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The Role Object Pattern
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INTENT
$GDSW�DQ�REMHFW�WR�GLIIHUHQW�FOLHQW¶V�QHHGV�WKURXJK�WUDQVSDUHQWO\�DWWDFKHG�UROH�REMHFWV��HDFK�RQH�UHSUHVHQWLQJ�D�UROH
WKH�REMHFW�KDV�WR�SOD\�LQ�WKDW�FOLHQW¶V�FRQWH[W��7KH�REMHFW�PDQDJHV�LWV�UROH�VHW�G\QDPLFDOO\��%\�UHSUHVHQWLQJ�UROHV�DV
LQGLYLGXDO�REMHFWV��GLIIHUHQW�FRQWH[WV�DUH�NHSW�VHSDUDWH�DQG�V\VWHP�FRQILJXUDWLRQ�LV�VLPSOLILHG�

ALSO KNOWN AS

MOTIVATION
$Q� REMHFW�RULHQWHG� V\VWHP� LV� W\SLFDOO\� EDVHG� RQ� D� VHW� RI� NH\� DEVWUDFWLRQV�� (DFK� NH\� DEVWUDFWLRQ� LV� PRGHOHG� E\� D
FRUUHVSRQGLQJ� FODVV� LQ� WHUPV� RI� DEVWUDFW� VWDWH� DQG� EHKDYLRU�� 7KLV� XVXDOO\� ZRUNV� ILQH� IRU� WKH� GHVLJQ� RI� VPDOOHU
DSSOLFDWLRQV��+RZHYHU��RQFH�ZH�ZDQW�WR�VFDOH�XS�WKH�V\VWHP�LQWR�DQ�LQWHJUDWHG�VXLWH�RI�DSSOLFDWLRQV��ZH�KDYH�WR�GHDO
ZLWK�GLIIHUHQW�FOLHQWV�WKDW�QHHG�FRQWH[W�VSHFLILF�YLHZV�RQ�RXU�NH\�DEVWUDFWLRQV�

6XSSRVH�ZH�DUH�GHYHORSLQJ�VRIWZDUH�VXSSRUW�IRU�WKH�EDQN¶V�LQYHVWPHQW�GHSDUWPHQW��2QH�RI�WKH�NH\�DEVWUDFWLRQV�WR�EH
H[SUHVVHG� LV� WKH� FRQFHSW� RI�FXVWRPHU�� 7KXV�� RXU� GHVLJQ�PRGHO�ZLOO� LQFOXGH� D�&XVWRPHU� FODVV�� 7KH� FODVV� LQWHUIDFH
SURYLGHV�RSHUDWLRQV�WR�PDQDJH�SURSHUWLHV�OLNH�WKH�FXVWRPHU¶V�QDPH��DGGUHVV��VDYLQJV�DQG�GHSRVLW�DFFRXQWV�

/HW¶V�DVVXPH�WKDW�WKH�EDQN¶V�ORDQ�GHSDUWPHQW�DOVR�QHHGV�VRIWZDUH�VXSSRUW��,W�VHHPV�RXU�FODVV�GHVLJQ�LV�LQDGHTXDWH�WR
GHDO�ZLWK�D�FXVWRPHU�DFWLQJ�DV�ERUURZHU��2EYLRXVO\��ZH�PXVW�SURYLGH�IXUWKHU�LPSOHPHQWDWLRQ�VWDWH�DQG�RSHUDWLRQV�WR
PDQDJH�WKH�FXVWRPHU¶V�ORDQ�DFFRXQWV��FUHGLWV��DQG�VHFXULWLHV�

,QWHJUDWLQJ� VHYHUDO� FRQWH[W�VSHFLILF� YLHZV� LQ� WKH� VDPH� FODVV�ZLOO�PRVW� OLNHO\� OHDG� WR� NH\� DEVWUDFWLRQV�ZLWK� EORDWHG
LQWHUIDFHV��6XFK�LQWHUIDFHV�DUH�GLIILFXOW�WR�XQGHUVWDQG�DQG�KDUG�WR�PDLQWDLQ��8QDQWLFLSDWHG�FKDQJHV�FDQQRW�EH�KDQGOHG
JUDFHIXOO\�DQG�ZLOO�WULJJHU�ORWV�RI�UHFRPSLODWLRQ��&KDQJHV�WR�D�FOLHQW�VSHFLILF�SDUW�RI�WKH�FODVV�LQWHUIDFH�DUH�OLNHO\�WR
DIIHFW�FOLHQWV�LQ�RWKHU�VXEV\VWHPV�RU�DSSOLFDWLRQV�DV�ZHOO�

$� VLPSOH� VROXWLRQ�PLJKW�EH� WR� H[WHQG� WKH�&XVWRPHU� FODVV�E\� DGGLQJ� QHZ�%RUURZHU� DQG� ,QYHVWRU� VXEFODVVHV�ZKLFK
FDSWXUH� WKH� ERUURZHU�VSHFLILF� DQG� LQYHVWRU�VSHFLILF� DVSHFWV� UHVSHFWLYHO\�� )URP� DQ� REMHFW� LGHQWLW\� SRLQW� RI� YLHZ�
VXEFODVVLQJ�LPSOLHV�WKDW�WZR�REMHFWV�RI�GLIIHUHQW�VXEFODVVHV�DUH�QRW�LGHQWLFDO��7KXV��D�FXVWRPHU�DFWLQJ�ERWK�DV�LQYHVWRU
DQG�DV�ERUURZHU�LV�UHSUHVHQWHG�E\�WZR�GLIIHUHQW�REMHFWV�ZLWK�GLVWLQFW�LGHQWLWLHV��,GHQWLW\�FDQ�RQO\�EH�VLPXODWHG�E\�DQ
DGGLWLRQDO�PHFKDQLVP��,I�WZR�REMHFWV�DUH�PHDQW�WR�EH�LGHQWLFDO��WKHLU�LQKHULWHG�DWWULEXWHV�PXVW�FRQVWDQWO\�EH�FKHFNHG
IRU�FRQVLVWHQF\��+RZHYHU��ZH�ZLOO�LQHYLWDEO\�UXQ�LQWR�SUREOHPV�LQ�FDVH�RI�SRO\PRUSKLF�VHDUFKHV��IRU�H[DPSOH�ZKHQ
ZH�ZDQW�WR�PDNH�XS�WKH�OLVW�RI�DOO�FXVWRPHUV�LQ�WKH�V\VWHP��7KH�VDPH�&XVWRPHU�REMHFW�ZLOO�DSSHDU�UHSHDWHGO\�XQOHVV
ZH�WDNH�FDUH�RI�HOLPLQDWLQJ�³GXSOLFDWHV´�

7KH�5ROH�2EMHFW�SDWWHUQ� VXJJHVWV� WR�PRGHO� FRQWH[W�VSHFLILF�YLHZV�RI� DQ�REMHFW� DV� VHSDUDWH�UROH�REMHFWV�ZKLFK� DUH
G\QDPLFDOO\� DWWDFKHG� WR� DQG� UHPRYHG� IURP� WKH� FRUH� REMHFW�� :H� FDOO� WKH� UHVXOWLQJ� FRPSRVLWH� REMHFW� VWUXFWXUH�
FRQVLVWLQJ�RI�WKH�FRUH�DQG�LWV�UROH�REMHFWV��D�VXEMHFW��$�VXEMHFW�RIWHQ�SOD\V�VHYHUDO�UROHV�DQG�WKH�VDPH�UROH�LV�OLNHO\�WR
EH�SOD\HG�E\�GLIIHUHQW� VXEMHFWV��$V�DQ�H[DPSOH�FRQVLGHU� WZR�GLIIHUHQW� FXVWRPHUV�SOD\LQJ� WKH� UROH�RI�ERUURZHU� DQG
LQYHVWRU��UHVSHFWLYHO\��%RWK�UROHV�FRXOG�DV�ZHOO�EH�SOD\HG�E\�D�VLQJOH�&XVWRPHU�REMHFW�
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Fig. 1: Customer hierarchy in a banking environment

$�NH\�DEVWUDFWLRQ�VXFK�DV�&XVWRPHU�LV�GHILQHG�DV�DQ�DEVWUDFW�VXSHUFODVV��,W�VHUYHV�DV�D�SXUH�LQWHUIDFH�ZKLFK�GRHV�QRW
GHILQH� DQ\� LPSOHPHQWDWLRQ� VWDWH�� 7KH� &XVWRPHU� FODVV� VSHFLILHV� RSHUDWLRQV� WR� KDQGOH� D� FXVWRPHU¶V� DGGUHVV� DQG
DFFRXQWV��DQG�GHILQHV�D�PLQLPDO�SURWRFRO�IRU�PDQDJLQJ�UROHV��7KH�&XVWRPHU&RUH�VXEFODVV�LPSOHPHQWV�WKH�&XVWRPHU
LQWHUIDFH�

7KH�FRPPRQ�VXSHUFODVV�IRU�FXVWRPHU�VSHFLILF�UROHV�LV�SURYLGHG�E\�&XVWRPHU5ROH��ZKLFK�DOVR�VXSSRUWV�WKH�&XVWRPHU
LQWHUIDFH��7KH�&XVWRPHU5ROH�FODVV�LV�DEVWUDFW�DQG�QRW�PHDQW�WR�EH�LQVWDQWLDWHG��&RQFUHWH�VXEFODVVHV�RI�&XVWRPHU5ROH�
IRU�H[DPSOH�%RUURZHU�RU�,QYHVWRU��GHILQH�DQG�LPSOHPHQW�WKH� LQWHUIDFH�IRU�VSHFLILF�UROHV�� ,W� LV�RQO\� WKHVH�VXEFODVVHV
ZKLFK� DUH� LQVWDQWLDWHG� DW� UXQWLPH�� 7KH� %RUURZHU� FODVV� GHILQHV� WKH� FRQWH[W�VSHFLILF� YLHZ� RI� &XVWRPHU� REMHFWV� DV
QHHGHG� E\� WKH� ORDQ� GHSDUWPHQW�� ,W� GHILQHV� DGGLWLRQDO� RSHUDWLRQV� WR� PDQDJH� WKH� FXVWRPHU¶V� FUHGLWV� DQG� VHFXULWLHV�
6LPLODUO\��WKH�,QYHVWRU�FODVV�DGGV�RSHUDWLRQV�VSHFLILF�WR�WKH�LQYHVWPHQW�GHSDUWPHQW¶V�YLHZ�RI�FXVWRPHUV�
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Figure 2: An object diagram of the Role Object pattern

$�FOLHQW�OLNH�WKH�ORDQ�DSSOLFDWLRQ�PD\�HLWKHU�ZRUN�ZLWK�REMHFWV�RI�WKH�&XVWRPHU&RUH�FODVV��XVLQJ�WKH�LQWHUIDFH�FODVV
&XVWRPHU�� RU�ZLWK� REMHFWV� RI� FRQFUHWH�&XVWRPHU5ROH� VXEFODVVHV�� 6XSSRVH� WKH� ORDQ� DSSOLFDWLRQ� NQRZV� D� SDUWLFXODU
&XVWRPHU� LQVWDQFH� WKURXJK� LWV�&XVWRPHU� LQWHUIDFH��7KH� ORDQ� DSSOLFDWLRQ�PD\�ZDQW� WR� FKHFN�ZKHWKHU� WKH�&XVWRPHU
REMHFW�SOD\V�WKH�UROH�RI�%RUURZHU��7R�WKLV�HQG�LW�FDOOV�KDV5ROH���ZLWK�D�VXLWDEOH�UROH�VSHFLILFDWLRQ��)RU�WKH�SXUSRVH�RI
RXU�H[DPSOH��OHW¶V�DVVXPH�ZH�FDQ�QDPH�UROHV�ZLWK�D�VLPSOH�VWULQJ�� ,I� WKH�&XVWRPHU�REMHFW�FDQ�SOD\� WKH�UROH�QDPHG
³%RUURZHU�´�WKH�ORDQ�DSSOLFDWLRQ�ZLOO�DVN� LW� WR�UHWXUQ�D�UHIHUHQFH� WR� WKH�FRUUHVSRQGLQJ�REMHFW��7KH� ORDQ�DSSOLFDWLRQ
PD\�QRZ�XVH�WKLV�UHIHUHQFH�WR�FDOO�%RUURZHU�VSHFLILF�RSHUDWLRQV�

APPLICABILITY
8VH�WKH�5ROH�2EMHFW�SDWWHUQ��LI

•� \RX�ZDQW� WR� KDQGOH� D� NH\� DEVWUDFWLRQ� LQ� GLIIHUHQW� FRQWH[WV� DQG� \RX� GR� QRW�ZDQW� WR� SXW� WKH� UHVXOWLQJ� FRQWH[W�
VSHFLILF�LQWHUIDFHV�LQWR�WKH�VDPH�FODVV�LQWHUIDFH�



3DJH���RI���

•� \RX�ZDQW�WR�KDQGOH�WKH�DYDLODEOH�UROHV�G\QDPLFDOO\�VR�WKDW�WKH\�FDQ�EH�DWWDFKHG�DQG�UHPRYHG�RQ�GHPDQG��WKDW�LV
DW�UXQWLPH��UDWKHU�WKDQ�IL[LQJ�WKHP�VWDWLFDOO\�DW�FRPSLOH�WLPH�

•� \RX�ZDQW� WR� WUHDW� WKH� H[WHQVLRQV� WUDQVSDUHQWO\� DQG�QHHG� WR�SUHVHUYH� WKH� ORJLFDO�REMHFW� LGHQWLW\�RI� WKH� UHVXOWLQJ
REMHFW�FRQJORPHUDWH�

•� \RX�ZDQW�WR�NHHS�UROH�FOLHQW�SDLUV�LQGHSHQGHQW�IURP�HDFK�RWKHU�VR�WKDW�FKDQJHV�WR�D�UROH�GR�QRW�DIIHFW�FOLHQWV�WKDW
DUH�QRW�LQWHUHVWHG�LQ�WKDW�UROH�

�'RQ¶W�XVH�WKLV�SDWWHUQ

•� LI�\RXU�SRWHQWLDO�UROHV�KDYH�VWURQJ�LQWHUGHSHQGHQFLHV�

7KHUH�DUH�VHYHUDO�GHVLJQ�YDULDWLRQV�RQ�XVLQJ�UROHV��)RZOHU�SUHVHQWV�D�JXLGH�RQ�WKHVH�YDULDWLRQV�DQG�VKRZV�ZKHQ�WR�XVH
ZKLFK�SDWWHUQ�>)RZOHU��@�

STRUCTURE
7KH�IROORZLQJ�SLFWXUH�VKRZV�WKH�VWUXFWXUH�GLDJUDP�RI�WKH�5ROH�2EMHFW�SDWWHUQ�
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Figure 3: Structure diagram of the Role Object pattern

PARTICIPANTS
• &RPSRQHQW��&XVWRPHU�

− PRGHOV�D�SDUWLFXODU�NH\�DEVWUDFWLRQ�E\�GHILQLQJ�LWV�LQWHUIDFH�

− VSHFLILHV� WKH� SURWRFRO� IRU� DGGLQJ�� UHPRYLQJ�� WHVWLQJ� DQG� TXHU\LQJ� IRU� UROH� REMHFWV�� $� &OLHQW� VXSSOLHV� D
VSHFLILFDWLRQ�IRU�D�&RQFUHWH5ROH�VXEFODVV��,Q�WKH�VLPSOHVW�FDVH��LW�LV�LGHQWLILHG�E\�D�VWULQJ�

• &RPSRQHQW&RUH��&XVWRPHU&RUH�

− LPSOHPHQWV�WKH�&RPSRQHQW�LQWHUIDFH�LQFOXGLQJ�WKH�UROH�PDQDJHPHQW�SURWRFRO�

− FUHDWHV�&RQFUHWH5ROH�LQVWDQFHV�

− PDQDJHV�LWV�UROH�REMHFWV�

• &RPSRQHQW5ROH��&XVWRPHU5ROH�

− VWRUHV�D�UHIHUHQFH�WR�WKH�GHFRUDWHG�&RPSRQHQW&RUH�

− LPSOHPHQWV�WKH�&RPSRQHQW�LQWHUIDFH�E\�IRUZDUGLQJ�UHTXHVWV�WR�LWV�FRUH�DWWULEXWH�
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• &RQFUHWH5ROH��,QYHVWRU��%RUURZHU�

− PRGHOV�DQG�LPSOHPHQWV�D�FRQWH[W�VSHFLILF�H[WHQVLRQ�RI�WKH�&RPSRQHQW�LQWHUIDFH�

− FDQ�EH�LQVWDQWLDWHG�ZLWK�D�&RPSRQHQW&RUH�DV�DUJXPHQW�

COLLABORATIONS
&RUH�DQG�UROH�REMHFWV�FROODERUDWH�DV�IROORZV�

• &RPSRQHQW5ROH�IRUZDUGV�UHTXHVWV�WR�LWV�&RPSRQHQW&RUH�REMHFW�

• &RPSRQHQW&RUH�LQVWDQWLDWHV�DQG�PDQDJHV�&RQFUHWH5ROHV�

$�FOLHQW�LQWHUDFWV�ZLWK�UROHV�DQG�FRUH�REMHFWV�LQ�WKH�IROORZLQJ�ZD\V�

• $�FOLHQW�FDQ�H[WHQG�FRUH�REMHFWV�ZLWK�UROHV��7R�WKLV�HQG��KH�GHVFULEHV�WKH�GHVLUHG�UROHV�ZLWK�VSHFLILFDWLRQ�REMHFWV�

• :KHQHYHU�WKH�FOLHQW�ZDQWV�WR�ZRUN�RQ�D�FRUH�REMHFW�LQ�D�UROH�VSHFLILF�ZD\��KH�DVNV�WKH�FRUH�REMHFW�IRU�WKLV�UROH��,I
WKH�FRUH�REMHFW�LV�FXUUHQWO\�SOD\LQJ�WKH�UHTXHVWHG�UROH��LW�LV�UHWXUQHG�WR�WKH�FOLHQW�

• ,I�WKH�FRUH�REMHFWV�GRHV�QRW�SOD\�WKH�UHTXHVWHG�UROH��DQ�HUURU�LV�WKURZQ��$�FRUH�REMHFW�QHYHU�FUHDWHV�UROH�REMHFWV�RQ
LWV�RZQ�

CONSEQUENCES
7KH�5ROH�2EMHFW�SDWWHUQ�KDV�WKH�IROORZLQJ�DGYDQWDJHV�DQG�FRQVHTXHQFHV�

•� 7KH�NH\�DEVWUDFWLRQ�FDQ�EH�GHILQHG�FRQFLVHO\��7KH�&RPSRQHQW� LQWHUIDFH� LV�ZHOO�IRFXVVHG�RQ� WKH�HVVHQWLDO� VWDWH
DQG�EHKDYLRU�RI�WKH�PRGHOHG�NH\�DEVWUDFWLRQ�DQG�LV�QRW�EORDWHG�E\�FRQWH[W�VSHFLILF�UROH�LQWHUIDFHV�

•� 5ROHV�FDQ�EH�HYROYHG�HDVLO\�DQG�LQGHSHQGHQWO\�RI�HDFK�RWKHU��([WHQGLQJ� WKH�&RPSRQHQW� LQWHUIDFH� LV�YHU\�HDV\
EHFDXVH�\RX�ZLOO�QRW�KDYH�WR�FKDQJH�WKH�&RPSRQHQW&RUH�FODVV��$�&RQFUHWH5ROH�FODVV�OHWV�\RX�DGG�QHZ�UROHV�DQG
UROH�LPSOHPHQWDWLRQV�ZKLOH�SUHVHUYLQJ�WKH�NH\�DEVWUDFWLRQ�LWVHOI�

•� 5ROHV� REMHFWV� FDQ� EH� DGGHG� DQG� UHPRYHG� G\QDPLFDOO\�� $� UROH� REMHFW� FDQ� EH� DGGHG� DQG� UHPRYHG� DW� UXQWLPH�
VLPSO\�E\� DWWDFKLQJ� LW� WR� DQG�GHWDFKLQJ� LW� IURP� WKH� FRUH�REMHFW��7KXV�� RQO\� WKRVH�REMHFWV� WKDW� DUH� QHHGHG� LQ� D
JLYHQ�VLWXDWLRQ�DUH�DFWXDOO\�FUHDWHG�

•� $SSOLFDWLRQV�JHW�EHWWHU�GHFRXSOHG��%\�H[SOLFLWO\�VHSDUDWLQJ�WKH�&RPSRQHQW�LQWHUIDFH�IURP�LWV�UROHV��WKH�FRXSOLQJ
RI�DSSOLFDWLRQV�EDVHG�RQ�GLIIHUHQW�UROH�H[WHQVLRQV� LV�GHFUHDVHG��$Q�DSSOLFDWLRQ��&OLHQW$��XVLQJ� WKH�&RPSRQHQW
LQWHUIDFH�DQG�VRPH�FRQWH[W�VSHFLILF�&RQFUHWH5ROH�FODVVHV�GRHV�QRW�QHHG�WR�NQRZ�WKH�&RQFUHWH5ROH�FODVVHV�XVHG
LQ�RWKHU�DSSOLFDWLRQV��&OLHQW%��

•� &RPELQDWRULDO� H[SORVLRQ� RI� FODVVHV� WKURXJK� PXOWLSOH� LQKHULWDQFH� LV� DYRLGHG�� 7KH� SDWWHUQ� DYRLGV� WKH
FRPELQDWRULDO�H[SORVLRQ�RI�FODVVHV�DV� LW�ZRXOG� UHVXOW� IURP�XVLQJ�PXOWLSOH� LQKHULWDQFH� WR� FRPSRVH� WKH�GLIIHUHQW
UROHV�LQ�D�VLQJOH�FODVV�

�7KH�5ROH�2EMHFW�SDWWHUQ�KDV�WKH�IROORZLQJ�GLVDGYDQWDJHV�DQG�OLDELOLWLHV�

•� &OLHQWV� DUH� OLNHO\� WR� JHW� PRUH� FRPSOH[�� :RUNLQJ� ZLWK� DQ� REMHFW� WKURXJK� RQH� RI� LWV� &RQFUHWH5ROH� LQWHUIDFHV
LPSOLHV� VOLJKW�FRGLQJ�RYHUKHDG�FRPSDUHG� WR�XVLQJ� WKH� LQWHUIDFH�SURYLGHG�E\� WKH�&RPSRQHQW� LQWHUIDFH� LWVHOI��$
FOLHQW�KDV�WR�FKHFN�ZKHWKHU�WKH�REMHFW�SOD\V�WKH�UROH�LQ�TXHVWLRQ��,I�LW�GRHV��WKH�FOLHQW�QHHGV�WR�TXHU\�IRU�WKH�UROH�
,I�LW�GRHV�QRW��WKH�FOLHQW�LV�UHVSRQVLEOH�IRU�H[WHQGLQJ�WKH�FRUH�REMHFW�LQ�LWV�VSHFLILF�XVH�FRQWH[W�SURYLGHG�WKDW�WKH
FRUH�REMHFW�DFWXDOO\�FDQ�SOD\�WKH�UROH�

•� 0DLQWDLQLJ� FRQVWUDLQWV� EHWZHHQ� UROHV� EHFRPHV� GLIILFXOW�� 6LQFH� D� VXEMHFW� FRQVLVWV� RI� VHYHUDO� REMHFWV�ZKLFK� DUH
PXWXDOO\� GHSHQGHQW�� PDLQWDLQLQJ� FRQVWUDLQWV� DQG� SUHVHUYLQJ� WKH� RYHUDOO� VXEMHFW� FRQVLVWHQF\� PLJKW� EHFRPH
GLIILFXOW��,Q�WKH�LPSOHPHQWDWLRQ�VHFWLRQ�ZH�GLVFXVV�VHYHUDO�RI�WKH�DULVLQJ�LVVXHV�

•� &RQVWUDLQWV�RQ�UROHV�FDQQRW�EH�HQIRUFHG�E\�WKH�W\SH�V\VWHP��<RX�PLJKW�ZDQW�WR�H[FOXGH�FHUWDLQ�UROHV�IURP�EHLQJ
DWWDFKHG�WR�WKH�VDPH�FRUH�REMHFW�LQ�FRPELQDWLRQ��2U��FHUWDLQ�UROHV�PD\�GHSHQG�RQ�WKH�H[LVWHQFH�RI�RWKHUV��:LWK
WKH�5ROH�2EMHFW�SDWWHUQ��\RX�FDQ¶W�UHO\�RQ�WKH�W\SH�V\VWHP�WR�HQIRUFH�WKH�FRQVWUDLQWV�IRU�\RX��<RX�ZLOO�KDYH�WR�XVH
UXQWLPH�FKHFNV�LQVWHDG�
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•� 0DLQWDLQLQJ�REMHFW� LGHQWLW\�JHWV�PRUH� FRPSOH[��7KH� FRUH�REMHFW� DQG� LWV� UROH� LQVWDQFHV� IRUP� D� FRQFHSWXDO� XQLW
ZKLFK�VKRXOG�KDYH�D�FRQFHSWXDO�LGHQWLW\�RI�LWV�RZQ��:KLOH�WHFKQLFDO�REMHFW�LGHQWLW\�FDQ�EH�KDQGOHG�GLUHFWO\�LQ�DQ\
JLYHQ� SURJUDPPLQJ� ODQJXDJH� �FKHFNLQJ� REMHFWV� IRU� WHFKQLFDO� LGHQWLW\� LV� FDUULHG� RXW� E\� FRPSDULQJ� REMHFW
UHIHUHQFHV���FKHFNLQJ�IRU�FRQFHSWXDO�LGHQWLW\�UHTXLUHV�DGGLWLRQDO�RSHUDWLRQV�LQ�WKH�&RPSRQHQW�LQWHUIDFH��7KLV�FDQ
EH�LPSOHPHQWHG�E\�FRPSDULQJ�FRUH�REMHFW�UHIHUHQFHV�

�IMPLEMENTATION
�$Q� LPSOHPHQWDWLRQ� RI� WKH� 5ROH� 2EMHFW� SDWWHUQ� PXVW� DGGUHVV� WZR� FULWLFDO� LVVXHV�� WUDQVSDUHQWO\� H[WHQGLQJ� NH\
DEVWUDFWLRQV� ZLWK� UROHV�� DQG� G\QDPLFDOO\� PDQDJLQJ� WKHVH� UROHV�� )RU� WUDQVSDUHQW� H[WHQVLRQ�� ZH� XVH� WKH� 'HFRUDWRU
SDWWHUQ�>*DPPD���@��)RU�FUHDWLQJ�DQG�PDQDJLQJ�UROHV��ZH�DSSO\�WKH�3URGXFW�7UDGHU�SDWWHUQ�>%lXPHU���@��7KXV��WKH
5ROH�2EMHFW�SDWWHUQ�FRPELQHV�WZR�ZHOO�NQRZQ�SDWWHUQV�WKHUHE\�DGGLQJ�QHZ�VHPDQWLFV�

•� 3URYLGLQJ�LQWHUIDFH�FRQIRUPDQFH��6LQFH�ZH�ZDQW�UROH�REMHFWV�WR�EH�XVHG�WUDQVSDUHQWO\�ZKHUHYHU�WKH�FRUH�REMHFW
FDQ�EH�XVHG�� WKH\�PXVW� VXSSRUW� D� FRPPRQ� LQWHUIDFH��1RWH� WKDW� IURP�D�PRGHOLQJ�SRLQW�RI� YLHZ�� D� UROH� FODVV� LV
FRQVLGHUHG�D�VSHFLDOL]DWLRQ�RI�LWV�FRUH��L�H��DQ�,QYHVWRU�LV�D�&XVWRPHU���7KH�'HFRUDWRU�SDWWHUQ�WHOOV�XV�KRZ�WR�GR
WKLV��)LUVW��ZH�IDFWRU�RXW�D�FRPPRQ�LQWHUIDFH�IRU�DOO�REMHFWV�WKDW�FDQ�KDYH�UROHV�DGGHG�WR�WKHP�G\QDPLFDOO\��7KLV
LQWHUIDFH�LV�SURYLGHG�E\�WKH�&RPSRQHQW�FODVV�LQ�WKH�VWUXFWXUH�GLDJUDP�DQG�FRUUHVSRQGV�WR�WKH�&RPSRQHQW�FODVV�LQ
WKH� 'HFRUDWRU� SDWWHUQ�� )RU� DOO� FRQWH[W�VSHFLILF� UROHV� WKDW� PLJKW� H[WHQG� WKH� &RPSRQHQW�V� IXQFWLRQDOLW\�� ZH
LQWURGXFH� WKH� DEVWUDFW� VXSHUFODVV� &RPSRQHQW5ROH� ZKLFK� FRUUHVSRQGV� WR� WKH� 'HFRUDWRU� FODVV� LQ� >*DPPD���@�
&RPSRQHQW5ROH�LPSOHPHQWV�WKH�&RPSRQHQW¶V�LQWHUIDFH�E\�IRUZDUGLQJ�RSHUDWLRQ�LQYRFDWLRQV�WR�WKH�FRUH�REMHFW�
7KXV�� UROHV� WUDQVSDUHQWO\� ZUDS� WKH� FRUH�� &RQFUHWH5ROH� FODVVHV� PXVW� LQKHULW� IURP� &RPSRQHQW5ROH�� WKH\
FRUUHVSRQG�WR�WKH�&RQFUHWH'HFRUDWRU�FODVVHV�LQ�>*DPPD���@�

•� Hiding the role object creation process. Role instances are used to decorate a core object at run-time. A key issue
is how a ConcreteRole instance is actually created and attached to the core object. Notice that ConcreteRoles are
not meant to be created by clients. Rather, the role creation process should be initiated by ComponentCore,
thereby avoiding that role objects may exist of their own (i.e., independently of a core object). This also prevents
clients from knowing how to instantiate role objects.

•� 'HFRXSOLQJ� UROH� FODVVHV� IURP� WKH� FRUH�� &UHDWLQJ� DQG� PDQDJLQJ� UROHV� VKRXOG� EH� GRQH� LQ� D� JHQHULF� IDVKLRQ�
2WKHUZLVH��LW�EHFRPHV�KDUG�LI�QRW�LPSRVVLEOH�WR�H[WHQG�D�&RPSRQHQW&RUH�ZLWK�QHZ�DQG�XQIRUHVHHQ�UROHV�ZLWKRXW
FKDQJLQJ�LWV�LPSOHPHQWDWLRQ��7KHUHIRUH��ERWK�WKH�FUHDWLRQ�DQG�WKH�PDQDJHPHQW�SURFHVV�PXVW�EH�LQGHSHQGHQW�RI
FRQFUHWH�UROH�FODVVHV��WKH�&RPSRQHQW&RUH�FRGH�PXVW�QRW�VWDWLFDOO\�UHIHUHQFH�DQ\�RI�WKHP�

7KLV�FDQ�EH�DFKLHYHG�E\�XVLQJ�VSHFLILFDWLRQ�REMHFWV��7R�UHTXHVW�D�UROH�WKH�FOLHQWV�SDVVHV�D�VSHFLILFDWLRQ�REMHFW�WR
WKH� FRUH�� 7KH� VLPSOHVW� VROXWLRQ� LV� WR� XVH� WKH� W\SH� QDPH� DV� WKH� VSHFLILFDWLRQ� �VHH� H[DPSOH� VHFWLRQ��� 7KH� FRUH
UHWXUQV�WKH�UROH�REMHFW�ZLFK�PDWFKHV�WKH�VSHFLILFDWLRQ��0RUH�HODERUDWH�VSHFLILFDWLRQ�PHFKDQLVPV�DUH�GLVFXVVHG�LQ
>5LHKOH����(YDQV���@�

7KH�VDPH�VSHFLILFDWLRQ�REMHFWV�FDQ�EH�XVHG�IRU�FUHDWLRQ��7R�DFKLHYH�WKLV��WKH�3URGXFW�7UDGHU�SDWWHUQ�FDQ�EH�XVHG
>%lXPHU���@�� 7KH� UROH� REMHFW� WUDGHU� PDLQWDLQV� D� FRQWDLQHU� RI� VSHFLILFDWLRQ� REMHFWV� ZLWK� DVVRFLDWHG� FUHDWRU
REMHFWV��IRU�H[DPSOH�FODVV�REMHFWV��SURWRW\SHV�RU�H[HPSODUV��:KHQ�D�FOLHQW�ZDQWV�WR�DGG�D�QHZ�UROH��LW�SDVVHV�D
VSHFLILFDWLRQ�REMHFW�WR�WKH�FRUH��7KH�FRUH�GHOHJDWHV�WKH�FUHDWLRQ�WR�WKH�UROH�REMHFW�WUDGHU�

•� &KRRVLQJ� DSSURSULDWH� VSHFLILFDWLRQ� REMHFWV�� ,Q� PDQ\� FDVHV� LW� ZLOO� EH� VXIILFLHQW� WR� XVH� WKH� W\SH� QDPH� DV� D
VSHFLILFDWLRQ�REMHFW��%XW�VRPHWLPHV�LW�LV�ZRUWK�WR�XVH�PRUH�FRPSOH[�VSHFLILFDWLRQV�

6XSSRVH�\RX�KDYH�PRGHOHG�3HUVRQ�DV�D�FRUH�REMHFW�FODVV��6RPH�SHUVRQV�PD\�EH�HPSOR\HHV��VR�WKHUH�LV�D�UROH�W\SH
(PSOR\HH��%HFDXVH�WKHUH�DUH�GLIIHUHQW�NLQGV�RI�HPSOR\HHV��\RX�ZLOO�ZDQW�WR�PDNH�(PSOR\HH�DQ�LQWHUIDFH�FODVV
DQG�PRGHO�FRQFUHWH�UROHV�DV�VXEFODVVHV�RI�(PSOR\HH�� IRU�H[DPSOH�6DOHVPDQ��'HYHORSHU�DQG�0DQDJHU��:KHQ�D
FOLHQW�QHHGV� LQIRUPDWLRQ�DERXW� WKH� VDODU\�RI�D�SHUVRQ�� LW�ZLOO� UHTXHVW� WKH� UROH� ³(PSOR\HH´� IURP� WKH� FRUH��7KLV
FDQQRW�EH�GRQH�XVLQJ�WKH�W\SH�QDPH��EHFDXVH�WKH�FRQFUHWH�UROH�REMHFWV�ZLOO�KDYH�³6DOHVPDQ´�HWF��DV�W\SH�QDPHV�
,Q� VXFK� VLWXDWLRQV� \RX� FDQ� XVH� 7\SH� 2EMHFWV� >-RKQVRQ���@� DV� VSHFLILFDWLRQV�� 7KH� FRUH� FDQ� WKHQ� UHWULHYH� WKH
UHTXHVWHG�UROH�REMHFW�E\�HYDOXDWLQJ�VXE�VXSHU�W\SH�UHODWLRQV�

•� 0DQDJLQJ� UROH� REMHFWV�� 7R� OHW� D� FRUH� REMHFW� PDQDJH� LWV� UROHV�� WKH� &RPSRQHQW� LQWHUIDFH� GHFODUHV� D� UROH
PDQDJHPHQW� SURWRFRO�ZKLFK� LQFOXGHV� RSHUDWLRQV� IRU� DGGLQJ�� UHPRYLQJ�� WHVWLQJ�� DQG� TXHU\LQJ� UROH� REMHFWV�� 7R
VXSSRUW� WKH� UROH�PDQDJHPHQW� SURWRFRO�� WKH� FRUH� REMHFW�PDLQWDLQV� D� GLFWLRQDU\� WKDW�PDSV� UROH� VSHFLILFDWLRQV� WR
FRQFUHWH�UROH�LQVWDQFHV��:KHQHYHU�D�UROH�REMHFW�LV�DWWDFKHG�WR�WKH�FRUH��WKH�QHZ�UROH�REMHFW� LV� UHJLVWHUHG� LQ� WKH
UROH�GLFWLRQDU\�WRJHWKHU�ZLWK�LWV�UROH�VSHFLILFDWLRQ�
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� 3OHDVH� QRWH� WKDW� D� FRUH� REMHFW� PDQDJHV� LWV� UROH� REMHFWV� WKURXJK� UHIHUHQFHV� RI� W\SH� &RPSRQHQW5ROH�� WKHUHE\
H[FOXGLQJ�&RPSRQHQW&RUH�LQVWDQFHV�IURP�DFWLQJ�DV�UROHV��%HFDXVH�WKH�FRUH�RZQV�LWV�UROHV��LW�PXVW�WDNH�FDUH�RI
WKHP��,Q�SDUWLFXODU��LW�PXVW�GHOHWH�WKHP�ZKHQ�LW�JHWV�GHOHWHG�LWVHOI�

•� 0DLQWDLQLQJ� FRQVLVWHQW� FRUH� DQG� UROH� REMHFW� VWDWH�� &KDQJHV� WR� WKH� FRUH� REMHFW� RU� WR� UROH� REMHFWV�PD\� UHTXLUH
XSGDWHV�WR�IXUWKHU�UROH�REMHFWV��$V�DQ�H[DPSOH��FRQVLGHU�FKDQJLQJ�WKH�QDPH�RI�D�3HUVRQ�ZKLFK�LV�DOVR�D�%RUURZHU�
:KHQHYHU� WKH� 3HUVRQ� UHFHLYHV� D� QHZ� QDPH�� D� IODJ� PXVW� EH� UDLVHG� LQ� WKH� %RUURZHU� UROH� WR� LQGLFDWH� WKDW� WKH
%RUURZHU�KDG�D�QDPH�FKDQJH��7KH�IODJ�LQGLFDWHV�WR�WKH�V\VWHP�WKDW�D�QDPH�FKDQJH�PXVW�EH�UHSRUWHG�WR�D�QDWLRQDO
LQVWLWXWH� ZKLFK� FROOHFWV� DQG� SDVVHV� RQ� LQIRUPDWLRQ� RQ� WKH� FUHGLWZRUWKLQHVV� RI� ERUURZHUV�� 1RWLILFDWLRQ� LV
PDQGDWRU\�IRU�WKH�EDQN��7KHUH�DUH�VHYHUDO�SRVVLEOH�VROXWLRQV�WR�HQVXUH�WKHVH�FRQVWUDLQWV��DOO�RI�ZKLFK�FRPH�ZLWK�D
SULFH��XVXDOO\�WKH�GHSHQGHQFLHV�DUH�KDUG�FRGHG��:H�GLVFXVV�D�PRUH�HODERUDWH�VROXWLRQ�LQ�WKH�QH[W�EXOOHW�LWHP�

•� 0DLQWDLQJ�UROH�DWWULEXWH�FRQVWUDLQWV�E\�XVLQJ�3URSHUW\�DQG�2EVHUYHU��,I�VWDWH�LQWHJUDWLRQ�EHFRPHV�FRPSOH[�GXH
WR�PDQ\�LQWHUGHSHQGHQFLHV�� WKH� LPSOHPHQWDWLRQ�VWDWH�RI� WKH�FRUH�REMHFW� �RU�SDUWV� WKHUHRI��PLJKW�EH� UHSUHVHQWHG
XVLQJ�D�SURSHUW\�OLVW��>5LHKOH��@��DOVR�FDOOHG�9DULDEOH�6WDWH�>%HFN��@���$�SURSHUW\�OLVW�LV�D�OLVW�RI�NH\�YDOXH�SDLUV
ZKLFK�UHSUHVHQW�DWWULEXWH�QDPHV�DQG�YDOXHV��UHVSHFWLYHO\��,W�LV�XVXDOO\�LPSOHPHQWHG�DV�D�GLFWLRQDU\��ZKLFK�PDSV
WKH�DWWULEXWH�QDPH�RQ�WKH�DWWULEXWH�YDOXH��REMHFW��

$�UROH�REMHFW�PD\�WKHQ�UHJLVWHU�LQWHUHVW�LQ�D�SDUWLFXODU�DWWULEXWH�GHILQHG�DV�SDUW�RI�WKH�FRUH�REMHFW¶V�VWDWH�DQG�EH
QRWLILHG�LI�D�VWDWH�FKDQJLQJ�RSHUDWLRQ�LV�FDOOHG�RQ�LW��7R�HQDEOH�WKLV��HYHU\�UROH�REMHFW� WKDW�FKDQJHV�DQ�DWWULEXWH
PXVW�LQIRUP�WKH�FRUH�REMHFW�DERXW�WKLV�VR�WKDW�LW�FDQ�QRWLI\�GHSHQGHQW�UROH�REMHFWV�DERXW�WKH�FKDQJH�

3URSHUW\� OLVWV� DUH� XVXDOO\� SHUFHLYHG� DV� EHLQJ� D� EDG� WKLQJ�� EHFDXVH� WKH\� EUHDN� HQFDSVXODWLRQ� E\� H[SRVLQJ
LPSOHPHQWDWLRQ� VWDWH�� &KDQJHV� LQ� DWWULEXWH� QDPHV� PD\� UHTXLUH� DOO� UROH� FODVVHV� GHSHQGLQJ� RQ� WKHP� WR� FKDQJH
DFFRUGLQJO\��0RUHRYHU�� EDG� FRGH�PLJKW� FDXVH� XQZDQWHG� VLGH�HIIHFWV��+RZHYHU��ZKHQ� FDUHIXOO\� KDQGOHG�� WKHVH
SUREOHPV�FDQ�EH�DYRLGHG��3HUKDSV�WKH�EHVW�NQRZQ�H[DPSOH�RI�H[WHQVLYH�XVH�RI�WKLV�SDWWHUQ�DUH�GHFRUDWHG�QRGHV�LQ
DEVWUDFW�V\QWD[�WUHHV��WKH�NH\�DEVWUDFWLRQ�LQ�PDQ\�FRPSLOHUV�DQG�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV�

•� 0DLQWDLQLQJ�FRQFHSWXDO�LGHQWLW\��7KH�5ROH�2EMHFW�SDWWHUQ�OHWV�\RX�WR�PDQDJH�WKH�FRUH�DQG�LWV� UROHV�DV�D�VLQJOH
FRQFHSWXDO� REMHFW� ZLWK� LQWHJUDWHG� VWDWH�� 7KHUHIRUH�� LW� VKRXOG� EH� SRVVLEOH� IRU� FOLHQWV� WR� ILQG� RXW� ZKHWKHU� WZR
GLVWLQFW� WHFKQLFDO�REMHFWV�DUH�DFWXDOO\�SDUW�RI� WKH� VDPH� ORJLFDO�REMHFW�� WKDW� LV� LI� WKH\�DUH�FRQFHSWXDOO\� LGHQWLFDO�
'LIIHUHQW�UROH�REMHFWV�VKDUH�D�VLQJOH�FRQFHSWXDO�REMHFW�LGHQWLW\�ZKHQHYHU�WKH\�KDYH�WKH�VDPH�FRUH�

� )RU� H[DPSOH�� FRQVLGHU� D� FOLHQW� DSSOLFDWLRQ�ZKLFK�ZRUNV� GLUHFWO\�ZLWK� WKH� FRUH� REMHFW� WKURXJK� WKH�&RPSRQHQW
LQWHUIDFH��DQG�UHIHUV�WR�LWV�VLQJOH�UROH�LQVWDQFH�XVLQJ�D�FRQFUHWH�UROH�LQWHUIDFH��)URP�D�WHFKQLFDO�SRLQW�RI�YLHZ��WKH
WZR�UHIHUHQFHV�GR�QRW�SRLQW�WR�WKH�VDPH�REMHFW�EHFDXVH�WKH\�UHIHUHQFH�WZR�WHFKQLFDOO\�GLVWLQFW�REMHFWV��7KXV��WR
ILQG� RXW� WKDW� WKH� WZR� UHIHUHQFHV� DUH� DFWXDOO\� GHQRWH� WKH� VDPH� FRQFHSWXDO� REMHFW�� WKH� FOLHQW� PXVW� XVH� VSHFLDO
LGHQWLW\� FRPSDULVRQ� RSHUDWLRQV� SURYLGHG� E\� WKH�&RPSRQHQW� LQWHUIDFH��8VXDOO\�� WKLV� ZLOO� EH� LPSOHPHQWHG� DV� D
GLUHFW�FRPSDULVRQ�RI�WZR�FRUH�REMHFW�UHIHUHQFHV�

•� 0DLQWDLQLQJ�FRQVWUDLQWV�DPRQJ�UROHV��%HWZHHQ�UROHV�WKHPVHOYHV��QRW�MXVW�WKHLU�VWDWH���WKHUH�PLJKW�EH�D�QXPEHU�RI
FRQVWUDLQWV��$�FRPPRQ�FDVH�LV�WKDW�D�UROH�%�UHTXLUHV�D�UROH�$�WR�EH�DOUHDG\�SOD\HG�E\�WKH�REMHFW��)RU�H[DPSOH��LI
&XVWRPHU�DQG�%RUURZHU�DUH�ERWK�UROHV�RI�3HUVRQ��WKHQ�WKH�H[LVWHQFH�RI�D�&XVWRPHU�UROH�REMHFW�LV�D�SUHFRQGLWLRQ
IRU�DOORZLQJ�D�3HUVRQ�WR�SOD\�WKH�%RUURZHU�UROH��7KHVH�DUH�UROH�OHYHO�FRQVWUDLQWV��7KH�FDSDELOLW\�RI�DQ�REMHFW�WR
SOD\�D�SDUWLFXODU�UROH�%�LV�UHVWULFWHG�WR�WKH�FDVH�WKDW�WKH�REMHFW�DOUHDG\�SOD\V�D�UROH�$��:LWKRXW�WKDW�UROH�$��UROH�%
PXVW�QRW�EH�SOD\HG��7KHVH�FRQVWUDLQWV�HPHUJH�IURP�WKH�DSSOLFDWLRQ�GRPDLQ�

� *HQHUDOO\�VSHDNLQJ��UROH�%�PLJKW�QRW�MXVW�GHSHQG�RQ�UROH�$�EXW�DOVR�RQ�UROH�$�EHLQJ�LQ�D�SDUWLFXODU�VWDWH��)RU�WKH
PRVW�FRPSOH[�FDVHV��\RX�ZRQ¶W�EH�DEOH�WR�DYRLG�XVLQJ�D�FRQVWUDLQW�VROYLQJ�V\VWHP��)RUWXQDWHO\��LQ�SUDFWLFH��WKH
VLWXDWLRQ�DOPRVW�QHYHU�VFDOHV�XS� WR� IXOO�FRPSOH[LW\��DQG�PRUH�SUDJPDWLF� VROXWLRQV�DUH� VXIILFLHQW��7\SLFDO�FDVHV
FDQ� EH� VROYHG� E\� XVLQJ� D� WZR�SKDVH� FRPPLW� SURWRFRO�� WKDW� LV� WR� DVN� DOO� UROHV� ILUVW� EHIRUH� ILQDOO\� H[HFXWLQJ� D
UHTXHVW��IRU�H[DPSOH�EHIRUH�UHPRYLQJ�D�UROH�REMHFW�

•� 0DLQWDLQLQJ�FRQVWUDLQWV�DPRQJ�UROHV�E\�UHFXUVLYHO\�DSSO\LQJ� WKH�5ROH�2EMHFW�SDWWHUQ��0DQ\�SUREOHP�FDVHV�RI
UROH�OHYHO�FRQVWUDLQWV�FDQ�EH�VROYHG�E\�DSSO\LQJ�WKH�5ROH�2EMHFW�SDWWHUQ�UHFXUVLYHO\��,I�UROH�$�LV�D�SUHFRQGLWLRQ
IRU�D�QXPEHU�RI�5ROHV�%��&��'��HWF��WKHQ�UROH�$�FDQ�EH�XQGHUVWRRG�DV�D�NH\�DEVWUDFWLRQ�IRU�WKHVH�UROHV��%RUURZHU
DQG�,QYHVWRU�FDQ�EH�YLHZHG�DV�UROHV�RI�&XVWRPHU��DQG�&XVWRPHU�DQG�*XDUDQWRU�FDQ�EH�YLHZHG�DV�UROHV�RI�3HUVRQ�
6LQFH�EHLQJ�D�*XDUDQWRU�GRHV�QRW�UHTXLUH�EHLQJ�D�&XVWRPHU��LW�QHHG�QRW�EH�D�PRGHOHG�DV�D�UROH�RI�&XVWRPHU��7KH
IROORZLQJ�ILJXUH�VKRZV�D�UHFXUVLYH�DSSOLFDWLRQ�RI�WKH�5ROH�2EMHFW�SDWWHUQ�
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&XVWRPHU&RUH
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DGG5ROH��6SHF�
JHW5ROH��6SHF�
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JHW5ROH��6SHF�
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DGG5ROH��6SHF�
JHW5ROH��6SHF�
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Figure 5: The Role Object pattern applied recursively

$W�UXQWLPH��WKLV�OHDGV�WR�D�FKDLQ�RI�UROH�DQG�FRUH�REMHFWV��7KH�IROORZLQJ�ILJXUH�GHSLFWV�WKH�VLWXDWLRQ�

aPersonCore

roles aCustomerCore
roles
core

aBorrower
core

)LJXUH����'\QDPLF�REMHFW�GLDJUDP�ZLWK�UROHV�EHLQJ�DWWDFKHG�WR�UROHV�

7KH�UROH�OHYHO�FRQVWUDLQWV�DUH�VLPSO\�HQIRUFHG�E\�UROH�REMHFWV�IRU�%RUURZHU�RU�,QYHVWRU�QRW�FRPLQJ�LQWR�H[LVWHQFH
XQOHVV� WKH�&XVWRPHU� UROH�DOUHDG\�H[LVWV��7KXV��PRGHOLQJ�&XVWRPHU�DV�DQRWKHU�NH\� DEVWUDFWLRQ� IRU� IXUWKHU� UROHV
VHUYHV�WR�HQVXUH�D�YLWDO�UROH�SOD\LQJ�FRQVWUDLQW�RQ�WKH�PRUH�JHQHUDO�3HUVRQ�NH\�DEVWUDFWLRQ�

SAMPLE CODE
The following C++ code shows how to implement the customer example discussed in the motivation section. We’ll
assume there is a Component class called &XVWRPHU.

FODVV�&XVWRPHU5ROH�
FODVV�&XVWRPHU�^
SXEOLF�

���FXVWRPHU�VSHFLILF�RSHUDWLRQV
YLUWXDO�OLVW�$FFRXQW�
!�JHW$FFRXQWV��� ���

���5ROH�PDQDJHPHQW
YLUWXDO�&XVWRPHU5ROH�
�JHW5ROH�6WULQJ�D6SHF�� ���
YLUWXDO�&XVWRPHU5ROH�
�DGG5ROH�6WULQJ�D6SHF�� ���
YLUWXDO�&XVWRPHU5ROH�
�UHPRYH5ROH�6WULQJ�D6SHF�� ���
YLUWXDO�&XVWRPHU5ROH�
�KDV5ROH�6WULQJ�D6SHF�� ���

};

The implementation of class &XVWRPHU&RUH might look like this:

FODVV�&XVWRPHU&RUH���SXEOLF�&XVWRPHU�^
SXEOLF�

&XVWRPHU5ROH�
�JHW5ROH�6WULQJ�D6SHF�
^

UHWXUQ�UROHV>D6SHF@�
`�
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&XVWRPHU5ROH�
�DGG5ROH�6WULQJ�D6SHF�
^

&XVWRPHU5ROH�
�UROH� �18//�
LI���UROH� �JHW5ROH�D6SHF���  �18//�
^

LI�UROH� �&XVWRPHU5ROH����FUHDWH)RU�D6SHF��WKLV���UROHV>6SHF@� �UROH�
`
UHWXUQ�UROH�

`�

OLVW�$FFRXQW�
!�JHW$FFRXQWV���^�����`�

SULYDWH�
PDS�6WULQJ��&XVWRPHU5ROH�
!�UROHV�

`�

The specification of a role is implemented as string which equals the class name of the ConcreteRole class. The
mapping between the role’s specification and the role object itself is implemented by a dictionary.

Next, we define a subclass of &XVWRPHU called &XVWRPHU5ROH which we will subclass to obtain different
concrete roles. &XVWRPHU5ROH decorates the &XVWRPHU&RUH referenced by the FRUH instance variable. For each
operation in &XVWRPHU’s interface, &XVWRPHU5ROH forwards the request to FRUH. Notice that the core instance
variable is typed as &XVWRPHU&RUH, thereby ensuring that customer roles are not used as core objects. The mapping
between a role’s specification and an appropriate creator object which is able to instantiate the specified role is
implemented as a lookup table. For a detailed discussion of how to implement and manage creator objects, see
[Bäumer+97].

FODVV�&XVWRPHU5ROH���SXEOLF�&XVWRPHU�^
SXEOLF�

OLVW�$FFRXQW�
!�JHW$FFRXQWV���^�UHWXUQ�FRUH�!JHW$FFRXQWV���`�

&XVWRPHU5ROH�
�DGG5ROH�6WULQJ�D6SHF��^�UHWXUQ�FRUH�!DGG5ROH�D6SHF���`�

VWDWLF�&XVWRPHU5ROH�
�FUHDWH)RU�6WULQJ�D6SHF��&XVWRPHU&RUH�
�D&RUH�
^

&XVWRPHU5ROH�
�QHZ5ROH� �18//�
LI��QHZ5ROH� �ORRNXS�D6SHF��!FUHDWH����QHZ5ROH�!FRUH� �D&RUH�
UHWXUQ�QHZ5ROH�

`�

SULYDWH�
&XVWRPHU&RUH�
�FRUH�

`�

Subclasses of &XVWRPHU5ROH define specific roles. For example the class %RUURZHU adds operations to handle
securities and credit accounts. Subclasses should not override the inherited role management operations.

FODVV�%RUURZHU���SXEOLF�&XVWRPHU5ROH�^
SXEOLF�

OLVW�6HFXULW\�
!�JHW6HFXULWLHV���^�UHWXUQ�VHFXULWLHV��`�

SULYDWH�
OLVW�6HFXULW\�
!�VHFXULWLHV�

`�

Notice that clients must down-cast the role reference returned by the core component before they can invoke role-
specific operations on the role instance:

&XVWRPHU�
�D&RXVWRPHU� �'DWDEDVH����ORDG�³7RP�-RQHV´��
%RUURZHU�
�D%RUURZHU� �18//�

LI��D%RUURZHU� �G\QDPLFBFDVW�%RUURZHU�
!�D&XVWRPHU�!JHW5ROH�³%RUURZHU´��
^

���DFFHVV�VHFXULWLHV
OLVW�6HFXULW\�
!�VHFXULWLHV� �D%RUURZHU�!JHW6HFXULWLHV���

`�
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KNOWN USES
The GEBOS series of object-oriented banking projects makes extensive use of this pattern [Bäumer+97a]. It provides
software support for a number of banking business sections including the teller, loan, and investment department as
well as self-service and account management. The GEBOS system is based on a common business domain layer
modeling the bank’s core concepts. Concrete workplace applications extend these core concepts using the Role
Object pattern.

The Tools and Materials framework described in [Riehle+95a, Riehle+95b] explores the role modeling design space
of by protocol copy and paste, multiple inheritance, decorators and wrappers to achieve the effects of the Role Object
pattern. These variations have more concisely been described by Fowler [Fowler97].

The Geo system currently under development at Ubilab, the information technology research laboratory of Union
Bank of Switzerland is using the Role Object pattern as an implementation variation of roles as first-class entities of
programming.

Kristensen and Østerbye report on using the Decorator pattern to introduce roles into programming languages
[Kristensen+96]. However, they do not address issues of creating and managing role objects in detail.

We have used a domain-specific example, Person and its roles, for illustration purposes. This example is so common
that it actually represents a pattern of its own. Since a Person abstraction is needed in many contexts, there are also
any number of different roles which it may play. Schoenfeld discusses several examples, for example Person and its
roles in document centered business processes [Schoenfeld96]. We picked Person and its roles in the context of
banking businesses with customers. Yet another example is Person and its roles in a bureaucratic hierarchy and the
related payroll management problems.

An unrelated use of the Role Object pattern is the decoration of nodes in abstract syntax trees (AST’s). AST’s are the
primary abstraction in most software development environments. They are viewed and used from many different
tools, for example syntax-directed editors, symbol browsers, cross referencers, compilation support, dependency
analysis and change impact tools. Every tool needs to annotate the AST nodes with its specific information yet is
usually interested only in small aspects of the whole tree. The Role Object pattern works well to provide these tools
with tool-specific interfaces on the nodes. Mitsui et al. discuss the use of the pattern in the context of a C++
programming environment [Mitsui+93], for the specific use just discussed as well as for more general purposes.

RELATED PATTERNS
The Extension Object pattern [Gamma97] addresses the same issue: A component is extended by means of extension
objects in such a way that they satisfies context-specific requirements. The pattern, however, does not show how
Component and ComponentRole objects can be treated transparently, which we consider a key aspect of applying the
Role Object pattern. Moreover, the Extension Object pattern only touches the issue of extension object (role object)
creation and management. We view the integration of the Decorator pattern with the Product Trader pattern to be a
key part of the Role Object pattern.

The Extension Object pattern has been used for role modeling purposes by Zhao and Foster [Zhao+97] and
Schoenfeld [Schoenfeld96]. Zhao and Foster discuss role objects as extension objects, that is they do not transparently
wrap the core object. Their key example is the notion of Point (and its roles) as it is a key in transport software
systems. Schoenfeld chose the same primary example as we did, Person and its roles, but also uses the Extension
Objects pattern rather than transparently wrapping the core by a Decorator.

The Post pattern in [Fowler96] describes an interesting variant of this pattern. Similar to the Extension Object pattern,
it describes the responsibilities of a core object in the context of a particular application. However, a Post object exists
independently of the core and can live on without being assigned to a core.
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