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���7KH�:RUOG�:LGH�:HE�KDV�EURXJKW�FKDQJH�WR�
D�SRLQW�ZKHUH�LW�ZRXOG�EH�GLIILFXOW�WR�LPDJLQH�D�
ZRUOG�QRW�FRQQHFWHG�WKURXJK�RQOLQH�QHWZRUNV��
,Q�������RYHU�����RI�(XURSH¶V�SRSXODWLRQ�RI�
����PLOOLRQ�ZHUH�LQWHUQHW�XVHUV��,QWHUQHW�:RUOG�
6WDWV���������DQG�RQOLQH�VRFLDO�QHWZRUNLQJ�VLWHV�
KDV� HPHUJHG� DV� RQH� RI� WKH� ODWHVW� LQQRYDWLYH�
DSSOLFDWLRQV�IURP�WKH�:HE��ZLWK�KLJK�SURILOH�
VLWHV�VXFK�DV�)DFHERRN��KWWS���ZZZ�IDFHERRN�
FRP�� DQG� 0\VSDFH� �KWWS���ZZZ�P\VSDFH�
FRP���7KHLU� VRFLDO� DQG� HFRQRPLF� LPSDFW� IRU�
LQGLYLGXDOV� DQG� EXVLQHVV� KDV� EHHQ� GHVFULEHG�

DV�SURIRXQG��LQ�WKH�UHQGHULQJ�RI�D�QHZ�JOREDO�
IRRWSULQW��&KDUURQ�HW�DO����������7KHLU�XVDJH�KDV�
HYROYHG�IURP�LQLWLDOO\�EHLQJ�D�FRPPXQLFDWLRQ�
WRRO�WRZDUGV�D�FRQWHQW�VKDULQJ�DQG�VRFLDOLVLQJ�
SODWIRUP�IRU�OLNH�PLQGHG�SHRSOH��$�GLYHUVLW\�RI�
VLWHV�KDYH�HPHUJHG��UDQJLQJ�IURP�WKH�JHQHULF�
VRFLDO� QHWZRUNLQJ� VLWHV� VXFK� DV� )DFHERRN� WR�
VSHFLDOLVHG� FRQWHQW� VKDULQJ� VRFLDO� QHWZRUNV�
VXFK�DV�<RXWXEH��KWWS���ZZZ�\RXWXEH�FRP��DQG�
)OLFNU��KWWS���ZZZ�IOLFNU�FRP���RU�IRU�VSHFLILF�
GRPDLQV�VXFK�DV�DJHLQJ�XVHUV��VLWHV�VXFK�DV�(RQV�
�KWWS���ZZZ�HRQV�FRP��DQG�6DJD]RQH� �KWWS���
ZZZ�VDJD]RQH�FR�XN��

$V� VXFK�� UHVHDUFK� RI� RQOLQH� VRFLDO� QHW�
ZRUNV�� ZKLFK� DUH� FRPPRQO\� UHIHUUHG� WR� DV�
6RFLDO�1HWZRUN�$QDO\VLV��61$���KDYH�JDLQHG�

6RFLDO�1HWZRUN�$QDO\VLV�
$�6XUYH\

'DUUHQ�4XLQQ��8QLYHUVLW\�RI�8OVWHU��8.

/LPLQJ�&KHQ��8QLYHUVLW\�RI�8OVWHU��8.

0DXULFH�0XOYHQQD��8QLYHUVLW\�RI�8OVWHU��8.

$%675$&7
6RFLDO�1HWZRUN�$QDO\VLV�LV�DWWUDFWLQJ�JURZLQJ�DWWHQWLRQ�DV�VRFLDO�QHWZRUNLQJ�VLWHV�DQG�WKHLU�HQDEOHG�DSSOLFDWLRQV�
WUDQVIRUP�DQG�LPSDFW�VRFLHW\��7KLV�SDSHU�DLPV�WR�SURYLGH�D�FRPSUHKHQVLYH�UHYLHZ�RI�VRFLDO�QHWZRUN�DQDO\VLV�
VWDWH�RI�WKH�DUW�UHVHDUFK�DQG�SUDFWLFH��,Q�WKH�SDSHU�WKH�DXWKRUV¶�¿UVW�H[DPLQH�VRFLDO�QHWZRUNLQJ�DQG�WKH�FRUH�
FRQFHSWV�DQG�LQJUHGLHQWV�RI�VRFLDO�QHWZRUN�DQDO\VLV��6HFRQGO\��WKH\�UHYLHZ�WKH�WUHQG�RI�VRFLDO�QHWZRUNLQJ�
DQG�UHODWHG�UHVHDUFK��7KH�DXWKRUV¶�WKHQ�FRQVLGHU�PRGHOOLQJ�PRWLYDWLRQV��GLVFXVVLQJ�PRGHOV�LQ�OLQH�ZLWK�WLH�
IRUPDWLRQ�DSSURDFKHV��ZKHUH�FRQQHFWLRQV�EHWZHHQ�QRGHV�DUH�WDNHQ�LQWR�DFFRXQW��7KH�DXWKRUV¶�RXWOLQH�GDWD�
FROOHFWLRQ�DSSURDFKHV�DORQJ�ZLWK�WKH�FRPPRQ�VWUXFWXUDO�SURSHUWLHV�REVHUYHG�LQ�UHODWHG�OLWHUDWXUH��7KH\�WKHQ�
GLVFXVV�IXWXUH�GLUHFWLRQV�DQG�WKH�HPHUJLQJ�DSSURDFKHV�LQ�VRFLDO�QHWZRUN�DQDO\VLV�UHVHDUFK��QRWDEO\�VHPDQWLF�
VRFLDO�QHWZRUNV�DQG�VRFLDO�LQWHUDFWLRQ�DQDO\VLV�
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LQFUHDVLQJ�DWWHQWLRQ��61$�LQWHQGV�WR�PRGHO�DQG�
DQDO\VH� WKH� LQWHUGHSHQGHQW� UHODWLRQVKLSV� DQG�
KLGGHQ�SDWWHUQV�WKDW�PDNH�XS�D�VRFLDO�QHWZRUN�
VWUXFWXUH��H�J���IULHQGVKLSV��NLQVKLSV�EHOLHIV�RU�
LQWHUHVWV�� 6RFLDO� QHWZRUNV� KDYH�EHHQ� VWXGLHG�
H[WHQVLYHO\�LQ�PXOWLSOH�GLVFLSOLQHV�ZLWK�ZRUNV�
LQ�FRPPXQLFDWLRQ��:DVVHUPDQ�	�)DXVW���������
DQWKURSRORJ\� �%DUQHV�� ������ DQG� VRFLRORJ\�
�:HOOPDQ���������([DPSOHV�LQFOXGH�LWV�DSSOLFD�
WLRQ�LQ�(SLGHPLRORJ\�WR�XQGHUVWDQG�WKH�VSUHDG�RI�
GLVHDVH�LQ�D�SRSXODWLRQ��.ORYGDKO���������RU�LQ�
&RPSXWLQJ�6FLHQFH�WR�XQGHUVWDQG�WKH�LPSDFW�RI�
FRPPXQLW\�VWUXFWXUHV�LQ�RQOLQH�VRFLDO�QHWZRUNV�
�0LVORYH�HW�DO����������7KH�UHFHQW�HPHUJHQFH�
RI� RQOLQH� VRFLDO� QHWZRUNV� FDQ� EH� YLHZHG� DV�
EHLQJ� WKH� FRQWHPSRUDU\� HTXLYDOHQW� RI� VRFLDO�
QHWZRUNV�WKDW�KDYH�WUDGLWLRQDOO\�EHHQ�REVHUYHG�
DQG�VWXGLHG�SUHGRPLQDQWO\�WKURXJK�WKH�VRFLDO�
VFLHQFH�RI�DQWKURSRORJ\��$V�VXFK��UHVHDUFK�RI�
RQOLQH�61$�LV�RQO\�D�UHFHQW�GHYHORSPHQW��VWLOO�
LQ�LWV�LQIDQF\�

2QOLQH�VRFLDO�QHWZRUNV�KDYH�PDQ\�XQLTXH�
FKDUDFWHULVWLFV� WKDW� GLIIHUHQWLDWH� WKHP� IURP�
WUDGLWLRQDO�VRFLDO�QHWZRUNV�LQ�WHUPV�RI�IRUPD�
WLRQ��HYROXWLRQ�DQG�DQDO\VLV�DSSURDFKHV��)LUVWO\��
RQOLQH� VRFLDO�QHWZRUNV� IRUP�DQG�HYROYH� LQ�D�
ERWWRP�XS�ZD\�ZLWK�LQGLYLGXDO�XVHUV�GULYLQJ��
VKDSLQJ�DQG�FRQWUROOLQJ�WKH�QHWZRUNV��6HFRQGO\��
DQ�LQGLYLGXDO�RU�JURXS¶V�VRFLDO�QHWZRUN�LV�QR�
ORQJHU� ORFDWLRQ� UHVWULFWHG��DOORZLQJ�XVHUV�DF�
FHVV�WR�VRFLDO�QHWZRUNV�ZKLFK�PD\�SUHYLRXVO\�
KDYH�EHHQ�UHVWULFWHG�E\�D�SDUWLFXODU�ORFDWLRQ�RU�
GHPRJUDSKLF��$Q�HQKDQFHG�QHWZRUN� UHDFK� LV�
SURYLGLQJ�XVHUV�ZLWK�JUHDWHU�H[SRVXUH�DQG�YLV�
LELOLW\�WR�UHODWDEOH�FRPPXQLWLHV�DQG�LQIRUPDWLRQ��
7KLUGO\��RQOLQH�VRFLDO�QHWZRUNV�DOORZ�IRU�PRUH�
FRQWUROOHG��GLUHFWHG�FRPPXQLFDWLRQV�DQG�FRQ�
WDFW�WR�GUDZ�LQIRUPDWLRQ�IURP�VSHFLILF�GRPDLQV�
RI�LQWHUHVW��,Q�DGGLWLRQ��FRQWDFW�IUHTXHQF\�DQG�
LQIRUPDWLRQ� GLVFORVXUH� DUH� VHOI� LPSRVHG�� DO�
ORZLQJ�WKH�XVHU�WR�SHUIRUP�LQ�DQ�REVHUYDWLRQDO�
RU�FRQWULEXWRU\�UROH�ZLWKLQ�D�QHWZRUN��*LYHQ�
WKH�XQLTXH�IHDWXUHV�RI�RQOLQH�VRFLDO�QHWZRUNV��
61$�UHTXLUHV�D�QHZ�ZDYH�RI�DSSURDFKHV�DQG�
PHWKRGV�GLIIHUHQW�IURP�WKH�DSSURDFKHV�WUDGLWLRQ�
DOO\�DSSOLHG�LQ�VRFLDO�VFLHQFHV�WR�JDLQ�LQVLJKWV�
DQG� GLVFRYHU� LQWULQVLF� UHJXODULWLHV�� &XUUHQWO\�
WKHUH�DUH�D�ZKROH�UDIW�RI�61$�DSSURDFKHV�EHLQJ�

GHYHORSHG��UDQJLQJ�IURP�QHWZRUN�PRGHOOLQJ��
FRPPXQLW\� IRUPDWLRQ� DQG� VHPDQWLF� DQDO\VLV�
�.XPSXOD�HW�DO���������3IHLO�	�=DSKLULV��������
(UpWpR�HW�DO���������

$V�GLVFXVVHG�61$�KDV�WKH�SRWHQWLDO�WR�EH�
DSSOLHG�WR�D�EURDG�UDQJH�RI�DUHDV��7KH�LQWHQ�
WLRQ�RI� WKH�VXUYH\�ZLOO�EH� WR� UHYLHZ�WKH�DUHD�
RI� VRFLDO� QHWZRUN� DQDO\VLV�� ZLWK� SDUWLFXODU�
IRFXV�RQ�LQYHVWLJDWLQJ�WKH�LPSDFW�RQOLQH�VRFLDO�
QHWZRUNV� KDYH�PDGH�RQ� WKH� DUHD�� GLVFXVVLQJ�
SDVW��SUHVHQW�DQG�IXWXUH�DSSURDFKHV�DQG�WKHLU�
SRWHQWLDO�DSSOLFDWLRQ��$V�SDUW�RI�WKH�VXUYH\��D�
OLWHUDWXUH�UHYLHZ�ZDV�SHUIRUPHG�XVLQJ�D�YDUL�
HW\� RI� WHFKQLTXHV�ZKLFK� LQFOXGHG�� VHDUFKLQJ�
ZLWKLQ�WKH�ELEOLRJUDSKLF�GDWDEDVHV�RI�:HE�RI�
6FLHQFH�DQG�*RRJOH�6FKRODU�ZLWK�NH\�WHUPV�DQG�
SKUDVHV��H�J���VRFLDO�QHWZRUN�DQDO\VLV��VXUYH\���
$�IXUWKHU�UHYLHZ�SURFHVV�IROORZHG�ZKHUHE\�DOO�
OLWHUDWXUH�ZDV� DVVHVVHG� IRU� VXLWDELOLW\�ZLWKLQ�
WKH� VXUYH\� VFRSH��$OO� UHOHYDQW� OLWHUDWXUH�ZDV�
IXUWKHU�FODVVLILHG�IRU�LQFOXVLRQ�ZLWKLQ�GLVWLQFW�
VXE� FDWHJRULHV� DQG� GLVFXVVHG� ZLWKLQ� WKH� DS�
SURSULDWH�VHFWLRQ�KHDGLQJV�RI�WKH�VXUYH\��7KH�
VXUYH\� UHPLW� ZLOO� QRW� EH� WR� GLVFXVV� DUHDV� LQ�
VSHFLILF�GHWDLO�� DV�KDV�DOUHDG\�EHHQ�DFKLHYHG�
LQ�D�QXPEHU�RI�UHODWHG�ZRUNV�DQG�VWXGLHV��EXW�
UDWKHU�WR�SURYLGH�D�JHQHUDO�LQVLJKW�LQWR�FRPPRQ�
DSSURDFKHV�ZLWKLQ�WKLV�EURDG�DUHD��7KH�DLP�RI�
WKH�SDSHU�ZLOO�EH�WR�UHYLHZ�WKH�FXUUHQW�VWDWH�RI�
WKH�DUW�RI�61$��DQG�WR�LGHQWLI\�DQG�GLVFXVV�WKH�
WUHQGV�� DSSURDFKHV�DQG� WHFKQRORJLHV�RI�61$�
DQG�SRWHQWLDO�IXWXUH�GLUHFWLRQV��,W�ZLOO�GLVFXVV�
WKH�IXQGDPHQWDO�DUHDV�DQG�UHODWHG�ZRUNV�DVVRFL�
DWHG�ZLWK�61$��7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�
RUJDQLVHG�DV�IROORZV��6HFWLRQ���GLVFXVVHV�WKH�
WUHQG�RI�VRFLDO�QHWZRUNLQJ�VLWHV�DQG�WKHLU�DS�
SOLFDWLRQ�DQG�WUHQGV�LQ�UHODWHG�UHVHDUFK��6HFWLRQ�
�� LQYHVWLJDWHV� WKH�PRWLYDWLRQV�RI�ZK\� VRFLDO�
QHWZRUNV�VKRXOG�EH�PRGHOOHG��$�UDQJH�RI�VRFLDO�
QHWZRUN�PRGHOV�DQG�WKHLU�HIIHFW�RQ�D�QHWZRUN�
VWUXFWXUH�DUH�IXUWKHU�H[DPLQHG��7LH�IRUPDWLRQ�
DQG� HYROXWLRQ� DV� NH\� QHWZRUN� FRQFHSWV� DUH�
UHYLHZHG��6HFWLRQ���IRFXVHV�RQ�GDWD�FROOHFWLRQ�
DSSURDFKHV� �WUDGLWLRQDO� DQG� FRQWHPSRUDU\��
DQG�GLVFXVVHV�FRPPRQ�VWUXFWXUDO�SURSHUWLHV�LQ�
XQGHUVWDQGLQJ�WKH�XVHU�UROH�LQ�D�QHWZRUN��DQG�
VRFLDO� QHWZRUN� PHWULFV�� 6HFWLRQ� �� GLVFXVVHV�
WKH�SRWHQWLDO�IXWXUH�GLUHFWLRQV�RI�VHPDQWLFV�LQ�

IGI GLOBAL PROOF



�����,QWHUQDWLRQDO�-RXUQDO�RI�$PELHQW�&RPSXWLQJ�DQG�,QWHOOLJHQFH���������������-XO\�6HSWHPEHU�����

&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

RQOLQH�QHWZRUN�PRGHOOLQJ�DQG�DQDO\VLV��6HFWLRQ�
��VXPPDULHV�WKH�NH\�LVVXHV�ZLWKLQ�61$�

���%$&.*5281'�$1'�
&217(;7�)25�62&,$/�
1(7:25.�$1$/<6,6

2QOLQH� VRFLDO� QHWZRUNLQJ� KDV� EHHQ� GHVLJQHG�
IRU� WZR� SULPDU\� SXUSRVHV�� �L�� WR� HQDEOH� WKH�
VKDULQJ�DQG�LQWHUDFWLRQ�RI�GDWD���LL��WR�VXSSRUW�
WKH�VRFLDO�DFWLYLWLHV�RI�XVHUV��7UHQGV�LQ�VRFLDO�
QHWZRUNLQJ�FDQ�EH�VHHQ�WR�KDYH�EHHQ�GULYHQ�E\�
WKH� DGYDQFHPHQWV� LQ� WHFKQRORJ\��ZLWK�PDQ\�
RI� WRGD\¶V� SRSXODU� VLWHV� GHYHORSHG� DIWHU� WKH�
HPHUJHQFH� RI� ZHE�����$V� D� WHUP� FRLQHG� E\�
'L1XFFL���������:HE����SURYLGHG�XVHUV�ZLWK�D�
JHQHUDWLRQ�RI�VLWHV�ZKLFK�IDFLOLWDWHG�LQWHUDFWLYH�
LQIRUPDWLRQ�VKDULQJ��HQDEOLQJ�XVHUV�WR�EHFRPH�
DFWLYH�DXWKRUV�DQG�FRQWULEXWRUV�RI�FRQWHQW��$V�DQ�
DUFKHW\SDO�ZHE����VLWH��)OLFNU�DV�DQ�H[DPSOH�ZDV�
GHYHORSHG�DV�D�SKRWR�PDQDJHPHQW�VLWH�DOORZLQJ�
LWV�XVHUV�WR�DSSO\�VHPDQWLF�PHDQLQJ�WKURXJK�WKH�
µWDJJLQJ¶�RI�LPDJHV��D�SURFHVV�ZKHUHE\�PHWD�
GDWD�LV�DSSOLHG�WR�SURYLGH�FRQWH[W�WR�IODW�GDWD��
:LWK�VXFK�FDSDELOLWLHV��VRFLDO�QHWZRUNLQJ�VLWHV�
DUH�QRZ�FDSDEOH�RI�SURYLGLQJ�DQ�LQFUHDVLQJO\�
HQULFKHG�DQG�SHUVRQDOLVHG�XVHU�H[SHULHQFH��D�NH\�
IHDWXUH�ZKLFK�KHOSHG�IXHO�WKH�H[SORVLRQ�LQ�XVHU�
SRSXODULW\��WR�WKH�SRLQW�ZKHUH�WKHLU�LPSDFW�LV�
DFFHSWHG�DV�D�SKHQRPHQRQ��&RRNH�	�%XFNOH\��
������3DUDPHVZDUDQ�	�:KLQVWRQ��������.ZDL�
)XQ���������)DFHERRN�DV� WKH�FXUUHQW�QXPEHU�
RQH� VRFLDO� QHWZRUNLQJ� VLWH� �(EL]PED�� ������
ZDV�HVWDEOLVKHG�RQ�WKH��WK�)HEUXDU\�������DQG�
HSLWRPLVHV�WKH�UDSLG�JURZWK�DQG�VXFFHVV�RI�VRFLDO�
QHWZRUNLQJ��,Q�OLWWOH�RYHU���\HDUV�)DFHERRN�QRZ�
KDV�PRUH�WKDQ�����PLOOLRQ�DFWLYH�XVHUV��VKDULQJ�
PRUH�WKDQ����ELOOLRQ�SLHFHV�RI�FRQWHQW��ZHE�OLQNV��
QHZV�VWRULHV��EORJV��QRWHV��SKRWR�DOEXPV��HDFK�
PRQWK��)DFHERRN�6WDWLVWLFV���������7KH�ILJXUHV�
LOOXVWUDWH� WKH�SRSXODULW\�RI�VRFLDO�QHWZRUNLQJ�
IRU�XVHU�FRQQHFWLYLW\�DQG�LQIRUPDWLRQ�VKDULQJ��
,Q�D�VKRUW�VSDFH�RI�WLPH�VRFLDO�QHWZRUNLQJ�KDV�
HVWDEOLVKHG�LWVHOI�DV�D�UHFRJQLVHG�SDUDGLJP�IRU�
FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ��$V�DQ�H[DPSOH�
RI�UHVHDUFK�FDUULHG�RXW�LQ�RQOLQH�VRFLDO�QHWZRUNV�
DQG�WKHLU�GLYHUVH�DSSOLFDWLRQ�V���)DFHERRN�KDV�

EHHQ�GHPRQVWUDWHG� IRU� LWV� XVH� LQ� WKH� VKDULQJ�
RI�H[SHULHQFHV��GLDJQRVLV�DQG�PDQDJHPHQW�RI�
GLVHDVH��)DUPHU�HW�DO����������6RFLDO�QHWZRUNLQJ�
DV�D�FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ�WRRO�LV�SUR�
YLGLQJ�D�FRQQHFWLRQ�IRU�LVRODWHG�LQGLYLGXDOV�RU�
JURXSV�ZLVKLQJ�WR�VKDUH�H[SHULHQFHV��HYHQWV�DQG�
HPRWLRQV��7KH�ODUJH�VFDOH�XSWDNH�DQG�SRSXODULW\�
RI�VXFK�WHFKQRORJLHV�KDV�DOUHDG\�JHQHUDWHG�GDWD�
VHWV�WKDW�DUH�EHLQJ�H[SORLWHG�E\�ERWK�UHVHDUFK�
DQG�LQGXVWU\�IRU�WKH�DQDO\VLV�DQG�REVHUYDWLRQ�
RI�VRFLDO�QHWZRUNLQJ�

$V�XVHU�SRSXODULW\�KDV�LQFUHDVHG�LQ�RQOLQH�
VRFLDO�QHWZRUNV��VR�KDV�WKH�DVVRFLDWHG�UHVHDUFK�
LQWHUHVW�LQ�D�UDQJH�RI�GLVFLSOLQHV��LQYHVWLJDWLQJ�
LVVXHV�UHODWLQJ�WR�PHPEHUV�SURILOHV��7KHOZDOO��
������ 3IHLO� 	� =DSKLULV�� ������� LQIRUPDWLRQ�
UHYHODWLRQ� DQG� SULYDF\� �*URVV� HW� DO��� �������
FRPPXQLW\� VWUXFWXUHV� �/HZLV� HW� DO��� ������
3RUWHU�HW�DO���������7UDXG�HW�DO�����������VRFLDO�
QHWZRUNLQJ�SDWWHUQV��3IHLO�	�=DSKLULV��������
=DSKLULV�	�6DUZDU��������DQG�VRFLDO�QHWZRUN�
PRGHOOLQJ� �.XPSXOD� HW� DO��� ������ +XQWHU� HW�
DO����������,Q�WHUPV�RI�XVHU�YROXPH��VWXGLHV�E\�
&KDX�HW�DO����������0LVORYH�HW�DO����������DQG�
:LOVRQ�HW�DO���������DUH�QRWHZRUWK\�FROOHFWLQJ�
RYHU����PLOOLRQ�SURILOHV��0LVORYH���������DW�WKH�
WLPH�ZDV�WKH�ODUJHVW�DQDO\VLV�RI�RQOLQH�VRFLDO�
QHWZRUNV��FRQWDLQLQJ�RYHU������PLOOLRQ�XVHUV�
DQG�����PLOOLRQ�OLQNV��,Q�WKLV�ZRUN�IRXU�SRSX�
ODU�RQOLQH�VRFLDO�QHWZRUNLQJ�VLWHV�RI�<RX7XEH��
)OLFNU�� /LYH-RXUQDO� �KWWS���ZZZ�OLYHMRXUQDO�
FRP��DQG�2UNXW��KWWS���ZZZ�RUNXW�FRP��ZHUH�
DQDO\VHG�� 7KH� ODUJH� VFDOH� PHDVXUHPHQW� DQG�
DQDO\VLV�RI�VWUXFWXUDO�SURSHUWLHV�ZLWKLQ�RQOLQH�
VRFLDO�QHWZRUNV�FRQILUPHG� WKH� LQ�GHJUHH�DQG�
RXW�GHJUHH�RI�XVHUV�LV�OLNHO\�WR�EH�HTXDO��DQG�
WKDW� VXFK� RQOLQH� QHWZRUNV� FRQWDLQ� D� KHDYLO\�
FRQQHFWHG�QXFOHXV�RI�KLJK�GHJUHH�XVHUV��D�FRUH�
FRQQHFWLQJ�WR�VPDOO�JURXSV�RI�VWURQJO\�FOXVWHUHG��
ORZ�GHJUHH�XVHUV�DW�WKH�IULQJHV�RI�WKH�QHWZRUN��
0RUH�UHFHQWO\�:LOVRQ�HW�DO���������FDUULHG�RXW�D�
ODUJH�VFDOH�VWXG\�RQ�)DFHERRN��DQDO\VLQJ�PRUH�
WKDQ����PLOOLRQ�XVHU�SURILOHV�DQG�ZDOO�SRVWV�WR�
LQYHVWLJDWH�WKH�XVHU�LQWHUDFWLRQ�SDWWHUQV�DFURVV�
ODUJH�XVHU�JURXSV��:LOVRQ¶V�VWXG\�LV�GLIIHUHQW�
IURP� SUHYLRXV�ZRUNV� LQ� WKDW� LW�PRYHG� DZD\�
IURP�WKH�VWDWLF�DQDO\VLV�RI�QHWZRUN�WLHV�WR�WKH�
G\QDPLF�DQDO\VLV�RI�VRFLDO�LQWHUDFWLRQV�RQ�WRS�
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RI� VWDWLF� WLHV�� LQFOXGLQJ� LQWHUDFWLRQ� SDWWHUQV��
HYROXWLRQ��W\SHV�DQG�ZHLJKWV�
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$Q�RQOLQH�VRFLDO�QHWZRUN�FDQ�VLPSO\�EH�YLHZHG�
DV�D�VWUXFWXUH�RI�LQGLYLGXDOV��JURXSV�RU�RUJDQL�
VDWLRQV�DQG�WKHLU�UHVSHFWLYH�FRQQHFWLRQV��7KH�
LQGLYLGXDO��JURXS�RU�RUJDQLVDWLRQ��ZLWKLQ�WKH�
QHWZRUN� LV� UHSUHVHQWHG� DV� D� µQRGH�¶� DQG� WKH�
FRQQHFWLRQV� EHWZHHQ� QRGHV� DUH� UHSUHVHQWHG�
DQG�WHUPHG�DV�µWLHV�¶�1RGHV�ZLOO� WUDGLWLRQDOO\�
IRUP� WLHV� WKURXJK� LQWHUGHSHQGHQFLHV� VXFK� DV�
NLQVKLS��IULHQGVKLS�RU�EHOLHI�HWF��DQG�ZLOO�LQ�PRVW�
LQVWDQFHV�EH�UHIOHFWLYH�RI�WKH�VLWHV�SXUSRVH��)RU�
H[DPSOH��WKH�VRFLDO�QHWZRUNLQJ�VHUYLFH�/LQNH�
G,Q��KWWS���ZZZ�OLQNHGLQ�FRP��LV�GHVLJQHG�WR�
OLQN�SURIHVVLRQDOV��DQG�WKH�LQWHUGHSHQGHQFLHV�
EHWZHHQ�QRGHV�DUH�FUHDWHG�RQ�WKH�EDVLV�RI�D�SUR�
IHVVLRQDO�DFTXDLQWDQFH��L�H���LQGXVWU\�UHODWHG���
7KH�IRXQGDWLRQV�RI�DQ\�QHWZRUN�DUH�EXLOW�XSRQ�D�
QHWZRUN�PRGHO�DQG�WKH�VXEVHTXHQW�WLH�IRUPDWLRQ�
DSSURDFK��DQG�DV�VXFK�PRGHOV�DUH�WKH�PHDQV�E\�
ZKLFK�ZH�JDLQ�D�JUHDWHU�XQGHUVWDQGLQJ�RI�KRZ�
QHWZRUNV� IRUP�DQG� HYROYH�� DQG� HQDEOH�XV� WR�
VSHFLI\�WKH�VWUXFWXUH�RI�LQWHUDFWLRQ��7RLYRQHQ�HW�
DO����������$V�GLVFXVVHG�E\�5RELQV�HW�DO���������
WKH� PRGHOOLQJ� RI� VRFLDO� QHWZRUN� VWUXFWXUHV�
LV� GULYHQ� WKURXJK� ILYH� SULPDU\� PRWLYDWLRQV�
�7DEOH�����1HWZRUN�PRGHOV�DQG�WLH�IRUPDWLRQ�
DSSURDFKHV�DUH�GLVFXVVHG�IRU�WKHLU�LQIOXHQFH�LQ�
RQOLQH�VRFLDO�QHWZRUNV�

�����0RGHOV

$�KRVW�RI�VRFLDO�QHWZRUN�PRGHOV�H[LVWV��ZLWKLQ�
WKH�FRQWH[W�RI�RQOLQH� VRFLDO�QHWZRUNV��7KHVH�
PRGHOV�FDQ�EH�FODVVLILHG�LQWR�WKUHH�PDMRU�FDW�
HJRULHV�� QDPHO\� 1HWZRUN� (YROXWLRQ� 0RGHOV�

�1(0���1HWZRUN�$WWULEXWH�0RGHOV��1$0��DQG�
([SRQHQWLDO�5DQGRP�*UDSK�0RGHOV��(5*0���
6RPH�UHVHDUFKHUV�OLNH�7RLYRQHQ�HW�DO���������
IXUWKHU�FODVVLILHG�WKH�WKUHH�FDWHJRULHV�ZLWK�HLJKW�
UHFHQW� QHWZRUN�PRGHOV�� ,Q� WKHLU�ZRUN� VRFLDO�
QHWZRUN� PRGHOV� ZHUH� GHILQHG� ZLWKLQ� WKUHH�
FDWHJRULVHV��KRZHYHU�IRFXV�ZDV�RQ�1(0�DQG�
1$0��(5*0��DOVR�UHIHUUHG�WR�DV�3�PRGHOV��
ZHUH�LQFOXGHG�ZLWKLQ�WKLV�ZRUN�IRU�FRPSDULVRQ�
SXUSRVHV�RQO\��DQG�ZLOO�QRW�EH�GLVFXVVHG�ZLWKLQ�
WKH�FRQWH[W�RI�WKLV�VXUYH\��$V�D�PRGHO�(5*0�
LV�QRWHG�DV�QRW�DGGUHVVLQJ�WKH�QHWZRUN�HYROX�
WLRQ�SURFHVV��D�NH\�HOHPHQW�ZKHQ�FRQVLGHULQJ�
GHQVH�FRPPXQLW\�VWUXFWXUH��1(0¶V��JURZLQJ�
RU�G\QDPLFDO�� DUH�GHILQHG�DV� WKH� DGGLWLRQ�RI�
OLQNV�EHLQJ�GHSHQGHQW�RQ�WKH�QHWZRUN�VWUXFWXUH��
1$0¶V��DOVR�UHIHUUHG�WR�DV�VSDWLDO�PRGHOV��DUH�
GHILQHG�E\�WKH�JHQHUDWLRQ�RI�QHZ�OLQNV�EHLQJ�
GHSHQGHQW�RQO\�RQ�QRGDO�DWWULEXWHV��H�J���LQWHU�
HVW�RU�KREELHV���$V�EHLQJ�UHSUHVHQWDWLYH�RI�WKH�
PDQ\�ODUJH�VFDOH�VRFLDO�QHWZRUNV�WKH�IRUPDWLRQ�
RI�FRPPXQLW\�VWUXFWXUHV�LV�RI�LPSRUWDQFH�ZLWKLQ�
WKH�RYHUDOO�FRQWH[W�RI�WKH�VXUYH\��DQG�LW�LV�ZLWK�
WKLV�FULWHULRQ�WKDW�DSSURSULDWH�PRGHOV�DQG�UHODWHG�
OLWHUDWXUH�DUH�IXUWKHU�GLVFXVVHG�

7RLYRQHQ�HW�DO���������SUHVHQWHG�D�PRGHO�
IRU� VRFLDO� QHWZRUNV� EDVHG� RQ� DQ� XQGLUHFWHG�
JURZLQJ�QHWZRUN��7KH�UHVXOWV�SURGXFHG�KLJKO\�
FRQQHFWHG�YHUWLFHV�DV�D�SODWIRUP�IRU�VWXG\LQJ�
VRFLRG\QDPLF� SKHQRPHQD�� 7KH� DSSURDFKHV�
XVHG� ZHUH� UDQGRP� DWWDFKPHQW�� DQG� LPSOLFLW�
SUHIHUHQWLDO�DWWDFKPHQW��7KH�PRGHO�SURGXFHG�
QHWZRUN�UHVXOWV�WKDW�UHVHPEOH�UHDO�ZRUOG�VRFLDO�
QHWZRUNV��ZKHUH�WKH\�UHWDLQHG�DVVRUWHG�GHJUHH�
FRUUHODWLRQV�� KLJK� FOXVWHULQJ�� VKRUW� DYHUDJH�
SDWK� OHQJWKV�� EURDG� GHJUHH� GLVWULEXWLRQV� DQG�
SURPLQHQW�FRPPXQLW\�VWUXFWXUHV�

,Q� WKHLU� LQYHVWLJDWLRQ� RQ� WKH� LQIOXHQFH�
RI�ZHLJKWV��DQG� WKH� IRUPDWLRQ�RI�FRPPXQLW\�
VWUXFWXUHV�� .XPSDOD� HW� DO�� ������� SURGXFHG�

7DEOH����6RFLDO�QHWZRUN�PRGHOOLQJ�PRWLYDWLRQV�

���6RFLDO�EHKDYLRXU�LV�FRPSOH[��
���0RGHOOLQJ�VRFLDO�QHWZRUN�VWUXFWXUH�HQDEOHV�DQ�DELOLW\�WR�PDNH�LQIHUHQFHV�DERXW�WKH�VXEVWUXFWXUHV�LQ�D�QHWZRUN��
���7R�DVVHVV�WKH�QDWXUH�RI�FOXVWHULQJ��FRPPXQLW\�VWUXFWXUHV��LQ�WKH�QHWZRUN��
���7KH\�DUH�XVHIXO�IRU�FRPSOH[�VWUXFWXUHV��
���$VVHVVPHQW�RI�ORFDO�DQG�JOREDO�SURFHVVHV�
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KLJKO\� GHQVH� FRPPXQLW\� VWUXFWXUHV� WKURXJK�
WKH� DSSOLFDWLRQ� RI� QHWZRUN�ZHLJKWV�� ZHLJKWV�
ZKLFK�ZHUH�EDVHG�RQ�D�FRXSOLQJ�LQ�WKH�QHWZRUN�
VWUXFWXUH�DQG�LQWHUDFWLRQ�VWUHQJWKV��7KHVH�UHVXOWV�
DUH�FRPSDWLEOH�ZLWK�*UDQRYHWWHU��������³7KH�
6WUHQJWK�RI�:HDN�7LHV´�K\SRWKHVLV�ZKLFK�VWDWHV�
WKDW�ZLWKLQ�D�VRFLDO�QHWZRUN��ZHDN�WLHV�SOD\�D�
NH\� UROH� LQ� QHWZRUN�GLIIXVLRQ��$V� D� QHWZRUN�
PRGHO�� FRPPXQLW\� VWUXFWXUHV� HPHUJHG� RQO\�
ZKHQ�WKH�VWUHQJWKHQLQJ���SUREDELOLW\�RI�WKH�DV�
VLJQHG�ZHLJKW�ZHUH�DW�WKH�GHVLUHG�OHYHO��WDNLQJ�
IXOO�DFFRXQW�RI�LQWHUDFWLRQ�VWUHQJWK��)XQGDPHQ�
WDOO\�QHZ�WLHV�ZRXOG�RQO\�EH�FUHDWHG�SUHIHUDEO\�
WKURXJK�VWURQJ�WLHV��DQG�HYHU\�LQWHUDFWLRQ�FUHDWHG�
WKHUHDIWHU�ZDV�GHVLJQHG�DV�SDUW�RI�WKH�QHWZRUN�
PRGHO�WR�VWUHQJWKHQ�WKH�WLHV�

�����7LH�)RUPDWLRQ�$SSURDFKHV

1HWZRUN�IRUPDWLRQ�DQG�VXEVHTXHQW�HYROXWLRQ�
RFFXUV�DV�QRGHV�IRUP�WLHV��WR�FRPPXQLFDWH�DQG�
VKDUH�LQIRUPDWLRQ�DFURVV�WKH�QHWZRUN��(YROXWLRQ�
FRPHV�DERXW�DV�QRGHV�DUH�DGGHG�WR�D�QHWZRUN��
DQG�WLHV�DUH�HVWDEOLVKHG�EHWZHHQ�QRGHV�ZLWKLQ�
WKH�QHWZRUN� �H�J���QRGH�$� MRLQV�QHWZRUN�DQG�
FRQQHFWV�WR�%�DQG�&���$WWULEXWH�GDWDEDVHV�UHWDLQ�
D�XVHU¶V�SURILOH��ZKHUH�FRPSDULVRQ�IXQFWLRQV�
GHWHUPLQH�D�VLPLODULW\�YDOXH�WR�RWKHU�QHWZRUN�XV�
HUV��$V�DQ�H[DPSOH��)DFHERRN�XVHV�DOJRULWKPV�WR�
FRPSDUH�DQG�FRQWUDVW�VLPLODULW\�RI�XVHUV��7KRVH�
QRGHV�GHHPHG�WR�EH�RI�D�GHVLJQDWHG�SUREDELOLW\�
��ZHLJKW�DUH�WKHQ�GLVSOD\HG�DQG�UHWXUQHG�WR�WKH�
XVHU�DV�SRWHQWLDO�QHZ�QHWZRUN�WLH�IRUPDWLRQV�
DV��³)ULHQG�UHFRPPHQGDWLRQV�´�7KH�FRQFHSW�RI�
HYROXWLRQ�LQ�D�VRFLDO�QHWZRUN�PRGHO�LV�RI�FUXFLDO�
LPSRUWDQFH�ZKHQ�FRQVLGHULQJ�KRZ�LW�GHILQHV�DQG�

DIIHFWV�D�QHWZRUNV�WRSRORJ\��7KH�WZR�SULQFLSDO�
QHWZRUN�HYROXWLRQ�PHWKRGV�7ULDGLF�FORVXUH�DQG�
+RPRSKLO\�DUH�GLVFXVVHG�EHORZ�

7ULDGLF�&ORVXUH��DOVR�UHIHUUHG�WR�DV�F\FOLF�
FORVXUH��.XPSXOD�HW�DO����������)LJXUH���D����
ZDV�HVWDEOLVKHG�E\�6LPPHO��������������DQG�
VXEVHTXHQWO\�SRSXODULVHG�E\�*UDQRYHWWHU��������
³6WUHQJWK�RI�:HDN�7LHV´�DUWLFOH��,Q�WKLV�LQVWDQFH��
WLH� IRUPDWLRQ� RFFXUV� EDVHG� RQ� WKH� WHQGHQF\�
RI�WZR�IULHQGV�RI�DQ�LQGLYLGXDO�WR�EHFRPH�DF�
TXDLQWHG��)RU�H[DPSOH��QRGH�$�LV�IULHQGV�ZLWK�
1RGH�%��1RGH�$�LV�DOVR�IULHQGV�ZLWK�1RGH�&��
7ULDGLF� FORVXUH� WKHUHIRUH� VWDWHV� WKDW� QRGHV�%�
DQG�&�PD\�DOVR�EHFRPH�DFTXDLQWHG��'XH�WR�LWV�
QDWXUH� VXFK� QHWZRUNV�� HYROYH� LQ� DQ� RXWZDUG�
IDVKLRQ�XQWLO�WKH�QHWZRUN�PRGHO�LV�VDWLVILHG�DQG�
WKLV�FDQ�EH� WKURXJK�QRGH�QXPEHU�FRQVWUDLQWV�
ZLWKLQ�D�QHWZRUN�

+RPRSKLO\��)LJXUH���E���LV�WLH�IRUPDWLRQ�
RFFXUULQJ� EDVHG� RQ� WKH� WHQGHQF\� IRU� OLNH� WR�
LQWHUDFW�ZLWK�OLNH��DQG�DVVRFLDWHG�ZLWK�WKH�SKUDVH�
³%LUGV�RI�D�)HDWKHU�)ORFN�7RJHWKHU´��0F3KHU�
VRQ�HW�DO����������+RPRSKLO\��LQ�D�VRFLDO�QHWZRUN�
FRQWH[W�LGHQWLILHV�QRGHV�VKDULQJ�FRPPRQ�FKDU�
DFWHULVWLFV��ZKLFK�KDYH�EHHQ�H[SUHVVHG�WKURXJK�
WKHLU�QRGDO�DWWULEXWHV��7ZR�UDQGRP�QRGHV�FRP�
SOHWHO\�XQNQRZQ�WR�HDFK�RWKHU�ZLWKLQ�D�QHWZRUN�
VWUXFWXUH�FDQ�EH�LQWURGXFHG�ZLWK�D�KLJK�SURE�
DELOLW\� IDFWRU� GXH� WR� WKH� VLPLODULW\� RI� WKHLU�
VWDWHG�QRGH�DWWULEXWHV��)RU�H[DPSOH��QRGH�$�LV�
PDOH��DJHG�����OLNHV�VRFFHU��ILVKLQJ�DQG�ZDONLQJ��
1RGH�%�DOVR�OLNHV�WKH�VDPH��+RPRSKLO\�WKHUH�
IRUH� VWDWHV� QRGH� $� DQG� %� PD\� EHFRPH� DF�
TXDLQWHG�GXH�WR�WKH�VWUHQJWK�RI�WKHLU�VLPLODULWLHV��
$V�D�FRQFHSW�� LW� LV�SULPDULO\�DVVRFLDWHG�ZLWK�
ZHLJKWHG�QHWZRUNV��$V�DQ�DSSURDFK��LW�LV�HP�

)LJXUH�����D��7ULDGLF�FORVXUH��E��KRPRSKLO\
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SOR\HG�WR�VWUXFWXUH�QHWZRUN�WLHV�RI�YDULRXV�W\SHV��
PRVW� FRPPRQO\� DVVRFLDWHG� ZLWK� IULHQGVKLS��
LQWHUHVW��DJH��JHQGHU��ZRUN�DQG�PDUULDJH�HWF�

7KH�NH\�GLIIHUHQFH�EHWZHHQ�WKH�DIRUHPHQ�
WLRQHG�DSSURDFKHV�LV�WKDW�KRPRSKLO\�FRQQHF�
WLRQV�FDQ�EH�HVWDEOLVKHG�WKURXJKRXW�WKH�ZLGHU�
QHWZRUN��ZKHUHDV�WULDGLF�FORVXUH�FRQQHFWLRQV�
DUH�UHVWULFWHG�WR�ZLWKLQ�WKH�UDQJH�RI�WKHLU�RZQ�
VXE� QHWZRUN�� )DFHERRN¶V� ³)LQG� IULHQGV´� DS�
SOLFDWLRQ� WRRO� LV� DQ� H[DPSOH�RI� D� KRPRSKLO\�
EDVHG�QHWZRUN��DV�SHRSOH�FRQQHFW�WKURXJKRXW�
WKH� ZLGHU� VRFLDO� QHWZRUN� ZLWK� OLNH� PLQGHG�
SHRSOH�VKDULQJ�VLPLODU�DWWULEXWHV��$V�HDFK�VRFLDO�
QHWZRUN�KDV�LWV�GHVLJQDWHG�GHVLJQ�DQG�IXQFWLRQ�
WKH�DSSURSULDWHQHVV�RU�VXLWDELOLW\�RI�WKH�QHWZRUN�
IRUPDWLRQ�DSSURDFK�LV�VLWXDWLRQ�GHSHQGHQW�

���62&,$/�1(7:25.�
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61$�FDQ�TXDQWLI\�DQG�TXDOLI\�D�VRFLDO�QHWZRUN�
E\�DQDO\VLQJ�DQG�YLVXDOLVLQJ�D�QHWZRUN��LWV�VWUXF�
WXUH�DQG�SURSHUWLHV��$QDO\VLV�XVXDOO\�LQYROYHV�
GDWD�FROOHFWLRQ�DQG�DQDO\VLV�RI�UHOHYDQW�VWUXFWXUDO�
SURSHUWLHV��QHWZRUN�PHWULF�VSHFLILFDWLRQ��ERWK�
RI�ZKLFK�DUH�GHVFULEHG�EHORZ�

�����'DWD�&ROOHFWLRQ

'DWD�FROOHFWLRQ�PHWKRGV�IRU�61$�KDYH�FKDQJHG�
FRQVLGHUDEO\�RYHU�WKH�SDVW�WZR�GHFDGHV��7UDGL�
WLRQDOO\�GDWD�ZHUH�FROOHFWHG�XVLQJ�ILHOG�REVHU�
YDWLRQ�� VLPXODWHG� H[SHULPHQWV� DQG� WKH� PRVW�
XVHG�PHWKRGV�RI�LQWHUYLHZ�DQG�TXHVWLRQQDLUHV�
�7DEOH�����.UDFNKDUGW�DQG�6WHUQ��������FROOHFWHG�
GDWD�RQ�WKH�IULHQGVKLSV�DPRQJ�PHPEHUV�RI�D�
XQLYHUVLW\�FODVV��DV�SDUW�RI�D�VWXG\�VLPXODWLQJ�
FRUSRUDWLRQV��7KH\� DSSOLHG� TXHVWLRQQDLUHV� WR�

UDWH�IULHQGVKLSV�EDVHG�RQ�D�ILYH�SRLQW�VFDOH�IRU�
WKHLU�UHVSHFWLYH�FODVV�PHPEHUV��&ROHPDQ�HW�DO��
�������LV�D�IXUWKHU�H[DPSOH�RI�WKH�DSSURDFK�RI�
TXHVWLRQQDLUHV�EHLQJ�DSSOLHG�ZKHQ�UHVHDUFKLQJ�
WKH�GLIIXVLRQ�RI�D�PHGLFDO� LQQRYDWLRQ�DPRQJ�
SK\VLFLDQV�

'DWD� FROOHFWHG� XVLQJ� VXFK� DSSURDFKHV�
ZRXOG�QRUPDOO\�KDYH�EHHQ�VWRUHG�LQ�SK\VLFDO�
PHGLD�DQG�DQDO\VHG�PDQXDOO\��$V�VXFK�WKHVH�
PHWKRGV�UHTXLUHG�KXJH�DPRXQWV�RI�KXPDQ�UH�
VRXUFHV��L�H���UHVHDUFKHUV�WR�FROOHFW�DQG�DQDO\VH�
GDWD�DQG�VXEMHFWV�WR�SURYLGH�LQIRUPDWLRQ��7KH�
SURFHVV�UHTXLUHG�IRU�WUDGLWLRQDO�GDWD�FROOHFWLRQ�
LV�WLPH�FRQVXPLQJ��FRVW�H[SHQVLYH��DQG�FRQWH[W�
DQG�UHJLRQ�GHSHQGHQW��L�H���WKH�UHVXOWV�RQO\�UHIOHFW�
WKH�SDWWHUQV�RU� WUHQGV�RI� D� VSHFLILF� VDPSOLQJ�
UHJLRQV�RU�SRSXODWLRQ��7KLV�KDV�OHG�WR�WKH�VLWX�
DWLRQ�LQ�ZKLFK�GDWD�FROOHFWLRQ�EHFDPH�D�ERWWOH�
QHFN�RI�61$�

2QOLQH�VRFLDO�QHWZRUN�VWUXFWXUHV�PD\�FRQ�
WDLQ�PLOOLRQV�RI�QRGHV��DQG�WKH�DSSOLFDWLRQ�RI�
WUDGLWLRQDO�GDWD�FROOHFWLRQ�PHWKRGV�ZRXOG�LQ�WKLV�
LQVWDQFH�EH�LQHIILFLHQW�DQG�XQHFRQRPLFDO�ERWK�
LQ�WHUPV�RI�FRVW�DQG�ODERXU��:LWK�WKH�DGYDQFH�
DQG�SUHYDOHQFH�RI�:HE�WHFKQRORJLHV�DQG�RQOLQH�
VRFLDO�QHWZRUNLQJ�VLWHV��WKH�ODQGVFDSH�RI�61$�
KDV�FRPSOHWHO\�FKDQJHG��)LUVWO\��GDWD�DFTXLVLWLRQ�
EHFRPHV�HDV\�DV�RQOLQH�VRFLDO�QHWZRUNV�FRQWDLQ�
KXJH�XVHU�QXPEHUV�ZLWKRXW�VXEMHFW�WR�YDULRXV�
FRQVWUDLQWV�RI�WUDGLWLRQDO�ZD\V��H�J���UHJLRQ�DQG�
VDPSOLQJ�SRSXODWLRQ��6HFRQGO\��GDWD�FROOHFWLRQ�
FDQ� EH� GRQH� DXWRPDWLFDOO\� XVLQJ� FUDZOHUV��
7KLV�JLYHV�ULVH�WR�D�QXPEHU�RI�FRQWHPSRUDU\�
DSSURDFKHV��7DEOH�����7KHVH�QHZ�DSSURDFKHV�
HQDEOH� IRU� WKH� UHPRWH� REVHUYDWLRQ� RI� RQOLQH�
VRFLDO�QHWZRUN�DFWLYLW\��SURYLGLQJ�D�PXFK�OHVV�
LQWUXVLYH�PHDQV� RI� DVVHVVLQJ� VRFLDO� QHWZRUN�
VWUXFWXUHV�DQG�GHSHQGHQFLHV�

7DEOH����([DPSOH�RI�GDWD�FROOHFWLRQ�DSSURDFKHV�

7UDGLWLRQDO�'DWD�&ROOHFWLRQ &RQWHPSRUDU\�'DWD�&ROOHFWLRQ

2EVHUYDWLRQ�
([SHULPHQWV�
,QWHUYLHZV�
$UFKLYDO�5HFRUGV��'LDULHV��
4XHVWLRQQDLUHV

$3,��$SSOLFDWLRQ�3URJUDPPLQJ�,QWHUIDFH��
3OXJ�LQV�
:HE�&UDZOHUV�
2QOLQH�,QWHUYLHZV�
2QOLQH�4XHVWLRQQDLUHV
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&RQWHPSRUDU\� DSSURDFKHV� DUH� QRZ� DS�
SOLHG� DV� DQ� H[WUHPHO\� HIILFLHQW� PHWKRG� IRU�
GDWD�FROOHFWLRQ��)DFHERRN�$3,¶V��$SSOLFDWLRQ�
3URJUDPPLQJ� ,QWHUIDFH�� DUH� DQ� H[DPSOH� RI�
FRQWHPSRUDU\�GDWD�FROOHFWLRQ��ZKHUHE\�VRIWZDUH�
FRPPXQLFDWHV�ZLWK�D�UHPRWH�DSSOLFDWLRQ�RYHU�
WKH�ZHE�WKURXJK�D�VXFFHVVLRQ�RI�FDOOV��RSHUDWHG�
E\�D�ZHE�VHUYLFH�WR�SURYLGH�WKH�QHWZRUN�GDWD�
UHTXLUHG��,QFUHDVLQJO\�WKH�:HE�LV�EHLQJ�YLHZHG�
DV�DQ�LQIRUPDWLRQ�VKDULQJ�V\VWHP��DQG�RQOLQH�
VRFLDO�QHWZRUN�GDWD�FROOHFWLRQ� LV�QRZ�DQ�DF�
FHSWHG�FRQWHPSRUDU\�VROXWLRQ�WR�WKH�WUDGLWLRQDO�
GDWD�FROOHFWLRQ�PHWKRGV��8VHU�SULYDF\�UHVWULFWV�
DFFHVV�WR�ODUJH�SRUWLRQV�RI�QHWZRUN�GDWD�DQG�LQ�
QRYDWLYH�DSSURDFKHV�VXFK�DV�EURZVHU�SOXJ�LQ��
$3,¶V��DQG�ZHE�FUDZOHUV�DUH�URXWLQHO\�DSSOLHG�
LQ�FRQWHPSRUDU\�61$�

0LVORYH�HW�DO���������FDUULHG�RXW�ODUJH�VFDOH�
PHDVXUHPHQW�������PLOOLRQ�XVHUV������PLOOLRQ�
OLQNV��DQG�DQDO\VLV�RQ�RQOLQH�VRFLDO�QHWZRUNV�WR�
LGHQWLI\�FRPPRQ�VWUXFWXUDO�SURSHUWLHV��7KH\�HP�
SOR\HG�$3,¶V�DQG�GDWD�FUDZOLQJ�DOJRULWKPV�DV�D�
PHWKRG�RI�GDWD�FROOHFWLRQ��&RPPRQ�DOJRULWKPV�
IRU�FUDZOLQJ�JUDSKV�LQFOXGH�WKH�XVH�RI�EUHDGWK�
ILUVW��%)6��DQG�GHSWK�ILUVW�VHDUFK��')6���7KH�
GDWD�FROOHFWLRQ�FRPSRQHQW�DFFHVVHV�WKURXJK�DQ�
$3,�ZLWK�HLWKHU�D�%)6�RU�')6�DSSOLHG�GHSHQ�
GHQW�XSRQ�LQGLYLGXDO�SODWIRUP�UHVWULFWLRQV��7KH�
PHWKRGRORJ\�HPSOR\HG�LV�VWDWLVWLFDO�VDPSOLQJ��
ZKHUH�FRYHUDJH�LV�DSSUR[LPDWHG��GHSHQGHQW�RQ�
WKH�QXPEHU�RI�UHDFKDEOH�OLQNV�

'DWD�FROOHFWLRQ�LQ�:LOVRQ�HW�DO���������RYHU�
FDPH�)DFHERRN�QHWZRUN� UHVWULFWLRQV� WKURXJK�
UHJLRQDO� QHWZRUN� FUDZOV�� ZKHUH� DFFHVV� ZDV�
XQDXWKHQWLFDWHG�DQG�RSHQV�WR�DOO�XVHUV��$�PXOWL�
WKUHDGHG�FUDZOHU�ZDV�DSSOLHG�WKURXJK�S\WKRQ��
DQG�DFTXLUHG�RYHU���PLOOLRQ�XVHUV�LQ�OHVV�WKDQ�
���KRXUV��6LPLODU�WR�0LVORYH�HW�DO����������WKH\�
HPSOR\HG�D�WHVWLQJ�PHWKRG�RI�UHSHDWLQJ�FUDZOV�
IRU�HUURU�PHDVXUHPHQW��DFKLHYLQJ�D�GLIIHUHQWLDO�
RI������IRU�SRWHQWLDO�PLVVLQJ�QHWZRUNV�OLQNV��
$V�FDQ�EH�VHHQ�IURP�H[LVWLQJ�ZRUNV��PRGHUQ�
DSSURDFKHV�SURYLGH�D�PHDQV�WR�DFFXUDWHO\�DVVHVV�
WKH�ODUJH�VFDOH�RQOLQH�VRFLDO�QHWZRUN�DQG�WKHLU�
VWUXFWXUDO�SURSHUWLHV��RYHUFRPLQJ�WKH�FKDOOHQJHV�
RI�WLPH��FRVW��H[SHQVH�DQG�UHJLRQDO�UHVWULFWLRQV�

�����6WUXFWXUDO�3URSHUWLHV

6WUXFWXUDO�SURSHUWLHV�DUH�PHDVXUHV�DQG�PHWULFV�
WKDW�FDQ�EH�XVHG�WR�FKDUDFWHULVH�D�VRFLDO�QHW�
ZRUN�PRGHO��7KH\�ZHUH�SURSRVHG�DQG�VWXGLHG�
E\�1HZPDQ��������LQ�KLV�LQIOXHQWLDO�UHVHDUFK�
RQ�FRPSOH[�QHWZRUNV�DQG�KDYH�EHHQ�XVHG�H[�
WHQVLYHO\�IRU�61$�LQ�WKH�SOHWKRUD�RI�IROORZLQJ�
UHVHDUFK� �0LVORYH�HW� DO��� ������(UpWpR� HW� DO���
������/HZLV�HW�DO���������7UDXG�HW�DO���������
&DYHUOHH�	�:HEE���������%\�DQDO\VLQJ�VWUXF�
WXUDO�SURSHUWLHV�ZH�FDQ�DQVZHU�TXHVWLRQV�VXFK�DV��
KRZ�FRPSDFW�LV�D�QHWZRUN"�2U��KRZ�LPSRUWDQW�
LV�D�SDUWLFXODU�QRGH"�'XH�WR�OLPLWHG�VSDFH��ZH�
VKDOO� RQO\� FRYHU� WKH�SURPLQHQW� SURSHUWLHV� RI�
*HRGHVLF��&OXVWHULQJ��&OLTXHV�DQG�&HQWUDOLW\�
WR�JLYH�D�JHQHUDO�XQGHUVWDQGLQJ�WR�FRPPRQO\�
DSSOLHG�DQDO\VLV�

*HRGHVLF�LV�FRQFHUQHG�ZLWK�WKH�SDWK�OHQJWK�
EHWZHHQ�QRGHV�DQG�LV�WKH�VKRUWHVW�SDWK�EHWZHHQ�
WZR�QRGHV� �:DVVHUPDQ�	�)DXVW�� �������7KH�
GLVWDQFH�EHWZHHQ�WZR�QRGHV�LV�GHILQHG�DV�WKH�
OHQJWK�RI�WKH�JHRGHVLF�DQG�WKH�DYHUDJH�OHQJWK�
RI�JHRGHVLF�SDWKV�SURYLGHV�D�PHDVXUHPHQW�XVHG�
LQ�DQDO\VLV�WR�GHVFULEH�D�QHWZRUNV�FRPSDFWQHVV��
$V� VXFK��*HRGHVLF� LV� DSSOLHG� WR�GHWHUPLQH�D�
PHDVXUHPHQW� RI� FORVHQHVV� �� FRQQHFWLYLW\� LQ�
QHWZRUNV�

&OXVWHULQJ�LV�EHVW�XQGHUVWRRG�ZKHQ�FRQ�
VLGHULQJ�WKH�IRUPDWLRQ�RI�D�FRPPXQLW\�ZLWKLQ�D�
VRFLDO�QHWZRUN��,W�LV�YLVXDOLVHG�LQ�QHWZRUN�DQDO\�
VLV�ZLWK�DSSURDFKHV�VXFK�DV�VFDWWHU�JUDSKV��RU�
WKURXJK�FRQQHFWHG�JUDSKV�VXFK�DV�D�GHQGURJUDP�
WR�JLYH�DQ�LQWXLWLYH�UHSUHVHQWDWLRQ�RI�GHQVH�QRGH�
IRUPDWLRQV��:LWK�WKH�DSSOLFDWLRQ�RI�D�FRQQHFWHG�
JUDSK�DV�DQ�DQDO\VLV�DSSURDFK�LW�LV�LPSRUWDQW�
WR�UHDOLVH�WKDW�DOO�SRLQWV�ZLWKLQ�D�QHWZRUN�ZLOO�
HYHQWXDOO\�IXVH�LQWR�D�VLQJOH�FOXVWHU��DQG�WKDW�WKH�
QXPEHU�DQG�VL]H�RI�FOXVWHUV�WR�EH�LQGHQWLILHG�LV�
GHSHQGHQW�XSRQ�WKH�FXW�RII�WKUHVKROG�

&OLTXHV�ZLWKLQ�D�QHWZRUN�DUH�GHILQHG�DV�
³SRFNHWV� RI� KLJK� GHQVLW\´� �6FRWW�� ������� ,Q�
ERWK�D�VRFLRORJLFDO�DQG�RQOLQH�FRQWH[W��VRFLDO�
UHODWLRQV�PD\�LQ�VRPH�LQVWDQFHV�EH�IXUWKHU�GL�
YLGHG�LQWR�FRKHVLYH�VXEJURXSV��SURGXFLQJ�ZKDW�
LV�UHIHUUHG�WR�DV�D�FOLTXH��&OLTXHV�ERWK�LQ�WKH�
UHDO�ZRUOG�DQG�ZLWKLQ�RQOLQH�VRFLDO�QHWZRUNV�
DUH�LGHQWLILDEOH�DV�JURXSV�ZLWKLQ�JURXSV��ZLWK�
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QRGHV�ZLWKLQ�D�VXEJURXS�VKDULQJ�D�VXE�VHW�RI�
YDOXHV�RU� LQWHUHVWV��&OLTXHV� LQ�D�QHWZRUN�DUH�
QRGHV�LQWHUDFWLQJ�DW�KLJKHU�UDWHV�LQ�WKH�QHWZRUN��
DQG�SURYLGH�D�PHDVXUH�LQ�61$�RI�FRPPXQLW\�
VWUXFWXUH� �:DVVHUPDQ�	� )DXVW�� ������ 6FRWW��
�������&OLTXHV� IRUP�DQG�EHFRPH� UHFRJQLVHG�
DV� EHLQJ� VXFK�ZLWKLQ� D� VRFLDO� QHWZRUN�ZKHQ�
LQWHUDFWLRQV�KDYH�EHHQ�GHHPHG�WR�KDYH�UHDFKHG�
D�GHVLUHG�OHYHO�RI�LQWHQVLW\�RU�DVVHVVHG�DFFRUGLQJ�
WR�WKHLU�FRQQHFWHGQHVV�

&HQWUDOLW\�LV�D�IXQGDPHQWDO�VRFLDO�QHWZRUN�
SURSHUW\��DQG�DVVRFLDWHG�DV�EHLQJ�WKH�QRGH�WKDW�
LV�PRVW�SRSXODU�ZLWKLQ�WKHLU�SDUWLFXODU�QHWZRUN�
VXE� JURXS�� %DYHODV� ������� ZKRVH� SULPDU\�
LQWHUHVWV� OD\� LQ� FRPPXQLFDWLRQ� QHWZRUNV� LV�
DFNQRZOHGJHG� DV� DQ� HDUO\� SLRQHHU� LQ� GHILQ�
LQJ�WKH�SURSHUWLHV�RI�FHQWUDOLW\��1RGHV�RI�KLJK�
FHQWUDOLW\�DUH�H[WHQVLYHO\�LQYROYHG�LQ�UHODWLRQ�
VKLSV�ZLWK�RWKHUV��D�QHWZRUN�PHDVXUHPHQW�WKDW�
DVVHVVHV�WKH�OHYHO�RI�LQIOXHQFH�DQG�FRQQHFWHG�
QHVV�RI�D�QRGH�LQ�D�QHWZRUN��5HODWHG�FRQFHSWV�
VXFK�DV�EHWZHHQQHVV��)UHHPDQ���������GHJUHH�
DQG�FORVHQHVV�DUH�H[WHQVLYHO\�XVHG�LQ�QHWZRUN�
DQDO\VLV��:DVVHUPDQ�	�)DXVW��������1HZPDQ��
������+DQQHPDQ�	�5LGGOH���������&ORVHQHVV�
FHQWUDOLW\�LV�WKH�VXP�RI�JHRGHVLF�GLVWDQFHV�WR�
DOO�RWKHU�QRGHV�DQG�WKH�LQYHUVH�PHDVXUHPHQW�RI�
FHQWUDOLW\��%HWZHHQQHVV�FHQWUDOLW\�LV�WKH�QXPEHU�
RI�WLPHV�WKDW�D�QRGH�OLHV�DORQJ�WKH�VKRUWHVW�SDWK�
EHWZHHQ�WZR�RWKHUV�QRGHV��'HJUHH�FHQWUDOLW\�LV�
D�FRXQW�RI�WKH�QXPEHU�RI�WLHV�WR�RWKHU�QRGHV�LQ�
WKH�QHWZRUN�DQG�WKHUHIRUH�SURYLGHV�D�PHDVXUH�
PHQW�IRU�WKH�OHYHO�RI�LPSRUWDQFH�RI�D�SDUWLFXODU�
QRGH�LQ�D�QHWZRUN�

���)8785(�',5(&7,216

:KLOH� 61$� KDV� PDGH� VXEVWDQWLDO� SURJUHVV��
H[LVWLQJ�UHVHDUFK�KDV�PDLQO\�IRFXVHG�RQ�VWDWLF�
OLQN�DQDO\VLV��LQYHVWLJDWLQJ�D�QHWZRUNV�VWUXFWXUDO�
SURSHUW\��0RUH�UHFHQWO\�WKH�GLUHFWLRQ�RI�UHVHDUFK�
LQ�61$�KDV�EHJXQ�WR�FKDQJH�ZLWK�D�UDQJH�RI�
QHZ�GLUHFWLRQV�EHLQJ�H[SORUHG��VRPH�RI�ZKLFK�
DUH�GLVFXVVHG�

,QWHUHVW� LV� LQFUHDVLQJ� LQ� H[SORLWLQJ� WKH�
DELOLW\�RI�VHPDQWLF�WHFKQRORJ\�WR�PRGHO�VRFLDO�
QHWZRUNV��QHWZRUNV�ZKLFK�FRQWDLQ�WLHV�HQULFKHG�

ZLWK�PHDQLQJ�� DQG� WKH� VXEVHTXHQW� GDWD� SUR�
GXFHG��$V�VHPDQWLFV�DUH�GHILQHG�DV�EHLQJ�³WKH�
VWXG\�RI�PHDQLQJ�LQ�ODQJXDJH´��&U\VWDO���������
WKH�VHPDQWLF�ZHE�LV�WKH�UDWLRQDO�H[WHQVLRQ�LQ�DQ�
RQOLQH�FRQWH[W��6HPDQWLF� WHFKQRORJ\�HQDEOHV�
LQIHUHQFLQJ�DQG�ORJLF�WR�EH�DSSOLHG��GULYHQ�E\�
LQWHOOLJHQW�DJHQWV�FDSDEOH�RI�LGHQWLI\LQJ�UHODWHG�
LQIRUPDWLRQ�DQG�H[HFXWLQJ�WDVNV�DXWRPDWLFDOO\��
6LQFH� %HUQHUV�/HH� SURYLGHG� KLV� YLHZ�ZKLFK�
HQYLVLRQHG�³7KH�VHPDQWLF�ZHE�ZLOO� IDFLOLWDWH�
WKH� GHYHORSPHQW� RI� DXWRPDWHG� PHWKRGV� IRU�
KHOSLQJ�XVHUV� WR�XQGHUVWDQG�WKH�FRQWHQW�SUR�
GXFHG�E\�WKRVH�LQ�RWKHU�VFLHQWLILF�GLVFLSOLQHV´�
�%HUQHUV�/HH�	�+HQGOHU�������� WKH�VHPDQWLF�
ZHE� KDV� FRPH� D� ORQJ� ZD\�� 7KH� LPSDFW� IRU�
RQOLQH�VRFLDO�QHWZRUNV�LV�WKDW�WHFKQRORJLHV�DUH�
QRZ�FDSDEOH�RI�GHWHFWLQJ�UHODWLRQVKLSV�EHWZHHQ�
REMHFWV��HQDEOLQJ�DQ�H[WUHPHO\�SHUVRQDOLVHG�XVHU�
H[SHULHQFH�WKURXJK�LQIHUHQFLQJ�DQG�ORJLF��$V�
RQOLQH�VRFLDO�QHWZRUNV�KDYH�JURZQ�LQ�YROXPH�
DQG�FRPSOH[LW\� �*ROEHFN��������� WKHUH� LV� DQ�
LQFUHDVLQJ�LQWHUHVW�LQWR�WKH�VWUXFWXUDO�DQG�VRFLDO�
UHODWLRQVKLSV�WKDW�DUH�LQYROYHG�RQ�WKH�VHPDQWLF�
ZHE��(UpWpR�HW�DO���������*UXEHU��������3IHLO��
������� 6HPDQWLF� WHFKQRORJLHV� KDYH� EHHQ�
H[SORUHG�IRU�GDWD�PRGHOOLQJ��FRQWHQW�JHQHUD�
WLRQ��DFWLYLW\�UHSUHVHQWDWLRQ��DQG�DOVR�IRU�WKHLU�
DSSOLFDWLRQ� LQ� DQDO\VLQJ� LQWHUDFWLRQ� SDWWHUQV�
�&KHQ�HW�DO����������7KHLU�GLYHUVH�QDWXUH�KDV�
DOVR� VHHQ� WKHP� LQYHVWLJDWHG� DV� D� PRGHOOLQJ�
DQG� UHSUHVHQWDWLRQ� DSSURDFK��ZLWKLQ� DPELHQW�
DVVLVWHG� OLYLQJ� �&KHQ� HW� DO��� ������ .OHLQ� HW�
DO���������/DWIL�HW�DO����������$V�D�IUDPHZRUN�
RSHUDWLQJ�ZLWKLQ�WKH�VHPDQWLF�ZHE��RQWRORJLHV�
DUH�D�WUDFN�JDLQLQJ�LQFUHDVLQJ�DWWHQWLRQ��$V�D�
FRPPRQO\�FLWHG�GHILQLWLRQ��DQ�RQWRORJ\�LV�³DQ�
H[SOLFLW�VSHFLILFDWLRQ�RI�WKH�FRQFHSWXDOLVDWLRQ�
RI�D�GRPDLQ´��*XDULQR���������,Q�UHDOLW\�WKLV�
PHDQV�WKDW�RQWRORJLHV�FDQ�EH�YLHZHG�DV�D�VHW�RI�
JHQHUDO�UHDVRQLQJ�FRQWUROV�RSHUDWLQJ�ZLWKLQ�WKH�
VHPDQWLF�ZHE��:LWK�UHJDUG�WR�QHWZRUN�PRGHO�
OLQJ��RQWRORJLHV�KDYH�GHPRQVWUDWHG�DELOLW\� WR�
PRGHO�DQG�PDQJH�WKH�VRFLDO�UHODWLRQV�RI�ERWK�
JHQHULF�DQG�VSHFLILF�QHWZRUN�GRPDLQV��0RGHOV�
DUH�GHVLJQHG�WR�H[SORLW�WKH�SRZHU�RI�VHPDQWLFV�
WR�VXSSRUW�LQIHUHQFLQJ��UHDVRQLQJ�DQG�ORJLF��7KLV�
LV�ZLWK�SDUWLFXODU�UHJDUG�WR�D�VRFLDO�QHWZRUNV�
UHODWLRQDO�GDWD�DQG�XVHU�WLHV��LV�D�IULHQG�RI��LV�
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D�UHODWLRQ�RI��KDV�DIILOLDWLRQ� WR�HWF���ZLWK� WKH�
VHPDQWLF�ZHE�DQG�VRFLDO�QHWZRUN�PRGHOV�QRZ�
EHLQJ� XVHG� WR� VXSSRUW� HDFK� RWKHU�� 6HPDQWLF�
PRGHOOLQJ�XVLQJ�RQWRORJ\¶V�KDV�EHHQ�VWXGLHG�
DQG�D�QXPEHU�RI�PRGHOV�KDYH�EHHQ�GHYHORSHG�
VXFK� DV� 6,2&� �6HPDQWLFDOO\�,QWHUOLQNHG�2Q�
OLQH� &RPPXQLWLHV�� KWWS���ZZZ�VLRF�SURMHFW�
RUJ���6.26��6LPSOH�.QRZOHGJH�2UJDQL]DWLRQ�
6\VWHP��KWWS���ZZZ�Z��RUJ�75�VNRV�UHIHUHQFH��
DQG�)2$)��)ULHQG�RI�D�)ULHQG��KWWS���ZZZ�IRDI�
SURMHFW�RUJ���1HWZRUN�PRGHOOLQJ�XVLQJ�)2$)�
LV�RI�SDUWLFXODU�LQWHUHVW�GXH�WR�WKH�UHODWLRQDO�WLHV�
EHWZHHQ�XVHUV�LQ�D�QHWZRUN��)2$)�LV�GHVLJQHG�
WR�UHSUHVHQW�LQIRUPDWLRQ�DERXW�SHRSOH��DQG�LQ�
SDUWLFXODU� WKHLU�VRFLDO�FRQQHFWLRQV�ZLWK� WKUHH�
FRUH�DVSHFWV�GHVFULEHG��SHUVRQDO�LQIRUPDWLRQ��
PHPEHUVKLS� LQ� JURXSV� DQG� VRFLDO� FRQQHF�
WLRQV��)2$)�LV�D�VXEMHFW�RI�UHVHDUFK�LQWHUHVW��
ZLWK�H[DPSOHV�RI�ZRUNV�LQFOXGLQJ�WKH�OLQNLQJ�
RI� VRFLDO�QHWZRUNV�ZLWK�)2$)��*ROGEHFN�	�
5RWKVWHLQ���������RU�PRUH� UHFHQWO\� IRU�YLGHR�
UHFRPPHQGDWLRQ��/L�HW�DO���������

6HPDQWLF�VRFLDO�QHWZRUN�DQDO\VLV�VXFK�DV�
WKDW�LQ�WKH�ZRUN�RI�(UHWHR�HW�DO���������GHP�
RQVWUDWHV�DQ�HQKDQFHG�DELOLW\�WR�H[SORLW�VRFLDO�
QHWZRUN� GDWD� WKURXJK� VHPDQWLF� DQDO\VLV�� HQ�
KDQFLQJ�WKH�DQDO\VLV�RI�RQOLQH�VRFLDO�QHWZRUNV��
5HVHDUFK�LQ�VXFK�DUHDV�LV�DLPHG�DW�JDLQLQJ�D�
JUHDWHU� XQGHUVWDQGLQJ� LQWR� WKH� LQIOXHQFH� RI�
UHODWLRQV�LQ�D�QHWZRUN�

:KHQ� FRQVLGHULQJ� WKH� UHSUHVHQWDWLRQ�
RI� VRFLDO� OLQNV� WKURXJK� WKH� XVH� RI� VHPDQWLF�
WHFKQRORJ\�� WKH\�FDQ�EH�VHHQ� WR�SURYLGH�ULFK�
PHFKDQLVPV� IRU� GHVFULELQJ� VRFLDO� OLQNV��
$QDO\VLV�RI�VRFLDO�PHWULFV�LQ�WHUPV�RI�VHPDQWLF�
VWUXFWXUHV�DQG�VSHFLILFDOO\�WKH�W\SHG�UHODWLRQ�
VKLS�DOORZ�LQYHVWLJDWLRQV�DW�D�GHHSHU�OHYHO��WR�
JDLQ�DQ�HQKDQFHG�XQGHUVWDQGLQJ�QRW�MXVW�RI�WKH�
UHODWLRQVKLSV�ZLWKLQ�QHWZRUNV��EXW�DOVR�EHJLQ�
WR� XQGHUVWDQG� WKH� LQWHUDFWLRQV� ZKLFK� RFFXU�
ZLWKLQ�WKHVH�QHWZRUNV�DQG�WKHLU�VXEVWUXFWXUHV��
,QWHUDFWLRQ�DQDO\VLV� LV�YLHZHG�DV�DQ� LQWHUHVW�
LQJ� IXWXUH� GLUHFWLRQ�� DQ� DSSURDFK�ZKLFK� FDQ�
DOORZ�D�JUHDWHU�XQGHUVWDQGLQJ�WR�EH�DFKLHYHG�
LQ�GHWHUPLQLQJ�WKH�LPSDFW�WKH�VRFLDO�QHWZRUN�
KDV�IRU�WKH�LQGLYLGXDO�XVHU��DOORZLQJ�IRU�DQ�DV�
VHVVPHQW�RI�NH\�LVVXHV�VXFK�DV�FRQWDFW�TXDOLW\��
:LOVRQ�HW�DO���������TXHVWLRQHG�³DUH�VRFLDO�OLQNV�

YDOLG� LQGLFDWRUV�RI�UHDO�XVHU� LQWHUDFWLRQ"´�LQ�
WKHLU�LQYHVWLJDWLRQ�RI�XVHU�LQWHUDFWLRQ�LQ�VRFLDO�
QHWZRUNV�� 7KH\� SURSRVHG� LQWHUDFWLRQ� JUDSKV�
ZLWKLQ�WKLV�ZRUN�DV�D�QHZ�PRGH�RI�VHPDQWLF�
DQDO\VLV� WR� TXDQWLI\� XVHU� LQWHUDFWLRQV�� 7KH�
ILQGLQJV�VXJJHVW�WKDW�VRFLDO�QHWZRUN�EDVHG�VLWHV�
VKRXOG�EH�GHVLJQHG�ZLWK�LQWHUDFWLRQ�JUDSKV�LQ�
PLQG��D�PHWKRG�ZKLFK�ZRXOG�EHWWHU�UHIOHFW�UHDO�
XVHU�DFWLYLW\�UDWKHU�WKDQ�WKDW�RI�VRFLDO�OLQNDJH�
DORQH��,QWHUDFWLRQ�DQDO\VLV�RI�WKH�EHKDYLRXUDO�
GLIIHUHQFHV�LQ�)DFHERRN�E\�4XLQQ�HW�DO���������
IXUWKHU�FRQWULEXWHG�WR�WKH�DUHD��GHPRQVWUDWLQJ�
WKH� DSSURDFKHV� DELOLW\� WR� XQGHUVWDQG� WKH� XVH�
RI�VRFLDO�QHWZRUN�IHDWXUHV�IRU�HDFK�LQGLYLGXDO�
XVHU��DFURVV�\RXQJ�DQG�ROG�DJH�JURXSV��$V�DQ�
DSSURDFK�LW�LQYROYHG�WKH�LQYHVWLJDWLRQ�RI�HDFK�
LQGLYLGXDO¶V�ZDOO�DFWLYLW\��DQ�DSSURDFK�ZKLFK�
WRRN�IXOO�DFFRXQW�RI�D�XVHU¶V�LQWHUDFWLRQ�KLVWRU\�

���&21&/86,21

,W� KDV� EHHQ� VKRZQ� WKDW� DV� WKH� LQWHUQHW� KDV�
JURZQ��VR�KDV�WKH�GHYHORSPHQW�RI�RQOLQH�VRFLDO�
QHWZRUNV��7HFKQRORJLHV�VXFK�DV�:HE�����DQG�
WKH�LQFUHDVLQJ�XVH�RI�VHPDQWLF�IXQFWLRQDOLWLHV�
FKDQJHG�WKH�XVHU�UROH��ZLWK�XVHUV�HPSRZHUHG�
ZLWK�DXWKRULQJ�FDSDELOLWLHV��HQDEOLQJ�DQ�HQULFKHG�
SHUVRQDOLVHG�H[SHULHQFH��8VHU�FRQWURO�IXHOOHG�
DGRSWLRQ�UDWHV��WR�WKH�SRLQW�ZKHUH�WKHLU�HQVXLQJ�
VRFLDO�DQG�HFRQRPLF�LPSDFW�LV�DQ�DFNQRZOHGJHG�
SKHQRPHQRQ��6RFLDO�QHWZRUNLQJ�VLWHV�DUH�QRZ�
DQ�DFFHSWHG�FRPPXQLFDWLRQ� WRRO�� FRQQHFWLQJ�
XVHUV�ZLWK�DFFHVV� WKURXJKRXW� WKH�JOREH� IRU�D�
GLYHUVH�UDQJH�RI�SXUSRVHV�

6RFLDO�QHWZRUN�PRGHOV�DUH�PDQDJLQJ�DQG�
VWUXFWXULQJ�FRQQHFWLRQV�WKDW�QRW�WRR�ORQJ�DJR�
ZRXOG�KDYH�UHPDLQHG�DQRQ\PRXV��0RGHOV�KDYH�
GHPRQVWUDWHG�WKHLU�DELOLW\�LQ�WKH�IRUPDWLRQ�RI�
GHQVH�FRPPXQLW\�VWUXFWXUHV��HFKRLQJ�WKRVH�RI�
UHDO�OLIH��WKURXJK�WKH�XVH�RI�ZHLJKWHG�QHWZRUNV�
DV�RQH�H[DPSOH��$Q�HQKDQFHG�XQGHUVWDQGLQJ�
RI�RQOLQH�VRFLDO�QHWZRUNV� LV�EHLQJ�IDFLOLWDWHG�
WKURXJK�WKH�GLVFLSOLQH�RI�61$��ZLWK�FRQWHP�
SRUDU\�GDWD�FROOHFWLRQ�PHWKRGV�VXFK�DV�$3,¶V�
GHILQLQJ�WKH�VWUXFWXUDO�SURSHUWLHV�RI�ODUJH�VFDOH�
FRPSOH[�QHWZRUNV��$QDO\VLV�LV�QRZ�SURYLGLQJ�
DQ�XQGHUVWDQGLQJ�WR�KRZ�XVHU�QHWZRUNV�IRUP��
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DQG�HYROYH��+RZHYHU��PRUH�UHFHQWO\�WKH�LQWHUDF�
WLRQV�ZKLFK�RFFXU�DFURVV�WKH�QHWZRUNV�WLHV�DUH�
EHJLQQLQJ�WR�EH�XQGHUVWRRG�LQ�JUHDWHU�GHWDLO�

7KH�HPHUJHQFH�RI�RQOLQH�VRFLDO�QHWZRUNV�
KDV�HYROYHG�VRFLDO�QHWZRUN�DQDO\VLV�UDSLGO\�RYHU�
WKH�SDVW�WZR�GHFDGHV��7UDGLWLRQDO�DSSURDFKHV�DUH�
QR�ORQJHU�DSSURSULDWH�IRU�WKH�DQDO\VLV�RI�ODUJH�
VFDOH�RQOLQH�VRFLDO�QHWZRUNV��$3,¶V�DQG�FUDZOHUV�
DV�MXVW�WZR�DSSURDFKHV�WKDW�KDYH�EHHQ�DSSOLHG�LQ�D�
KRVW�RI�UHFHQW�OLWHUDWXUH��XVHG�VXFFHVVIXOO\�WR�GLV�
FRYHU�WKH�KLGGHQ�SDWWHUQV��6WUXFWXUDO�SURSHUWLHV�
VXFK�DV�FOXVWHULQJ�DQG�FHQWUDOLW\�DUH�SURYLGLQJ�
PHWULFV�WR�KHOS�XQGHUVWDQG�WKH�FRPSOH[LWLHV�WKDW�
DUH�QRZ�EHLQJ�URXWLQHO\�XQFRYHUHG�LQ�UHODWHG�
UHVHDUFK�DFURVV�D�UDQJH�RI�DUHDV�

2QOLQH� VRFLDO� QHWZRUNV� SUHVHQW� DQ� RS�
SRUWXQLW\�WR�GLVFRYHU�DQG�XQGHUVWDQG�WKH�FRP�
PXQLFDWLRQV� RI� XVHUV��:KLOH� VWLOO� DW� LQIDQF\��
H[LVWLQJ�OLPLWHG�ZRUN�RQ�VHPDQWLF�PRGHOOLQJ�
DQG� DQDO\VLV� LQ� WKLV� VXUYH\� KLJKOLJKWV� WKH�
SRWHQWLDO� WR� H[SORLW� VHPDQWLF� WHFKQRORJLHV� LQ�
61$��+RZHYHU�ZKDW� LV�RI�SDUWLFXODU� LQWHUHVW�
LV�WKH�RSSRUWXQLW\�WKDW�PD\�OLH�ZLWKLQ�LQWHUDF�
WLRQ� DQDO\VLV� DV� D� QHZ� DSSURDFK�� H[WHQGLQJ�
WUDGLWLRQDO�VRFLDO�QHWZRUN�DQDO\VLV�WKURXJK�WKH�
DSSOLFDWLRQ�DQG�REVHUYDWLRQ�RI�VHPDQWLFDOO\�HQ�
ULFKHG�WHFKQRORJLHV��UHVHDUFK�WKDW�PD\�SURYLGH�
D�JUHDWHU�XQGHUVWDQGLQJ�RI�WKH�LQGLYLGXDO��,W�FDQ�
EH�YLHZHG�WKDW�ZH�DUH�QRZ�DW�WKH�SRLQW�ZKHUH�
ZH�NQRZ�DOO�DERXW�RQOLQH�QHWZRUNV�DQG�WKHLU�
G\QDPLF�SURSHUWLHV��+RZHYHU��ZKDW�ZH�DUH�MXVW�
EHJLQQLQJ�WR�XQGHUVWDQG�LV�WKH�XVHU��$OWKRXJK�
ZH�NQRZ�XVHUV�KDYH�DGRSWHG�WKLV�QHZ�WHFKQRO�
RJ\�LQ�WKHLU�PLOOLRQV�ZH�NQRZ�OLWWOH�DERXW�WKH�
F\EHU�SK\VLFDO�LPSDFW�L�H���KRZ�LV�WKH�PHUJLQJ�
RI� WKH�RQOLQH�ZRUOG� DIIHFWLQJ� WKH� UHDO�ZRUOG��
DQVZHULQJ�TXHVWLRQV�VXFK�DV��GR�VXFK�QHWZRUNV�
SRVLWLYHO\�DIIHFW� UHDO�ZRUOG�FRPPXQLFDWLRQV��
LI�VR�WR�ZKDW�H[WHQW"�2U�FDQ�TXDOLW\�RI�OLIH�EH�
HQKDQFHG�WKURXJK�VXFK�WHFKQRORJLHV��:LWK�DQ�
LQFUHDVLQJ�DUUD\�RI�RQOLQH�QHWZRUNV�LW�LV�KRSHG�
FROODERUDWLRQ�DUUDQJHPHQWV�FDQ�EH�GHYHORSHG�
EHWZHHQ�RQOLQH�QHWZRUNV�DQG�UHVHDUFK�LQVWLWXWHV�
FUHDWLQJ�QHZ�RSSRUWXQLWLHV�WR�XQGHUVWDQG�WKLV�
SKHQRPHQRQ�DQG�WKHLU�SRWHQWLDO�

5()(5(1&(6

%DUQHV�� -��$�� �������� >0RGXOH� LQ� DQWKURSRORJ\@��
6RFLDO�1HWZRUNV���������±���

%DYHODV��$����������&RPPXQLFDWLRQ�SDWWHUQV�LQ�WDVN�
RULHQWHG�JURXSV��7KH�-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�
RI�$PHULFD���������±�����GRL������������������

%HUQHUV�/HH��7���	�+HQGOHU��-����������6FLHQWLILF�SXE�
OLVKLQJ�RQ�WKH�VHPDQWLF�ZHE��1DWXUH�����������±������
GRL�����������������

&DYHUOHH��-���	�:HEE��6����������$�ODUJH�VFDOH�VWXG\�
RI�0\6SDFH��2EVHUYDWLRQV�DQG�LPSOLFDWLRQV�IRU�RQOLQH�
VRFLDO�QHWZRUNV��,Q�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�
&RQIHUHQFH�:HEORJV�DQG�6RFLDO�0HGLD��6HDWWOH��:$�
�9RO�����

&KDUURQ�� &��� )DYLHU�� -��� 	� /L�� &�� �������� 6RFLDO�
FRPSXWLQJ��5HWULHYHG�)HEUXDU\����������IURP�KWWS���
ZZZ�IRUHVWHU�FRP

&KDX��'��+���3DQGLW��6���:DQJ��6���	�)DORXWVRV��&��
��������SDUDOOHO�FUDZOLQJ�IRU�RQOLQH�VRFLDO�QHWZRUNV��
,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�:RUOG�:LGH�:HE��SS�������������

&KHQ��'���<DQJ��-���	�:DFWODU��+��'����������7RZDUGV�
DXWRPDWLF�DQDO\VLV�RI�VRFLDO�LQWHUDFWLRQ�SDWWHUQV�LQ�D�
QXUVLQJ�KRPH�HQYLURQPHQW�IURP�YLGHR��,Q�3URFHHG�
LQJV�RI�WKH��WK�$&0�6,*00�,QWHUQDWLRQDO�:RUNVKRS�
RQ�0XOWLPHGLD�,QIRUPDWLRQ�5HWULHYDO��SS�����������

&KHQ��/���1XJHQW��&���0XOYHQQD��0���)LQOD\��'���	�
+RQJ��;����������6HPDQWLF�VPDUW�KRPHV��7RZDUGV�
NQRZOHGJH� ULFK� DVVLVWHG� OLYLQJ� HQYLURQPHQWV��
,QWHOOLJHQW� 3DWLHQW� 0DQDJHPHQW�� ����� ���±�����
GRL��������������������������B��

&ROHPDQ�� -�� 6��� .DW]�� (��� 	� 0HQ]HO�� +�� ��������
0HGLFDO�LQQRYDWLRQ��$�GLIIXVLRQ�VWXG\��,QGLDQDSROLV��
,1��%REEV�0HUULOO�

&RRNH��0���	�%XFNOH\��1����������:HE������VRFLDO�
QHWZRUNV�DQG�WKH�IXWXUH�RI�PDUNHW�UHVHDUFK��,QWHU�
QDWLRQDO�-RXUQDO�RI�0DUNHW�5HVHDUFK�������������

&U\VWDO��'����������$�GLFWLRQDU\�RI�OLQJXLVWLFV�DQG�
SKRQHWLFV���UG�HG����2[IRUG��8.��%ODFNZHOO�

'L1XFFL�� '�� �������� )UDJPHQWHG� IXWXUH�� 3ULQW��
���������±���

(EL]PED����������7RS����PRVW�SRSXODU�VRFLDO�QHW�
ZRUNLQJ� ZHEVLWHV�� 5HWULHYHG� 'HFHPEHU� ��� ������
IURP� KWWS���ZZZ�HEL]PED�FRP�DUWLFOHV�VRFLDO�
QHWZRUNLQJ�ZHEVLWHV
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(UpWpR��*���*DQGRQ��)���&RUE\��2���	�%XIID��0����������
6HPDQWLF�VRFLDO�QHWZRUN�DQDO\VLV�� ,Q�3URFHHGLQJV�
RI�:HE�6FLHQFH�

)DFHERRN�6WDWLVLWFV����������3UHVV�URRP��5HWULHYHG�
2FWREHU����������IURP�KWWS���ZZZ�)DFHERRN�FRP�
SUHVV�LQIR�SKS"VWDWLVWLFV

)DUPHU��$��'���%UXFNQHU�+ROW��&��(���&RRN��0��-���
	�+HDULQJ��6��'����������6RFLDO�1HWZRUNLQJ�6LWHV��
D� QRYHO� SRUWDO� IRU� FRPPXQLFDWLRQ�� 3RVWJUDGX�
DWH� 0HGLFDO� -RXUQDO�� ���� ���±����� GRL���������
SJPM������������

)UHHPDQ��/��&����������&HQWUDOLW\�LQ�VRFLDO�QHWZRUNV�
FRQFHSWXDO� FODULILFDWLRQ�� 6RFLDO� 1HWZRUNV�� ������
���±�����GRL�����������������������������

*ROEHFN��-����������7KH�G\QDPLFV�RI�ZHE�EDVHG�VRFLDO�
QHWZRUNV��0HPEHUVKLS��UHODWLRQVKLSV��DQG�FKDQJH��
)LUVW�0RQGD\���������

*UDQRYHWWHU��0�� 6�� ��������7KH� VWUHQJWK� RI�ZHDN�
WLHV��$PHULFDQ�-RXUQDO�RI�6RFLRORJ\���������������
GRL���������������

*URVV��5���$FTXLVWL��$���	�+HLQ]��+��-���,,,����������
,QIRUPDWLRQ�UHYHODWLRQ�DQG�SULYDF\�LQ�RQOLQH�VRFLDO�
QHWZRUNV��,Q�3URFHHGLQJV�RI�WKH�$&0�:RUNVKRS�RQ�
3ULYDF\�LQ�WKH�(OHFWURQLF�6RFLHW\��S������

*UXEHU��7����������&ROOHFWLYH�NQRZOHGJH�V\VWHPV��
:KHUH� WKH� VRFLDO� ZHE� PHHWV� WKH� VHPDQWLF� ZHE��
:HE�6HPDQWLFV��6FLHQFH� ��6HUYLFHV�DQG�$JHQWV�RQ�
WKH� :RUOG� :LGH� :HE�� ������ �±���� GRL���������M�
ZHEVHP������������

*XDULQR��1����������)RUPDO�RQWRORJ\�LQ�LQIRUPDWLRQ�
V\VWHPV��,Q�3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�)RU�
PDO�2QWRORJ\�LQ�,QIRUPDWLRQ�6\VWHPV��7UHQWR��,WDO\�

+DQQHPDQ��5��$���	�5LGGOH��0����������,QWURGXFWLRQ�
WR�VRFLDO�QHWZRUN�PHWKRGV��5HWULHYHG�IURP�$SULO����
������IURP�KWWS���IDFXOW\�XFU�HGX�aKDQQHPDQ�

+XQWHU��'��5���*RRGUHDX��6��0���	�+DQGFRFN��0��6��
��������*RRGQHVV�RI�ILW�RI�VRFLDO�QHWZRUN�PRGHOV��-RXU�
QDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������������
���±�����GRL���������������������������

,QWHUQHW� :RUOG� 6WDWV�� �������� ,QWHUQHW� XVDJH� LQ�
(XURSH��5HWULHYHG�'HFHPEHU����������IURP�KWWS���
ZZZ�LQWHUQHWZRUOGVWDWV�FRP�VWDWV��KWP

.OHLQ��0���6FKPLGW��$���	�/DXHU��5����������2QWRORJ\�
FHQWUHG�GHVLJQ�RI�DQ�DPELHQW�PLGGOHZDUH�IRU�DVVLVWHG�
OLYLQJ��7KH�FDVH�RI�VRSUDQR�� ,Q�3URFHHGLQJ�RI� WKH�
��WK�$QQXDO�*HUPDQ�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHO�
OLJHQFH�7RZDUGV�$PELHQW�,QWHOOLJHQFH��0HWKRGV�IRU�
&RRSHUDWLQJ�(QVHPEOHV�LQ�8ELTXLWRXV�(QYLURQPHQWV��
2VQDEU�FN��*HUPDQ\�

.OHLQEHUJ��-����������7KH�VPDOO�ZRUOG�SKHQRPHQRQ��
$Q� DOJRULWKP� SHUVSHFWLYH�� ,Q� 3URFHHGLQJV� RI� WKH�
7KLUW\�6HFRQG�$QQXDO�$&0�6\PSRVLXP�RQ�7KHRU\�
RI�&RPSXWLQJ��3RUWODQG��25��S�������

.ORYGDKO��$�� 6�� �������� 6RFLDO� QHWZRUNV� DQG� WKH�
VSUHDG�RI�LQIHFWLRXV�GLVHDVHV��7KH�$,'6�H[DPSOH��
6RFLDO� 6FLHQFH� 	� 0HGLFLQH�� �������� ����±������
GRL�����������������������������

.UDFNKDUGW�� '��� 	� 6WHUQ�� 5�� 1�� �������� ,QIRUPDO�
QHWZRUNV�DQG�RUJDQL]DWLRQDO�FULVHV��$Q�H[SHULPHQWDO�
VLPXODWLRQ�� 6RFLDO� 3V\FKRORJ\� 4XDUWHUO\�� �������
���±�����GRL����������������

.XPSXOD��-��0���2QQHOD��-��3���6DUDPlNL��-���.DVNL��.���
	�.HUWpV]��-����������(PHUJHQFH�RI�FRPPXQLWLHV�LQ�
ZHLJKWHG�QHWZRUNV��3K\VLFDO�5HYLHZ�/HWWHUV����������
��������GRL���������3K\V5HY/HWW����������

.ZDL�)XQ��,����������:HEORJJLQJ��$�VWXG\�RI�VRFLDO�
FRPSXWLQJ�DQG�LWV�LPSDFW�RQ�RUJDQL]DWLRQV��'HFLVLRQ�
6XSSRUW� 6\VWHPV�� ������� ���±����� GRL���������M�
GVV������������

/DWIL��)���/HIHEYUH��%���	�'HVFKHQHDX[��&����������
2QWRORJ\�EDVHG�PDQDJHPHQW�RI�WKH�WHOHKHDOWK�VPDUW�
KRPH��GHGLFDWHG�WR�HOGHUO\�LQ�ORVV�RI�FRJQLWLYH�DX�
WRQRP\��,Q�3URFHHGLQJV�RI�WKH�2:/('�:RUNVKRS�
RQ�2:/��([SHULHQFHV�DQG�'LUHFWLRQV�

/HZLV�� .��� .DXIPDQ�� -��� *RQ]DOH]��0���:LPPHU��
$���	�&KULVWDNLV��1����������7DVWHV��WLHV��DQG�WLPH��
$�QHZ�VRFLDO�QHWZRUN�GDWDVHW�XVLQJ�)DFHERRN�FRP��
6RFLDO� 1HWZRUNV�� ������� ���±����� GRL���������M�
VRFQHW������������

/L��6���=KDQJ��<���	�6XQ��+����������0DVKXS�)2$)�
IRU� YLGHR� UHFRPPHQGDWLRQ� OLJKWZHLJKW� SURWRW\SH��
,Q� 3URFHHGLQJV� RI� WKH� 6HYHQWK� :HE� ,QIRUPDWLRQ�
6\VWHPV� DQG� $SSOLFDWLRQV� &RQIHUHQFH�� +XKHKRW��
,QQHU�0RQJROLD��&KLQD��SS����������

0F3KHUVRQ��0��� 6PLWK�/RYLQ��/���	�&RRN�� -��0��
��������%LUGV�RI�D�IHDWKHU��+RPRSKLO\�LQ�VRFLDO�QHW�
ZRUNV��$QQXDO�5HYLHZ�RI�6RFLRORJ\������������±�����
GRL���������DQQXUHY�VRF���������

0LVORYH��$���0DUFRQ��0���*XPPDGL��.��3���'UXVFKHO��
3���	�%KDWWDFKDUMHH��%���������µ0HDVXUHPHQW�DQG�
DQDO\VLV�RI�RQOLQH�VRFLDO�QHWZRUNV��,Q�3URFHHGLQJV�
RI�WKH��WK�$&0�6,*&200�FRQIHUHQFH�RQ�,QWHUQHW�
PHDVXUHPHQW��6DQ�'LHJR��&$��S������

1HZPDQ��0��(��-����������7KH�VWUXFWXUH�DQG�IXQFWLRQ�
RI�FRPSOH[�QHWZRUNV��6,$0�5HYLHZ������������±�����
GRL���������6���������������

3DUDPHVZDUDQ�� 0��� 	� :KLQVWRQ�� $�� %�� ��������
5HVHDUFK�LVVXHV�LQ�VRFLDO�FRPSXWLQJ��-RXUQDO�RI�WKH�
$VVRFLDWLRQ�IRU�,QIRUPDWLRQ�6\VWHPV�����������±����

IGI GLOBAL PROOF



,QWHUQDWLRQDO�-RXUQDO�RI�$PELHQW�&RPSXWLQJ�DQG�,QWHOOLJHQFH���������������-XO\�6HSWHPEHU����������
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3IHLO��8���	�=DSKLULV��3����������3DWWHUQV�RI�HPSDWK\�
LQ�RQOLQH�FRPPXQLFDWLRQ��,Q�3URFHHGLQJV�RI�WKH�6,*�
&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�
6\VWHPV��6DQ�-RVH��&$��SS�����������

3IHLO��8���	�=DSKLULV��3����������,QYHVWLJDWLQJ�VRFLDO�
QHWZRUN�SDWWHUQV�ZLWKLQ�DQ�HPSDWKLF�RQOLQH�FRPPX�
QLW\�IRU�ROGHU�SHRSOH��&RPSXWHUV�LQ�+XPDQ�%HKDYLRU��
�����������±������GRL���������M�FKE������������

3RUWHU��0��$���2QQHOD��-��3���	�0XFKD��3��-����������
&RPPXQLWLHV�LQ�QHWZRUNV��1RWLFHV�RI�WKH�$PHULFDQ�
0DWKHPDWLFDO�6RFLHW\�������������±�����

4XLQQ��'���&KHQ��/���	�0XOYHQQD��0����������'RHV�
DJH�PDNH� D�GLIIHUHQFH� LQ� WKH�EHKDYLRXU�RI�RQOLQH�
VRFLDO�QHWZRUN�XVHUV��,Q�3URFHHGLQJV�RI�WKH�)RXUWK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&\EHU��3K\VLFDO��DQG�
6RFLDO�&RPSXWLQJ��'DOLDQ��&KLQD

5RELQV��*���3DWWLVRQ��3���.DOLVK��<���	�/XVKHU��'��
��������$Q�LQWURGXFWLRQ�WR�H[SRQHQWLDO�UDQGRP�JUDSK�
�S��PRGHOV�IRU�VRFLDO�QHWZRUNV��6RFLDO�1HWZRUNV��
����������±�����GRL���������M�VRFQHW������������

6FRWW��-����������6RFLDO�QHWZRUN�DQDO\VLV��$�KDQGERRN��
/RQGRQ��8.��6DJH�

6LPPHO��*����������7KH�VRFLRORJ\�RI�*HRUJ�6LPPHO�
�:ROII��.��+���7UDQV����1HZ�<RUN��1<��)UHH�3UHVV��
�2ULJLQDO�ZRUN�SXEOLVKHG������

7KHOZDOO�� 0�� �������� 6RFLDO� QHWZRUNV�� JHQGHU��
DQG� IULHQGLQJ��$Q� DQDO\VLV� RI� 0\6SDFH� PHPEHU�
SURILOHV��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRU�
PDWLRQ�6FLHQFH�DQG�7HFKQRORJ\�������������±������
GRL���������DVL������

7RLYRQHQ��5���.RYDQHQ��/���.LYHOl��0���2QQHOD��-��
3���6DUDPlNL��-���	�.DVNL��.����������$�FRPSDUDWLYH�
VWXG\�RI�VRFLDO�QHWZRUN�PRGHOV��1HWZRUN�HYROXWLRQ�
PRGHOV�DQG�QRGDO�DWWULEXWH�PRGHOV��6RFLDO�1HWZRUNV��
�������±�����GRL���������M�VRFQHW������������

7RLYRQHQ��5���2QQHOD��-��3���6DUDPlNL��-���+\Y|QHQ��
-���	�.DVNL��.����������$�PRGHO�IRU�VRFLDO�QHWZRUNV��
3K\VLFD� $� �� 6WDWLVWLFDO� DQG� 7KHRUHWLFDO� 3K\VLFV��
�����������±�����GRL���������M�SK\VD������������

7UDXG��$��/���.HOVLF��(��'���0XFKD��3��-���	�3RUWHU��0��
$����������&RPPXQLW\�VWUXFWXUH�LQ�RQOLQH�FROOHJLDWH�
VRFLDO�QHWZRUNV��1RUWK�����������±���

:DVVHUPDQ��6���	�)DXVW��.����������6RFLDO�QHWZRUN�
DQDO\VLV�� 0HWKRGV� DQG� DSSOLFDWLRQV�� &DPEULGJH��
8.��&DPEULGJH�8QLYHUVLW\�3UHVV�

:HOOPDQ��%�� ��������1HWZRUN�DQDO\VLV��6RPH�ED�
VLF� SULQFLSOHV�� 6RFLRORJLFDO� 7KHRU\�� ��� ���±�����
GRL���������������

:LOVRQ��&���%RH��%���6DOD��$���3XWWDVZDP\��.��3��1���
	�=KDR��%��<�� ��������8VHU� LQWHUDFWLRQV� LQ� VRFLDO�
QHWZRUNV�DQG�WKHLU�LPSOLFDWLRQV��,Q�3URFHHGLQJV�RI�
WKH� �WK�$&0�(XURSHDQ�&RQIHUHQFH�RQ�&RPSXWHU�
6\VWHPV��SS�����������

=DSKLULV�� 3��� 	� 6DUZDU�� 5�� �������� 7UHQGV�� VLPL�
ODULWLHV�� DQG� GLIIHUHQFHV� LQ� WKH� XVDJH� RI� WHHQ� DQG�
VHQLRU� SXEOLF� RQOLQH� QHZVJURXSV�� $&0� 7UDQVDF�
WLRQV�RQ�&RPSXWHU�+XPDQ�,QWHUDFWLRQ��������������
GRL������������������������

'DUUHQ�4XLQQ�LV�D�3K'�UHVHDUFK�VWXGHQW�LQ�WKH�6FKRRO�RI�&RPSXWLQJ�DQG�0DWKHPDWLFV��8QLYHU�
VLW\�RI�8OVWHU��8.��+H�KDV�D�%6F�LQ�&RPSXWLQJ�DQG�,QIRUPDWLRQ�6\VWHPV�IURP�WKH�8QLYHUVLW\�RI�
8OVWHU�DQG�KDV�RYHU����\HDUV�H[SHULHQFH�LQ�LQGXVWU\�LQ�D�UDQJH�RI�SRVLWLRQV��+LV�UHVHDUFK�LQWHUHVWV�
LQFOXGH�VRFLDO�FRPSXWLQJ��JHURQWHFKQRORJ\�DQG�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�

/LPLQJ�&KHQ�LV�D�OHFWXUHU�DW�WKH�6FKRRO�RI�&RPSXWLQJ�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�8OVWHU��
8.��+H�UHFHLYHG�KLV�%6F�DQG�06F�LQ�&RPSXWLQJ�(QJLQHHULQJ�IURP�%HLMLQJ�,QVWLWXWH�RI�7HFKQRO�
RJ\��&KLQD��DQG�'3KLO�LQ�$UWLILFLDO�,QWHOOLJHQFH�IURP�'H�0RQWIRUW�8QLYHUVLW\��8.��+LV�FXUUHQW�
UHVHDUFK�LQWHUHVWV�LQFOXGH�VHPDQWLF�WHFKQRORJLHV��NQRZOHGJH�PDQDJHPHQW��LQWHOOLJHQW�DJHQWV��
SHUYDVLYH�FRPSXWLQJ�DQG�VRFLDO�FRPSXWLQJ�DQG�WKHLU�DSSOLFDWLRQV�LQ�VPDUW�KRPHV�DQG�LQWHOOLJHQW�
HQYLURQPHQWV��+H�KDV�SXEOLVKHG�ZLGHO\�LQ�DERYH�DUHDV�
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0DXULFH�0XOYHQQD�LV�3URIHVVRU�RI�&RPSXWHU�6FLHQFH�LQ�WKH�6FKRRO�RI�&RPSXWLQJ�DQG�0DWKHPDW�
LFV�DW�WKH�8QLYHUVLW\�RI�8OVWHU��8.�DQG�D�VHQLRU�PHPEHU�RI�ERWK�WKH�,QVWLWXWH�RI�(OHFWULFDO�DQG�
(OHFWURQLFV�(QJLQHHUV�DQG�WKH�$VVRFLDWLRQ�IRU�&RPSXWLQJ�0DFKLQHU\��+H�LV�DOVR�D�FKDUWHUHG�
PHPEHU�RI�WKH�%ULWLVK�&RPSXWHU�6RFLHW\�
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