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7KLV� DUWLFOH� GHVFULEHV� D� PHWKRG� RI� UHXVLQJ� FRPSXWHU
VRIWZDUH�GHVLJQHG�LQ�80/��8QLILHG�0RGHOOLQJ�/DQJXDJH�
ZLWK� WKH� DLG� RI� D� GRPDLQ� PRGHO�� 7KH� PHWKRG¶V� PDLQ
VWUHQJWK�LV�WKH�SRVVLELOLW\�RI�VRIWZDUH�UHXVH�DW�WKH�HDUOLHVW
VWDJHV� RI� WKH� GHYHORSPHQW� OLIH� F\FOH�� L�H�� VSHFLILFDWLRQ� RI
XVH� FDVHV� DQG� WKHLU� HYHQW� IORZV�� 7KH� DUWLFOH� SURYLGHV
GHWDLOV� RI� WKH� UHSUHVHQWDWLRQ� WHFKQLTXHV� XVHG� IRU� VWRULQJ
DQG�UHWULHYLQJ�UHXVDEOH�GHVLJQ�FRPSRQHQWV�WR�DQG�IURP�D
ODUJH� FROOHFWLRQ� RI� 80/� VSHFLILFDWLRQV�� ,W� GHVFULEHV
DSSURDFKHV�WR�UHGXFH�WKH�FRPSOH[LW\�RI�GHDOLQJ�ZLWK�YHU\
ODUJH� GRPDLQ� PRGHOV�� $QG� LW� GHVFULEHV� WKH� PHWKRG� RI
DVVHVVLQJ� WKH� FRQFHSWXDO� VLPLODULW\� EHWZHHQ� HYHQW� IORZV
DQG�XVH�FDVHV�

�� ,QWURGXFWLRQ

80/� �8QLILHG� 0RGHOOLQJ� /DQJXDJH�� LV� WKH� QHZ
HPHUJLQJ�VWDQGDUG�IRU�WKH�VSHFLILFDWLRQ�RI�REMHFW�RULHQWHG
V\VWHPV� >�@�� 80/� FRPELQHV� VHYHUDO� GLIIHUHQW
GLDJUDPPLQJ� WHFKQLTXHV�� ZKLFK� WRJHWKHU� DOORZ� VPRRWK
WUDQVLWLRQ�IURP�WKH�PRVW�DEVWUDFW�GHVFULSWLRQ�RI�WKH�V\VWHP
EHKDYLRXU�� WKURXJK� WKH� V\VWHP� DUFKLWHFWXUH�� GRZQ� WR� WKH
OHYHO� RI� GHWDLOHG� GHVLJQ�� 7KH�PRVW� LPSRUWDQW� HOHPHQW� RI
WKH�80/�DSSURDFK�LV�LWV�DELOLW\� WR�VSHFLI\�WKH�LQWHUDFWLRQ
EHWZHHQ� WKH� V\VWHP�DQG� LWV� XVHUV� �DFWRUV��ZLWK� WKH�DLG�RI
XVH�FDVH�GLDJUDPV��&I��)LJXUH�����(DFK�XVH�FDVH�UHSUHVHQWV
D�QXPEHU�RI�SRVVLEOH�IORZV�RI�HYHQWV�FRQVWLWXWLQJ�D�VLQJOH
NLQG� RI� V\VWHP� XVH� >�@�� 7KH� SULPDU\�� DOWHUQDWH� DQG

H[FHSWLRQDO� IORZV� RI� HYHQWV� DUH� H[SUHVVHG� ZLWK� 80/
VHTXHQFH� GLDJUDPV�� ZKLFK� VKRZ� WKH� VHULHV� RI� HYHQWV
RFFXUULQJ� EHWZHHQ� WKH� V\VWHP� DQG� LWV� XVHUV� DQG�� RQ� WKH
GHVLJQ� OHYHO�� DOVR� WKH� HYHQWV� WULJJHUHG� E\� WKH� V\VWHP
FRPSRQHQWV� �&I�� )LJXUH� ���� &ROODERUDWLRQ� GLDJUDPV� DUH
XVHG� W\SLFDOO\� WR� VXPPDULVH� DOO� HYHQW� VHTXHQFHV� LQWR� D
FRKHVLYH� PRGHO� RI� FODVV� LQWHUDFWLRQ�� 7KH� VWUXFWXUH� RI
LQWHUDFWLQJ� V\VWHP�REMHFWV�� WKHLU� FODVVHV�DQG� UHODWLRQVKLSV
DUH�DOVR�FDSWXUHG� LQ� WKH�80/�FODVV�GLDJUDPV��&I��)LJXUH
����7KH�EHKDYLRXU�RI�LQGLYLGXDO�V\VWHP�REMHFWV�LV�JLYHQ�LQ
VWDWH� GLDJUDPV�� ZKLFK� LQ� WXUQ�� FDQ� EH� XVHG� WR� JHQHUDWH
SURJUDP� FRGH�� )LQDOO\�� FRPSRQHQW� DQG� GHSOR\PHQW
GLDJUDPV� VSHFLI\� WKH� V\VWHP� PRGXODULW\� DQG� LWV
LQVWDOODWLRQ�GHWDLOV�
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Withdraw money from ATM

Bank clerk

Deposit money through ATM

Figure 1: Example of a use case model
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Figure 2: Sample sequence diagram ’Withdraw
money’
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Figure 3: Sample class diagram

7R� GDWH�� 80/� KDV� EHHQ� PDLQO\� XWLOLVHG� LQ� WKH
VSHFLILFDWLRQ� DQG� GHVLJQ� RI� WKH� IXQFWLRQ� DQG� VWUXFWXUH� RI
LQGLYLGXDO� VRIWZDUH� V\VWHPV��1HYHUWKHOHVV�� WKH� WHFKQLTXH
LV� DOVR� DSSOLFDEOH� WR� WKH� SURFHVV� RI� GRPDLQ� HQJLQHHULQJ�
L�H�� DQDO\VLV�� PRGHOOLQJ� DQG� RUJDQLVDWLRQ� RI� NQRZOHGJH
DERXW�WKH�HQWLUH�FODVV�RI�SUREOHPV�DQG�WKHLU�VROXWLRQV�LQ�D
V\VWHPDWLF� ZD\� >�@�� 'RPDLQ� HQJLQHHULQJ� UHVXOWV� LQ� D
GRPDLQ�UHSRVLWRU\�WKDW�PD\�FRQWDLQ�QRW�RQO\�VSHFLILFDWLRQ
DQG� GHVLJQ� PRGHOV�� VXFK� DV� WKRVH� SURGXFHG� ZLWK� 80/�
EXW� DOVR� WKH� VHOHFWHG� GHYHORSPHQW� ZRUN�SURGXFWV
LQFOXGLQJ� UHTXLUHPHQWV� GRFXPHQWV�� GHVLJQV� GHFLVLRQV�
GDWD� REMHFWV�� VRXUFH� DQG� ELQDU\� FRGH�� OLEUDULHV�� HWF�
'RPDLQ� PRGHOV� DFW� DV� WKH� OLEUDULHV� RI� UHDG\�PDGH
VROXWLRQV� WR� W\SLFDO� SUREOHPV� LQ� D� JLYHQ� DSSOLFDWLRQ

GRPDLQ��7KH\�KHOS�LQ�NHHSLQJ�FRQVLVWHQF\�LQ�WKH�GHVLJQ�RI
SUHYLRXVO\� GHYHORSHG� DQG� QHZ� V\VWHPV�� 7KH\� DOORZ� D
PRUH� WKRURXJK� DQG� FRPSOHWH� VSHFLILFDWLRQ� RI� WKH� V\VWHP
IXQFWLRQV� DQG� GDWD�� 7KH\� IDFLOLWDWH� V\VWHPDWLF� UHXVH� RI
VRIWZDUH� DFURVV� WKH� HQWLUH� GHYHORSPHQW� OLIH� F\FOH�� DQG
KHQFH�� PDNH� WKH� GHYHORSPHQW� RI� V\VWHPV� LQ� D� JLYHQ
SUREOHP�DUHD�PRUH�HIIHFWLYH�DQG�HIILFLHQW�

7KH�80/�QRWDWLRQ�DQG�VRPH�RI�WKH�WRROV�WKDW�VXSSRUW
80/�EDVHG�GHYHORSPHQW��VXFK�DV�5DWLRQDO�5RVH��6\VWHP
$UFKLWHFW� RU� 7RJHWKHU�-�� FDQ� EH� XVHG� DV� WKH� HIIHFWLYH
PHDQV�RI�RUJDQLVLQJ�GRPDLQ�PRGHOV��:LWK�WKH�XVH�RI�VXFK
WRROV��GRPDLQ�NQRZOHGJH�FDQ�EH�JURXSHG�WRJHWKHU�DQG�VHW
DVLGH�DV�80/�SDFNDJHV��3DFNDJHG�GRPDLQ�PRGHOV�ZRXOG
W\SLFDOO\�FRQWDLQ�D�ODUJH�FROOHFWLRQ�RI�KLJK�OHYHO��DEVWUDFW
FODVV�GHILQLWLRQV��XVH�FDVHV�DQG�LQWHUDFWLRQ�GLDJUDPV��7KH\
FRXOG� DOVR� FRQWDLQ� ORZ�OHYHO� GHVLJQV� WKDW� DUH� VKDUHG
EHWZHHQ� QXPHURXV� V\VWHP� VSHFLILFDWLRQV� DQG�ZKLFK� DOVR
DVVRFLDWH� UHXVDEOH� SURJUDP� FRGH�� :KLOH� FRGH� UHXVH� LV
FHUWDLQO\�DQ�DWWUDFWLYH�RSWLRQ�WR�VRIWZDUH�GHYHORSHUV��UHXVH
RI� WKH� PRVW� JHQHUDO� VSHFLILFDWLRQV�� L�H�� XVH� FDVHV� DQG
LQWHUDFWLRQ�GLDJUDPV��ZLOO�SURYH�WR�EH�PRUH�HIIHFWLYH�>�@�
,Q�SDUWLFXODU��UHXVH�RI�UHTXLUHPHQW�VSHFLILFDWLRQV�FDQ�OHDG
WR�D�VLJQLILFDQW�GHFUHDVH�LQ�GHYHORSPHQW�WLPH�DQG�FRVW��DV
LW�XVXDOO\�OHDGV�WR�UHXVH�RI�DOO�ZRUN�SURGXFWV�GRZQ�VWUHDP
WKH�GHYHORSPHQW�SURFHVV�>�@��2XU�ZRUN��KHQFH��IRFXVHV�RQ
WKH�SRVVLELOLW\�RI�UHXVLQJ�WKH�PRVW�SURPLVLQJ�RI�WKH�80/
PRGHOV�� L�H��XVH�FDVHV�DQG� WKHLU� HYHQW� IORZV�H[SUHVVHG� LQ
VHTXHQFH�GLDJUDPV�

�� 5HXVH�0RGHO�IRU�WKH�80/�6SHFLILFDWLRQV

2QH� RI� WKH� NH\� IDFWRUV� IRU� WKH� VXFFHVVIXO� UHXVH� RI
VRIWZDUH� LV� WR�HTXLS� LWV�GHYHORSHUV�ZLWK� WKH� FDSDELOLW\� RI
HIIHFWLYH�VFDQQLQJ��EURZVLQJ�DQG�VHDUFKLQJ�RI�WKH�GRPDLQ
PRGHO� WR� ORFDWH� GHVLJQ� DUWHIDFWV� VXLWDEOH� IRU� WKH� QHZO\
FRQVWUXFWHG�V\VWHPV�>�@��+RZHYHU��LQ�RUGHU�WR�VHDUFK�DQG
ILQG�WKH�UHTXLUHG�DUWHIDFWV��ZH�ILUVW�QHHG�WR�EH�DEOH�WR�
•� UHSUHVHQW� DQG� VWRUH� WKH� HVVHQWLDO� SURSHUWLHV� RI� DOO

GRPDLQ�PRGHO�FRPSRQHQWV�
•� IRUPXODWH�D�TXHU\�DJDLQVW�WKH�GRPDLQ�PRGHO�
•� PDWFK�WKH�DUWHIDFW�UHSUHVHQWDWLRQ�DJDLQVW�WKH�TXHU\�
•� RUGHU� DQG� VHOHFW� WKH� DUWHIDFWV� E\� WKH� GHJUHH� RI� WKHLU

SUR[LPLW\�WR�WKH�VHDUFK�FULWHULD�
•� UHWULHYH�WKH�VHOHFWHG�DUWHIDFWV�

7R� DGGUHVV� WKHVH� LVVXHV� ZH� KDYH� WR� GHFLGH� KRZ� WR
GHVFULEH�WKH�SURSHUWLHV�RI�80/�REMHFWV��:H�FRQVLGHU�WZR
DOWHUQDWLYH�DSSURDFKHV��L�H�
•� OH[LFDO�� LQ� ZKLFK� ZH� LQIHU� WKH� PHDQLQJ� RI� GRPDLQ

REMHFWV�IURP�WKHLU�QDPHV��DQG
•� VHPDQWLF�� LQ�ZKLFK�ZH� LQIHU� WKH�PHDQLQJ� RI� GRPDLQ

REMHFWV�IURP�WKH�PRGHO�LWVHOI�
7KH� OH[LFDO� PHWKRGV� WKDW� FRQVLGHU� WH[W� DQG� ZRUG

PDWFKLQJ�DORQH�DUH�QRW�YHU\�XVHIXO� LQ�RXU� VLWXDWLRQ� VLQFH
WKH�SURSHUWLHV�RI�XVH�FDVHV�DQG�HYHQW�IORZV�DUH�DVVRFLDWHG
ZLWK�WKH�VWUXFWXUH�DQG�WKH�VHPDQWLFV�RI�WKHLU�PRGHOV�UDWKHU



WKDQ� WKH�ZRUGV�XVHG� LQ� WKHLU�GHVFULSWLRQ��+HQFH�� LQ�RUGHU
WR� MXGJH� WKH� VLPLODULW\� RI� 80/� DUWHIDFWV� LW� LV� DOVR
QHFHVVDU\� WR� JURXQG� WKH� VHDUFK� DQG� FODVVLILFDWLRQ
WHFKQLTXHV�LQ�WKH�VHPDQWLFV�RI�UHXVDEOH�DUWHIDFWV��7R�PDNH
WKH�EHVW�RI�WKH�WZR�DSSURDFKHV��LQ�RXU�ZRUN��ZH�FRPELQH
WKH� OH[LFDO� DQG� VHPDQWLF� DSSURDFKHV� WR� MXGJH� WKH
VLPLODULW\�RI� DUWHIDFWV� VHDUFKHG� IRU��:H�XVH� WKH� VHPDQWLF
PHWKRG�ZKHQ�WKH�DUWHIDFW�DWWULEXWHV�DUH�NQRZQ�WR�EH�LQ�WKH
GRPDLQ� PRGHO� DQG� VR� ZH� FDQ� FRPSDUH� WKHLU� VHPDQWLF
GLVWDQFH�� $QG� ZH� XVH� WKH� OH[LFDO� PHWKRG� ZKHQ� DUWHIDFW
DWWULEXWHV�DUH�QRW�IRXQG�LQ�WKH�GRPDLQ�PRGHO�DQG�VR�WKHLU
DIILQLW\� FDQ� RQO\� EH� JXHVVHG� EDVHG� RQ� WKH� OH[LFDO
SURSHUWLHV� RI� WKHLU� QDPHV�� ,Q� RXU� H[SODQDWLRQ�� ZH� KDYH
XVHG�VRPH�WHUPLQRORJ\�WKDW�QHHGV�WR�EH�IRUPDOO\�GHILQHG
�&I��)LJXUH����
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Figure 4: Explanation of terminology

6LPLODULW\� LV� WKH�PHDVXUH� RI� DUWHIDFW� FORVHQHVV�� EDVHG� RQ
WKH� DIILQLW\� RI� WKHLU� DWWULEXWHV� DQG� VLPLODULW\� RI� WKHLU
VXE�FRPSRQHQWV�� (�J�� WKH� VHOHFWHG� DWWULEXWHV� RI
DUWHIDFWV� $� DQG� %�PD\� EH� FRPSDUHG� EDVHG� RQ� WKHLU
DWWULEXWHV� GHVFULEHG� LQ� WHUPV� RI� GHVFULSWRU� FODVVHV
³8VHUV´�� ³6HFXULW\´� DQG� ³'DWD´�� 7KH� VLPLODULW\
PHDVXUH� FDQ� DOVR� EH� XVHG� WR� GHWHUPLQH� WKH� PDWFK
EHWZHHQ�WKH�TXHU\�DQG�VWRUHG�DUWHIDFWV�

6HPDQWLF� GLVWDQFH� LV� D� PHDVXUH� GHILQLQJ� VHPDQWLF
FORVHQHVV� RI� GHVFULSWRUV� ZLWKLQ� WKH� VDPH� FODVV�� (�J�
³&KHFN� 3DVVZRUG´� �G��� DQG� ³$XWKRULVH� 8VHU´� �G��
DUH�LQ� WKH�VDPH�GHVFULSWRU�FODVV�³6HFXULW\´��DQG� WKH\
DUH�VHPDQWLFDOO\�YHU\�FORVH��DV�RSSRVHG�WR�G��DQG�G�
ZKLFK� DUH� IXUWKHU� DSDUW��� 1RWH� WKDW� LQ� WKH� FXUUHQW
YHUVLRQ�RI�WKH�V\VWHP��WR�VLPSOLI\�WKH�RSHUDWLRQ�RI�RXU
V\VWHP�� DOO� GHVFULSWRUV� LQ� WKH� VDPH� ³FOXVWHU´� DUH
UHJDUGHG� DV� LGHQWLFDO�� L�H�� WKHLU� VHPDQWLF� GLVWDQFH� LV
]HUR�

$IILQLW\� LV� WKH� OHYHO� RI� QDWXUDO� DWWUDFWLRQ� EHWZHHQ� DQ
DUWHIDFW� DWWULEXWH� DQG� D� GHVFULSWRU� XVHG� LQ� LWV
FODVVLILFDWLRQ�� (�J�� DQ� DWWULEXWH� ³&OLHQW� 3DVVZRUG´

�3��� ZLOO� KDYH� D� QDWXUDO� DIILQLW\� WRZDUGV� HYHQW
FOXVWHUV� ³6HFXULW\´� �WKH� GHVFULSWRU� ³&KHFN
3DVVZRUG´��DQG�³8VHUV´��WKH�GHVFULSWRU�³&XVWRPHU´��
VLPSO\�EDVHG�RQ�WKH�ZRUGV�XVHG�LQ�LWV�QDPH�

)RU� WKH� SXUSRVH� RI� FRPSDULQJ� XVH� FDVHV�� ZH� ZLOO
FRQVLGHU� WKHP� VLPSO\� DV� FROOHFWLRQV� RI� HYHQW� IORZV� �&I�
)LJXUH�����+HQFH��XVH�FDVH�VLPLODULW\� LV�EDVHG�HQWLUHO\�RQ
WKH� VLPLODULW\� RI� LWV� FRPSRQHQW� HYHQW� IORZV�� 6LQFH� DQ
HYHQW� IORZ� LV� VLPSO\� D� VHTXHQFH� RI� HYHQWV�� WKXV�� HYHQW
IORZ�GHVFULSWRU� FDQ� EH� FRQVLGHUHG� D� YHFWRU� FRQVLVWLQJ� RI
HYHQW� GHVFULSWRUV�� EHLQJ� WKHLU� QDPHV�� :KHQ� GHILQLQJ� D
QHZ�HYHQW�IORZ�YHFWRU��&I��)LJXUH�����ZH�FDQ�HLWKHU�XWLOLVH
WKH�HYHQW�GHVFULSWRUV�DOUHDG\�GHILQHG�LQ�WKH�GRPDLQ�PRGHO
RU�ZH� FDQ� FUHDWH� QHZ� HYHQW� GHVFULSWRUV� �DQG� KHQFH� WKHLU
DVVRFLDWHG� HYHQWV�� XVLQJ� WKH� WHUPV� LQ� D� GRPDLQ� OH[LFRQ�
+DYLQJ� HYHQW� IORZ�YHFWRUV��ZH� FDQ� FRPELQH� WKHP� LQWR� D
XVH�FDVH� UHSUHVHQWDWLRQ��:H�FDQ�DOVR�XVH� VXFK�YHFWRUV� WR
FRPSDUH� RQH� HYHQW� IORZ� DJDLQVW� WKH� RWKHU�� :H� FDQ
GHWHUPLQH�XVH�FDVH� VLPLODULW\�E\�GHWHUPLQLQJ� WKH�QXPEHU
RI� PDWFKLQJ� HYHQW� IORZV� DQG� WKH� GHJUHH� RI� WKHLU� PDWFK�
4XHULHV�FDQ�DOVR�EH�UHSUHVHQWHG�LQ�D�YHFWRU�IRUP�DQG�WKHQ
FRPSDUHG� DJDLQVW� WKH� GRPDLQ� PRGHO� FRQWDLQLQJ� VLPLODU
YHFWRUV� LQ� VHDUFK� IRU� WKH� HOHPHQWV� RI� WKH� PRGHO� PRVW
VXLWDEOH�IRU�UHWULHYDO�DQG�SRVVLEOH�UHXVH�

(YHQW�'HVFULSWRU

&ODVV

(YHQW�)ORZ

(YHQW

&ODVVLILHV

+DQGOHV

6WDWH

$VVXPHV

7UDQVLWLRQ

(YHQW�)ORZ�'HVFULSWRU

5HSUHVHQWV 8VH�&DVH

&ODVVLILHV

Figure 5: Semantic classification of UML models
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Figure 6: Overview of the method

�� 5HSUHVHQWDWLRQ�RI�HYHQW�IORZV�DQG�XVH
FDVHV�IRU�FODVVLILFDWLRQ

:H�EHOLHYH�WKDW�HYHQW�IORZV�DUH�WKH�PRVW�IXQGDPHQWDO
FRPSRQHQW� RI� XVH� FDVHV� DQG� KHQFH� VKRXOG� EH� XVHG� DV
EXLOGLQJ�EORFNV�RI�WKH�UHWULHYDO�SURFHVV��7KH�H[LVWHQFH�RI
FHUWDLQ�IXQFWLRQDOLW\�LV�PRUH�LPSRUWDQW�WKDQ� WKH�VHTXHQFH
RI� WKHLU� RFFXUUHQFH� LQ� WKH�REMHFW
V� OLIH�� KHQFH�ZH� GLVFDUG
WKH�IORZ�VHTXHQFHV�DV�XQLPSRUWDQW�WR�WKH�FODVVLILFDWLRQ�RI
80/� VSHFLILFDWLRQV�� %HVLGHV�� HYHQWV� RIWHQ� EHDU� VRPH
LPSOLFLW� LQIRUPDWLRQ� DERXW� VHTXHQFH�� L�H�� FHUWDLQ� HYHQWV
DUH�DOZD\V�LQ�WKH�VDPH�VHTXHQFH�H�J��WKH�HYHQWV�LQ�D�ORJLQ
SURFHGXUH�

(YHQW� IORZV� FDQ� EH� GHVFULEHG� DW� GLIIHUHQW� OHYHOV� RI
DEVWUDFWLRQ��L�H�
•� DV�D�VHTXHQFH�RI�H[WHUQDO�HYHQWV�EHWZHHQ� WKH�V\VWHP

DQG�DFWRUV�
•� DV� D� VHTXHQFH� RI� H[WHUQDO� HYHQWV� DQG� VRPH� PDLQ

LQWHUQDO�HYHQWV�UHSUHVHQWHG�DV�UHIOH[LYH�HYHQWV��DQG
•� DV� D� FROOHFWLRQ� RI� H[WHUQDO� DQG� DOO� LQWHUQDO� HYHQWV

EHWZHHQ�V\VWHP�FRPSRQHQWV�DQG�DFWRUV�
&XUUHQWO\��ZH�RQO\�FRQVLGHU�WKH�H[WHUQDO�HYHQWV�DQG�VRPH
RI�WKH�PDLQ�LQWHUQDO�HYHQWV��+RZHYHU��LI�LW�ZHUH�QHFHVVDU\
WR� EURDGHQ� RU� QDUURZ� WKH� VHDUFK�� DQRWKHU� OHYHO� RI
DEVWUDFWLRQ�FRXOG�EH�XVHG�

7KHUH� DUH� DOVR� GLIIHUHQW� ZD\V� RI� FRPSDULQJ� HYHQWV
IORZV�� � 2QH� DSSURDFK� FRXOG� EH� WR� FRPSDUH� HYHQW� IORZ
HYHQWV�� +RZHYHU�� FRQVLGHULQJ� WKH� ODUJH� QXPEHU� RI
GLIIHUHQW� HYHQWV� DQG� HYHQW� IORZV� LQ� D� GRPDLQ�PRGHO�� WKH

FDOFXODWLRQ�RI�SRVVLEOH�FRQFHSWXDO�GLVWDQFHV�EHWZHHQ�WKHP
ZRXOG� EH� TXLWH� LQIHDVLEOH�� ,Q� RUGHU� WR� UHGXFH� WKH
FRPSOH[LW\�RI�WKH�PDWFKLQJ�SURFHVV��ZH�GHFLGHG�WR�FOXVWHU
HYHQWV� LQWR� HYHQW� GHVFULSWRU� JURXSV�� 6XFK� FOXVWHULQJ� FDQ
EH� DXWRPDWHG� XVLQJ� WHFKQLTXHV� GUDZQ� IURP� WKH� DUHD� RI
LQIRUPDWLRQ� UHWULHYDO�RU� LW� FDQ�EH�GRQH�PDQXDOO\��$W� WKLV
VWDJH� RI� RXU� SURMHFW� ZH� FOXVWHU� HYHQWV� PDQXDOO\� DW
FRQVLGHUDEOH�H[SHQVH��7KH�DGYDQWDJH�RI�PDQXDO�FOXVWHULQJ
LV�WKDW�HYHQWV�DUH�FOXVWHUHG�LQ�D�YHU\�UHOLDEOH�DQG�DFFXUDWH
IDVKLRQ�� $� VHULRXV� GLVDGYDQWDJH� RI� VLPSOLVWLF� FOXVWHULQJ
WHFKQLTXHV�LV�WKH�ODFN�RI�DQ\�HPSLULFDO�RU�WKHRUHWLFDO�EDVLV
IRU� WKHLU� XVH�� H�J�� VWDWLVWLFDO�� IRU� VHWWLQJ� WKH� VHPDQWLF
GLVWDQFHV� EHWZHHQ� HYHQWV� EHORQJLQJ� WR� WKH� VDPH� FOXVWHU�
:H� DVVXPH� WKDW� ZKHQHYHU� WZR� HYHQWV� DUH� LQ� WKH� VDPH
FOXVWHU�� WKHQ� WKH� VHPDQWLF� GLVWDQFH� EHWZHHQ� WKHP� LV
FRQVLGHUHG� WR� EH� ]HUR�� 7KLV� \LHOGV� D� OHVV� DFFXUDWH
FRPSDULVRQ�RI�HYHQW�IORZV��,Q�JHQHUDO��WKH�GHFLVLRQ�RQ�WKH
VHOHFWLRQ�RI�PHWKRGV� DQG� WHFKQLTXHV� IRU� HYHQW� FOXVWHULQJ
VKRXOG� EH� OHIW� XS� WR� WKH� 
GHYHORSPHQW�IRU�UHXVH
� H[SHUW
>�@�� 7DEOH� �� VKRZV� DQ� H[DPSOH� RI� DQ� HYHQW� FOXVWHU� WKDW
DOVR�UHSUHVHQWV�DQ�HYHQW�GHVFULSWRU�

,Q�RXU�UHSUHVHQWDWLRQ�RI�HYHQWV��DOO�HYHQWV�WKDW�DUH�SDUW
RI�WKH�GRPDLQ�PRGHO�DUH�DOUHDG\�FOXVWHUHG��,W�FDQ�KDSSHQ�
KRZHYHU��WKDW�HYHQWV�XVHG�IRU�WKH�FODVVLILFDWLRQ�RI�D�QHZO\
FUHDWHG� HYHQW� IORZ� DUH� QRW� SDUW� RI� WKH� GRPDLQ�PRGHO�� ,Q
WKLV�VLWXDWLRQ�WKH�OH[LFDO�GHVFULSWLRQ�RI�WKH�HYHQW�LV�XVHG�WR
GHWHUPLQH�LWV�PRVW�DSSURSULDWH�FOXVWHU�

(DFK�HYHQW�FDQ�EH�GHVFULEHG�E\�D� QXPEHU�RI�ZRUGV�
,Q�RUGHU�WR�ILQG�DQ�DFFXUDWH�FOXVWHU��WKH�V\QRQ\PV�DQG�WKH
PHDQLQJ� RI� ZRUGV� ZLOO� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� $
OH[LFRQ�� VXFK� DV� :RUG1HW� >�@�� FDQ� EH� XVHG� LQ� RUGHU� WR
DFKLHYH� WKLV��7KH� OH[LFRQ� LV� DEOH� WR� VKRZ� VHQVHV� RI� HDFK
ZRUG��L�H��DOO�GLIIHUHQW�PHDQLQJV�RI�WKH�ZRUG�DQG�IRU�HDFK
PHDQLQJ�LWV�V\QRQ\PV�� (DFK�HYHQW�FDQ�WKXV�EH�GHVFULEHG
E\� D� QXPEHU� RI� VHQVHV�� $� FOXVWHU� LV� GHVFULEHG� E\� WKH
FROOHFWLRQ�RI�VHQVHV�XVHG� WR�GHVFULEH�DOO� LWV� HYHQWV��)RU�D
QHZ�HYHQW� WKH� DIILQLW\� WR� HDFK� FOXVWHU� FDQ�EH�GHWHUPLQHG
�&I��)LJXUH����

2SWLRQDOO\� LW� PLJKW� DOVR� EH� SRVVLEOH� WR� VKRZ� WKH
VRIWZDUH�GHYHORSHU�D�OLVW�ZLWK�FDQGLGDWH�FOXVWHUV�VR�WKDW�KH
FDQ� FKRRVH� WKH� EHVW� UHSUHVHQWDWLRQ� RI� HYHQW� LQIRUPDWLRQ�
7KH�FOXVWHU�RI�WKH�QHZ�HYHQW�ZLOO�EH�XVHG�WR�FDOFXODWH�WKH
VLPLODULW\�EHWZHHQ�WKH�QHZ�HYHQW�IORZ�DQG�WKH�HYHQW�IORZV
IURP�WKH�GRPDLQ�PRGHO�

$XWKRUL]DWLRQ�FOXVWHU

(QWHU�3,1

9HULI\�3,1

9HULI\�FUHGLW�FDUG�QXPEHU

5H�HQWHU�SLQ

(QWHU�FUHGLW�FDUG�QXPEHU

(QWHU�H[SLULQJ�GDWH

6LJQ�UHFHLSW

Table 1: Event cluster
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Figure 7: Affinity to each cluster

$Q� HQWLUH� HYHQW� IORZ� FDQ� WKXV� EH� UHSUHVHQWHG� DV� D
YHFWRU� ZKHUH� HDFK� GLPHQVLRQ� UHSUHVHQWV� WKH� QXPEHU� RI
HYHQWV�LQ�D�SDUWLFXODU�FOXVWHU��)LJXUH���DQG�)LJXUH���VKRZ
DQ�H[DPSOH�

Withdraw money from ATM C Deposit money through ATM C
read card
enter PIN
verify PIN
request to withdraw money
select account
enter amount of money
approve transaction
deduct money from account
take card
take money

1
2
2
3
6
4
7
5
1
4

read card
enter PIN
verify PIN
request to deposit money
select account
enter amount of money
enter money
check amount of money
add money to account
take card

1
2
2
3
6
4
4
4
5
1

Figure 8: Sample event flows (C represents the
cluster number of an event)

Cluster Withdraw money

from ATM

Deposit money

through ATM

1 2 2

2 2 2

3 1 1

4 2 3

5 1 1

6 1 1

7 1 0

8 0 0

9 0 0

10 0 0

11 0 0

12 0 0

13 0 0

14 0 0

15 0 0

Figure 9: Vectors of sample event flows
(represented in terms of event clusters)

$� XVH� FDVH� LV� UHSUHVHQWHG� DV� D� FROOHFWLRQ� RI� HYHQW
IORZV� DQG� WKXV� DV� D� FROOHFWLRQ� RI� HYHQW� IORZ� YHFWRUV�
7KHVH� YHFWRUV� DUH� XVHG� WR� GHWHUPLQH� WKH� XVH� FDVH
VLPLODULW\�

�� (YHQW�IORZ�VLPLODULW\

7KH� WZR� YHFWRUV� RI� HYHQW� IORZV� DUH� FRPSDUHG� WR
GHWHUPLQH� WKH� GLIIHUHQFH� EHWZHHQ� WKHP�� 7KH� VLPLODULW\
EHWZHHQ�YHFWRUV�FRXOG�EH�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ
IRUPXOD�>��@��>�@�
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Where:

Q = Vector of the query event flow

D = Vector of the event flow from the domain model

qc = Value of dimension c of vector Q

dc = Value of dimension c of vector D

n = total number of dimensions

1RW�HYHU\�FOXVWHU�LQ�WKH�HYHQW�IORZ�YHFWRU�FRQWULEXWHV
HTXDOO\� WR� WKH� VLPLODULW\� EHWZHHQ� WZR� HYHQW� IORZV�� $
QXPEHU�RI�IDFWRUV�LQIOXHQFH�WKH�LPSRUWDQFH�RI�HYHQWV�DQG
FOXVWHUV�LQ�HYHQW�IORZV�
•� 7KH� QDWXUH� RI� DQ� HYHQW�� ([WHUQDO� HYHQWV� DUH� PRUH

LPSRUWDQW� WKDQ� LQWHUQDO� HYHQWV�� 7KH� H[WHUQDO� HYHQWV
GHILQH� ZKDW� IXQFWLRQDOLW\� WKH� V\VWHP� RIIHUV� DQG� WKH
LQWHUQDO� HYHQWV� GHILQH� KRZ� WKH� V\VWHP� DFKLHYHV� WKLV
IXQFWLRQDOLW\�

•� *HQHUDOLW\� RI� HYHQWV�� (YHQWV� WKDW� DUH� XVHG� RIWHQ� LQ
YDULRXV� HYHQW� IORZV� FRQWDLQ� OHVV� LQIRUPDWLRQ� DERXW
WKH� VHPDQWLFV� RI� DQ� HYHQW� IORZ� WKDQ� WKH� HYHQWV� WKDW
DUH�XVHG�RQO\�VSRUDGLFDOO\�

7KH� LPSRUWDQFH� RI� D� FOXVWHU� FDQ� EH� H[SUHVVHG� DV� DQ
LPSRUWDQFH� IDFWRU�� ,Q� RXU� V\VWHP�� ZH� FRQVLGHU� WKH
IUHTXHQF\� RI� HYHQW� XVH� DV� WKH� PRVW� LPSRUWDQW� RI� WKH
IDFWRUV��DQG�ZH�FDOFXODWH�LW�DV�IROORZV�

WFF
UUL ��−=

Where:

ic = Importance factor of cluster c

rc = Number of references to cluster c by all event

flows in a domain model

rt = Number of references to all clusters by all event

flows in a domain model



7KH� XSGDWHG� IRUPXOD� WR� FDOFXODWH� WKH� GLIIHUHQFH
EHWZHHQ�WZR�HYHQW�IORZV�LV�
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Where:

Q = Vector of the query event flow

D = Vector of the event flow from the domain model

I = Importance vector

qc = Value of dimension c of vector Q

dc = Value of dimension c of vector D

ic = Value of dimension c of vector I

n = total number of dimensions

7KH� FDOFXODWLRQ� RI� GLIIHUHQFH� EHWZHHQ� HYHQW� YHFWRUV

:LWKGUDZ� PRQH\� IURP� $70
� DQG� 
'HSRVLW� PRQH\
WKURXJK� $70
� �&I�� )LJXUH� �� DQG� )LJXUH� ��� UHVXOWV� LQ� D
VLPLODULW\�RI������ZKHUH�WKH�LPSRUWDQFH�YHFWRU�,�LV�WDNHQ
IURP�RXU�FXUUHQW�GRPDLQ�PRGHO��

�� 8VH�FDVH�VLPLODULW\

7KHUH� DUH� PDQ\� SRVVLEOH� DSSURDFKHV� WR� WKH
FDOFXODWLRQ� RI� VLPLODULW\� EHWZHHQ� XVH� FDVHV�� 2QH� VXFK
SRVVLELOLW\�LV�WR�PDWFK�HYHQW� IORZV�RI�D�XVH�FDVH�ZLWK�WKH
PRVW�VLPLODU�HYHQW�IORZV�RI�DQRWKHU�XVH�FDVH�� ,Q�RUGHU� WR
DFKLHYH� WKLV�� DOO� HYHQW� IORZV� FDQ� EH� FRPSDUHG�ZLWK� HDFK
RWKHU� DQG� WKH� EHVW� SDLUV� RI� HYHQW� IORZV� FDQ� EH� XVHG� WR
GHWHUPLQH� VLPLODULW\� EHWZHHQ� XVH� FDVHV�� $QRWKHU
SRVVLELOLW\� LV� WR� GLVFDUG� HYHQW� IORZV� DOO� WRJHWKHU� DQG� WR
FRQVLGHU� XVH� FDVHV� DV� D� FROOHFWLRQ� RI� WKHLU� HYHQWV�
'HWHUPLQLQJ� VLPLODULW\� FDQ� WKHQ� EH� FDOFXODWHG� LQ� H[DFWO\
WKH�VDPH�IDVKLRQ�DV�WKH�VLPLODULW\�EHWZHHQ�HYHQW�IORZV�

7KH� PDLQ� DGYDQWDJH� RI� XVLQJ� HYHQW� IORZV� WR
GHWHUPLQH�XVH�FDVH�VLPLODULW\�LV�WKDW�WKH�VWUXFWXUH�RI�D�XVH
FDVH� LV� FRQVLGHUHG� DV� LPSRUWDQW�� 3UHFLVH� LQIRUPDWLRQ� FDQ
EH�JLYHQ�DERXW�WKH�PDWFK�RI�HDFK�HYHQW�IORZ��,W�FDQ�RFFXU�
IRU�LQVWDQFH��WKDW�WZR�XVH�FDVHV�KDYH�DQ�RYHUODSSLQJ�VHW�RI
HYHQW� IORZV� DQG� VRPH� WRWDOO\� GLIIHUHQW� HYHQW� IORZV�� ,I� D
XVH� FDVH� LV� FRQVLGHUHG� DV� D� FROOHFWLRQ� RI� HYHQW� IORZV� LQ
RUGHU�WR�GHWHUPLQH�VLPLODULW\�EHWZHHQ�XVH�FDVHV�WKHQ�LW� LV
SRVVLEOH�WR�GHWHFW�WKH�LGHQWLFDO�HYHQW�IORZV��,I�D�XVH�FDVH�LV
FRQVLGHUHG� DV� D� FROOHFWLRQ� RI� HYHQWV� WKHQ� DQ� DYHUDJH
VLPLODULW\�ZLOO�EH�WKH�UHVXOW�EHFDXVH�WKH�KLJK�VLPLODULW\�RI
WKH� RYHUODSSLQJ� HYHQW� IORZV� ZLOO� EH� GLVJXLVHG� E\� WKH
WRWDOO\� GLIIHUHQW� HYHQW� IORZV�� 7KHUHIRUH�� WKH� VWUXFWXUH� RI
XVH� FDVHV� ZLOO� EH� XVHG� LQ� RUGHU� WR� GHWHUPLQH� VLPLODULW\
EHWZHHQ�XVH�FDVHV�

:H� FRQVLGHU� RQO\� WKH� HYHQW� IORZV� WKDW� DUH� XVHG� WR
GHVFULEH� WKH� V\VWHP�PDLQ� IXQFWLRQDOLW\�� 7KLV� PHDQV� WKDW
WKH� H[FHSWLRQDO� HYHQW� IORZV� DUH� QRW� WDNHQ� LQWR

FRQVLGHUDWLRQ�DW�DOO��7KH\�KDQGOH�HUURQHRXV�VLWXDWLRQV��DQG
DUH� WKXV� GLUHFWO\� GHULYHG� IURP� WKH� SULPDU\� DQG� DOWHUQDWH
HYHQW� IORZV�� 7KHUHIRUH� WKH� HPSKDVLV� ZLOO� EH� RQ� SULPDU\
DQG�DOWHUQDWH�HYHQW�IORZV�

7KH�IROORZLQJ�IRUPXOD�LV�XVHG�WR�GHWHUPLQH�WKH�ORZHU
ERXQG�RI�WKH�VLPLODULW\�EHWZHHQ�XVH�FDVHV�
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Where:

U = Query use case

V = Use case from domain model

Qut = Vector of the event flow t from query U

Dvt = Vector of the event flow t from V

I = Importance vector

x = min(|U|,|V|)

7KH�SDLUV�RI�4XW�DQG�'YW�DUH�FKRVHQ�LQ�VXFK�D�ZD\�WKDW
QHLWKHU�4XW� RU�'YW� FRXOG� EH� XVHG� LQ� PRUH� WKDQ� RQH� SDLU�
7KH� SDLUV� DUH� FRQVWUXFWHG� LWHUDWLYHO\�� E\� PDWFKLQJ� HYHQW
IORZV� LQ� WKH� GHFUHDVLQJ� RUGHU� RI� WKHLU� VLPLODULW\�� 7KLV
DSSURDFK� GRHV� QRW� QHFHVVDULO\� UHVXOW� LQ� WKH� RSWLPXP
VROXWLRQ� EXW� LW� LV� D� JRRG� LQGLFDWRU� RI� XVH� FDVH� VLPLODULW\
DQG� SURYLGHV� WKH� KHXULVWLF� WKDW� DYRLGV� WKH� FDOFXODWLRQ� RI
VLPLODULWLHV�IRU�DOO�FRPELQDWLRQV�RI�HYHQW�IORZ�SDLUV�

7KHUH�DUH� VHYHUDO�ZD\V� WR�SUHVHQW� VXLWDEOH� XVH� FDVHV
WR�WKH�VRIWZDUH�GHYHORSHU��,Q�RUGHU�WR�SURYLGH�WKH�VRIWZDUH
GHYHORSHU� JRRG� LQVLJKW� LQ� WKH� H[LVWLQJ� XVH� FDVHV� RI� WKH
GRPDLQ�PRGHO��WZR�SUHVHQWDWLRQV�ZLOO�EH�XVHG�
•� 8VH� FDVHV�ZLOO� EH� UDQNHG� E\� RYHUDOO� VLPLODULW\�� 7KLV

LQGLFDWHV� WKDW� WKH� KLJKHVW�UDQNHG� XVH� FDVH� LV� PRVW
VLPLODU� WR� WKH� QHZ� XVH� FDVH�� ZLWK� UHVSHFW� WR� DOO
FRPSRQHQW�HYHQW�IORZV�

•� 8VH�FDVHV� UDQNHG�RQ� WKH�QXPEHU�RI�HYHQW� IORZV� WKDW
DUH� YHU\� VLPLODU�� 7KH� VLPLODULW\� EHWZHHQ� XVH� FDVHV
RQO\� LQGLFDWHV� WKH�DYHUDJH� VLPLODULW\�RI� DOO� WKH� HYHQW
IORZ�SDLUV��,I�WKH�VLPLODULW\�EHWZHHQ�WZR�XVH�FDVHV�LV
DYHUDJH�WKHQ�LW�FDQ�PHDQ�WKDW�DOO�WKH�HYHQW�IORZ�SDLUV
KDYH� DQ� DYHUDJH� VLPLODULW\� RU� WKDW� VRPH� HYHQW� IORZ
SDLUV� KDYH� ORZ� DQG� VRPH� KLJK� VLPLODULW\�� 7KH� HYHQW
IORZ�SDLUV�ZLWK�KLJK�VLPLODULW\�DUH�LQWHUHVWLQJ�EHFDXVH
WKH\� JLYH� JRRG� RSSRUWXQLWLHV� IRU� UHXVH� DQG�� KHQFH�
WKLV� LQIRUPDWLRQ� LV� SUHVHQWHG� WR� WKH� VRIWZDUH
GHYHORSHU�

�� ([DPSOH

:H� KDYH� FRQVWUXFWHG� D� VPDOO� SURWRW\SH� WR� WHVW� RXU
PRGHO� RI� XVH� FDVH� VLPLODULW\� DQG� UHXVH�� 7ZHQW\� HYHQW
IORZV� ZHUH� EXLOW� XVLQJ� DSSUR[LPDWHO\� ��� HYHQWV�� 7KH
HYHQWV�KDYH�EHHQ�FOXVWHUHG�PDQXDOO\��1H[W��WKH�YHFWRUV�RI



H[LVWLQJ�HYHQW�IORZV�KDYH�EHHQ�FRPSDUHG�ZLWK�WKH�YHFWRU
RI� D� QHZ� HYHQW� IORZ� 
:LWKGUDZ� PRQH\� IURP� FDVK
GLVSHQVHU
��7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH�����6R�IDU��ZH
FDQ�VHH�WKDW�WKH�UHVXOWV�DUH�SURPLVLQJ�

:H�H[SHULHQFHG� WKDW� WKH�ZD\� RI� FOXVWHULQJ� HYHQWV� LV
WKH�PDMRU�IDFWRU�WKDW� LQIOXHQFHV�WKH�TXDOLW\�RI�WKH�UHVXOWV�
,QFRUUHFWO\� IRUPHG� FOXVWHUV� FDXVH� EDG� UHVXOWV�� 7KHUHIRUH�
WKLV�WDVN�VKRXOG�EH�GRQH�ZLWK�JUHDW�FDUH�

Event flows Similarity
Withdraw money from ATM successful 97%
Deposit money trough ATM successful 92%
Withdraw money from ATM, not enough funds 87%
Deposit money through ATM, incorrect amount of money 86%
Transfer money with ATM, successful 82%
Pay with EFTPOS, successful 77%
Get balance information from ATM, successful 76%
Pay with EFTPOS, transaction not approved 75%
Transfer money with ATM, not enough funds 74%
Pay with EFTPOS, incorrect PIN 73%
Use ATM, incorrect PIN 72%
Pay with credit card electronically, credit card blocked 57%
Pay with credit card electronically, successful 52%
Delete account with negative balance, successful 49%
Cancel loan, pay cash successful 35%
Pay bill by phone with credit card, successful 21%
Open account, successful 16%
Pay bill by phone with credit card, non existing bill 12%
Pay bill by phone with credit card, credit card blocked 10%
Open account, incorrect identification 0%

Figure 10: Similarity analysis results

�� 6XPPDU\�DQG�IXWXUH�ZRUN

7KLV� DUWLFOH� GHVFULEHG� D�PHWKRG� RI� UHSUHVHQWLQJ� DQG
FRPSDULQJ� XVH� FDVHV� LQ� WKH� 80/� GRPDLQ� PRGHO�� 6XFK
PHWKRGV� FDQ� EH� DSSOLHG� DV� WKH� VHDUFK�PHFKDQLVP� RI� WKH
VSHFLILFDWLRQ� DQG� GHVLJQ� UHXVH� HQJLQH�� :H� EHOLHYH� WKDW
UHXVH� DW� WKH� HDUOLHVW� VWDJH� RI� VRIWZDUH� GHYHORSPHQW� ZLOO
EULQJ� WKH�JUHDWHVW� VDYLQJV� LQ�GHYHORSPHQW� FRVW� DQG� WLPH�
2XU� PHWKRG� KDV� EHHQ� WHVWHG� RQ� D� VPDOO� PRGHO�� EXW
FRQVLGHULQJ� WKH�PHWKRG
V� VLPLODULW\� WR� WKRVH�HPSOR\HG� LQ
LQIRUPDWLRQ�UHWULHYDO��ZH�EHOLHYH�LW�LV�VFDODEOH�WR�WKH�ODUJHU
GRPDLQ� PRGHOV�� 7KH� QH[W� VWDJH� LQ� RXU� ZRUN� ZLOO� EH� WR
HYDOXDWH� WKH� V\VWHP� XVLQJ� D� FRQVLGHUDEO\� ODUJHU� GRPDLQ
PRGHO�

0HDQZKLOH�� ZH� DUH� LQYHVWLJDWLQJ� WKH� VHPDQWLF
UHODWLRQVKLSV� EHWZHHQ� YDULRXV�80/� DUWHIDFWV� LQ� RUGHU� WR
SUHGLFW� WKH� LPSDFW� RI� SDUWLDO� UHXVH� RI� XVH� FDVHV
FRPSRQHQWV��:KHQ�D�VLPLODU�XVH�FDVH�LV�IRXQG�ZH�ZDQW�WR
VXSSO\� WKH� UHXVHU� ZLWK� UHOHYDQW� LQIRUPDWLRQ� DERXW� WKH
FRQVHTXHQFHV�RI�FKDQJLQJ�D�XVH�FDVH��7KH� UHXVHU�ZLOO�EH
SUHVHQWHG� ZLWK� WKH� LQIRUPDWLRQ� DERXW� ZKLFK� DUWHIDFWV
GRZQVWUHDP� WKH� GHYHORSPHQW� OLIH�F\FOH� QHHG� WR� EH
FKDQJHG�DQG�ZKLFK�FDQ�EH�UHXVHG�ZLWKRXW�DQ\�DOWHUDWLRQ�

:H� DUH� DOVR� FRQGXFWLQJ� H[SHULPHQWV� WR� ILQG� RXW
ZKHWKHU� XQGHUJUDGXDWH� VWXGHQWV� HQUROOHG� LQ� V\VWHPV
DQDO\VLV� DQG� GHVLJQ� FRXUVH� DUH� DEOH� WR� ZRUN� DQG� VWXG\
PRUH� HIIHFWLYHO\� �DFFXUDWHO\�� FRPSOHWHO\� DQG� HIILFLHQWO\�

ZLWK�RXU�SURWRW\SH�V\VWHP�WKDQ�ZLWKRXW�LW��$V�WKH�QXPEHU
RI� VWXGHQWV� XQGHU� VWXG\� LV� TXLWH� ODUJH�� WKH� FRQFOXVLYH
UHVXOWV�DUH�QRW�DYDLODEOH�DW�WKLV�VWDJH�
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$GYDQWDJH� �� %XVLQHVV� 3URFHVV� 5HHQJLQHHULQJ� ZLWK� 2EMHFW
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>�@ *��$��0LOOHU��5��%HFNZLWK��&��)HOOEDXP��'��*URVV��DQG�.�
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