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$EVWUDFW 
)RU�UHVHDUFK�RQ�FRJQLWLRQ�ZLWK�H[WHUQDO�UHSUHVHQWDWLRQV��ZH�DUJXH�WKDW�PRUH�DWWHQWLRQ�VKRXOG�EH�SDLG�
WR�WKH�GLYHUVLW\�RI�LQWHUSUHWDWLRQV�SURGXFHG�E\�GLIIHUHQW�XVHUV�RI�WKH�VDPH�UHSUHVHQWDWLRQV��:H�SUHVHQW�
D�WRRO��5,6(��IRU�PRGHOLQJ�PHPRU\�VWUXFWXUHV�WKDW�FRQVWLWXWH�LQWHUSUHWDWLRQ�ZKLFK�RSHUDWLRQDOL]HV�D�
SUHYLRXVO\�SURSRVHG�WKHRU\�RI�WKH�LQWHUSUHWDWLYH�VWUXFWXUH�RI�UHSUHVHQWDWLRQV��5,67��DQG�LWV�DFFRP�
SDQ\LQJ�QRWDWLRQ��5,61���:H�GHPRQVWUDWH�KRZ�WKH�IDFLOLW\�WR�EXLOG�GHWDLOHG�PRGHOV�RI�LQWHUSUHWDWLRQV�
PD\�EH�XVHG�WR�H[DPLQH�WKH�UHODWLYH�FRJQLWLYH�HIILFDF\�RI�UHSUHVHQWDWLRQV�IRU�GLIIHUHQW�XVHUV��7KLV�LQ�
WXUQ�KLJKOLJKWV�WKH�GLIIHUHQFHV�EHWZHHQ�UHSUHVHQWDWLRQV¶�FRJQLWLYH�SURSHUWLHV��DQG�SURYLGHV�DQ�RS�
SRUWXQLW\�WR�UHFRPPHQG�DOWHUQDWLYH��PRUH�HIIHFWLYH�UHSUHVHQWDWLRQV�IRU�D�VSHFLILF�XVHU�� 

1. ,QWURGXFWLRQ

0XFK�KXPDQ�FRJQLWLRQ�LQYROYHV�LQWHUDFWLRQV�ZLWK�H[WHUQDO�V\PEROLF�UHSUHVHQWDWLRQV��VXFK�DV��ZULW�
WHQ�QDWXUDO�ODQJXDJH��YLVXDO�LQIRUPDWLRQ�GLVSOD\V��LQFOXGLQJ�GLDJUDPV��JUDSKV��FKDUWV�DQG�PDSV��DQG�
LQWHUIDFHV��OLNH�FRQWURO�SDQHOV�DQG��RI�FRXUVH��FRPSXWHU�LQWHUIDFHV��0DQ\�DGYDQFHV�KDYH�EHHQ�PDGH�
LQ�WKH�ODVW����\HDUV�LQ�RXU�XQGHUVWDQGLQJ�RI�UHDVRQLQJ��SUREOHP�VROYLQJ�DQG�OHDUQLQJ�ZLWK�YLVXDO�
UHSUHVHQWDWLRQV� XVLQJ� HPSLULFDO� VWXGLHV� �H�J��� =KDQJ�� ������ &DUSHQWHU� 	� 6KDK�� ������ (JDQ� 	�
6FKZDUW]��������&KHQJ���������FRPSXWDWLRQ�FRJQLWLYH�PRGHOV��H�J���/DUNLQ�	�6LPRQ��������/DUNLQ��
������5HHG���������DQG�ERWK�WRJHWKHU��H�J���.RHGLQJHU�	�$QGHUVRQ��������3HHEOHV�	�&KHQJ���������
,W�LV�FRPPRQ�LQ�VXFK�VWXGLHV�WR�IRFXV�RQ�WKH��LPDJLQHG��SHUIRUPDQFH�RI�D�SURWRW\SLFDO�XVHU�RI�WKH�
H[WHUQDO� UHSUHVHQWDWLRQV�� 7KLV� SUHVXPHV� WKDW� XVHUV� RI� D� UHSUHVHQWDWLRQ� FRQVWUXFW� VWUXFWXUHV� LQ�
PHPRU\�WKDW�DUH�HVVHQWLDOO\�WKH�VDPH��:KLOVW�WKLV�LV�D�UHDVRQDEOH�VLPSOLI\LQJ�DVVXPSWLRQ�IRU�LQLWLDO�
LQYHVWLJDWLRQV�RI�UHSUHVHQWDWLRQ�XVH��ZH�FRQWHQG�WKDW� LW�GRHV�QRW�DGHTXDWHO\�UHIOHFW�WKH�UHDOLW\�RI�
UHSUHVHQWDWLRQ�XVH��LQ�ZKLFK�GLIIHUHQW�XVHUV�PD\�KDYH�VXEVWDQWLDOO\�GLYHUJHQW�PHQWDO�UHSUHVHQWDWLRQV�
RI�WKH�VDPH�H[WHUQDO�UHSUHVHQWDWLRQ��2QH�REYLRXV�FDVH�LV�WKDW�EHWZHHQ�QRYLFHV�DQG�H[SHUW��([SHUWV�
ZLOO�SHUFHLYH�ODUJH�SDWWHUQV�WKDW�DUH�PHDQLQJIXO�UHODWLYH�WR�WKH�FRQWHQW�RI�WKH�GRPDLQ��ZKHUHDV�QRY�
LFHV�ZLOO�VHH�VKDOORZ�FRQILJXUDWLRQV�RI�JUDSKLFDO�IHDWXUHV��H�J���&KL�HW�DO���������(JDQ�	�6FKZDUW]��
������� ,Q�FRQWUDVW� WR�QRYLFHV��H[SHUWV�PD\�PHQWDOO\�HQFRGH� WKH�SHUFHLYHG� LQIRUPDWLRQ� DV� ODUJHU�
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$��672&.',//��*��*$5&,$�*$5&,$��3��&��+��&+(1*��'��5$**,��$1'�0��-$01,. 

 

FKXQNV�WKDW�DUH�DVVRFLDWHG�ZLWK�VWUDWHJLF�LQIRUPDWLRQ��&KDVH�	�6LPRQ��������RU�DV�KHWHURJHQRXV�
GLDJUDPPDWLF�FRQILJXUDWLRQ�VFKHPDV��.RHGLQJHU�	�$QGHUVRQ��������� 

+RZHYHU��ZH�FRQWHQG�WKDW�XVHUV¶�LQWHUSUHWDWLRQV�RI�UHSUHVHQWDWLRQV�DUH�OLNHO\�WR�GLIIHU�LQ�PDQ\�
VLWXDWLRQV��LQ�ZKLFK�LQGLYLGXDO�GLIIHUHQFHV�DPRQJ�XVHUV�DUH�OHVV�GUDPDWLF��ZKLFK�PD\�LQFOXGH� 

x�%HWZHHQ�WZR�XVHUV�ZLWK�GLIIHUHQW�OHYHOV�RI�IDPLOLDULW\�ZLWK�D�GRPDLQ��DOWKRXJK�OHVV�GUDPDWLF�
WKDQ�WKH�GLIIHUHQFH�EHWZHHQ�D�QRYLFH�DQG�D�IXOO�H[SHUW� 

x�%HWZHHQ�WZR�XVHUV�ZLWK�WKH�VDPH�OHYHO�RI�GRPDLQ�H[SHUWLVH�EXW�ZLWK�GLIIHUHQW�OHYHOV�RI�H[SHUL�
HQFH�ZLWK�WKH�W\SH�RI�UHSUHVHQWDWLRQV�EHLQJ�XVHG� 

x�:LWKLQ�DQ�LQGLYLGXDO�XVHU�DV�WKH\�OHDUQ�DERXW�D�GRPDLQ�RYHU�KRXUV�RU�GD\V� 
x�:LWKLQ�DQ�LQGLYLGXDO�XVHU�DV�WKH\�JDLQ�H[SHULHQFH�RI�D�FODVV�RI�UHSUHVHQWDWLRQV�RYHU�PDQ\�HSL�
VRGHV�RI�XVH�� 

x�:LWKLQ�DQ�LQGLYLGXDO�XVHU�ZKHQ�WKH\�VZLWFK�EHWZHHQ�GLIIHUHQW�WDVN�JRDOV�RQ�D�JLYHQ�UHSUHVHQ�
WDWLRQ� 

x�:LWKLQ�DQ�LQGLYLGXDO��PRPHQW�WR�PRPHQW��IURP�ZKHQ�WKH\�ILUVW�DWWHPSW�WR�GHFRGH�D�UHSUHVHQ�
WDWLRQ�WKURXJK�WR�ILQGLQJ�D�VROXWLRQ�WR�D�JLYHQ�SUREOHP�� 

 

,Q�RWKHU�ZRUGV��LW�DSSHDUV�WKDW�WKH�FRQYHQWLRQDO�IRFXV�RQ�D�VLQJOH�SURWRW\SLFDO�LQWHUSUHWDWLRQ�RI�D�
UHSUHVHQWDWLRQ�LQ�SUHYLRXV�ZRUN�PDVNV�D�P\ULDG�RI�FRJQLWLYH�SKHQRPHQD�� 

)RU�H[DPSOH��LQ�WKHLU�VHPLQDO�VWXG\��/DUNLQ�DQG�6LPRQ��������EXLOG�FRJQLWLYH�PRGHOV�WR�H[SODLQ�
WKH� EHQHILW� WKDW� GLDJUDPPDWLF� UHSUHVHQWDWLRQV� �VRPHWLPHV�� KDYH� RYHU� VHQWHQWLDO� UHSUHVHQWDWLRQV��
2QH�RI�WKHLU�SURGXFWLRQ�V\VWHP�PRGHOV�FRQFHUQHG�SUREOHP�VROYLQJ�ZLWK�D�GLDJUDP�RI�D�SXOOH\�V\V�
WHP��7KH�PRGHO�FHQWHUHG�XSRQ�FRPSRQHQWV�DW�WKH�OHYHO�RI�LQGLYLGXDO�SXOOH\V�VR�WKDW�ORFDWLRQDO�LQ�
GH[LQJ�RI�LQIRUPDWLRQ�FRXOG�EH�H[SORLWHG�WR�OLQN�LQIHUHQFHV��ZKLFK�ZDV�RQH�SDUW�RI�WKHLU�H[SODQDWLRQ�
RI� WKH�VXSHULRULW\�RI�GLDJUDPV��+RZHYHU�� LQ�DQ�H[SHULPHQW� WR�TXDQWLI\� WKH�UHODWLYH�DGYDQWDJH�RI�
GLDJUDPPDWLF�UHSUHVHQWDWLRQV�XVLQJ�WKH�VDPH�SUREOHP�GRPDLQ��&KHQJ��������IRXQG�WKDW�SDUWLFL�
SDQWV�XVHG�RWKHU�PHQWDO�UHSUHVHQWDWLRQV�EH\RQG�WKH�FRPSRQHQW�EDVHG�UHSUHVHQWDWLRQ�RI�/DUNLQ�DQG�
6LPRQ��2Q�VRPH�SUREOHPV��VRPH�RI�&KHQJ¶V�SDUWLFLSDQWV�XVHG�JOREDO�V\PPHWULHV�VSDQQLQJ�PXOWLSOH�
SXOOH\V�WR�PDNH�VWUDWHJLF�VKRUWFXW�LQIHUHQFHV��,I�WKRVH�PHQWDO�UHSUHVHQWDWLRQV�DQG�LQIHUHQFHV�ZHUH�
LQFRUSRUDWHG�LQWR�WKH�RULJLQDO�SURGXFWLRQ�V\VWHP�PRGHO��LWV�SHUIRUPDQFH�FRXOG�KDYH�EHHQ�HYHQ�PRUH�
GUDPDWLF�WKDQ�IRU�WKH�VHQWHQWLDO�UHSUHVHQWDWLRQ�� 

)XUWKHU��LQ�DGGLWLRQ�WR�WKH�OLVW�RI�DERYH�VLWXDWLRQV�WKDW�LPSOLFLWO\�DVVXPH�XQFKDQJLQJ�H[WHUQDO�
UHSUHVHQWDWLRQV��ZH�PD\�DGG�FLUFXPVWDQFHV�LQ�ZKLFK�WKH�XVHU�LV�DFWLYHO\�PRGLI\LQJ�WKH�H[WHUQDO�
UHSUHVHQWDWLRQ��H�J���IRU�LQVWDQFH�GUDZLQJ���7KHVH�FLUFXPVWDQFHV�QHFHVVDULO\�UHTXLUH�WKH�XVHU�WR�FRQ�
WLQXDOO\�UHYLVH�WKHLU�LQWHUSUHWDWLRQ�RI�WKH�H[WHUQDO�UHSUHVHQWDWLRQ�� 

&RQVLGHU�D�FRQFUHWH�H[DPSOH��)LJXUH���LV�D�PXOWL�OHYHO�SLH�FKDUW�WKDW�ZH�ZLOO�DGRSW�DV�D�UXQQLQJ�
H[DPSOH�WKURXJK�WKH�SDSHU��,W�ZDV�IRXQG�RQ�6WDFN�2YHUIORZ��https://stackoverflow.com/
questions/48588312/labelled-multi-level-pie-chart���ZKLFK�LV�D�IRUXP�IRU�SUR�
JUDPPHUV�WR�VKDUH�DQG�GLVFXVV�FRGLQJ�LVVXHV��)LJXUH���VKRZV�WKH�PDUNHW�VKDUH�RI�GLIIHUHQW�EURZVHUV�
RYHU�WKUHH�\HDUV��,W�ZDV�LQLWLDOO\�SRVWHG�LQ�D�WKUHDG�VHHNLQJ�JXLGDQFH�RQ�KRZ�WR�FRGH�WKH�YLVXDOL]D�
WLRQ� LQ� 5�� ,Q� DGGLWLRQ� WR� FRGLQJ� VXJJHVWLRQV�� UHVSRQVHV� DOVR� VXJJHVWHG� XVLQJ� DOWHUQDWLYH�
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&2*1,7,9(�02'(/,1*�2)�,17(535(7$7,216�2)�5(35(6(17$7,216 

YLVXDOL]DWLRQV�WKDW�ZRXOG�EH�PRUH�DFFXUDWH�DQG�
FOHDUHU��LQFOXGLQJ�D�VWDFNHG�EDU�SORW�DQG�D�OLQH�
JUDSK��7KLQNLQJ� DERXW� KRZ� )LJXUH� �� LV� LQWHU�
SUHWHG� UDLVHV� YDULRXV� TXHVWLRQV��:KDW� DUH� WKH�
PHDQLQJIXO�FRPSRQHQWV�RI�WKH�SLH�FKDUW"�:KDW�
SULQFLSOHV� JRYHUQ� WKHLU� RUJDQL]DWLRQ� LQ�
PHPRU\"�+RZ�GR�WKH�PHQWDO�UHSUHVHQWDWLRQV�RI�
WKH�SLH�FKDUW�YDU\�DPRQJ�YLHZHUV�ZKR�KDYH�DO�
WHUQDWLYH�LQWHUSUHWDWLRQV"�,I�ZH�KDYH�D�PRGHO�RI�
DQ�LQWHUSUHWDWLRQ��KRZ�FDQ�LW�EH�XVHG�WR�DVVHVV�
�DQG�HYHQ�TXDQWLI\��WKH�TXDOLW\�RI�)LJXUH���FRP�
SDUHG�WR�WKH�DOWHUQDWLYH�YLVXDOL]DWLRQV�WKDW�ZHUH�
VXJJHVWHG"�)LJXUHV���DQG���DUH�FRJQLWLYH�PRG�
HOV�RI�DOWHUQDWLYH�LQWHUSUHWDWLRQV�RI�WKH�SLH�FKDUW�
±�FRQFUHWH�H[DPSOHV�RQ�KRZ�WKH\�GLIIHU��LQ�WHUPV�RI�FRQWHQW�DQG�VWUXFWXUH��DUH�LQ�6HFWLRQ����� 

$OO�WKLV�VXJJHVWV�WKDW�VWXGLHV�RI�KRZ�UHSUHVHQWDWLRQV�DUH�XVHG�VKRXOG�FRQVLGHU�WKH�LQWHUSUHWDWLRQV�
PDGH�E\�LQGLYLGXDOV�LQ�VSHFLILF�FLUFXPVWDQFHV��RU�DW�OHDVW�WKH�OLNHO\�LQWHUSUHWDWLRQ�RI�SHRSOH�ZLWK�
VLPLODU�H[SHULHQFH��GRPDLQ�NQRZOHGJH��DQG� WDVN�JRDOV��7KLV�SDSHU�UHSRUWV�RQ�ZRUN� WKDW�DLPV� WR�
VXSSRUW�WKH�FRJQLWLYH�PRGHOLQJ�RI�LQWHUSUHWDWLRQV�RI�UHSUHVHQWDWLRQV��7KXV��RXU�DLPV�DUH�WZRIROG� 

A1.�:H�H[DPLQH�UHTXLUHPHQWV�IRU�FRJQLWLYH�PRGHOV�RI�XVHUV¶� UHSUHVHQWDWLRQ�LQWHUSUHWDWLRQV�E\�
VXPPDUL]LQJ�WKH�LQVLJKWV�JDLQHG�LQ�RXU�DWWHPSWV��VR�IDU��WR�FRJQLWLYHO\�PRGHO�LQWHUSUHWDWLRQV��
7KLV�LQFOXGHV�WKH�PHPRU\�VWUXFWXUHV��UXOHV�IRU�WKHLU�FRPSRVLWLRQ��DQG�HPHUJHQW�VWUXFWXUHV�
WKDW�DUH�IRXQG�DFURVV�PRGHOV�IRU�GLIIHUHQW�W\SHV�RI�H[WHUQDO�UHSUHVHQWDWLRQV��LGLRPV��� 

A2.�:H�LQWURGXFH�D�JUDSKLFDO�WRRO�±�5,6(�±�WKDW�ZH�DUH�GHYHORSLQJ�DQG�DOORZV�DQDO\VWV��VXFK�DV�
FRJQLWLYH�VFLHQFH�UHVHDUFKHUV�DQG�SUDFWLWLRQHUV��WR�HDVLO\�EXLOG�WKHVH�PRGHOV��:H�ZLOO�DOVR�
QRWH�5,6(¶V�DQDO\VW�VXSSRUW�IHDWXUHV�WKDW�LGHQWLI\�UHSUHVHQWDWLRQDOO\�VLJQLILFDQW�VWUXFWXUHV�� 

2XU�FRQWULEXWLRQ�LV�D�JHQHUDO��SUDFWLFDO�PRGHOLQJ�IUDPHZRUN�IRU�FRJQLWLYH�VFLHQWLVWV��UHSUHVHQWDWLRQ�
GHVLJQHUV�DQG�SUDFWLWLRQHUV�WR�PRGHO�WKH�PHPRU\�VWUXFWXUH�RI�LQGLYLGXDOV¶�LQWHUSUHWDWLRQV�RI�H[WHUQDO�
JUDSKLFDO�UHSUHVHQWDWLRQV��6HFWLRQ���VXPPDUL]HV�RXU�FRJQLWLYH�WKHRU\�DQG�JUDSKLFDO�QRWDWLRQ�IRU�
DQDO\]LQJ�LQWHUSUHWDWLRQV�RI�UHSUHVHQWDWLRQV��ZKLFK�ZH�GHYHORSHG�SUHYLRXVO\��7KH�WKHRU\�DQG�QRWD�
WLRQ�ZLOO�KHOS�WR�FRQWH[WXDOL]H�WKH�H[SODQDWLRQ�RI�WKH�QHHGV��$��6HFWLRQ����DQG�WKH�PRGHOLQJ�WRRO�
WKDW�RSHUDWLRQDOL]HV�WKH�WKHRU\�DQG�WKH�QRWDWLRQ��$��6HFWLRQ�����7KH�SDSHU�HQGV�ZLWK�D�GLVFXVVLRQ�
RI�WKH�VFRSH�DQG�OLPLWDWLRQV�RI�RXU�DSSURDFK��DQG�FRQVLGHUV�SURVSHFWLYH�OLQHV�RI�LQYHVWLJDWLRQ�DQG�
DSSOLFDWLRQ� 

2. �5HSUHVHQWDWLRQDO�,QWHUSUHWLYH�6WUXFWXUH�7KHRU\��5,67��DQG�1RWDWLRQ��5,61� 

&KHQJ������D��DQG�&KHQJ�HW�DO���������GHVFULEH�WKH�RQ�JRLQJ�GHYHORSPHQW�RI�5HSUHVHQWDWLRQDO�
,QWHUSUHWLYH�6WUXFWXUH�7KHRU\��5,67��DQG�LWV�QRWDWLRQ��5,61��IRU�JUDSKLFDOO\�GHVFULELQJ�LQWHUSUHWLYH�
VWUXFWXUHV�RI�UHSUHVHQWDWLRQV��7ZR�OLQHV�RI�UHVHDUFK�GURYH�WKH�RULJLQDO�GHYHORSPHQW�RI�5,67��7KH�
ILUVW�ZDV�ZRUN�RQ�WKH�GHVLJQ�RI�QRYHO�UHSUHVHQWDWLRQV�WR�HQKDQFH�SUREOHP�VROYLQJ�DQG�OHDUQLQJ�LQ�
FRQFHSWXDOO\�GHPDQGLQJ�DQG�LQIRUPDWLRQDOO\�LQWHQVLYH�GRPDLQV��H�J���&KHQJ������������������E���

 

)LJXUH����$�0XOWL�OHYHO�SLH�FKDUW� 
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$��672&.',//��*��*$5&,$�*$5&,$��3��&��+��&+(1*��'��5$**,��$1'�0��-$01,. 

 

7R�DGYDQFH�WKDW�ZRUN��D�V\VWHPDWLF�PHWKRG�WR�FDSWXUH�XVHUV¶�XQGHUVWDQGLQJ�RI�WKH�PHDQLQJ�RI�UHS�
UHVHQWDWLRQV�LV�QHHGHG��7KH�VHFRQG�GULYH�LV�D�SURMHFW�±�UHS�UHS�±�WKDW�LV�GHVLJQLQJ�D�PHFKDQL]HG 
 

 

)LJXUH����$�5,61�PRGHO�IRU�DQ�LQWHUSUHWDWLRQ�RI�)LJXUH����6XUURXQGLQJ�OHWWHUV�DQG�QXPEHUV�DUH�D�FRRUGLQDWH�
JULG�IRU�RXU�FRQYHQLHQFH�LQ�GHVFULELQJ�DVSHFWV�RI�WKH�PRGHO� 

 

)LJXUH����$�5,61�PRGHO�VKRZLQJ�DQ�DOWHUQDWLYH�LQWHUSUHWDWLRQ�RI�)LJXUH��� 
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&2*1,7,9(�02'(/,1*�2)�,17(535(7$7,216�2)�5(35(6(17$7,216 

DSSURDFK�IRU�WKH�DXWRPDWLF�VHOHFWLRQ�RI�UHSUHVHQWDWLRQV�IRU�$,�WRROV��-DPQLN�	�&KHQJ��������5DJJL�
HW�DO����������7KH�RYHUDOO�JRDO�RI�WKH�UHS�UHS�SURMHFW�LV�WR�HYDOXDWH�WKH�SRWHQWLDO�HIILFDF\�RI�DOWHUQD�
WLYH�UHSUHVHQWDWLRQV�LQ�WHUPV�RI�WKHLU�LQIRUPDWLRQDO�VXLWDELOLW\�DQG�WKHLU�FRJQLWLYH�DGHTXDF\�ZLWK�
UHVSHFW�WR�D�JLYHQ�SUREOHP�DQG�LQGLYLGXDOV��7R�HYDOXDWH�FRJQLWLYH�DGHTXDF\��ZH�DQDO\]H�KRZ�UHS�
UHVHQWDWLRQV�IDUH�LQ�WHUPV�RI�D�IUDPHZRUN�RI�FRJQLWLYH�SURSHUWLHV�RI�UHSUHVHQWDWLRQV��&KHQJ�HW�DO��
�������EXW�WKLV�UHTXLUHV�VRPH�PHDQV�WR�PRGHO�WKH�PHQWDO�VWUXFWXUHV�WKDW�XVHUV�EXLOG�DV�WKH\�LQWHUSUHW�
UHSUHVHQWDWLRQV��WKDW�LV�WKH�SXUSRVH�RI�5,61�� 

7KLV�VHFWLRQ�JLYHV�DQ�RYHUYLHZ�RI�5,67�DQG�5,61��7KH�NH\�TXHVWLRQ�WKDW�5,67�WDFNOHV�LV��+RZ�
DUH�LQWHUSUHWDWLRQV�RI�H[WHUQDO�JUDSKLFDO�UHSUHVHQWDWLRQV�HQFRGHG�LQ�PHPRU\"�5,67�WDNHV�LQVSLUDWLRQ�
IURP�SUHYLRXV�ZRUNV�WKDW�KDYH�H[DPLQHG�ZKDW�PHPRU\�VWUXFWXUHV�DUH�QHHGHG� WR�HQFRGH�KHWHUR�
JHQRXV�LQIRUPDWLRQ�VSDQQLQJ��L� GRPDLQ�IDFWV�DQG�UHODWLRQV�DQG��LL� SHUFHLYHG�LPDJHV�IURP�DQ�H[�
WHUQDO�UHSUHVHQWDWLRQ��:RUN�RQ�FKHVV�H[SHUWLVH�LQWURGXFHG�WKH�LGHD�RI�SHUFHSWXDO�FKXQNLQJ��&KDVH�
	�6LPRQ��������DQG�WKHQ�WHPSODWHV��*REHW�	�6LPRQ��������DV�VFKHPD�OLNH�VWUXFWXUHV�WR�H[SODLQ�
WKLQNLQJ�LQ�FKHVV�ZLWKRXW�UHVRUW�WR�SURSRVLWLRQDO�RU�PHQWDO�LPDJHU\�IRUPV�RI�LQIHUHQFH��.RHGLQJHU�
DQG�$QGHUVRQ��������SURSRVHG�GLDJUDPPDWLF�FRQILJXUDWLRQ�VFKHPDV�WR�H[SODLQ�WKH�HOHYDWHG�SHU�
IRUPDQFH�RI�H[SHUW�JHRPHWU\�SUREOHP�VROYHUV��'LDJUDPPDWLF�FRQILJXUDWLRQ�VFKHPDV�DUH�KHWHUR�
JHQRXV�VWUXFWXUHV�WKDW�FRPELQH�DQ�LPDJH�RI�D�FRPSRQHQW�RI�WKH�H[WHUQDO�UHSUHVHQWDWLRQV�ZLWK�GH�
FODUDWLYH�LQIRUPDWLRQ�DERXW�ZKDW�LQIHUHQFHV�FDQ�EH�PDGH�ZLWK�WKDW�FRPSRQHQW�DQG�WKH�FLUFXPVWDQFH�
XQGHU�ZKLFK�WKRVH�LQIHUHQFHV�DUH�SHUPLWWHG��&KHQJ��������������XVHG�WKH�LGHD�WR�H[SODLQ�VRPH�RI�
WKH�EHQHILWV�RI�/DZ�(QFRGLQJ�'LDJUDPV�IRU�SUREOHP�VROYLQJ�DQG�OHDUQLQJ�LQ�RWKHU�GRPDLQV�� 

5,67�PDNHV�WKUHH�FRUH�FODLPV�DERXW�WKH�QDWXUH�RI�PHQWDO�UHSUHVHQWDWLRQV�WKDW�UHVXOW�IURP�LQWHU�
SUHWDWLRQV�RI�H[WHUQDO�UHSUHVHQWDWLRQV��(5V������ 7KH�EDVLF�FRPSRQHQWV�RI�WKH�PHQWDO�UHSUHVHQWD�
WLRQV�DUH�VFKHPDV�WKDW�VLPXOWDQHRXVO\�HQFRGH�FRQFHSWXDO�LQIRUPDWLRQ�DERXW�WKH�GRPDLQ�DQG�JUDSKLF�
REMHFWV�IURP�WKH�(5����� )RXU�W\SHV�RI�WKHVH�EDVLF�VFKHPDV�DUH�SURSRVHG�WKDW�HQFRGH�LQIRUPDWLRQ�
DW�GLIIHUHQW�OHYHOV�RI�FRQFHSWXDO�DQG�JUDSKLFDO�JUDQXODULW\����� $Q�LQWHUSUHWDWLRQ�RI�DQ�(5�LV�FRP�
SULVHG�RI�D�KLHUDUFKLFDO�QHWZRUN�RI�WKHVH�IRXU�W\SHV�RI�VFKHPDV��$OWHUQDWLYH�LQWHUSUHWDWLRQV�RI�DQ�
(5�KDYH�GLIIHUHQW�VWUXFWXUHV�RI�VFKHPDV�� 

5,67¶V� IRXU� W\SHV� RI� VFKHPDV� DUH� �LQ� RUGHU� RI� LQFUHDVLQJ� JUDQXODULW\��� 5HSUHVHQWDWLRQ�� 5�
6FKHPH��5�'LPHQVLRQ��DQG�5�6\PERO��7KHLU�LFRQV�LQ�5,61�DUH�VKRZQ�LQ�)LJXUH����7KH\�DOO�DVVRFLDWH�
D�GRPDLQ�FRQFHSW�ZLWK�D�JUDSKLF�LQ�RUGHU�WR�FDSWXUH�DQ�LQWHUSUHWLYH�PDSSLQJ�RI�D�JUDSKLFDO�REMHFW�
LQ�WKH�(5�ZLWK�D�PHQWDO�FRQFHSW�DERXW�WKH�GRPDLQ��,Q�RXU�UXQQLQJ�H[DPSOH��WKH�RYHUDOO�5HSUHVHQ�
WDWLRQ�VFKHPD�LV�SUHVHQWHG�DW� WKH�YHU\� WRS�RI� WKH�PRGHO� LQ�)LJXUH����DQG� LW� OLQNV� WKH�FRQFHSW�RI�
µ0DUNHWVKDUH�RI�%URZVHUV¶�ZLWK�DQ�H[WHUQDO�UHSUHVHQWDWLRQ�WKDW�LV�LQ�µ)LJXUH���¶�5�6FKHPHV�DUH�XVHG�
ZKHQ�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ�QHHG�WR�EH�FRRUGLQDWHG�WRJHWKHU��IRU�H[DPSOH��WKH�µ/HJHQG¶�5�
6FKHPH��)LJXUH����8���FRRUGLQDWHV��LV�WKH�SDUHQW�RI��IRXU�FRQFHSWV�WKDW�DUH�RI�GLIIHUHQW�W\SHV��µ3HU�
FHQWDJH�±�1XPEHU¶�� µ<HDU�±�+HDGLQJ¶��
µ%URZVHU�±�1DPH¶�DQG�µ%URZVHU�±�&RO�
RXU¶��7KH� DOSKDQXPHULF� DQQRWDWLRQV� LQ�
WKH� ERWWRP�KDOI� RI� VRPH� VFKHPD� LFRQV�
�H�J���³6�´��³'����'���´��UHIHU�WR�ODEHOV�

 
)LJXUH����6FKHPDV�RI�5,61��5HSUHVHQWDWLRQ��5�6FKHPH��5�
'LPHQVLRQ��DQG�5�6\PERO��IURP�OHIW�WR�ULJKW�� 
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WKH�DQDO\VW�KDV�DGGHG�WR�WKHLU�RZQ�FRS\�RI�)LJXUH���1�7KDW�LV��HDFK�FRQFHSW�LV��SRWHQWLDOO\2��DVVRFL�
DWHG�ZLWK�D�SDUW�RI�WKH�VSHFLILF�UHSUHVHQWDWLRQ�EHLQJ�FRQVLGHUHG��W\LQJ�WKH�LQWHUSUHWDWLRQ�WR�WKH�UHS�
UHVHQWDWLRQ��,Q�FRQWUDVW�WR�WKH�5�6FKHPH��WKH�5�'LPHQVLRQ�VFKHPD�UHSUHVHQWV�LQIRUPDWLRQ�WKDW�LV�
RI�WKH�VDPH�W\SH��)LJXUH���VKRZV�VHYHUDO�5�'LPHQVLRQV�VXFK�DV�µ%URZVHU¶��µ<HDU¶��µ3HUFHQWDJH¶��
DQG�µ%URZVHU�PDUNHWVKDUH�E\�\HDU¶��)LJXUH ���+�±4����(DFK�FRQFHSW�DQG�JUDSKLF�LQ�DQ�5�'LPHQ�
VLRQ�KDV�D�TXDQWLW\�VFDOH��RQH�RI�6WHYHQV¶��������TXDQWLW\�VFDOHV��1RPLQDO��2UGLQDO��,QWHUYDO��DQG�
5DWLR��WKH�ILUVW�OHWWHU�UHSODFHV�4�LQ�)LJXUH ����7KH�TXDQWLW\�VFDOHV�RI�WKH�FRQFHSW�DQG�WKH�JUDSKLF�DUH�
LQGHSHQGHQW��MXVW�EHFDXVH�WKH�FRQFHSW�KDV�RQH�TXDQWLW\�VFDOH�GRHV�QRW�PHDQ�WKH�JUDSKLF�PXVW�KDYH�
WKH� VDPH�TXDQWLW\� VFDOH�±�ZH� VKDOO� GLVFXVV� WKLV� IXUWKHU� LQ�6HFWLRQ������5�6\PEROV� FRPH� LQ� WZR�
IODYRUV��D�µVLQJOH¶�5�6\PERO��UHIHUUHG�WR�VLPSO\�DV�DQ�5�6\PERO���DQG�D�µFODVV¶�5�6\PERO��&ODVV�
5�6\PEROV�VWDQG�LQ�IRU�PDQ\�FORVHO\�UHODWHG�5�6\PEROV�WKDW�WKH�DQDO\VW�FRQVLGHUV�WR�EH�GLVWLQFW��
EXW�RQO\�LQ�DQ�XQLQWHUHVWLQJ�ZD\��)RU�H[DPSOH��D�VLQJOH�5�6\PERO�LV�µ����¶�UHSUHVHQWHG�LQ�WKH�,QQHU�
5LQJ��)LJXUH����$�����ZKLOH�DQ�H[DPSOH�RI�D�FODVV�5�6\PERO�LV�WKH�µ3HUFHQWDJH�DV�DQ�DQJOH¶��ZKLFK�
LV�VKRZQ�LQ�5,61�ZLWK�D�GDVKHG�ERUGHU��(����EHFDXVH�WKHUH�DUH�PDQ\�SHUFHQWDJHV�UHSUHVHQWHG�E\�
DQ�DQJOH��GLIIHULQJ�RQO\�LQ�YDOXH� 

6FKHPDV�PD\�EH�FRQQHFWHG�LQ�WZR�ZD\V��WKH\�DUH�SDUW�RI�D�KLHUDUFK\��H�J���DQ�5�6\PERO�LV�RQH�
HOHPHQW�RI�DQ�5�'LPHQVLRQ���RU�RQH�FRQFHSW�LV�DQFKRUHG�EHQHDWK�DQRWKHU��H�J���D�UHJLRQ�LV�DQFKRUHG�
E\�ERXQGLQJ�FXUYHV���+LHUDUFKLFDO�FRQQHFWLRQV�DUH�ODUJHO\�XQFRQVWUDLQHG��DQFKRULQJ�FRQQHFWLRQV�
FDQ�RQO\�RFFXU�EHORZ�5�6\PERO�VFKHPDV��:KLOH�KLHUDUFK\�LV�WKH�µW\SLFDO¶�FRQQHFWLRQ��DQ�DQFKRULQJ�
FRQQHFWLRQ� LV�YHU\�VSHFLILF��D�VFKHPD�LV�DQFKRUHG�EHORZ�DQ�5�6\PERO�ZKHQ�WKH�FRQFHSW�RI�WKH�
DQFKRUHG�VFKHPD�LV�LQGXFHG�E\�WKH�FRQFHSW�ZLWKLQ�WKH�5�6\PERO��)RU�H[DPSOH��LQ�)LJXUH����WKH�
DQDO\VW�FRQVLGHUV�WKH�FRQFHSWV�RI�µ����¶�DQG�µ2WKHU�EURZVHUV¶��3���6���LQ�VSLWH�RI�WKHVH�QRW�EHLQJ�
H[SOLFLW�LQ�WKH�UHSUHVHQWDWLRQ��WKHVH�WZR�FRQFHSWV�KHOS�WR�GHGXFH��LQGXFH��WKDW�WKHUH�LV�µ2WKHU�PDU�
NHWVKDUH¶��6���IRU�RWKHU�EURZVHUV��&RPSOHWH��YDOLG�5,67�PRGHOV�DUH�GLUHFWHG�DF\FOLF�JUDSKV� 

([DPSOHV�RI�IXOO�PRGHOV�DUH�LQ�)LJXUH���DQG�)LJXUH����,Q�)LJXUH����WKH�DQDO\VW�KDV�IRFXVHG�RQ�
WKH�SHUFHLYHG�FRPSOH[LW\�RI�WKH�(5¶V�GLPHQVLRQV��SRVLWLRQLQJ�IRXU�5�'LPHQVLRQV��+�±4���EHORZ�
WKH�URRW�5HSUHVHQWDWLRQ�VFKHPD��0���EHIRUH�EUHDNLQJ�WKHP�GRZQ�E\�WKHLU�DSSHDUDQFH��$OVR��EHORZ�
WKH�URRW�� WKH\�SRVLWLRQ� WKH�RYHUDOO�5�6FKHPH�IRU�WKH�µ3LH�FKDUW�ZLWK�OHJHQG¶��+����ZKLFK�EUHDNV�
GRZQ�LQWR�WZR�VXE�5�6FKHPHV��WKH�µ&RQFHQWULF�3LH�&KDUW¶��(���DQG�WKH�µ/HJHQG¶��8����(DFK�VXE�
5�VFKHPH�EUHDNV�GRZQ�LQWR�LWV�FRQVWLWXHQW�5�'LPHQVLRQV��HDFK�RI�ZKLFK�FRQWDLQ�5�6\PEROV��7KHQ��
WKH�DQDO\VW�FRPELQHV�WKH�GLPHQVLRQV��%�±;���WR�UHDG�RII�µ%URZVHU�PDUNHWVKDUH�E\�\HDU¶�LQ�WZR�
GLIIHUHQW�ZD\V��RQH� IRU� WKH�SLH�FKDUW� �-����DQG�RQH� IRU� WKH� OHJHQG� �6�����7KH�DQDO\VW�RQO\�XVHV�
DQFKRULQJ�WR�HQFRGH�WKH�LQIHUHQFH�WKDW�WKHUH�PXVW�EH�VRPH�XQUHSUHVHQWHG�PDUNHW�VKDUH��6���EHFDXVH�
WKH�SHUFHQWDJHV�GR�QRW�DGG�WR�������DQG�WKDW�WKHUH�PXVW�EH�RWKHU�EURZVHUV��,Q�FRQWUDVW��LQ�)LJXUH ���
WKH�DQDO\VW�KDG�D�PRUH�DEVWUDFW�LQWHUSUHWDWLRQ�RI�WKH�UHSUHVHQWDWLRQ�DQG�FRGHG�WKH�GXSOLFDWLRQ�RI�
LQIRUPDWLRQ�XVLQJ�WKH�µJUDSKLF¶�SDUW�RI�WKH�VFKHPDV��7KH�DQDO\VW�KLJKOLJKWHG�WKH�NH\�FRQFHSWV�RI�
µ<HDU¶��µ%URZVHU¶�DQG�µ3HUFHQWDJH�RI�VKDUH¶��)LJXUH����&�±3���±�WKH�ODWWHU�WZR�FRRUGLQDWHG�E\�D�
VXE�5�6FKHPH� �.���� DQG� DOO� FRRUGLQDWHG� E\� DQ� RYHUDUFKLQJ� 5�6FKHPH� �-���� 7KHQ�� WKHVH� NH\�

 
1�,Q�WKLV�PRGHO�WKH�DQDO\VW�XVHV�6�WR�GHQRWH�5�6FKHPHV��DQG�³6�´�LV�WKH�ILUVW�RI�WKHP��'�GHQRWHV�5�'LPHQVLRQV��
ZLWK�QXPEHUV�LQGLFDWLQJ�WKH�UHODWLRQV�DPRQJ�WKHP��WKH�ODEHO�³'����'���´�UHIHUV�WR�D�JUDSKLF�FRPSRVHG�RI�
WZR�VXE�5�'LPHQVLRQV��'����DQG�'�����ZKRVH�SDUHQW�LV�WKH�6��5�6FKHPH� 

2�$Q�DQDO\VW�PLJKW�DVVLJQ�D�VFKHPD�WKH�JUDSKLFDO�UHIHUHQFH�³�´�±�WKDW�LV��WKHUH�LV�QR�JUDSKLFDO�REMHFW�DVVRFLDWHG�
ZLWK�WKLV�FRQFHSW��6HH�6HFWLRQ�����IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ� 
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FRQFHSWV�DUH�FRPELQHG�WR�UHDG�RII�WKH�VKDUH�RI�WKH�EURZVHUV�SHU�\HDU��.����WKLV�VFKHPD�KDV�D�VXE�
5�'LPHQVLRQ�WKDW�RQO\�VHOHFWV�GDWD�IRU�6DIDUL��3����DQG� LW�LV�DQFKRUHG�E\�WKH�µ6DIDUL¶�5�6\PERO�
�/��� 

0DQ\�DFFRXQWV�RI�WKH�VWUXFWXUH�RI�UHSUHVHQWDWLRQV�KDYH�EHHQ�SURSRVHG�WKDW�GR�QRW�H[SOLFLWO\�
GLVWLQJXLVK� LQWHUQDO�PHQWDO� DQG�H[WHUQDO�JUDSKLFDO� FRPSRQHQWV�RI� UHSUHVHQWDWLRQV� �H�J���.RVVO\Q�
������=KDQJ��������&DUG�HW�DO����������2QH�H[FHSWLRQ�LV�3LQNHU¶V��������WKHRU\�WKDW�FRQVLGHUV�WKH�
PHPRU\�UHSUHVHQWDWLRQV�QHHGHG�IRU�JUDSK�FRPSUHKHQVLRQ�LQ�WKH�IRUP�RI�VFKHPDV�WKDW�HQFRGH�LQ�
IRUPDWLRQ�DERXW�VSDWLDO�UHODWLRQV�DQG�YLVXDO�SURSHUWLHV��H�J���SDUW��KHLJKW��RI�FRPSRQHQWV��H�J���OLQH��
EDU���5,67��LQ�FRQWUDVW��SRVLWV�IRXU�W\SHV�RI�VFKHPDV�WKDW�SHUIRUP�IXQFWLRQV�DW�GLIIHUHQW�OHYHOV�ZLWK�
JHQHULF�KLHUDUFKLFDO�OLQNV�DPRQJ�WKHP��7KH�DLP�ZLWK�5,61�PRGHOV�LV�WR�DEVWUDFW�DZD\�IURP�DOO�WKH�
ORZ�OHYHO�PLQXWLD�RI�DQ�(5�ZKLOVW�VWLOO�FDSWXULQJ�WKH�HVVHQWLDO�VWUXFWXUH�WKDW�HQFRGHV�WKH�PHDQLQJV�
ZKLFK�WKH�UHDGHU�H[WUDFWV�GXULQJ�WKH�SURFHVV�RI�LQWHUSUHWDWLRQ�� 

3. �$QDO\VLV�RI�&RJQLWLYH�3URSHUWLHV�RI�5HSUHVHQWDWLRQV�LQ�5,61�0RGHOV 

7R�LOOXVWUDWH�WKH�YDOXH�RI�5,67�IRU�DQDO\]LQJ�UHSUHVHQWDWLRQ�LQWHUSUHWDWLRQV��DQG�WR�DGGUHVV�DLP�$���
WKLV�VHFWLRQ�FRQVLGHUV�KRZ�5,61�PRGHOV�FDQ�EH�XVHG�WR�H[DPLQH�FRJQLWLYHO\�LPSRUWDQW�IHDWXUHV�RI�
UHSUHVHQWDWLRQV�WKDW�DIIHFW�WKHLU�UHODWLYH�HIILFDF\�IRU�XVHUV��,Q�WXUQ��WKLV�UHYHDOV�QHZ�TXHVWLRQV�IRU�
UHVHDUFK�DERXW�FRJQLWLYH�SURSHUWLHV�RI�UHSUHVHQWDWLRQV��:H�ZLOO�FRQVLGHU������WKH�HQFRGLQJ�RI�TXDQ�
WLWLHV������WKH�PDSSLQJ�RI�GRPDLQ�HQWLWLHV�WR�JUDSKLFDO�REMHFWV��DQG�����JHQHULF�LQWHUSUHWLYH�VWUXFWXUHV�
RI�UHSUHVHQWDWLRQV��LGLRPV���7KH�VHFWLRQ�ILQLVKHV�ZLWK�D�QRWH�DERXW�WKH�HYDOXDWLRQ�RI�5,67�DQG�5,61� 

3.1 �4XDQWLW\�6FDOHV 

&ODVVLFDOO\��6WHYHQV��������LGHQWLILHG�IRXU�TXDQWLW\�VFDOHV��1RPLQDO��2UGLQDO��,QWHUYDO�DQG�5DWLR��
7KH�FKDUDFWHU�RI�LQIHUHQFHV�ZLWK�HDFK�W\SH�RI�VFDOH�LV�GLVWLQFW�DQG��IRU�H[DPSOH��WKH\�DUH�XVHG�WR�
GLIIHUHQWLDWH�FODVVHV�RI�VWDWLVWLFDO�WHVWV�� ,Q�RXU�SLH�FKDUW�H[DPSOH�� WKUHH�RI� WKH�VFDOHV�DUH�SUHVHQW��
QRPLQDO�±�EURZVHU� W\SHV�� LQWHUYDO�±�\HDUV��DQG� UDWLR�±� WKH�SHUFHQWDJH�VKDUH��7KH� LPSRUWDQFH�RI�
TXDQWLW\�VFDOHV�LV�UHFRJQL]HG�LQ�DFFRXQWV�RI�UHSUHVHQWDWLRQV��H�J���=KDQJ��������&DUG�HW�DO���������� 

'RPDLQ�YDULDEOH�FRQFHSWV�DQG�JUDSKLF�REMHFWV�FDQ�EH�DVVLJQHG�TXDQWLWLHV��:KHQ�ERWK�TXDQWLWLHV�
DOLJQ��UHDVRQLQJ�PD\�SURJUHVV�VPRRWKO\��ZLWK�WKH�(5�VXSSRUWLQJ�PHQWDO�LQIHUHQFHV�ZHOO��EHFDXVH�
WKH�W\SHV�RI�LQIHUHQFHV�WKDW�D�SHUVRQ�PD\�GHVLUH�WR�PDNH�DUH�UHIOHFWHG�E\�RSHUDWLRQV�ZLWK�WKH�(5��
+RZHYHU��ZKHQ�WKH\�DUH�GLIIHUHQW��UHDVRQLQJ�PD\�EH�REVWUXFWHG��EHFDXVH�SHUPLVVLEOH�RSHUDWLRQV�RQ�
WKH�(5�GR�QRW�KDYH�D�YDOLG�FRUUHVSRQGLQJ�LQIHUHQFH��RU�EHFDXVH�QR�RSHUDWLRQ�RQ�WKH�(5�GLUHFWO\�
PDWFKHV� WKH�GHVLUHG� LQIHUHQFH��)RU�H[DPSOH�� LQ�
)LJXUH����WKH�DQDO\VW�LGHQWLILHG�WKDW�WKH�ULQJ�UHS�
UHVHQWDWLRQ�RI�<HDU�GRHV�QRW�PDWFK�WKH�TXDQWLW\�
VFDOH�RI�WKH�FRQFHSW��%���DQG�)LJXUH�����WKH�FRQ�
FHSW� RI�<HDU� KDV� DQ� ,QWHUYDO� VFDOH�� EXW� WKH� GLD�
JUDP� UHSUHVHQWV� LW� DV� ULQJ� UHJLRQV�� WKH� DUHDV�RI�
ZKLFK�KDYH�D�5DWLR�VFDOH�� 

7KH�GHILQLWLRQ�RI�WKH�5�'LPHQVLRQ�VFKHPD�LQ�5,67�LQFOXGHV�VORWV�IRU�WKH�TXDQWLW\�VFDOH�RI�ERWK�
WKH�GRPDLQ� FRQFHSW� DQG� LWV� FRUUHVSRQGLQJ�JUDSKLF�REMHFW�� DQG�5,61� LFRQV� H[SOLFLWO\� QRWDWH� WKH�
TXDQWLW\�VFDOHV��WKH�4V�LQ�WKH�5�GLPHQVLRQ�LFRQ�LQ�)LJXUH���DUH�UHSODFHG�E\�RQH�RI�1��2��,�RU�5���

 
 

)LJXUH����$Q�5�'LPHQVLRQ�IURP�)LJXUH����%���LQ�
ZKLFK�WKH�TXDQWLW\�VFDOH�IRU�WKH�FRQFHSW�GRHV�QRW�
PDWFK�WKH�JUDSKLFDO�TXDQWLW\�VFDOH�� 
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7KH�FRQVWUXFWLRQ�RI�D�5,61�PRGHO�IRU�D�UHSUHVHQWDWLRQ�WKXV�IRUFHV�WKH�DQDO\VW�WR�FRQVLGHU�WKH�FRP�
SDWLELOLW\�RI�WKH�TXDQWLW\�VFDOHV�IRU�HYHU\�5�'LPHQVLRQ�LQ�WKH�PRGHO��*LYHQ�FRPSOHWH�PRGHOV�IRU�
GLIIHUHQW�UHSUHVHQWDWLRQV�ZH�FDQ�SRWHQWLDOO\�MXGJH�WKHLU�UHODWLYH�PHULWV�E\�FRQVLGHULQJ�WKH�QXPEHU�
RI�W\SHV�RI�PLVPDWFKHV�IRU�HDFK�RI�WKH�TXDQWLW\�VFDOHV��+RZHYHU��WKLV�SRVVLELOLW\�UHYHDOV�JDSV�LQ�RXU�
FXUUHQW�NQRZOHGJH�DERXW�WKH�FRJQLWLYH�FRVWV�RI�PDNLQJ�LQIHUHQFHV�ZLWK�WKH�GLIIHUHQW�TXDQWLW\�VFDOHV�
DQG�LQFRPSDWLEOH�TXDQWLW\�VFDOHV��)RU�H[DPSOH��KRZ�PXFK�KDUGHU�LV�LW�WR�UHDVRQ�DERXW�RUGLQDO�UHOD�
WLRQV�RYHU�QRPLQDO�UHODWLRQV��RU�RUGLQDO�FRPSDUHG�WR�UDWLR��DQG�VR�IRUWK"�,Q�WKH�UHS�UHS�SURMHFW�ZH�
KDYH�FRQGXFWHG�H[SHULPHQWV�WR�DVVHVV�WKH�FRVW�RI�LQIHUHQFHV�ZLWK�WKH�TXDQWLW\�VFDOHV�DFURVV�D�YDULHW\�
RI�UHDVRQLQJ�WDVNV��$JJUHJDWLQJ�RYHU�DOO�WKH�WDVNV��LW�ZDV�GLVFRYHUHG�WKDW�FRVW�LQFUHDVHV�LQ�DQ�DS�
SUR[LPDWHO\�OLQHDU�IDVKLRQ�DFURVV�WKH�TXDQWLW\�VFDOHV�IURP�QRPLQDO�WR�UDWLR���7KH�H[SHULPHQWV�ZLOO�
EH�SUHVHQWHG�LQ�D�IXWXUH�SXEOLFDWLRQ��FXUUHQWO\�LQ�SUHSDUDWLRQ��� 

3.2 �&RQFHSW�0DSSLQJ 

7KH�QDWXUH�RI�WKH�PDSSLQJ�EHWZHHQ�PHQWDO�FRQFHSWV�DQG�WKHLU�DVVRFLDWHG�JUDSKLF�REMHFWV�LQ�WKH�(5�
LV�DQRWKHU�LPSRUWDQW��ZHOO�DFNQRZOHGJHG�FRJQLWLYH�SURSHUW\�RI�UHSUHVHQWDWLRQV��%DUZLVH�	�(WFKH�
PHQG\��������*XUU��������0RRG\���������:H�FDOO� WKLV�SURSHUW\�FRQFHSW�PDSSLQJ� �&KHQJ�HW�DO���
�������)ROORZLQJ�0RRG\¶V� ������� WHUPLQRORJ\�� WKH� ILYH� W\SHV�RI� FRQFHSW�PDSSLQJ�DUH�� LVRPRU�
SKLVP��UHGXQGDQF\��H[FHVV��RYHUORDG��DQG�GHILFLW��,VRPRUSKLVP�KDSSHQV�ZKHQ�D�FRQFHSW�LQ�WKH�GR�
PDLQ�KDV�D�GLVWLQFW�JUDSKLFDO�V\PERO�LQ�WKH�UHSUHVHQWDWLRQ��$�UHSUHVHQWDWLRQ�KDV�UHGXQGDQF\�LI�WKHUH�
H[LVW�DW�OHDVW�WZR�GLVWLQFW�JUDSKLFDO�V\PEROV�WKDW�HQFRGH�WKH�VDPH�FRQFHSW��([FHVV�KDSSHQV�ZKHQ�
VRPH�JUDSKLFDO�V\PERO�LV�QRW�DVVRFLDWHG�ZLWK�DQ\�FRQFHSW�LQ�WKH�GRPDLQ��DFWLQJ�DV�µFKDUW�MXQN¶��$�
FRQFHSW�PDSSLQJ�LV�RYHUORDGHG�LI�WZR�GLVWLQFW�FRQFHSWV�PDS�WR�WKH�VDPH�JUDSKLFDO�V\PERO�LQ�WKH�
UHSUHVHQWDWLRQ��WKDW�LV��D�JUDSKLF�REMHFW�LV�RYHUORDGHG�LI�LW�VWDQGV�IRU�WZR�GLIIHUHQW�FRQFHSWV��$�UHS�
UHVHQWDWLRQ�LV�GHILFLHQW�ZKHQ�WKHUH�LV�D�FRQFHSW�IRU�ZKLFK�WKHUH�LV�QR�JUDSKLFDO�V\PERO��WKXV��WKHUH�
DUH�FRQFHSWV�LQ�WKH�GRPDLQ�ZKLFK�GR�QRW�RFFXU�LQ�WKH�UHSUHVHQWDWLRQ��IRUFLQJ�WKH�UHDGHU�WR�PHQWDOO\�
NHHS�WUDFN�RI�WKH�PLVVLQJ�FRQFHSWV��UDWKHU�WKDQ�RIIORDGLQJ�WKHP�WR�WKH�UHSUHVHQWDWLRQ��(DFK�RI�WKHVH�
FRQFHSW�PDSSLQJV�LV�LGHQWLILDEOH�ZLWKLQ�D�5,61�PRGHO� 

/HW¶V�FRQVLGHU�WZR�H[DPSOHV��DJDLQ�XVLQJ�)LJXUH����5,67�PRGHOV�GHILFLW�E\�KDYLQJ�VFKHPDV�
ZLWK�D�FRQFHSW��EXW�QR�JUDSKLF��,Q�)LJXUH����WKH�DQDO\VW�LGHQWLILHG�WKH�FRQFHSWV�µ2WKHU�EURZVHUV¶�DQG�
µ����¶��DQG�PDUNHG�WKH�ODFN�RI�JUDSKLF�ZLWK�µ�¶�LQ�ERWK�FDVHV��)LJXUH����3���6���UHSURGXFHG�LQ�

)LJXUH�����7KDW�LV��WKH�DQDO\VW�QRWHG�WKDW�
WKH�ILYH�OLVWHG�EURZVHUV�DUH�QRW�H[KDXVWLYH�
DQG�WKDW�WKH�JLYHQ�SHUFHQWDJHV�GR�QRW�DGG�
WR�������7KXV��WKH�UHSUHVHQWDWLRQ�LV�GHIL�
FLHQW�ZLWK�UHVSHFW�WR� WKHVH�FRQFHSWV��5H�
GXQGDQF\�FDQ�EH�LGHQWLILHG�LQ�5,61�PRG�
HOV�ZKHQ��D� D�FRQFHSW�LV�UHXVHG�LQ�GLIIHU�
HQW� VFKHPDV� DQG� DVVLJQHG� D� GLIIHUHQW�
JUDSKLF�� RU� �E� D� VFKHPD� KDV� PRUH� WKDQ�
RQH�JUDSKLF� DQQRWDWLRQ��)RU� H[DPSOH�� LQ�
)LJXUH����UHSURGXFHG�LQ�)LJXUH�����ZH�VHH�
WKH�FRQFHSW�RI� µ,(������VKDUH� LV������¶�

 
 
 
 
 
 
 

 

)LJXUH����6FKHPDV�IURP�)LJXUH���WKDW�GR�QRW�KDYH�D�
JUDSKLF�UHIHUHQFH��PDNLQJ�WKH�UHSUHVHQWDWLRQ�GHILFLHQW� 
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EHLQJ� UHXVHG� LQ�GLIIHUHQW� VFKHPDV�� LW� LV�
XVHG�IRU�WKH�OHJHQG�RI�WKH�SLH�FKDUW��9����
DQG�DJDLQ��VHSDUDWHO\��IRU�WKH�DQQRWDWLRQ�
RI�WKH�FRQFHQWULF�SLH�FKDUW��/�����,Q�WKH�
FDVH�RI�)LJXUH ���DQG�)LJXUH�����WKH�FRQ�
FHSW� RI� µ%URZVHU¶� �+��� KDV� PRUH� WKDQ�
RQH�JUDSKLF�DQQRWDWLRQ��ZKLFK�FRUUHVSRQG�WR�WKH�OHJHQG�DQG�WKH�FRQFHQWULF�SLH�FKDUW�� 

$V�WKH�H[DPSOHV�VKRZ��5,67�PRGHOV�HQFRGH�WKH�W\SHV�RI�FRQFHSW�PDSSLQJV�WKDW�DQ�LQWHUSUHWD�
WLRQ�RI�DQ�(5�LQYRNHV��7KLV�UDLVHV�WKH�SRVVLELOLW\�RI�UDWLQJ�WKH�UHODWLYH�HIILFDF\�RI�DOWHUQDWLYH�UHSUH�
VHQWDWLRQV�E\�DQDO\]LQJ�WKH�QXPEHUV�RI�HDFK�W\SH�RI�FRQFHSW�PDSSLQJ�DQG�WKHLU�ORFDWLRQ�ZLWKLQ�WKH�
RYHUDOO�VFKHPD�KLHUDUFK\�RI�WKHLU�PRGHOV��6XSHULRU�UHSUHVHQWDWLRQV�ZLOO�LQ�JHQHUDO�EH�PRUH�LVRPRU�
SKLF��H�J���*XUU���������+RZHYHU��OLNH�WKH�TXDQWLW\�VFDOHV�SURSHUW\��WKHUH�DUH�JDSV�LQ�RXU�NQRZOHGJH�
DERXW�WKH�FRQFHSW�PDSSLQJ�FRJQLWLYH�SURSHUW\�RI�UHSUHVHQWDWLRQV��)RU�H[DPSOH��ZKDW�LV�WKH�UHODWLYH�
FRJQLWLYH�FRVW�RI�GLIIHUHQW�W\SHV�RI�PDSSLQJV"�0LJKW�LW�EH�ZRUWKZKLOH�WR�WUDGHRII�VRPH�UHGXQGDQF\�
LQ�RUGHU�WR�HOLPLQDWH�VRPH�GHILFLWV"�+RZ�GRHV�WKH�VHYHULW\�RI�GLIIHUHQW�IRUPV�RI�PDSSLQJ�YDU\�DFURVV�
WKH� OHYHOV� RI� VFKHPDV� IURP�5�V\PEROV� WR�5�VFKHPHV"�:H�DUH� VWDUWLQJ� WR� DGGUHVV� VXFK�TXHVWLRQ�
HPSLULFDOO\�LQ�WKH�UHS�UHS�SURMHFW�� 

3.3 �*HQHULF�UHSUHVHQWDWLRQDO�VWUXFWXUHV�±�LGLRPV 

$�SHUWLQHQW�FRQVHTXHQFH�RI�EHLQJ�DEOH�WR�EXLOG�PRGHOV�RI�UHSUHVHQWDWLRQV�LQ�5,61�±�ZKLFK�KLJK�
OLJKWV�WKH�YDOXH�RI�5,67�±�LV�RXU�GLVFRYHU\�RI�FRPPRQ�SDWWHUQV�RI�VFKHPDV�DFURVV�GLYHUJHQW�UHSUH�
VHQWDWLRQV��ZH�FDOO�WKHVH�LGLRPV��&KHQJ�HW�DO����������7R�GDWH��WKH�LGLRPV�ZH�KDYH�LGHQWLILHG�ILW�LQWR�
WKUHH�FODVVHV��FROOHFWLRQV�RI�HOHPHQWV��KRZ�GLPHQVLRQV�DUH�FRPSRVHG�DQG�GHFRPSRVHG��DQG�KRZ�
FRRUGLQDWH�V\VWHPV�FDQ�EH�UHDG��$�OLVW�RI�FXUUHQWO\�GLVFRYHUHG�LGLRPV�ZDV�JLYHQ� LQ�&KHQJ�HW�DO��
��������DQG�WKHVH�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�LQVLJKWV�IHDWXUHV�RI�WKH�5,61�(GLWRU��6HFWLRQ����� 

6RPH�RI�WKHVH�LGLRPV�DUH�SUHVHQW�LQ�)LJXUHV���DQG����)RU�H[DPSOH��WKH�FROOHFWLRQ�LGLRP�SLFN�LV�
IRXQG�ZKHQ�DQ�5�'LPHQVLRQ�DFWV�DV�D�SDUHQW�RI�DQ�5�6\PERO�DQG��W\SLFDOO\��D�FODVV�5�6\PERO��,W�
PHDQV�WKDW�WKHUH�PD\�EH�PDQ\�FRQFHSWV��EXW�WKH�DQDO\VW�LV�KLJKOLJKWLQJ�D�FRQFHSW�DV�EHLQJ�RI�SDU�
WLFXODU�LQWHUHVW��)LJXUH���VKRZV�D�SLFN�LGLRP�ZLWK�WKH�VFKHPDV�LQ�3���3���DQG�1����UHSURGXFHG�LQ�
)LJXUH���D����)LJXUH���VKRZV�WKLV�LGLRP�LQ�.���+���DQG�/���UHSURGXFHG�LQ�)LJXUH���E����7KH�GLPHQ�
VLRQ�LGLRP�SURGXFW�FRPELQHV�WZR�RU�PRUH�5�'LPHQVLRQV�VR�WKH\�FDQ�EH�UHDG�DV�D�FRPSRVLWH��([�
DPSOHV�RI�WKLV�LGLRP�FDQ�EH�IRXQG�LQ�)LJXUH����ZLWK�WKH�5�'LPHQVLRQ�VFKHPDV�&�±3��DQG�LWV�SURG�
XFW�5�'LPHQVLRQ�-����UHSURGXFHG�LQ�)LJXUH���D����LQ�)LJXUH����WKH�VFKHPDV�DUH�&���.���3��DQG�.��
�UHSURGXFHG�LQ�)LJXUH���E����%RWK�PRGHOV�VKRZ�H[DPSOHV�RI�FRRUGLQDWH�V\VWHP�LGLRPV��WKHVH�DUH�

 
 
 
 

 

)LJXUH����6FKHPDV�IURP�)LJXUH���WKDW�VKDUH�WKH�VDPH�FRQFHSW��PDNLQJ�WKH�UHSUHVHQWDWLRQ�UHGXQGDQW� 

 
 

)LJXUH����$�VFKHPD�IURP�)LJXUH����+���WKDW�KDV�VHYHUDO�
JUDSKLF�UHIHUHQFHV��PDNLQJ�WKH�UHSUHVHQWDWLRQ�UHGXQGDQW� 

44



$��672&.',//��*��*$5&,$�*$5&,$��3��&��+��&+(1*��'��5$**,��$1'�0��-$01,. 

 

VWUXFWXUHV�WKDW�FRRUGLQDWH�LQIRUPDWLRQ��$Q�H[DPSOH�RI�DQ�LPSOLFLW�FRRUGLQDWH�V\VWHP�LV�VKRZQ�ZKHQ�
DQ�5�6FKHPH�LV�WKH�SDUHQW�RI�D�JURXS�RI�5�'LPHQVLRQV��,Q�)LJXUH����WKLV�FDQ�EH�VHHQ�LQ�(��DQG�&�±
3���UHSURGXFHG�LQ�)LJXUH������ 

 
 
 
 
 
 
 

�����  
�D�����������������������������������������������������������������������������E� 

)LJXUH����([DPSOHV�RI�WKH�SLFN�LGLRP�IURP�)LJXUH����LQ��D���DQG�)LJXUH����LQ��E���� 

 
 
 

 
 

 
�D� 

 
 
 
 

 
 

 
�E� 

)LJXUH����([DPSOHV�RI�WKH�SURGXFW�LGLRP�IURP�)LJXUH����LQ��D���DQG�)LJXUH����LQ��E���� 

 
 
 
 

 
 

)LJXUH�����$Q�H[DPSOH�RI�WKH�LPSOLFLW�FRRUGLQDWH�V\VWHP�LGLRP�IURP�)LJXUH���� 
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,Q�VXPPDU\��LW�DSSHDUV�WKDW�WKHUH�LV�DQ�LQWHUPHGLDWH�OD\HU�RI�PHDQLQJIXO�FRJQLWLYH�VWUXFWXUHV�
WKDW�RSHUDWHV�EHWZHHQ�WKH�OHYHO�RI�HOHPHQWDU\�FRQFHSWV�DQG�IXOO�UHSUHVHQWDWLRQV��7KLV�FRQWUDVWV�ZLWK�
SUHYLRXV�DFFRXQWV�RI�UHSUHVHQWDWLRQV�WKDW�DQDO\]H�UHSUHVHQWDWLRQV�DV�QHWZRUNV�RI�HOHPHQWDU\�FRP�
SRQHQWV��H�J���3LQNHU��������DQG�DOVR�FRQWUDVWV�ZLWK�DFFRXQWV�WKDW�SRVLW�KHWHURJHQRXV�VFKHPDV��H�J���
.RHGLQJHU�	�$QGHUVRQ���������,Q�WKH�ODWWHU�FDVH��WKH�SULPDU\�IXQFWLRQDO�OD\HU�LV�RQH�RI�VFKHPDV��
ZKHUHDV�LQ�5,67��VXEQHWZRUNV�FRPSULVHG�RI�VHYHUDO�VFKHPDV�PD\�GR�VXEVWDQWLDO�FRJQLWLYH�ZRUN��
7KH� SV\FKRORJLFDO� UHDOLW\� RI� LGLRPV� QHHGV� WR� EH� IXOO\� HVWDEOLVKHG� LQ� H[SHULPHQWV� WKDW� H[DPLQH�
ZKHWKHU�XVHUV�RI�UHSUHVHQWDWLRQV�SHUIRUP�FRJQLWLYH�RSHUDWLRQV�DW�WKLV�OHYHO�LQ�WKH�QHWZRUN�RI�VFKH�
PDV��)RU�H[DPSOH��ZLOO�WKH�DQDO\VLV�RI�FRQFXUUHQW�YHUEDO�SURWRFROV�VKRZ�WKDW�XVHUV¶�DWWHQWLRQ�IRFXV�
VHV�RQ�FOXVWHUV�RI�VFKHPDV�WKDW�DUH�LGLRPV"�:LOO�YHUEDO�GHVFULSWLRQV�RI�UHSUHVHQWDWLRQV�ZULWWHQ�WR�
HPSKDVL]H�LGLRPV�EH�PRUH�UHDGLO\�FRPSUHKHQGHG�WKDQ�WKRVH�WKDW�KLJKOLJKW�RWKHU�W\SHV�RI�UHODWLRQV" 

3.4 �(YDOXDWLRQ�RI�5,67�DQG�5,61 

)LJXUHV���DQG���GHPRQVWUDWH�WKDW�5,67�DQG�5,61�FDQ�FDSWXUH�DOWHUQDWLYH�UHDGLQJV�RI�)LJXUH���E\�
WZR�DQDO\VWV��7KHVH�PRGHOV�GLIIHU�LQ�WKH�FRQFHSWV�WKH\�HQFRGH�DQG�LQ�WKHLU�VWUXFWXUHV��)RU�H[DPSOH��
)LJXUH����DQG�)LJXUH����VKRZV�WKDW�WKH�DQDO\VW�QRWHG�WKH�PLVUHSUHVHQWDWLRQ�RI�WKH�PDUNHW�VKDUH�DQG�
VR�LQFOXGHG�WKH�FRQFHSWV�RI�µRWKHU�EURZVHUV¶�DQG�µ����¶��3���6���6����)LJXUH��¶V�DQDO\VW�PLVVHG�
WKLV�SRLQW��$OVR��WKH�PRGHO�LQ�)LJXUH���PDNHV�D�KLJK�OHYHO�VSOLW�EHWZHHQ�WKH�&RQFHQWULF�3LH�&KDUW�
�(���DQG� WKH�/HJHQG� �8���� UHIOHFWLQJ� WKH�GLVWLQFW� UHSUHVHQWDWLRQDO� IXQFWLRQV� WKDW� WKLV� DQDO\VW�DW�
WULEXWHG�WR�WKH�WZR�SDUWV�RI�)LJXUH����,Q�FRQWUDVW��)LJXUH���RPLWV�GHWDLOHG�PDSSLQJV�RI�HOHPHQWDU\�
JUDSKLF�REMHFWV�WR�FRQFHSWV�DQG�DGRSWV�D�PRUH�DEVWUDFW�SHUVSHFWLYH�IRFXVLQJ�PRUH�RQ� WKH�RYHUDOO�
IRUP�RI�WKH�LQWHUSUHWDWLRQ�ZLWKRXW�FRQFHUQ�DERXW�UHGXQGDQW�JUDSKLF�REMHFWV��)XUWKHU��WKHUH�DUH�GLI�
IHUHQFHV�LQ�KRZ�WKH�DQDO\VWV�FRQFHSWXDOL]H�WKH�FRRUGLQDWH�V\VWHPV��LQ�)LJXUH���WKH�V\VWHP�LQFOXGHV�
%URZVHU�DQG�3HUFHQWDJH�5�GLPHQVLRQV�DV�DQ�H[SOLFLW�VXE�V\VWHP�DORQJVLGH�<HDU��.��	�3��YHUVXV�
&����ZKHUHDV�WKH�VDPH�5�GLPHQVLRQV�DUH�JLYHQ�HTXDO�FRQFHSWXDO�VWDWXV�LQ�RQH�V\VWHP�LQ�)LJXUH���
�+��0���� 
 4XDQWLW\�VFDOHV��FRQFHSW�PDSSLQJ�DQG�LGLRPV�DUH�WKUHH�DVSHFWV�RI�WKH�QDWXUH�RI�UHSUHVHQWDWLRQV�
WKDW�DUH�EURXJKW�WR�WKH�IRUH�DV�ZH�PRGHOHG�LQWHUSUHWDWLRQV�RI�UHSUHVHQWDWLRQV�XVLQJ�5,67��,Q�HDFK�
FDVH��RXU�DWWHPSWV�WR�PRGHO�UHSUHVHQWDWLRQV�KDV�HLWKHU�UH�FRQILUPHG�WKH�LPSRUWDQFH�RI�FHUWDLQ�FRJ�
QLWLYH�SURSHUWLHV�RI�UHSUHVHQWDWLRQV�RU�OHDG�WR�WKH�GLVFRYHU\�RI�D�QHZ�DVSHFW�RI�UHSUHVHQWDWLRQV��,Q�
GRLQJ�VR��QHZ�TXHVWLRQV�DERXW�WKH�QDWXUH�RI�UHSUHVHQWDWLRQV�KDYH�EHHQ�UDLVHG��ZKLFK�DUJXHV�IRU�WKH�
YDOXH�RI�5,67�DQG�WKH�XWLOLW\�5,61��LI�QRW�IRU�WKHLU�YDOLGLW\�� 

$OWKRXJK�IRUPDO�H[SHULPHQWDO�HYDOXDWLRQV�RI�WKH�DFFHSWDELOLW\�RI�WKH�WKHRU\�DUH�\HW�WR�EH�FRQ�
GXFWHG��ZH�KDYH�GHYHORSHG�DQG� UXQ� VPDOO�ZRUNVKRSV�ZLWK�SRWHQWLDO� XVHUV�RI� WKH� DSSURDFK��7KH�
ZRUNVKRSV�ODVWHG�IURP���WR�����KRXUV��,Q�WKLV�WLPH��SDUWLFLSDQWV�ZHUH�JLYHQ�DQ�RYHUYLHZ�RI�5,67��
5,61��SUDFWLFHG�DQQRWDWLQJ�UHSUHVHQWDWLRQV��VHH�6HFWLRQ������DQG�IDPLOLDUL]HG�WKHPVHOYHV�ZLWK�WKH�
5,61�(GLWRU��5,6(��)URP�WKH�IHHGEDFN�DQG�WKH�TXDOLW\�RI�WKH�PRGHOV�WKDW�WKH�SDUWLFLSDQWV�SURGXFHG��
LW�ZDV�FOHDU�WKDW�WKH\�XQGHUVWRRG�WKH�XQGHUSLQQLQJ�WKHRUHWLFDO�LGHDV��WKH�FRQVWUDLQWV�RI�WKH�QRWDWLRQ�
DQG�KRZ�WR�GULYH�WKH�HGLWRU� 
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4. �5,6(�±�*UDSKLFDO�7RRO�IRU�&RQVWUXFWLQJ�5,61�0RGHOV 

6R�IDU��ZH�KDYH�GHVFULEHG�WKH�WKHRU\�DQG�QRWDWLRQ��6HFWLRQ�����DQG�LOOXVWUDWHG�KRZ�5,61�PRGHOV�
FDQ�EH�XVHG�WR�MXGJH�UHSUHVHQWDWLRQV�LQ�WHUPV�RI�SURSHUWLHV�WKDW�PD\�GHWHUPLQH�WKHLU�FRJQLWLYH�HIIL�
FDF\��ZKLFK�LQ�WXUQ�UDLVHV�QHZ�TXHVWLRQV�DERXW�WKH�QDWXUH�RI�UHSUHVHQWDWLRQV�IRU�WKLV�DUHD�RI�VWXG\�
�6HFWLRQ�����,Q�WKLV�VHFWLRQ��ZH�DGGUHVV�DLP�$��E\�FRQVLGHULQJ�SUDFWLFDO�PDWWHUV���D��WKH�5,61�PRG�
HOLQJ�WRRO�±�5,6(��DQG��E��RXU�UHFRPPHQGDWLRQV�DERXW�KRZ�WR�DSSURDFK�PRGHOLQJ�LQWHUSUHWDWLRQV�
RI�UHSUHVHQWDWLRQV��$�NH\�DVSHFW�RI�5,6(�LV�WKH�LQFRUSRUDWLRQ�RI�IHHGEDFN�LQWR�WKH�PRGHOLQJ�SURFHVV�
WR�VXSSRUW�WKH�FRQVWUXFWLRQ�RI�YDOLG�PRGHOV�DQG�WKH�LGHQWLILFDWLRQ�RI�SRWHQWLDO�LGLRPV�� 

4.1 �7KH�5,6�(GLWRU 

$OWKRXJK�D�JHQHULF�YHFWRU�JUDSKLF�GUDZLQJ�SDFNDJH�SOXV�D�ZRUG�SURFHVVRU�ZHUH�VXLWDEOH�IRU�RXU�
LQLWLDO�PRGHO�EXLOGLQJ� �&KHQJ������D���ZH�KDYH�GHYHORSHG�D�GHGLFDWHG� WRRO��5,6(�� IRU�EXLOGLQJ�
5,61�PRGHOV��7KH�PRWLYDWLRQ�IRU�GHYHORSLQJ�5,6(�LV�WZRIROG��)LUVW��ZH�ZLVK�WR�PDNH�WKH�SURFHVV�
DV� VWUDLJKWIRUZDUG�DV�SRVVLEOH��5,6(� LQWHJUDWHV� WKH�FRQVWUXFWLRQ�RI� D�JUDSKLFDO�QHWZRUN�DQG� WKH�
ILOOLQJ�RI� WKH�VFKHPD�VORWV��6HFRQG��5,67�LV�FRPSOH[��ZLWK� IRXU� W\SHV�RI� VFKHPDV�DQG� UXOHV� IRU�
DVVHPEO\�RI�YDOLG�QHWZRUNV��7KXV��5,6(�FKHFNV�IRU�WKH�FRPSOHWHQHVV�RI�VFKHPDV�DQG�YDOLGLW\�RI�
VXEQHWZRUNV��)XUWKHU��5,6(�LQFOXGHV�PHWKRGV�WR�LQWHOOLJHQWO\�LGHQWLI\�LGLRPV�GXULQJ�PRGHO�FRQ�
VWUXFWLRQ��ZKLFK�FDQ�SURPSW�PRGHOHUV�WR�FRQVLGHU�ZKHWKHU�WKH\�PLJKW�XVH�WKHVH�FRPPRQ�VWUXFWXUHV��
,Q�RWKHU�ZRUGV��5,6(�PD\�EH�FRQVLGHUHG�DQ�RSHUDWLRQDOL]DWLRQ�RI�5,67�LQ�VRIWZDUH��7KH�HGLWRU�LV�D�
5HDFW�ZHE�DSS��/HW�XV�H[SORUH�IHDWXUHV�RI�WKH�HGLWRU�WKDW�VXSSRUW�5,61�PRGHO�EXLOGLQJ� 

 

)LJXUH�����6FUHHQVKRW�RI�5,6(�EHLQJ�XVHG�WR�HGLW�WKH�PRGHO�LQ�)LJXUH��� 
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4.1.1  (GLWLQJ�5,61�0RGHOV 

7KH�IXQGDPHQWDO�IHDWXUH�RI�5,6(�LV�PDQLSXODWLQJ�VFKHPDV�DQG�FRQQHFWLRQV��0RVW�RI�WKH�VFUHHQ�LV�
GHYRWHG�WR�WKH�PRGHO�FDQYDV��ZKHUH�WKH�5,61�PRGHO�ZLOO�DSSHDU�DQG�FDQ�EH�LQWHUDFWHG�ZLWK��VHH�
)LJXUH������$ORQJ�WKH�WRS�RI�WKH�HGLWRU�LV�WKH�WRROEDU��ZKLFK�FRQWDLQV�EXWWRQV�IRU�DGGLQJ�VFKHPDV�
DQG�FRQQHFWLRQV�RI�HDFK�YDULHW\��DV�ZHOO�DV�GHOHWLQJ�DQG�GXSOLFDWLQJ�WKHP� 

2Q�WKH�PRGHO�FDQYDV��W\SLFDO�DFWLRQV�FDQ�EH�SHUIRUPHG�ZLWK�D�FRPELQDWLRQ�RI�PRXVH�DFWLRQV�
DQG�NH\ERDUG�VKRUWFXWV��7KH�PRGHO�FDQ�EH�QDYLJDWHG�E\�FOLFNLQJ�DQG�GUDJJLQJ�RQ�WKH�FDQYDV�WR�SDQ�
DQG�XVH�WKH�VFUROO�ZKHHO�WR�]RRP�LQ�DQG�RXW��6FKHPDV�FDQ�EH�VHOHFWHG�LQGLYLGXDOO\��RU�DV�PXOWLSOH�
VHOHFWLRQV��'RXEOH�FOLFNLQJ�RQ�HLWKHU�WKH�FRQFHSW��WH[W�DERYH�WKH�GLYLGLQJ�OLQH��RU�WKH�JUDSKLF��WH[W�
EHORZ�WKH�OLQH��RI�D�VFKHPD�DOORZV�WKH�DQDO\VW�WR�FKDQJH�WKH�YDOXH�3�+RWNH\V�FDQ�EH�XVHG�ZKHQ�WKH�
FXUVRU�LV�RYHU�WKH�FDQYDV��)RU�H[DPSOH��LI�WKH�DQDO\VW�SUHVVHV�WKH�µ'¶�NH\4�RQ�WKHLU�NH\ERDUG�ZKLOH�
WKHLU�FXUVRU�LV�RYHU�WKH�PRGHO�FDQYDV��DQ�5�'LPHQVLRQ�VFKHPD�LV�LQVHUWHG�EHORZ�WKHLU�FXUVRU��)XU�
WKHU��WKLV�QHZ�5�'LPHQVLRQ�LV�DXWRPDWLFDOO\�FRQQHFWHG�KLHUDUFKLFDOO\�WR�DQ\�VHOHFWHG�VFKHPDV�� 

:KLOH�ZH�KDYH�QRW�SHUIRUPHG�DQ\�XVDELOLW\�HYDOXDWLRQV��LW�LV�REYLRXV�WKDW�WKLV�WRRO�LV�VXSHULRU�
WR�WKH�SUHYLRXV�PRGHO�EXLOGLQJ�PHWKRG�XVLQJ� WKH�GUDZLQJ�FDSDELOLWLHV�RI�0LFURVRIW�3RZHU3RLQW��
7KH�FRPELQDWLRQ�RI�PRXVH�LQWHUDFWLRQ�DQG�NH\ERDUG�VKRUWFXWV�DOORZV�WKH�DQDO\VW�WR�SURGXFH�D�VLJ�
QLILFDQW�SRUWLRQ�RI�WKHLU�5,61�PRGHO�XVLQJ�MXVW�WKH�PRGHO�FDQYDV��)RU�WKH�UHPDLQLQJ�VFKHPD�VORWV�
UHTXLUHG�E\�5,67��EXW�QRW�YLVXDOL]HG�LQ�5,61�PRGHOV��ZH�SURYLGH�WKH�LQVSHFWRU� 

4.1.2  7KH�6FKHPD�,QVSHFWRU 

5,67�VSHFLILHV�PDQ\�VORWV�IRU�DQDO\VWV�WR�ILOO�LQ�VR�WKDW�WKH\�FRPSUHKHQVLYHO\�FDSWXUH�WKH�LQWHUSUH�
WDWLRQ�RI�WKH�UHSUHVHQWDWLRQ��7R�VXSSRUW�WKH�DQDO\VW��ZH�SURYLGH�WKH�LQVSHFWRU�SDQHO��ZKLFK�OLVWV�HDFK�
VORW�IRU�WKH�VHOHFWHG�VFKHPD��)RU�H[DPSOH��LQ�)LJXUH����ZH�VHH�WKH�DQDO\VW�KDV�VHOHFWHG�DQ�5�'L�
PHQVLRQ�VFKHPD��VR�WKH�LQVSHFWRU�SDQHO��RQ�WKH�ULJKW�� LV�VKRZLQJ�WKH�DSSURSULDWH�VORWV��7KH�VORW�
FRQWHQW� LV�HYDOXDWHG�µOLYH¶�±�IRU�H[DPSOH�� LI� WKH�DQDO\VW�HGLWV� WKH�µ&RQFHSW¶�VORW�LQ� WKH� LQVSHFWRU�
SDQHO�� WKH�FRUUHVSRQGLQJ�VFKHPD�RQ�WKH�PRGHO�FDQYDV� LV� LPPHGLDWHO\�XSGDWHG� WR�VKRZ�WKH�QHZ�
FRQFHSW�� 

(DFK�VORW�FRQVLVWV�RI�D�QDPH�DQG�D�YDOXH��7KH�VORWV�KDYH�EHHQ�GHWDLOHG�LQ�SUHYLRXV�ZRUN�E\�
&KHQJ������D���,I�WKH�YDOXH�LV�IUHH�IRUP��ZH�SURYLGH�D�WH[W�HQWU\�ILHOG��LI�WKH�YDOXH�LV�UHVWULFWHG��ZH�
SURYLGH�D�GURSGRZQ�ER[�RI�DOO�SRVVLEOH�YDOXHV��7KH�QDPH�RI�HDFK�VORW�FDQ�EH�KRYHUHG�RYHU�WR�UHYHDO�
D�EULHI�GHVFULSWLRQ�RI�WKH�VORW��7KLV�UHGXFHV�WKH�PHPRU\�ORDG�RQ�WKH�DQDO\VW��WKH\�GR�QRW�QHHG�WR�
UHPHPEHU�HYHU\�VORW��DQG�LI�WKH\�IRUJHW�WKH�SXUSRVH�RI�D�VORW�WKHQ�WKH�LQIRUPDWLRQ�LV�DYDLODEOH�� 

7KH�LQVSHFWRU�FDQ�GLVSOD\�WKH�VORWV�IRU�D�VLQJOH�VFKHPD��RU�IRU�PDQ\�VFKHPDV�LI�PDQ\�DUH�VH�
OHFWHG��7KH�LQVSHFWRU�DOVR�SURYLGHV�D�µQRWHV¶�WH[WER[�IRU�HDFK�VFKHPD�DQG�FRQQHFWLRQ��DQG�IRU�WKH�
HQWLUH�5,61�PRGHO�LI�QRWKLQJ�LV�VHOHFWHG��$QDO\VWV�PD\�XVH�WKH�WH[WER[HV�WR�GRFXPHQW�D�PRGHO�±�
IRU�LQVWDQFH��WR�UHFRUG�H[SODQDWLRQV�RI�VSHFLILF�PRGHOLQJ�GHFLVLRQV�DV�QHHGHG�� 

 
3�&XUUHQWO\�WKH�DQDO\VW�FDQQRW�HGLW�5�'LPHQVLRQV¶�TXDQWLW\�VFDOHV�WKLV�ZD\��WKH\�PXVW�EH�VHW�YLD�WKH�LQVSHFWRU� 
4�7KH�KRWNH\V�DUH�GLVSOD\HG�ZKHQ�KRYHULQJ�RYHU�WKH�WRROEDU�EXWWRQV�� 
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4.1.3  6XSSRUWLQJ�$QDO\VWV� 

7KH�IHDWXUHV�ZH�KDYH�RXWOLQHG�VR�IDU�PDNH�LW�HDV\�WR�EXLOG�5,61�PRGHOV��EXW�LQHYLWDEO\�DQDO\VWV�
FDQ�PDNH�PLVWDNHV��5,61�PRGHOV�DUH�QRQ�WULYLDO��ZLWK�PDQ\�UXOHV�DQG�VORWV�WR�NHHS�WUDFN�RI��7KXV��
ZH�VXSSRUW�DQDO\VWV�ZLWK�IHHGEDFN�LQVLGH�WKH�HGLWRU��5,6(�FRQWLQXDOO\�PRQLWRUV�WKH�PRGHO�WKDW�WKH�
DQDO\VW�LV�EXLOGLQJ��DQG�SURYLGHV�IHHGEDFN�DORQJ�WKH�ERWWRP�RI�WKH�VFUHHQ�LQ�WKUHH�FDWHJRULHV��HUURUV��
ZDUQLQJV��DQG� LQVLJKWV��VHH�)LJXUH������(UURUV�DUH�WKLQJV�WKDW�DUH�GHILQLWHO\�ZURQJ��ZDUQLQJV�DUH�
WKLQJV�WKDW�DUH�SRVVLEO\�ZURQJ��DQG�LQVLJKWV�DUH�WKLQJV�WKDW�ZH�EHOLHYH�DUH�PHDQLQJIXO�WR�FRQVLGHU��
)HHGEDFN�FRPSXWDWLRQV�UXQ�RQ�HYHU\�PHDQLQJIXO�FKDQJH�5�:H�QRZ�EULHIO\�FRQVLGHU�HDFK�NLQG�RI�
IHHGEDFN� 

7KH�HGLWRU�FDQ�TXLFNO\�LGHQWLI\�HUURUV�LQ�PRGHOV��&RPPRQ�HUURUV�LQFOXGH�IRUJHWWLQJ�WR�ILOO�LQ�D�
VORW��LQWURGXFLQJ�D�F\FOH�LQ�WKH�PRGHO��KDYLQJ�PRUH�WKDQ�RQH�URRW��XVLQJ�DQ�DQFKRU�FRQQHFWLRQ�EHORZ�
D�VFKHPD�WKDW�LV�QRW�DQ�5�6\PERO��RU�XVLQJ�D�KLHUDUFK\�FRQQHFWLRQ�IURP�DQ�5�6\PERO�WR�D�QRQ�5�
6\PERO�VFKHPD��7R�VHH�ZKLFK�HUURUV�KDYH�EHHQ�GHWHFWHG��WKH�DQDO\VW�FDQ�FOLFN�RQ�WKH�µHUURUV¶�FRXQW�
DW�WKH�ERWWRP�RI�WKH�VFUHHQ��WKH�HUURU�FDQ�EH�VHOHFWHG�VXFK�WKDW�WKH�DIIHFWHG�VFKHPDV�DUH�KLJKOLJKWHG�
LQ�WKH�PRGHO�FDQYDV��0DQ\�HUURUV�FRPH�ZLWK�UHFRPPHQGDWLRQV�WKDW�ZLOO�FRUUHFW�WKH�HUURU��:KHQ�WKH�
DQDO\VW�VXFFHVVIXOO\�FRUUHFWV�WKH�HUURU��WKH�HUURU�PHVVDJH�LV�DXWRPDWLFDOO\�UHPRYHG� 

6RPHWLPHV�WKH�HGLWRU�GHWHFWV�FDVHV�LQ�5,61�PRGHOV�WKDW�DUH�QRW�µZURQJ¶��SHU�VH��EXW�DUH�VXU�
SULVLQJ�DQG�H[WUHPHO\�XQOLNHO\��:H�FDOO�WKHVH�ZDUQLQJV��DQG�DUH�GLVSOD\HG�E\�FOLFNLQJ�WKH�µZDUQLQJV¶�
FRXQW� RQ� WKH� ERWWRP� RI� WKH� VFUHHQ�� &RPPRQ�ZDUQLQJV� LQFOXGH� OHDYLQJ� WKH� GHIDXOW� &RQFHSW� RU�
*UDSKLF�YDOXH�XQFKDQJHG��RU�LQWURGXFLQJ�D�µWUDQVLWLYH�KLHUDUFKLFDO�FRQQHFWLRQ¶�±�WKDW�LV��D�GLUHFW�
KLHUDUFKLFDO�FRQQHFWLRQ�IURP�D�JUDQGSDUHQW�VFKHPD�WR�LWV�JUDQGFKLOG��7KHVH�FDVHV�FDQ�EH�YDOLG��\RX�
PLJKW�WUXO\�KDYH�D�FRQFHSW�µ�6\P�¶��WKH�GHIDXOW�5�6\PERO�FRQFHSW�YDOXH���RU�WKH�KLHUDUFKLFDO�FRQ�
QHFWLRQ�PLJKW�QHFHVVDULO\�FRQQHFW�D�JUDQGSDUHQW�WR�LWV�JUDQGFKLOG��+RZHYHU��ZH�FRQVLGHU�WKHP�VXI�
ILFLHQWO\�XQOLNHO\�WKDW�ZH�KLJKOLJKW�WKHP�IRU�WKH�DQDO\VW�WR�UHFRQVLGHU��,I�WKH�DQDO\VW�LV�FHUWDLQ�WKDW�
WKLV�LV�ZKDW�WKH\�ZDQW�LQ�WKHLU�PRGHO��WKH\�FDQ�PDUN�WKH�ZDUQLQJ�DV�µLJQRUHG¶��LW�ZLOO�QRW�EH�LQFOXGHG�
LQ�WKH�ZDUQLQJ�FRXQW��DOWKRXJK�LW�ZLOO�EH�FRXQWHG�DV�DQ�LJQRUHG�ZDUQLQJ��DQG�ZLOO�DSSHDU�JUH\HG�
RXW�LQ�WKH�ZDUQLQJV�OLVW��$V�ZLWK�HUURUV��LI�WKH�FDXVH�RI�WKH�ZDUQLQJ�LV�HOLPLQDWHG�IURP�WKH�5,61�
PRGHO��WKH�ZDUQLQJ�LV�DXWRPDWLFDOO\�UHPRYHG�� 

7KH�ILQDO�DVSHFW�RI�IHHGEDFN�LV�LQVLJKWV��&XUUHQWO\��LQVLJKWV�VKRZ�WKH�DQDO\VW�ZKLFK�LGLRPV�WKH�
HGLWRU�KDV�GHWHFWHG�ZLWKLQ�WKHLU�PRGHO��$V�ZLWK�HUURUV�DQG�ZDUQLQJV��DQDO\VWV�FDQ�YLHZ�LQVLJKWV�E\�
FOLFNLQJ�WKH�µLQVLJKWV¶�EXWWRQ�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��(DFK�KDV�D�GHVFULSWLRQ�H[SODLQLQJ�ZKDW�LW�
PHDQV��DQG�VHOHFWLQJ�DQ�LQVLJKW� WKHQ�KLJKOLJKWV�WKH�UHOHYDQW�VFKHPDV�LQ�WKH�PRGHO��,GLRPV�DUH�D�
SRZHUIXO�DVSHFW�RI�5,67��SURYLGLQJ�DQ�LQWHUPHGLDWH�OHYHO�RI�DEVWUDFWLRQ�EHWZHHQ�WKH�DWRPV�RI�VFKH�
PDV�DQG�WKH�HQWLUH�PRGHO�RI�D�UHSUHVHQWDWLRQ��VXUIDFLQJ�WKHP�VXSSRUWV�WKH�DQDO\VW�LQ�XQGHUVWDQGLQJ�
WKH� LQWHUSUHWDWLRQ� WKH\�DUH�PRGHOLQJ��:H�DUH�FRQVLGHULQJ�DGGLQJ� IXUWKHU� LQVLJKWV��5�'LPHQVLRQV�
ZKHUH�WKH�TXDQWLW\�VFDOH�GLIIHUV�EHWZHHQ�FRQFHSWV�DQG�JUDSKLFV��FDVHV�ZKHUH�WKH�FRQFHSW�RU�JUDSKLF�
RFFXU�LQ�PRUH�WKDQ�RQH�VFKHPD��DQG�SRWHQWLDOO\�PHDVXUHV�RI�WKH�PRGHO¶V�FRPSOH[LW\�� 

 
5�$�µPHDQLQJIXO�FKDQJH¶�LV�DQ�DFWLRQ�OLNH�DGGLQJ�RU�GHOHWLQJ�VFKHPDV�RU�FRQQHFWLRQV��RU�PRGLI\LQJ�WKHLU�VORWV��
6RPHWKLQJ�WKDW�ZRXOG�QRW�EH�D�PHDQLQJIXO�FKDQJH�ZRXOG�EH�UHSRVLWLRQLQJ�D�VFKHPD¶V�LFRQ��IRU�H[DPSOH� 
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4.2 �%XLOGLQJ�PRGHOV� 

5,6(�SURYLGHV�WKH�WRRO�LQ�ZKLFK�WR�EXLOG�PRGHOV��QRZ��ZH�WXUQ�WR�WKH�SURFHVV�E\�ZKLFK�DQ�DQDO\VW�
EXLOGV�D�PRGHO��:H�HPSKDVL]H�WKDW��EHFDXVH�5,6(�LV�FRQWLQXDOO\�PRQLWRULQJ�WKH�FRUUHFWQHVV�RI�WKH�
DQDO\VW¶V�PRGHO��WKH\�DUH�IUHH�WR�IRFXV�RQ�WKH�QDWXUH�RI�WKH�LQWHUSUHWDWLRQ��UDWKHU�WKDQ�HQVXULQJ�WKH\�
DUH�IROORZLQJ�DOO� WKH�UXOHV�RI�5,67��$QDO\VLV�LV�D�F\FOLF�SURFHVV�WKDW�FRQVLVWV�RI�IRXU�NH\�VWDWHV��
LGHQWLI\��GHVFULEH��DQQRWDWH��DQG�EXLOG��3UHYLRXV�JXLGDQFH�ZDV�RXWOLQHG�E\�&KHQJ������D���KHUH�ZH�
UHILQH�WKLV�JXLGDQFH�DQG�H[DPLQH�KRZ�LW�UHODWHV�WR�DQ�DQDO\VLV�RI�)LJXUH��� 

,GHQWLI\LQJ�WKH�(5�LV�PRUH�WKDQ�MXVW�SLFNLQJ�DQ�(5��,W�LV�LPSRUWDQW�WR�FRQVLGHU�LWV�FRQWH[W�RI�
XVH��:KR�LV�WKH�UHDGHU�OLNHO\�WR�EH"�:KDW�LV�WKHLU�JRDO�LQ�ZRUNLQJ�ZLWK�WKLV�(5"�7KHVH�TXHVWLRQV�
LQIRUP�WKH�LQWHUSUHWDWLRQ�ZH�ZLOO�EH�PRGHOLQJ��DQG�VR�WKH\�LPSDFW�RXU�GHVFULSWLRQ��:KHQ�ZULWLQJ�
WKH�GHVFULSWLRQ��DQDO\VWV�PXVW�EH�FDUHIXO�WR�HQVXUH�WKH\�DUH�FDSWXULQJ�D�VLQJOH�LQWHUSUHWDWLRQ��7KLV�LV�
SDUWLFXODUO\�LPSRUWDQW�ZKHQ�XSGDWLQJ�WKH�LQWHUSUHWDWLRQ�GXULQJ�WKH�DQQRWDWLRQ�DQG�EXLOGLQJ�SKDVHV�
RI�WKH�PRGHO��EXW�LV�HTXDOO\�LPSRUWDQW�HDUO\�RQ��WRR��$QDO\VWV�PXVW�IL[�WKH�OHYHO�RI�DEVWUDFWLRQ��DUH�
ZH�PRGHOLQJ�WKLV�(5��RU�DUH�ZH�PRGHOLQJ�WKLV�FODVV�RI�(5V"�,Q�)LJXUH����RXU�PRGHO�LV�RI�WKLV�VSHFLILF�
FKDUW��QRW�WKH�PRUH�JHQHUDO�FODVV�RI�FRQFHQWULF�SLH�FKDUWV��7KH�VSHFLILF�FRQWHQW�RI�WKH�GHVFULSWLRQ�LV�
RIWHQ�WKH�LPSRUWDQW�V\PEROV��WKH�FRRUGLQDWH�V\VWHPV�LQ�SODFH��DQG�WKH�GLPHQVLRQV�EHLQJ�GLVFXVVHG� 

$IWHU�ZULWLQJ�DQ�LQLWLDO�GHVFULSWLRQ�RI�WKH�UHSUHVHQWDWLRQ��WKH�DQDO\VW�DQQRWDWHV�WKH�(5��7KH\�
DGG�ODEHOV�WR�WKH�JLYHQ�UHSUHVHQWDWLRQ�VXFK�WKDW�WKH\�FDQ�XQDPELJXRXVO\�UHIHUHQFH�VSHFLILF�JUDSKLF�
REMHFWV�RU�VWUXFWXUHV�LQ�WKHLU�PRGHO��:KDW�WKH\�DQQRWDWH�LV�LQIRUPHG�E\�WKHLU�GHVFULSWLRQ��KRZHYHU�
LW� LV�FRPPRQ�WKDW� WKH�DQQRWDWLQJ�SURFHVV� UHYHDOV� LPSOLFLW�FRQFHSWV�ZKLFK� VKRXOG�KDYH�EHHQ�GH�
VFULEHG��7KH�DQDO\VW�LV�IUHH�WR�XSGDWH�WKHLU�GHVFULSWLRQ��EXW�PXVW�WDNH�FDUH�WR�QRW�DOWHU�WKH�RYHUDOO�
LQWHUSUHWDWLRQ��,Q�)LJXUH����ZH�VHH�WKH�DQDO\VW�RIWHQ�XVHV�OLWHUDO�VWULQJV�IRU�WKHLU�DQQRWDWLRQV��H�J���
³����´��LQFOXGLQJ�WKH�TXRWDWLRQ�PDUNV��DW�7�����PRUH�DEVWUDFW�HQWLWLHV�JHW�DQQRWDWLRQV�VXFK�DV�µ6�¶�
IRU�WKH�5�6FKHPH�RI�WKH�OHJHQG��DW�8����RU�µ'���¶�IRU�WKH�\HDUV�5�'LPHQVLRQ�LQ�WKH�OHJHQG��DW�6����
7KH�DQDO\VW�XVHV�DQ�DG�KRF�V\VWHP�IRU�RWKHU�DQQRWDWLRQV��VXFK�DV�µ[¶�RU�µ�¶�IRU�FRPELQLQJ�GLPHQ�
VLRQV��H�J���DW�4���±�ZKLFK�FDQ�EH�GRFXPHQWHG�LQ�WKH�QRWHV�IRU�HDFK�VFKHPD� 

)LQDOO\��WKH�DQDO\VW�EHJLQV�WKH�PRGHO�EXLOGLQJ�SURFHVV�LQVLGH�5,6(��8VLQJ�WKHLU�GHVFULSWLRQ�DQG�
DQQRWDWLRQV��WKH\�FUHDWH�VFKHPDV�IRU�WKH�FRQFHSWV�WKH\�KDYH�LGHQWLILHG��DQG�LQVHUW�FRQQHFWLRQV�EH�
WZHHQ�WKH�VFKHPDV��5,6(�HQVXUHV�WKDW�DOO�WKH�VORWV�DUH�ILOOHG�LQ�IRU�HDFK�VFKHPD��DQG�WKDW�WKH�FRQ�
QHFWLRQV�EHWZHHQ�WKH�VFKHPDV�DUH�YDOLG��7R�VXPPDUL]H��5,6(�FDQ�VXUIDFH�HUURUV��ZDUQLQJV��DQG�
LQVLJKWV��WKH�DQDO\VW�LV�IUHH�WR�IRFXV�RQ�WKH�LQWHUSUHWDWLRQ�WKH\�DUH�PRGHOLQJ��QRW�WKH�V\QWD[�RI�5,61��
EHIRUH�UHWXUQLQJ�WR�IL[�DQ\�LVVXHV�WKDW�PLJKW�KDYH�FRPH�XS� 

5. �'LVFXVVLRQ 

,Q�WKH�LQWURGXFWLRQ�ZH�PDGH�WKH�FDVH�WKDW�WKH�VWXG\�RI�FRJQLWLRQ�ZLWK�(5V�VKRXOG�DWWHPSW�WR�PRGHO�
WKH� VWUXFWXUH�RI� LQGLYLGXDO¶V� LQWHUSUHWDWLRQV�RI� UHSUHVHQWDWLRQV� LQ� UHODWLRQ� WR� WKH�VSHFLILF�FLUFXP�
VWDQFH�RI�WKHLU�XVH��7KLV�FRQWUDVWV�ZLWK�PXFK�SULRU�ZRUN�WKDW�WHQG�WR�LPSOLFLWO\�DVVXPH�WKH�RFFXU�
UHQFH�RI�D�VLQJOH�SURWRW\SLFDO�LQWHUSUHWDWLRQ�RI�DQ�(5��:H�FRQWHQG�WKDW�UHDGHUV¶�LQWHUSUHWDWLRQV�DQG�
WKH�FRQFRPLWDQW�PHPRU\�VWUXFWXUHV�PD\�YDU\�IRU�PDQ\�UHDVRQV��UDQJLQJ�IURP�ODUJH�VFDOH�LQGLYLGXDO�
GLIIHUHQFHV��H�J���QRYLFH±H[SHUW�GLIIHUHQFHV��GRZQ�WR�WKH�ORFDO�DFWLYH�JRDO�GXULQJ�RQJRLQJ�SUREOHP�
VROYLQJ��7R�DGGUHVV�WKH�P\ULDG�RI�LQWHUHVWLQJ�FRJQLWLYH�SKHQRPHQD�DULVLQJ�IURP�GLIIHUHQFHV�LQ�LQ�
WHUSUHWDWLRQV�ZH�SURSRVHG�DQ�DSSURDFK�WR�PRGHOLQJ�LQWHUSUHWDWLRQV�RI�UHSUHVHQWDWLRQV�WKDW�LQFOXGHV�
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D� WKHRU\� �5,67���PRGHOLQJ� QRWDWLRQ� �5,61��� DQG� WRRO� �5,6(��� )RU� VHOHFWHG� FRJQLWLYH� SURSHUWLHV�
�&KHQJ�HW�DO���������RI�UHSUHVHQWDWLRQV��ZH�RXWOLQHG�KRZ�5,61�PRGHOV�PLJKW�EH�XVHG�WR�DVVHVV�WKH�
UHODWLYH�HIILFDF\�RI�GLIIHUHQW�UHSUHVHQWDWLRQV��ZKLFK�LQ�WXUQ�UHYHDOHG�JDSV�LQ�RXU�XQGHUVWDQGLQJ�RI�
FRJQLWLYH�IDFWRUV�WKDW�LPSDFW�WKH�GLIILFXOW\�RI�XVLQJ�UHSUHVHQWDWLRQV��6HFWLRQ����� 

7KH�LQWHQGHG�DSSOLFDWLRQ�RI�5,67�VSDQV�LQWHUSUHWDWLRQV�LQ�ZKLFK�JUDSKLFDO�FRPSRQHQWV�RI�(5V�
KDYH�D�VXEVWDQWLYH�UROH�LQ�HQFRGLQJ�GRPDLQ�UHOHYDQW�LQIRUPDWLRQ�E\�LFRQLF��VSDWLDO��JHRPHWULF��DQG�
WRSRORJLFDO�PHDQV��,Q�DGGLWLRQ�WR�JUDSKV��FKDUWV��WDEOHV��GLDJUDPV�DQG�WKH�OLNH��ZH�LQFOXGH�FRQWURO�
SDQHOV�DQG�FRPSXWHU�JUDSKLFDO�XVHU�LQWHUIDFHV�DPRQJ�VXFK�(5V��)RU�SUDJPDWLF�UHDVRQV��ZH�GR�QRW�
DQWLFLSDWH�XVLQJ�5,67�WR�EXLOG�PRGHOV�RI�(5V�WKDW�DUH�HVVHQWLDOO\�SURSRVLWLRQDO��H�J���ZULWWHQ�QDWXUDO�
ODQJXDJH��RU�VLWXDWLRQV�LQ�ZKLFK�WKH�(5�HQFRGHV�OLWWOH�GRPDLQ�FRQWHQW��H�J���PHQWDO�UHSUHVHQWDWLRQV���
EHFDXVH�VXFK�DSSOLFDWLRQV�ZRXOG�UDWKHU�WULYLDOO\�VHW�DVLGH�PXFK�RI�WKH�IXQFWLRQDOLW\�WKDW�LV�EXLOW�LQWR�
WKH�VFKHPDV�RI�5,67��,Q�RWKHU�ZRUGV��QR�IXQGDPHQWDO�WKHRUHWLFDO�FODLP�LV�EHLQJ�PDGH�WKDW�FRJQLWLRQ�
ZLWK�JUDSKLFDO�(5V�LV�LQKHUHQWO\�GLIIHUHQW�WR�SURSRVLWLRQDO�WKLQNLQJ��ZLWK�RU�ZLWKRXW�DQ�(5��5DWKHU��
ZH�DVVHUW�WKDW�PRGHOV�RI�VXFK�LQWHUSUHWDWLRQV�LQ�5,61�ZRXOG�\LHOG�IHZ�LQVLJKWV�WKDW�KDYH�QRW�DOUHDG\�
EHHQ�REWDLQHG�ZLWK�PRUH�FRQYHQWLRQDO�DFFRXQWV�RI�PHQWDO�UHSUHVHQWDWLRQV��� 

7KLV�VHFWLRQ�UHIOHFWV�XSRQ�IRXU�LVVXHV���D��WKH�QDWXUH�RI�LQWHUSUHWDWLRQ�PRGHOLQJ�DV�D�FRJQLWLYH�
PRGHOLQJ�DFWLYLW\���E��WKH�QDWXUH�RI�5,67¶V�VFKHPDV�LQ�FRQWUDVW�WR�SULRU�VFKHPD�DFFRXQWV���F��WKH�
FKDOOHQJHV�RI�EXLOGLQJ�YDOLG�PRGHOV�RI�LQWHUSUHWDWLRQV��DQG��G��WKH�SXUSRVHV�WR�ZKLFK�LQWHUSUHWDWLRQ�
PRGHOLQJ�PD\�EH�SXW�� 

&OHDUO\��WKH�FRQVWUXFWLRQ�RI�5,61�PRGHOV�LV�GLVWLQFW�IURP�W\SLFDO�IRUPV�RI�FRJQLWLYH�PRGHOLQJ��
VXFK�DV�SURGXFWLRQ�V\VWHPV��H�J���3HHEOHV�	�&KHQJ��������5HHG���������WDVN�DQDO\VLV��RU�HYHQ�YHUEDO�
PRGHOV�DQG�SURFHVV�IORZ�FKDUWV��H�J���&DUSHQWHU�	�6KDK���������5,61�PRGHOLQJ�DOVR�FRQWUDVWV�ZLWK�
WKH�UDUHU�PRGHOV�WKDW�XVH�RQO\�YLVXDO�UHSUHVHQWDWLRQV�IRU�LQIHUHQFHV��VXFK�DV�)XUQDV¶V��������%,73,&�
DQG�.XQGD��0F*UHJJRU�	�*RHO¶V��������DIILQH�PRGHO�RI�VROXWLRQV�WR�5DYHQ¶V�SURJUHVVLYH�PDWULFHV�
LQWHOOLJHQFH�WHVW��$OO�WKHVH�IRFXV�RQ�WKH�SURFHVVHV�XVHG�E\�DQ�DJHQW�WR�WUDQVIRUP�LWV�FXUUHQW�VWDWH�RI�
NQRZOHGJH�LQWR�QHZ�VWDWHV��LQ�WKH�FRQWH[W�RI�WDVN�JRDOV��,Q�FRQWUDVW��WKH�WDUJHW�RI�5,67�PRGHOV�LV�WR�
XQGHUVWDQG�WKH�VWUXFWXUH�RI�WKH�PHQWDO�UHSUHVHQWDWLRQ�WKDW�D�XVHU�RI�DQ�(5�EXLOGV�ZKHQ�XVLQJ�DQ�(5��
5,67�PRGHOV�DUH�VWDWLF�VQDSVKRWV�RI�D�XVHU¶V�VWDWH�NQRZOHGJH�DW�D�JLYHQ�PRPHQW��VR�KDYH�SDUDOOHOV�
WR�GHVFULSWLRQV� LQ� WKH�IRUP�RI� WUDGLWLRQDO�SURSRVLWLRQDO�RU� VHPDQWLF�QHWZRUNV��RU� VFKHPD� WKHRU\��
+RZHYHU��5,67�GLIIHUV�LQ�WKDW�LW�PDNHV�VSHFLILF�FODLPV�DERXW�WKH�QDWXUH�RI�LWV�VFKHPDV�DQG�KRZ�WKH\�
DUH�FRQQHFWHG��DOO�IRXU�W\SHV�RI�VFKHPD�FRRUGLQDWH�LQIRUPDWLRQ�DERXW�GRPDLQ�FRQFHSWV�DQG�REMHFWV�
LQ�WKH�(5��)XUWKHU��5,6(��WKH�HGLWRU�IRU�5,61�PRGHOV��RSHUDWLRQDOL]HV�WKH�FODLPV�RI�5,67�LQ�WKH�
UXOHV�WKDW�JRYHUQ�WKH�FRQVWUXFWLRQ�RI�QHWZRUNV��,Q�WKH�PDQQHU�WKDW�FRJQLWLYH�DUFKLWHFWXUHV�HQFRGH�
WKHRUHWLFDO�FODLPV�DERXW�FRJQLWLYH�SURFHVVHV��WKDW�LQ�WXUQ�FRQVWUDLQ�WKH�SRVVLEOH�PRGHOV�WKDW�FDQ�EH�
EXLOW��5,61�DQG�5,6(�HPERG\�WKHRUHWLFDO�FODLPV�RI�5,67�DERXW� WKH�QDWXUH�RI�LQWHUSUHWDWLRQV�RI�
UHSUHVHQWDWLRQV��2I�FRXUVH��RQH�FDQ�LPDJLQH�PRGHOLQJ�LQIHUHQWLDO�SURFHVVHV�ZLWK�D�VXFFHVVLRQ�RI�
5,61�PRGHOV�WR�VKRZ�WKH�JUDGXDO�WUDQVIRUPDWLRQ�RI�WKH�QHWZRUN�RI�VFKHPDV��+RZHYHU��WKDW�LV�ZRUN�
IRU�WKH�IXWXUH�� 

7KH�VHFRQG�LVVXH�FRQFHUQV�WKH�QDWXUH�RI�WKH�VFKHPDV�SURSRVHG�E\�5,67��$�WKHRUHWLFDO�FODLP�LV�
WKDW�IRXU�W\SHV�RI�VFKHPDV�DUH�QHFHVVDU\�DQG�VXIILFLHQW�WR�HQFRGH�WKH�PHPRU\�VWUXFWXUHV�WKDW�DUH�
LQWHUSUHWDWLRQV�RI�H[WHUQDO�JUDSKLFDO�UHSUHVHQWDWLRQV��2WKHU�DFFRXQWV�RI�FRJQLWLRQ�ZLWK�YLVXDO�UHSUH�
VHQWDWLRQV�KDYH�DOVR�LQYRNHG�WKH�LGHD�WKDW�VSHFLDOL]HG�VFKHPDV�DUH�HPSOR\HG�E\�WKH�PLQG�WR�HQFRGH�
QRQ�SURSRVLWLRQDO�LQIRUPDWLRQ��LQFOXGLQJ�&KDVH�DQG�6LPRQ¶V��������SHUFHSWXDO�FKXQNV��*REHW�	�
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6LPRQ¶V��������WHPSODWHV��DQG�.RHGLQJHU�	�$QGHUVRQ��������GLDJUDPPDWLF�FRQILJXUDWLRQV�VFKH�
PDV��5,67�VFKHPDV�GLIIHU� IURP�WKRVH�SULRU�DFFRXQWV�LQ� WKUHH�ZD\V��)LUVW��DV�5,67�DLPV� WR�EH�D�
JHQHUDO�WKHRU\�RI�LQWHUSUHWDWLRQ�RI�UHSUHVHQWDWLRQV��UDWKHU�WKDQ�DQ�DFFRXQW�IRU�D�SDUWLFXODU�GRPDLQ��
LW�WKHRUL]HV�IRXU�GLIIHUHQW�W\SHV�RI�VFKHPDV��5HSUHVHQWDWLRQ��5�VFKHPH��5�GLPHQVLRQ�DQG�5�V\P�
ERO��WKDW�HDFK�SOD\�GLIIHUHQW�IXQFWLRQV�LQ�LQWHUSUHWDWLRQV��UDWKHU�WKDQ�SURSRVLQJ�RQH�FODVV�RI�VFKHPDV��
6HFRQG��DQG�RI�SDUWLFXODU�LPSRUWDQFH��LV�WKH�LGHD�WKDW�D�FRUH�IXQFWLRQ�RI�WKH�VFKHPDV�LV�WR�DVVRFLDWH�
FRQFHSWXDO��SURSRVLWLRQDO��LQIRUPDWLRQ�DERXW�D�WRSLF�ZLWK�PHQWDO�LPDJHV��YLVXRVSDWLDO��LQIRUPDWLRQ�
SHUFHLYHG�IURP�WKH�H[WHUQDO�UHSUHVHQWDWLRQ��7KH�DELOLW\�RI�5,61�WR�H[SUHVV�YDU\LQJ�W\SHV�DQG�OHYHOV�
RI�FRQQHFWLRQ�EHWZHHQ�FRQFHSWV�DQG�WKH�JUDSKLFDO�FRPSRQHQWV�RI�DQ�(5�JLYHV�5,61�WKH�IOH[LELOLW\�
WR�PRGHO�VXEWOH�YDULDWLRQV�EHWZHHQ�GLIIHUHQW�LQWHUSUHWDWLRQV��7KH�WKLUG�GLVWLQFWLRQ�WR�WKH�SUHYLRXV�
VFKHPD�DFFRXQWV�LV�WKDW�WKH�IRXU�VFKHPDV�FRQVWLWXWH�D�JHQHUDO�ODQJXDJH�IRU�GHVFULELQJ�LQWHUSUHWD�
WLRQV��ZKLFK�PD\�KDYH�WKH�SRWHQWLDO�WR�PRGHO�GLYHUVH�IRUPV�RI�UHSUHVHQWDWLRQV�DQG�UHSUHVHQWDWLRQV�
WKDW�DUH�ULFK�DQG�LQWULFDWH�� 

7KH�WKLUG�LVVXH�ZH�FRQVLGHU�FRQFHUQV�WKH�YDOLGLW\�RI�5,61�PRGHOV��7KHUH�DUH�WZR�DVSHFWV�WR�
YDOLGLW\��2QH�LV�WKHRUHWLFDO�±�WKHLU�FRQVLVWHQF\�ZLWK�WKH�FODLPV�RI�5,67��WKH�RWKHU�LV�HPSLULFDO�±�KRZ�
UHDOLVWLFDOO\�GR� WKH�5,61�PRGHOV� FDSWXUH�XVHUV¶�PHQWDO�PRGHOV"�2QH�RI� WKH�PRWLYDWLRQV� IRU� WKH�
GHYHORSPHQW�RI�5,6(�ZDV�SUHFLVHO\�WR�HPERG\�WKH�WKHRUHWLFDO�FODLPV�LQ�D�WRRO�WKDW�FRQVWUDLQV�WKH�
IRUP�RI�PRGHOV�WKDW�FDQ�EH�EXLOW��7KH�HPSLULFDO�DVSHFW�LV�LQKHUHQWO\�FKDOOHQJLQJ��EHFDXVH�LQWHUSUH�
WDWLRQV�DUH�PHQWDO�UHSUHVHQWDWLRQV�DQG��DV�QRWHG�LQ�WKH�LQWURGXFWLRQ��LQWHUSUHWDWLRQV�FDQ�HDVLO\�YDU\�
LI�ZH�FKDQJH�WKH�JRDOV�RI�RXU�WDVN��7KXV��ZH�DUH�LQYHVWLJDWLQJ�FRQYHUJLQJ�PHWKRGV�IURP�PXOWLSOH�
DQJOHV�WR�DGGUHVV�WKH�FKDOOHQJH��7KH�ILUVW�DQJOH�LV�RXU�UHFRPPHQGHG�PHWKRG�IRU�EXLOGLQJ�PRGHOV�
�6HFWLRQ� ������ZKLFK� DLPV� WR� SURPRWH� SUHFLVLRQ� LQ� WKH� VSHFLILFDWLRQ� RI� LQWHUSUHWDWLRQV��$QDO\VWV�
VKRXOG�SURYLGH�DV�LQSXWV�WR�WKH�PRGHOLQJ�SURFHVV������D�YHUEDO�WDVN�RULHQWHG�GHVFULSWLRQ�RI�WKH�UHS�
UHVHQWDWLRQ�WKDW�PDWFKHV�WKH�JLYHQ�OHYHO�RI�H[SHULHQFH�RI�WKH�WDUJHW�XVHU������DQ�DQQRWDWHG�YHUVLRQ�
RI�WKH�(5�WKDW�VKRZV�WKH�PHDQLQJIXO�JUDSKLFDO�REMHFWV�RI�WKH�UHSUHVHQWDWLRQ�DW�PXOWLSOH�OHYHOV�RI�
JUDQXODULW\�DQG�DEVWUDFWLRQ��1HYHUWKHOHVV��WKH�TXDOLW\�RI�D�PRGHO�ZLOO�GHSHQG�XSRQ�WKH�DFFXUDF\�RI�
WKH�DQDO\VW¶V�NQRZOHGJH�RI�ZKDW�WKH�WDUJHW�XVHUV�XQGHUVWDQG��7KLV��RI�FRXUVH��LQWURGXFHV�DQ�XQNQRZQ�
DPRXQW�RI�VXEMHFWLYLW\�LQWR�WKH�PRGHOLQJ�SURFHVV��7KXV��IXWXUH�UHVHDUFK�ZLOO�QHHG�WR�GHYHORS�PHWK�
RGV�WKDW�ZLOO�GLUHFWO\�HOLFLW�XVHUV¶�LQWHUSUHWDWLRQV��IRU�H[DPSOH��E\�KDYLQJ�XVHUV�DQQRWDWH�WKHLU�RZQ�
UHSUHVHQWDWLRQV�ZKLOVW�JLYLQJ�FRQFXUUHQW�YHUEDOL]DWLRQV�IRU�ODWHU�DQDO\VLV�� 

)LQDOO\��OHW�XV�FRQVLGHU�WKH�SRWHQWLDO�XVH�RI�5,61�IRU�PRGHOLQJ��2EYLRXVO\��ZH�DVVHUW�WKDW�UH�
VHDUFK�RQ�FRJQLWLRQ�ZLWK�(5V�VKRXOG�EH�PRUH�H[SOLFLW�DERXW�WKH�GLYHUVLW\�RI�LQWHUSUHWDWLRQV�WKDW�FDQ�
H[LVW�RI�DQ\�UHSUHVHQWDWLRQV��EHFDXVH�XVHUV�DQG�WDVN�FRQWH[WV�LPSDFW�KRZ�XVHUV�UHDG�PHDQLQJ�LQWR�
H[WHUQDO�UHSUHVHQWDWLRQV��,Q�WKH�UHS�UHS�SURMHFW��PHQWLRQHG�DERYH��ZH�SODQ�WR�H[SORUH�ZKHWKHU�WHDFK�
HUV�ZLOO�EH�DEOH� WR�SURGXFH�5,61�PRGHOV��ZKLFK�PD\�HQDEOH�WKHP�WR� FRQVLGHU�WKH�VXLWDELOLW\�RI�
FKRVHQ�UHSUHVHQWDWLRQV�PRUH�H[SOLFLWO\�IRU�WRSLFV�LQ�D�FXUULFXOXP��)XUWKHU��LQ�WKDW�SURMHFW��ZH�DUH�
LQYHVWLJDWLQJ�KRZ�WR�XVH�5,61�PRGHOV� WR�TXDQWLI\� WKH�FRJQLWLYH�DGHTXDF\�RI� UHSUHVHQWDWLRQV� LQ�
WHUPV�RI�WKHLU�FRJQLWLYH�SURSHUWLHV��&KHQJ�HW�DO����������,Q�WKH�,QWURGXFWLRQ�ZH�OLVWHG�VLWXDWLRQV�LQ�
ZKLFK�XVHUV¶�LQWHUSUHWDWLRQV�RI�UHSUHVHQWDWLRQV�DUH�OLNHO\�WR�GLIIHU��2EYLRXVO\��WR�PRGHO�DOWHUQDWLYH�
UHDGLQJV�RI�DQ�(5�E\�GLIIHUHQW�XVHUV��DOWHUQDWLYH�5,61�PRGHOV�ZRXOG�EH�EXLOW��,Q�FRQWUDVW��IRU�LQ�
WHUSUHWDWLRQV�RI�D�VLQJOH�XVHU�WKDW�HYROYH�RYHU�GLIIHUHQW�WLPHV�VFDOHV��RQH�PLJKW�EXLOG�VHTXHQFHV�RI�
PRGHOV�WR�FDSWXUH�WKH�LQWHUSUHWDWLRQV�DW�VXFFHVVLYH�VWDJHV��)RU�WKH�SURFHVV�RI�UHDGLQJ�RYHU�D�VKRUW�
WLPHVFDOH�WKH�PRGHOV�PLJKW�UHIOHFW�WKH�JUDGXDO�DGGLWLRQ�RI�FRQWHQW�LQWR�WKH�VORWV�RI�WKH�VFKHPDV�DQG�
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WKH�LQVWDQWLDWLRQ�RI�VFKHPDV�LQ�WKH�QHWZRUN��)RU�OHDUQLQJ�RYHU�DQ�LQWHUPHGLDWH�WLPHVFDOH��VXEQHW�
ZRUNV�IURP�D�GHWDLOHG�PRGHO�PLJKW�EH�UHSODFHG�E\�VLQJOH�VFKHPDV�LQ�RUGHU�WR�UHIOHFW�WKH�FKXQNLQJ�
RI�FRPSRQHQWV��)RU�PRGHOV�RI�WKH�GHYHORSPHQW�RI�H[SHUWLVH��DOWHUQDWLYH�PRGHOV�ZLWK�GUDPDWLF�UH�
VWUXFWXULQJ� RI� WKH� RYHUDOO� IRUP� IRU� WKHLU� QHWZRUNV� PLJKW� EH� EXLOW� WR� UHIOHFW� UDGLFDO� FRQFHSWXDO�
FKDQJHV�� 

:H�DOVR�HQYLVDJH�D�SRWHQWLDO�UROH�IRU�5,61�PRGHOV�LQ�WKH�GHVLJQ�RI�UHSUHVHQWDWLRQV�DQG�LQIRU�
PDWLRQ� YLVXDOL]DWLRQV��'HVLJQHUV�PLJKW� EXLOG� 5,61�PRGHOV� LQ� RUGHU� WR� V\VWHPDWLFDOO\� TXHVWLRQ�
ZKHWKHU�SDUWLFXODU�GHVLJQV�RI�UHSUHVHQWDWLRQV�DUH�HIIHFWLYH�DQG�VXLWDEOH�IRU�WKH�LQWHQGHG�DXGLHQFH��
,I�WKH�GHYHORSHU�ZKR�SRVWHG�)LJXUH���RQ�6WDFN�2YHUIORZ�KDG�EXLOW�D�5,61�PRGHO�RI�LW��WKH\�PLJKW�
KDYH�UHDOL]HG�LWV�SUREOHPV�WKHPVHOYHV�DQG�KDYH�FKRVHQ�D�EHWWHU�DOWHUQDWLYH�HYHQ�EHIRUH�DVNLQJ�IRU�
FRGLQJ�DGYLFH�� 

$FNQRZOHGJHPHQWV 

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�(365&�JUDQWV�(3�5����������(3�7����������(3�7���������DQG�
(3�5���������� 

5HIHUHQFHV 

%DUZLVH��-���	�(WFKHPHQG\��-����������+HWHURJHQRXV�ORJLF��,Q�-��*ODVJRZ��1��+��1DUD\DQDQ��	�%��
&KDQGUDVHNDUDQ��(GV����'LDJUDPPDWLF�5HDVRQLQJ��&RJQLWLYH�DQG�&RPSXWDWLRQDO�3HUVSHFWLYHV�
�SS������������0HQOR�3DUN��&$��$$$,�3UHVV� 

&DUG�� 6���0DF.LQOD\�� -��� 	� 6KQHLGHUPDQ�� %�� �������� ,QIRUPDWLRQ�9LVXDOL]DWLRQ�� ,Q� 6�� &DUG�� -��
0DF.LQOD\��	�%��6KQHLGHUPDQ��(GV����5HDGLQJV�LQ�,QIRUPDWLRQ�9LVXDOL]DWLRQ��SS���������0DK�
ZDK��1�-���/DZUHQFH�(UOEDXP�$VVRFLDWHV� 

&DUSHQWHU��3��$���	�6KDK��3����������$�PRGHO�RI�WKH�SHUFHSWXDO�DQG�FRQFHSWXDO�SURFHVVHV�LQ�JUDSK�
FRPSUHKHQVLRQ��-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\��$SSOLHG���������������� 

&KDVH��:��*���	�6LPRQ��+��$����������3HUFHSWLRQ�LQ�FKHVV��&RJQLWLYH�3V\FKRORJ\��������������� 
&KHQJ��3��&��+����������1HWZRUNV�RI�ODZ�HQFRGLQJ�GLDJUDPV�IRU�XQGHUVWDQGLQJ�VFLHQFH��(XURSHDQ�
-RXUQDO�RI�3V\FKRORJ\�RI�(GXFDWLRQ������������±����� 

&KHQJ��3��&��+����������(OHFWULI\LQJ�GLDJUDPV�IRU�OHDUQLQJ��SULQFLSOHV�IRU�HIIHFWLYH�UHSUHVHQWDWLRQDO�
V\VWHPV��&RJQLWLYH�6FLHQFH����������������� 

&KHQJ��3��&��+����������:K\�GLDJUDPV�DUH��VRPHWLPHV��VL[�WLPHV�HDVLHU�WKDQ�ZRUGV��EHQHILWV�EH�
\RQG�ORFDWLRQDO�LQGH[LQJ��,Q�$��%ODFNZHOO��.��0DUULRW��	�$��6KLPRMLPD��(GV����'LDJUDPV������
�SS������������%HUOLQ��6SULQJHU�9HUODJ� 

&KHQJ��3��&��+����������3UREDEO\�JRRG�GLDJUDPV�IRU�OHDUQLQJ��5HSUHVHQWDWLRQDO�HSLVWHPLF�UH�FRGL�
ILFDWLRQ�RI�SUREDELOLW\�WKHRU\�7RSLFV�LQ�&RJQLWLYH�6FLHQFH���������������� 

&KHQJ��3��&��+�������D���$�6NHWFK�RI�D�7KHRU\�DQG�0RGHOOLQJ�1RWDWLRQ�IRU�(OXFLGDWLQJ�WKH�6WUXFWXUH�
RI�5HSUHVHQWDWLRQV��,Q��3LHWDULQHQ��$9���&KDSPDQ��3���%RVYHOG�GH�6PHW��/���*LDUGLQR��9���&RUWHU��
-���/LQNHU��6���(GV����'LDJUDPV�������/1&6��YRO���������6SULQJHU��&KDP�� 

&KHQJ��3��&��+�������E���7UXWK�'LDJUDPV�YHUVXV�H[WDQW�QRWDWLRQV�IRU�SURSRVLWLRQDO�ORJLF��-RXUQDO�
RI�/DQJXDJH��/RJLF�DQG�,QIRUPDWLRQ��������������� 
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&KHQJ��3��&��+���*DUFLD�*DUFLD��*���5DJJL��'���6WRFNGLOO��$���	�-DPQLN��0����������&RJQLWLYH�3URS�
HUWLHV�RI�5HSUHVHQWDWLRQV��$�)UDPHZRUN��,Q�$��%DVX��*��6WDSOHWRQ��6��/LQNHU��&��/HJJ��(��0DQDOR��
	�3��9LDQD��(GV����'LDJUDPV��������SS������������&KDP��6SULQJHU� 

&KHQJ��3��&��+���6WRFNGLOO��$���*DUFLD�*DUFLD��*���5DJJL��'���	�-DPQLN��0����������5HSUHVHQWDWLRQDO�
,QWHUSUHWLYH�6WUXFWXUH��7KHRU\�DQG�1RWDWLRQ��$FFHSWHG�IRU�SXEOLFDWLRQ��'LDJUDPV������ 

&KL��0��7��+���*ODVHU��5���	�)DUU��0��-���(GV������������7KH�1DWXUH�RI�([SHUWLVH��+LOOVGDOH��1�-���/��
(UOEDXP�$VVRFLDWHV� 

(JDQ��'��(���	�6FKZDUW]��%�� -�� ��������&KXQNLQJ� LQ� UHFDOO� RI� V\PEROLF�GUDZLQJV��0HPRU\�DQG�
&RJQLWLRQ����������������� 

)XUQDV��*��:����������5HDVRQLQJ�ZLWK�GLDJUDPV�RQO\��,Q�+��1DUD\DQDQ��(G����$$$,�7HFKQLFDO�5H�
SRUW�RQ�5HDVRQLQJ�ZLWK�'LDJUDPPDWLF�5HSUHVHQWDWLRQV� �5HSRUW�1R��66�������� �SS������������
0HQOR�3DUN��&$��$$$,� 

*REHW��)���	�6LPRQ��+��$����������7HPSODWHV�LQ�FKHVV�PHPRU\��D�PHFKDQLVP�IRU�UHFDOOLQJ�VHYHUDO�
ERDUGV��&RJQLWLYH�3V\FKRORJ\������������ 

*XUU��&��$����������2Q�WKH�LVRPRUSKLVP��RU�ODFN�RI�LW��RI�UHSUHVHQWDWLRQV�,Q�.��0DUULRWW�	�%��0H\HU�
�(GV����9LVXDO�/DQJXDJH�7KHRU\��SS������������1HZ�<RUN��1<��6SULQJHU�9HUODJ� 

-DPQLN��0���	�&KHQJ��3��&��+����������(QGRZLQJ�PDFKLQHV�ZLWK�WKH�H[SHUW�KXPDQ�DELOLW\�WR�VHOHFW�
UHSUHVHQWDWLRQV��ZK\�DQG�KRZ��,Q�6��0XJJOHWRQ�	�1��&KDWHU��(GV����+XPDQ�/LNH�0DFKLQH�,QWHO�
OLJHQFH��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV� 

.RHGLQJHU��.��5���	�$QGHUVRQ��-��5����������$EVWUDFW�SODQQLQJ�DQG�SHUFHSWXDO�FKXQNV��(OHPHQWV�RI�
H[SHUWLVH�LQ�JHRPHWU\��&RJQLWLYH�6FLHQFH��������������� 

.RVVO\Q��6��0����������8QGHUVWDQGLQJ�FKDUWV�DQG�JUDSKV��$SSO��&RJQ��3V\FKRO��������������� 
/DUNLQ��-��+��	�6LPRQ��+��$����������:K\�D�GLDJUDP�LV��VRPHWLPHV��ZRUWK�WHQ�WKRXVDQG�ZRUGV��
&RJQLWLYH�6FLHQFH�������������� 

/DUNLQ��-��+����������'LVSOD\�EDVHG�SUREOHP�VROYLQJ��,Q�'��.ODKU�	�.��.RWRYVN\��(GV����&RPSOH[�
,QIRUPDWLRQ�3URFHVVLQJ��7KH�,PSDFW�RI�+HUEHUW�$��6LPRQ��SS������������+LOOVGDOH��1HZ�-HUVH\��
/DZUHQFH�(UOEDXP�$VVRFLDWHV� 

0RRG\��'��/����������7KH�³SK\VLFV´�RI�QRWDWLRQV��WRZDUG�D�VFLHQWLILF�EDVLV�IRU�FRQVWUXFWLQJ�YLVXDO�
QRWDWLRQV�LQ�VRIWZDUH�HQJLQHHULQJ��6RIWZDUH�(QJLQHHULQJ��,(((�7UDQVDFWLRQV�RQ������������������ 

3HHEOHV��'��-���	�&KHQJ��3��&��+����������0RGHOOLQJ�WKH�HIIHFW�RI�WDVN�DQG�JUDSKLFDO�UHSUHVHQWDWLRQV�
RQ�UHVSRQVH�ODWHQFLHV�LQ�D�JUDSK�UHDGLQJ�WDVN��+XPDQ�IDFWRUV���������������� 

3LQNHU��6����������$�WKHRU\�RI�JUDSK�FRPSUHKHQVLRQ��,Q�5��)UHHGOH��(G����$UWLILFLDO�,QWHOOLJHQFH�DQG�
WKH�)XWXUH�RI�7HVWLQJ��SS�����������+LOOVGDOH��1-��/DZUHQFH�(UOEDXP� 

5DJJL��'���6WDSOHWRQ��*���6WRFNGLOO��$���-DPLN��0���*DUFLD�*DUFLD��*���	�&KHQJ��3��&��+����������
+RZ�WR��UH�UHSUHVHQW�LW"�,Q�6��3DQ��(G������QG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7RROV�ZLWK�$UWLILFLDO�
,QWHOOLJHQFH��,(((� 

5HHG��6�.����������0RGHOLQJ�YLVXRVSDWLDO�UHDVRQLQJ��6SDW��&RJQ��&RPSXW��������������� 
6WHYHQV��6��6����������2Q�WKH�WKHRU\�RI�VFDOHV�RI�PHDVXUHPHQW��6FLHQFH����������������±����� 
8OOPDQQ��-��5����������$Q�DOJRULWKP�IRU�VXEJUDSK�LVRPRUSKLVP��-RXUQDO�RI�WKH�$&0��������������� 
=KDQJ��-����������$�UHSUHVHQWDWLRQDO�DQDO\VLV�RI�UHODWLRQDO�LQIRUPDWLRQ�GLVSOD\V��,QWHUQDWLRQDO�-RXU�
QDO�RI�+XPDQ�&RPSXWHU�6WXGLHV��������������� 
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