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Abstract�� 7KH� SDSHU� SURSRVHV� D� WHFKQLTXH� IRU� PRGHOOLQJ� GHVLJQ� SDWWHUQV� WKDW� DOORZV
UHSUHVHQWLQJ� WKHP� LQ� D� ZD\� VXLWDEOH� IRU� DSSOLFDWLRQ� GHVLJQ�� )LUVW�� WKH� LVVXH� RI� GHVLJQ
SDWWHUQ� UHSUHVHQWDWLRQ� LV� WDFNOHG�� :H� LGHQWLI\� WKH� VSDFH� RI� GHVLJQ� SDWWHUQV� DQG
VSHFLILFDOO\�GLVFXVV�WZR�RI�LWV�GLPHQVLRQV��DEVWUDFWLRQ�DQG�JHQHUDOLW\��1H[W��ZH�GHVFULEH
D� WHFKQLTXH� IRU� PRGHOOLQJ� GHVLJQ� SDWWHUQV� E\� PHDQV� RI� GHVFULSWLRQ� VFKHPDWD� DW� D
PHWDOHYHO��)RU�JHQHUDO�SDWWHUQ�VWUXFWXUH��D�PHWDVFKHPD�UHSUHVHQWDWLRQ�KDV�EHHQ�SURSRVHG
WKDW�GHILQHV�SDWWHUQ�IUDJPHQWV�DQG�UHODWLRQV��$OVR��FRQVWUDLQWV�DUH�LQWURGXFHG�WKDW�UHVWULFW
WKH�SRVVLEOH�VWUXFWXUH�RI�SDWWHUQ�LQVWDQFHV�

1� Introduction

5HXVH�KDV�EHHQ�PRUH�WKDQ�RIWHQ�PHQWLRQHG�DV�WKH�SULPDU\�PRWLYDWLRQ�IRU�XVLQJ�GHVLJQ�SDWWHUQV
LQ�VRIWZDUH�GHVLJQ��7KHUH�DUH�TXRWHG�RWKHU�EHQHILWV�RI�XVLQJ�WKHP��FI��>�@��WKH\�DUH�D�VXFFLQFW
WRRO� IRU� H[SODLQLQJ�� FRPPXQLFDWLQJ� H[LVWLQJ� GHVLJQV�� DQG� WKH\� VHUYH� DV� D� JXLGDQFH� IRU� D
GHVLJQHU� WR� IRFXV� RQWR� D� VHW� RI� LVVXHV� WKDW� RWKHU� GHVLJQHUV� KDYH� IRXQG� LQVLJKWIXO�� 7KH� VDPH
DXWKRU�� KRZHYHU�� LV� TXLWH� FDXWLRXV� LQ� MXGJLQJ� WKH� UHDO� UHXVDELOLW\� RI� REMHFW�RULHQWHG� GHVLJQ
SDWWHUQV��0RUH�JHQHUDOO\��WKH�TXHVWLRQ�ZKHWKHU�WKH�FODLP�WKDW�REMHFW�RULHQWDWLRQ�IRVWHUV�UHXVH�LV
MXVWLILHG�UHPDLQV�RSHQ�>��@�

+RZHYHU�� WKH� YHU\� LGHD� RI� GHVLJQ� SDWWHUQV� LV� H[WUHPHO\� IUXLWIXO�� 7KH\� KHOS� UHGXFH� WKH
FRPSOH[LW\� RI� VROYLQJ� PDQ\� UHDO�OLIH� SUREOHPV�� 7KXV� WKH\� DUH� HVVHQWLDOO\� DEVWUDFWLRQV� RI
FRQFUHWH�GHVLJQ�VWHSV�ZKLFK�SUHVXPDEO\�EHORQJ�WR�ZHDOWK�RI�GHVLJQ�H[SHULHQFH�DFFXPXODWHG�E\
WKH� SUDFWLWLRQHUV� RI� WKH� ILHOG�� 7KH\� FRQVWLWXWH� D� VHW� RI� UXOHV� GHVFULELQJ� KRZ� WR� DFFRPSOLVK
FHUWDLQ�WDVNV�LQ�WKH�UHDOP�RI�VRIWZDUH�GHYHORSPHQW�>��@�

'HVLJQ� SDWWHUQV� DUH� D� WHFKQLTXH� HQYLVDJHG� WR� VXSSRUW� GHYHORSPHQW� DQG� PDLQWHQDQFH� RI
VRIWZDUH�V\VWHPV��+RZHYHU��WKH�ZD\�WKH\�DUH�FXUUHQWO\�IRUPXODWHG�LV�HVVHQWLDOO\�LQIRUPDO��,W�LV
EDVHG�RQ�D�FRPELQDWLRQ�RI�GLDJUDPPDWLF�GHVFULSWLRQ�DQG�D�ORRVH�VWUXFWXUH�LQYROYLQJ�IUHH�WH[W�
1RZ��LQ�RUGHU�IRU�WKH�VXSSRUW�WR�EH�DV�HIIHFWLYH�DV�SRVVLEOH�LW�LV�UHDVRQDEOH�LI�LW�LV�LPSOHPHQWHG
E\�VRPH� WRRO��$Q\�VXFK� WRRO� WKDW� LV� VXSSRVHG� WR�RSHUDWH�XSRQ�GHVLJQ�SDWWHUQV�ZRXOG� UHTXLUH
WKHP� WR� EH� UHSUHVHQWHG� DSSURSULDWHO\� IRU� D� PHFKDQLFDO� PDQLSXODWLRQ�� $OVR� −� HYHQ� ZKHQ� QR
FRPSXWHULVHG�WRRO�LV�HQYLVDJHG�−�GHVLJQ�SDWWHUQV�DV�NQRZQ�WRGD\�H�J���>�@��DUH�GHILQHG�IDU�WRR
ORRVHO\�DQG�XUJHQWO\�QHHG�WR�EH�UHIRUPXODWHG�LQ�D�PRUH�SUHFLVH�DQG�IRUPDO�ZD\�

+HQFH�� RQH� RI� DFWXDO� UHVHDUFK� WRSLFV� LV� WR� ILQG� D� VXLWDEOH� ZD\� RI� IRUPXODWLQJ� DQG
UHSUHVHQWLQJ�GHVLJQ�SDWWHUQV��:KHQ�VHDUFKLQJ�IRU�VXFK�D�UHSUHVHQWDWLRQ��LW�LV�LQVWUXFWLYH�WR�VHH
WKH� WDVN� LQ� D� ZLGHU� FRQWH[W�� 2QH� DVSHFW� FRQFHUQV� DWWHPSWV� WR� IRUPXODWH� GHVLJQ� VWUXFWXUHV� DW
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YDULRXV�OHYHOV�IURP�FRPSRQHQWV�WR�IUDPHZRUNV��SDWWHUQV�DQG�VRIWZDUH�DUFKLWHFWXUHV�>��@��2WKHU
DVSHFW�UHIHUV� WR�D�SDUDGLJP��DOWKRXJK�WKH�REMHFW�RULHQWHG�LV� WKH�PRVW�IUHTXHQWO\�FRQWHPSODWHG
RQH��ZH�GHIHQG�WKH�VWDQGSRLQW�WKDW�WKHUH�DUH�SDWWHUQV�RI�H�J���IXQFWLRQDO�RU�ORJLF�SURJUDPPLQJ
GHVLJQ�� WRR��)RU�H[DPSOH�� LW� LV�RXU� ORQJ�WLPH�H[SHULHQFH�WKDW� WKHUH�DUH�VRPH� W\SLFDO� LQIHUHQFH
PHFKDQLVPV�ZKLFK�FDQ�EH�WDNHQ�DV�GHVLJQ�SDWWHUQV�RI�NQRZOHGJH�EDVHG�V\VWHPV�

7KH�SDSHU�DWWHPSWV�WR�SURSRVH�D�WHFKQLTXH�IRU�PRGHOOLQJ�GHVLJQ�SDWWHUQV�WKDW�ZRXOG�DOORZ
UHSUHVHQWLQJ�WKHP�LQ�D�ZD\�VXLWDEOH�IRU�DSSOLFDWLRQ�GHVLJQ��7KH�UHVW�RI�WKH�SDSHU�LV�VWUXFWXUHG�DV
IROORZV�� ,Q�6HFWLRQ� ��� WKH� LVVXH� RI� GHVLJQ� SDWWHUQ� UHSUHVHQWDWLRQ� LV� WDFNOHG�� ,Q� 6HFWLRQ� ���ZH
HODERUDWH�DQ�RULJLQDO�DQDO\VLV�RI�WKH�FRQFHSW�RI�SDWWHUQV�ZLWK�D�VSHFLDO�IRFXV�RQ�WKHLU�DEVWUDFWLRQ
DQG�JHQHUDOLW\��1H[W��ZH�GHVFULEH�WKH�WHFKQLTXH�IRU�PRGHOOLQJ�GHVLJQ�SDWWHUQV�E\�PHDQV�RI�DQ
H[DPSOH��,Q�6HFWLRQ����UHODWHG�ZRUN�LV�JLYHQ��:H�FRQFOXGH�ZLWK�VXJJHVWLRQV�IRU�IXWXUH�ZRUN�

2� Design Pattern Representation

'HVLJQ� SDWWHUQV� SURSRVH� VROXWLRQ� WR� UHFXUULQJ� GHVLJQ� SUREOHPV� LQ� WKH� VRIWZDUH� GHYHORSPHQW�
7KH\�DUH�SUREOHP�±�VROXWLRQ�SDLUV�ZULWWHQ�LQ�D�XQLIRUP�IRUPDW��(DFK�SDWWHUQ�FRQVLVWV�RI�QDPH�
FRQWH[W��SUREOHP��VROXWLRQ��DORQJ�ZLWK�H[DPSOH��VWUXFWXUH��G\QDPLFV��LPSOHPHQWDWLRQ��YDULDQW�
NQRZQ� XVHV�� FRQVHTXHQFHV�� DQG� D� UHIHUHQFH� WR� UHODWHG� SDWWHUQV��0RVW� RI� WKH� SDWWHUQ� VHFWLRQV
FRQWDLQ� LQIRUPDO� WH[WXDO� GHVFULSWLRQV��7KH� VWUXFWXUH�RI� WKH� SDWWHUQ� LQFOXGHV� DOVR� GLDJUDPV�� LQ
FDVH�RI�REMHFW�RULHQWHG�GHVLJQ�SDWWHUQV��FODVV�GLDJUDPV�DUH� IUHTXHQWO\�XVHG��'\QDPLFV�FDQ�EH
GHVFULEHG�E\�W\SLFDO�VFHQDULRV�RI�WKH�UXQ�WLPH�EHKDYLRXU�RI�WKH�SDWWHUQ�XVLQJ�REMHFW�LQWHUDFWLRQ
GLDJUDPV��,PSOHPHQWDWLRQ�LV�VXJJHVWHG�E\�JXLGHOLQHV��RQO\�IUDJPHQWV�RI�SURJUDPV�LOOXVWUDWLQJ�D
SRVVLEOH�LPSOHPHQWDWLRQ�DUH�XVXDOO\�JLYHQ�LQ�D�SDWWHUQ�

$V�DQ�H[DPSOH�WKDW�ZLOO�EH�XVHG�WKURXJKRXW�WKH�SDSHU��ZH�VKRZ�WKH�REMHFW�RULHQWHG�GHVLJQ
SDWWHUQ�2EVHUYHU�IURP�WKH�*2)�FDWDORJXH�>�@��0DLQ�JRDO�RI�WKH�2EVHUYHU�SDWWHUQ�LV�WR�GHILQH�D
RQH�WR�PDQ\�GHSHQGHQF\�EHWZHHQ�D�Subject�DQG�LWV�ObserverV�VR�WKDW�ZKHQ�WKH�Subject
FKDQJHV� LWV� VWDWH�� DOO� LWV� GHSHQGDQWV� DUH� QRWLILHG� DQG� XSGDWHG�� ,Q� WKH� FDWDORJXH�� 207� FODVV
GLDJUDPV�DUH�XVHG�WR�H[SUHVV�SDWWHUQ�VWUXFWXUH�>��@��7KH�FODVV�GLDJUDP�IRU�2EVHUYHU�SDWWHUQ�LV
VKRZQ�LQ�)LJXUH����7KRXJK�XVLQJ�VXFK�D�VWDQGDUG�QRWDWLRQ�PDNHV�SDWWHUQ�VWUXFWXUH�IDPLOLDU��LW
GRHV�QRW�DOORZ�WR�H[SUHVV�SDWWHUQ�FRQVWUXFWV�FRPSOHWHO\�DQG�XQDPELJXRXVO\�

,Q�PDQ\�SDWWHUQV��FRPSRQHQWV�ZLWK�PXOWLSOH�RFFXUUHQFH�DSSHDU��,Q�RXU�VDPSOH�SDWWHUQ��HDFK
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Figure 1.�7KH�2EVHUYHU�SDWWHUQ�VWUXFWXUH�
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Subject�PD\�KDYH�VHYHUDO�ConcreteObserverV��7KLV� LV�QRW�H[SUHVVHG�LQ�FODVV�GLDJUDP�LQ
)LJXUH� ��� 7KH� ODFN� RI� H[SUHVVLYHQHVV� LV� SDUWLDOO\� VXEVWLWXWHG� E\� JLYLQJ� H[DPSOHV� RI� SRVVLEOH
VWUXFWXUHV��E\�FRGH�VDPSOHV��DQG�E\�LQIRUPDO�WH[WXDO�GHVFULSWLRQV�JLYHQ�LQ�WKH�SDWWHUQ�

,W�LV�FOHDU�WKDW�WR�GHVFULEH�GHVLJQ�SDWWHUQV�DFFXUDWHO\�LV�D�TXLWH�GLIILFXOW�WDVN��,Q�RXU�ZRUN��ZH
IRFXV�RQ�WKH�VROXWLRQ�SDUW�RI� WKH�SDWWHUQ��$�EHWWHU� UHSUHVHQWDWLRQ� LV�XUJHQWO\�QHHGHG��EH� LW� IRU
EHWWHU�FRPSUHKHQVLRQ�DQG�UHDVRQLQJ�DERXW�SDWWHUQ�SURSHUWLHV��RU�WR�DOORZ�D�PDQLSXODWLRQ�E\�D
FRPSXWHULVHG� WRRO� WKDW� ZRXOG� VXSSRUW� WKH� GHVLJQHU� LQ� VRPH� RI� KLV� RU� KHU� VRIWZDUH� V\VWHP
GHYHORSPHQW�DFWLYLWLHV�

3� Space of Design Patterns

2QH�REVHUYDWLRQ� IURP� WKH�YDVW� OLWHUDWXUH�RQ�GHVLJQ�SDWWHUQV� LV� WKH� VWULNLQJ� DPELJXLW\� LQ� YHU\
IXQGDPHQWDO� MXGJHPHQWV� RQ� WKHLU� SURSHUWLHV�� ,Q� >�@�� GHVLJQ� SDWWHUQV� DUH� UHJDUGHG� WR� EH
DEVWUDFWLRQV� RYHU� SURJUDPV�� ,Q� >�@�� WKH� QRWLRQV� RI� DEVWUDFWLRQ� DQG� JHQHUDOLVDWLRQ� KDYH� EHHQ
FRQIXVHG��DV�LV�DSSDUHQW�IURP�WKH�TXRWH�ÄWKH�VROXWLRQ�PD\�EH�JHQHUDOLVHG�LQWR�DQ�DEVWUDFWLRQ´�
2EYLRXVO\�� UHVXOW� RI� WKH� SURFHVV� RI� JHQHUDOLVLQJ� LV� D� JHQHUDOLVDWLRQ�� 6LPLODUO\�� DEVWUDFWLQJ
UHVXOWV�LQ�D�KLJKHU�DEVWUDFWLRQ��$�SRVVLEOH�GLIIHUHQWLDWLRQ�EHWZHHQ�DEVWUDFW�DQG�FRQFUHWH�SDWWHUQV
LV�WKDW�WKH�ODWWHU�DUH�LPSOHPHQWDWLRQV�RI�WKH�IRUPHU�>��@�

6LPLODU� GLVWLQFWLRQ� FDQ� EH� IRXQG� EHWZHHQ� FRPSRQHQWV� ZLWKLQ� D� SDUWLFXODU� SDWWHUQ�� ,Q� WKH
2EVHUYHU� SDWWHUQ� IRU� H[DPSOH�� WKH� FODVV�ConcreteSubject� LV�PRUH� FRQFUHWH� WKDQ� WKH� FODVV
Subject�EHFDXVH�LW�LQFOXGHV�PRUH�GHWDLOV��2U��LI�RQH�ORRNV�LQ�WKH�RSSRVLWH�GLUHFWLRQ��Subject
LV�PRUH�DEVWUDFW�WKDQ�ConcreteSubject�EHFDXVH�RQH�PHWKRG��GetState��DQG�RQH�YDULDEOH
�subjectState��KDYH�EHHQ� DEVWUDFWHG�DZD\��+RZHYHU�� HYHQ�ConcreteSubject� LV� VWLOO� DQ
�DOEHLW�OHVV��DEVWUDFW�FODVV�EHFDXVH�LWV�PHWKRGV�DUH�QRW�LPSOHPHQWHG�\HW�

$�SDWWHUQ�LV�EHFRPLQJ�PRUH�FRQFUHWH�LI�LW�LQFOXGHV�PRUH�PHWKRGV�WKDW�DUH�QRW�RQO\�DEVWUDFW�
L�H��VSHFLILHG�EXW�ZLWKRXW�D�ERG\�ZLWK�D�SURJUDP�FRGH��EXW�DOVR�LPSOHPHQWHG�L�H���FRQFUHWH�

+RZHYHU��WKHUH�DUH�DOVR�DVSHFWV�RI�GHVLJQ�SDWWHUQV�WKDW�DUH�PRUH�DSSURSULDWHO\�XQGHUVWRRG
ZKHQ�EURXJKW�LQWR�FRUUHVSRQGHQFH�ZLWK�WKH�JHQHUDOLW\�GLPHQVLRQ��2QH�ZD\�RI�VSHFLDOLVLQJ�WKH
JHQHUDO�SDWWHUQ�LV� WKURXJK�FKRRVLQJ�D�VSHFLILF�YDOXH�IRU�D�SDWWHUQ�SDUDPHWHU��5HIHUULQJ� WR�RXU
VDPSOH�SDWWHUQ��WKHUH�FDQ�EH�VHYHUDO�ConcreteObserverV��1XPEHU�RI�ConcreteObserverV
LV�WKH�SDUDPHWHU�RI�WKH�SDWWHUQ�ZKLFK�LV�VXSSRVHG�WR�EH�ÄDQ\³�DW� WKH�JHQHUDO� OHYHO��DQG�ZKLFK
FDQ�EH�VSHFLDOLVHG�IRU�H[DPSOH�WR�WKH�YDOXH�RI�WZR�DW�WKH�QH[W�ORZHU�OHYHO�RI�VSHFLDOLVDWLRQ��2XU
UHFRJQLWLRQ� RI� WKH� H[SOLFLW� UROH� RI� SDUDPHWULVDWLRQ� SDUDOOHOV� WKH� HQGHDYRXUV� WR� SURSRVH� DQG
GHYHORS� QHZ� SDUDGLJPV�� H�J�� JHQHUDWLYH� SURJUDPPLQJ� >�@�� $Q� LPSRUWDQW� DVSHFW� RI� SDWWHUQ
SDUDPHWULVDWLRQ� LV� WKDW� VSHFLILF� YDOXH� RI� RQH� SDUDPHWHU� PD\� LPSRVH� FRQVWUDLQWV� RQ� RWKHU
SDUDPHWHUV�

$QRWKHU�ZD\�RI�VSHFLDOLVLQJ�WKH�GHVLJQ�SDWWHUQ�LV�WKURXJK�UHQDPLQJ�WKH�JHQHUDO�FODVVHV�E\
DSSOLFDWLRQ� VSHFLILF� FODVVHV��7KLV� UHVXOWV� LQ�D�GRPDLQ� VSHFLILF�GHVLJQ�SDWWHUQ��*HQHUDO� QDPHV�
VXFK�DV�Subject�RU�Observer��DUH�UHSODFHG�E\�GRPDLQ�VSHFLILF�QDPHV��$IWHU�WKH�VSHFLDOLVLQJ
SURFHVV��WKH�SDWWHUQ�KDV�EHFRPH�PRUH�VSHFLILF��EXW�LW�LV�VWLOO�DW�WKH�VDPH�OHYHO�RI�DEVWUDFWLRQ�

7KXV��LW�VKRXOG�EH�UHFRJQLVHG�WKDW�GHVLJQ�SDWWHUQV�DUH�ERWK�DEVWUDFW�DQG�JHQHUDO��:H�SURSRVH
WR�UHSUHVHQW�ERWK�WKLV�SURSHUW\�DQG�WKH�SRWHQWLDO�WUDQVIRUPDWLRQV�E\�D�VSDFH�RI�GHVLJQ�SDWWHUQV�
7KH�VSDFH�LQ�ZKLFK�GHVLJQ�SDWWHUQ�LV�WUDQVIRUPHG�LQWR�D�SURJUDP�KDV�DW� OHDVW� WZR�GLPHQVLRQV
L�H���DEVWUDFWLRQ�DQG�JHQHUDOLW\��,W�KDV�URXJKO\�WKH�VKDSH�GHSLFWHG�LQ�)LJXUH���

:KHQ�ZRUNLQJ�ZLWK�D�GHVLJQ�SDWWHUQ��WKHUH�DUH�IRXU�GLIIHUHQW�GLUHFWLRQV�WR�IROORZ�
• FRQFUHWLVDWLRQ�−�DQ�DEVWUDFW�SDWWHUQ�LV�WUDQVIRUPHG�LQWR�D�PRUH�FRQFUHWH�UHSUHVHQWDWLRQ�
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• DEVWUDFWLRQ�−� WKH� HVVHQFH� RI� WKH�ZKROH� SDWWHUQ� RU� LWV� SDUWV� LV� DEVWUDFWHG� IURP� D�PRUH
FRQFUHWH�UHSUHVHQWDWLRQ�

• VSHFLDOLVDWLRQ�−�D�JHQHUDO�SDWWHUQ�FDQ�EHFRPH�PRUH�VSHFLILF�IRU�H[DPSOH�E\�LQVWDQWLDWLQJ
VRPH�RI�LWV�SDUDPHWHUV�RU�E\�HPEHGGLQJ�LW�LQ�DQ�DSSOLFDWLRQ�GRPDLQ�

• JHQHUDOLVDWLRQ� −� WKRVH� VSHFLILF� VWUXFWXUHV� ZKLFK� SURYHG� WR� EH� FRPPRQ� LQ� VRPH
DSSOLFDWLRQ�DUHD�DUH�JHQHUDOLVHG�LQWR�SDWWHUQV�

7KH�VSDFH�RI�WKH�SDWWHUQ�RULHQWHG�VRIWZDUH�GHYHORSPHQW�FDQ�EH�GLYLGHG�LQWR�WZR�VXEVSDFHV
�VHH�)LJXUH�����WKH�GHVLJQ�SDWWHUQV�DUHD�ZKLFK�FRYHUV�WKRVH�SDWWHUQ�VSHFLDOLVDWLRQV�JHQHUDOLVD�
WLRQV�DQG�FRQFUHWLVDWLRQV�DEVWUDFWLRQV�WKDW�DUH�GRPDLQ�LQGHSHQGHQW�DQG�WKH�DSSOLFDWLRQ�DUHD�LQ
ZKLFK�SDWWHUQV�DUH�WUDQVIRUPHG�LQWR�GLVFRYHUHG�IURP�DSSOLFDWLRQ�VSHFLILF�FDVHV�

7KH�SURFHVV�RI�VRIWZDUH�GHYHORSPHQW�LQYROYHV�LQ�SULQFLSOH�PRYHPHQW�LQ�WKH�VSDFH�LQ�DOO�WKH
IRXU�GLUHFWLRQV��7KLV�KDV�ILUVW�EHHQ�SUHVHQWHG�LQ�>�@��,Q�SDUWLFXODU��IRU�WKH�UROH�RI�JHQHUDOLVDWLRQ
VHH�DOVR�IRU�H[DPSOH�>�@�ZKHUH�GHVLJQLQJ�D�IUDPHZRUN�E\�JHQHUDOLVDWLRQ��L�H���ERWWRP�XS��IURP
DQ�DSSOLFDWLRQ�LV�GLVFXVVHG�DV�D�VWHS�E\�VWHS�SURFHVV�

4� Design Pattern Modelling Technique

)URP�RXU�SUHFHGLQJ�DQDO\VLV�IROORZV�WKDW�SDWWHUQ�JHQHUDOLW\�DQG�DEVWUDFWLRQ�DUH�LQWULQVLF�SDWWHUQ
IHDWXUHV��:KHQ� WKLV� IDFW� LV� QRW� IXOO\� WDNHQ� LQWR� DFFRXQW�� WKH\� DUH� RULJLQV� RI� GLIILFXOWLHV�ZLWK
IRUPXODWLQJ�SDWWHUQV�PRUH�DFFXUDWHO\�

,Q� WKH� SDWWHUQ� DSSOLFDWLRQ�� WKH� GHYHORSHU� LQ� SULQFLSOH� WUDQVIRUPV� D� JHQHUDO� DQG� DEVWUDFW
SDWWHUQ� LQWR� WKH� FRQFUHWH� DQG� VSHFLILF� RQH�� ,W� LV� WKH� SURFHVV� RI� SDWWHUQ� LQVWDQWLDWLRQ�� 3DWWHUQ
LQVWDQWLDWLRQ�LV�D�YHFWRU�LQ�WKH�GHVLJQ�VSDFH�WKDW�FRPELQHV�SDUWLDO�WUDQVIRUPDWLRQV�IURP�DEVWUDFW
WR�FRQFUHWH��DQG�SDUWLDO�WUDQVIRUPDWLRQV�IURP�JHQHUDO�WR�VSHFLILF�

7KH� GHVLJQ� VSDFH� IRU� 2EVHUYHU� SDWWHUQ� LV� VKRZQ� LQ� )LJXUH� �� ZLWK� WKH� PRVW� JHQHUDO� DQG
DEVWUDFW�SDWWHUQ�VWDWH�LQ�WKH�OHIW�WRS�FRUQHU��,Q�WKLV�GHVLJQ�VSDFH��D�VDPSOH�RI�VWDWHV�LV�GHSLFWHG
WKDW�LQWURGXFH�NQRZQ�SDWWHUQ�HOHPHQWV�DW�GLIIHUHQW�DEVWUDFWLRQ�DQG�JHQHUDOLVDWLRQ�OHYHOV�

Figure 2.�3DWWHUQ�RULHQWHG�VRIWZDUH�GHYHORSPHQW�
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ObserverPattern� LV�VKRZQ�DV�RQH�HOHPHQW�DW� WKH�KLJKHVW�DEVWUDFWLRQ�OHYHO��'HVFHQGLQJ
DORQJ� WKH� DEVWUDFWLRQ� OHYHO�� DEVWUDFW� FODVVHV� Subject� DQG� Observer� DQG� FRQFUHWH� FODVVHV
ConcreteSubject� DQG� ConcreteObserver� DUH� FRQVLGHUHG�� :KHQ� FRQFUHWLVLQJ� IXUWKHU�
PRUH�GHWDLOV��H�J��SDWWHUQ�HOHPHQWV�DUH�DGGHG��3DWWHUQ�HOHPHQWV�DUH�FODVVHV�DQG�WKHLU�PHWKRGV�
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,Q� WKH� QH[W� VWHS��PHWKRGV� FRXOG� EH� UHILQHG� E\� LGHQWLI\LQJ� WKHLU� SDUDPHWHUV� DQG� UHWXUQ� YDOXH�
3DWWHUQ�ZLOO�EHFRPH�GHILQLWHO\�FRQFUHWH�ZKHQ�LPSOHPHQWHG�LQ�VRPH�SURJUDPPLQJ�ODQJXDJH�

:H� SRLQW� RXW� WKDW� WUDQVIRUPLQJ� D� SDWWHUQ� LQWR� GLVWLQFW� DEVWUDFWLRQV� VWLOO� SUHVHUYHV� LWV
JHQHUDOLW\� OHYHO��$� SDWWHUQ�PD\� EHFRPH� OHVV� JHQHUDO�ZKHQ� FODVV� DQG�PHWKRG� QDPHV� XVHG� LQ
JHQHUDO�SDWWHUQ� VFKHPD�DUH� UHSODFHG�E\� WKH� VSHFLILF�RQHV��%HVLGH� WKLV�� SDWWHUQ�SDUDPHWHUV� DUH
VSHFLDOLVHG� E\� VHWWLQJ� WR� VSHFLILF� YDOXHV�� 3DWWHUQ� SDUDPHWHUV� DUH� ÄKRW� VSRWV´� RI� WKH� SDWWHUQ
VWUXFWXUH�ZKLFK�PDNH�WKH�VWUXFWXUH�IOH[LEOH�

6SHFLDOLVDWLRQ�RI�RXU� VDPSOH�2EVHUYHU�SDWWHUQ� UHVXOWV� LQ� D�GRPDLQ� VSHFLILF� GHVLJQ� SDWWHUQ
�VHH� DOVR� )LJXUH� ���� 7ZR�ConcreteObserverV� DUH� FKRVHQ� DQG� DUH� QDPHG�BarChartView
DQG�PieChartView��0DSSLQJ�EHWZHHQ�JHQHUDO�DQG�VSHFLJLF� OHYHO� LV�GHSLFWHG� LQ�)LJXUH���E\
GDVKHG�DUURZV�

9LHZLQJ�D�SDWWHUQ�LQ�D�VSDFH�RQH�GLPHQVLRQ�RI�ZKLFK�LV�JHQHUDOLW\�IRUFHV�WR�GLVWLQJXLVK�LWV
JHQHUDO�DQG�VSHFLILF�DVSHFWV��3DWWHUQ�PD\�EH�XQGHUVWRRG�DV�D�JHQHUDO� VWUXFWXUH�JLYLQJ� D�JRRG
GHVLJQ�VROXWLRQ�DV�ZHOO�DV�D�VSHFLILF�WKLQJ�WKDW�OLYHV�LQ�VRIWZDUH��,Q�RXU�DSSURDFK��ZH�SURSRVH�WR
UHSUHVHQW�JHQHUDO�SDWWHUQ�VWUXFWXUH�DV�D�PHWDVFKHPD�IURP�ZKLFK�SDWWHUQ�VSHFLILF� LQVWDQFHV�DUH
GHULYHG�

$W� WKH� JHQHUDO� OHYHO�� WKH�PHWDVFKHPD� GHVFULEHV� WKRVH� IUDJPHQWV� WKDW� DUH� XVHG� LQ� SDWWHUQ
LQVWDQWLDWLRQ�DORQJ�ZLWK�WKHLU�SURSHUWLHV�DQG�UHODWLRQV��)UDJPHQWV�DUH�GHSLFWHG�E\�D�UHFWDQJOH�LQ
WKH�PHWDVFKHPD��%DVLF�IUDJPHQWV�RI�WKH�PHWDVFKHPD�DUH�FODVVHV�DQG�PHWKRGV�WKDW�SOD\�D�UROH

I�U�R�P����J�H�Q�H�U�D�O���W�R����V�S�H�F�L�I�L�F

2EVHUYHU3DWWHUQ

&RQFUHWH6XEMHFW
&RQFUHWH2EVHUYHU

6XEMHFW
2EVHUYHU

6XEMHFW�1RWLI\�$WWDFK�'HWWDFK�
2EVHUYHU�8SGDWH�

&RQFUHWH6XEMHFW�*HW6WDWH�6HW6WDWH�
&RQFUHWH2EVHUYHU�8SGDWH�

I
U
R
P
D
E
V
W
U
D
F
W
W
R
F
R
Q
F
U
H
W
H

2EVHUYDEOH'DWD
9LHZ

&HQVXV'DWD
%DU&KDUW9LHZ
3LH&KDUW9LHZ

2EVHUYDEOH'DWD�1RWLI\$OO�$GG�5HPRYH�
9LHZ�5HIUHVK�

&HQVXV'DWD�*HW'DWD�6HW5HJLRQV�
������6HW5HVXOWV�

%DU&KDUW9LHZ�5HIUHVK�
3LH&KDUW9LHZ�5HIUHVK�

&HQVXV2EVHUYHU3DWWHUQ
� �

Figure 3.�7KH�GHVLJQ�VSDFH�IRU�WKH�2EVHUYHU�SDWWHUQ�
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IRU� D� SDWWHUQ�� %HVLGH� WKHP�� WKH� PHWDVFKHPD� FRQWDLQV� D� VSHFLDO� IUDJPHQW� VR� FDOOHG� SDWWHUQ
IUDJPHQW�� 3DWWHUQ� IUDJPHQW� UHFRUGV� WKH� SDWWHUQ� SUHVHQFH�� 7KH� PRVW� UHOHYDQW� IUDJPHQWV� DUH
GLUHFWO\�UHODWHG�WR�LW�

5HODWLRQV�EHWZHHQ�IUDJPHQWV�DUH�GHSLFWHG�E\�D�UKRPE��7KH�UHODWLRQ�KDV�LWV�QDPH��PD[LPDO
DQG�PLQLPDO�FDUGLQDOLW\��,W�FDQ�DOVR�KDYH�DQ�DWWULEXWH�WKDW�PD\�VSHFLI\�ZKDW�NLQG�RI�UHODWLRQ�LW
LV� GHDOW� ZLWK�� ,Q� WKH� PHWDVFKHPD�� UHODWLRQV� WKDW� DUH� FRPPRQ� IRU� PDQ\� SDWWHUQV� RFFXU�� IRU
H[DPSOH�LVBFRQFUHWLVHG��GHFODUHV�RU� LPSOHPHQWV��DV�ZHOO�DV�WKRVH�WKDW�DUH�SDWWHUQ�VSHFLILF��IRU
H[DPSOH�VXEMHFW�RU�REVHUYHUV�

)OH[LEOH�SDUWV�RI�SDWWHUQ�VWUXFWXUH�±�SDWWHUQ�SDUDPHWHUV�−�DUH�LQ�RXU�PHWDVFKHPD�PRGHOOHG
E\�WKRVH�UHODWLRQV� WKDW�DUH�RI�RQH� WR�PDQ\�FDUGLQDOLW\��3DWWHUQ�SDUDPHWHUV�ZLOO�EH�DVVLJQHG� WR
VSHFLILF�YDOXHV�LQ�WKH�VSHFLDOLVDWLRQ�SURFHVV��,PSRUWDQW�LV�WKDW�VSHFLILF�YDOXH�RI�RQH�SDUDPHWHU
PD\� LPSRVH� FRQVWUDLQWV� RQ� RWKHU� SDUDPHWHUV�� 7R� SUHVHUYH� SDWWHUQ� VWUXFWXUH� GXULQJ� SDWWHUQ
LQVWDQWLDWLRQ�� WKHVH� FRQVWUDLQWV� PXVW� EH� XOWLPDWHO\� SUHVHUYHG�� 6R� ZH� DPHQG� HDFK� SDWWHUQ
PHWDVFKHPD�E\�SDWWHUQ�FRQVWUDLQWV�WKDW�H[SUHVV�GHSHQGHQFLHV�DPRQJ�SDWWHUQ�SDUDPHWHUV�

,Q� )LJXUH� ��� D� PHWDVFKHPD� IRU� WKH� 2EVHUYHU� SDWWHUQ� LV� VKRZQ�� Subject�� Observer�
ConcreteSubject��DQG�ConcreteObserver�DUH�WKH�PHWDVFKHPD�IUDJPHQWV�WKDW�FRUUHVSRQG
WR�SDUWLFLSDWLQJ�FODVVHV�LQ�WKH�SDWWHUQ��Attach��Detach��Notify��GetState��SetState��DQG
Update�FRUUHVSRQG�WR�PHWKRGV�SOD\LQJ�D�UROH�LQ�WKH�SDWWHUQ��3DWWHUQ�IUDJPHQWV�DUH�FRQQHFWHG
WKURXJK�UHODWLRQ�IUDJPHQWV��)RU�H[DPSOH��WKH�REVHUYHUV�UHODWLRQ�OLQNV�IUDJPHQWV Subject�DQG
Observer��7\SLFDOO\�� WKLV�NLQG�RI� UHODWLRQ� LV�DFKLHYHG�E\�GHFODULQJ�FODVV�GDWD�PHPEHUV� WKDW
DUH�RI�RWKHU�FODVV�W\SH��&DUGLQDOLW\�RI�WKLV�UHODWLRQ�LV�RQH�WR�PDQ\�EHFDXVH�HDFK�Subject�PD\
KDYH�PDQ\�ObserverV�
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7KHUH� PD\� EH� PDQ\� ConcreteObserver LQ� WKH� SDWWHUQ� LQVWDQFH� ZKLOVW� HDFK� RI� WKHP
LPSOHPHQWV�DOO�DEVWUDFW�PHWKRGV�GHFODUHG�LQ�Observer�FODVV��6XFK�FRQVWUXFW�ZLWK�D�FRPPRQ
LQWHUIDFH� RQ� WKH� WRS� DQG�PDQ\� FRQFUHWH� LPSOHPHQWDWLRQV� RI� LW� GHILQHV� D� IDPLO\� RI� 2EVHUYHU
FODVVHV��&OLHQW� WKDW� XVHV� WKLV� FRQVWUXFW�� L�H��Subject� LQ� RXU� VDPSOH� SDWWHUQ��PD\�PDQLSXODWH
HDFK� PHPEHU� RI� WKLV� IDPLO\� XQLIRUPO\� VR� LW� LV� LQGHSHQGHQW� IURP� FRQFUHWH� LQWHUIDFH
LPSOHPHQWDWLRQ��5HODWLRQ�EHWZHHQ�Observer�DQG�ConcreteObserver�LV�DEVWUDFW�±�FRQFUHWH
UHODWLRQ� ZKHQ� PHWKRG� LPSOHPHQWDWLRQ� LV� DEVWUDFWHG� DZD\� LQ� WKH� Observer� FODVV�� ,Q� RXU
PHWDVFKHPD��Observer�DQG�ConcreteObserver�DUH�UHODWHG�WKURXJK�LVBFRQFUHWLVHG�UHODWLRQ�

7R�GHILQH�D� IDPLO\�RI�FODVVHV� LV�D�FRPPRQ�WKHPH� WKDW�RFFXUV� LQ�PDQ\�GHVLJQ�SDWWHUQV��$
W\SLFDO�FRQVWUXFW�WKDW�LV�XVHG�LQ�*2)�FDWDORJXH�WR�GHFODUH�D�IDPLO\�RI�FODVVHV�LV�HQFDSVXODWHG�E\
D�GDVKHG� OLQH� UHFWDQJOH� LQ�)LJXUH����7R� WKLV�FRQVWUXFW�� IROORZLQJ�SDWWHUQ� FRQVWUDLQW� VKRXOG�EH
DWWDFKHG�
��� IRU�HDFK�&RQFUHWH2EVHUYHU

FDUGLQDOLW\BRI�2EVHUYHU�GHFODUHV�� �FDUGLQDOLW\BRI�&RQFUHWH2EVHUYHU�LPSOHPHQWV�
)RU� 2EVHUYHU� SDWWHUQ� VSHFLILF� FRQVWUDLQWV� VWDWH� WKDW� WKH� QXPEHU� RI� ConcreteObserverV
VKRXOG� FRUUHVSRQG� WR� FDUGLQDOLW\�RI�REVHUYHUV� UHODWLRQ� ���� DQG� WKH� FDUGLQDOLW\�RI�REVHUYHUV� LV
ERXQG�WR�WKH�FDUGLQDOLW\�RI�LQYRNHV�UHODWLRQ�RI�Subject¶V�Notify ����
��� FDUGLQDOLW\BRI�2EVHUYHU�LVBFRQFUHWLVHG�� �FDUGLQDOLW\BRI�6XEMHFW�REVHUYHUV�
��� FDUGLQDOLW\BRI�6XEMHFW�REVHUYHUV�� �FDUGLQDOLW\BRI�6XEMHFW�1RWLI\�LQYRNHV�
2QH�SRVVLEOH�LQVWDQFH�RI�WKH�2EVHUYHU�SDWWHUQ�LV�GHSLFWHG�LQ�)LJXUH����$OO�DSSOLFDWLRQ�VSHFLILF
FODVVHV� DQG�PHWKRGV�� IRU� H[DPSOH�PieChartView��CensusData� RU�SetRegion�� DUH� W\SHG
DIWHU�WKH�UROHV�WKH\�SOD\�IRU�WKH�SDWWHUQ��7KH�SDWWHUQ�FODVV�CensusObserverPattern�SRLQWV�WR
WKH�SULQFLSDO�FODVVHV� LQ� WKH�SDWWHUQ�±�ObservableData�DQG�View��$OO� UHODWLRQV�DUH�GHSLFWHG
XQLIRUPO\� E\� DQ� DUURZ� DFFRPSDQLHG� E\� WKH� UHODWLRQ� QDPH�� 7KH� VSHFLILF� FDUGLQDOLW\� RI� WKH
UHODWLRQ�PD\�EH�H[SOLFLWO\�VWDWHG�� ,W�QHHG�QRW� WR�EH��DV� LQ� WKH�FDVH�RI�FDUGLQDOLWLHV�RI� UHODWLRQV
REVHUYHUV�DQG�Subject�Notify¶V LQYRNHV�ZKLFK�DUH�FRQVWUDLQW�E\�����DQG�����

&RQVWUDLQWV�WKDW�DUH�DWWDFKHG�WR�WKH�PHWDVFKHPD�PD\�KHOS�FKHFN�VWUXFWXUDO�GHSHQGHQFLHV�LQ
LQVWDQFHV�RULJLQDWHG�IURP�PHWDVFKHPD�

5� Related Works and Conclusions

,Q� WKLV� SDSHU�� D� QHZ� WHFKQLTXH� IRU� PRGHOOLQJ� RI� GHVLJQ� SDWWHUQV� KDV� EHHQ� SURSRVHG� ZKLFK
DOORZV�UHSUHVHQWLQJ�D�SDWWHUQ�DW�WZR�GLVWLQFW�JHQHUDOLW\�OHYHOV��JHQHUDO�DQG�VSHFLILF��)RU�JHQHUDO
SDWWHUQ� VWUXFWXUH�� D� PHWDVFKHPD� UHSUHVHQWDWLRQ� KDV� EHHQ� SURSRVHG�� $� PHWDVFKHPD� GHILQHV
IUDJPHQWV�UHOHYDQW�WR�WKH�SDWWHUQ�DQG�UHODWLRQV�WKDW�FRQQHFW�WKHVH�IUDJPHQWV��$OVR��FRQVWUDLQWV
DUH�LQWURGXFHG�WKDW�UHVWULFW�WKH�SRVVLEOH�VWUXFWXUH�RI�SDWWHUQ�LQVWDQFHV�

2XU� DSSURDFK� LV� TXLWH� JHQHUDO� ZLWK� UHVSHFW� WR� ZKDW� FDQ� EH� WKH� VRUW� RI� REMHFWV� WKDW� WKH
IUDJPHQWV�DQG�UHODWLRQV�UHSUHVHQW��7KURXJKRXW�WKLV�SDSHU��ZH�KDYH�VKRZQ�KRZ�WKH�PHWDVFKHPD
GHVFULEHV� REMHFW�RULHQWHG� SDWWHUQV�� KRZHYHU� LW� LV� LQ� SULQFLSOH� SRVVLEOH� WR� UHSUHVHQW� DQ\
FROODERUDWLQJ�HOHPHQWV�E\�D�PHWDVFKHPD�

2QH�RI�WKH�PRWLYDWLRQV�IRU�UHSUHVHQWLQJ�SDWWHUQV�DW�WKH�PHWDOHYHO�LV�WR�KDYH�DQ�DSSURSULDWH
WRRO�WKDW�FRXOG�VXSSRUW�WKH�SDWWHUQ�RULHQWHG�VRIWZDUH�GHYHORSPHQW�
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0HULWV�IRU�D�WRRO�WKDW�DVVLVWV�LQ�VRIWZDUH�GHYHORSPHQW�ZLWK�SDWWHUQV�KDV�EHHQ�GLVFXVVHG�DQG
WKH� ³KRRN	WHPSODWH´�PHWDSDWWHUQ�� D� XQLILHG� UHSUHVHQWDWLRQ� GHVFULELQJ� WKH� SDWWHUQV�� KDV� EHHQ
SURSRVHG�LQ�>��@��6LPLODU�DSSURDFK�WR�WKH�UHSUHVHQWDWLRQ�RI�SDWWHUQV�KDV�EHHQ�SUHVHQWHG�LQ�>��@�
7KH�SURSRVHG�PHWDSDWWHUQV�FRQVLGHU�SRVVLEOH�FRPELQDWLRQV�RI�KRRN�DQG�WHPSODWH�FODVVHV�

$�GLIIHUHQW�DSSURDFK� WR�SDWWHUQ� UHSUHVHQWDWLRQ�EDVHG�RQ�PHWDSURJUDPPLQJ� LV�SUHVHQWHG� LQ
>�@�� $� GHVLJQ� SDWWHUQ� LV� VSHFLILHG� DV� D� VHTXHQFH� RI� VWHSV� LQ� LWV� DSSOLFDWLRQ�� $� ODQJXDJH� RI
FRPPRQO\� XVHG� VWHSV� WKDW� DOORZ� H[SUHVVLQJ� SDWWHUQ� DSSOLFDWLRQ� DV� DQ� DOJRULWKP� KDV� EHHQ
GHILQHG�

,Q�>�@��D�PHWDPRGHO�EDVHG�RQ�UHSUHVHQWLQJ�SDWWHUQV�DV�IUDJPHQWV�LV�SURSRVHG��(YHU\�SDWWHUQ
FRQVLVWV�RI�D�VHW�RI�IUDJPHQWV�WKDW�IXOILO�D�SDUWLFXODU�UROH�IRU�WKH�SDWWHUQ��$OO�SDWWHUQ�IUDJPHQWV
DUH�OLQNHG�WR�WKH�URRW�IUDJPHQW��([DPSOHV�RI�SDWWHUQ�IUDJPHQWV�DUH�FODVVHV��PHWKRGV��DWWULEXWHV�
DVVRFLDWLRQ� UHODWLRQV�� FRQWDLQPHQW� UHODWLRQV�� DQG� LQKHULWDQFH� UHODWLRQV�� 7KH� GLIIHUHQFH� WR� RXU
DSSURDFK� LV� WKDW� DOO� SDWWHUQ� IUDJPHQWV� DUH� OLQNHG� WR� WKH� URRW� IUDJPHQW� UHJDUGOHVV� RI� WKHLU
DEVWUDFWLRQ�GHJUHH�

,Q�>�@��SDWWHUQV�DUH�UHSUHVHQWHG�DV�PHWDVFKHPDWD�WKDW�GHVFULEH�DSSOLFDWLRQ�GHSHQGHQW�SDWWHUQ
LQVWDQFHV��7KHLU�PRGHO�PDNHV�H[SOLFLW�DOO�WKH�LQIRUPDWLRQ�WKDW�WKH�DSSOLFDWLRQ�GHYHORSHU�LV�DEOH
WR�VHH�DQG�RU�FKDQJH��,Q�WKLV�VHQVH��WKHLU�DSSURDFK�LV�YHU\�VLPLODU�WR�RXUV�

7KH�SURSRVHG� DSSURDFK� WR�PRGHOOLQJ�RI�GHVLJQ�SDWWHUQV� VKRXOG�EH� IXUWKHU�GHYHORSHG��:H
DUH� ZRUNLQJ� RQ� GHILQLQJ� WKH� GLDJUDPPDWLF� ODQJXDJH� LQ� PRUH� GHWDLO� ZLWK� UHVSHFW� WR� ERWK� LWV
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V\QWD[� DQG� VHPDQWLFV�� +HUH�� LW� PLJKW� EH� SURGXFWLYH� WR� FRQVLGHU� 80/� >��@� DV� D� EDVLV� IRU
SRVVLEOH�HQKDQFHPHQWV�
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