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�$GLW\D�0DKHQGUD�6DOYH���3URI��9DUVKD�%DEDU

�6WXGHQW��'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�(QJLQHHULQJ
�)DFXOW\�*XLGH

�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

3XEOLF�:L�)L� KRWVSRWV�� DOWKRXJK� FRQYHQLHQW�� FRPSURPLVH� WKH� SULYDF\� DQG� VHFXULW\� RI� WKH� XVHUV� VLQFH�
DWWDFNHUV�FDQ�ODXQFK�(YLO�7ZLQ�DWWDFNV�E\�GHSOR\LQJ�URJXH�DFFHVV�SRLQWV�WKDW�PLPLF�WKH�OHJLWLPDWH�RQHV�DQG�
OXUH�GHYLFHV�WR�FRQQHFW�WR�WKHP��&KHFNLQJ�D�VLQJOH�SDUDPHWHU�VXFK�DV�WKH�QHWZRUN�QDPH�RU�VLJQDO�VWUHQJWK�
LV�LQVXIILFLHQW�WR�GHWHFW�VXFK�IDNH�DFFHVV�SRLQWV�VLQFH�DWWDFNHUV�FDQ�VSRRI�WKHVH�YDOXHV��7KH�SDSHU�HYDOXDWHV�
WKH� ODWHVW�PDFKLQH� OHDUQLQJ�DOJRULWKPV� IRU� URJXH�DFFHVV�SRLQW�GHWHFWLRQ��FRPSDUHV� WKHLU�DSSURDFKHV�DQG�
VKRUWFRPLQJV��DQG�LGHQWLILHV�UHVHDUFK�JDSV��%DVHG�RQ�WKH�UHYLHZ��WKH�SDSHU�SURSRVHV�D�FOLHQW�VLGH�DSSURDFK�
WKDW�HPSOR\V�WKH�5DQGRP�)RUHVW�DOJRULWKP�DQG�D�VHW�RI�SDUDPHWHUV�LQFOXGLQJ�66,'��%66,'��566,��FKDQQHO��
VHFXULW\��0$&�DGGUHVV��DQG�UHVSRQVH�PDVN�WR�FODVVLI\�DFFHVV�SRLQWV�DV�OHJLWLPDWH�RU�PDOLFLRXV�DQG�DOHUW�WKH�
XVHU� EHIRUH� FRQQHFWLQJ�� )LQDOO\�� WKH� SDSHU� SUHVHQWV� D� SURSRVDO� IRU� HYDOXDWLRQ� XVLQJ� DFFXUDF\�� SUHFLVLRQ��
UHFDOO��)��VFRUH��DQG�IDOVH�SRVLWLYH�UDWH��UHSRUWV�WKH�UHVXOWV�IURP�WKH�UHYLHZHG�DUWLFOHV��EXW�GRHV�QRW�SHUIRUP�
DQ\�H[SHULPHQWV�

.H\ZRUGV��(YLO�7ZLQ�DWWDFN��IDNH�KRWVSRW��URJXH�DFFHVV�SRLQW��ZLUHOHVV�QHWZRUN�VHFXULW\��PDFKLQH�OHDUQLQJ��
UDQGRP�IRUHVW��566,��DQRPDO\�GHWHFWLRQ�

,��,QWURGXFWLRQ

:LUHOHVV� ORFDO�DUHD�QHWZRUNV� �:/$1��DUH�EHFRPLQJ�XELTXLWRXV� LQ� WRGD\
V�ZRUOG��7KH\�DUH�HYHU\ZKHUH�
IURP�DLUSRUWV�DQG�KRWHOV�WR�FRIIHH�VKRSV��FDPSXVHV��UDLOZD\�VWDWLRQV�DQG�VKRSSLQJ�PDOOV��$W�WKH�VDPH�WLPH��
PRVW�RI�XV�DUH�QRW�DZDUH�RI�WKH�SRVVLEOH�VHFXULW\�WKUHDWV�ZKHQ�XVLQJ�VXFK�QHWZRUNV��:/$1V��LQ�SDUWLFXODU��
DUH�YXOQHUDEOH�WR�WKH�VR�FDOOHG�(YLO�7ZLQ�DWWDFNV�ZKHUH�DQ�DWWDFNHU�XVHV�DQ�DFFHVV�SRLQW��$3��ZLWK�WKH�VDPH�
QDPH�DV�WKH�OHJLWLPDWH�$3�WR�OXUH�LQQRFHQW�XVHUV�DQG�UHDG�WKHLU�GDWD�>�@��>�@��2QFH�D�XVHU�FRQQHFWV�WR�WKH�
DWWDFNHU
V�$3��DOO�WKHLU�WUDIILF�SDVVHV�WKURXJK�LW�JLYLQJ�WKH�LQWUXGHU�DQ�RSSRUWXQLW\�WR�SHUIRUP�HDYHVGURSSLQJ��
SKLVKLQJ��UHGLUHFWLRQ��RU�FDSWXUH�WKH�FUHGHQWLDOV�RI�WKH�XVHU�>�@��>�@�

7KH�WKUHDW�RI�XQDXWKRUL]HG�DFFHVV�LV�JURZLQJ�HYHU\�GD\�DV�PRUH�DQG�PRUH�VPDUWSKRQHV��SHUVRQDO�FRPSXWHUV�
DQG�,R7�GHYLFHV�DUH�XVLQJ�VKDUHG�QHWZRUNV��0RUHRYHU��WKH�WUHQG�WR�PDNH�ILQDQFLDO�WUDQVDFWLRQV�YLD�PRELOH�
GHYLFHV� RU� WKH� FORXG� LV� JDLQLQJ� VSHHG�� ,W� LV� WKHUHIRUH� RI� SDUDPRXQW� LPSRUWDQFH� WR�PDNH�QHWZRUNV� VDIH��
1HWZRUN�VHFXULW\�VROXWLRQV�EDVHG�RQ�FRQYHQWLRQDO�ILUHZDOOV�DUH�QR�ORQJHU�VXIILFLHQW��DQG�QHZ�DSSURDFKHV�
VXFK�DV�OHDUQLQJ�EDVHG�LQWUXVLRQ�GHWHFWLRQ�V\VWHPV�>�@�DQG�]HUR�WUXVW�QHWZRUNV��DUH�QRZ�EHLQJ�H[SORUHG�
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,W JRHV�ZLWKRXW�VD\LQJ�WKDW�FKHFNLQJ�WKH�FKDUDFWHULVWLFV�RI�D�QHWZRUN�PDQXDOO\�LV�QRW�DQ�RSWLRQ��)LUVW�RI�DOO��
PRVW� RI� WKHP� FDQ� EH� LPLWDWHG� E\� DWWDFNHUV�� )RU� LQVWDQFH�� WKH� 6HUYLFH� 6HW� ,GHQWLILHU� �66,'�� ZKLFK� LV�
HVVHQWLDOO\�WKH�QHWZRUN�QDPH�FDQ�EH�HDVLO\�VSRRIHG��2Q�WKH�RWKHU�KDQG��5HFHLYHG�6LJQDO�6WUHQJWK�,QGLFDWRU�
�566,��LV�JUHDWO\�DIIHFWHG�E\�WKH�GLVWDQFH�EHWZHHQ�WKH�FOLHQW�DQG�WKH�$3�DQG�WKH�VXUURXQGLQJ�WRSRORJ\�DQG�
FDQQRW�EH�XVHG�IRU�UHOLDEOH�GHWHFWLRQ�>�@��>�@��0RVW�UHVHDUFKHUV�DJUHH�WKDW�XVLQJ�D�VLQJOH�FKDUDFWHULVWLF�IRU�
(YLO�7ZLQ�GHWHFWLRQ�LV�QRW�DGYLVDEOH�>�@��>�@��,QVWHDG��RQH�VKRXOG�FRQVLGHU�D�FRPELQDWLRQ�RI�DWWULEXWHV�DQG�
WUDLQ�D�FODVVLILHU�WR�UHFRJQL]H�$3V�EDVHG�RQ�WKH�IHDWXUHV�LW�H[WUDFWV��0DQ\�UHVHDUFKHUV�KDYH�XVHG�.�1HDUHVW�
1HLJKERU��'HFLVLRQ�7UHH��6XSSRUW�9HFWRU�0DFKLQH��/RJLVWLF�5HJUHVVLRQ��DQG�5DQGRP�)RUHVW�FODVVLILHUV�WR�
WDFNOH�WKH�SUREOHP�>�@��>�@��>�@�

7KH�FXUUHQW�SDSHU�IRFXVHV�RQ�WKH�XVH�RI�0/�DOJRULWKPV�IRU�(YLO�7ZLQ�GHWHFWLRQ��,Q�SDUWLFXODU��LW�DLPV�WR

� SURYLGH�DQ�RYHUYLHZ�RI�UHFHQW�UHVHDUFK�

� LGHQWLI\�DUHDV�IRU�LPSURYHPHQWV�

� DQG�SURSRVH�D�FOLHQW�VLGH�GHWHFWLRQ�IUDPHZRUN�EDVHG�RQ�WKH�5DQGRP�)RUHVW�DOJRULWKP�

7KLV�DUWLFOH�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ�,,�GHVFULEHV�WKH�WDUJHW�VHFXULW\�DWWDFN�DQG�WKH�IHDWXUHV�WKDW�FDQ�
EH�XVHG�IRU�GHWHFWLRQ�SXUSRVHV��6HFWLRQ�,,,� UHYLHZV� WKH�UHODWHG�ZRUN�GRQH� LQ� WKLV�DUHD�ZKLOH�6HFWLRQ�,9�
KLJKOLJKWV�WKH�JDS�LQ�WKH�UHVHDUFK��7KH�IROORZLQJ�VHFWLRQ�SUHVHQWV�WKH�SURSRVHG�IUDPHZRUN��ZKLOH�6HFWLRQ�
9,�GHVFULEHV�WKH�HYDOXDWLRQ�DQG�YHULILFDWLRQ�SURFHVV��)LQDOO\��6HFWLRQ�9,,�FRQFOXGHV�WKH�SDSHU�DQG�LGHQWLILHV�
DUHDV�IRU�IXWXUH�UHVHDUFK�

,,��%DFNJURXQG

$��(YLO�7ZLQ�$WWDFN

,Q�DQ�(YLO�7ZLQ�DWWDFN�WKH�DGYHUVDU\�FRQILJXUHV�DQ�$3�WR�LPSHUVRQDWH�D�OHJLWLPDWH�RQH��6LQFH�PRVW�FOLHQW�
GHYLFHV�SLFN�QHWZRUNV�E\�QDPH�DQG�VLJQDO�VWUHQJWK��D�FRXQWHUIHLW�$3�WKDW�LV�QHDUHU�WR�WKH�YLFWLP��RU�ORXGHU��
PD\�DWWUDFW�WKH�FRQQHFWLRQ��2QFH�DVVRFLDWHG��WKH�YLFWLP
V�WUDIILF�FDQ�EH�REVHUYHG�RU�PDQLSXODWHG��7KH�DWWDFN�
UHOLHV�RQ�XVHU�WUXVW�LQ�IDPLOLDU�QDPHV��DQG�WKXV�LV�VXFFHVVIXO�HYHQ�ZKHQ�WKH�JHQXLQH�QHWZRUN�LV�LWVHOI�ZHOO�
FRQILJXUHG�>�@�

%��2EVHUYDEOH�$FFHVV�3RLQW�)HDWXUHV

$Q�$3�FDQ�EH�FKDUDFWHUL]HG�WKURXJK�VHYHUDO�SDUDPHWHUV�WKDW�FDQ�EH�REVHUYHG�E\�D�FOLHQW�VXPPDUL]HG�LQ�
7DEOH� ,��7KH� 66,'� LV� WKH� YLVLEOH� QDPH� RI� WKH� QHWZRUN�ZKLOH� WKH�%DVLF� 6HUYLFH� 6HW� ,GHQWLILHU� �%66,'��
LGHQWLI\LQJ� WKH� VSHFLILF�$3��7KH�5HFHLYHG�6LJQDO� 6WUHQJWK� ,QGLFDWRU� �566,��� WKH� RSHUDWLQJ� FKDQQHO�� WKH�
HQFU\SWLRQ�W\SH�DQG�VHFXULW\�FRQILJXUDWLRQ��WKH�0$&�DGGUHVV��WKH�UHVSRQVH�WLPH�DQG�WKH�SDFNHW�EHKDYLRU�
SURYLGH�DGGLWLRQDO�HYLGHQFH�LI�DQ�$3�PDWFKHV�WKH�H[SHFWHG�SURILOH�RI�WKH�UHDO�QHWZRUN�>�@��>�@�

7DEOH�,��$FFHVV�3RLQW�)HDWXUHV�&RQVLGHUHG�IRU�&ODVVLILFDWLRQ

)HDWXUH 5ROH�LQ�GHWHFWLRQ

66,' 9LVLEOH�QDPH��HDV\�WR�FRS\��VR�ZHDN�RQ�LWV�RZQ

%66,'���0$& ,GHQWLILHV�WKH�$3�KDUGZDUH��PLVPDWFKHV�ZLWK�NQRZQ�$3V�DUH�VXVSLFLRXV

566, 6LJQDO�SDWWHUQ��DIIHFWHG�E\�WKH�HQYLURQPHQW
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)HDWXUH 5ROH�LQ�GHWHFWLRQ

&KDQQHO 2SHUDWLQJ�IUHTXHQF\��VKDUHG�E\�PDQ\�$3V

6HFXULW\�VHWWLQJV (QFU\SWLRQ�DQG�DXWKHQWLFDWLRQ�W\SH

5HVSRQVH�EHKDYLRXU 7LPLQJ�DQG�SDFNHW�EHKDYLRXU�RI�WKH�$3

&��/LPLWV�RI�,QGLYLGXDO�3DUDPHWHUV

(DFK�SDUDPHWHU�KDV�LWV�GLVDGYDQWDJHV��$Q�DWWDFNHU�FDQ�FRS\�WKH�66,'��WKH�VWUHQJWK�RI�WKH�VLJQDO�GHSHQGV�RQ�
WKH�HQYLURQPHQW��VHYHUDO�$3V�LQ�WKH�VDPH�WHUULWRU\�FDQ�VKDUH�WKH�VDPH�FKDQQHO��,QVWHDG�RI�D�UHOLDEOH�GHWHFWRU��
D� QXPEHU� RI� GLIIHUHQW� IHDWXUHV� VKRXOG� EH� LPSOHPHQWHG� WKDW� ZRXOG� IXQFWLRQ� VLPXOWDQHRXVO\�� PDNLQJ� LW�
LPSRVVLEOH�WR�XVH�MXVW�RQH��>�@��>�@�

,,,��5HODWHG�:RUN

(DUO\�DQDO\VHV�UHYHDOHG�WKDW�LGHQWLILHUV�OLNH�66,'��%66,'�DQG�,3�UHODWHG�LQIRUPDWLRQ�FDQ�EH�IDOVLILHG�E\�DQ�
DWWDFNHU�� VR� LGHQWLILHU�EDVHG� FKHFNV� FDQ� EH� E\SDVVHG�� 3URWRFRO�OHYHO� DSSURDFKHV� ZHUH� H[SORUHG��
6HOYDUDWKLQDP�HW�DO��XVHG�GLVFUHWH�HYHQW�V\VWHPV�RYHU�,(((��������EHKDYLRXU�WR�LGHQWLI\�URJXH�$3V�ZLWK�
ORZ�FRPSXWDWLRQDO�FRVW� DOWKRXJK�WKHLU�PHWKRG�LV�QRW�0/�EDVHG�>�@��.ROLDV�HW�DO��FRQWULEXWHG�WKH�$:,'�
SXEOLF�GDWDVHW�IRU��������LQWUXVLRQ�UHVHDUFK��ZKLFK�ODWHU�ZRUN�KDV�XVHG�WR�WUDLQ�DQG�WHVW�FODVVLILHUV�>�@�

/LJKWZHLJKW�0/�IRU�HQG�XVHUV�ZDV�H[DPLQHG�E\�+DUVKD�HW�DO���ZKR�GHPRQVWUDWHG�WKDW�0/�FDQ�LPSURYH�:L�
)L�VHFXULW\�HYHQ�ZLWK�OLPLWHG�UHVRXUFHV��DOEHLW�WKHLU�HYDOXDWLRQ�ZDV�VPDOO�DQG�GLG�QRW�FRPSDUH�DJDLQVW�QHZHU�
PRGHOV�>�@��$VDGX]]DPDQ�HW�DO��FODVVLILHG�:L�)L�IUDPHV�ZLWK�D�-���GHFLVLRQ�WUHH�DQG�IHDWXUH�VHOHFWLRQ�DQG�
DFKLHYHG�DSSUR[LPDWHO\�����DFFXUDF\�XVLQJ�IUDPH�OHYHO�IHDWXUHV��DOWKRXJK�WKH\�DVVHVVHG�LW�RIIOLQH�RQO\�
>��@�

6LJQDO�EDVHG�PHWKRGV�KDYH�XWLOLVHG�.11��%DQDNK�HW�DO��GHPRQVWUDWHG�WKDW�VLJQDO�FKDUDFWHULVWLFV��WRJHWKHU�
ZLWK�WULDQJXODWLRQ��FDQ�VHSDUDWH�OHJLWLPDWH�IURP�(YLO 7ZLQ�$3V��DOWKRXJK�VLJQDO�VWUHQJWK�GHSHQGV�RQ�WKH�
SK\VLFDO�HQYLURQPHQW�>�@��$�ODWHU�GDWD�PLQLQJ�VWXG\�E\�WKH�VDPH�JURXS�DSSOLHG�.11�WR�FROOHFWHG�ZLUHOHVV�
GDWD��LWV�GDWDVHWV�PD\�QRW�UHSUHVHQW�HYHU\�UHDO�ZRUOG�VHWWLQJ�>�@�

'DWDVHW�GULYHQ�ZRUN�KDV�FRPSDUHG�VHYHUDO�FODVVLILHUV��1DQD\DNNDUD�HW�DO��XVHG�IHDWXUH�VHOHFWLRQ�RQ�$:,'��
ZLWK�5DQGRP�)RUHVW��.11�DQG�1DLYH�%D\HV�DQG�UHSRUWHG����������DFFXUDF\�IRU�5DQGRP�)RUHVW��DOWKRXJK�
UHVXOWV�GHSHQG�RQ� WKH�GDWDVHW� DQG�FKRVHQ� IHDWXUHV� >�@��$NSDULER�DQG�%DQNDV� HYDOXDWHG�5DQGRP�)RUHVW��
/RJLVWLF�5HJUHVVLRQ�DQG�'HFLVLRQ�7UHH�RQ�$:,'��DQG�DGGHG�D�UHDO�WLPH�PRQLWRULQJ�LQWHUIDFH��DOWKRXJK�
HYDOXDWLRQ�ZDV�WLHG�WR�RQH�LQWUXVLRQ�GDWDVHW�>�@��.DPEOH�DQG�.VKLUVDJDU�FRPELQHG�*LQL�LQGH[�EDVHG�IHDWXUH�
VHOHFWLRQ�ZLWK�5DQGRP�)RUHVW��ZKLFK�GHPRQVWUDWHV�WKH�YDOXH�RI�UHGXFLQJ�IHDWXUHV��DOWKRXJK�ODUJH�ZLUHOHVV�
GDWDVHWV�UDLVH�SURFHVVLQJ�QHHGV�>�@��.XPDU�HW�DO��SURSRVHG�D�UHDO�WLPH�IUDPHZRUN�XVLQJ�5DQGRP�)RUHVW��
690�DQG�GHHS�OHDUQLQJ�IRU�GHWHFWLRQ�DQG�PLWLJDWLRQ�DQG�QRWHG�WKDW�PRUH�YDOLGDWLRQ�DFURVV�HQYLURQPHQWV�LV�
QHHGHG�>��@��$XJXVW\QLDN�HW�DO��FRPSDUHG�0/�DOJRULWKPV�IRU�:/$1�SURWHFWLRQ�DQG�VWUHVVHG�WKH�QHHG�IRU�
OLJKWZHLJKW�PRGHOV�IRU�UHVRXUFH�FRQVWUDLQHG�GHYLFHV�>��@�

6HYHUDO�ZRUNV�WDUJHW�GHSOR\PHQW��(YLO6SRW�GHWHFWV�DQG�PLWLJDWHV�VXVSLFLRXV�$3V�DFURVV�PXOWLSOH�FKDQQHOV��
EXW�DW�WKH�QHWZRUN�OHYHO�UDWKHU�WKDQ�E\�0/�FODVVLILFDWLRQ�>��@��0ZLQXND�HW�DO��EXLOW�DQ�$QGURLG�FOLHQW�VLGH�
GHWHFWRU�IRU�KRWVSRW�VSRRILQJ��ZKRVH�SHUIRUPDQFH�GHSHQGV�RQ�LQIRUPDWLRQ�WKH�GHYLFH�H[SRVHV�>�@��+VX�HW�
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DO�� SURSRVHG� DFWLYH� XVHU�VLGH� GHWHFWLRQ� IURP� SDFNHW�IRUZDUGLQJ� EHKDYLRXU� WKDW� UHTXLUHV� QR� DGGLWLRQDO�
LQIUDVWUXFWXUH��EXW�GHSHQGV�RQ�REVHUYDEOH�IRUZDUGLQJ�EHKDYLRXU�>��@��7DEOH�,,�VXPPDULVHV�WKHVH�VWXGLHV�

7DEOH�,,��6XPPDU\�RI�5HYLHZHG�6WXGLHV

6WXG\ 0HWKRG .H\�ILQGLQJ /LPLWDWLRQ

6HOYDUDWKLQDP� HW� DO��
�����>�@

'LVFUHWH� HYHQW� V\VWHPV�
RQ��������EHKDYLRXU

/RZ�RYHUKHDG� URJXH� $3�
GHWHFWLRQ

3URWRFRO�OHYHO�� QRW� 0/�
EDVHG

+DUVKD� HW� DO�� �����
>�@

/LJKWZHLJKW� 0/�
DSSOLFDWLRQ

0/� FDQ� LPSURYH� VHFXULW\�
ZLWK�OLPLWHG�UHVRXUFHV

6PDOO� HYDOXDWLRQ�� IHZ�
PRGHO�FRPSDULVRQV

$VDGX]]DPDQ� HW� DO��
�����>��@

-���WUHH�RQ�:L�)L�IUDPHV $ERXW�����DFFXUDF\ 2IIOLQH�HYDOXDWLRQ�RQO\

%DQDNK� HW� DO�� �����
>�@

.11�RQ�VLJQDO�GDWD�ZLWK�
WULDQJXODWLRQ

6LJQDO� SDWWHUQV� VHSDUDWH�
OHJLWLPDWH�DQG�URJXH�$3V

(QYLURQPHQW�GHSHQGHQW�
VLJQDO

.DPEOH� DQG�

.VKLUVDJDU������>�@
5DQGRP� )RUHVW� ZLWK�
*LQL�EDVHG� IHDWXUH�
VHOHFWLRQ

)HDWXUH� VHOHFWLRQ� KHOSV�
LQWUXVLRQ�GHWHFWLRQ

+HDY\� SURFHVVLQJ� RQ�
ODUJH�GDWD

(YLO6SRW������>��@ 0XOWL�FKDQQHO� GHWHFWLRQ�
DQG�PLWLJDWLRQ
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