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$%675$&7�
7KLV� SDSHU� GHVFULEHV� WKH� SURFHVV� XVHG� WR� GHYHORS� D�
IUDPHZRUN� WR� SURGXFH� WKHUPDO� VLPXODWLRQ� SRVW�
SURFHVVHG� LQIRUPDWLRQ� DQG� GDWD� UHSUHVHQWDWLRQ�
V\VWHPV�PHDQLQJIXO� WR� GHVLJQ� GHFLVLRQ�PDNLQJ��7KH�
IUDPHZRUN� FRPHV� IURP� UHYHUVH� HQJLQHHULQJ� DQ�
HPSLULFDO�GDWD�VHW�LQ�ZKLFK�GHVLJQHUV�ZHUH�LQYLWHG�WR�
SURSRVH� PHDQLQJIXO� EXLOGLQJ� WKHUPDO� SK\VLFV�
LQIRUPDWLRQ� WR� GHVLJQ� GHFLVLRQ� PDNLQJ� ZKHQ�
UHTXHVWHG� WR� VROYH� D� GHVLJQ� SUREOHP� VSHFLILFDOO\�
WDLORUHG� IRU� WKLV� SXUSRVH�� $� FRPELQDWLRQ� RI��
,QWHUDFWLRQ� 'HVLJQ�� ,QIRUPDWLRQ� 9LVXDOL]DWLRQ� DQG�
4XDOLWDWLYH� UHVHDUFK� PHWKRGV� IURP� 6RFLDO� 6FLHQFH�
ZHUH� XVHG� WR� XQGHUWDNH� WKH� DQDO\VLV�� 7KLV� HQDEOHG�
WKHRUHWLFDO� DVSHFWV� LQYROYHG� LQ� KRZ� EXLOGLQJ�
GHVLJQHUV�VROYH�GHVLJQ�SUREOHPV�DOVR�WR�EH�WDNHQ�LQWR�
FRQVLGHUDWLRQ��

,1752'8&7,21�
7KH�DLP�RI�WKLV�SDSHU�LV�WR�GHVFULEH�WKH�SURFHVV�XVHG�
WR� GHYHORS� D� IUDPHZRUN� WR� SURGXFH� WKHUPDO�
VLPXODWLRQ� SRVW�SURFHVVHG� LQIRUPDWLRQ� DQG� GDWD�
UHSUHVHQWDWLRQ� V\VWHPV� PHDQLQJIXO� WR� EXLOGLQJ�
GHVLJQHUV�VR�WKDW�WKH\�FDQ�EH�XVHG�LQ�GHVLJQ�GHFLVLRQ�
PDNLQJ��
(DUO\� GHVLJQ� VWDJHV�� FOLHQWV� QRW� ZLOOLQJ� WR� KLUH�
FRQVXOWDQWV�� VPDOO� SUDFWLFHV� WKDW� FDQQRW� DIIRUG�
VSHFLDOLVW� DGYLFH�� GHVLJQ� HGXFDWLRQ� ZLOOLQJ� WR�
LQFRUSRUDWH� SK\VLFV� LQ� WKH� GHVLJQ� GHFLVLRQ� PDNLQJ�
SURFHVV� DUH� MXVW� IHZ�H[DPSOHV�RI�ZK\� WKHUH� DUH� VWLOO�
PDQ\� LQLWLDWLYHV� IURP� VRIWZDUH� GHYHORSHUV� �2SHQ�
6WXGLR�������6HH�HW�DO�������$XWR'HVN�3URMHFW�9DVDUL�
������WR�EHWWHU�LQWHJUDWH�G\QDPLF�WKHUPDO�VLPXODWLRQ�
WRROV�WR�GHVLJQ�GHFLVLRQ�PDNLQJ��
+RZHYHU�� ³FXUUHQW�RXWSXWV� IURP�G\QDPLF� VLPXODWLRQ�
WRROV� WHQG� WR� EH� XQUHODWHG� WR� FRQFHSWV� WKDW� DUH�
PHDQLQJIXO� WR� WKH� EXLOGLQJ� GHVLJQHU�� 7KH\� DUH�
LQFRPSDWLEOH� ZLWK� KLV� FRQVWUXFWLYLVW� �� H[SHULPHQWDO�
µOHDUQLQJ� E\� GRLQJ¶� ZD\� RI� DSSURDFKLQJ� SUREOHP�
VROYLQJ�´��%OHLO�GH�6RX]D���������
0HWULFV�DQG�UHSUHVHQWDWLRQ�V\VWHPV�FRPSRVHG�RI�WLPH�
VHULHV� DQG� JUDSKV� ZLWK� WHPSHUDWXUHV� DQG� ORDGV� DUH�
PRUH� HIIHFWLYHO\� FRQQHFWHG� WR� GHFLVLRQV� UHODWHG� WR�
+9$&� V\VWHPV� UDWKHU� WKDQ� WR� HOHPHQWV� EXLOGLQJ�
GHVLJQHUV� PDQLSXODWH�� 7KHVH� RXWSXWV� UDUHO\� SURYLGH�
GLUHFW�XVHIXO�LQIRUPDWLRQ�DERXW�KRZ�DQG�ZKHUH�WR�DFW�
LQ� WKH� EXLOGLQJ� LWVHOI� VR� WKDW� HQYHORSH� DQG� VSDWLDO�

DUUDQJHPHQWV� FDQ� EH� PDQLSXODWHG� WR� LPSURYH�
EXLOGLQJ�WKHUPDO�EHKDYLRXU���
7KH� V\VWHPDWLF� DQG� VFLHQWLILFDOO\� EDVHG� DSSURDFK�
UHTXLUHG� WR�VHW�XS�� UXQ�DQG�DQDO\VH�G\QDPLF� WKHUPDO�
PRGHOV� GLIIHUV� IURP� WKH� EXLOGLQJ� GHVLJQHU�
FRQVWUXFWLYLVW�DSSURDFK�WR�SUREOHP�VROYLQJ��7KH�ODWWHU�
LV� FRPSRVHG� RI� RUJDQLVLQJ� SULQFLSOHV�� VHWV� RI� UXOHV��
IRUPDO� ODQJXDJHV�� IXQFWLRQDO� VSDWLDO� W\SRORJLHV� DQG�
YDULRXV� DQDORJLHV� DQG� PHWDSKRUV� FRPLQJ� IURP�
UHIHUHQFHV�DQG�SUHFHGHQFH��%OHLO�GH�6RX]D��������
7KH� UHVXOW� LV� G\QDPLF� WKHUPDO� VLPXODWLRQ� WRROV� HQG�
XS� EHLQJ� SURSHU� µHQJLQHHUHG� V\VWHPV¶�ZKLFK� GHOLYHU�
VSHFLILF� IXQFWLRQV� HIIHFWLYHO\� EXW� GR� QRW� VXSSRUW� WKH�
ZD\� GHVLJQHUV� FRPPXQLFDWH� DQG� LQWHUDFW� ZLWK� WKHLU��
SLHFHV�RI� GHVLJQ��7KLV�PHDQV�PXFK� VWLOO� QHHGV� WR�EH�
GRQH� LI� WKH� EXLOGLQJ� GHVLJQHU� LV� WR� EH� FRQVLGHUHG� D�
SURSHU�µXVHU¶�RI�WKHVH�WRROV��
)URP� FRQWUDVWLQJ� KRZ� EXLOGLQJV� GHVLJQHUV� GHVLJQ�
ZLWK�KRZ�EXLOGLQJ�SK\VLFLVW�VROYH�SUREOHPV��%OHLO�GH�
6RX]D�������DQG�DQDO\VLQJ�EXLOGLQJ�GHVLJQ�SUREOHP�
VROYLQJ�LQ�DFWLRQ��%OHLO�GH�6RX]D��������WKLV�UHVHDUFK�
FRQFOXGHV�RQ�ZKDW�FRXOG�EH�D�VXLWDEOH� IUDPHZRUN�WR�
SURGXFH� SRVW�SURFHVVHG� GDWD� UHSUHVHQWDWLRQ� V\VWHPV�
PHDQLQJIXO�WR�EXLOGLQJ�GHVLJQ�GHFLVLRQV�PDNLQJ��7KH�
IUDPHZRUN�KDV�D�XVHU�FHQWUHG�DSSURDFK��LQ�ZKLFK�WKH�
EXLOGLQJ�GHVLJQHU�LV�WKH�G\QDPLF�VLPXODWLRQ�WRRO�XVHU��
,W�ZDV� GHYHORSHG� IURP� D� FRPELQDWLRQ� RI� ,QWHUDFWLRQ�
'HVLJQ�� ,QIRUPDWLRQ� 9LVXDOL]DWLRQ� DQG� 4XDOLWDWLYH�
UHVHDUFK� PHWKRGV� IURP� 6RFLDO� 6FLHQFH�� 7KHVH�
PHWKRGV� ZHUH� DSSOLHG� WR� DQ� HPSLULFDO� GDWD� VHW� LQ�
ZKLFK�GHVLJQHUV�ZHUH� LQYLWHG� WR�SURSRVH�PHDQLQJIXO�
EXLOGLQJ� WKHUPDO� SK\VLFV� LQIRUPDWLRQ� WR� GHVLJQ�
GHFLVLRQ� PDNLQJ� ZKHQ� UHTXHVWHG� WR� VROYH� D� GHVLJQ�
SUREOHP�VSHFLILFDOO\�WDLORUHG�IRU�WKLV�SXUSRVH��

%$&.*5281'�
7KH� YDVW� PDMRULW\� RI� VWXGLHV� WKDW� SURSRVH� VROXWLRQV�
IRU� G\QDPLF� WKHUPDO� VLPXODWLRQ� WRROV� WR� EH� XVHG� E\�
EXLOGLQJ�GHVLJQHUV�WHQG�WR�EH�HPSLULFDO��7KH\�GR�QRW�
WDNH� LQWR�DFFRXQW� WKH� IDFW� WKDW� WKHUH�DUH� IXQGDPHQWDO�
GLIIHUHQFHV� LQ� WKH� ZRUOGYLHZV� RI� EXLOGLQJ� GHVLJQHUV�
DQG�EXLOGLQJ�WKHUPDO�SK\VLFLVWV���VLPXODWLRQLVWV���
6WXGLHV� WKDW� SURSRVH� WR� LQWHJUDWH� VLPXODWLRQ� WRROV�
WKURXJKRXW� WKH�EXLOGLQJ�GHVLJQ�SURFHVV� WKURXJK� QHZ�
RXWSXW�LQWHUIDFH�GDWD�GLVSOD\�V\VWHPV�WHQG�WR�SUHVHQW�
DQ� LQWHUHVWLQJ� VRXUFH� RI� YLVXDOL]DWLRQ� WHFKQLTXHV� WR�
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GLVSOD\�RYHUDOO�UHVXOWV��+RZHYHU�� WKH\�GR�QRW�LQIRUP�
GHVLJQHUV�VSHFLILFDOO\�RQ�KRZ�DQG�ZKHUH�WR�DFW����
'HVLJQ� DGYLFH� V\VWHPV� FDQ� IRFXV� RQ�� �L�� WDUJHW�
RULHQWHG�GHVLJQ�GHFLVLRQV�WKDW�FRPH�IURP�UHJXODWLRQV�
RU� SHUIRUPDQFH� EDVHG� VWDQGDUGV�� �LL�� SURYLGH� PXOWL�
FULWHULD� HYDOXDWLRQ� VWUDWHJLHV� WR� H[SORUH� GHVLJQ�
FKDQJHV�� �LLL�� GDWDEDVH� VWUXFWXUHV� WR� TXHU\� VHYHUDO�
GHVLJQ� DOWHUQDWLYHV�� �LY�� XVH� VWDWLVWLFV� WR� GHULYH�
FDXVH�HIIHFW� UHODWLRQVKLSV�� RU� �Y�� DXWRPDWLFDOO\�
JHQHUDWH�GHVLJQ�DOWHUQDWLYHV�WR�EH�HYDOXDWHG�EDVHG�RQ�
D� VHULHV� RI� SUHGHILQHG� GHVLJQ� FULWHULD��� ,Q� DQ\� FDVH��
WKH\� DVVXPH� D� ODUJH� QXPEHU� RI� GHVLJQ� DOWHUQDWLYHV�
QHHG� WR� EH� SURGXFHG� IRU�GHFLVLRQV� WR� EH�PDGH��7KLV�
JHQHUDOO\� GRHV� QRW� FRUUHVSRQG� WR� WKH� ZD\� GHVLJQHUV�
ZRUN� DQG� GRHV� QRW� DWWHPSW� WR� XQGHUVWDQG� KRZ�� DQG�
EDVHG� RQ� ZKDW�� GHVLJQHUV� JHQHUDWH� WKHVH� GHVLJQ�
DOWHUQDWLYHV���
3URSRVLWLRQV� WKDW� IRFXV� RQ� SURGXFLQJ� GLIIHUHQW�
LQWHUIDFHV� IRU� GLIIHUHQW� GHVLJQ� VWDJHV�� FDQ�
GDQJHURXVO\� UHVWULFW� GHVLJQ� SRVVLELOLWLHV� DV� ZHOO� DV�
VLPXODWLRQ� SRVVLELOLWLHV�� 'HVLJQ� VWDJHV� WHQG� WR� EH�
XVHG� E\� SUDFWLWLRQHUV� IRU� PDQDJHPHQW� SXUSRVHV� DV�
ZHOO�DV�WR�VHW�XS�EXGJHWV�DQG�GHOLYHUDEOHV�WR�FOLHQWV��
7KH\�DUH�QRW�DQ�DEVROXWH�PDS�RI�WKH�GHVLJQ�SURFHVV��
DQG� WKH� XVH� RI� WKHP� DV� VXFK� E\� VLPXODWLRQ� WRRO�
GHYHORSHUV� VKRZ� D� FOHDU� PLVXQGHUVWDQGLQJ� RQ� WKH�
ZD\�GHVLJQHUV�WKLQN�DQG�DFW����
'LIIHUHQFHV� LQ� NQRZOHGJH� DQG� SUD[LV� GHULYHG� IURP�
NQRZOHGJH� �%OHLO� GH� 6RX]D� ������ LOOXVWUDWH�
IXQGDPHQWDO� GLIILFXOWLHV� GHVLJQHUV� IDFH� ZKHQ� WU\LQJ�
WR� XVH� G\QDPLF� VLPXODWLRQ� WRROV� ZLWKRXW� EHLQJ�
DFNQRZOHGJHG�DV�µSURSHU¶�XVHUV��

� ,Q� WKH� FRQVWUXFWLYLVW� ZD\� RI� WKLQNLQJ� RI�
EXLOGLQJ� GHVLJQ�� SURGXFW� DQG� SURFHVV� DUH�
LQWHUUHODWHG�� 3UREOHPV� DUH� µLOO�GHILQHG¶��
PHDQLQJ� WKH\� FDQQRW� EH� VROYHG� E\� XVLQJ�
SXUHO\� D� V\VWHPDWLFDOO\� DQG� VFLHQWLILFDOO\�
EDVHG�DSSURDFK���

� %XLOGLQJ� GHVLJQHUV� FRQVWUXFW� WKHLU� µGHVLJQ�
K\SRWKHVLV¶� EDVHG� RQ� WKH� XQLTXHQHVV� RI� D�
VLWXDWLRQ�� 7KH\� XVH� OHDGLQJ� LGHDV� WR� GHILQH�
DQG�GHULYH�UXOHV�WR�DVVHVV�DQG�FULWLFLVH�WKHLU�
DFWLRQV� �� µPRYHV¶�� WKURXJK� µD� UHIOHFWLYH�
FRQYHUVDWLRQ� ZLWK� WKH� VLWXDWLRQ¶� �6FKRQ�
�����DQG��������'HVLJQHUV�JHQHUDOO\�GR�QRW�
LGHQWLI\�SK\VLFDO�SKHQRPHQD�LQ�WKHLU�GHVLJQ�
SUREOHPV��7KH\�GR�QRW� VLPSOLI\� UHDOLW\� LQWR�

�����������������������������������������������������������
��6HH�FRPSUHKHQVLYH�LQ�%OHLO�GH�6RX]D������DQG������
��,ELG���
��,ELG��
��,ELG����
��7KH�GHVLJQ�OLWHUDWXUH�LV�IXOO�RI�H[DPSOHV�DERXW�WKH�GHVLJQ�SURFHVV�
DQG�KRZ�LW�GRHV�QRW�IROORZ�SUHVFULEHG�GHVLJQ�VWDJHV��6FKRQ������
DQG������ DUH� FODVVLFV��PRUH� LV� GLVFXVVHG� LQ�/DZVRQ� ������5RZH�
������
��µ,OO�GHILQHG¶�SUREOHPV�DUH�ZLFNHG�SUREOHPV�ZLWK�ORRVH�REMHFWLYHV�
RU� ERXQGDULHV� DQG� LQFRPSOHWH� VHWV� RI� UHTXLUHPHQWV� �%XFKDQDQ�
�������$SSURDFK�WR�SUREOHP�VROYLQJ�LQ�WKHVH�FDVHV�WHQG�WR�KDSSHQ�
WKURXJK� D� FR�HYROXWLRQ� RI� SUREOHP� DQG� VROXWLRQ� �&URVV� ������
UDWKHU� WKDQ�IROORZLQJ�D�VHW�RI�SUHGHILQHG�VWHSV�WR�DFKLHYH�VSHFLILF�
JRDOV�������

D� SUHGHILQHG� KHDW� EDODQFH� VWUXFWXUH� WR�
FRQVWUXFW� D� UHIHUHQFH� PRGHO� ZLWK� GHVLUH�
VWDWHV� WR� EH� DFKLHYHG�� 7KHLU� WHVW� PHWKRGV�
WHQG� QRW� WR� EH� EDVHG� RQ� VHWV� RI� DFWLRQV�
VWUXFWXUHG� DV� PRGHO� SHUWXUEDWLRQV� IURP�
ZKLFK� GHFLVLRQV� DUH� PDGH� PDLQO\� EDVHG�
UHVXOWV�IURP�FDXVH�HIIHFW�UHODWLRQVKLSV���

� 7KH�YDULDEOHV�DQG�PHWULFV�EXLOGLQJ�GHVLJQHUV�
DUH� XVHG� WR� PDQLSXODWLQJ� DUH� PDLQO\�
GHYHORSHG� LQ� VSDFH�� DQG� DUH� VXLWDEOH� WR� EH�
YLVXDOO\� UHSUHVHQWHG�� 7KHVH� SURIHVVLRQDOV�
FDQ� VWUXJJOH� WR� GHDO� ZLWK� SKHQRPHQD�
GHYHORSHG� RYHU� WLPH� ZKLFK� DUH� PDLQO\�
PDWKHPDWLFDOO\�UHSUHVHQWHG���

2Q�RQH�KDQG��WKHVH�GLIIHUHQFHV�SUREDEO\�H[SODLQ�ZK\�
WKHUH� DUH� PDQ\� LQLWLDWLYHV� IRFXVLQJ� RQ� FUHDWLQJ�
FROODERUDWLYH� HQYLURQPHQWV�� UDWKHU� WKDQ� IRU� HQDEOLQJ�
EXLOGLQJ� GHVLJQHUV� WR� GLUHFWO\� XVH� VLPXODWLRQ� WRROV��
$V� IXQGDPHQWDO� GLIIHUHQFHV� LQ� ZRUOGYLHZV� DUH�
DFNQRZOHGJHG� D� SULRUL� LQ� WKLV� FDVH�� UHVHDUFK� LQ� WKLV�
DUHD�WHQGV�WR�IRFXV�RQ�VHWWLQJ�XS�JXLGHOLQHV�WR�FUHDWH�
GHVLJQ� WHDPV� ZLWK� H[SHUWV� RU� LQ� H[SDQGLQJ� WRRO�
FDSDELOLWLHV�ZLWK�UHJDUGV�WR�LQIRUPDWLRQ�H[FKDQJH�����
2Q�WKH�RWKHU�KDQG��WKHVH�GLIIHUHQFHV�DUH�IXQGDPHQWDO�
WR�H[SODLQ�WKDW�D�EXLOGLQJ�GHVLJQHU�PLJKW�KDYH�D�YHU\�
GLVWLQFW� ZD\� RI� WKLQNLQJ� FRPSDUHG� WR� VRIWZDUH�
GHYHORSHUV�� +9$&� HQJLQHHUV� DQG� FRQVXOWDQWV� LQ�
JHQHUDO�� 7KLV� DOVR� LOOXVWUDWHV� WKH� SRVVLELOLW\� RI� XVLQJ�
LQWHUGLVFLSOLQDU\� UHVHDUFK� PHWKRGV� WR� DGGUHVV� WKLV�
GLIIHUHQFH��&DVH�VWXGLHV�� LQWHUYLHZV��RQ�OLQH�VXUYH\V��
TXHVWLRQQDLUHV�RQ�GHVLJQ�GHFLVLRQ�PDNLQJ�DQG�UHSRUWV�
RI� H[SHULHQFHV� LQ� LQWHUDFWLQJ� ZLWK� EXLOGLQJ�
GHVLJQHUV���DUH�FRQYHQWLRQDO�UHVHDUFK�PHWKRGV�ZKLFK�
DGGUHVV� RQO\� SDUW� RI� WKH� SUREOHP�� 7KH\� GHVFULEH�
XVHU¶V� QHHGV� ZLWKRXW� SURYLGLQJ� DQ\� KLQWV� WR� ZKDW�
FRXOG�EH�SRWHQWLDO�VROXWLRQV�WR�WKH�SUREOHP���
$Q� DWWHPSW� WR� EUHDN� WKLV� LV� SUHVHQWHG� LQ� %OHLO� GH�
6RX]D� ������ 7KLV� HPSLULFDO� VWXG\� UHSRUWV� DQG�
H[SHULPHQW� LQ� ZKLFK� EXLOGLQJ� GHVLJQHUV� ZHUH�
UHFUXLWHG� WR� SURSRVH� PHDQLQJIXO� PHWULFV� DQG�
UHSUHVHQWDWLRQ� V\VWHPV� IRU� GHVLJQ� GHFLVLRQ� PDNLQJ�
ZKHQ� UHTXHVWHG� WR� VROYH� D� GHVLJQ� SUREOHP�
VSHFLILFDOO\� WDLORUHG� IRU� WKLV� SXUSRVH�� 7KH� LGHD� RI�
PDNLQJ� GHVLJQHUV� GHVLJQ� VROXWLRQV� WR� WKHLU� RZQ�
SUREOHPV�� RQFH� SURYLGHG� ZLWK� EDVLF� WUDLQLQJ� RI�
EXLOGLQJ� WKHUPDO� SK\VLFV�� LV� KLJKO\� OLNHO\� WR� PDNH�
WKHVH� VROXWLRQV� WR� EH� FRQVRQDQW� ZLWK� WKHLU� ZD\� RI�
WKLQNLQJ� DQG� µPRGXV� RSHUDQGL¶�� 7KH� TXDOLWDWLYH�
6RFLDO� 6FLHQFH� UHVHDUFK� PHWKRG� RI� 7KHPDWLF�
$QDO\VLV� ZDV� XVHG� WR� DQDO\VH� WKH� VDPSOH� RI� GHVLJQ�
MRXUQDOV� FROOHFWHG�� )URP� WKLV�� H[DPSOHV� RI� SRWHQWLDO�
PHDQLQJIXO� EXLOGLQJ� WKHUPDO� SK\VLFV� PHWULFV� IRU�
GHVLJQ�GHFLVLRQ�PDNLQJ�ZHUH�UHFRUGHG�����������
7KH�UHVHDUFK�ZDV�XVHIXO�WR�KLJKOLJKW�KRZ�D�GLIIHUHQW�
PHWKRG� FRXOG� SURYLGH� H[DPSOHV� RI� EXLOGLQJ� SK\VLFV�
GDWD� WR� GHVLJQ� GHFLVLRQ� PDNLQJ�� +RZHYHU�� LWV�

�����������������������������������������������������������
��6HH�FRPSUHKHQVLYH�LQ�%OHLO�GH�6RX]D������DQG������
��,ELG��
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HPSLULFDO� QDWXUH�� OLPLWHG� GDWD� VDPSOH�� GHVLJQ� DQG�
SK\VLFV� GDWD� PDQLSXODWHG� ZHUH� IDU� IURP� FRYHULQJ�
EURDGHU�DVSHFWV�RI�D�XVHU�FHQWUH�DSSURDFK��
$� SURSHU� VWUXFWXUH� RU� IUDPHZRUN� WR� DGGUHVV� WKH�
SUREOHP� RI� PDNLQJ� WKHUPDO� VLPXODWLRQ� RXWSXWV�
PHDQLQJIXO�WR�EXLOGLQJ�GHVLJQ�GHFLVLRQ�PDNLQJ�LV�VWLOO�
QHFHVVDU\��7KLV�IUDPHZRUN�VKRXOG�LQFOXGH�WKHRUHWLFDO�
DQG� HPSLULFDO� DVSHFWV� RI� KRZ� GHVLJQHUV� GHVLJQ� LQ�
RUGHU� IRU� LW� WR� SURYLGH� D� FRPSUHKHQVLYH� XVHU�FHQWUH�
DSSURDFK�� ,W� VKRXOG� EH� GHYHORSHG� XVLQJ� DQ�
LQWHUGLVFLSOLQDU\� VHW� RI� UHVHDUFK� DQG� GHVLJQ�PHWKRGV�
WR� FRYHU� DV� PXFK� DV� SRVVLEOH� WKH� WKHRUHWLFDO� DQG�
HPSLULFDO�DVSHFWV�PHQWLRQHG��
7KLV� SDSHU� LQWHQGV� WR� SURYLGH� D� VWHS� IXUWKHU� LQ� WKLV�
UHVHDUFK� DUHD�� ,W� FRQFOXGHV� RQ� ZKDW� FRXOG� EH� D�
VXLWDEOH� IUDPHZRUN� LI� WKH� GDWD� VDPSOH� SURSRVHG� LQ�
%OHLO� GH� 6RX]D� ����� ZDV� H[SDQGHG�� DQG� DQDO\VHG�
XVLQJ� D� FRPELQDWLRQ� RI�� ,QWHUDFWLRQ� 'HVLJQ��
,QIRUPDWLRQ� 9LVXDOL]DWLRQ� DQG� 4XDOLWDWLYH� UHVHDUFK�
PHWKRGV� IURP� 6RFLDO� 6FLHQFH� WR� LQFOXGH� WKHRUHWLFDO�
DVSHFWV� RI� KRZ�GHVLJQHUV�GHVLJQ��(YHQ� WKRXJK� WKHUH�
DUH� VWLOO� OLPLWDWLRQV� ZLWK� UHJDUGV� WR� GHVLJQ� DQG�
SK\VLFV�GDWD�PDQLSXODWHG�LQ�WKLV�VDPSOH��PXFK�FDQ�EH�
DFKLHYHG�LI�WKH�DIRUHPHQWLRQHG�UHVHDUFK�PHWKRGV�DUH�
XVHG�LQ�WKH�DQDO\VLV�RI�LW��

0(7+2'2/2*<�
7KH�NH\�PHWKRGRORJLFDO�DVSHFW�RI�WKLV�VWXG\�ZDV�KRZ�
WR� FRPELQH� WKH� WKUHH� DIRUHPHQWLRQHG� UHVHDUFK�
PHWKRGV�FRKHUHQWO\��
,QWHUDFWLRQ�'HVLJQ�PHWKRGV�SURYLGH�PHDQV�WR�DGGUHVV�
XVHU¶V� QHHGV�ZLWK� UHJDUGV� WR�KRZ� WKH\�FRPPXQLFDWH�
DQG� LQWHUDFW� ZLWK� PDFKLQHV�� ,QWHUDFWLRQ� GHVLJQ� DV� D�
GLVFLSOLQH� HPHUJHG� IURP� WKH� DFWLYLW\� RI� GHYHORSLQJ�
FRPSXWHU�VRIWZDUH�DQG�KDUGZDUH�LQWHUIDFHV��,W�LV�VHHQ�
DV�D�GHVLJQ�GLVFLSOLQH�VHSDUDWH�IURP�EXW�FRQQHFWHG�WR�
HQJLQHHULQJ�DQG�VFLHQFH��&RRSHU�HW�DO���������
%DVLF� DFWLYLWLHV� IURP� ,QWHUDFWLRQ� 'HVLJQ� LQFOXGH�
�5RJHUV�HW�DO��������

� (VWDEOLVKLQJ� UHTXLUHPHQWV� IRU� XVHU�
H[SHULHQFH�

� 'HVLJQLQJ� DOWHUQDWLYHV� WR� PHHW� WKRVH�
UHTXLUHPHQWV�

� 3URWRW\SLQJ� DOWHUQDWLYHV� IRU� FRPPXQLFDWLRQ�
DQG�DVVHVVPHQW�

� (YDOXDWLQJ�DW�DOO�VWDJHV�IRU�XVHU�H[SHULHQFH�
&RRSHU�HW�DO��������SRLQW�RXW�WKDW�ZKLOH�HQJLQHHULQJ�
KDV�PHWKRGV�DQG�SURFHGXUHV� WR� IROORZ��DQG�EXVLQHVV�
KDV� PHWKRGV� IRU� DVVHVVLQJ� FRPPHUFLDO� YLDELOLW\� RI�
SURGXFWV��GLJLWDO�WHFKQRORJ\� LQGXVWULHV�GR�QRW�KDYH�D�
FRPSOHWH� DQG� UHOLDEOH� SURFHVV� WKDW� ZRXOG� OLQN� WKH�
QHHGV� DQG� ZDQWV� RI� XVHUV� LQ� WKH� GHVLJQ� RI� WKHLU�
µSURGXFWV¶�� 7KH� SURIHVVLRQDO� GHVLJQLQJ� WKH� µSURGXFW¶�
QHHGV� WR� GHFLGH� ZKR� µWKH� XVHUV¶� DUH� DQG� KDYH� VRPH�
LGHD�DERXW�WKHLU�JRDOV�DQG�ZK\�WKHVH�PLJKW�EH���
7KLV� PHDQV�� LW� VHHPV� SODXVLEOH� WR� LQYLWH� µWKH� XVHUV¶�
�EXLOGLQJ� GHVLJQHUV�� WR� SURSRVH� ZKDW� WKH\� WKLQN� DUH�
PHDQLQJIXO� PHWULFV� DQG� UHSUHVHQWDWLRQ� V\VWHPV� IRU�

EXLOGLQJ� SK\VLFV� WR� EH� XVHG� LQ� GHVLJQ� GHFLVLRQ�
PDNLQJ�� 7KLV� LGHD� LV� OLNHO\� WR� PDNH� WKHVH� XVHUV¶�
UHTXLUHPHQWV� PDWFK� ZLWK� WKH� GHVLJQ� DOWHUQDWLYHV�
SURSRVHG�� ,W� DOVR� HQDEOHV�SURWRW\SHV� WR�EH� HYDOXDWHG�
E\� WKH� XVHUV� WKHPVHOYHV��0RUHRYHU�� LW� ZRXOG� DVVXUH�
WKH�NQRZOHGJH�DQG�µPRGXV�RSHUDQGL¶�RI�WKH�EXLOGLQJ�
GHVLJQHU�FRXOG�EH�SUHVHUYHG�LQ�ZKDWHYHU�LV�SURSRVHG��
7KLV� UHVHDUFK� XVHV� WKH� VDPH� GDWD� FROOHFWLRQ�
SURFHGXUHV� GHVFULEHG� LQ� %OHLO� GH� 6RX]D� ������ EXW�
H[SDQGV� WKH� GDWD� VDPSOH� WR� ���� GHVLJQ� MRXUQDOV��
7KHVH� MRXUQDOV� QDUUDWH� DOO� VWHSV� EXLOGLQJ� GHVLJQHUV�
XVHG�ZKHQ�VROYLQJ�D�GHVLJQ�SUREOHP�ZKLFK�LQFOXGHG�
WKHUPDO�FRPIRUW��HQHUJ\�HIILFLHQF\�DQG�WKH�WHVWLQJ�RI�
SDVVLYH�GHVLJQ�DOWHUQDWLYHV���
$�FRPELQDWLRQ�RI�6RFLDO�6FLHQFH�UHVHDUFK�PHWKRGV�LV�
WKHQ� HPSOR\HG� LQ� WKH� DQDO\VLV� RI� WKH� GDWD� VDPSOH��
*URXQGHG� 7KHRU\� LV� XVHG� WRJHWKHU� ZLWK� 7KHPDWLF�
$QDO\VLV� WR� H[WUDFW� LQIRUPDWLRQ� DQG� DVVLVW� LQ� WKH�
GHYHORSPHQW� RI� D� WKHRU\� DERXW� KRZ� GHVLJQHUV�PDNH�
VHQVH� RI� EXLOGLQJ� WKHUPDO� SK\VLFV� LQIRUPDWLRQ�
WKURXJKRXW�WKHLU�GHVLJQ�SURFHVV���
7KHPDWLF� DQDO\VLV� LV� RQH� RI� WKH� PRVW� FRPPRQ�
DSSURDFKHV�WR�TXDOLWDWLYH�UHVHDUFK�LQ�6RFLDO�6FLHQFHV�
�%U\PDQ��������³,W�FRQVLVWV�LQ�WKH�VHDUFK�IRU�WKHPHV�
LQ�ZULWWHQ�SLHFHV�RI�GDWD� WKDW� FDQ�EH� IXUWKHU�GHWDLOHG�
LQWR�JURXSV�RI�FRGHV�WKDW�EUHDN�WKH�PDMRU�WKHPHV�LQWR�
VXEWKHPHV´��%OHLO�GH�6RX]D��������³7KH�WKHPHV�DQG�
VXEWKHPHV�DUH�HVVHQWLDOO\�UHFXUULQJ�PRWLIV�LQ�WKH�WH[W�
WKDW�DUH�WKHQ�DSSOLHG�WR�WKH�GDWD´��%U\PDQ���������
7KLV� DSSURDFK� LV� FRPSOHPHQWHG� E\� WKH� XVH� RI�
*URXQGHG� 7KHRU\�� DQRWKHU� 6RFLDO� 6FLHQFH� UHVHDUFK�
PHWKRGV�LQ�ZKLFK�RQH�RI�WKH�NH\�WRROV�LV�DOVR�FRGLQJ��
7KLV� WLPH� FRGLQJ� LV� XVHG� WR� LGHQWLI\� FRQFHSWV��
FDWHJRULHV�DQG�SURSHUWLHV�WR�GHYHORS�K\SRWKHVLV�IURP�
ZKLFK� ³D� WKHRUHWLFDO� IUDPHZRUN� WKDW� H[SODLQV� VRPH�
UHOHYDQW�VRFLDO�«�RU�RWKHU�SKHQRPHQRQ´��6WUDXVV�DQG�
&RUELQ� ����� LQ� %U\PDQ� ������ FDQ� HPHUJH�� ,Q�
*URXQGHG� 7KHRU\�� WKHRU\� LV� GHULYHG� IURP� GDWD��
³V\VWHPDWLFDOO\� JDWKHUHG� DQG� DQDO\VHG� WKURXJK� WKH�
UHVHDUFK� SURFHVV´� �6WUDXVV� DQG� &RUELQ� ����� LQ�
%U\PDQ���������
7KHVH� WZR� 6RFLDO� 6FLHQFH� UHVHDUFK� PHWKRGV� ZHUH�
HPSOR\HG�LQ�WKH�GDWD�VDPSOH�DLPLQJ�DW�WKH�IROORZLQJ��

� 7R�FRQILUP�DQG� DFNQRZOHGJH� DVSHFWV� DERXW�
NQRZOHGJH� DQG� µPRGXV� RSHUDQGL¶� RI�
EXLOGLQJ�GHVLJQHUV�KLJKOLJKWHG�LQ�WKHRUHWLFDO�
VWXGLHV� �PDLQO\� %OHLO� GH� 6RX]D� ������ DUH�
SURSHUO\� WDNHQ� LQWR� DFFRXQW� LQ� WKH� SURFHVV�
XVHG�WR�GHYHORS�D�IUDPHZRUN�

� 7R�H[WUDFW�WKHPHV�IURP�WKH�GDWD�VDPSOH�WKDW�
FRXOG� EH� OLQNHG� ZLWK� WKH� IRXU�
DIRUHPHQWLRQHG�,QWHUDFWLRQ�'HVLJQ�DFWLYLWLHV�
WR� EH� DGGUHVVHG� LQ� WKH� SURFHVV� XVHG� WR�
GHYHORS�D�IUDPHZRUN�

� 7R� GLUHFWO\� DVVLVW� LQ� WKH� SURFHVV� XVHG� WR�
GHYHORS�D�IUDPHZRUN�DV�³JURXQGHG�WKHRU\�LV�
QRW� D� WKHRU\� ±� LW� LV� DQ� DSSURDFK� WR� WKH�
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JHQHUDWLRQ� RI� WKHRU\� RXW� RI� GDWD´� �%U\PDQ�
��������

0HWKRGV� IURP� ,QIRUPDWLRQ� 9LVXDOL]DWLRQ� ZHUH� XVHG�
WR� H[WUDFW� LQIRUPDWLRQ� IURP� WKH� GDWD� VDPSOH� VR� WKDW�
IRUPDO� NQRZOHGJH� RQ� FDWHJRULHV�� W\SHV�� KLHUDUFKLHV��
UHODWLRQVKLSV� DQG� ILOWHULQJ� FRXOG� EH� DSSOLHG� LQ�
FDWDORJXLQJ�DQG�SURGXFLQJ�PHDQLQJIXO�GLVSOD\V��
)LQDOO\�� WKH� FRQFHSW�RI� µSDWWHUQV¶� �RULJLQDOO\� FRPLQJ�
IURP� DUFKLWHFWXUH�� $OH[DQGHU� HW� DO� ����� DQG�
$OH[DQGHU� ������ EXW� DOVR� XVHG� LQ� VRIWZDUH� GHVLJQ���
ZDV� XVHG� WR� H[WUDFW� DQG� SURSRVH� FRPELQDWLRQV� RI�
GLIIHUHQW�HOHPHQWV�IRXQG�LQ�WKH�DQDO\VLV��3DWWHUQV�DUH�
DEVWUDFW�GHVFULSWLRQV�RI�D�SUREOHP�VWDWHPHQW�ZLWK� LWV�
UHVSHFWLYH�VROXWLRQ�IRU�GHVLJQHUV�WR�FUHDWH�IRUP�IURP�
WKHP�� 2QFH� FROOHFWHG� DQG� SURSHUO\� FDWDORJXHG�� WKH\�
FDQ� EH� XVHG� DV� EXLOGLQJ� EORFNV� WR� FRQVWUXFW� XQLTXH�
SUREOHP�VROYLQJ�VHTXHQFHV��

5(68/76�$1$/<6,6���
'HVLJQLQJ� WKH� EHKDYLRXU� RI� LQWHUDFWLYH� VRIWZDUH�
UHTXLUHV� DQ� XQGHUVWDQGLQJ� RI� KRZ� DQG�ZK\� WKH� XVHU�
ZDQWV�WR�XVH�WKH�VRIWZDUH��&RRSHU�HW�DO���������
,W� LV� UHDVRQDEOH� WR� H[SHFW� WKH� XOWLPDWH� DLP� IRU�
EXLOGLQJ� GHVLJQHUV� WR� XVH� WKHUPDO� VLPXODWLRQ�
SDFNDJHV�DV�GHVLJQ�DGYLVRUV�LV�WR�DLG�LQ�WKH�GHVLJQ�RI�
ORZ� HQHUJ\� EXLOGLQJV�� +RZHYHU�� DV� &RRSHU� HW� DO�
�������SRLQW�RXW��FRQVLGHULQJ�XVHU¶V�DLPV�DOVR�LPSOLHV�
FRQVLGHULQJ� WKHLU� XQVSRNHQ� JRDOV�� 7KHVH� DUH�
SRWHQWLDOO\� GLIILFXOW� WR� EH� LGHQWLILHG� DQG� UHTXLUH� D�
VXEWOH�DSSURDFK�WR�XQGHUVWDQGLQJ�XVHU¶V�QHHGV���
$V� WKH� XVHU� ZDV� LQYLWHG� WR� VROYH� D� GHVLJQ� SUREOHP�
ZKLFK�LQFOXGHG�WKH�XVH�RI�EXLOGLQJ�WKHUPDO�SK\VLFV�LQ�
LW��RQH�DVVXPHV�KH�VKH�ZLOO�GR� LW�QRW�RQO\�DLPLQJ�DQ�
XOWLPDWH�REMHFWLYH�RI�GHVLJQLQJ�D�ORZ�HQHUJ\�EXLOGLQJ�
EXW� DOVR� DLPLQJ� WR� IXOILO� D� VHULHV� RI� RWKHU�
GHVLJQ�SHUIRUPDQFH� JRDOV�� 0DQ\� RI� WKHVH� KDSSHQ�
XQFRQVFLRXVO\� WKURXJKRXW� WKH� GHVLJQ� SURFHVV���
+RZHYHU�� LI� WKH\� DUH� SURSHUO\� PDSSHG�� WKH\� FRXOG�
LQIRUP� VSHFLILF� W\SHV� RI� EXLOGLQJ� WKHUPDO� SK\VLFV�
DVVHVVPHQW�WR�DLG�GHFLVLRQ�PDNLQJ��7KHVH�JRDOV�ZHUH�
LQIHUUHG� IURP� WKH� VDPSOH�� E\� DSSO\LQJ� 7KHPDWLF�
$QDO\VLV�WR�WKH�GDWD��
5HFXUUHQW�PRWLIV� RQ� WKH� GDWD� ZHUH� OLVWHG� DQG� FRGHG�
XVLQJ� TXDOLWDWLYH� UHVHDUFK� VRIWZDUH� �19LYR�� ������
IURP�ZKLFK�WKUHH�PDLQ�WKHPHV�FRQVLVWHQWO\�HPHUJHG��
7KHPH���±�6WUDWHJLHV� WR�DSSURDFK� WKH�GHVLJQ�RI� ORZ�

HQHUJ\� EXLOGLQJV� �H�J�� XVH� RI� SDVVLYH� VRODU�
KHDWLQJ��XVH�RI�QDWXUDO�YHQWLODWLRQ�DV�IUHH�FRROLQJ�
LQ�6XPPHU��HWF��

7KHPH���±�6HTXHQFH�RI�GHVLJQ�GHFLVLRQV�DQG�DQDO\VLV�
�H�J�� H[SORULQJ� GLIIHUHQW� RSDTXH� IDoDGH� SDQHO�

�����������������������������������������������������������
�� )RU� GHVLJQ� WKLQNHUV� �H�J�� 6FKRQ� ������ WKH� GHVLJQ� SURFHVV� LV� D�
FRQYHUVDWLRQ�ZLWK�WKH�PDWHULDOV�RI�WKH�VLWXDWLRQ�LQ�ZKLFK�VHTXHQFHV�
RI�PRYHV� DUH�GLUHFWHG�E\� UHIOHFWLRQ� LQ�DFWLRQ��'HVLJQHUV� WKLQN� in�
WKH�SURFHVV�not about the process��PHDQLQJ�DFWLRQV�XQGHUWDNHQ�RU�
JRDOV� WR� EH� DFKLHYHG� DUH� PDLQO\� XQFRQVFLRXV� DQG� KDYH� WR� EH�
LQIHUUHG�� ��

FRPSRVLWLRQV� DQG� DQDO\VLQJ� WKHLU� 8�YDOXHV� WR�
FRPSO\�ZLWK�SDUW�/��RSWLPL]LQJ�FRPELQDWLRQV�RI�
8�YDOXHV� DQG� 6+*&� IRU� ZLQGRZV� SHU� IDoDGH�
RULHQWDWLRQ��HWF���

7KHPH���±�([DPSOHV�RI� YLVXDOL]DWLRQ�RI�PHDQLQJIXO�
EXLOGLQJ�SK\VLFV�GDWD� WR�EXLOGLQJ�GHVLJQHUV� �H�J��
IORRU�SODQV� FRORXUHG� WR� LOOXVWUDWH� GLIIHUHQW� OHYHOV�
RI� LQWHUQDO� JDLQV�� IDFDGHV� GUDZLQJ� LQGLFDWLQJ�
ZKHUH�WKHUPDO�EULGJHV�DUH�OLNHO\�WR�KDSSHQ��IORRU�
SODQV�ZLWK� UHVXOWDQW� FRROLQJ� GHPDQGV� SHU� URRP��
HWF���

7KHPHV���DQG���HQDEOHG�XVHU¶V�JRDOV� WR�EH� LQIHUUHG��
DV�WKHVH�JRDOV�ZRXOG�EH�WKH�GULYHUV�RI�VWUDWHJLHV�DQG�
VHTXHQFHV� RI� GHVLJQ� GHFLVLRQV� XQGHUWDNHQ�� 7KHVH�
LQIHUUHG� JRDOV� VHHPHG� WR� EH� UHFXUUHQW� LQ� WKH� GDWD�
VDPSOH�HYHQ�ZKHQ�VWUDWHJLHV�DQG�VHTXHQFHV�RI�GHVLJQ�
GHFLVLRQV�ZHUH�DFWXDOO\�GLIIHUHQW��7DEOH��� VKRZV� WKH�
JRDOV� LQIHUUHG� ZLWK� WKHLU� UHVSHFWLYH� FKDUDFWHULVWLFV�
LPSO\LQJ� ZKDW� NLQG� RI� LQIRUPDWLRQ� QHHGV� WR� EH�
GLVSOD\HG����
�
,QIHUUHG�*RDO�
�

6SHFLDO�FKDUDFWHULVWLFV�RI�WKH�
JRDO�
�

8QGHUVWDQGLQJ�D�
VSHFLILF�SHUIRUPDQFH�
UHVXOW�
�

8QGHUVWDQGLQJ�ZKHUH�D�VSHFLILF�
SHUIRUPDQFH�UHVXOW�LV�KDSSHQLQJ�DQG�
ZKDW�EXLOGLQJ�HOHPHQWV�DUH�UHVSRQVLEOH�
IRU�FDXVLQJ�LW��

([SORULQJ�D�VSHFLILF�
GHVLJQ�VWUDWHJ\��
�

8QGHUWDNH�D�VSHFLILF�GHVLJQ�DFWLRQ�DQG�
DVVHVV�WKH�FRQVHTXHQFHV�RI�WKLV�DFWLRQ�LQ�
WKH�RYHUDOO�SHUIRUPDQFH��

0HHWLQJ�D�WDUJHW�
�

4XDQWLI\�KRZ�IDU�D�VSHFLILF�W\SH�RI�
SHUIRUPDQFH�UHVXOW�LV�IURP�D�SUHVFULEHG�
EHQFKPDUN�DQG�LQIRUP�WKH�XVHU�ZKLFK�
EXLOGLQJ�GHVLJQ�YDULDEOHV�DUH�WKH�
UHVSRQVLEOH�IRU�WKLV�PLVPDWFK���

$VVHVVLQJ�D�VSHFLILF�
SURGXFW�
�

$VVHVV�WKH�SHUIRUPDQFH�UHVXOW�RI�
LQWHJUDWLQJ�D�VSHFLILF�V\VWHP�RU�SURGXFW�
LQ�WKH�GHVLJQ�RI�D�EXLOGLQJ��

2SWLPL]LQJ�
�

)LQG�WKH�RSWLPXP�TXDQWLWLHV�IRU�D�
VSHFLILF�VHW�RI�SDUDPHWHUV�WR�DFKLHYH�D�
EHVW�SHUIRUPDQFH�WDUJHW��

7DEOH���±�([DPSOHV�RI�LQIHUUHG�JRDOV�IRXQG�RQ�WKH�
GDWD�VDPSOH�
�
7KHPHV���DQG���DOVR�FRQILUPHG�ZKDW�ZDV�KLJKOLJKWHG�
LQ�%OHLO�GH�6RX]D������DERXW�KRZ�GHVLJQHUV� WHQG� WR�
VROYH� GHVLJQ� SUREOHPV�� (YHQ� ZKHQ� XQGHUWDNLQJ� D�
FRQVWUDLQHG� GHVLJQ� H[HUFLVH�� GHVLJQHUV� DSSURDFKHG�
SUREOHP�VROYLQJ� RI� LW� IURP� GLVWLQFW� ZD\V� ZLWKRXW�
QHFHVVDULO\� XVLQJ� D� V\VWHPDWLF� DQG� VFLHQWLILFDOO\�
EDVHG� SURFHGXUH��'HVLJQ� K\SRWKHVLV�ZHUH�PDQ\� DQG�
GHSHQGDQW� RQ� PDQ\� IDFWRUV� DQG� FRQVWUDLQWV�� QRW�
QHFHVVDULO\� UHODWHG� WR� EXLOGLQJ� WKHUPDO� SK\VLFV��
'HVLJQHUV� ZRXOG� WKHQ� GHFLGH� RQ� ZKHQ� DQG� ZKLFK�
EXLOGLQJ� WKHUPDO� SK\VLFV� SURFHVVHV� ZHUH� PRUH�
DSSURSULDWH� WR� EH� XVHG� GHSHQGLQJ� RQ� WKH� VSHFLILF�
GHVLJQ� DFWLRQ� WKH\� ZRXOG� EH� XQGHUWDNLQJ� RU�
HYDOXDWLQJ��
3DWKV� RI� GHVLJQ� DFWLRQV� DQG� DQDO\VLV� ZHUH� FOHDUO\�
GLIIHUHQW� IURP� GHVLJQHU� WR� GHVLJQHU� EXW�
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FRPPRQDOLWLHV�DERXW�WKH�W\SHV�RI�DFWLRQV�DQG�DQDO\VLV�
SURFHVVHV� XQGHUWDNHQ� E\� WKHP� ZHUH� TXLWH� HYLGHQW��
2QH�FRXOG�VHH�IRU�LQVWDQFH�WKDW�6XEMHFW�;�VWDUWHG�KLV�
IDoDGH� GHVLJQ� E\� H[SORULQJ� GLIIHUHQW� FRQVWUXFWLRQ�
V\VWHPV� DVVHVVLQJ� WKHLU� FRPSOLDQFH� ZLWK� SDUW�/��
6XEMHFW� <� GHFLGHG� WR� VWDUW� KLV� SURMHFW� E\� H[SORULQJ�
WKH� GHVLJQ� RI� HIILFLHQW� VRODU� VKDGLQJ� FKHFNLQJ�
EXLOGLQJ� HQYHORSH� FRPSOLDQFH� ZLWK� 3DUW�/� RQO\�
KDOIZD\� LQ� KLV� GHVLJQ� SURFHVV�� %RWK� XQGHUWRRN�
VLPLODU� W\SHV� RI� DFWLRQV� DQG� DQDO\VLV� SURFHVVHV� LQ�
GLIIHUHQW�GHVLJQ�VWDJHV��
7KLV�FRQILUPV� WKH� LGHD� WKDW� WKHUH� LV�QRW� µD¶�FRPPRQ�
GHVLJQ�SURFHVV�EXW�D�VHULHV�RI�FRPPRQ�GHVLJQ�DFWLRQV�
LQIRUPHG�E\�RU�DVVHVVHG� WKURXJK�SRWHQWLDOO\� VSHFLILF�
FRPPRQ� DQDO\VLV� SURFHVVHV�� 7KLV� ILQGLQJ� LV�
LPSRUWDQW�� ,W� PHDQV� GHVLJQ� DFWLRQV� DQG� DQDO\VLV�
SURFHVVHV� QHHG� WR� EH� OLVWHG� DV� LVRODWHG� HQWLWLHV� LQ� D�
IUDPHZRUN�WR�HQDEOH�WKH�IROORZLQJ�WKLQJV�UHOHYDQW�WR�
WKH�GHVLJQ�SURFHVV�WR�KDSSHQ��

� )RU�VHTXHQFHV�RI�DFWLRQV�WR�GLIIHU�GHSHQGLQJ�
RQ�WKH�GHVLJQHU�DQG�RQ�WKH�GHVLJQ�SUREOHP�DW�
KDQG���

� )RU�RQH�DFWLRQ�WR�EH�FRQQHFWHG�WR�PRUH�WKDQ�
RQH�DQDO\VLV�SURFHVV��

� )RU� VHYHUDO�DFWLRQV� WR�EH�FRQQHFWHG� WR�RQO\�
RQH�DQDO\WLFDO�SURFHVV���

)URP� WKH� H[DPSOHV� FROOHFWHG� LQ� WKHPH� ��� LW� ZDV�
SRVVLEOH� WR� VHH� GHVLJQHUV� QHHG� ORFDWLRQ� EDVHG�
UHSUHVHQWDWLRQ� V\VWHPV� DQG� DEVWUDFW� UHSUHVHQWDWLRQ�
V\VWHPV� IRU� EXLOGLQJ� WKHUPDO� SK\VLFV� PHWULFV� WR� EH�
UHODWHG�WR�WKH�HQWLWLHV�WKH\�PDQLSXODWH���
/RFDWLRQ� EDVHG� UHSUHVHQWDWLRQ� V\VWHPV�� PHDQ�
UHSUHVHQWDWLRQ� V\VWHPV� XVHG� WR� LQIRUP� ZKHUH� D�
VSHFLILF� SDUDPHWHU� RU� SHUIRUPDQFH� UHVXOW� ZRXOG�
KDSSHQ� RU�ZKLFK� VSHFLILF� EXLOGLQJ�GHVLJQ� HOHPHQW� LV�
WKH� PDLQ� RQH� UHVSRQVLEOH� IRU� FDXVLQJ� VSHFLILF�
UHVXOWDQW� EHKDYLRXU�� 7KHVH� UHSUHVHQWDWLRQ� V\VWHPV�
FRQQHFW� EXLOGLQJ� WKHUPDO� SK\VLFV� PHWULFV� WR�
FRPPRQO\� XVHG� EXLOGLQJ� GHVLJQ� UHSUHVHQWDWLRQ�
V\VWHPV� �SODQ�� VHFWLRQ�� HOHYDWLRQ�� GHWDLO� RU� UHOHYDQW�
�'�UHSUHVHQWDWLRQ����
$V� QRW� DOO� EXLOGLQJ� WKHUPDO� SK\VLFV� SKHQRPHQD� FDQ�
EH� UHODWHG� WR� RU� UHSUHVHQWHG� LQ� VSDFH�� DEVWUDFW�
UHSUHVHQWDWLRQ� V\VWHPV� VXFK� DV� JUDSKV�� WDEOHV� DQG�
FKDUWV�FDQQRW�EH�H[FOXGHG��7KH\�QHHG�WR�EH�XVHG�DV�D�
FRPSOHPHQWDU\�VHW�RI�WRROV�ZKHQ�SKHQRPHQD�QHHG�WR�
EH� UHSUHVHQWHG�RYHU� WLPH� DQG�SDUDPHWHUV� QHHG� WR�EH�
FRUUHODWHG��
&ODVVLILFDWLRQ� V\VWHPV� IURP� ,QIRUPDWLRQ�
9LVXDOL]DWLRQ�ZHUH�DSSOLHG�WR�WKHPH����$�OLVW�RI�W\SHV�
RI�YLVXDOL]DWLRQ�V\VWHPV� �EDVHG�RQ�:DUG�HW� DO�������
0D]]D� ������ 6SHQFH�� ������ &DUG� HW� DO� ������ ZDV�
GHYHORSHG� WRJHWKHU� ZLWK� D� OLVW� RI� EXLOGLQJ� WKHUPDO�
SK\VLFV�PHWULFV� UHOHYDQW� WR� GHVLJQ� GHFLVLRQ�PDNLQJ��
$SSUR[LPDWHO\� ��� SLHFHV� RI� LQIRUPDWLRQ� ZHUH�
LGHQWLILHG�� IURP� KHDW� IORZV� WR� VSHFLILF� GHVLJQ�
SDUDPHWHUV�WKDW�DIIHFW�WKHP��

5HOHYDQW� PHWULFV� DQG� UHSUHVHQWDWLRQ� V\VWHPV� ZHUH�
FRPELQHG�RQ�QRQ�H[KDXVWLYH� WDEOHV�ZLWK�WKH�SXUSRVH�
RI� HDFK� FRPELQDWLRQ� KLJKOLJKWHG� �7DEOH� ���� 7KH�
WDEOHV� ZHUH� IOH[LEOH� HQRXJK� WR� DFFRXQW� IRU� WKH� IDFW�
WKDW� RQH� UHSUHVHQWDWLRQ� V\VWHP�ZDV� VXLWDEOH� WR�PRUH�
WKDQ�RQH�PHWULF�DQG�YLFH�YHUVD��
�

7\SH�RI�UHSUHVHQWDWLRQ��7RUQDGR�'LDJUDP�

�
0HWULF��2YHUKHDWLQJ� 0HWULF��+HDWLQJ�HQHUJ\�XVH�
3XUSRVH�� 7R� DVVHVV� WKH�
FRQWULEXWLRQ� RI� HDFK� GLIIHUHQW�
GHVLJQ� SDUDPHWHU� WR� WKH�
RYHUKHDWLQJ�SHUIRUPDQFH��

3XUSRVH�� 7R� DVVHVV� WKH�
FRQWULEXWLRQ� RI� HDFK� GLIIHUHQW�
GHVLJQ�SDUDPHWHU�WR�WKH�KHDWLQJ�
HQHUJ\�XVH��

2XWSXW� 9DULDEOH�� +RXUV� RI�
RYHUKHDWLQJ� IRU� DOWHULQJ� HDFK�
GHVLJQ�SDUDPHWHU��

2XWSXW� 9DULDEOH�� +HDWLQJ�
HQHUJ\�GHPDQG���

8QLW�6\VWHP��1XPEHU�RI�KRXUV�
RI�RYHUKHDWLQJ��

8QLW�6\VWHP��N:K�RU�N:K�P��

0HWULF��
)UHH�)ORDW�(QYLURQPHQWDO�7HPSHUDWXUHV�

7\SH�RI�5HSUHVHQWDWLRQ���
'LDJUDP�

�������� �

7\SH�RI�5HSUHVHQWDWLRQ��
&RORXUHG�)ORRU�3ODQ�
�

���
�

3XUSRVH�� 7R� FRPSDUH� DQG�
UDQN� IUHH� IORDW� PHDQ�
HQYLURQPHQWDO� WHPSHUDWXUHV�
IRU�D�ZRUNLQJ�GD\�RYHU�D�XVHU�
VHOHFWHG� WLPH� SHULRG� �W\SLFDO�
6XPPHU�� :LQWHU�� 0LG�VHDVRQ�
GD\V���

3XUSRVH�� 7R� ORFDWH� DQG�
FRPSDUH� PHDQ� HQYLURQPHQWDO�
WHPSHUDWXUHV� IRU� D�ZRUNLQJ� GD\�
RYHU�D�XVHU�VHOHFWHG�WLPH�SHULRG�
�W\SLFDO� 6XPPHU�� :LQWHU�� 0LG�
VHDVRQ�GD\V�����

2XWSXW�9DULDEOH��)UHH�IORDW�PHDQ�HQYLURQPHQWDO�WHPSHUDWXUHV�IRU�
D�ZRUNLQJ�GD\�RYHU�D�XVHU� VHOHFWHG� WLPH�SHULRG� �W\SLFDO�6XPPHU��
:LQWHU��0LG�VHDVRQ�GD\V����
8QLW�6\VWHP��'HJUHH�&HOVLXV��

7DEOH���±�$Q�H[WUDFW� IURP�D� OLVW� RI� FRPELQDWLRQV�
EHWZHHQ� PHWULFV� DQG� UHSUHVHQWDWLRQ� V\VWHPV�
VXLWDEOH�WR�GHVLJQ�GHFLVLRQ�PDNLQJ�
�
7DEOH���ZDV�H[SDQGHG�WR�LQFOXGH�IXUWKHU�PHWKRGV�RI�
,QIRUPDWLRQ�9LVXDOL]DWLRQ��7KHVH�DUH�GDWD�LQWHUDFWLRQ�
WHFKQLTXHV�ZKLFK� DOORZ� WKH� XVHU� WR� JHW� DQ� RYHUYLHZ�
RI�GDWD�� ]RRP�DQG� ILOWHU�RQ�DUHDV�RI� LQWHUHVW�� UHTXHVW�
GHWDLOV� DV� QHHGHG�� UHWUDFH� VWHSV� DQG� FRPSDUH�
LQIRUPDWLRQ��6FKHLQGHUPDQ���������
7\SHV� RI� DQDO\VLV� DIIRUGHG� E\� HDFK� SLHFH� RI�
LQIRUPDWLRQ�ZHUH�DGGHG�WR�WKH�WDEOHV�E\�IROORZLQJ�WKH�
FULWHULD� GHVFULEHG� LQ� 7DEOH� ��� 7KLV� SLHFH� RI�
LQIRUPDWLRQ� LV� VHHQ� E\� WKH� DXWKRUV� DV� SDUWLFXODUO\�
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UHOHYDQW� WR� HVWDEOLVK� IXUWKHU� FRQQHFWLRQV� EHWZHHQ�
YLVXDO�GLVSOD\V�DQG�DQDO\VLV�SURFHVVHV��
�
7\SH�RI�
DQDO\VLV�
DIIRUGHG�

3XUSRVH�RI�WKH�DQDO\VLV�

'HVFULSWLYH� 7R�GHVFULEH�D�PRGHO�
7R�UHPLQG�WKH�XVHU�RI�D�EDVH�FDVH�RU�VWDUWLQJ�
SRLQW�
7R�FUHDWH�D�EHQFKPDUN�IRU�FRPSDULVRQ��

$QDO\WLFDO� 7R�FRPSDUH�µQ¶�GLIIHUHQW�YDULDEOHV�LQ�D�PRGHO�
7R�FRPSDUH���YDULDEOH�DFURVV�GLIIHUHQW�
PRGHOV�
7R�FRPSDUH�µQ��YDULDEOHV�DFURVV�µQ¶�GLIIHUHQW�
PRGHOV�

3RWHQWLDO� ,OOXVWUDWHV�WKH�µLGHDO�PD[LPXP¶�EHQHILW�RQH�
FRXOG�JHW�IRU�D�VSHFLILF�VWUDWHJ\�

2SWLPL]DWLRQ� 2SWLPXP�FRPELQDWLRQ�RI�D�JURXS�RI�SUH�
VHOHFWHG�YDULDEOHV�

6HQVLWLYLW\�RI�WKH�
V\VWHP�

7KH�SURSRUWLRQ�RI�WKH�V\VWHP�UHVSRQVH�WR�
HDFK�YDULDEOH�YDULDWLRQ�

µ6LGH�(IIHFWV¶� 5HPLQG�WKH�XVHU�RI�LPSOLFDWLRQV�RQH�DFWLRQ�
KDV�LQ�UHODWLRQ�WR�RWKHU�SHUIRUPDQFH�PHWULFV�
LQ�WKH�PRGHO�

7DEOH� �� ±� &ULWHULD� IRU� W\SHV� RI� DQDO\VLV� DIIRUGHG�
E\�HDFK�SLHFH�RI�LQIRUPDWLRQ��
�
7KLV� VWDJH� RI� WKH� UHVHDUFK� HQDEOHG� WKH� DXWKRUV� WR�
FRQFOXGH�NH\�SDUWV�RI�D�IUDPHZRUN�FRXOG�EH��

� ,QIHUUHG�JRDOV��
� 'HVLJQ�DFWLRQV�
� $QDO\VLV�SURFHVVHV�
� 'DWDEDVH� RI� PHWULFV� DQG� UHSUHVHQWDWLRQ�

V\VWHPV�
$OO� RI� WKHP� FRXOG� EH� OLVWHG� DV� LVRODWHG� HQWLWLHV�
VXJJHVWLQJ� WKH� SRWHQWLDO� VHW� XS� RI� GDWDEDVHV� IRU�
IOH[LEOH�DQG�PXOWLSOH�FRQQHFWLRQV�DPRQJ�WKH�SDUWV�WR�
EH� HQDEOHG�� 7KH� FKDOOHQJH� WKHQ� EHFDPH� LGHQWLI\LQJ��
FROOHFWLQJ� DQG� SURGXFLQJ� FRQQHFWLRQV� DPRQJ� WKHVH�
SDUWV� WR�SURYLGH�EXLOGLQJ�SK\VLFV� LQIRUPDWLRQ� WKDW� LV�
PHDQLQJIXO�WR�GHVLJQ�GHFLVLRQ�PDNLQJ��7KLV�VKRXOG�DW�
WKH�VDPH�WLPH�HQDEOH�VLPXODWLRQ�VRIWZDUH�GHYHORSHUV�
WR� DSSO\� DSSURSULDWH� SRVW�SURFHVVLQJ� URXWLQHV� WR�
VLPXODWLRQ� RXWSXW� GDWD� IRU� GLVSOD\LQJ� WKH� UHTXLUHG�
LQIRUPDWLRQ�WR�EXLOGLQJ�GHVLJQHUV���
3ULRU� WR� WU\LQJ� WR� LGHQWLI\� FRQQHFWLRQV� DPRQJ� WKHVH�
SDUWV��WKH�DXWKRUV�GHFLGHG�WR�GLVFXVV�WKH�ILQGLQJV�ZLWK�
VLPXODWLRQ� VRIWZDUH� GHYHORSHUV�� $V� WKH� DQDO\VLV�
SURFHVVHV�FRQWDLQHG�LQ�WKH�GDWD�VDPSOH�ZHUH�VHW�XS�E\�
EXLOGLQJ� GHVLJQHUV� WKHPVHOYHV� WKURXJK� WKH� XVH� RI�
VLPSOLILHG�PHWKRGV��WKH\�FRXOG�RQO\�EH�LQGLFDWLYHV�RI�
ZKDW� ZDV� QHHGHG� DV� WKHVH� ZHUH� QRW� EDVHG� RQ� IXOO�
G\QDPLF� VLPXODWLRQ�� ([SHUWV� ZRXOG� DVVLVW� LQ� IXUWKHU�
GHYHORSLQJ� WKH� DQDO\VLV� SURFHVVHV� VR� WKH\� FRXOG� EH�
XQGHUWDNHQ� XVLQJ� G\QDPLF� WKHUPDO� VLPXODWLRQ� WRROV��
)RUPDO� NQRZOHGJH� DERXW� EXLOGLQJ� WKHUPDO� SK\VLFV�
DQG�G\QDPLF�WKHUPDO�VLPXODWLRQ�ZDV�QRZ�WDNHQ�LQWR�
DFFRXQW��7KH�DQDO\VLV�SURFHVVHV�ZHUH�UHILQHG�DQG�UH�
RUJDQLVHG� LQWR� WKH� IRXU� IROORZLQJ� FDWHJRULHV�
DFFRUGLQJ� WR� WKH� W\SH� RI� VLPXODWLRQ� SRVW�SURFHVVLQJ�
UHTXLUHG�����

� 6LPSOH� SRVW�SURFHVVLQJ�� LQ� ZKLFK�
LQIRUPDWLRQ� WR� GHVLJQ� GHFLVLRQ� PDNLQJ� FDQ�
EH� GLUHFWO\� H[WUDFWHG� IURP� VLPXODWLRQ�
RXWSXWV� �H�J�� PDJQLWXGH� DQG� ORFDWLRQ� RI�
URRP�WHPSHUDWXUH����

� $QDO\WLFDO� SRVW�SURFHVVLQJ�� LQ� ZKLFK� VRPH�
W\SH� RI� DQDO\VLV� LV� QHHGHG� IRU� RXWSXWV�
GLUHFWO\�H[WUDFWHG�IURP�VLPXODWLRQ�WR�EH�XVHG�
LQ� GHVLJQ� GHFLVLRQ� PDNLQJ� �H�J�� SHUFHQWDJH�
RI� KRXUV� RI� RYHUKHDWLQJ� LQ� D� \HDU� ZLWK� D�
FOHDU�LQGLFDWLRQ�RI�LWV�FDXVHV����

� &RPSDUDWLYH� SRVW�SURFHVVLQJ�� LQ� ZKLFK�
RXWSXWV� IURP� VLPXODWLRQ� QHHG� WR� EH�
DSSURSULDWHO\�FRPSDUHG�WR�EH�PHDQLQJIXO�WR�
EXLOGLQJ� GHVLJQHUV� �H�J�� FRPSDULQJ� RQH�
GHVLJQ� SURSRVDO� ZLWK� DQRWKHU� IRU� KHDWLQJ�
HQHUJ\�XVH����

� 9LUWXDO� H[SHULPHQWV�� LQ� ZKLFK� D� VSHFLILF�
W\SH� RI� PRGHOOLQJ� RU� PRGHO� LV� UHTXLUHG� IRU�
VLPXODWLRQ� RXWSXWV� WR� EH� XVHIXO� WR� GHVLJQ�
GHFLVLRQ�PDNLQJ���H�J��GHWHUPLQLQJ�µHIIHFW�RI�
WKHUPDO�PDVV¶� E\�PRGHOOLQJ� D� KHDY\� DQG� D�
OLJKWZHLJKW� EXLOGLQJ� XQGHU� VSHFLILF�
FRQGLWLRQV���

7KH� GDWDVHW� ZDV� UHYLVLWHG� VR� WKDW� DQDO\VLV� SURFHVVHV�
FRXOG� EH� UH�RUJDQLVHG� EDVHG� RQ� WKH� QHZ�
DIRUHPHQWLRQHG� FDWHJRULHV�� 3HUIRUPDQFH� YDULDEOHV�
PHDQLQJIXO� WR� EXLOGLQJ� GHVLJQHUV� ZHUH� H[DPLQHG�
XQGHU� WKHVH� FDWHJRULHV�� 3DWWHUQV� RI� FRQQHFWLRQV�
DPRQJ� LQIHUUHG� JRDOV�� GHVLJQ� DFWLRQV�� DQDO\VLV�
SURFHVVHV� DQG� YLVXDOL]DWLRQ� V\VWHPV� VWDUWHG� WR�
HPHUJH�� 7KHVH� SDWWHUQV� ZHUH� DEVWUDFWO\� GHVFULEHG� LQ�
WHUPV�RI�WKH�IROORZLQJ�FRPSRQHQWV��

� 7KH� FRQWH[W� LQ� ZKLFK� WKH\� KDSSHQ�� ZLWK�
H[DPSOHV�

� 7KH�JRDOV�WKH\�DGGUHVV�LQ�FRQQHFWLQJ�GHVLJQ�
DFWLRQV�ZLWK�DQDO\VLV�SURFHVVHV�

� 'HWDLOHG� LQIRUPDWLRQ� RQ� WKH� DQDO\VLV�
SURFHVVHV�� PRGHOOLQJ� DVVXPSWLRQV�� TXDOLW\�
DVVXUDQFH�PHFKDQLVPV�DQG�VLPXODWLRQ�SRVW�
SURFHVVLQJ� WHFKQLTXHV� UHTXLUHG� WR� H[WUDFW�
PHDQLQJIXO�GDWD�WR�EXLOGLQJ�GHVLJQHUV�

� /LQNV�WR�GDWDEDVHV�ZLWK�LQIRUPDWLRQ�GLVSOD\�
�PHWULFV� DQG� UHSUHVHQWDWLRQ� V\VWHPV�
PHDQLQJIXO�WR�EXLOGLQJ�GHVLJQHUV��

� +RZ� WKH\� FDQ� EH� IXUWKHU� GHYHORSHG� DQG�
YDOLGDWHG� EDVHG� RQ� IHHGEDFN� IURP� H[SHUWV�
DQG�EXLOGLQJ�GHVLJQHUV�

� 7KHLU�SRWHQWLDO�OLQNV�WR�RWKHU�SDWWHUQV���
7KHVH�SDWWHUQV�FDQ�EH�VHHQ�DV� WKH�EXLOGLQJ�EORFNV� WR�
FRQVWUXFW�XQLTXH�SUREOHP�VROYLQJ�VHTXHQFHV�LQ�ZKLFK�
EXLOGLQJ� WKHUPDO� SK\VLFV� LQIRUPV� GHVLJQ� GHFLVLRQ�
PDNLQJ�� 7KH\� DUH� IXOO\� GLVFXVVHG� LQ� DQRWKHU� SDSHU�
DOVR� SUHVHQWHG� LQ� WKLV� FRQIHUHQFH�� VR� WKDW� WKH�
DSSURSULDWH� OHYHO� RI� FRPSOH[LW\� LQYROYHG� LQ� WKHLU�
GHYHORSPHQW�FDQ�EH�DGGUHVVHG��
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)5$0(:25.��
)URP�WKH�DQDO\VLV�DQG�GHYHORSPHQW�GHVFULEHG�DERYH��
LW�LV�SRVVLEOH�WR�FRQFOXGH�WKDW�D�IUDPHZRUN�WR�SURGXFH�
SRVW�SURFHVVHG� GDWD� UHSUHVHQWDWLRQ� V\VWHPV�
PHDQLQJIXO� WR� EXLOGLQJ� GHVLJQ� GHFLVLRQV� PDNLQJ�
FRXOG�EH�FRPSRVHG�RI�WKH�IROORZLQJ�SDUWV��

�� ,QIHUUHG�*RDOV�
�� 'HVLJQ�$FWLRQV��
�� $QDO\VLV�3URFHVVHV�
�� 'DWDEDVH� RI� PHWULFV� DQG� UHSUHVHQWDWLRQ�

V\VWHPV��
�� 3DWWHUQV�IRU�'HFLVLRQ�0DNLQJ�

(DFK� SDUW� RI� WKH� IUDPHZRUN� LV� VXSSRVHG� WR� EH� DQ�
HQGOHVV� GDWDEDVH� ZKLFK� FDQ� EH� FRQVWDQWO\� HQULFKHG��
SRSXODWHG� DQG� H[FKDQJHG� DPRQJ� GHVLJQHUV� DQG�
FRQVXOWDQWV��
,QIHUUHG�*RDOV��
,QIHUUHG� *RDOV� UHIOHFW� WKH� UDQJH� RI� XVHV� G\QDPLF�
WKHUPDO� VLPXODWLRQ� KDV� RU� FDQ� KDYH� LQ� WKH� GHVLJQ�
SURFHVV� �VHH� � 7DEOH� �� IRU� H[DPSOHV��� 7KH\� SURYLGH�
LPSRUWDQW� FRQQHFWLRQV� EHWZHHQ� GHVLJQ� DFWLRQV� DQG�
DQDO\VLV� SURFHVVHV� DV� WKH\� GHILQH� WKH� XVH� RI� WKHVH�
DQDO\VLV� SURFHVVHV� LQ� DVVHVVLQJ� RU� XQGHUWDNLQJ� DQ�
DFWLRQ���
'HVLJQ�$FWLRQV�
7KHVH�DUH�UHFRUGV�RI�GLIIHUHQW�W\SHV�RI�GHVLJQ�DFWLRQV�
GHVLJQHUV� XQGHUWDNH� ZKLOH� GHVLJQLQJ� �H�J�� FKDQJLQJ�
ZLQGRZ� VL]HV�� FKDQJLQJ� FRQVWUXFWLRQ� V\VWHPV� RI�
ZDOOV�� HWF���� 7KH\� VKRXOG� EH� FRPSOHWHO\� IUHH� IRU�
GHVLJQHUV� WR�GHFLGH�DERXW�DQG�GHVFULEHG� LQ�D�ZD\� WR�
EH�HDVLO\�VWRUHG�DQG�UHWULHYHG���
$QDO\VLV�3URFHVVHV�
$QDO\VLV� 3URFHVVHV� DUH� UHFRUGV� RI� DOO� W\SHV� RI�
DQDO\VLV� WKDW� FDQ� EH� DSSOLHG� RQ� DQ\� W\SH� RI� GHVLJQ�
DFWLRQ�� 7KH\� DUH� DWWHPSWV� WR� GHVFULEH�� PDS� DQG�
FDWHJRULVH�WKH�FRPSUHKHQVLYH�NQRZOHGJH�LQYROYHG�LQ�
DQDO\VLQJ� WKHUPDO� VLPXODWLRQ� GDWD� DQG� LQFOXGH� QRW�
RQO\� D� VHULHV� RI� SRVW� SURFHVVLQJ� WHFKQLTXHV� EXW� DOVR�
SRVVLELOLWLHV� RI� GRLQJ� VSHFLILF�YLUWXDO� H[SHULPHQWV� WR�
DQVZHU� VSHFLILF� GHVLJQ� TXHVWLRQV�� 7KH\� DFW� DV� D�
UHSRVLWRU\� RI� IRUPDO� NQRZOHGJH� WKDW� VLPXODWLRQ�
H[SHUWV� SURYLGH� WR� SURSHUO\� DGGUHVV� SK\VLFDO�
SKHQRPHQD�LQYROYHG�LQ�HYHU\�VSHFLILF�GHVLJQ�DFWLRQ��
'DWDEDVH�RI�PHWULFV�DQG�UHSUHVHQWDWLRQ�V\VWHPV�
,V� D� GDWDEDVH� FRQWDLQLQJ� LQIRUPDWLRQ�RQ�PHWULFV� DQG�
UHSUHVHQWDWLRQ�V\VWHPV�PHDQLQJIXO�WR�GHVLJQ�GHFLVLRQ�
PDNLQJ�DQG�FRXOG�LQFOXGH�WKH�IROORZLQJ�FRPSRQHQWV��

� 7\SHV� RI� UHSUHVHQWDWLRQ� V\VWHP� �ZLWK� DQ�
LOOXVWUDWLRQ��

� 7KH�PHWULFV�WKDW�FDQ�EH�UHSUHVHQWHG�
� 7KH� KLHUDUFKLFDO� �� LQWHUDFWLYH� OHYHO� RI�

UHSUHVHQWDWLRQ�SURYLGHG��RYHUYLHZ��]RRP�RU�
GHWDLO�RQ�GHPDQG��

� 7KH� W\SH�RI�DQDO\VLV� LW�DIIRUGV� WR�HDVLO\� OLQN�
LW� ZLWK� GHVLJQ� DFWLRQV� DQG� DQDO\VLV�
SURFHVVHV��

3DWWHUQV�IRU�'HFLVLRQ�0DNLQJ�
3DWWHUQV� IRU� 'HFLVLRQ� 0DNLQJ� DUH� DEVWUDFW�
GHVFULSWLRQV�RI�FRQQHFWLRQV�EHWZHHQ�'HVLJQ�$FWLRQV�
DQG�$QDO\VLV� 3URFHVVHV� HVWDEOLVKHG� WKURXJK� ,QIHUUHG�
*RDOV�� GLVSOD\HG� XVLQJ� DSSURSULDWH� PHWULFV� DQG�
UHSUHVHQWDWLRQ� V\VWHPV�� 7KHVH� SDWWHUQV� DUH� WKH�
EXLOGLQJ� EORFNV� IRU� GHVLJQHUV� WR� FUHDWH� WKHLU� RZQ�
VHTXHQFHV� RI� LQIRUPHG� GHVLJQ� GHFLVLRQV�� 2QFH�
SURSHUO\� LGHQWLILHG�� PDSSHG� DQG� YDOLGDWHG� E\�
GHVLJQHUV�� WKHVH� SDWWHUQV� EHFRPH� VSHFLILFDWLRQV� IRU�
VRIWZDUH� GHYHORSHUV� WR� SURGXFH� RXWSXWV� FRQWDLQLQJ�
PHDQLQJIXO� EXLOGLQJ� WKHUPDO� SK\VLFV� LQIRUPDWLRQ� WR�
GHVLJQ�GHFLVLRQ�PDNLQJ������

&21&/86,216�$1'�)8785(�:25.�
7KH� DLP� RI� WKLV� SDSHU� ZDV� WR� GHVFULEH� WKH� SURFHVV�
XVHG� WR� GHYHORS� D� IUDPHZRUN� WR� SURGXFH� WKHUPDO�
VLPXODWLRQ� SRVW�SURFHVVHG� LQIRUPDWLRQ� DQG� GDWD�
UHSUHVHQWDWLRQ�V\VWHPV�PHDQLQJIXO�WR�EXLOGLQJ�GHVLJQ�
GHFLVLRQ�PDNLQJ���
7KH� IUDPHZRUN� KDV� EHHQ� FRQFOXGHG� IURP� µUHYHUVH�
HQJLQHHULQJ¶� VHYHUDO� GHVLJQ� SURFHVVHV� ZKLFK� XVHG�
EXLOGLQJ� WKHUPDO� SK\VLFV� LQIRUPDWLRQ� WR� DLG� GHVLJQ�
GHFLVLRQ� PDNLQJ�� 7KHVH� SURFHVVHV� ZHUH� GH�
FRQVWUXFWHG� DQG� DQDO\VHG� XVLQJ� D� FRPELQDWLRQ� RI��
,QWHUDFWLRQ� 'HVLJQ�� ,QIRUPDWLRQ� 9LVXDOL]DWLRQ� DQG�
4XDOLWDWLYH�UHVHDUFK�PHWKRGV�IURP�6RFLDO�6FLHQFH��$�
VWUXFWXUH� ZDV� GHYHORSHG� WR� FROOHFW� DQG� SURSRVH�
DOWHUQDWLYHV� WR� PHHW� WKH� UHTXLUHPHQWV� EXLOGLQJ�
GHVLJQHUV�KDYH�IRU�XVLQJ�VLPXODWLRQ�WRROV���
.H\� DVSHFWV� RI� WKH� DQDO\VLV� DQG� GHYHORSPHQW� WKDW�
KDYH� UHVXOWHG� LQ� WKH� IRUPXODWLRQ� RI� WKH� IUDPHZRUN�
DUH��

� 'HVLJQHUV� QHHG� WR� EH� FRPSOHWHO\� IUHH� WR�
XQGHUWDNH�GHVLJQ�DFWLRQV��

� ,QIHUUHG� JRDOV�� UHFXUUHQW� DLPV� IRXQG� LQ� WKH�
GDWDVHW�UHIOHFWLQJ�WKH�GLIIHUHQW�XVHV�EXLOGLQJ�
WKHUPDO� SK\VLFV� KDV� RU� FDQ� KDYH� LQ� WKH�
GHVLJQ� SURFHVV�� DUH� XVHG� WR� FRQQHFW� GHVLJQ�
DFWLRQV�DQG�DQDO\VLV�SURFHVVHV��

� 'HVLJQ� SURFHVVHV� DUH� FOHDUO\� XQLTXH� DQG�
GLVWLQFW� IURP�HDFK�RWKHU��+RZHYHU�� WKH\�DUH�
FRPSRVHG� RI� UHFXUUHQW� W\SHV� RI� GHVLJQ�
DFWLRQV� DQG� DQDO\VLV� SURFHVVHV� WKDW� FDQ�
SRWHQWLDOO\� EH� UHFRUGHG� DQG� VWRUHG� WR� EH�
UHWULHYHG�RU�H[FKDQJHG��

� ,QIHUUHG� JRDOV�� GHVLJQ� DFWLRQV�� DQDO\VLV�
SURFHVVHV�� PHWULFV�� UHSUHVHQWDWLRQ� V\VWHPV�
DQG� SDWWHUQV� IRU� GHFLVLRQ�PDNLQJ� DUH� RSHQ�
HQGHG�� 7KH\� QHHG� WR� EH� GHVFULEHG� XVLQJ� D�
IRUPDW� WKDW� HQDEOHV� FRQVWDQW� XSGDWH��
HQULFKPHQW�DQG�H[FKDQJH�
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� 'HVLJQHUV� FDQ� SURYLGH� XVHIXO� KLQWV� DERXW�
ZKDW�PHWULFV�DQG�UHSUHVHQWDWLRQ�V\VWHPV�FDQ�
EH�XVHIXO�WR�GHVLJQ�GHFLVLRQ�PDNLQJ�HYHQ�LI�
KDYLQJ� D� OLPLWHG� NQRZOHGJH� RI� EXLOGLQJ�
WKHUPDO�SK\VLFV��

� 7KH�PD[LPXP�OHYHO�RI�SUHVFULSWLRQ�WKDW�FDQ�
EH� DFKLHYHG� WR� FRQQHFW� LQIHUUHG� JRDOV��
GHVLJQ� DFWLRQV�� DQDO\VLV� SURFHVVHV�� PHWULFV�
DQG� UHSUHVHQWDWLRQ� V\VWHPV� DUH� SDWWHUQV� IRU�
GHFLVLRQ�PDNLQJ��2QFH�LGHQWLILHG��VWUXFWXUHG�
DQG�PDSSHG�� WKHVH� SDWWHUQV� FDQ� EH� XVHG� DV�
DWRPV� RU� PROHFXOHV� RI� D� GHVLJQ� SURFHVV� DV�
WKH\�FDQ�EH�DVVHPEOHG�LQ�LQILQLWH�ZD\V��

)XWXUH� UHVHDUFK� VKRXOG� EH� IRFXVLQJ� RQ� WKH� IXOO�
GHYHORSPHQW� RI� WKLV� IUDPHZRUN�� 7DEOHV� VKRXOG� EH�
WUDQVIRUPHG� LQWR� SURSHU� GDWDEDVHV� PRYLQJ� IURP� D�
IHDVLELOLW\�VWXG\�VWDJH�LQWR�D�SURSHU�SLORW�VWXG\�VWDJH��
ZKHQ� LQIRUPDWLRQ� FROOHFWHG� ZRXOG� EH� WHVWHG� DQG�
YDOLGDWHG�E\�EXLOGLQJ�GHVLJQHUV��

$&.12:/('*(0(17�
7KH� DXWKRUV� DUH� JUDWHIXO� WR� (658� UHVHDUFK� WHDP�
�LPSRUWDQW� FROODERUDWRUV� LQ� WKLV� SURMHFW��� HVSHFLDOO\�
'U��-RQ�+DQG��'U��3DXO�6WUDFKDQ�DQG�3URI��-RH�&ODUNH�
IRU� WKHLU� LPSRUWDQW� TXHVWLRQV� DQG� VXSSRUW�� 7KH�
UHSRUWHG� ZRUN� ZDV� IXQGHG� E\� WKH� (QJLQHHULQJ� DQG�
3K\VLFDO� 6FLHQFH� 5HVHDUFK� &RXQFLO� 8.� �(365&� ��
8.���

5()(5(1&(6�
$OH[DQGHU��&��������7KH�7LPHOHVV�:D\�RI�%XLOGLQJ��

1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV���������
$OH[DQGHU�� &��� ,VKLNDZD�� 6��� 6LOYHUVWHLQ�� 0���

-DFREVRQ�� 0��� )LNVGDKO�.LQJ�� ,��� 	� $QJHO�� 6��
������$�3DWWHUQ�/DQJXDJH�� �1HZ�<RUN��2[IRUG�
8QLYHUVLW\�3UHVV��

$XWR'HVN� 3URMHFW� 9DVDUL�� ������ $XWR'HVN� /DEV�
+RPHSDJH� >RQOLQH@��$XWR'HVN��86$�� $YDLODEOH�
IURP�� KWWS���ODEV�DXWRGHVN�FRP�XWLOLWLHV�YDVDUL��
>$FFHVVHG��$XJ�����@��

%OHLO� GH� 6RX]D�� &�� ������ $� FULWLFDO� DQG� WKHRUHWLFDO�
DQDO\VLV� RI� FXUUHQW� SURSRVDOV� IRU� LQWHJUDWLQJ�
EXLOGLQJ� WKHUPDO� VLPXODWLRQ� WRROV� LQWR� WKH�
EXLOGLQJ� GHVLJQ� SURFHVV�� -RXUQDO� RI�%XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ�����������������

%OHLO� GH� 6RX]D�� &�� ������ &RQWUDVWLQJ� SDUDGLJPV� RI�
GHVLJQ�WKLQNLQJ��7KH�EXLOGLQJ�WKHUPDO�VLPXODWLRQ�
WRRO� GHYHORSHU� YV�� WKH� EXLOGLQJ� GHVLJQHU��
$XWRPDWLRQ� LQ� &RQVWUXFWLRQ�� ��� �0DUFK� �������
���������(OVHYLHU��

%OHLO� 'H� 6RX]D��&�� ������ 6WXGLHV� LQWR� WKH� XVH� RI�
EXLOGLQJ� WKHUPDO� SK\VLFV� WR� LQIRUP� GHVLJQ�
GHFLVLRQ� PDNLQJ�� �$XWRPDWLRQ� LQ�
&RQVWUXFWLRQ�����SS���������

%U\PDQ��$��������6RFLDO�5HVHDUFK�0HWKRGV��2[IRUG�
8QLYHUVLW\�3UHVV��1HZ�<RUN��������

%XFKDQDQ�� 5�� ������ :LFNHG� SUREOHPV� LQ� GHVLJQ�
WKLQNLQJ�� LQ�� 9�� 0DUJROLQ�� 5�� %XFKDQDQ� �(GV����

7KH�,GHD�RI�'HVLJQ��$�GHVLJQ�,VVXH�5HDGHU��7KH�
0,7�3UHVV��&DPEULGJH��SS���±����

&DUG�� 6�.��� 0DFNLQOD\�� -�'��� DQG� 6KQHLGHUPDQ�� %��
������ 5HDGLQJV� LQ� ,QIRUPDWLRQ� 9LVXDOL]DWLRQ��
8VLQJ� 9LVLRQ� WR� 7KLQN�� 0RUJDQ� .DXIPDQQ�
3XEOLVKHUV�,QF��

&RRSHU��$��5HLPDQQ��5���	�&URQLQ��'��������$ERXW�
)DFH� ��� 7KH� (VVHQWLDOV� RI� ,QWHUDFWLRQ� 'HVLJQ��
-RKQ�:LOH\�	�6RQV��

&URVV�� 1�� ������ ([SHUWLVH� LQ� GHVLJQ�� DQ� RYHUYLHZ��
'HVLJQ�6WXGLHV�����������±�����

/DZVRQ��%��������+RZ�'HVLJQHUV�7KLQN��7KH�'HVLJQ�
3URFHVV�'HP\VWLILHG���WK�HG�$UFKLWHFWXUDO�3UHVV��
%XUOLQJWRQ����VW�HGLWLRQ��������

0D]]D�� 5�� ������ ,QWURGXFWLRQ� WR� ,QIRUPDWLRQ�
9LVXDOL]DWLRQ��6SULQJHU�9HUODJ�/RQGRQ�/WG�

2SHQ�6WXGLR�������2SHQ�6WXGLR�+RPHSDJH�>RQOLQH@��
$YDLODEOH� IURP�� KWWS���RSHQVWXGLR�QUHO�JRY��
>$FFHVVHG��$XJ�����@��

5RJHUV��<���6KDUS��+���	�3UHHFH��-��������,QWHUDFWLRQ�
'HVLJQ�� %H\RQG� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ��
-RKQ�:LOH\�	�6RQV���UG�(GLWLRQ��

5RZH�� 3�� ������ 'HVLJQ� 7KLQNLQJ�� 7KH� 0,7� 3UHVV��
/RQGRQ��

6FKRQ�� '�� $�� ������ 'HVLJQLQJ�� UXOHV�� W\SHV� DQG�
ZRUOGV��'HVLJQ�6WXGLHV����������±�����

6FKRQ��'��$��������7KH�5HIOHFWLYH�3UDFWLWLRQHU��+RZ�
3URIHVVLRQDOV� 7KLQN� LQ� $FWLRQ�� $VKJDWH�
3XEOLVKLQJ�/LPLWHG��8.���VW�HGLWLRQ��������

6HH�� 5��� +DYHV�� 3��� 6UHHNDQWKDQ�� 3��� 2
'RQQHOO�� -���
%DVDUNDU�� 0��� 6HWWOHPH\UH�� ������ 'HYHORSPHQW�
RI� D� XVHU� LQWHUIDFH� IRU� WKH� (QHUJ\3OXV� ZKROH�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� SURJUDP�� %XLOGLQJ�
6LPXODWLRQ� 
���� ��WK� ,QWHUQDWLRQDO� ,%36$�
&RQIHUHQFH�� 6\GQH\�� $XVWUDOLD�� 1RYHPEHU� ���
���������������������

6KQHLGHUPDQ��%�� ������7KH� H\HV� KDYH� LW��$� WDVN� E\�
GDWD� W\SH� WD[RQRP\� IRU� LQIRUPDWLRQ�
YLVXDOL]DWLRQV�� 3URFHHGLQJV� RI� WKH� ����� ,(((�
6\PSRVLXP�RQ�9LVXDO�/DQJXDJHV��

6SHQFH�� 5�� ������ ,QIRUPDWLRQ�9LVXDOL]DWLRQ�� 'HVLJQ�
IRU�,QWHUDFWLRQ��3UHQWLFH�+DOO���

:DUG�� 0��� *ULQVWHLQ�� *��� 	� .HLP�� '�� ������
,QWHUDFWLYH� 'DWD� 9LVXDOL]DWLRQ�� )RXQGDWLRQV��
7HFKQLTXHV� DQG� $SSOLFDWLRQV�� $� .� 3HWHUV� /WG��
0$��
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