXW�WKH�SHULRG�EHWZHHQ
WKH�REMHFW�DQG�WKH�PHWKRG�QDPH�DQG�ZLWK�
RXW� WKH�SDUHQWKHVHV�DURXQG�WKH�DUJXPHQW�
:KHQ�XVHG�IRU�PHWKRGV�QDPHG�ZLWK�RSHU�
DWRU�FKDUDFWHUV��WKH�V\QWD[�SURYLGHV�D�IRUP
RI� RSHUDWRU� RYHUORDGLQJ�� 6RPHWLPHV� DOVR
FDOOHG� RSHUDWRU� QRWDWLRQ�� 6HH� DOVR� SRVWIL[
QRWDWLRQ�

Function
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Infix Type
:KHQ� D� SDUDPHWHUL]HG� W\SH� RI� WKH� IRUP
Op[A,B]�LV�XVHG�WR�LQVWDQWLDWH�D�W\SH��LW�FDQ
DOVR� EH� ZULWWHQ� DV� A Op B�� )RU� H[DPSOH�
Or[Throwable,Boolean]� FDQ� EH� ZULWWHQ
Throwable Or Boolean�

Inheritance
$�VWURQJ�UHODWLRQVKLS�EHWZHHQ�RQH�FODVV�RU
WUDLW� DQG� DQRWKHU� FODVV� RU� WUDLW�� 7KH
LQKHULWLQJ� �GHULYHG�� FODVV� RU� WUDLW� LQFRUSR�
UDWHV�WKH�PHPEHUV�RI�WKH�SDUHQW�FODVV�RU�WUDLW�
DV�LI�WKH\�ZHUH�GHILQHG�ZLWKLQ�WKH�GHULYDWLYH�
7KH�GHULYDWLYH�PD\�RYHUULGH�LQKHULWHG�PHP�
EHUV��LQ�PRVW�FDVHV���,QVWDQFHV�RI�D�GHULYDWLYH
DUH�VXEVWLWXWDEOH�IRU�LQVWDQFHV�RI�WKH�SDUHQW�

Instance or Instantiate
$Q�REMHFW� FUHDWHG�E\� LQYRNLQJ�D�FODVV� FRQ�
VWUXFWRU��7KH�ZRUG�REMHFW�LV�V\QRQ\PRXV�LQ
PRVW�REMHFW�RULHQWHG�ODQJXDJHV��EXW�ZH�XVH
WKH� WHUP� REMHFW� WR� UHIHU� WR� DQ� H[SOLFLWO\
GHFODUHG�6FDOD�REMHFW��DQG�ZH�XVH�WKH�WHUP
LQVWDQFH� �DQG� WKH� YHUE� LQVWDQWLDWH�� IRU� WKH
PRUH�JHQHUDO�FDVH�

,QVWDQWLDWLRQ� FDQ� DOVR� UHIHU� WR� FUHDWLQJ� D
FRQFUHWH� W\SH� IURP� D� SDUDPHWHUL]HG� W\SH
E\� VSHFLI\LQJ� FRQFUHWH� W\SHV� IRU� WKH
SDUDPHWHUV�

Invariance and Invariant
,Q� WKH� FRQWH[W�RI� WKH� YDULDQFH�EHKDYLRU�RI
SDUDPHWHUL]HG�W\SHV�XQGHU�LQKHULWDQFH�� LI�D
SDUDPHWHU�A�LV�LQYDULDQW�LQ�D�SDUDPHWHUL]HG
W\SH�T[A]��WKHQ�WKHUH�LV�QR�YDULDQFH�DQQRWD�
WLRQ��DQG�D�W\SH�T[B]�LV�D�VXEW\SH�RI�T[A]�LI
DQG�RQO\�LI�B�HTXDOV�A��7KDW�LV��WKH�W\SH�FDQ¦W
EH� FKDQJHG�� 6HH� DOVR� FRYDULDQFH� DQG
FRQWUDYDULDQFH�

,Q�WKH�FRQWH[W�RI�'HVLJQ�E\�&RQWUDFW��DQ�DV�
VHUWLRQ�WKDW�VKRXOG�EH�WUXH�EHIRUH�DQG�DIWHU
D�PHWKRG�LV�H[HFXWHG�

Inversion of Control
7KH�LGHD�WKDW�DQ�REMHFW�VKRXOG�QRW�LQVWDQWL�
DWH�LWV�RZQ�FRSLHV�RI�H[WHUQDO�GHSHQGHQFLHV�
EXW�UDWKHU�UHO\�RQ�RWKHU�PHFKDQLVPV�WR�VXS�
SO\�WKRVH�GHSHQGHQFLHV��,R&�SURPRWHV�EHW�
WHU�GHFRXSOLQJ�DQG�WHVWDELOLW\��DV�WKH�REMHFW
RQO\�NQRZV�DERXW�WKH�DEVWUDFWLRQV�RI�LWV�GH�

SHQGHQFLHV�� QRW� VSHFLILF� FRQFUHWH� LPSOH�
PHQWHUV� RI� WKHP�� $� ZHDN� IRUP� RI� ,R&� LV
ZKHQ�DQ�REMHFW�FDOOV�D�IDFWRU\��VHUYLFH�ORFD�
WRU��HWF���WR�REWDLQ�WKH�GHSHQGHQWV��+HQFH�
WKH�REMHFW�VWLOO�KDV�DQ�DFWLYH�UROH�DQG�LW�KDV�D
GHSHQGHQF\�RQ�WKH�£SURYLGHU�¤�7KH�VWURQ�
JHVW� IRUP� RI� ,R&� LV� GHSHQGHQF\� LQMHFWLRQ�
ZKHUH�WKH�REMHFW�UHPDLQV�£SDVVLYH�¤

Lazy
,PPXWDEOH�YDULDEOHV��valV��FDQ�EH�GHFODUHG
lazy��PHDQLQJ� WKH\�ZLOO�RQO\�EH� HYDOXDWHG
ZKHQ�WKH\�DUH�UHDG��7KLV�IHDWXUH�LV�XVHIXO�IRU
H[SHQVLYH� HYDOXDWLRQV� WKDW� PD\� QRW� EH
QHHGHG�

/D]\� GDWD� VWUXFWXUHV� FDQ� DOVR� EH� XVHG� WR
GHILQH�LQILQLWH�GDWD�VWUXFWXUHV�WKDW�ZRQ¦W�H[�
KDXVW�V\VWHP�UHVRXUFHV�DV�ORQJ�DV�RQO\�D�IL�
QLWH�VXEVHW�RI�WKH�VWUXFWXUH�LV�HYDOXDWHG��7KH
Stream� DQG� Range� FODVVHV� DUH� ERWK� OD]\�
&RQWUDVW�ZLWK�VWULFW�

Linearization
7KH� DOJRULWKP� XVHG� IRU� D� W\SH� WR� UHVROYH
PHPEHU�ORRNXS��VXFK�DV�RYHUULGGHQ�PHWK�
RGV��LQFOXGLQJ�FDOOV�WR�super�

Literal
8VHG�WR�UHIHU�WR�£OLWHUDO¤�YDOXH�H[SUHVVLRQV�
VXFK�DV�QXPEHUV��H�J���1��3.14���VWULQJV��H�J��
£+HOOR�6FDOD�¤���WXSOHV��H�J���(1, 2, 3)���DQG
IXQFWLRQ�OLWHUDOV��H�J���(x) º�x + x��

Lower Type Bounds
6HH�W\SH�ERXQGV�

Mailbox
7KH�TXHXH�ZKHUH� DQ�$FWRU¦V�PHVVDJHV� DUH
VWRUHG�XQWLO�WKH�$FWRU�SURFHVVHV�WKHP�LQ�WKH
$FWRU�PRGHO�RI�FRQFXUUHQF\�

Main
7KH�HQWU\�IXQFWLRQ�IRU�DQ�DSSOLFDWLRQ�WKDW�LV
LQYRNHG�E\�WKH�UXQWLPH�LV�FDOOHG�main��7KH
QDPH�GDWHV�EDFN�WR�WKH�&�ODQJXDJH��,Q�6FDOD�
D� main� PHWKRG� PXVW� EH� GHILQHG� LQ� DQ
object��-DYD��E\�ZD\�RI�FRQWUDVW��UHTXLUHV�D
main�PHWKRG�WR�EH�GHILQHG�DV�D�VWDWLF�PHWKRG
RI�D�class�

Main
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MapReduce
$�GLYLGH�DQG�FRQTXHU�VWUDWHJ\�IRU�SURFHVV�
LQJ�ODUJH�GDWD�VHWV�LQ�SDUDOOHO��,Q�WKH�£PDS¤
SKDVH��WKH�GDWD�VHWV�DUH�VXEGLYLGHG��7KH�GH�
VLUHG� FRPSXWDWLRQ� LV� SHUIRUPHG� RQ� HDFK
VXEVHW�� 7KH� £UHGXFH¤� SKDVH� FRPELQHV� WKH
UHVXOWV�RI�WKH�VXEVHW�FDOFXODWLRQV�LQWR�D�ILQDO
UHVXOW��0DS5HGXFH�IUDPHZRUNV�KDQGOH�WKH
GHWDLOV�RI�PDQDJLQJ�WKH�RSHUDWLRQV�DQG�WKH
QRGHV� WKH\� UXQ� RQ�� LQFOXGLQJ� UHVWDUWLQJ
RSHUDWLRQV� WKDW� IDLO� IRU� VRPH� UHDVRQ�� 7KH
XVHU�RI�WKH�IUDPHZRUN�RQO\�KDV�WR�ZULWH�WKH
DOJRULWKPV� IRU� PDSSLQJ� DQG� UHGXFLQJ
WKH� GDWD� VHWV� DQG� FRPSXWLQJ� ZLWK� WKH
VXEVHWV�

Member
$�JHQHULF� WHUP�IRU�D� W\SH�� ILHOG��RU�PHWKRG
GHFODUHG�LQ�D�FODVV�RU�WUDLW�

Memoization
$�IRUP�RI�FDFKLQJ�WKDW�RSWLPL]HV� IXQFWLRQ
LQYRFDWLRQV��7KH� UHVXOWV� IURP�D� IXQFWLRQ¦V
LQYRFDWLRQV�DUH�VDYHG�VR�WKDW�ZKHQ�UHSHDWHG
LQYRFDWLRQV�ZLWK�WKH�VDPH�LQSXWV�DUH�PDGH�
WKH�FDFKHG�UHVXOWV�FDQ�EH�UHWXUQHG�LQVWHDG�RI
UHLQYRNLQJ�WKH�IXQFWLRQ�

Message
,Q�WKH�$FWRU�PRGHO�RI�FRQFXUUHQF\��PHVVDJHV
DUH�H[FKDQJHG�EHWZHHQ�$FWRUV�WR�FRRUGLQDWH
WKHLU�ZRUN�

,Q� REMHFW�RULHQWHG� SURJUDPPLQJ�� PHWKRG
LQYRFDWLRQ� LV� VRPHWLPHV� UHIHUUHG� WR� DV
£VHQGLQJ�D�PHVVDJH�WR�DQ�REMHFW�¤�HVSHFLDOO\
LQ�FHUWDLQ�ODQJXDJHV��OLNH�6PDOOWDON�DQG��WR
VRPH�H[WHQW��5XE\�

Method
$�IXQFWLRQ�WKDW�LV�DVVRFLDWHG�H[FOXVLYHO\�ZLWK
DQ�LQVWDQFH��HLWKHU�GHILQHG�LQ�D�FODVV��WUDLW�
RU� REMHFW� GHILQLWLRQ��0HWKRGV� FDQ� RQO\� EH
LQYRNHG�XVLQJ�WKH�object.method�V\QWD[�

Mixin
$�QDUURZO\� IRFXVHG�HQFDSVXODWLRQ�RI� VWDWH
DQG�EHKDYLRU�WKDW�LV�PRUH�XVHIXO�DV�DQ�DG�
MXQFW�WR�DQRWKHU�REMHFW¦V�VWDWH�DQG�EHKDYLRU�
UDWKHU�WKDQ�VWDQGLQJ�RQ�LWV�RZQ��0L[LQV�LQ
6FDOD�DUH�LPSOHPHQWHG�XVLQJ�WUDLWV�

Multiple Inheritance
,Q�VRPH�ODQJXDJHV��EXW�QRW�6FDOD��D�W\SH�FDQ
H[WHQG�PRUH� WKDQ�RQH�SDUHQW� FODVV��&RP�
SDUH�WR�VLQJOH�LQKHULWDQFH�

Mutable Value
$�YDOXH�WKDW�FDQ�EH�FKDQJHG�DIWHU�LW�KDV�EHHQ
LQLWLDOL]HG��&RQWUDVW�ZLWK�LPPXWDEOH�YDOXH�

Named Argument
�6FDOD�YHUVLRQ�������7KH�DELOLW\�WR�UHIHU�WR�D
PHWKRG�DUJXPHQW�E\�QDPH�ZKHQ�FDOOLQJ�WKH
PHWKRG��,W�LV�XVHIXO�LQ�FRPELQDWLRQ�ZLWK�GH�
IDXOW� DUJXPHQW� YDOXHV� IRU� PLQLPL]LQJ� WKH
QXPEHU�RI�DUJXPHQWV�WKDW�KDYH�WR�EH�VSHFL�
ILHG�E\�WKH�FDOOHU�

Nonterminal
$Q�LWHP�LQ�D�JUDPPDU�WKDW�UHTXLUHV�IXUWKHU
GHFRPSRVLWLRQ�LQWR�RQH�RU�PRUH�QRQWHUPL�
QDOV� �LQFOXGLQJ� SRVVLEO\� D� UHFXUVLYH� UHIHU�
HQFH�WR�LWVHOI��DQG�WHUPLQDOV�

Object
$�FRKHVLYH�XQLW�ZLWK�D�SDUWLFXODU�VWDWH��SRV�
VLEOH� VWDWH� WUDQVLWLRQV�� DQG� EHKDYLRUV�� ,Q
6FDOD��WKH�NH\ZRUG�object�LV�XVHG�WR�GHFODUH
D�VLQJOHWRQ�H[SOLFLWO\��XVLQJ�WKH�VDPH�V\QWD[
DV�FODVV�GHFODUDWLRQV��H[FHSW�IRU�WKH�ODFN�RI
FRQVWUXFWRU� SDUDPHWHUV� DQG� DX[LOLDU\� SD�
UDPHWHUV� �EHFDXVH�objects�DUH� LQVWDQWLDWHG
E\�WKH�6FDOD�UXQWLPH��QRW�E\�XVHU�FRGH���7R
DYRLG� FRQIXVLRQ�ZLWK� objects��ZH� XVH� WKH
WHUP�LQVWDQFH�WR�UHIHU�WR�LQVWDQFHV�RI�FODVVHV
DQG�objects�JHQHULFDOO\�

Object-Oriented Programming
$� IRUP�RI�SURJUDPPLQJ� WKDW� HQFDSVXODWHV
VWDWH� YDOXHV� DQG� RSHUDWLRQV� RQ� WKDW� VWDWH�
H[SRVLQJ�D�FRKHVLYH�DEVWUDFWLRQ�WR�FOLHQWV�RI
WKH�REMHFW�ZKLOH�KLGLQJ�LQWHUQDO�LPSOHPHQ�
WDWLRQ�GHWDLOV��223�DOVR�VXSSRUWV�VXEW\SLQJ
WR�GHILQH�VSHFLDOL]DWLRQV�DQG�£IDPLO\¤�UHOD�
WLRQVKLSV�EHWZHHQ�W\SHV�

Operator Characters
&KDUDFWHUV�OLNH�<��*��HWF��WKDW�DUH�QRW�OHWWHUV�
QRU�GLJLWV��QRU�UHVHUYHG�FKDUDFWHUV��OLNH�OHIW
DQG�ULJKW�SDUHQWKHVHV��FXUO\�EUDFHV��VTXDUH
EUDFNHWV��WKH�VHPLFRORQ��FRORQ��RU�FRPPD�
7KHVH� FKDUDFWHUV� FDQ� EH� XVHG� LQ� PHWKRG

MapReduce
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QDPHV� WR� LPSOHPHQW� D� IRUP� RI� RSHUDWRU
RYHUORDGLQJ�

Operator Notation
6HH�LQIL[�QRWDWLRQ�

Operator Overloading
7KH�IHDWXUH�LQ�VRPH�ODQJXDJHV�ZKHUH�VWDQG�
DUG�PDWKHPDWLFDO�RSHUDWRUV��OLNH�*��/��<��HWF��
FDQ�EH�GHILQHG�E\�XVHUV�IRU�FXVWRP�W\SHV��,Q
6FDOD��D�IRUP�RI�RSHUDWRU�RYHUORDGLQJ�LV�VXS�
SRUWHG�E\�DOORZLQJ�RSHUDWRU�FKDUDFWHUV�WR�EH
XVHG� DV� QRUPDO�PHWKRG�QDPHV� DQG�E\� DO�
ORZLQJ�PHWKRGV�ZLWK� RQH� DUJXPHQW� WR� EH
LQYRNHG�ZLWK�LQIL[�QRWDWLRQ��7KH�£RSHUDWRU
SUHFHGHQFH¤� IRU� WKHVH� PHWKRGV� LV� GHWHU�
PLQHG�E\� WKH� ILUVW� FKDUDFWHU�� H�J���PHWKRG
*<�ZLOO�KDYH�KLJKHU�SUHFHGHQFH�WKDQ�PHWKRG
+<�

Overloaded Functions
7ZR�RU�PRUH�IXQFWLRQV�GHILQHG�LQ�WKH�VDPH
VFRSH��H�J���DV�PHWKRGV�LQ�D�W\SH�RU�DV�£EDUH¤
IXQFWLRQV��WKDW�KDYH�WKH�VDPH�QDPH�EXW�GLI�
IHUHQW�VLJQDWXUHV�

Package Objects
$�VSHFLDO�NLQG�RI�REMHFW�GHFODUDWLRQ�WKDW�GH�
FODUHV�PHPEHUV�WKDW�VKRXOG�EH�YLVLEOH�DW�WKH
VFRSH�RI�WKH�QDPHG�SDFNDJH��)RU�H[DPSOH�
IRU� WKH� GHFODUDWLRQ� package object math

{ type Complex = ... }�� WKH�Complex� W\SH
FDQ� EH� UHIHUHQFHG� DV� math.Complex�� �6FDOD
YHUVLRQ������

Packrat Parsers
3DUVHUV� IRU� SDUVLQJ� H[SUHVVLRQ� JUDPPDUV
�3(*V��VHH�>)RUG@���7KH\�KDYH�VHYHUDO�EHQH�
ILWV��VXFK�DV�ODFN�RI�DPELJXLW\�DQG�JRRG�SHU�
IRUPDQFH�FKDUDFWHULVWLFV��7KH� IRUWKFRPLQJ
6FDOD�YHUVLRQ�����SDUVHU�FRPELQDWRU�OLEUDU\
ZLOO� DGG� VXSSRUW� IRU� FUHDWLQJ� SDFNUDW
SDUVHUV�

Parameterized Types
6FDOD¦V�DQDORJ�RI�JHQHULFV� LQ�-DYD��3DUDPH�
WHUL]HG� W\SHV� DUH�GHILQHG�ZLWK�SODFHKROGHU
SDUDPHWHUV�IRU�W\SHV�WKH\�XVH��:KHQ�DQ�LQ�
VWDQFH� RI� D� SDUDPHWHUL]HG� W\SH� LV� FUHDWHG�
VSHFLILF� W\SHV�PXVW�EH� VSHFLILHG� WR� UHSODFH
DOO� WKH� W\SH� SDUDPHWHUV�� 6HH� DOVR� W\SH
FRQVWUXFWRU�

Parent Type
$�FODVV�RU�WUDLW�IURP�ZKLFK�DQRWKHU�FODVV�RU
WUDLW� LV� GHULYHG�� $OVR� FDOOHG� D� VXSHUW\SH� RU
EDVH�W\SH��6HH�LQKHULWDQFH�

Parsing expression grammars (PEGs)
$Q�DOWHUQDWLYH�WR�FRQWH[W�IUHH�JUDPPDUV�WKDW
SURYLGH� JXDUDQWHHG� OLQHDU�WLPH� SDUVLQJ
XVLQJ� PHPRL]DWLRQ� DQG� XQDPELJXRXV
JUDPPDUV��>3(*@��

Partial Application
$VVRFLDWHG�ZLWK�FXUU\LQJ��ZKHUH�D�VXEVHW�RI
D�FXUULHG�IXQFWLRQ¦V�DUJXPHQWV�DUH�DSSOLHG�
\LHOGLQJ� D� QHZ� IXQFWLRQ� WKDW� WDNHV� WKH� UH�
PDLQLQJ�DUJXPHQWV�

Partial Function
$�IXQFWLRQ�WKDW�LV�QRW�YDOLG�RYHU�WKH�ZKROH
UDQJH�RI�LWV�DUJXPHQWV��3DWWHUQ�PDWFKLQJ�H[�
SUHVVLRQV�FDQ�EH�FRQYHUWHG�WR�SDUWLDO�IXQF�
WLRQV�E\�WKH�FRPSLOHU�LQ�VRPH�FRQWH[WV�

Path-Dependent Type
$� QHVWHG� W\SH� 7� LV� XQLTXH� EDVHG� RQ� LWV
£SDWK�¤� WKH� KLHUDUFKLFDO�� SHULRG�GHOLPLWHG
OLVW�RI�WKH�HQFORVLQJ�SDFNDJHV��WKH�HQFORVLQJ
W\SHV��DQG�ILQDOO\�WKH�W\SH�7�LWVHOI��,QVWDQFHV
RI�7�FDQ�KDYH�GLIIHUHQW��LQFRPSDWLEOH�W\SHV�
)RU�H[DPSOH��LI�7�LV�QHVWHG�LQ�D�WUDLW�DQG�WKH
WUDLW�DSSHDUV�LQ�WKH�OLQHDUL]DWLRQV�RI�GLIIHUHQW
W\SHV�� WKHQ� WKH� LQVWDQFHV� LQ� WKRVH� 7V� ZLOO
KDYH�GLIIHUHQW�W\SHV�

Pattern Matching
&DVH�H[SUHVVLRQV��XVXDOO\�LQ�D�PDWFK�H[SUHV�
VLRQ�� WKDW� FRPSDUH� DQ� REMHFW� DJDLQVW
SRVVLEOH� W\SHV�� W\SH�H[WUDFWRUV�� UHJXODU�H[�
SUHVVLRQV��HWF���WR�GHWHUPLQH�WKH�DSSURSULDWH
KDQGOLQJ�

Pimp My Library
7KH�QDPH�RI�D�GHVLJQ�SDWWHUQ�WKDW�DSSHDUV
WR� DGG�QHZ�PHWKRGV� WR� D� W\SH�� ,W� XVHV� DQ
LPSOLFLW� W\SH� FRQYHUVLRQ� WR� DXWRPDWLFDOO\
ZUDS�WKH�W\SH�LQ�D�ZUDSSHU�W\SH��ZKHUH�WKH
ZUDSSHU�W\SH�KDV�WKH�GHVLUHG�PHWKRGV�

Precondition
$Q�DVVHUWLRQ�WKDW�VKRXOG�EH�WUXH�RQ�HQWU\�WR
D�PHWKRG�RU�RWKHU�HQWU\�SRLQW��6HH�'HVLJQ�E\
&RQWUDFW�

Precondition
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Postcondition
$Q�DVVHUWLRQ�WKDW�VKRXOG�EH�WUXH�RQ�H[LW�IURP
D�PHWKRG�RU�RWKHU�ERXQGDU\�SRLQW��6HH�'H�
VLJQ�E\�&RQWUDFW�

Postfix Notation
$� V\QWD[� VXSSRUWHG� E\� WKH� FRPSLOHU� IRU
PHWKRGV� ZLWK� QR� DUJXPHQW�� VRPHWLPHV
FDOOHG�QXOODU\�PHWKRGV��7KH�PHWKRG�FDQ�EH
LQYRNHG� ZLWKRXW� WKH� SHULRG� EHWZHHQ� WKH
REMHFW�DQG�WKH�PHWKRG�QDPH��6HH�DOVR�LQIL[
QRWDWLRQ�

Primary Constructor
7KH�PDLQ�FRQVWUXFWRU�RI�D�FODVV��FRQVLVWLQJ
RI� WKH� FODVV� ERG\� ZLWK� WKH� SDUDPHWHU� OLVW
VSHFLILHG�DIWHU�WKH�QDPH�RI�WKH�FODVV��6HH�DOVR
DX[LOLDU\�FRQVWUXFWRU�

Primitive Type
$�QRQ�REMHFW� W\SH� RQ� WKH� XQGHUO\LQJ� UXQ�
WLPH�SODWIRUP��H�J���-90�DQG��1(7���6FDOD
GRHV�QRW�KDYH�SULPLWLYH�W\SHV�DW�WKH�VRXUFH
FRGH�OHYHO��5DWKHU��LW�XVHV�YDOXH�W\SHV��ZKLFK
DUH� VXEFODVVHV� RI� AnyVal�� WR�ZUDS� UXQWLPH
SULPLWLYHV��SURYLGLQJ�REMHFW�VHPDQWLFV�DW�WKH
FRGH�OHYHO��ZKLOH�XVLQJ�ER[LQJ�DQG�XQER[LQJ
RI�SULPLWLYHV�DW�WKH�E\WH�FRGH�OHYHO�WR�RSWL�
PL]H�SHUIRUPDQFH�

Production
$�WHUP�XVHG�IRU�HDFK�SDUW�RI�D�JUDPPDU�WKDW
GHFRPSRVHV� D� VSHFLILF� QRQWHUPLQDO� LQWR
RWKHU� QRQWHUPLQDOV� �SHUKDSV� LQFOXGLQJ� D
UHFXUVLYH�UHIHUHQFH�WR�WKH�RULJLQDO�QRQWHUPL�
QDO��DQG�WHUPLQDOV�

Pure
8VHG� LQ� WKH� FRQWH[W� RI� IXQFWLRQV� WR�PHDQ
WKDW�WKH\�DUH�VLGH�HIIHFW�IUHH��6HH�DOVR�UHIHU�
HQWLDO�WUDQVSDUHQF\�

Recursion
:KHQ� D� IXQFWLRQ� FDOOV� LWVHOI� DV� SDUW� RI� LWV
FRPSXWDWLRQ��$�WHUPLQDWLRQ�FRQGLWLRQ�LV�UH�
TXLUHG�WR�SUHYHQW�DQ�LQILQLWH�UHFXUVLRQ��6HH
DOVR�WDLO�FDOO�UHFXUVLRQ�

Reference Type
$�W\SH�ZKRVH�LQVWDQFHV�DUH�LPSOHPHQWHG�DV
REMHFWV�RQ�WKH�UXQWLPH�SODWIRUP��$OO�UHIHU�
HQFH�W\SHV�VXEW\SH�AnyRef�

Referential Transparency
7KH� SURSHUW\� RI� DQ� H[SUHVVLRQ�� VXFK� DV� D
IXQFWLRQ��ZKHUH�LW�FDQ�EH�UHSODFHG�ZLWK�LWV
YDOXH�ZLWKRXW�FKDQJLQJ�WKH�EHKDYLRU�RI�WKH
FRGH��7KLV�FDQ�EH�GRQH�ZLWK�VLGH�HIIHFW�IUHH
IXQFWLRQV�ZKHQ�WKH�LQSXWV�DUH�WKH�VDPH��7KH
SULPDU\�EHQHILW�RI� UHIHUHQWLDO� WUDQVSDUHQF\
LV�WKDW�LW�LV�HDV\�WR�UHDVRQ�DERXW�WKH�EHKDYLRU
RI�D�IXQFWLRQ��ZLWKRXW�KDYLQJ�WR�XQGHUVWDQG
WKH� FRQWH[W� LQ� ZKLFK� LW� LV� LQYRNHG�� 7KDW
PDNHV�WKH�IXQFWLRQ�HDVLHU�WR�WHVW��UHIDFWRU�
DQG�UHXVH�

Refinement
7KH� WHUP� XVHG� IRU� DGGLQJ� RU� RYHUULGLQJ
PHPEHUV� LQ� D� W\SH� ERG\� IRU� D� FRPSRXQG
W\SH�

Reified Types
:KHUH�WKH�VSHFLILF�W\SHV�XVHG�ZKHQ�LQVWDQ�
WLDWLQJ�D�JHQHULF�W\SH�DUH�UHWDLQHG�LQ�WKH�E\WH
FRGH��VR�WKH�LQIRUPDWLRQ�LV�DYDLODEOH�DW�UXQ�
WLPH��7KLV�LV�D�SURSHUW\�RI��1(7�E\WH�FRGH�
EXW�QRW�-90�E\WH�FRGH��ZKLFK�XVHV�W\SH�HUD�
VXUH�� 7R� PLQLPL]H� LQFRPSDWLELOLWLHV�� ERWK
WKH�-DYD�DQG��1(7�6FDOD�YHUVLRQV�XVH� W\SH
HUDVXUH�

REPL
$�QDPH�JLYHQ�WR�LQWHUDFWLYH�ODQJXDJH�LQWHU�
SUHWHUV�� OLNH� WKH� scala� FRPPDQG� LQ� LQWHU�
SUHWHU�PRGH��5(3/�LV�DQ�DFURQ\P�IRU�5HDG�
(YDOXDWH��3ULQW��/RRS�

Scaladocs
7KH� $3,� GRFXPHQWDWLRQ� JHQHUDWHG� IURP
6FDOD�VRXUFH�FRGH�XVLQJ�WKH�scaladoc� WRRO�
DQDORJRXV�WR�-DYD¦V�-DYDGRFV�

Scope
$�GHILQHG�ERXQGDU\�RI�YLVLELOLW\��FRQVWUDLQ�
LQJ�ZKDW�W\SHV�DQG�WKHLU�PHPEHUV�DUH�YLVLEOH
ZLWKLQ�LW�

Sealed
.H\ZRUG�IRU�SDUHQW�FODVVHV�ZKHQ�DOO�WKH�GL�
UHFW� VXEFODVVHV� DOORZHG� DUH� GHILQHG� LQ� WKH
VDPH�VRXUFH�ILOH�

Self-Type Annotation
$�GHFODUDWLRQ�LQ�D�WUDLW�RU�FODVV�WKDW�FKDQJHV
LWV� W\SH�� VRPHWLPHV�ZLWK� DQ� DOLDV� IRU� this

Postcondition
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GHILQHG� �self� LV� FRQYHQWLRQDO���$� VHOI� W\SH
FDQ� EH� XVHG� WR� LQGLFDWH� GHSHQGHQFLHV� RQ
RWKHU�WUDLWV�WKDW�ZLOO�KDYH�WR�EH�PL[HG�LQWR�D
FRQFUHWH� LQVWDQFH� WR� UHVROYH� WKH� GHSHQG�
HQF\��,Q�VRPH�FDVHV��WKHVH�GHSHQGHQFLHV�DUH
XVHG�WR�HQVXUH�WKDW�DQ�LQVWDQFH�RI�WKH�FXU�
UHQW�W\SH�FDQ�EH�XVHG�DV�DQ�LQVWDQFH�RI�D�GH�
SHQGHQW� W\SH� LQ� FHUWDLQ� FRQWH[WV� �H�J��� DV
XVHG�LQ�WKH�2EVHUYHU�3DWWHUQ�LQ�£6HOI�7\SH
$QQRWDWLRQV� DQG� $EVWUDFW� 7\SH� 0HP�
EHUV¤�RQ�SDJH������

Side-Effect-Free
)XQFWLRQV�RU�H[SUHVVLRQV�WKDW�KDYH�QR�VLGH
HIIHFWV��PHDQLQJ� WKH\�PRGLI\�QR�JOREDO�RU
£REMHFW¤�VWDWH�

Signature
)RU� D� IXQFWLRQ�� WKH� QDPH�� SDUDPHWHU� OLVW
W\SHV��DQG�UHWXUQ�YDOXH��)RU�D�PHWKRG��DOVR
LQFOXGHV�WKH�W\SH�WKDW�GHILQHV�WKH�PHWKRG�

Single Inheritance
$�FODVV��REMHFW��RU�WUDLW�FDQ�H[WHQG�RQH�SD�
UHQW�FODVV��&RPSDUH�WR�PXOWLSOH�LQKHULWDQFH�

Singleton
$�FODVV�WKDW�KDV�RQO\�RQH�LQVWDQFH��,Q�6FDOD�
VLQJOHWRQV�DUH�GHFODUHG�XVLQJ� WKH�NH\ZRUG
object�LQVWHDG�RI�class�

Singleton Types
7KH� XQLTXH� W\SH� GHVLJQDWRU� WKDW� H[FOXGHV
SDWK�GHSHQGHQFLHV��,I�p1�DQG�p2�DUH�WZR�GLI�
IHUHQW�SDWK�GHSHQGHQW�W\SHV��WKHLU�VLQJOHWRQ
W\SHV�DUH�p1.type�DQG�p2.type��ZKLFK�PD\
EH�WKH�VDPH��&RQWUDVW�ZLWK�VLQJOHWRQ�REMHFWV�
6LQJOHWRQ�W\SHV�DUH�QRW�VSHFLILFDOO\�WKH�W\SHV
RI�VLQJOHWRQ�REMHFWV��EXW�VLQJOHWRQ�REMHFWV�GR
KDYH�VLQJOHWRQ�W\SHV�

Stable Types
8VHG� LQ� WKH� FRQWH[W� RI� SDWK�GHSHQGHQW
W\SHV��DOO�EXW� WKH� ODVW�HOHPHQWV� LQ�WKH�SDWK
PXVW�EH� VWDEOH��ZKLFK� URXJKO\�PHDQV� WKDW
WKH\�DUH�HLWKHU�SDFNDJHV��VLQJOHWRQ�REMHFWV�
RU�W\SH�GHFODUDWLRQV�WKDW�DOLDV�WKH�VDPH�

State
$V�LQ��£WKH�VWDWH�RI�DQ�REMHFW�¤�ZKHUH�LW�LQ�
IRUPDOO\�PHDQV�WKH�VHW�RI�DOO�WKH�FXUUHQW�YDO�
XHV�RI�DQ�REMHFW¦V�ILHOGV�

Static Typing
/RRVHO\�VSHDNLQJ��HDUO\�ELQGLQJ�RI�W\SH�LQ�
IRUPDWLRQ��VRPHWLPHV�UHIHUUHG�WR�DV�ELQGLQJ
WR�D�UHIHUHQFH��UDWKHU�WKDQ�WKH�YDOXH�WR�ZKLFK
WKH�UHIHUHQFH�LV�DVVLJQHG�

Strict
8VHG�WR�UHIHU�WR�GDWD�VWUXFWXUHV�WKDW�DUH�QRW
OD]\��L�H���WKH\�DUH�GHILQHG�£HDJHUO\¤�E\�WKH
H[SUHVVLRQV�XVHG�WR�FRQVWUXFW�WKHP�

Structural Type
$�VWUXFWXUDO�W\SH�LV�OLNH�DQ�DQRQ\PRXV�W\SH�
ZKHUH�RQO\�WKH�£VWUXFWXUH¤�D�FDQGLGDWH�W\SH
PXVW�VXSSRUW�LV�VSHFLILHG��VXFK�DV�PHPEHUV
WKDW�PXVW�EH�SUHVHQW��6WUXFWXUDO�W\SHV�GR�QRW
QDPH� WKH�FDQGLGDWH� W\SHV� WKDW�FDQ�PDWFK�
QRU�GR�DQ\�PDWFKLQJ�W\SHV�QHHG�WR�VKDUH�D
FRPPRQ�SDUHQW�WUDLW�RU�FODVV�ZLWK�WKH�VWUXF�
WXUDO� W\SH�� +HQFH�� VWUXFWXUDO� W\SHV� DUH� D
W\SH�VDIH�DQDORJ�WR�GXFN�W\SLQJ�LQ�G\QDPL�
FDOO\�W\SHG�ODQJXDJHV��OLNH�5XE\�

Subtype
$�V\QRQ\P�IRU�GHULYHG�W\SH�

Supertype
$�V\QRQ\P�IRU�SDUHQW�W\SH�

Symbol
$Q�LQWHUQHG�VWULQJ��/LWHUDO�V\PEROV�DUH�ZULW�
WHQ�VWDUWLQJ�ZLWK�D�VLQJOH�£ULJKW�TXRWH�¤�H�J��
'name�

Tail-Call Recursion
$�IRUP�RI�UHFXUVLRQ�ZKHUH�D�IXQFWLRQ�FDOOV
LWVHOI�DV�WKH�ODVW�WKLQJ�LW�GRHV��L�H���LW�GRHV�QR
DGGLWLRQDO�FRPSXWDWLRQV�ZLWK�WKH�UHVXOW�RI
WKH� UHFXUVLYH� FDOO��7KH�6FDOD� FRPSLOHU�ZLOO
RSWLPL]H�WDLO�FDOO�UHFXUVLRQV�LQWR�D�ORRS�

Test-Driven Development
$� GHYHORSPHQW� GLVFLSOLQH� ZKHUH� QR� QHZ
IXQFWLRQDOLW\�LV�LPSOHPHQWHG�XQWLO�D�WHVW�KDV
EHHQ�ZULWWHQ� WKDW�ZLOO�SDVV�RQFH� WKH� IXQF�
WLRQDOLW\�LV�LPSOHPHQWHG��6HH�DOVR�%HKDYLRU�
'ULYHQ�'HYHORSPHQW�

Terminal
$�WRNHQ�LQ�D�JUDPPDU��VXFK�DV�D�NH\ZRUG�
WKDW�UHTXLUHV�QR�IXUWKHU�GHFRPSRVLWLRQ��6HH
DOVR�QRQWHUPLQDO�

Terminal
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Test Double
:KHQ�WHVWLQJ�WKH�EHKDYLRU�RI�RQH�REMHFW��D
WHVW�GRXEOH�LV�DQRWKHU�REMHFW�WKDW�VDWLVILHV�D
GHSHQGHQF\� LQ� WKH� REMHFW� XQGHU� WHVW�� 7KH
WHVW�GRXEOH�PD\�DVVLVW�LQ�WKH�WHVWLQJ�SURFHVV�
SURYLGH�FRQWUROOHG�WHVW�GDWD�DQG�EHKDYLRUV�
DQG�PRGLI\�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�RE�
MHFW�XQGHU�WHVW�DQG�WKH�WHVW�GRXEOH��6SHFLILF
W\SHV� RI� WHVW� GRXEOHV� LQFOXGH� £IDNHV�¤
£PRFNV�¤�DQG�£VWXEV�¤

Trait
$� FODVV�OLNH� HQFDSVXODWLRQ� RI� VWDWH� �ILHOGV�
DQG� EHKDYLRU� �PHWKRGV�� WKDW� LV� XVHG� IRU
PL[LQ�FRPSRVLWLRQ��=HUR�RU�PRUH�WUDLWV�FDQ
EH�PL[HG� LQWR� FODVV� GHFODUDWLRQV� RU� ZKHQ
FUHDWLQJ�LQVWDQFHV�GLUHFWO\��HIIHFWLYHO\�FUHDW�
LQJ�DQ�DQRQ\PRXV�FODVV�

Trampoline
$�ORRS�WKDW� LWHUDWHV�WKURXJK�D� OLVW�RI� IXQF�
WLRQV��LQYRNLQJ�HDFK�LQ�WXUQ��7KH�PHWDSKRU
RI�ERXQFLQJ�WKH�IXQFWLRQV�RII�D�WUDPSROLQH
LV�WKH�VRXUFH�RI�WKH�QDPH��,W�FDQ�EH�XVHG�WR
UHZULWH�D�IRUP�RI�UHFXUVLRQ�ZKHUH�D�IXQFWLRQ
GRHVQ¦W�FDOO�LWVHOI��EXW�UDWKHU�FDOOV�D�GLIIHUHQW
IXQFWLRQ�WKDW�LQYRNHV�WKH�RULJLQDO�IXQFWLRQ�
DQG�VR�IRUWK��EDFN�DQG�IRUWK��7KHUH�LV�D�SUR�
SRVDO�IRU�WKH�6FDOD�YHUVLRQ�����FRPSLOHU�WR
LQFOXGH�D�WUDPSROLQH�LPSOHPHQWDWLRQ�

Tuple
$�JURXSLQJ�RI�WZR�RU�PRUH�LWHPV�RI�DUELWUDU\
W\SHV� LQWR� D� £&DUWHVLDQ�SURGXFW�¤�ZLWKRXW
ILUVW� GHILQLQJ� D� FODVV� WR�KROG� WKHP��/LWHUDO
WXSOH�YDOXHV�DUH�ZULWWHQ�LQ�SDUHQWKHVHV�DQG
VHSDUDWHG�E\�FRPPDV��H�J���(x1, x2, ...)�
7KH\�DUH�ILUVW�FODVV�YDOXHV��VR�\RX�FDQ�DVVLJQ
WKHP�WR�YDULDEOHV��SDVV�WKHP�DV�YDOXHV��DQG
UHWXUQ�WKHP�IURP�IXQFWLRQV��7XSOHV�DUH�UHS�
UHVHQWHG�E\�TupleN�FODVVHV��IRU�1�EHWZHHQ��
DQG�����LQFOXVLYH�

Type
$�FDWHJRUL]DWLRQ�RI�DOORZHG�VWDWHV�DQG�RS�
HUDWLRQV�RQ�WKRVH�VWDWHV��LQFOXGLQJ�WUDQVIRU�
PDWLRQV�IURP�RQH�VWDWH�WR�DQRWKHU��7KH�W\SH
RI�DQ�LQVWDQFH�LV�WKH�FRPELQDWLRQ�RI�LWV�GH�
FODUHG� FODVV� �H[SOLFLWO\� QDPHG� RU� DQRQ\�
PRXV��� PL[HG�LQ� WUDLWV�� DQG� WKH� VSHFLILF
W\SHV�XVHG�WR�UHVROYH�DQ\�SDUDPHWHUV�LI�WKH

FODVV� RU� WUDLWV� DUH� SDUDPHWHUL]HG� W\SHV�� ,Q
6FDOD��type�LV�DOVR�D�NH\ZRUG��:KHQ�LQGLFD�
WHG�LQ�WKH�WH[W��ZH�VRPHWLPHV�XVH�WKH�WHUP
W\SH�WR�UHIHU�WR�D�FODVV��REMHFW��RU�WUDLW�JHQHU�
LFDOO\�

Type Annotation
$Q�H[SOLFLW�GHFODUDWLRQ�RI�WKH�W\SH�RI�D�YDOXH�
H�J���count: Int��ZKHUH�Int�LV�WKH�W\SH�DQQR�
WDWLRQ��$�W\SH�DQQRWDWLRQ�LV�UHTXLUHG�ZKHQ
W\SH�LQIHUHQFH�FDQ¦W�EH�XVHG��,Q�6FDOD��IXQF�
WLRQ� SDUDPHWHUV� UHTXLUH� W\SH� DQQRWDWLRQV�
DQG�DQQRWDWLRQV�DUH�UHTXLUHG�LQ�VRPH�RWKHU
FRQWH[WV�ZKHUH� WKH� W\SH� FDQ¦W�EH� LQIHUUHG�
H�J���IRU�UHWXUQ�YDOXHV�RI�VRPH�IXQFWLRQV�

Type Bounds
&RQVWUDLQWV�RQ�WKH�DOORZHG�W\SHV�WKDW�FDQ�EH
XVHG� IRU� D� SDUDPHWHU� LQ� D� SDUDPHWHUL]HG
W\SH�RU�DVVLJQHG�WR�DQ�DEVWUDFW�W\SH��,Q�6FDOD�
WKH� H[SUHVVLRQ� A <: B� GHILQHV� DQ� XSSHU
ERXQG�RQ�A��LW�PXVW�EH�D�VXEW\SH�RU�WKH�VDPH
DV�B��7KH�H[SUHVVLRQ�A >: B�GHILQHV�D�ORZHU
ERXQG� RQ�A�� LW�PXVW� EH� D� VXSHUW\SH� RU� WKH
VDPH�DV�B�

Type Constructor
,QIRUPDOO\�� D� SDUDPHWHUL]HG� W\SH� LV� VRPH�
WLPHV�FDOOHG�D�W\SH�FRQVWUXFWRU��DOWKRXJK�D
£QRQ�SDUDPHWHUL]HG¤� W\SH� LV� UHDOO\� D� W\SH
FRQVWUXFWRU�WRR��MXVW�ZLWK�]HUR�SDUDPHWHUV�
7KH�DQDORJ\�ZLWK�DQ�LQVWDQFH�FRQVWUXFWRU�LV
WKDW�\RX�VSHFLI\�VSHFLILF�FRQFUHWH�W\SHV�IRU
WKH� SDUDPHWHUV� WR� FUHDWH� D� QHZ� FRQFUHWH
W\SH��MXVW�DV�\RX�VSHFLI\�YDOXHV�WR�DQ�LQVWDQFH
FRQVWUXFWRU�WR�FUHDWH�DQ�LQVWDQFH�

Type Designators
7KH�FRQYHQWLRQDO�W\SH�,'V�FRPPRQO\�XVHG�
H�J��� class Person�� object O { type t }�
7KH\� DUH� DFWXDOO\� D� VKRUWKDQG� V\QWD[� IRU
W\SH�SURMHFWLRQV�

Type Erasure
$�SURSHUW\�RI�WKH�JHQHULFV�W\SH�PRGHO�RQ�WKH
-90��:KHQ�D�W\SH�LV�FUHDWHG�IURP�D�JHQHULF�
WKH�LQIRUPDWLRQ�DERXW�WKH�VSHFLILF�W\SHV�VXE�
VWLWXWHG�IRU�WKH�W\SH�SDUDPHWHUV�LV�QRW�VWRUHG
LQ�WKH�E\WH�FRGH�DQG�LV�WKHUHIRUH�QRW�DYDLOD�
EOH�DW�UXQWLPH��6FDOD�PXVW�IROORZ�WKH�VDPH
PRGHO�� 6R�� IRU� H[DPSOH�� LQVWDQFHV� RI
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List[String]� DQG� List[Int]� DUH� LQGLVWLQ�
JXLVKDEOH��&RQWUDVW�ZLWK�UHLILHG�W\SHV�

Type Inference
,QIHUULQJ� WKH� W\SH�RI� D� YDOXH�EDVHG�RQ� WKH
FRQWH[W� LQ� ZKLFK� LW� LV� XVHG�� UDWKHU� WKDQ
UHO\LQJ�RQ�H[SOLFLW�W\SH�DQQRWDWLRQV��6RPH�
WLPHV�FDOOHG�LPSOLFLW�W\SLQJ�

Type Projections
$�ZD\�WR�UHIHU�WR�D�W\SH�QHVWHG�ZLWKLQ�DQ�
RWKHU� W\SH��)RU�H[DPSOH�� LI� D� W\SH�t� LV�GH�
FODUHG�LQ�D�FODVV�C��WKHQ�WKH�W\SH�SURMHFWLRQ
IRU�t�LV�C#t�

Type Variance
:KHQ�D�SDUDPHWHUL]HG�W\SH�LV�GHFODUHG��WKH
YDULDQFH�EHKDYLRU�XQGHU�LQKHULWDQFH�RI�HDFK
W\SH�SDUDPHWHU�FDQ�EH�VSHFLILHG�XVLQJ�D�W\SH
YDULDQFH�DQQRWDWLRQ�RQ�WKH�W\SH�V\PERO�

Type Variance Annotation
2Q� D� W\SH� SDUDPHWHU� LQ� D� SDUDPHWHUL]HG
W\SHV��D�+�SUHIL[HG�WR�WKH�W\SH�V\PERO�LV�XVHG
WR�LQGLFDWH�FRYDULDQFH��$�-�SUHIL[�RQ�WKH�W\SH
V\PERO� LV�XVHG� WR� LQGLFDWH�FRQWUDYDULDQFH�
1R�YDULDQFH�DQQRWDWLRQ�LV�XVHG�WR�LQGLFDWH
LQYDULDQFH��WKH�GHIDXOW��

Upper Type Bounds
6HH�W\SH�ERXQGV�

Value
7KH�DFWXDO�VWDWH�RI�DQ�LQVWDQFH��XVXDOO\�LQ�WKH
FRQWH[W� RI� D� YDULDEOH� WKDW� UHIHUV� WR� WKH� LQ�
VWDQFH��6HH�DOVR�YDOXH�W\SH�

Value Object
$Q�LPPXWDEOH�LQVWDQFH�RU�REMHFW�

Value Type
$� VXEFODVV� RI� AnyVal� WKDW� ZUDSV� D� FRUUH�
VSRQGLQJ� QRQ�REMHFW� £SULPLWLYH¤� W\SH� RQ
WKH�UXQWLPH�SODWIRUP��H�J���-90�DQG��1(7��
7KH� YDOXH� W\SHV� DUH� Boolean�� Char�� Byte�
Double��Float��Long��Int��DQG�Short���Unit�LV
DOVR�D�YDOXH�W\SH���$OO�DUH�GHFODUHG�abstract
final�VR�WKH\�FDQ¦W�EH�XVHG�LQ�new V�H[SUHV�
VLRQV��,QVWHDG��SURJUDPV�VSHFLI\�OLWHUDO�YDO�
XHV��H�J���3.14�IRU�D�Double�RU�XVH�PHWKRGV
WKDW�UHWXUQ�QHZ�YDOXHV��7KH�6FDOD�UXQWLPH

KDQGOHV� LQVWDQWLDWLRQ�� $OO� WKH� LQVWDQFHV� RI
YDOXH�W\SHV�DUH�LPPXWDEOH�YDOXH�REMHFWV�

7KH�WHUP�YDOXH�W\SH�LV�DOVR�XVHG�WR�PHDQ�WKH
FDWHJRULHV�RI�W\SHV�IRU�LQVWDQFHV��7KDW�LV��WKH
W\SH� RI� HYHU\� LQVWDQFH� PXVW� IDOO� LQWR� RQH
RI� VHYHUDO� FDWHJRULHV�� DQQRWDWHG� W\SHV�
FRPSRXQG�W\SHV��IXQFWLRQ�W\SHV��LQIL[�W\SHV�
SDUDPHWHUL]HG� W\SHV�� WXSOHV�� W\SH� GHVLJQD�
WRUV��W\SH�SURMHFWLRQV��DQG�VLQJOHWRQ�W\SHV�

Variable
$�QDPHG�UHIHUHQFH�WR�D�YDOXH��,I�WKH�YDULDEOH
LV� GHFODUHG� ZLWK� WKH� val� NH\ZRUG�� D� QHZ
YDOXH�FDQ¦W�EH�DVVLJQHG�WR�WKH�YDULDEOH��,I�WKH
YDULDEOH�LV�GHFODUHG�ZLWK�WKH�var�NH\ZRUG��D
QHZ�YDOXH�FDQ�EH�DVVLJQHG�WR�WKH�YDULDEOH�
7KH�YDOXH�D�YDULDEOH�UHIHUHQFHV�PXVW�EH�W\SH�
FRPSDWLEOH� ZLWK� WKH� GHFODUHG� RU� LQIHUUHG
W\SH�RI�WKH�YDULDEOH�

View
$Q�LPSOLFLW�YDOXH�RI�IXQFWLRQ�W\SH�WKDW�FRQ�
YHUWV�D�W\SH�A�WR�B��7KH�IXQFWLRQ�KDV�WKH�W\SH
A => B�RU�(=> A) => B���,Q�WKH�ODWHU�FDVH��WKH
(=> A)�LV�D�E\�QDPH�SDUDPHWHU���$Q�LQ�VFRSH
LPSOLFLW� W\SH� FRQYHUVLRQ� PHWKRG� ZLWK� WKH
VDPH�VLJQDWXUH�FDQ�DOVR�EH�XVHG�DV�D�YLHZ�

View Bounds
$� W\SH� VSHFLILFDWLRQ� RI� WKH� IRUP� A <% B�
ZKLFK�VD\V�WKDW�DQ\�W\SH�FDQ�EH�XVHG�IRU�A
DV�ORQJ�DV�DQ�LQ�VFRSH�YLHZ�H[LVWV�WKDW�FDQ
FRQYHUW�DQ�A�WR�D�B�

Visibility
7KH�VFRSH�LQ�ZKLFK�D�GHFODUHG�W\SH�RU�W\SH
PHPEHU� LV� YLVLEOH� WR� RWKHU� W\SHV� DQG
PHPEHUV�

Visibility
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Index

Symbols
���H[FODPDWLRQ�SRLQW�

��PHWKRG��VHQGLQJ�PHVVDJHV�WR�$FWRUV�����
�������

���PHWKRG��VHQGLQJ�PHVVDJHV�WR�$FWRUV�����
� ��QRW�HTXDO��PHWKRG�����
� ��QRW�HTXDO��RSHUDWRU����
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����

�����TXRWDWLRQ�PDUNV��GRXEOH�
HQFORVLQJ�VWULQJ�OLWHUDOV����
HVFDSLQJ�LQ�FKDUDFWHU�OLWHUDOV����
WULSOHV�RI�GRXEOH�TXRWHV��ERXQGLQJ�PXOWL�

OLQH�VWULQJ�OLWHUDOV����
���SRXQG�VLJQ�

HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
XVH�LQ�W\SH�SURMHFWLRQV����

���GROODU�VLJQ��LQ�LGHQWLILHUV����
���SHUFHQW�VLJQ�

HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����

	��DPSHUVDQG�
		��DQG��RSHUDWRU����
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����


�
��TXRWDWLRQ�PDUNV��VLQJOH�
HQFORVLQJ�FKDUDFWHU�OLWHUDOV����
LQ�V\PERO�OLWHUDOV����

�����SDUHQWKHVHV�
FDSWXUH�JURXSV�LQ�UHJXODU�H[SUHVVLRQV����
LQ�PHWKRG�LQYRFDWLRQV��GURSSLQJ����
RPLWWLQJ�IRU�E\�QDPH�IXQFWLRQ�SDUDPHWHU�

���
RPLWWLQJ�LQ�PHWKRG�GHILQLWLRQV�����

RPLWWLQJ�LQ�PHWKRG�LQYRFDWLRQV����
VXEVWLWXWLQJ�FXUO\�EUDFHV�IRU�LQ�PHWKRG�FDOO�

��

��DVWHULVN�

PXOWLSOLFDWLRQ�RSHUDWRU��HQFRGLQJ�LQ�-DYD
LGHQWLILHUV�����

RSHUDWRU�SUHFHGHQFH����
]HUR�RU�PRUH�UHSHWLWLRQV�LQ�SURGXFWLRQ�UXOH�

���
���SOXV�VLJQ�

���PHWKRG��DSSHQGLQJ�WR�OLVWV����
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����
VSHFLI\LQJ�DW�OHDVW�RQH�UHSHWLWLRQ�LQ

SURGXFWLRQ�UXOH�����
YDULDQFH�DQQRWDWLRQV����������

���PLQXV�VLJQ�
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����
YDULDQFH�DQQRWDWLRQV����������

�!��ULJKW�DUURZ��RSHUDWRU����
���GRW�

LQIL[�RSHUDWRU�QRWDWLRQ�����
RPLWWLQJ�LQ�PHWKRG�FDOOV��������
SHULRG�GHOLPLWHG�SDWK�H[SUHVVLRQV�����

���VODVK�
�
�
��LQ�PXOWL�OLQH�FRPPHQWV����
���LQ�VLQJOH�OLQH�FRPPHQWV����
GLYLVLRQ�RSHUDWRU��HQFRGLQJ�LQ�-DYD

LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����

���FRORQ�
����FRQVWUXFWRU��PHWKRG

H[WUDFWLQJ�KHDG�DQG�WDLO�RI�OLVW����
SUHSHQGLQJ�WR�D�OLVW����

:H¦G�OLNH�WR�KHDU�\RXU�VXJJHVWLRQV�IRU�LPSURYLQJ�RXU�LQGH[HV��6HQG�HPDLO�WR�LQGH[#RUHLOO\�FRP�

407

Download at WoweBook.Com



���FODVV�����
�?��IROG5LJKW��DQG�����IROG/HIW������
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
PHWKRGV�HQGLQJ�LQ��ULJKW�DVVRFLDWLYH

LQYRFDWLRQ����
RSHUDWRU�SUHFHGHQFH����
VHSDUDWRU�EHWZHHQ�LGHQWLILHUV�DQG�W\SH

DQQRWDWLRQV��������
���VHPLFRORQ�

HQGLQJ�SURGXFWLRQ�UXOH�GHILQLWLRQV�����
HQGLQJ�VWDWHPHQWV�LQ�6FDOD�FRGH����
VHSDUDWRUV�LQ�IRU�H[SUHVVLRQ����

��!��DQJOH�EUDFNHWV�
���OHVV�WKDQ��RSHUDWRU����

HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
���LQGLFDWLQJ�YLHZ�ERXQG�LQ�W\SH

GHFODUDWLRQ���������
����OHIW�DUURZ��RSHUDWRU��JHQHUDWRUV���������

��
����XVH�LQ�SDUDPHWHUL]HG�DQG�DEVWUDFW�W\SH

GHFODUDWLRQV����
!��JUHDWHU�WKDQ��RSHUDWRU����

HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
!���FRQVWUDLQLQJ�DOORZHG�W\SHV�LQ

SDUDPHWHUL]HG�DQG�DEVWUDFW�W\SH
GHFODUDWLRQV����

LQ�PHWKRG�QDPHV����
RSHUDWRU�SUHFHGHQFH����

 ��HTXDOV�VLJQ�
  ��HTXDOV��PHWKRG�����
  ��HTXDOV��RSHUDWRU���������
 !�LQ�IXQFWLRQ�OLWHUDOV����
DVVLJQPHQW�RSHUDWRU����
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
LQ�PHWKRG�GHILQLWLRQV��������

PLVVLQJ����
RSHUDWRU�SUHFHGHQFH����

"��TXHVWLRQ�PDUN�
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����

#��DW�VLJQ�
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
H[WUDFWLQJ�YDOXH�RI�;0/�DWWULEXWHV�����
PDUNLQJ�DQQRWDWLRQV����

>�@��VTXDUH�EUDFNHWV�
HQFORVLQJ�RSWLRQDO�LWHPV�LQ�SDUVHU�JUDPPDU�

���
XVH�ZLWK�SDUDPHWHUL]HG�W\SHV������������

?��EDFNVODVK�
LQ�FKDUDFWHU�HVFDSH�VHTXHQFHV����

HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
HVFDSLQJ�GRXEOH�TXRWHV�LQ�VWULQJ�OLWHUDOV����
SURMHFWLRQ�IXQFWLRQV�����
?�DQG�??�RSHUDWRUV�IRU�GRFXPHQW�VWUXFWXUHV�

��
A��FDUHW�

HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����

B��XQGHUVFRUH�
LQ�LGHQWLILHUV����
PHWKRG�FKDLQLQJ�DQG�IXQFWLRQ�OLWHUDO

VKRUWKDQGV����
SODFHKROGHU�LQ�LPSRUWV��IXQFWLRQ�OLWHUDOV�

HWF���������
UHVHUYHG�ZRUG����
ZLOGFDUG�FKDUDFWHU�LQ�6FDOD������������

CC��EDFN�TXRWHV��LQ�OLWHUDOV����
^�`��FXUO\�EUDFHV�

HQFORVLQJ�FODVV�ERG\����
HQFORVLQJ�IRU�H[SUHVVLRQV����
LQ�PHWKRG�GHFODUDWLRQV����
VXEVWLWXWLQJ�IRU�SDUHQWKHVHV�LQ�PHWKRG�FDOO�

��
^�LQGLFDWLQJ�PRUH�FRGH�RQ�QH[W�OLQH����

_��YHUWLFDO�EDU�
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
RSHUDWRU�SUHFHGHQFH����
RU�FDVH�LQ�SDUVHU�JUDPPDU�����
__��RU��RSHUDWRU����

a��WLOGH�
FDVH�FODVV�GHILQHG�E\�3DUVHUV�WUDLW�����
HQFRGLQJ�LQ�-DYD�LGHQWLILHUV�����
a��a!��DQG��a�FRPELQDWRU�RSHUDWRUV�����

A
DEVWUDFW�FODVVHV����
DEVWUDFW�NH\ZRUG����
DEVWUDFW�W\SH�PHPEHUV��������

RYHUULGLQJ�DEVWUDFW�PHWKRGV�����
DEVWUDFW�W\SHV���������¡���

FRPELQHG�ZLWK�VHOI�W\SH�DQQRWDWLRQV�����
GHILQHG�����
RYHUULGLQJ�����¡���
SDUDPHWHUL]HG�W\SHV�YHUVXV�����

DEVWUDFWLRQ�����
DFFHVV�PRGLILHU�NH\ZRUGV����
$FWRUV��������¡���

LQ�DEVWUDFW�����
$FWRU�FODVV�����
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$FWRU�FODVV�DQG�REMHFW����
$FWRU�PRGHO�RI�FRQFXUUHQF\�����
GHILQHG�����
HIIHFWLYH�XVH�RI�����
H[DPSOH����¡��
H[DPSOH�XVLQJ�VOHHSLQJ�EDUEHU�SUREOHP�

���¡���
IDFWRU\�PHWKRG�IRU�FUHDWLQJ�����
PDLOER[�����
PHWKRGV��OLVWHG�����
VHQGLQJ�PHVVDJHV�WR�����
VKRUWFXW�RSHUDWRUV�XVHG�ZLWK����
XVLQJ�ZLWK�0,1$�1,2�DQG�1DJJDWL�OLEUDU\

IRU�6073�VHUYHU�����¡���
DFWRUV�PD[3RRO6L]H�V\VWHP�SURSHUW\�����
DGYLFH��LQ�$23������
DOWHUQDWLYH�FRPSRVLWLRQ�����
DQG�RSHUDWRU��		�����
DQQRWDWHG�W\SHV����������
$QQRWDWLRQ�FODVV�����

6FDOD�DQQRWDWLRQV�GHULYHG�IURP�����
DQQRWDWLRQV�����¡���

DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�����
DYDLODEOH�RQO\�LQ�6FDOD�YHUVLRQ�����RU�ODWHU�

���
GHILQHG�����
QHVWLQJ�����
6FDOD�DQQRWDWLRQV�GHULYHG�IURP�$QQRWDWLRQ�

���
6FDOD�DQQRWDWLRQV�GHULYHG�IURP

6WDWLF$QQRWDWLRQ�����
#VFDOD�UHIOHFW�%HDQ3URSHUW\����������

DQRQ\PRXV�FODVVHV
FUHDWLQJ����

$QW��6FDOD�SOXJLQ�IRU�����
$Q\�FODVV����

� ��QRW�HTXDO��PHWKRG�����
  ��HTXDOV��PHWKRG�����

$Q\�REMHFW�����
$Q\5HI�FODVV

  ��HTXDOV��PHWKRG�����
HT�DQG�QH�PHWKRGV�����

$Q\5HI�REMHFW�����
GLUHFW�DQG�LQGLUHFW�VXEW\SHV�����
UHIOHFWLRQ�PHWKRGV�����

$Q\9DO�REMHFW�����
GLUHFW�VXEW\SHV�����

$Q\9DO�W\SHV��FRQYHUVLRQ�WR�-DYD�SULPLWLYHV�
���

$23��VHH�DVSHFW�RULHQWHG�SURJUDPPLQJ�
$SDFKH�0,1$�����
DSSOLFDWLRQ�GHVLJQ�����¡���

DQQRWDWLRQV�����¡���
'HVLJQ�E\�&RQWUDFW�����
GHVLJQ�SDWWHUQV�����¡���
HIIHFWLYH�WUDLW�GHVLJQ�����¡���
HQXPHUDWLRQV�YHUVXV�FDVH�FODVVHV�DQG

SDWWHUQ�PDWFKLQJ�����
HQXPHUDWLRQV�YHUVXV�SDWWHUQ�PDWFKLQJ�

���¡���
H[FHSWLRQV�DQG�DOWHUQDWLYHV�����
QXOOV�YHUVXV�2SWLRQV�����
VFDODEOH�DEVWUDFWLRQV�����

DSSOLFDWLRQV�����
DSSO\�PHWKRG�����¡���

IRU�FROOHFWLRQV�����
REMHFWV�ZLWK��FRQVLGHUHG�DV�IXQFWLRQV�����

DULW\�����
$UUD\�FODVV

DSSO\�PHWKRG�����
VDPH(OHPHQWV�PHWKRG�����

$UUD\�REMHFW��DSSO\�PHWKRG�RYHUORDGHG�IRU
$Q\9DO�DQG�$Q\5HI�W\SHV�����

$UUD\%XIIHU�REMHFW�����
DUUD\V��FRPSDULQJ�IRU�HTXDOLW\�����
DUURZ�RSHUDWRU�������������
$UURZ$VVRF�FODVV�����
DVSHFW�RULHQWHG�SURJUDPPLQJ��$23����������

GHILQHG�����
$VSHFW-�OLEUDU\�����¡��������
$WRP)HHG�FODVV��H[DPSOH������
DWWULEXWHV���������
DX[LOLDU\�FRQVWUXFWRUV���������

B
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