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:H�DW�$SSOH�KDYH�WULHG�WR�PDNH�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�JXLGH�DV�DFFXUDWH�

DQG�UHOLDEOH�DV�SRVVLEOH��1HYHUWKHOHVV��$SSOH�GLVFODLPV�DQ\�ZDUUDQW\�RI�DQ\�

NLQG��ZKHWKHU�H[SUHVV�RU�LPSOLHG��DV�WR�DQ\�PDWWHU�ZKDWVRHYHU�UHODWLQJ�WR�WKLV�

PDQXDO��LQFOXGLQJ�ZLWKRXW�OLPLWDWLRQ�WKH�PHUFKDQWDELOLW\�RU�ILWQHVV�IRU�DQ\�

SDUWLFXODU�SXUSRVH��$SSOH�ZLOO�IURP�WLPH�WR�WLPH�UHYLVH�WKH�VRIWZDUH�GHVFULEHG�

LQ�WKLV�PDQXDO�DQG�WKH�PDQXDO�LWVHOI��DQG�UHVHUYHV�WKH�ULJKW�WR�PDNH�VXFK�

FKDQJHV�ZLWKRXW�REOLJDWLRQ�WR�QRWLI\�WKH�SXUFKDVHU��,Q�QR�HYHQW�VKDOO�$SSOH�EH�

OLDEOH�IRU�DQ\�LQGLUHFW��VSHFLDO��LQFLGHQWDO��RU�FRQVHTXHQWLDO�GDPDJHV�DULVLQJ�RXW�

RI�SXUFKDVH�RU�XVH�RI�WKLV�PDQXDO�RU�WKH�LQIRUPDWLRQ�FRQWDLQHG�KHUHLQ�

-DYD�IRU�:HE2EMHFWV�'HYHORSHUV

9HUVLRQ�����

0D\������

�����$SSOH�&RPSXWHU��,QF��$OO�ULJKWV�UHVHUYHG�XQGHU�WKH�FRS\ULJKW�ODZV�RI�WKH�

8QLWHG�6WDWHV�DQG�RWKHU�FRXQWULHV�

��,QILQLWH�/RRS��0�6����(7��&XSHUWLQR��&$�������86$

$SSOH��WKH�$SSOH�ORJR��DQG�:HE2EHFWV�DUH�WUDGHPDUNV�RI�$SSOH�&RPSXWHU��

,QF���UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RWKHU�FRXQWULHV��8VH�LQ�FRPPHUFH�

RWKHU�WKDQ�DV��IDLU�XVH��LV�SURKLELWHG�E\�ODZ�H[FHSW�E\�H[SUHVV�OLFHQVH�IURP�

$SSOH�&RPSXWHU��,QF��(QWHUSULVH�2EMHFWV�)UDPHZRUN�LV�D�UHJLVWHUHG��

WUDGHPDUN�RI�1H;7�&RPSXWHU��,QF��-DYD�DQG�DOO�-DYD�EDVHG�WUDGHPDUNV�DQG�

ORJRV�DUH�WUDGHPDUNV�RU�UHJLVWHUHG�WUDGHPDUNV�RI�6XQ�0LFURV\VWHPV��,QF��LQ�

WKH�8�6��DQG�RWKHU�FRXQWULHV��$OO�RWKHU�WUDGHPDUNV�PHQWLRQHG�EHORQJ�WR�

WKHLU�UHVSHFWLYH�RZQHUV�

3URGXFHG�E\�$SSOH�(QWHUSULVH�7UDLQLQJ���:ULWWHQ�E\�.DL�&KULVWLDQVHQ��

3XEOLFDWLRQ�PDQDJHPHQW�E\�5HQDWD�6WDFKXUD�3RUD\�

'HGLFDWHG�WR�RQH�RI�WKH�ILQHVW�REMHFWV�,�KDYH�HYHU�NQRZQ³3DGG\�WKH�&DW�
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.EZE�JSV�;IF3FNIGXW�HIZIPSTIVW�.EZE�MR����QMRYXIW

.EZE�MW�E�TSTYPEV�TVSKVEQQMRK�PERKYEKI�EZEMPEFPI�MR�QER]�HMZIVWI�GSRXI\XW�JSV�
MQTPIQIRXMRK�VIEP�WSJX[EVI�WSPYXMSRW��-J�]SY�TPER�SR�FYMPHMRK�;IF3FNIGXW�
ETTPMGEXMSRW��]SY�RIIH�XS�FIGSQI�E�.EZE�TVSKVEQQIV��&YX�.EZE�MW�QSVI�XLER�
NYWX�E�TVSKVEQQMRK�PERKYEKI�MX�MW�E�WIX�SJ�XSSPW��E�VYRXMQI�[MXL�E�ZMVXYEP�
QEGLMRI��E�FVSEH�PERHWGETI�SJ�TEGOEKIW�JYPP�SJ�VIYWEFPI�GPEWWIW��.EZE�MW�
ER�IRZMVSRQIRX��

0IEVRMRK�.EZE�lXLI�IRZMVSRQIRXz�WIIQW�SZIV[LIPQMRK�XLI�JMVWX�XMQI�]SY�
ETTVSEGL�MX��8LIVI�EVI�VIEQW�SJ�SR�PMRI�QEXIVMEPW�ERH�FSSOWXSVIW�EVI�FVMQQMRK�
[MXL�EPP�OMRHW�SJ�.EZE�FSSOW��;LEX�XS�HS#

%WMHI�JVSQ�XLI�KPEQSYV�SJ�ETTPIXW�[MXL�WSTLMWXMGEXIH�KVETLMGEP�YWIV�MRXIVJEGIW�
ERH�XLI�VMKSVW�SJ�QYPXM�XLVIEHIH�SV�RIX[SVOIH�TVSKVEQQMRK��.EZE�XYVRW�SYX�XS�
FI�E�VEXLIV�WMQTPI�PERKYEKI�JSV�LYQFPI��KIRIVEP�TYVTSWI�NSFW�VYRRMRK�SR�E�
TPEMR�SPH�GSQTYXIV��;MXL�WSQI�FEWMG�MHIEW�ERH�WSQI�JEQMPMEVMX]�[MXL�XLI�QSWX�
GSQQSRP]�YWIH�PERKYEKI�GSRWXVYGXW��]SY�GER�KS�E�PSRK�[E]��8LMW�MW�IWTIGMEPP]�
XVYI�[LIR�]SYV�.EZE�GSHI�MW�TEVX�SJ�E�PEVKIV�W]WXIQ�XLEX�LERHPIW�E�PSX�SJ�XLI�
HIXEMPW�EPVIEH]��8S�KIX�WXEVXIH��EPP�]SY�RIIH�MW�XLI�.EZE�VIPIZERX�JSV�E�
;IF3FNIGXW�HIZIPSTIV�

&YX�.EZE�lXLI�PERKYEKIz�MW�WXMPP�WSQIXLMRK�XS�PIEVR��-X�MW�E�KIRIVEP�TYVTSWI�
TVSKVEQQMRK�PERKYEKI�ERH�MXW�SFNIGX�SVMIRXIH��8LI�XIVQ�SFNIGX�SVMIRXIH�MW�
ZEKYI�ERH�WTSSO]�XS�WSQI��JVIWL�ERH�MRXYMXMZI�XS�SXLIVW��IZIR�SPH�LEX�XS�E�JI[��
1SWXP]��MX�QIERW�NYWX�KSSH��QSHIVR�WSJX[EVI�XIGLRSPSK]��3FNIGX�SVMIRXIH�
TVSKVEQQMRK�MW�FEWIH�SR�E�WQEPP�WIX�SJ�TS[IVJYP�GSRGITXW�ERH�WSQI[LEX�
WTIGMEPM^IH�XIVQMRSPSK]��*VSQ�XLMW�TIVWTIGXMZI��MX�WLSYPH�FI�GPIEV�XLEX�.EZE�MW�E�
[E]�SJ�XLMROMRK��

=SYV�VIEP�NSF�MW�XS�GSQQYRMGEXI�]SYV�XLMROMRK�XS�SXLIVW�E�GSQTYXIV��ERSXLIV�
TVSKVEQQIV��*VSQ�XLMW�TIVWTIGXMZI��.EZE�MW�E�[E]�SJ�WTIEOMRK�

8LI�FEWMG�KSEP�KIXXMRK�]SY�XS�XLMRO�ERH�WTIEO�.EZE

;LMPI�MX�QE]�XEOI�E�FMX�PSRKIV�XLER����QMRYXIW�XS�HMKIWX�XLMW�KYMHI��MX�[MPP�PMOIP]�
XEOI�E�PSX�PIWW�SJ�]SYV�XMQI�ERH�IRIVK]�XLER�SXLIV�ETTVSEGLIW�[LMPI�EGLMIZMRK�
WMQMPEV�VIWYPXW��8LI�GSRXIRX�MW�FEWIH�SR�XLI�JEGX�XLEX�]SY�HSR
X�RIIH�XS�ORS[�
IZIV]XLMRK�MR�XLI�.EZE�IRZMVSRQIRX��RSV�IZIR�IZIV]XLMRK�EFSYX�XLI�.EZE�
PERKYEKI�MXWIPJ��8LMW�MW�XLI�.EZE�]SY�EFWSPYXIP]�QYWX�ORS[�FIJSVI�]SY�WXEVX�
TVSKVEQQMRK��ERH�MX�MRGPYHIW�NYWX�EFSYX�IZIV]XLMRK�]SY�[MPP�TVSFEFP]�IZIV�
RIIH��-X�MW�GIVXEMRP]�E�KVIEX�TPEGI�XS�WXEVX�

8LI�ETTVSEGL�MW�HIWMKRIH�XS�FI�WMQTPI�ERH�HMVIGX��.EZE�ERH�XLI�[SVPH�SJ�
SFNIGX�SVMIRXIH�TVSKVEQQMRK�MW�MR�WSQI�[E]W�WS�WMQTPI�ERH�HMVIGX�XLEX�MX�MW�
YLL



TEVEHS\MGEPP]�GSRJYWMRK��8LI�SFZMSYW�QIERMRK�MW�WSQILS[�IPYWMZI��8LMW�MW�RSX�
XS�WE]�XLEX�XLIVI�MWR
X�KVIEX�WSTLMWXMGEXMSR�ERH�GSQTPI\MX]�MR�SFNIGX�SVMIRXIH�
HIWMKR�ERH�MQTPIQIRXEXMSR��&YX�XLI�FEWMG�[E]�SJ�XLMROMRK�ERH�XLI�KIRIVEP�
WX]PI�SJ�GSHMRK�MR�.EZE�MW�GPIEV�ERH�WXVEMKLXJSV[EVH��

8LI�WX]PI�ERH�GSRXIRX�SJ�XLMW�KYMHI�MW�FEWIH�SR�I\EGXP]�[LEX�]SY�RIIH�XS�
QEWXIV�I\TVIWWMRK�MHIEW�MR�.EZE�GSHI��-X�XVMIW�XS�HS�I\EGXP]�[LEX�]SY�]SYVWIPJ�
[MPP�HS��7SQI�TMGXYVIW�EP[E]W�LIPT�WS�XLIVI�EVI�E�JI[�MRGPYHIH��)\TPEREXSV]�
XI\X�MW�ERSXLIV�YWIJYP�QIHMYQ�MX�MW�MRGPYHIH�EW�[IPP��&YX�XLI�XI\X�MW�
MRXIRXMSREPP]�OITX�XS�E�QMRMQYQ��*SGYW�SR�XLI�GSHI�ERH�[LEX�MX�MW�EGXYEPP]�
WE]MRK��MR�MXW�S[R�[SVHW�

8LMW�KYMHI�JSPPS[W�E�WXVEMKLXJSV[EVH�REVVEXMZI��-R�SVHIV�XS�WII�XLI�JSVIWX�JSV�XLI�
XVIIW��ERH�XS�FI�GSRZMRGIH�XLEX�XLI�JSVIWX�MW�E�RMGI�TPEGI�XS�PMZI��]SY�RIIH�XS�
LIEV�E�WMQTPI��YWIJYP�.EZE�WXSV]��;MXLSYX�I\LEYWXMZI�HIXEMP��I\GITXMSRW��SV�E�
WYVZI]�SJ�QER]�HMJJIVIRX�GPIZIV�[E]W�XS�HS�XLI�WEQI�XLMRK��XLI�WXSV]�HIWGVMFIW�
X]TMGEP�.EZE�YWEKI�VIEP�ERH�YWIJYP�.EZE�YWEKI��

3R�XLI�SXLIV�LERH��XLMW�KYMHI�MW�LEVHP]�E�HIXEMPIH�SV�GSQTVILIRWMZI�XI\X�SR�
IMXLIV�.EZE�SV�SFNIGX�SVMIRXIH�TVSKVEQQMRK��ERH�MX�HSIW�RSX�GPEMQ�XS�QEOI�
XLIQ�YRRIGIWWEV]�JSV�]SYV�WYGGIWW��-X�SJJIVW�IRSYKL�WS�XLEX�]SY�GER�KIX�XS�[SVO�
ERH�WXEVX�KIXXMRK�WSQIXLMRK�HSRI��%W�WSSR�EW�]SY�EVI�IRKEKIH�MR�VIEP�[SVO��
]SYV�S[R�I\TIVMIRGI�[MPP�XIPP�]SY�[LEX�QSVI�]SY�RIIH�XS�ORS[��=SY�WLSYPH�
GSRWYPX�XLI�EHHMXMSREP�VIWSYVGIW�EX�XLI�IRH�SJ�XLMW�KYMHI��

4VIVIUYMWMXIW�ERH�EWWYQTXMSRW�[LIVI�EVI�]SY�GSQMRK�JVSQ#

*VSQ�XLI�TIVWTIGXMZI�SJ�MXW�VMGLIWX�ERH�QSWX�TS[IVJYP�GETEFMPMXMIW��
;IF3FNIGXW�MW�E�TVSKVEQQMRK�IRZMVSRQIRX��8LI�GLMIJ�EWWYQTXMSR�XLMW�KYMHI�
QEOIW�EFSYX�]SYV�FEGOKVSYRH�MW�XLEX�]SYV�EVI�E�TVSKVEQQIV��*VSQ�E�
QYPXMXYHI�SJ�PERKYEKIW��]SY�LEZI�YWIH�EX�PIEWX�SRI��MHIEPP]�X[S�SV�QSVI��=SY�
WLSYPH�FI�JEQMPMEV�[MXL�XLI�JSPPS[MRK�XIVQW�ERH�XLI�GSRGITXW�XLI]�GSRZI]�
HEXE�X]TI��ZEVMEFPI��STIVEXSV��I\TVIWWMSR��WXEXIQIRX��GSRHMXMSREP��PSST��TVSGIHYVI�SV�
JYRGXMSR��EVKYQIRX�SV�TEVEQIXIV��ERH�VIXYVR�ZEPYI��8LMW�QYGL�MW�VIUYMVIH��

=SY�HSR
X�RIGIWWEVMP]�LEZI�XS�ORS[�QYGL�EFSYX�SFNIGX�SVMIRXIH�TVSKVEQQMRK��
FYX�MX�GIVXEMRP]�LIPTW�MJ�]SY�LEZI�FIIR�I\TSWIH�XS�XLI�ZSGEFYPEV]�ERH�XLI�
GSRGITXW��8LMW�MW�XLI�LEVH�TEVX�SJ�.EZE�TVSKVEQQMRK�MX�WIIQW�LS[�XS�XLMRO�
PMOI�ER�SFNIGX�SVMIRXIH�TVSKVEQQIV��8IVQW�EVI�IWWIRXMEP��&YX�MX�MW�XLI�MHIEW�
XLEX�XLI�XIVQW�GSRZI]��XLI�[E]�SJ�XLMROMRK�XLEX�MW�FSXL�WMQTPI�ERH�IPYWMZI��
8LMW�KYMHI�HSIW�RSX�EGGITX�XLI�GLEPPIRKI�SJ�TVIWIRXMRK�SFNIGX�SVMIRXIH�
TVSKVEQQMRK�MR�VMGL�PMXIVEV]�HIXEMP��-X�XEOIW�XLI�STTSWMXI�ZMI[�PIEVR�F]�
I\EQTPI�ERH�KEMR�]SYV�S[R�YRHIVWXERHMRK�WMQTP]�F]�YWMRK�MX��

8LIVI�EVI�E�RYQFIV�SJ�KSSH�ERH�TVSTIV�VIWSYVGIW�XS�WXVIRKXLIR�]SYV�WOMPPW�MR�
FSXL�TVSKVEQQMRK�ERH�SFNIGX�SVMIRXIH�XLMROMRK�PMWXIH�EX�XLI�IRH�SJ�XLI�KYMHI��
YLLL -RXVSHYGXMSR



=SY
VI�E�.EZE�LEGOIV�HS�]SY�IZIR�RIIH�XLMW�KYMHI#

8LI�FIWX�[E]�XS�HIXIVQMRI�MJ�]SY�EVI�EPVIEH]�.EZE�WEZZ]�IRSYKL�XS�[SVO�[MXL�
;IF3FNIGXW�MW�XS�WII�MJ�]SY�YRHIVWXERH�WSQI�.EZE�GSHI�X]TMGEPP]�JSYRH�MR�E�
;IF3FNIGXW�ETTPMGEXMSR��8LI�KYMHI�MRGPYHIW�E�WQEPP�WIPJ�IZEPYEXMSR��-X�MW�
VIEPMWXMG�ERH�MRXIRXMSREPP]�YWIW�NYWX�EFSYX�IZIV]XLMRK�TVIWIRXIH�MR�XLMW�KYMHI��
8LI�YPXMQEXI�KSEP�SJ�XLMW�KYMHI�MW�XS�IREFPI�]SY�XS�YRHIVWXERH�XLEX�TEVXMGYPEV�
FMX�SJ�GSHI��+S�SZIV�XLI�GSHI�GEVIJYPP]�ZIV]�GEVIJYPP]��6IEH�XLI�KYMHI��XLIR�
KS�SZIV�XLI�GSHI�EKEMR��-J�]SY�EVI�EPVIEH]�.EZE�WEZZ]��GSRWMHIV�MX�E�WERMX]�GLIGO��
E�VIJVIWLIV��E�FMX�SJ�WXVIXGLMRK�FIJSVI�GSHMRK��*SV�]SY��XLMW�QE]�XVYP]�FI�.EZE�MR�
���QMRYXIW�

.EZE�MR�����LSYV�GLETXIVW

.EZE�TVSKVEQQMRK�JSGYWIW�SR�YWIJYP�SFNIGXW�ERH�XLI]�[E]�XLI]�EVI�GPEWWMJMIH��
%R�IJJIGXMZI�.EZE�TVSKVEQQIV�QYWX�GYPXMZEXI�X[S�HMJJIVIRX�TIVWTIGXMZIW�EFSYX�
SFNIGXW��YWMRK�XLI�SFNIGX�JVSQ�XLI�SYXWMHI�ERH�MQTPIQIRXMRK�XLI�SFNIGX�JVSQ�
XLI�MRWMHI��1SVI�TVSTIVP]�TYX��]SY�QYWX�XLMRO�PMOI�E�GSRWYQIV�SJ�SFNIGXW�SR�SRI�
LERH��ERH�PMOI�E�TVSHYGIV�SJ�XLI�GPEWWIW�XLEX�HIJMRI�XLIQ��SR�XLI�SXLIV��8LMW�
HMZMWMSR�MW�MRHIIH�XLI�ZIV]�WTMVMX�SJ�IRGETWYPEXMSR��SRI�SJ�XLI�GLMIJ�GSRGITXW�MR�
SFNIGX�SVMIRXIH�TVSKVEQQMRK��-X�MW�WYVTVMWMRK�XLEX�QSVI�.EZE�FSSOW�HSR
X�
MRXVSHYGI�XLI�PERKYEKI�XLI�WEQI�[E]��,S[�GER�]SY�HMWGSZIV�LS[�YWIJYP�ER�
SFNIGX�MW�JVSQ�XLI�SYXWMHI�MJ�]SY�LEZI�XS�WMQYPXERISYWP]�PIEVR�EFSYX�LS[�ERH�
[L]�MX�MW�GSRWXVYGXIH�JVSQ�XLI�MRWMHI#�,S[�GER�]SY�HIWMKR�E�YWIJYP�GPEWW�JVSQ�
XLI�MRWMHI�YRPIWW�]SY�JMVWX�WXIT�FEGO�ERH�JIIP�[LEX�MX�MW�PMOI�JVSQ�XLI�SYXWMHI#

8LMW�KYMHI�LEW�X[S�GSVI�GLETXIVW�XS�WYTTSVX�XLIWI�X[S�TIVWTIGXMZIW�ERH�XLI]�
QSZI�JVSQ�SYXWMHI�XS�MRWMHI��

� 9WMRK�3FNIGXW�8LMROMRK�PMOI�E�GPEWW�GSRWYQIV

� 'VIEXMRK�'PEWWIW�8LMROMRK�PMOI�E�GPEWW�TVSHYGIV

8LI�TVSFPIQ�MW�XLEX�MR�SVHIV�XS�[VMXI�ER]�GSHI�MR�.EZE��]SY�QYWX�GVIEXI�E�RI[�
GPEWW��-X�MW�E�FMX�SJ�E�GLMGOIR�ERH�XLI�IKK�TVSFPIQ��%W�WYGL��]SY�GERRSX�HS�
ER]XLMRK�VIEP�MR�.EZE�YRXMP�]SY�LEZI�GSZIVIH�XLI�WIGSRH�GLETXIV��;LMPI�XLI�JMVWX�
GLETXIV�TVIWIRXW�VIEP�ERH�YWIJYP�.EZE�GSHI�I\EQTPIW��XLI]�EVI�MRGSQTPIXI�
SYXWMHI�SJ�E�GPEWW�HIJMRMXMSR��;LMPI�VIEHMRK�XLI�JMVWX�GLETXIV��]SY�QMKLX�[SRHIV�
[LIVI�ERH�LS[�XLIWI�GSHI�WEQTPIW�EVI�YWIH��;LS�GEPPW�XLIQ#�;LIVI�HS�-�
TPEGI�XLIQ�MR�SVHIV�XS�GSQTMPI�ERH�VYR#�8LI�ERW[IVW�[MPP�FIGSQI�GPIEV�F]�XLI�
XMQI�]SY�EVI�JMRMWLIH�[MXL�XLI�KYMHI��7SQI�ERW[IVW�QE]�RSX�FIGSQI�GPIEV�
YRXMP�]SY�FIKMR�FYMPHMRK�E�;IF3FNIGXW�ETTPMGEXMSR��-R�XLI�QIERXMQI��VIPE\�ERH�
EFWSVF�[LEX
W�EX�LERH��

%R�STXMSREP�XLMVH�GLETXIV�MW�MRGPYHIH�XS�LIPT�]SY�YRHIVWXERH�LS[�]SYV�.EZE�
GSHI�JMXW�MR�[MXL�XLI�VIWX�SJ�XLI�;IF3FNIGXW�MRJVEWXVYGXYVI�XS�JSVQ�E�GSQTPIXI�
ETTPMGEXMSR��,IVI�MW�[LIVI�]SY�PIEVR�E�FMX�EFSYX�GSQTMPIVW��GPEWW�JMPIW��ERH�XLI�
FMK�FERK�XLEX�PEYRGLIW�XLI�ETTPMGEXMSR�ERH�EGXMZEXIW�]SYV�GSHI��&YX�XLIWI�EVI�
MRGMHIRXEP�HIXEMPW��XLI]�EVI�RSX�TEVX�SJ�XLI�GSVI�WTMVMX�SJ�XLMROMRK�ERH�
WTIEOMRK�PMOI�E�.EZE�TVSKVEQQIV��8LI�XLMVH�GLETXIV�MW�STXMSREP�
L[



;LEX
W�RSX�GSZIVIH�ERH�[L]

8LIVI�EVI�E�RYQFIV�SJ�.EZE�JIEXYVIW�X]TMGEPP]�GSZIVIH�MR�.EZE�FSSOW�XLEX�EVI�
RSX�GSZIVIH�LIVI��7SQI�EWTIGXW�SJ�XLI�.EZE�IRZMVSRQIRX�EVI�RSX�YWIH�MR�
;IF3FNIGXW�ETTPMGEXMSRW��%�KSSH�I\EQTPI�MW�XLI�%;8��E�TEGOEKI�JSV�FYMPHMRK�
KVETLMGEP�MRXIVJEGIW��%PXLSYKL�]SY�QE]�IZIRXYEPP]�YWI�.EZE�ETTPIXW��]SY�HSR
X�
LEZI�XS��.EZE�TVSKVEQQMRK�MR�;IF3FNIGXW�MW�JYRHEQIRXEPP]�WIVZIV�WMHI�.EZE��
0IEVRMRK�XLI�GSVI�.EZE�PERKYEKI�MW�HMJJIVIRX�JVSQ�PIEVRMRK�ER]�RYQFIV�SJ�
TEGOEKIW�XLEX�]SY�GER�YWI�[MXL�.EZE��%W�E�;IF3FNIGXW�HIZIPSTIV��]SYV�NSF�MW��
JMVWX��XS�PIEVR�XLI�.EZE�PERKYEKI��2I\X��]SY�RIIH�XS�PIEVR�XLI�TEGOEKIW�XLEX�EVI�
WTIGMJMG�XS�;IF3FNIGXW��=SY�QE]�RSX�RIGIWWEVMP]�IZIV�LEZI�XS�PIEVR�ER]�SJ�XLI�
lWXERHEVHz�.EZE�TEGOEKIW��EX�PIEWX�JSV�HIZIPSTMRK�;IF3FNIGXW�ETTPMGEXMSRW��

8LIVI�EVI�EPWS�EWTIGXW�SJ�XLI�.EZE�PERKYEKI�MXWIPJ�XLEX�EVI�RSX�MRGPYHIH�MR�XLI�
KYMHI�FMX[MWI�STIVEXSVW��MRMXMEPM^EXMSR�FPSGOW��EVVE]W��I\GITXMSRW��MRRIV�
GPEWWIW�EQSRK�SXLIVW��*SV�XSTMGW�XLEX�EVI�MRGPYHIH��XLI�KYMHI�HSIW�RSX�WE]�
IZIV]XLMRK��8LI�KSEP�SJ�.EZE�*SV�;IF3FNIGXW�(IZIPSTIVW�MW�XS�TVIWIRX�XLI�QSWX�
TVEGXMGEP�ERH�GSQQSRP]�YWIH�JIEXYVIW�SJ�XLI�PERKYEKI�[MXLSYX�I\GIWWMZI�
HIXEMP��RYERGI�SV�GEZIEX��8LI�QSVI�EHZERGIH�]SYV�GSHI�FIGSQIW��XLI�QSVI�
PMOIP]�]SY�[MPP�RIIH�WSQI�SJ�XLIWI�EHHMXMSREP�JIEXYVIW��)ZIRXYEPP]��]SY�[MPP�
RIIH�E�GSQTVILIRWMZI�VIWSYVGI��7II�XLI�WYKKIWXMSRW�EX�XLI�IRH�SJ�XLMW�KYMHI�

;LEX�EFSYX�HMJJIVIRX�ZIVWMSRW�SJ�.EZE#�;IF3FNIGXW�����[SVOW�[MXL�.EZE��������
-X�HSIW�RSX�]IX�WYTTSVX�.EZE������.EZE�������%W�WYGL��IZIV]XLMRK�TVIWIRXIH�MR�XLMW�
KYMHI�MW�FEGO[EVHW�GSQTEXMFPI�XS�.EZE�������ERH�HSIW�RSX�QEOI�YWI�SJ�ER]�
WTIGMJMG�JIEXYVIW�RI[�XS�.EZE������1SWX�SJ�XLI�GLERKIW�XS�.EZE�����MRZSPZI�
TEGOEKIW�ERH�XLI�JYRGXMSREPMX]�SJ�WXERHEVH�GPEWWIW�XLI�PEVKIV�.EZE�
IRZMVSRQIRX��8LMW�KYMHI�MW�QSWXP]�EFSYX�XLI�GSVI�.EZE�PERKYEKI�MXWIPJ�
[ -RXVSHYGXMSR



%�FMX�EFSYX�;IF3FNIGXW

;IF3FNIGXW�MW�XLI�TVIQMIV�E[EVH�[MRRMRK�GVSWW�TPEXJSVQ�;IF�FEWIH�
ETTPMGEXMSR�WIVZIV��;MXL�JVEQI[SVOW�XLEX�HIJMRI�E�GSLIVIRX��VMGL��ERH�QEXYVI�
SFNIGX�QSHIP��;IF3FNIGXW�KMZIW�.EZE�HIZIPSTIVW�E�JMVWX�GPEWW�SFNIGX�SVMIRXIH�
IRZMVSRQIRX��;MXL�E�GSQTPIXI�VYXMQI�WYTTSVX�MRJVEWXVYGXYVI��;IF3FNIGXW�
TVSZMHIW�IZIV]XLMRK�JSV�TEGOEKMRK�ERH�WIVZMRK�GSQTSRIRXW�XLEX�JSGYW�SR�]SYV�
ETTPMGEXMSR�WTIGMJMG�PSKMG��

;IF3FNIGXW�MW�E�GSQTPIXI�HIZIPSTQIRX�ERH�HITPS]QIRX�IRZMVSRQIRX��8LI�
MRXIKVEXIH�KVETLMGEP�XSSPW�IRGSQTEWW�XLI�JYPP�STIR�IRHIH�PMJI�G]GPI�SJ�
TVSHYGXMSR�;IF�ETTPMGEXMSRW�TVSXSX]TMRK��HIZIPSTQIRX��HSGYQIRXEXMSR��
HIFYKKMRK��TIVJSVQERGI�EREP]WMW�ERH�WXVIWW�XIWXMRK��HITPS]QIRX��QSRMXSVMRK��
VIYWMRK��ERH�IZSPZMRK��

8LI�;IF3FNIGXW�JVEQI[SVO�LERHPIW�;IF�FEWIH�XVERWEGXMSRW��-X�JIEXYVIW�E�
JPI\MFPI�GSQTSRIRX�FEWIH�HIWMKR�JSV�H]REQMG�,810�KIRIVEXMSR��VIUYIWX�
TVSGIWWMRK��REZMKEXMSR��ERH�WXEXI�QEREKIQIRX��8LI�JVEQI[SVO�HIJMRIW�
ETTPMGEXMSR�ERH�WIWWMSR�EFWXVEGXMSRW��ERH�E�QYPXM�XLVIEHIH�WIVZMGI�
MRJVEWXVYGXYVI�JSV�VSFYWX�ERH�WGEPIEFPI�HIWMKRW��

)RXIVTVMWI�3FNIGXW�*VEQI[SVO��E�WIGSRH�JVEQI[SVO�FYRHPIH�[MXL�
;IF3FNIGXW��HIJMRIW�E�WSTLMWXMGEXIH�QSHIP�JSV�MRXIKVEXMRK�TIVWMWXIRX�HEXE�
WXSVIW�WYGL�EW�VIPEXMSREP�HEXEFEWIW��-X�MQTPIQIRXW�WIWWMSR�FEWIH�GLERKI�
XVEGOMRK��SFNIGX�JEYPXMRK��GEGLMRK��ERH�H]REQMG�750�KIRIVEXMSR��-X�MW�
YPXMQEXIP]�HVMZIR�F]�]SYV�IRXIVTVMWI�WTIGMJMG�QSHIP�HIJMRMXMSR�[LMGL�MW�
PERKYEKI�ERH�WGLIQE�MRHITIRHIRX�

&SXL�JVEQI[SVOW�YWI�ER�EHETXSV�TEXXIVR�XS�XVERWTEVIRXP]�VYR�SR�QYPXMTPI�
WIVZIVW�,884�ERH�HEXEFEWI�[MXLSYX�GSQTVSQMWMRK�XLI�SFNIGX�QSHIP�RSV�
XLI�TSVXEFMPMX]�SJ�]SYV�MQTPIQIRXEXMSR��8LI�EVGLMXIGXYVI�QEMRXEMRW�E�QYPXM�
XMIV�QSHYPEVMX]�XLEX�GPIERP]�WITEVEXIW�XLI�YWIV�MRXIVJEGI��XLI�FYWMRIWW�PSKMG��XLI�
TIVWMWXIRX�SFNIGX�WXSVI��ERH�XLI�ETTPMGEXMSR�WIVZIV�MRJVEWXVYGXYVI��;IF3FNIGXW�
WYTTSVXW�ERH�IZIR�IRJSVGIW�XLI�QSHYPEV�JSGYW�SJ�IRXIVTVMWI�HIZIPSTIVW��

;IF3FNIGXW��RS[�MR�MXW�JSVXL�MXIVEXMSR��LEW�FIIR�SR�XLI�QEVOIX�JSV�XLVII�]IEVW��
-XW�GSVI�XIGLRSPSK]�HIVMZIW�JVSQ�SZIV�XIR�]IEVW�SJ�MXIVEXMZI�HIZIPSTQIRX�ERH�
HITPS]QIRX�I\TIVMIRGI��8LIVI�EVI�RS[�XLSYWERHW�SJ�GSQQIVGMEP�;IF�WMXIW�
JVSQ�ER�MQTVIWWMZI�PMWX�SJ�IRXIVTVMWI�GYWXSQIVW��EPP�TS[IVIH�F]�;IF3FNIGXW��
;IF3FNIGXW�GSRXMRYIW�XS�HIJMRI�XLI�LMKLIWX�WXERHEVH�JSV�MRWTMVIH�HIZIPSTIVW�
ERH�MRXIPPMKIRX�SRPMRI�WYGGIWW�WXSVMIW�

*SV�QSVI�MRJSVQEXMSR��ZMWMX�[[[�ETTPI�GSQ�[IFSFNIGXW�
[L



%TTPI�)RXIVTVMWI�8VEMRMRK

%TTPI�)RXIVTVMWI�8VEMRMRK�TVSZMHIW�LMKL�UYEPMX]�XVEMRMRK�JSV�;IF3FNIGXW�
HIZIPSTIVW��'YVVIRXP]��[I�SJJIV�X[S�GSYVWIW�

� 4VSKVEQQMRK�;IF3FNIGXW�-�%�GSQTVILIRWMZI�I\TPSVEXMSR�SJ�HIWMKRMRK�ERH�
MQTPIQIRXMRK�;IF3FNIGXW�ETTPMGEXMSRW�MRGPYHMRK�ER�SZIVZMI[�SJ�
HITPS]QIRX��8LMW�GSYVWI�EWWYQIW�.EZE�TVSKVEQQMRK�I\TIVMIRGI�EW�
VITVIWIRXIH�F]�XLI�GSRXIRX�SJ�.EZE�JSV�;IF3FNIGXW�(IZIPSTIVW�

� 4VSKVEQQMRK�;IF3FNIGXW�--�%R�MR�HITXL�I\TPSVEXMSR�SJ�)RXIVTVMWI�
3FNIGXW�*VEQI[SVO�JSV�MRXIKVEXMRK�HEXEFEWI�EGGIWW�MR�;IF3FNIGXW�
ETTPMGEXMSRW��-RGPYHIW�EHZERGIH�;IF3FNIGXW�HIZIPSTQIRX�MWWYIW�ERH�ER�
SZIVZMI[�SJ�.EZE�'PMIRX�

� ;IF3FNIGXW�(ITPS]QIRX�JSV�7]WXIQ�%HQMRMWXVEXSVW�%�GSQTPIXI�ERH�MR�HITXL�
I\TPSVEXMSR�SJ�XLI�;IF3FNIGXW�ETTPMGEXMSR�WIVZIV�JVSQ�E�HITPS]QIRX�ERH�
EHQMRMWXVEXMZI�TIVWTIGXMZI�MRGPYHMRK�WSJX[EVI�GSQTSRIRXW��LEVH[EVI�
GSQTSRIRXW��MRWXEPPEXMSR��GSRJMKYVEXMSR��QSRMXSVMRK�ERH�TIVJSVQERGI�
XYRMRK�

.EZE�JSV�;IF3FNIGXW�(IZIPSTIVW�VIJPIGXW�XLI�WX]PI�ERH�JSVQEX�SJ�WXYHIRX�KYMHIW�JSV�
;IF3FNIGXW�GSYVWIW�JVSQ�%TTPI�)RXIVTVMWI�8VEMRMRK��;I
ZI�HIZIPSTIH�XLMW�
KYMHI�XS�LIPT�WXYHIRXW�TVITEVI�JSV�XVEMRMRK��;I�SGGEWMSREPP]�YWI�XLMW�KYMHI�JSV�
MQTVSQTXY�.EZE�MRXVSHYGXMSRW��%PXLSYKL�XLI�WX]PI�VIJPIGXW�MXW�YWI�JSV�PMZI�
TVIWIRXEXMSRW��[I�JIIP�MX�MW�YWIJYP�EW�E�lWXERH�EPSRIz�KYMHI�JSV�WIPJ�WXYH]�EW�[IPP��

*SV�QSVI�MRJSVQEXMSR�EFSYX�;IF3FNIGXW�XVEMRMRK�SV�%TTPI�)RXIVTVMWI�
7SJX[EVI�MR�KIRIVEP��PSGEXI�YW�SR�XLI�;IF��=SY�[MPP�JMRH�E�GSYVWI�WGLIHYPI��
HIXEMPIH�GSYVWI�WYQQEVMIW��ERH�MRJSVQEXMSR�EFSYX�VIKMWXIVMRK�EW�E�WXYHIRX��

:MWMX�[[[�ETTPI�GSQ�[IFSFNIGXW�JSV�HIXEMPW�
[LL -RXVSHYGXMSR



'LETXIV��
 )ZEPYEXMRK�=SYV�.EZE�7OMPP
(S�]SY�EPVIEH]�WTIEO�.EZE#

'ER�]SY�XLMRO�MR�.EZE#





'LETXIV�� )ZEPYEXMRK�=SYV�.EZE�7OMPP

+SEP

8IWX�]SYV�GYVVIRX�.EZE�WOMPPW�

4VIVIUYMWMXIW

2SRI�

3FNIGXMZIW

%X�XLI�IRH�SJ�XLMW�PIWWSR��]SY�[MPP�FI�EFPI�XS�WE]�

� -�LEZI�KVIEX�.EZE�WOMPPW�-
Q�VIEH]�JSV�;IF3FNIGXW�SV�

� -�LEH�FIXXIV�VIEH�XLVSYKL�XLMW�KYMHI�XLIR�XV]�XLI�IZEPYEXMSR�EKEMR�SV�

� -�LEZI�KVIEX�.EZE�WOMPPW�FYX�-
Q�KSMRK�XS�VIEH�XLVSYKL�XLMW�KYMHI�ER][E]
[Y



)ZEPYEXMRK�]SYV�.EZE�WOMPP

8LI�.EZE�GSHI�I\EQTPI�SR�XLI�JSPPS[MRK�TEKI�HIJMRIW�ER�MRXIVJEGI�ERH�E�GPEWW�
XLEX�MQTPIQIRXW�MX��-R�XLI�WTMVMX�SJ�;IF3FNIGXW�ERH�E�X]TMGEP�I�GSQQIVGI�
ETTPMGEXMSR��MX�HIJMRIW�E�WMQTPI�WLSTTMRK�GEVX�GPEWW�ERH�E�VIPEXIH�MRXIVJEGI��8LI�
HIWMKR�MW�WMQTPI�TIVLETW�RSX�IRXMVIP]�VIEP�[SVPH�FYX�MX�MRGSVTSVEXIW�NYWX�
EFSYX�EPP�XLI�MQTSVXERX�GSRGITXW�ERH�GSHI�GSRWXVYGXW�]SY�RIIH�XS�TVSKVEQ�E�
;IF3FNIGXW�ETTPMGEXMSR�MR�.EZE��

%PXLSYKL�XLI�GSHI�MW�FVMIJ��MX�MW�TS[IVJYP��6IEH�MX�GEVIJYPP]��&I�WYVI�]SY�
YRHIVWXERH�IZIV]�F]XI�SJ�MX��-X�GSQTMPIW�ERH�VYRW�JMRI��'SQQIRXW�EVI�SQMXXIH�
SR�TYVTSWI�

8LI�VIQEMRHIV�SJ�XLI�KYMHI�I\TPEMRW�IZIV]XLMRK�RIGIWWEV]�XS�YRHIVWXERH�MX�

8LI�WLSTTMRK�GEVX�WTIGMJMGEXMSR

%�WLSTTMRK�GEVX�MW�E�GSPPIGXMSR�SJ�MXIQW�EWWSGMEXIH�[MXL�E�GYWXSQIV��%R�MXIQ�MW�
WSQIXLMRK�]SY�GER�TYVGLEWI��%W�E�GSPPIGXMSR�SJ�MXIQW��E�WLSTTMRK�GEVX�
VITVIWIRXW�ER�EKKVIKEXI�TYVGLEWI��7MRGI�XLI]�FSXL�VITVIWIRX�E�X]TI�SJ�
TYVGLEWI��FSXL�XLI�WLSTTMRK�GEVX�ERH�MXW�MXIQW�LEZI�WMQMPEV�FILEZMSV��=SY�GER�
EWO�E�TYVGLEWI�JSV�MXW�WYFXSXEP��=SY�GER�EWO�E�TYVGLEWI�JSV�MXW�XSXEP�XLI�WYFXSXEP�
TPYW�XE\��%PP�TYVGLEWIW�EVI�WYFNIGX�XS�XLI�WEQI�XE\�VEXI��EX�PIEWX�MR�XLMW�WMQTPI�
QSHIP�

%�JI[�WTIGMEP�HIXEMPW

8LI�GSHI�YWIW�SRI�GPEWW�WTIGMJMG�XS�;IF3FNIGXW�271YXEFPI%VVE]��-X�MW�E�
GSPPIGXMSR�GPEWW�QYGL�PMOI�.EZE
W�:IGXSV�GPEWW�SV�ER�EVVE]�GSRWXVYGX�JIEXYVIH�MR�
QSWX�TVSKVEQQMRK�PERKYEKIW��;MXL�XLEX�MX�QMRH��MX�WLSYPH�FI�SFZMSYW�LS[�
ERH�[L]�MX�MW�YWIH�

8LI�GSHI�JIEXYVIW�E�GYWXSQIV�SFNIGX�FYX�HSIW�RSX�WLS[�XLI�GYWXSQIV�GPEWW��%W�
ER�SFNIGX�SVMIRXIH�HIZIPSTIV��MX
W�KSSH�JSV�]SY�XS�FI�GSQJSVXEFPI�[MXL�FPEGO�
FS\IW�
[YL 'LETXIV�����)ZEPYEXMRK�=SYV�.EZE�7OMPP



8LI�WLSTTMRK�GEVX�I\EQTPI

4YVGLEWI�NEZE

public interface Purchase {

public final static double TaxRate = .08;
public double subtotal();
public double total();

}

7LSTTMRK'EVX�NEZE

import java.util.Enumeration;
import com.apple.yellow.foundation.*;

public class ShoppingCart extends Object implements Purchase {

    protected NSMutableArray items;
protected Customer shopper;

    public ShoppingCart() {

super();
items = new NSMutableArray();

}

    public ShoppingCart(Customer customer) {

this();
setShopper(customer);

}

public Customer getShopper() { return shopper;}

    public void setShopper(Customer newShopper) {
shopper = newShopper;

}

    public void addItem(Purchase item) {

items.addObject(item);
}

    public int getItemCount() { return items.count(); }

public double subtotal() {
double subtotal = 0;
Enumeration e = items.objectEnumerator();
while(e.hasMoreElements())

subtotal += ((Purchase)e.nextElement()).subtotal();
return subtotal;

}

public double total() {
double subtotal = this.subtotal();
return subtotal + subtotal * Purchase.TaxRate;

}

public String toString() {
return shopper + “ “ + items;

}
}

[YLL



)ZEPYEXI�]SYV�.EZE�WOMPPW�MR�]SYV�S[R�[SVHW

;VMXI�E�.EZE�WXEXIQIRX�XS�GVIEXI�E�RI[�WLSTTMRK�GEVX�

;VMXI�XLI�GSHI�XS�EWWSGMEXI�E�WLSTTMRK�GEVX�[MXL�E�GYWXSQIV�

;VMXI�XLI�GSHI�XS�KIX�XLI�WLSTTMRK�GEVX
W�GYVVIRX�XSXEP�

7LSTTMRK'EVX�MW�QMWWMRK�E�QIXLSH�XS�VIQSZI�ER�MXIQ��;VMXI�MX�

;VMXI�XLI�GSHI�JSV�XLI�-XIQ�GPEWW��-X�LEW�E�REQI�ERH�MX�MQTPIQIRXW�XLI�
4YVGLEWI�MRXIVJEGI�

(VE[�E�KVETLMGEP�VITVIWIRXEXMSR�SJ�E�WLSTTMRK�GEVX�[MXL�E�GYWXSQIV�ERH�X[S�
MXIQW�
[YLLL 'LETXIV�����)ZEPYEXMRK�=SYV�.EZE�7OMPP
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%�:MI[�JVSQ�XLI�3YXWMHI
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+SEP

8S�GSZIV�XLI�FEWMG�GSRGITXW�ERH�.EZE�GSHI�W]RXE\�JSV�YWMRK�SFNIGXW�

4VIVIUYMWMXIW

&EWMG�TVSKVEQQMRK�WOMPPW�

3FNIGXMZIW

%X�XLI�IRH�SJ�XLMW�PIWWSR��]SY�[MPP�FI�EFPI�XS�

� 'VIEXI�SFNIGXW

� 7IRH�QIWWEKIW�XS�SFNIGXW

� %GGIWW�SFNIGX�EXXVMFYXIW

� 'SPPIGX�SFNIGXW�MR�EVVE]W�ERH�HMGXMSREVMIW

� 9WI�GEWXW�ERH�HIXIVQMRI�XLI�GPEWW�X]TI�SJ�ER�SFNIGX

� )\TPEMR�.EZE�REQMRK�GSRZIRXMSRW

� 0MWX�GSQQSR�GSHMRK�TMXJEPPW
�



3FNIGXW�EVI�XLI�FYMPHMRK�FPSGOW�SJ�.EZE�ETTPMGEXMSRW

.EZE�MW�ER�SFNIGX�SVMIRXIH�PERKYEKI��8LMW�QIERW�XLEX�.EZE�TVSKVEQQIVW�XLMRO�
SJ�TVSFPIQW��HIWMKRW��ERH�GSHI�MR�XIVQW�SJ�SFNIGXW��%R�SFNIGX�MW�WSQIXLMRK�XLEX�
TPE]W�E�QIERMRKJYP�VSPI�MR�]SYV�ETTPMGEXMSR��-X�GER�FI�EW�WMQTPI�EW�E�RYQFIV�SV�
EW�GSQTPI\�EW�E�WLSTTMRK�QEPP��

%R�SFNIGX�TVSZMHIW�YWIJYP�FILEZMSV�MX�GER�HS�XLMRKW��%�WLSTTMRK�GEVX�SFNIGX�
GER�GSPPIGX�MXIQW��VITSVX�[LMGL�MXIQW�MX�GYVVIRXP]�LEW��ERH�GSQTYXI�XLI�
SYXWXERHMRK�FEPERGI��

%R�SFNIGX�LEW�EXXVMFYXIW�MX�LEW�TVSTIVXMIW�SV�GLEVEGXIVMWXMGW��%�GYWXSQIV�SFNIGX�
LEW�E�REQI��E�GVIHMX�GEVH�RYQFIV��QE]FI�WSQI�GSYTSRW��

%R�SFNIGX�LEW�E�PMJI�WTER��=SY�LEZI�XS�GVIEXI�E�RI[�WLSTTMRK�GEVX�SFNIGX�[LIR�
]SY�RIIH�MX��;LIR�]SY�EVI�JMRMWLIH�YWMRK�MX��]SY�GER�XLVS[�MX�E[E]�

%PXLSYKL�MX�MW�SFZMSYW��MX�MW�MQTSVXERX�XS�WII�XLEX�IEGL�SFNIGX�MW�E�WTIGMJMG�X]TI�
SJ�SFNIGX��%R�SFNIGX�MW�GPIEVP]�E�WLSTTMRK�GEVX��SV�E�GYWXSQIV��SV�E�RYQFIV��SV�
[LEXIZIV��&]�REQMRK�MXW�X]TI��]SY�EVI�GPEWWMJ]MRK�XLI�SFNIGX�VIPEXMRK�MX�XS�
SXLIV�SFNIGXW�XLEX�WLEVI�XLI�WEQI�GLEVEGXIVMWXMGW�ERH�FILEZMSV��)ZIV]�SFNIGX�
FIPSRKW�XS�E�WTIGMJMG�GPEWW�SJ�SFNIGXW�

3FNIGXW�EVI�GSRRIGXIH�XSKIXLIV�XS�GVIEXI�W]WXIQW�SJ�SFNIGXW��%�GYWXSQIV�LEW�E�
WLSTTMRK�GEVX�XLEX�GSRXEMRW�WIZIVEP�MXIQW��-R�QER]�[E]W��SFNIGX�SVMIRXIH�
TVSKVEQQMRK�MW�EFSYX�GVIEXMRK�VIPIZERX�SFNIGXW�ERH�GSRRIGXMRK�XLIQ�MRXS�
QIERMRKJYP�TEXXIVRW�XLEX�QSHIP�E�VIEP�[SVPH�WMXYEXMSR�

Objects

• Are “things” that provide behavior and attributes

• Work with other objects–they are often connected together

• Have a life span–they are created and destroyed at run time

• Have a type–each object is an instance of a class

• Play a useful role in your application logic

Objects are the building blocks of Java applications

ShoppingCart

shopper

items

Customer

firstName

lastName

“Jane”

“Doe”

NSArray

Widget
price $1.25

Gadget
price $5.00

Thing

price $3.50

Jane Doe
owes
$9.75
� 'LETXIV�����9WMRK�3FNIGXW



�

8S�KIX�ER�SFNIGX��GVIEXI�E�RI[�MRWXERGI�SJ�E�GPEWW

&IJSVI�]SY�QEOI�ER�SFNIGX�HS�WSQIXLMRK�YWIJYP��]SY�LEZI�XS�KIX�E�LSPH�SJ�MX��
9RPIWW�MX�EPVIEH]�I\MWXW��]SY�LEZI�XS�GVIEXI�XLI�SFNIGX��%W�PSRK�EW�]SY�RIIH�XS�
YWI�MX��]SY�RIIH�XS�LERK�SR�XS�MX��OIITMRK�XVEGO�SJ�MX�JSV�JYXYVI�YWI�

-R�.EZE��]SY�JMVWX�HIJMRI�E�ZEVMEFPI�XS�VIJIVIRGI�XLI�SFNIGX��8LI�ZEVMEFPI�GVIEXIW�
E�W]QFSPMG�REQI�F]�[LMGL�]SY�GER�VIJIV�XS�ER�SFNIGX��-X�MW�YWYEPP]�GEPPIH�E�
VIJIVIRGI��7SQIXMQIW�XLMW�MW�GEPPIH�E�LERHPI�SV�E�TSMRXIV��

2I\X��]SY�GVIEXI�E�RI[�SFNIGX�ERH�EWWMKR�MX�XS�XLI�VIJIVIRGI�ZEVMEFPI��%R�SFNIGX�
MW�E�VIEP�MRWXERGI�SJ�E�WTIGMJMG�GPEWW�SJ�SFNIGXW��7MRGI�ER�SFNIGX�MW�SJXIR�GEPPIH�ER�
MRWXERGI��XLI�EGX�SJ�GVIEXMRK�E�RI[�SFNIGX�MW�SJXIR�GEPPIH�MRWXERXMEXMSR��

8LI�.EZE�EWWMKRQIRX�STIVEXSV�MW�XLI�IUYEP�WMKR�

=SY�GER�GSQFMRI�XLI�VIJIVIRGI�ZEVMEFPI�HIJMRMXMSR��XLI�SFNIGX�GVIEXMSR��ERH�
EWWMKRQIRX�XS�XLI�ZEVMEFPI�MR�SRI�.EZE�WXEXIQIRX��%PP�.EZE�WXEXIQIRXW�IRH�[MXL�
E�WIQMGSPSR�

*SV�WSQI�GPEWWIW��]SY�GER�TVSZMHI�MRMXMEP�HEXE�EVKYQIRXW�[LIR�GSRWXVYGXMRK�E�
RI[�SFNIGX�

Define a variable—a handle—for keeping a reference to the object

ShoppingCart cart;

Create a new object and assign it to the variable

cart = new ShoppingCart();

You can combine both parts

Customer shopper = new Customer();

With some classes, you can optionally provide initial values

Customer shopper = new Customer("Jane", "Doe");

ShoppingCart cart = new ShoppingCart(shopper);

To get an object, create a new instance of a class



� 'LETXIV�����9WMRK�3FNIGXW

8LI�VIJIVIRGI�ERH�XLI�SFNIGX�EVI�X[S�HMJJIVIRX�XLMRKW

8LI�ZEVMEFPI�HIGPEVEXMSR�LEW�X[S�TEVXW��XLI�X]TI�ERH�XLI�REQI��8LI�X]TI�MW�XLI�
GPEWW�SJ�SFNIGX�XLI�ZEVMEFPI�[MPP�VIJIVIRGI��'PEWW�REQIW�EVI�TVI�HIJMRIH��8LI�
ZEVMEFPI�REQI�MW�YT�XS�]SY�

,S[�HS�]SY�ORS[�[LMGL�GPEWWIW�EVI�EZEMPEFPI#�.EZE�HIJMRIW�QER]�WXERHEVH�
GPEWWIW��ERH�HIZIPSTQIRX�IRZMVSRQIRXW�PMOI�;IF3FNIGXW�EHH�QER]�QSVI��
0IEVRMRK�EFSYX�EZEMPEFPI�GPEWWIW�MW�E�PEVKI�TEVX�SJ�]SYV�PIEVRMRK�GYVZI��'SRWYPX�
XLI�HSGYQIRXEXMSR��=SY�[MPP�PIEVR�EFSYX�WIZIVEP�YWIJYP�.EZE�GPEWWIW�MR�XLMW�KYMHI�

%PXLSYKL�]SY�LEZI�HIJMRIH�E�ZEVMEFPI��]SY�HSR
X�]IX�LEZI�ER�SFNIGX��8LI�
ZEVMEFPI�MW�E�VIJIVIRGI�XS�ER�SFNIGX��MX�MW�RSX�ER�SFNIGX�MXWIPJ��7SQI�PERKYEKIW�GEPP�
XLI�VIJIVIRGI�ZEVMEFPI�E�TSMRXIV��-X�MW�RSX�ER�SFNIGX��FYX�WSQIXLMRK�XLEX�TSMRXW�
XS�ER�SFNIGX��8LI�ZEVMEFPI�MW�XLI�REQI�SJ�XLI�SFNIGX�]SY�YWI�[LIR�VIJIVVMRK�XS�
XLI�SFNIGX�MR�]SYV�GSHI��&YX�]SY�WXMPP�RIIH�XS�GVIEXI�XLI�SFNIGX�MXWIPJ�ERH�EWWMKR�
MX�XS�MXW�REQI�

9RXMP�]SY�GVIEXI�ERH�EWWMKR�ER�EGXYEP�SFNIGX��XLI�VIJIVIRGI�TSMRXW�XS�RSXLMRK��
8LIVI�MW�RS�SFNIGX��-R�.EZE��]SY�WE]�XLEX�XLI�VIJIVIRGI�MW�RYPP��RYPP�QIERW�XLI�
RSR�SFNIGX�

8S�GVIEXI�XLI�SFNIGX��YWI�XLI�RI[�OI][SVH�JSPPS[IH�F]�XLI�REQI�SJ�GPEWW�ERH�
E�TEMV�SJ�TEVIRXLIWIW��8LI�W]RXE\�PSSOW�QYGL�PMOI�E�JYRGXMSR�GEPP��-R�.EZE��XLMW�
MW�GEPPIH�MRZSOMRK�E�GSRWXVYGXSV�FIGEYWI�MX�MW�E�JYRGXMSR�XLEX�GSRWXVYGXW�E�RI[�
SFNIGX��ER�MRWXERGI�SJ�XLI�WTIGMJMIH�GPEWW�

Every variable has a type, the class of object it references

ShoppingCart cart;

The class name is pre-defined—the variable name is up to you

The variable is not the object but a reference to a potential object

Until you create and assign a new object, the reference is null

To create the object, use the new keyword and the class name

cart = new ShoppingCart();

The class name is used like a function and is called a constructor

The reference and the object are two different things



�

=SY�GER�YWI�GSQQIRXW�ERH�WTEGI�MR�]SYV�GSHI

.EZE�MW�E�JVII�JSVQ�PERKYEKI��=SY�GER�JSVQEX�]SYV�GSHI�EW�]SY�[MWL��=SY�GER�
MRGPYHI�FPERO�PMRIW��MRHIRXEXMSR��FVIEO�E�WXEXIQIRX�MRXS�QYPXMTPI�PMRIW�ERH�WS�
SR��=SY�QE]�UYMGOP]�RSXMGI�GSQQSR�JSVQEXXMRK�GSRZIRXMSRW�XLEX�]SY�WLSYPH�
EHSTX��'SRZIRXMSRW�EPPS[�]SY�XS�IEWMP]�YRHIVWXERH�WSQISRI�IPWI
W�GSHI�EW�[IPP�
EW�IRWYVMRK�XLEX�XLI]�[MPP�YRHIVWXERH�]SYVW��3RI�SJ�XLI�FIWX�[E]W�XS�PIEVR�.EZE�
MW�XS�VIEH�ERH�MQMXEXI�VIEP�.EZE�GSHI�

=SY�GER�MRGPYHI�GSQQIRXW�MR�]SYV�GSHI��9RPMOI�XLI�WXVMGX�W]RXE\�VIUYMVIH�JSV�
XLI�.EZE�GSQTMPIV��GSQQIRXW�EVI�JVII�JSVQ�ERH�MRXIRHIH�JSV�LYQER�VIEHIVW��
.EZE�TVSZMHIW�X[S�HMJJIVIRX�GSQQIRX�WX]PIW�

� %VFMXVEV]�QYPXM�PMRI�GSQQIRXW��FIKMR�[MXL��
�ERH�IRH�[MXL�
�

� 7MRKPI�PMRI�GSQQIRXW��FIKMR�[MXL�����8LI�VIQEMRHIV�SJ�XLI�PMRI�MW�
GSRWMHIVIH�E�GSQQIRX�

You can use comments and space in your code

/*

Create a new shopper

Assign the shopper a new shopping cart

*/

Customer shopper; // define the references

ShoppingCart cart;

// Create the objects

shopper = new Customer("Jane","Doe");

cart = new ShoppingCart(shopper);



� 'LETXIV�����9WMRK�3FNIGXW

8S�MRXIVEGX�[MXL�ER�SFNIGX��WIRH�MX�E�QIWWEKI

3RGI�]SY�LEZI�E�VIJIVIRGI�XS�ER�SFNIGX��]SY�GER�MRXIVEGX�[MXL�XLI�SFNIGX��
3FNIGXW�WIVZI�YWIJYP�VSPIW�ERH�]SYV�MRXIVIWX�MW�KIXXMRK�XLIQ�XS�EGX��8S�QEOI�ER�
SFNIGX�HS�WSQIXLMRK��WIRH�MX�E�QIWWEKI�

7IRHMRK�E�QIWWEKI�MW�NYWX�EW�WMQTPI�EW�MX�WSYRHW��XIPP�XLI�SFNIGX�[LEX�]SY�[ERX�
MX�XS�HS��-R�.EZE��]SY�WIRH�E�QIWWEKI�[MXL�E�WXEXIQIRX�XLEX�GSQFMRIW�XLI�SFNIGX�
REQI�XLI�VIJIVIRGI�ZEVMEFPI�ERH�XLI�REQI�SJ�XLI�QIWWEKI��8LI]�EVI�
GSRRIGXIH�F]�E�TIVMSH�

object.message()

8LMW�PSSOW�QYGL�PMOI�E�JYRGXMSR�SV�TVSGIHYVI�MRZSGEXMSR�MR�XVEHMXMSREP�
PERKYEKIW��-R�.EZE��XLMW�MW�GEPPIH�E�QIXLSH�MRZSGEXMSR��=SY�WIRH�E�QIWWEKI�ERH�
XLI�SFNIGX�LEW�E�QIXLSH�JSV�WIVZMGMRK�MX��7IRHMRK�E�QIWWEKI�MW�SJXIR�WMQTP]�
VIJIVVIH�XS�EW�MRZSOMRK�E�QIXLSH��8LI�HMJJIVIRGI�FIX[IIR�QIWWEKI�ERH�
QIXLSH�VIJPIGXW�XLI�JYRHEQIRXEP�HMJJIVIRGI�FIX[IIR�]SY�ERH�XLI�SFNIGX��=SY�
LEZI�E�VIUYIWX�XLI�QIWWEKI�ERH�XLI�SFNIGX�LEW�E�VIWTSRWI�XLI�QIXLSH��

7SQI�QIXLSHW�XEOI�EVKYQIRXW��WSQI�VIXYVR�E�ZEPYI��WSQI�HS�FSXL��1ER]�
QIXLSHW�RIMXLIV�XEOI�EVKYQIRXW�RSV�VIXYVR�ZEPYIW�

;LEX�QIWWEKIW�GER�]SY�WIRH�XS�ER�SFNIGX#�8LI�ERW[IV�MW�WTIGMJMG�XS�IEGL�GPEWW��
.YWX�EW�MQTSVXERX�EW�ORS[MRK�XLI�GPEWWIW�]SY�GER�YWI�MW�ORS[MRK�[LEX�XLSWI�
GPEWWIW�HS��8LMW�MW�XLI�PEVKIWX�TEVX�SJ�]SYV�.EZE�PIEVRMRK�GYVZI��8S�YRHIVWXERH�
ER�SFNIGX
W�GETEFMPMXMIW��GSRWYPX�XLI�HSGYQIRXEXMSR�JSV�MXW�GPEWW�

To interact with an object, send it a message

Sending a message means invoking an object’s method

cart.discardItems(); 

Some methods take arguments

Widget item = new Widget();

cart.addItem(item);

cart.addItemAtIndex(item,0);

Some methods return values

Customer shopper = cart.shopper();

Some methods do both

Widget item = cart.itemAtIndex(0);



�

%GGIWW�SFNIGX�EXXVMFYXIW�YWMRK�QIXLSHW

'IRXVEP�XS�XLI�VSPI�ER�SFNIGX�TPE]W�MW�MXW�WXEXI�MXW�EXXVMFYXIW�SV�TVSTIVXMIW��%�
GYWXSQIV�LEW�E�REQI��E�TVSHYGX�LEW�E�TEVX�RYQFIV��E�WLSTTMRK�GEVX�MW�VIPEXIH�XS�
E�GYWXSQIV��-R�.EZE��XLIWI�EVI�SJXIR�GEPPIH�JMIPHW��-R�KIRIVEP�SFNIGX�SVMIRXIH�
XIVQMRSPSK]��XLI]�EVI�GEPPIH�MRWXERGI�ZEVMEFPIW�FIGEYWI�IEGL�MRWXERGI�SJ�XLI�GPEWW�
LEW�MXW�S[R�WIX��1SWX�SJXIR��SFNIGXW�TVSZMHI�QIXLSHW�XS�KIX�EX�XLIWI�EXXVMFYXIW��
8S�KIX�ER�EXXVMFYXI�JVSQ�ER�SFNIGX��WIRH�E�QIWWEKI�

1IXLSHW�XLEX�EGGIWW�SFNIGX�EXXVMFYXIW�EVI�GSQQSR�ERH�FEWMG��8LI]�LEZI�E�
WTIGMEP�REQI�EGGIWWSV�QIXLSHW��9WYEPP]��XLI]�GSQI�MR�TEMVW��SRI�QIXLSH�XS�KIX�
E�ZEPYI��ERSXLIV�XS�WIX�XLI�ZEPYI��8LI]�EVI�SJXIR�GEPPIH�XLI�KIX�EGGIWWSV�QIXLSH�
ERH�XLI�WIX�EGGIWWSV�QIXLSH�VIWTIGXMZIP]��7SQIXMQIW��XLI�KIX�QIXLSH�MW�GEPPIH�
XLI�EGGIWWSV�QIXLSH�[LMPI�XLI�WIX�QIXLSH�MW�GEPPIH�XLI�QYXEXSV�QIXLSH�

(MJJIVIRX�GPEWWIW�YWI�HMJJIVIRX�REQMRK�GSRZIRXMSRW�JSV�XLI�KIX�EGGIWWSV�
QIXLSH��7SQI�QIXLSHW�WXEVX�[MXL�XLI�[SVH�lKIXz��SXLIVW�WMQTP]�YWI�XLI�
EXXVMFYXI�REQI�MXWIPJ��[MXLSYX�XLI�[SVH�lKIXz��8S�YWI�ER�SFNIGX�TVSTIVP]��
GSRWYPX�XLI�GPEWW�HSGYQIRXEXMSR�XS�HIXIVQMRI�[LMGL�REQMRK�GSRZIRXMSR�MX�
EHSTXW�

-R�WSQI�GEWIW��EXXVMFYXIW�EVI�HMVIGXP]�EGGIWWMFPI�[MXLSYX�WIRHMRK�E�QIWWEKI��
.EZE�W]RXE\�JSV�EGGIWWMRK�TYFPMG�EXXVMFYXIW�MW�QYGL�PMOI�EGGIWWMRK�JMIPHW�SJ�E�
VIGSVH�SV�E�WXVYGXYVI�MR�XVEHMXMSREP�PERKYEKIW��2SXMGI�XLEX�]SY�HS�RSX�YWI�
TEVIRXLIWIW�EW�]SY�[SYPH�[LIR�MRZSOMRK�E�QIXLSH�

Access object attributes using methods

Most attributes are private—you must use an accessor method

Customer shopper = cart.shopper(); // get

cart.setShopper(shopper);  // set

There are different naming conventions for get accessor methods

Customer shopper = cart.shopper();

Customer shopper = cart.getShopper();

In some cases attributes are public—you can access them directly

Customer shopper = cart.shopper;

cart.shopper = shopper;
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=SY�GER�RIWX�GSHI�XS�EZSMH�GVIEXMRK�ZEVMEFPIW

3JXIR��]SY�RIIH�XS�GVIEXI�ER�SFNIGX�QIVIP]�JSV�XLI�TYVTSWI�SJ�KMZMRK�MX�XS�
ERSXLIV�SFNIGX��=SY�HSR
X�RIIH�]SYV�S[R�VIJIVIRGI�ZEVMEFPI�MR�XLI�QIERXMQI��
.EZE�W]RXE\�EPPS[W�]SY�XS�RIWX�XLI�GSHI�JSV�GVIEXMRK�ER�SFNIGX�[MXLMR�XLI�PMWX�SJ�
EVKYQIRXW�]SY�EVI�WIRHMRK�XS�ERSXLIV�SFNIGX
W�QIXLSH��'VIEXI�MX��TEWW�MX��ERH�
JSVKIX�EFSYX�MX�EPP�MR�SRI�WXEXIQIRX�

-R�E�WMQMPEV�WTMVMX��]SY�SJXIR�RIIH�XS�WIRH�E�QIWWEKI�XS�KIX�ER�SFNIGX�XLIR�
MQQIHMEXIP]�WIRH�E�QIWWEKI�XS�XLEX�SFNIGX�XS�KIX�[LEX�]SYV�VIEPP]�EJXIV��*SV�
I\EQTPI��EWWYQI�]SY�RIIH�XLI�REQI�SJ�XLI�GYWXSQIV�XLEX�S[RW�XLI�WLSTTMRK�
GEVX��=SY�GSYPH�GVIEXI�E�XIQTSVEV]�ZEVMEFPI�XS�LSPH�XLI�MRXIVQIHMEXI�SFNIGX�

Customer customer = cart.shopper();

String name = customer.lastName();

&YX�MR�XLMW�GEWI��]SY�EVI�MRXIVIWXIH�MR�XLI�REQI��RSX�XLI�GYWXSQIV��.EZE�W]RXE\�
EPPS[W�]SY�XS�GSRRIGX�QYPXMTPI�QIWWEKIW�MRXS�E�WMRKPI�I\TVIWWMSR�[LIVI�IEGL�
WYFWIUYIRX�QIWWEKI�MW�WIRX�XS�XLI�VIXYVR�ZEPYI�SJ�XLI�TVIZMSYW�

String name = cart.shopper().lastName();

8S�KIRIVEPM^I��[LIVIIZIV�]SY�RIIH�XS�WYTTP]�ER�SFNIGX�VIJIVIRGI��]SY�GER�
WYTTP]�ER]�I\TVIWWMSR�XLEX�VIXYVRW�ER�SFNIGX�VIJIVIRGI�

You can nest code to avoid creating variables

Create a new object for a method argument

cart.addItem(new Widget());

cart.setShopper(new Customer("John", "Doe"));

Invoke a method in the return value of another method

String name = cart.shopper().lastName();

Nest method invocations

cart1.addItem(cart2.itemAtIndex(4));



��

'LEVEGXIV�WXVMRKW�EVI�SFNIGXW

.EZE�VITVIWIRXW�WMQTPI�GLEVEGXIV�WXVMRKW�EW�SFNIGXW��8LI]�EVI�MRWXERGIW�SJ�XLI�
GPEWW�REQIH�7XVMRK��7XVMRKW�EVI�WMQTPI�ZEPYIW�ERH�EVI�YWIH�XS�VITVIWIRX�FEWMG�
SFNIGX�EXXVMFYXIW��&IGEYWI�XLI]�EVI�WS�GSQQSR��GSRZIRMIRX�LERHPMRK�SJ�WXVMRKW�
MW�FYMPX�MRXS�XLI�.EZE�PERKYEKI�MXWIPJ�

=SY�GER�YWI�E�PMXIVEP�WXVMRK�ZEPYI�MR�UYSXIW�EW�ER�EPXIVREXMZI�XS�GSRWXVYGXMRK�E�
WXVMRK�SFNIGX�PMXIVEPP]��2SXMGI�XLEX�XLI�JSPPS[MRK�X[S�PMRIW�EVI�IUYMZEPIRX�

message = “hello”;

message = new String(“hello”);

=SY�GER�GSQFMRI�WXVMRKW�GSRGEXIREXI�XLIQ�YWMRK�XLI�TPYW�STIVEXSV��8LMW�
GVIEXIW�E�RI[�WXVMRK�MRWXERGI�XLEX�GSQFMRIW�XLI�ZEPYIW�SJ�STIVERHW��8LI�7XVMRK�
GPEWW�TVSZMHIW�EHHMXMSREP�QIXLSHW�JSV�QERMTYPEXMRK�WXVMRKW��'SRWYPX�XLI�.EZE�
HSGYQIRXEXMSR�

7XVMRKW�EVI�MQQYXEFPI��SRGI�XLI]�EVI�GVIEXIH��]SY�GERRSX�GLERKI�XLIMV�ZEPYI��
-J�]SY�[MWL�XS�QSHMJ]�E�WXVMRK�[MXLSYX�GVIEXMRK�E�WITEVEXI�VIWYPX�WXVMRK��]SY�GER�
YWI�XLI�7XVMRK&YJJIV�GPEWW��

8LI�JEGX�XLEX�QER]�SFNIGXW�VITVIWIRX�EXXVMFYXIW�EW�WXVMRKW�VIZIEPW�WSQIXLMRK�
JYRHEQIRXEP�EFSYX�SFNIGXW��SFNIGXW�EVI�X]TMGEPP]�GSQTSWIH�SJ�SXLIV�SFNIGXW��%�
GYWXSQIV�MW�ER�SFNIGX��%�GYWXSQIV�LEW�E�REQI�E�WXVMRK�[LMGL�MW�MXWIPJ�
ERSXLIV�SFNIGX�

Character strings are objects

Character strings are instances of the class String

String name = shopper.lastName();

You can use literal strings

String banner = "All widgets on sale";

shopper.setFirstName("John");

You can concatenate strings with the “+” operator

String name = "John " + "Doe";

Customer s = cart.shopper();

name = s.firstName() + " " + s.lastName();

Strings are immutable—once created, you cannot change their value



�� 'LETXIV�����9WMRK�3FNIGXW

%PP�SFNIGXW�LEZI�WXVMRK�VITVIWIRXEXMSRW

6IKEVHPIWW�SJ�MXW�GPEWW��ER]�SFNIGX�GER�KIRIVEXI�E�WXVMRK�VITVIWIRXEXMSR�SJ�MXWIPJ��
8LMW�MW�YWIJYP�JSV�HIFYKKMRK�ERH�SJXIR�JSV�HMWTPE]MRK�E�ZEPYI�MR�E�YWIV�MRXIVJEGI�
WYGL�EW�E�;IF�TEKI��)ZIV]�SFNIGX�MR�.EZE�VIWTSRHW�XS�XLI�QIWWEKI�XS7XVMRK���

=SY�GER�TVMRX�E�WXVMRK�XS�XLI�WXERHEVH�SYXTYX�YRMX�SJ�]SYV�ETTPMGEXMSR�YWMRK�XLI�
TVMRXPR���QIWWEKI��0SSO�EX�XLI�JSPPS[MRK�GSHI�

System.out.println(“hello”);

8LMW�WXEXIQIRX�MW�WE]MRK��lWIRH�XLI�TVMRXPR���QIWWEKI�XS�XLI�SYX�SFNIGX�[LMGL�MW�
EZEMPEFPI�EW�E�TYFPMG�EXXVMFYXI�SJ�XLI�7]WXIQ�SFNIGXz��;LEX�LETTIRW�[LIR�]SY�
TEWW�ER�EVKYQIRX�XLEX�MW�RSX�E�WXVMRK#�'SRWMHIV�XLI�JSPPS[MRK�

System.out.println(shoppingCart);

8LI�TVMRXPR���QIXLSH�EYXSQEXMGEPP]�EGGIWWIW�XLI�WXVMRK�VITVIWIRXEXMSR�SJ�XLI�
WLSTTMRK�GEVX�SFNIGX�F]�WIRHMRK�MX�XLI�XS7XVMRK���QIWWEKI��8LI�SFNIGX�KIRIVEXIW�
E�WXVMRK�WYMXEFPI�JSV�TVMRXMRK��8LMW�EPWS�XEOIW�TPEGI�[LIR�]SY�YWI�XLI�TPYW�
STIVEXSV�XS�GSRGEXIREXI�WXVMRKW��

message = “Customer = “ + customer;

8LI�GYWXSQIV�SFNIGX�MW�RSX�E�7XVMRK�SFNIGX�FYX�XLI�WXEXIQIRX�EYXSQEXMGEPP]�
SFXEMRW�E�WXVMRK�VITVIWIRXEXMSR�F]�WIRHMRK�XS7XVMRK���XS�XLI�GYWXSQIV�

message = “Customer = “ + customer.toString();

All objects have string representations

All objects have a string representation

String debugString = shopper.toString();

Concatenation automatically obtains the string representation

String debugString = "Customer = " + shopper;

You can print strings to your application’s standard output

System.out.println(debugString);

System.out.println(shopper);

System.out.println("Customer is: " + shopper);

System.out.println("Last name = " +

shopper.lastName());



��

.EZE�TVSZMHIW�RSR�SFNIGX�TVMQMXMZI�HEXE�X]TIW

.EZE�MW�E�L]FVMH�PERKYEKI�RSX�IZIV]XLMRK�MR�.EZE�MW�ER�SFNIGX��*SV�IJJMGMIRG]�
ERH�GSRZIRMIRGI��.EZE�TVSZMHIW�TVMQMXMZI�X]TIW�JSV�WMQTPI�XLMRKW�PMOI�RYQFIVW��
GLEVEGXIVW��ERH�FSSPIER�ZEPYIW�

)ZIR�[LIR�[SVOMRK�[MXL�SFNIGXW��]SY�[MPP�RIIH�XS�LERHPI�TVMQMXMZI�X]TIW��
8LI]�EVI�YWIH�XS�VITVIWIRX�QER]�SFNIGX�EXXVMFYXIW�XLI�RYQFIV�SJ�MXIQW�MR�E�
WLSTTMRK�GEVX�JSV�I\EQTPI��8LI]�EVI�EPWS�YWIH�JSV�QER]�QIXLSH�EVKYQIRXW�
ERH�VIXYVR�ZEPYIW�

4VMQMXMZI�X]TIW�EVI�QYGL�PMOI�FEWMG�HEXE�X]TIW�MR�XVEHMXMSREP�RSR�SFNIGX�
SVMIRXIH�PERKYEKIW��=SY�LERHPI�TVMQMXMZI�X]TIW�HMJJIVIRXP]�XLER�SFNIGXW�MR�X[S�
JYRHEQIRXEP�[E]W�

� 1ERMTYPEXI�TVMQMXMZI�X]TIW�[MXL�STIVEXSVW�RSX�QIXLSHW

� (SR
X�MRWXERXMEXI�TVMQMXMZI�X]TIW�XLIVI�MW�RS�HMJJIVIRGI�FIX[IIR�E�ZEPYI�
ERH�E�VIJIVIRGI�XS�XLI�ZEPYI��XLI]�EVI�XLI�WEQI

Java provides non-object primitive data types

Java is a hybrid language—some data are not objects

For efficiency, Java provides primitive data types

Many object attributes use primitive types

Many method arguments and return values use primitive types

Manipulate primitive types with built-in operators, not methods

Don’t create using new—the variable and the value are the same
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9WIJYP�WYFWIX�SJ�TVMQMXMZI�HEXE�X]TIW

.EZE�HIJMRIW�WIZIVEP�TVMQMXMZI�X]TIW��,IVI�MW�E�YWIJYP�WYFWIX��F]XI��GLEV��MRX��
HSYFPI��ERH�FSSPIER�

GLEV�VITVIWIRXW����FMX�YRMGSHI�GLEVEGXIVW��RSX�XLI�XVEHMXMSREP���FMX�%7'--�
GLEVEGXIVW�YWIH�MR�PERKYEKIW�PMOI�'�ERH�'����

MRX�MW�EP[E]W����FMXW�VIKEVHPIWW�SJ�XLI�YRHIVP]MRK�LEVH[EVI�TPEXJSVQ��8LMW�JM\IW�
E�RYQFIV�SJ�TSVXEFMPMX]�MWWYIW�MRLIVIRX�MR�'�ERH�'���HYI�XS�HMJJIVIRX�[SVH�
WM^IW�SR�HMJJIVIRX�QEGLMRIW�

%HHMXMSREP�X]TIW�RSX�WLS[R�LIVI�SJJIV�HMJJIVIRX�TSWWMFMPMXMIW�JSV�RYQFIV�
ZEPYIW��WLSVX��PSRK�ERH�JPSEX��8LI]�HMJJIV�MR�WM^I�ERH�QEKRMXYHI��ERH�VIJPIGX�XLI�
'�ERH�'���SVMKMRW�SJ�.EZE�

.EZE�HSIW�RSX�TVSZMHI�ER]�YRWMKRIH�X]TIW�

FSSPIER�ZEPYIW�YWI���FMX�ERH�LEZI�SRP]�X[S�TSWWMFPI�ZEPYIW�XVYI�ERH�JEPWI��
8LIWI�EVI�.EZE�OI][SVHW��9RPMOI�'�ERH�'����.EZE�HSIW�RSX�EPPS[�RYQFIVW�SV�
VIJIVIRGIW�XS�FI�YWIH�HMVIGXP]�EW�FSSPIER�ZEPYIW��*SV�I\EQTPI����MW�EP[E]W�XLI�
RYQFIV����RSX�XLI�FSSPIER�ZEPYI�JEPWI�

8LI�XEFPI�WLS[W�XLEX�PMXIVEP�ZEPYIW�EVI�EPPS[IH�JSV�EPP�TVMQMXMZI�X]TIW��
;LIVIIZIV�]SY�RIIH�XS�WYTTP]�E�TVMQMXMZI�X]TI��]SY�GER�WYTTP]�E�ZEVMEFPI��E�
PMXIVEP��SV�ER�I\TVIWWMSR�XLEX�VIWYPXW�MR�E�TVMQMXMZI�X]TI�ZEPYI�

Useful subset of primitive data types

Type   Contains Examples

byte   8-bit signed value  Any arbitrary bit pattern

char   16-bit unicode character ’a’,’0’, \u00F1

int 32-bit signed integer 10, -5

double 64-bit IEEE floating point 10.5, -5.2

boolean 1-bit true or false value true, false
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9WIJYP�EVMXLQIXMG�STIVEXSVW�JSV�TVMQMXMZI�X]TIW

;LIR�[SVOMRK�[MXL�TVMQMXMZI�RYQFIV�X]TIW��]SY�YWI�STIVEXSVW�RSX�QIWWEKIW��
.EZE�TVSZMHIW�XLI�WXERHEVH�EVMXLQIXMG�STIVEXSVW��������
�����ERH����.EZE�TVSZMHIW�
WIZIVEP�EHHMXMSREP�STIVEXSVW�RSX�WLS[R�LIVI�WYGL�EW����JSV�MRGVIQIRX�SV��!�JSV�
E�GSQFMREXMSR�SJ�EHHMXMSR�ERH�EWWMKRQIRX��.EZE�EPWS�TVSZMHIW�MX[MWI�STIVEXSVW��

%VMXLQIXMG�STIVEXSVW�I\TIGX�TVMQMXMZI�RYQFIV�STIVERHW�ERH�TVSHYGI�
TVMQMXMZI�RYQFIV�VIWYPXW�PMOI[MWI�JSV�ER]�EVMXLQIXMG�I\TVIWWMSR�SJ�EVFMXVEV]�
GSQTPI\MX]��(S�RSX�GSRJYWI�TVMQMXMZI�RYQFIV�ZEPYIW�[MXL�IMXLIV�FSSPIER�SV�
SFNIGX�ZEPYIW�

8LIVI�MW�SRI�I\GITXMSR��XLI���STIVEXSV�MW�EPWS�ZEPMH�JSV�GSRGEXIREXMRK�WXVMRK�
SFNIGXW��8LI�VIWYPX�SJ�GSRGEXIREXMSR�MW�E�WXVMRK�SFNIGX��8LMW�MW�XLI�SRP]�GEWI�MR�
.EZE�[LIVI�ER�STIVEXSV�MW�SZIVPSEHIH�XS�WYTTSVX�SFNIGX�VEXLIV�XLER�TVMQMXMZI�
X]TIW��8LMW�MW�FYMPX�MRXS�XLI�PERKYEKI��.EZE�HSIW�RSX�WYTTSVX�STIVEXSV�
SZIVPSEHMRK�JSV�GYWXSQ�GPEWWIW�

=SY�GER�YWI�TEVIRXLIWIW�JSV�KVSYTMRK�ERH�VIEHEFMPMX]��&IGEYWI�SJ�XLI�
TVIGIHIRGI�VYPIW�MR�.EZE��]SY�QER]�RIIH�XS�YWI�TEVIRXLIWIW�XS�IRJSVGI�XLI�
QIERMRK�SJ�ER�I\TVIWWMSR�[LIR�XLI�HIJEYPX�TVIGIHIRGI�TVSHYGIW�YRI\TIGXIH�
VIWYPXW�

Useful arithmetic operators for primitive types

Arithmetic operators

+  addition

-  subtraction

*   multiplication

/  division

%  remainder

Arithmetic operators produce a numerical result

Use ( ) for grouping and precedence
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9WIJYP�FSSPIER�STIVEXSVW�JSV�TVMQMXMZI�X]TIW

=SY�GER�TIVJSVQ�E�ZEVMIX]�SJ�FSSPIER�XIWXW�YWMRK�XLI�VIPEXMSREP�STIVEXSVW��!!���!��
"�� ��"!��ERH� !��8LI�VIPEXMSREP�STIVEXSVW�EVI�ZEPMH�SRP]�JSV�TVMQMXMZI�X]TIW�[MXL�
XLI�I\GITXMSR�SJ�!!�ERH��!�[LMGL�]SY�GER�EPWS�YWI�JSV�GSQTEVMRK�SFNIGX�
VIJIVIRGIW��QSVI�SR�XLMW�PEXIV���8LI�VIWYPX�SJ�ER�I\TVIWWMSR�YWMRK�VIPEXMSREP�
STIVEXSVW�MW�E�FSSPIER�ZEPYI�XVYI�SV�JEPWI�

=SY�GER�NSMR�QYPXMTPI�FSSPIER�I\TVIWWMSRW�YWMRK�XLI�PSKMGEP�STIVEXSVW��		��``��
ERH����8LI�PSKMGEP�STIVEXSVW�[SVO�SRP]�[MXL�FSSPIER�STIVERHW��8LI�VIWYPX�SJ�
ER]�FSSPIER�I\TVIWWMSR�MW�E�FSSPIER�X]TI�ZEPYI��IMXLIV�XVYI�SV�JEPWI�

Useful boolean operators for primitive types

Relational operators Logical operators

   = = equal to    && AND

   != not equal to     || OR

   > greater than     ! NOT

   >= greater than or equal to

   < less than

   <= less than or equal to

Relational and logical operators produce a boolean result

Use ( ) for grouping and precedence
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'SHI�I\EQTPIW�YWMRK�TVMQMXMZI�X]TIW

=SY�GER�HIJMRI�ZEVMEFPIW�SJ�TVMQMXMZI�X]TIW�MRGPYHMRK�ER�MRMXMEP�ZEPYI��8LI�
MRMXMEP�ZEPYI�GER�FI�XLI�VIWYPX�SJ�ER�I\TVIWWMSR�YWMRK�PMXIVEPW��SXLIV�TVMQMXMZI�
ZEVMEFPIW��ERH�IZIR�QIWWEKIW�XS�SFNIGXW�XLEX�VIXYVR�TVMQMXMZI�ZEPYIW��=SY�GER�
HIJMRI�QYPXMTPI�ZEVMEFPIW�SJ�XLI�WEQI�X]TI�MR�SRI�WXEXIQIRX��9WI�XLI�GSQQE�
XS�WITEVEXI�XLI�REQIW��-J�]SY�EXXIQTX�XS�YWI�E�ZEVMEFPI�XLEX�LEW�RSX�FIIR�
MRMXMEPM^IH�SV�EWWMKRIH��XLI�.EZE�GSQTMPIV�[MPP�KIRIVEXI�ER�IVVSV�

.EZE�W]RXE\�TIVQMXW�KVIEX�JPI\MFMPMX]�MR�FYMPHMRK�I\TVIWWMSRW�YWMRK�E�QM\XYVI�SJ�
PMXIVEPW��ZEVMEFPIW��QIWWEKIW�XS�SFNIGXW��ERH�RIWXIH�I\TVIWWMSRW��8LI�OI]�MW�XS�
QEOI�WYVI�XLI�VIWYPXMRK�X]TI�SJ�IEGL�GSQTSRIRX�MR�XLI�I\TVIWWMSR�QEXGLIW�XLI�
SZIVEPP�X]TI��MR�XLMW�GEWI��E�TVMQMXMZI�RSR�SFNIGX�X]TI�

Code examples using primitive types

Variable definitions

int count;

double price = 10.75, discount = 0.15;

double total = price * count * (1 - discount);

boolean orderConfirmed = false;

Statements

count = count + 1;

orderConfirmed = true;

total = cart.total() * (1 - discount);

shopper.setCreditLimit(500.00);

shopper.setCreditLimit(500.00 * 0.75);

shopper.setCreditLimit(cart.total());



�� 'LETXIV�����9WMRK�3FNIGXW

=SY�GER�QEOI�HIGMWMSRW�JSV�GSRHMXMSREP�PSKMG

&SSPIER�I\TVIWWMSRW�IREFPI�]SY�XS�QEOI�HIGMWMSRW��3JXIR��]SYV�GSHI�MW�
GSRHMXMSREP�]SY�SRP]�[ERX�XS�I\IGYXI�MX�YRHIV�GIVXEMR�GMVGYQWXERGIW��*SV�
I\EQTPI��MJ�XLI�GYWXSQIV�MW�VIEH]��XLIR�WIRH�XLI�WLSTTMRK�GEVX�XLVSYKL�GLIGO�
SYX�

.EZE�TVSZMHIW�XLI�MJ�ERH�MJ�IPWI�WXEXIQIRXW�JSV�XLIWI�SGGEWMSRW��MJ�YWIW�E�
TEVIRXLIWM^IH�FSSPIER�I\TVIWWMSR�XS�HIXIVQMRI�[LIXLIV�SV�RSX�XLI�
WYFWIUYIRX�GSHI�WLSYPH�FI�I\IGYXIH��-J�XLI�I\TVIWWMSR�MW�XVYI��XLI�GSHI�MW�
I\IGYXIH��-J�JEPWI��MX�MW�RSX��8LI�IPWI�OI][SVH�MW�STXMSREP�ERH�TVSZMHIW�XLI�
EPXIVREXMZI�GLSMGI��-J�XLI�I\TVIWWMSR�MW�XVYI�HS�SRI�XLMRK��IPWI��HS�XLI�SXLIV�

8LI�WMQTPMGMX]�SJ�XLI�MJ�IPWI�WXEXIQIRX�MW�HIGITXMZI��-XW�JPI\MFMPMX]�TIVQMXW�
QYPXM�[E]�HIGMWMSRW�SJ�EVFMXVEV]�GSQTPI\MX]�

if (subtotal > 1000)

discount = .20;

else if (subtotal > 500)

discount = .10;

else 

discount = 0;

.EZE�EPWS�TVSZMHIW�XLI�W[MXGL�WXEXIQIRX�ERH�E�GSRHMXMSREP�STIVEXSV�JSV�QEOMRK�
HIGMWMSRW��8LIWI�EVI�RSX�WLS[R�LIVI�

You can make decisions for conditional logic

Simple conditional statement with if and a boolean expression
if (orderConfirmed)

cart.checkOut();

Either-or logic using else
if (cart.getItemCount() >= 10)

discount = .25;

else

discount = .10;

Complex boolean expression
if (cart.getItemCount() > 0 && !orderConfirmed)

askForConfirmation = true;
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1YPXMTPI�WXEXIQIRXW�VIUYMVI�E�FPSGO

*VIUYIRXP]��]SY�RIIH�XS�HS�WIZIVEP�XLMRKW�FEWIH�SR�E�GIVXEMR�HIGMWMSR��8S�
KVSYT�QYPXMTPI�WXEXIQIRXW�[MXLMR�ER�MJ�SV�IPWI�GPEYWI��]SY�QYWX�IRGPSWI�XLIQ�
MR�E�FPSGO��%�FPSGO�MW�E�KVSYT�SJ�WXEXIQIRXW�IRGPSWIH�MR�FVEGIW��&PSGOW�EVI�YWIH�
MR�WIZIVEP�HMJJIVIRX�TPEGIW�MR�XLI�.EZE�PERKYEKI��%�FPSGO�MW�WSQIXMQIW�GEPPIH�E�
WGSTI�

;MXLMR�E�FPSGO��]SY�GER�HIJMRI�RI[�ZEVMEFPIW��8LIWI�EVI�PSGEP�ZEVMEFPIW��ZMWMFPI�
SRP]�[MXLMR�XLI�FPSGO�XLEX�HIJMRIW�XLIQ��8LI]�EVI�XIQTSVEV]�ZEVMEFPIW�MR�XLEX�
XLI]�GSQI�MRXS�I\MWXIRGI�SRP]�[LIR�]SY�IRXIV�XLI�FPSGO�ERH�XLI]�EVI�
HIWXVS]IH�[LIR�]SY�PIEZI�XLI�FPSGO�

Multiple statements require a block

Multiple statements within an if or else clause require a block

A block is a group of statements delimited by braces {}

You can create temporary local variables inside a block
double total = cart.total();

if (cart.itemCount() > 0) {

double discount = 0;   // temporary variable

if (cart.getItemCount() >= 10)

discount = .25;

else

discount = .10;

total = total * discount;

}



�� 'LETXIV�����9WMRK�3FNIGXW

=SY�GER�TIVJSVQ�FEWMG�SFNIGX�XIWXW

=SY�SJXIR�QEOI�HIGMWMSRW�FEWIH�SR�WMQTPI�SFNIGX�XIWXW��8LI�QSWX�JYRHEQIRXEP�
XIWX�MW�[LIXLIV�SV�RSX�E�ZEVMEFPI�VIJIVW�XS�ER�SFNIGX��6IQIQFIV�XLEX�XLI�
VIJIVIRGI�ZEVMEFPI�MW�SRI�XLMRK��XLI�SFNIGX�MX�VIJIVW�XS�MW�ERSXLIV��.EZE�TVSZMHIW�
XLI�RYPP�OI][SVH�[LMGL�QIERW�lRS�SFNIGXz��=SY�GER�YWI�RYPP�XS�HIXIVQMRI�MJ�E�
ZEVMEFPI�EGXYEPP]�VIJIVW�XS�ER�SFNIGX��-X�MW�MPPIKEP�XS�WIRH�E�QIWWEKI�XS�E�ZEVMEFPI�
[LSWI�ZEPYI�MW�RYPP��8LMW�QEOIW�WIRWI��XLI�ZEVMEFPI�HSIW�RSX�VIJIVIRGI�E�ZEPMH�
SFNIGX��2SXMGI�XLEX�]SY�YWI�ER�STIVEXSV�XS�QEOI�XLMW�XIWX��RSX�E�QIWWEKI�

-R�E�WMQMPEV�ZIMR��]SY�QE]�LEZI�X[S�ZEVMEFPIW�SJ�XLI�WEQI�X]TI�ERH�[MWL�XS�
ORS[�MJ�XLI]�VIJIV�XS�XLI�WEQI�SFNIGX��8LMW�MW�GEPPIH�ER�MHIRXMX]�XIWX�FIGEYWI�]SY�
EVI�EWOMRK�MJ�X[S�SFNIGXW�EVI�MHIRXMGEP�XLI�WEQI�SFNIGX�YRHIV�HMJJIVIRX�REQIW��
9WI�XLI�GSQTEVMWSR�STIVEXSVW�!!�SV��!!�XS�XIWX�XLI�VIJIVIRGI�ZEPYIW�

%�XLMVH�XIWX�EWOW�RSX�[LIXLIV�X[S�SFNIGXW�EVI�XLI�WEQI��FYX�[LIXLIV�XLI]�EVI�
IUYMZEPIRX��8LI]�QMKLX�FI�HMJJIVIRX�MRWXERGIW�SJ�XLI�WEQI�GPEWW��FYX�LEZI�XLI�
WEQI�GSRXIRXW��-QEKMRI�X[S�TL]WMGEP�GSTMIW�SJ�XLI�WEQI�GVIHMX�GEVH��8LI]�
VITVIWIRX�XLI�WEQI�EGGSYRX�ERH�WLSYPH�FI�XVIEXIH�IUYEPP]�[MXL�VIWTIGX�XS�
QEOMRK�E�GLEVKI��8LMW�MW�ER�IUYMZEPIRGI�XIWX�VEXLIV�XLER�ER�MHIRXMX]�XIWX��-X�
VIUYMVIW�XLEX�]SY�EWO�XLI�SFNIGXW�XLIQWIPZIW�YWMRK�E�QIWWEKI�VEXLIV�XLER�ER�
STIVEXSV��%PP�SFNIGXW�VIWTSRH�XS�XLI�IUYEPW���QIWWEKI�XLSYKL�LS[�XLI]�XIWX�JSV�
IUYMZEPIRGI�MW�WTIGMJMG�XS�IEGL�GPEWW�

-X�MW�E�GSQQSR�QMWXEOI�XS�GSRJYWI�MHIRXMX]�XIWXW�[MXL�IUYMZEPIRGI�XIWXW�

You can perform basic object tests

Does a variable refer to an object?

if (shoppingCart == null)

// there is no object

Do two variables refer to the same object?

if (customer1 != customer2)

// they refer to different customer objects

Are two objects equivalent?

if (string1.equals(string2))

// two strings have the same contents
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'PEWWIW�SJXIR�TVSZMHI�GSRWXERXW�ERH�WTIGMEP�SFNIGXW

-QEKMRI�XLEX�]SY�[ERX�XS�ORS[�LS[�QER]�EGXMZI�WLSTTMRK�GSYRXW�XLIVI�EVI��
,S[�QER]�GYWXSQIVW�EVI�GYVVIRXP]�WLSTTMRK#�-X�HSIWR
X�QEOI�WIRWI�XLEX�ER]�
TEVXMGYPEV�WLSTTMRK�GEVX�MRWXERGI�[SYPH�ORS[�XLMW�MRJSVQEXMSR��=SY�RIIH�XS�EWO�
XLI�QEREKIV�SJ�EPP�WLSTTMRK�GEVXW��XLI�JEGXSV]�XLEX�GVIEXIW�XLIQ��=SY�QE]�RSX�
IZIR�LEZI�E�VIJIVIRGI�XS�ER]�TEVXMGYPEV�WLSTTMRK�GEVX�SFNIGX��&YX�]SY�HS�ORS[�
XLI�REQI�SJ�XLI�WLSTTMRK�GEVX�GPEWW�

1ER]�GPEWWIW�TVSZMHI�QIXLSHW�ERH�EXXVMFYXIW�XLEX�]SY�GER�EGGIWW�HMVIGXP]�JVSQ�
XLI�GPEWW�MXWIPJ��=SY�HSR
X�RIIH�ER�SFNIGX�MRWXERGI��.EZE�GEPPW�XLIWI�WXEXMG�WXEXMG�
QIXLSHW�ERH�WXEXMG�ZEVMEFPIW��7MRGI�XLI]�EVI�EZEMPEFPI�HMVIGXP]�JVSQ�XLI�GPEWW��
KIRIVEP�SFNIGX�SVMIRXIH�XIVQMRSPSK]�GEPPW�XLIQ�GPEWW�QIXLSHW�ERH�ZEVMEFPIW��
&IGEYWI�E�GPEWW�MW�PMOI�E�JEGXSV]�MX�MW�YWIH�XS�QERYJEGXYVI�MRWXERGIW��XLIWI�EVI�
EPWS�GEPPIH�JEGXSV]�QIXLSHW�

=SY�GER�WIRH�E�QIWWEKI�XS�E�GPEWW��9WI�XLI�GPEWW�REQI�[LIVI�]SY�[SYPH�
RSVQEPP]�YWI�E�VIJIVIRGI�XS�ER�SFNIGX�MRWXERGI��*SV�GPEWW�EXXVMFYXIW��XLIVI�MW�SRI�
ZEPYI�JSV�EPP�MRWXERGIW��IZIR�MJ�XLIVI�EVI�RS�MRWXERGIW�EX�EPP��-R�.EZE��]SY�GER�EPWS�
WIRH�GPEWW�QIXLSHW�XS�ER�SFNIGX�MRWXERGI��=SY�GER�KIX�GPEWW�EXXVMFYXIW�JVSQ�XLI�
SFNIGX�EW�[IPP�

%�GSQQSR�YWI�SJ�E�GPEWW�QIXLSH�MW�XS�EGGIWW�ER�SFNIGX�MRWXERGI�F]�E�QIERW�
SXLIV�XLER�GVIEXMRK�E�RI[�SRI�HMVIGXP]�[MXL�XLI�RI[�OI][SVH��*SV�I\EQTPI��
MRWXIEH�SJ�GVIEXMRK�E�RI[�WXSVI��EWO�XLI�7XSVI�GPEWW�JSV�E�WTIGMJMG�MRWXERGI�
LIEHUYEVXIVW��

  Classes often provide attributes and special objects

Classes often provide attributes, independent of any specific instance

Use a class method rather than an instance method

int count = ShoppingCart.activeCartCount();

Often, class attributes are public—access them directly

String version = Customer.Version;

To access some objects, use a class method rather than a constructor

Store mainStore = Store.headquarters();

Note—Class methods and attributes are called static in Java
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%R�SFNIGX�LEW�E�PMJIXMQI�IZIRXYEPP]�MX�MW�HIWXVS]IH

8S�YWI�ER�SFNIGX��]SY�QYWX�JMVWX�GVIEXI�MX��;LEX�LETTIRW�[LIR�]SY�EVI�HSRI�
[MXL�MX#�,S[�HS�]SY�HIWXVS]�MX#�8LMW�MW�ER�MQTSVXERX�HIWMKR�UYIWXMSR�WMRGI�]SY�
RIIH�XS�GSRXVSP�XLI�EQSYRX�SJ�VIWSYVGIW�]SYV�ETTPMGEXMSR�YWIW��-J�]SY�GVIEXI�
RI[�SFNIGXW�FYX�RIZIV�HIWXVS]�XLIQ��]SY�EVI�[EWXMRK�QIQSV]�ERH�QE]�
IRGSYRXIV�TIVJSVQERGI�TVSFPIQW�

.EZE�JIEXYVIW�EYXSQEXMG�KEVFEKI�GSPPIGXMSR��;LIR�ER�SFNIGX�MW�RS�PSRKIV�YWIH��MX�
MW�EYXSQEXMGEPP]�XVIEXIH�EW�KEVFEKI�ERH�IZIRXYEPP]�TMGOIH�YT�ERH�XLVS[R�SYX�
HIWXVS]IH��,S[�HSIW�.EZE�ORS[�[LIR�]SY�EVI�RS�PSRKIV�YWMRK�ER�SFNIGX#

%W�PSRK�EW�]SY�QEMRXEMR�E�VIJIVIRGI�XS�ER�SFNIGX��XLI�SFNIGX�[MPP�RSX�FI�
GSRWMHIVIH�KEVFEKI��=SY�GER�JSVKIX�EFSYX�ER�SFNIGX�XLIVIF]�XLVS[MRK�MX�MR�XLI�
XVEWL�F]�GPIEVMRK�ER]�ERH�EPP�VIJIVIRGIW�]SY�LEZI�XS�XLEX�SFNIGX��8LI�HMVIGX�
[E]�XS�HS�XLMW�MW�F]�EWWMKRMRK�RYPP�XS�]SYV�VIJIVIRGI�ZEVMEFPI�

1ER]�SFNIGXW�EVI�GSQTSWIH�SJ�SXLIV�SFNIGXW�E�GYWXSQIV�SFNIGX�GSRWMWXW�SJ�EX�
PIEWX�E�WXVMRK�JSV�XLI�JMVWX�REQI�ERH�ERSXLIV�JSV�XLI�PEWX�REQI��;LIR�]SY�KMZI�
YT�]SYV�VIJIVIRGI�XS�XLI�GYWXSQIV��]SY�GER�EWWYQI�XLI�WEQI�JSV�XLI�SFNIGXW�MX�
VIJIVIRGIW�XLI�WXVMRKW�JSV�XLI�REQI�EXXVMFYXIW��%PXLSYKL�XLI�WXVMRKW�EVI�
VIJIVIRGIH�F]�XLI�GYWXSQIV��RS�SRI�LEW�E�VIJIVIRGI�XS�XLI�GYWXSQIV�MXWIPJ��=SY�
GER�XVYWX�XLEX�MX�[MPP�EPP�FI�GSRWMHIVIH�KEVFEKI�

An object has a lifetime—eventually it is destroyed

Java features automatic garbage collection

When there are no more references to an object, it is destroyed

When you clear a reference variable, you release the object

item = null;

When you release an object, it releases its own references

customer = null; // customer releases its name

All objects are destroyed when your application terminates
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'PEWW�X]TIW�JSVQ�E�LMIVEVGL]��-X�MW�SJXIR�GEPPIH�E�GPEWWMJMGEXMSR�LMIVEVGL]�FIGEYWI�
MX�VIJPIGXW�XLI�[E]�[I�REXYVEPP]�GPEWWMJ]�SFNIGXW�MR�XLI�VIEP�[SVPH��E�GPEWW�MW�
HIJMRIH�EW�FSXL�WMQMPEV�XS�]IX�HMJJIVIRX�JVSQ�ERSXLIV�

8LI�VSSX�GPEWW�MW�REQIH�3FNIGX��-X�MW�XLI�QSWX�KIRIVMG�GPEWW��3XLIV�GPEWWIW�EVI�
HIJMRIH�VIPEXMZI�XS�XLI�VSSX�GPEWW�IMXLIV�HMVIGXP]�SV�MRHMVIGXP]��XLI]�EVI�
WYFGPEWWIW�SJ�XLI�3FNIGX�GPEWW��%�WLSTTMRK�GEVX�MW�E�OMRH�SJ�SFNIGX�FYX�MX�MW�QSVI��
MX�LEW�EHHMXMSREP�FILEZMSV�ERH�EXXVMFYXIW��7LSTTMRK'EVX�MW�E�WYFGPEWW�SJ�3FNIGX��
3FNIGX�MW�XLI�WYTIVGPEWW�SJ�7LSTTMRK'EVX�

8LI�HMEKVEQ�WLS[W�E�4IVWSR�GPEWW�ERH�E�WYFGPEWW�GEPPIH�'YWXSQIV��+IRIVEPP]�
WTIEOMRK��E�GYWXSQIV�MW�E�OMRH�SJ�TIVWSR��%�GYWXSQIV�GER�FI�XVIEXIH�EW�E�TIVWSR��
ERH�YWIH�MR�ER]�WMXYEXMSR�[LIVI�E�KIRIVMG�TIVWSR�GER�FI�YWIH��&YX�EX�XLI�WEQI�
XMQI��E�GYWXSQIV�MW�HMJJIVIRX�XLER�E�TIVWSR��%�GYWXSQIV�MW�QSVI�WTIGMJMGEPP]�E�
GYWXSQIV�MX�MW�ETTVSTVMEXI�MR�WSQI�WMXYEXMSRW�[LIVI�E�KIRIVMG�TIVWSR�MW�RSX�

%W�ER�SFNIGX�GSRWYQIV��MX�MW�MQTSVXERX�XS�WII�XLEX�ER�SFNIGX�MW�ER�MRWXERGI�SJ�E�
WTIGMJMG�GPEWW�FYX�GER�FI�XVIEXIH�QSVI�KIRIVMGEPP]�EW�ER�MRWXERGI�SJ�ER]�SJ�MXW�
WYTIVGPEWWIW��8LEX�]SY�GER�VIKEVH�ER�SFNIGX�JVSQ�QYPXMTPI�TIVWTIGXMZIW�
EGGSVHMRK�XS�LS[�]SY�GPEWWMJ]�MX�WYKKIWXW�XLEX�]SY�GER�YWI�XLEX�SFNIGX�MR�
QYPXMTPI�GSRXI\XW��,S[�]SY�XVIEX�ER�SFNIGX�KIRIVMGEPP]�SV�WTIGMJMGEPP]�LEW�
MQTEGX�SR�LS[�]SYV�[VMXI�]SYV�GSHI�

Classes types are hierarchical

Object is the root class

All classes are subclasses of Object

ShoppingCart is a kind of Object

Customer is a kind of Object

Customer is also a kind of Person

Person is the superclass of Customer

A Customer object is an Object, a Person and specifically, a Customer

Every object is, most generically, an instance of the Object class

Object

Person

Customer

ShoppingCart



�� 'LETXIV�����9WMRK�3FNIGXW

3FNIGX�VIJIVIRGIW�GER�FI�KIRIVMG�SV�WTIGMJMG

7SQIXMQIW�]SY�GER�XVIEX�ER�SFNIGX�KIRIVMGEPP]��%�GYWXSQIV�SFNIGX��PMOI�ER]�
SFNIGX��GER�TVSHYGI�E�WXVMRK�VITVIWIRXEXMSR�SJ�MXWIPJ��%R]�WYFGPEWW�SJ�3FNIGX�
VIWTSRHW�XS�XLI�XS7XVMRK���QIWWEKI��-X�MW�RSX�MQTSVXERX�XS�ORS[�XLEX�XLI�
GYWXSQIV�MW�WTIGMJMGEPP]�ER�MRWXERGI�SJ�XLI�'YWXSQIV�GPEWW��=SY�GER�VIJIV�XS�MX�EW�
E�KIRIVMG�SFNIGX��=SY�GER�HIGPEVI�E�VIJIVIRGI�ZEVMEFPI�YWMRK�E�KIRIVMG�X]TI�
PMOI�3FNIGX�ERH�YWI�MX�[MXL�ER]�WYFGPEWW�SJ�XLEX�X]TI�PMOI�'YWXSQIV��-X�MW�
ZEPMH�XS�EWWMKR�ER�SFNIGX�SJ�E�WTIGMJMG�GPEWW�XS�E�VIJIVIRGI�ZEVMEFPI�SJ�E�QSVI�
KIRIVEP�GPEWW�X]TI�

8LI�GPEWW�X]TI�]SY�HIGPEVI�JSV�E�VIJIVIRGI�ZEVMEFPI�MW�E�TVSQMWI�]SY�QEOI�
VIKEVHMRK�LS[�]SY�[MPP�YWI�XLI�SFNIGX��=SY�TVSQMWI�XS�WIRH�SRP]�XLSWI�
QIWWEKIW�HIJMRIH�F]�XLI�KIRIVMG�GPEWW�IZIR�XLSYKL�XLI�WTIGMJMG�SFNIGX�QE]�
LEZI�EHHMXMSREP�GETEFMPMXMIW�HIJMRIH�MR�MXW�WYFGPEWW��;MXL�E�VIJIVIRGI�SJ�X]TI�
3FNIGX��]SY�GER�SRP]�WIRH�QIWWEKIW�HIJMRIH�MR�XLI�3FNIGX�GPEWW��)ZIR�XLSYKL�
]SY�EWWMKR�E�GYWXSQIV�XS�XLI�VIJIVIRGI��]SY�TVSQMWI�XS�XVIEX�MX�PMOI�ER]�SXLIV�
SFNIGX��=SY�GERRSX�YWI�XLI�VIJIVIRGI�XS�EWO�JSV�E�GYWXSQIV
W�JMVWX�REQI��=SYV�
GSHI�[MPP�RSX�GSQTMPI�

8LIVI�EVI�QER]�GEWIW�[LIVI�MX�MW�YWIJYP�XS�XVIEX�QER]�HMJJIVIRX�WTIGMJMG�X]TIW�
SJ�SFNIGXW�EW�E�WMRKPI�QSVI�KIRIVMG�X]TI��%�WLSTTMRK�GEVX�GER�LSPH�QER]�
HMJJIVIRX�X]TIW�SJ�TVSHYGXW��&YX�JSV�XLI�TYVTSWI�SJ�GEPGYPEXMRK�XLI�FEPERGI��XLI�
WLSTTMRK�GEVX�RIIH�SRP]�XVIEX�IEGL�SFNIGX�EW�E�KIRIVMG�TVSHYGX�[MXL�E�TVMGI��%�
GSQTER]�QEMPMRK�PMWX�RIIHW�SRP]�XLI�REQI�ERH�EHHVIWW�SJ�E�VIGMTMIRX��[MXLSYX�
QEOMRK�JMRIV�HMWXMRGXMSRW�EFSYX�[LMGL�EVI�GYWXSQIVW��IQTPS]IIW��JVMIRHW��IXG�

Object references can be generic or specific

This code is correct, though the variable type is not specific

Object customer = new Customer();

String string = customer.toString();

This code is not correct—the variable type is not specific enough

Object customer = new Customer();

String string = customer.firstName(); //error!

firstName() is a method in the Customer class, not the Object class

Generic references are useful when specific details are unimportant

• A mailing list references all Persons, not just Customers

• A shopping cart references objects of many different classes
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'EWXMRK�EPPS[W�]SY�XS�FI�QSVI�WTIGMJMG

7SQIXMQIW��]SY�RIIH�XS�FI�QSVI�WTIGMJMG�EFSYX�ER�SFNIGX�XLEX�MW�SXLIV[MWI�
XVIEXIH�KIRIVMGEPP]��8LMW�MW�SJXIR�XLI�GEWI�[LIR�]SY�HSR
X�GVIEXI�XLI�SFNIGX�FYX�
]SY�KIX�MX�JVSQ�ERSXLIV�SFNIGX��

-QEKMRI�E�PSWX�ERH�JSYRH�SFNIGX��-X�GSPPIGXW�SFNIGXW�SJ�ZEVMSYW�X]TIW��GEV�OI]W��
[EPPIXW��IZIR�GYWXSQIVW�XLIQWIPZIW��-X�MW�RSX�MQTSVXERX�XS�ORS[�XLI�WTIGMJMG�
GPEWW�SJ�IEGL�SFNIGX��QIVIP]�XLEX�IEGL�MW�WMQTP]�ER�SFNIGX��=SY�GER�UYIV]�XLI�
PSWX�ERH�JSYRH�YWMRK�WMQTPI�QIWWEKIW�PMOI�JMVWX-XIQ���SV�RI\X-XIQ����)EGL�
QIWWEKI�VIXYVRW�E�KIRIVMG�SFNIGX�VIJIVIRGI�ZEPMH�JSV�ER]�WTIGMJMG�GPEWW�SJ�SFNIGX�

3RGI�]SY�KIX�XLI�SFNIGX�JVSQ�XLI�PSWX�ERH�JSYRH��]SY�[ERX�XS�QEOI�
HMWXMRGXMSRW�EGGSVHMRK�XS�XLI�WTIGMJMG�GPEWW�SJ�SFNIGX�]SY�LEZI��-J�MX�MW�E�GYWXSQIV��
]SY�GER�EWO�JSV�MXW�REQI��-J�MX�MW�E�[EPPIX��]SY�RIIH�XS�GLIGO�MX�JSV�MHIRXMJMGEXMSR��
8S�XVIEX�ER�SFNIGX�EW�E�WTIGMJMG�X]TI��]SY�QYWX�GVIEXI�E�VIJIVIRGI�SJ�XLEX�WTIGMJMG�
X]TI��8S�EWWMKR�E�KIRIVMG�SFNIGX�XS�E�QSVI�WTIGMJMG�VIJIVIRGI��]SY�I\TPMGMXP]�
HIGPEVI�]SYV�MRXIRXMSRW��-R�.EZE�XLMW�MW�GEPPIH�E�GEWX�

%�GEWX�QYWX�VIJPIGX�VIEPMX]��MJ�XLI�SFNIGX
W�EGXYEP�GPEWW�HSIW�RSX�QEXGL�XLI�GPEWW�
REQIH�MR�XLI�GEWX��MX�MW�E�VYRXMQI�IVVSV��8LI�SFNIGX
W�GPEWW�QYWX�FI�XLI�WEQI�EW�
SV�ER]�WYFGPEWW�SJ�XLI�GPEWW�REQIH�MR�XLI�GEWX�

=SY�GER�YWI�E�GEWX�XS�WIRH�E�QIWWEKI�[MXLSYX�EWWMKRMRK�XLI�SFNIGX�MR�E�VIJIVIRGI�
ZEVMEFPI��=SY�GER�XIQTSVEVMP]�XVIEX�XLI�SFNIGX�QSVI�WTIGMJMGEPP]���&IGEYWI�SJ�
TVIGIHIRGI�VYPIW�MR�.EZE��E�RIWXIH�GEWX�VIUYMVIW�ER�I\XVE�WIX�SJ�TEVIRXLIWIW��GEWX�
JMVWX��XLIR�WIRH�XLI�QIWWEKI�

Casting allows you to be more specific

To refer to an object using a more specific class, use a cast

Object anObject = lostAndFound.firstItem();

Customer shopper = (Customer)anObject;

String name = shopper.firstName();

You can use a temporary cast to avoid creating a new variable

String name = ((Customer)anObject).firstName();

A shopping cart holds many classes of objects

Widget item = cart.firstItem(); // incorrect

Object item = cart.firstItem();    // correct

// If it is a Widget, use a cast to treat it so

Widget item = (Widget)cart.firstItem();



�� 'LETXIV�����9WMRK�3FNIGXW

=SY�GER�HIXIVQMRI�ER�SFNIGX
W�GPEWW

7MRGI�ER�MRGSVVIGX�GEWX�KIRIVEXIW�E�VYRXMQI�IVVSV��]SY�QE]�RIIH�XS�GLIGO�XLI�
EGXYEP�X]TI�SJ�ER�SFNIGX�FIJSVI�ETTP]MRK�XLI�GEWX��7SQIXMQIW��]SY�HSR
X�ORS[�
[LEX�OMRH�SJ�SFNIGX�]SY�LEZI�]SY�RIIH�XS�EWO�MX��-R�.EZE��XLMW�MW�GEPPIH�VYRXMQI�
X]TI�MHIRXMJMGEXMSR�SV�68-�

.EZE�HIJMRIW�XLI�MRWXERGISJ�OI][SVH�XS�GLIGO�MJ�ER�SFNIGX�MW�ER�MRWXERGI�SJ�E�
WTIGMJMIH�GPEWW��2SXMGI�XLEX�MX�MW�ER�STIVEXSV��RSX�E�QIWWEKI��%PWS�RSXMGI�XLEX�XLI�
DS
�MW�RSX�GETMXEPM^IH��MRWXERGISJ�MW�XVYI�MJ�XLI�SFNIGX�MW�ER�MRWXERGI�SJ�XLI�
WTIGMJMIH�GPEWW�SV�ER]�SJ�MXW�WYFGPEWWIW�

-J�]SY�RIIH�XS�GLIGO�JSV�XLI�I\EGX�GPEWW�X]TI�SJ�ER�SFNIGX��]SY�GER�EWO�XLI�SFNIGX�
JSV�MXW�GPEWW�XLIR�GSQTEVI�MX�YWMRK�XLI�GSQTEVMWSR�STIVEXSV�EKEMRWX�E�
WTIGMJMG�GPEWW��2SXMGI�XLI�.EZE�GSRWXVYGX�JSV�KIXXMRK�XLI�GPEWW�JVSQ�E�GPEWW�REQI�

Customer.class

-X�MW�RSX�E�QIWWEKI��XLIVI�EVI�RS�TEVIRXLIWIW��=SY�GERRSX�WMQTP]�YWI�XLI�GPEWW�
REQI�EPSRI��9WMRK�XLI�GPEWW�REQI��]SY�GER�SFXEMR�XLI�GPEWW�MXWIPJ��8LMW�VIZIEPW�
XLEX��MR�.EZE��GPEWWIW�EVI�EPWS�SFNIGXW�XLEX�]SY�GER�EGGIWW�EX�VYRXMQI�

You can determine an object’s class

Testing if an object belongs to a class or any of its subclasses

if (anObject instanceof Person)

// anObject is a kind of Person

// Could be, more specifically, a Customer

Using an object with a more specific class type

if (anObject instanceof Customer){

Customer customer = (Customer)anObject;

String customerCode = customer.code();

}

Checking for the exact class, excluding potential subclasses

if (anObject.getClass() == Customer.class)
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=SY�GER�KEXLIV�SFNIGXW�MR�E�GSPPIGXMSR

9RXMP�RS[��]SY�LEZI�GVIEXIH�I\TPMGMX�VIJIVIRGIW�JSV�IZIV]�SFNIGX��8LMW�MW�SRP]�
YWIJYP�MJ�]SY�ORS[�I\EGXP]�LS[�QER]�SFNIGXW�]SY�RIIH��3JXIR��]SY�HSR
X�ORS[�
XLI�RYQFIV�SJ�SFNIGXW�]SY�[MPP�GVIEXI�YRXMP�VYRXMQI��-RWXIEH�SJ�E�WMRKPI�
VIJIVIRGI�XS�E�WTIGMJMG�SFNIGX��]SY�RIIH�E�WMRKPI�VIJIVIRGI�XS�E�WIX�SJ�SFNIGXW��
*SV�I\EQTPI��E�WLSTTMRK�GEVX�GER�GSRXEMR�ER�EVFMXVEV]�RYQFIV�SJ�MXIQW�JVSQ�
^IVS��XS�SRI��XS�QER]��%X�VYRXMQI��]SY�RIIH�XS�H]REQMGEPP]�EHH�ERH�VIQSZI�
SFNIGXW�]IX�VIJIV�XS�XLI�IRXMVI�GSPPIGXMSR�[MXL�SRI�VIJIVIRGI�XLI�WLSTTMRK�GEVX�
VIJIVIRGI�

*SV�XLMW�TYVTSWI��.EZE�TVSZMHIW�YXMPMX]�GPEWWIW�GEPPIH�GSPPIGXMSR�GPEWWIW��8LIVI�EVI�
HMJJIVIRX�GPEWWIW�JSV�HMJJIVIRX�TYVTSWIW��8LI�:IGXSV�GPEWW�[SVOW�QYGL�PMOI�E�
XVEHMXMSREP�EVVE]��MX�GSPPIGXW�SFNIGXW�ERH�EWWMKRW�XLIQ�RYQFIVIH�TSWMXMSRW�PMOI�
������SV�����%�,EWLXEFPI�EPWS�GSPPIGXW�SFNIGXW�FYX�WXSVIW�XLIQ�YWMRK�W]QFSPMG�
PSSOYT�OI]W�PMOI�WXVMRKW�WYGL�EW�lREQIz��lVEROz��ERH�lWIVMEP�RYQFIVz�

;IF3FNIGXW�EPWS�TVSZMHIW�GSPPIGXMSR�GPEWWIW��8LI]�EVI�TEVX�SJ�XLI�;IF3FNIGXW�
JSYRHEXMSR�JVEQI[SVO��27%VVE]�MW�QYGL�PMOI�E�:IGXSV��27(MGXMSREV]�MW�QYGL�
PMOI�,EWLXEFPI��-R�;IF3FNIGXW�TVSKVEQW��]SY�QSWX�SJXIR�YWI�XLI�;IF3FNIGXW�
GSPPIGXMSR�GPEWWIW�

'SPPIGXMSR�GPEWWIW�EVI�IWWIRXMEP�JSV�GSRRIGXMRK�SFNIGXW�MRXS�PEVKIV�WXVYGXYVIW��
8LI]�EPPS[�]SY�XS�KVSYT�ER�EVFMXVEV]�RYQFIV�SJ�SFNIGXW�HIXIVQMRIH�
H]REQMGEPP]�EX�VYRXMQI��;MXL�GSPPIGXMSRW��]SY�XVIEX�QER]�SFNIGXW�EW�SRI��]SY�
VIJIVIRGI�XLI�GSPPIGXMSR�SFNIGX�VEXLIV�XLER�XLI�SFNIGXW�[MXLMR�XLI�GSPPIGXMSR�

You can gather objects in a collection

You need a way to group objects together in a collection

Java provides many different collection classes, for example

• Vector

• Hashtable

With WebObjects, you use analogous Apple foundation classes

• NSArray

• NSDictionary

These are fundamental for connecting objects into larger structures



�� 'LETXIV�����9WMRK�3FNIGXW

27%VVE]�QEMRXEMRW�ER�SVHIVIH�GSPPIGXMSR

27%VVE]�SFNIGXW�QEMRXEMR�ER�SVHIVIH�GSPPIGXMSR�SJ�SFNIGXW��1YGL�PMOI�E�
XVEHMXMSREP�EVVE]�MR�QER]�HMJJIVIRX�PERKYEKIW��27%VVE]�WXSVIW�SFNIGXW�YWMRK�
RYQFIVIH�TSWMXMSRW��=SY�EGGIWW�ER�SFNIGX�MR�XLI�EVVE]�YWMRK�ER�MRHI\�SJ�X]TI�
MRX��-RHI\�ZEPYIW�WXEVX�EX����-J�XLI�EVVE]�LSPHW����SFNIGXW��XLI]�EVI�WXSVIH�[MXL�
MRHI\�ZEPYIW�VERKMRK�JVSQ���XS���

%VVE]�SFNIGXW�HS�RSX�LEZI�E�JM\IH�WM^I��8LI]�H]REQMGEPP]�KVS[��EYXSQEXMGEPP]��
XS�EGGSQQSHEXI�RI[�SFNIGXW��8LI]�EPWS�TVSZMHI�FSYRHW�GLIGOMRK�EX�VYRXMQI��
-J�]SY�XV]�XS�EGGIWW�ER�SFNIGX�YWMRK�ER�MRHI\�XLEX�MW�SYX�SJ�FSYRHW�PIWW�XLER���
SV�KVIEXIV�XLER�XLI�LMKLIWX�ZEPMH�MRHI\��XLI�EVVE]�KIRIVEXIW�E�VYRXMQI�IVVSV�F]�
XLVS[MRK�ER�I\GITXMSR�

%R�27%VVE]�SFNIGX�HSIW�RSX�VIEPP]�GSRXEMR�XLI�SFNIGXW�XLIQWIPZIW��MX�GSRXEMRW�
VIJIVIRGIW�XS�XLI�SFNIGXW��8LI�SFNIGXW�EVI�TVSTIVP]�lSYXWMHIz�FYX�EGGIWWIH�F]�
VIJIVIRGIW�MRWMHI�XLI�EVVE]�

27%VVE]�MW�WMQMPEV�XS�.EZE
W�:IGXSV��2SXI�XLEX�.EZE�EPWS�HIJMRIW�REXMZI�EVVE]W�
[LMGL�EVI�HMJJIVIRX�JVSQ�IMXLIV�ER�27%VVE]�SV�E�:IGXSV��8LIVI�EVI�EX�PIEWX�X[S�
MQTSVXERX�HMJJIVIRGIW�FIX[IIR�REXMZI�EVVE]W�ERH�GSPPIGXMSR�GPEWWIW�

� 2EXMZI�EVVE]W�KEXLIV�ZEPYIW�SJ�XLI�WEQI�X]TI��GSPPIGXMSRW�GER�KEXLIV�E�
LIXIVSKIRISYW�WIX�SJ�SFNIGX�X]TIW�

� 2EXMZI�EVVE]W�GER�VIJIVIRGI�TVMQMXMZI�X]TIW��GSPPIGXMSRW�VIJIVIRGI�SRP]�
SFNIGXW

NSArray maintains an ordered collection

NSArray maintains an ordered collection of objects

You access objects by their integer index—starting with 0

NSArray provides runtime bounds checking

NSArray is similar to Java’s Vector

NSArray

Widget
price $1.25

Gadget
price $5.00

Thing
price $3.50

0
1
2
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27%VVE]�ERH�271YXEFPI%VVE]

8LI�;IF3FNIGXW�JSYRHEXMSR�HIJMRIW�X[S�HMJJIVIRX�EVVE]�GPEWWIW��SRI�XLEX�MW�
GSRWXERX��SRI�XLEX�MW�QYXEFPI��%R�27%VVE]�MW�GSRWXERX��SRGI�MX�LEW�FIIR�GVIEXIH�
[MXL�ER�MRMXMEP�WIX�SJ�SFNIGXW��]SY�GERRSX�EHH�SV�VIQSZI�SFNIGXW��8LMW�MW�YWIJYP�
ERH�IJJMGMIRX�JSV�WLEVMRK�XLI�EVVE]�[MXL�SXLIV�GPMIRXW�[MXL�XLI�GSRJMHIRGI�XLEX�
XLI�EVVE]�GERRSX�FI�QSHMJMIH��

271YXEFPI%VVE]�MW�E�WYFGPEWW�SJ�27%VVE]��-X�MW�E�OMRH�SJ�27%VVE]�ERH�GER�FI�
XVIEXIH�KIRIVMGEPP]�PMOI�ER]�27%VVE]��&YX�MW�QSVI�WTIGMJMGEPP]�E�QYXEFPI�EVVE]��
]SY�GER�VIQSZI�IPIQIRXW�ERH�EHH�RI[�SRIW��271YXEFPI%VVE]�MW�RSX�GSRWXERX��
271YXEFPI%VVE]�VIWTSRHW�XS�IZIV]�QIWWEKI�XLEX�27%VVE]�HSIW��-X�EPWS�
VIWTSRHW�XS�EHHMXMSREP�QIWWEKIW�JSV�EHHMRK�ERH�VIQSZMRK�SFNIGXW��;LIR�
VIWIEVGLMRK�271YXEFPI%VVE]��FI�WYVI�XS�GSRWYPX�XLI�27%VVE]�HSGYQIRXEXMSR�
EW�[IPP�

NSArray and NSMutableArray

NSArray is constant—you cannot add or remove objects

NSMutableArray can be modified—you can add and remove objects

NSMutableArray has a dynamic size—it grows automatically

NSMutableArray is a subclass of NSArray

An NSMutableArray is a kind of NSArray

NSArray

NSMutableArray



�� 'LETXIV�����9WMRK�3FNIGXW

27%VVE]�YWIJYP�QIXLSHW

=SY�SJXIR�KIX�E�TVI�GSRWXVYGXIH�27%VVE]�JVSQ�SXLIV�SFNIGXW��*SV�I\EQTPI��E�
WLSTTMRK�GEVX�QMKLX�HIJMRI�E�QIXLSH�XS�VIXYVR�EPP�MXIQW�MR�ER�27%VVE]��
27%VVE]W�EVI�GSRWXERX��]SY�GERRSX�EHH�SV�VIQSZI�SFNIGXW��FYX�]SY�GER�EGGIWW�
XLI�I\MWXMRK�SFNIGXW�

=SY�GER�JMRH�SYX�LS[�QER]�SFNIGXW�EVI�MR�XLI�27%VVE]��=SY�VIXVMIZI�ER�SFNIGX�
YWMRK�ER�MRHI\�ZEPYI�ERH�MRXIKIV��=SY�GER�EWO�ER�27%VVE]�MJ�MX�GSRXEMRW�E�
WTIGMJMG�SFNIGX�ERH�MJ�WS��VIXVMIZI�MXW�MRHI\�ZEPYI��-J�]SY�EXXIQTX�XS�VIXVMIZI�ER�
SFNIGX�YWMRK�ER�MRZEPMH�MRHI\��XLI�27%VVE]�[MPP�KIRIVEXI�ER�SYX�SJ�FSYRHW�
I\GITXMSR�

27%VVE]�EGGIWW�QIXLSHW�EVI�HIJMRIH�XS�VIXYVR�E�KIRIVMG�SFNIGX�VIJIVIRGI��-J�
]SY�RIIH�XS�XVIEX�ER�SFNIGX�JVSQ�ER�EVVE]�QSVI�WTIGMJMGEPP]��]SY�QYWX�YWI�E�GEWX��
9RPMOI�QER]�EVVE]W�MR�XVEHMXMSREP�PERKYEKIW��27%VVE]�GER�WXSVI�SFNIGXW�SJ�ER]�
X]TI��XLI]�HS�RSX�EPP�LEZI�XS�FI�XLI�WEQI�GPEWW�SJ�SFNIGX��27%VVE]�GER�SRP]�WXSVI�
SFNIGXW��RSX�TVMQMXMZI�X]TIW�PMOI�MRX�SV�HSYFPI��=SY�GERRSX�WXSVI�E�RYPP�
VIJIVIRGI�

8LI�27%VVE]�GPEWW�HIJMRIW�QER]�EHHMXMSREP�QIXLSHW��8LI�QIXLSHW�WLS[R�
LIVI�GSQTVMWI�E�YWIJYP�WYFWIX��'SRWYPX�XLI�;IF3FNIGXW�JSYRHEXMSR�
HSGYQIRXEXMSR�JSV�HIXEMPW�

NSArray—useful methods

You often get an array from another object

NSArray items = shoppingCart.allItems();

Getting the current count of objects in the array

int count = items.count();

Getting an object at a specific index

Object anObject = items.objectAtIndex(i);

Widget widget = (Widget)items.objectAtIndex(i);

Searching for an object

if (items.containsObject(widget))

i = items.indexOfObject(widget);
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271YXEFPI%VVE]�YWIJYP�QIXLSHW

271YXEFPI%VVE]W�VIWTSRH�XS�XLI�WEQI�QIWWEKIW�EW�27%VVE]W��=SY�GER�
HIXIVQMRI�XLI�GSYRX�SJ�SFNIGXW�MR�XLI�EVVE]��KIX�ER�SFNIGX�EX�E�WTIGMJMG�MRHI\��
ERH�WIEVGL�JSV�ER�SFNIGX�XS�HIXIVQMRI�MXW�MRHI\�

271YXEFPI%VVE]�EPWS�HIJMRIW�QIXLSHW�JSV�EHHMRK�ERH�VIQSZMRK�SFNIGXW��
;LIR�]SY�EHH�ER�SFNIGX��MX�MW�TPEGIH�EX�XLI�IRH�SJ�XLI�EVVE]�EX�XLI�RI\X�EZEMPEFPI�
MRHI\��;LIR�]SY�VIQSZI�ER�SFNIGX��XLI�EVVE]�EHNYWXW�XLI�MRHMGIW�SJ�EPP�SFNIGXW�
XLEX�JSPPS[��IWWIRXMEPP]�WLMJXMRK�XLIQ�HS[R�XS�JMPP�MR�XLI�KET��8LIVI�EVI�
EHHMXMSREP�QIWWEKIW�JSV�MRWIVXMRK�ERH�VIQSZMRK�ER�SFNIGX�EX�E�WTIGMJMG�MRHI\�

=SY�GSRWXVYGX�E�RI[�QYXEFPI�EVVE]�PMOI�]SY�GSRWXVYGX�ER]�.EZE�SFNIGX��8LI�RI[�
EVVE]�MW�MRMXMEPP]�IQTX]��-XW�GSYRX�MW����8LIVI�EVI�RS�ZEPMH�MRHMGIW�WMRGI�XLIVI�EVI�
RS�SFNIGXW�MR�XLI�EVVE]��

;LEX�MJ�]SY�RIIH�XS�EHH�SV�VIQSZI�XLI�SFNIGXW�MR�ER�MQQYXEFPI�27%VVE]�
SFNIGX#�=SY�GER�GSRWXVYGX�E�RI[�271YXEFPI%VVE]�ERH�MRMXMEPM^I�MX�[MXL�SFNIGXW�
JVSQ�XLI�I\MWXMRK�27%VVE]��2S[�]SY�GER�EHH�ERH�VIQSZI�SFNIGXW�YWMRK�XLI�
QYXEFPI�EVVE]��%PXLSYKL�]SY�RS[�LEZI�X[S�HMJJIVIRX�EVVE]W�]SY�HS�RSX�LEZI�
QYPXMTPI�GSTMIW�SJ�XLI�SFNIGXW�XLI]�VIJIVIRGI��%VVE]W�GSRXEMR�VIJIVIRGIW�RSX�
SFNIGXW��=SY�QIVIP]�LEZI�QYPXMTPI�VIJIVIRGIW�XS�XLI�WLEVIH��YRHIVP]MRK�
SFNIGXW�

NSMutableArray—useful methods

Constructing a new mutable array

NSMutableArray items = new NSMutableArray();

Adding an object

items.addObject(widget);

Removing an object

items.removeObject(widget);

Creating a new mutable array from an existing immutable array

NSArray items = shoppingCart.allItems();

NSMutableArray items2 =
new NSMutableArray(items);



�� 'LETXIV�����9WMRK�3FNIGXW

27(MGXMSREV]�QEMRXEMRW�E�WIX�SJ�OI]�ZEPYI�TEMVW

0MOI�ER�27%VVE]��ER�27(MGXMSREV]�QEMRXEMRW�E�GSPPIGXMSR�SJ�SFNIGXW��&YX�
SFNIGXW�EVI�RSX�WXSVIH�YWMRK�RYQIVMGEP�MRHMGIW��8LIVI�MW�RS�MQTPMIH�SVHIVMRK�MR�
ER�27(MGXMSREV]��6EXLIV��SFNIGXW�EVI�EWWSGMEXIH�[MXL�OI]W��=SY�EGGIWW�ER�SFNIGX�
YWMRK�MXW�OI]�ERSXLIV�SFNIGX��9WYEPP]�XLI�OI]�MW�E�7XVMRK�SFNIGX�[LIVI�XLI�
WXVMRK�ZEPYI�MW�E�QIERMRKJYP�W]QFSP�PMOI�lREQIz��lVEROz��SV�lWIVMEP�RYQFIVz��
(MGXMSREVMIW�MR�SXLIV�PERKYEKIW�EVI�SJXIR�GEPPIH�EWWSGMEXMZI�EVVE]W�SV�
LEWLXEFPIW��

27(MGXMSREVMIW�EVI�YWIJYP�JSV�GSPPIGXMRK�SFNIGXW�XLEX�RIIH�XS�FI�IJJMGMIRXP]�
EGGIWWIH�YWMRK�E�W]QFSPMG�PSSOYT�OI]��-R�XLMW�WIRWI��XLI]�EVI�PMOI�VIEP�[SVPH�
PERKYEKI�HMGXMSREVMIW��]SY�WYTTP]�XLI�[SVH�E�PSSOYT�OI]�ERH�XLI�
HMGXMSREV]�VIXYVRW�XLI�HIJMRMXMSR�XLI�SFNIGX�ZEPYI�EWWSGMEXIH�[MXL�XLI�OI]��
(MGXMSREVMIW�EVI�MQTPIQIRXIH�JSV�IJJMGMIRX�PSSOYT�STIVEXMSRW��+MZIR�E�OI]��
XLI]�GER�UYMGOP]�PSGEXI�XLI�GSVVIWTSRHMRK�ZEPYI��8S�HS�XLMW��HMGXMSREVMIW�YWI�E�
LEWLMRK�QIGLERMWQ�QEOMRK�XLIQ�WMQMPEV�XS�.EZE
W�,EWLXEFPI�GPEWW�

NSDictionary maintains a collection for efficient lookup

You access an object using a key—another object

The key can be any type of object but it is usually a String

NSDictionary is similar to Java’s Hashtable

NSDictionary maintains a set of key-value pairs

“key1”
“key2”
“key3”

NSDictionary

Widget
price $1.25

Gadget
price $5.00

Thing
price $3.50
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27(MGXMSREV]�ERH�271YXEFPI(MGXMSREV]

0MOI�27%VVE]��27(MGXMSREVMIW�EVI�MQTPIQIRXIH�MR�X[S�HMJJIVIRX�GPEWWIW��SRI�
GSRWXERX��XLI�SXLIV�QYXEFPI��27(MGXMSREV]�MW�GSRWXERX��SRGI�XLI�HMGXMSREV]�MW�
GVIEXIH��]SY�GERRSX�EHH�SV�VIQSZI�SFNIGXW��

271YXEFPI(MGXMSREV]�MW�E�WYFGPEWW�SJ�27(MGXMSREV]��-X�MW�E�OMRH�SJ�
27(MGXMSREV]�ERH�GER�FI�XVIEXIH�KIRIVMGEPP]�PMOI�ER]�27(MGXMSREV]��1SVI�
WTIGMJMGEPP]��271YXEFPI(MGXMSREV]�I\XIRHW�XLI�27(MGXMSREV]�WYTIVGPEWW�[MXL�
EHHMXMSREP�QIXLSHW�JSV�EHHMRK�ERH�VIQSZMRK�SFNIGXW��;LIR�VIWIEVGLMRK�
271YXEFPI(MGXMSREV]��FI�WYVI�XS�GSRWYPX�XLI�27(MGXMSREV]�HSGYQIRXEXMSR�EW�
[IPP�

271YXEFPI(MGXMSREVMIW�HS�RSX�LEZI�E�JM\IH�WM^I��=SY�GER�EHH�RI[�SFNIGXW�ERH�
XLI�HMGXMSREV]�EYXSQEXMGEPP]�KVS[W�MR�WM^I�XS�EGGSQQSHEXI�XLIQ��
27(MGXMSREVMIW�HS�RSX�LEZI�E�GSRGITX�SJ�FSYRHW�GLIGOMRK�IMXLIV��-J�]SY�EWO�JSV�
ER�SFNIGX�YWMRK�E�OI]�XLEX�MW�RSX�MR�XLI�HMGXMSREV]��XLI�HMGXMSREV]�WMQTP]�VIXYVRW�
RYPP�XS�MRHMGEXI�XLEX�XLIVI�MW�RS�WYGL�SFNIGX�

NSDictionary is constant—you cannot add or remove objects

NSMutableDictionary can be modified—you can add/remove keys

NSMutableDictionary is a subclass of NSDictionary

NSMutableDictionary is a kind of NSDictionary
NSDictionary

NSMutableDictionary

NSDictionary and NSMutableDictionary



�� 'LETXIV�����9WMRK�3FNIGXW

27(MGXMSREV]�YWIJYP�QIXLSHW

=SY�SJXIR�KIX�E�TVI�GSRWXVYGXIH�HMGXMSREV]�JVSQ�ERSXLIV�SFNIGX��-QEKMRI�XLEX�E�
WLSTTMRK�GEVX�GER�VITSVX�E�WIX�SJ�TVSTIVXMIW�EFSYX�MXWIPJ�QSHIP�REQI��WIVMEP�
RYQFIV��XLI�ZIRHSV�XLEX�FYMPX�MX�

=SY�GER�HIXIVQMRI�XLI�GSYRX�SJ�SFNIGXW�MR�E�HMGXMSREV]��=SY�GER�KIX�MRHMZMHYEP�
SFNIGXW�ZEPYIW�JVSQ�XLI�HMGXMSREV]�MJ�]SY�ORS[�XLI�GSVVIGX�OI]��1SWX�SJXIR��
HMGXMSREVMIW�YWI�WXVMRK�SFNIGXW�JSV�OI]W��:EPYIW�MR�XLI�HMGXMSREV]�EVI�OI]�ZEPYI�
TEMVW��[MXL�XLI�VMKLX�OI]�]SY�GER�KIX�XLI�EWWSGMEXIH�ZEPYI�

0MOI�EVVE]�QIXLSHW��HMGXMSREV]�QIXLSHW�EVI�HIGPEVIH�XS�VIXYVR�KIRIVMG�SFNIGX�
VIJIVIRGIW��(MGXMSREVMIW�GER�LSPH�ER]�OMRH�SJ�SFNIGX��%�WMRKPI�HMGXMSREV]�SJXIR�
GSPPIGXW�SFNIGX�ZEPYIW�SJ�WIZIVEP�HMJJIVIRX�GPEWW�X]TIW��WXVMRKW��HEXIW��RYQFIVW��
ERH�IZIR�GYWXSQ�GPEWWIW�PMOI�GYWXSQIVW�ERH�WLSTTMRK�GEVXW��%�KIRIVMG�SFNIGX�
VIJIVIRGI�MW�ZEPMH�JSV�ER]�GPEWW�X]TI��;LIR�]SY�KIX�ER�SFNIGX�JVSQ�E�HMGXMSREV]��
]SY�X]TMGEPP]�YWI�E�GEWX�XS�XVIEX�MX�EW�E�QSVI�WTIGMJMG�GPEWW�X]TI�

;LEX�MJ�XLI�HMGXMSREV]�HSIW�RSX�GSRXEMR�E�ZEPYI�JSV�XLI�VIUYIWXIH�OI]#�8LI�
HMGXMSREV]�VIXYVRW�RYPP��;LIR�MR�HSYFX��GLIGO�XLI�VIXYVR�ZEPYI��&IGEYWI�SJ�XLMW�
GSRZIRXMSR��]SY�GERRSX�WXSVI�E�RYPP�MR�E�HMGXMSREV]�

NSDictionary—useful methods

You often get a dictionary from another object

NSDictionary props = customer.properties();

Getting the current count of objects in the dictionary

int count = props.count();

Getting an object value using a key

Object name = props.objectForKey("name");

String serialNumber =

(String)props.objectForKey("serialNumber");

If there is no object for that key, the dictionary returns null

String rank = (String)props.objectForKey("rank");

if (rank != null)

 // dictionary contains value for "rank"



��

271YXEFPI(MGXMSREV]�YWIJYP�QIXLSHW

=SY�GER�GSRWXVYGX�E�RI[�271YXEFPI(MGXMSREV]��-RMXMEPP]��MX�GSRXEMRW�RS�OI]�
ZEPYI�TEMVW��-XW�GSYRX�MW����%R]�EXXIQTXW�XS�VIXVMIZI�E�ZEPYI�[MPP�VIXYVR�RYPP��

=SY�GER�EHH�E�RI[�SFNIGX�XS�XLI�271YXEFPI(MGXMSREV]��EWWSGMEXMRK�MX�[MXL�XLI�
WTIGMJMIH�OI]��-J�ER�SFNIGX�MW�EPVIEH]�WXSVIH�MR�XLI�HMGXMSREV]�JSV�XLEX�OI]��MX�[MPP�
FI�VITPEGIH�F]�XLI�RI[�SFNIGX��=SY�GER�I\TPMGMXP]�VIQSZI�ER�SFNIGX�EWWSGMEXIH�
[MXL�E�WTIGMJMG�OI]��7YFWIUYIRX�EXXIQTXW�XS�KIX�ER�SFNIGX�JSV�XLEX�OI]�VIXYVR�
RYPP�

-R�WSQI�GEWIW��]SY�[MPP�[ERX�XS�GVIEXI�E�QYXEFPI�ZIVWMSR�SJ�ER�MQQYXEFPI�
HMGXMSREV]��=SY�GER�GSRWXVYGX�E�RI[�QYXEFPI�HMGXMSREV]��TVSZMHMRK�XLI�I\MWXMRK�
HMGXMSREV]�EW�ER�EVKYQIRX�XS�XLI�GSRWXVYGXSV��

0MOI�27%VVE]W��27(MGXMSREVMIW�HS�RSX�VIEPP]�GSRXEMR�SFNIGXW��SRP]�VIJIVIRGIW�
XS�SFNIGXW�

NSMutableDictionary—useful methods

Defining and constructing a new mutable dictionary

NSMutableDictionary items =

new NSMutableDictionary();

Adding an object for a key

items.addObjectForKey(widget,"product");

Removing a value

items.removeObjectForKey("product");

Creating a new mutable dictionary from an existing dictionary

NSDictionary props = shoppingCart.properties();

NSMutableDictionary props2 =

new NSMutableDictionary(props1);
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8S�YWI�E�.EZE�GPEWW��MQTSVX�MXW�TEGOEKI

8LI�.EZE�VYRXMQI�IRZMVSRQIRX�HIJMRIW�E�PEVKI�RYQFIV�SJ�WXERHEVH�GPEWWIW�XLEX�
]SY�GER�YWI�XS�FYMPH�]SYV�ETTPMGEXMSRW��4VSHYGXW�PMOI�;IF3FNIGXW�HIJMRI�IZIR�
QSVI��=SYV�S[R�SVKERM^EXMSR�QE]�HIJMRI�MXW�S[R�WIX�SJ�VIYWEFPI�GPEWWIW�

-R�.EZE��GPEWWIW�EVI�SVKERM^IH�MRXS�TEGOEKIW��%�TEGOEKI�KVSYTW�VIPEXIH�GPEWWIW�
XLEX�EHHVIWW�E�WTIGMJMG�WIX�SJ�TVSFPIQW��3RI�TEGOEKI�QMKLX�TVSZMHI�EHZERGIH�
QEXL�STIVEXMSRW�ERH�I\XIRHIH�ZEPYI�GPEWWIW��%RSXLIV�TEGOEKI�TVSZMHIW�GPEWWIW�
JSV�TIVJSVQMRK�JMPI�-�3��=IX�ERSXLIV�TEGOEKI�HIEPW�[MXL�RIX[SVOMRK��
;IF3FNIGXW�EHHW�E�TEGOEKI�JSV�FYMPHMRK�[IF�FEWIH�ETTPMGEXMSRW��E�TEGOEKI�SJ�
YWIJYP�JSYRHEXMSR�GPEWWIW�PMOI�EVVE]W�ERH�HMGXMSREVMIW��ERH�E�XLMVH�TEGOEKI�JSV�
HEXEFEWI�GSRRIGXMZMX]�)RXIVTVMWI�3FNIGXW�*VEQI[SVO�

-R�KIRIVEP��XS�YWI�E�GPEWW�MR�]SYV�GSHI��]SY�QYWX�I\TPMGMXP]�MQTSVX�XLI�TEGOEKI�
XLEX�HIJMRIW�MX��8LI�MQTSVX�WXEXIQIRX�WTIGMJMIW�E�GPEWW�REQI�MRGPYHMRK�MXW�
TEGOEKI�REQI��=SY�GER�YWI�XLI�EWXIVMWO�XS�MQTSVX�EPP�GPEWWIW�MR�E�TEGOEKI��-J�]SY�
YWI�E�GPEWW�REQI�[MXLSYX�EPWS�TVSZMHMRK�ER�ETTVSTVMEXI�MQTSVX�WXEXIQIRX��XLI�
.EZE�GSQTMPIV�KIRIVEXIW�ER�IVVSV�WTIGMJ]MRK�XLEX�MX�HSIW�RSX�VIGSKRM^I�XLI�GPEWW�

8LIVI�MW�SRI�TEGOEKI�XLEX�MW�EYXSQEXMGEPP]�MQTSVXIH�JSV�]SY��NEZE�PERK��8LMW�MW�
XLI�QSWX�FEWMG�SJ�EPP�TEGOEKIW�WMRGI�MX�HIJMRIW�JYRHEQIRXEP�GPEWWIW�PMOI�3FNIGX�
ERH�7XVMRK��=SY�HS�RSX�LEZI�XS�I\TPMGMXP]�MQTSVX�E�TEGOEKI�[LIR�YWMRK�XLIWI�
FEWMG�GPEWWIW�

To use a Java class, import its package

Classes are grouped into libraries or packages of related functionality

There are many classes in many different packages

• Packages that are part of the Java runtime

• Custom packages from 3rd parties or your organization

To use any class in your code, you must import its package

NSArray and NSDictionary are in the Apple Foundation package

import com.apple.yellow.foundation.*;

The java.lang package is automatically imported

java.lang includes basic classes like Object and String



��

-XIVEXMRK�SZIV�XLI�MXIQW�MR�E�GSPPIGXMSR

;LIR�YWMRK�E�GSPPIGXMSR��]SY�[MPP�SJXIR�RIIH�XS�TVSGIWW�IZIV]�SFNIGX�MX�
GSRXEMRW��8LMW�MW�GEPPIH�MXIVEXMRK�SZIV�XLI�GSPPIGXMSR�SV�IRYQIVEXMRK�XLI�
IPIQIRXW�SJ�E�GSPPIGXMSR��'SRWMHIV�XLI�FEPERGI���QIXLSH�SJ�E�WLSTTMRK�GEVX�
SFNIGX��MX�QYWX�MXIVEXI�SZIV�IEGL�SJ�MXW�MXIQW��KIX�XLI�TVMGI��ERH�EHH�MX�XS�XLI�
XSXEP��.EZE�TVSZMHIW�X[S�XSSPW�JSV�KIXXMRK�XLI�NSF�HSRI�ER�)RYQIVEXMSR�SFNIGX�
ERH�E�[LMPI�PSST�

=SY�KIX�XLI�IRYQIVEXMSR�SFNIGX�JVSQ�XLI�GSPPIGXMSR��-X�VIXYVRW�ER�SFNIGX�
GETEFPI�SJ�IRYQIVEXMRK�EPP�SFNIGXW�GYVVIRXP]�WXSVIH�MR�XLEX�WTIGMJMG�GSPPIGXMSR��
3FNIGXW�SJ�X]TI�)RYQIVEXMSR�VIWTSRH�XS�XLI�JSPPS[MRK�QIWWEKIW�

� LEW1SVI)PIQIRXW���VIXYVRW�XVYI�MJ�XLIVI�EVI�QSVI�SFNIGXW�XS�ZMWMX

� RI\X)PIQIRX���VIXYVRW�XLI�RI\X�SFNIGX�MR�XLI�GSPPIGXMSR

9WI�XLI�IRYQIVEXMSR�SFNIGX�[MXL�E�[LMPI�PSST�XS�TVSGIWW�IEGL�SFNIGX�MR�XLI�
GSPPIGXMSR��8LI�[LMPI�PSST�MW�E�GSHI�FPSGO�[LMGL�MW�VITIEXIHP]�I\IGYXIH�EW�PSRK�
EW�XLI�GSRHMXMSREP�XIWX�E�FSSPIER�I\TVIWWMSR�IZEPYEXIW�XS�XVYI�

while (condition) {
loop body ...

}

;LMPI�YWMRK�ER�IRYQIVEXMSR��]SY�WLSYPH�RSX�EHH�ERH�VIQSZI�SFNIGXW�JVSQ�XLI�
GSPPIGXMSR��.EZE�EPWS�TVSZMHIW�JSV�ERH�HS�YRXMP�PSST�WXEXIQIRXW�RSX�WLS[R�LIVI��

Iterating over the items in a collection

Use an Enumeration object with a while loop

import java.util.*;  // package with Enumeration

import com.apple.yellow.foundation.*;  // NSArray

double total = 0;

NSArray items = shoppingCart.items();

Enumeration e = items.objectEnumerator();

while (e.hasMoreElements()) {

Product item = (Product)e.nextElement();

total = total + item.price();

}

Don’t modify the collection while enumerating
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;VETTIV�GPEWWIW�XYVR�TVMQMXMZIW�MRXS�SFNIGXW

6IQIQFIV�XLEX�.EZE�MW�E�L]FVMH�PERKYEKI�RSX�EPP�HEXE�X]TIW�EVI�SFNIGXW��=SYV�
GSHI�SJXIR�QEOIW�YWI�SJ�WMQTPI�ZEPYIW�X]TIH�EW�MRX��HSYFPI�SV�FSSPIER��-R�WSQI�
GEWIW��]SY�RIIH�XS�XVIEX�XLIWI�TVMQMXMZI�ZEPYIW�EW�SFNIGXW��'SPPIGXMSR�GPEWWIW�
PMOI�27%VVE]�ERH�27(MGXMSREV]�GERRSX�WXSVI�TVMQMXMZI�X]TIW��8LI]�GER�SRP]�
WXSVI�SFNIGXW��1ER]�SXLIV�GPEWWIW�HIJMRI�QIXLSH�EVKYQIRXW�ERH�VIXYVR�ZEPYIW�
EW�SFNIGX�X]TIW�ERH�WMQMPEVP]��[MPP�RSX�LERHPI�TVMQMXMZI�X]TIW�

.EZE�HIJMRIW�E�WTIGMEP�WIX�SJ�GPEWWIW�GEPPIH�[VETTIV�GPEWWIW��8LIMV�TYVTSWI�MW�XS�
[VET�ER�SFNIGX�GSRXEMRIV�EVSYRH�E�TVMQMXMZI�X]TI��;VETTIV�GPEWWIW�IREFPI�]SY�
XS�XYVR�TVMQMXMZI�X]TIW�MRXS�SFNIGXW�WYMXEFPI�JSV�WXSVMRK�MR�E�GSPPIGXMSR�SV�TEWWMRK�
XS�ER]�QIXLSH�XLEX�VIUYMVIW�E�XVYI�SFNIGX�X]TI��8LIVI�MW�E�WTIGMJMG�[VETTIV�GPEWW�
JSV�IEGL�YRHIVP]MRK�TVMQMXMZI�X]TI�-RXIKIV�JSV�MRX��(SYFPI�JSV�HSYFPI��ERH�WS�
SR�

*VSQ�E�[VETTIV�SFNIGX��]SY�GER�I\XVEGX�XLI�SVMKMREP�TVMQMXMZI�X]TI�ZEPYI��=SY�
GER�GSRZIVX�XLI�X]TI�MR�FSXL�HMVIGXMSRW�JVSQ�TVMQMXMZI�XS�SFNIGX�ERH�SFNIGX�
FEGO�XS�TVMQMXMZI�

8LI�[VETTIV�GPEWWIW�EVI�JYRHEQIRXEP�GPEWWIW�MR�XLI�.EZE�PERKYEKI��8LI]�EVI�
HIJMRIH�MR�XLI�NEZE�PERK�TEGOEKI�[LMGL�MW�EYXSQEXMGEPP]�MQTSVXIH�JSV�]SY�

Wrapper classes turn primitives into objects

Collections only store non-null object references

• Can’t store null as a value in a collection

• Can’t store primitive types—int, float, boolean, etc.

Java defines wrapper classes for treating primitives like objects

Integer  Long Float Double

Short Character Byte Boolean

Required for some method arguments and return values in other classes

Wrapper classes are automatically imported—part of java.lang
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'SRZIVWMSRW�FIX[IIR�TVMQMXMZI�ERH�SFNIGX�X]TIW

,IVI�MW�E�WMQTPI�MPPYWXVEXMSR��%WWYQI�]SY�LEZI�E�TVMQMXMZI�X]TI�ZEPYI��ER�MRX�

int i = 10;

=SY�GER�GVIEXI�ER�MRWXERGI�SJ�XLI�-RXIKIV�[VETTIV�GPEWW�XLEX�GSRXEMRW�XLI�MRX��
XLIVIF]�XYVRMRK�E�TVMQMXMZI�ZEPYI�MRXS�ER�SFNIGX�

Integer number = new Integer(i);

=SY�GER�RS[�WXSVI�XLMW�ZEPYI�MR�E�GSPPIGXMSR�WYGL�EW�ER�EVVE]�

array.addObject(number);

0EXIV��]SY�GER�VIXVMIZI�XLI�SFNIGX�JVSQ�XLI�GSPPIGXMSR�ERH�I\XVEGX�XLI�SVMKMREP�
TVMQMXMZI�ZEPYI�EKEMR�

Integer number = array.objectAtIndex(x);

int i = number.intValue();

8LI�[VETTIV�GPEWWIW�TVSZMHI�QER]�EHHMXMSREP�GETEFMPMXMIW�JSV�GSRZIVXMRK�
FIX[IIR�HMJJIVIRX�X]TIW��TEVWMRK�ZEPYIW�JVSQ�WXVMRKW��ERH�KIRIVEXMRK�ZEPYIW�EW�
JSVQEXXIH�WXVMRKW��'SRWYPX�XLI�.EZE�HSGYQIRXEXMSR�JSV�EHHMXMSREP�HIXEMPW�

Conversions between primitive and object types

From primitive to object

int i = 10;

Integer number = new Integer(i);

From object to primitive

i = number.intValue();

Wrapper objects are immutable—you cannot modify the value



�� 'LETXIV�����9WMRK�3FNIGXW

%HHMXMSREP�JSYRHEXMSR�GPEWWIW�YWIH�[MXL�;IF3FNIGXW

;IF3FNIGXW�ETTPMGEXMSRW�GSQQSRP]�QEOI�YWI�SJ�EHHMXMSREP�JSYRHEXMSR�
GPEWWIW��=SY�WLSYPH�JEQMPMEVM^I�]SYVWIPJ�[MXL�IEGL�SJ�XLIWI�GPEWWIW�

8LI�.EZE�QEXL�TEGOEKI�HIJMRIW�XLI�&MK(IGMQEP�GPEWW�YWIJYP�JSV�VITVIWIRXMRK�
PEVKI�HIGMQEP�RYQFIVW�[MXL�WTIGMJMG�VYPIW�JSV�VSYRHMRK�ERH�JSVQEXXMRK��
&MK(IGMQEP�MW�MHIEP�JSV�WXSVMRK�QSRIXEV]�ZEPYIW��;LIR�]SY�MRGSVTSVEXI�
HEXEFEWI�GSRRIGXMZMX]�MRXS�]SYV�;IF3FNIGXW�ETTPMGEXMSRW��]SY�YWYEPP]�JIXGL�
RYQFIV�ZEPYIW�EW�MRWXERGIW�SJ�&MK(IGMQEP�

8LI�;IF3FNIGXW�JSYRHEXMSR�TEGOEKI�HIJMRIW�XLI�27+VIKSVMER(EXI�GPEWW��
27+VIKSVMER(EXIW�VITVIWIRX�XMQI�ERH�HEXI�ZEPYIW�MRGPYHMRK�E�XMQI�̂ SRI��8LI�
GPEWW�HIJMRIW�QER]�GSRZIRMIRGI�QIXLSHW�JSV�GSQTEVMRK�ERH�GEPGYPEXMRK�HEXIW��
ERH�I\XVEGXMRK�TMIGIW�SJ�XLI�XMQI�ERH�HEXI�PMOI�XLI�QSRXL��XLI�]IEV��XLI�
QMRYXI��ERH�XLI�WIGSRH��27+VIKSVMER(EXI�MRGPYHIW�VMGL�JSVQEXXMRK�
GETEFMPMXMIW�ERH�E�WMQTPI�[E]�XS�EWO�JSV�XLI�GYVVIRX�XMQI�

8LI�27(EXE�GPEWW�EPWS�GSQIW�JVSQ�XLI�;IF3FNIGXW�JSYRHEXMSR�TEGOEKI��-X�MW�
YWIH�XS�VITVIWIRX�ER�EVFMXVEV]�FYJJIV�SJ�FMREV]�HEXE��(]REQMGEPP]�KIRIVEXIH�
MQEKIW�SV�XLI�GSRXIRXW�SJ�ER�YTPSEHIH�JMPI�EVI�KSSH�I\EQTPIW��8LMRO�SJ�ER�
27(EXE�SFNIGX�EW�E�GSPPIGXMSR�SJ�F]XIW�XLEX�GER�FI�GSRZIRMIRXP]�LERHPIH�[MXL�
E�WMRKPI�SFNIGX�VIJIVIRGI�

Additional foundation classes used with WebObjects

BigDecimal—arbitrary precision fixed point floating point number

import java.math.*;

NSGregorianDate—calendar date, time, and time zone

import com.apple.yellow.foundation.*;

NSData—buffer of arbitrary binary data

import com.apple.yellow.foundation.*;



��

&ILEZMSV�ZIVWYW�X]TI�QIXLSHW�ZIVWYW�GPEWW

-R�VIEP�[SVPH�.EZE�TVSKVEQW��]SY�YWI�QER]�SFNIGXW�SJ�QER]�HMZIVWI�GPEWW�X]TIW��
8LI]�EVI�SJXIR�RSX�VIPEXIH�XS�IEGL�SXLIV�MR�XIVQW�SJ�XLI�MRLIVMXERGI�LMIVEVGL]��
8LI]�HSR
X�WLEVI�GSQQSR�WYTIVGPEWWIW�I\GITX�XLEX�XLI]�EVI�EPP�WYFGPEWWIW�SJ�
XLI�QSWX�KIRIVMG�GPEWW��3FNIGX��'SRWMHIV�LS[�JYRHEQIRXEPP]�HMJJIVIRX�XLI�
JSPPS[MRK�GPEWWIW�EVI�JVSQ�IEGL�SXLIV��7LSTTMRK'EVX��&ERO%GGSYRX��-RZIRXSV]�

8LSYKL�YRVIPEXIH�MR�XLI�GPEWW�LMIVEVGL]��XLI]�LEZI�EREPSKSYW�FILEZMSV�XLI]�
MQTPIQIRX�XLI�WEQI�QIXLSHW��;LEX�7LSTTMRK'EVX��&ERO%GGSYRX��ERH�
-RZIRXSV]�QMKLX�LEZI�MR�GSQQSR�MW�WSQI�EWTIGX�SJ�XLIMV�FILEZMSV��XLI]�IEGL�
VIWTSRH�XS�XLI�FEPERGI���QIXLSH�

-R�QER]�GEWIW��]SY�RIIH�XS�[VMXI�GSHI�XLEX�[SVOW�[MXL�E�HMZIVWI�WIX�SJ�SFNIGXW�
XLEX�LEZI�GSQQSR�FILEZMSV��VIKEVHPIWW�SJ�XLIMV�HMWWMQMPEV�GPEWW�X]TIW��=SY�
QMKLX�[VMXI�WSQI�GSHI�XLEX�XEOIW�ER]�SFNIGX�ERH�HMWTPE]W�MXW�FEPERGI�XS�E�YWIV�
MRXIVJEGI��=SY�EVI�HITIRHMRK�SR�XLI�JEGX�XLEX�XLI�SFNIGX�MQTPIQIRXW�E�
FEPERGI���QIXLSH��=SY�WTIGMJMGEPP]�[ERX�XS�EZSMH�QEOMRK�ER]�EWWYQTXMSRW�
EFSYX�XLI�GPEWW�X]TI�SJ�SFNIGX��=SY�HSR
X�VIEPP]�GEVI�EFSYX�XLI�GPEWW�X]TI�EX�EPP�

8LMW�TSWIW�E�WMQTPI�GSHMRK�TVSFPIQ��[LEX�X]TI�WLSYPH�XLI�VIJIVIRGI�ZEVMEFPI�
FI#�-R�XLMW�GEWI��]SY�[ERX�XS�X]TI�F]�FILEZMSV��RSX�F]�GPEWW��%�KIRIVMG�VIJIVIRGI�
SJ�X]TI�3FNIGX�MW�RSX�WYJJMGMIRX��8LI�3FNIGX�GPEWW�HSIW�RSX�HIJMRI�E�FEPERGI���
QIXLSH�

Behavior versus type—methods versus class

Objects can be of many different types—unrelated classes

ShoppingCart cart;

BankAccount account;

Inventory inventory;

But they can have analogous behavior—respond to the same messages

double balance = cart.balance();

double balance = card.balance();

double balance = inventory.balance();

Often, you need to type by behavior, not class

? thing = (?)items.objectAtIndex(0);

double balance = thing.balance();
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-RXIVJEGIW�TVSZMHI�ERSXLIV�OMRH�SJ�X]TI

.EZE�HIJMRIW�ER�EPXIVREXI�XS�GPEWWIW�JSV�X]TMRK�SFNIGXW�GEPPIH�MRXIVJEGIW��%R�
MRXIVJEGI�TVSZMHIW�E�PMWX�SJ�QIXLSHW�XLEX�HIJMRI�E�X]TI�SJ�FILEZMSV�E�VSPI��%R�
MRXIVJEGI�LEW�E�REQI��%R�MRXIVJEGI�HIJMRIW�E�JSVQEP�X]TI�MR�.EZE�

'SQTEVI�ER�MRXIVJEGI�[MXL�E�GPEWW��%�GPEWW�HIJMRIW�EPP�XLI�EXXVMFYXIW�ERH�EPP�XLI�
QIXLSHW�ZEPMH�JSV�ER�SFNIGX�SJ�XLEX�GPEWW��%�GPEWW�MW�E�FPYITVMRX�XLEX�HIWGVMFIW�
XLI�WXVYGXYVI�ERH�SVMKMR�ER�SFNIGX��%�GPEWW�MW�ER�MQTPIQIRXEXMSR��%R�MRXIVJEGI�
MW�WMQTP]�E�PMWX�SJ�QIXLSHW��-RXIVJEGIW�X]TMGEPP]�GETXYVI�SRP]�E�WYFWIX�SJ�[LEX�ER�
SFNIGX�GER�HS��%R�MRXIVJEGI�MW�QIVIP]�E�WTIGMJMGEXMSR�XLEX�SRI�SV�QSVI�GPEWWIW�
QE]�EHLIVI�XS��%�TEVXMGYPEV�GPEWW�QE]�MQTPIQIRX�QYPXMTPI�MRXIVJEGIW�

6IXYVRMRK�XS�XLI�I\EQTPI��7LSTTMRK'EVX��&ERO%GGSYRX��ERH�-RZIRXSV]�EVI�EPP�
GPEWW�REQIW��)EGL�GPEWW�HIJMRMXMSR�TVSZMHIW�HIXEMPW�TEVXMGYPEV�ERH�WTIGMJMG�XS�
SFNIGXW�SJ�XLEX�GPEWW��7LSTTMRK'EVXW�GER�EHH�ERH�VIQSZI�TVSHYGXW��
&ERO%GGSYRXW�LEZI�RYQFIVW�ERH�WXEXIQIRXW��GVIHMXW�ERH�HIFMXW��%R�
-RZIRXSV]�LEW�E�HITVIGMEXMSR�VEXI��

=IX�7LSTTMRK'EVX��&ERO%GGSYRX�ERH�-RZIRXSV]�SFNIGXW�EPP�LEZI�E�WYFWIX�SJ�
FILEZMSV�MR�GSQQSR�XLI]�EPP�VIWTSRH�XS�XLI�FEPERGI���QIWWEKI��-X�MW�TSWWMFPI�
XS�HIJMRI�ER�MRXIVJEGI�GEPPIH�%WWIX�XLEX�PMWXW�XLI�QIWWEKIW�]SY�GER�WIRH�XS�ER]�
SFNIGX�XLEX�FILEZIW�PMOI�ER�%WWIX��-R�XLMW�GEWI��XLI�%WWIX�MRXIVJEGI�HIJMRIW�SRI�
QIWWEKI�FEPERGI����

9WI�MRXIVJEGIW�XS�X]TI�ER�SFNIGX�EGGSVHMRK�XS�MXW�FILEZMSV��VIKEVHPIWW�SJ�MXW�GPEWW�

Interfaces provide another kind of type

An interface defines a name for a group of related methods

An interface defines a type of behavior, independent from class type

A class is an implementation, an interface is only a specification

Often, you use an interface name rather than a class name

 // objects with balance() behave like Assets

 Asset thing = (Asset)items.objectAtIndex(0);

 double balance = thing.balance();

Interfaces can also provide constants

 double taxRate = Asset.TaxRate;

Packages define interfaces and classes implement them
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.EZE�REQMRK�GSRZIRXMSRW

2EQMRK�GSRZIRXMSRW�EVI�SJXIR�NYWX�XLEX��XLI]�EVI�GSRZIRXMSRW�VEXLIV�XLER�
WXVMGXP]�IRJSVGIH�VYPIW��&YX�]SY�WLSYPH�XEOI�XLIQ�WIVMSYWP]��*EMXLJYPP]�EHSTXMRK�
XLIWI�VYPIW�[MPP�LIPT�]SY�MR�WIZIVEP�[E]W�

� =SY�[MPP�FI�XS�YRHIVWXERH�ERSXLIV�TVSKVEQQIV
W�GSHI�QSVI�IJJMGMIRXP]

� %RSXLIV�TVSKVEQQIV�[MPP�FI�EFPI�XS�YRHIVWXERH�]SYV�GSHI�QSVI�IJJMGMIRXP]

� =SY�GER�YRHIVWXERH�HSGYQIRXEXMSR�QSVI�IJJMGMIRXP]

� =SY�EVI�QSVI�PMOIP]�XS�[VMXI�GSVVIGX�GSHI

.EZE�MW�GEWI�WIRWMXMZI��l7LSTTMRK'EVXz�MW�HMJJIVIRX�XLER�lWLSTTMRKGEVXz��1ER]�
GSQTMPIV�IVVSVW�IRGSYRXIVIH�F]�FIKMRRMRK�TVSKVEQQIVW�EVI�QIVIP]�
QMWWTIPPMRKW�XLEX�YWI�XLI�[VSRK�GEWI�

'PEWW�REQIW�EVI�EP[E]W�GETMXEPM^IH��1YPXMTPI�[SVH�REQIW�GETMXEPM^I�XLI�JMVWX�
PIXXIV�SJ�IEGL�WYFWIUYIRX�[SVH��1IXLSH�ERH�ZEVMEFPI�REQIW�WXEVX�[MXL�
PS[IVGEWI�PIXXIVW�FYX�EPWS�GETMXEPM^I�XLI�JMVWX�PIXXIV�SJ�WYFWIUYIRX�[SVHW�MR
QYPXM�[SVH�REQIW��7XEXMG�GSRWXERXW�ZEV]�MR�XLIMV�REQMRK��FYX�YWYEPP]�FIKMR�
[MXL�E�GETMXEP�PIXXIV��3JXIR��XLI�IRXMVI�REQI�MW�MR�YTTIVGEWI�

6IQIQFIV�XLEX�XLIVI�EVI�QER]�VIWIVZIH�REQIW�MR�.EZE�RYPP��[LMPI��MJ��MRX��
FSSPIER��ZSMH��RYPP�XS�PMWX�FYX�E�JI[��=SY�WLSYPH�YWI�XLIQ�SRP]�EW�MRXIRHIH��(S�
RSX�EGGMHIRXEPP]�VIYWI�XLIQ�JSV�]SYV�S[R�ZEVMEFPI�REQIW�

Java naming conventions

Java is case-sensitive

ShoppingCart is different than shoppingcart

Class names are capitalized; inner words are capitalized

Asset

ShoppingCart

Method and variable names start with lowercase letters

index

checkOut()

Java defines many reserved words—use them only as intended

null, if, int, boolean . . .
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'SQQSR�TMXJEPPW

-J�]SY�EVI�RI[�.EZE�TVSKVEQQIV��]SY�QE]�PMOIP]�VYR�MRXS�E�JI[�GSQQSR�GSHMRK�
TMXJEPPW��8LI]�WLS[�YT�EW�IVVSVW�HYVMRK�GSQTMPEXMSR�SV�EX�VYRXMQI��3JXIR��XLI�
TVSFPIQ�MW�WMQTPI��]SY�JSVKSX�XS�MQTSVX�E�GPEWW�SV�]SY�EVI�QMWWMRK�E�GEWX��3RI�SJ�
XLI�QSWX�GSQQSR�TMXJEPPW�WLS[W�YT�EW�E�RYPP�TSMRXIV�I\GITXMSR�EX�VYRXMQI��8LI�
GEYWI�MW�X]TMGEPP]�XLEX�]SY�JSVKSX�XS�GVIEXI�E�RI[�SFNIGX�ERH�EWWMKR�MX�XS�E�
VIJIVIRGI�ZEVMEFPI��;MXLSYX�ER�SFNIGX��]SY�IRH�YT�WIRHMRK�E�QIWWEKI�XS�RYPP�

8LI�.EZE�GSQTMPIV�MW�UYMXI�KSSH�EFSYX�TVSZMHMRK�QIERMRKJYP�IVVSV�QIWWEKIW��
&I�WYVI�XS�VIEH�XLI�QIWWEKI�GEVIJYPP]��8LI�GSQTMPIV�X]TMGEPP]�PMWXW�XLI�I\EGX�
PMRI�RYQFIV�[LIVI�XLI�TVSFPIQ�SGGYVVIH��6IZMI[�]SYV�GSHI�TEXMIRXP]�YRXMP�
]SY�PSGEXI�XLI�TVSFPIQ�

-R�QER]�GEWIW��XLI�TVSFPIQ�MW�RSX�HYI�XS�E�JYRHEQIRXEP�PEGO�SJ�YRHIVWXERHMRK�
FYX�E�TIGGEHMPPS�SJ�GSHMRK�W]RXE\��;MXL�TVEGXMGI��]SY�[MPP�PIEVR�XS�MHIRXMJ]�ERH�
VIQIH]�XLIWI�GSQQSR�IVVSVW�UYMGOP]��8LI�PMWX�EFSZI�TVSZMHIW�WSQI�SJ�XLI�
QSWX�GSQQSR�IVVSVW�EW�E�GSRZIRMIRGI�XS�LIPT�]SY�SR�]SYV�[E]�

Common pitfalls

Compile-time errors

• Incorrect class or interface name—misspelled or missing import

• Incorrect method or attribute name—invalid or misspelled

• Missing a cast—method name is not valid for generic type

Runtime errors

• Sending a message to null—forgot to create and assign an object

• Applying an incorrect cast—the object is not the type you expect

• Exceeding the bounds of an array—index is negative or too high

• Adding a primitive or null to a collection—only non-null objects
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8S�GSZIV�XLI�GSRGITXW�ERH�GSHI�W]RXE\�JSV�GVIEXMRK�RI[�GPEWWIW�

4VIVIUYMWMXIW

'LETXIV���9WMRK�3FNIGXW�

3FNIGXMZIW

%X�XLI�IRH�SJ�XLMW�PIWWSR��]SY�[MPP�FI�EFPI�XS�

� (IJMRI�E�RI[�.EZE�GPEWW

� -QTPIQIRX�EGGIWWSV�QIXLSHW

� 0MWX�XLI�HMJJIVIRX�EGGIWW�QSHMJMIVW

� 3ZIVPSEH�QIXLSHW

� 3ZIVVMHI�MRLIVMXIH�QIXLSHW

� (IJMRI�ERH�MQTPIQIRX�ER�MRXIVJEGI

� -QTPIQIRX�SRI�SV�QSVI�GSRWXVYGXSVW

� (IJMRI�WXEXMG�ZEVMEFPIW�ERH�QIXLSHW
��



8S�GSHI�MR�.EZE��]SY�HIJMRI�RI[�GPEWWIW

8LI�GPEWW�MW�XLI�FEWMG�GSHI�TEGOEKMRK�YRMX�MR�.EZE��-J�]SY�[VMXI�ER]�.EZE�GSHI�
EX�EPP��]SY�QYWX�GVIEXI�EX�PIEWX�SRI�RI[�GPEWW�XS�GSRXEMR�XLI�GSHI��-RMXMEPP]��MX�MW�
YWIJYP�XS�XLMRO�SJ�]SYVWIPJ�EW�QIVIP]�E�GPEWW�GSRWYQIV�]SY�YWI�SFNIGXW��&YX�
]SY�QYWX�EPWS�FIGSQI�ER�IJJIGXMZI�GPEWW�TVSHYGIV�]SY�QYWX�HIWMKR�ERH�
MQTPIQIRX�RI[�GPEWWIW�

%�GPEWW�MW�E�X]TI�MR�.EZE��%�RI[�GPEWW�HIJMRIW�E�RI[�X]TI�SJ�SFNIGX�XLEX�]SY�GER�
GVIEXI��)ZIV]�SFNIGX�MW�ER�MRWXERGI�SJ�E�WTIGMJMG�GPEWW��%�GPEWW�IWWIRXMEPP]�
TVSZMHIW�E�FPYITVMRX�JSV�GVIEXMRK�SFNIGXW��8LI�FPYITVMRX�HIJMRIW�XLI�EXXVMFYXIW�
ERH�XLI�FILEZMSV�XLEX�FIPSRKW�XS�IEGL�SFNIGX��IEGL�MRWXERGI�SJ�XLI�GPEWW��
7SQIXMQIW��E�GPEWW�MW�GEPPIH�E�JEGXSV]�XS�ZMZMHP]�MPPYWXVEXI�MXW�JYRGXMSR�E�GPEWW�
QERYJEGXYVIW�SFNIGXW�

To code in Java, you define new classes

The class is the basic code packaging mechanism in Java

All code must be part of a class definition

To write Java code, you must define new classes

A class is a type, a blueprint for creating objects of that type

When you create a class, you create a new object type

Customer

firstName

lastName

“Jane”

“Smit”

Customer

firstName

lastName

“Tom”

“Doe”

Customer

firstName

lastName

class instances
�� 'LETXIV�����'VIEXMRK�'PEWWIW
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'PEWWIW�HIVMZI�JVSQ�ER�MRLIVMXERGI�LMIVEVGL]

%�GPEWW�MW�HIJMRIH�[MXLMR�E�LMIVEVGL]�SJ�VIPEXIH�GPEWWIW��8LMW�VIJPIGXW�SYV�
GSQQSR�XIRHIRG]�XS�GPEWWMJ]�WSQIXLMRK�EGGSVHMRK�XS�LS[�MX�MW�WMQMPEV�XS�EW�[IPP�
EW�HMJJIVIRX�JVSQ�WSQIXLMRK�IPWI��

8LI�XST�SJ�XLI�LMIVEVGL]�MW�GEPPIH�XLI�VSSX�SV�FEWI�GPEWW��8LMW�MW�XLI�QSWX�KIRIVMG�
GPEWW�GEPPIH�3FNIGX��-X�HIJMRIW�XLI�FEWMG�EXXVMFYXIW�ERH�FILEZMSV�GSQQSR�XS�EPP�
GPEWWIW��%PP�SXLIV�GPEWWIW�EVI�HMVIGX�SV�MRHMVIGX�WYFGPEWWIW�SJ�3FNIGX��

)\GITX�JSV�XLI�VSSX�GPEWW��EPP�GPEWWIW�LEZI�SRI�WYTIVGPEWW��.EZE�HSIW�RSX�WYTTSVX�
QYPXMTPI�MRLIVMXERGI��8LI�HMEKVEQ�WLS[W�XLEX�4IVWSR�MW�E�WYFGPEWW�SJ�3FNIGX��
3FNIGX�MW�XLI�WYTIVGPEWW�SJ�4IVWSR��'YWXSQIV�MW�E�WYFGPEWW�SJ�4IVWSR��4IVWSR�MW�
XLI�WYTIVGPEWW�SJ�'YWXSQIV��

%�WYFGPEWW�MW�E�WTIGMEPM^IH�ZIVWMSR�SJ�MXW�WYTIVGPEWW��%�GYWXSQIV�MW�E�TIVWSR��FYX�
WSQILS[�WTIGMEPM^IH�XS�FI��QSVI�WTIGMJMGEPP]��E�GYWXSQIV��%�GYWXSQIV�MRLIVMXW�
EPP�XLI�TVSTIVXMIW�ERH�FILEZMSV�SJ�E�TIVWSR�WS�XLEX�E�GYWXSQIV�GER�FI�XVIEXIH�
KIRIVMGEPP]�EW�E�TIVWSR��&YX�E�GYWXSQIV�LEW�QSVI�WTIGMJMG�TVSTIVXMIW�ERH�
FILEZMSVW��&IGEYWI�E�WYFGPEWW�MRLIVMXW�UYEPMXMIW�JVSQ�MXW�WYTIVGPEWW��XLI�
GPEWWMJMGEXMSR�LMIVEVGL]�MW�YWYEPP]�GEPPIH�ER�MRLIVMXERGI�LMIVEVGL]�

Object is the root class

Every other class is a subclass

Every subclass has one super class

To make a new class, create a subclass

Every subclass inherits

• Instance variables

• Methods

• Interfaces

Until you specialize with code, every subclass is just like its superclass

Classes derive from an inheritance hierarchy

Object

Person

Customer

ShoppingCart



�� 'LETXIV�����'VIEXMRK�'PEWWIW

'PEWWIW�EVI�KVSYTIH�MRXS�TEGOEKIW

.EZE�HIJMRIW�ERSXLIV�QIGLERMWQ�JSV�SVKERM^MRK�GSHI��E�TEGOEKI��%�TEGOEKI�MW�
E�GSPPIGXMSR�SJ�SRI�SV�QSVI�VIPEXIH�GPEWWIW��)EGL�TEGOEKI�EHHVIWWIW�E�WTIGMJMG�
EVIE�SJ�JYRGXMSREPMX]��'PEWWIW�[MXLMR�E�TEGOEKI�EVI�X]TMGEPP]�YWIH�XSKIXLIV�XS�
WSPZI�E�TEVXMGYPEV�HIWMKR�TVSFPIQ��.EZE�TVSZMHIW�WIZIVEP�TEGOEKIW��FEWMG�
PERKYEKI�JIEXYVIW��JMPI�-�3��RIX[SVOMRK��ERH�WS�SR��;IF3FNIGXW�HIJMRIW�
EHHMXMSREP�TEGOEKIW��FEWMG�JSYRHEXMSR�GPEWWIW��HEXEFEWI�GSRRIGXMZMX]��[IF�
ETTPMGEXMSR�GPEWWIW��IXG��)ZIV]�TEGOEKI�LEW�E�REQI�

=SY�GER�GVIEXI�]SYV�S[R�GYWXSQ�TEGOEKIW��8LI�HMEKVEQ�WLS[W�E�TEGOEKI�SJ�
GPEWWIW�WTIGMJMG�XS�E�WLSTTMRK�GEVX�ETTPMGEXMSR��7LSTTMRK'EVX��4IVWSR��ERH�
'YWXSQIV��8LIWI�GPEWWIW�EVI�VIPEXIH�MR�XLEX�XLI]�EVI�YWIH�XSKIXLIV�XS�GVIEXI�
I�GSQQIVGI�ETTPMGEXMSRW�

)ZIV]�GPEWW�QYWX�FI�TPEGIH�MR�E�TEGOEKI��=SYV�.EZE�GSHI�JMPIW�GER�I\TPMGMXP]�
HIWMKREXI�[LMGL�TEGOEKI�]SYV�GPEWW�WLSYPH�FI�EHHIH�XS��;LIR�]SY�HSR
X�
WTIGMJ]�E�TEGOEKI��]SYV�GPEWW�MW�TPEGIH�MR�XLI�YRREQIH�HIJEYPX�TEGOEKI��8LMW�
MW�XLI�GSQQSR�GEWI�MR�E�;IF3FNIGXW�ETTPMGEXMSR�YRPIWW�]SY�EVI�GVIEXMRK�
GPEWWIW�XLEX�[MPP�FI�VIYWIH�MR�QYPXMTPI�ETTPMGEXMSRW�

Classes are grouped into packages

NSDictionary NSArray
Object

String

Integer

Person Customer

ShoppingCart

java.lang

com.apple.yellow.foundation

default unnamed package
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;LEX�]SY�GER�HS�MR�E�RI[�WYFGPEWW

;LIR�]SY�GVIEXI�E�RI[�GPEWW��]SY�EP[E]W�GVIEXI�E�RI[�WYFGPEWW�SJ�ER�I\MWXMRK�
GPEWW��=SY�EVI�GVIEXMRK�E�QSVI�WTIGMEPM^IH�ZIVWMSR�SJ�XLI�WYTIVGPEWW��=SY�
EYXSQEXMGEPP]�MRLIVMX�XLI�UYEPMXMIW�SJ�XLI�WYTIVGPEWW��*VSQ�XLIVI��]SY�GER�
WTIGMEPM^I��4YX�WMQTP]��]SY�GER�IMXLIV�EHH�RI[�JYRGXMSREPMX]�SV�VITPEGI�I\MWXMRK�
JYRGXMSREPMX]�

8S�I\XIRH�XLI�JYRGXMSREPMX]�SJ�XLI�WYTIVGPEWW��]SY�GER�EHH�RI[�QIXLSHW�ERH�
MRWXERGI�ZEVMEFPIW��=SY�GER�EPWS�EHH�WXEXMG�GPEWW�QIXLSHW�ERH�ZEVMEFPIW��=SY�
GER�MQTPIQIRX�ER�MRXIVJEGI�F]�EHHMRK�XLI�WTIGMJMG�WIX�SJ�QIXLSHW�MX�HIJMRIW��
=SY�GER�EHH�SRI�SV�QSVI�GSRWXVYGXSVW�XS�GSRXVSP�XLI�MRMXMEP�WXEXI�SJ�SFNIGXW�
GVIEXIH�JVSQ�]SYV�GPEWW�

=SY�GER�EPWS�QSHMJ]�I\MWXMRK�JYRGXMSREPMX]�MRLIVMXIH�JVSQ�XLI�WYTIVGPEWW��=SY�
HS�XLMW�F]�SZIVVMHMRK�MRLIVMXIH�QIXLSHW��&]�VI�MQTPIQIRXMRK�QIXLSHW�EPVIEH]�
HIJMRIH�MR�XLI�WYTIVGPEWW��]SY�GER�I\XIRH�SV�GSQTPIXIP]�VITPEGI�I\MWXMRK�
JYRGXMSREPMX]�

=SYV�JMVWX�HIGMWMSR�MW�[LMGL�GPEWW�XS�YWI�JSV�XLI�WYTIVGPEWW��0SSO�JSV�E�GPEWW�SJ�
[LMGL�]SYV�RI[�GPEWW�[MPP�FI�E�WTIGMEPM^IH�X]TI��*SV�I\EQTPI��E�GYWXSQIV�MW�E�
OMRH�SJ�TIVWSR��-J�]SY�[IVI�GVIEXMRK�E�'YWXSQIV�GPEWW��]SY�GSYPH�FEWI�MX�SR�ER�
I\MWXMRK�4IVWSR�GPEWW��3JXIR��]SY�[MPP�RSX�LEZI�E�VIPEXIH�WYTIVGPEWW�XS�WXEVX�[MXL��
-R�XLIWI�GEWIW��YWI�3FNIGX�EW�XLI�WYTIVGPEWW��

What you can do in a new subclass

Add new methods—extend the superclass’s behavior

Override inherited methods—modify the superclass’s behavior

Add new instance variables—add new attributes

Implement an interface—add a well-defined set of methods

Implement one or more constructors—control initialization

Add static variables and methods—class rather than instance behavior



�� 'LETXIV�����'VIEXMRK�'PEWWIW

%GGIWW�QSHMJMIVW�IRJSVGI�IRGETWYPEXMSR

%W�E�GPEWW�HIWMKRIV��]SY�QYWX�XLMRO�EFSYX�[LEX�EWTIGXW�SJ�]SYV�GPEWW�]SY�[MWL�
XS�IRGETWYPEXI�LMHI�ERH�[LMGL�]SY�[ERX�XS�I\TSWI�QEOI�TYFPMG��
)RGETWYPEXMSR�LMHIW�TVMZEXI�MRXIVREP�HIXEMPW�FILMRH�E�GEVIJYPP]�GSRXVSPPIH�
TYFPMG�MRXIVJEGI��'PEWW�GSRWYQIVW�YWI�XLI�GPEWW�REQI��E�WIX�SJ�TYFPMG�QIXLSHW��
ERH�WSQIXMQIW�E�WIX�SJ�TYFPMG�MRWXERGI�SV�GPEWW�ZEVMEFPIW��8LI�VIWX�SJ�XLI�
MRXIVREP�GPEWW�HIXEMPW�WLSYPH�FI�LMHHIR��EZEMPEFPI�SRP]�XS�]SY��XLI�GPEWW�
TVSHYGIV��

'PEWW�GSRWYQIVW�EVI�HMZMHIH�MRXS�XLVII�HMJJIVIRX�KVSYTW��YRVIPEXIH�GPEWWIW��
WYFGPEWWIW�SJ�]SYV�GPEWW��ERH�SXLIV�GPEWWIW�MR�XLI�WEQI�TEGOEKI�

.EZE�HIJMRIW�OI][SVHW�XLEX�]SY�YWI�[MXL�GPEWW��QIXLSH��ERH�ZEVMEFPI�
HIJMRMXMSRW�XS�VIWXVMGX�EGGIWW�XS�GSRWYQIVW�SJ�]SYV�GPEWW��8LI]�EVI�GEPPIH�EGGIWW�
SV�ZMWMFMPMX]�QSHMJMIVW��8LIVI�EVI�XLVII�OI][SVHW�ERH�JSYV�HMJJIVIRX�WIXXMRKW�

� TYFPMG�EZEMPEFPI�XS�ER]�SXLIV�GPEWW�

� TVSXIGXIH�EZEMPEFPI�SRP]�XS�WYFGPEWWIW�

� TVMZEXI�EZEMPEFPI�XS�]SYV�GPEWW�EPSRI�

� TEGOEKI�EZEMPEFPI�XS�SXLIV�GPEWWIW�MR�XLI�WEQI�TEGOEKI��8LIVI�MW�RS�
OI][SVH�JSV�TEGOEKI�EGGIWW�MX�MW�XLI�HIJEYPX�

-RWXERGIW�SJ�]SYV�GPEWW�SFNIGXW�GER�EP[E]W�EGGIWW�MRWXERGI�ZEVMEFPIW�ERH�
QIXLSHW�VIKEVHPIWW�SJ�XLI�EGGIWW�QSHMJMIV�YWIH�XS�HIJMRI�XLIQ�

Access modifiers enforce encapsulation

Keyword Who has access outside the class

public Any class

protected Only subclasses

private No class

package Other classes in the same package

Note: there is no keyword for package—it is the default
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%�X]TMGEP�GPEWW�XIQTPEXI

,IVI�MW�E�X]TMGEP�GPEWW�XIQTPEXI��-X�WLS[W�EPP�XLI�TEVXW�RIIHIH�JSV�E�GSQTPIXI�
GPEWW�HIJMRMXMSR�

%�GPEWW�HIJMRMXMSR�MW�WXSVIH�MR�E�JMPI�[MXL�XLI��NEZE�I\XIRWMSR��8LI�JMPI�REQI�
QYWX�QEXGL�XLI�GPEWW�REQI��-X�MW�TSWWMFPI�XS�LEZI�QYPXMTPI�GPEWW�HIJMRMXMSRW�MR�
XLI�WEQI�JMPI�FYX�SRP]�SRI�TYFPMG�GPEWW�MW�EPPS[IH�ERH�MX�QYWX�QEXGL�XLI�JMPI�
REQI�

*SV�ER]�I\MWXMRK�GPEWW�REQIW�]SY�YWI�MR�]SYV�GPEWW�HIJMRMXMSR�]SYV�WYTIVGPEWW��
ZEVMEFPI��ERH�QIXLSH�X]TIW�]SY�QYWX�MQTSVX�XLI�TEGOEKIW�XLEX�HIJMRI�XLIQ��
6IQIQFIV�XLEX�XLI�NEZE�PERK�TEGOEKI�MW�MQTSVXIH�EYXSQEXMGEPP]��=SY�GER�YWI�
FEWMG�GPEWWIW�PMOI�3FNIGX�ERH�7XVMRK�[MXLSYX�ER�MQTSVX�WXEXIQIRX�

8LI�JSVQEP�GPEWW�HIJMRMXMSR�WXEVXW�[MXL�E�WXEXIQIRX�REQMRK�XLI�RI[�GPEWW��XLI�
I\XIRHW�OI][SVH��ERH�XLI�WYTIVGPEWW��1SWX�SJXIR��]SYV�GPEWW�MW�TYFPMG��-J�]SY�
SQMX�XLI�I\XIRHW�OI][SVH�ERH�XLI�WYTIVGPEWW��XLI�WYTIVGPEWW�HIJEYPXW�XS�3FNIGX�

8LI�VIWX�SJ�XLI�GPEWW�HIJMRMXMSR�MW�E�GSHI�FPSGO�SJ�WXEXIQIRXW�XLEX�HIJMRI�
ZEVMEFPIW�ERH�QIXLSHW�FIPSRKMRK�XS�XLI�GPEWW��8LI�FSH]�MW�IRGPSWIH�[MXL�
FVEGIW��)ZIV]XLMRK�EFSYX�XLI�GPEWW�ETTIEVW�[MXLMR�MXW�FSH]�

A typical class template

import necessary packages

public ClassName extends SuperClassName {

instance variables . . .

methods . . .

}

ClassName.java



�� 'LETXIV�����'VIEXMRK�'PEWWIW

%�WMQTPI�GSQTPIXI�GPEWW�I\EQTPI

,IVI�MW�E�GSQTPIXI�I\EQTPI�SJ�E�WMQTPI�4IVWSR�GPEWW��

4IVWSR�MW�E�TYFPMG�GPEWW��4IVWSR�MW�E�WYFGPEWW�SJ�3FNIGX�

%�4IVWSR�LEW�SRI�MRWXERGI�ZEVMEFPI�GEPPIH�REQI�SJ�X]TI�7XVMRK��8LI�REQI�
MRWXERGI�ZEVMEFPI�MW�TVMZEXI��MX�MW�IRGETWYPEXIH�ERH�GERRSX�FI�EGGIWWIH�HMVIGXP]�
F]�ER]�GSRWYQIV�SYXWMHI�SJ�XLI�4IVWSR�GPEWW��8S�KIX�E�TIVWSR
W�REQI��
GSRWYQIVW�QYWX�YWI�ER�EGGIWWSV�QIXLSH�

8LI�4IVWSR�GPEWW�HIJMRIW�E�TEMV�SJ�TYFPMG�EGGIWWSV�QIXLSHW�JSV�XLI�REQI�
MRWXERGI�ZEVMEFPI��'SRWYQIVW�GER�KIX�ERH�WIX�E�TIVWSR
W�REQI�YWMRK�XLIWI�
QIXLSHW�

*EQMPMEVM^I�]SYVWIPJ�[MXL�XLI�JSVQEX�SJ�XLMW�WMQTPI�GPEWW�HIJMRMXMSR��8LI�HIXEMPW�
SJ�ZEVMEFPI�ERH�QIXLSH�HIJMRMXMSRW�EVI�I\TPEMRIH�MR�XLI�JSPPS[MRK�TEKIW�

A simple complete class example

public Person extends Object {

private String name;

public String name() {

return name;

}

public void setName(String value) {

name = value;

}

}

Person.java
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%HHMRK�RI[�MRWXERGI�ZEVMEFPIW

%�GPEWW�MW�E�XIQTPEXI�JSV�GVIEXMRK�MRWXERGIW�SJ�XLEX�GPEWW�SFNIGXW��*VSQ�SRI�
GPEWW��E�GSRWYQIV�GER�GVIEXI�QER]�SFNIGXW��)EGL�SFNIGX�QEMRXEMRW�MXW�S[R�WXEXI�
[MXL�E�WIX�SJ�ZEVMEFPIW�[LSWI�ZEPYIW�EVI�YRMUYI�XS�XLEX�SFNIGX��%�GPEWW�HIJMRIW�
XLI�WIX�SJ�ZEVMEFPIW�XLEX�IEGL�SFNIGX�MRWXERGI�KIXW�[LIR�MX�MW�GVIEXIH��*SV�XLMW�
VIEWSR��XLI]�EVI�GEPPIH�MRWXERGI�ZEVMEFPIW��-R�.EZE��XLI]�EVI�EPWS�GEPPIH�JMIPHW�

)EGL�ZEVMEFPI�MW�HIJMRIH�[MXLMR�XLI�GPEWW�HIJMRMXMSR�FPSGO�FYX�SYXWMHI�SJ�ER]�
QIXLSH�GSHI�FPSGOW��)EGL�HIJMRMXMSR�MRGPYHIW�E�ZEVMEFPI�REQI��E�X]TI��ERH�
X]TMGEPP]�ER�EGGIWW�QSHMJMIV��-RWXERGI�ZEVMEFPIW�EVI�QSWX�SJXIR�TVMZEXI�SV�
TVSXIGXIH�

-RWXERGI�ZEVMEFPIW�EVI�EYXSQEXMGEPP]�MRMXMEPM^IH�XS���[LIR�XLI�SFNIGX�MW�
GSRWXVYGXIH��3FNIGX�VIJIVIRGIW�EVI�RYPP��RYQFIVW�EVI����ERH�WS�SR��=SY�GER�
MRGPYHI�MRMXMEPM^IV�I\TVIWWMSRW�[MXL�XLI�ZEVMEFPI�HIJMRMXMSRW�JSV�RSR���HIJEYPX�
ZEPYIW�

Adding new instance variables

Each object—an instance of the class—has its own set of variables

Define new instance variables outside of method blocks

protected String name;

private int count;

Values are automatically initialized to ‘0’

Object references are null

Primitive number types are 0

You can include initializer expressions

private int count = 1;

NSMutableArray items = new NSMutableArray();



�� 'LETXIV�����'VIEXMRK�'PEWWIW

%HHMRK�RI[�QIXLSHW

=SY�GER�EHH�RI[�QIXLSHW�XS�]SYV�GPEWW�HIJMRMXMSR��%�QIXLSH�HIJMRMXMSR�
MRGPYHIW�XLI�JSPPS[MRK�TEVXW�YWYEPP]�PMWXIH�MR�XLI�JSPPS[MRK�SVHIV�

� %GGIWW�QSHMJMIV

� 6IXYVR�X]TI

� 2EQI

� %VKYQIRX�PMWX

� 'SHI�FPSGO�SV�FSH]

1IXLSHW�EVI�X]TIH��XLI]�VIXYVR�E�ZEPYI�SJ�E�WTIGMJMG�X]TI��1IXLSHW�XLEX�VIXYVR�
RS�ZEPYI�EX�EPP�YWI�XLI�OI]�[SVH�ZSMH�

%VKYQIRXW�TEWWIH�F]�XLI�GEPPIV�FIGSQI�PSGEP�ZEVMEFPIW�[MXL�XLI�QIXLSH�FSH]��
8LI�QIXLSH�FSH]�MW�E�GSHI�FPSGO�ERH�GER�HIJMRI�EHHMXMSREP�PSGEP�ZEVMEFPIW�XLEX�
EVI�XIQTSVEVMP]�ZEPMH�SRP]�[LMPI�XLI�QIXLSH�MW�I\IGYXMRK�

1IXLSH�GSHI�YWYEPP]�MRGPYHIW�XLI�VIXYVR�OI][SVH��-X�HSIW�X[S�XLMRKW��8LI�
VIXYVR�OI][SVH�WXSTW�I\IGYXMRK�XLI�QIXLSH�GSHI�ERH�VIXYVRW�XS�XLI�GEPPIV��-X�
EPWS�XEOIW�E�ZEPYI��XLI�ZEPYI�XS�VIXYVR�XS�XLI�GEPPIV��-J�XLI�QIXLSH�MW�ZSMH��YWI�
XLI�VIXYVR�OI][SVH�[MXLSYX�WTIGMJ]MRK�E�VIXYVR�ZEPYI�

Adding new methods

A method has a name and usually an access modifier

A method has a type—the type of value it returns

• Any Java class, interface or primitive type

• void for no return value at all

A method has an argument list—zero or more typed variables

A method has a body—a code block including local variables

Method code uses the return keyword. return does two things

• Leaves the method, returning to the caller

• Specifies the return value for non-void methods
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%�ZEVMIX]�SJ�QIXLSH�HIGPEVEXMSRW

,IVI�EVI�E�ZEVMIX]�SJ�HMJJIVIRX�ZEPMH�QIXLSH�HIGPEVEXMSRW��*SV�GPEVMX]��XLI]�
I\GPYHI�XLI�QIXLSH�FSH]�WS�XLI]�EVI�MRGSQTPIXI�

&]�GSRZIRXMSR��XLI�EGGIWW�QSHMJMIV�ETTIEVW�JMVWX��2SXMGI�XLEX�IEGL�SJ�XLI�JSYV�
I\EQTPIW�YWIW�E�HMJJIVIRX�EGGIWW�QSHMJMIV��8LI�PEWX�I\EQTPI�XLEX�YWIW�RS�
EGGIWW�OI][SVH�EX�EPP�MRHMGEXMRK�TEGOEKI�PIZIP�EGGIWW�

)ZIV]�QIXLSH�QYWX�HIGPEVI�XLI�X]TI�SJ�ZEPYI�MX�VIXYVRW��9WI�ZSMH�MJ�XLI�QIXLSH�
VIXYVRW�RSXLMRK��6IXYVR�X]TIW�GER�FI�TVMQMXMZI�X]TIW�PMOI�MRX�SV�SFNIGX�
X]TIW�PMOI�7XVMRK��1IXLSHW�GER�EPWS�YWI�-RXIVJEGI�REQIW�JSV�VIXYVR�X]TIW�

1IXLSH�REQIW�JSPPS[�E�REQMRK�GSRZIRXMSR��PMOI�MRWXERGI�ZEVMEFPIW��XLI]�FIKMR�
[MXL�PS[IVGEWI�PIXXIVW�FYX�GETMXEPM^I�IEGL�WYFWIUYIRX�[SVH�

8LI�EVKYQIRX�PMWX�WTIGMJMIW�^IVS�SV�QSVI�X]TIH�EVKYQIRXW�XLEX�QYWX�FI�
TVSZMHIH�F]�XLI�GEPPIV��*SV�^IVS�EVKYQIRXW��XLI�PMWX�MW�IQTX]��)EGL�EVKYQIRX�
LEW�E�X]TI�ERH�E�REQI��1YPXMTPI�EVKYQIRXW�EVI�WITEVEXIH�F]�GSQQEW�

A variety of method declarations

No return value, no arguments

public void start()

Return value

protected int count()

Return value and argument

private String encrypt(String value)

Return value and multiple arguments

Double average(Integer value, Integer value2)



�� 'LETXIV�����'VIEXMRK�'PEWWIW

%�WMQTPI�GSQTPIXI�QIXLSH�I\EQTPI

%�GSQTPIXI�QIXLSH�I\EQTPI�MW�WLS[R�EFSZI��-X�MW�E�TYFPMG�QIXLSH�REQIH�
FEPERGI����-X�VIXYVRW�E�HSYFPI�ZEPYI�ERH�XEOIW�RS�EVKYQIRXW��-QEKMRI�XLEX�XLMW�
MW�XLI�QIXLSH�JSV�GEPGYPEXMRK�XLI�FEPERGI�SJ�MXIQW�MR�E�WLSTTMRK�GEVX��8LMW�
QIXLSH�[SYPH�FI�HIJMRIH�[MXL�XLI�7LSTTMRK'EVX�GPEWW�

8S�GEPGYPEXI�XLI�FEPERGI��XLI�QIXLSH�HIJMRIW�E�PSGEP�ZEVMEFPI�GEPPIH�FEPERGI�
ERH�MRMXMEPM^IW�MX�XS����-R�.EZE��]SY�GER�YWI�XLI�WEQI�REQI�JSV�E�ZEVMEFPI�ERH�E�
QIXLSH�[MXLSYX�GSRJPMGX��0SGEP�ZEVMEFPIW�WLSYPH�KIRIVEPP]�RSX�YWI�XLI�WEQI�
REQIW�EW�MRWXERGI�ZEVMEFPIW�

8LI�FEPERGI�MW�GEPGYPEXIH�F]�EHHMRK�XLI�FEPERGI�SJ�IEGL�MRHMZMHYEP�MXIQ�MR�XLI�
GSPPIGXMSR�REQIH�MXIQW��2SXMGI�XLEX�MXIQW�MW�RIMXLIV�E�QIXLSH�EVKYQIRX�RSV�E�
PSGEP�ZEVMEFPI��-X�MW�QSWX�PMOIP]�XLEX�MXIQW�MW�ER�MRWXERGI�ZEVMEFPI�SJ�XLMW�GPEWW��
6IQIQFIV�XLEX�QIXLSHW�GER�VIJIVIRGI�MRWXERGI�ZEVMEFPIW�HMVIGXP]�

3RGI�EPP�MXIQW�EVI�IRYQIVEXIH��XLI�FEPERGI�MX�GSQTYXIH��8LI�QIXLSH�JMRMWLIW�
I\IGYXMSR�ERH�VIXYVRW�XLI�JMREP�FEPERGI�YWMRK�XLI�VIXYVR�WXEXIQIRX�

A simple complete method example

public double balance() {

  // local variable for calculating balance

double balance = 0;

// enumerate objects in instance variable items

  Enumeration e = items.objectEnumerator();

  while(e.hasMoreElements()) {

  balance = balance +

((Asset)e.nextElement()).balance();

  }

  return balance; // leave method returning value

}
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)EGL�MRWXERGI�GER�EGGIWW�MXW�S[R�HEXE�ERH�FILEZMSV

;LMPI�QIXLSHW�GER�XEOI�EVKYQIRXW�ERH�HIJMRI�RI[�PSGEP�ZEVMEFPIW�JSV�
XIQTSVEV]�TYVTSWIW��QIXLSHW�EVI�GLMIJP]�GSRGIVRIH�[MXL�MRWXERGI�ZEVMEFPIW��
-RWXERGI�ZEVMEFPIW�EVI�EYXSQEXMGEPP]�EGGIWWMFPI�XS�QIXLSHW�HIJMRIH�MR�XLI�WEQI�
GPEWW��7MQTP]�VIJIV�XS�XLIQ�F]�REQI�

%�QIXLSH�GER�GEPP�SXLIV�QIXLSHW�HIJMRIH�MR�XLI�WEQI�GPEWW��6IQIQFIV�XLEX�
QIXLSHW�EVI�RSVQEPP]�MRZSOIH�F]�WIRHMRK�E�QIWWEKI�XS�ER�SFNIGX�VIJIVIRGI�

anObject.someMethod();

.EZE�TVSZMHIW�E�WLSVXLERH�JSV�ER�SFNIGX�XS�WIRH�E�QIWWEKI�XS�MXWIPJ��-J�XLI�SFNIGX�
VIJIVIRGI�MW�I\GPYHIH�JVSQ�E�QIWWEKI�I\TVIWWMSR��XLI�MQTPMIH�VIJIVIRGI�MW�
VIJPI\MZI�WIRH�XLI�QIWWEKI�XS�XLI�SFNIGX�WIRHMRK�XLI�QIWWEKI�

someMethod();

.EZE�TVSZMHIW�E�OI][SVH�XS�QEOI�XLMW�I\TPMGMX�

this.someMethod();

-X�MW�STXMSREP��=SY�GER�YWI�MX�JSV�GPEVMX]�

9RPMOI�JYRGXMSRW�SV�TVSGIHYVIW�MR�XVEHMXMSREP�PERKYEKIW��QIXLSHW�GER�SRP]�FI�
MRZSOIH�XLVSYKL�ER�SFNIGX�VIJIVIRGI��;LIXLIV�MX�MW�I\TPMGMX�SV�MQTPMGMX��XLIVI�MW�
EP[E]W�ER�SFNIGX�EWWSGMEXIH�[MXL�XLI�GYVVIRXP]�I\IGYXMRK�GSHI��8LI�HEXE�ERH�
FILEZMSV�EVI�RIZIV�WITEVEXIH�ERH�GER�RIZIV�FI�QMWQEXGLIH��8LMW�MW�SRI�SJ�XLI�
LEPPQEVOW�SJ�SFNIGX�SVMIRXIH�TVSKVEQQMRK�

Each instance can access its own data and behavior

Instance variables are directly accessible from methods

private int count;

public void increment() {count++;}

One method can invoke another

public void increment() {count++;}

public void addOne() {increment());

Every object has a reference to itself named this

public void increment() {

this.count++;

}

public void addOne() {this.increment());
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%GGIWWSV�QIXLSHW�IRGETWYPEXI�MRWXERGI�ZEVMEFPIW

8LI�IWWIRGI�SJ�IRGETWYPEXMSR�MW�FEVVMRK�HMVIGX�EGGIWW�XS�MRWXERGI�ZEVMEFPIW��
)RGETWYPEXIH�MRWXERGI�ZEVMEFPIW�EVI�TVSXIGXIH�SV�TVMZEXI��3YXWMHIVW�QYWX�
EGGIWW�ZEPYIW�MRHMVIGXP]�XLVSYKL�QIXLSHW�VEXLIV�XLER�HMVIGXP]�XLVSYKL�MRWXERGI�
ZEVMEFPIW��8LMW�TVSZMHIW�E�LSSO�JSV�EVFMXVEV]�TVSGIWWMRK�[MXLMR�XLI�SFNIGX��8LMW�
QEMRXEMRW�E�JMVI[EPP�WS�XLEX�]SY�GER�QSHMJ]�XLI�MQTPIQIRXEXMSR�[MXLSYX�
GSQTVSQMWMRK�XLI�TYFPMG�MRXIVJEGI�ERH�FVIEOMRK�I\MWXMRK�GSHI�

1IXLSHW�YWIH�XS�EGGIWW�MRWXERGI�ZEVMEFPIW�EVI�GEPPIH�EGGIWWSV�QIXLSHW��8LI]�
KIRIVEPP]�GSQI�MR�TEMVW�SRI�JSV�KIXXMRK�XLI�ZEPYI��SRI�JSV�WIXXMRK�XLI�ZEPYI��
8LI�QIXLSH�JSV�WIXXMRK�XLI�ZEPYI�MW�WSQIXMQIW�GEPPIH�E�QYXEXSV�QIXLSH��-X�MW�
TSWWMFPI�JSV�VIEH�SRP]�SV�GSQTYXIH�ZEPYIW�XS�LEZI�KIX�QIXLSHW�RSX�WIX�
QIXLSHW��-X�MW�IZIR�TSWWMFPI�XS�LEZI�EGGIWWSV�QIXLSHW�FYX�RS�YRHIVP]MRK�
MRWXERGI�ZEVMEFPI��8LMW�MW�XLI�GEWI�JSV�ZEPYIW�XLEX�EVI�HIVMZIH�JVSQ�SXLIV�HEXE�

8LIVI�EVI�X[S�HMJJIVIRX�REQMRK�GSRZIRXMSRW�JSV�KIX�QIXLSHW��3RI�JSVQ�
WMQTP]�YWIW�XLI�ZEVMEFPI�REQI�EW�XLI�QIXLSH�REQI��8LI�SXLIV�TVITIRHW�XLI�
[SVH�lKIXz��;IF3FNIGXW�QSWX�SJXIR�YWIW�XLI�JSVQIV�GSRZIRXMSR�JSV�MXW�
JVEQI[SVO�GPEWWIW��.EZE�TEGOEKIW�ZEV]�JVSQ�GPEWW�XS�GPEWW��%W�E�GPEWW�HIWMKRIV��
]SY�GER�GLSSWI�IMXLIV�SV�TSWWMFP]�MQTPIQIRX�FSXL�

Accessor methods encapsulate instance variables

Encapsulated instance variable is private or protected

protected String name;

Public accessor methods provide and control access

public String name() {return name;}

public void setName(String value) {

name = value;

}

Alternative naming convention for get method

public String getName() {return name;}
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3ZIVPSEHMRK�QIXLSHW�WEQI�REQI��HMJJIVIRX�X]TIW

.EZE�WYTTSVXW�QIXLSH�SZIVPSEHMRK��3ZIVPSEHMRK�QIERW�HIJMRMRK�QYPXMTPI�
ZIVWMSRW�SJ�E�KMZIR�QIXLSH��IEGL�[MXL�E�HMJJIVIRX�ERH�HMWXMRGX�EVKYQIRX�PMWX��
2SXMGI�XLEX�XLI�QIXLSH�REQI�ERH�XLI�VIXYVR�X]TI�QYWX�WXE]�XLI�WEQI��
'SRGITXYEPP]��IEGL�QIXLSH�ZIVWMSR�WLSYPH�TVSHYGI�EREPSKSYW�FILEZMSV�

3ZIVPSEHMRK�MW�YWIJYP�[LIR�XLI�WEQI�EGXMSR�GER�FI�TIVJSVQIH�FEWIH�SR�
HMJJIVIRX�WIXW�SJ�TEVEQIXIVW��'SRWMHIV�XLI�WLSTTMRK�GEVX�I\EQTPI��=SY�GER�
GEPGYPEXI�XLI�FEPERGI�MR�HMJJIVIRX�[E]W��=SY�GER�GEPGYPEXI�XLI�WMQTPI�FEPERGI�
SJ�EPP�MXIQW�MR�XLI�GEVX��=SY�GER�WTIGMJ]�E�HMWGSYRX�VEXI�EW�ER�EVKYQIRX��
7SQIXMQIW��XLI�HMWGSYRX�VEXI�MW�E�TVMQMXMZI�X]TI��SXLIV�XMQIW��MX�MW�E�RYQFIV�
SFNIGX��3GGEWMSREPP]�XLI�GYWXSQIV�LEW�ER�EHHMXMSREP�WIX�SJ�GSYTSRW��

%W�E�GPEWW�HIWMKRIV��]SY�GER�MQTPIQIRX�QYPXMTPI�ZIVWMSRW�SJ�XLI�FEPERGI���
QIXLSH��IEGL�XEOMRK�E�HMJJIVIRX�WIX�SJ�EVKYQIRXW��8LMW�MW�GEPPIH�SZIVPSEHMRK�
XLI�FEPERGI���QIXLSH��-X�GVIEXIW�E�QYGL�QSVI�JPI\MFPI�GPEWW�HIWMKR�[LMGL�MW�
TSXIRXMEPP]�VIYWEFPI�MR�QYPXMTPI�WGIREVMSW�

6IQIQFIV��SZIVPSEHIH�QIXLSHW�HMJJIV�F]�XLI�RYQFIV�ERH�X]TI�SJ�EVKYQIRXW��
8LI�REQI�VIQEMRW�XLI�WEQI��=SY�GERRSX�ZEV]�XLI�VIXYVR�X]TI�

Overloading methods—same name, different types

Overloading—multiple versions of a method with different arguments

Each is distinct due to unique number and/or type of arguments

double balance()

double balance(double discount)

double balance(BigDecimal discount)

double balance(double discount, NSArray coupons)

You cannot change the return value type

double balance()

int    balance() // will not compile
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3ZIVVMHMRK�MRLIVMXIH�QIXLSHW

3ZIVVMHMRK�MW�HMJJIVIRX�JVSQ�SZIVPSEHMRK��3ZIVVMHMRK�E�QIXLSH�QIERW�GLERKMRK�
XLI�FILEZMSV�SJ�E�QIXLSH�MRLIVMXIH�JVSQ�E�WYTIVGPEWW��;LIR�E�GPEWW�MRLIVMXW�E�
QIXLSH��MX�VIWTSRHW�XS�MX�EW�XLSYKL�MX�LEH�MQTPIQIRXIH�XLI�QIXLSH�MXWIPJ��
3JXIR��]SY�RIIH�XS�QSHMJ]�XLI�VIWTSRWI�XS�ER�MRLIVMXIH�QIXLSH��;LMPI�E�
WYFGPEWW�GERRSX�QEOI�XLI�QIXLSH�E[E]��MX�GER�GLERKI�XLI�MQTPIQIRXEXMSR��
&IWMHIW�EHHMRK�RI[�QIXLSHW��]SY�GER�GLERKI�XLI�MQTPIQIRXEXMSR�SJ�I\MWXMRK�
QIXLSHW�

3ZIVVMHMRK�QIERW�TVSZMHMRK�E�RI[�MQTPIQIRXEXMSR�SJ�ER�MRLIVMXIH�QIXLSH�
[MXLSYX�GLERKMRK�XLI�REQI��XLI�EVKYQIRXW��XLI�VIXYVR�ZEPYI��SV�XLI�
EGGIWWMFMPMX]��'SRGITXYEPP]��]SY�LEZI�X[S�HMJJIVIRX�GLSMGIW�

� 'SQTPIXIP]�VITPEGI�XLI�MQTPIQIRXEXMSR�JSVKIX�XLI�WYTIVGPEWW
W�ZIVWMSR

� )\XIRH�XLI�MQTPIQIRXEXMSR�QEOI�YWI�SJ�XLI�WYTIVGPEWW
W�ZIVWMSR

8S�I\XIRH�XLI�WYTIVGPEWW
W�QIXLSH��VIYWI�MX�EW�XLI�GSVI�SJ�]SYV�RI[�PSKMG��
;LIR�]SYV�GPEWW�MQTPIQIRXW�E�QIXLSH�JSV�[LMGL�XLI�WYTIVGPEWW�EPWS�LEW�E�
ZIVWMSR��]SY�RIIH�E�[E]�XS�HMJJIVIRXMEXI�XLI�X[S��=SY�RIIH�E�VIJIVIRGI�XS�
MRZSOI�XLI�WYTIVGPEWW
W�QIXLSH�VEXLIV�XLER�]SYV�S[R��.EZE�HIJMRIW�XLI�
OI][SVH�WYTIV�JSV�XLMW�TYVTSWI�

Overriding inherited methods

Overriding—replacing the implementation of an inherited method

Re-implement the method, using the same name, type and arguments

You have two choices

• Replace the superclass behavior

• Extend the superclass behavior

To extend the behavior, include a call to the superclass method

Invoke the superclass method using the keyword super
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8S�I\XIRH�[LIR�SZIVVMHMRK��YWI�XLI�WYTIV�OI][SVH

7YTTSWI�XLEX�E�WLSTTMRK�GEVX�GPEWW�MQTPIQIRXW�E�FEPERGI���QIXLSH��-X�WMQTP]�
GEPGYPEXIW�XLI�XSXEP�SJ�EPP�MXIQW��=SY�EVI�MQTPIQIRXMRK�E�WYFGPEWW�XLEX�XEOIW�XE\�
MRXS�EGGSYRX��=SY�EPWS�RIIH�XS�GEPGYPEXI�E�FEPERGI�FYX�MRGPYHI�XLI�XE\�EW�[IPP��
7MRGI�]SYV�QIXLSH�SJ�GEPGYPEXMRK�XLI�FEPERGI�MW�HMJJIVIRX��]SY�QYWX�SZIVVMHI�
XLI�WYTIVGPEWW�ZIVWMSR��1EOI�YWI�SJ�XLI�FEPERGI�PSKMG�EPVIEH]�GSVVIGXP]�
MQTPIQIRXIH�MR�XLI�WYTIVGPEWW�FYX�QIVIP]�EHH�WSQI�EHHMXMSREP�TVSGIWWMRK��-R�
XLMW�GEWI��]SY�EVI�I\XIRHMRK�XLI�WYTIVGPEWW�PSKMG�VEXLIV�XLER�VITPEGMRK�MX�

%�QIXLSH�GER�MRZSOI�XLI�WYTIVGPEWW�QIXLSH�YWMRK�XLI�OI][SVH�WYTIV��0MOI�
XLMW��WYTIV�MW�E�TVI�HIJMRIH�SFNIGX�VIJIVIRGI�JSV�WIRHMRK�QIWWEKIW��2SVQEPP]��
[LIR�ER�SFNIGX�WIRHW�E�QIWWEKI�XS�MXWIPJ��MX�[ERXW�XS�JMRH�XLI�QIXLSH�
MQTPIQIRXEXMSR�MR�XLI�WEQI�GPEWW�

someMethod();

=SY�GER�FI�QSVI�I\TPMGMX�[MXL�XLI�OI][SVH�XLMW�

this.someMethod();

-R�FSXL�GEWIW��XLI�WXEXIQIRX�[MPP�JMRH�XLI�QIXLSH�[LIXLIV�XLI�GPEWW�
MQTPIQIRXW�MX�SV�MRLIVMXW�MX�JVSQ�E�WYTIVGPEWW��;LIR�SZIVVMHMRK��]SY�RIIH�XS�
F]TEWW�XLI�MQTPIQIRXEXMSR�MR�XLI�WYFGPEWW�ERH�MRZSOI�XLI�MQTPIQIRXEXMSR�MR�
XLI�WYTIVGPEWW��8S�HS�WS��YWI�XLI�OI][SVH�WYTIV�

super.someMethod();

To extend when overriding, use the super keyword

Overriding to extend the superclass method

public double balance() {

// call the super class implementation

double balance = super.balance();

// extend it

balance = balance + (balance * taxRate);

return balance;

}

Invoking overridden version of the method

this.balance(); or simply balance();

Invoking the superclass’s version of the method

super.balance();
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%�GPSWIV�PSSO�EX�XLMW�ERH�WYTIV

=SY�YWI�XLI�OI][SVHW�XLMW�ERH�WYTIV�MR�WMQMPEV�[E]W��FSXL�EVI�WTIGMEP��
TVIHIJMRIH�VIJIVIRGIW�YWIH�XS�MRZSOI�QIXLSHW��8EOI�E�QSQIRX�XS�WXYH]�LS[�
XLI]�[SVO�ERH�IWTIGMEPP]�LS[�XLI]�EVI�HMJJIVIRX�

XLMW�MW�E�VIJIVIRGI�XS�XLI�GYVVIRX�SFNIGX��XLI�XEVKIX�SJ�E�QIWWEKI�XLEX�GEYWIH�XLI�
MRZSGEXMSR�SJ�XLI�GYVVIRX�QIXLSH��;LMPI�I\IGYXMRK�XLI�QIXLSH��XLI�GYVVIRX�
SFNIGX�GER�WIRH�E�QIWWEKI�XS�MXWIPJ�YWMRK�XLMW��*YRHEQIRXEPP]��XLMW�MW�E�VIJIVIRGI�
XS�ER�SFNIGX�

;LIR�E�QIWWEKI�MW�WIRX�XS�ER�SFNIGX�WYGL�EW�FEPERGI���XLI�.EZE�VYRXMQI�
HIXIVQMRIW�XLI�GPEWW�SJ�XLI�SFNIGX�ERH�WXEVXW�PSSOMRK�JSV�E�QIXLSH�SJ�XLI�WEQI�
REQI�FEPERGI����8LI�WIEVGL�WXEVXW�[MXL�XLI�QSWX�WTIGMJMG�GPEWW�XLIR�
GSRXMRYIW�lYT[EVHz��ZMWMXMRK�IEGL�SJ�XLI�WYTIVGPEWWIW��%W�WSSR�EW�ER�
MQTPIQIRXEXMSR�MW�JSYRH��XLI�WIEVGL�WXSTW�ERH�XLI�QIXLSH�MW�I\IGYXIH��8LMW�
MW�XLI�IWWIRGI�SJ�E�QIGLERMWQ�GEPPIH�H]REQMG�FMRHMRK��GSYTPIH�[MXL�XLI�
QIGLERMWQ�SJ�MRLIVMXERGI�

3JXIR��XLI�QIXLSH�MW�MQTPIQIRXIH�MR�XLI�QSWX�WTIGMJMG�GPEWW��IZIR�MJ�
WYTIVGPEWWIW�EPWS�LEZI�E�QEXGLMRK�QIXLSH��-R�XLMW�GEWI��XLI�WTIGMJMG�GPEWW�LEW�
SZIVVMHHIR�XLI�QIXLSH�ZIVWMSR�MX�MRLIVMXIH�JVSQ�MXW�WYTIVGPEWW��

;LIR�]SY�WIRH�E�QIWWEKI�YWMRK�WYTIV��XLI�WIEVGL�HSIW�RSX�WXEVX�[MXL�XLI�QSWX�
WTIGMJMG�GPEWW�SJ�XLI�SFNIGX��&]�HIWMKR��MX�MKRSVIW�SZIVVMHHIR�QIXLSHW�MR�XLI�
GYVVIRX�GPEWW��WOMTTMRK�SRI�PIZIP�YT[EVH�MR�XLI�LMIVEVGL]��;LMPI�XLMW�MW�E�
VIJIVIRGI�XS�ER�SFNIGX��WYTIV�MW�GSRGITXYEPP]�E�VIJIVIRGI�XS�E�GPEWW�

A closer look at this and super

Object

Product

TaxableProduct

TaxableProduct

name

price

“Widget”

$10.00

class

this

super

double balance()

double balance()

this refers to an object instance—super refers to a class
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'SRWXVYGXSVW�KYEVERXII�TVSTIV�MRMXMEPM^EXMSR

%W�E�GPEWW�TVSHYGIV��]SY�RIIH�XS�GSRXVSP�XLI�MRMXMEP�WXEXI�SJ�E�RI[P]�GVIEXIH�
SFNIGX��=SY�RIIH�E�VIPMEFPI�QIGLERMWQ�JSV�MRMXMEPM^MRK�XLI�SFNIGX�FIJSVI�XLI�
GSRWYQIV�KEMRW�EGGIWW�XS�MX��.EZE�KYEVERXIIW�XLI�TVSTIV�MRMXMEPM^EXMSR�SJ�SFNIGXW�
[MXL�E�WTIGMEP�X]TI�SJ�QIXLSH�GEPPIH�XLI�GSRWXVYGXSV��&]�GSHMRK�E�GYWXSQ�
GSRWXVYGXSV��]SY�GER�GSRXVSP�ER�SFNIGX
W�MRMXMEP�WXEXI�

%�GPEWW�GSRWYQIV�GVIEXIW�E�RI[�SFNIGX�F]�GEPPMRK�XLI�GSRWXVYGXSV�[MXL�XLI�
OI][SVH�RI[��%W�E�GPEWW�HIWMKRIV��]SY�GER�MQTPIQIRX�XLI�GSRWXVYGXSV�XS�
TIVJSVQ�ER]�EGXMSRW�RIGIWWEV]�XS�MRMXMEPM^I�XLI�WXEXI�SJ�XLI�SFNIGX��8]TMGEPP]�XLMW�
QIERW�EWWMKRMRK�HIJEYPX�ZEPYIW�EHHMXMSREP�SFNIGXW�XS�MRWXERGI�ZEVMEFPIW��

;LMPI�E�GSRWXVYGXSV�PSSOW�QYGL�PMOI�ER]�QIXLSH��MX�LEW�WSQI�WTIGMEP�
TVSTIVXMIW��8LI�GSRWXVYGXSV�REQI�MW�XLI�WEQI�EW�XLI�GPEWW�REQI��1SWX�
GSRWXVYGXSVW�EVI�TYFPMG��%RH�E�GSRWXVYGXSV�LEW�RS�VIXYVR�ZEPYI��RSX�IZIR�ZSMH��

=SY�HSR
X�LEZI�XS�MQTPIQIRX�E�GSRWXVYGXSV��-J�]SY�HSR
X��.EZE�TVSZMHIW�E�
HIJEYPX�GSRWXVYGXSV�JSV�]SY��8LMW�IREFPIW�E�GPEWW�GSRWYQIV�XS�GEPP�XLI�HIJEYPX�
GSRWXVYGXSV�IZIR�[LIR�]SY�HSR
X�[VMXI�SRI��8LI�HIJEYPX�GSRWXVYGXSV�XEOIW�RS�
EVKYQIRXW�ERH�PIEZIW�XLI�MRWXERGI�ZEVMEFPIW�]SYV�GPEWW�HIJMRIW�MR�XLIMV�HIJEYPX�
WXEXI���SV�RYPP�ZEPYIW��7MRGI�XLI�HIJEYPX�GSRWXVYGXSV�XEOIW�RS�EVKYQIRXW��MX�MW�
SJXIR�GEPPIH�XLI�lRS�EVKz�GSRWXVYGXSV�

Constructors guarantee proper initialization

Class consumers create objects with a constructor

ShoppingCart cart = new ShoppingCart();

Class producers can implement a constructor to initialize the object

public ShoppingCart() {

items = new NSMutableArray();

}

The constructor name is the same as the class name

The constructor has no return type, not even void

If you don’t provide a constructor, Java generates one by default
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)ZIV]�WYTIVGPEWW�TPE]W�E�VSPI�HYVMRK�GSRWXVYGXMSR

6IQIQFIV�XLEX�]SYV�GPEWW�MW�HIJMRIH�[MXLMR�ER�MRLIVMXERGI�LMIVEVGL]��)ZIR�XLI�
QSWX�FEWMG�GPEWW�LEW�EX�PIEWX�SRI�WYTIVGPEWW�3FNIGX��&IGEYWI�SJ�MRLIVMXERGI��
XLI�WIX�SJ�MRWXERGI�ZEVMEFPIW�MR�ER�SFNIGX�MW�E�GSQFMREXMSR�SJ�ZEVMEFPIW�HIJMRIH�
F]�QYPXMTPI�WYTIVGPEWWIW�MR�XLI�LMIVEVGL]��%�4IVWSR�GPEWW�HIJMRIW�XLI�JMVWX�ERH�
PEWX�REQI�ZEVMEFPIW��8LI�'YWXSQIV�WYFGPEWW�EHHW�XLI�GYWXSQIV�RYQFIV��E�WEPIW�
TIVWSR�VIJIVIRGI��ERH�WS�SR��4VSTIV�GSRWXVYGXMSR�SJ�E�RI[�SFNIGX�VIUYMVIW�XLEX�
IEGL�TEVXMGMTEXMRK�GPEWW�KIXW�E�GLERGI�XS�MRMXMEPM^I�XLI�ZEVMEFPIW�MX�HIJMRIW�

.EZE�IRWYVIW�XLEX�[LIR�E�GSRWXVYGXSV�MW�GEPPIH�JSV�E�TEVXMGYPEV�GPEWW�'YWXSQIV�
JSV�I\EQTPI�XLI�GSRWXVYGXSV�JSV�IEGL�SJ�MXW�WYTIVGPEWWIW�MW�EPWS�GEPPIH�4IVWSR�
ERH�3FNIGX��8LMW�MW�GEPPIH�GSRWXVYGXSV�GLEMRMRK��8LI�GSRWXVYGXSVW�EVI�I\IGYXIH�
JVSQ�XST�HS[R��JVSQ�XLI�QSWX�KIRIVEP�XS�XLI�QSWX�WTIGMJMG�GPEWW��-R�XLMW�
I\EQTPI��XLI�WIUYIRGI�MW�3FNIGX��XLIR�4IVWSR��XLIR�'YWXSQIV�

Every superclass plays a role during construction

Object

Person

Customer

Customer()

Person()

Object()

A Customer is a Person and an Object
• Each superclass contributes functionality
• Each superclass gets to initialize

Constructing an object . . .
new Customer()

Involves multiple constructors
Object()
Person()
Customer()

Java ensures that all constructors are called

Constructors are executed from top down
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'EPPMRK�XLI�WYTIVGPEWW�GSRWXVYGXSV

8LI�TVEGXMGEP�MQTPMGEXMSR�SJ�GSRWXVYGXSV�GLEMRMRK�MW�XLEX�WYTIVGPEWW�
GSRWXVYGXSVW�[MPP�FI�I\IGYXIH�FIJSVI�WYFGPEWW�GSRWXVYGXSVW��&]�XLI�XMQI�]SYV�
GSRWXVYGXSV�FIKMRW�ER]�GYWXSQ�MRMXMEPM^EXMSR�PSKMG��XLI�WYTIVGPEWW�TSVXMSRW�SJ�
XLI�SFNIGX�LEZI�EPVIEH]�FIIR�MRMXMEPM^IH��-R�XLI�GYVVIRX�I\EQTPI��[LIR�
MRMXMEPM^MRK�XLI�WXEXI�SJ�E�RI[�GYWXSQIV��]SY�GER�EWWYQI�XLI�4IVWSR�TEVX�SJ�XLI�
SFNIGX�MW�VIEH]�XS�YWI�

=SY�GER�I\TPMGMXP]�GEPP�XLI�WYTIVGPEWW�GSRWXVYGXSV�YWMRK�XLI�WYTIV�OI][SVH��9WI�
MX�EW�XLSYKL�MX�[IVI�E�QIXLSH�REQI�

super();

-J�]SY�GEPP�XLI�WYTIVGPEWW�GSRWXVYGXSV�I\TPMGMXP]��MX�QYWX�FI�XLI�JMVWX�WXEXIQIRX�
SJ�]SYV�GSRWXVYGXSV��-J�]SY�MRWIVX�ER]�WXEXIQIRXW�FIJSVI�XLI�WYTIVGPEWW�
GSRWXVYGXSV�GEPP��]SYV�GSHI�[MPP�RSX�GSQTMPI�

=SY�GER�SQMX�XLI�I\TPMGMX�GEPP�XS�XLI�WYTIVGPEWW�GSRWXVYGXSV��XLI�.EZE�VYRXMQI�
[MPP�GEPP�XLI�GSRWXVYGXSV�JSV�]SY��

;L]�[SYPH�]SY�GEPP�XLI�WYTIVGPEWW�GSRWXVYGXSV�I\TPMGMXP]�MJ�.EZE�HSIW�MX�JSV�]SY�
EYXSQEXMGEPP]#�'PEWWIW�GER�HIJMRI�QYPXMTPI�GSRWXVYGXSVW��8LI]�HMJJIV�MR�XLI�
RYQFIV�SV�X]TI�SJ�EVKYQIRXW�XLI]�XEOI��;LIR�.EZE�EYXSQEXMGEPP]�GEPPW�XLI�
WYTIVGPEWW�GSRWXVYGXSV��MX�GEPPW�XLI�HIJEYPX�RS�EVKYQIRX�GSRWXVYGXSV��-J�]SY�[ERX�
E�HMJJIVIRX�GSRWXVYGXSV��]SY�QYWX�GEPP�MX�I\TPMGMXP]��JSV�I\EQTPI�

super(“jane”,”Doe”);

Calling the superclass constructor

A constructor can call the superclass constructor explicitly

public Customer() {

super(); // must be the first statement

name = "Jane";

}

Otherwise,  it is automatically called by the Java runtime implicitly

public Customer() {

name = "Jane";

}
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1YPXMTPI�GSRWXVYGXSVW�[MXL�SZIVPSEHMRK

=SYV�GPEWW�GER�HIJMRI�QYPXMTPI�GSRWXVYGXSVW�YWMRK�SZIVPSEHMRK��3ZIVPSEHMRK�
QIERW�VIYWMRK�XLI�WEQI�QIXLSH�REQI�FYX�GLERKMRK�XLI�RYQFIV�SV�X]TI�SJ�
EVKYQIRXW��%�7LSTTMRK'EVX�GPEWW�QMKLX�HIJMRI�E�HIJEYPX�RS�EVKYQIRX�
GSRWXVYGXSV�ERH�E�WIGSRH�GSRWXVYGXSV�XLEX�EGGITXW�XLI�EWWSGMEXIH�GYWXSQIV�
SFNIGX��8LMW�EPPS[W�GPEWW�GSRWYQIVW�XS�GVIEXI�E�WLSTTMRK�GEVX�MR�X[S�HMJJIVIRX�
[E]W��;LIR�XLI�GYWXSQIV�MW�RSX�]IX�ORS[R�

ShoppingCart cart = new ShoppingCart();

SV�[LIR�XLI�GYWXSQIV�MW�EPVIEH]�EZEMPEFPI�

ShoppingCart cart = new ShoppingCart(customer);

%W�XLI�GPEWW�HIWMKRIV��]SY�GER�LEZI�SRI�SJ�]SYV�GSRWXVYGXSVW�GEPP�ERSXLIV�YWMRK�
XLI�OI][SVH�XLMW��8S�GEPP�E�GSRWXVYGXSV��YWI�MX�EX�XLSYKL�MX�[IVI�E�QIXLSH�REQI�

this();

8LMW�[E]��]SY�GER�VIYWI�XLI�PSKMG�MR�SRI�GSRWXVYGXSV�EW�TEVX�SJ�XLI�PSKMG�SJ�
ERSXLIV�[MXLSYX�HYTPMGEXMRK�GSHI��

8LI�RYQFIV�ERH�X]TI�SJ�EVKYQIRXW�]SY�TVSZMHI�HIXIVQMRIW�[LMGL�
GSRWXVYGXSV�MW�GEPPIH�

this(); // calls ShoppingCart()

this(customer); // calls ShoppingCart(Customer customer)

Multiple constructors with overloading

You can provide multiple constructors by overloading

One constructor can call the other using this

public ShoppingCart() {

super();

items = new NSMutableArray();

}

public ShoppingCart(Customer newShopper) {

this();

shopper = newShopper;

}
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;LIR�]SY�TVSZMHI�]SYV�S[R�GSRWXVYGXSVW

-J�]SY�HSR
X�MQTPIQIRX�ER]�GSRWXVYGXSVW��.EZE�KIRIVEXIW�XLI�HIJEYPX�lRS�EVKz�
GSRWXVYGXSV��-J�]SY�MQTPIQIRX�ER]�GSRWXVYGXSVW��.EZE�HSIW�RSX�KIRIVEXI�XLI�
HIJEYPX��-J�]SYV�GPEWW�GSRWYQIVW�I\TIGX�XS�YWI�XLI�RS�EVK�GSRWXVYGXSV�MR�XLMW�
GEWI��]SY�QYWX�MQTPIQIRX�MX�I\TPMGMXP]�

%RSXLIV�WTIGMEP�EWTIGX�SJ�GSRWXVYGXSVW�MW�XLEX��YRPMOI�WXERHEVH�QIXLSHW��XLI]�
EVI�RSX�MRLIVMXIH��-J�XLI�4IVWSR�WYTIVGPEWW�HIJMRIW�E�SRI�EVKYQIRX�GSRWXVYGXSV�
WYGL�EW�

public Person(String lastName);

XLMW�HSIW�RSX�MQTP]�XLEX�XLI�'YWXSQIV�WYFGPEWW�EYXSQEXMGEPP]�VIWTSRHW�XS�

new Customer(“Doe”);

8S�IREFPI�XLMW�GETEFMPMX]��XLI�'YWXSQIV�WYFGPEWW�QYWX�HIJMRI�E�QEXGLMRK�
GSRWXVYGXSV��IZIR�MJ�MX�HSIW�RSXLMRK�

public Customer(String lastName) { ...

When you provide your own constructors

If you implement any constructors, you must implement all of them

If you don’t provide any constructors, Java generates a default

public Customer() { // “no-arg” default

super();

}

If you implement any constructors, Java does not generate a default

Unless you also provide a default, your class doesn’t have one

person = new Customer(); // will not compile

Constructors are not inherited—you must re-implement them
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%HHMRK�RI[�WXEXMG�ZEVMEFPIW�ERH�QIXLSHW

=SY�GER�EPWS�HIJMRI�WXEXMG�EPWS�ORS[R�EW�GPEWW�QIXLSHW�ERH�ZEVMEFPIW��9WI�
XLI�OI][SVH�WXEXMG�XS�HS�WS�

7XEXMG�QIXLSHW�GER�FI�MRZSOIH�YWMRK�XLI�GPEWW�REQI��%�GSRWYQIV�GER�MRZSOI�
XLI�QIXLSH�[MXLSYX�JMVWX�GVIEXMRK�ER�MRWXERGI�SJ�XLI�GPEWW��8LMW�MW�E�PSKMGEP�
GSRZIRMIRGI�JSV�QIXLSHW�XLEX�TVSZMHI�WIVZMGIW�JSV�XLI�GPEWW�EW�E�[LSPI��[MXLSYX�
VIJIVIRGI�XS�E�WTIGMJMG�MRWXERGI�

7XEXMG�QIXLSHW�GER�EPWS�FI�MRZSOIH�F]�GSHI�MR�]SYV�MRWXERGI�QIXLSHW�

7XEXMG�ZEVMEFPIW�EVI�RSX�WXSVIH�MR�IEGL�SFNIGX�MRWXERGI�SJ�XLI�GPEWW��FYX�MR�XLI�
GPEWW�MXWIPJ��8LMW�MW�MHIEP�JSV�HEXE�XLEX�ETTPMIW�XS�XLI�GPEWW�EW�E�[LSPI�[MXLSYX�
VIJIVIRGI�XS�E�WTIGMJMG�MRWXERGI��)ZIR�XLSYKL�XLIVI�QMKLX�FI�WIZIVEP�WLSTTMRK�
GEVXW��XLIVI�MW�SRP]�SRI�GST]�SJ�XLI�XE\�VEXI�ETTPMIH�XS�EPP�WLSTTMRK�GEVXW��8LMW�
MW�GPIEVP]�QSVI�IJJMGMIRX�XLEX�WXSVMRK�E�VIHYRHERX�GST]�MR�IEGL�WLSTTMRK�GEVX�
MRWXERGI��8LMW�EPPS[W�]SY�XS�GLERKI�XLI�ZEPYI�SJ�XLI�WXEXMG�ZEVMEFPI�MR�SRI�TPEGI�
[LMPI�QEOMRK�MX�ZMWMFPI�XS�IEGL�SFNIGX�MRWXERGI�

7XEXMG�QIXLSHW�GER�SRP]�EGGIWW�WXEXMG�ZEVMEFPIW��7XEXMG�QIXLSHW�GERRSX�EGGIWW�
MRWXERGI�ZEVMEFPIW��&]�HIJMRMXMSR��WXEXMG�QIXLSHW�EVI�MRHITIRHIRX�SJ�MRWXERGIW�
ERH�LEZI�RS�[E]�SJ�EGGIWWMRK�XLIQ�SV�XLI�MRWXERGI�ZEVMEFPIW�XLI]�TSWWIWW�

Adding new static variables and  methods

Your class can define static variables and methods

public static double TaxRate;

public static Store headQuarters() { . . .

They are available from the class as well as an instance of the class

double rate = ShoppingCart.TaxRate;

Store store  = Store.headQuarters();

Instance method code can reference them directly

double rate = TaxRate;

Store store  = headQuarters();

 Often called class—as opposed to instance—variables and methods
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:EVMEFPIW�LEZI�E�WGSTI�ZMWMFMPMX]�ERH�PMJIXMQI

%W�E�GPEWW�HIWMKRIV��]SY�GER�HIJMRI�XLVII�HMJJIVIRX�X]TIW�SJ�ZEVMEFPIW��=SY�
WLSYPH�YRHIVWXERH�XLI�MQTPMGEXMSRW�SJ�IEGL�GLSMGI��8LI]�HMJJIV�MR�XIVQW�SJ�
WGSTI�ZMWMFMPMX]�ERH�PMJIXMQI��:MWMFMPMX]�QIERW�[LEX�TEVXW�SJ�]SYV�GPEWW�GSHI�GER�
lWIIz�XLI�ZEVMEFPI�REQI�[LIVI�MW�XLI�ZEVMEFPI�EGGIWWMFPI��0MJIXMQI�QIERW�
LS[�PSRK�HSIW�XLI�ZEVMEFPI�PEWX�[LIR�MX�MW�GVIEXIH��[LIR�MX�MW�HIWXVS]IH��LS[�
PSRK�[MPP�MX�QEMRXEMR�E�TEVXMGYPEV�ZEPYI��0MJIXMQI�LEW�HMVIGX�MQTPMGEXMSRW�SR�XLI�
QIQSV]�VIUYMVIQIRXW�SJ�]SYV�ETTPMGEXMSR�

7XEXMG�ZEVMEFPIW�EPWS�ORS[R�EW�GPEWW�ZEVMEFPIW�VIWMHI�MR�XLI�GPEWW�MXWIPJ��8LI]�
PEWX�EW�PSRK�EW�XLI�GPEWW��[LMGL�MW�KIRIVEPP]�XLI�PMJIXMQI�SJ�XLI�ETTPMGEXMSR��
8LIVI�MW�SRP]�SRI�GST]�SJ�XLI�ZEVMEFPI�MR�XLI�GPEWW��8LI�HIJEYPX�ZEPYI�MW����
8LI�ZEVMEFPI�MW�ZMWMFPI�XS�XLI�GPEWW�ERH�XS�EPP�MRWXERGIW�SJ�XLI�GPEWW�

-RWXERGI�ZEVMEFPIW�VIWMHI�MR�XLI�SFNIGX�ER�MRWXERGI�SJ�XLI�GPEWW��)EGL�SFNIGX�
LEW�MXW�S[R�ZEVMEFPI��8LI�ZEVMEFPI�MW�GVIEXIH�ERH�HIWXVS]IH�EPSRK�[MXL�XLI�
SFNIGX�ERH�MW�ZMWMFPI�SRP]�XS�XLEX�SFNIGX��8LI�HIJEYPX�ZEPYI�MW����-RWXERGI�
ZEVMEFPIW�LEZI�XLI�KVIEXIWX�TSXIRXMEP�MQTEGX�SR�]SYV�ETTPMGEXMSR
W�QIQSV]�
VIWSYVGIW�

0SGEP�ZEVMEFPIW�EVI�XLI�QSWX�XVERWMIRX�X]TI�XLI]�I\MWX�SRP]�[LMPI�I\IGYXMRK�
XLI�QIXLSH�MR�[LMGL�XLI]�EVI�HIJMRIH��8LI]�EVI�SJXIR�GEPPIH�XIQTSVEV]�
ZEVMEFPIW��8LI]�EVI�ZMWMFPI�SRP]�XS�XLI�GSHI�[MXLMR�XLI�QIXLSH��0SGEP�ZEVMEFPIW�
KIRIVEPP]�LEZI�XLI�PIEWX�MQTEGX�SR�]SYV�ETTPMGEXMSR
W�QIQSV]�VIWSYVGIW�

Variables have a scope—visibility and lifetime

Static (class) variable

• One copy per class; good for the application’s lifetime

• Visible to class and all objects

• Default value is 0

Instance variable

• One copy per object; good for the object’s lifetime

• Visible to that object

• Default value is 0

Local variable

• Good while executing within the block that defines it

• Visible only to that block

• Default value undefined: be sure to initialize
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(IJMRMXMSRW�SJ�HMJJIVIRX�ZEVMEFPI�WGSTIW

8LMW�GSHI�I\EQTPI�HIQSRWXVEXIW�XLI�XLVII�HMJJIVIRX�ZEVMEFPI�WGSTI�
HIJMRMXMSRW��2SXMGI�XLEX�WXEXMG�ERH�MRWXERGI�ZEVMEFPIW�EVI�HIJMRIH�SYXWMHI�SJ�ER]�
QIXLSH�GSHI�FPSGOW��%�GST]�SJ�ER�MRWXERGI�ZEVMEFPI�MW�EPPSGEXIH�JSV�IZIV]�SFNIGX�
MRWXERGI�XLEX�MW�GVIEXIH�EX�VYRXMQI��8LI�MRWXERGI�ZEVMEFPI�MW�HIEPPSGEXIH�[LIR�
XLI�SFNIGX�MW�KEVFEKI�GSPPIGXIH��8LIVI�MW�SRP]�SRI�GST]�SJ�E�WXEXMG�ZEVMEFPI�
ETTPMGEXMSR�[MHI�MX�FIPSRKW�XS�XLI�GPEWW�MXWIPJ��;LMPI�MX�MW�EGGIWWMFPI�XS�IEGL�
SFNIGX�MRWXERGI��MX�MW�WLEVIH�F]�EPP�SFNIGXW�

0SGEP�ZEVMEFPIW�EVI�HIJMRIH�[MXL�QIXLSH�GSHI�FPSGOW��8LI]�EVI�ZEPMH�SRP]�
[LMPI�I\IGYXMRK�XLI�GSHI�FPSGO�MR�[LMGL�XLI]�EVI�HIJMRIH��1IXLSH�GSHI�
FPSGOW�GER�GSRXEMR�EHHMXMSREP�RIWXIH�GSHI�FPSGOW�WYGL�EW�XLSWI�YWIH�JSV�MJ�SV�
[LMPI�WXEXIQIRXW��8LIWI�GER�HIJMRI�XLIMV�S[R�PSGEP�ZEVMEFPIW�EW�[IPP��

0SGEP�ZEVMEFPIW�HMJJIV�JVSQ�WXEXMG�ERH�MRWXERGI�ZEVMEFPIW�MR�XLEX�XLIMV�HIJEYPX�
ZEPYIW�EVI�YRHIJMRIH��&I�WYVI�XS�MRMXMEPM^I�XLIQ�FIJSVI�YWMRK�XLIMV�ZEPYIW��8LI�
.EZE�GSQTMPIV�MW�WQEVX�EFSYX�[EVRMRK�]SY�[LIR�]SY�JSVKIX�XS�HS�WS�

Definitions of different variable scopes

public class ShoppingCart {

// static variable

public static cartCount;

// instance variable

protected NSMutableArray items; 

public double balance() {

// local variable

double balance = 0; 

. . .

}

}



��

1EOMRK�WSQIXLMRK�JMREP

=SY�GER�YWI�XLI�JMREP�OI][SVH�XS�MRHMGEXI�XLEX�WSQIXLMRK�GERRSX�FI�GLERKIH��
8LI�HIJMRMXMSR�MW�JMREP��=SY�GER�ETTP]�XLI�OI][SVH�XS�E�GPEWW��E�QIXLSH��SV�E�
ZEVMEFPI��*MREP�GPEWWIW�GERRSX�FI�WYFGPEWWIH��JMREP�QIXLSHW�GERRSX�FI�
SZIVVMHHIR�F]�WYFGPEWWIW�ERH�E�JMREP�ZEVMEFPI
W�ZEPYI�GERRSX�FI�QSHMJMIH�

8LI�JMREP�OI][SVH�MW�QSWXP]�YWIH�XS�QEOI�E�WXEXMG�ZEVMEFPI�GSRWXERX��3RGI�MX�MW�
MRMXMEPM^IH��MX�GERRSX�FI�QSHMJMIH�

=SY�WLSYPH�FI�GEVIJYP�EFSYX�QEOMRK�GPEWWIW�SV�QIXLSHW�JMREP��-RLIVMXERGI�
EPPS[W�]SYV�MQTPIQIRXEXMSRW�XS�FI�VIJMRIH�F]�JYXYVI�WYFGPEWWIW��-X�MW�HMJJMGYPX�
XS�ERXMGMTEXI�XLI�JYXYVI��=SY�HS�RSX�[ERX�XS�TVIQEXYVIP]�TVIGPYHI�E�JYXYVI�
WYFGPEWW�HIWMKRIV�JVSQ�PIZIVEKMRK�]SYV�[SVO�[MXLSYX�XLI�EFMPMX]�XS�GLERKI�MX�

Making something final

Final definitions cannot be modified

• Final classes cannot be subclassed

• Final methods cannot be overridden

• Final variables are constants

Typically used to define static constants

Use the keyword final

  public static final double TaxRate = .08;
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'PEWWIW�EVI�IMXLIV�EFWXVEGX�SV�GSRGVIXI

%PP�GPEWWIW�MR�XLI�LMIVEVGL]�JEPP�MRXS�XS�HMJJIVIRX�GEXIKSVMIW��GSRGVIXI�SV�EFWXVEGX��
'SRGVIXI�GPEWWIW�EVI�VIEH]�XS�YWI�F]�GPEWW�GSRWYQIVW�XLI]�GER�FI�
MRWXERXMEXIH��%FWXVEGX�GPEWWIW��EW�XLIMV�REQI�MQTPMIW��EVI�RSX�GSQTPIXI�RSV�
HMVIGXP]�YWEFPI��%FWXVEGX�GPEWWIW�GERRSX�FI�MRWXERXMEXIH��8LI]�TVSZMHI�E�
XIQTPEXI�FYX�VIUYMVI�E�GSRGVIXI�WYFGPEWW�MQTPIQIRXEXMSR�XS�QEOI�XLIQ�
YWEFPI�

.EZE�HIJMRIW�XLI�EFWXVEGX�OI][SVH�JSV�QEVOMRK�E�GPEWW�SV�E�QIXLSH�EFWXVEGX��%R�
EFWXVEGX�GPEWW�GERRSX�FI�MRWXERXMEXIH��%R�EFWXVEGX�QIXLSH�LEW�RS�
MQTPIQIRXEXMSR�MX�LEW�RS�QIXLSH�FSH]��-J�E�GPEWW�LEW�EX�PIEWX�SRI�EFWXVEGX�
QIXLSH��MX�MW�EYXSQEXMGEPP]�GSRWMHIVIH�EFWXVEGX�

%FWXVEGX�GPEWWIW�EVI�YWIH�XS�HIJMRI�E�TVSXSX]TI�JSV�WYFGPEWW�HIWMKRIVW��'SRWMHIV�
XLI�GSRGITX�SJ�ER�%WWIX��%�VIEWSREFPI�HIWMKR�QERHEXIW�XLEX�EPP�EWWIXW�WLSYPH�
LEZI�E�TVMGI�EXXVMFYXI�ERH�E�QIXLSH�JSV�GEPGYPEXMRK�XLI�FEPERGI��(MJJIVIRX�
EWWIXW�QE]�GSQTYXI�XLIMV�FEPERGIW�HMJJIVIRXP]��8LI�FEPERGI���QIXLSH�MW�
QEVOIH�EFWXVEGX�ERH�XLI�MQTPIQIRXEXMSR�MW�HIJIVVIH�XS�WYFGPEWW�HIWMKRIVW��
%PXLSYKL�XLI�FEPERGI���QIXLSH�MW�EFWXVEGX��MX�MW�E�JSVQEP�TEVX�SJ�XLI�GPEWW�MX�MW�
VIUYMVIH��-J�WYFGPEWWIW�HS�RSX�TVSZMHI�E�GSQTPIXI�MQTPIQIRXEXMSR��XLI]�EVI�
EPWS�GSRWMHIVIH�EFWXVEGX��

Classes are either abstract or concrete

Abstract definitions defer implementation to subclasses

• Abstract classes cannot be instantiated

• Abstract methods must be overridden

Concrete subclasses provide non-abstract implementations

Abstract classes provide a template for concrete subclasses

Use the keyword abstract

public abstract class Asset {

private double price;

public abstract double balance();

}
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=SY�GER�HIJMRI�RI[�MRXIVJEGIW

=SY�QE]�JMRH�MX�YWIJYP�XS�HIJMRI�E�RI[�MRXIVJEGI��%R�MRXIVJEGI�HIJMRIW�E�WIX�SJ�
QIXLSHW�[MXLSYX�TVSZMHMRK�ER�MQTPIQIRXEXMSR��%R�MRXIVJEGI�HIWGVMFIW�LS[�ER�
SFNIGX�FILEZIW�[MXLSYX�WTIGMJ]MRK�MXW�GPEWW�SV�WYTIVGPEWW�X]TI��-RXIVJEGIW�EVI�
RSX�GPEWWIW�ERH�GERRSX�FI�MRWXERXMEXIH��6EXLIV��XLI]�EVI�MQTPIQIRXIH�F]�
GPEWWIW�ERH�HIJMRI�E�ZEPMH�[E]�SJ�X]TMRK�SFNIGXW�JVSQ�XLSWI�GPEWWIW�

%R�MRXIVJEGI�LEW�E�REQI�ERH�QYWX�FI�HIJMRIH�MR�E�JMPI�SJ�XLI�WEQI�REQI�
JSPPS[IH�F]�XLI��NEZE�I\XIRWMSR��-RXIVJEGIW�QYWX�FI�TYFPMG��-RWXIEH�SJ�XLI�GPEWW�
OI][SVH��YWI�XLI�MRXIVJEGI�OI][SVH��8LI�FSH]�SJ�ER�MRXIVJEGI�IRGPSWIH�
FIX[IIR�FVEGIW�GSRXEMRW�QIXLSH�HIGPEVEXMSRW�[MXLSYX�XLI�QIXLSH�GSHI�
FPSGOW��&]�HIJMRMXMSR��MRXIVJEGIW�HS�RSX�TVSZMHI�MQTPIQIRXEXMSRW��-RXIVJEGIW�
GER�EPWS�HIJMRI�WXEXMG�GSRWXERXW�

-RXIVJEGIW�GER�I\XIRH�SXLIV�MRXIVJEGIW�NYWX�PMOI�WYFGPEWWIW�I\XIRH�WYTIVGPEWWIW��
8LMW�MQTPMIW�XLEX�XLI�MRXIVJEGI�MRLIVMXW�QIXLSHW�ERH�GSRWXERXW�JVSQ�XLI�
MRXIVJEGI�MX�I\XIRHW��7MRGI�XLIVI�EVI�RS�MQTPIQIRXEXMSRW�XS�MRLIVMX��XLMW�MW�
YWYEPP]�VIJIVVIH�XS�EW�MRXIVJEGI�MRLIVMXERGI��'PEWW�FEWIH�MRLIVMXERGI�GSQFMRIW�
MRXIVJEGI�ERH�MQTPIQIRXEXMSR�MRLIVMXERGIW�

7MRGI�SRI�GPEWW�GER�MQTPIQIRX�QSVI�XLER�SRI�MRXIVJEGI��SRI�GPEWW�GER�
IWWIRXMEPP]�LEZI�QYPXMTPI�FILEZMSVW�SV�TIVWSREPMXMIW��.EZE�MRXIVJEGIW�TVSZMHI�ER�
EPXIVREXMZI�XS�XVEHMXMSREP�QYPXMTPI�MRLIVMXERGI�

You can define new interfaces

Asset.java

public interface Asset {

public final static double TaxRate = .08;

public double balance();

}

Interfaces specify a set of methods 

• Independent of class

• Independent of implementation

Interfaces can also define constants
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=SYV�GPEWW�GER�MQTPIQIRX�MRXIVJEGIW

=SYV�GPEWW�GER�MQTPIQIRX�SRI�SV�QSVI�MRXIVJEGIW��=SYV�GPEWW�HIGPEVIW�MXW�
WYTIVGPEWW�JSPPS[IH�F]�ER�STXMSREP�HIGPEVEXMSR�SJ�SRI�SV�QSVI�MRXIVJEGIW�XLEX�
]SYV�GPEWW�MQTPIQIRXW�

implements Asset

1YPXMTPI�MRXIVJEGI�REQIW�EVI�WITEVEXIH�F]�E�GSQQE��6IQIQFIV�XLEX�]SY�QYWX�
MQTSVX�XLI�TEGOEKI�XLEX�HIJMRIW�XLI�MRXIVJEGI�REQI�YRPIWW�XLI�MRXIVJEGI�MW�TEVX�
SJ�XLI�WEQI�TEGOEKI�EW�]SYV�GPEWW��

8S�MQTPIQIRX�ER�MRXIVJEGI��]SYV�GPEWW�QYWX�TVSZMHI�ER�MQTPIQIRXEXMSR�JSV�
IZIV]�QIXLSH�HIJMRIH�MR�XLI�MRXIVJEGI��=SY�GER�MRLIVMX�XLI�MQTPIQIRXEXMSR�
JVSQ�E�WYTIVGPEWW�EW�[IPP�

3RGI�]SY�LEZI�MQTPIQIRXIH�ER�MRXIVJEGI��E�GSRWYQIV�GER�VIJIVIRGI�ER�SFNIGX�
SJ�]SYV�GPEWW�YWMRK�EX�PIEWX�XLVII�HMJJIVIRX�X]TIW��;LMGL�MW�QSWX�ETTVSTVMEXI�
HITIRHW�SR�LS[�XLI�GSRWYQIV�MRXIRHW�XS�YWI�XLI�SFNIGX�LS[�XLI]�I\TIGX�
XLI�SFNIGX�XS�FILEZI�

Object cart; // generic reference; no particular behavior
ShoppingCart cart; // specific class with specific behavior
Asset cart; // specific interface regardless of class

;LIR�TSWWMFPI��X]TMRK�F]�MRXIVJEGI�MW�XLI�MHIEP�GLSMGI�

Your class can implement interfaces

ShoppingCart.java

public class ShoppingCart

extends Object implements Asset {

public double balance(){

. . .

}

}

Classes implement an interface by implementing its methods 



��

.EZE�REQMRK�VIUYMVIQIRXW�ERH�GSRZIRXMSRW

.EZE�IRJSVGIW�WSQI�WMQTPI�VYPIW�JSV�GPEWW�TVSZMHIVW��=SYV�GPEWW�GSHI�QYWX�FI�
WXSVIH�MR�E�JMPI�SJ�XLI�WEQI�REQI��IRHMRK�[MXL�XLI��NEZE�I\XIRWMSR��;LMPI�]SY�
GER�LEZI�QYPXMTPI�GPEWW�HIJMRMXMSRW�MR�E�WMRKPI�JMPI��SRP]�SRI�SJ�XLI�GPEWWIW�GER�
FI�TYFPMG��8LI�TYFPMG�GPEWW�REQI�QYWX�QEXGL�XLI�JMPI�REQI�

-RXIVJEGIW�QYWX�FI�TYFPMG�ERH�QYWX�QEXGL�XLI�JMPIREQI��-X�JSPPS[W�XLEX�E�JMPI�
GER�SRP]�GSRXEMR�SRI�MRXIVJEGI��8LI�JMPIREQI�QYWX�QEXGL�XLI�MRXIVJEGI�REQI�

=SY�GER�TPEGI�]SYV�GPEWW�MR�ER�I\TPMGMXP]�REQIH�TEGOEKI�MJ�]SY�GLSSWI��'SRWYPX�
XLI�.EZE�HSGYQIRXEXMSR�JSV�MRJSVQEXMSR�EFSYX�XLI�TEGOEKI�WXEXIQIRX�ERH�
TEGOEKI�REQMRK�GSRZIRXMSRW��-J�]SY�SQMX�XLI�TEGOEKI�WXEXIQIRX��]SY�GPEWW�MW�
EHHIH�XS�XLI�HIJEYPX�YRREQIH�TEGOEKI��=SYV�GPEWW�HIJMRMXMSR�PMOIP]�
MRGSVTSVEXIW�E�WYTIVGPEWW�REQI��GPEWW�REQIW�YWIH�JSV�ZEVMEFPI�ERH�QIXLSH�
X]TIW��ERH�TSWWMFP]�MRXIVJEGI�REQIW��&I�WYVI�XS�MQTSVX�RIGIWWEV]�TEGOEKIW�
EGGSVHMRKP]��'PEWW�ERH�MRXIVJEGI�REQIW�JVSQ�XLI�WEQI�TEGOEKI�XLI�HIJEYPX�
YRREQIH�TEGOEKI�JSV�I\EQTPI�RIIH�RSX�FI�MQTSVXIH�

Java naming requirements and conventions

Only one public class per file

File name matches the public class name

Only one interface per file

Without a package statement, class goes in the unnamed package

Consult the Java documentation for package naming conventions

ShoppingCart.java

public class ShoppingCart {
. . .



�� 'LETXIV�����'VIEXMRK�'PEWWIW

'SQQSR�TMXJEPPW

,IVI�MW�E�PMWX�SJ�GSQQSR�TMXJEPPW�IRGSYRXIVIH�F]�GPEWW�HIWMKRIVW��1SWX�VIWYPX�MR�
IMXLIV�GSQTMPI�SV�VYRXMQI�IVVSVW��7SQI�VIWYPX�MR�YRI\TIGXIH�FILEZMSV��9WI�XLMW�
PMWX�EW�E�VIZMI[�SJ�XSTMGW�TVIWIRXIH�MR�XLMW�GLETXIV�

8LI�QSVI�WYFXPI�TMXJEPPW�MRZSOI�SZIVVMHMRK�MRLIVMXIH�QIXLSHW��*MVWX��
VIQIQFIV�XLEX�SZIVVMHMRK�MW�HMJJIVIRX�XLER�SZIVPSEHMRK��3ZIVVMHMRK�MW�
VI�MQTPIQIRXMRK�E�QIXLSH�]SY�MRLIVMX�JVSQ�E�WYTIVGPEWW��3ZIVPSEHMRK�QIERW�
MQTPIQIRXMRK�QYPXMTPI�ZIVWMSRW�SJ�XLI�WEQI�QIXLSH�[MXL�HMJJIVIRX�RYQFIVW�
SV�X]TIW�SJ�EVKYQIRXW�

8S�TVSTIVP]�SZIVVMHI�ER�MRLIVMXIH�QIXLSH��]SY�QYWX�YWI�XLI�WEQI�EGGIWW�
QSHMJMIV��VIXYVR�X]TI��REQI��ERH�EVKYQIRX�PMWX��-J�]SY�GLERKI�XLI�REQI��]SY�
EVI��MR�IJJIGX��MQTPIQIRXMRK�E�RI[��YRVIPEXIH�QIXLSH��;LMPI�MX�QE]�GSQTMPI��
MX�[MPP�RSX�QEXGL�XLI�WYTIVGPEWW�QIXLSH�ERH�[MPP�RSX�VITPEGI�MX�MX�[MPP�RSX�FI�
GEPPIH�[LIR�]SY�I\TIGX��8LMW�LETTIRW�EGGMHIRXEPP]�MJ�]SY�QMWWTIPP�XLI�REQI�

%�TVSTIVP]�SZIVVMHHIR�QIXLSH�GER�I\XIRH�XLI�WYTIVGPEWW�QIXLSH�F]�MRGPYHMRK�
E�GEPP�XS�WYTIV��-X�GER�VITPEGI�XLI�QIXLSH�GSQTPIXIP]��MR�[LMGL�GEWI�MX�WLSYPH�
RSX�GEPP�WYTIV��-J�]SY�QM\�XLMW�PSKMG��]SY�EVI�WYVI�XS�KIX�MRGSVVIGX�ERH�
YRI\TIGXIH�FILEZMSV�

%RSXLIV�GSQQSR�TMXJEPP�SGGYVW�[LIR�]SY�MQTPIQIRX�SRI�SV�QSVI�GSRWXVYGXSVW�
FYX�JSVKIX�XS�MRGPYHI�XLI�HIJEYPX�RS�EVK�GSRWXVYGXSV��8LMW�QE]�FI�]SYV�
MRXIRXMSR�FYX�XLI�IJJIGX�MW�XLEX�GSRWYQIVW�GERRSX�MRWXERXMEXI�]SYV�GPEWW�YWMRK�
XLI�HIJEYPX�RS�EVK�GSRWXVYGXSV�

Common pitfalls

Missing an import statement required for the superclass or an interface

Misspelling a method name when overriding a method

Changing the access, return value, or argument list when overriding

Missing a call to super in an overridden method

Calling super in an overridden method when you don’t need it

Confusing overloading with overriding

Implementing constructors but omitting the default no-arg constructor

Missing the implementation of all methods in an interface



%RSXLIV�'LETXIV
 +IXXMRK�E�&MKKIV�4MGXYVI
3TXMSREP�6IEHMRK
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+SEP

'SRWMHIV�XLI�PEVKIV�GSRXI\X�SJ�E�GSQTPIXI�.EZE�ETTPMGEXMSR�

4VIVIUYMWMXIW

*EQMPMEVMX]�[MXL�.EZE�TVSKVEQQMRK�ERH�XLI�GSRGITX�SJ�ER�IZIRX�HVMZIR�
WIVZIV�ETTPMGEXMSR�

3FNIGXMZIW

%X�XLI�IRH�SJ�XLMW�PIWWSR��]SY�[MPP�FI�EFPI�XS�

� -HIRXMJ]�OI]�GSQTSRIRXW�SJ�E�X]TMGEP�.EZE�ETTPMGEXMSR�WYGL�EW�F]XIGSHI��
GPEWW�JMPIW��TEGOEKIW��ERH�XLI�.EZE�ZMVXYEP�QEGLMRI

� 0MWX�XLI�KIRIVEP�WXITW�E�;IF3FNIGXW�ETTPMGEXMSR�XEOIW�FIX[IIR�WXEVXYT�
ERH�EGXMZEXMRK�]SYV�GYWXSQ�GPEWW�GSHI

� (IWGVMFI�LS[�JVEQI[SVOW�HMJJIV�JVSQ�XVEHMXMSREP�PMFVEVMIW
��



.EZE�WSYVGI�GSHI�MW�GSQTMPIH�MRXS�F]XIGSHI

0MOI�QSWX�TVSKVEQQMRK�PERKYEKIW��.EZE�MW�GSQTMPIH��&IJSVI�]SY�GER�YWI�]SYV�
GYWXSQ�GPEWWIW��]SY�QYWX�GSQTMPI�XLIMV�WSYVGI�GSHI��9RPMOI�QSWX�
TVSKVEQQMRK�PERKYEKIW��.EZE�HSIW�RSX�GSQTMPI�MRXS�FMREV]�QEGLMRI�PERKYEKI��
.EZE�YWIW�ER�MRXIVQIHMEXI�JSVQ�JSV�GSQTMPIH�GSHI�GEPPIH�F]XIGSHI��7MRGI�MX�MW�RSX�
QEGLMRI�GSHI��MX�GERRSX�VYR�HMVIGXP]�SR�XLI�GTY�SJ�E�TL]WMGEP�QEGLMRI��8S�
I\IGYXI��F]XIGSHI�VIUYMVIW�XVERWPEXMSR�WSJX[EVI�GEPPIH�XLI�.EZE�ZMVXYEP�QEGLMRI��
-R�XLMW�WIRWI��.EZE�MW�QSVI�PMOI�ER�MRXIVTVIXIH�PERKYEKI�[MXL�E�VYRXMQI�
GSQTSRIRX��8LI�.EZE�ZMVXYEP�QEGLMRI�VIEHW�ERH�I\IGYXIW�F]XIGSHI�QYGL�PMOI�
ER]�MRXIVTVIXIV��

=SYV�.EZE�WSYVGI�MW�WXSVIH�MR�JMPIW�IRHMRK�[MXL�XLI��NEZE�I\XIRWMSR��8LI�
GSQTMPIV�KIRIVEXIW�F]XIGSHI�ERH�WXSVIW�MX�MR�E�JMPI�[MXL�XLI��GPEWW�I\XIRWMSR��
7LSTTMRK'EVX�NEZE�GSQTMPIW�MRXS�7LSTTMRK'EVX�GPEWW��&]XIGSHI�MW�RSX�LYQER�
VIEHEFPI��IHMXEFPI��RSV�HMVIGXP]�I\IGYXEFPI��&]XIGSHI�MW�MRXIRHIH�SRP]�JSV�XLI�
.EZE�ZMVXYEP�QEGLMRI�

ShoppingCart

Java source code is compiled into bytecode

javac

ShoppingCart.class

 bytecode

ShoppingCart.java

source code
public Class ShoppingCart
�� %RSXLIV�'LETXIV���+IXXMRK�%�&MKKIV�4MGXYVI
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&]XIGSHI�MW�I\IGYXIH�F]�XLI�ZMVXYEP�QEGLMRI

&]XIGSHI�MW�VIEH]�XS�I\IGYXI�FYX�VIUYMVIW�XLI�.EZE�ZMVXYEP�QEGLMRI��8LI�ZMVXYEP�
QEGLMRI�MW�ER�I\IGYXEFPI�TVSKVEQ�MXWIPJ��-X�MW�PMOI�ER�MRXIVTVIXIV��MX�VIEHW�
F]XIGSHI�ERH�XVERWPEXIW�MX�MRXS�QEGLMRI�GSHI��[LMGL�MW�I\IGYXIH�F]�XLI�
YRHIVP]MRK�STIVEXMRK�W]WXIQ�ERH�LEVH[EVI�TPEXJSVQ��8LI�ZMVXYEP�QEGLMRI�
EPPS[W�XLI�F]XIGSHI�XS�VYR�SR�XLI�TL]WMGEP�QEGLMRI�

&IGEYWI�SJ�XLI�ZMVXYEP�QEGLMRI��F]XIGSHI�MW�STIVEXMRK�W]WXIQ�ERH�LEVH[EVI�
MRHITIRHIRX��%W�PSRK�EW�E�WIVZIV�QEGLMRI�LEW�E�WYMXEFPI�ZMVXYEP�QEGLMRI��MX�GER�
VYR�ER]�.EZE�F]XIGSHI��)ZIR�MR�FMREV]�JSVQ��GSQTMPIH�.EZE�GSHI�MW�LMKLP]�
TSVXEFPI��8LMW�QEOIW�.EZE�MHIEP�JSV�WIVZMRK�FMREV]�ETTPMGEXMSRW�SZIV�XLI�;IF�
XS�E�[MHI�VERKI�SJ�HMZIVWI�GPMIRX�QEGLMRIW�

ShoppingCart

ShoppingCart.class

bytecode

bytecode is executed by the virtual machine

Java Virtual Machine

Operating System and
Physical Machine



�� %RSXLIV�'LETXIV���+IXXMRK�%�&MKKIV�4MGXYVI

=SY�ETTPMGEXMSR�MRGSVTSVEXIW�QER]�TEGOEKIW

=SYV�.EZE�ETTPMGEXMSR�YWIW�QER]�GPEWWIW�MR�EHHMXMSR�XS�XLI�GYWXSQ�GPEWWIW�]SY�
GVIEXI��%�.EZE�ETTPMGEXMSR�MRGSVTSVEXIW�E�GSPPIGXMSR�SJ�TEGOEKIW��IEGL�SJ�[LMGL�
GSRXEMRW�F]XIGSHI�JSV�QER]�VIPEXIH�GPEWWIW��X]TMGEPP]�JVSQ�QYPXMTPI�ZIRHSVW��

.EZE�HIJMRIW�WIZIVEP�FEWMG�TEGOEKIW�XLEX�EVI�EZEMPEFPI�SR�ER]�.EZE�VYRXMQI�
MQTPIQIRXEXMSR��;IF3FNIGXW�ETTPMGEXMSRW�GSQQSRP]�QEOI�YWI�SJ�GPEWWIW�MR�
XLI�NEZE�PERK�ERH�NEZE�YXMP�TEGOEKIW�

;IF3FNIGXW�ETTPMGEXMSRW�QEOI�YWI�SJ�TVI�HIJMRIH�GPEWWIW�JVSQ�EHHMXMSREP�
TEGOEKIW�WTIGMJMG�XS�XLI�;IF3FNIGXW�VYRXMQI�IRZMVSRQIRX��;IF3FNIGXW�
WYTTPIQIRXW�XLI�.EZE�JSYRHEXMSR�[MXL�GPEWWIW�PMOI�27%VVE]��27(MGXMSREV]��
ERH�27+VIKSVMER(EXI��&YMPX�SR�XLI�JSYRHEXMSR��XLI�;IF3FNIGXW�TEGOEKI�
HIJMRIW�WIZIVEP�GPEWWIW�XLEX�LERHPI�XLI�MRJVEWXVYGXYVI�SJ�;IF�FEWIH�
ETTPMGEXMSRW�WYGL�EW�;3%TTPMGEXMSR��;37IWWMSR��ERH�;3'SQTSRIRX�

=SYV�GYWXSQ�GPEWWIW�GSQTPIXI�XLI�JMREP�ETTPMGEXMSR�F]�EHHMRK�FYWMRIWW�WTIGMJMG�
PSKMG�ERH�GSRXVSPPMRK�MXW�SZIVEPP�PSSO�ERH�JIIP��=SYV�GPEWWIW�QE]�FI�KVSYTIH�MR�
GYWXSQ�TEGOEKIW�]SY�HIJMRI��1SWX�SJXIR��]SYV�GPEWWIW�EVI�WMQTP]�GSPPIGXIH�MRXS�
XLI�YRREQIH�HIJEYPX�TEGOEKI�

Your application incorporates many packages

Java Virtual Machine

WOApplication

WOSession

WOComponent

com.apple.yellow.webobjects

NSDictionary NSArray

com.apple.yellow.foundation

Object

String

Integer

java.lang

ShoppingCart

unnamed package



��

0EYRGLMRK�]SYV�ETTPMGEXMSR

8LIVI�EVI�HMJJIVIRX�[E]W�XS�PEYRGL�E�.EZE�ETTPMGEXMSR��)EGL�XIGLRMUYI�PIEHW�XS�
XLI�WEQI�FEWMG�VIWYPX��I\IGYXMRK�F]XIGSHI�MR�XLI�.EZE�ZMVXYEP�QEGLMRI��;LEX�
HMJJIVW�FIX[IIR�XLI�XIGLRMUYIW�MW�[LIVI�ERH�LS[�XLI�.EZE�QEGLMRI�MW�WXEVXIH�
ERH�[LMGL�GPEWW�MW�YWIH�EW�XLI�MRMXMEP�WXEVXYT�GPEWW�

%TTPIXW�EVI�IWWIRXMEPP]�WQEPP�.EZE�ETTPMGEXMSRW�XLEX�EVI�HS[RPSEHIH�JVSQ�E�;IF�
FVS[WIV�XS�E�GPMIRX�QEGLMRI�ERH�I\IGYXIH�MR�E�.EZE�QEGLMRI�IQFIHHIH�[MXLMR�
XLI�FVS[WIV�ETTPMGEXMSR��%PXLSYKL�]SY�GER�YWI�.EZE�ETTPIXW�[MXLMR�E�
;IF3FNIGXW�ETTPMGEXMSR��;IF3FNIGXW�ETTPMGEXMSRW�EVI�RSX�GPMIRX�WMHI�
ETTPIXW�XLI]�EVI�WIVZIV�WMHI�ETTPMGEXMSRW�

=SY�GER�PEYRGL�JYPP�JPIHKIH�MRHITIRHIRX�.EZE�ETTPMGEXMSRW�JVSQ�XLI�.EZE�
GSQQERH�PMRI�XSSP�NEZE��8LMW�MW�IWWIRXMEPP]�XLI�.EZE�QEGLMRI�EW�ER�
MRHITIRHIRX�TVSKVEQ��;MXL�E�GSQQERH�PMRI�TEVEQIXIV��]SY�WTIGMJ]�XLI�GPEWW�
XLEX�GSRXEMRW�XLI�QEMR�IRXV]�TSMRX�E�WXEXMG�QIXLSH�REQIH�QEMR����

;IF3FNIGXW�ETTPMGEXMSRW�YWI�E�XLMVH�XIGLRMUYI��XLI]�EVI�GSQTPIXI�GSQQERH�
PMRI�ETTPMGEXMSRW�MR�ERH�SJ�XLIQWIPZIW��%�;IF3FNIGXW�ETTPMGEXMSR�GSQTPIXIP]�
IRGETWYPEXIW�XLI�HIXEMPW�SJ�XLI�.EZE�ZMVXYEP�QEGLMRI��%�;IF3FNIGXW�ETTPMGEXMSR�
MW�PEYRGLIH�PMOI�ER]�I\IGYXEFPI�REXMZI�XS�]SYV�WIVZIV�QEGLMRI��-X�MW�E�WIVZIV�
ETTPMGEXMSR�JVSQ�[LMGL�;IF�GPMIRXW�HS[RPSEH�ER�,810�FEWIH�YWIV�MRXIVJEGI�

Launching your application

Java applications are launched in different ways

• A Java applet class is downloaded to a Web browser

• A Java class’s main method is invoked from the java tool

• An application wrapper—executable program—is launched

WebObjects applications are server-side application wrapper programs

• Launched like any daemon process on a server

• Service incoming requests from Web browsers

• Gain control from the HTTP server through CGI

• Pass control to your Java code during request processing



�� %RSXLIV�'LETXIV���+IXXMRK�%�&MKKIV�4MGXYVI

8LI�;3%TTPMGEXMSR�GPEWW�TVSZMHIW�XLI�JMVWX�SFNIGX

;LIR�E�;IF3FNIGXW�ETTPMGEXMSR�MW�PEYRGLIH��MX�EYXSQEXMGEPP]�WXEVXW�XLI�.EZE�
ZMVXYEP�QEGLMRI�ERH�TEWWIW�GSRXVSP�XS�E�WTIGMJMG�WXEVXYT�GPEWW�REQIH�
;3%TTPMGEXMSR��8S�FI�QSVI�TVIGMWI��XLI�ETTPMGEXMSR�GVIEXIW�ER�MRWXERGI�SJ�E�
GYWXSQ�;3%TTPMGEXMSR�WYFGPEWW�REQIH�%TTPMGEXMSR��=SY�MQTPIQIRX�XLI�
%TTPMGEXMSR�WYFGPEWW�ERH�XLIVIF]�KEMR�IEVP]�GSRXVSP�MR�XLI�PMJIXMQI�SJ�E�
;IF3FNIGXW�ETTPMGEXMSR�

=SY�MRLIVMX�QER]�EXXVMFYXIW�ERH�QYGL�YWIJYP�FILEZMSV�JVSQ�XLI�
;3%TTPMGEXMSR�WYFGPEWW��-X�MW�TSWWMFPI�XLEX�]SY�RIIHR
X�GYWXSQM^I�
;3%TTPMGEXMSR�EX�EPP��;3%TTPMGEXMSR�MQTPIQIRXW�XLI�VYR���QIXLSH�XLEX�TYXW�
XLI�;IF3FNIGXW�ETTPMGEXMSR�MR�WXEXI�[LIVI�MX�MW�VIEH]�XS�WIVZMGI�MRGSQMRK�
VIUYIWXW�JVSQ�[IF�GPMIRXW��3RGI�XLI�ETTPMGEXMSR�MW�PMWXIRMRK�JSV�MRGSQMRK�
,884�VIUYIWXW��MXW�JPS[�SJ�GSRXVSP�MW�HVMZIR�F]�IZIRXW�KIRIVEXIH�JVSQ�;IF�
GPMIRXW��

-R�XLMW�WIRWI��]SYV�ETTPMGEXMSR�MW�QYGL�PMOI�ER]�'+-�TVSKVEQ�MQTPIQIRXIH�EW�
E�WIVZIV�HEIQSR��8LI�,884�WIVZIV�VIGIMZIW�ER�MRGSQMRK�VIUYIWX�[LMGL�MX�
TEWWIW�XS�]SYV�;IF3FNIGXW�ETTPMGEXMSR�JSV�WIVZMGMRK�

The WOApplication class provides the first object

When a WebObjects application launches, it

• Starts the Java virtual machine

• Creates an instance of a custom WOApplication subclass

• Transfers control to it by invoking the run() method

• Waits for incoming Web client requests

Java Virtual Machine

WOApplication

public void run()
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=SYV�GSHI�MW�EGXMZEXIH�JVSQ�E�GPMIRX
W�VIUYIWX

9PXMQEXIP]��]SYV�GYWXSQ�GSHI�MW�EGXMZEXIH�MR�XLI�GSRXI\X�SJ�WIVZMGMRK�E�[IF�
GPMIRX
W�VIUYIWX��'SRXVSP�TEWWIW�JVSQ�XLI�;IF�WIVZIV�HEIQSR�XS�]SYV�
;IF3FNIGXW�ETTPMGEXMSRW�[LIVI�XLI�%TTPMGEXMSR�SFNIGX�XEOIW�GSRXVSP�

%PXLSYKL�XLIVI�MW�EHHMXMSREP�MRJVEWXVYGXYVI�SQMXXIH�JVSQ�XLI�HMEKVEQ�JSV�GPEVMX]��
GSRXVSP�IZIRXYEPP]�TEWWIW�XS�]SYV�GYWXSQ�GPEWWIW�WYGL�EW�XLI�7LSTTMRK'EVX�ERH�
XLI�'YWXSQIV��-QEKMRI�XLEX�E�;IF�YWIV�PSKW�MRXS�XLI�ETTPMGEXMSR��E�'YWXSQIV�
SFNIGX�MW�GVIEXIH�;LMPI�FVS[WMRK�]SYV�GEXEPSK��XLI�GYWXSQIV�GLSSWIW�XS�
TYVGLEWI�ER�MXIQ��E�7LSTTMRK'EVX�SFNIGX�MW�GVIEXIH�XS�LSPH�XLI�SFNIGX�ERH�WS�
SR�

-X�MW�MQTSVXERX�XS�WII�XLEX�]SYV�GSHI�MW�X]TMGEPP]�EGXMZEXIH�MRHMVIGXP]�EW�E�VIWYPX�
SJ�E�GPMIRX�VIUYIWX��-R�XLMW�WIRWI��;IF3FNIGXW�ETTPMGEXMSRW�EVI�WEMH�XS�FI�IZIRX�
HVMZIR��8LI�GSVI�SJ�XLI�ETTPMGEXMSR
W�PSKMG�MW�E�VITIXMXMZI�EGXMSR��[EMX�JSV�VIUYIWX��
TVSGIWW�XLI�VIUYIWX��[EMX�JSV�ERSXLIV�VIUYIWX��TVSGIWW�XLI�VIUYIWX��ERH�WS�SR��
8LMW�MW�GEPPIH�ER�IZIRX�PSST�[LMGL��MR�XLI�GEWI�SJ�E�;IF3FNIGXW�ETTPMGEXMSR��MW�
GEPPIH�XLI�VIUYIWX�VIWTSRWI�PSST�

Your code is activated from a client’s request

Web Browser
Jane

Doe

Web Server—httpd

Client Server

WOApplication

ShoppingCart

shopper

items

Customer

firstName

lastName

“Jane”

“Doe”

NSArray

WebObjects
Application
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0MFVEVMIW��JVEQI[SVOW��ERH�TEGOEKIW�VIYWEFPI�GSHI

;LIR�PSSOMRK�EX�XLI�FMKKIV�TMGXYVI��MX�MW�YWIJYP�XS�GPEVMJ]�XLI�XIVQW�PMFVEV]��
JVEQI[SVO��ERH�TEGOEKI��%PP�XLVII�VIJIV�XS�WSJX[EVI�GSRWXVYGXW�JSV�WLEVMRK�
VIYWEFPI�GSHI��

%�PMFVEV]�MW�E�XVEHMXMSREP�WSJX[EVI�GSRWXVYGX�JSV�KEXLIVMRK�VIYWEFPI�TVSKVEQQMRK�
MRXIVJEGIW��0MFVEVMIW�GSRXEMR�E�WIX�SJ�JYRGXMSRW�SV�TVSGIHYVIW�YWIJYP�EW�PS[�PIZIP�
GSRZIRMIRGI�VSYXMRIW�JSV�WTIGMJMG�XEWOW��3RI�PMFVEV]�QMKLX�HIJMRI�JYRGXMSRW�JSV�
JMPI�-�3��%RSXLIV�QMKLX�WYTTSVX�E�[MHI�VERKI�SJ�EHZERGIH�QEXL�JYRGXMSRW��
0MFVEVMIW�GER�FI�SFNIGX�SVMIRXIH��MR�[LMGL�GEWI�XLIWI�GSRZIRMIRGIW�EVI�
VITVIWIRXIH�EW�VIYWEFPI�GPEWWIW��0MFVEVMIW�X]TMGEPP]�LEZI�E�WQEPP�MQTEGX�SR�XLI�
SZIVEPP�HIWMKR�SJ�]SYV�ETTPMGEXMSR��=SY�YWI�XLI�PMFVEV]�JYRGXMSRW�[LIR�]SY�RIIH�
XLIQ�[MXLMR�XLI�PEVKIV�ETTPMGEXMSR�WXVYGXYVI�SJ�]SYV�S[R�HIWMKR�

%�JVEQI[SVO�MW�EPWS�E�GSPPIGXMSR�SJ�VIYWEFPI�MRXIVJEGIW�SV�GPEWWIW��FYX�MX�EHHVIWWIW�
E�PEVKIV�HIWMKR�TVSFPIQ�SR�E�FVSEHIV�WGEPI��%W�MXW�REQI�MQTPMIW��E�JVEQI[SVO�
TVSZMHIW�QSVI�GSQTVILIRWMZI�WXVYGXYVIW�JSV�HIWMKRMRK�IRXMVI�ETTPMGEXMSRW�
[MXLMR�E�WTIGMJMG�TVSFPIQ�HSQEMR��8LIVI�EVI�JVEQI[SVOW�JSV�KVETLMGW�IHMXSVW��
JMRERGMEP�QSHIPMRK��HEXEFEWI��ERH�;IF�ETTPMGEXMSRW��%�JVEQI[SVO�LEW�E�QENSV�
MQTEGX�SR�XLI�SZIVEPP�HIWMKR�SJ�]SYV�PEVKIV�ETTPMGEXMSR�WXVYGXYVI�

%�TEGOEKI�MW�WMQTP]�E�.EZE�QIGLERMWQ�JSV�GSPPIGXMRK�VIPEXIH�VIYWEFPI�GPEWWIW��%�
.EZE�TEGOEKI�QE]�FI�EW�WMQTPI�EW�E�PMFVEV]�SV�EW�IPEFSVEXI�EW�E�JVEQI[SVO��
'SRGITXYEPP]��XLI�NEZE�YXMP�TEGOEKI�MW�E�PMFVEV]��8LI�;IF3FNIGXW�TEGOEKI��SR�
XLI�SXLIV�LERH��MW�E�JVEQI[SVO�

Libraries, frameworks, and packages—reusable code

Library

• Provides low-level interfaces for specific tasks

• Generally affects your design on a small scale

Framework

• Provides high-level structures for general design problems

• Generally affects your design on a large scale

Package

• Java collection of reusable classes

• Can be a library or a framework
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8VEHMXMSREP�TVSKVEQQMRK�QSHIP�YWMRK�PMFVEVMIW

*VSQ�E�FMK�ERH�WSQI[LEX�SZIVWMQTPMJMIH�TIVWTIGXMZI��GSRWMHIV�XLI�XVEHMXMSREP�
TVSKVEQQMRK�QSHIP�YWMRK�PMFVEVMIW��=SYV�GYWXSQ�GSHI�XEOIW�MRMXMEP�GSRXVSP�
XLVSYKL�E�[IPP�HIJMRIH�IRXV]�TSMRX��*VSQ�XLIVI��]SYV�ETTPMGEXMSR�PSKMG�
WIUYIRGIW�XLI�QEMR�JPS[�SJ�GSRXVSP��GEPPMRK�PMFVEV]�VSYXMRIW�JSV�PS[�PIZIP�
GSRZIRMIRGIW��=SY�STIR�ERH�VIEH�E�JMPI��=SY�TIVJSVQ�WSQI�WTIGMJMG�ERH�
IPEFSVEXI�QEXL�GSQTYXEXMSRW��=SY�VIXYVR�XS�]SYV�S[R�GSHI�XS�GSRXMRYI�XLI�
QEMR�JPS[�SJ�PSKMG�

=SY�GEPP�XLI�PMFVEV]�[MXLMR�E�PEVKIV�ETTPMGEXMSR�WXVYGXYVI�XLEX�]SY�HIWMKR��=SY�
QEOI�QSWX�SJ�XLI�PEVKI�WGEPI�HIWMKR�HIGMWMSRW��

Traditional programming model using libraries

Your Code Library

• You have the initial control—typically through a main entry point

• You sequence the main flow of control

• You call the library

• You define the application structure

• You make most of the decisions



�� %RSXLIV�'LETXIV���+IXXMRK�%�&MKKIV�4MGXYVI

)ZIRX�HVMZIR�QSHIP�[MXL�JVEQI[SVOW

&IGEYWI�JVEQI[SVOW�EHHVIWW�PEVKIV�HIWMKRW�TVSFPIQW�SR�XLI�WGEPI�SJ�GSQTPIXI�
ETTPMGEXMSRW�VEXLIV�XLER�PS[�PIZIP�GSRZIRMIRGI�JYRGXMSRW��XLI�JVEQI[SVO�
TVSKVEQQMRK�QSHIP�MW�WMKRMJMGERXP]�HMJJIVIRX�XLER�XLI�XVEHMXMSREP�PMFVEV]�
QSHIP��8LMW�MW�IWTIGMEPP]�XVYI�JSV�IZIRX�HVMZIR�ETTPMGEXMSRW�PMOI�;IF�
ETTPMGEXMSRW��'SQTEVIH�XS�XLI�PMFVEV]�QSHIP��XLI�JVEQI[SVO�QSHIP�MW�
TVEGXMGEPP]�XLI�VIZIVWI�

8LI�JVEQI[SVO�X]TMGEPP]�XEOIW�MRMXMEP�GSRXVSP��FSXL�EX�WXEVXYT�ERH�[LIR�
WIVZMGMRK�ER�IZIRX��8LI�JVEQI[SVO�WIUYIRGIW�XLI�QEMR�JPS[�SJ�GSRXVSP��RSX�
]SY��1SWX�SJXIR��XLI�JVEQI[SVO�GEPPW�]SY��VEXLIV�XLER�XLI�SXLIV�[E]�EVSYRH��

8LI�JVEQI[SVO�HIJMRIW�XLI�SZIVEPP�WXVYGXYVI�SJ�XLI�ETTPMGEXMSR�ERH�QEOIW�
QSWX�SJ�XLI�PEVKI�WGEPI�HIWMKR�HIGMWMSRW��=SY�MRXIKVEXI�]SYV�GSHI�[MXLMR�XLI�
JVEQI[SVO�YWMRK�[IPP�HIJMRIH�HIWMKR�TEXXIVRW�

• Framework has the initial control—typically through an event

• Framework sequences the main flow of control

• Framework calls you

• Framework defines the application structure

• You integrate with framework design patterns

• Framework makes most of the decisions

Event-driven model with frameworks

Framework Your Code
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;IF3FNIGXW�MW�E�JVEQI[SVO

;IF3FNIGXW�MW�E�JVEQI[SVO�XLEX�WYTTPMIW�QYGL�SJ�XLI�WXVYGXYVI�SJ�]SYV�GYWXSQ�
;IF3FNIGXW�ETTPMGEXMSR��8LI�QSHIP�MW�IZIRX�HVMZIR�WS�XLEX�]SYV�GSHI�MW�
YWYEPP]�EGXMZEXIH�MRHMVIGXP]�F]�GEPPFEGOW��*VEQI[SVO�GPEWWIW�KEMR�MRMXMEP�GSRXVSP�
ERH�GEPP�]SY�[LIR�XLI�XMQI�MW�VMKLX��=SYV�GPEWWIW�JMX�[MXLMR�E�PEVKIV��KIRIVEP�
ETTPMGEXMSR�WXVYGXYVI�HIJMRIH�F]�;IF3FNIGXW��=SY�TPE]�E�WTIGMJMG�VSPI�[MXLMR�E�
FMKKIV�TMGXYVI�

8LMW�GER�FI�GSRJYWMRK�XS�RI[�;IF3FNIGXW�HIZIPSTIVW�IWTIGMEPP]�[LIR�XLI]�
EVI�EPWS�RI[�XS�SFNIGX�SVMIRXIH�ERH�IZIRX�HVMZIR�TVSKVEQQMRK��8LI�JPS[�SJ�
GSRXVSP�WIIQW�MRHMVIGX��IZIR�QEKMG��;LS�MW�GEPPMRK�]SYV�GSHI#�,S[�ERH�[LIR�
HS�]SY�KEMR�GSRXVSP#�;LEX�MW�XLI�PEVKIV�ERH�WIIQMRKP]�LMHHIR�HIWMKR�MQTPMIH�
F]�XLI�;IF3FNIGXW�JVEQI[SVO#

/IITMRK�XLI�IZIRX�HVMZIR�JVEQI[SVO�QSHIP�MR�QMRH�[MPP�LIPT��;IF3FNIGXW�
TVIWIRXW�E�WPMKLXP]�WXIITIV�PIEVRMRK�GYVZI�WMRGI�]SY�LEZI�XS�YRHIVWXERH�XLI�
PEVKIV�TMGXYVI��8S�WSQI�I\XIRX��]SY�LEZI�XS�]MIPH�GSRXVSP��EGGITX�ERH�XVYWX�E�
QSVI�IPEFSVEXI�MRJVEWXVYGXYVI�

&YX�XLMW�MW�RSX�KMZMRK�YT�JPI\MFMPMX]�SV�TS[IV��-RHIIH��MX�MW�XLI�STTSWMXI��
;IF3FNIGXW�TVSZMHIW�E�GSLIVIRX�ERH�LMKLP]�KIRIVEPM^IH�JVEQI[SVO�JSV�ER�
EVFMXVEV]�RYQFIV�SJ�WSTLMWXMGEXIH�GYWXSQ�ETTPMGEXMSRW��-R�QER]�[E]W��XLI�
XIHMSYW�ERH�KIRIVEP�MRJVEWXVYGXYVI�TVSFPIQW�EVI�WSPZIH�SRGI�ERH�JSV�EPP��=SY�
HSR
X�LEZI�XS�VIMRZIRX�XLI�[LIIP��=SY�EVI�JVII�XS�JSGYW�SR�XLI�MRXIVIWXMRK�
TVSFPIQW��XLI�QIERMRKJYP�GSRXIRX�SJ�E�RI[�ETTPMGEXMSR��XLI�JYR�WXYJJ�

• Web applications are driven by events—client requests

• WebObjects is a framework for servicing them

• Your classes fit within the WebObjects application framework

• You play a specific role within in a bigger picture

• WebObjects handles the big picture

WebObjects is a framework

WebObjects
Framework

Your
Classes



�� %RSXLIV�'LETXIV���+IXXMRK�%�&MKKIV�4MGXYVI

4VSNIGX�&YMPHIV�QEREKIW�XLI�HIXEMPW

;LMPI�XLI�;IF3FNIGXW�JVEQI[SVO�LERHPIW�QYGL�SJ�XLI�FMK�TMGXYVI��XLI�
;IF3FNIGXW�HIZIPSTIV�XSSPW�LERHPI�QER]�SJ�XLI�WQEPP��QIGLERMGEP�HIXEMPW��
;IF3FNIGXW�HIZIPSTIV�XSSPW�MRGPYHI�4VSNIGX�&YMPHIV��ER�MRXIKVEXIH�
HIZIPSTQIRX�IRZMVSRQIRX�JSV�QEREKMRK�;IF3FNIGXW�ETTPMGEXMSR�TVSNIGXW�

*VSQ�4VSNIGX�&YMPHIV��]SY�GER�TIVJSVQ�EPP�XLI�GSQQSR�XEWOW�JSV�HIZIPSTMRK��
GSQTMPMRK��XIWXMRK�ERH�HIFYKKMRK�]SYV�IZSPZMRK�ETTPMGEXMSR��4VSNIGX�&YMPHIV�
QEREKIW�XLI�HIXEMPW�SJ�MRZSOMRK�XLI�.EZE�GSQTMPIV��GSPPIGXMRK�XLI�.EZE�GPEWW�ERH�
TEGOEKI�JMPIW��PMROMRK�JVEQI[SVOW��WIXXMRK�XLI�'0%774%8,�IRZMVSRQIRX�
ZEVMEFPI��ERH�PEYRGLMRK�]SYV�ETTPMGEXMSR�

;LMPI�]SY�QE]�[MWL�XS�YWI�SXLIV�.EZE�XSSPW��]SY�KIRIVEPP]�HSR
X�LEZI�XS��=SY�
GER�JSGYW�QSWXP]�SR�XLI�.EZE�PERKYEKI�ERH�[SVV]�PIWW�EFSYX�XLI�.EZE�VYRXMQI�
IRZMVSRQIRX�

Project Builder manages the details

Project Builder is the IDE tool in WebObjects

From a single graphical application you can

• Create new application projects

• Create and edit new Java classes

• Launch additional graphical modeling and layout tools

• Compile and install

• Launch and debug your WebObjects application

No need to handle the details of Java environment

javac, CLASSPATH, java, etc. . .



3RI�QSVI�GLETXIV
 ,ERHPMRK�)\GITXMSRW
;LIR�FEH�XLMRKW�LETTIR�XS�KSSH�SFNIGXW

8LI�IWWIRXMEPW�SJ�.EZE�IVVSV�LERHPMRK





3RI�QSVI�GLETXIV )\GITXMSR�,ERHPMRK

+SEP

8S�IJJIGXMZIP]�GEXGL�ERH�LERHPI�VYRXMQI�I\GITXMSRW�

4VIVIUYMWMXIW

&EWMG�.EZE�TVSKVEQQMRK�WOMPPW�

3FNIGXMZIW

%X�XLI�IRH�SJ�XLMW�PIWWSR��]SY�[MPP�FI�EFPI�XS�

� 0MWX�WIZIVEP�GSQQSR�VYRXMQI�TVSFPIQW

� 'EXGL�ER�I\GITXMSR

� (MWXMRKYMWL�EQSRK�QYPXMTPI�I\GITXMSRW�X]TIW

� (IJMRI�E�RI[�I\GITXMSR�GPEWW

� 8LVS[�ER�I\GITXMSR
��



%�VYRXMQI�TVSFPIQ�MW�GEPPIH�ER�I\GITXMSR

3RGI�]SYV�.EZE�GSHI�GSQTMPIW�WYGGIWWJYPP]��]SY�GER�PEYRGL�]SYV�ETTPMGEXMSR�
ERH�VYR�XLI�GSHI��(ITIRHMRK�SR�[LEX�LETTIRW�HYVMRK�XLI�PMJI�]SYV�
ETTPMGEXMSR��XLI�GSHI�QE]�IRGSYRXIV�TVSFPIQW��-J�]SYV�GSHI�MW�[IPP�
GSRWXVYGXIH��E�VYRXMQI�TVSFPIQ�MW�RSX�XLI�RSVQEP�GEWI��FYX�ER�I\GITXMSREP�SRI��
8LI�.EZE�PERKYEKI�ERH�VYRXMQI�IRZMVSRQIRX�HIJMRI�E�JSVQEP�ERH�TVEGXMGEP�[E]�
XS�HIEP�[MXL�I\GITXMSRW�ERH�XS�GVIEXI�VSFYWX�TVSHYGXMSR�VIEH]�GSHI��]SY�[MPP�
LEZI�XS�QEOI�YWI�SJ�E�JI[�MQTSVXERX�JIEXYVIW�

2SXMGI��E�VYRXMQI�TVSFPIQ�QMKLX�FI�E�WMQTPI�PERKYEKI�MWWYI��ER�SFNIGX�
VIJIVIRGI�MW�RYPP��ER�EVVE]�MRHI\�MW�SYX�SJ�FSYRHW��E�GEWX�XYVRW�SYX�XS�FI�E�PMI��IXG��
8LIWI�I\GITXMSRW�YWYEPP]�MRHMGEXI�E�JYRHEQIRXEP�PSKMG�SV�GSHI�TVSFPIQ�MR�
]SYV�MQTPIQIRXEXMSR��

1SVI�VIEPMWXMGEPP]��]SYV�GSHI�MW�[IPP�[VMXXIR��FYX�MRGPYHIW�XVYI�I\GITXMSREP�GEWIW�
FI]SRH�]SYV�GSRXVSP��E�GYWXSQIV
W�GVIHMX�GEVH�MW�VINIGXIH�SV�XLI�HEXEFEWI�
IRGSYRXIVW�ER�IVVSV�[LIR�GSQQMXXMRK�E�XVERWEGXMSR�

-R�EPP�SJ�XLIWI�GEWIW��XLI�.EZE�VYRXMQI�FVMRKW�XLI�TVSFPIQ�XS�]SYV�EXXIRXMSR�F]�
XLVS[MRK�ER�I\GITXMSR��&]�XLVS[MRK�ER�I\GITXMSR��.EZE�MRWXERXP]�GLERKIW�XLI�
RSVQEP�JPS[�SJ�GSRXVSP�SJ�]SYV�GSHI��-R�XLI�IRH��XLI�I\GITXMSR�VIUYMVIW�]SYV�
EXXIRXMSR�[LMGL�]SY�TVSZMHI�XLVSYKL�E�FMX�SJ�GYWXSQ�GSHI�

Even though your code compiles, it may not always run smoothly

((Widget)array.objectAtIndex(i)).price();

• array is null

• index i is out of bounds

• the object at index i is not a Widget

• Widgets don’t implement a price method

shoppingCart.checkOut();

• the shopper’s credit card is declined

• the order can’t be committed to the database

Such problems throw an exception and change the flow of control

A runtime problem is called an exception
�� 3RI�QSVI�GLETXIV���,ERHPMRK�)\GITXMSRW
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%R�I\GITXMSR�SFNIGX�MHIRXMJMIW�XLI�TVSFPIQ

8LI�VYRXMQI�TVSFPIQ�[MPP�FI�VITVIWIRXIH�F]�ER�SFNIGX��ER�MRWXERGI�SJ�E�WTIGMEP�
I\GITXMSR�GPEWW��(MJJIVIRX�I\GITXMSRW�E�RYPP�TSMRXIV��E�HEXEFEWI�JEMPYVI�EVI�
YWYEPP]�VITVIWIRXIH�F]�MRWXERGIW�SJ�HMJJIVIRX�.EZE�GPEWWIW��8LI�X]TI�SJ�
I\GITXMSR�SFNIGX�FIKMRW�XS�I\TPEMR�I\EGXP]�[LEX�LETTIRIH�

7MRGI�IEGL�I\GITXMSR�X]TI�MW�MQTPIQIRXIH�F]�E�WTIGMJMG��WITEVEXI�.EZE�GPEWW��
HMJJIVIRX�I\GITXMSRW�GER�TVSZMHI�HMJJIVIRX�HEXE�ERH�FILEZMSV�WTIGMJMG�XS�E�
TEVXMGYPEV�VYRXMQI�TVSFPIQ��%�GVIHMX�I\GITXMSR�QE]�MRGPYHI�E�VIJIVIRGI�XS�XLI�
GYWXSQIV�SV�GVIHMX�GEVH�XLEX�MW�XLI�JSGYW�SJ�XLI�TVSFPIQ��

%PP�I\GITXMSR�SFNIGXW�LEZI�X[S�XLMRKW�MR�GSQQSR��E�QIWWEKI�WXVMRK�WYMXEFPI�JSV�
TVIWIRXMRK�MR�]SYV�ETTPMGEXMSR
W�YWIV�MRXIVJEGI��ERH�E�.EZE�WXEGO�XVEGI��YWIJYP�JSV�
HIFYKKMRK�XLI�TVSFPIQ�

An exception is an object representing the error

• Specific types of exceptions are represented by specific Java classes

• An exception may contain data that further identifies the problem

• All exceptions contain an error message (and a stack trace)

An exception object identifies the problem

CreditException

message

customer

“Your credit
card was
declined”

DatabaseException

message “The zip code
column cannot
be null”

Customer

firstName

lastName

“Jane”

“Doe”



�� 3RI�QSVI�GLETXIV���,ERHPMRK�)\GITXMSRW

;LEX�LETTIRW�[LIR�ER�I\GITXMSR�MW�XLVS[R#

;LEX�VIEPP]�LETTIRW�[LIR�ER�I\GITXMSR�MW�XLVS[R�HYVMRK�XLI�PMJI�]SYV�SJ�
ETTPMGEXMSR#�*MVWX��]SYV�GSHI�WXSTW�I\IGYXMRK��HIEH�MR�MXW�XVEGOW��8LI�
I\GITXMSREP�GSRHMXMSR�QIERW�XLEX�XLI�RSVQEP�JPS[�SJ�GSRXVSP�MW�WSQILS[�
MQTSWWMFPI��8LI�GSHI�XLEX�XLVS[W�XLI�I\GITXMSR�QERYJEGXYVIW�ER�I\GITXMSR�
SFNIGX�XS�VIGSVH�XLI�HIXEMPW�SJ�XLI�TVSFPIQ��*MREPP]��XLI�.EZE�VYRXMQI�lXLVS[Wz�
XLI�I\GITXMSR�SFNIGX�WS�XLEX�MX�MW�lYT�JSV�KVEFWz�F]�E�WTIGMEP�TEVX�SJ�]SYV�GSHI�
XLEX�lGEXGLIWz�XLI�I\GITXMSR�MR�SVHIV�XS�HIEP�[MXL�MX��-R�IWWIRWI��XLI�.EZE�
VYRXMQI�RS[�YR[MRHW�FEGO[EVHW�XLVSYKL�]SYV�GSHI�YRXMP�MX�VIEGLIW�XLI�JMVWX�
EZEMPEFPI�I\GITXMSR�LERHPIV��

&]�HIJEYPX��XLI�.EZE�SV�;IF3FNIGXW�MRJVEWXVYGXYVI�TVSZMHIW�XLI�I\GITXMSR�
LERHPMRK�GSHI��8LI�HIJEYPX�FILEZMSV�X]TMGEPP]�HMWTPE]W�E�HIXEMPIH�WXEGO�XVEGI�
WLS[MRK�]SY�[LIVI�I\EGXP]�XLI�GSHI�[EW�[LIR�XLI�I\GITXMSR�SGGYVVIH��ERH�
QSVI�MQTSVXERXP]��LS[�XLI�GSHI�KSX�XLIVI�MR�XLI�JMVWX�TPEGI��8LI�OI]�JEGX�
LS[IZIV�MW�XLEX�]SY�PSWI�GSRXVSP�SJ�XLI�WMXYEXMSR��=SYV�GSHI�WXSTW�ERH�WSQISRI�
IPWI
W�GSHI�XEOIW�SZIV��'SRXVSP�RIZIV�VIXYVRW�XS�]SY��EX�PIEWX��MR�XLI�WEQI�TPEGI�
XLEX�]SY�[IVI�[LIR�XLI�TVSFPIQ�SGGYVVIH�

=SY�GER�[VMXI�]SYV�GSHI�XS�I\TPMGMXP]�GEXGL�XLI�I\GITXMSR�]SYVWIPJ��8LMW�[E]��
]SY�VIXEMR�GSRXVSP�SJ�XLI�WMXYEXMSR��GSRXMRYMRK�XS�I\IGYXI�[LIVI�]SY�LEZI�XLI�
QSWX�MRJSVQEXMSR�EFSYX�XLI�GSRXI\X�MR�[LMGL�XLI�TVSFPIQ�LEW�SGGYVVIH��&YX�
RS[�]SY�XEOI�SR�ER�MQTSVXERX�FYVHIR��]SY�QYWX�IJJIGXMZIP]�HIEP�[MXL�XLI�
TVSFPIQ�

When an exception is thrown

• The code stops executing immediately

• The message sequence “unwinds” until the exception is caught

• An exception object provides the details to the catcher

By default

• The Java/WebObjects infrastructure catches the exception

• Your code that caused the exception loses control

You can explicitly

• Catch the exception to retain control

• Supply custom logic to deal with the problem

What happens when an exception is thrown?
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'EXGLMRK�ER�I\GITXMSR�MR�]SYV�S[R�GSHI

8S�GEXGL�ER�I\GITXMSR��YWI�XLI�.EZE�OI][SVHW�XV]�ERH�GEXGL��*MVWX��MHIRXMJ]�XLI�
PMRI�SV�PMRIW�SJ�GSHI�XLEX�QE]�XLVS[�ER�I\GITXMSR��2IWX�XLI�GSHI�MRWMHI�E�XV]�
FPSGO�MRHMGEXMRK�XLEX�]SY�[MWL�XS�XV]�XS�HS�WSQIXLMRK�XLEX�QE]�KS�E[V]�

2I\X��WYTTP]�E�FPSGO�SJ�WTIGMEP�GSHI�XLEX�[MPP�FI�EGXMZEXIH�SRP]�MJ�XLI�GSHI�]SY�
EVI�XV]MRK�EGXYEPP]�XLVS[W�ER�I\GITXMSR��8LI�GEXGL�OI][SVH�HIJMRIW�XLI�FPSGO�
ERH�XEOIW�E�WMRKPI�PSGEP�EVKYQIRX��ER�I\GITXMSR�SFNIGX��2SXMGI�XLEX�XLI�
I\GITXMSR�EVKYQIRX�MW�X]TIH�XS�XLI�WTIGMJMG�GPEWW�SJ�I\GITXMSR�]SY�EVI�TVITEVIH�
XS�LERHPI��8S�GEXGL�NYWX�EFSYX�ER]�I\GITXMSR��]SY�GER�YWI�XLI�QSVI�KIRIVMG�
X]TI��NEZE�PERK�)\GITXMSR��8LI�I\GITXMSR�EVKYQIRX�MW�MR�WGSTI�SRP]�JSV�XLI�
HYVEXMSR�SJ�XLI�GEXGL�FPSGO�XLEX�HIJMRIW�MX��-R�XLMW�WIRWI��XLI�GEXGL�FPSGO�MW�
QYGL�PMOI�E�PSGEP�lMR�PMRIz�QIXLSH�

;LEX�]SY�HS�MRWMHI�XLI�GEXGL�FPSGO�HITIRHW�SR�XLI�PSKMG�SJ�]SYV�ETTPMGEXMSR��
=SY�ORS[�XLI�GPEWW�SJ�I\GITXMSR�SFNIGX�JVSQ�XLI�GEXGL�EVKYQIRX��8LI�
I\GITXMSR�SFNIGX�EX�QMRMQYQ�GSRXEMRW�E�QIWWEKI�WXVMRK��ERH�E�WXEGO�XVEGI���2S�
QEXXIV�[LEX��]SYV�GEXGL�GSHI�YWYEPP]�XEOIW�ER�EPXIVREXI�TEXL�WYGL�EW�VIXYVRMRK�
JVSQ�XLI�QIXLSH�SV�EZSMHMRK�EHHMXMSREP�TVSGIWWMRK�XLEX�MW�GEVVMIH�SYX�MR�XLI�
RSVQEP�GEWI�

-J�XLI�GSHI�MR�XLI�XV]�FPSGO�I\IGYXIW�WYGGIWWJYPP]�[MXLSYX�ER�I\GITXMSR��XLI�
GEXGL�FPSGO�MW�MKRSVIH�ERH�XLI�JPS[�SJ�GSRXVSP�VIWYQIW�[MXL�XLI�RI\X�.EZE�
WXEXIQIRX�JPS[MRK�XLI�I\GITXMSR�LERHPIV�

To catch an exception, use the try/catch keywords

try {

 // the code that may throw an exception

shoppingCart.checkOut();

}

catch (Exception e) {

// your code to process the actual exception

System.err.println(“Could not check out”);

System.err.println(e.getMessage());

return; // abort processing

}

// no exception, continue processing

Catching an exception in your own code
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8LIVI�EVI�QYPXMTPI�I\GITXMSR�GPEWWIW

)EGL�I\GITXMSREP�GEWI�MR�XLI�.EZE�VYRXMQI�SV�]SYV�GYWXSQ�GSHI�GER�FI�
VITVIWIRXIH�F]�E�WTIGMJMG�I\GITXMSR�GPEWW��.EZE�HIJMRIW�WIZIVEP�FEWMG�I\GITXMSR�
X]TIW�MR�ER�MRLIVMXERGI�LMIVEVGL]�VSSXIH�EX�XLI�EFWXVEGX�GPEWW�
NEZE�PERK�8LVS[EFPI��7IVMSYW�IVVSVW�EVI�WYFGPEWWIW�SJ�NEZE�PERK�)VVSV�ERH�SJXIR�
GERRSX�FI�GEYKLX�EX�EPP��'EXGLEFPI�I\GITXMSRW�EVI�WYFGPEWWIW�SJ�)\GITXMSR��
)\GITXMSRW�HIJMRIH�F]�XLI�;IF3FNIGXW�JVEQI[SVOW�EVI�YWYEPP]�WYFGPEWWIW�SJ�
NEZE�PERK�6YRXMQI)\GITXMSR��8LIWI�LEZI�E�WTIGMEP�TVSTIVX]�EW�]SY�[MPP�WII��

1SWX�SXLIV�I\GITXMSR�GPEWWIW�HIJMRIH�F]��VH�TEVX]�TEGOEKIW�SV�RI[�GYWXSQ�
GPEWWIW�XLEX�]SY�QMKLX�HIJMRI�EVI�WYFGPEWWIW�SJ�)\GITXMSR��3YV�JMGXMSREP�
(EXEFEWI)\GITXMSR�MW�E�KSSH�I\EQTPI�

8LI�OI]�TSMRX�MW�XLEX�WTIGMJMG�I\GITXMSR�GPEWWIW�GER�FI�HIJMRIH�XS�VITVIWIRX�
WTIGMJMG�VYRXMQI�TVSFPIQW��=SY�GER�MQTPIQIRX�HMJJIVIRX�GSHI�JSV�HMJJIVIRX�
GPEWWIW�SJ�I\GITXMSRW��1YPXMTPI�I\GITXMSR�X]TIW�GER�FI�GPEWWMJMIH�MRXS�WYF�
KVSYTW�XLEX�MRLIVMX�GSQQSR�FILEZMSV�JVSQ�E�WYTIVGPEWW��8LMW�IREFPIW�]SY�XS�
FI�WTIGMJMG�LIVI�MW�E�(EXEFEWI)\GITXMSR�SV�QSVI�KIRIVEP�LIVI�MW�WSQI�
OMRH�SJ�KIRIVMG�VYRXMQI�TVSFPIQ�

There are multiple exception classes

Throwable

Exception

RuntimeException

WebObjects
Exceptions

DatabaseException

Error
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=SY�GER�LERHPI�HMJJIVIRX�I\GITXMSRW�HMJJIVIRXP]

8S�LERHPI�HMJJIVIRX�GPEWWIW�SJ�I\GITXMSRW�HMJJIVIRXP]��]SY�GER�WYTTP]�QYPXMTPI�
GEXGL�FPSGOW�MR�]SYV�I\GITXMSR�LERHPIV��)EGL�GEXGL�FPSGO�HIGPEVIW�XLI�WTIGMJMG�
GPEWW�SJ�I\GITXMSR�MX�MW�TVITEVIH�XS�HIEP�[MXL��;LIR�XLI�XV]�FPSGO�XLVS[W�ER�
I\GITXMSR��.EZE�[MPP�WIPIGX�XLI�QSWX�WTIGMJMG�GEXGL�FPSGO�MX�GER�JMRH��-X�[MPP�
I\IGYXI�EX�QSWX�SRP]�SRI�XV]�FPSGO��-J�XLI�I\GITXMSR�MW�RSX�GSZIVIH�F]�ER]�SJ�
]SYV�XV]�FPSGOW�XLI�EGXYEP�I\GITXMSR�GPEWW�MW�RSX�[MXLMR�ER]�SJ�XLI�WYF�KVSYTW�
]SYV�HIGPEVIH�MX�[MPP�FI�LERHPIH�F]�XLI�HIJEYPX�I\GITXMSR�LERHPIV�JVSQ�.EZE�
SV�;IF3FNIGXW��

8LMW�QEOIW�WIRWI��TVSZMHI�XLI�GSHI�JSV�XLSWI�WTIGMJMG�I\GITXMSR�GEWIW�]SY�GER�
LERHPI��ERH�MKRSVI�XLI�SXLIVW�

try {

shoppingCart.checkOut();

}

catch (CreditException e) {

System.err.println(“Your credit is bad”);

return;

}

catch (DatabaseException e) {

System.err.println(“Database problem”);

return;

}

System.out.println(“Thanks for shopping!”);

You can handle different exceptions differently
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)\GITXMSR�SV�RSX��WSQI�GSHI�MW�EP[E]W�RIGIWWEV]

8LI�GSHI�[MXLMR�XLI�XV]�FPSGO�QMKLX�[IPP�WYGGIIH�[MXLSYX�XLVS[MRK�ER�
I\GITXMSR��3R�XLI�SXLIV�LERH��SRP]�SRI�SJ�QER]�HMJJIVIRX�GEXGL�FPSGOW�[MPP�FI�
EGXMZEXIH�MJ�XLIVI�MW�ER�I\GITXMSR��3JXIR��]SYV�PSKMG�VIUYMVIW�WSQI�JMREP�
TVSGIWWMRK�MR�EPP�GEWIW�VIKEVHPIWW�SJ�[LIXLIV�SV�RSX�XLIVI�[EW�ER�I\GITXMSR�SV�
VIKEVHPIWW�SJ�XLI�EGXYEP�I\GITXMSR�X]TI�XLEX�[EW�XLVS[R�

8S�MQTPIQIRX�XLMW�VIUYMVIQIRX��]SY�GER�TVSZMHI�E�JMREPP]�FPSGO��8LI�JMREPP]�
FPSGO�XEOIW�RS�EVKYQIRXW��MX�MW�MRHITIRHIRX�SJ�ER]�I\GITXMSR��ERH�[MPP�FI�
EGXMZEXIH�RS�QEXXIV�[LEX�LETTIRW�MR�XLI�XV]�SV�GEXGL�FPSGOW��-X�MW�EP[E]W�XLI�PEWX�
FMX�SJ�GSHI�XS�I\IGYXI�FIJSVI�XLI�JPS[�SJ�GSRXVSP�VIWYQIW��

Often, some code is necessary regardless of what happens

Use the finally clause for code that always executes
try {

shoppingCart.checkOut();

}

catch (CreditException e) {

System.err.println(“Your credit is bad”);

return;

}

finally {

shoppingCart.setProcessingComplete(true);

}

Exception or not, some code is always necessary
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)\GITXMSR�GPEWWIW�EVI�SJXIR�MRRIV�GPEWWIW

.EZE�MRGPYHIW�E�JIEXYVI�JSV�HIJMRMRK�MRRIV�GPEWWIW��XLEX�MW��E�GPEWW�HIJMRMXMSR�
MRWMHI�SJ�ERSXLIV�GPEWW�SV�MRXIVJEGI��8LMW�TVSZMHIW�E�YWIJYP�IRGETWYPEXMSR�
JIEXYVI��'SRWMHIV�XLEX�E�GVIHMX�I\GITXMSR�QMKLX�SRP]�FI�XLVS[R�[LIR�
MRXIVEGXMRK�[MXL�E�WLSTTMRK�GEVX�SFNIGX��-R�XLMW�GEWI��MX�QE]�QEOI�WIRWI�XS�
HIJMRI�XLI�'VIHMX)\GITXMSR�GPEWW�[MXLMR�XLI�7LSTTMRK'EVX�GPEWW��-X�MW�YT�XS�XLI�
GPEWW�MQTPIQIRXSV�

8S�YWI�ER�MRRIV�GPEWW��]SY�QYWX�MRGPYHI�XLI�SYXIV�GPEWW��SV�MRXIVJEGI��EX�TEVX�SJ�
XLI�JSVQEP�X]TI�REQI��1YGL�PMOI�E�TEGOEKI�REQI��XLI�MRRIV�GPEWW�REQI�MW�
WTIGMJMIH�F]�E�HSX�WITEVEXIH�TEXL�XLEX�QSZIW�JVSQ�SYXIV�XS�MRRIV�GPEWW��

Exceptions are often specific to a class or interface

For example, credit exceptions might only occur with shopping carts

CreditException could be defined within the ShoppingCart class

You refer to inner classes using a dot separated path name, like

ShoppingCart.CreditException e = new
ShoppingCart.CreditException();

or

catch (ShoppingCart.CreditException(“Bad”)) {

Exception classes are often inner classes
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=SY�GER�HIJMRI�]SYV�S[R�RI[�I\GITXMSR�GPEWWIW

;LEX�MJ�]SYV�S[R�GYWXSQ�GSHI�HIXIGXW�E�VYRXMQI�TVSFPIQ��ER�I\GITXMSR�XS�XLI�
RSVQEP��WYGGIWWJYP�JPS[#�=SY�QE]�[MWL�XS�HIJMRI�]SYV�S[R�GYWXSQ�I\GITXMSR�
GPEWWIW�XLEX�]SY�GER�XLVS[�

1SWX�GYWXSQ�I\GITXMSR�GPEWWIW�EVI�WYFGPEWWIW�SJ�NEZE�PERK�)\GITXMSR��=SY�GER�
HIJMRI�E�RI[�WYFGPEWW�ERH��PMOI�ER]�.EZE�WYFGPEWW��]SY�GER�EHH�STXMSREP�HEXE�
ERH�FILEZMSV��2SXMGI��LS[IZIV��XLEX�SJXIR�NYWX�XLI�RI[�GPEWW�X]TI�EPSRI�QE]�FI�
WYJJMGMIRX�JSV�E�GEXGL�FPSGO�XS�FI�WTIGMJMG�EFSYX�]SYV�TEVXMGYPEV�I\GITXMSR�

%�WMQTPI�I\EQTPI�SJ�GYWXSQ�FILEZMSV�QMKLX�FI�XLI�EFMPMX]�SJ�E�GVIHMX�I\GITXMSR�
XS�VIJIVIRGI�XLI�GYWXSQIV�XS�[LMGL�MX�ETTPMIW��-R�XLI�'VIHMX)\GITXMSR��]SY�
QMKLX�EHH�ER�MRWXERGI�ZEVMEFPI�ERH�E�TEMV�SJ�EGGIWWSV�QIXLSHW�

2SXI�XLEX�NEZE�PERK�)\GITXMSR�HIJMRIW�E�SRI�EVKYQIRX�GSRWXVYGXSV�JSV�GVIEXMRK�
E�RI[�I\GITXMSR�SFNIGX�EPSRK�[MXL�XLI�QIWWEKI�WXVMRK��8S�TVSZMHI�XLI�WEQI�
SRI�EVKYQIRX�GSRWXVYGXSV�MR�]SYV�'VIHMX)\GITXMSR�WYFGPEWW��]SY�QYWX�MRGPYHI�
E�SRI�EVKYQIRX�GSRWXVYGXSV�WYGL�EW�

public CreditException(String message) {

super(message);

}

Custom exceptions typically subclass java.lang.Exception

You can add new instance data and behavior

class CreditException extends Exception {

private Customer customer;

public Customer getCustomer() {

return customer;

}

public setCustomer(Customer customer) {
this.customer = customer;

}

}

You can define your own new exception classes
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=SY�GER�I\TPMGMXP]�XLVS[�ER�I\GITXMSR

;LIR�]SYV�GYWXSQ�GSHI�HIXIGXW�XLEX�E�WTIGMJMG�VYRXMQI�TVSFPIQ�LEW�SGGYVVIH��
MX�GER�XLVS[�ER�I\GITXMSR�XLIVIF]�EFSVXMRK�XLI�JPS[�SJ�GSRXVSP�ERH�QEOMRK�ER�
I\GITXMSR�SFNIGX�EZEMPEFPI�XS�[LMGLIZIV�GEXGL�FPSGO�XLI�.EZE�VYRXMQI�JMRHW�XS�
LERHPI�MX�

8S�XLVS[�ER�I\GITXMSR��GVIEXI�E�RI[�MRWXERGI�SJ�XLI�WTIGMJMG�I\GITXMSR�GPEWW�
XLEX�MW�QSWX�ETTVSTVMEXI��X]TMGEPP]�E�GYWXSQ�I\GITXMSR�GPEWW�]SY�LEZI�HIJMRIH��
-RMXMEPM^I�XLI�I\GITXMSR�SFNIGX�MR�ER]�EHHMXMSREP�[E]�XLI�WMXYEXMSR�VIUYMVIW�MR�
SYV�I\EQTPI��WIXXMRK�XLI�GYWXSQIV�VIJIVIRGI�MR�XLI�I\GITXMSR��*MREPP]��XLVS[�
XLI�I\GITXMSR�YWMRK�XLI�.EZE�OI][SVH�XLVS[�

You can signal a runtime error by throwing your own exception

Create an exception instance, then throw it with the throw keyword

if (badCredit) {

CreditException e =

new CreditException(“credit denied”);

e.setCustomer(currentCustomer);

throw e;

}

You can explicitly throw an exception
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-J�]SY�XLVS[�ER�I\GITXMSR��]SY�LEZI�XS�HIGPEVI�MX

.EZE�JIEXYVIW�GLIGOIH�I\GITXMSRW��8LEX�MW��MJ�E�.EZE�QIXLSH�QE]�TSWWMFP]�XLVS[�ER�
I\GITXMSR��MX�QYWX�JSVQEPP]�HIGPEVI�MX�MR�XLI�QIXLSH�WMKREXYVI��8LMW�[E]��XLI�
.EZE�GSQTPMIV�GER�[EVR�]SY�MJ�]SY�GEPP�E�QIXLSH�FYX�HS�RSX�QEOI�TVSZMWMSRW�JSV�
GEXGLMRK�XLI�I\GITXMSRW�XLEX�QMKLX�VIWYPX��

9WI�XLI�OI][SVH�XLVS[W�MR�]SYV�QIXLSH�HIGPEVEXMSR��-J�]SY�HSR
X�FYX�XLI�FSH]�
SJ�XLI�QIXLSH�GSRXEMRW�E�XLVS[�WXEXIQIRX��]SYV�GSHI�[MPP�RSX�GSQTMPI��-J�]SY�
XLVS[�QYPXMTPI�X]TIW�SJ�I\GITXMSRW��WTIGMJ]�IEGL�SRI�MR�E�GSQQE�WITEVEXIH�
PMWX�

7YFGPEWWIW�SJ�NEZE�PERK�6YRXMQI)\GITXMSR�RIIH�RSX�FI�HIGPEVIH��=SY�GER�
XLVS[�XLIQ�[MXLSYX�EHZIVXMWMRK�MX�]SYV�QIXLSH�HIGPEVEXMSR��8LMW�MW�YWYEPP]�RSX�
E�KSSH�MHIE�FIGEYWI�MX�[MXLLSPHW�MQTSVXERX�MRJSVQEXMSR�JVSQ�XLI�GPMIRX�SJ�]SYV�
GSHI��=SY�EVI�HMWGSYVEKIH�JVSQ�YWMRK�6YRXMQI)\GITXMSR�GPEWWIW�JSV�XLMW�
VIEWSR�

If your method throws an exception, you must declare it

public void checkOut() throws CreditException {

. . .

}

If you throw an exception but don’t declare it, the code won’t compile

Subclasses of java.lang.RuntimeException need not be declared

If you throw an exception, you have to declare it
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%TTIRHM\ %HHMXMSREP�6IWSYVGIW

-W�XLEX�EPP#�-WR
X�XLIVI�QSVI#�2S[�[LEX#�

3RGI�]SY�LEZI�JMRMWLIH�VIEHMRK�XLMW�KYMHI��KS�FEGO�XS�XLI�FIKMRRMRK�ERH�
VI�IZEPYEXI�]SYV�.EZE�WOMPP��-J�]SY�GER�IEWMP]�YRHIVWXERH�XLI�WLSTTMRK�GEVX�
I\EQTPI��]SY�PMOIP]�LEZI�IRSYKL�ORS[PIHKI�XS�WXEVX�FYMPHMRK�;IF3FNIGXW�
ETTPMGEXMSRW�

8LIVI�MW�QSVI�]SY�[MPP�IZIRXYEPP]�RIIH�XS�PIEVR��8S�HIEP�[MXL�IVVSVW��]SY�QYWX�
PIEVR�EFSYX�.EZE�I\GITXMSR�LERHPMRK��)ZIR�[MXL�XLI�FEWMGW��]SY�QE]�HIWMVI�
QSVI�GPEVMX]��E�HMJJIVIRX�ETTVSEGL��QSVI�I\EQTPIW��3RGI�]SY�LEZI�QEWXIVIH�
XLI�FEWMGW��]SY�[MPP�RIIH�E�WSYVGI�JSV�EHZERGIH�XSTMGW�ERH�E�KSSH�VIJIVIRGI��
=SY�GER�JMRH�EHHMXMSREP�VIWSYVGIW�PMWXIH�LIVI�

6IYWMRK�XLMW�KYMHI

6IQIQFIV�XLEX�]SYV�QEMR�SFNIGXMZI�MW�XS�VIEH�ERH�[VMXI�FEWMG��ZEPMH�.EZE�GSHI��
-X�QMKLX�WIVZI�]SY�XS�WTIRH�QSVI�XMQI�[MXL�NYWX�XLI�WMQTPI�I\EQTPIW�
TVIWIRXIH�MR�XLMW�KYMHI��8LI�JSVQEX�WYTTSVXW�QYPXMTPI�VIEHMRKW��IEGL�JVSQ�E�
WPMKLXP]�HMJJIVIRX�I\EQTPI��VIEH�NYWX�XLI�WPMHIW��JSGYWMRK�TVMQEVMP]�SR�XLI�.EZE�
GSHI�WXEXIQIRXW��6IEH�NYWX�XLI�XMXPIW�SJ�IEGL�WPMHI��6IEH�NYWX�XLI�I\TPEREXSV]�
XI\X��6IEH�XLI�KYMHI�FEGO[EVHW�'LETXIV���JSPPS[IH�F]�'LETXIV����8LI�QEMR�
TSMRX�MW�MXIVEXI�XV]�EKEMR�ERH�WII�[LEX�RI[�JEGXW�SV�GSRGITXW�GSQI�XS�PMKLX��

9WMRK�]SYV�GSQTYXIV�+IXXMRK�7XEVXIH�[MXL�;IF3FNIGXW

9PXMQEXIP]��XLI�FIWX�PIEVRMRK�I\TIVMIRGI�MW�HSMRK��*MVI�YT�XLI�GSQTYXIV�ERH�
[VMXI�WSQI�SJ�]SYV�S[R�.EZE�GSHI�JVSQ�WGVEXGL��6IEHIVW�LEZI�EWOIH�JSV�
I\IVGMWIW��8LI�FIWX�I\IVGMWI�MW�XS�FYMPH�]SYV�JMVWX�;IF3FNIGXW�ETTPMGEXMSR��
;IF3FNIGXW�MRGPYHIW�E�FEWMG�XYXSVMEP�GEPPIH�+IXXMRK�7XEVXIH�[MXL�;IF3FNIGXW��-J�
]SY�TPER�SR�EXXIRHMRK�;IF3FNIGXW�XVEMRMRK��]SY�WLSYPH�HIJMRMXIP]�MRZIWX�WSQI�
XMQI�ERH�[SVO�XLVSYKL�XLI�XYXSVMEP��3RGI�]SY�GVIEXI�E�FEWMG�ETTPMGEXMSR��]SY
PP�
LEZI�E�XIWX�IRZMVSRQIRX�XS�GVIEXI�ERH�I\IVGMWI�WSQI�GYWXSQ�GPEWWIW���
;IF3FNIGXW�MRGPYHIW�E�RYQFIV�SJ�I\EQTPIW��;LMPI�]SY�QE]�RSX�FI�EFPI�XS�
JSPPS[�XLI�TEVXMGYPEVW�SJ�;IF3FNIGXW�]IX��]SY�GER�MRGVIEWI�]SYV�JEQMPMEVMX]�[MXL�
.EZE�F]�WXYH]MRK�XLI�GSHI�

=SY�GER�WXEVX�PIEVRMRK�;IF3FNIGXW�HIZIPSTQIRX�YWMRK�XLI�SRPMRI�VIWSYVGIW�MR�
XLI�;IF3FNIGXW�-RJS�'IRXIV��=SY�[MPP�JMRH�XLI�JSPPS[MRK�YWIJYP�FSSOW�

� +IXXMRK�7XEVXIH�;MXL�;IF3FNIGXW

� ;IF3FNIGXW�8SSPW�ERH�8IGLRMUYIW

� ;IF3FNIGXW�(IZIPSTIV�+YMHI
���
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-J�]SY�HSR
X�LEZI�;IF3FNIGXW��]SY�GER�KIRIVEPP]�JMRH�E�.EZE�HIZIPSTQIRX�ERH�
VYRXMQI�IRZMVSRQIRX�SRPMRI�ERH�HS[RPSEH�MX�XS�]SYV�GSQTYXIV��'LIGO�
[[[�NEZEWSJX�GSQ��

=SY�GER�JMRH�E�[IEPXL�SJ�.EZE�MRJSVQEXMSR�SRPMRI��-J�]SY�ZMWMX�XS�[[[�]ELSS�GSQ�
ERH�IRXIV�XLI�JSPPS[MRK�UYIV]�

+Java +Tutorial

]SY�[MPP�JMRH�SZIV����VIJIVIRGIW��

6IGSQQIRHIH�FSSOW

8LI�RYQFIV�SJ�EZEMPEFPI�.EZE�FSSOW�MW�WXEKKIVMRK��8LI]�VITVIWIRX�E�[MHI�
VERKI�SJ�WX]PIW��XEVKIX�EYHMIRGIW��ERH�GSRXIRX��1SWX�SJ�XLIQ�I\TPSVI�TEVXW�SJ�
.EZE�XLEX�EVI�RSX�VIUYMVIH�SV�IZIR�GSQQSRP]�YWIH�[MXL�;IF3FNIGXW�I�K��
ETTPIXW�ERH�.EZE�FEWIH�KVETLMGEP�YWIV�MRXIVJEGIW��1ER]�SJ�XLIQ�FIKMR�[MXL�
KIRIVEP�HMWGYWWMSRW�SJ�SFNIGX�SVMIRXIH�TVSKVEQQMRK�ERH�XLI�FEWMG�.EZE�
PERKYEKI�JIEXYVIW�

8LI�RYQFIV�SJ�XMXPIW�SR�SFNIGX�SVMIRXIH�HIWMKR��EREP]WMW�ERH�TVSKVEQQMRK�MW�
WMQMPEVP]�ZEWX��&SSOW�HIZSXIH�XS�SFNIGX�SVMIRXEXMSR�MR�KIRIVEP�VEXLIV�XLER�
TVSKVEQQMRK�MR�.EZE�MR�TEVXMGYPEV�XIRH�XS�FI�EFWXVEGX�ERH�WGLSPEVP]�VEXLIV�
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