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$FNQRZOHGJHPHQWV

,Q�WKH�SURFHVV�RI�FRPSOHWLQJ�WKLV�3K'��,�KDYH�LQFXUUHG�VR�PDQ\�GHEWV�WKDW�DUH�LPSRVVLEOH�WR
UHSD\��,�DP�JUDWHIXO�ıUVW�DQG�IRUHPRVW�WR�P\�LQLPLWDEOH�DGYLVRUV��*UDKDP�0��-RQHV�DQG�$UYLQG
6DW\DQDUD\DQ��IRU�WKHLU�XQZDYHULQJ�VXSSRUW�DQG�HQGOHVV�JXLGDQFH��7KH\�DUH�WKH�PHQWRUV�
VFKRODUV��DQG�KXPDQV�,�DVSLUH�WR�EH�LQ�WKHLU�UHOHQWOHVV�DGYRFDF\��ULJRURXV�UHVHDUFK��DQG
NLQGQHVV��0\�FRPPLWWHH�PHPEHUV��:LOO�'HULQJHU�DQG�(GHQ�0HGLQD��KDYH�DOVR�SOD\HG�D�KXJH
VXSSRUWLQJ�UROH�LQ�VKDSLQJ�WKH�GLVVHUWDWLRQ�LQWR�ZKDW�LW�LV�QRZ�Š�DOO�PLVWDNHV�DUH�P\�RZQ��,�FDQ
RQO\�GHVFULEH�ZRUNLQJ�ZLWK�WKHVH�IDFXOW\�PHPEHUV�DV�LQFUHGLEOH�LQ�WKHLU�ZLOOLQJQHVV�WR�KHOS�DQG
ZRUN�WKURXJK�WKLQJV�ZLWK�PH��:RUNLQJ�WKURXJK�+$676�ZRXOG�KDYH�EHHQ�LPSRVVLEOH�ZLWKRXW�WKH
LPSHFFDEOH�KHOS�RI�.DUHQ�*DUGQHU��.DWH�*RUPOH\��DQG�$PEHUO\�6WHZDUG�

,W�LV�LPSRVVLEOH�WR�LPDJLQH�ZKDW�P\�JUDGXDWH�FDUHHU�ZRXOG�KDYH�ORRNHG�OLNH�LI�QRW�IRU�WKH
9LVXDOL]DWLRQ�*URXS��7KH\�DUH�DV�YLEUDQW��IXQQ\��DQG�VKDUS�DV�WKH\�FRPH��,�DP�VR�JUDWHIXO�IRU
WKHLU�KHOS�IXOO\�FRRNLQJ�WKH�PDQ\�KDOI�EDNHG�LGHDV�,ŖYH�KDG�RYHU�WKH�\HDUV��7R�(YDQ�3HFN��$VSHQ
+RSNLQV��$QJLH�%RJJXVW��'\ODQ�:RRWRQ��+DULQL�6XUHVK��DQG�:RQ\RXQJ�6R��,�DP�DOZD\V�EHWWHU
Rĳ�DIWHU�KDYLQJ�D�FRQYHUVDWLRQ�ZLWK�\RX�DOO��HDFK�FRQYHUVDWLRQ�LV�DQ�HPEDUUDVVPHQW�RI�ULFKHV��,
KROG�VSHFLDO�WKDQNV�WR�$ODQ�/XQGJDUG��-RQDWKDQ�=RQJ��DQG�-DPLH�:RQJ��ZKR�KDYH�EHHQ
WLUHOHVV�FR�DXWKRUV�DQG�HYHQ�EHWWHU�IULHQGV��0DQ\�RI�WKH�SURMHFWV�GHVFULEHG�LQ�WKHVH�SDJHV
ZRXOG�KDYH�EHHQ�LPSRVVLEOH�ZLWKRXW�\RX��EHLQJ�DEOH�WR�FROODERUDWH�ZLWK�\RX�ERWK�KDV�EHHQ�RQH
RI�WKH�ELJJHVW�SULYLOHJHV�LQ�P\�OLIH��$V�IULHQG��FRQıGDQWH��FROODERUDWRU��DQG�FR�FRQVSLUDWRU��\RX
ERWK�KDYH�GRQH�VR�PXFK�PRUH�IRU�PH�WKDQ�\RX�NQRZ�

,�KDYH�EHHQ�LQFUHGLEO\�IRUWXQDWH�WR�KDYH�OHDUQHG�IURP�VR�PDQ\�ZRQGHUIXO�XQGHUJUDGXDWH
VWXGHQWV�DW�0,7�DQG�:HOOHVOH\��LQ�SDUWLFXODU�9HVSHU�/RQJ��<LOLD�4X��7DQ\D�<DQJ��.DW�+XDQJ��DQG
0DWHR�0RQWHUGH��:LWKLQ�+$676�DQG�WKH�/DQJXDJH�	�7HFKQRORJ\�/DE��,�KDYH�KDG�WKH�JRRG
IRUWXQH�RI�FRPPLVHUDWLQJ�ZLWK�DQG�VHHNLQJ�DGYLFH�DERXW�JUDGXDWH�VFKRRO�IURP�IHOORZ�+$676LHV
&DQD\�DQG�7RP��]GHQ�6FKLOOLQJ��5RGULJR�2FKLJDPH��-DPLH�:RQJ��*UDFH�.LP�%XWOHU��0DUF
$LGLQRĳ��&ODUH�.LP��0DULHO�*DUFìD�0RQWHV��6WHYHQ�*RQ]DOH]��/DXUHQ�.DSVDODNLV��&KDUORWWH
0LQVN\��-LD�+XL�/HH��(ULN�6W��*UD\��%HWK�6HPHO��5HQÜH�%ODFNEXUQ��*DEULHOOH�5REELQV��DQG�/DQ
/L��:KLOH�GLVDELOLW\�VWXGLHV�LV�XVXDOO\�D�QLFKH�DUHD�RI�ZRUN�ZKHUH�LW�LV�DOPRVW�LPSRVVLEOH�WR�ıQG�D
FRPPXQLW\�ZLWKLQ�WKH�VDPH�LQVWLWXWLRQ��,�KDYH�EHHQ�EOHVVHG�E\�P\�IULHQGVKLSV�DQG�H[FLWLQJ
H[FKDQJHV�ZLWK�'L�:X�DQG�7LPRWK\�/RK��+$676�IDFXOW\�OLNH�'DYLG�.DLVHU��+ÜFWRU�%HOWUÈQ�
0LFKDHO�)LVFKHU��&DOH\�+RUDQ��5RELQ�6FKHĵHU��DQG�'ZDL�%DQHUMHH�KDYH�EHHQ�FUXFLDO�WR�P\
GHYHORSPHQW�DV�DQ�676�VFKRODU��%H\RQG�+$676��,�KDYH�WUHDVXUHG�WKH�PDQ\�VWLPXODWLQJ
FRQYHUVDWLRQV�,ŖYH�KDG�ZLWK�/LOO\�&KLQ��&DWKHULQH�'Ŗ,JQD]LR��0LOR�3KLOOLSV�%URZQ��0DULRQ
%RXOLFDXOW��+DOH\�6FKLOOLQJ��-RVK�3ROORFN��DQG�*HRĳUH\�/LWW���-RVK�LV�VLQJOH�KDQGHGO\�UHVSRQVLEOH
IRU�P\�VDQLW\�LQ�WKH�ODVW�WZR�GD\V���0,7�LV�ERWK�DQ�LQWHOOHFWXDOO\�DQG�HPRWLRQDOO\�WD[LQJ�SODFH�
KRZHYHU��VXUYLYLQJ�LW�ZRXOG�KDYH�EHHQ�LPSRVVLEOH�ZLWKRXW�WKH�VXSSRUW�RI�6HMDO�3DWHO��/HVOLH
/DQJVWRQ��%ULGJHW�%XUQV��.DLWO\Q�'ZHOOH��3UL\D�0RQL��/HLODQL�*LOSLQ��(PLOLD�6LPLVRQ��$QQLH�<XDQ
:HL��-DQH�+XQJ��3DUULVK�%HUJTXLVW��6KUDGGKD�*XSWD��DQG�1LFROHWWH�%XJKHU�
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$�IHOORZVKLS�DW�+DUYDUGŖV�%HUNPDQ�.OHLQ�&HQWHU�DOVR�OHG�WR�VRPH�RI�P\�PRVW�FKHULVKHG
UHODWLRQVKLSV�LQ�&DPEULGJH��PDQ\�RI�ZKRP�KDYH�KHOSHG�VKDSH�IRUPDWLYH�LGHDV�LQ�WKLV�WKHVLV
DERXW�WKH�VRFLDO�DQG�OHJDO�GLPHQVLRQV�RI�WKH�LQWHUQHW��,�WKDQN�7RP�=LFN��.HQGUD�$OEHUW��0DVRQ
.RUW]��$QGURPHGD�<HOWRQ��.DWK\�3KDP��6DUDK�1HZPDQ��-RQDV�.DLVHU��6DKDU�0DVVDFKL��-RKQ
0DOGRQDGR��%RD]�6HQGHU��$NLQD�<RXQJH��<YHV�'DFFRUG��7XQGH�2NXQR\H��-DG�(VEHU��DQG�WKH
(WKLFDO�7HFK�:RUNLQJ�*URXS��0DULHO�*DUFìD�0RQWHV�DQG�5RGULJR�2FKLJDPH�LQ�SDUWLFXODU�KDYH
EHHQ�LQGLVSHQVDEOH�IULHQGV�DQG�JXLGHV�DW�ERWK�0,7�DQG�+DUYDUG��2XWVLGH�RI�&DPEULGJH��,�KDYH
KDG�WKH�SULYLOHJH�RI�FDOOLQJ�.HOO\�:DJPDQ��*UDFHQ�%ULOP\HU��/HYLQ�.LP��&DOYLQ�/LDQJ��5DQMRGK
6LQJK�'KDOLZDO��$OH[�&DPSROR��0HJKDQ�.HOO\��-DQLFH�.DL�&KHQ��DQG�(PLO\�7VHQJ�ERWK�IULHQGV
DQG�FROODERUDWRUV��$VKOH\�6KHZ�KDV�EHHQ�LQGLVSHQVDEOH�WR�P\�GHYHORSPHQW�DV�D�UHVHDUFKHU
ZRUNLQJ�DW�WKH�MXQFWXUH�RI�WHFK�DQG�GLVDELOLW\��DQG�,�KDYH�IRXQG�D�ZDUP�DQG�ZHOFRPLQJ
FRPPXQLW\�ZLWK�RWKHU�GLVDELOLW\�VWXGLHV�VFKRODUV�OLNH�%HVV�:LOOLDPVRQ��/\GLD�;�=��%URZQ�
'DPLHQ�3DWULFN�:LOOLDPV��6DQG\�+R��&\QWKLD�%HQQHWW��DQG�-RDQQH�:RLDN�

,�EHJDQ�WKLV�MRXUQH\�LQWR�676�DW�6WDQIRUG��ZKHUH�,�EHQHıWHG�IURP�WKH�DGYLFH�RI�P\�IDFXOW\
PHQWRUV�-HVVLFD�5LVNLQ��3DXOD�)LQGOHQ��$GULDQ�'DXE��/RQGD�6FKLHELQJHU��DQG�7RP�0XOODQH\�
+DQQDK�/HEODQF��$OH[�6WDWPDQ��*LQD�5XVVR�7DP��DQG�$QQD�7ROHGDQR�ZHUH�LQFUHGLEOH
RĴFH�PDWHV�DQG�IULHQGV�ZKR�DUH�D�SOHDVXUH�WR�WKLQN�ZLWK�Š�RXU�FRQYHUVDWLRQV�KDYH�IROORZHG
PH�EH\RQG�WKH�EHDXWLIXO�&DOLIRUQLDQ�VNLHV��,�DP�DOVR�JUDWHIXO�WR�0,7�&RPSDUDWLYH�0HGLD
6WXGLHV�:ULWLQJ��SDUWLFXODUO\�WR�+HDWKHU�+HQGHUVKRW��7/�7D\ORU��3DXO�5RTXHW��DQG�(ULF�.ORSIHU�
ZKR�KDYH�HQJDJHG�ZLWK�P\�ZRUN�YHU\�ULJRURXVO\�DQG�FRPSDVVLRQDWHO\��7KH�IHHGEDFN�IURP�D
VHPLQDU�DW�&06�:�KDV�EHHQ�LQGLVSHQVDEOH�DV�,�ZULWH�WKH�ODVW�SDJHV�RI�WKLV�GLVVHUWDWLRQ�

:HDWKHULQJ�D�SDQGHPLF�ZRXOG�KDYH�EHHQ�LPSRVVLEOH�ZLWKRXW�WKH�VXSSRUW�RI�0HOLVVD�*DUGHO�
.DVVLG\�+HDWK��$QMD�DQG�,DQ�&DOLVH��7KD]LQ��&\QWKLD�/LQ��&KLDUD�*LRYDQQL��0DULHO
*DUFìD�0RQWHV��DQG�%ODNHOH\�3D\QH��9UHQ\�DQG�$QGUHDV�5LVL�DUH�WKH�EHVW�LQ�ODZV�DQ\RQH�FRXOG
DVN�IRU��7R�<YRQQH��\RX�DUH�WKH�OLJKW�RI�P\�OLIH�DQG�P\�ELJJHVW�VXSSRUWHU��3URIHVVLRQDOO\��\RXŖYH
FRDFKHG�PH�WKURXJK�HYHU\�LQWHUYLHZ��HYHU\�WDON��HYHU\�SDSHU��DQG�DVNHG�PH�WKH�PRVW�LQFLVLYH
TXHVWLRQV��$V�D�VLVWHU��\RX�KHOS�PH�IHHO�OHVV�DORQH�LQ�WKH�ZRUOG�Š�E\�UHDVVXULQJ�PH�LQ�WLPHV�RI
GDUNQHVV�DQG�E\�KHOSLQJ�PH�HQMR\�WKH�EULJKWHVW�PRPHQWV��,�ORYH�\RX��7R�6WHSKDQ��WKDQN�\RX�IRU
EHOLHYLQJ�LQ�PH�DQG�LQ�XV��5HDGLQJ�WKURXJK�WKH�FKDSWHUV��,�VHH�\RXU�WKLQNLQJ�DQG�\RXU
JHQHURVLW\�UXQQLQJ�WKURXJK�WKH�SDJHV��/LIH�LV�VZHHWHU�ZDONLQJ�ZLWK�\RX�DQG�/DLND�WRJHWKHU�

)LQDOO\��WR�P\�SDUHQWV��ᚘᡃᚰᗏᡃせឤㅰ∘ᎎᅾ㏺୕༑ᖺⓗឡ䠈ᨭᣢ䔉䔁ᇭ啴槭Ⱁ㷳᧨㒠⻀
↓ἲᡂ㏺⠍༤ኈㄽᩥ䚹๓ே✀ᶞ䠈ᚋேᾴ䚹

)XQGLQJ�IRU�WKLV�GLVVHUWDWLRQ�ZDV�SURYLGHG�E\�0,7��WKH�3URJUDPV�IRU�'LJLWDO�+XPDQLWLHV��WKH�.HOO\�'RXJODV
)XQG��WKH�6FKZDU]PDQ�&ROOHJH�RI�&RPSXWLQJ��WKH�([SHULHQWLDO�/HDUQLQJ�2SSRUWXQLW\��(/2��IXQG��WKH�7�6�
/LQ�)HOORZVKLS��DQG�WKH�:DOWHU�5RVHQEOLWK�3UHVLGHQWLDO�)HOORZVKLS��2XWVLGH�RI�0,7��WKLV�UHVHDUFK�EHQHıWHG
IURP�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�*UDQW����������DQG�WKH�6RFLDO�6FLHQFH�5HVHDUFK�&RXQFLOŖV�6RFLDO
'DWD�'LVVHUWDWLRQ�)HOORZVKLS�
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&RQWHQWV

,QWURGXFWLRQ ��

&KDSWHU��� /HWŖV�*R��%DE\�)RUNOLIW� ��

&KDSWHU��� 9LUDO�9LVXDOL]DWLRQV ��

&KDSWHU��� 6RFLRWHFKQLFDO�&RQVLGHUDWLRQV ���

&KDSWHU��� 5LFK�6FUHHQ�5HDGHU�,QWHUDFWLRQV ���

&RQFOXVLRQ ���
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,QWURGXFWLRQ

7KHUH�LV�QR�VXFK�WKLQJ�DV�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��DQG�WKLV�LV�D�GLVVHUWDWLRQ�DERXW�LW�

$V�D�GLVFLSOLQH��LW�LV�GLĴFXOW�WR�GHVFULEH�+&,�V\QWKHWLFDOO\�E\�WRSLF�RU�E\�VKDUHG�PHWKRG�
$V�LW�LV�UHLıHG�LQ�FRQIHUHQFHV�OLNH�&RPSXWHU�+XPDQ�,QWHUDFWLRQ��&+,���DV�D�VXEıHOG�RI�FRPSXWHU
VFLHQFH�IRU�KLULQJ��DQG�DV�D�VSHFLDOL]DWLRQ�OHJLEOH�WR�LQGXVWULDO�UHVHDUFKHUV��WKH�ıHOG�KDV�VORZO\
WDNHQ�RQ�ZKDW�*HRUJH�6WLJOHU�FDOOV�ŗDQ�LPSHULDO�VFLHQFH�Ř�D�WHUP�KH�XVHG�ıUVW�WR�GHVFULEH
HFRQRPLFV��ŗDJJUHVVLYH�LQ�DGGUHVVLQJ�FHQWUDO�SUREOHPV�LQ�D�FRQVLGHUDEOH�QXPEHU�RI
QHLJKERULQJ�VRFLDO�GLVFLSOLQHV��DQG�ZLWKRXW�DQ\�LQYLWDWLRQŘ��6WLJOHU��������7DONV�ZLWKLQ�D�VLQJOH
GD\�DW�DQ�+&,�FRQIHUHQFH�PLJKW�HPSOR\�PHWKRGV�IURP�HWKQRJUDSKLF�REVHUYDWLRQ�WR�WKH�GHVLJQ
RI�PDFKLQH�OHDUQLQJ�V\VWHPV��DQG�WKH�WRSLFV�RI�LQTXLU\�FDQ�RQO\�EH�EURDGO\�GHVFULEHG�DV
FRPSXWDWLRQDO�RU�WHFKQRORJLFDO��/HDGLQJ�UHVHDUFKHUV�FRPH�IURP�D�ZLGH�UDQJH�RI�GLVFLSOLQDU\
EDFNJURXQGV�OLNH�DQWKURSRORJ\��FRPSXWHU�VFLHQFH��DQG�FRJQLWLYH�SV\FKRORJ\��WKH�GLVFLSOLQH
DOVR�VKDUHV�SRURXV�ERXQGDULHV�ZLWK�RWKHU�LQWHUGLVFLSOLQDU\�ıHOGV�VXFK�DV�VFLHQFH�DQG
WHFKQRORJ\�VWXGLHV�

*LYHQ�WKH�ZLGH�UDQJH�RI�UHVHDUFK�FRQWULEXWLRQV�DQG�VFKRODUO\�QRUPV�EHWZHHQ�LWV
FRQVWLWXWLYH�VFKRODUO\�FRPPXQLWLHV��,�UHO\�KHUH�RQ�6KDRZHQ�%DUG]HOOŖV��������GHıQLWLRQ�RI�+&,�DV
WKH�ŗWKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�LQWHUDFWLYH�V\VWHPV�Ř�ZKLFK�GLVFXVVHV�ERWK�RQ�FULWLTXH�EDVHG
�H�J���DQDO\]LQJ�WKH�XQLQWHQGHG�FRQVHTXHQFHV�RI�D�GHVLJQ��DQG�JHQHUDWLYH�FRQWULEXWLRQV��H�J��
GLVFRYHULQJ�VROXWLRQV�IRU�QHZ�GHVLJQ�SUREOHPV���(YHQ�ZLWKLQ�D�UHODWLYHO\�VLPSOH�DQG
VWUDLJKWIRUZDUG�GHıQLWLRQ��+&,�VHHPV�WR�VWXG\�HYHU\WKLQJ��HYHU\ZKHUH��DOO�DW�RQFH��WR�FKDUW�DQG
FUHDWH�WKH�KLVWRULFDO��SUHVHQW��DQG�IXWXUH�GHYHORSPHQW�RI�VRFLRWHFKQLFDO�V\VWHPV��*LYHQ�WKH
GLĳXVHQHVV�RI�WKH�ıHOG��ZKDW�HSLVWHPRORJLFDO�DQG�PHWKRGRORJLFDO�DSSURDFKHV�GRHV�LW�UHO\�XSRQ
WR�EHFRPH�DQ�DFDGHPLFDOO\�OHJLEOH�GLVFLSOLQH"�+RZ�KDYH�SURSRQHQWV�RI�WKH�ıHOG�EHHQ�DEOH�WR
FRQFUHWL]H�LW�HQRXJK�WR�EH�UHFRJQL]DEOH�LQ�FRPSXWHU�VFLHQFH�GHSDUWPHQWV�LQ�WKH�PLG���WK
FHQWXU\�ZKLOH�UHPDLQLQJ�IUXVWUDWLQJO\�GLĳXVH"

:KLOH�WKLV�LQWURGXFWLRQ�ZLOO�RQO\�OLJKWO\�WRXFK�XSRQ�WKH�LOO�GHıQHG�ıHOGŖV�LQWHOOHFWXDO
IRXQGDWLRQV�WR�XQWDQJOH�KRZ�NQRZOHGJH�SURGXFWLRQ�RFFXUV��HDFK�FKDSWHU�LQ�WKLV�GLVVHUWDWLRQ
VKRZFDVHV�D�GLĳHUHQW�GLPHQVLRQ�RI�ZRUN�WKDW�IDOOV�ZLWKLQ�WKLV�EURDG�GLVFLSOLQDU\�UHPLW��/LNH�D
JDV��ZRUN�LQ�+&,�PRUSKV�WR�ıOO�WKH�VSDFH�LW�LQKDELWV��ZKLFK�UHVXOWV�LQ�D�ODUJH�VFRSH�RI�VFKRODUO\
LQYHVWLJDWLRQ��7KHVH�FKDSWHUV�WDNH�HWKQRJUDSKLF�REVHUYDWLRQ��KLVWRULFDO�DQDO\VLV��QHWZRUN
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DQDO\VLV��LQWHUDFWLRQ�WKHRU\�EXLOGLQJ��V\VWHPV�GHVLJQ��DQG�XVHU�VWXGLHV�DV�WRROV�WR�VWXG\�WKH
UHODWLRQVKLS�EHWZHHQ�FRPSXWDWLRQDO�PHGLD�DQG�VRFLHW\��,Q�VR�GRLQJ��WKLV�GLVVHUWDWLRQ�DLPV�WR
VKRZFDVH�KRZ�WKHVH�PHWKRGV�DUH�PXWXDOO\�UHLQIRUFLQJ�UDWKHU�WKDQ�D�SURGXFW�RI�WKH�WZR�FXOWXUHV
�6QRZ��������QHWZRUN�DQDO\VLV�DQG�FODVVLI\LQJ�YLVXDOL]DWLRQV�RYHU�KDOI�D�PLOOLRQ�WZHHWV�FDQ
FDWFK�EURDG�WUHQGV�WKDW�ZRXOG�EH�LPSRVVLEOH�ZLWK�FORVH�UHDGLQJ��DQG�SULQFLSOHV�DERXW
DFFHVVLEOH�GHVLJQ�GUDZQ�IURP�TXDOLWDWLYH�UHVHDUFK�FDQ�EH�JHQHUDWLYH�FRQWULEXWLRQV�WRZDUGV
GHVLJQLQJ�PRUH�LQFOXVLYH�GDWD�YLVXDOL]DWLRQ�V\VWHPV�

7KLV�LQWHJUDWHG�DSSURDFK�WR�TXDOLWDWLYH�UHVHDUFK�DQG�WKH�GHVLJQ�RI�QHZ�FRPSXWDWLRQDO
V\VWHPV�LV�IDU�IURP�QRYHO��LQ�WKH�ODWH�����V��HUJRQRPLFV�UHVHDUFKHUV�OLNH�%ULDQ�6KDFNHO�������
RXWOLQHG�D�FOHDU�DJHQGD�IRU�WKH�LQWHUVHFWLRQ�EHWZHHQ�WKH�KXPDQ�VFLHQFHV�DQG�ZKDW�ZDV�WKHQ
WHUPHG�PDQ�FRPSXWHU�LQWHUDFWLRQ��DQ�RXWJURZWK�RI�KXPDQ�IDFWRUV�UHVHDUFK�WKDW�LWVHOI�FDPH
IURP�WKH�VFLHQWLıF�PDQDJHPHQW�RI�ODERU�SURFHVVHV��:LOOLDPVRQ�������*UXGLQ�������
,QWHUGLVFLSOLQDU\�ZRUN�RI�WKLV�ĲDYRU�KDV�EHHQ�ORQJ�SLRQHHUHG�E\�VFKRODUV�RI�FRPSXWDWLRQ�OLNH
DQWKURSRORJLVW�/XF\�6XFKPDQ��������DQG�FRPSXWHU�VFLHQWLVW�3DXO�'RXULVK���������7KLV�JHQUH�RI
FRQWULEXWLRQ�KDV�EHHQ�SURIHVVLRQDOL]HG�IRU�LQGXVWULDO�DQG�DFDGHPLF�UHVHDUFKHUV�DW�FRQIHUHQFH
YHQXHV�VXFK�DV�&RPSXWHU�6XSSRUWHG�&RRSHUDWLYH�:RUN��&6&:���7RGD\��WKLV�EOHQG�RI�VRFLDO
UHVHDUFK�RQ�FRPSXWDWLRQDO�HFRV\VWHPV�FRQWLQXHV�WR�WKULYH�DW�LQGXVWU\�UHVHDUFK�ODEV��H�J��
0LFURVRIWŖV�6RFLDO�0HGLD�&ROOHFWLYH��DQG�VFKRROV�RI�LQIRUPDWLRQ�DQG�FRPSXWLQJ��$�IRXQGDWLRQDO
SDSHU�WKDW�PDQ\�FRPSXWHU�VFLHQWLVWV�DQG�KLVWRULDQV�RI�WHFKQRORJ\�SRLQW�WR�ZKHQ�LW�FRPHV�WR
WKH�KLVWRULFDO�JHQHVLV�RI�+&,�LV�-�&�5��/LFNOLGHUŖV�ŗ0DQ�&RPSXWHU�6\PELRVLVŘ���������ZKLFK
SURSRVHV�D�ŗFRRSHUDWLYH�LQWHUDFWLRQ�EHWZHHQ�PHQ�DQG�HOHFWURQLF�FRPSXWHUV�Ř�ZKHUH�XVHUV�VHW
XS�WKH�JRDOV��K\SRWKHVHV��DQG�HYDOXDWLRQ�SURFHVVHV�IRU�D�SDUWLFXODU�SUREOHP�ZKLOH�FRPSXWHUV
DUH�DEOH�WR�FRPSOHWH�DXWRPDWHG�WDVNV�DW�D�VSHHG�DQG�YROXPH�WKDW�ZRXOG�EH�LPSRVVLEOH�IRU
KXPDQV�

7KH�JRDO�RI�WKLV�HQGHDYRU�LV�XOWLPDWHO\�WR�RSWLPL]H�IRU�KXPDQ�SHUIRUPDQFH�DQG
HĴFLHQF\��WR�FRPSOHWH�WDVNV�TXLFNO\�DQG�DGYDQFH�KXPDQ�SURGXFWLYLW\��ZKLFK�KDV�SUHFXUVRUV�LQ
HDUO\���WK�FHQWXU\�$PHULFDQ�KLVWRU\��3URSRQHQWV�RI�VFLHQWLıF�PDQDJHPHQW�OLNH�)UHGHULFN�:�
7D\ORU�DQG�)UDQN�DQG�/LOOLDQ�*LOEUHWK��IRU�H[DPSOH��FRQGXFWHG�WLPH�DQG�PRWLRQ�VWXGLHV�LQ�RUGHU
WR�XQGHUVWDQG�KRZ�KXPDQ�RSHUDWRUV�LQWHUDFWHG�ZLWK�LQGXVWULDO�HTXLSPHQW��7D\ORU�KLPVHOI
VXJJHVWHG�VFUHHQLQJ�ZRUNHUVŖ�ERGLHV�IRU�VL]H�DQG�ıWQHVV�ZLWK�WKH�PDFKLQH�WKH\�ZRXOG�ZRUN
ZLWK��:LOOLDPVRQ��������ZKLOH�WKH�*LOEUHWKV�SLRQHHUHG�PLFUR�PRWLRQ�VWXGLHV�DV�D�ZD\�RI
XQGHUVWDQGLQJ�DQG�UHJXODWLQJ�ZRUNHU�SURGXFWLYLW\��1DGZRUQ\�������*LOEUHWK�DQG�*LOEUHWK�������
7KHVH�VWXGLHV�XVHG�WKH�FKURQRF\FOHJUDSK��)LJXUH����WR�FKDUW�WKH�ZRUNHUVŖ�PRYHPHQWV��ZKLFK�LV
D�VPDOO�HOHFWULFDO�ODPS�DWWDFKHG�WR�D�ZRUNHUŖV�ıQJHUV�ZKLFK�LV�WKHQ�SKRWRJUDSKHG�ZLWK�D
PXOWLSOH�H[SRVXUH�PHWKRG�LQ�RUGHU�WR�FKDUW�WKH�ZRUNHUŖV�PRYHPHQWV��)LJXUH�����7KURXJK
UHSHWLWLRQ��WKH�PDUNV�WKDW�WKH�VXEMHFWV�PDGH�RQ�WKH�SKRWRJUDSK�EHFDPH�EULJKWHU��DQG�WKH
JULGGHG�EDFNGURS�PDGH�LW�SRVVLEOH�IRU�WKH�*LOEUHWKV�WR�FDOFXODWH�WKH�SUHFLVH�GLVWDQFH�EHWZHHQ
WKHLU�PRYHPHQWV��7KH�LPDJHV�ZRXOG�WKHQ�EH�WUDQVSRVHG�LQWR��'�ZLUH�VFXOSWXUHV��ZKLFK�FRXOG
VKRZ�D�VXEMHFWŖV�SURJUHVV�DV�WKH\�OHDUQHG�KRZ�WR�FRPSOHWH�D�WDVN��)LJXUH����
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)LJXUH��� ŗ0HWKRG�RI�DWWDFKLQJ�OLJKW�WR�KDQG�IRU�F\FORJUDSK SLFWXUHV��/LJKW�ULQJ�RQ�KDQG
KROGLQJ�KDPPHU�ZKLOH�SXOOLQJ�D�QDLO�������Ř�)UDQN�%��*LOEUHWK�0RWLRQ�6WXG\�3KRWRJUDSKV
�������������7KH�.KHHO�&HQWHU�IRU�/DERU�0DQDJHPHQW�'RFXPHQWDWLRQ�DQG�$UFKLYHV�

)LJXUH��� ŗ&KURQRF\FOHJUDSK�RI�JROI�FKDPSLRQ��)UDQFLV >"@���FLUFD������Ř
)UDQN�%��*LOEUHWK�0RWLRQ�6WXG\�3KRWRJUDSKV�������������

)LJXUH��� ŗ)LUVW�SKRWRJUDSK�RI�ZLUH�PRGHOV�VKRZLQJ RQH�PDQŖV�SURJUHVV�RI�OHDUQLQJ
SDWKV�RI�OHDVW�ZDVWH�Ř��*LOEUHWKV�����������
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:KLOH�PRVW�LQGXVWULDO�FRQVXOWDQWV�QHYHU�VHULRXVO\�FRQVLGHUHG�GLVDELOLW\�DV�D�FDWHJRU\�LQ
WKH�VWXG\�RI�LQGXVWULDO�ZRUN��WKH�*LOEUHWKVŖ�VWXGLHV�RI�:RUOG�:DU�,�YHWHUDQV�LQ�UHKDELOLWDWLRQ
KRVSLWDOV��%URZQ�������FLWHG�LQ�:LOOLDPVRQ������������ODWHU�SDYHG�WKH�ZD\�IRU�ŗHUJRQRPLFŘ
GHVLJQV�WKDW�DFFRXQWHG�IRU�ŗKXPDQ�IDFWRUVŘ��0HDG�DQG�:XOIHFN���������7KLV�DWWHQWLRQ�WR�KXPDQ
YDULDWLRQ�ZDV�LQ�SDUW�JXLGHG�E\�WKH�SUREOHP�RI�GHVLJQLQJ�PLOLWDU\�HTXLSPHQW�IRU�D�ODUJH
SRSXODWLRQ�RI�$PHULFDQ�VROGLHUV�LQ�WKH�����V��ZKHUH�DQWKURSRPHWULF�PHWKRGV�FUHDWHG�E\
LQWHUGLVFLSOLQDU\�WHDPV�RI�GRFWRUV��SV\FKRORJLVWV��DQWKURSRORJLVWV��DQG�HQJLQHHUV�ş�WR�FUHDWH�D
ŗVWDQGDUG�PDQŘ�DV�D�EDVHOLQH�IRU�DOO�YDULDWLRQV�RI�DQ�REMHFWŖV�GHVLJQ��'UH\IXVV��������7KHVH
XQLYHUVDO�EHQFKPDUNV�FRXOG�WKHQ�EH�PRELOL]HG�WR�GHVLJQ�SODQHV�DQG�VXEPDULQHV�ZLWK�RSWLPDOO\
SODFHG�OHYHUV��EXWWRQV��DQG�GRRUV��:LOOLDPVRQ�������

$V�VROGLHUV�UHWXUQHG�IURP�::,,��KRZHYHU��HQVXULQJ�WKDW�WKH�GHVLJQ�RI�HYHU\GD\�REMHFWV
FRXOG�EH�DFFHVVLEOH�WR�UHWXUQLQJ�YHWHUDQV�TXLFNO\�EHFDPH�ŗDOOLHG�WR�D�QRWLRQ�RI�QDWLRQDO
HĴFLHQF\�DQG�SRVW�ZDU�UHFRQVWUXFWLRQŘ��+D\ZDUG��������WKH�JRDO�ZDV�WR�VHDPOHVVO\�LQWHJUDWH
YHWHUDQV�LQWR�D�QHZ��ERRPLQJ�HFRQRP\�DV�FLYLOLDQ�ZRUNHUV��6ROGLHUV�ZKR�UHWXUQHG�ZLWK
VLJQLıFDQW�LQMXULHV�XQGHUZHQW�PHGLFDO�UHKDELOLWDWLRQ�DLPHG�DW�QRUPDOL]LQJ�WKHLU�ERGLO\�IXQFWLRQV
VR�WKDW�WKH\�FRXOG�EHFRPH�ERWK�SURGXFWLYH�ZRUNHUV�DQG�FLWL]HQV��+DPUDLH��������,Q�WKH�ZRUGV
RI�GHVLJQ�KLVWRULDQ�DQG�HWKQRJUDSKHU�$LPL�+DPUDLH��ŗJLYHQ�WKH�ULJKW�HTXLSPHQW�DQG�DSSURSULDWH
EXLOW�HQYLURQPHQW��LQMXUHG�VROGLHUV�FRXOG�ZRUN�LQ�IDFWRULHV��GULYH�DXWRPRELOHV��DQG�UHDOL]H�WKH
$PHULFDQ�'UHDP��'LVDEOHG�SHRSOH��LQ�RWKHU�ZRUGV��FRXOG�EHFRPH�QRUPDO�E\�GHVLJQŘ��LELG�
����������7KH�XOWLPDWH�JRDO�RI�WKHVH�GHVLJQ�DQG�UHKDELOLWDWLRQ�SURMHFWV�ZDV�WR�RSWLPL]H�WKH
FUHDWLRQ�DQG�PDLQWHQDQFH�RI�D�ODUJH��IXQFWLRQLQJ�ZRUNIRUFH�WKDW�FRXOG�VSDQ�SURIHVVLRQV�DQG
DELOLW\��7KDW�D�FRPSXWHU�FRXOG�EH�DV�HDVLO\�XVHG�E\�DQ�DUWLVW�DV�LW�FRXOG�EH�E\�D�SURJUDPPHU�WR
FRPSOHWH�WDVNV�ZLWK�DXJPHQWHG�DELOLWLHV�ZDV�RQH�PDQLIHVWDWLRQ�RI�WKLV�LGHD��H�J���6XWKHUODQG
�������FRPSXWHUV�FRXOG�VXĳXVH�DOPRVW�HYHU\�IRUP�RI�ZRUN�LQ�ZD\V�WKDW�ZRXOG�OHVVHQ�WKH
UHSHWLWLYH�EXUGHQV�RQ�WKH�ZRUNHU�DQG�DXJPHQW�WKHLU�DELOLW\�WR�FRPSOHWH�FRPSOH[�WDVNV�

,Q�'RXJODV�(QJHOEDUWŖV������UHSRUW�RQ�DXJPHQWLQJ�KXPDQ�LQWHOOHFW�WR�WKH�$LU�)RUFHŖV
'LUHFWRU�RI�,QIRUPDWLRQ�6FLHQFHV��LQYHQWRU�RI�WKH�FRPSXWHU�PRXVH�DQG�SXWDWLYH�IRXQGHU�RI�+&,��
KH�DUJXHV�WKDW�ŗLPSURYLQJ�LQWHOOHFWXDO�HĳHFWLYHQHVVŘ�VKRXOG�EH�D�SURPLQHQW�WDUJHW�RI
JRYHUQPHQW�UHVHDUFK�LQYHVWPHQW��ŗDIWHU�DOO��ZH�VSHQG�JUHDW�VXPV�IRU�GLVFLSOLQHV�DLPHG�DW
XQGHUVWDQGLQJ�DQG�KDUQHVVLQJ�QXFOHDU�SRZHU��:K\�QRW�FRQVLGHU�GHYHORSLQJ�D�GLVFLSOLQH�DLPHG
DW�XQGHUVWDQGLQJ�DQG�KDUQHVVLQJ�ŕQHXUDO�SRZHU"Ŗ�,Q�WKH�ORQJ�UXQ��WKH�SRZHU�RI�WKH�KXPDQ
LQWHOOHFW�LV�UHDOO\�PXFK�WKH�PRUH�LPSRUWDQW�RI�WKH�WZRŘ��(QJHOEDUW�������������7KH�RSWLPL]DWLRQ
RI�LQWXLWLYH��HDV\�WR�XVH�V\VWHPV�ZDV�D�FRUH�FRQFHUQ�IRU�HDUO\�KXPDQ�IDFWRUV�UHVHDUFK��ZKLFK�LV
D�OHJDF\�WKDW�KDV�H[WHQGHG�WRZDUGV�+&,��H�J���ŗWR�OLJKWHQ�FRJQLWLYH�ORDGŘ���WKLV�IRFXV�RQ�LQWXLWLYH
RU�HDV\�WR�XVH�WHFKQRORJLHV�UHOLHV�XSRQ�QRWLRQV�RI�WHFKQR�VROXWLRQLVP�DQG�XQLYHUVDOLVP�WKDW
WKLV�GLVVHUWDWLRQ�WULHV�WR�XQVHWWOH��,Q�RWKHU�ZRUGV��WKH�FDVH�VWXGLHV�ZLWKLQ�WKLV�GLVVHUWDWLRQ�XVH
&29,'�UHODWHG�YLVXDOL]DWLRQV��PHPHV��DQG�DFFHVVLEOH�YLVXDOL]DWLRQ�GHVLJQ�LQ�RUGHU�WR�VKRZ�KRZ
UHVHDUFK�LQ�+&,�LV�KLVWRULFDOO\�FRQWLQJHQW��VRFLDOO\�VLWXDWHG��DQG�PDWHULDOO\�HPERGLHG�
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,QVWHDG�RI�DVNLQJ�KRZ�WR�PDNH�V\VWHPV�PRUH�LQWXLWLYH�RU�WR�RSWLPL]H�WKHP�IRU�VSHHG�
WKH�FDVH�VWXGLHV�LQ�WKLV�GLVVHUWDWLRQ�LQVWHDG�LQWHUURJDWH KRZ RU ZK\ DQ�LQWHUIDFH�EHFRPHV
ŗLQWXLWLYHŘ��DQG�WR�ZKRP���7KH�*LOEUHWKVŖ�PRWLRQ�VWXGLHV��OLNH�WKH�H\H�WUDFNLQJ�DQG�TXDQWLWDWLYH
XVHU�VWXGLHV�RI�PRGHUQ�+&,�UHVHDUFK��DUH�QRW�REMHFWLYH�UHQGHULQJV�RI�KRZ�D�SHUVRQ�LQWHUDFWV
ZLWK�WHFKQRORJ\��WKHVH�VWXGLHV�DUH�WKHPVHOYHV�D�SURGXFW�RI�KLVWRULFDO�FRQGLWLRQV�DQG�HPERGLHG
H[SHULHQFH��'DVWRQ�DQG�*DOLVRQ��������7HFKQRORJ\�WKDW�LV�ŗEHWWHU�GHVLJQHG�IRU�HYHU\RQHŘ�ZLOO
QRW�VROYH�VRFLDO�SUREOHPV��DQG�WKH�WRWDOL]LQJ�VZHHS�RI�XQLYHUVDO�GHVLJQ�PLQLPL]HV��DQG�RIWHQ
HUDVHV��WKH�SUREOHPV�VKRXOGHUHG�E\�PXOWLSO\�PDUJLQDOL]HG�SHRSOH��DV�RQH�VL]H�ıWV�DOO�VROXWLRQV
RIWHQ�RQO\�UHĲHFW�WKH�H[SHULHQFH�RI�WKH�PRVW�SULYLOHJHG�XVHUV��7KH�PLOLWDU\�DQG�SROLWLFDO�RULJLQV
RI�FRPSXWLQJ�DQG�WKH�GHVLJQ�RI�FRPSXWDWLRQDO�LQWHUIDFHV�WRR�VXĳXVH�WKH�ıHOGŖV�YDOXHV�DQG
JRDOV��UHVHDUFK�RQ�FRPSXWHU�VXSSRUWHG�FRRSHUDWLYH�ZRUN�KDV�KLVWRULFDOO\�RSWLPL]HG�IRU
SURGXFWLYLW\�DQG�HĴFLHQF\�LQ�ZD\V�WKDW�RIWHQ�RYHUORRN�WKH�VRFLDO�HFRV\VWHPV�LQ�ZKLFK�WKHVH
WHFKQRORJLHV�OLYH�

+&,�DQG�GHVLJQ�UHVHDUFK�QHHG�QRW�SRVLWLRQ�WHFKQLFDO�V\VWHPV�DV�XQLYHUVDOO\�DSSOLFDEOH
VROXWLRQV�WR�VRFLDO�SUREOHPV��VFKRODUVKLS�DQG�SUDFWLFH�LQ�WKLV�ıHOG�FDQ�EH��DQG�KDV�EHHQ�
LQIRUPHG�E\�FULWLFDO�HQJDJHPHQWV�ZLWK�WHFKQRORJ\�DQG�WKH�VRFLDO�FRQGLWLRQV�LQ�ZKLFK�WKH\�DUH
GHYHORSHG��:RUN�GUDZQ�IURP�FRJQLWLYH�SV\FKRORJ\�DQG�QHXURVFLHQFH�LQ�+&,�PD\�EUHDN�GRZQ�D
SHUVRQŖV�LQGLYLGXDO�HQJDJHPHQW�ZLWK�D�V\VWHP�LQ�PRUH�ELRORJLFDO�WHUPV��EXW�ZRUN�IURP�KLVWRU\
DQG�DQWKURSRORJ\�FRQWH[WXDOL]HV�KRZ�FHUWDLQ�WHFKQRORJLHV�ZRUN�LQ�FRPPXQLWLHV�RI�SHRSOH�ZLWK
RYHUODSSLQJ��RU�FRQĲLFWLQJ���LQWHUHVWV�DQG�JRDOV��$V�D�SDUWLFLSDQW�REVHUYHU�DQG�DQ�REVHUYDQW
SDUWLFLSDQW�ZLWKLQ�DQ�+&,�ODE�RYHU�WKH�ODVW�WKUHH�\HDUV��,�KDYH�GUDZQ�OLEHUDOO\�IURP�P\
FRQYHUVDWLRQV�ZLWK�IHOORZ�ODE�PDWHV�WR�LQWHUURJDWH�WKH�P\WKLFDO�YDOXH�RI�ŗXQLYHUVDO�DFFHVVŘ
ZLWKLQ�GDWD�YLVXDOL]DWLRQ�DQG�+&,��DQG�WR�VKRZ�KRZ�GDWD�UHSUHVHQWDWLRQV�DUH�SHUVRQDOO\�DQG
FXOWXUDOO\�VLWXDWHG��7KHVH�TXDOLWLHV�FDQ�RIWHQ�PDNH�WKHVH�GDWD�UHSUHVHQWDWLRQV�DQG�WHFKQLFDO
V\VWHPV�LQWR�REMHFWV�RI�FRQWURYHUV\�DQG�FULWLTXH�WKDW�LV�XOWLPDWHO\�DERXW�SRZHU��'UDZLQJ�RQ
ZRUN�LQ�IHPLQLVW�WHFKQRVFLHQFH��GLVDELOLW\�VWXGLHV��DQG�WKH�KLVWRU\�DQG�DQWKURSRORJ\�RI
FRPSXWLQJ��WKLV�ZRUN�DWWHPSWV�WR�ZHDYH�WRJHWKHU�GLĳHUHQW�IRUPV�RI�+&,�UHVHDUFK�WR�DVN�ZKDW
ZRUN�FDQ�RU�VKRXOG�EH�GRQH�E\�GDWD�UHSUHVHQWDWLRQV�DFURVV�FRPSXWDWLRQDO�PHGLD�

:K\�ZULWH�DERXW�KXPDQ�FRPSXWHU�LQWHUDFWLRQ"

+LVWRULDQV�RI�FRPSXWLQJ�KDYH�WDNHQ�D�VZHHSLQJ�DSSURDFK�WR�XQGHUVWDQG�WKH�ULVH�RI�WHFK
DQG�WKH�DFDGHPLF�PLOLWDU\�LQGXVWULDO�FRPSOH[��7HFK�PHWURSROLVHV�OLNH�3DOR�$OWR�DUH�KDUGO\�PDGH
XS�RI�ERRWVWUDS�RSHUDWLRQV�IXQGHG�DQG�SRZHUHG�E\�ORQH�ZROI�FRGHUV��KLVWRULDQV�OLNH�0DUJDUHW
2Ŗ0DUD��������DQG�3DXO�(GZDUGV��������KDYH�VKRZQ�KRZ�XQLYHUVLW\�WHFK�EHKHPRWKV�OLNH�0,7
DQG�WKHLU�LQGXVWULDO�VSLQ�RĳV�ZHUH�WKH�SURGXFWV�RI�PDVVLYH�LQYHVWPHQW�IURP�&ROG�:DU�GHIHQVH
EXGJHWV��7KHVH�SODQQHG�FRPPXQLWLHV�Š�IURP�WDOHQW�UHFUXLWPHQW�WR�PDWHULDO�LQIUDVWUXFWXUH�Š
ZHUH�VKDSHG�ERWK�E\�QDWLRQDO�GHIHQVH�SULRULWLHV�DQG�SRVWZDU�HFRQRPLF�SODQQLQJ��$V�(GZDUGV
GHVFULEHV�LQ�KLV�KLVWRU\�RI�FRPSXWLQJ�DQG�VFLHQWLıF�VXEMHFWLYLW\�WLWOHG 7KH�&ORVHG�:RUOG� ŗZH
FDQ�PDNH�VHQVH�RI�WKH�KLVWRU\�RI�FRPSXWHUV�DV�WRROV�RQO\�ZKHQ�ZH�VLPXOWDQHRXVO\�JUDVS�WKHLU
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KLVWRU\�DV�PHWDSKRUV�LQ�&ROG�:DU�VFLHQFH��SROLWLFV��DQG�FXOWXUHŘ��(GZDUGV�������L[���(GZDUGV
DUJXHV�WKDW�WKH�JRYHUQPHQWŖV�H[RUELWDQW�LQYHVWPHQW�LQ�FRPSXWLQJ�WHFKQRORJLHV�VSRNH�OHVV�WR
WKH�FRPSXWHUVŖ�DFWXDO�IXQFWLRQV�DQG�PRUH�WR�KRZ�WKH�WHFKQRORJLHV�FRXOG�LGHRORJLFDOO\��DQG
DVSLUDWLRQDOO\��SURYLGH�D�VHQVH�RI�VDIHW\�DQG�FRQWURO�WR�PLOLWDU\�DFWRUV��&RPSXWDWLRQDO�PDFKLQHV
SURPLVHG�D�IXWXUH�ıOOHG�ZLWK�XQLıHG�V\VWHPV�RI�FRPPDQG�WKDW�FRXOG�HOLPLQDWH�KXPDQ�HUURU�

6FLHQWLVWV�DQG�&ROG�:DU�VWUDWHJLVWV�FUHDWHG�WKLV�IXWXUH�YLD�WKH�ŗFORVHG�ZRUOGŘ�Š�RQH
ZKHUH�WKH�PHVV�RI�UHDO�ZRUOG�SUREOHPV�FRXOG�EH�VDQLWL]HG�DQG�RUGHUHG�LQWR�ERXQGHG�DQG
UDWLRQDO�VSDFH��7KLV�LOOXVLRQ�RI�FRQWURO�FHQWHUHG�DURXQG�ŗSUREOHPV�RI KXPDQ�PDFKLQH
LQWHJUDWLRQ� EXLOGLQJ�ZHDSRQV��V\VWHPV��DQG�VWUDWHJLHV ZKRVH�KXPDQ�DQG�PDFKLQH
FRPSRQHQWV�FRXOG�IXQFWLRQ�DV�D�VHDPOHVV�ZHEő>ZKHUH@�FRPSXWHUV�ZRXOG�DXWRPDWH�RU�DVVLVW
WDVNV�RI�SHUFHSWLRQ��UHDVRQLQJ��DQG�FRQWURO�LQ�LQWHJUDWHG�V\VWHPVŘ��(GZDUGV�����������7KLV
DSSURDFK�WR�VWXG\LQJ�DQG�GHYHORSLQJ�V\VWHPV��KXPDQ�DQG�WHFKQRORJLFDO��DV�VHOI�UHJXODWLQJ
PDFKLQHV�ZDV�WKH�LQWHOOHFWXDO�FRUQHUVWRQH�RI�PDQ\�DOOLHG�DQG�RYHUODSSLQJ�GLVFLSOLQHV��OLNH
FRJQLWLYH�SV\FKRORJ\�DQG�F\EHUQHWLFV��:LWKLQ�WKLV�ZRUOG��FRPSXWDWLRQDO�WHFKQRORJ\�FRXOG
IXQFWLRQ�DV�SURVWKHVHV�IRU�WKH�KXPDQ�VHQVRULXP��ZKHUH�F\EHUQHWLFLDQV�OLNH�1RUEHUW�:LHQHU�DW
0,7�H[SORUHG�PRGHV�RI�VHQVRU\�VXEVWLWXWLRQ�WKURXJK�REMHFWV�OLNH�WKH�KHDULQJ�JORYH�Š�D�GHYLFH
WKDW�ZRXOG�WUDQVODWH�VSHHFK�H[WUDFWV�WKURXJK�SUHVVXUH�RQ�RQHŖV�ıQJHUV��)LJXUH����VHH�DOVR�0LOOV
�������7KH�SURGXFWLRQ�RI�WDFWLOH�VHQVDWLRQ�DV�D�ZD\�RI�PDNLQJ�ODQJXDJH�DQG�FRPSXWHUV
DFFHVVLEOH�WR�SHRSOH�ZLWK�GLVDELOLWLHV�LV�DQ�LPSRUWDQW�GHYHORSPHQW�LQ�KXPDQ�FRPSXWHU
LQWHUDFWLRQ�WKDW�UHYHDOV�WKH�SKHQRPHQDO�DQG�LQWHUDFWLRQDO�FRQVHTXHQFHV�RI�ODQJXDJH��VLJQDO
SURFHVVLQJ��DQG�WDFWLOLW\�DV�D�PHWKRG�RI�FRQYH\LQJ�LQIRUPDWLRQ��+LVWRULDQ�2ULW�+DOSHUQŖV
DFFRXQW�RI�F\EHUQHWLF�UHIRUPXODWLRQV�RI�SHUFHSWLRQ�DOVR�VKRZV�DQ�XQGHUO\LQJ�WHQVLRQ�EHWZHHQ
ŗHQYLVLRQLQJ�VHQVRU\�LQIUDVWUXFWXUH�DV�VXEMHFWLYH�DQG�PLPHWLFDOO\�SURVWKHWLF�RU�QHWZRUNHG�DQG
DXWRQRPRXVŘ��+DOSHUQ�������������&RPSXWDWLRQDO�WRROV�FRXOG�HLWKHU�EH�D�ZD\�RI�VXEMHFWLYHO\
HQKDQFLQJ�WKH�KXPDQ�VHQVRULXP RU EH�SDUW�RI�DQ�REMHFWLYHO\ RUGHUHG�V\VWHP�RI�SHRSOH�DQG
PDFKLQHV�WKDW�FRXOG�VHDPOHVVO\�WUDQVIHU�LQIRUPDWLRQ�

7KH�F\EHUQHWLF�QDUUDWLYH�WKDW�WHFKQRORJLHV�FRXOG�UHPHGLDWH�RU�DXJPHQW�WKH�KXPDQ
VHQVHV�DW�0,7�ZDV�UHLQIRUFHG�IROORZLQJ�DQ�LQMXU\�WKDW�OHIW�:LHQHU�ZLWK�D�EURNHQ�KLS�LQ������
)ROORZLQJ�WKLV�LQMXU\��GRFWRUV�DQG�UHVHDUFKHUV�DW�WKH�0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO�DQG
+DUYDUG�0HGLFDO�6FKRRO�ZRUNHG�ZLWK�5REHUW�0DQQ��DQ�0,7�SURIHVVRU�RI�PHFKDQLFDO
HQJLQHHULQJ��WR�FRQVWUXFW�D�VPDOO�SRZHU�V\VWHP�WKDW�FRXOG�EH�XVHG�WR�VHQG�HOHFWULFDO�VLJQDOV
IURP�WKH�EUDLQ�WR�DQ�DUWLıFLDO�DUP��0,7�0XVHXP�������)LJXUH�����7KH�SRZHU�V\VWHP�LWVHOI�ZDV
EDVHG�RQ�DQ�HDUOLHU�GHVLJQ�IRU�D�OLJKWZHLJKW�V\VWHP�WKDW�0DQQ�GHYHORSHG�LQ�WKH�����V�IRU�WKH
6SDUURZ�DQG�+DZN�PLVVLOHV��:ULJKW��������,Q�VRPH�ZD\V��0DQQŖV����\HDU�FDUHHU�DW�0,7�LV�WKH
SHUIHFW�HPERGLPHQW�RI�WKH�WUDQVLWLRQ�RI�KXPDQ�IDFWRUV�UHVHDUFK�IURP�PLOLWDU\�DSSOLFDWLRQV�WR
UHPHGLDWLQJ�WKH�HĳHFWV�RI�ZDU��LQ�D�SXEOLF�OHFWXUH�DW�0,7��KH�UHFRXQWV�KLV�FDUHHU�VZLWFK�IURP
ŗSRZHULQJ�URFNHWV�WR�SRZHULQJ�SHRSOHŘ��0DQQ�������Š�DQ�HWKRV�KH�EURXJKW�WR�WKH�GHVLJQ�RI
WKH�ĲDJVKLS�FRXUVH�IRU�0,7�PHFKDQLFDO�HQJLQHHUV���������'HVLJQ�DQG�0DQXIDFWXULQJ�,��

��



)LJXUH��� 3URWRW\SH�IRU�WKH�+HDULQJ�*ORYH�
3KRWR�E\�$OIUHG�(LVHQVWDHGW��0D\�����������1RUEHUW�:LHQHU�SDSHUV��0,7�0XVHXP�

)LJXUH��� 0DQ�LQ�D�VXLW�DQG�WLH�XVLQJ�DQ�HDUO\�SURWRW\SH RI�WKH�%RVWRQ�$UP�WR�SLFN�XS�WKH
WHOHSKRQH��&ROOHFWLRQ�RQ�WKH�%RVWRQ�$UP��%RVWRQ�(OERZ���0,7�0XVHXP�

��



7KH�LGHD�WKDW�XVLQJ�DQG�PDQLSXODWLQJ�D�SURJUDPPDEOH�PDFKLQH�LV�D�VHQVXRXV
H[SHULHQFH��KRZHYHU��KDV�D�ORQJHU�KLVWRU\��,Q�������$XJXVWXV�GH�0RUJDQ�Š�WKH�IRXQGHU�RI�WKH
/RQGRQ�0DWKHPDWLFDO�6RFLHW\�DQG�WXWRU�WR�$GD�/RYHODFH�Š�ZURWH�WR�KLV�VWXGHQWŖV�PRWKHU
SUDLVLQJ�/DG\�/RYHODFHŖV�PDWKHPDWLFDO�SURZHVV�EXW�FDXWLRQHG�WKDW�KHU�DSWLWXGH�DQG�ZRUN
ZRXOG�EH�WRR�RQHURXV�IRU�KHU�ERG\��0D\QH��������,Q�D������HVVD\�LQ 6FLHQWLıF�$PHULFDQ�
FRPSXWHU�VFLHQWLVW�$ODQ�.D\�Š�WKH�FUHDWRU�RI�WKH�'\QDERRN��WKH�FRQFHSWXDO�SUHGHFHVVRU�WR�WKH
ODSWRS�FRPSXWHU�Š�OLNHQHG�FRPSXWHUV�WR�PXVLFDO�LQVWUXPHQWV�WKDW��GUDZLQJ�RQ�'D�9LQFL�
ŗVKDSH�WKH�LQYLVLEOHŘ��.D\������������8QOLNH�FOD\�WKDW�FDQ�EH�VKDSHG�VLPSO\�E\�ŗVKRYLQJ�ERWK
KDQGV�LQWR�WKH�VWXĳ�Ř�.D\�DUJXHG�WKDW�XVLQJ�D�FRPSXWHU�DV�D�SURJUDPPHU�LV�DV�ŗGHWDFKHG�IURP
KXPDQ�H[SHULHQFH�DV�D�UDGLRDFWLYH�LQJRW�EHLQJ�PDQLSXODWHG�UHPRWHO\�ZLWK�EXWWRQVŘ��FURVVLQJ
WKLV�JDS�UHTXLUHV�DWWHQWLRQ�WR�WKH�GHVLJQ�RI�XVHU�LQWHUIDFHV��DV�ŗZKDW�LV�SUHVHQWHG�WR�RQHŖV
VHQVHV LV RQHŖV�FRPSXWHUŘ��LELG��������7KLV�IHHOLQJ RI�GLUHFW�VHQVRU\�DFFHVV�LV�HQFDSVXODWHG�LQ
ODWHU�VWXGLHV�E\�FRJQLWLYH�VFLHQWLVWV�(GZLQ�+XWFKLQV��-DPHV�+ROODQ��DQG�'RQDOG�1RUPDQ�������
DV�ŗGLUHFW�PDQLSXODWLRQ�Ř�ZKLFK�GHVFULEHV�WKH�ŗIHHOLQJ�RI�GLUHFWQHVV�>���@�EHWZHHQ�WKH�XVHUŖV
LQWHQWLRQV�DQG�WKH�IDFLOLWLHV�SURYLGHG�E\�WKH�PDFKLQH�Ř�ZKLFK�UHTXLUHV�WKH�ŗV\VWHP�SURYLGH
UHSUHVHQWDWLRQV�RI�REMHFWV�WKDW�EHKDYH�DV�LI�WKH\�DUH�WKH�REMHFWV�WKHPVHOYHV�Ř�7KH�DELOLW\�WR
FRQMXUH�DQG�HQKDQFH�WKH�ŗIHHOLQJ�RI�GLUHFWQHVVŘ�KDV�EHHQ�D�FRUQHUVWRQH�LQ�WHFK�GHYHORSPHQW
IRU�SHUVRQDO�DQG�KDQGKHOG�GHYLFHV�LQ�UHFHQW�\HDUV��HQFDSVXODWHG�EHVW�E\�WKH�SULQW�VORJDQ�IRU
WKH�ıUVW�L3KRQH��ŗWRXFKLQJ�LV�EHOLHYLQJŘ��)LJXUH����

)LJXUH��� 3ULQW�DG�IRU�WKH�ıUVW�L3KRQH�LQ 'HWDLOV 0DJD]LQH� $XJXVW������

��



6XFK�DUH�WKH�YDULHG�IRXQGDWLRQV�RQ�ZKLFK�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�UHVHDUFK�LV�EXLOW
LQ�WKH�8QLWHG�6WDWHV��)URP�WKH�GHYHORSPHQW�RI�HUJRQRPLF�GHYLFHV�WR�PHDVXULQJ�KXPDQ
SHUFHSWLRQ�WR�RSWLPL]H�FRPSXWDWLRQDO�V\VWHPV��D�JUHDW�GHDO�RI�WKLV�RULJLQ�VWRU\�KDV�WKXV�IDU
EHHQ�WROG�SULPDULO\�WKURXJK�SURPLQHQW�ıJXUHV�LQ�&ROG�:DU�VFLHQFH�OLNH�9DQQHYDU�%XVK�DQG
'RXJODV�(QJHOEDUW��7KHLU�LQĲXHQFH��DQG�WKDW�RI�6WDQIRUG�DQG�0,7��LV�LQGLVSXWDEO\�VLJQLıFDQW��WKH
FRPSXWHU�PRXVH��PXOWLSOD\HU�YLGHR�JDPHV��DQG�WRXFK�VFUHHQV�DUH�LPSRUWDQW�PLOHVWRQHV�LQ�+&,
UHVHDUFK�WKDW�ZHUH�GHYHORSHG�DW�RU�LQFXEDWHG�E\�WKHVH�XQLYHUVLWLHV��+RZHYHU��WKHVH�DUH�DOVR�WKH
JORULRXV�VWRULHV�WKDW�GHSDUWPHQWV�UHFRXQW�WR�WKHPVHOYHV�WR�FHPHQW�WKHLU�DOUHDG\�RXWVL]HG
LQWHOOHFWXDO�UHSXWDWLRQV��7KH\�DUH�WKH�VDPH�DFFRXQWV�WKDW�EHFRPH�LQFXOFDWHG�LQ�VWXGHQWV�LQ�WKLV
OLQHDJH�ZKR�DOVR�SXUVXH�UHVHDUFK�ZLWKLQ�WKHVH�ıHOGV��QHDUO\�HYHU\�FRXUVH�RQ�KXPDQ�FRPSXWHU
LQWHUDFWLRQ�RU�GHVLJQ�DW�WKHVH�XQLYHUVLWLHV�RSHQ�ZLWK�9DQQHYDU�%XVKŖV������HVVD\ $V�:H�0D\
7KLQN �ZKLFK�GHVFULEHG�WKH�PHPH[��RU�DQ�HDUO\�K\SHUWH[W V\VWHP��ZLWKLQ�LQWURGXFWRU\�OHFWXUHV�RU
DVVLJQ�LW�DV�UHDGLQJ��+RZ�GLG�WKLV�FDQRQ�RI�SXWDWLYH�IRXQGHUV�RI�+&,�FRPH�DERXW��DQG�ZKDW�DUH
DOWHUQDWLYH�ZD\V�RI�HQYLVLRQLQJ�WKH�LQWHOOHFWXDO�RULJLQV�RI�WKH�GLVFLSOLQH"�2QH�ZD\�RI
XQGHUVWDQGLQJ�WKH�KLVWRU\�RI�+&,�DQG�LWV�LQWHOOHFWXDO�IRXQGDWLRQV�LV�WKURXJK�FRQQHFWLQJ�WZR
ERGLHV�RI�LQWHUSUHWLYH�LQTXLU\��RQH�LQ�GHVLJQ�KLVWRU\�DQG�FRPSXWDWLRQDO�PHGLD��H�J���:LOOLDPVRQ
������+DPUDLH�������DQG�WKH�KLVWRU\�RI�FRPSXWLQJ�DQG�ODERU��H�J���$EEDWH������������
(QVPHQJHU�������+LFNV�������*UD\�DQG�6XUL��������5HIUDFWLQJ�LVVXHV�RI�LQWHUDFWLRQ�DQG�GHVLJQ
WKURXJK�TXHVWLRQV�DERXW�ODERU�DQG�WKH�IXWXUH�RI�ZRUN�DOORZV�PH�WR�SURGXFWLYHO\�GUDZ�XSRQ
H[WDQW�KLVWRULFDO�VRXUFHV�DQG�FRQWH[WXDOL]H�WKHP�ZLWKLQ�D�EURDGHU�SROLWLFDO�HFRQRP\�RI�GDWD�DQG
FRPSXWLQJ�

0\�UHVHDUFK�ZLOO�GHSDUW�IURP�FRQYHQWLRQDO�KLVWRULHV�DERXW�FRPSXWLQJ�E\�KLVWRULFL]LQJ
DQG�FXOWXUDOO\�UHODWLYL]LQJ�FODLPV�DERXW�WKH�XQLYHUVDOLW\�DQG�LPPHGLDF\�RI�WRXFK��3UHYLRXV
KLVWRULHV�RI�+&,�KDYH�WHQGHG�WR�SHJ�FKDQJHV�LQ�LQWHUDFWLRQ�WKHRU\�ZLWK�WKH�LQWURGXFWLRQ�RI�QHZ
WHFKQRORJLHV�OLNH�WKH�PRXVH�RU�WKH�JUDSKLFDO�XVHU�LQWHUIDFH��'RXULVK��������DQG�PXFK�RI�WKLV
ZRUN�IRFXVHV�RQ�WKH�XQGHUO\LQJ�SKHQRPHQD�Š�OLNH�FRJQLWLYH�DQG�OHDUQHG�FKDUDFWHULVWLFV�Š�WKDW
ŗJLYH�ULVH�WR�WKH�IHHOLQJ�RI�GLUHFWQHVVŘ��+XWFKLQV��+ROODQ��DQG�1RUPDQ�������)URKOLFK�������
ŗ'LUHFWQHVVŘŠ�WKDW�LV��WKH�GLVWDQFH�EHWZHHQ�WKH�XVHUŖV�H[SUHVVHG�LQWHQWLRQ�DQG�WKHLU�DELOLW\�WR
DFWXDOO\�H[HFXWH�WKLV�DFWLRQ�ZLWKLQ�D�FRPSXWLQJ�V\VWHP��$QWKURSRORJLVWV�DQG�KLVWRULDQV�KDYH
UHFHQWO\�VKRZQ�KRZ�WKLV�SULQFLSOH�UHĲHFWV�WDFLW�NQRZOHGJH�DERXW�KRZ�FRPSXWHUV�RXJKW�WR�ZRUN
�&ROOLQV�������3HWULFN��������DQG�ZKLOH�HDUO\�+&,�OLWHUDWXUH�KHDYLO\�HPSKDVL]HV�ODQJXDJH�DURXQG
KRZ�WKH�ERG\�LQWHUDFWV�ZLWK�D�FRPSXWHU�LQWHUIDFH��,�KRSH�WR�EXLOG�RQ�DQG�FRQWULEXWH�WR�WKH
OLYHO\��JURZLQJ�ERG\�RI�ZRUN�RQ�WKH�KLVWRU\�RI�WRXFK�DQG�KDSWLF�LQWHUIDFHV��0DLQHV������
3DWHUVRQ�������������3ORWQLFN�������������*DOORZD\�������6FKHUĴJ�������9HODVFR�DQG�2EULVW
������

6FKRODUV�LQ�VHQVRU\�VWXGLHV�KDYH�WXUQHG�WKHLU�LQYHVWLJDWLRQV�WRZDUGV�XQGHUVWDQGLQJ�KRZ
VHQVRU\�H[SHULHQFHV�Š�WKH�VFHQW�RI�D�SHUIXPH��WKH�LQWLPDF\�RI�WRXFK�Š�DUH�WKHPVHOYHV�ıHOGV
RI�FXOWXUDO�HODERUDWLRQ��&RUELQ�������6WROOHU�������+RZHV�������&ODVVHQ�������3LQN�������
7KHVH�DQWKURSRORJLVWV�SRVLW�D�FXOWXUDOO\�VSHFLıF�QDUUDWLYH�RI�WKH�VHQVRULXP�DJDLQVW�D�SXUHO\

��



ELRORJLFDO��QHXURVFLHQWLıF�RQH�WKDW�PDSV�KXPDQ�VHQVHV�WR�VSHFLıF�SDUWV�RI�WKH�EUDLQ�RU�WKH
ERG\��6LPLODU�ZRUN�E\�SKLORVRSKHUV�DUWLFXODWH�KRZ�GLĳHUHQW�ZD\V�RI�XQGHUVWDQGLQJ�KXPDQ
SHUFHSWLRQ�LPSDFWV�RXU�LGHDV�DERXW�ZKDW�LV�NQRZDEOH��0HUOHDX�3RQW\�������6WRNHV��0DWWKHQ�
DQG�%LJJV�������%DUZLFK�DQG�&KDQJ��������,Q�SDUWLFXODU��KLVWRULDQV�DQG�VRFLRORJLVWV�KDYH
ZULWWHQ�H[WHQVLYHO\�RQ�WKH�0RO\QHX[�SUREOHP�Š�D�WKRXJKW�H[SHULPHQW�PDGH�IDPRXV�E\�-RKQ
/RFNH�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�WDFWLOH�DQG�YLVXDO�NQRZOHGJH�Š�WR�XQGHUVWDQG�WKH�SODFH
RI�EOLQGQHVV�LQ�SKLORVRSK\�DV�D�FRXQWHU�WR�WKH�FHQWUDOLW\�RI�YLVLRQ�LQ�VFLHQWLıF�SUDFWLFH��5LVNLQ
������-ĞWWH�������3DWHUVRQ��������7KLV�GLVVHUWDWLRQ�EXLOGV�RQ�OLWHUDWXUH�LQ�VHQVRU\�VWXGLHV�WR
VKRZ�KRZ�DFFRXQWLQJ�IRU�GLVDELOLW\�LQ�WKH�GHVLJQ�RI�WDFWLOH�REMHFWV�UHTXLUHV�D�UHQHZHG�DWWHQWLRQ
WR�QRQ�YLVXDO�PRGDOLWLHV�DQG�WKHLU�FXOWXUDO�KLVWRULHV��+DUULV�������,QJROG�������3DWHUVRQ�DQG
'RGJH��������%\�EULQJLQJ�VHQVRU\�VWXGLHV�WR�WKH�KLVWRU\�RI�FRPSXWLQJ��,�KRSH�WR�VKRZ�KRZ�WKH
GHVLJQ�RI�WDFWLOH�REMHFWV�HPEHGV�ZLWKLQ�LW�QDUUDWLYHV�DERXW�WKH�VHQVHV�DV�D�FXOWXUDOO\�DQG
WHFKQRORJLFDOO\�PHGLDWHG�H[SHULHQFH��+RZHV�������&��$��-RQHV�������

2Q�FULWLFDO�WHFKQLFDO�SUDFWLFH

:KLOH�,�DFNQRZOHGJH�WKH�LQĲXHQFH�WKDW�0,7�DQG�LWV�DĴOLDWHV�KDYH�KDG�RQ�WKH�KLVWRU\�RI
FRPSXWLQJ�DQG�+&,��EX\LQJ�LQWR�WKLV�QDUUDWLYH�XQFULWLFDOO\�RIWHQ�UHSURGXFHV�VRFLDO�LQHTXDOLW\�DQG
HUDVHV�WKH�KLGGHQ�ODERU�WKDW�VXVWDLQV�Š�RU�OLEHUDWRU\�DOWHUQDWLYHV�WR�Š�RXU�H[LVWLQJ�WHFK
HFRV\VWHPV��$V�'DQLHOD�5RVQHU��������ZULWHV�LQ�KHU�FULWLFDO�KLVWRU\�RI�GHVLJQ��HOHYDWLQJ
ORQJ�VLOHQFHG�QDUUDWLYHV�DERXW�GHVLJQ�DQG�WKHLU�PHWKRGRORJLHV�KHOSV�WHFKQRORJLVWV�FKDOOHQJH
H[LVWLQJ�SDUDGLJPV�WR�LPDJLQH�PRUH�HTXLWDEOH�ZRUOGV��6LPLODUO\��LQ�WKHLU�KLVWRU\�RI�/DWLQ
$PHULFDQ�LQIRUPDWLFV��5RGULJR�2FKLJDPH��������VKRZV�KRZ�LQYHVWLJDWLQJ�KLVWRULFDO
H[SHULPHQWV�ZLWK�GLĳHUHQW�DSSURDFKHV�WR�LQIRUPDWLRQ�VKDULQJ��LQ�WKHLU�FDVH��ZLWK�&XEDQ
VRFLDOLVP�DQG�/DWLQ�$PHULFDQ�OLEHUDWLRQ�WKHRORJ\��FDQ�KHOS�XV�ŗLPDJLQH�QHZ�ZD\V�WR�RUJDQL]H
LQIRUPDWLRQ�WKDW�WKUHDWHQ�WKH�FDSLWDOLVW�VWDWXV�TXR�Š�DERYH�DOO��E\�IDFLOLWDWLQJ�WKH�ZLGH
FLUFXODWLRQ�RI�WKH�LGHDV�RI�WKH�RSSUHVVHG�Ř�3ULVRQ�DEROLWLRQLVWV�DQG�DQWL�FDSLWDOLVW�VFKRODUV�KDYH
DOVR�GHVFULEHG�KRZ�XWRSLDQ�YLVLRQV��FULWLFDO�KLVWRULHV��DQG�SUDJPDWLF�UHIRUPV�DOO�ŗLQIRUP�RQH
DQRWKHU�LQ�RUGHU�WR�SURGXFH�XWRSLDQ�GHVWLQDWLRQV�WKDW�KDYH�DFFHVVLEOH�ZD\VWDWLRQVŘ��*UHHQ
�������&ULWLFDO�HQJDJHPHQWV�ZLWK�VSHFXODWLYH�IXWXUHV�DQG�FRXQWHU�KLVWRULHV�Š�SDUWLFXODUO\�WKRVH
WKDW�FKDOOHQJH�H[WDQW�QDUUDWLYHV�DERXW KRZ WKH�VWDWXV TXR�FDPH�WR�EH�Š�DUH�LPSRUWDQW�IRU
SURDFWLYHO\�FKDOOHQJLQJ�KRZ�FRPSXWDWLRQDO�WHFKQRORJLHV�UHLQIRUFH��UDWKHU�WKDQ�UHVLVW��VWUXFWXUHV
RI�SRZHU��)HPLQLVW�676�VFKRODUV�)UDQFHV�%URQHW�DQG�/LQGD�/D\QH�VXJJHVW�WKDW�VFKRODUV�LQ�WKH
KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV�VKRXOG�QRW�ŗVLW�EDFN�DQG�RĳHU�SRVW�IDFWR�FULWLTXHV�RI�QHZ
WHFKQRORJLHV��EXW�>LQVWHDG@�ő�LQWHUYHQH�WR�SURDFWLYHO\�LQĲXHQFH�GHVLJQŘ��%URQHW�DQG�/D\QH
�����������

7KH�UHODWLRQVKLS�EHWZHHQ�FULWLFDO��KLVWRULFDO�ZRUN�DQG�WKH�GHYHORSPHQW�RI�QHZ
FRPSXWLQJ�V\VWHPV�LV�D�IXQGDPHQWDOO\�GLDOHFWLFDO�RQH��,Q�7KH 0DQJOH�RI�3UDFWLFH��676�VFKRODU
$QGUHZ�3LFNHULQJ��������UHFRXQWV�WKH�VWRU\�RI�D�SK\VLFLVW��'RQDOG�*ODVHU��ZKR�ZDV�WU\LQJ�WR
FRQVWUXFW�D�QHZ�LQVWUXPHQW�WR�GHWHFW�VR�FDOOHG�ŗVWUDQJH�SDUWLFOHVŘ�LQ�WKH�����V��:KLOH�WKH

��



PDFKLQH�*ODVHU�LQLWLDOO\�GHYHORSHG�GLG�QRW�UHJLVWHU�DQ\�SDUWLFOH�WUDFNV��KH�FRQVWDQWO\
UHFRQıJXUHG�ERWK�KLV�PDFKLQH�DQG�WKH�SDUDPHWHUV�KH�ZDV�PHDVXULQJ��ZKLFK�VORZO\�EHJDQ�WR
JDUQHU�QHZ�UHVXOWV��)RU�HYHU\�VHTXHQFH�RI�QHZ�REVWDFOHV�Š�ZKHUH�WKH�H[SHULPHQW�ZRXOG�UHWXUQ
OLWWOH�WR�QR�SDUWLFOH�WUDFHV�Š�*ODVHU�ZRXOG�PHWDSKRULFDOO\�UHDGMXVW�WKH�OHQV��FKDQJH�DQRWKHU
SDUDPHWHU��DQG�SHUIRUP�WKH�H[SHULPHQW�DJDLQ��7KLV�GLDOHFWLFDO�SDWWHUQ�RI�UHVLVWDQFH�IROORZHG�E\
DFFRPPRGDWLRQ�Š�ZKHUH�D�VFLHQWLVW�DGMXVWV�WKH�OHQV�RI�D�PLFURVFRSH��RQO\�IRU�WKH�REMHFW�RI
VWXG\�WR�EOXU�WKH�LPDJH��WKXV�SURPSWLQJ�UHDGMXVWPHQW�Š�LV�ZKDW�3LFNHULQJ�FDOOV�WKH�PDQJOH�RI
SUDFWLFH��6FLHQFH�DV�D�NQRZOHGJH�HQWHUSULVH�LV�JHQHUDWHG�E\�WKLV�PDQJOLQJ�RI�KXPDQ�DQG
PDFKLQH��D�PHWDSKRU�ZKLFK�DFFHQWXDWHV�ERWK�WKH�LQVWUXPHQWDO�DQG�PHVV\�DVSHFWV�RI�VFLHQFH�
7KH�FRQVWDQW�IRUP�RI�UHVLVWDQFH�DQG�UHDGMXVWPHQW�LV�DQ�LQWHUHVWLQJ�WKUHDG�WR�IROORZ�WKURXJKRXW
WKH�KLVWRU\�RI�LQWHUIDFHV��LQWHUDFWLRQ��DQG�JHVWXUH��DV�+&,�UHVHDUFK�SURYLGHV�DQ�LGHDO�FDVH�VWXG\
IRU�LQYHVWLJDWLQJ�WKH�PDQJOH�RI�SUDFWLFH�LQ�FRPSXWLQJ�

0HWKRGV�DQG�FROODERUDWLRQ

7KH�VWXGLHV�LQ�WKLV�GLVVHUWDWLRQ�XVH�PHWKRGV�DFURVV�WKH�KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV
WR�VWXG\�VRFLDO�PHGLD�DQG�DFFHVVLEOH�GDWD�UHSUHVHQWDWLRQV��7KLV�LV�SDUWLDOO\�RXW�RI�QHFHVVLW\�Š
WKH�SDQGHPLF�PDGH�LQ�SHUVRQ�DUFKLYDO�DQG�ıHOG�UHVHDUFK�LPSRVVLEOH�Š�EXW�WKH�PHWKRGV�WKDW
ZH�XOWLPDWHO\�XVHG�LQ�HDFK�VWXG\�ZHUH�ıUVW�DQG�IRUHPRVW�D�UHĲHFWLRQ�RI�ZKDW�VXLWHG�WKH�GDWD
EHVW�UDWKHU�WKDQ�DQ�H[HUFLVH�LQ�GHPRQVWUDWLQJ�PHWKRGRORJLFDO�FRPSHWHQFH��$GGLWLRQDOO\��ZLWK
WKH�H[FHSWLRQ�RI�WKH�LQWURGXFWLRQ�DQG�FRQFOXVLRQ��HDFK�FKDSWHU�ZLWKLQ�WKLV�GLVVHUWDWLRQ�LV�D
FR�DXWKRUHG�SLHFH��,�KDYH�KDG�WKH�JRRG�IRUWXQH�RI�ıQGLQJ�JUHDW�FROODERUDWRUV�RQ�WKHVH�SURMHFWV
ZKR�KDYH�EHFRPH�HYHQ�JUHDWHU�IULHQGV��,Q�SDUWLFXODU��P\�H[SORUDWLRQ�RI�FRPSXWHU�VFLHQFH�ZDV
RQO\�SRVVLEOH�ZLWK�WKH�HQFRXUDJHPHQW�RI�$ODQ�/XQGJDUG�DQG�WKH�JHQHURVLW\�RI�$UYLQG
6DW\DQDUD\DQ��WKH�DELOLW\�WR�WUXO\�FROODERUDWH�DFURVV�GLVFLSOLQHV�KDV�EHHQ�RQH�RI�WKH�JUHDWHVW
SULYLOHJHV�RI�P\�WLPH�DW�0,7��7KLV�EULQJV�PH�WR�DQVZHU�D�EURDGHU�TXHVWLRQ�DERXW�P\�RZQ�UROH
ZLWKLQ�WKHVH�FROODERUDWLRQV��DQG�WR�FODULI\�ZKDW�P\�DQG�P\�FROODERUDWRUVŖ�FRQWULEXWLRQV�ZHUH�WR
HDFK�FKDSWHU��(YHQ�WKHVH�FDQ�EH�EOXUU\�GHVFULSWLRQV��DV�WKH�SURMHFWV�ZHUH�VXFFHVVIXO�EHFDXVH
PDQ\�RI�WKHVH�FRQWULEXWLRQV�ZHUH�PXWXDOO\�UHLQIRUFLQJ��WKH�ıQDO�SURMHFWV�ZHUH�JUHDWHU�WKDQ�WKH
VXP�RI�WKHLU�LQGLYLGXDO�FRQWULEXWLRQV��,�KDYH�LQWHJUDWHG�QRWHV�RQ�WKH�GLYLVLRQ�RI�ODERU�IRU�HDFK�RI
WKHVH�SURMHFWV�LQ�WKH�VHFWLRQ�EHORZ�

'LVVHUWDWLRQ�VWUXFWXUH

7KLV�GLVVHUWDWLRQ�FRQVLVWV�RI�WZR�PDMRUV�VHFWLRQV��RQH�RQ�VRFLDO�PHGLD��DQG�RQH�RQ
DFFHVVLEOH�GDWD�UHSUHVHQWDWLRQV��,Q�WKH�ıUVW�VHFWLRQ�RQ�VRFLDO�PHGLD��,�SUHVHQW�WZR�FDVH�VWXGLHV
DERXW�WKH�GLVVHPLQDWLRQ�RI�&29,'�UHODWHG�GDWD�DFURVV�WKH�LQWHUQHW�LQ�WKH�86��)DFHERRN�DQG
7ZLWWHU��DQG�LQ�&KLQD��:HLER���7KH�FRQWULEXWLRQV�KHUH�DUH�SULPDULO\�GHVFULSWLYH�DQG�FRPSDUDWLYH
�%HDXGRXLQ�/DIRQ��������WKH\�DQDO\]H�GLVFRXUVH�DFURVV�WKHVH�SODWIRUPV�DERXW�&29,'�RYHU�WLPH
DQG�WKH�VRFLDO�G\QDPLFV�WKDW�PDNH�WKHVH�LGHDV�WUHQFKDQW��EXW�WKH\�GR�QRW�VXJJHVW�LPPHGLDWH
FKDQJHV�WR�WKH�GHVLJQ�RI�QHZ�WHFKQRORJLHV��7R�EH�FOHDU��KRZHYHU��ZKHQ�,�FDOO�UHVHDUFK
GHVFULSWLYH��LW�GRHV�QRW�PHDQ�WKDW�LW�LV�D�SDVVLYH�DFFRXQWLQJ�RI�HYHQWV�WKDW�DUH�WKHQ�VXEMHFW�WR

��



VRPH�IRUP�RI�DQDO\VLV��'DWD�FROOHFWLRQ�LQ�TXDOLWDWLYH�UHVHDUFK�LV�LWVHOI�DQ�DFWLYH��LWHUDWLYH�SURFHVV
ZKHUH�WKH�UHVHDUFKHU�VLPXOWDQHRXVO\�FROOHFWV�DQG�SURGXFHV�GDWD��DV�WKH�UHVHDUFKHUŖV�SUHVHQFH
DQG�SHUVSHFWLYH�LQGHOLEO\�VKDSHV�KRZ�D�GDWDVHW�LV�VWUXFWXUHG�DQG�DQDO\]HG��6HPL�VWUXFWXUHG
LQWHUYLHZV�DOO�UHTXLUH�VRPH�GHJUHH�RI�H[WHPSRUDQHRXV�VSHDNLQJ�DQG�LWV�IRFXV�FKDQJHV
FLUFXPVWDQWLDOO\��DQG�DQDO\]LQJ�WKHVH�GDWD�UHTXLUHV�SHUVRQDO�FRQWH[WXDOL]DWLRQ�WKDW�RIWHQ�RQO\
WKH�HWKQRJUDSKHU�FDQ�SURYLGH��,Q�WKH�ZRUGV�RI�VRFLRORJLVWV�-HVVLFD�&DODUFR�DQG�0DULR�6PDOO�
ŗJLYHQ�WKDW�WKH�HWKQRJUDSKHU�ZULWHV�HYHU\�RQH�RI�WKH�KXQGUHGV�RI�WKRXVDQGV�RI�ZRUGV�WKDW
FRQVWLWXWH�D�W\SLFDO�VHW�RI�ıHOG�QRWHV��WKH�REVHUYHU�LV�LQHVFDSDEO\�HPEHGGHG�LQ�WKH�GDWD
WKHPVHOYHVŘ��6PDOO�DQG�&DODUFR�����������

7KLV�IRUP�RI�OLPLWHG��SXUSRVLYH�VDPSOLQJ�FDQ�RIWHQ�EH�HSLVWHPRORJLFDOO\�XQVDWLVI\LQJ��WR
UHVSRQG�WR�WKHVH�FODLPV��TXDOLWDWLYH�UHVHDUFKHUV�PLJKW�IHHO�SUHVVXUHG�WR�LQFRUSRUDWH�IHDWXUHV
FRQVLVWHQW�ZLWK�TXDQWLWDWLYH�UHVHDUFK�WKDW�LQFOXGH�WKLQJV�LGHQWLI\LQJ�ŗUHSUHVHQWDWLYHŘ
QHLJKERUKRRGV�RU�VHOHFWLQJ�UHVSRQGHQWV�ŗDW�UDQGRP�Ř�0DULR�6PDOO��������DUJXHV�WKDW�WKLV
FRUUHFWLYH�DFWXDOO\�PDNHV�WKH�LQVLJKWV�IURP�TXDOLWDWLYH�UHVHDUFK�OHVV�SRWHQW��,QVWHDG�RI�ı[DWLQJ
RQ�WKH�GDWD�DV�EHLQJ�UHSUHVHQWDWLYH�RU�JHQHUDOL]DEOH��TXDOLWDWLYH�VWXG\�GHVLJQ�VKRXOG�LQVWHDG�EH
IRFXVHG�RQ VDWXUDWLRQ �ZKHUH�HDFK�DGGLWLRQDO�FDVH UHYHDOV�OHVV�DQG�OHVV�VXUSULVLQJ�LQIRUPDWLRQ�
DQG�RQ MX[WDSRVLWLRQ �HYDOXDWLQJ�ZKHWKHU�RU�QRW�QHZ LQVLJKWV�DUH�JHQHUDOO\�FRQVLVWHQW�ZLWK
H[LVWLQJ�VFKRODUVKLS���7KH�SRLQW�LV�QRW�WR�UHSOLFDWH�TXDOLWDWLYH�VWXGLHV�DVNLQJ�WKH�VDPH�TXHVWLRQV
LQ�RUGHU�WR�HVWDEOLVK�WKH�YDOLGLW\�RI�WKH�UHVXOWV��EXW�WR�HYDOXDWH�KRZ�D�SDUWLFXODU�VWXG\�LV
FRQVLVWHQW�ZLWK��RU�GHSDUWV�IURP��H[LVWLQJ�VFKRODUVKLS��7KH�FDVH�VWXGLHV�EHORZ�DUH�KDUGO\
GLVFRQWLQXLWLHV�LQ�UHVHDUFK�RQ�VRFLDO�PHGLD�DQG�GDWD�YLVXDOL]DWLRQV��EXW�WKH�GDWD�ZH�FROOHFWHG
DQG�DQDO\]HG�EULQJ�XS�QHZ�TXHVWLRQV�DERXW�WKH�SXEOLF�UKHWRULF�RI�VFLHQFH�DQG�WKH�GHVLJQ�RI
YLVXDO�LQIRUPDWLRQ�

7KH�ıUVW�FDVH� /HWŖV�*R��%DE\�)RUNOLIW���GHVFULEHV KRZ�WKH�&KLQHVH�JRYHUQPHQW
FR�RSWHG�D�FHOHEULW\�IDQGRP�IRUPLQJ�DURXQG�DQWKURSRPRUSKL]HG�FRQVWUXFWLRQ�YHKLFOHV
GHSOR\HG�WR�DGGUHVV�WKH�&29,'�FULVLV�LQ�:XKDQ��$W�WKH�VWDUW�RI�WKH�SDQGHPLF��UHVLGHQWV�SRVWHG
OLYH�EORJV�DQG�YLGHRV�VKRZLQJ�WKH�FLW\ŖV�KRVSLWDOV�EHLQJ�RYHUZKHOPHG��DQG�VRPH�RI�WKH�PRUH
GHYDVWDWLQJ�SRVWV�GHWDLO�XVHUV�VORZO\�VXFFXPELQJ�WR�WKH�GLVHDVH�XQWLO�WKHLU�DFFRXQWV�UXQ�FROG�
,Q�UHVSRQVH�WR�WKH�FULVLV�DQG�EXUJHRQLQJ�FULWLFLVPV�FLUFXODWLQJ�ZLGHO\�RQ�:HLER�DQG�:H&KDW�
WKH�&KLQHVH�&RPPXQLVW�3DUW\�PRELOL]HG�WR�SODFH�QHDUO\����PLOOLRQ�SHRSOH�LQ�+XEHL�SURYLQFH�LQ
TXDUDQWLQH�DQG�EHJDQ�FRQVWUXFWLQJ�WZR�HPHUJHQF\�KRVSLWDOV�WKDW�ZRXOG�EH�RSHUDWLRQDO�LQ�MXVW
RYHU�D�ZHHN��4LQ��������7KH�FRQVWUXFWLRQ�RI�WKHVH�KRVSLWDOV�ZDV�VXEMHFW�WR�D�URXQG�WKH�FORFN
OLYHVWUHDP�ZKHUH�XVHUV�FRXOG�ŗZLWQHVVŘ��屐幐��WKH�HQWLUH�SURFHVV��DIWHU�ZKLFK�VRPH�RI�WKH
FRPPHQWHUV�EHJDQ�UHIHUULQJ�WKHPVHOYHV�DV�ŗVXSHUYLVRUVŘ��䥠ぴ��UHDG\�WR�WDNH�RYHU�WKH�ODVW
VKLIW��,Q�WKUHH�GD\V��WKH�OLYHVWUHDP�KDG�UHFHLYHG�RYHU�����PLOOLRQ�YLHZV�DQG��������FRPPHQWV�
$�FXULRXV�IDQGRP�HPHUJHV�IURP�WKLV�HQRUPRXVO\�SRSXODU�OLYHVWUHDP��FRPPHQWHUV�EHJLQ
DQWKURSRPRUSKL]LQJ�WKH�FRQVWUXFWLRQ�YHKLFOHV�Š�PRVW�QRWDEO\��D�\HOORZ�IRUNOLIW�Š�DQG�XVH
WKHP�WR�FUHDWH�LGROV�WKDW�VRPHWLPHV�GLVSODFHG�VLQJHU�DFWRU�LGROV�RQ�VRFLDO�PHGLD�SRSXODULW\
FKDUWV�
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'UDZLQJ�RQ�PHWKRGV�LQ�FXOWXUDO�DQG�OLQJXLVWLF�DQWKURSRORJ\��WKLV�VWXG\�SURYLGHV�DQ
DFFRXQW�RI�KRZ�WKH�PHPHLıFDWLRQ�RI�WKHVH�FRQVWUXFWLRQ�YHKLFOHV�DQG�WKHLU�IDQGRPV�EHFRPH
OHYHUDJHG�E\�&KLQHVH�VWDWH�VRFLDO�PHGLD�WR�FRQVROLGDWH�VWDWH�SRZHU��,�EHJDQ�WKLV�SURMHFW�ZLWK
WKH�LQWHQWLRQ�RI�H[DPLQLQJ�WKH�FLUFXODWLRQ�RI�YLVXDO�LQIRUPDWLRQ�DQG�PHPHV�DERXW�WKH�SDQGHPLF
LQ�&KLQD�ZRUNLQJ�ZLWK�9HVSHU�/RQJ��7KURXJKRXW�WKH�VXPPHU��9HVSHU�DQG�,�ZRUNHG�WRJHWKHU�WR
LWHUDWLYHO\�DQDO\]H�DQG�FROOHFW�GDWD��VKH�KDUYHVWHG�KXQGUHGV�RI�VFUHHQVKRWV�RI�PHPHV�DQG
UHDFWLRQV�WKDW�*UDKDP�-RQHV��9HVSHU��DQG�,�GLVFXVVHG�ZLWK�&KLQHVH�VRFLDO�PHGLD�H[SHUWV�-DPLH
:RQJ�DQG�'L�:X��0\�SULPDU\�UROH�LQ�WKLV�SURMHFW�ZDV�WR�IDFLOLWDWH�DQG�JXLGH�GDWD�FROOHFWLRQ��DQG
WR�GUDZ�RXW�WKHPHV�WKDW�,�ZRXOG�ODWHU�GLVFXVV�DQG�UHıQH�ZLWK�WKH�UHVW�RI�WKH�WHDP��7KH�DQDO\VLV
IRU�WKLV�SURMHFW�ZDV�WUXO\�FRQGXFWHG�FROODERUDWLYHO\�DFURVV�PXOWLSOH�WLPH�]RQHV��RYHU�WKH�FRXUVH
RI�WKH�SURMHFW��WKHUH�ZHUH�KXQGUHGV�RI�SDJHV�RI�PHPRV�DQG�VFUHHQVKRWV�WKDW�ZH�XOWLPDWHO\
GLVWLOOHG�LQWR�DQ�DUWLFOH�

,Q�WKH�VHFRQG�FDVH� 9LUDO�9LVXDOL]DWLRQV��WKH�VWXG\ IROORZV�WKH�GLVVHPLQDWLRQ�RI
&29,'�UHODWHG�GDWD�YLVXDOL]DWLRQV�DQG�WKH�VRFLDO�PHGLD�GLVFXVVLRQV�DERXW�KRZ�WKH�SDQGHPLF�LV
XQIROGLQJ��7KH�UKHWRULFDO�IRUFH�RI�WKHVH�GDWD�UHSUHVHQWDWLRQV�KDV�EHHQ�DSSDUHQW�HVSHFLDOO\�DW
WKH�VWDUW�RI�WKH�SDQGHPLF��ZKHUH�YLVXDOL]DWLRQV�OLNH�ŗ)ODWWHQ�WKH�&XUYHŘ�DQG�LQWHUDFWLYH
GDVKERDUGV�DERXQGHG�DORQJVLGH������UHSRUWLQJ��*LYHQ�WKH�XELTXLW\�RI�WKHVH�YLVXDOL]DWLRQV��KRZ
GLG�XVHUV�DFURVV�)DFHERRN�DQG�7ZLWWHU�UKHWRULFDOO\�GHSOR\�YLVXDOL]DWLRQV�WR�IUDPH�SXEOLF
DUJXPHQWV�DERXW�SXEOLF�KHDOWK��HFRQRPLF�UHFRYHU\��DQG�WKH�UROH�RI�GDWD�LQ�SROLF\�PDNLQJ"�+RZ
FDQ�GDWD�DQG�WKHLU�YLVXDO�UHSUHVHQWDWLRQV�EH�PDQLSXODWHG�LQ�RQOLQH�GLVFXVVLRQV"�8OWLPDWHO\��WKLV
FDVH�VWXG\�VKRZV�WKDW�GDWD�YLVXDOL]DWLRQV�DUH�QRW�VLPSO\�WRROV�E\�ZKLFK�SHRSOH�XQGHUVWDQG�WKH
HSLGHPLRORJLFDO�HYHQWV�DURXQG�WKHP��WKH\�LQVWHDG�PHGLDWH�UHODWLRQVKLSV�EHWZHHQ�SXEOLF�KHDOWK
RĴFLDOV��HSLGHPLRORJLVWV��WKH�QHZV�PHGLD��DQG�WKH�EURDGHU�SXEOLF�

'UDZLQJ�RQ�VRFLRORJLFDO�UHVHDUFK�RQ�QHZV�PHGLD�LQ�FRQVHUYDWLYH�&KULVWLDQ�FRPPXQLWLHV
�7ULSRGL�������DQG�7HD�3DUW\�VXSSRUWHUV�LQ�/RXLVLDQD��+RFKVFKLOG��������WKLV�FKDSWHU�XQSDFNV
WKH�GDWD�SUDFWLFHV�RI�FRURQDYLUXV�VNHSWLFV�WR�DUJXH�WKDW�LQMXQFWLRQV�WRZDUGV�LQFUHDVHG�GDWD
OLWHUDF\�PD\�QRW�VXFFHHG��DV�WKH�WRROV�DQG�IUDPHZRUNV�WKDW�ŗGDWD�OLWHUDF\Ř�PLJKW�HQWDLO�KDYH
EHHQ�ZHDSRQL]HG�E\�JURXSV�VHHNLQJ�WR�FDVW�GRXEW�RQ�RĴFLDO�&29,'�GDWDVHWV��7KHVH�VNHSWLFV
HPSOR\�PDQ\�RI�WKH�VDPH�WURSHV�WKDW�PLJKW�EH�XVHG�LQ�VFLHQWLıF�SDSHUV�RU�GDWD�MRXUQDOLVP
SLHFHV��WKH\�LPSORUH�UHDGHUV�WR�TXHVWLRQ�WKH�FLUFXPVWDQFHV�DURXQG�ZKLFK�GDWD�DUH�FROOHFWHG
DQG�WKH�VWUXFWXUH�RI�KRZ�LW�LV�WKHQ�SUHVHQWHG��9LVXDOL]DWLRQV�Š�HVSHFLDOO\�DV�FUHDWHG�IRU�SXEOLF
KHDOWK�RĴFLDOV�RU�QHZV�PHGLD�Š�DUH�RIWHQ�PLVOHDGLQJ��EHWWHU�WR�UHWXUQ�WR�WKH�PRVW�EDVLF�IRUPV
RI�GDWD�OLNH�WDEOHV��RU�EHWWHU�\HW��WR�FROOHFW�WKH�GDWD�\RXUVHOI���$V�DQ�676�VFKRODU��WKH�PRVW
IDVFLQDWLQJ�DUWLIDFW�RI�WKLV�VWXG\�LV�WKH�H[WHQW�WR�ZKLFK�WKHVH�FRURQDYLUXV�VNHSWLF�FRPPXQLWLHV
VLPLODUO\�GHSOR\�WUDGLWLRQDO�676�DUJXPHQWV��FLWLQJ�.DUO�3RSSHU��HYHU\�IRUP�RI�VFLHQWLıF
FRQFOXVLRQ�VKRXOG�EH�PHW�ZLWK�FRQWLQXRXV�IDOVLıFDWLRQ�LQ�RUGHU�WR�EH�SURSHUO\�ULJRURXV��FLWLQJ
7KRPDV�.XKQ��WKHUH�DUH�VXĴFLHQW�GDWD�WKDW�XQGHUPLQHV�FXUUHQW�XQGHUVWDQGLQJ�RI�D�VFLHQWLıF
SKHQRPHQRQ�WKDW�LW�LV�WLPH�IRU�D�QHZ�SDUDGLJP�VKLIW�
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0HWKRGRORJLFDOO\��WKLV�VWXG\�HPSOR\V�ERWK�TXDOLWDWLYH�GDWD�FROOHFWLRQ�RI�VRFLDO�PHGLD
SRVWV��GHSWK��DORQJVLGH�FRPSXWDWLRQDO�DQDO\VLV�RI�KDOI�D�PLOOLRQ�WZHHWV�DQG�RYHU���������GDWD
YLVXDOL]DWLRQV��VFDOH��LQ�RUGHU�WR�FUHDWH�D�PRUH�V\QWKHWLF�YLHZ�RI�&29,'�GDWD�UHODWHG�GLVFRXUVH
RQ�)DFHERRN�DQG�7ZLWWHU��,Q�WKLV�VWXG\��,�FROOHFWHG�DQG�DQDO\]HG�DOO�RI�WKH�TXDOLWDWLYH�GDWD�IURP
)DFHERRN�ZLWK�*DEULHOOH�,QFKRFR�DQG�*UDKDP�-RQHV��7DQ\D�<DQJ�DQG�$UYLQG�6DW\DQDUD\DQ
FROOHFWHG�WKH�7ZLWWHU�GDWD�DQG�FUHDWHG�WKH�QHWZRUN�YLVXDOL]DWLRQ��7KH\�DOVR�FRPSLOHG�WKH�LPDJH
GDWDVHW�DQG�DQDO\VLV�IRU�WKH�FKDUW�FODVVLıFDWLRQ�VFKHPD��,�FRQWH[WXDOL]HG�DQG�DQDO\]HG�WKH
UHVXOWV�

7KH�VHFRQG�KDOI�RI�WKLV�GLVVHUWDWLRQ�LV�IRFXVHG�RQ�WKH�GHVLJQ�RI�DFFHVVLEOH�GDWD
UHSUHVHQWDWLRQV��,Q�WKH�WKLUG�FKDSWHU� 6RFLRWHFKQLFDO &RQVLGHUDWLRQV��ZH�LQWURGXFH�D�VHW�RI
SULQFLSOHV�RQ�KRZ�EHVW�WR�DSSURDFK�WKH�GHVLJQ�RI�WKHVH�V\VWHPV��'UDZLQJ�RQ�ZRUN�LQ�FULWLFDO
GLVDELOLW\�VWXGLHV�DQG�676��ZH�DUJXH�WKDW�UHVHDUFKHUV�VKRXOG�EH�ERWK�FULWLFDO�RI�WHFKQRORJLFDO
LQWHUYHQWLRQV�DQG�FOHDU�DERXW�KRZ�WKH�UHVHDUFK�FRQWULEXWHV�WR�GLVDEOHG�FRPPXQLWLHV�JLYHQ�WKH
KLVWRU\�RI�H[WUDFWLYH�VFKRODUVKLS��$VLGH�IURP�WKH�EDVLFV�RI�IDLUO\�FRPSHQVDWLQJ�GLVDEOHG
FROODERUDWRUV�DQG�DGKHULQJ�WR�H[WDQW�DFFHVVLELOLW\�JXLGHOLQHV��RXU�SDSHU�DOVR�LQWURGXFHV�ZD\V�RI
WKLQNLQJ�DERXW�WHFKQRORJLFDO�UHVROXWLRQ�DQG�DFFHVV�WR�XQGHUVWDQG�KRZ�WDFWLOH�YLVXDOL]DWLRQV�FDQ
HĳHFWLYHO\�HQFRGH�LQIRUPDWLRQ��:H�XVH�WKHVH�SULQFLSOHV�WR�H[DPLQH�D�VPDOO�FDVH�VWXG\�ZH
FRQGXFWHG�WKURXJK�D�MRLQW�ZRUNVKRS�DW�0,7�DQG�WKH�3HUNLQV�6FKRRO�IRU�WKH�%OLQG��,Q�WKLV�SURMHFW�
$ODQ�/XQGJDUG�DQG�,�ERWK�DWWHQGHG�WKH�ZRUNVKRS�DQG�FROOHFWHG�TXDOLWDWLYH�GDWD�IURP�WKRVH
HQFRXQWHUV��DQG�WKURXJK�RXU�HQVXLQJ�GLVFXVVLRQV��LWHUDWLYHO\�GLVWLOOHG�WKH�GDWD�ZH�KDG�FROOHFWHG
LQWR�WKH�PDMRU�WKHPHV�

,Q�WKH�IRXUWK�FKDSWHU� 5LFK�6FUHHQUHDGHU�,QWHUDFWLRQV� ZH�SUHVHQW�D�GHVLJQ�VSDFH�IRU
FUHDWLQJ�LQWHUDFWLYH�GDWD�UHSUHVHQWDWLRQV�IRU�VFUHHQ�UHDGHUV�ZLWK�QHZ�SURWRW\SHV��&XUUHQW�EHVW
SUDFWLFHV�IRU�DFFHVVLEOH�GDWD�YLVXDOL]DWLRQ�RQ�WKH�ZHE�XVXDOO\�FRPH�LQ�WZR�IRUPV��FDSWLRQV�WKDW
VXPPDUL]H�WKH�GDWD��RU�UDZ�GDWD�WDEOHV�ZKHUH�VFUHHQ�UHDGHU�XVHUV�FDQ�WDE�WKURXJK�HDFK�FHOO
LQGLYLGXDOO\��7KLV�SDSHU�SUHVHQWV�DQ�DOWHUQDWLYH��DQ�LQWHUDFWLYH�V\VWHP�ZKHUH�VFUHHQ�UHDGHU
XVHUV�FDQ�]RRP�LQ�DQG�RXW�RI�YLVXDOL]DWLRQV�Š�LQ�RWKHU�ZRUGV��IURP�D�KLJK�OHYHO�VXPPDU\�RI
WUHQGV�GRZQ�WR�LQGLYLGXDO�GDWD�SRLQWV�Š�DQG�FRPSDUH�WUHQGV�DFURVV�PXOWLSOH�JUDSKV��8VHUV�FDQ
DOVR�VHOHFWLYHO\�DWWHQG�WR�WKHLU�SRLQWV�RI�LQWHUHVW�E\�MXPSLQJ�GLUHFWO\�LQWR�D�SDUWLFXODU�VOLFH�RI�WKH
GDWD�DQG�PRYH�DURXQG�GLUHFWLRQDOO\��H�J���LQ�D�JUDSK�WKDW�PDSV�D�SHUVRQŖV�DJH�WR�KHLJKW��RQH
FRXOG�GLUHFWO\�MXPS�WR�DOO�SHRSOH�ZKR�ZHUH�DERYH���IHHW�WDOO�DQG�SURFHVVXDOO\�PRYH�WKURXJK
WKHLU�DJHV���,Q�VKDUS�FRQWUDVW�WR�GDWD�WDEOHV��HYHQ�ZLWK�ıOWHULQJ�DQG�VRUWLQJ�RSWLRQV���RXU
LQWHUDFWLYH�V\VWHP�SURYLGHV�VFUHHQ�UHDGHU�XVHUV�ZLWK�WKH�DELOLW\�WR�PRYH�G\QDPLFDOO\�DFURVV�D
JUDSK��7KLV�VWXG\�ZDV�FRQVWUXFWHG�ZLWK�WKH�SULQFLSOHV�IURP�ŗ6RFLRWHFKQLFDO�&RQVLGHUDWLRQVŘ�LQ
PLQG��,�SDUWLFLSDWHG�LQ�DQG�WRRN�ıHOG�QRWHV�RQ�WKH�LWHUDWLYH�GHVLJQ�SURFHVV�EHWZHHQ�'DQLHO
+DMDV��RXU�EOLQG�FROODERUDWRU�DW�8QLYHUVLW\�&ROOHJH�/RQGRQ��DQG�RXU�WHDP��-RQDWKDQ��$ODQ�
$UYLQG��-RRQ��DQG�P\VHOI���,�DOVR�FR�UDQ�WKH�XVHU�VWXGLHV�ZLWK�-RQDWKDQ��-RQDWKDQ�HQJLQHHUHG
WKH�SURWRW\SHV�ZLWK�VRPH�DVVLVWDQFH�IURP�$ODQ�DQG�-RRQ��7KH�GHVLJQ�GLPHQVLRQV�IRU�WKH�SDSHU
DURVH�IURP�GLVFXVVLRQV�EHWZHHQ�-RQDWKDQ��$ODQ��$UYLQG��DQG�P\VHOI�

��



7KH�ıQDO�WZR�SDSHUV�UHSUHVHQW�D�ıUVW�DWWHPSW�DW�OHYHUDJLQJ�TXDOLWDWLYH�ZRUN�RQ�GLVDELOLW\
DQG�WKH�VHQVHV�LQWR�WKH�GHVLJQ�RI�QHZ�GDWD�UHSUHVHQWDWLRQ�V\VWHPV��7DNHQ�WRJHWKHU��WKH�IRXU
FKDSWHUV�UHIUDFW�GLĳHUHQW�ZD\V�RI�DSSURDFKLQJ�SUREOHPV�LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�WKDW
UHĲHFW�LWV�WDQJOHG�GLVFLSOLQDU\�KLVWRU\��,�KRSH�WR�H[WHQG�WKH�ZRUN�IURP�WKLV�GLVVHUWDWLRQ�LQWR�D
PRUH�V\QWKHWLF�SURMHFW�WKDW�LQYHVWLJDWHV�ZKDW�,�FDOO�WKH OLIH�F\FOH�RI�GDWD�UHSUHVHQWDWLRQVŠ�WKH
SURFHVV�E\�ZKLFK�GDWDVHWV�DUH�FXUDWHG��FOHDQHG��YLVXDOL]HG��HGLWHG��FLUFXODWHG��DQG�PDQLSXODWHG
Š�WR�XQGHUVWDQG�WKH�SHUVXDVLYH�IRUFH�RI�YLVXDO�LQIRUPDWLRQ�LQ�PXOWLPRGDO�PHGLD��7KH�KLVWRULFDO
ZRUN�RQ�+&,�DQG�LWV�WKHRUHWLFDO�IRXQGDWLRQV�ZLOO�LQIRUP�P\�FROODERUDWLYH�UHVHDUFK�ZLWK�FRPSXWHU
VFLHQWLVWV�DERXW�PXOWLVHQVRU\�JUDPPDUV�IRU�GDWD�UHSUHVHQWDWLRQV��%\�FRPELQLQJ�WKH�KLVWRU\�RI
GHVLJQ�DQG�GLVDELOLW\�DQG�WKHVH�PXOWL�\HDU�FROODERUDWLRQV��,�KRSH�WR�H[SDQG�WKHVH�FKDSWHUV�LQWR
D�ERRN�SURMHFW�WKDW�VWXGLHV�YLVXDOL]DWLRQ�DV�D�FRPPXQLW\�RI�SUDFWLFH��DV�D�PHGLD�HFRORJ\��DQG
DV�D�IRUP�RI�PXOWLVHQVRU\�NQRZOHGJH����([SORULQJ�KDSWLF�PHGLD�OLNH�WDFWLOH�PDSV�FKDOOHQJHV�WKH
RFXODUFHQWULVP�RI�FRQYHQWLRQDO�YLVXDOL]DWLRQ�SUDFWLFHV��DQG�LW�LV�DQ�RSSRUWXQLW\�IRU�PHGLD
VFKRODUV�DQG�FULWLFDO�PDNHUV�WR�SURGXFWLYHO\�LQWHUURJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VHQVHV
DQG�LQWHUIDFH�GHVLJQ�

��



5HIHUHQFHV�IRU�,QWURGXFWLRQ

$EEDWH��-DQHW� ,QYHQWLQJ�WKH�,QWHUQHW��&DPEULGJH� 0$��0,7�3UHVV�������

ŠŠŠ� 5HFRGLQJ�*HQGHU��:RPHQŖV�&KDQJLQJ�3DUWLFLSDWLRQ LQ�&RPSXWLQJ��&DPEULGJH��0$�
0,7�3UHVV�������

%DUG]HOO��6KDRZHQ��ŗ)HPLQLVW�+&,��7DNLQJ�6WRFN�DQG�2XWOLQLQJ�DQ�$JHQGD�IRU�'HVLJQ�Ř�,Q
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ
6\VWHPV���&+,�Ŗ����������$WODQWD��*HRUJLD��86$��$&0 3UHVV�������
KWWSV���GRL�RUJ�������������������������

%DUZLFK��$QQ�6RSKLH��DQG�+DVRN�&KDQJ��ŗ6HQVRU\�0HDVXUHPHQWV��&RRUGLQDWLRQ�DQG
6WDQGDUGL]DWLRQ�Ř %LRORJLFDO�7KHRU\ ����QR�����6HSWHPEHU �������������ş����
KWWSV���GRL�RUJ���������V�����������������

%HDXGRXLQ�/DIRQ��0LFKHO��ŗ,QVWUXPHQWDO�,QWHUDFWLRQ��$Q�,QWHUDFWLRQ�0RGHO�IRU�'HVLJQLQJ
3RVW�:,03�8VHU�,QWHUIDFHV�Ř�,Q 3URFHHGLQJV�RI�WKH 6,*&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV
LQ�&RPSXWLQJ�6\VWHPV�����ş����&+,�Ŗ����1HZ�<RUN��1<� 86$��$&0�������
KWWSV���GRL�RUJ�����������������������

%URQHW��)UDQFHV��DQG�/LQGD�/��/D\QH��ŗ7HDFKLQJ�)HPLQLVW�7HFKQRORJ\�'HVLJQ�Ř�,Q )HPLQLVW
7HFKQRORJ\��HGLWHG�E\�6KDUUD�/RXLVH�9RVWUDO��.DWH %R\HU��DQG�/LQGD�/��/D\QH��8QLYHUVLW\�RI
,OOLQRLV�3UHVV�������

%URZQ��(OVSHWK��ŗ7KH�3URVWKHWLFV�RI�0DQDJHPHQW�Ř�,Q $UWLıFLDO�3DUWV��3UDFWLFDO�/LYHV��0RGHUQ
+LVWRULHV�RI�3URVWKHWLFV��HGLWHG�E\�.DWKHULQH�2WW� 'DYLG�6HUOLQ��DQG�6WHSKHQ�0LKP�����ş���
1HZ�<RUN��1<8�3UHVV�������

&ODVVHQ��&RQVWDQFH� 7KH�'HHSHVW�6HQVH��$�&XOWXUDO +LVWRU\�RI�7RXFK��6WXGLHV�LQ�6HQVRU\
+LVWRU\��8UEDQD��,/��8QLYHUVLW\�RI�,OOLQRLV�3UHVV�������
KWWS���SXEOLF�HEOLE�FRP�FKRLFH�SXEOLFIXOOUHFRUG�DVS["S ��������

&ROOLQV��+DUU\�0��ŗ:KDW�,V�7DFLW�.QRZOHGJH"Ř�,Q 7KH 3UDFWLFH�7XUQ�LQ�&RQWHPSRUDU\�7KHRU\�
HGLWHG�E\�7KHRGRUH�5��6FKDW]NL��.DULQ�.QRUU�&HWLQD��DQG�(LNH�YRQ�6DYLJQ\�����ş���
/RQGRQ��5RXWOHGJH�������

&RUELQ��$ODLQ� 7KH�)RXO�DQG�WKH�)UDJUDQW��2GRU�DQG WKH�)UHQFK�6RFLDO�,PDJLQDWLRQ��&DPEULGJH�
0$��+DUYDUG�8QLYHUVLW\�3UHVV�������

'DVWRQ��/RUUDLQH��DQG�3HWHU�*DOLVRQ� 2EMHFWLYLW\� &DPEULGJH��0$��=RQH�%RRNV�������

'RXULVK��3DXO��ŗ+LVWRU\�RI�,QWHUDFWLRQ�Ř�,Q:KHUH WKH�$FWLRQ�,V��7KH�)RXQGDWLRQV�RI�(PERGLHG
,QWHUDFWLRQ��&DPEULGJH��0$��0,7�3UHVV�������

��
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'UH\IXVV��+HQU\� 7KH�0HDVXUH�RI�0DQ��+XPDQ�)DFWRUV�LQ�'HVLJQ���QG�HG��1HZ�<RUN��:KLWQH\
/LEUDU\�RI�'HVLJQ�������

(GZDUGV��3DXO�1� 7KH�&ORVHG�:RUOG��&RPSXWHUV�DQG�WKH 3ROLWLFV�RI�'LVFRXUVH�LQ�&ROG�:DU
$PHULFD��5HSULQW�HGLWLRQ��&DPEULGJH��0$��0,7�3UHVV� �����

(QJHOEDUW��'RXJODV�&��ŗ$XJPHQWLQJ�+XPDQ�,QWHOOHFW��$�&RQFHSWXDO�)UDPHZRUN�Ř�6XPPDU\
5HSRUW��65,�3URMHFW�1XPEHU�������:DVKLQJWRQ��'�&���'LUHFWRU�RI�,QIRUPDWLRQ�6FLHQFHV��$LU
)RUFH�2ĴFH�RI�6FLHQWLıF�5HVHDUFK�������

(QVPHQJHU��1DWKDQ�/� 7KH�&RPSXWHU�%R\V�7DNH�2YHU� &RPSXWHUV��3URJUDPPHUV��DQG�WKH
3ROLWLFV�RI�7HFKQLFDO�([SHUWLVH��&RPSXWHUV��3URJUDPPHUV� DQG�WKH�3ROLWLFV�RI�7HFKQLFDO
([SHUWLVH��&DPEULGJH��0$��0,7�3UHVV�������

)URKOLFK��'DYLG�0��ŗ7KH�+LVWRU\�DQG�)XWXUH�RI�'LUHFW�0DQLSXODWLRQ�Ř %HKDYLRXU�	�,QIRUPDWLRQ
7HFKQRORJ\ ����QR�����1RYHPEHU��������������ş���
KWWSV���GRL�RUJ���������������������������

*DERXU\��-DFRE� ,PDJH�2EMHFWV��$Q�$UFKDHRORJ\�RI�&RPSXWHU *UDSKLFV��&DPEULGJH��0$��86$�
0,7�3UHVV�������

*DOORZD\��$OH[DQGHU�5� 7KH�,QWHUIDFH�(ĳHFW��&DPEULGJH� 8.��0DOGHQ��0$��3ROLW\�������

*LOEUHWK��)UDQN�%XQNHU��DQG�/LOOLDQ�0ROOHU�*LOEUHWK� $SSOLHG�0RWLRQ�6WXG\��D�&ROOHFWLRQ�RI�3DSHUV
RQ�WKH�(ĴFLHQW�0HWKRG�WR�,QGXVWULDO�3UHSDUHGQHVV� 1HZ�<RUN��6WXUJLV�	�:DOWRQ�FRPSDQ\�
����� KWWS���DUFKLYH�RUJ�GHWDLOV�DSSOLHGPRWLRQVWX��JLOEULFK�

*UD\��0DU\�/��DQG�6LGGKDUWK�6XUL� *KRVW�:RUN��+RZ WR�6WRS�6LOLFRQ�9DOOH\�IURP�%XLOGLQJ�D�1HZ
*OREDO�8QGHUFODVV��%RVWRQ��0$��+RXJKWRQ�0LĵLQ�+DUFRXUW� �����

*UXGLQ��-RQDWKDQ� )URP�7RRO�WR�3DUWQHU��7KH�(YROXWLRQ RI�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��0RUJDQ
	�&OD\SRRO�������
KWWS���ZZZ�PRUJDQFOD\SRRO�FRP�GRL���������6�����('�9��<������+&,����

+DOSHUQ��2ULW��ŗ&\EHUQHWLF�6HQVH�Ř ,QWHUGLVFLSOLQDU\ 6FLHQFH�5HYLHZV ����QR�����6HSWHPEHU
����������ş��� KWWSV���GRL�RUJ�������������������=�������������

+DPUDLH��$LPL��ŗ8QLYHUVDO�'HVLJQ�DQG�WKH�3UREOHP�RI�ŕ3RVW�'LVDELOLW\Ŗ�,GHRORJ\�Ř 'HVLJQ�DQG
&XOWXUH ���QR�����6HSWHPEHU�����������ş����
KWWSV���GRL�RUJ�������������������������������

+DUULV��0DUN��HG�:D\V�RI�.QRZLQJ��$QWKURSRORJLFDO $SSURDFKHV�WR�&UDIWLQJ�([SHULHQFH�DQG
.QRZOHGJH��1HZ�<RUN��2[IRUG��%HUJKDKQ�%RRNV�������

��
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+D\ZDUG��6WHSKHQ��ŗŕ*RRG�'HVLJQ�,V�/DUJHO\�D�0DWWHU�RI�&RPPRQ�6HQVHŖ��4XHVWLRQLQJ�WKH
0HDQLQJ�DQG�2ZQHUVKLS�RI�D�7ZHQWLHWK�&HQWXU\�2UWKRGR[\�Ř -RXUQDO�RI�'HVLJQ�+LVWRU\ ���
QR�����-DQXDU\��������������ş��� KWWSV���GRL�RUJ���������MGK����������

+LFNV��0DULH� 3URJUDPPHG�,QHTXDOLW\��+RZ�%ULWDLQ�'LVFDUGHG :RPHQ�7HFKQRORJLVWV�DQG�/RVW�,WV
(GJH�LQ�&RPSXWLQJ��&DPEULGJH��0$��0,7�3UHVV�������

+RFKVFKLOG��$UOLH�5XVVHOO� 6WUDQJHUV�LQ�7KHLU�2ZQ /DQG��$QJHU�DQG�0RXUQLQJ�RQ�WKH�$PHULFDQ
5LJKW��1HZ�<RUN��1HZ�3UHVV�������

+RZHV��'DYLG��HG� (PSLUH�RI�WKH�6HQVHV��7KH�6HQVXDO &XOWXUH�5HDGHU��6HQVRU\�)RUPDWLRQ
6HULHV��2[IRUG��1HZ�<RUN��%HUJ�������

ŠŠŠ� 6HQVXDO�5HODWLRQV��(QJDJLQJ�WKH�6HQVHV�LQ�&XOWXUH DQG�6RFLDO�7KHRU\��$QQ�$UERU��0,�
8QLYHUVLW\�RI�0LFKLJDQ�3UHVV�������

+XWFKLQV��(GZLQ�/��-DPHV�'�+ROODQ��DQG�'RQDOG�$�1RUPDQ��ŗ'LUHFW�0DQLSXODWLRQ�,QWHUIDFHV�Ř
+XPDQ�&RPSXWHU�,QWHUDFWLRQ �������������ş���

,QJROG��7LP��ŗ:RUOGV�RI�6HQVH�DQG�6HQVLQJ�WKH�:RUOG��$�5HVSRQVH�WR�6DUDK�3LQN�DQG�'DYLG
+RZHV�Ř 6RFLDO�$QWKURSRORJ\ ����QR���������������ş���

-RQHV��&DUROLQH�$���HG� 6HQVRULXP��(PERGLHG�([SHULHQFH� 7HFKQRORJ\��DQG�&RQWHPSRUDU\�$UW�
&DPEULGJH��0DVV��0,7�3UHVV�������

-ĞWWH��5REHUW� $�+LVWRU\�RI�WKH�6HQVHV��)URP�$QWLTXLW\ WR�&\EHUVSDFH��7UDQVODWHG�E\�-DPHV
/\QQ����HGLWLRQ��&DPEULGJH��8.ௗ��0DOGHQ��0$��86$��3ROLW\�������

.D\��$ODQ��ŗ&RPSXWHU�6RIWZDUH�Ř 6FLHQWLıF�$PHULFDQ �����QR��������������ş���

ŠŠŠ��ŗ8VHU�,QWHUIDFH��$�3HUVRQDO�9LHZ��������Ř�,Q 0XOWLPHGLD��)URP�:DJQHU�WR�9LUWXDO�5HDOLW\�
HGLWHG�E\�5DQGDOO�3DFNHU�DQG�.HQ�-RUGDQ���VW�HG������ş����1HZ�<RUN��1RUWRQ�������

/LFNOLGHU��-�&�5��ŗ0DQ�&RPSXWHU�6\PELRVLV�Ř ,(((�7UDQVDFWLRQV RQ�+XPDQ�)DFWRUV�LQ
(OHFWURQLFV��0DUFK��������ş���

0DLQHV��5DFKHO�3� 7KH�7HFKQRORJ\�RI�2UJDVP��ŗ+\VWHULD�Ř WKH�9LEUDWRU��DQG�:RPHQŖV�6H[XDO
6DWLVIDFWLRQ��5HYLVHG�HG��HGLWLRQ��%DOWLPRUH��/RQGRQ� -RKQV�+RSNLQV�8QLYHUVLW\�3UHVV�
�����

0DQQ��5REHUW��ŗ$�+DOI�&HQWXU\�3RUWIROLR�RQ�(QJLQHHULQJ�'HVLJQ�Ř������'LVWLQJXLVKHG�$OXPQL�DH
/HFWXUH�6HULHV��0,7�'HSDUWPHQW�RI�PHFKDQLFDO�(QJLQHHULQJ��0DUFK����������
KWWSV���QHZV�PLW�HGX������PHFKH������

��
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0DWWHUQ��6KDQQRQ��ŗ0LVVLRQ�&RQWURO��$�+LVWRU\�RI�WKH�8UEDQ�'DVKERDUG�Ř 3ODFHV�-RXUQDO��0DUFK
�������� KWWSV���GRL�RUJ�����������������

0D\QH��(WKHO�&ROEXUQ� 7KH�/LIH�DQG�/HWWHUV�RI�$QQH ,VDEHOOD��/DG\�1RHO�%\URQ�IURP�8QSXEOLVKHG
3DSHUV�LQ�WKH�3RVVHVVLRQ�RI�WKH�/DWH�5DOSK��(DUO�RI�/RYHODFH��/RQGRQ��&RQVWDEOH�	�&R��
�����

0HDG��/HRQDUG�&���DQG�-RVHSK�:��:XOIHFN��ŗ+XPDQ�(QJLQHHULQJ��7KH�6WXG\�RI�WKH�+XPDQ
)DFWRU�LQ�0DFKLQH�'HVLJQ�Ř 7KH�6FLHQWLıF�0RQWKO\ ����QR���������������ş���

0HUOHDX�3RQW\��0DXULFH� 3KHQRPHQRORJ\�RI�3HUFHSWLRQ� 7UDQVODWHG�E\�'RQDOG�/DQGHV�DQG
7D\ORU�&DUPDQ����HGLWLRQ��$ELQJGRQ��2[RQௗ��1HZ�<RUN��5RXWOHGJH�������

0LOOV��0��ŗ2Q�'LVDELOLW\�DQG�&\EHUQHWLFV��+HOHQ�.HOOHU��1RUEHUW�:LHQHU��DQG�WKH�+HDULQJ�*ORYH�Ř
'LĳHUHQFHV ����QR���ş���-DQXDU\�������������ş����
KWWSV���GRL�RUJ��������������������������

0,7�0XVHXP��ŗ6XEMHFWV��%RVWRQ�$UP��%RVWRQ�(OERZ��Ř������
KWWSV���ZHEPXVHXP�PLW�HGX�GHWDLO�SKS"PRGXOH VXEMHFWV	W\SH UHODWHG	NY �����

1DGZRUQ\��0LOWRQ�-��ŗ)UHGHULFN�7D\ORU�DQG�)UDQN�*LOEUHWK��&RPSHWLWLRQ�LQ�6FLHQWLıF
0DQDJHPHQW�Ř %XVLQHVV�+LVWRU\�5HYLHZ ����QR�����HG ���������ş���
KWWSV���GRL�RUJ�����������������

2FKLJDPH��5RGULJR��ŗ,QIRUPDWLFV�RI�WKH�2SSUHVVHG�Ř /RJLF�0DJD]LQH��$XJXVW����������
KWWSV���ORJLFPDJ�LR�FDUH�LQIRUPDWLFV�RI�WKH�RSSUHVVHG��

2Ŗ0DUD��0DUJDUHW� &LWLHV�RI�.QRZOHGJH��&ROG�:DU�6FLHQFH DQG�WKH�6HDUFK�IRU�WKH�1H[W�6LOLFRQ
9DOOH\��3ULQFHWRQ��1-��3ULQFHWRQ�8QLYHUVLW\�3UHVV� �����

3DULVL��'DYLG� $UFKDHRORJLHV�RI�7RXFK��,QWHUIDFLQJ ZLWK�+DSWLFV�IURP�(OHFWULFLW\�WR�&RPSXWLQJ�
�VW�HGLWLRQ��0LQQHDSROLV��8QLY�2I�0LQQHVRWD�3UHVV�������

3DWHUVRQ��0DUN� 6HHLQJ�ZLWK�WKH�+DQGV��%OLQGQHVV� 9LVLRQ�DQG�7RXFK�$IWHU�'HVFDUWHV����HGLWLRQ�
(GLQEXUJK��(GLQEXUJK�8QLYHUVLW\�3UHVV�������

ŠŠŠ� 7KH�6HQVHV�RI�7RXFK��+DSWLFV��$ĳHFWV��DQG�7HFKQRORJLHV� 2[IRUGௗ��1HZ�<RUN��%HUJ�
�����

3DWHUVRQ��0DUN��DQG�0DUWLQ�'RGJH��HGV� 7RXFKLQJ�6SDFH� 3ODFLQJ�7RXFK��)DUQKDP��6XUUH\�
(QJODQGௗ��%XUOLQJWRQ��97��$VKJDWH�3XE�������

3HWULFN��(OL]DEHWK�5� 0DNLQJ�&RPSXWHUV�$FFHVVLEOH� 'LVDELOLW\�5LJKWV�DQG�'LJLWDO�7HFKQRORJ\�
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3LFNHULQJ��$QGUHZ� 7KH�0DQJOH�RI�3UDFWLFH��7LPH��$JHQF\��DQG�6FLHQFH��&KLFDJR��,/��8QLYHUVLW\
RI�&KLFDJR�3UHVV�������

3LQN��6DUDK� 'RLQJ�6HQVRU\�(WKQRJUDSK\��/RQGRQ��8.� 6$*(�3XEOLFDWLRQV�/WG�������

3ORWQLFN��5DFKHO��ŗ$W�WKH�,QWHUIDFH��7KH�&DVH�RI�WKH�(OHFWULF�3XVK�%XWWRQ������ş�����Ř
7HFKQRORJ\�DQG�&XOWXUH ����QR�����1RYHPEHU����������� ���ş���
KWWSV���GRL�RUJ���������WHFK�����������

ŠŠŠ� 3RZHU�%XWWRQ��$�+LVWRU\�RI�3OHDVXUH��3DQLF��DQG WKH�3ROLWLFV�RI�3XVKLQJ�������

5LVNLQ��-HVVLFD� 6FLHQFH�LQ�WKH�$JH�RI�6HQVLELOLW\� 7KH�6HQWLPHQWDO�(PSLULFLVWV�RI�WKH�)UHQFK
(QOLJKWHQPHQW��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV� �����

5RVQHU��'DQLHOD�.� &ULWLFDO�)DEXODWLRQV��5HZRUNLQJ WKH�0HWKRGV�DQG�0DUJLQV�RI�'HVLJQ�
&DPEULGJH��0$��7KH�0,7�3UHVV�������

6FKHUĴJ��/DVVH��ŗ7KHUH�,V�1R�,QWHUIDFH��ZLWKRXW�D�8VHU���$�&\EHUQHWLF�3HUVSHFWLYH�RQ
,QWHUDFWLRQ�Ř�(GLWHG�E\�)ORULDQ�+DGOHU��$OLFH�6RLQÜ��DQG�'DQLHO�,UUJDQJ� ,QWHUIDFH�&ULWLTXH
-RXUQDO ������������ş���

6HPHO��%HWK�0��ŗ/LVWHQLQJ�/LNH�D�&RPSXWHU��$WWHQWLRQDO�7HQVLRQV�DQG�0HFKDQL]HG�&DUH�LQ
3V\FKLDWULF�'LJLWDO�3KHQRW\SLQJ�Ř 6FLHQFH��7HFKQRORJ\� 	�+XPDQ�9DOXHV ����QR�����0DUFK
����������ş��� KWWSV���GRL�RUJ���������������������������

6KDFNHO��%��ŗ0DQ�&RPSXWHU�,QWHUDFWLRQ�7KH�&RQWULEXWLRQ�RI�WKH�+XPDQ�6FLHQFHV��Ř�Q�G������

6KQHLGHUPDQ��%HQ��ŗ7KH�)XWXUH�RI�,QWHUDFWLYH�6\VWHPV�DQG�WKH�(PHUJHQFH�RI�'LUHFW
0DQLSXODWLRQ�Ř %HKDYLRXU�	�,QIRUPDWLRQ�7HFKQRORJ\ ���QR�����-XO\��������������ş���
KWWSV���GRL�RUJ���������������������������

6PDOO��0DULR�/XLV��DQG�-HVVLFD�0F&URU\�&DODUFR� 4XDOLWDWLYH /LWHUDF\��$�*XLGH�WR�(YDOXDWLQJ
(WKQRJUDSKLF�DQG�,QWHUYLHZ�5HVHDUFK��2DNODQG��&DOLIRUQLD� 8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV�
�����

6QRZ��&��3� 7KH�7ZR�&XOWXUHV��&DPEULGJH�8QLYHUVLW\ 3UHVV�������

6WLJOHU��*HRUJH�-��ŗ(FRQRPLFV��7KH�,PSHULDO�6FLHQFH"Ř 7KH�6FDQGLQDYLDQ�-RXUQDO�RI�(FRQRPLFV
����QR���������������ş��� KWWSV���GRL�RUJ�����������������

6WRNHV��'XVWLQ��0RKDQ�0DWWKHQ��DQG�6WHSKHQ�%LJJV��HGV� 3HUFHSWLRQ�DQG�,WV�0RGDOLWLHV���
HGLWLRQ��/RQGRQௗ��1HZ�<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV�������

6WROOHU��3DXO� 6HQVXRXV�6FKRODUVKLS��3KLODGHOSKLD� 8QLYHUVLW\�RI�3HQQV\OYDQLD�3UHVV�������
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6XFKPDQ��/XF\�$� 3ODQV�DQG�6LWXDWHG�$FWLRQV��7KH�3UREOHP�RI�+XPDQ�0DFKLQH
&RPPXQLFDWLRQ��3DOR�$OWR��&$��3DOR�$OWR�5HVHDUFK�&HQWHU� ;HUR[�&RUSRUDWLRQ�������

6XWKHUODQG��,YDQ�(GZDUG��ŗ6NHWFKSDG��$�0DQ�0DFKLQH�*UDSKLFDO�&RPPXQLFDWLRQ�6\VWHP�Ř
3K�'��7KHVLV��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�������

7ULSRGL��)UDQFHVFD��ŗ6HDUFKLQJ�IRU�$OWHUQDWLYH�)DFWV�Ř�0HGLD�0DQLSXODWLRQ��'DWD�	�6RFLHW\
5HVHDUFK�,QVWLWXWH��Q�G�

9HODVFR��&DUORV��DQG�0DULDQQD�2EULVW� 0XOWLVHQVRU\ ([SHULHQFHV��:KHUH�WKH�6HQVHV�0HHW
7HFKQRORJ\��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�������
KWWSV���GRL�RUJ���������RVR������������������������

:LOOLDPVRQ��%HVV��ŗ*HWWLQJ�D�*ULS��'LVDELOLW\�LQ�$PHULFDQ�,QGXVWULDO�'HVLJQ�RI�WKH�/DWH�7ZHQWLHWK
&HQWXU\�Ř:LQWHUWKXU�3RUWIROLR ����QR�����'HFHPEHU ����������ş���
KWWSV���GRL�RUJ����������������

:ULJKW��6DUDK�+��ŗ3URIHVVRU�5REHUW�:��0DQQ��/HDGHU�LQ�3URVWKHWLFV��'LHV�DW����Ř�0,7�1HZV�
-XQH���������� KWWSV���QHZV�PLW�HGX������RELW�PDQQ�
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&KDSWHU��

/HWŖV�*R��%DE\�)RUNOLIW���)DQGRP�*RYHUQDQFH�DQG�WKH�3ROLWLFDO�3RZHU
RI�&XWHQHVV�LQ�&KLQD

$EVWUDFW

7KLV�DUWLFOH�GHVFULEHV�KRZ�WKH�&KLQHVH�VWDWH�ERUURZV�IURP�WKH�FXOWXUH�RI�FHOHEULW\�IDQGRP�WR
LPSOHPHQW�D�QRYHO�VWUDWHJ\�RI�JRYHUQLQJ�WKDW�ZH�WHUP�ŗIDQGRP�JRYHUQDQFH�Ř�:H�LOOXVWUDWH�KRZ
VWDWH�UXQ�VRFLDO�PHGLD�HPSOR\HG�IDQGRP�JRYHUQDQFH�HDUO\�LQ�WKH�&29,'����SDQGHPLF�ZKHQ
WKH�FRXQWU\�ZDV�FRQYXOVHG�ZLWK�DQ[LHW\��$V�WKH�VWDWH�IDFHG�D�FULVLV��VWDWH�VRFLDO�PHGLD
UHVSRQGHG�ZLWK�D�SURSDJDQGLVWLF�GLVSOD\�RI�VWDWH�HĴFDF\��EURDGFDVWLQJ�D�URXQG�WKH�FORFN
OLYHVWUHDP�RI�D�PDVVLYH�HPHUJHQF\�KRVSLWDO�FRQVWUXFWLRQ�SURMHFW��&KLQHVH�LQWHUQHW�XVHUV
SOD\IXOO\�HPEHOOLVKHG�LPDJHU\�IURP�WKH�OLYHVWUHDP��7KH\�XQH[SHFWHGO\�WUDQVIRUPHG�WKH
FRQVWUXFWLRQ�YHKLFOHV�LQWR�FXWH�SHUVRQLıHG�PHPHV��ZLWK�%DE\�)RUNOLIW�DQG�%DE\�0XG�%DUIHU��D
FHPHQW�PL[HU��DPRQJ�WKH�PRVW�SRSXODU��,Q�WXUQ��VWDWH�VRFLDO�PHGLD�VWUDWHJLFDOO\�FKDQQHOHG�WKLV
SOD\IXO�HQJDJHPHQW�LQ�SROLWLFDOO\�SURGXFWLYH�GLUHFWLRQV�E\�UHVLJQLI\LQJ�WKH�SHUVRQLıHG�YHKLFOHV
DV�FHOHEULW\�LGROV��&RPELQLQJ�VRFLDO�PHGLD�VWXGLHV�ZLWK�FXOWXUDO�DQG�OLQJXLVWLF�DQWKURSRORJ\��ZH
RĳHU�D�SURFHVVXDO�DFFRXQW�RI�WKH�VHPLRWLF�PHGLDWLRQV�LQYROYHG�LQ�WXUQLQJ�YHKLFOHV�LQWR�PHPHV�
PHPHV�LQWR�LGROV��DQG�FLWL]HQV�LQWR�IDQV��:H�VKRZ�KRZ��E\�HPEHGGLQJ�FXWH�PHPHV�ZLWKLQ
PRGXOHV�RI�IDQGRP�PDQDJHPHQW�VXFK�DV�FHOHEULW\�UDQNLQJ�OLVWV��VWDWH�VRFLDO�PHGLD�UHQGHUHG
WKHP�DUWLıFLDOO\�YXOQHUDEOH�WR�D�IDOO�LQ�VWDWXV��)DQV��LQ�WXUQ��UDOOLHG�DURXQG�WR�ŗSURWHFWŘ�WKHVH�FXWH
LGROV�ZLWK�VPDOO�EXW�VLJQLıFDQW�DFWV�RI�GLJLWDO�GHYRWLRQ�DQG�FDUH��RUJDQL]LQJ�WKHPVHOYHV�LQWR�IDQ
FLUFOHV�DQG�H[KRUWLQJ�HDFK�RWKHU�WR�YRWH��,Q�HOHYDWLQJ�WKH�PHPHV�WR�WKH�VWDWXV�RI�FHOHEULW\�LGROV�
VWDWH�VRFLDO�PHGLD�WKHUHE\�FUHDWHG�D�GLVSRVDEOH�SDQWKHRQ�RI�YLUWXDO�DYDWDUV�IRU�WKH�VWDWH��DQG
FRQVROLGDWHG�VWDWH�SRZHU�DURXQG�FLWL]HQVŖ�YROXQWDU\�UHVSRQVH�WR�YXOQHUDELOLW\��:H�DQDO\]H
IDQGRP�JRYHUQDQFH�DV�D�QHZ�GHYHORSPHQW�LQ�WKH�&KLQHVH�VWDWHŖV�ORQJ�KLVWRU\�RI�JRYHUQLQJ
FLWL]HQV�WKURXJK�WKH�PDQDJHPHQW�RI�HPRWLRQ�

3XEOLFDWLRQ� 7KLV�FKDSWHU�DSSHDUV�DV�-DPLH�:RQJ� &U\VWDO�/HH��9HVSHU�/RQJ��'L�:X��DQG
*UDKDP�-RQHV��ŗ/HWŖV�*R��%DE\�)RUNOLIW��7KH�3RZHU�RI�&XWHQHVV�DQG�WKH�&XWHQHVV�RI�3RZHU�RQ
&KLQHVH�6RFLDO�0HGLD�Ř 6RFLDO�0HGLD���6RFLHW\ �$SULO ������

$FNQRZOHGJHPHQWV� 7KH�DXWKRUV�DUH�JUDWHIXO�WR�=L]L 3DSDFKDULVVL�DQG�WKLV�MRXUQDOŖV
DQRQ\PRXV�UHYLHZHUV�IRU�WKHLU�WUDQVIRUPDWLYH�LQSXW��DQG�WR�<LOLD�4X��%DPEL�6FKLHĳHOLQ��9DO
:DQJ��5RE�:HOOHU��0HL�/LQJ�<RXQJ��DQG�WKH�PHPEHUV�RI�WKH�/DQJXDJH�DQG�7HFKQRORJ\�/DE�IRU
LQYDOX��DEOH�IHHGEDFN��7KH\�DOVR�WKDQN�5DFKHO�+HLPDQ�DQG�KHU�VWXGHQWV�DW�WKH�1HZ�6FKRRO�IRU
WKHLU�SURYRFDWLYH�HQJDJHPHQW�ZLWK�D�GUDIW�RI�WKLV�DUWLFOH�

��



:KHQ�&KLQD�EHJDQ�LWV�PDVVLYH�PRELOL]DWLRQ�DJDLQVW�WKH�QRYHO�FRURQDYLUXV�LQ�-DQXDU\�������QR
RQH�FRXOG�KDYH�LPDJLQHG�WKDW�D�OLWWOH�\HOORZ�IRUNOLIW�ZRXOG�FRPH�WR�HPERG\�WKH�QDWLRQŖV�KRSH�
1HYHUWKHOHVV��E\�WKH�HQG�RI�WKH�PRQWK��ŗ/HWŖV�JR��%DE\�)RUNOLIW�Ř�KDG�EHFRPH�D�FROOHFWLYH
UDOO\LQJ�FU\��DV�PLOOLRQV�ZDWFKHG�DQ�DUP\�RI�FRQVWUXFWLRQ�ZRUNHUV�HUHFW�HPHUJHQF\�KRVSLWDOV�LQ
:XKDQ��WKH�SDQGHPLFŖV�HSLFHQWHU��,Q�WKLV�DUWLFOH��ZH�VKRZ�WKDW�WKH�OLWWOH�IRUNOLIW�FRXOG�FDUU\�WKH
EXUGHQ�RI�D�QDWLRQŖV�IHDUV�EHFDXVH�LW�ZDV�QRW�MXVW�DQ\�FRQVWUXFWLRQ�YHKLFOH��7KH�FROOHFWLYH
HĳRUWV�RI�DQ�DGRULQJ�SXEOLF�DQG�WKH�JXLGLQJ�KDQG�RI�&KLQHVH�VWDWH�VRFLDO�PHGLD�KDG
WUDQVIRUPHG�LW�LQWR�D�PXFK�PRUH�SRZHUIXO�NLQG�RI V\PEROLF YHKLFOH��D�FHOHEULW\�LGRO��$V�DQ�LGRO��LW
FRXOG�FRPPDQG�GHYRWLRQ�QRW�WKURXJK�VWUHQJWK�DORQH��EXW�DOVR�WKURXJK�YXOQHUDELOLW\��3ULW]NHU
�����ŠD�TXDOLW\�WKDW�PDGH�LW�FXWH��+RZ�GLG�D�EXUO\�PDFKLQH�EHFRPH�FXWH�DQG�ZK\�GLG
FXWHQHVV�PDNH�LW�VXFK�D�SRWHQW�QDWLRQDO�V\PERO�GXULQJ�D�PRPHQW�RI�FULVLV"�,Q�DQVZHULQJ�WKHVH
TXHVWLRQV��ZH�VKRZ�KRZ�FRQVWUXFWLRQ�YHKLFOH�PHPHV�FDPH�WR�ıJXUH�LQWR�WKH�&KLQHVH�VWDWHŖV
RQJRLQJ�HĳRUWV�WR�KDUQHVV�WKH�LFRQRJUDSK\�DQG�LQWHUDFWLRQDO�IRUPV�RI�&KLQHVH�LQWHUQHW�IDQGRP
IRU�SROLWLFDO�SXUSRVHV�

)RU�GHFDGHV��VFKRODUV�KDYH�EHHQ�WUDFNLQJ�WKH�HYROXWLRQ�RI�WKH�&KLQHVH�VWDWHŖV�VWUDWHJLHV
RI�PDQDJLQJ�SXEOLF�LQIRUPDWLRQ�DQG�LQĲXHQFLQJ�RSLQLRQ�DORQJVLGH�WKH�UDSLGO\�FKDQJLQJ�GLJLWDO
DĳRUGDQFHV�RI�WKH�VRFLDO�PHGLDVFDSH��%UDG\��������'XULQJ�WKH������6$56�RXWEUHDN��LW
GHSOR\HG�ZKDW�/DJHUNYLVW��������FDOOHG�ŗLGHRWDLQPHQW�Ř�VHQGLQJ�RXW�PHVVDJHV�DQG�LPDJHV�RI
KHURLF�ıJXUHV�WR�LQGLYLGXDO�PRELOH�SKRQHV�DFURVV�&KLQD�WR�DVVXUH�WKH�SXEOLF�WKDW�WKH�VWDWH�KDG
WKH�FULVLV�XQGHU�FRQWURO��,Q�LQWHUYHQLQJ�\HDUV��WKH�VWDWH�KDV�GHYHORSHG�D�YDVW�DSSDUDWXV�RI�SDLG
VRFLDO�PHGLD�PRQLWRUVŠWKH�ŗ)LIW\�&HQW�$UP\ŘŠWR�VKDSH�SXEOLF�RSLQLRQ��ZKLOH�DOVR�IRPHQWLQJ
ŗYROXQWDU\Ř�QHWZRUNV�RI�QDWLRQDOLVWLF�FRQWHQW�SURGXFHUV��+DQ�����D���+DQ�GHPRQVWUDWHV�WKDW
UHVXOWLQJ�VRFLDO�PHGLD�LQĲXHQFH�FDPSDLJQV�DUH�QRW��KRZHYHU��D�ŗFHQWUDOO\�FRRUGLQDWHG�SURFHVV
LQ�ZKLFK�WKH�VWDWH�DFWV�DV�D�PRQROLWKLF�UDWLRQDO�DFWRU�Ř�,QVWHDG�Ř�KH�FRQWLQXHV��ŗPXOWLSOH
SDUW\�VWDWH�DJHQFLHV�DW�GLĳHUHQW�OHYHOV�DQG�LQ�GLĳHUHQW�VHFWRUV�DV�ZHOO�DV�LQGLYLGXDO�RĴFLDOV�DUH
LQYROYHG��HDFK�ZLWK�GLĳHUHQW�LQFHQWLYHV�DQG�SULRULWLHVŘ��+DQ�����E��S��������7KH\�FDQ��LQ�WXUQ�
OHDUQ�IURP��DGRSW��DQG�DGDSW�HDFK�RWKHUŖV�LQQRYDWLYH�VWUDWHJLHV�

&29,'����SXW�WKH�IXQFWLRQ�RI�WKLV�SURSDJDQGD�DQG�FHQVRUVKLS�V\VWHP�RQ�VWDUN�GLVSOD\�
ZKLOH�DOVR�UHYHDOLQJ�VRPH�RI�LWV�OLPLWDWLRQV��'XULQJ�WKH�ıUVW�PRQWKV�RI�WKH�SDQGHPLF��UHJLRQDO
JRYHUQPHQWV�XVHG�VRSKLVWLFDWHG�PLFURZRUN�SODWIRUPV�WR�FRRUGLQDWH�ZKDW�PD\�KDYH�DPRXQWHG
WR�ŗKXQGUHGV�RI�WKRXVDQGVŘ�RI�FRPPHQWHUV�DQG�VRFLDO�PHGLD�PRQLWRUV�WDVNHG�ZLWK�SRVWLQJ
RULJLQDO�FRQWHQW��VKDULQJ�OLQNV��DQG�ĲDJJLQJ�QHJDWLYH�FRPPHQWV��=KRQJ�HW�DO���������,Q�WKLV
DUWLFOH��ZH�RĳHU�DQ�DUFKLYDO�HWKQRJUDSK\�RI�D�GLJLWDO�ŗPHGLD�HYHQWŘ��3LQN�HW�DO��������WKDW
XQIROGHG�ZLWKLQ�WKLV�VRFLDO�PHGLD�HFRORJ\��DW�WKH�LQWHUVHFWLRQ�RI�VWDWH�LQĲXHQFH�DQG�SXEOLF
SDUWLFLSDWLRQ��$W�D�WLPH�ZKHQ�PXFK�RI�&KLQD�ZDV�XQGHU�TXDUDQWLQH�DQG�WKH�FRXQWU\�ZDV
FRQYXOVHG�E\�DQ[LHW\�DERXW�WKH�QRYHO�FRURQDYLUXV��ZH�VKRZ�KRZ�&KLQHVH�LQWHUQHW�XVHUV
SOD\IXOO\�HPEHOOLVKHG�LPDJHV�RI�WKH�KRVSLWDO�FRQVWUXFWLRQ�EURDGFDVW�RQOLQH�E\�VWDWH�UXQ�VRFLDO
PHGLD��SURGXFLQJ�PHPHV�WKDW�ZHUH��LQ�WXUQ��DVVLPLODWHG�EDFN�LQWR�VWDWH�UXQ�VRFLDO�PHGLD�IHHGV
LQ�DQ�HPHUJHQW�F\FOH�RI�FXOWXUDO�FR�SURGXFWLRQ�
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,W�LV�LPSRUWDQW�WR�VWUHVV�DW�WKH�RXWVHW�WKDW�PLOOLRQV�RI�VRFLDO�PHGLD�XVHUV�ZHUH�GLUHFWO\
DQG�LQGLUHFWO\�LQYROYHG�LQ�JHQHUDWLQJ�WKH�PHPHV�ZH�DQDO\]H��:H�GR�QRW�DQG�FDQQRW�FODLP�WR
GLUHFWO\�XQGHUVWDQG�WKHLU�LQWHQWLRQV��QRU�WR�DFFXUDWHO\�JDXJH�WKH�LQYROYHPHQW�RI�SDLG
LQĲXHQFHUV��6RFLDO�PHGLD�SODWIRUPV��&KULVWRSKHU�.HOW\��������ZULWHV��PDNH�LW�SRVVLEOH�ŗWR
SDUWLFLSDWH�LQ�VRPHWKLQJ�DQG�EH�JLYHQ�VLJQV�DQG�VLJQDOV�RI�WKH�RXWFRPHV�RI�WKDW�SDUWLFLSDWLRQŘ
�S��������RĳHULQJ�ŗD�VHW�RI�VFULSWV�DQG�JDPHV�LQWHQGHG�WR�VSUHDG�SDUWLFLSDWLRQ�DV�ZLGHO\�DV
SRVVLEOHŘ��S��������7KXV��ZKDW�ZH�VWXG\�KHUH�LV�KRZ�PHPHV�IXQFWLRQ�DV�SXEOLFO\�YLVLEOH VLJQV�RI
SDUWLFLSDWLRQ LQ�D�JDPH�OLNH�VHTXHQFH�ZKHUH�SDUWLFLSDQWV VLJQDO�LQYROYHPHQW�E\�UHVSRQGLQJ�WR
HDFK�RWKHUŖV�ŗPRYHVŘ�DQG�PDNLQJ�WKHLU�UHVSRQVHV�DYDLODEOH�IRU�RWKHUV�WR�VFUXWLQL]H�DQG
LQFRUSRUDWH�LQWR�WKHLU�RZQ�VXEVHTXHQW�PRYHV��,Q�GHYHORSLQJ�RXU�DQDO\VLV��ZH�GUHZ�XSRQ�RQH
FR�DXWKRUŖV�ıUVWKDQG�NQRZOHGJH�RI�WKHVH�PHPHV��ZKLFK�EHJDQ�SRSSLQJ�XS�LQ�KHU�VRFLDO�PHGLD
IHHGV�DV�WKH�HYHQWV�GHVFULEHG�KHUH�XQIROGHG��:H�FRQVWUXFWHG�RXU�FRUSXV�E\�WDNLQJ�SLYRWDO
KDVKWDJVŠVLJQV�RI�SDUWLFLSDWLRQ�WKDW�FRQWULEXWHG�WR�VKDSLQJ�WKH�ŗHYHQWIXOQHVVŘ�RI�WKLV
HSLVRGHŠDV�IRFDO�HWKQRJUDSKLF�REMHFWV��%RQLOOD�DQG�5RVD��������JXLGLQJ�WKH�FROOHFWLRQ�RI
SXEOLFO\�DYDLODEOH�FRQWHQW��)LQDOO\��LQ�LQWHUSUHWLQJ�WKH�FRPSOH[�VRFLRFXOWXUDO�NQRZOHGJH
HPEHGGHG�LQ�OLQJXLVWLF�DQG�YLVXDO�VLJQV��ZH�HOLFLWHG�DGGLWLRQDO�IHHGEDFN�IURP�&KLQHVH
HWKQRJUDSKLF�UHVSRQGHQWV�

7KLV�DSSURDFK�HQDEOHV�XV�WR�LGHQWLI\�KRZ�&KLQHVH�VWDWH�VRFLDO�PHGLD�DFFRXQWV�DFWLYHO\
PRELOL]HG�WKH�JDPH�OLNH�UHSHUWRLUH�RI�FHOHEULW\�IDQGRP�WR�SURGXFH�SXEOLF�FRQVHQVXV�WKURXJK
VHGXFWLRQ�UDWKHU�WKDQ�FRHUFLRQ��$V�:��=KDQJ��������DUJXHV��WKH�&KLQHVH�HQWHUWDLQPHQW�LQGXVWU\
UHOLHV�RQ�VRFLDO�PHGLD�LQIUDVWUXFWXUH�WKDW�VHGXFWLYHO\�VWDJHV�WKH�SDVVLRQDWH�SDUWLFLSDWLRQ�RI
ŗIDQGRP�SXEOLFVŘ�DV�DQ�LQWHJUDO�SDUW�RI�FHOHEULW\�LGROVŖ�DOOXUH��7KDW�LQIUDVWUXFWXUH�LQFOXGHV�OXGLF
PRGXOHV�VXFK�DV�UDQNLQJ�OLVWV�WKDW�RUJDQL]H�IDQV�LQWR�JDPHV�RI�YRWLQJ�FRPSHWLWLYHO\�IRU�WKHLU
IDYRULWH�LGROV�DQG�SURYLGH�UHDO�WLPH�SDUWLFLSDWRU\�IHHGEDFN��<LQ�������4��=KDQJ�	�1HJXV��������
:H�VKRZ�KRZ�&KLQHVH�VWDWH�VRFLDO�PHGLD�DFFRXQWV�GHSOR\HG�VXFK�JDPH�OLNH�IHDWXUHV�DV
VFULSWV�WR�HQOLVW�IDQGRP�SXEOLFV�DURXQG�WKH�FRQVWUXFWLRQ�YHKLFOHV�DQG�PDNH�IDQVŖ�FROOHFWLYH
SHUIRUPDQFHV�YLVLEOH��:H�GHPRQVWUDWH�KRZ�OXGLF�PRGXOHV�IRU�PDQDJLQJ�IDQV�EHFDPH�WRROV�IRU
JRYHUQLQJ�FLWL]HQV�DV�IDQV��DV�WKH�VWDWH�XVHG�WKHP�WR�JHQHUDWH�YLUDO�ŗSRVLWLYH�HQHUJ\Ř�DFURVV
LQWHUQHW�SODWIRUPV�GXULQJ�DQ�RYHUZKHOPLQJO\�GDUN�WLPH��2XU�DQDO\VLV�IRFXVHV�VROHO\�RQ�VRFLDO
PHGLD�FRQWHQW�DQG�VWUDWHJLHV��QRW�WKH�VWDWHŖV�SROLFLHV�WR�FRQWDLQ�&29,'����

:H�FRPELQH�LQVLJKWV�IURP�VRFLDO�PHGLD�VWXGLHV�ZLWK�FXOWXUDO�DQG�OLQJXLVWLF�DQWKURSRORJ\
WR�RĳHU�D�SURFHVVXDO�DFFRXQW�RI�WKH�VHPLRWLF�PHGLDWLRQV�LQYROYHG�LQ�WXUQLQJ�YHKLFOHV�LQWR
PHPHV��PHPHV�LQWR�LGROV��DQG�FLWL]HQV�LQWR�IDQV��,Q�SDUWLFXODU��ZH�IRFXV�RQ�FXWHQHVV�DV�WKH
FUXFLDO�VHPLRWLF�UHVRXUFH�LQ�WKH�FR�FRQVWUXFWLRQ�RI�VHGXFWLYH�PHPHWLF�LGROV�DQG�DQ�DGRULQJ
SXEOLF�RI�GHYRWHG�IDQV��)HZ�SHRSOH�ZRXOG�GHVFULEH�DQ\�VWDWH�DV�ŗFXWH�Ř�DQG�WKH�YDVWO\�SRZHUIXO
&KLQHVH�VWDWH�PD\�VHHP�SDUWLFXODUO\�XQ�FXWH��1HYHUWKHOHVV��LQ�WKH�HYHQWV�ZH�DQDO\]H��FXWHQHVV
HPHUJHV�DV�D�GRPLQDQW�PRWLI�LQ�&KLQHVH�FLWL]HQVŖ�HQJDJHPHQWV�ZLWK�WKH�VWDWH��DQG�LQ�WKH
VWDWHŖV�HQJDJHPHQW�ZLWK�FLWL]HQV��:H�DUJXH�WKDW�FXWHQHVV��LQ�FRQYH\LQJ�TXDOLWLHV�RI
GHSHQGHQF\�DQG�GLPLQXWLYHQHVV��FDQ�FRQVWLWXWH�D�FRXQWHULQWXLWLYH�IRUP�RI�SRZHU��WKH�SRZHU�WR

��



LQVSLUH�DĳHFWLRQ�DQG�WR�HQJHQGHU�SOD\��$ELGLQ�������+LUDPRWR�	�:HH�������6LOYLR��������,Q
WUDFLQJ�KRZ�&KLQHVH�LQWHUQHW�SXEOLFV�DQG�VWDWH�UXQ�VRFLDO�PHGLD�DFFRXQWV�LQWHUDFWLYHO\
PRELOL]HG�VLJQV�RI�FXWHQHVV�GXULQJ�D�QDWLRQDO�FULVLV��ZH�RĳHU�DQ�DFFRXQW�RI�ERWK�WKH�SRZHU�RI
FXWHQHVV�DQG�WKH�FXWHQHVV�RI�SRZHU�LQ�FRQWHPSRUDU\�&KLQHVH�VRFLHW\�

,Q�RXU�FDVH�VWXG\��&KLQHVH�LQWHUQHW�XVHUV�SOD\IXOO\�PDQLSXODWH�LPDJHU\�IURP�D�VWDWH�UXQ
OLYHVWUHDP�GXULQJ�D�SDQGHPLF�WR�SURGXFH�PHPHV�LQ�ZD\V�WKDW�PLJKW��DW�ıUVW�EOXVK��VHHP
LUUHYHUHQW�RU�VXEYHUVLYH��+RZHYHU��ZH�DUJXH�LQVWHDG�WKDW�SOD\IXOQHVV�LV�SDUW�RI�DQ�HPHUJLQJ
SDWWHUQ�RI OXGLF�JRYHUQPHQWDOLW\ LQ�VWDWH�UXQ�VRFLDO PHGLD�LQĲXHQFH�FDPSDLJQV��%\
ŗJRYHUQPHQWDOLW\�Ř�)RXFDXOW��������SRLQWV�WR�IRUPV�RI�VRFLDO�FRQWURO�H[FHHGLQJ�WKH�ERXQGV�RI
ŗJRYHUQPHQWŘ�LQ�WKH�VWULFW�VHQVH�RI�SROLWLFDO�LQVWLWXWLRQV��$QWKURSRORJLVWV�KDYH�VKRZQ�WKDW�WKH
UHJLPHQWDWLRQ�RI�SOD\�FDQ�EH�D�SURIRXQG�PDQLIHVWDWLRQ�RI�JRYHUQPHQWDOLW\��:DONHU��������:LWK
WKH�QRWLRQ�RI�OXGLF�JRYHUQPHQWDOLW\��ZH�SRLQW�WR�D�UHODWLRQVKLS��RQ�QHFHVVDULO\�XQHTXDO�WHUPV�
EHWZHHQ�VWDWH�DQG�VXEMHFWV�DV�SOD\PDWHV��,W�LV�FRPPRQO\�DVVXPHG�WKDW�DXWKRULWDULDQ�UHJLPHV
GHULYH�SRZHU�WKURXJK�PRQRORJLF�FRQWURO�RYHU�WKH�VWDEOH�PHDQLQJV�RI�SROLWLFDO�GLVFRXUVH�DQG
QDWLRQDO�V\PEROV��:KLOH�LW�IROORZV�WKDW�SOD\IXO�PHPHWLF�FRQWHQW�FDQ�EH�D�SRZHUIXO�IRUP�RI
UHVLVWDQFH��-RKQVRQ��������ZH�VKRZ�KRZ�WKH�FDOFXODWHG�LQWURGXFWLRQ�RI�IUDPLQJ�VFULSWVŠKHUH
DV�D�IRUP�RI�SOD\�EDVHG�JRYHUQDQFHŠFDQ�JHQHUDWH�D�FRQWUROOHG�SRO\SKRQ\�WKDW�UHLQIRUFHV�VWDWH
DXWKRULW\�

,Q�WKH�HSLVRGH�ZH�DQDO\]H��E\�FDSLWDOL]LQJ�RQ�FXWHQHVV�WR�HQJDJH�LQWHUQHW�XVHUV�LQ�RQOLQH
SOD\��RĴFLDO�DFFRXQWV�VWUDWHJLFDOO\�VKLIWHG�GLVFRXUVH�DERXW�DQ�XQIROGLQJ�FULVLV��$V�ZH
GHPRQVWUDWH��ZKHQ�LQWHUQHW�XVHUV�DFNQRZOHGJHG�VWDWH�VRFLDO�PHGLDŖV�HĳRUW�WR�HQJDJH�ZLWK
WKHP�LQ�SOD\��WKH\�LQWHUSUHWHG�LW�LQ�FRQWUDGLFWRU\�WHUPV��:KHUH�VRPH�VDZ�EHQHYROHQW�FDUH�DQG
SDWHUQDO�DĳHFWLRQ��RWKHUV�VDZ�FUDVV�SDQGHULQJ�DQG�LQDSSURSULDWH�PDQLSXODWLRQ��7KLV�GLYHUJHQFH
UHĲHFWV�WKH�ZD\�SOD\�LWVHOI�DPELJXDWHV�VWUXFWXUH�DQG�DJHQF\��6XWWRQ�6PLWK��������SDUWLFXODUO\
ZKHQ�SDUWLFLSDQWV�IUHHO\�HOHFW�WR�IROORZ�DUELWUDU\�UXOHV�VHW�E\�VRPHRQH�HOVH��)RFXVLQJ�RQ
FULWLTXHV�RI�WKH�FRQVWUXFWLRQ�YHKLFOH�PHPHV�LQ�WKH�ıQDO�VHFWLRQ�RI�WKLV�DUWLFOH��ZH�H[SORUH�WKH
NLQGV�RI�ULVNVŠVOLSSDJHV�LQ�PHDQLQJ��GLYHUJHQW�LQWHUSUHWDWLRQVŠWKH�VWDWH�UXQV�ZKHQ�GHSOR\LQJ
WKH�OXGLF�UHSHUWRLUH�RI�VRFLDO�PHGLD�IDQGRP�DV�D�PRGH�RI�JRYHUQDQFH�

� )URP�6SHFWDWRUV�WR�6XSHUYLVRUV

)ROORZLQJ�WKH�LQLWLDO�DSSHDUDQFH�RI�&29,'����LQ�:XKDQ�LQ�'HFHPEHU�������UXPRUV�DERXW�WKH
YLUXVŠDQG�FULWLFLVPV�DERXW�WKH�RĴFLDO�UHVSRQVHŠFLUFXODWHG�ZLGHO\�RQ�:HLER��:H&KDW��DQG
RWKHU�VRFLDO�PHGLD�SODWIRUPV��:HLQODQG��������:XKDQ�UHVLGHQWV�SRVWHG�YLGHRV�VKRZLQJ�WKH
FLW\ŖV�KRVSLWDOV�RYHUZKHOPHG�DQG�LOO�HTXLSSHG�WR�GHDO�ZLWK�WKH�SDQGHPLF��SURYRNLQJ�RXWUDJH
DERXW�PLVPDQDJHPHQW�ZLWKLQ�WKH�5HG�&URVV��D�KXPDQLWDULDQ�RUJDQ�RI�WKH�&KLQHVH�VWDWH��<XDQ
�������:LWK�UHSRUWV�RI�WKH�ıUVW�FDVXDOWLHV�DQG�FDVHV�DSSHDULQJ�LQ�RWKHU�SURYLQFHV��WKH�FHQWUDO
JRYHUQPHQW�LQWHUYHQHG�WR�DVVHUW�FRQWURO�RYHU�WKH�ĲRZ�RI�LQIRUPDWLRQ��:DQJ��������2Q���
-DQXDU\��LW�SODFHG�QHDUO\���ௗPLOOLRQ�SHRSOH�LQ�+XEHL�SURYLQFH�RQ�ORFNGRZQ��FUHDWLQJ�ZKDW

��



LQWHUQDWLRQDO�REVHUYHUV�KHUDOGHG�DV�ŗWKH�ODUJHVW�TXDUDQWLQH�LQ�KXPDQ�KLVWRU\Ř��$QJ��������7KDW
VDPH�GD\��WKH�JRYHUQPHQW�EHJDQ�FRQVWUXFWLQJ�WZR�HPHUJHQF\�ıHOG�KRVSLWDOV�LQ�:XKDQ��WKH
�����EHG�+XRVKHQVKDQ��ⅆ⚄ᒣ��)LUH�*RG�0RXQWDLQ��DQG������EHG�/HLVKHQVKDQ��㞾⚄ᒣ�
7KXQGHU�*RG�0RXQWDLQ���,Q�D�VWXQQLQJ�GLVSOD\�RI�HĴFLHQF\��WKH\�ZRXOG�EH�RSHUDWLRQDO�LQ�MXVW
RYHU�D�ZHHN��4LQ�������

2Q����-DQXDU\��WKH�LQWHUQHW�YLGHR�SODWIRUP�<DQJVKLSLQ��ኸ展欠���ZKLFK�LV�XQGHU�WKH
FRQWURO�RI�WKH�3XEOLFLW\�'HSDUWPHQW�RI�WKH�&KLQHVH�&RPPXQLVW�3DUW\��DQQRXQFHG�WKDW�LW�ZRXOG
RĳHU�D�URXQG�WKH�FORFN�OLYHVWUHDP�RI�WKH�FRQVWUXFWLRQ�SURMHFW��LQYLWLQJ�LQWHUQHW�XVHUV�WR
ŗZLWQHVVŘ��屐幐��WKH�FRORVVDO�XQGHUWDNLQJ�IRU�WKHPVHOYHV��$V�FRQVWUXFWLRQ�ZRUNHUV�WRLOHG�GD\
DQG�QLJKW��UDSW�FLWL]HQV�ORJJHG�RQ�E\�WKH�WHQV�RI�PLOOLRQV�WR�ZDWFK�DHULDO�YLHZV�RI�FRORUIXO
FRQVWUXFWLRQ�YHKLFOHV�EXVWOLQJ�EDFN�DQG�IRUWK��9LHZHUV�SRVWHG�VXSSRUWLYH�FRPPHQWV�WKDW
VFUROOHG�EHQHDWK�WKH�YLGHR�LQ�UHDO�WLPH��$V�VLJQV�RI�HQJDJHPHQW��WKHVH�FRPPHQWV�KHOSHG�WXUQ
PDVV�YLHZLQJ�LWVHOI�LQWR�D�VSHFWDFOH�RI�SDUWLFLSDWLRQ��FI��&DR��������,Q�DQ�DSSDUHQWO\�VXL�JHQHULV
GLVSOD\�RI�SOD\IXO�LQYROYHPHQW��VRPH�RI�WKH�FRPPHQWHUV�EHJDQ�UHIHUULQJ�WR�WKHPVHOYHV�DV
ŗVXSHUYLVRUVŘ��䥠ぴ���ŗ+HQDQ�VXSHUYLVRU�KDV�DUULYHG�Ř�RQH�DQQRXQFHG��ŗ/RFDO�+XEHL�VXSHUYLVRUV
DUH�KHUH�WR�WDNH�RYHU��&ROOHDJXHV��JR�HDW�Ř�DQRWKHU�FKLPHG�LQ��:LWKLQ���ௗKRXUV��FRPPHQWHUV
ZHUH�GHVFULELQJ�WKHPVHOYHV�DV�ŗLQWHUQHW�VXSHUYLVRUVŘ��⨒八䥠ぴ��DQG�ŗFORXG�VXSHUYLVRUVŘ��℠䥠
ᕤ���$IWHU�&&79ŖV�:HLER�DFFRXQW�EHJDQ�XVLQJ�WKH�KDVKWDJ��,QWHUQHW6XSHUYLVRUV���⨒八䥠ぴ���
ŗUHPRWH�VXSHUYLVLRQŘ�EHFDPH�D�ZLGHVSUHDG�WURSH�LQ�SRVWV�DERXW�WKH�OLYHVWUHDP�IURP�LQWHUQHW
XVHUV�DQG�JRYHUQPHQWDO�DJHQFLHV�DOLNH��DPSOLI\LQJ�SXEOLFLW\��%\����-DQXDU\��WKH�OLYHVWUHDP�KDG
DOUHDG\�UHFHLYHG�����ௗPLOOLRQ�YLHZV�DQG��������FRPPHQWV�

/LYHVWUHDPLQJ�WKH�FRQVWUXFWLRQ�SURMHFW�PD\�KDYH�EHHQ�D�UHODWLYHO\�VWUDLJKWIRUZDUG�ZD\
IRU�VWDWH�VRFLDO�PHGLD�WR�FRXQWHU�D�FULVLV�RI�SXEOLF�FRQıGHQFH�ZLWK�D�PHWD�PHVVDJH�RI
WUDQVSDUHQF\��+RZHYHU��E\�VKLIWLQJ�WKH�LGLRP�RI�YLHZHUVKLS�IURP�ŗZLWQHVVLQJŘ�WR�ŗVXSHUYLVLQJ�Ř
FRPPHQWHUV�LQWURGXFHG�D�PRUH�DFWLYH�PRGHO�RI�SDUWLFLSDWLRQ�WKDW�XOWLPDWHO\�RSHQHG�WKH�GRRU�WR
IDQGRP�WKURXJK�SOD\��$V�ZH�ZLOO�VKRZ��WKLV�KXPRURXV�RQOLQH�EDQWHU�ZDV�WKH�ıUVW�LQ�D�VHULHV�RI
ŗSOD\�VLJQDOVŘ��%DWHVRQ�������WKDW�FDWDO\]HG�LQFUHDVLQJO\�OXGLF�IRUPV�RI�LQWHUDFWLRQ�DQG
PRELOL]HG�D�GHWDFKHG�SXEOLF�LQWR�GHYRWHG�IDQV��ZKRVH�YLVLEOH�SDUWLFLSDWLRQ�ZDV�FHQWUDO�WR�WKH
VSHFWDFOHŖV�DSSHDO��,Q�WKH�FRXUVH�RI�VHYHUDO�GD\V��WKHVH�ŗUHPRWH�VXSHUYLVRUVŘ�SURGXFHG
HODERUDWH�PHPHV�EDVHG�RQ�WKH�SHUVRQLıFDWLRQ�RI�FRQVWUXFWLRQ�YHKLFOHV�WKDW�WKH\�DQRLQWHG�ZLWK
FXWH�DQG�KXPRURXV�QDPHV��8OWLPDWHO\��VWDWH�VRFLDO�PHGLD�ZRXOG�GHSOR\�JDPHV�DQG�VFULSWV�WKDW
FUHDWHG�WKH�FRQGLWLRQV�IRU�UHPRWH�VXSHUYLVRUV�WR�RUJDQL]H�WKHPVHOYHV�LQWR�IDQ�JURXSV
VXSSRUWLQJ�WKHVH�LGROL]HG�KHURHV��ZKR�FDPH�WR�VHUYH�DV�HPERGLPHQWV�RI�WKH�QDWLRQ�

7KH�OLYHVWUHDP�RI�WKH�KRVSLWDO�FRQVWUXFWLRQ�SURMHFW�EURXJKW�LQWR�UHOLHI�&KLQHVH�FLWL]HQVŖ
ZKROHVDOH�GHSHQGHQFH�RQ�WKH�VWDWH��$V�$QJ��������QRWHV��DIWHU�\HDUV�RI�LQWHQVLıHG
FHQWUDOL]DWLRQ�KDG�JXWWHG�FLYLF�VHFWRUV��WKH�KRVSLWDO�FRQVWUXFWLRQ�SURMHFW�GUDPDWL]HG�WKH�NLQG�RI
PDVV�PRELOL]DWLRQ�SRVVLEOH RQO\ XQGHU�WKH�DXVSLFHV RI�WKH�QDWLRQDO�JRYHUQPHQW��<HW�WKLV
VWDJJHULQJ�VSHFWDFOH�RI�VWDWH�HĴFDF\�FDPH�WR�GHULYH�PXFK�RI�LWV�SRZHU�IURP�GLDORJLVP�

��



LQWHUQHW�XVHUVŖ�DFWLYH�HQJDJHPHQW�DV�QRW�MXVW�SDWULRWLF�FLWL]HQVŠEXW�DOVR�SOD\IXO�VXSHUYLVRUV
DQG�GHYRWHG�IDQVŠZRXOG�PDNH�WKHLU�SDUWLFLSDWLRQ�D�FUXFLDO�FRPSRQHQW�RI�LWV�SURSDJDQGLVWLF
DSSHDO��7KLV�LV�V\PSWRPDWLF�RI�WKH�&KLQHVH�JRYHUQPHQWŖV�LQFUHDVLQJ�LQYHVWPHQW�LQ�ZKDW
5HSQLNRYD�DQG�)DQJ��������FDOO�ŗD�PRUH�SDUWLFLSDWRU\�IRUP�������RI�RĴFLDO�SHUVXDVLRQ�RQOLQHŘ��S�
������%\�WUDFLQJ�WKH�JHQHVLV�RI�SOD\IXO�PHPHV�DJDLQVW�WKH�EDFNGURS�RI�D�FULVLV��ZH�VKRZ�KRZ
WKH�FXOWXUDO�UHSHUWRLUH�RI�SDUWLFLSDWRU\�IDQGRP�LQWHUVHFWHG�ZLWK�SURSDJDQGLVWLF�VWDWH�VRFLDO
PHGLD�WR�FUHDWH�XVHU�JHQHUDWHG��QDWLRQDOLVWLF�FRQWHQW��ŗSDUWLFLSDWRU\�SURSDJDQGDŘ��$VPRORY
�������-XVW�DV�IDQVŖ�GHYRWLRQ�FDQQRW�EH�PDQGDWHG�EXW�PXVW�EH�JLYHQ�YROXQWDULO\��WKH�PRVW
HĳHFWLYH�IRUPV�RI�SURSDJDQGD�DUH�QRW�PDQXIDFWXUHG�E\�WKH�VWDWH��EXW�JHQHUDWHG�LQ�D
SDUWLFLSDWRU\�IDVKLRQ�E\�FLWL]HQV�WKHPVHOYHV�

� &RQFHSWXDO�)UDPHZRUN��)DQGRP�*RYHUQDQFH

6FKRODUV�RI�WKH�&KLQHVH�LQWHUQHW�KDYH�FKDUWHG�WKH�FRQYHUJHQFH�RI�VRFLDO�PHGLD�IDQGRP�DQG
F\EHU�QDWLRQDOLVP�LQ�ZKDW�/LX��������S�������FDOOV�ŗIDQGRP�QDWLRQDOLVP�Ř�5HFHQW�VFKRODUVKLS
KDV�IRFXVHG�RQ�LWV�PDQLIHVWDWLRQV�LQ�RXWZDUG�IDFLQJ�IRUHLJQ�ŗFDPSDLJQVŘ�RU�ŗH[SHGLWLRQV�Ř�LQ
ZKLFK�&KLQHVH�LQWHUQHW�XVHUV�HPSOR\�WKH�WDFWLFV�RI�&KLQHVH�IDQGRP�FRPPXQLWLHV�WR�FRRUGLQDWH
VRFLDO�PHGLD�DWWDFNV�DJDLQVW�SROLWLFDO�DGYHUVDULHV��)RU�LQVWDQFH��LQ�������LQWHUQHW�QDWLRQDOLVWV
XVLQJ�WKH�IHPLQL]HG�PRQLNHU�ŗ/LWWOH�3LQNŘ�LQXQGDWHG�7VDL�,QJ�ZHQŖV�)DFHERRN�SDJH�ZLWK
SUR�&KLQD�VORJDQV�LQ�DQ�HYHQW�QRZ�FDOOHG�WKH�'LED�([SHGLWLRQ��ᖇྱฟᚁ���FDWDSXOWLQJ�IDQGRP
QDWLRQDOLVP�WR�ZLGHVSUHDG�DWWHQWLRQ��)DQJ�	�5HSQLNRYD�������

7KHUH�DUH�VHYHUDO�ZD\V�RI�XQGHUVWDQGLQJ�KRZ�WKH�&KLQHVH�VWDWH�IRPHQWV�DQG�EHQHıWV
IURP�IDQGRP�QDWLRQDOLVP��EURDGO\�FRQFHLYHG��2Q�WKH�VLPSOHVW�OHYHO��DXWKRULWLHV�FDQ�HQOLVW
LQWHUQHW�XVHUV�WR�JHQHUDWH�RQOLQH�GLVWUDFWLRQV�WKDW�GURZQ�RXW�GLVDSSURYHG�WRSLFV��0RVNRZLW]
�������*XRELQJ�<DQJ�SRLQWV�WR�D�PRUH�VXEWOH�ZD\�LQ�ZKLFK�WKH�VWDWH�FXOWLYDWHV�WKH�WHQRU�RI
RQOLQH�GLVFRXUVH��%HVLGHV�ŗUHSUHVVLYHŘ�IRUPV�RI�FHQVRUVKLS�WKDW�UHPRYH�RĳHQVLYH�FRQWHQW�IURP
FLUFXODWLRQ��<DQJ��������QRWHV�WKDW�LW�DOVR�HQJDJHV�LQ�ŗSURGXFWLYHŘ�DSSURDFKHV�E\�HQFRXUDJLQJ
XVHU�JHQHUDWHG�H[SUHVVLRQV�RI�QDWLRQDOLVP�DQG�DPSOLI\LQJ�WKHP�ZKHQHYHU�SRVVLEOH��S�����
6LPLODUO\��LQ�RXU�FDVH�VWXG\��VWDWH�VRFLDO�PHGLDŖV�DPSOLıFDWLRQ�RI�WKH�FRQVWUXFWLRQ�YHKLFOH
PHPHV�DSSHDUV�WR�GURZQ�RXW�GLVVHQW�ZLWK�FRRUGLQDWHG��SROLWLFDOO\�SURGXFWLYH�FRQWHQW��5REHUWV
������

%XLOGLQJ�XSRQ�WKLV�VFKRODUVKLS��ZH�GUDZ�DWWHQWLRQ�WR�ZKDW�ZH�FDOO IDQGRP�JRYHUQDQFH�
:H�VWXG\�KRZ��GXULQJ�D�PRPHQW�RI�QDWLRQDO�FULVLV��VWDWH�UXQ�VRFLDO�PHGLD�DGRSWHG�D�VWUDWHJ\�RI
JRYHUQLQJ�FLWL]HQV�DV�IDQV�E\�ERUURZLQJ�UHJLVWHUV��$JKD���������VFULSWV��DQG�JDPHV��.HOW\������
IURP�&KLQHVH�LQWHUQHW�FXOWXUH�DURXQG�UHDOLW\�WHOHYLVLRQ�WDOHQW�FRPSHWLWLRQV��,Q�GRLQJ�VR��ZH
LQYHVWLJDWH�VWDWH�UXQ�VRFLDO�PHGLDŖV�UROH�LQ�VHWWLQJ�WKH�WHUPV�RI�SDUWLFLSDWLRQ�RQ�VRFLDO�PHGLD
SODWIRUPV��*RUZD�������WR�SURPRWH�ZRUVKLSLQJ�WKH�QDWLRQ�DFFRUGLQJ�WR�WKH�FRQYHQWLRQV�RI
ZRUVKLSLQJ�FHOHEULW\�LGROV��/LX�������

��



)DQGRP�JRYHUQDQFH�ıWV�LQWR�&KLQDŖV�ŗORQJVWDQGLQJ�KLVWRU\Ř�RI�FRQFHUQ�ZLWK�ŗWKH
HĳHFWLYH�KDUQHVVLQJ�RI�HPRWLRQV�IRU�WKH�VDNH�RI�JRYHUQDQFHŘ��6WHLQPĞOOHU�������S������IURP
,PSHULDO�&KLQD�WR�WKH�&RPPXQLVW�(UD��WKH�&KLQHVH�VWDWH�KDV�ORQJ�XVHG�ıOLDO�SLHW\�WRZDUG
SDWULDUFKDO�ıJXUHV�DV�D�PRGHO�IRU�VXEMHFWVŖ�GHYRWLRQ�WR�UXOHUV��0RUH�UHFHQWO\��DV�SRVWVRFLDOLVW
&KLQHVH�IDPLOLHV�KDYH�FRPH�WR�YDOXH�ORYLQJ�LQWLPDF\�RYHU�IRUPDO�KLHUDUFK\��WKH�VWDWH�DOVR
DVSLUHV�WR�PDNH�LWVHOI�ORYHDEOH��DV�ŗORYH�EHFRPHV�D�FRPPRQ�ODQJXDJH�DYDLODEOH�WR�WKH�SULYDWH
VSKHUH��������LW�LV�DOVR�HOHYDWHG�WR�WKH�OHYHO�RI�SURSDJDQGD�LQ�RUGHU�WR�HQFRXUDJH�DQG�VWUHQJWKHQ
SHRSOHŖV�GHYRWLRQ�WR�WKH�UHJLPHŘ��*XR�������S�������,Q�RXU�FDVH�VWXG\��ZH�VHH�PRGDOLWLHV�RI
ERWK�ıOLDO�DQG�LQWLPDWH�GHYRWLRQ��ZLWK�WKH�FULWLFDO�DGGLWLRQ�RI�FXWHQHVV�DV�D�UHVRXUFH�LQ�WKH
VWDWHŖV�SURGXFWLYH�PDQDJHPHQW�RI�HPRWLRQ�

:H�H[WHQG�SULRU�JHQHDORJLFDO�PDSSLQJV�RI�&KLQHVH�FXOWXUDO�PRGHOV�RI�GHYRWLRQ�DQG
DĳHFW�PDQDJHPHQW�E\�GUDZLQJ�DWWHQWLRQ�WR�WKH�QRWLRQ�RI PHQJ �ⴌ���DQ�DGMHFWLYH�PHDQLQJ
ŗFXWHŘ�WKDW�RULJLQDWHG�LQ�WKH�&KLQHVH�LQWHUQHW�VODQJ�EHIRUH�VSUHDGLQJ�LQWR�FRPPRQ�XVDJH��GH
6HWD��������,W�LV�D�ORDQZRUG�GHULYHG�IURP�WKH�-DSDQHVH PRH��ZKLFK�UHIHUV�WR�DĳHFWLRQ�
SRVVHVVLYHQHVV��DQG�SURWHFWLYHQHVV�RI�WKH�VRUW�WKDW�IDQV�IHHO�WRZDUG�DQLPDWHG�FKDUDFWHUV�RU
SRS�FXOWXUH�LFRQV��$V�D�YHUQDFXODU�IRUP�RI�(DVW�$VLDQ�FXWHQHVV�FXOWXUHV�GHWDLOHG�E\�$ELGLQ
������� PHQJ UHPDLQV�FORVHO\�DVVRFLDWHG�ZLWK�WKH�VXEFXOWXUH RI�&KLQHVH�LQWHUQHW�IDQGRP�IURP
ZKLFK�LW�HPHUJHG��DQG�KDV�VSDZQHG�FRPSRXQG�ZRUGV�GHVFULELQJ�WKH�SUDFWLFHV�RI�IDQV�DQG
LGROV��7KH�YHUE PHQJKXD �ⴌ���OLWHUDOO\�ŗWR�FXWLI\�Ř PHDQV�PDNLQJ�VRPHRQH�RU�VRPHWKLQJ�FXWH
VR�WKDW�LW�FDQ�EH�DGRUHG�RU�HYHQ�LGROL]HG��7KH�YHUE PDLPHQJ �◥嚛���OLWHUDOO\�ŗWR�VHOO�FXWHQHVV�Ř
PHDQV�SDVVLQJ�RQHVHOI�Rĳ�DV�FXWH�WR�LQVSLUH�DGRUDWLRQ��OHDGLQJ�XV�WR�RSW�IRU�D�PRUH�OLEHUDO
WUDQVODWLRQ��ŗSOD\LQJ�FXWH�Ř�:LWKLQ�WKH�SOD\IXO�DUHQD�RI�LQWHUQHW�IDQGRP��IDQV�DQG�LGROV�HQJDJH�LQ
FR�FRQVWLWXWLYH�PRYHV��IDQV�FXWLI\�LGROV�DQG�LGROV�SOD\�FXWH��$�IDQŖV�YXOQHUDELOLW\�WR PHQJ LV
OLQNHG�WR�WKH�LQKHUHQW�SDUDGR[�RI�QHROLEHUDO�DJHQF\��WKH�DVVHUWLRQ�RI�LQGLYLGXDOLVWLF�VHOIKRRG�E\
VXFFXPELQJ�WR�WKH�HQWHUWDLQPHQW�LQGXVWU\ŖV�FRQVXPHULVW�GHVLUHV��VHH�1JDL�������5RIHO�������

:H�GHPRQVWUDWH�WKDW�WKH�DVVLPLODWLRQ�RI�WKH�ıHOG�KRVSLWDO�FRQVWUXFWLRQ�SURMHFW�WR�WKH
FXOWXUH�RI�LQWHUQHW�IDQGRP�KLQJHG�RQ�WKH�DĳHFWLYH�SRWHQWLDO�RI PHQJ��UHPRWH�VXSHUYLVRUV
FXWLıHG��PHQJKXD��FRQVWUXFWLRQ�YHKLFOHV��VWDWH�VRFLDO PHGLD��LQ�UHVSRQVH��SOD\HG�FXWH
�PDLPHQJ���FRQQHFWLQJ�IDQVŖ�DĳHFWLRQ�IRU�WKH�YHKLFOHV ZLWK�WKH�VWDWHŖV�GHVLUH�IRU�FLWL]HQVŖ
DĳHFWLRQ��%\�WUDFLQJ�PDQLIHVWDWLRQV�RI PHQJ LQ�WKH FRQVWUXFWLRQ�YHKLFOH�PHPHV��ZH�SURYLGH�DQ
HWKQRJUDSKLF�DFFRXQW�RI�WKLV�SRZHUIXO�QHZ�SULQFLSOH�RI�UHODWLRQDO�LQWLPDF\�LQ�FRQWHPSRUDU\
&KLQHVH�FXOWXUH��,Q�WKH�HSLVRGH�ZH�DQDO\]H� PHQJ IXQFWLRQHG WR�FUHDWH�ŗVFDODU�LQWLPDFLHVŘ
�3ULW]NHU�	�3HUULQR�������E\�DVVRFLDWLQJ�GLĳHUHQW�W\SHV�RI�UHODWLRQVKLSVŠSDUHQWV�DQG�FKLOGUHQ�
IDQV�DQG�LGROV��DQG�FLWL]HQV�DQG�WKH�QDWLRQŠWKURXJK�YHUEDO�FRQYHQWLRQV�RI�LQWHUSHUVRQDO
DĳHFWLRQ��$V�UHPRWH�VXSHUYLVRUV�HYROYHG�LQWR�IDQV��WKH\�ZHUH�DEOH�WR�HQDFW�WKHVH�FRQQHFWLRQV
DFURVV�PXOWLSOH�VFDOHV�WKDQNV�WR�D�EURDGHU�FRPPXQLFDWLRQDO�ŗLQIUDVWUXFWXUH�RI�LQWLPDF\Ř��:LOVRQ
������HQFRPSDVVLQJ�VRFLDO�PHGLD�SODWIRUPV�VXFK�DV�:HLER�DQG�WKH�VWDWH�UXQ�VRFLDO�PHGLD
DFFRXQWV�WKDW�OHDSW�LQ�WR�FDSLWDOL]H�RQ�WKH�RSSRUWXQH�HPHUJHQFH�RI�FXWH�PHPHV�ZLWK�SDWULRWLF
VKDGLQJV��$OWKRXJK�HQGHPLF�WR�WKH�DUHQD�RI�HQWHUWDLQPHQW��WKH�SOD\IXO�VRFLDELOLW\�DVVRFLDWHG
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ZLWK PHQJ SURYHG�ZLOGO\�H[WHQGLEOH��FXWLıFDWLRQ�ZDV�D�PHDQV�RI�FRQVWLWXWLQJ�WKH�YHKLFOHV�DV
FHOHEULW\�LGROV��ZKLOH�SOD\LQJ�FXWH�ZDV�D�PHDQV�IRU�WKH�VWDWH�WR�FRXUW�DGRUDWLRQ�

7KLV�HSLVRGH�ıJXUHV�LQWR�WKH�&KLQHVH�VWDWHŖV�RQJRLQJ�HĳRUWV�WR�VXFFHVVIXOO\�KDUQHVV�WKH
SRZHU�RI�FXWHQHVV�DQG�LWV�SRWHQWLDO�WR�SROLWLFDOO\�HQJDJH�IDQGRP�SXEOLFV�WKURXJK�VRFLDO�PHGLD�
$V�HDUO\�DV�������D�:HLER�DFFRXQW�SHUVRQLI\LQJ�WKH�&KLQHVH�VSDFH�DJHQF\ŖV�OXQDU�URYHU�DV�D
FXWH�EXQQ\��ⴌඦ��DWWUDFWHG�DOPRVW�D�PLOOLRQ�IROORZHUV��7KH�&KLQHVH�&RPPXQLVW�3DUW\ŖV��&&3�
RĴFLDO�PHGLD�RXWOHW�FDOOHG�XSRQ�RWKHU�JRYHUQPHQW�DJHQFLHV�WR�IROORZ�VXLW�E\�ŗSOD\LQJ�FXWHŘ
�PDLPHQJ���SHUVRQLI\LQJ�WKHPVHOYHV��WLWLOODWLQJ�HPRWLRQV� DQG�FDSLWDOL]LQJ�RQ�VLJQV�RI�SXEOLF
HQJDJHPHQW��:X������ŠSUHFLVHO\�WKH�SOD\ERRN�WKDW�XQIROGV�LQ�RXU�FDVH�VWXG\��+RZHYHU��D
QXPEHU�RI�ODWHU�DWWHPSWV�WR�PDQXIDFWXUH�LGROV�SURYHG�IXWLOH��$������SURSDJDQGD�DQLPH�VHULHV
FRPPLVVLRQHG�E\�WKH�&&3�SUHVHQWLQJ�D�VYHOWH�\RXQJ�0DU[�DV�DQ�LGRO�PHW�ZLWK�PL[HG�UHYLHZV
�'RXEDQ��������$�\HDU�ODWHU��WKH�&&3�<RXWK�/HDJXHŖV�SHUVRQLıFDWLRQV�RI�LWVHOI�DV�WZR�ŗYLUWXDO
LGROVŘŠWKH�JLUO�7HQGHU�&RXQWU\��ỤᒣⲖ��DQG�WKH�ER\�%OD]LQJ�)ODJ��儱㡦䆺�ŠSURYHG�D�ĲRS�DQG
ZHUH�WDNHQ�GRZQ�ZLWKLQ�KRXUV�GXH�WR�VRFLDO�PHGLD�EDFNODVK��3KRHQL[�0HGLD��������7KH
FRQWUDVW�EHWZHHQ�WKHVH�VXFFHVVHV�DQG�IDLOXUHV�SRLQWV�WR�D�FHQWUDO�IHDWXUH�RI�IDQGRP
JRYHUQDQFH��:KLOH�WKH�&&3�KDV�ORQJ�EHHQ�DWWXQHG�WR�WKH�SRWHQWLDO�RI�PDUVKDOLQJ�IDQGRP�IRU
SROLWLFDO�PRELOL]DWLRQ��EHLQJ�DEOH�WR�GR�LW�VXFFHVVIXOO\�VHHPV�WR�UHTXLUH�DOORFDWLQJ�IDQV
WKHPVHOYHV�VRPH�PHDVXUH�RI�ZKDW�.HOW\��������S������WHUPV�ŗFRQWULEXWRU\�DXWRQRP\Ř�
RSSRUWXQLWLHV�IRU�SDUWLFLSDQWVŖ�LQYROYHPHQW�LQ�FUHDWLYH�FR�SURGXFWLRQ�

/LQJXLVWLF�DQWKURSRORJLVW�7HUL�6LOYLR��������LQĲXHQWLDOO\�WKHRUL]HV�WKH�SDUWLFLSDWRU\
LQYHVWPHQW�IDQV�PDNH�LQ�SRSXODU�(DVW�$VLDQ�FKDUDFWHUV�DV�D�IRUP�RI�ŗDQLPDWLRQ�Ř�)RU�6LOYLR
��������DQLPDWLRQ�LV�ŗWKH�SURMHFWLRQ�RI�TXDOLWLHV�SHUFHLYHG�DV�KXPDQŠOLIH��SRZHU��DJHQF\��ZLOO�
SHUVRQDOLW\��DQG�VR�RQŠRXWVLGH�RI�WKH�VHOI��DQG�LQWR�WKH�VHQVRU\�HQYLURQPHQW��WKURXJK�DFWV�RI
FUHDWLRQ��SHUFHSWLRQ��DQG�LQWHUDFWLRQŘ��S��������$V�D�ZD\�RI�WKLQNLQJ�DERXW�KRZ�SHUVRQLıHG
FKDUDFWHUV�DW�WKH�KHDUW�RI�DQLPH��PDQJD��DQG�JDPLQJ�LQGXVWULHV�FRPH�WR�OLIH��WKLV�IUDPHZRUN�LV
JHQHUDWLYH�RQ�PXOWLSOH�OHYHOV��)LUVW��LW�KLJKOLJKWV�WKDW�WKHVH�FKDUDFWHUV�DUH�WKH�ŗFUHDWLRQV�RI
FROOHFWLYHVŘ��S��������LQYROYLQJ�D�FRPSOH[�GLYLVLRQ�RI�ODERU�EHWZHHQ�SURIHVVLRQDOV�ZLWK�D�YDULHW\
RI�LQWHUORFNLQJ�VNLOOV��3HUKDSV�PRUH�LPSRUWDQWO\��ŗIDQV��DQG�PDQ\�VFKRODUV��RIWHQ�������VHQVH�WKDW
WKHVH�FKDUDFWHUV�KDYH�OLYHV�RI�WKHLU�RZQ�������DULVLQJ�IURP�WKHLU�UH�FUHDWLRQ�LQ�QXPHURXV�PHGLD
DQG�VW\OHV�E\�KXQGUHGV��WKRXVDQGV�RI�IDQVŘ��S��������*LYHQ�WKH�SRZHU�RI�WKLV�IUDPHZRUN�IRU
PRELOL]LQJ�HPRWLRQDO�LQYHVWPHQW��6LOYLR�DUJXHV��LW�KDV�VSUHDG�IURP�WKH�UHDOP�RI�HQWHUWDLQPHQW�
QRZ�FRUSRUDWLRQV��QDWLRQV��DQG�HYHQ�UHOLJLRXV�PRYHPHQWV�VHHN�WR�EUDQG�WKHPVHOYHV�ZLWK�FXWH
PDVFRWV�FDSDEOH�RI�LQVSLULQJ�GHYRWHG�IROORZLQJV��6LOYLR���������:H�EXLOG�XSRQ�6LOYLRŖV�LQVLJKWV�
VKRZLQJ�KRZ�WKH�FR�FUHDWHG�DQLPDWLRQ�RI�WKH�FRQVWUXFWLRQ�YHKLFOH�LGROV�GUDZV�XSRQ�WKH
FXOWXUDO�ORJLF�RI�IDQGRP��,W�KLQJHV�RQ�DQ�LQFRPSOHWHQHVV�WKDW�VWDWH�VRFLDO�PHGLD�PLJKW�VHHN�WR
FDQDOL]H�EXW�FDQ�QHYHU�IXOO\�FRQWURO�

,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�H[DPLQH�KRZ�DQ�LQFLSLHQW�IDQGRP�WDNHV�VKDSH�DURXQG�WKH
ıHOG�KRVSLWDO�FRQVWUXFWLRQ�YHKLFOHV�WKURXJK�WKH�SURFHVV�RI�DQLPDWLRQ��:H�IRFXV�RQ�WKH
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SHUVRQLI\LQJ�SUDFWLFHV�RI�QDPLQJ�WKH�FRQVWUXFWLRQ�YHKLFOHV��YLVXDOO\�GHSLFWLQJ�WKHLU�LGHQWLWLHV�
DQG�PRELOL]LQJ�WKHP�DV�LQWHUDFWDQWV��:H�QRWH�WKDW�EHFDXVH�WKLV�SURFHVV�RI�DQLPDWLRQ�LV
FROOHFWLYH�DQG�GLVWULEXWHG�DFURVV�P\ULDG�DQLPDWRUV�ZLWK�GLVWLQFWLYH�SHUVSHFWLYHV��WKH
SHUVRQLıHG�YHKLFOHV�KDYH�PXOWLSOH�QDPHV�DQG�SURWHDQ�LGHQWLWLHV��:H�VKRZ�WKDW��DV�DQLPDWHG
YHKLFOHV�WRRN�RQ�OLIH�DV�WKH�REMHFWV�RI�UHPRWH�VXSHUYLVRUVŖ�DGRUDWLRQ��&KLQHVH�VWDWH�VRFLDO
PHGLD�DFFRXQWV�FKDQQHOOHG�WKH�RXWSRXULQJ�RI�HPRWLRQ�LQWR�WKH�SDUWLFLSDQW�IUDPHZRUN�DQG
GLJLWDO�LQIUDVWUXFWXUH�RI�&KLQHVH�IDQGRP�FXOWXUH��,Q�FDSLWDOL]LQJ�RQ�WKH�SRSXODULW\�RI�WKH
FRQVWUXFWLRQ�YHKLFOHV�DQG�FRQVROLGDWLQJ�LQWHUSUHWDWLRQV�DURXQG�WKHPHV�RI�QDWLRQDO�XQLW\�WKURXJK
IDQGRP�JRYHUQDQFH��WKH�VWDWH�EHFDPH�DQ�DFWLYH�SDUWLFLSDQW�LQ�WKH�DQLPDWLRQ�SURFHVV�

� $QLPDWLRQ�7KURXJK�1DPLQJ

2Q�WKH�VHFRQG�GD\�RI�WKH�OLYHVWUHDPLQJ��WKH�SDUWLFLSDQW�VWUXFWXUH�RI�UHPRWH�VXSHUYLVLRQ
FRDOHVFHG�DORQJVLGH�WKH�DQLPDWLRQ�RI�FRQVWUXFWLRQ�YHKLFOHV�DV�SHUVRQLıHG�ıJXUHV��1DPLQJ�ZDV
FHQWUDO�WR�WKH�SURFHVV�RI�DQLPDWLRQ��LQGLYLGXDWLQJ�WKH�YHKLFOHV�DQG�FRQWULEXWLQJ�WR�WKHLU�SRUWUD\DO
DV�FKDUDFWHUV��,Q�WKH�FRPPHQW�VHFWLRQ�XQGHU�WKH�OLYHVWUHDPV�DQG�LQ�SRVWV�RQ�:HLER��UHPRWH
VXSHUYLVRUV�EHJDQ�UHIHUULQJ�WR�WKH�YHKLFOHV�XVLQJ�DĳHFWLRQDWH�QLFNQDPHV�LQ�WKH�ZD\�RQH�PLJKW
DGGUHVV�D�FKLOG��1LFNQDPLQJ�PD\�KDYH�EHJXQ�VSRQWDQHRXVO\��EXW�LW�HYHQWXDOO\�EHFDPH�DQ
DFWLYLW\�LQ�LWV�RZQ�ULJKW��DQG�D�IRUP�RI�YHUEDO�SOD\��ŗ&KLQHVH�QLFNQDPHV�KDYH�DV�WKHLU�SULPDU\
IXQFWLRQ�WKH�FUHDWLRQ�RU�YDOLGDWLRQ�RI�D�VHQVH�RI�FDVXDO��JRRG�QDWXUHG�IXQ�Ř�H[SODLQV�0RRUH
�������S�������7KH�NLQGV�RI�DĳHFWLRQDWH�GLPLQXWLYHV�UHPRWH�VXSHUYLVRUV�JDYH�WR�WKH�FRQVWUXFWLRQ
YHKLFOHV�ZHUH�DQDORJRXV�LQ�VWUXFWXUH�DQG�IXQFWLRQ�WR�FKLOGKRRG�ŗIDPLO\�QLFNQDPHVŘ��ᑠྡ�
OLWHUDOO\�ŗOLWWOH�QDPHŘ��WKDW�ŗGHıQH�PHPEHUVKLS�LQ�WKH�NLQVKLS�JURXSŘ�E\�H[SUHVVLQJ�ŗDĳHFWLRQDWH
LQWLPDF\Ř�DQG�ŗD�YHU\�VWURQJ�VHQVH�RI�IDPLO\�OR\DOW\Ř��S�������7KXV��GLPLQXWLYH�QLFNQDPHV�VHUYHG
WR�VLPXOWDQHRXVO\�ŗNH\Ř��*RĳPDQ�������S������QRW�MXVW�SOD\�SHU�VH��EXW�WKH�SDUWLFXODU�NLQG�RI
SOD\IXOQHVV�DVVRFLDWHG�ZLWK�GRPHVWLF�LQWLPDF\��7KLV�LQWLPDF\�LV�UHĲHFWHG�LQ�WKH�UHPRWH
VXSHUYLVRUVŖ�FRPPHQWV��ŗ,ŖP�ZDWFKLQJ�+XRVKHQVKDQ�+RVSLWDO�JURZ�XS�Ř�RQH�ZURWH��+HUH��WKH
FKDUDFWHU�IRU�ŗZDWFKŘŠNDQ �┳�ŠFRQMRLQV�GLĳHUHQW�PRGDOLWLHV RI�FDUH��,W�UHIHUV�DW�RQFH�WR
ZLWQHVVLQJ�DV�D�FRQFHUQHG�VSHFWDWRU��PRQLWRULQJ�DV�D�UHPRWH�VXSHUYLVRU��DQG�ORRNLQJ�DIWHU
RQHŖV�FKLOGUHQ�DV�D�SDUHQW��)URP�WKH�XVH�RI�GLPLQXWLYHV�DQG�H[SOLFLW�UHIHUHQFH�WR�FKLOG�FDUH�DQG
UHDULQJ��┳╔栎⮶���ıFWLYH�NLQVKLS�HPHUJHG�DV�D�YLWDO�HOHPHQW�LQ�WKH�WUDQVIRUPDWLRQ�RI�WKLV�HYHQW
LQWR�DQ�LQVWDQFH�RI�IDQGRP�QDWLRQDOLVP�KLJKOLJKWLQJ�VKDUHG�PHPEHUVKLS�LQ�D�ŗQDWLRQDO�IDPLO\Ř
�ᅜᐙ��

6RPH�UHPRWH�VXSHUYLVRUV�IRUPHG�GLPLQXWLYHV�E\�FRQMRLQLQJ�WKH�SUHı[�ŗ/LWWOHŘ��ᑠ��ZLWK
WKH�YHKLFOH�W\SH��DV�LQ�/LWWOH�)RUNOLIW��ᑠཫ懵���RU�ZLWK�D�GLVWLQJXLVKLQJ�FRORU�DWWULEXWH��VXFK�DV
/LWWOH�<HOORZ��ᑠ㯤��D�PHFKDQLFDO�GLJJHU��RU�/LWWOH�*UHHQ��ᑠ冎��D�GXPS�WUXFN���7KH�UHGXSOLFDWLRQ
RI�WKH�GLPLQXWLYH�FRXOG�DGG�DQ�H[WUD�FXWH�HĳHFW��:HH�/LWWOH�<HOORZ��ᑠᑠ㯤���&ORVHO\�UHODWHG
WHUPV�RI�HQGHDUPHQW�IHDWXULQJ�WKH�SUHı[�ŗ%LJŘ����DOVR�DSSHDUHG�LQ�WKH�FRPPHQWV��IRU
LQVWDQFH��%LJ�<HOORZ��㯤��D�SXPS�WUXFN���,Q�&KLQHVH��VXFK�DXJPHQWDWLYH�QLFNQDPHV�IXQFWLRQ
DFFRUGLQJ�WR�D�ORJLF�VLPLODU�WR�GLPLQXWLYHV��WKH�SUHı[�ŗOLWWOHŘ�FRQYH\V�WKH�VDPH�DĳHFWLRQDWH
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LQWLPDF\�WRZDUG�VWDWXV�VXERUGLQDWHV�DV�WKH�SUHı[�ŗELJŘ�WRZDUG�VWDWXV�VXSHURUGLQDWHV��*HQHUDOO\
VSHDNLQJ��DOO�WKHVH�WHUPV�RI�HQGHDUPHQW�ZHUH�PHFKDQLVPV�RI PHQJKXD WKDW�HQDEOHG�UHPRWH
VXSHUYLVRUV�WR�DQLPDWH�WKH�YHKLFOHV�DV�SHUVRQDH��LPEXH�WKHP�ZLWK�TXDOLWLHV�RI�FXWHQHVV��DQG
H[SUHVV�DĳHFWLRQ�WRZDUG�WKHP�

,Q�D�SDWWHUQ�WKDW�PHULWV�SDUWLFXODU�DWWHQWLRQ��UHPRWH�VXSHUYLVRUV�IRUPHG�DGGLWLRQDO
QLFNQDPHV�E\�DSSHQGLQJ�ŗEDE\Ř��搀� MLDQJ�ŠDQ�$&*1��$QLPH� &RPLFV��9LGHR�JDPHV��DQG�SXOS
1RYHOV��LQWHUQHW�VODQJ�VXĴ[�GHULYLQJ�IURP�WKH�-DSDQHVH�GLPLQXWLYH�ŗ�FKDQŘ��䛱䜓䜣�ŠWR�VRPH
GLVWLQJXLVKLQJ�DWWULEXWH�RI�D�SDUWLFXODU�YHKLFOH��%DE\�)RUNOLIW��ཫ搀���%DE\�7UDFWRU�6KRYHO��极搀��
%DE\�5HG��儱搀���%DE\�*UHHQ��冎搀���DQG�VR�RQ��)RU�DGGHG�FXWHQHVV��VRPH�HYHQ�FRPELQHG
ERWK�D�GLPLQXWLYH�SUHı[�DQG�VXĴ[��IRU�H[DPSOH��%DE\�/LWWOH�5HG��ᑠ儱搀��RU�%DE\�/LWWOH�*UHHQ
�ᑠ冎搀���3RLQWLQJ�LQGH[LFDOO\�WR�ERWK�WKH�-DSDQHVH�LGHDO�RI NDZDLL FXWHQHVV��+LUDPRWR�	�:HH
������DQG�WKH�&KLQHVH�LQWHUQHW�IDQGRPV�WKDW�GUDZ�XSRQ�WKDW�FXOWXUDO�UHSHUWRLUH��VXĴ[DWLRQ�ZLWK
MLDQJ FRQYH\V�HQGHDULQJ�LQIDQWLOL]DWLRQ��ZKLFK�LV ZK\�ZH�JORVV�LW�DV�ŗEDE\�Ř�&RQVHTXHQWO\��WKH
GLPLQXWLYH�DSSHOODWLRQV�IRUPHG�ZLWK�WKLV�VXĴ[�VXJJHVW�D�IHPLQL]HG�IRUP�RI�DĳHFWLRQŠWKH�W\SH
RI�FDUH�DQG�FRQFHUQ�RQH�GLUHFWV�WR�DQ�LQIDQWŠZKLOH�DOVR�HYRNLQJ�WKH�IHPLQL]HG�VXEFXOWXUH�RI
IDQ�FLUFOHV��毼⦗���ZKHUH�LW�LV�FRPPRQO\�XVHG�WR�FUHDWH�GLVFXUVLYH�LQWLPDF\�ZLWK�LGROL]HG
FKDUDFWHUV�DQG�FHOHEULWLHV��8QGHUOLQLQJ�WKLV�DVVRFLDWLRQ�ZLWK�LQWHUQHW�IDQGRP��D�SRSXODU�FHPHQW
PL[LQJ�WUXFN�HDUQHG�WKH�DSSHOODWLRQ�%DE\�0XG�%DUIHU��࿑Ἶ搀� RXQLMLDQJ���ZKLFK�VRXQGV�OLNH�DQ
DĳHFWLRQDWH�-DSDQHVH�WHUP�IRU�ŗELJ�EURWKHUŘ��䛚䛥䜣� RQLLFKDQ���ZLGHO\�XVHG�DPRQJ�\RXQJ
&KLQHVH�SDUWLFLSDQWV�LQ�$&*1�RQOLQH�VXEFXOWXUHV�

%HFDXVH�WKHVH�QDPHV�HPHUJHG�VSRQWDQHRXVO\�IURP�WKH�HQJDJHPHQW�RI�DQ�LQFLSLHQW
IDQGRP��PDQ\�YHKLFOHV�UHFHLYHG�PXOWLSOH�QDPHV��VRPHWLPHV�ZLWK�VWULNLQJO\�GLĳHUHQW
FRQQRWDWLRQV��'HVSLWH�WKH�SUHYDOHQFH�RI�GLPLQXWLYH�QLFNQDPHV�GUDZLQJ�RQ�WKH�IHPLQL]HG�LGLRP
RI�FXWHQHVV��UHPRWH�VXSHUYLVRUV�DOVR�FRLQHG�QLFNQDPHV�HYRFDWLYH�RI�D�PDVFXOLQH��ZDUULRU
HWKRV��6HYHUDO�QDPHV�ZHUH�KRPRSKRQHV�IRU�WKH�WLWOHV�RI�KLVWRULFDO�ıJXUHV��HVSHFLDOO\�HPSHURUV�
%HVLGHV�%DE\�0XG�%DUIHU��UHPRWH�VXSHUYLVRUV�FDOOHG�WKH�FHPHQW�PL[HU�(PSHURU�:KR�6HQGV
'XVW��㏦⅊᐀���D�KRPRSKRQH�IRU�RI�(PSHURU�+XL]RQJ��Ᏽᚯ᐀��IURP�WKH�6RQJ�'\QDVW\��7KH\
FDPH�WR�FDOO�D�EOXH�FRORUHG�PHFKDQLFDO�GLJJHU�(PSHURU�:KR�$OZD\V�:RUNV��ྐⓚ���D
KRPRSKRQH�IRU�WKH�ıUVW�HPSHURU�RI�D�XQLıHG�,PSHULDO�&KLQD��4LQ�6KL�+XDQJ��⛙ጞⓚ���$�YHKLFOH
LQYROYHG�LQ�HOHFWULF�ZHOGLQJ�HDUQHG�WKH�DSSHOODWLRQ�:HOGLQJ�(PSHURU��䎙咭ガ���D�KRPRSKRQH�IRU
WKH�SRZHUIXO�(PSHURU�:X��㻘㷵ガ��RI�WKH�+DQ�'\QDVW\��$V�ZH�VKRZ�EHORZ��WKHVH�KLVWRULF
QLFNQDPHVŠLQ�FRQWUDVW�WR�WKH�FXWHV\�QLFNQDPHVŠHQDEOHG�GLĳHUHQW�LQWHUDFWLRQV�EHWZHHQ
UHPRWH�VXSHUYLVRUV�DQG�WKH�LGROV�WKH\�ZRUVKLS�

7KHVH�LQJHQLRXV�KRPRSKRQHV�GUDZ�RQ�WKH�SOD\IXO�XVH�RI�VRXQG�DOLNH�WHUPV�LQ�&KLQHVH
LQWHUQHW�FXOWXUH��DQG�SDUWLFXODUO\�KXPRURXV�PHPHV��:KLOH�KRPRSKRQHV�DUH�RWKHUZLVH�RIWHQ
DVVRFLDWHG�ZLWK�ĲRXWLQJ�VWDWH�FHQVRUVKLS��0LOWQHU�������=LGDQL��������KHUH�WKH\�LQGH[�SRZHUIXO
PDOH�SURWHFWRUV�DQG�SURJHQLWRUV�IURP�&KLQHVH�KLVWRU\�WR�FUHDWH�SURYRFDWLYH�DQDORJLHV�EHWZHHQ
SDVW�DQG�SUHVHQW��$V�0RVNRZLW]��������ZULWHV�RI�WKH�SODFH�RI�KLVWRULFDO�DOOXVLRQV�LQ�&KLQHVH

��



LQWHUQHW�FXOWXUH��ŗVODPPLQJ�KLVWRU\�DQG�WKH�SUHVHQW�PRPHQW�WRJHWKHU�LQ�WKLV�IDVKLRQ�LV�D
SURIRXQG�UHYLVXDOL]DWLRQ�RI�ERWK�KLVWRULFDO�HYHQWV�DQG�WKH�FRQWHPSRUDU\�HUD�Ř�FUHDWLQJ�ERWK
SOD\IXO�MX[WDSRVLWLRQV�DQG�VHULRXV�HYRFDWLRQV�RI�DQ�LQVSLUDWLRQDO�WUDGLWLRQ��S�������7KXV��RQH
UHPRWH�VXSHUYLVRU�SRVWHG�D�FRPPHQW�GHVFULELQJ�KLVWRULFDO�KRPRSKRQHV�DV�ŗWKH�XSJUDGHG��༖
儶��YHUVLRQVŘ�RI�WKH�FXWH�WHUPV�RI�HQGHDUPHQW�WKDW�LQLWLDOO\�DSSHDUHG�LQ�FRPPHQW�WKUHDGV�
7KHVH�ŗPRUH�KLJK�HQG�DQG�PDJQLıFHQWŘ��㧗ୖ��QDPHV��WKH�FRPPHQW�FRQWLQXHG��ŗJLYH�XV�D
IHHOLQJ�WKDW�RXU�DQFHVWRUV�IURP�HYHU\�G\QDVW\�DUH�SURWHFWLQJ�XV�Ř�6LJQLıFDQWO\��WKLV�FRPPHQW
YHU\�FOHDUO\�GLVWLOOV�WKH�SDWHUQDOLVWLF�PRGHO�RI�DQFHVWUDO�ZRUVKLS�RI�SDWULDUFKDO�SURWHFWRUV�DQG
LPSOLFLWO\�H[WHQGV�LW�WR�WKH�FRQWHPSRUDU\�&KLQHVH�VWDWH�

,W�LV�VWULNLQJ�WKDW�WZR�SDUDGLJPV�RI�QLFNQDPHV�HPHUJHG�GUDZLQJ�GLDPHWULFDOO\�RQ�WKH
GRPDLQ�RI�NLQVKLS��RQH�LQVHUWLQJ�WKH�YHKLFOHV�LQWR�WKH�UROH�RI�VPDOO�FKLOGUHQ�ZKR�QHHG�SDUHQWDO
SURWHFWLRQ��WKH�RWKHU�SRVLWLRQLQJ�WKHP�LQ�WKH�UROH�RI�DQFHVWRUV�SURWHFWLQJ�OLYLQJ�GHVFHQGDQWV��%\
WKH�WLPH�UHPRWH�VXSHUYLVRUV�EHJDQ�FLUFXODWLQJ�FRPSHQGLD�RI�YHKLFOH�QDPHV��ௗGD\V�DIWHU�WKH
VWDUW�RI�VWUHDPLQJ��VRPH�YHKLFOHV�KDG�PXOWLSOH�QLFNQDPHV�EDVHG�RQ�GLĳHUHQW�QDPLQJ
FRQYHQWLRQV��)RU�LQVWDQFH��WKH�GLJJHU�QDPHG�(PSHURU�:KR�$OZD\V�:RUNV��ྐⓚ��FRXOG�DOVR
EH�FDOOHG�/LWWOH�%OXH��ᑠ坬��RU�/DQ�:DQJML��坬㉧㧉���D�KRPRSKRQH�IRU�WKH�KHUR�LQ�&KLQDŖV�WKHQ
PRVW�SRSXODU�WHOHYLVLRQ�VHULHV� 7KH�8QWDPHG��7KH�PXOWLSOLFLW\ RI�QDPHV�SRLQWV�WR�D�NH\�IHDWXUH
RI�SOD\IXOQHVV�LQ�LQWHUQHW�FXOWXUH��FUHDWLRQ�LV�DOZD\V�SDUWLDO��LQFRPSOHWH��RSHQ�HQGHG��DQG
DYDLODEOH�IRU�UHPL[��0LOWQHU�������0RVNRZLW]�������3KLOOLSV�	�0LOQHU��������7KH�QDPHV�WKULYH�RQ
SRO\VHP\�DQG�DVVRFLDWLRQV�DFURVV�FXOWXUDO�VWUDWD�UDQJLQJ�IURP�-DSDQHVH�$&*1��DQFLHQW
LPSHULDO�KLVWRU\��WR�FRQWHPSRUDU\�WHOHYLVLRQ�VKRZV�

7KHVH�FXWH�QLFNQDPHV�DOVR�GUHZ�LQWHUWH[WXDOO\�RQ�RWKHU�UHFHQW�&KLQHVH�PHPHV��QRWDEO\
WKRVH�DVVRFLDWHG�ZLWK�IDQGRP�QDWLRQDOLVP��,Q�������SDUWLFLSDQWV�LQ�D�VRFLDO�PHGLD�FDPSDLJQ
DJDLQVW�+RQJ�.RQJ�SURWHVWRUV�SURFODLPHG�WKHLU�LQWHQW�WR�GHIHQG�2OGHU�%URWKHU�$�=KRQJ��㜿୰ဪ
ဪ���D�SHUVRQLıFDWLRQ�RI�WKH�&KLQHVH�QDWLRQ�LQ�WKH�IRUP�RI�D�FHOHEULW\�LGRO��,QLWLXP�0HGLD�������
0RUHRYHU��WKH�FRQVWUXFWLRQ�YHKLFOH�QLFNQDPHV�FDPH�WR�ıJXUH�FHQWUDOO\�LQWR�D�SDWWHUQ�RI�JLYLQJ
FXWH�QLFNQDPHV�WR�RWKHU�LQDQLPDWH�HQWLWLHV�DVVRFLDWHG�ZLWK�WKH�&29,'����SDQGHPLF��7KXV��LQ
RQOLQH�GLVFRXUVH��WKH�YLUXV�LWVHOI�EHFDPH�/LWWOH�&RURQD��㜿ෙ��DQG�&XWH�6LVWHU��ⴌጒ���D�FKDUPLQJ
EXW�GDQJHURXV�VHGXFWUHVV��:XKDQ�DOVR�JDUQHUHG�WZR�QRYHO�QLFNQDPHV��/LWWOH�)RRO��ᑠ➤⺮���IRU
LWV�LJQRPLQLRXV�UROH�LQ�WKH�SDQGHPLF��DQG�+RW�'U\�1RRGOHV��䍼槱���D�IDPRXV�UHJLRQDO�GLVK�

� $QLPDWLRQ�7KURXJK�9LVXDOL]DWLRQ

:HLER�XVHUV�DGGHG�WR�WKH�LGHQWLW\�RI�HDFK�YHKLFOH�E\�SURGXFLQJ�LPDJH�PDFUR�PHPHV��0LOWQHU
������0LQD�������ZLWK�YHKLFOHVŖ�QLFNQDPHV�VXSHULPSRVHG�RQ�VFUHHQ�JUDEV�IURP�WKH�YLGHR�IHHG�
,QGLYLGXDO�XVHUV�DQG�VWDWH�VRFLDO�PHGLD�DFFRXQWV�ZLGHO\�FLUFXODWHG�WKHVH�PHPHV�VHSDUDWHO\�DQG
LQ�FXUDWHG�JDOOHULHV��)RU�LQVWDQFH��)LJXUH���VKRZV�D�JDOOHU\�IHDWXULQJ�VHYHUDO�LPDJHV�RI�WKH
FHPHQW�PL[HU�%DE\�0XG�%DUIHU��ZLWK�PHPHV�GHSLFWLQJ�LWV�YDULRXV�QLFNQDPHV��(PSHURU�ZKR
6HQGV�'XVW��%LJ�:KLWH�5DEELW��ⓑඦ��ZKLFK�LV�DOVR�WKH�QDPH�RI�D�IDYRULWH�FKLOGUHQŖV�FDQG\��

��



DQG�:KLWH�&KXEE\�&KXE��ⓑ䅩䅩���6RPH�RI�WKHVH�LPDJH�PDFURV�DGGHG�DQ�DGGLWLRQDO�OD\HU�RI
DQLPDWLRQ�E\�SHUVRQLI\LQJ�YHKLFOHVŖ�EHKDYLRU��)RU�LQVWDQFH��WKH�PHPH�LQ�)LJXUH���VKRZV�WZR�RI
WKHVH�FHPHQW�PL[HUV�SDUNHG�WRJHWKHU�ZLWK�WKHLU�FDELQV�DQJOHG�WRZDUG�HDFK�RWKHU��7KH�FDSWLRQ
UHDGV�ŗ%DE\�0XG�%DUIHUV�ZKLVSHULQJ�WRJHWKHUŘ��✼✼⚾幼䤓⛤㽴搀���$QLPDWLRQ�KHUH�LV�QRW�MXVW�D
PDWWHU�RI�LPSXWLQJ�SHUVRQDOLWLHV�WR�WKH�FRQVWUXFWLRQ�YHKLFOHV��EXW�DOVR�SOD\IXOO\�SRVLWLQJ
VWRU\OLQHV�WKDW�VXJJHVW�VRFLDO�LQWHUDFWLRQV�DQG�RQJRLQJ�UHODWLRQVKLSV�EHWZHHQ�WKHP�

)LJXUH����:HLER�SRVW�IURP�<DQJVKLSLQ�VKDULQJ�D�FXUDWHG
JDOOHU\�RI�YHKLFOH�QLFNQDPHV�DQG�PHPHV�

��



)LJXUH����0HPH�DQWKURSRPRUSKL]LQJ
ŗ%DE\�0XG�%DUIHUV�ZKLVSHULQJ�WRJHWKHU�Ř

)LJXUH����%DE\�)RUNOLIW�ŗEXUGHQ�RI�OLIHŘ
PHPH�

3HUVRQLI\LQJ�WKH�YHKLFOHV�ZDV�DOVR�D�PHDQV�RI�LGHQWLI\LQJ�ZLWK�WKHP��LQ�WKH�PHPH�GHSLFWHG�LQ
)LJXUH����DQ�HVSHFLDOO\�SRSXODU�YHKLFOH��%DE\�)RUNOLIW��FDUULHV�WZR�JDUJDQWXDQ�EHQW�SLSHV��7KH
VXSHULPSRVHG�WH[W�UHDGV�ŗWKH�EXUGHQV�RI�OLIHŘ��⏕άⓗ㔜ᢸ���D�FDWFKSKUDVH�XVHG�LQ�&KLQHVH
VRFLDO�PHGLD�WR�MRNH�DERXW�HYHU\GD\�KDUGVKLSV��,QWHUWH[WXDO�UHIHUHQFHV�OLNH�WKHVH�HVWDEOLVK
DVVRFLDWLRQV�ZLWK�&KLQHVH�LQWHUQHW�FXOWXUH��DQG�JHQHUDWH�KXPRU�E\�FUHDWLYHO\�UHGHSOR\LQJ
IDPLOLDU�ODXJK�OLQHV��0HPHWLF�KXPRU�SUHVXPHV�YLUWXDO�UHODWLRQVKLSV�EDVHG�RQ�VKDUHG�VHQWLPHQW�
PHPHV�ŗSURPRWH�D�VSHFLıF�IRUP�RI�LQWHUQHW�OLWHUDF\�WKDW�LV�HPEHGGHG�LQ�YLUWXDO�VRFLDO�QHWZRUNV
DQG�JHDUHG�WRZDUGV�WKH�DĳHFWLYH�UHVSRQVH�RI�ODXJKWHUŠD�VRFLDO�SUDFWLFH�RI�ODXJKLQJ�ZLWK��DV
ZHOO�DV�ODXJKLQJ�DWŘ��5HD�������S��������7KXV��WKH�SUROLIHUDWLRQ�RI�SOD\IXO�PHPHV�DQG�KXPRURXV
FRQWHQW�DURXQG�WKH�FRQVWUXFWLRQ�YHKLFOHV�UHĲHFWV�D�YLUWXDOL]HG�IRUP�RI�FROOHFWLYH�HĳHUYHVFHQFH
EDVHG�RQ�VKDUHG�UHFRJQLWLRQ�RI�FXOWXUDO�DQG�VXEFXOWXUDO�LQWHUWH[WV��DQG�VKDUHG�H[SHULHQFHV�RI
SOHDVXUH��6KLIPDQ��������7KLV�HYHQW�FOHDUO\�FRUURERUDWHV�&RDWHVŖV��������REVHUYDWLRQ�WKDW�WKH
HĳHUYHVFHQW�YLUDOLW\�RI�PHPHV�LQ�&KLQHVH�VRFLDO�PHGLD�UHĲHFWV�ORFDO�ŗXQGHUVWDQGLQJV�RI
VRFLDOLW\�DV�VSUHDGDEOH��VHGXFWLYH��DQG�DĳHFWLYHŘ��S�������

,Q�DGGLWLRQ�WR�JHQHUDWLQJ�DQG�FLUFXODWLQJ�LPDJH�PDFURV��RWKHU�SDUWLFLSDQWV�FRQWULEXWHG�WR
WKH�YLVXDO�SHUVRQLıFDWLRQ�RI�WKH�YHKLFOHV�WKURXJK�H[WUDRUGLQDU\�SLHFHV�RI�RULJLQDO�DUWZRUN��)LJXUH
��LV�DQ�LPDJH�SHUVRQLI\LQJ�%DE\�0XG�%DUIHU�LQ�WKH�VW\OH�RI GRXMLQ �ྠே��DQ�$&*1�JHQUH�RIWHQ
DVVRFLDWHG�ZLWK�IDQDUW���$OWKRXJK�WKH�YHKLFOHŖV�QLFNQDPH�LV�VSODVKHG�DFURVV�WKH�EDFNJURXQG�
WKH�FHPHQW�PL[HU�LWVHOI�LV�RQO\�SDUWLDOO\�YLVLEOH��7KH�DUWLVW�KDV�SHUVRQLıHG�WKH�YHKLFOH�LQ�WKH�ıJXUH
RI�LWV�GULYHU��SRUWUD\HG�DFFRUGLQJ�WR�WKH�DHVWKHWLF�FRQYHQWLRQV�RI�ŗVRIW�PDVFXOLQLW\Ř��-XQJ�������
&ORVHO\�DVVRFLDWHG�ZLWK�(DVW�$VLDQ�SRS�LGROV�DQG�FHOHEULW\�ER\�EDQGV��WKLV�NLQG�RI�PDVFXOLQLW\

��



HPSKDVL]HV�PDOH�EHDXW\�DQG�HPRWLRQDO�VHQVLWLYLW\��6RIW�PDVFXOLQLW\�LV�PDQLIHVW�LQ�VHYHUDO�ZD\V
KHUH��EHJLQQLQJ�ZLWK�WKH�GULYHUŖV�IDVKLRQDEOH�DQG�IXWXULVWLF�DWWLUH��ZKLFK�LV�LPPDFXODWHO\�FOHDQ�
:LWK�ODUJH��ODFKU\PRVH�H\HV��KH�LV�D�VWXG\�LQ�PHODQFKRO\��0RUHRYHU��QRWH�WKH�MX[WDSRVLWLRQ
EHWZHHQ�KLV�VOLJKW��DQGURJ\QRXV�IUDPH�DQG�WKH�VWUHQJWK�RI�KLV�ZRUNPDQO\�KDQGV��2YHUDOO��WKH
LPDJH�HYRNHV�D�FRQFHSWXDO�FRQWUDVW�EHWZHHQ�LQGLYLGXDO�KXPDQ�IUDLOW\�DQG�WKH�ZHLJKW�RI
KLVWRULFDO�UHVSRQVLELOLW\��GRXEO\�SHUVRQLıHG�WKURXJK�WKH�SDLUHG�ıJXUHV�RI�%DE\�0XG�%DUIHU�DQG
LWV�GULYHU��7KH�GHSLFWLRQ�RI�WKH�GULYHU�DV�DQ�REMHFW�RI�URPDQWLF�FRQWHPSODWLRQ�DFFRUGLQJ�WR�YLVXDO
FRQYHQWLRQV�RI�FHOHEULW\�LGRO�ZRUVKLS�JLYHV�WKH�LPDJH�DQ�DOPRVW�YRWLYH�TXDOLW\�

)LJXUH����)DQDUW�DQWKURSRPRUSKL]LQJ�%DE\�0XG�%DUIHU�DV�D�ŗVRIWŘ�PDOH�LGRO�

7KH�LPDJHV�ZH�KDYH�GHVFULEHG�VR�IDU�DOO�LQYROYH�DVSHFWV�RI�FXWLıFDWLRQ��:LWK�QR�RYHUW�UHIHUHQFH
WR�WKH�FRQWH[W�RI�WKH�SDQGHPLF��WKH\�VRIWHQ�WKH�VHULRXVQHVV�RI�WKH�YHKLFOHV�DQG�WXUQ�WKHP�LQWR
REMHFWV�RI�SOD\�DQG�DĳHFWLRQ��2WKHU�XVHU�JHQHUDWHG�LPDJHU\��KRZHYHU��HPEHOOLVKHG�WKH�PDUWLDO
DVVRFLDWLRQV�UHĲHFWHG�LQ�WKH�KLVWRULFDO�QLFNQDPHV��IRUHJURXQGLQJ�WUDGLWLRQDOO\�ŗKDUGŘ
PDVFXOLQLW\��7KH�DUWZRUN�VKRZQ�LQ�)LJXUH���RĳHUV�RQH�YLYLG�H[DPSOH��GUDZLQJ�KHDYLO\�RQ�WKH
YLVXDO�YRFDEXODU\�RI�DQLPH�DQG�PDQJD��,W�VKRZV�VRPH�RI�WKH�PRVW�SRSXODU�FRQVWUXFWLRQ
YHKLFOHV��%DE\�)RUNOLIW�LQ�WKH�OHDG��ZHDULQJ�VXUJLFDO�PDVNV�DQG�DUUD\HG�KHURLFDOO\�LQ�IURQW�RI�RQH
RI�WKH�FRQVWUXFWLRQ�VLWHŖV�ZKLWH�FRORUHG�WHPSRUDU\�EXLOGLQJV��ZLWK�HDFK�RI�WKHLU�QLFNQDPHV
ZULWWHQ�RYHUKHDG��7KH�*RGV�RI�)LUH�DQG�7KXQGHU��IRU�ZKRP�WKH�ıHOG�KRVSLWDOV�DUH�QDPHG��WRZHU
DERYH�WKHP��PHQDFLQJ�LPPRUWDOV�ZLWK�ULSSOLQJ�PXVFOHV��7KH�ZRUGV�DW�WKH�PLGGOH�RI�WKH�SLFWXUH
�ᤎṊᖇ��DUH�KRPRSKRQHV�IRU�WKH�WLWOH�RI�RQH�RI�DQFLHQW�&KLQDŖV�PRVW�SRZHUIXO�(PSHURUV�
ŗ7KH�*UHDW�&RQTXHURU�.LQJ�RI�+DQŘ��㻘㷵⮶ガ���7KH�VXEVWLWXWHG�ıUVW�FKDUDFWHU��㗜��PHDQV

��



ŗSURWHFW�Ř�VXJJHVWLQJ�D�QHZ�VLJQLıFDWLRQ�IRU�WKH�VHFRQG�FKDUDFWHU��Ṋ��ŗ:X�KDQ��Ř�DQG�\LHOGLQJ�D
QHZ�PHDQLQJ��ŗ*UHDW�.LQJ�3URWHFWRU�RI�:XKDQ�Ř�,PDJHV�OLNH�WKLV�DQLPDWH�WKH�FXWH�YHKLFOHV
WKURXJK�WKH�SDWULDUFKDO�LGLRP�RI�DQFHVWUDO�ZRUVKLS��,Q�GRLQJ�VR��WKH\�SRVLWLRQ�WKH�DFFHOHUDWHG
FRQVWUXFWLRQ�RI�KRVSLWDOV�DV�FRQWLQXLQJ�WKH�G\QDVWLF�WUDGLWLRQ�RI�VDIHJXDUGLQJ�WKH�&KLQHVH�VWDWH
DQG�LWV�SHRSOH��OHQGLQJ�DQ�DLU�RI�KLVWRULFLW\�DQG�PRQXPHQWDOLW\�WR�WKH�YHKLFOHV�

)LJXUH����)DQ�GUDZQ�SRVWHU�GHSLFWLQJ�FRQVWUXFWLRQ�YHKLFOHV�DV
ŗKDUGŘ�PDVFXOLQH�KHURHV�LQ�DQ�HSLF�EDWWOH�

� )URP�0HPHV�WR�,GROV��$QLPDWLRQ�7KURXJK�)DQGRP�*RYHUQDQFH

1DPLQJ�DQG�YLVXDO�GHSLFWLRQ�ZHUH�FUXFLDO�SDUWV�RI�DQLPDWLQJ�WKH�YHKLFOH�PHPHV�DV�FKDUDFWHUV�
EXW�HOHYDWLQJ�WKHP�WR�WKH�VWDWXV�RI�FHOHEULW\�LGROV�LQYROYHG�ŗVFULSWLQJŘ��.HOW\�������S������
SDUWLFLSDQWV�DV�IDQV��%\�LQWURGXFLQJ�OXGLF�PRGXOHV�WKDW�FKDQQHOHG�UHPRWH�VXSHUYLVRUVŖ
DGRUDWLRQ�LQWR�V\VWHPV�RI�YRWLQJ�DQG�UDQNLQJ��VWDWH�VRFLDO�PHGLD�PDGH�WKHLU�FRQWULEXWRU\
LQYROYHPHQW�YLVLEOH�DV�LGRO�ZRUVKLS��,Q�WKH�FRQWH[W�RI�&KLQHVH�IDQGRP��V\PEROLF�H[FKDQJHV

��



EHWZHHQ�IDQV�DQG�LGROV�DUH�SXEOLF�GLVSOD\V�RI�GHYRWHGQHVV�WKDW�FXOWXUDOO\�PDJQLI\�WKH�LGROŖV
SHUVRQD��8OWLPDWHO\�WKHVH�ŗSDUDVRFLDOŘ�LQWHUDFWLRQV�FDQ�WDNH�WKH�IRUP�RI�ŗSDUDNLQŘ�UHODWLRQVKLSV
WKDW�UHTXLUH�IDQV�WR�ŗSURWHFWŘ�DQG�ŗVXSSRUWŘ�WKHLU�LGROV�OLNH�IDPLO\�PHPEHUV��<DQ�	�<DQJ�������
,QWHUDFWLQJ�ZLWK�LGROV�DOVR�FUHDWHV�ŗVFDODU�LQWLPDFLHVŘ��3ULW]NHU�	�3HUULQR�������DV�IDQV�LQWHUDFW
ZLWK�HDFK�RWKHU�LQ�IDQ�FLUFOHV��,Q�WKLV�ZD\��UHPRWH�VXSHUYLVRUV�FDPH�WR�VRFLDOL]H�ERWK ZLWK DQG
WKURXJK WKH�FRQVWUXFWLRQ�YHKLFOHV��XVLQJ�FXWHQHVV DV�D�UHVRXUFH�IRU�FRQVWLWXWLQJ�LQWLPDFLHV
WKURXJK�SOD\IXO�IRUPV�RI�LQYROYHPHQW�

9LHZHUV�RI�WKH�FRQVWUXFWLRQ�OLYHVWUHDPV�PDGH�FRPPHQWV�WKDW�FOHDUO\�FRQQHFWHG�WKH�IRUPV�RI
DĳHFWLRQDWH�FDUH�WKDW�VXSHUYLVRUV�VKRZ�WKHLU�ZRUNIRUFH�DQG�WKDW�IDQV�VKRZ�WKHLU�FHOHEULW\�LGROV�
)RU�LQVWDQFH��D�:HLER�XVHU�SRVWHG��ŗ%DE\�7UDFWRU�6KRYHO�JRHV�WR�EXOOGR]H��VXSHUYLVRUV�IROORZ
\RX�IRUHYHU��7R�FKHHU�RQ�/LWWOH�<HOORZ�VKRXW��*R)RU,W:XKDQ�Ř�$QRWKHU�:HLER�XVHU�SRVWHG�

$OWKRXJK�,�KDYH�WR�VWD\�DW�KRPH�GXULQJ�WKH�VSULQJ�IHVWLYDO��,�VWLOO�KDYH�D�MRE�WR�GR��$V�D
UHPRWH�VXSHUYLVRU��,�ZLOO�VXSSRUW�DQG�VXSHUYLVH�ZRUNHUV�DQG�EH�JUDWHIXO�IRU�WKHLU
FRQWULEXWLRQ��>�����@�%DE\�5HG��%DE\�*UHHQ��%DE\�7UDFWRU�6KRYHO��%DE\�/LWWOH�5HG��%DE\
/LWWOH�*UHHQ��OHWŖV�GR�LW�

&RPPHQWV�VXFK�DV�WKHVH�UHYHDO�WKH�LQWHUDFWLYH�SUHPLVH�RI�DQLPDWLRQ��WKH�FXWHQHVV�RI�WKH�LGROV
HQJHQGHUV�SURWHFWLYH�ŗVXSSRUWŘ�WKDW�EULQJV�WKHP�WR�OLIH�DV�SDUWLFLSDQWV�LQ�V\PEROLF�H[FKDQJHV
DQG�SDUDNLQ�UHODWLRQVKLSV�ZLWK�IDQV�

6WDWH�VRFLDO�PHGLD�WRRN�DQ�DFWLYH�UROH�LQ�DPSOLI\LQJ�WKH�FRQFHSWXDOL]DWLRQ�RI�YLHZHUVKLS
DV�ŗUHPRWH�VXSHUYLVLRQŘ�E\�HQFRXUDJLQJ�LWV�UDSLG�HYROXWLRQ�LQWR�D�IRUP�RI�IDQGRP��,W�LV�QRW
VXUSULVLQJ��LQ�WKH�FRQWH[W�RI�D�QDWLRQDO�FULVLV��WKDW�VWDWH�VRFLDO�PHGLD�ZRXOG�WKURZ�LWV�ZHLJKW
EHKLQG�RQOLQH�DFWLYLW\�JHQHUDWLQJ�HQWKXVLDVWLF�SXEOLFLW\�IRU�D�UHDVVXULQJ�VSHFWDFOH�RI
JRYHUQPHQWDO�HĴFDF\��VHH�)HQJ��������,Q�WKLV�VHQVH��WKH�VSUHDG�RI�PHPHV�UHODWHG�WR�WKH
FRQVWUXFWLRQ�YHKLFOHV�FDPH�WR�UHVHPEOH�ZKDW�3DOPHU��������WHUPV�D�ŗSROLWLFDO�IHYHU�Ř�ZKHQ
LQIRUPDO�VLJQDOV�ŗVHQW�IURP�DERYH�FRUUHVSRQG�ZLWK��RSHQ�WKH�VSDFH�IRU��DQG�DPSOLI\�SRSXODU
GHVLUH��ZKLFK�DSSURSULDWHV�WKHVH�VSDFHV�LQ�XQH[SHFWHG�ZD\V��VLPXOWDQHRXVO\�FRPSO\LQJ�ZLWK�
>���@�GLVUXSWLQJ��DQG�PLUURULQJ�WKH�SURMHFWV�RI�VWDWH�KHJHPRQ\Ř��S��������6WDWH�UXQ�VRFLDO�PHGLD
DFFRXQWVŖ�DGYHUWLVHPHQW�RI�PHPHV�DQG�DGRSWLRQ�RI�SRSXODU�ODQJXDJH�XVHG�LQ�IDQ�FXOWXUH�ZDV
DQ�LQIRUPDO�VLJQDO��QRWLI\LQJ�LQWHUQHW�XVHUV�WKDW�WKH�VWDWH�DSSURYHG�DQG�HQFRXUDJHG�WKH�SOD\IXO
QDUUDWLYH�DERXW�WKH�QDWLRQDO�SURMHFW�

:KHQ�WKH�RĴFLDO�:HLER�DFFRXQW�RI�&&79�1HZV�PDGH�WKH�SRVW�VKRZQ�LQ )LJXUH���RQ�WKH�WKLUG
GD\�RI�OLYH�VWUHDPLQJ��LW�LQFOXGHG�WKH�IROORZLQJ�FRPPHQW�DORQJVLGH�WKH�JDOOHU\�RI�PHPHV�

7RR�FXWH���7HQ0LOOLRQ&ORXG6XSHUYLVRUV,QWHOOLJHQFH 5HPRWH�VXSHUYLVRUV�ZKR�IHOW
ERUHG�EXW�FRXOGQŖW�IDOO�DVOHHS�ZDWFKHG�WKH�KRVSLWDO�FRQVWUXFWLRQ�OLYHVWUHDP�DQG�JDYH
QDPHV�WR�YHKLFOHV�LQ�WKH�ıHOG��/LWWOH�5HG��/LWWOH�*UHHQ��/LWWOH�<HOORZ��%DE\�)RUNOLIW��%DE\
7UDFWRU�6KRYHO��%DE\�0XG�%DUIHUő'R�\RX�NQRZ�ZKR�WKH\�DUH"
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7KLV�H[WUDRUGLQDU\�SRVW�VKRZV�WKH�GDZQLQJ�DWWXQHPHQW�RI�VWDWH�VRFLDO�PHGLD�WR�WKH�SURGXFWLYH
SROLWLFDO�SRWHQWLDO�RI�WKH�YHKLFOH�PHPHV��&&79�LQWURGXFHG�D�KDVKWDJ�KHUH
��7HQ0LOOLRQ&ORXG6XSHUYLVRUV,QWHOOLJHQFH��WKDW�QDWXUDOL]HG�WKH�DFWLYLW\�RI�ŗFORXG�VXSHUYLVLRQ�Ř
KLJKOLJKWHG�WKH�PDVVLYH�VFDOH�RI�SDUWLFLSDWLRQ��DQG�FHOHEUDWHG�WKH�FURZGVRXUFHG�FUHDWLYLW\�RI
DQLPDWLQJ�WKH�FRQVWUXFWLRQ�YHKLFOHV��7KH�KDVKWDJ�LV�IUDPHG�RQ�RQH�HQG�ZLWK�WKH�LQWHUMHFWLRQ
ŗWRR�FXWH�Ř��ኴྍ䓀���DQG�RQ�WKH�RWKHU�ZLWK�DQ�HPRML�FRQYH\LQJ�D�VHQVH�RI�IXQ�DQG�]DQLQHVV�
:LWK�ZLQNLQJ�DSSUREDWLRQ��WKH�VWDWH�UHFRJQL]HV�DQG�SDUWDNHV�LQ�UHPRWH�VXSHUYLVRUVŖ�VSLULW�RI
SOD\IXOQHVV��7KLV�PHVVDJH�LV�GULYHQ�KRPH�E\�WKH�FKDOOHQJH�WR�LQWHUQHW�XVHUV�WR�OHDUQ�WKH
YHKLFOHVŖ�FXWH�QLFNQDPHV�

$�ZLGH�FRWHULH�RI�VWDWH�FRQWUROOHG�VRFLDO�PHGLD�DFFRXQWV�MRLQHG�LQ�UHSRVWLQJ�PHPHV�DQG
FLUFXODWLQJ�OLVWV�RI�YHKLFOH�QDPHV��%HVLGHV�&&79��RXU�FRUSXV�LQFOXGHV�:HLER�SRVWV�E\�3HRSOHŖV
'DLO\��1HZV�&KLQD��&KLQD�1DWLRQDO�5DGLR��7KH�&KLQD�<RXWK�'DLO\��WKH�&HQWUDO�&RPPLWWHH�RI�WKH
&RPPXQLVW�<RXWK�/HDJXH��DQG�RWKHUV��7KH�$VVHWV�6XSHUYLVLRQ�DQG�$GPLQLVWUDWLRQ�&RPPLVVLRQ
RI�WKH�6WDWH�&RXQFLO�H[KRUWHG�:HLER�XVHUV�

'DUOLQJV��ZDNH�XS��OHWŖV�FRQWLQXH�UHPRWH�VXSHUYLVLRQ�RI�WKH�FRQVWUXFWLRQ�SURMHFW��/LWWOH
<HOORZ��/LWWOH�%OXH��%LJ�:KLWH��(PSHURU�:KR�6HQGV�'XVW��(PSHURU�:KR�$OZD\V�:RUNV���
<RX�QHHG�WR�EH�IDPLOLDU�ZLWK�WKHVH�QDPHV��RWKHUZLVH�\RX�ZLOO�EH�GHULGHG�E\�RWKHUV�LQ�WKH
FRPPHQW�VHFWLRQ�

6WDWH�VRFLDO�PHGLDŖV�DFWLYH�SURPRWLRQ�RI�WKH�QLFNQDPHV�ZDV�DQ�LPSRUWDQW�VWHS�WRZDUG
FRQVROLGDWLQJ�SROLWLFDOO\�SURGXFWLYH�SOD\�DURXQG�YHKLFOHV�DV�FHOHEULWLHV�

,Q�WKH�GD\V�WKDW�IROORZHG��VWDWH�VRFLDO�PHGLD�WRRN�DQ�DFWLYH�KDQG�LQ�WUDQVIRUPLQJ�WKHVH
FKDUDFWHUV�LQWR�FHOHEULW\�LGROV�DQG��XOWLPDWHO\��RUJDQL]LQJ�WKLV�SOD\�LQWR�D�IRUP�RI�IDQGRP
JRYHUQDQFH��2Q����-DQXDU\��3HRSOHŖV�'DLO\�LI�QRW�VROHO\�FUHDWHG��WKHQ�DW�OHDVW�DOPRVW
VLQJOH�KDQGHGO\�SRSXODUL]HG��D�QHZ�KDVKWDJ��&RQVWUXFWLRQ9HKLFOH,GROV*URXS���ᣰ᥀ᮘኳ⥱���
ZKLFK�TXLFNO\�ZHQW�YLUDO�RQ�:HLER��8VLQJ�WKH�SKUDVH�ŗLGROV�JURXSŘ��ኳ⥱�ŠD�WHUP�FRPPRQO\
XVHG�WR�UHIHU�WR�ER\�EDQGV�DQG�JLUO�JURXSVŠIUDPHG�WKH�FRQVWUXFWLRQ�YHKLFOHV�DV�FHOHEULW\
HQWHUWDLQHUV�DQG�UHPRWH�VXSHUYLVRUV��E\�H[WHQVLRQ��DV�IDQV��7KH�SRVW�UHFHLYHG�PRUH�WKDQ
��������OLNHV��WKRXVDQGV�RI�UHSRVWV�DQG�FRPPHQWV��DQG�HFKRHV�IURP�PXOWLSOH�RWKHU�VWDWH
VRFLDO�PHGLD�DFFRXQWV��$V�WKH�KDVKWDJ�EHFDPH�SRSXODU��WKH�OLYHVWUHDP�VRDUHG�WR�RYHU
��ௗPLOOLRQ�VLPXOWDQHRXV�YLHZV��DQG�WKH�FRPPHQW�WKUHDGV�ZHUH�ıOOHG�ZLWK�VSHFXODWLRQ�DERXW
ZKLFK�YHKLFOHV�ZRXOG FKXGDR �ฟ㐨��QH[W� &KXGDR LV�D WHUP�WKDW�GHQRWHV�WKH�GHEXW�RI
SHUIRUPDQFH�DUWLVWV�RQWR�WKH�SXEOLF�VWDJH�WR�ODXQFK�WKHLU�FDUHHUV��%\�HPSOR\LQJ�D�WHUP
DVVRFLDWHG�ZLWK�WKH�HQWHUWDLQPHQW�LQGXVWU\��LQWHUQHW�XVHUV�IXUWKHU�HODERUDWHG�OLQJXLVWLF
DVVRFLDWLRQV�EHWZHHQ�WKH�YHKLFOHV�PHPHV�DQG�FHOHEULW\�LGRO�ZRUVKLSŠDQ�LQGLFDWLRQ�RI�WKHLU
UHFHSWLYHQHVV�WR�WKH�UROH�DVVLJQHG�WR�WKHP�LQ�WKH�VFULSW�RI�IDQGRP�JRYHUQDQFH�

,W�VKRXOG�QRW�FRPH�DV�D�VXUSULVH�WKDW�VWDWH�VRFLDO�PHGLD�GLVSOD\HG�D�KLJK�GHJUHH�RI
SURıFLHQF\�LQ�PRELOL]LQJ�WKH�SDUWLFLSDWRU\�IUDPHZRUNV�RI�IDQGRP��,Q�FRQWHPSRUDU\�&KLQD��WKH

��



VWDWH�LV�GHHSO\�LQYROYHG�LQ�VKDSLQJ�V\QHUJLHV�EHWZHHQ�HQWHUWDLQPHQW��DGYHUWLVLQJ��DQG�SROLWLFV
�6XOOLYDQ�	�.HKRH��������1RW�RQO\�GLG�VWDWH�UXQ�VRFLDO�PHGLD�DGRSW�D�VRFLRFXOWXUDOO\�GLVWLQFWLYH
OLQJXLVWLF�UHJLVWHU��$JKD�������JHVWXULQJ�DW�&KLQHVH�IDQGRP�SUDFWLFHV��LW�DOVR�LQWURGXFHG
SDUWLFLSDWRU\�PRGDOLWLHV�WKDW�ERUURZHG�GLUHFWO\�IURP�79�QHWZRUNVŖ�DQG�LQWHUQHW�SODWIRUPVŖ
IDQGRP�PDQDJHPHQW�SOD\ERRN��2QH�SDUWLFLSDWRU\�PRGDOLW\�ZDV�SDUWLFXODUO\�LPSRUWDQW�LQ
WXUQLQJ�WKH�FRQVWUXFWLRQ�YHKLFOH�PHPHV�LQWR�D�IXOO�ĲHGJHG�LQVWDQFH�RI�FHOHEULW\�LGRO�ZRUVKLS�
YRWLQJ�V\VWHPV�

0LUURULQJ�WKH�UDQNLQJV�RI�FHOHEULW\�LGROV��<DQJVKLSLQ��WKH�&&79�DĴOLDWH�OLYHVWUHDPLQJ�WKH
KRVSLWDO�FRQVWUXFWLRQ��VRRQ�LQFRUSRUDWHG�DQ�LQWHUDFWLYH�UDQNLQJ�OLVW�IRU�FRQVWUXFWLRQ�YHKLFOH
FHOHEULWLHV�XQGHU�LWV�YLGHR�IHHG��HQFRXUDJLQJ�UHPRWH�VXSHUYLVRUV�WR�FDVW�YRWHV�VXSSRUWLQJ�WKHLU
IDYRULWHV��)LJXUH�����)RU�IDQV��FDVWLQJ�YRWHV�WR�NHHS�DQ�LGRO�DW�WKH�WRS�RI�D�UDQNLQJ�OLVW�LV�D�IRUP
RI�SURWHFWLRQ�DJDLQVW�HOLPLQDWLRQ�LQ�UHDOLW\�VKRZV�DQG�RWKHU�SODWIRUPV�RI�YLVLELOLW\��<LQ�������4�
=KDQJ�	�1HJXV��������8QOLNH�LGRO�FDQGLGDWHV�RQ�UHDOLW\�VKRZV��WKH�YHKLFOHVŖ�SUHVHQFH�RQ�WKH
FRQVWUXFWLRQ�VLWH�FHUWDLQO\�GLG�QRW�KLQJH�RQ�IDQVŖ�DUGRU��<HW�E\�FDVWLQJ�WKHVH�FXWH�PHPHV�DV�LGRO
FRQWHVWDQWV��VWDWH�VRFLDO�PHGLD�UHQGHUHG�WKHP DUWLıFLDOO\ YXOQHUDEOH�WR�GHVFHQGLQJ�LQ�VWDWXV�RU
DFFODLP��,Q�WKH�SURFHVV��LW�FUHDWHG�D�VPDOO�DQG�GLVSRVDEOH�SDQWKHRQ�RI�YLUWXDO�DYDWDUV�IRU�WKH
VWDWH��FRQVROLGDWLQJ�WKH�SRZHU�RI�IDQGRP�JRYHUQDQFH�E\�PRELOL]LQJ�WKH�SXEOLFŖV�HQJDJHPHQW
DURXQG�LPDJHV�RI�YXOQHUDELOLW\��&RQıUPLQJ�WKLV�SRLQW��DV�FRQVWUXFWLRQ�YHKLFOHV�HQWHUHG�LQWR�WKH
DPELW�RI�IDQGRP��WKLV�LQWHUDFWLYH�UDQNLQJ�OLVW�DQG�RWKHU�SRVWV�PDGH�E\�VWDWH�FRQWUROOHG�PHGLD
LQFUHDVLQJO\�HPSOR\HG�WKHLU�FXWH�QLFNQDPHV��QRW�WKH�SDWULDUFKDO��KLVWRULFDO
DSSHOODWLRQVŠVXJJHVWLQJ�D�GHOLEHUDWH�VHOHFWLRQ�RI PHQJ DV�D�SDUDGLJP�IRU�IDQGRP�QDWLRQDOLVP�

+HUDOGLQJ�WKH�DGYHQW�RI�<DQJVKLSLQŖV�UDQNLQJ�OLVW��1DWLRQDO�%XVLQHVV�'DLO\�UDYHG�RQ�:HLER�WKDW

WKH�&RQVWUXFWLRQ�9HKLFOH�,GROV�*URXS�������KDV�QRZ�RĴFLDOO\�GHEXWHG��7KH�OLYH�YLGHR
VWUHDP�LV�VR�LQWR[LFDWLQJ��ୖ⯃��WKDW�>LQWHUQHW�XVHUV@�FDQQRW�KHOS�EXW�LQGXOJH�WKHPVHOYHV�
%HFRPH�D�UHPRWH�VXSHUYLVRU�DQG�FORFN�LQ�HYHU\�GD\��:KHQ�\RX SXĳ�WKH�OLVW IRU�WKH�LGROV
JURXS��GRQŖW�IRUJHW�WR�SD\�DWWHQWLRQ�WR�UHDO�WLPH�XSGDWHV�RQ�WKH�HSLGHPLF�

7KLV�SRVW�QRW�RQO\�UHIHUV�WR�IDQGRP�LQ�WHUPV�RI�FRPSXOVLYHO\�LQWR[LFDWLQJ�DĳHFWLYH�VWDWHV��EXW
DOVR�HQDFWV�D�YHUEDO�UHJLVWHU�GLVWLQFWLYH�RI�IDQ�FXOWXUH��LQ�WKHLU�YHUQDFXODU��IDQV�UHIHU�WR�FDVWLQJ
YRWHV�WR�KHOS�WKHLU�IDYRULWH�FHOHEULWLHV�DVFHQG�WKH�SRSXODULW\�UDQNLQJV�DV�ŗSXĴQJ�WKH�OLVWŘ��ᡴᴶ��
7KLV�SRVWŖV�JHQWOH�QXGJH�WR�SD\�DWWHQWLRQ�WR�WKH�SDQGHPLF�SRLQWV�WR�WKH�WHQVLRQ�EHWZHHQ
HVFDSLVW�IDQGRP�DQG�WKH�PRUH�VHULRXV�LPSHUDWLYH�RI�NHHSLQJ�WKH�SXEOLF�LQIRUPHG�

��



)LJXUH����&RQVWUXFWLRQ�OLYHVWUHDP�RQ�<DQJVKLSLQ�SODWIRUP�ZLWK�UHFHQWO\�LQWURGXFHG�YRWLQJ
V\VWHP�IRU�YHKLFOHV��%DE\�)RUNOLIW�WRSV�WKH�UDQNLQJ�ZLWK���������YRWHV��IROORZHG�E\�/LWWOH

%OXH�DQG�%DE\�0XG�%DUIHU�

7KH�OHYHO�RI�FRQYHUJHQFH�DPRQJ�VWDWH�UXQ�VRFLDO�PHGLD�DFFRXQWV�DURXQG�WKLV�PRPHQW
RI�IDQGRP�QDWLRQDOLVP�VXJJHVWV��LI�QRW�D�FRQFHUWHG�HĳRUW��WKHQ�DW�WKH�YHU\�OHDVW�D�GHHSO\�VKDUHG
DWWXQHPHQW�WR�IDQGRPŖV�SROLWLFDO�SRWHQWLDO��FI��+DQ�����E���5HPRWH�VXSHUYLVRUV�DOVR�UHĲHFWHG
H[SOLFLWO\�RQ�WKH�VWDWHŖV�GHHS�LQYROYHPHQW�LQ�WKHLU�RQOLQH�DFWLYLWLHV��2QH�IDQGRP�RSLQLRQ�OHDGHU
FRPPHQWHG�WKDW�E\�ŗRSHQLQJ�D�UDQNLQJ�OLVW�IRU�YHKLFOHV�Ř�VWDWH�VRFLDO�PHGLD�VKRZHG�WKDW�ŗWKH\
UHDOO\�NQRZ�KRZ�WR�SOD\�WKH�JDPH��KDKDKDKD�Ř�7KH�QRWLRQ�RI�ŗNQRZLQJ�KRZ�WR�SOD\�WKH�JDPHŘ
�ኴ⋵��KHUH�FDQ�FRQQRWH�ERWK�KDYLQJ�D�JRRG�WLPH�DQG��PRUH�LQVLGLRXVO\��GHIWO\
PDQLSXODWLQJ�UXOHV�WR�RQHŖV�DGYDQWDJH��,Q�WKH�WKUHDG�EHORZ�WKLV�SRVW��WKH�PRVW�XSYRWHG
FRPPHQW�VWDWHG��ŗRĴFLDO�FHUWLıFDWLRQ�KDKDKDKDKD�Ř�$QRWKHU�UHVSRQGHG��ŗSXEOLF�RĴFLDOV��ᐁ᪉�

��



ZRUN�KDUG�VR�WKDW�ZH�ZRQŖW�EH�ERUHG�Ř�2WKHU�FRPPHQWV�SURFODLPHG�WKDW�ŗ3DSD�&&79��ኸ展䓇
∘��LV�FRPIRUWLQJ�FKLOGUHQŘ�RU�WKDW�ŗRĴFLDOV�DUH�FRPIRUWLQJ�XV��WKH�FKLOGUHQ�ZKR�IHHO�ERUHG�DW
KRPH�Ř�,Q�WKHVH�FRPPHQWV��UHPRWH�VXSHUYLVRUV�FRQVWLWXWH�VWDWH�VRFLDO�PHGLDŖV�GHSOR\PHQW�RI
IDQGRP�SUDFWLFHV�DV�DQRWKHU�%DWHVRQLDQ�SOD\�VLJQDO��3DUWLFLSDQWV�DFNQRZOHGJH�WKH�VWDWH�IRU
HQJDJLQJ�VXEMHFWV�WKURXJK�OXGLF�JRYHUQPHQWDOLW\ŠGLVWUDFWLQJ�WKHP�IURP�WKHLU�IHDUV��DV�D�SDUHQW
PLJKW�GR�IRU�D�FKLOG��<HW�WKH�XVH�RI�SKUDVHV�OLNH�ŗ3DSD�&&79Ř�KLJKOLJKWV�WKH�LPEDODQFH�RI�SRZHU
LPSOLFLW�LQ�WKLV�UHODWLRQVKLS��DQG�WKH�VLJQV�RI�ODXJKWHU�LQ�VHYHUDO�RI�WKHVH�FRPPHQWV�OHQG
WKHPVHOYHV�WR�D�YDULHW\�RI�LQWHUSUHWDWLRQV��UDQJLQJ�IURP�JHQXLQH�GHOLJKW�WR�GLVPLVVLYH�F\QLFLVP�
7DNHQ�WRJHWKHU��WKHVH�FRPPHQWV�GLVSOD\�UHFRJQLWLRQ�WKDW��LQ�DPSOLI\LQJ�DQLPDWLRQ�WKURXJK
SUDFWLFHV�RI�FXWLıFDWLRQ��PHQJKXD���VWDWH�VRFLDO PHGLD�ZDV�DOVR�SOD\LQJ�FXWH��PDLPHQJ��
HQGHDYRULQJ�WR�LQVSLUH�DĳHFWLRQ�E\�GLVSOD\LQJ�LWV�DELOLW\�WR�HQJDJH�LQ�SOD\�

7KH�HĴFDF\�RI�VWDWH�UXQ�VRFLDO�PHGLDŖV�DGRSWLRQ�RI�D�IDQGRP�UHJLVWHU�DQG�LQWHUDFWLYH
JDPH�PRGXOHV�VXFK�DV�WKH�YRWLQJ�V\VWHP�EHQHDWK�WKH�OLYHVWUHDP�EHFDPH�HYLGHQW�RQ�WKH
QDWLRQŖV�PRVW�SXEOLF�SODWIRUPV��2Q�WKH�GD\�3HRSOHŖV�'DLO\�SRSXODUL]HG�WKH�ŗ,GROV�*URXSŘ
KDVKWDJ��%DE\�)RUNOLIW�EHFDPH�WKH�QXPEHU�RQH�ŗVXSHU�WRSLFŘ�RQ�:HLER�OLVW�RI�IDQ�FLUFOH�WUHQGLQJ
WRSLFV��3RS�LGRO�IDQV�WKHPVHOYHV�ZHUH�VKRFNHG�WKDW�D�FRQVWUXFWLRQ�YHKLFOH�KDG�HFOLSVHG
0DQGRSRS�VLQJHUV�DQG�RWKHU�FHOHEULWLHV��)LJXUH�����ŗ,�FRXOGQŖW�LPDJLQH�WKH�GD\�ZRXOG�FRPH�WKDW
D�IRUNOLIW�ZRXOG�RFFXS\�WKH�QXPEHU�RQH�SRVLWLRQ�RQ�WKH�IDQ�FLUFOH�VXSHU�WRSLF�OLVW�Ř�RQH
FRPPHQWHG��)DQ�FXOWXUH�RSLQLRQ�OHDGHUV�WRRN�QRWH��$�SRSXODU�HQWHUWDLQPHQW�PLFUREORJ�SRVWHG�
ŗ%DE\�)RUNOLIW�UDQNV�ıUVW��IROORZHG�E\�/DQ�:DQJML�>WKH�EOXH�GLJJHU@�DQG�%DE\�0XG�%DUIHU�
&RQVWUXFWLRQ�9HKLFOH�)DQ�&LUFOH��FRPH�YRWH�IRU�WKH�LGROV�Ř�7KLV�SRVW�WDNHV�D�VLJQLıFDQW�VWHS
WRZDUG�UHVLJQLI\LQJ�UHPRWH�VXSHUYLVRUV�DV�D�IDQGRP�SXEOLF��FRLQLQJ�WKH�QDPH�IRU�D�QHZ�IDQ
FLUFOH��Lᣰ᥀ᮘ��DFFRUGLQJ�WR�WKH�FRQYHQWLRQ�RI�DGGLQJ�ŗL�Ř�D�KRPRSKRQH�IRU�ŗORYHŘ��䓀� DL���WR�DQ
LGROŖV�QDPHŠLQ�WKLV�FDVH��WKH�&KLQHVH�ZRUGV�IRU�H[FDYDWLQJ�PDFKLQH�

)LJXUH����5DQNLQJ�RI�FHOHEULW\�LGRO�WRSLFV�WUHQGLQJ�LQ�:HLER�IDQ�FLUFOHV��%DE\�)RUNOLIW�WRSV
WKH�OLVW��IROORZHG�E\�0DQGRSRS�VLQJHUV�6HDQ�;LDR�DQG�.81�

��



(QDFWLQJ�VFULSWV�RI�IDQGRPŠDQG�LQKDELWLQJ�WKH�UROH�RI�IDQVŠLQWHUQHW�XVHUV�UHVSRQGHG�WR�VWDWH
VRFLDO�PHGLDŖV�GHSOR\PHQW�RI�OXGLF�PRGXOHV�RI�IDQGRP�PDQDJHPHQW�E\�IXUWKHU�HPEHOOLVKLQJ
DVVRFLDWLRQV�EHWZHHQ�WKH�UHPRWH�VXSHUYLVLRQ�DQG�LGRO�IDQGRP�LQ�D�QXPEHU�RI�FUHDWLYH�ZD\V�
3RVWLQJ�QDPHV�DQG�LPDJHV�RI�WKH�,GROV�*URXS�WR�D�GLFWLRQDU\�RI�LQWHUQHW�VODQJ��RQH
FRPPHQWHG�

3URGXFH�+XRVKHQVKDQ�/HLVKHQVKDQ�&RQVWUXFWLRQ������>���@�5HPRWH�VXSHUYLVRUV��FRPH
DQG�SLFN�\RXU�IDYRULWH�YHKLFOHV��>���0LQH@�LV�WKH�KDUG�ZRUNLQJ�DQG�DWWUDFWLYH�%DE\�)RUNOLIW�
2XU�%DE\�)RUNOLIW�LV�WKH�SUHWWLHVW�RQH�LQ�WKH�ıHOG��*R�IRU�LW��%DE\�)RUNOLIW��:DMLMLZD��WUHDW
RXU�EURWKHUV�ZHOO�

7KH�SRVW�EULVWOHV�ZLWK�LQWHUWH[WXDO�UHIHUHQFHV�WR�LGRO�IDQ�FXOWXUH��ŗ3URGXFH
+XRVKHQVKDQ�/HLVKHQVKDQ�&RQVWUXFWLRQ����Ř�LV�D�FOHDU�UHIHUHQFH�WR�ŗ3URGXFH�����Ř�D�IDPRXV
&KLQHVH�VSLQRĳ�RI�D�6RXWK�.RUHDQ�UHDOLW\�VKRZ�WKDW�EULQJV�WRJHWKHU�WUDLQHHV�ZKR�FRPSHWH�IRU
WKH�RSSRUWXQLW\�WR�GHEXW�DV�DQ�LGROV�JURXS��:DMLMLZD��ᣰᮘᮘᣰ���ZKLFK�OLWHUDOO\�WUDQVODWHV�DV�ŗ'LJ
PDFKLQH�GLJ�Ř�LV�WKH�KXPRURXV�QLFNQDPH�WKDW�IDQV�JDYH�WR�WKH�FRPSDQ\�WKDW�PDQDJHG�WKH
FRQVWUXFWLRQ�YHKLFOHV��,W�LV�D�KRPRSKRQH�IRU�:DMLMLZD��ဠ➶➶❖���D�PDMRU�&KLQHVH�HQWHUWDLQPHQW
FRQJORPHUDWH�WKDW�PDQDJHV�QXPHURXV�FHOHEULW\�LGROV��7KLV�FRPPHQW�WKHUHIRUH�LPDJLQHV�D
ıFWLRQDO�VFHQDULR�ZLWK�WKH�&RQVWUXFWLRQ�9HKLFOHV�,GROV�*URXS�LQKDELWLQJ�WKH�FRPPHUFLDO�VSDFHV
UHVHUYHG�IRU�SRS�LFRQV�

7KH�FROODERUDWLYH�UHVLJQLıFDWLRQ�RI�WKH�FRQVWUXFWLRQ�YHKLFOH�PHPHV�DV�FHOHEULW\�LGROV
ZDV�DPSOLıHG�E\�DFWXDO�FHOHEULWLHVŖ�HQJDJHPHQW�ZLWK�WKH�,GROV�*URXS�KDVKWDJ��PRELOL]LQJ
IXUWKHU�SDUWLFLSDWLRQ�IURP�WKHLU�RZQ�FLUFOHV�RI�IDQV��)RU�LQVWDQFH��+DQ�*HQJ��D�&KLQHVH
0DQGRSRS�VLQJHU�DQG�DFWRU��VHQW�D�:HLER�SRVW�XVLQJ�WKH�,GROV�*URXS�KDVKWDJ��VWDWLQJ��ŗ+HUH
FRPHV�D�UHPRWH�VXSHUYLVRU��:H�DUH�VXSHUYLVLQJ�WKLV�VLJQLıFDQW�QDWLRQDO�SURMHFW�WRJHWKHU��DQG
SURWHFWLQJ�WKH�PRVW�PLJKW\�%DE\�)RUNOLIW�WRJHWKHU��*R�IRU�LW��:XKDQ��*R�IRU�LW��&KLQHVH�SHRSOH�Ř
+DQŖV�FRPPHQW�UHFHLYHG�PRUH�WKDQ���������UHSRVWV��,W�FU\VWDOOL]HG�WKH�V\PEROLF�UHFLSURFLW\
EHWZHHQ�YHKLFXODU�LGROV�ZKR�ZRUN�RQ�EHKDOI�RI�WKH�QDWLRQ�DQG�WKH�IDQV�ZKR�ŗSURWHFWŘ�WKHP
WKURXJK�DFWV�RI�GHYRWLRQ�VXFK�DV�YRWLQJ�RQ�UDQNLQJ�OLVWV�

� 'HYRWLRQDO�$UWLIDFWV�DV�3DUWLFLSDWRU\�3URSDJDQGD

,Q�WKLV�VHFWLRQ��ZH�H[SORUH�WKH�GLYHUVLW\�RI�GHYRWLRQDO�DUWLIDFWV�FUHDWHG�E\�PHPEHUV�RI�WKH
IDQGRP�SXEOLF��7R�DQ�H[WHQW��WKLV�SURIXVLRQ�RI�FUHDWLYLW\�LV�D�WHVWLPRQ\�WR�VWDWH�UXQ�VRFLDO
PHGLDŖV�VXFFHVV�LQ�FXOWLYDWLQJ�DQG�KDUQHVVLQJ�FLWL]HQVŖ�GHYRWLRQDO�DĳHFW�DQG�LQYHVWPHQW�LQ
WKHVH�LGROL]HG�YHKLFOHV��,Q�ZKDW�IROORZV��ZH�IRFXV�LQ�SDUWLFXODU�RQ�%DE\�)RUNOLIW��E\�PDQ\
PHDVXUHV�WKH�PRVW�SRSXODU�DQG�DGRUHG�PHPEHU�RI�WKH�,GROV�*URXS��)LJXUH�����:KLOH�VFKRODUV
KDYH�QRWHG�WKDW�SDUWLFLSDWRU\�PHGLD�PD\�SRVH�SDUWLFXODU�WKUHDWV�RI�ŗFUHDWLYH�LQVXUJHQF\Ř
�.UDLG\�������WR�DXWKRULWDULDQ�UHJLPHV��ZH�KLJKOLJKW�KRZ�IDQGRP�JRYHUQDQFH�RĳHUV�&KLQHVH

��



)LJXUH����:HLER�SRVW�RI�%DE\�)RUNOLIW�FDUWRRQ�ZLWK�SLQN�WH[W�WKDW�UHDGV��ŗSURWHFW�WKH�FXWHVW
/LWWOH�)RUNOLIW�LQ�WKH�ZRUOG�Ř

VWDWH�VRFLDO�PHGLD�D�WRRO�IRU�FKDQQHOLQJ�FUHDWLYH�H[SUHVVLRQ�LQWR�SDUWLFLSDWRU\�SURSDJDQGD
�$VPRORY�������ZLWKRXW�GLUHFWO\�HQIRUFLQJ�ŗLQWHUSUHWLYH�GRPLQDWLRQŘ��:HOOHU�������

$�VRXUFH�RI�%DE\�)RUNOLIWŖV�SHUFHLYHG�FXWHQHVV��PHQJGLDQ� ZDV�LWV�UHODWLYHO\�VPDOO�VL]H
FRPSDUHG�ZLWK�WKH�WRZHULQJ�FUDQHV�DQG�EXON\�FHPHQW�PL[HUV��7KLV�KHOSV�H[SODLQ�LWV�VSHFLDO
SRSXODULW\�DQG�WKH�SDUWLFXODU�DUGRU�RI�LWV�IDQV��)RU�H[DPSOH��RQ����-DQXDU\��RQH�GHYRWHH�SRVWHG
RQ�:HLER�

3URWHFW�WKH�FXWHVW�DQG�PRVW�KDUGZRUNLQJ�%DE\�)RUNOLIW�LQ�WKH�ZRUOG��(YHU\ERG\�ZRUN
KDUG��/HW�RXU�%DE\�)RUNOLIW�GHEXW�DQG�WDNH�FHQWHU�VWDJH��&ฟ㐨���%DE\�)RUNOLIW�\RX�FDQ
Ĳ\��\RXU�)DQ�*URXS�>Lཫ@�ZLOO�IROORZ�\RX�IRUHYHU��/HWŖV�JR��+XRVKHQ�DQG�/HLVKHQ
>+RVSLWDOV@��/HWŖV�JR��:XKDQ��/HWŖV�JR��&KLQD�

7KLV�FRPPHQW�GLVSOD\V�PDQ\�IHDWXUHV�LQGH[LFDO�RI�&KLQHVH�IDQGRP�UHJLVWHUV��LQFOXGLQJ
VSHFLDOL]HG�FXOWXUDO�UHIHUHQFHV�WR�ŗGHEXWLQJ�DQG�WDNLQJ�FHQWHU�VWDJHŘ�DQG�WKH�LGHQWLıFDWLRQ�RI
%DE\�)RUNOLIWŖV�IDQ�FLUFOH�DV�Lཫ��ZKLFK�PLJKW�EH�URXJKO\�WUDQVODWHG�DV�ŗ)RUN�/RYHUV�Ř�0RUHRYHU�
WKH�SRVW�FRQWDLQV�WZR�VSHHFK�DFWV�FKDUDFWHULVWLF�RI�IDQGRP��DSRVWURSKLF�ZRUGV�RI
HQFRXUDJHPHQW�GLUHFWHG�WR�WKH�LGRO�DQG�H[KRUWDWLRQV�WR�IHOORZ�IDQV�WR�HQJDJH�LQ�DGGLWLRQDO�DFWV
RI�GHYRWHG�VXSSRUW�DQG�SURWHFWLRQ��,Q�D�V\PEROLF�ORRS��WKH�LPDJLQDWLYH�FRQVWUXFWLRQ�RI�%DE\
)RUNOLIWŖV�FXWH�YXOQHUDELOLW\�VXEMHFWLıHV�IDQV�WKURXJK�WKHLU�RZQ�YXOQHUDELOLW\�WR�LWV�FXWHQHVV�
VXPPRQLQJ�GLVSOD\V�RI�FRQFHUQ�DQG�VXSSRUW�WKDW�UDPLI\�ŗVFDODU�LQWLPDFLHVŘ��3ULW]NHU�	�3HUULQR
������RXWZDUG�LQ�D�FKDLQ�RI�PHWRQ\PLF�DVVRFLDWLRQV�H[WHQGLQJ�IURP�WKH�KRVSLWDOV��WR�WKH
DĳHFWHG�FLW\��WR�WKH�QDWLRQ�LWVHOI�

��



)LJXUH����%DE\�)RUNOLIW�IDQ�EDQQHUV�

,Q�DGGLWLRQ�WR�SURGXFLQJ�DQG�FLUFXODWLQJ�PHPHV�DQG�GHFRUDWLQJ�SKRWRV�DV�WKH\�PLJKW�WR
VKRZ�DĳHFWLRQ�IRU�FHOHEULW\�HQWHUWDLQHUV��)RUN�/RYHUV�XVHG�D�YDULHW\�RI�RWKHU�H[SUHVVLYH�PHGLD
WR�PDWHULDOL]H�DĳHFWLRQ�IRU�%DE\�)RUNOLIW�DQG�WR�DXJPHQW�LQWLPDF\�ZLWK�ERWK�WKH�LGRO�DQG�RWKHU
IDQV��)RU�LQVWDQFH��WKH\�JHQHUDWHG�FRORUIXO�EDQQHUV�HPEOD]RQHG�ZLWK�%DE\�)RUNOLIWŖV�LPDJH
�)LJXUH���ŠVRPHWKLQJ�WKDW��LQ�RWKHU�FLUFXPVWDQFHV��WKH\�PLJKW�SULQW�DQG�ZDYH�LQ�WKH�DLU�DW�WKHLU
LGROŖV�OLYH�DSSHDUDQFHV��$QRWKHU�IDQ�FUHDWHG�D�YLGHR�GHSLFWLQJ�%DE\�)RUNOLIW�DV�D
WKUHH�GLPHQVLRQDO�DYDWDU�LQVLGH�DQ�LPDJLQDU\�YLGHR�JDPH�FDOOHG�ŗ/HWŖV�*R�%DE\�)RUNOLIW�Ř�7KH
YLGHR�IHDWXUHG�WKH�SODLQWLYH�VRXQGV�RI�D�FKLOG�VLQJLQJ��ŗKHDUW�WR�KHDUW��ZH�DUH�D�IDPLO\�Ř�NH\LQJ
WKH�DĳHFWLYH�ERQGV�RI�NLQVKLS��,Q�WKH�DFFRPSDQ\LQJ�WH[W��WKH�YLGHRŖV�FUHDWRU�VWDWHG��ŗ,�DP�MXVW�D
VWXGHQW��DQG�GRQŖW�KDYH�DQ\�PRQH\�WR�GRQDWH��%XW�,�MXVW�ZDQW�WR�FRQWULEXWH�KRZHYHU�,�FDQ�Ř�7KLV
FRPPHQW�UHYHDOV�D�NH\�DVSHFW�RI�WKH�GHYRWLRQ PHQJ HQJHQGHUV��IDQV�UHFRJQL]H�WKH�HĳRUW�WKDW
DQ�LGRO�H[HUWV��DQG�UHFLSURFDWH�ZLWK�VWUHQXRXV�GLVSOD\V�RI�GHYRWLRQŠWKHVH�DFWV�DUH�PHDQLQJIXO
EHFDXVH��QRW�LQ�VSLWH��RI�WKHLU�LQVLJQLıFDQFH��,Q�WKLV�VHQVH��YXOQHUDELOLW\�EHFRPHV�WKH�EDVLV�IRU
DJHQF\��3ULW]NHU��������UHDOL]HG�WKURXJK�LGROVŖ�GHYRWLRQ�WR�GXW\��DQG�IDQVŖ�GHYRWLRQ�WR�LGROV�
7KXV��IDQ�DUW�OLNH�WKHVH�EDQQHUV�RU�YLGHRV�VHUYHG�QRW�RQO\�WR�JHQHUDWH�HPRWLRQDO�LQYROYHPHQW
ZLWK�%DE\�)RUNOLIW�DQG�RWKHU�LGROL]HG�YHKLFOHV��EXW�DOVR�WR�HQDFW�GHYRWLRQ�DV�DQ�HWKLFDO�LGHDO�DQG
PRUDO�YLUWXH�

5HVSRQVLYHQHVV�LQ�WKH�FRQWH[W�RI�VRFLDO�PHGLD�JRHV�KDQG�LQ�KDQG�ZLWK�H[SUHVVLYHQHVV�
$FFRUGLQJ�WR�6LOYLR��������S��������ŗWKH�FXWH�REMHFW�LQGXFHV�D�NLQG�RI�PLUURULQJ�HĳHFW��FXWLI\LQJ
�DQG�LQ�VRPH�VHQVH�PDNLQJ�DEMHFW��WKH�YLHZLQJ�VXEMHFW�Ř�,Q�FRPPHQWV�GLUHFWHG�DSRVWURSKLFDOO\
WR�%DE\�)RUNOLIW��IDQV�RIWHQ�XVHG�D�0DQGDULQ�EDE\�WDON�UHJLVWHU��)DUULV��������LQIDQWLOL]LQJ�WKHLU
VSHHFK�DV�IHPLQL]HG�&KLQHVH�FDUHJLYHUV�PLJKW�WRZDUG�VPDOO�FKLOGUHQ��7KURXJK�WKH�PLUURULQJ
HĳHFW�RI�EDE\�WDON��WKH�FXWLıFDWLRQ�RI�WKH�YHKLFOHV�DQG�FXWLıFDWLRQ�RI�WKH�IDQV�WKHPVHOYHV
FRQYHUJH�LQ�D�VLQJOH�FXWH�XWWHUDQFH��ŗ)RUN\�)RUN\��FKDUJH�IRUWK�IRU�0RPP\Ř��ཫཫ全ⰗⰗ⑁��

��



)LJXUH�����:HLER�FRPPHQWV�JORULI\LQJ�%DE\�)RUNOLIW�WKURXJK�FUHDWLYH�FRPELQDWLRQV�RI
YLVXDO�DQG�WH[WXDO�HOHPHQWV�

$GRSWLQJ�WKH�VWDQFH�RI�D�PRWKHU�ıJXUH�WRZDUG�WKH�LGRO��DV�LV�FRPPRQ�LQ�IHPDOH�IDQ�FLUFOHV��<DQ
	�<DQJ��������WKLV�FRPPHQWHU�DGGUHVVHV�LW�ZLWK�D�SDUWLFXODUO\�FKLOGLVK�GLPLQXWLYH�

,Q�FRPPHQW�WKUHDGV��IDQV�JUDSKLFDOO\�UHQGHUHG�HĳXVLYH�RXWSRXULQJV�RI�HPRWLRQ�IRU�%DE\
)RUNOLIW�DQG�RWKHU�LGROV�WKURXJK�SDUDOLQJXLVWLF�IHDWXUHV�VXFK�DV�LQWHUMHFWLRQV��UHSHWLWLRQV�
SXQFWXDWLRQ�PDUNV��HVSHFLDOO\�H[FODPDWLRQ�SRLQWV���DQG ELDRTLQJ �⾲�ŠHPRMLV��HPRWLFRQV�
DQG�VWLFNHUV�XQGHUVWRRG�WR�H[SUHVV�HPRWLRQ��GH�6HWD�������DQG�SUDJPDWLFDOO\�DVVRFLDWHG�ZLWK
SOD\IXOQHVV��<��=KDQJ�HW�DO���������7KH�PRVW�FRPPRQ�HPRMLV�ZHUH�KHDUWV�DQG�FXWH�DQLPDOV��EXW
)LJXUH����VKRZV�D�PRUH�HODERUDWH�H[DPSOH��,Q�UHVSRQVH�WR�D�3HRSOHŖV�'DLO\�:HLER�SRVW�DERXW
WKH�YHKLFOHV��WKH�ıUVW�FRPPHQWHU�HPEHGV�WKH�SKUDVHV�ŗWRS�ĲRZŘ��欅儶㿐摞�ŠPHDQLQJ�ŗWRS
FHOHEULW\�ZKR�JHQHUDWHV�WKH�PRVW�GDWD�ĲRZ�IURP�RQOLQH�GLVFRXUVHŘŠDQG�ŗFXWH\�FXWH\�/LWWOH
%DE\�)RUNOLIWŘ��ྍྍ䓀䓀⺞♘搀��LQ�D�ORQJ�VWULQJ�RI�VWDUV�DQG�PRRQV��DQG�RQH�JROGHQ�FURZQ��
LFRQL]LQJ�WKH�LGROŖV�SRVLWLRQ�LQ�WKH�ıUPDPHQW��'HFRUDWLYH�HPEHOOLVKPHQW�HPSKDVL]HV�GHYRWLRQDO
LQWHQVLW\�

7KH�QH[W�FRPPHQWHU�GHSOR\V�SDUDOOHOLVP��D�FRPPRQ�YHUEDO�IHDWXUH�LQ�IDQ�IRUXPV���HFKRLQJ�WKH
DOWHUQDWLRQ�RI�NH\�SKUDVHV�ZLWK�KHDYHQO\�HPRMLV��LQ�WKLV�FDVH��UDLQERZV��7KH�SRHWLF�FRPPHQW
UHDGV�

:HOO�URXQGHG�WRS��LGRO��/LWWOH�)RUNOLIW�������'LOLJHQW�/LWWOH�)RUNOLIW�������3UHWW\�JX\�LQ�ZLQWHU�
/LWWOH�)RUNOLIW�������%HDXWLIXO��NLQG�KHDUWHG�/LWWOH�)RUNOLIW�������&RQVXPPDWHO\�GHYRWHG�WR�WKH
FRXQWU\��/LWWOH�)RUNOLIW�������%RUQ�ZHOO�DQG�UDLVHG�VRFLDOLVWLFDOO\��/LWWOH�)RUNOLIW��������,I��\RX
GRQŖW�YRWH�DQG�,�GRQŖW�YRWH��ZKHQ�ZLOO�%DE\�)RUNOLIW�DVFHQG"

/LNH�D�PDJLFDO�LQFDQWDWLRQ��WKLV�FRPPHQW�LPEXHV�WKH�LGRO�ZLWK�HQFKDQWHGQHVV�E\�UK\WKPLFDOO\
UHSHDWLQJ�LWV�QDPH��0DOLQRZVNL�������S��������7RJHWKHU�ZLWK�WKH�RWKHU�H[DPSOHV�LQ�WKLV�VHFWLRQ�
IURP�WKH�EDQQHUV�WR�WKH�YLGHR�JDPH��WKLV�LOOXVWUDWHV�IDQVŖ�FUHDWLYH�XVH�RI�H[SUHVVLYH�IRUPV�WR
HPRWLRQDOO\�LQYROYH�WKHPVHOYHV�ZLWK�%DE\�)RUNOLIW�

��



� 0RUDO�3DQLFV�$URXQG�)DQGRP�*RYHUQDQFH

)DQVŖ�GLJLWDO�GLVSOD\V�RI�GHYRWLRQ�FUHDWHG�HYLGHQFH�RI�SDUWLFLSDWLRQ�WKDW�DPSOLıHG�WKH�LQWHQVLW\
RI�WKH�,GROV�*URXS�VHQVDWLRQ�WKHUHE\�VSUHDGLQJ�WKH�UHDFK�RI�IDQGRP�JRYHUQDQFH��7KH
KHLJKWHQHG�YLVLELOLW\�RI�IDQGRP�SUDFWLFHV�DURXQG�WKH�YHKLFOH�PHPHV�DOVR�SURYLGHG�DQ�REMHFW�RI
GLVFXVVLRQ�IRU�LQWHUQHW�XVHUV�FRQFHUQHG�DERXW�WKH�&29,'����FULVLV�EXW�OHVV�HQDPRUHG�ZLWK�WKH
YHKLFOHV�WKHPVHOYHV��,Q�WKLV�ıQDO�VHFWLRQ��ZH�H[DPLQH�VRPH�RI�WKH�FULWLFLVPV�&KLQHVH�REVHUYHUV
GLUHFWHG�DW�,GROV�*URXS�IDQGRP��0RVWO\��FULWLFV�IRFXVHG�RQ�WKH�GLVVRQDQFH�EHWZHHQ�WKH
VHULRXVQHVV�RI�WKH�XQIROGLQJ�FULVLV�DQG�IDQGRP�DV�D�PRGH�RI�FUHDWLQJ�DQ�HQWHUWDLQLQJ
GLVWUDFWLRQ��0DQ\�]HURHG�LQ�RQ�WKH�IULYROLW\�RI�FXWHQHVV�SUDFWLFHV�DQG�WKHLU�UROH�LQ�FXOWXUDOO\
FRQVWUXFWLQJ�DQWKURSRPRUSKL]HG�REMHFWV�RI�IDQ�LGROL]DWLRQ��7DNHQ�WRJHWKHU��WKHVH�FRPPHQWV
VXJJHVW�D�IUDJPHQWDU\�UHFNRQLQJ�ZLWK�VWDWH�VRFLDO�PHGLDŖV�XVH�RI�IDQGRP�JRYHUQDQFH�DV�D
PRGH�RI�OXGLF�JRYHUQPHQWDOLW\�

)URP����WR����-DQXDU\��WKH�DSH[�RI�WKH�,GROV�*URXSŖV�FHOHEULW\��REVHUYHUV�RQ�&KLQHVH
VRFLDO�PHGLD�EHJDQ�WR�YRLFH�FRQFHUQV�DERXW�WKH�XQVHHPO\�LQWUXVLRQ�RI�IDQGRP�GXULQJ�D
QDWLRQDO�FULVLV��$PRQJ�RWKHU�WKLQJV��FULWLFV�ZRUULHG�WKDW�WKH�VLJQLıFDQFH�RI�WKH�LGROL]HG�YHKLFOHV
DV�PHWRQ\PLF�H[WHQVLRQV�IRU�WKH�QDWLRQ�KDG�EHHQ�HFOLSVHG�E\�IHWLVKLVWLF�DGRUDWLRQ��DV�UHĲHFWHG�
IRU�LQVWDQFH��LQ�WKH�VSHOO�OLNH�HYRFDWLRQ�RI�%DE\�)RUNOLIW�LQ�WKH�SUHYLRXV�H[DPSOH���ŗ,�GLVDJUHH
ZLWK�WKH�SURPRWLRQ�RI�DQWKURSRPRUSKLVP�Ř�VRPHRQH�SRVWHG�RQ�:HLER�

EXW��VXUSULVLQJO\��,�FDQ�DFFHSW�WKH�EHKDYLRU�RI�VKRZLQJ�VXSSRUW�WR�FRQVWUXFWLRQ�YHKLFOHV�
,�WKLQN�ZH�DUH�DFWXDOO\�VKRZLQJ�VXSSRUW�WR�ZRUNHUV�VLWWLQJ�LQVLGH�WKH�YHKLFOHV��%XW�GRQŖW
JR�WRR�IDU��1R�QHHG�WR�SXĳ�WKH�OLVW�IRU�WKH�YHKLFOHV�LQ�>IDQ�FLUFOHV@�

&ULWLFV�SRVWHG�FRPPHQWV�OLNH�WKHVH�RQ�WKH�VDPH�SODWIRUPV�DQG�LQ�WKH�VDPH�WKUHDGV�WKDW�,GROV
*URXS�IDQV�ZHUH�XVLQJ��FDVWLQJ�GRXEWV�RQ�WKH�YDOLGLW\�RI�HPRWLRQDOO\�LQĲDPHG�YHKLFOH�IDQGRP
DV�D�OHJLWLPDWH�IRUP�RI�SDWULRWLF�H[SUHVVLRQ�

6WDWH�VRFLDO�PHGLD�DFFRXQWV��ZKLFK�ZHUH�GHHSO\ŠDQG�YLVLEO\ŠLQYROYHG�LQ�DQLPDWLQJ
WKH�YHKLFOHV�DV�LGROV��DW�WLPHV�HQGHDYRUHG�WR�UHDOLJQ�IDQVŖ�HPRWLRQDO�H[SUHVVLRQ�ZLWK�PRUH
H[SOLFLWO\�SDWULRWLF�FRQFHUQV��)RU�LQVWDQFH��LQ�RQH�:HLER�SRVW��WKH�DFFRXQW�RI�D�&&79�VXEVLGLDU\
SURFODLPHG��ŗWKH�FRQVWUXFWLRQ�VLWH�LV�OLNH�D�EDWWOHıHOG��/LWWOH�*UHHQ��%LJ�<HOORZ��(PSHURU�:KR
6HQGV�'XVW��(PSHURU�:KR�/LIWV�7KLQJV��DQG�PDQ\�RWKHU�YHKLFOHV�KDYH�MRLQHG�WKH�ZDU��/HW�XV
SUD\�WRJHWKHU�Ř�6KLIWLQJ�WR�WKH�PHWDSKRULFDO�GRPDLQ�RI�ZDUIDUH��WKLV�ODVW�VHQWHQFH�HQMRLQV
UHPRWH�VXSHUYLVRUV�WR�SUD\��♳⚟���DV�ZRPHQ�ZRXOG�KDYH�WUDGLWLRQDOO\�GRQH�IRU�KXVEDQGV�
EURWKHUV��DQG�VRQV�Rĳ�LQ�EDWWOH��7KLV�LQMXQFWLRQ�FRXOG�WKHUHIRUH�EH�UHDG�DV�DQ�HĳRUW�WR�UHDOLJQ
WKH�IHPLQL]HG�LGLRP�RI�IDQGRP�ZLWK�D�PRUH�WUDGLWLRQDOO\�SLRXV�IHPDOH�UROH��UHOHJDWHG�WR�WKH
GRPHVWLF�VSKHUH��5HVSRQVHV�WR�WKLV�SRVW�LQ�WKH�DFFRPSDQ\LQJ�FRPPHQW�WKUHDG�UHVLVWHG�WKLV
UHDOLJQPHQW��KLJKOLJKWLQJ�WKH�IXQGDPHQWDO�LQWUDFWDELOLW\�RI�SOD\��ŗ:KHUH�LV�P\�DUP\�RI�%DE\
)RUNOLIWV"Ř�RQH�FRPPHQWHU�GHPDQGHG��ŗ'RQŖW�IRUJHW�FXWH�%DE\�0XG�%DUIHU�Ř�UHVSRQGHG

��



DQRWKHU��7KHVH�LUUHYHUHQW�UHVSRQVHV�SRLQW�WR�WKH�GLĴFXOW\�RI�FRQVWUDLQLQJ�SOD\IXOQHVV�WR�WKH
FRQıQHV�RI�LGHRORJLFDOO\�GHOLPLWHG�QDWLRQDOLVW�SURMHFWV��DQG�UHYHDO�WKH�ULVN�VWDWH�VRFLDO�PHGLD
UXQV�RI�ORVLQJ�FRQWURO�RI�LQWHUSUHWDWLRQV�DV�LW�VHHNV�WR�FDSLWDOL]H�RQ�WKH�SRO\SKRQ\�RI�IDQVŖ
GHYRWLRQDO�EHKDYLRU��/HL�������

8QGHUOLQLQJ�WKH�OLPLWV�RI�IDQGRP�JRYHUQDQFH��D�QXPEHU�RI�FULWLFV�GHFULHG�WKH�ZD\�WKH
,GROV�KXOODEDORR�ZDV�GLVWUDFWLQJ�SHRSOH�IURP�WKH�FRQWURYHUV\�VXUURXQGLQJ�WKH�5HG�&URVVŖV
PLVKDQGOLQJ�RI�PHGLFDO�VXSSOLHV��6RPH�TXHVWLRQHG�OXGLF�JRYHUQPHQWDOLW\�DV�D�VRFLDO�PHGLD
VWUDWHJ\��DV�LQ�WKH�IROORZLQJ�:HLER�FRPPHQW��ŗVRPH�WKLQJV�DUH�QRW�DSSURSULDWH�IRU
HQWHUWDLQPHQW�������,W�LV�RND\�IRU�LQWHUQHW�XVHUV�WR�MRNH�DURXQG��EXW�VWDWH�UXQ�PHGLD�VKRXOG�QRW
OHDG�SHRSOH�LQ�MRNLQJ�DURXQG�Ř�7KLV�FRPPHQW�PDNHV�FOHDU�WKDW�WKH�VWDWHŖV�UROH�LQ�DQLPDWLQJ�WKH
YHKLFOHV�DQG�VWRNLQJ�WKH�ĲDPHV�RI�IDQGRP�ZDV�QRW�ORVW�RQ�REVHUYHUV��ZKR�TXHVWLRQHG�PL[LQJ
ĲLSSDQW�SOD\IXOQHVV�ZLWK�VHULRXV�OHDGHUVKLS�LQ�D�WLPH�RI�FULVLV��6LPLODUO\��+XDQJ�'LDQOLQ��D
SURIHVVRU�DW�WKH�&RPPXQLFDWLRQ�8QLYHUVLW\�RI�&KLQD��SRVWHG�DQ�DUWLFOH�WLWOHG�ŗ,W�LV�VKDPHIXO�IRU
WKH�PHGLD�WR�FXWLI\��PHQJKXD��WKH�FULVLVŘ�WR�KLV�SHUVRQDO :H&KDW�DFFRXQW��ŗ7KH�PHGLD�LV
JUDGXDOO\�ORVLQJ�������WKH�FDUH�LW�VKRXOG�JLYH�WKH�SXEOLF�Ř�KH�ZURWH��ŗ:KHQ�HYHU\WKLQJ�LV
SHUVRQLıHG�DV�FXWH�VWXĳ��WKHUH�LV�QR�KXPDQLW\��>�����@�7KH�PHGLD�VKRXOG�QRW�WUHDW�FULVHV�DV
HQWHUWDLQPHQW�DQG�JDPHV��DQG�VKRXOG�QRW�XVH�IULYRORXV�DQG�FKLOGLVK�H[SUHVVLRQV�WR�GLPLQLVK
WKH�VHULRXVQHVV�RI�VRFLDO�LVVXHV�Ř�5HFDOO�WKDW�VRPH�UHPRWH�VXSHUYLVRUV�KDG�IUDPHG�VWDWH�VRFLDO
PHGLDŖV�SOD\IXOQHVV�DV�D�IRUP�RI�SDUHQWDO�FDUH��KHUH��+XDQJ�LQYHUWV�WKLV�UHDGLQJ��VXJJHVWLQJ
WKDW�VWDWH�VRFLDO�PHGLDŖV�H[FHVVLYH�SOD\IXOQHVV�DQG�LQGXOJHQFH�LQ PHQJ UHĲHFWV�D�GHUHOLFWLRQ�RI
FDUH��%HIRUH�LW�ZDV�EORFNHG��WKLV�SRVW�ZDV�UHDG�RYHU���������WLPHV�

&DOOLQJ�DWWHQWLRQ�WR�WKH�DUWLıFLDOLW\�RI�WUHDWLQJ�YHKLFOHV�OLNH�FHOHEULWLHV��VRPH�DQJU\
FRPPHQWV�FRPSODLQHG�DERXW�WKH�ĲDJUDQW LQDXWKHQWLFLW\ RI�WKH�,GROV�VHQVDWLRQ��ŗGRQŖW�XVH�\RXU
IDNH�IDQ�VSHHFKŘ�RU�ŗVWRS�PLPLFNLQJ�IDQ�VSHHFK�LQ�VXFK�DQ�DZNZDUG�ZD\Ř���SRLQWLQJ�WR�WKH�NLQG
RI�F\QLFLVP�WKH�VWDWHŖV�VRFLDO�PHGLD�LQĲXHQFH�FDPSDLJQV�ULVN�HQJHQGHULQJ��+DQ�����E��
1HYHUWKHOHVV��QXPHURXV�FRPPHQWDWRUV�VHL]HG�XSRQ�WKH�PHPHLıFDWLRQ�DQG�VXEVHTXHQW
LGROL]DWLRQ�RI�WKH�YHKLFOHV�DV�DQ�RFFDVLRQ�WR�DUWLFXODWH�PRUDO�SDQLFV�DERXW�ŗIDQ�VSHHFKŘ�DQG�WKH
VWHUHRW\SLFDO�W\SHV�RI�VSHDNHUV�WKH\�DVVRFLDWHG�ZLWK�LW��-RQHV�	�6FKLHĳHOLQ�������0LOOHU�������
&ULWLFV�FRQVWUXHG�HPEOHPDWLF�IHDWXUHV�RI�IDQVŖ�YHUEDO�DQG�VHPLRWLF�SUDFWLFHVŠQLFNQDPLQJ
PRVW�VDOLHQW�DPRQJ�WKHPŠDV�LQDSSURSULDWH�GXULQJ�D�QDWLRQDO�FULVLV��)RU�WKHVH�FULWLFV��WKH
H[FHVVHV�RI PHQJ ZDV�QRW�MXVW�REMHFWLRQDEOH�LQ�WKH FDVH�RI�WKH�,GROV�*URXS�VHQVDWLRQ��EXW
UHĲHFWLYH�RI�GHHSHU�JHQHUDWLRQDO�VKRUWFRPLQJV��LPPDWXULW\��IULYROLW\��LPEHFLOLW\��������WKDW�WKH
FULVLV�RQO\�VHUYHG�WR�UHYHDO�

)RU�LQVWDQFH��WKH�FHOHEULW\�'DJKH�FRPPHQWHG�WKDW�SHRSOH�ZKR�WKLQN�QDPHV�OLNH�%DE\
0XG�%DUIHU�DUH�ŗFXWHŘ��PHQJ��GLVSOD\�ŗLQGHFHQWŘ��ᚓయ��DQG�ŗLOORJLFDOŘ��ἐ᭷拊戠��EHKDYLRU��+H
FDOOHG�WKHP�ŗEHKLQG�WKH�WLPHVŘ��ᚇᅵ��DQG�DOOHJHG�WKDW�WKH\�KDYH�ŗORZ�,4Ř��ᬛၟ㧗��DQG�ŗD
YHU\�FUXGH�VHQVH�RI�FXWHQHVVŘ��ⴌⅬᚇᅵ䠈㋊⃚ₜ㢅⺩���7KH�DOOHJDWLRQ�RI�ŗFUXGHŘ PHQJGLDQ KDV
WKH�GXDO�FRQQRWDWLRQ�WKDW�WKH�YHKLFOHV�ODFN�OHJLWLPDWH�TXDOLWLHV�RI�FXWHQHVV�DQG�WKDW�WKHLU�IDQV
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KDYH�GHıFLHQW�MXGJPHQW�LQ�GLVFHUQLQJ�FXWHQHVV��(QGRUVLQJ�WKLV�LQWHUSUHWDWLRQ��DQRWKHU�XVHU
UHVSRQGHG��ŗ\RXQJ�SHRSOH�LQ�RXU�FRXQWU\��DOO�RI�WKHP�DUH�JLDQW�EDELHV��VLOO\�NLGV��GXPPLHV�
*LYLQJ�QDPHV�IRU�YHKLFOHV��SXĴQJ�UDQNLQJ�OLVWV��DQG�VFRULQJ�SRLQWV�IRU�LGROV��&DOOLQJ�WKLV
EURWKHU��WKDW�VLVWHU��WKLV�EDE\��WKDW�NLVV\�NLVV\�Ř�7KHVH�FRPPHQWV�FRQQHFW�D�VXUIHLW�RI PHQJ DQG
D�FKLOGLVK�GHVLUH�IRU�LQWLPDF\��0DNLQJ�WKLV�SRLQW�PRUH�H[SOLFLW��DQRWKHU�FRPPHQWHU�FRPSODLQHG
WKDW�QLFNQDPLQJ�ZDV�ŗPDNLQJ�WKH�ZKROH�FRXQWU\�FKLOGLVK�Ř�DQG�VLQJOHG�RXW�/LWWOH�&RURQD�DV�WKH
PRVW�HJUHJLRXV�H[DPSOH��ŗSHRSOH�DUH�VSRLOLQJ��ⸯ䅉��>WKH�YLUXV@�ZLWK�DĳHFWLRQ�Ř�,Q�RWKHU�ZRUGV�
WKH�YHUEDO�LQFRUSRUDWLRQ�RI�VRPHWKLQJ�GHHSO\�QR[LRXV�LQWR�D�GLVFXUVLYH�ZHE�RI�IDPLOLDO�LQWLPDF\
UHSUHVHQWHG�D�FKLOGLVK�RYHULQGXOJHQFH�LQ�FXWHQHVV�

7KH�IROORZLQJ�:HLER�FRPPHQW�IURP�)HEUXDU\���GLVWLOOV�WKH�HVVHQFH�RI�WKHVH�FULWLFLVPV�LQWR�RQH
RYHUDUFKLQJ�VRFLDO�FULWLTXH�

,�UHDOO\�GRQŖW�OLNH�SHUVRQLI\LQJ�HYHU\WKLQJ��,�WKLQN�WKDW�LW�LV�HPEDUUDVVLQJ�LQVWHDG�RI�FXWH�
)RU�LQVWDQFH��WKH�IRUNOLIW�LQ�WKH�OLYH�YLGHR�VWUHDPLQJ�D�IHZ�GD\V�DJR��DQG�>WKH�FKDUDFWHUV@
7HQGHU�&RXQWU\��%OD]LQJ�)ODJ��'RQŖW�XVH�IDQ�FXOWXUH�IRU�HYHU\WKLQJ��,�GRQŖW�NQRZ�ZK\
RĴFLDO�:HLER�DFFRXQWV�HQFRXUDJH�WKLV�NLQG�RI�ZHLUG�OLVW�SXĴQJ�DQG�JDZNLQJ��$QG�2OGHU
%URWKHU�$�=KRQJ�DQG�:XKDQ�WKH�/LWWOH�)RRO��,ŖP�JRLQJ�WR�YRPLW��7KH�WKLQJ�,�GLVOLNH�LV
SXUSRVHIXOO\�VWLUULQJ�XS�HPRWLRQV��,�ZDQW�WR�VODS�WKH�JX\�ZKR�GRHV�WKLV��6R�GLVJXVWLQJ�

7KLV�FRPPHQW�RĳHUV�D�ıQDO�UHIUDPLQJ�RI�WKH�VKLIWLQJ�PRGDOLWLHV�RI�YLVXDO�SDUWLFLSDWLRQ�WKDW�ZH
KDYH�WUDFHG�LQ�WKLV�DUWLFOH��:KDW�EHJDQ�ZLWK�<DQJVKLSLQŖV�LQYLWDWLRQ�IRU�VSHFWDWRUV�WR ZLWQHVV�
DQG�ZDV�WKHQ�UHGHıQHG�LQ�PRUH�SDUWLFLSDWRU\�WHUPV�DV�UHPRWH VXSHUYLVLRQ DQG�SDUHQWDO
ZDWFKLQJ�RYHU��LV�KHUH�QHJDWLYHO\�UHHYDOXDWHG�DV�PHUH ŗJDZNLQJŘ��⦃屑�ŠD�WHUP�FRQQRWLQJ�WKH
SUXULHQW�JD]H�RI�LGOH�RQORRNHUV��FDSWLYDWHG�E\�SHUVRQLıHG�TXDVL�LGROV��7KLV�FRPPHQW�FRQQHFWV
WKH�DQLPDWLRQ�RI�WKH�&RQVWUXFWLRQ�9HKLFOHV�,GROV�*URXS�ZLWK�VHYHUDO�RWKHU�SDUDOOHO�SKHQRPHQD�
WKH�&&3ŖV�DERUWLYH�HĳRUW�WR�SHUVRQLI\�LWVHOI�WKURXJK�DQLPH�FKDUDFWHUV�7HQGHU�&RXQWU\�DQG
%OD]LQJ�)ODJ��WKH�SHUVRQLıFDWLRQ�RI�WKH�QDWLRQ�DV�2OGHU�%URWKHU�$�=KRQJ�LQ�IDQGRP�QDWLRQDOLVP�
DQG�WKH�SUROLIHUDWLRQ�RI�DQWKURSRPRUSKLF�QLFNQDPHV�OLNH�/LWWOH�)RRO�VXUURXQGLQJ�&29,'���
FULVLV��,W�DUJXHV�WKDW�WKHVH�LGRO�HVTXH�SHUVRQDH�DURXVH�PLVSODFHG�HPRWLRQV��DQG�TXHVWLRQV�ZK\
VWDWH�VRFLDO�PHGLD�ZRXOG�SURPRWH�WKHP�DV�REMHFWV�RI�IDQ�OLNH�HQJDJHPHQW�

%\�JHQHUDWLQJ�FXWH�SHUVRQDH�WKDW�HQOLVW�FLWL]HQ�IDQV�DV�FDULQJ�VXEMHFWV��SHUVRQLıFDWLRQ
VHHPV�WR�EH�D�YLWDO�FRPSRQHQW�RI�IDQGRP�JRYHUQDQFH�LQ�WKH�HSLVRGH�ZH�DQDO\]H��DV�ZHOO�DV
RWKHU�HYHQWV�FULWLFDO�REVHUYHUV�DVVRFLDWHG�ZLWK�LW��%\�DQG�LQ�ODUJH��WKHVH�FULWLFV�GLG�QRW�UHMHFW
IDQGRP�JRYHUQDQFH�SHU�VH��5DWKHU��WKH\�GZHOOHG�RQ�WKH�REWUXVLYHQHVV�RI�LWV�HPEOHPDWLF
FXWLıHG�DYDWDUV�DQG�WKH�GLYHUVLRQ�WKDW�WKH\�FUHDWHG�IURP�UHDO�SUREOHPV��ŗ<RXU�FRXQWU\�LV�FDOOHG
%URWKHU�$�=KRQJ�Ř�ZURWH�RQH�FRPPHQWHU��ŗWKH�FRQVWUXFWLRQ�YHKLFOH�LV�FDOOHG�%DE\�)RUNOLIW�
:XKDQ�&LW\�LV�FDOOHG�/LWWOH�)RRO��(YHU\WKLQJ�FDQ�EH�SHUVRQLıHG��+RZHYHU��WKRVH�ZRUNHUV�
SHDVDQWV��DQG�PLQRULW\�JURXSV�ZKR�VXĳHU�D�ORW�DUH�QRW�FRQVLGHUHG�DV�UHDO�SHRSOH�Ř�,Q�D�VFDWKLQJ
FULWLTXH�RI�&KLQHVH�QHROLEHUDO�FRQVXPHULVP��WKLV�FRPPHQWHU�FRQQHFWHG�WKH�SHUVRQLıFDWLRQ�RI
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WKLQJV�DFFRUGLQJ�WR�WKH�FRQYHQWLRQV�RI�IDQGRP�ZLWK�WKH�GHKXPDQL]LQJ�WUHDWPHQW�RI�DFWXDO
SHUVRQV�Š�SHUVRQV�ZKR�WRLO��VXĳHU��DQG�GLH�Š�DV�WKLQJV��7KH�NH\�JULHYDQFH�DERXW�IDQGRP��DV
ERWK�D�FXOWXUDO�SUDFWLFH�DQG�D�PRGH�RI�JRYHUQDQFH��WKDW�VXUIDFHV�KHUH�LV�WKDW�LW�GLVWUDFWV�
&HOHEULW\�LGROVŠEH�WKH\�KXPDQ�HQWHUWDLQHUV�RU�DSRWKHRVL]HG�FRQVWUXFWLRQ�YHKLFOHVŠKDYH�WKH
SRWHQWLDO�WR�FDSWXUH�DWWHQWLRQ�DQG�WUDQVı[�WKH�JD]H��7KURXJK�OXGLF�PRGXOHV�OLNH�UDQNLQJ�OLVWV
WKDW�FDVW�LGROV�DV�YXOQHUDEOH��VWDWH�VRFLDO�PHGLD�KDUQHVVHG�WKLV�SRWHQWLDO�RQ�D�ODUJH�VFDOH��VR
PXFK�VR�WKDW�LW�SURPSWHG�WKH�REVHUYHUV�ZKRVH�FRPPHQWV�ZH�DQDO\]H�KHUH�WR�FULWLFDOO\�UHĲHFW
RQ�WKH�SODFH�RI�FXWHQHVV�LQ�&KLQHVH�SXEOLF�OLIH�PRUH�EURDGO\�

� &RQFOXVLRQ��7KH�&XWHQHVV�RI�WKH�6WDWH

5HFHQW�UHVHDUFK�RQ�WKH�SROLWLFV�RI�LQWHUQHW�PHPHV�KDV�VKRZQ�WKDW�KDUQHVVLQJ�WKH�FUHDWLYH
SRWHQWLDO�RI�VRFLDO�PHGLD�SOD\�FDQ�HPSRZHU�DFWLYLVWV�DQG�HQHUJL]H�VRFLDO�PRYHPHQWV�LQ
GUDPDWLF�ZD\V��IRU�LQVWDQFH�WKH�DOW�ULJKW�WUROOV�ZKR�KHOSHG�SURSHO�'RQDOG�7UXPS�WR�WKH�8�6�
3UHVLGHQF\��:RRGV�	�+DKQHU��������<HW��$Q�;LDR�0LQD��������DUJXHV��WKH�SRZHU�RI�PHPHV�WR
FDWDO\]H�SURWHVW�PRYHPHQWV�DOVR�PDNHV�WKHP�SDUWLFXODUO\�DSSHDOLQJ�DV�WRROV�RI�VRFLDO�LQĲXHQFH
IRU�D�&KLQHVH�VWDWH�KHDYLO\�LQYHVWHG�LQ�VKDSLQJ�VRFLDO�PHGLD�G\QDPLFV��7KLV�SDUDGR[�SRLQWV�WR
ZKDW�3KLOOLSV�DQG�0LOQHU��������GHVFULEH�DV�WKH�ŗDPELYDOHQFHŘ�RI�WKH�LQWHUQHW��FKDUDFWHUL]HG�E\
WKH�FDSDFLW\�RI�PHPHV�WR�ERWK�OLEHUDWH�DQG�RSSUHVV��RU�RI�VRFLDO�PHGLD�WR�ERWK�HPSRZHU
SDUWLFLSDWLRQ�DQG�FRQVWUDLQ�LW� /XGLF�JRYHUQPHQWDOLW\ LV�RXU�ZD\�RI�PDNLQJ�VHQVH�RI�KRZ
&KLQHVH�VWDWH�VRFLDO�PHGLD�QHJRWLDWHG�HOHPHQWV�RI�SOD\IXO�FR�SURGXFWLRQ�WR�KDUQHVV�WKH
SROLWLFDO�SRWHQWLDO�RI�PHPHV�LQ�D�SDWHUQDOLVWLF�IRUP�WKDW�EOHQGHG�FDUH�DQG�FRQWURO�

0RUHRYHU��DV�DOO�WKHVH�DXWKRUV�VKRZ��EHFDXVH�RI�WKHLU�RSHQ�HQGHG�PHDQLQJV�DQG
DOPRVW�LQıQLWH�UHVLJQLıDELOLW\��WKH�VDPH�PHPHV�FDQ�EH�XVHG�IRU�GLĳHUHQW�SXUSRVHV��SROLWLFDO�RU
RWKHUZLVH��'UDZLQJ�RQ�IDQGRPŖV�UHJLVWHU�RI�YHUEDO��YLVXDO��VHPLRWLF��DQG�LQWHUDFWLRQDO�SUDFWLFHV�
LQWHUQHW�XVHUV�ŗDQLPDWHGŘ��6LOYLR�������������WKH�FRQVWUXFWLRQ�YHKLFOHV�IURP�KRVSLWDO
FRQVWUXFWLRQ�OLYHVWUHDPV��UHQGHUHG�WKHP�FXWH��DQG�HQJDJHG�ZLWK�WKHP�LQ�VPDOO�EXW�VLJQLıFDQW
DFWV�RI�V\PEROLF�GHYRWLRQ��%\�SOD\IXOO\�HPEHOOLVKLQJ�DQ�RWKHUZLVH�VWUDLJKWIRUZDUG
SURSDJDQGLVWLF�VSHFWDFOH��UHPRWH�VXSHUYLVRUV�SURGXFHG�PHPHWLF�FRQWHQW�WKDW�&KLQHVH�VWDWH
VRFLDO�PHGLD�FRXOG�LWVHOI�DSSURSULDWH�DQG�FKDQQHO�LQWR�D�IDQGRP�DSSDUDWXV�LW�DGDSWHG�IURP�WKH
HQWHUWDLQPHQW�LQGXVWU\��$OWKRXJK�WKH�&KLQHVH�VWDWH�KDG�VXĳHUHG�VHYHUDO�SUHYLRXV�IDLOXUHV�LQ
DWWHPSWLQJ�WR�FORWKH�LWVHOI�LQ�WKH�PDQWOH�RI�FXWHQHVV��LQ�WKLV�FDVH��E\�UHVSRQGLQJ�WR�GLVSOD\V�RI
FXWLıFDWLRQ�ZLWK�FXOWXUDOO\�FRPSHWHQW�GLVSOD\V�RI�SOD\LQJ�FXWH��VWDWH�VRFLDO�PHGLD�DFFRXQWV
VXFFHVVIXOO\�KDUQHVVHG�WKH�SRZHU�RI PHQJ DV�D�FXOWXUDO PDWUL[�RI�GHYRWLRQDO�DWWDFKPHQW�
(PEHGGLQJ�FXWH�PHPHV�ZLWKLQ�PRGXOHV�RI�IDQGRP�PDQDJHPHQW�VXFK�DV�FHOHEULW\�UDQNLQJ�OLVWV�
VWDWH�VRFLDO�PHGLD�FR�SURGXFHG�WKH�HSKHPHUDO�VHQVDWLRQ�RI�WKH�&RQVWUXFWLRQ�9HKLFOH�,GROV
JURXS�WR�LPSOHPHQW�ZKDW�ZH�KDYH�WHUPHG IDQGRP�JRYHUQDQFH�

9LHZLQJ�&KLQHVH�VWDWH�VRFLDO�PHGLDŖV�FR�SURGXFWLRQ�RI�,GROV�*URXS�DV�DQ�LQVWDQFH�RI
IDQGRP�JRYHUQDQFH�SRLQWV�WR�QHZ�FDSDFLWLHV�IRU�HQJDJLQJ�LQ�SOD\IXOŠKHQFH
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SDUWLFLSDWRU\ŠIRUPV�RI�OXGLF�JRYHUQPHQWDOLW\��,Q�WKLV�DUWLFOH��ZH�KDYH�KLJKOLJKWHG�KRZ�FXWHQHVV
FDQ�EH�D�VRXUFH�RI�SROLWLFDO�SRZHUŠDQ�DELOLW\�WR�UDOO\�VXSSRUW�WKURXJK�VWUDWHJLF�GLVSOD\V�RI
YXOQHUDELOLW\��7KH�FRQVWUXFWLRQ�YHKLFOHV�FRXOG�HPERG\�WKH�FXWHQHVV�RI�WKH�VWDWH�EHFDXVH�VWDWH
VRFLDO�PHGLD�VFDĳROGHG�SOD\IXO�HQJDJHPHQW�ZLWK�WKHP��7U\�DV�LW�PLJKW��WKH�VWDWH�FDQQRW�FXWLI\
LWVHOI��7KDW�UHTXLUHV�WKH�YROXQWDU\�H[SUHVVLYH�ODERU�RI�DGRULQJ�IDQV��ZKRVH�YLVLEOH�SDUWLFLSDWLRQ�LV
D�FUXFLDO�SDUW�RI�VXFFHVVIXOO\�JHQHUDWLQJ�FRPSHWLWLYH�GHYRWLRQ�WR�FXWH�LGROV��<HW�WKH�DPRXQW�RI
SXEOLF�EDQGZLGWK�WDNHQ�XS�E\�WKHVH�IDQGRP�SUDFWLFHV�LQ�WKH�PLGVW�RI�D�SDQGHPLF�DOVR�UHSHOOHG
VRPH�REVHUYHUV��ZKR�GHFULHG�WKH�H[FHVVHV�RI�FXWHQHVV�DQG�UHJLVWHUHG�WKHLU�GLVJXVW�DERXW
PLVSODFHG�LQWLPDFLHV��7KH\�ZHUH�TXLFN�WR�QRWH�WKH�SHUIRUPDWLYH�QDWXUH�RI�FXWHQHVV��WKHUH�ZDV
QRWKLQJ�REMHFWLYHO\�FXWH�DERXW�WKH�YHKLFOHV�RU�DQ\WKLQJ�HOVH�DVVRFLDWHG�ZLWK�&29,'����IRU�WKDW
PDWWHU��$JDLQVW�WKH�EDFNGURS�RI�WKH�FULVLV��WKH\�DOOHJHG��WKH�YLUDOLW\�RI�WKH�,GROV�*URXS�ZDV�D
SHUYHUVH�ıJPHQW�RI�SOD\IXO�IDQV�FXWLI\LQJ�HYHU\WKLQJ�DQG�RI�WKH�VWDWH�EUD]HQO\�SOD\LQJ�FXWH�

7KHVH�QHJDWLYH�UHDFWLRQV�SRLQW�WR�VRPH�RI�WKH�ULVNV�DQG�OLPLWV�RI�IDQGRP�JRYHUQDQFH�
5HFDOO�:��=KDQJŖV��������DUJXPHQW�WKDW�YLVLEOH�IDQ�SDUWLFLSDWLRQ�FDQ�EH�D�NH\�SDUW�RI�DQ�LGROŖV
DOOXUH��:KHQ�&KLQHVH�VWDWH�VRFLDO�PHGLD�URXWHG�WKH�FRQVWUXFWLRQ�YHKLFOH�PHPHV�LQWR�WKH
&RQVWUXFWLRQ�9HKLFOH�,GROV�*URXS�IDQGRP��LWV�WDFWLFV�IRU�DPSOLI\LQJ�IDQ�HQJDJHPHQW�JHQHUDWHG
PDVVLYH�SDUWLFLSDWLRQ�DQG�SXEOLFLW\��3LWWLQJ�FXWLıHG�DYDWDUV�DJDLQVW�HDFK�RWKHU�LQ�OXGLF�PRGXOHV
VXFK�DV�YRWH�IXHOHG�UDQNLQJV��VWDWH�VRFLDO�PHGLD�FDSLWDOL]HG�RQ�LQWHUQHW�XVHUVŖ�GHYRWLRQ�WR
WKHVH�YXOQHUDEOH�FXWLHV��7KH�UHVXOWLQJ�DPSOLıFDWLRQ�RI�IDQVŖ�HPRWLRQDO�LQYROYHPHQW�IHG�LQWR�D
ODUJH�VFDOH�VSHFWDFOH�RI�FROOHFWLYH�GHYRWLRQDO�EHKDYLRU�EHLQJ�YLVLEO\�PRELOL]HG�E\�VWDWH�VRFLDO
PHGLD��%XW�WKDW�VSHFWDFOH�ZDV��LQ�WXUQ��DYDLODEOH�IRU�&KLQHVH�VRFLDO�PHGLD�XVHUV�WR�VFUXWLQL]H��$
QXPEHU�RI�FULWLFDO�REVHUYHUV�VDZ�SDUWLFLSDWLRQ�LQ�,GROV�*URXS�IDQGRP�DV�D�VLJQ�QRW�RI�VRFLDO
VROLGDULW\�DQG�SDWULRWLF�GHYRWLRQ��EXW�UDWKHU�RI�VRFLDO�GHFD\�DQG�XQUXO\�GHVLUH��%HFDXVH�IDQGRP
SXEOLFV�OD\�EDUH�WKHLU�GHYLFHV�RI�SDUWLFLSDWLRQ��IDQGRP�JRYHUQDQFH�VLPLODUO\�H[SRVHV�LWV�RZQ
RSHUDWLRQ�DV�D�PHFKDQLVP�RI�VRFLDO�FRQWURO�
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&KDSWHU��

9LUDO�9LVXDOL]DWLRQV��+RZ�&RURQDYLUXV�6NHSWLFV�8VH�2UWKRGR[�'DWD
3UDFWLFHV�WR�3URPRWH�8QRUWKRGR[�6FLHQFH�2QOLQH

$EVWUDFW

&RQWURYHUVLDO�XQGHUVWDQGLQJV�RI�WKH�FRURQDYLUXV�SDQGHPLF�KDYH�WXUQHG�GDWD�YLVXDOL]DWLRQV�LQWR
D�EDWWOHJURXQG��'HI\LQJ�SXEOLF�KHDOWK�RĴFLDOV��FRURQDYLUXV�VNHSWLFV�RQ�86�VRFLDO�PHGLD�VSHQW
PXFK�RI������FUHDWLQJ�GDWD�YLVXDOL]DWLRQV�VKRZLQJ�WKDW�WKH�JRYHUQPHQWŖV�SDQGHPLF�UHVSRQVH
ZDV�H[FHVVLYH�DQG�WKDW�WKH�FULVLV�ZDV�RYHU��7KLV�SDSHU�LQYHVWLJDWHV�KRZ�SDQGHPLF
YLVXDOL]DWLRQV�FLUFXODWHG�RQ�VRFLDO�PHGLD��DQG�VKRZV�WKDW�SHRSOH�ZKR�PLVWUXVW�WKH�VFLHQWLıF
HVWDEOLVKPHQW�RIWHQ�GHSOR\�WKH�VDPH�UKHWRULF�RI�GDWD�GULYHQ�GHFLVLRQ�PDNLQJ�XVHG�E\�H[SHUWV�
EXW�WR�DGYRFDWH�IRU�UDGLFDO�SROLF\�FKDQJHV��8VLQJ�D�TXDQWLWDWLYH�DQDO\VLV�RI�KRZ�YLVXDOL]DWLRQV
VSUHDG�RQ�7ZLWWHU�DQG�DQ�HWKQRJUDSKLF�DSSURDFK�WR�DQDO\]LQJ�FRQYHUVDWLRQV�DERXW�&29,'�GDWD
RQ�)DFHERRN��ZH�GRFXPHQW�DQ�HSLVWHPRORJLFDO�JDS�WKDW�OHDGV�SUR��DQG�DQWL�PDVN�JURXSV�WR
GUDZ�GUDVWLFDOO\�GLĳHUHQW�LQIHUHQFHV�IURP�VLPLODU�GDWD��8OWLPDWHO\��ZH�DUJXH�WKDW�WKH�GHSOR\PHQW
RI�&29,'�GDWD�YLVXDOL]DWLRQV�UHĲHFW�D�GHHSHU�VRFLRSROLWLFDO�ULIW�UHJDUGLQJ�WKH�SODFH�RI�VFLHQFH�LQ
SXEOLF�OLIH�

3XEOLFDWLRQ� 7KLV�FKDSWHU�DSSHDUV�DV�&U\VWDO�/HH� 7DQ\D�<DQJ��*DEULHOOH�,QFKRFR��*UDKDP�0�
-RQHV��DQG�$UYLQG�6DW\DQDUD\DQ��+RQRUDEOH�ŗ9LUDO�9LVXDOL]DWLRQV��+RZ�&RURQDYLUXV�6NHSWLFV
8VH�2UWKRGR[�'DWD�3UDFWLFHV�WR�3URPRWH�0HQWLRQ�8QRUWKRGR[�6FLHQFH�2QOLQH�Ř $&0�+XPDQ
)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��&+,��������

$FNQRZOHGJHPHQWV� 7KH�DXWKRUV�WKDQN�6WHSKDQ�5LVL� 0DHYD�)LQFNHU��DQG�0DWHR�0RQ��WHUGH
IRU�WKHLU�DVVLVWDQFH�ZLWK�TXDQWLWDWLYH�PHWKRGV�DQG�VXSSOHPHQWDO�PDWHULDO��:H�DOVR�WKDQN�WKH
PHPEHUV�RI�WKH�9LVXDOL]DWLRQ�*URXS��HVSHFLDOO\�-RQDWKDQ�=RQJ��$ODQ�/XQGJDUG��+DULQL�6XUHVK�
(-�6HIDK��DQG�WKH�)DOO������8523�FRKRUW��$QQD�$USDFL�'XVVHDX��$QQD�0HXUHU��(WKDQ
1HYLGRPVN\��.DW�+XDQJ��DQG�6RRPLQ�&KXQ���7KLV�PDQXVFULSW�EHQHıWHG�IURP�WKH�LQVLJKWV�RI
5RGULJR�2FKLJDPH��+DQQDK�/H%ODQF��0HJKDQ�.HOO\��:LOO�'HULQJHU��%ODNHOH\�+��3D\QH��0DULHO
*DUFìD�0RQWHV��DQG�WKH�FRPPHQWV�RI�DQRQ\PRXV�UHYLHZHUV��7KLV�SURMHFW�ZDV�VXSSRUWHG�E\
16)�$ZDUG����������16)�'LVVHUWDWLRQ�,PSURYHPHQW�*UDQW����������DQ�665&�6RFLDO�'DWD
'LVVHUWDWLRQ�)HOORZVKLS��DQG�WKH�0,7�3URJUDPV�IRU�'LJLWDO�+XPDQLWLHV�
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� ,QWURGXFWLRQ

7KURXJKRXW�WKH�FRURQDYLUXV�SDQGHPLF��UHVHDUFKHUV�KDYH�KHOG�XS�WKH�FULVLV�DV�D�ŗEUHDNWKURXJK
PRPHQWŘ�IRU�GDWD�YLVXDOL]DWLRQ�UHVHDUFK��6KQHLGHUPDQ��������-RKQ�%XUQ�0XUGRFK
V�OLQH�FKDUW
FRPSDULQJ�LQIHFWLRQ�UDWHV�DFURVV�FRXQWULHV�KHOSHG�PLOOLRQV�RI�SHRSOH�PDNH�VHQVH�RI�WKH
SDQGHPLF
V�VFDOH�LQ�WKH�8QLWHG�6WDWHV��)RUUHVW��������DQG�HYHQ�WRS�7UXPS�DGPLQLVWUDWLRQ
RĴFLDOV�VHHPHG�WR�UHO\�KHDYLO\�RQ�WKH�-RKQV�+RSNLQV�8QLYHUVLW\�&29,'�GDWD�GDVKERDUG��0D]]D
�������$OPRVW�HYHU\�86�VWDWH�QRZ�KRVWV�D�GDWD�GDVKERDUG�RQ�WKHLU�KHDOWK�GHSDUWPHQW�ZHEVLWH
WR�VKRZ�KRZ�WKH�SDQGHPLF�LV�XQIROGLQJ��+RZHYHU��GHVSLWH�D�SUHSRQGHUDQFH�RI�HYLGHQFH�WKDW
PDVNV�DUH�FUXFLDO�WR�UHGXFLQJ�YLUDO�WUDQVPLVVLRQ��&'&�������&KX�HW�DO��������6X�HW�DO��������
SURWHVWRUV�DFURVV�WKH�8QLWHG�6WDWHV�KDYH�DUJXHG�IRU�ORFDO�JRYHUQPHQWV�WR�RYHUWXUQ�WKHLU�PDVN
PDQGDWHV�DQG�EHJLQ�UHRSHQLQJ�VFKRROV�DQG�EXVLQHVVHV��$�SDQGHPLF�WKDW�DĳHFWV�D�IHZ��WKH\
UHDVRQ��VKRXOG�QRW�LPSLQJH�RQ�WKH�OLEHUWLHV�RI�D�PDMRULW\�WR�JR�DERXW�OLIH�DV�XVXDO��7R�VXSSRUW
WKHLU�DUJXPHQWV��WKHVH�SURWHVWRUV�DQG�DFWLYLVWV�KDYH�FUHDWHG�WKRXVDQGV�RI�WKHLU�RZQ
YLVXDOL]DWLRQV��RIWHQ�XVLQJ�WKH�VDPH�GDWDVHWV�DV�KHDOWK�RĴFLDOV�

7KLV�SDSHU�LQYHVWLJDWHV�KRZ�WKHVH�DFWLYLVW�QHWZRUNV�XVH�UKHWRULFV�RI�VFLHQWLıF�ULJRU�WR
RSSRVH�WKHVH�SXEOLF�KHDOWK�PHDVXUHV��)DU�IURP�LJQRULQJ�VFLHQWLıF�HYLGHQFH�WR�DUJXH�IRU
LQGLYLGXDO�IUHHGRP��DQWL�PDVNHUV�RIWHQ�HQJDJH�GHHSO\�ZLWK�SXEOLF�GDWDVHWV�DQG�PDNH�ZKDW�ZH
FDOO�ŗFRXQWHU�YLVXDOL]DWLRQVŘŠYLVXDOL]DWLRQV�XVLQJ RUWKRGR[�PHWKRGV�WR�PDNH�XQRUWKRGR[
DUJXPHQWVŠWR�FKDOOHQJH�PDLQVWUHDP�QDUUDWLYHV�WKDW�WKH�SDQGHPLF�LV�XUJHQW�DQG�RQJRLQJ��%\
DVNLQJ�FRPPXQLW\�PHPEHUV�WR�ŗIROORZ�WKH�GDWD�Ř�WKHVH�JURXSV�PRELOL]H�GDWD�YLVXDOL]DWLRQV�WR
VXSSRUW�VLJQLıFDQW�ORFDO�FKDQJHV�

:H�H[DPLQH�WKH�FLUFXODWLRQ�RI�&29,'�UHODWHG�GDWD�YLVXDOL]DWLRQV�WKURXJK�ERWK
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGV��)LUVW��ZH�FRQGXFW�D�TXDQWLWDWLYH�DQDO\VLV�RI�FORVH�WR�KDOI�D
PLOOLRQ�WZHHWV�WKDW�XVH�GDWD�YLVXDOL]DWLRQV�WR�WDON�DERXW�WKH�SDQGHPLF��:H�XVH�QHWZRUN�DQDO\VLV
WR�LGHQWLI\�FRPPXQLWLHV�RI�XVHUV�ZKR�UHWZHHW�WKH�VDPH�FRQWHQW�RU�RWKHUZLVH�HQJDJH�ZLWK�RQH
DQRWKHU��H�J���PDVNHUV�DQG�DQWL�PDVNHUV���:H�SURFHVV�RYHU��������LPDJHV�WKURXJK�D�FRPSXWHU
YLVLRQ�PRGHO�WUDLQHG�E\�3RFR�DQG�+HHU���������DQG�H[WUDFW�IHDWXUH�HPEHGGLQJV�WR�LGHQWLI\
FOXVWHUV�DQG�SDWWHUQV�LQ�YLVXDOL]DWLRQ�GHVLJQV��7KH�DFDGHPLF�YLVXDOL]DWLRQ�UHVHDUFK�FRPPXQLW\
KDV�WUDGLWLRQDOO\�IRFXVHG�RQ�PLWLJDWLQJ�FKDUWMXQN�DQG�FUHDWLQJ�PRUH�LQWXLWLYH�YLVXDOL]DWLRQ�WRROV
IRU�XVH�E\�QRQ�H[SHUWV� EHWWHU YLVXDOL]DWLRQV��UHVHDUFKHUV DUJXH��ZRXOG�DLG�SXEOLF
XQGHUVWDQGLQJ�RI�GDWD�GULYHQ�SKHQRPHQD��+RZHYHU��ZH�ıQG�WKDW�DQWL�PDVN�JURXSV�RQ�7ZLWWHU
RIWHQ�FUHDWH�SROLVKHG�FRXQWHU�YLVXDOL]DWLRQV�WKDW�ZRXOG�QRW�EH�RXW�RI�SODFH�LQ�VFLHQWLıF�SDSHUV�
KHDOWK�GHSDUWPHQW�UHSRUWV��DQG�SXEOLFDWLRQV�OLNH�WKH )LQDQFLDO�7LPHV�

6HFRQG��ZH�VXSSOHPHQW�WKLV�TXDQWLWDWLYH�ZRUN�ZLWK�D�VL[�PRQWK�ORQJ�REVHUYDWLRQDO
VWXG\�RI�DQWL�PDVN�JURXSV�RQ�)DFHERRN��7KH�SHULRG�RI�WKLV�VWXG\��0DUFK�WR�6HSWHPEHU������
ZDV�FULWLFDO�DV�LW�VSDQQHG�WKH�IRUPDWLRQ�DQG�FRQVROLGDWLRQ�RI�WKHVH�JURXSV�DW�WKH�SDQGHPLF
V
VWDUW��4XDQWLWDWLYH�DQDO\VLV�JLYHV�XV�DQ�RYHUYLHZ�RI�ZKDW�RQOLQH�GLVFRXUVH�DERXW�GDWD�DQG�LWV
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YLVXDO�UHSUHVHQWDWLRQ�ORRNV�OLNH�RQ�7ZLWWHU�ERWK�ZLWKLQ�DQG�RXWVLGH�DQWL�PDVN�FRPPXQLWLHV�
4XDOLWDWLYH�DQDO\VLV�RI�DQWL�PDVN�JURXSV�JLYHV�XV�DQ�LQWHUDFWLRQDO�YLHZ�RI�KRZ�WKHVH�JURXSV
OHYHUDJH�WKH�ODQJXDJH�RI�VFLHQWLıF�ULJRUŠEHLQJ�FULWLFDO�DERXW�GDWD�VRXUFHV��H[SOLFLWO\�VWDWLQJ
DQDO\WLFDO�OLPLWDWLRQV�RI�VSHFLıF�PRGHOV��DQG�PRUHŠLQ�RUGHU�WR�VXSSRUW�HQGLQJ�SXEOLF�KHDOWK
UHVWULFWLRQV�GHVSLWH�WKH�FRQVHQVXV�RI�WKH�VFLHQWLıF�HVWDEOLVKPHQW��2XU�GDWD�DQDO\VLV�HYROYHG�DV
WKHVH�FRPPXQLWLHV�GLG��DQG�RXU�PHWKRGV�UHĲHFW�KRZ�WKHVH�XVHUV�UHDFWHG�LQ�UHDO�WLPH�WR�WKH
NDOHLGRVFRSLF�QDWXUH�RI�SDQGHPLF�OLIH��$V�RI�WKLV�ZULWLQJ��)DFHERRN�KDV�EDQQHG�VRPH�RI�WKH
JURXSV�ZH�VWXGLHG��ZKR�KDYH�VLQFH�PRYHG�WR�PRUH�XQUHJXODWHG�SODWIRUPV��3DUOHU�DQG�0H:H��

:KLOH�SUHYLRXV�OLWHUDWXUH�LQ�YLVXDOL]DWLRQ�DQG�VFLHQFH�FRPPXQLFDWLRQ�KDV�HPSKDVL]HG
WKH�QHHG�IRU�GDWD�DQG�PHGLD�OLWHUDF\�DV�D�ZD\�WR�FRPEDW�PLVLQIRUPDWLRQ��)RQWLFKLDUR�DQG�2HKUOL
������*XHVV�HW�DO��������6FKHXIHOH�DQG�.UDXVH��������WKLV�VWXG\�ıQGV�WKDW�DQWL�PDVN�JURXSV
SUDFWLFH�D�IRUP�RI�GDWD�OLWHUDF\�LQ�VSDGHV��:LWKLQ�WKLV�FRQVWLWXHQF\��XQRUWKRGR[�YLHZSRLQWV�GR
QRW�UHVXOW�IURP�D�GHıFLHQF\�RI�GDWD�OLWHUDF\��VRSKLVWLFDWHG�SUDFWLFHV�RI�GDWD�OLWHUDF\�DUH�D�PHDQV
RI�FRQVROLGDWLQJ�DQG�SURPXOJDWLQJ�YLHZV�WKDW�Ĳ\�LQ�WKH�IDFH�RI�VFLHQWLıF�RUWKRGR[\��1RW�RQO\�DUH
WKHVH�JURXSV�SUROLıF�LQ�WKHLU�FUHDWLRQ�RI�FRXQWHU�YLVXDOL]DWLRQV��EXW�WKH\�OHYHUDJH�GDWD�DQG�WKHLU
YLVXDO�UHSUHVHQWDWLRQV�WR�DGYRFDWH�IRU�DQG�HQDFW�SROLF\�FKDQJHV�RQ�WKH�FLW\��FRXQW\��DQG�VWDWH
OHYHOV�

$V�ZH�VKDOO�VHH�WKURXJKRXW�WKLV�FDVH�VWXG\��DQWL�PDVN�FRPPXQLWLHV�RQ�VRFLDO�PHGLD
KDYH�GHıQHG�WKHPVHOYHV LQ�RSSRVLWLRQ WR�WKH�GLVFXUVLYH DQG�LQWHUSUHWLYH�QRUPV�RI�WKH
PDLQVWUHDP�SXEOLF�VSKHUH��H�J���DJDLQVW�WKH�ŗODPHVWUHDP�PHGLDŘ���,Q�PHGLD�VWXGLHV��WKH�WHUP
ŗFRXQWHUSXEOLFŘ�GHVFULEHV�FRQVWLWXHQFLHV�WKDW�RUJDQL]H�WKHPVHOYHV�LQ�RSSRVLWLRQ�WR�PDLQVWUHDP
FLYLF�GLVFRXUVH��RIWHQ�E\�DJHQWLYHO\�XVLQJ�FRPPXQLFDWLRQV�PHGLD��'RZQH\�DQG�)HQWRQ�������
,Q�DSSURDFKLQJ�DQWL�PDVNHUV�DV�D�FRXQWHUSXEOLF��D�JURXS�VKDSHG�E\�LWV�KRVWLOH�VWDQFH�WRZDUG
PDLQVWUHDP�VFLHQFH���ZH�IRFXV�SDUWLFXODU�DWWHQWLRQ�RQ�RQH�IRUP�RI�DJHQWLYH�PHGLD�SURGXFWLRQ
FHQWUDO�WR�WKHLU�PRYHPHQW��GDWD�YLVXDOL]DWLRQ��:H�GHıQH�WKLV�FRXQWHUSXEOLF
V�YLVXDOL]DWLRQ
SUDFWLFHV�DV�ŗFRXQWHU�YLVXDOL]DWLRQVŘ�WKDW�XVH�RUWKRGR[�VFLHQWLıF�PHWKRGV�WR�PDNH�XQRUWKRGR[
DUJXPHQWV��EH\RQG�WKH�SDOH�RI�WKH�VFLHQWLıF�HVWDEOLVKPHQW��'DWD�YLVXDOL]DWLRQV�DUH�QRW�D�QHXWUDO
ZLQGRZ�RQWR�DQ�REVHUYHU�LQGHSHQGHQW�UHDOLW\��GXULQJ�D�SDQGHPLF��WKH\�DUH�DQ�DUHQD�RI�SROLWLFDO
VWUXJJOH�

$PRQJ�RWKHU�LQLWLDWLYHV��WKHVH�JURXSV�DUJXH�IRU�RSHQ�DFFHVV�WR�JRYHUQPHQW�GDWD
�FODLPLQJ�WKDW�&'&�DQG�ORFDO�KHDOWK�GHSDUWPHQWV�DUH�QRW�UHOHDVLQJ�HQRXJK�GDWD�IRU�FLWL]HQV�WR
PDNH�LQIRUPHG�GHFLVLRQV���DQG�WKH\�XVH�WKH�ODQJXDJH�RI�GDWD�GULYHQ�GHFLVLRQ�PDNLQJ�WR�VKRZ
WKDW�VRFLDO�GLVWDQFLQJ�PDQGDWHV�DUH�ERWK�LOO�DGYLVHG�DQG�XQQHFHVVDU\��,Q�WKHVH�GLVFXVVLRQV��ZH
ıQG�WKDW�DQWL�PDVNHUV�WKLQN�FDUHIXOO\�DERXW�WKH�JUDPPDU�RI�JUDSKLFV�E\�GHFRPSRVLQJ
YLVXDOL]DWLRQV�LQWR�OD\HUHG�FRPSRQHQWV��H�J���UDZ�GDWD��VWDWLVWLFDO�WUDQVIRUPDWLRQV��PDSSLQJV�
PDUNV��FRORUV���$GGLWLRQDOO\��WKH\�GHEDWH�KRZ�HDFK�FRPSRQHQW�FKDQJHV�WKH�QDUUDWLYH�WKDW�WKH
YLVXDOL]DWLRQ�WHOOV��DQG�WKH\�EUDLQVWRUP�DOWHUQDWH�YLVXDOL]DWLRQV�WKDW�ZRXOG�EHWWHU�HQKDQFH�SXEOLF
XQGHUVWDQGLQJ�RI�WKH�GDWD��7KLV�SDSHU�HPSLULFDOO\�VKRZV�KRZ�&29,'�DQWL�PDVN�JURXSV�XVH
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GDWD�YLVXDOL]DWLRQV�WR�DUJXH�WKDW�WKH�86�JRYHUQPHQW
V�UHVSRQVH��EURDGO\�FRQVWUXHG��WR�WKH
SDQGHPLF�LV�RYHUEORZQ��DQG�WKDW�WKH�FULVLV�KDV�ORQJ�EHHQ�RYHU�

7KHVH�ıQGLQJV�VXJJHVW�WKDW�WKH�DELOLW\�IRU�WKH�VFLHQWLıF�FRPPXQLW\�DQG�SXEOLF�KHDOWK
GHSDUWPHQWV�WR�EHWWHU�FRQYH\�WKH�XUJHQF\�RI�WKH�86�FRURQDYLUXV�SDQGHPLF�PD\�QRW�EH
VWUHQJWKHQHG�E\�LQWURGXFLQJ�PRUH�GRZQORDGDEOH�GDWDVHWV��E\�SURGXFLQJ�ŗEHWWHU�YLVXDOL]DWLRQVŘ
�H�J���JUDSKLFV�WKDW�DUH�PRUH�LQWXLWLYH�RU�HĴFLHQW���RU�E\�HGXFDWLQJ�SHRSOH�RQ�KRZ�WR�EHWWHU
LQWHUSUHW�WKHP��7KLV�VWXG\�VKRZV�WKDW�WKHUH�LV�D�IXQGDPHQWDO�HSLVWHPRORJLFDO�FRQĲLFW�EHWZHHQ
PDVNHUV�DQG�DQWL�PDVNHUV��ZKR�XVH�WKH�VDPH�GDWD�EXW�FRPH�WR�VXFK�GLĳHUHQW�FRQFOXVLRQV��$V
VFLHQFH�DQG�WHFKQRORJ\�VWXGLHV��676��VFKRODUV�KDYH�VKRZQ��GDWD�LV�QRW�D�QHXWUDO�VXEVWUDWH�WKDW
FDQ�EH�XVHG�IRU�JRRG�RU�IRU�LOO��%RZNHU�DQG�6WDU�������*LWHOPDQ�������3RUWHU��������,QGHHG�
DQWL�PDVNHUV�RIWHQ�UHYHDO�WKHPVHOYHV�WR�EH�PRUH�VRSKLVWLFDWHG�LQ�WKHLU�XQGHUVWDQGLQJ�RI�KRZ
VFLHQWLıF�NQRZOHGJH�LV�VRFLDOO\�FRQVWUXFWHG�WKDQ�WKHLU�LGHRORJLFDO�DGYHUVDULHV��ZKR�HVSRXVH
QDLYH�UHDOLVP�DERXW�WKH�ŗREMHFWLYHŘ�WUXWK�RI�SXEOLF�KHDOWK�GDWD��4XDQWLWDWLYH�GDWD�LV�FXOWXUDOO\
DQG�KLVWRULFDOO\�VLWXDWHG��WKH�PDQQHU�LQ�ZKLFK�LW�LV�FROOHFWHG��DQDO\]HG��DQG�LQWHUSUHWHG�UHĲHFWV�D
GHHSHU�QDUUDWLYH�WKDW�LV�EROVWHUHG�E\�WKH�FROOHFWLYH�HĳHUYHVFHQFH�IRXQG�ZLWKLQ�VRFLDO�PHGLD
FRPPXQLWLHV��3XW�GLĳHUHQWO\��WKHUH�LV�QR�VXFK�WKLQJ�DV�GLVSDVVLRQDWH�RU�REMHFWLYH�GDWD�DQDO\VLV�
,QVWHDG��WKHUH�DUH�VWRULHV��VWRULHV�VKDSHG�E\�FXOWXUDO�ORJLFV��DQLPDWHG�E\�SHUVRQDO�H[SHULHQFH�
DQG�HQWUHQFKHG�E\�FROOHFWLYH�DFWLRQ��7KLV�VWRU\�LV�DERXW�KRZ�D�SXEOLF�KHDOWK�FULVLVŠUHIUDFWHG
WKURXJK�VHHPLQJO\�REMHFWLYH�QXPEHUV�DQG�GDWD�YLVXDOL]DWLRQVŠLV�SDUW�RI�D�EURDGHU
EDWWOHJURXQG�DERXW�VFLHQWLıF�HSLVWHPRORJ\�DQG�GHPRFUDF\�LQ�PRGHUQ�$PHULFDQ�OLIH�

� 5HODWHG�:RUN

��� 'DWD�DQG�YLVXDOL]DWLRQ�OLWHUDFLHV

7KHUH�LV�D�UREXVW�OLWHUDWXUH�LQ�FRPSXWHU�VFLHQFH�RQ�GDWD�DQG�YLVXDOL]DWLRQ�OLWHUDF\��ZKHUH�WKH
ODWWHU�RIWHQ�UHIHUV�WR�WKH�DELOLW\�RI�D�SHUVRQ�ŗWR�FRPSUHKHQG�DQG�LQWHUSUHW�JUDSKVŘ��/HH��.LP��DQG
.ZRQ�������DV�ZHOO�DV�WKH�DELOLW\�WR�FUHDWH�YLVXDOL]DWLRQV�IURP�VFUDWFK��%ąUQHU��%XHFNOH��DQG
*LQGD��������5HVHDUFK�LQ�WKLV�DUHD�RIWHQ�LQFOXGHV�GHYLVLQJ�PHWKRGV�WR�DVVHVV�WKLV�IRUP�RI
OLWHUDF\��$OSHU�HW�DO��������%R\�HW�DO��������/HQJOHU��������WR�LQYHVWLJDWH�KRZ�SHRSOH
�PLV�XQGHUVWDQG�YLVXDOL]DWLRQV��%ąUQHU�HW�DO��������9DOGH]��=LHĲH��DQG�6HGOPDLU�������3DUVRQV
�������RU�WR�FUHDWH�V\VWHPV�WKDW�KHOS�D�XVHU�LPSURYH�WKHLU�XQGHUVWDQGLQJ�RI�XQIDPLOLDU
YLVXDOL]DWLRQV��$GDU�DQG�/HH�������$OEHUGD�������%ąUQHU��%XHFNOH��DQG�*LQGD������
5XFKLNDFKRUQ�DQG�0XHOOHU�������6WRLEHU�HW�DO��������7DQDKDVKL��/HDI��DQG�0D��������(YDQ�3HFN
HW�DO���������KDYH�UHVSRQGHG�WR�WKLV�OLWHUDWXUH�E\�VKRZLQJ�KRZ�D ŗFRPSOH[�WDSHVWU\�RI
PRWLYDWLRQV��SUHIHUHQFHV��DQG�EHOLHIV >LPSDFW@WKH ZD\�WKDW�SDUWLFLSDQWV >SULRULWL]H@GDWD
YLVXDOL]DWLRQV�Ř VXJJHVWLQJ�WKDW�UHVHDUFKHUV�QHHG WR�EHWWHU�XQGHUVWDQG�XVHUVŖ�VRFLDO�DQG�SROLWLFDO
FRQWH[W�LQ�RUGHU�WR�GHVLJQ�YLVXDOL]DWLRQV�WKDW�VSHDN�SRZHUIXOO\�WR�WKHLU�SHUVRQDO�H[SHULHQFH�

��



/LQJXLVWLF�DQWKURSRORJLVWV�KDYH�VKRZQ�WKDW�ŗOLWHUDF\Ř�LV�QRW�MXVW�WKH�DELOLW\�WR�HQFRGH�DQG
GHFRGH�ZULWWHQ�PHVVDJHV��7KH�VNLOOV�UHODWHG�WR�UHDGLQJ�DQG�ZULWLQJ�DUH�KLVWRULFDOO\�HPEHGGHG�
DQG�WDNH�RQ�GLĳHUHQW�PHDQLQJV�LQ�D�JLYHQ�VRFLDO�FRQWH[W�GHSHQGLQJ�RQ�ZKR�KDV�DFFHVV�WR
WKHP��DQG�ZKDW�SHRSOH�WKLQN�WKH\�VKRXOG�DQG�VKRXOGQ
W�EH�XVHG�IRU��$V�D�FRQVHTXHQFH�RI�VXFK
FRQWLQJHQFLHV��WKHVH�VFKRODUV�YLHZ�OLWHUDF\�DV�PXOWLSOH�UDWKHU�WKDQ�VLQJXODU��DWWHQGLQJ�WR�WKH
LPSDFW�RI�ORFDO�FLUFXPVWDQFHV�RQ�WKH�ZD\�PHPEHUV�RI�DQ\�JLYHQ�FRPPXQLW\�SUDFWLFH�OLWHUDF\
DQG�FRQVWUXH�LWV�YDOXH��$KHDUQ��������7KXV��PHGLD�OLWHUDF\�LV�QRW�VLPSO\�DERXW�XQGHUVWDQGLQJ
LQIRUPDWLRQ��EXW�DERXW�EHLQJ�DEOH�WR�DFWLYHO\�OHYHUDJH�LW�LQ�ORFDOO\�UHOHYDQW�VRFLDO�LQWHUDFWLRQV
�+REEV��������%XLOGLQJ�RQ�WKHVH�WUDGLWLRQV��ZH�GR�QRW�QRUPDWLYHO\�DVVHVV�DQWL�PDVNHUVŖ
YLVXDOL]DWLRQ�SUDFWLFHV�DJDLQVW�D�SUHVFULSWLYLVW�PRGHO�RI�ZKDW�OLWHUDF\ VKRXOG EH��DFFRUGLQJ�WR�
VD\��H[SHUWV�LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ���EXW�UDWKHU�VHHN�WR�GHVFULEH�ZKDW�WKRVH�SUDFWLFHV
DFWXDOO\�ORRN�OLNH�LQ�ORFDOO\�UHOHYDQW�FRQWH[WV�

$V�'DYLG�%XFNLQJKDP��������KDV�QRWHG��FDOOV�IRU�LQFUHDVHG�OLWHUDF\�KDYH�RIWHQ�EHFRPH
D�IRUP�RI�ZURQJ�KHDGHG�VROXWLRQLVP�WKDW�SRVLWV�HGXFDWLRQ�DV�WKH�ı[�WR�DOO�PHGLD�UHODWHG
SUREOHPV��GDQDK�ER\G��������KDV�GRFXPHQWHG��WRR��WKDW�FDOOLQJ�IRU�LQFUHDVHG�PHGLD�OLWHUDF\
FDQ�RIWHQ�EDFNıUH��WKH�LQVWUXFWLRQ�WR�ŗTXHVWLRQ�PRUHŘ�FDQ�OHDG�WR�D�ZHDSRQL]DWLRQ�RI�FULWLFDO
WKLQNLQJ�DQG�LQFUHDVHG�GLVWUXVW�RI�PHGLD�DQG�JRYHUQPHQW�LQVWLWXWLRQV��6KH�DUJXHV�WKDW�FDOOV�IRU
PHGLD�OLWHUDF\�FDQ�RIWHQ�IUDPH�SUREOHPV�OLNH�IDNH�QHZV�DV�RQHV�RI�SHUVRQDO�UHVSRQVLELOLW\�UDWKHU
WKDQ�D�FULVLV�RI�FROOHFWLYH�DFWLRQ��6LPLODUO\��)UDQFHVFD�7ULSRGL��������KDV�VKRZQ�KRZ�HYDQJHOLFDO
YRWHUV�GR�QRW�YRWH�IRU�7UXPS�EHFDXVH�WKH\�KDYH�EHHQ�ŗIRROHGŘ�E\�IDNH�QHZV��EXW�EHFDXVH�WKH\
SULYLOHJH�WKH�SHUVRQDO�VWXG\�RI�SULPDU\�VRXUFHV�DQG�KDYH�IRXQG�ORJLFDO�LQFRQVLVWHQFLHV�QRW�LQ
7UXPS
V�ZRUGV��EXW�LQ�PDLQVWUHDP�PHGLD�SRUWUD\DOV�RI�WKH�SUHVLGHQW��$V�VXFK��7ULSRGL�DUJXHV�
PHGLD�OLWHUDF\�LV�QRW�D�PHDQV�RI�ıJKWLQJ�ŗDOWHUQDWLYH�IDFWV�Ř�&KULVWRSKHU�%DLO�HW�DO���������KDYH
DOVR�VKRZQ�KRZ�EHLQJ�H[SRVHG�WR�PRUH�RSSRVLQJ�YLHZV�FDQ�DFWXDOO\�LQFUHDVH�SROLWLFDO
SRODUL]DWLRQ�

)LQDOO\��LQ�KLV�VWXG\�RI�KRZ�FOLPDWH�VNHSWLFV�LQWHUSUHW�VFLHQWLıF�VWXGLHV��)UDQN�)LVFKHU
�������DUJXHV�WKDW�LQFUHDVLQJ�IDFW�FKHFNLQJ�RU�OHYHOV�RI�VFLHQWLıF�OLWHUDF\�LV�LQVXĴFLHQW�IRU
ıJKWLQJ�DOWHUQDWLYH�IDFWV��ŗ:KLOH�IDFW�FKHFNLQJ�LV�D�ZRUWK\�DFWLYLW\�Ř�KH�VD\V��ŗZH�QHHG�WR�ORRN
GHHSHU�LQWR�WKLV�SKHQRPHQRQ�WR�ıQG�RXW�ZKDW�LW�LV�DERXW��ZKDW�LV�EHKLQG�LW�Ř�)XUWKHU�TXDOLWDWLYH
VWXGLHV�WKDW�LQYHVWLJDWH�KRZ�LGHDV�DUH�FXOWXUDOO\�DQG�KLVWRULFDOO\�VLWXDWHG��DV�WKH�GLVFXVVLRQ
DURXQG�&29,'�GDWDVHWV�DQG�YLVXDOL]DWLRQV�DUH�PDQLIHVWDWLRQV�RI�GHHSHU�SROLWLFDO�TXHVWLRQV
DERXW�WKH�UROH�RI�VFLHQFH�LQ�SXEOLF�OLIH�

��� &ULWLFDO�DSSURDFKHV�WR�YLVXDOL]DWLRQ

+LVWRULDQV��DQWKURSRORJLVWV��DQG�JHRJUDSKHUV�KDYH�ORQJ�VKRZQ�KRZ�YLVXDOL]DWLRQVŠIDU�IURP�DQ
REMHFWLYH�UHSUHVHQWDWLRQ�RI�NQRZOHGJHŠDUH�RIWHQ��LQ�IDFW��UHSUHVHQWDWLRQV�RI�SRZHU��+DUOH\
������.LWFKLQ��'RGJH��DQG�3HUNLQV�������0XHJJOHU�������7HQJ��������7R�DGGUHVV�WKLV�LQ
SUDFWLFH��IHPLQLVW�FDUWRJUDSKHUV�KDYH�GHYHORSHG�TXDQWLWDWLYH�*,6�PHWKRGV�WR�GHVFULEH�DQG

��



DQDO\]H�GLĳHUHQFHV�DFURVV�UDFH��JHQGHU��FODVV��DQG�VSDFH��DQG�WKHVH�LQVLJKWV�DUH�WKHQ�XVHG�WR
LQIRUP�SROLF\PDNLQJ�DQG�SROLWLFDO�DGYRFDF\��+DQVRQ�������.ZDQ�������0F/DĳHUW\��������%HVW
SUDFWLFHV�LQ�GDWD�YLVXDOL]DWLRQ�KDYH�RIWHQ�HPSKDVL]HG�UHĲH[LYLW\�DV�D�ZD\�WR�FRXQWHU�WKH�SRZHU
G\QDPLFV�DQG�V\VWHPLF�LQHTXDOLWLHV�WKDW�DUH�RIWHQ�LQVFULEHG�LQ�GDWD�VFLHQFH�DQG�GHVLJQ��&RUUHOO
������&RVWDQ]D�&KRFN�������'Ŗ,JQD]LR�DQG�.OHLQ��������&HQWUDO�WR�WKLV�SUDFWLFH�LV�DUWLFXODWLQJ
ZKDW�LV�H[FOXGHG�IURP�WKH�GDWD��%XRODPZLQL�DQG�*HEUX�������1REOH�������2QXRKD�������
XQGHUVWDQGLQJ�KRZ�GDWD�UHĲHFW�VLWXDWHG�NQRZOHGJHV�UDWKHU�WKDQ�REMHFWLYH�WUXWK��&KULVWLQ������
+DUDZD\�������6R�DQG�'XDUWH��������DQG�FUHDWLQJ�DOWHUQDWLYH�PHWKRGV�RI�DQDO\]LQJ�DQG
SUHVHQWLQJ�GDWD�EDVHG�RQ�DQWL�RSSUHVVLYH�SUDFWLFHV��$QWL�(YLFWLRQ�0DSSLQJ�3URMHFW�������'DWD
IRU�%ODFN�/LYHV�������.HOO\��������5HVHDUFKHUV�KDYH�DOVR�VKRZQ�KRZ�LQWHUSUHWLQJ�GDWD
YLVXDOL]DWLRQV�LV�D�IXQGDPHQWDOO\�VRFLDO��QDUUDWLYH�GULYHQ�HQGHDYRU��'XPLW�DQG�%XUUL������
+XOOPDQ�DQG�'LDNRSRXORV�������3HFN��$\XVR��DQG�(O�(WU��������%\�IRFXVLQJ�RQ�D�XVHU
V
FRQWH[WXDO�H[SHULHQFH�DQG�WKH�FRPPXQLFDWLYH�GLPHQVLRQV�RI�D�YLVXDOL]DWLRQ��FRPSXWHU
VFLHQWLVWV�KDYH�GHVWDELOL]HG�D�PRUH�WUDGLWLRQDO�IRFXV�RQ�LPSURYLQJ�WKH�WHFKQLFDO�FRPSRQHQWV�RI
GDWD�YLVXDOL]DWLRQ�WRZDUGV�XQGHUVWDQGLQJ�KRZ�XVHUV�LQWHUSUHW�DQG�XVH�WKHP��/HH�DW�DO�������
0DOWHVH��6YHWLQD��DQG�+DUVK�������9LHJDV�DQG�:DWWHQEHUJ�������

&ULWLFDO��UHĲH[LYH�VWXGLHV�RI�GDWD�YLVXDOL]DWLRQ�DUH�XQGRXEWHGO\�FUXFLDO�IRU�GLVPDQWOLQJ
FRPSXWDWLRQDO�V\VWHPV�WKDW�H[DFHUEDWH�H[LVWLQJ�VRFLDO�LQHTXDOLWLHV��5HVHDUFK�RQ�&29,'
YLVXDOL]DWLRQV�LV�DOUHDG\�XQGHUZD\��(PLO\�%RZH�HW�DO���������KDYH�VKRZQ�KRZ�YLVXDOL]DWLRQV
UHĲHFW�WKH�XQIROGLQJ�RI�WKH�SDQGHPLF�DW�GLĳHUHQW�VFDOHV��$OH[DQGHU�&DPSROR��������KDV
GRFXPHQWHG�KRZ�WKH�SDQGHPLF�KDV�SURGXFHG�QHZ�IRUPV�RI�YLVXDO�NQRZOHGJH��DQG�<L[XDQ
=KDQJ�HW�DO���������KDYH�PDSSHG�WKH�ODQGVFDSH�RI�&29,'�UHODWHG�FULVLV�YLVXDOL]DWLRQV��7KLV
SDSHU�EXLOGV�RQ�WKHVH�DSSURDFKHV�WR�LQYHVWLJDWH�WKH�HSLVWHPRORJLFDO�FULVLV�WKDW�OHDGV�VRPH
SHRSOH�WR�FRQFOXGH�WKDW�PDVN�ZHDULQJ�LV�D�FUXFLDO�SXEOLF�KHDOWK�PHDVXUH�DQG�IRU�RWKHUV�WR
UHMHFW�LW�FRPSOHWHO\�

/LNH�GDWD�IHPLQLVWV��DQWL�PDVN�JURXSV�VLPLODUO\�LGHQWLI\�SUREOHPV�RI�SROLWLFDO�SRZHU
ZLWKLQ�GDWDVHWV�WKDW�DUH�UHOHDVHG��RU�RWKHUZLVH�ZLWKKHOG��E\�WKH�86�JRYHUQPHQW��,QGHHG��WKH\
FRQWHQG�WKDW�WKH�ZD\�&29,'�GDWD�LV�FXUUHQWO\�EHLQJ�FROOHFWHG�LV�QRQ�QHXWUDO��DQG�WKH\�VHHN
OLEHUDWLRQ�IURP�ZKDW�WKH\�VHH�DV�DQ�LQFUHDVLQJO\�DXWKRULWDULDQ�VWDWH�WKDW�ZHDSRQL]HV�VFLHQFH�WR
H[DFHUEDWH�SHUVLVWHQW�DQG�DV\PPHWULF�SRZHU�UHODWLRQV��7KLV�SDSHU�VKRZV�WKDW�PRUH�FULWLFDO
DSSURDFKHV�WR�YLVXDOL]DWLRQ�DUH�QHFHVVDU\��DQG�WKDW�WKH�IUDPHZRUNV�XVHG�E\�WKHVH�UHVHDUFKHUV
�H�J���FULWLFDO�UDFH�WKHRU\��JHQGHU�DQDO\VLV��DQG�VRFLDO�VWXGLHV�RI�VFLHQFH��DUH�FUXFLDO�WR
GLVHQWDQJOLQJ�KRZ�DQWL�PDVN�JURXSV�PRELOL]H�YLVXDOL]DWLRQV�SROLWLFDOO\�WR�DFKLHYH�SRZHUIXO�DQG
RIWHQ�KRUULI\LQJ�HQGV�

� 0HWKRGV

7KLV�SDSHU�SDLUV�D�TXDQWLWDWLYH�DSSURDFK�WR�DQDO\]LQJ�7ZLWWHU�GDWD��FRPSXWHU�YLVLRQ�DQG
QHWZRUN�DQDO\VLV��ZLWK�D�TXDOLWDWLYH�DSSURDFK�WR�H[DPLQLQJ�)DFHERRN�*URXSV��GLJLWDO

��



HWKQRJUDSK\���'UDZLQJ�IURP�VRFLDO�PHGLD�VFKRODUVKLS�WKDW�XVHV�PL[HG�PHWKRGV�DSSURDFKHV�WR
H[DPLQH�KRZ�XVHUV�LQWHUDFW�ZLWK�RQH�DQRWKHU��$ULI��6WHZDUW��DQG�6WDUELUG�������%HUULFKH�DQG
$OWD\�������%XUJHVV�DQG�0DWDPRURV�)HUQÈQGH]�������.LHVOLQJ�HW�DO��������0RDWV�DQG�%RUUD
�������WKLV�SDSHU�HQJDJHV�ZLWK�ZRUN�FULWLFDO�RI�TXDQWLWDWLYH�VRFLDO�PHGLD�PHWKRGV��%D\P������
:X�DQG�7DQHMD�������E\�GHPRQVWUDWLQJ�KRZ�LQWHUSUHWLYH�DQDO\VHV�RI�VRFLDO�PHGLD�GLVFXVVLRQV
DQG�FRPSXWDWLRQDO�WHFKQLTXHV�FDQ�EH�PXWXDOO\�UHLQIRUFLQJ��,Q�SDUWLFXODU��ZH�OHYHUDJH
TXDQWLWDWLYH�VWXGLHV�RI�VRFLDO�PHGLD�WKDW�XVH�QHWZRUN�DQDO\VLV�WR�XQGHUVWDQG�SROLWLFDO
SRODUL]DWLRQ��$ULI��6WHZDUW��DQG�6WDUELUG��������TXDOLWDWLYH�DQDO\VLV�RI�FRPPHQWV�WR�LGHQWLI\
FKDQJHV�LQ�RQOLQH�GLDORJXH�RYHU�WLPH��<DUGL�DQG�ER\G��������DQG�YLVXDOL]DWLRQ�UHVHDUFK�WKDW
UHYHUVH�HQJLQHHUV�DQG�FODVVLıHV�FKDUW�LPDJHV��6DYYD�HW�DO��������3RFR�DQG�+HHU�������

��� 7ZLWWHU�GDWD�DQG�TXDQWLWDWLYH�DQDO\VLV

������'DWDVHW� 7KLV�DQDO\VLV�LV�FRQGXFWHG�XVLQJ�D GDWDVHW�RI�WZHHW�,'V�WKDW�(PLO\�&KHQ�HW�DO�
�������DVVHPEOHG�E\�PRQLWRULQJ�WKH�7ZLWWHU�VWUHDPLQJ�$3,�IRU�FHUWDLQ�NH\ZRUGV�DVVRFLDWHG�ZLWK
&29,'�����H�J���ŗFRURQDYLUXVŘ��ŗSDQGHPLFŘ��ŗORFNGRZQŘ��HWF���DV�ZHOO�DV�E\�IROORZLQJ�WKH
DFFRXQWV�RI�SXEOLF�KHDOWK�LQVWLWXWLRQV��H�J���#&'&*RY��#:+2��HWF���:H�XVHG�YHUVLRQ�����RI�WKLV
GDWDVHW��ZKLFK�LQFOXGHG�RYHU����0�WZHHWV�VSDQQLQJ�-DQXDU\���������ş-XO\�����������7KLV
GDWDVHW�FRQVLVWV�RI�WZHHW�,'V�ZKLFK�ZH�ŗK\GUDWHGŘ�XVLQJ�WZDUF��'RFXPHQWLQJ�WKH�1RZ������
LQWR�IXOO�WZHHWV�ZLWK�DVVRFLDWHG�PHWDGDWD��H�J���KDVKWDJV��PHQWLRQV��UHSOLHV��IDYRULWHV��UHWZHHWV�
HWF���

7R�LGHQWLI\�WZHHWV�WKDW�SULPDULO\�GLVFXVV�GDWD�YLVXDOL]DWLRQV�DERXW�WKH�SDQGHPLF��ZH
LQLWLDOO\�DGRSWHG�D�VWUDWHJ\�WKDW�ıOWHUHG�IRU�WZHHWV�WKDW�FRQWDLQHG�DW�OHDVW�RQH�LPDJH�DQG
NH\ZRUG�DVVRFLDWHG�ZLWK�GDWD�DQDO\VLV��H�J���ŗEDU�Ř�ŗOLQH�Ř�EXW�DOVR�ŗWUHQG�Ř�ŗGDWDŘ��
8QIRUWXQDWHO\��WKLV�VWUDWHJ\�\LHOGHG�PRUH�QRLVH�WKDQ�VLJQDO�DV�PRVW�LPDJHV�LQ�WKH�UHVXOWDQW
GDWDVHW�ZHUH�PHPHV�DQG�SKRWRJUDSKV��:H�WKHUHIRUH�DGRSWHG�D�PRUH�FRQVHUYDWLYH�DSSURDFK�
ıOWHULQJ�IRU�WZHHWV�WKDW�H[SOLFLWO\�PHQWLRQHG�FKDUW�UHODWHG�NH\ZRUGV��L�H���ŗFKDUW�V�Ř��ŗSORW�V�Ř�
ŗPDS�V�Ř��ŗGDVKERDUG�V�Ř��ŗYLVŘ��ŗYL]Ř��RU�ŗYLVXDOL]DWLRQ�V�Ř���7KLV�SURFHVV�\LHOGHG�D�GDWDVHW�RI
DOPRVW���������WZHHWV�WKDW�LQFRUSRUDWHG�RYHU��������LPDJHV��:H�ORDGHG�WKH�WZHHWV�DQG�WKHLU
DVVRFLDWHG�PHWDGDWD�LQWR�D�64/LWH�GDWDEDVH��DQG�WKH�LPDJHV�ZHUH�GRZQORDGHG�DQG�VWRUHG�RQ
WKH�ıOH�V\VWHP�

������,PDJH�FODVVLıFDWLRQ� 7R�DQDO\]H�WKH�W\SHV�RI YLVXDOL]DWLRQ�IRXQG�LQ�WKH�GDWDVHW��ZH
EHJDQ�E\�FODVVLI\LQJ�HYHU\�LPDJH�LQ�RXU�FRUSXV�XVLQJ�WKH�PDUN�FODVVLıFDWLRQ�FRPSXWHU�YLVLRQ
PRGHO�WUDLQHG�E\�3RFR�DQG�+HHU���������8QIRUWXQDWHO\��WKLV�PRGHO�ZDV�RQO\�DEOH�WR�FODVVLI\
����RI�WKH�LPDJHV��$V�D�UHVXOW��ZH�H[WUDFWHG�D������GLPHQVLRQDO�IHDWXUH�HPEHGGLQJ�IRU�HYHU\
LPDJH��DQG�UDQ�N�PHDQV�FOXVWHULQJ�RQ�D�����GLPHQVLRQDOO\�UHGXFHG�VSDFH�RI�WKHVH
HPEHGGLQJV��IRU�VWHSV�RI�N�IURP��ş����7ZR�DXWKRUV�PDQXDOO\�LQVSHFWHG�WKH�RXWSXWV�RI�WKHVH
UXQV��LQGHSHQGHQWO\�LGHQWLıHG�WKH�PRVW�VDOLHQW�FOXVWHUV��DQG�WKHQ�FURVV�YDOLGDWHG�WKHLU�DQDO\VLV
WR�DVVHPEOH�D�ıQDO�OLVW�RI���UHOHYDQW�FOXVWHUV��OLQH�FKDUWV��DUHD�FKDUWV��EDU�FKDUWV��SLH�FKDUWV�

��



WDEOHV��PDSV��GDVKERDUGV��DQG�LPDJHV��)RU�GLPHQVLRQDOLW\�UHGXFWLRQ�DQG�YLVXDOL]DWLRQ��ZH�XVHG
WKH�80$3�DOJRULWKP��0F,QQHV��+HDO\��DQG�0HOYLOOH�������DQG�LWHUDWLYHO\�DUULYHG�DW�WKH�IROORZLQJ
SDUDPHWHU�VHWWLQJV�����QHLJKERUV��D�PLQLPXP�GLVWDQFH�RI�������DQG�XVLQJ�WKH�FRVLQH�GLVWDQFH
PHWULF��7R�DFFRXQW�IRU�80$3
V�VWRFKDVWLFLW\��ZH�H[HFXWHG����UXQV�DQG�TXDOLWDWLYHO\�H[DPLQHG
WKH�RXWSXW�WR�HQVXUH�RXU�DQDO\VHV�ZHUH�QRW�EDVHG�RQ�DQ\�UHVXOWDQW�DUWLIDFWV�

������1HWZRUN�DQDO\VLV� )LQDOO\��WR�DQDO\]H�WKH�XVHUV SDUWLFLSDWLQJ�LQ�WKHVH�GLVFXVVLRQV��ZH
FRQVWUXFWHG�D�QHWZRUN�JUDSK��QRGHV�ZHUH�XVHUV�ZKR�DSSHDUHG�LQ�RXU�GDWDVHW��DQG�HGJHV�ZHUH
GUDZQ�EHWZHHQ�SDLUV�RI�QRGHV�LI�D�XVHU�PHQWLRQHG��UHSOLHG�WR��UHWZHHWHG��RU�TXRWH�WZHHWHG
DQRWKHU�XVHU��7KH�UHVXOWDQW�JUDSK�FRQVLVWHG�RI�DOPRVW���������QRGHV�DQG�RYHU���������HGJHV�
ZLWK�DQ�DYHUDJH�GHJUHH�RI������7R�SURGXFH�D�GHQVHU�QHWZRUN�VWUXFWXUH��ZH�FDOFXODWHG�D
KLVWRJUDP�RI�QRGH�GHJUHHV�DQG�LGHQWLıHG�WKDW�WZR�WKLUGV�RI�WKH�QRGHV�ZHUH�GHJUHH����:H�WKHQ
FRPSXWHG�VXEJUDSKV��ıOWHULQJ�IRU�QRGHV�ZLWK�D�PLQLPXP�GHJUHH�RI���WKURXJK����DQG�IRXQG�WKDW
GHJUHH���RĳHUHG�XV�D�JRRG�EDODQFH�EHWZHHQ�IRFXVLQJ�RQ�WKH�PRVW�LQĲXHQWLDO�DFWRUV�LQ�WKH
QHWZRUN��ZLWKRXW�ORVLQJ�VPDOOHU�\HW�VDOLHQW�FRPPXQLWLHV��7KLV�VWHS�\LHOGHG�D�VXEJUDSK�RI�RYHU
�������QRGHV�DQG���������HGJHV��ZLWK�DQ�DYHUDJH�GHJUHH�RI������:H�GHWHFWHG�FRPPXQLWLHV�RQ
WKLV�QHWZRUN�XVLQJ�WKH�/RXYDLQ�PHWKRG��%ORQGHO�HW�DO���������2I�WKH�������GLĳHUHQW�FRPPXQLWLHV
GHWHFWHG�E\�WKLV�DOJRULWKP��ZH�SULPDULO\�IRFXV�RQ�WKH�WRS����ODUJHVW�FRPPXQLWLHV�ZKLFK
DFFRXQW�IRU�����RI�QRGHV������RI�HGJHV��DQG�����RI�YLVXDOL]DWLRQV�

��� )DFHERRN�GDWD�DQG�TXDOLWDWLYH�DQDO\VLV

������'LJLWDO�HWKQRJUDSK\�:KLOH�TXDOLWDWLYH�UHVHDUFK FDQ�LQYROYH�FOLQLFDO�SURWRFROV�OLNH
LQWHUYLHZV�RU�VXUYH\V��&OLĳRUG�*HHUW]��������DUJXHV�WKDW�WKH�PRVW�VXEVWDQWLDO�HWKQRJUDSKLF
LQVLJKWV�LQWR�WKH�FXOWXUDO�OLIH�RI�D�FRPPXQLW\�FRPH�IURP�ŗGHHS�KDQJLQJ�RXW�Ř�L�H���ORQJ�WHUP�
SDUWLFLSDQW�REVHUYDWLRQ�DORQJVLGH�LWV�PHPEHUV��8VLQJ�ŗOXUNLQJ�Ř�D�PRGH�RI�SDUWLFLSDWLRQ�E\
REVHUYLQJ�VSHFLıF�WR�GLJLWDO�SODWIRUPV��ZH�SURSRVH�ŗGHHS�OXUNLQJŘ�DV�D�ZD\�RI�V\VWHPDWLFDOO\
GRFXPHQWLQJ�WKH�FXOWXUDO�SUDFWLFHV�RI�RQOLQH�FRPPXQLWLHV��2XU�PHWKRGV�KHUH�UHO\�RQ�UREXVW
PHWKRGRORJLFDO�OLWHUDWXUH�LQ�GLJLWDO�HWKQRJUDSK\��&ROHPDQ�������0DUNKDP��������DQG�ZH
HPSOR\�D�FDVH�VWXG\�DSSURDFK��6PDOO�������WR�DQDO\]H�WKHVH�)DFHERRN�JURXSV��7R�WKDW�HQG��ZH
IROORZHG�ıYH�)DFHERRN�JURXSV��HDFK�ZLWK�D�ZLGH�UDQJH�RI�IROORZHUV����.����.��RYHU�WKH�ıUVW
VL[�PRQWKV�RI�WKH�FRURQDYLUXV�SDQGHPLF��DQG�ZH�FROOHFWHG�SRVWV�WKURXJKRXW�WKH�SODWIRUP�WKDW
LQFOXGHG�WHUPV�IRU�ŗFRURQDYLUXVŘ�DQG�ŗYLVXDOL]DWLRQŘ�ZLWK�)DFHERRN
V�&URZG7DQJOH�WRRO
�&URZG7DQJOH�7HDP��������,Q�RXU�GHHS�OXUNLQJ��ZH�DUFKLYHG�ZHE�SDJHV�DQG�WRRN�ıHOG�QRWHV�RQ
WKH�IROORZLQJ��SRVWV��UHJDUGOHVV�RI�ZKHWKHU�RU�QRW�WKH\�LQFOXGHG�ŗFRURQDYLUXVŘ�DQG�ŗGDWDŘ��
VXEVHTXHQW�FRPPHQWV��)DFHERRN�/LYH�VWUHDPV��DQG�SKRWRV�RI�LQ�SHUVRQ�HYHQWV��:H�FROOHFWHG
DQG�DQDO\]HG�SRVWV�IURP�WKHVH�JURXSV�IURP�WKHLU�HDUOLHVW�GDWH�WR�6HSWHPEHU������

7DNLQJ�D�FDVH�VWXG\�DSSURDFK�WR�WKH�LQWHUDFWLRQDO�)DFHERRN�GDWD�\LHOGV�DQ�DQDO\VLV�WKDW
XOWLPDWHO\�FRPSOHPHQWV�WKH�TXDQWLWDWLYH�DQDO\VLV��:KLOH�WKH�REMHFWLYH�ZLWK�DQDO\]LQJ�7ZLWWHU
GDWD�LV�VWDWLVWLFDO�UHSUHVHQWDWLYHQHVVŠZH�LQYHVWLJDWH�ZKLFK�YLVXDOL]DWLRQV�DUH�WKH�PRVW�SRSXODU�

��



DQG�LQ�ZKLFK�FRPPXQLWLHVŠWKH�REMHFWLYH�RI�DQDO\]LQJ�JUDQXODU�)DFHERRN�GDWD�LV�WR�DFFXUDWHO\
XQGHUVWDQG�VRFLDO�G\QDPLFV�ZLWKLQ�D�VLQJXODU�FRPPXQLW\��6PDOO��������$V�VXFK��WKH�7ZLWWHU�DQG
)DFHERRN�DQDO\VHV�DUH�IRLOV�RI�RQH�DQRWKHU��ZH�KDYH�WKH�DELOLW\�WR�TXDQWLWDWLYHO\�DQDO\]H
ODUJH�VFDOH�LQWHUDFWLRQV�RQ�7ZLWWHU��ZKHUHDV�ZH�DQDO\]H�WKH�)DFHERRN�GDWD�E\�FORVH�UHDGLQJ
DQG�DWWHQGLQJ�WR�VSHFLıF�FRQWH[W��7ZLWWHU�FRPPXQLWLHV�DUH�ORRVHO\�IRUPHG�E\�XVHUV�UHWZHHWLQJ�
OLNLQJ��RU�PHQWLRQLQJ�RQH�DQRWKHU��)DFHERRN�JURXSV�FUHDWH�FOHDUO\�ERXQGHG�UHODWLRQVKLSV
EHWZHHQ�VSHFLıF�FRPPXQLWLHV��%\�PDWFKLQJ�WKH�DĳRUGDQFHV�RI�HDFK�GDWD�VRXUFH�ZLWK�WKH�PRVW
HFRORJLFDOO\�DSSURSULDWH�PHWKRG��QHWZRUN�DQDO\VLV�DQG�GLJLWDO�HWKQRJUDSK\���WKLV�SDSHU
PHDQLQJIXOO\�FRPELQHV�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�WR�XQGHUVWDQG�GDWD�YLVXDOL]DWLRQV
DERXW�WKH�SDQGHPLF�RQ�D�GHHSO\�FRQWH[WXDO�OHYHO�DQG�DW�VFDOH�

������'DWD�FROOHFWLRQ�	�DQDO\VLV� &RQFUHWHO\��ZH�SULQWHG RXW�SRVWV�DV�3')V��WDJJHG�WKHP�ZLWK
TXDOLWDWLYH�DQDO\VLV�VRIWZDUH��DQG�V\QWKHVL]HG�WKHPHV�DFURVV�WKHVH�FRPPHQWV�XVLQJ�JURXQGHG
WKHRU\��.R]LQHWV��������*URXQGHG�WKHRU\�LV�DQ�LQGXFWLYH�PHWKRG�ZKHUH�UHVHDUFKHUV�FROOHFW�GDWD
DQG�WDJ�LW�E\�LGHQWLI\LQJ�DQDO\WLFDOO\�SHUWLQHQW�WKHPHV��5HVHDUFKHUV�WKHQ�JURXS�WKHVH�FRGHV�LQWR
KLJKHU�OHYHO�FRQFHSWV��$V�.DWK\�&KDUPD]��������ZULWHV��WKHVH�ŗPHWKRGV�FRQVLVW�RI�V\VWHPDWLF�
\HW�ĲH[LEOH�JXLGHOLQHV�IRU�FROOHFWLQJ�DQG�DQDO\]LQJ�TXDOLWDWLYH�GDWD�WR�FRQVWUXFW�WKHRULHV
ŕJURXQGHGŖ�LQ�WKH�GDWD�WKHPVHOYHV�Ř�DQG�WKHVH�PHWKRGV�KDYH�VLQFH�EHHQ�DGDSWHG�IRU�VRFLDO
PHGLD�DQDO\VLV��3RVWLOO�DQG�3LQN��������:KLOH�WKLV�ĲH[LELOLW\�DOORZV�WKLV�PHWKRG�WR�UHVSRQG
G\QDPLFDOO\�WR�FKDQJLQJ�HPSLULFDO�SKHQRPHQD��LW�FDQ�DOVR�OHDG�WR�DPELJXLW\�DERXW�KRZ�QHZ
GDWD�ıW�ZLWK�SUHYLRXVO\�LGHQWLıHG�SDWWHUQV��'LJLWDO�HWKQRJUDSK\�DOVR�UHTXLUHV�D�ORQJHU�WLPH
KRUL]RQ�WKDQ�TXDQWLWDWLYH�ZRUN�LQ�RUGHU�WR�JHQHUDWH�PHDQLQJIXO�LQVLJKWV�DQG��RQ�LWV�RZQ��GRHV
QRW�OHDG�LPPHGLDWHO\�WR�TXDQWLıDEOH�UHVXOWV��7KHVH�OLPLWDWLRQV�DUH�D�PDMRU�UHDVRQ�WR�XVH�ERWK
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DSSURDFKHV��)ROORZLQJ�(PHUVRQ�HW�DO����������ZH�HPSOR\�DQ
LQWHJUDWLYH�VWUDWHJ\�WKDW�ZHDYHV�WRJHWKHU�ŗH[HPSODUVŘ�IURP�TXDOLWDWLYH�GDWD�DORQJVLGH�RXU
LQWHUSUHWDWLRQV��:H�KDYH�UHGDFWHG�WKH�QDPHV�RI�LQGLYLGXDO�XVHUV�DQG�WKH�)DFHERRN�JURXSV�ZH
KDYH�VWXGLHG��EXW�ZH�KDYH�SUHVHUYHG�WKH�GDWHV�DQG�RWKHU�PHWDGDWD�RI�HDFK�SRVW�ZLWKLQ�WKH
DUWLFOH�ZKHUH�SRVVLEOH�

������1RWH�RQ�WHUPLQRORJ\� 7KURXJKRXW�WKLV�VWXG\� ZH�XVH�WKH�WHUP�ŗDQWL�PDVNŘ�DV�D
V\QHFGRFKH�IRU�D�EURDG�VSHFWUXP�RI�EHOLHIV��WKDW�WKH�SDQGHPLF�LV�H[DJJHUDWHG��VFKRROV�VKRXOG
EH�UHRSHQLQJ��HWF��:KLOH�JURXSV�ZKR�KROG�WKHVH�EHOLHIV�DUH�FHUWDLQO\�KHWHURJHQHRXV��WKH�PDVN
LV�D�FRPPRQ�ĲDVKSRLQW�WKURXJKRXW�WKH�HWKQRJUDSKLF�GDWD��DQG�WKH\�XVH�WKH�WHUP�ŗPDVNHUVŘ�WR
GHVFULEH�SHRSOH�ZKR�DUH�GULYHQ�E\�IHDU��7KH\�DUH�ŗDQWL�PDVNŘ�E\�MX[WDSRVLWLRQ��7KLV�VWXG\
WKHUHIRUH�WDNHV�DQ�HPLF��L�H��ŗLQVLGHUŘ��DSSURDFK�WR�DQDO\]LQJ�KRZ�PHPEHUV�RI�WKHVH�JURXSV
WKLQN��WDON��DQG�LQWHUDFW�ZLWK�RQH�DQRWKHU��ZKLFK�VWDUWV�E\�XVLQJ�WHUPV�WKDW�WKHVH�FRPPXQLW\
PHPEHUV�ZRXOG�XVH�WR�GHVFULEH�WKHPVHOYHV��7KHUH�LV�D�WHPSWDWLRQ�LQ�VWXGLHV�RI�WKLV�QDWXUH�WR
GHVFULEH�WKHVH�JURXSV�DV�ŗDQWL�VFLHQFH�Ř�EXW�WKLV�ZRXOG�PDNH�LW�FRPSOHWHO\�LPSRVVLEOH�IRU�XV�WR
PHDQLQJIXOO\�LQYHVWLJDWH�WKLV�DUWLFOH
V�FHQWUDO�TXHVWLRQ��XQGHUVWDQGLQJ�ZKDW�WKHVH�JURXSV�PHDQ
ZKHQ�WKH\�VD\�ŗVFLHQFH�Ř

��



� &DVH�6WXG\

,Q�WKH�7ZLWWHU�DQDO\VLV��ZH�TXDQWLWDWLYHO\�H[DPLQH�D�FRUSXV�RI�WZHHWV�WKDW�XVH�GDWD
YLVXDOL]DWLRQV�WR�GLVFXVV�WKH�SDQGHPLF��DQG�ZH�FUHDWH�D�80$3�YLVXDOL]DWLRQ��ıJXUH����WKDW
LGHQWLıHV�WKH�W\SHV�RI�YLVXDOL]DWLRQV�WKDW�SUROLIHUDWH�RQ�7ZLWWHU��7KHQ��ZH�FUHDWH�D�QHWZRUN�JUDSK
�ıJXUH����RI�WKH�XVHUV�ZKR�VKDUH�DQG�LQWHUDFW�ZLWK�WKHVH�GDWD�YLVXDOL]DWLRQV��WKH�HGJHV�WKDW�OLQN
XVHUV�LQ�D�QHWZRUN�WRJHWKHU�DUH�UHWZHHWV��OLNHV��PHQWLRQV��:H�GLVFRYHU�WKDW�WKH�IRXUWK�ODUJHVW
QHWZRUN�LQ�RXU�GDWD�FRQVLVWV�RI�XVHUV�SURPXOJDWLQJ�KHWHURGR[�VFLHQWLıF�SRVLWLRQV�DERXW�WKH
SDQGHPLF��L�H���DQWL�PDVNHUV���%\�FRPSDULQJ�WKH�YLVXDOL]DWLRQV�VKDUHG�ZLWKLQ�DQWL�PDVN�DQG
PDLQVWUHDP�QHWZRUNV��ZH�GLVFRYHU�WKDW�WKHUH�LV�QR�VLJQLıFDQW�GLĳHUHQFH�LQ�WKH�NLQGV�RI
YLVXDOL]DWLRQV�WKDW�WKH�FRPPXQLWLHV�RQ�7ZLWWHU�DUH�XVLQJ�WR�PDNH�GUDVWLFDOO\�GLĳHUHQW�DUJXPHQWV
DERXW�FRURQDYLUXV��ıJXUH�����$QWL�PDVNHUV��WKH�FRPPXQLW\�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�RI
YHULıHG�XVHUV��DOVR�VKDUH�WKH�VHFRQG�KLJKHVW�QXPEHU�RI�FKDUWV�DFURVV�WKH�WRS�VL[�FRPPXQLWLHV
�WDEOH�����DUH�WKH�PRVW�SUROLıF�SURGXFHUV�RI�DUHD�OLQH�FKDUWV��DQG�VKDUH�WKH�IHZHVW�QXPEHU�RI
SKRWRV��PHPHV�DQG�LPDJHV�RI�SROLWLFLDQV��VHH�ıJXUH�����$QWL�PDVNHUV�DUH�DOVR�WKH�PRVW�OLNHO\�WR
DPSOLI\�PHVVDJHV�IURP�WKHLU�RZQ�FRPPXQLW\��:H�WKHQ�H[DPLQH�WKH�NLQGV�RI�YLVXDOL]DWLRQV�WKDW
DQWL�PDVNHUV�GLVFXVV��ıJXUH����

7KLV�OHDGV�XV�WR�DQ�LQWHUSUHWLYH�TXHVWLRQ�WKDW�DQLPDWHV�WKH�)DFHERRN�DQDO\VLV��KRZ�FDQ
RSSRVLQJ�JURXSV�RI�SHRSOH�XVH�VLPLODU�PHWKRGV�RI�YLVXDOL]DWLRQ�DQG�UHDFK�VXFK�GLĳHUHQW
LQWHUSUHWDWLRQV�RI�WKH�GDWD"�:H�DSSURDFK�WKLV�SUREOHP�E\�HWKQRJUDSKLFDOO\�VWXG\LQJ
LQWHUDFWLRQV�ZLWKLQ�D�FRPPXQLW\�RI�DQWL�PDVNHUV�RQ�)DFHERRN�WR�EHWWHU�XQGHUVWDQG�WKHLU
SUDFWLFHV�RI�NQRZOHGJH�PDNLQJ�DQG�GDWD�DQDO\VLV��DQG�ZH�VKRZ�KRZ�WKHVH�GLVFXVVLRQV
H[HPSOLI\�D�IXQGDPHQWDO�HSLVWHPRORJLFDO�ULIW�DERXW�KRZ�NQRZOHGJH�DERXW�WKH�FRURQDYLUXV
SDQGHPLF�VKRXOG�EH�PDGH��LQWHUSUHWHG��DQG�VKDUHG�

��� 9LVXDOL]DWLRQ�GHVLJQ�DQG�QHWZRUN�DQDO\VLV

������9LVXDOL]DWLRQ�W\SHV�:KDW�NLQGV�RI�YLVXDOL]DWLRQV DUH�7ZLWWHU�XVHUV�VKDULQJ�DERXW�WKH
SDQGHPLF"�)LJXUH���YLVXDOL]HV�WKH�IHDWXUH�HPEHGGLQJV�RI�LPDJHV�LQ�RXU�FRUSXV��ZLWK�FRORU
HQFRGLQJ�FOXVWHUV�UHYHDOHG�DQG�PDQXDOO\�FXUDWHG�WKURXJK�N�PHDQV��(DFK�FLUFOH�LV�VL]HG�E\�WKH
HQJDJHPHQW�WKH�DVVRFLDWHG�WZHHW�UHFHLYHG�FDOFXODWHG�DV�WKH�VXP�RI�WKH�QXPEHU�RI�IDYRULWHV�
UHSOLHV��UHWZHHWV��DQG�TXRWH�WZHHWV��2XU�DQDO\VLV�UHYHDOHG�HLJKW�PDMRU�FOXVWHUV��OLQH�FKDUWV
������YLVXDOL]DWLRQV������RI�WKH�FRUSXV���DUHD�FKDUWV�������������EDU�FKDUWV�������������SLH
FKDUWV�������������WDEOHV��������������PDSV��������������GDVKERDUGV�������������DQG�LPDJHV
��������������7KH�UHPDLQLQJ�������PHGLD������RI�WKH�FRUSXV��GLG�QRW�FOXVWHU�LQ�WKHPDWLFDOO\
FRKHUHQW�ZD\V��+HUH��ZH�FKDUDFWHUL]H�VDOLHQW�HOHPHQWV�DQG�WUHQGV�LQ�WKHVH�FOXVWHUV�

/LQH�FKDUWV UHSUHVHQW�WKH�ODUJHVW�FOXVWHU�RI�YLVXDOL]DWLRQV LQ�RXU�FRUSXV��7KHUH�DUH�WKUHH
PDMRU�VXEVWUXFWXUHV��WKH�ıUVW�FRPSULVHV�OLQH�FKDUWV�GHSLFWLQJ�WKH�H[SRQHQWLDO�JURZWK�RI�FDVHV
LQ�WKH�HDUO\�VWDJHV�RI�WKH�SDQGHPLF��DQG�SUHGRPLQDQWO\�XVH�ORJ�VFDOHV�UDWKHU�WKDQ�OLQHDU�VFDOHV�

��



)LJXUH����$�80$3�YLVXDOL]DWLRQ�RI�IHDWXUH�HPEHGGLQJV�RI�PHGLD�IRXQG�LQ�RXU�7ZLWWHU
FRUSXV��&RORU�HQFRGHV�ODEHOHG�FOXVWHUV��DQG�VL]H�HQFRGHV�WKH�DPRXQW�RI�HQJDJHPHQW�WKH

PHGLD�UHFHLYHG��L�H���WKH�VXP�RI�UHSOLHV��IDYRULWHV��UHWZHHWV��DQG�TXRWH�WZHHWV��

��



&KDUWV�IURP�-RKQ�%XUQ�0XUGRFK�DW�WKH )LQDQFLDO�7LPHV DQG�FKDUWV�IURP�WKH�QRQSURıW
2XU�:RUOG�LQ�'DWD�DUH�SDUWLFXODUO\�SURPLQHQW�KHUH��$�VHFRQG�VXEVWUXFWXUH�FRQVLVWV�RI�OLQH�FKDUWV
FRPSDULQJ�FDVHV�LQ�WKH�8QLWHG�6WDWHV�DQG�WKH�(XURSHDQ�8QLRQ�ZKHQ�WKH�86�ZDV�H[SHULHQFLQJ
LWV�VHFRQG�ZDYH�RI�FDVHV��DQG�WKH�WKLUG�FRQVLVWV�RI�OLQH�FKDUWV�WKDW�YLVXDOL]H�HFRQRPLF
LQIRUPDWLRQ��7KLV�VXEVWUXFWXUH�LQFOXGHV�OLQH�FKDUWV�RI�KRXVLQJ�SULFHV��MREV�DQG�XQHPSOR\PHQW�
DQG�VWRFN�SULFHV��WKH�ODWWHU�DSSHDU�WR�EH�WDNHQ�IURP�ıQDQFLDO�DSSOLFDWLRQV�DQG�WHUPLQDOV��DQG
RIWHQ�IHDWXUH�DGGLWLRQDO�FDQGOHVWLFN�PDUNV���$FURVV�WKLV�FOXVWHU��WKHVH�FKDUWV�W\SLFDOO\�GHSLFW
QDWLRQDO�RU�VXSUDQDWLRQDO�GDWD��LQFOXGH�PXOWLSOH�VHULHV��DQG�YHU\�UDUHO\�IHDWXUH�OHJHQGV�RU�WH[WXDO
DQQRWDWLRQV��RWKHU�WKDQ�ODEHOV�IRU�HDFK�OLQH���:KHUH�WKH\�GR�RFFXU��LW�LV�WR�ODEHO�HYHU\�SRLQW
DORQJ�WKH�OLQHV��)HDWXUHV�RI�WKH�JUDSK�DUH�YLVXDOO\�KLJKOLJKWHG�E\�JLYLQJ�VRPH�OLQHV�D�KHDYLHU
ZHLJKW�RU�JUD\LQJ�RWKHU�RQHV�RXW�

0DSV DUH�WKH�VHFRQG�ODUJHVW�FOXVWHU�RI�YLVXDOL]DWLRQV LQ�RXU�FRUSXV��7KH�RYHUZKHOPLQJ
PDMRULW\�RI�FKDUWV�KHUH�DUH�FKRURSOHWKV��VKDGHG�PDSV�ZKHUH�D�JHRJUDSKLF�UHJLRQ�ZLWK�KLJK
&29,'�UDWHV�PLJKW�EH�GDUNHU��ZKLOH�ORZ�UDWH�UHJLRQV�DUH�OLJKWHU���2WKHU�YLVXDOL]DWLRQV�LQ�WKLV
FOXVWHU�LQFOXGH�FDUWRJUDPV��WKH�VL]H�RI�D�JHRJUDSKLF�UHJLRQ�LV�SURSRUWLRQDO�LWV�QXPEHU�RI�&29,'
LQIHFWLRQV�DV�D�PHWKRG�RI�FRPSDULVRQ��DQG�V\PERO�PDSV��WKH�VL]H�RI�D�FLUFOH�SODFHG�RQ�D
JHRJUDSKLF�UHJLRQ�LV�SURSRUWLRQDO�WR�&29,'�LQIHFWLRQV���7KH�GDWD�IRU�WKHVH�FKDUWV�VSDQ�VHYHUDO
JHRJUDSKLF�VFDOHVŠJOREDO�WUHQGV��FRXQWU\�OHYHO�GDWD��WKH�86��&KLQD��DQG�WKH�8.�EHLQJ
SDUWLFXODUO\�VDOLHQW���DQG�PXQLFLSDO�GDWD��VWDWHV�DQG�FRXQWLHV���7KHVH�PDSV�JHQHUDOO\�IHDWXUH
KHDY\�DQQRWDWLRQ�LQFOXGLQJ�GLUHFW�ODEHOLQJ�RI�JHRJUDSKLF�UHJLRQV�ZLWK�WKH�QDPH�DQG�DVVRFLDWHG
GDWD�YDOXH��DUURZV�DQG�FDOORXW�ER[HV�DOVR�EHWWHU�FRQWH[WXDOL]H�WKH�GDWD��)RU�LQVWDQFH��LQ�D
ZLGHO\�VKDUHG�PDS�RI�WKH�8QLWHG�.LQJGRP�IURP�WKH )LQDQFLDO 7LPHV��DQQRWDWLRQV�GHVFULEHG
KRZ�ŗ>W@KUHH�:HOVK�DUHDV�KDG�RXWEUHDNV�LQ�PHDWSDFNLQJ�SODQWV�LQ�-XQHŘ�DQG�WKDW�ŗ/HLFHVWHU�
ZKLFK�LV�FXUUHQWO\�LQ�DQ�HQIRUFHG�ORFDO�ORFNGRZQ��KDV�WKH�VHFRQG�KLJKHVW�UDWH���Ř�7KHVH�PDSV
GHSLFW�D�ZLGH�UDQJH�RI�GDWD�YDOXHV�LQFOXGLQJ�QXPEHUV�RI�FDVHV�GHDWKV��PHWULFV�QRUPDOL]HG�SHU
FDSLWD��UDWH�RI�FKDQJH�IRU�FDVHV�DQG�RU�GHDWKV��PDVN�DGKHUHQFH�UDWHV��DQG�WKH�HĳHFW�RI�WKH
SDQGHPLF�RQ�JUHHQKRXVH�JDV�HPLVVLRQV��,QWHUHVWLQJO\��FKRURSOHWK�PDSV�RI�WKH�8QLWHG�6WDWHV
HOHFWRUDO�FROOHJH�DW�ERWK�WKH�VWDWH��DQG�GLVWULFW�OHYHO�DOVR�DSSHDU�LQ�WKH�FRUSXV��ZLWK�WKH
DVVRFLDWHG�WZHHWV�FRPSDULQJ�WKH�ZLQQHU�RI�SDUWLFXODU�UHJLRQV�ZLWK�WKH�W\SH�RI�SDQGHPLF
UHVSRQVH�

$UHD�FKDUWV IHDWXUH�PXFK�KHDYLHU�DQQRWDWLRQ�WKDQ�OLQH FKDUWV��WKRXJK�IHZHU�WKDQ�PDSV��
3HDNV��WURXJKV��DQG�NH\�HYHQWV��H�J���ZKHQ�ORFNGRZQV�RFFXUUHG�RU�ZKHQ�VWDWHV�UHRSHQHG��DUH
RIWHQ�VKDGHG�RU�ODEHOHG�ZLWK�DUURZV��DQG�OLQH�PDUNV�DUH�OD\HUHG�WR�KLJKOLJKW�WKH�RYHUDOO�WUHQG�RU
GHSLFW�WKH�UROOLQJ�DYHUDJH��:KHQ�WKHVH�FKDUWV�UHĲHFW�GDWD�ZLWK�D�JHRJUDSKLF�FRUUHVSRQGHQFH�
WKLV�GDWD�LV�RIWHQ�DW�D�PRUH�ORFDO�VFDOH��OLQH�FKDUWV�W\SLFDOO\�GHSLFW�QDWLRQDO�RU�VXSUDQDWLRQDO
GDWD��DQG�DUHD�FKDUWV�PRUH�RIWHQ�YLVXDOL]HG�GDWD�DW�WKH�VWDWH�RU�FRXQW\�OHYHO��1RWDEOH
VXEFOXVWHUV�LQ�WKLV�JURXS�LQFOXGH�WKH�YLUDO�ŗ)ODWWHQ�WKH�&XUYHŘ�JUDSKLF��VWDFNHG
DUHD�VWUHDPJUDSKV��DQG�ŗVNLQQ\�EDUŘ�FKDUWV��FKDUWV�RI�WHPSRUDO�GDWD�WKDW�FORVHO\�UHVHPEOH�DUHD
FKDUWV��EXW�XVH�EDU�PDUNV�ZLWK�QDUURZ�ZLGWKV��&KDUWV�IURP�WKH 1HZ�<RUN�7LPHV DUH�HVSHFLDOO\

��



SURPLQHQW�H[DPSOHV�RI�WKH�ODWWHU�FDWHJRU\ŠSDUWLFXODUO\�VFUHHQVKRWV�RI�D�UHG�FKDUW�WKDW�ZDV
IHDWXUHG�RQ�WKH�PRELOH�IURQW�SDJH�

%DU�FKDUWV DUH�SUHGRPLQDQWO\�HQFRGH�FDWHJRULFDO�GDWD DQG�DUH�PRUH�FRQVLVWHQWO\�DQG
PRUH�KHDYLO\�DQQRWDWHG�WKDQ�DUHD�FKDUWV��,Q�DGGLWLRQ�WR�WKH�DQQRWDWLRQV�GHVFULEHG�IRU�DUHD
FKDUWV��GLUHFW�ODEHOLQJ�RI�WKH�WRSV�RI�EDUV��ODEHOHG�OLQHV�DQG�DUURZV���FKDUWV�LQ�WKLV�FOXVWHU�RIWHQ
LQFOXGH�FRQFLVH�H[SODLQHU�WH[WV�

7KHVH�WH[WV�LQFOXGH�VRPH�IRUP�RI�H[WHQGHG�VXEWLWOHV��PRUH�GHVFULSWLYH�D[LV�WLFN�ODEHOV�
RU�VKRUW�SDVVDJHV�EHIRUH�RU�DIWHU�WKH�EDU�FKDUW�WKDW�FRQWH[WXDOL]H�WKH�GDWD��9LVXDOO\��WKH�FOXVWHU
LV�HTXDOO\�VSOLW�EHWZHHQ�KRUL]RQWDO�DQG�YHUWLFDO�FKDUWV��DQG�ERWK�VW\OHV�IHDWXUH�D�PL[�RI�OD\HUHG�
JURXSHG��DQG�VWDFNHG�EDUV��%DU�FKDUW�ŗUDFHVŘ��H�J���WKRVH�GHYHORSHG�ZLWK�WKH�)ORXULVK
YLVXDOL]DWLRQ�SDFNDJH��DUH�RQH�RI�WKH�PRUH�IUHTXHQWO\�UHFXUULQJ�LGLRPV�LQ�WKLV�FOXVWHU��7KHVH�DUH
KRUL]RQWDO�EDU�FKDUWV�GHSLFWLQJ�WKH�WRWDO�QXPEHU�RI�FDVHV�SHU�FRXQWU\��DQG�DQLPDWHG�RYHU�WLPH�

'DVKERDUGV�DQG�LPDJHV�:KLOH�WKH�UHPDLQLQJ�FOXVWHUV DUH�WKHPDWLFDOO\�FRKHUHQW��ZH
GLG�QRW�REVHUYH�DV�ULFK�D�VXEVWUXFWXUH�ZLWKLQ�WKHP��7KH�GDVKERDUG�FOXVWHU�LV�RYHUZKHOPLQJO\
GRPLQDWHG�E\�VFUHHQVKRWV�RI�WKH�-RKQV�+RSNLQV�GDVKERDUG��DQG�WKH�LPDJH�FOXVWHU�LV�SULPDULO\
FRPSULVHG�RI�UHDFWLRQ�PHPHV�IHDWXULQJ�WKH�SKRWRV�RU�FDULFDWXUHV�RI�KHDGV�RI�VWDWH�

)LJXUH����$�QHWZRUN�YLVXDOL]DWLRQ�RI�7ZLWWHU�XVHUV�DSSHDULQJ�LQ�RXU�FRUSXV� &RORU�HQFRGHV
FRPPXQLW\�DV�GHWHFWHG�E\�WKH�/RXYDLQ�PHWKRG��%ORQGHO�HW�DO���������DQG�QRGHV�DUH�VL]HG�E\

WKHLU�GHJUHH�RI�FRQQHFWHGQHVV��L�H���WKH�QXPEHU�RI�RWKHU�XVHUV�WKH\�DUH�FRQQHFWHG�WR��

��



������8VHU�QHWZRUNV�:KDW�DUH�WKH�GLĳHUHQW�QHWZRUNV�RI�7ZLWWHU�XVHUV�ZKR�VKDUH
&29,'�UHODWHG�GDWD�YLVXDOL]DWLRQV��DQG�KRZ�GR�WKH\�LQWHUDFW�ZLWK�RQH�DQRWKHU"�)LJXUH���GHSLFWV
D�QHWZRUN�JUDSK�RI�7ZLWWHU�XVHUV�ZKR�GLVFXVV��RU�DUH�GLVFXVVHG��LQ�FRQYHUVDWLRQ�ZLWK�WKH
YLVXDOL]DWLRQV�LQ�)LJXUH����7KLV�QHWZRUN�JUDSK�RQO\�VKRZV�XVHUV�ZKR�DUH�FRQQHFWHG�WR�DW�OHDVW
ıYH�RWKHU�XVHUV��L�H���E\�UHSO\LQJ�WR�WKHP��PHQWLRQLQJ�WKHP�LQ�D�WZHHW��RU�UH�WZHHWLQJ�RU
TXRWH�WZHHWLQJ�WKHP���7KH�FRORU�RI�HDFK�QHWZRUN�HQFRGHV�D�VSHFLıF�FRPPXQLW\�DV�GHWHFWHG�E\
WKH�/RXYDLQ�PHWKRG��%ORQGHO�HW�DO���������DQG�WKH�JUDSK�DFFRXQWV�IRU�WKH�WRS����FRPPXQLWLHV
��������XVHUV�RU�����RI�WKH�RYHUDOO�JUDSK���:H�GHVFULEH�WKH�WRS�VL[�QHWZRUNV�EHORZ�OLVWHG�LQ
RUGHU�RI�VL]H��L�H���QXPEHU�RI�XVHUV�ZLWKLQ�HDFK�QHWZRUN���:KLOH�ZH�KDYH�GHVLJQDWHG�PDQ\�RI
WKHVH�FRPPXQLWLHV�ZLWK�SROLWLFDO�RULHQWDWLRQ��H�J���OHIW��RU�ULJKW�ZLQJ���WKHVH�DUH�RQO\
DSSUR[LPDWLRQV��ZH�UHFRJQL]H�WKDW�WKHVH�WHUPV�DUH�IXQGDPHQWDOO\�ĲXLG�DQG�XVH�WKHP�SULPDULO\
DV�VKRUWKDQG�WR�PDNH�FURVV�QHWZRUN�FRPSDULVRQV��H�J���PDLQVWUHDP�SROLWLFDO�PHGLD
RUJDQL]DWLRQV�YV��DQWL�PDVN�SURWHVWRUV��

���$PHULFDQ�SROLWLFV�DQG�PHGLD��EOXH�� 7KLV�FRPPXQLW\ IHDWXUHV�WKH�$PHULFDQ
FHQWHU�OHIW��OHIW��PDLQVWUHDP�PHGLD��DQG�SRSXODU�RU�KLJK�SURıOH�ıJXUHV��LQVLGH�DQG
RXWVLGH�RI�WKH�VFLHQWLıF�FRPPXQLW\���$FFRXQWV�LQFOXGH�SROLWLFLDQV��#-RH%LGHQ�
#6HQ:DUUHQ���UHSRUWHUV��#MRVKWSP��#VWHQJHO���DQG�SXEOLF�ıJXUHV�OLNH�)ORULGLDQ�GDWD
VFLHQWLVW�#*HR5HEHNDK�DQG�DFWRU�#*HRUJH7DNHL��7KH�XVHU�ZLWK�WKH�PRVW�IROORZHUV�LQ
WKLV�FRPPXQLW\�LV�#QHLOW\VRQ�

���$PHULFDQ�SROLWLFV�DQG�ULJKW�ZLQJ�PHGLD��UHG�� 7KLV FRPPXQLW\�LQFOXGHV�PHPEHUV
RI�WKH�7UXPS�DGPLQLVWUDWLRQ��&RQJUHVV��DQG�ULJKW�ZLQJ�SHUVRQDOLWLHV��H�J��
#7XFNHU&DUOVRQ���6HYHUDO�DFFRXQWV�RI�PDLQVWUHDP�PHGLD�RUJDQL]DWLRQV�DOVR�OLH�ZLWKLQ
WKLV�FRPPXQLW\��#&11��#1%&1HZV���ZKLFK�UHĲHFWV�KRZ�RIWHQ�WKH\�PHQWLRQ�WKH
3UHVLGHQW��DQG�RWKHU�JRYHUQPHQW�DFFRXQWV��LQ�WKHLU�FRYHUDJH��1RWDEO\��WKHVH�DUH�RĴFLDO
RUJDQL]DWLRQDO�DFFRXQWV�UDWKHU�WKDQ�WKRVH�RI�LQGLYLGXDO�UHSRUWHUV��ZKLFK�PRVWO\�VKRZ�XS
LQ�WKH�SUHYLRXV�JURXS���6HYHUDO�PDLQVWUHDP�PHGLD�RUJDQL]DWLRQV�DUH�SODFHG�HTXDOO\
EHWZHHQ�WKHVH�WZR�FOXVWHUV��#135��#ZDVKLQJWRQSRVW���7KH�XVHU�ZLWK�WKH�PRVW
IROORZHUV�LQ�WKLV�FRPPXQLW\�LV�#%DUDFN2EDPD�

���%ULWLVK�QHZV�PHGLD��RUDQJH���7KH�ODUJHVW�QRQ�$PHULFHQWULF QHWZRUN�URXJKO\
FRUUHVSRQGV�WR�QHZV�PHGLD�LQ�WKH�8.��ZLWK�D�VLJQLıFDQW�SURSRUWLRQ�RI�HQJDJHPHQW
WDUJHWHG�DW�WKH )LQDQFLDO�7LPHVŖ VXFFHVVIXO�YLVXDOL]DWLRQV E\�UHSRUWHU�-RKQ
%XUQ�0XUGRFK��DV�ZHOO�DV�FRYHUDJH�RI�SROLWLFLDQ�1LFROD�6WXUJHRQ
V�FRURQDYLUXV�SROLFLHV�
7KH�XVHU�ZLWK�WKH�PRVW�IROORZHUV�LQ�WKLV�FRPPXQLW\�LV�#7KH(FRQRPLVW�

���$QWL�PDVN�QHWZRUN��WHDO�� 7KH�DQWL�PDVN�QHWZRUN FRPSULVHV�RYHU�������XVHUV����
RI�RXU�QHWZRUN�JUDSK��DQG�LV�DQFKRUHG�E\�IRUPHU 1HZ <RUN�7LPHV UHSRUWHU
#$OH[%HUHQVRQ��EORJJHU�#(WKLFDO6NHSWLF��DQG�#MXVWLQBKDUW� 7KH�$WODQWLFŖV
#&RYLG��7UDFNLQJ�SURMHFW��ZKLFK�FROODWHV�&29,'����WHVWLQJ�UDWHV�DQG�SDWLHQW�RXWFRPHV

��



DFURVV�WKH�8QLWHG�6WDWHV��DQG�#*RY0LNH'H:LQH�DUH�DOVR�FODVVLıHG�DV�SDUW�RI�WKLV
FRPPXQLW\��*RYHUQRU�'H:LQH�RI�2KLR�LV�QRW�DQ�DQWL�PDVNHU��EXW�LV�RIWHQ�WKH�WDUJHW�RI
DQWL�PDVN�SURWHVW�JLYHQ�KLV�SXEOLF�KHDOWK�SROLFLHV��$QWL�PDVN�XVHUV�DOVR�ODPSRRQ 7KH
$WODQWLFŖV�SURMHFW�DV�DQRWKHU�H[DPSOH�RI�PDLQVWUHDP PLVLQIRUPDWLRQ��7KHVH�G\QDPLFV�RI
LQWHUWH[WXDOLW\�DQG�FLWDWLRQ�ZLWKLQ�WKHVH�QHWZRUNV�DUH�HVSHFLDOO\�LPSRUWDQW�KHUH��DV
DQWL�PDVN�JURXSV�RIWHQ�SRVW�VFUHHQVKRWV�RI�JUDSKV�IURP�ŗODPHVWUHDP�PHGLDŘ
RUJDQL]DWLRQV��H�J�� 1HZ�<RUN�7LPHV��IRU�WKH�SXUSRVH RI�FULWLTXH�DQG�DQDO\VLV��7KH�XVHU
ZLWK�WKH�PRVW�IROORZHUV�LQ�WKLV�FRPPXQLW\�LV�&29,'�VNHSWLF�DQG�ELOOLRQDLUH�#HORQPXVN�

���1HZ�<RUN�7LPHV�FHQWULF�QHWZRUN��JUHHQ�� 7KLV�FRPPXQLW\ LV�ODUJHO\�DQ�DUWLIDFW�RI�D
VLQJOH�YLVXDOL]DWLRQ��$QG\�6ODYLWW��#$6ODYLWW���WKH�IRUPHU�DFWLQJ�$GPLQLVWUDWRU�RI�WKH
&HQWHUV�IRU�0HGLFDUH�DQG�0HGLFDLG�6HUYLFHV�XQGHU�WKH�2EDPD�DGPLQLVWUDWLRQ��SRVWHG�D
YLUDO�WZHHW�DQQRXQFLQJ�WKH 1HZ�<RUN�7LPHV KDG�VXHG WKH�&'&��WDJJHG�ZLWK�WKH
LQFRUUHFW�KDQGOH�#FGF�LQVWHDG�RI�#&'&*RY���7KH�DWWDFKHG�EDU�FKDUW�VKRZLQJ�WKH�UDFLDO
GLVSDULW\�LQ�&29,'�FDVHV�ZDV�VKDUHG�ZLGHO\�ZLWK�FRPPHQWDU\�GLUHFWO\�DQQRWDWHG�RQWR
WKH�JUDSK�LWVHOI��RU�XVHUV�DQDO\]HG�WKH�JUDSK�WKURXJK�TXRWH�WZHHWV�DQG�FRPPHQWV��7KH
XVHU�ZLWK�WKH�PRVW�IROORZHUV�LQ�WKLV�FRPPXQLW\�LV�#1<7LPHV�

���:RUOG�+HDOWK�2UJDQL]DWLRQ�DQG�KHDOWK�UHODWHG�QHZV�RUJDQL]DWLRQV��SXUSOH�� 7KLV
FRPPXQLW\�FRQVLVWV�RI�JOREDO�KHDOWK�RUJDQL]DWLRQV��SDUWLFXODUO\�WKH�#:+2�DQG�LWV
VXEVLGLDU\�DFFRXQWV��H�J���#:+26($52�IRU�6RXWKHDVW�$VLD���7KH�XVHU�ZLWK�WKH�PRVW
IROORZHUV�LQ�WKLV�FRPPXQLW\�LV�#<RX7XEH�

������'HVFULSWLYH�VWDWLVWLFV�RI�FRPPXQLWLHV� 7DEOH ��OLVWV�VXPPDU\�VWDWLVWLFV�IRU�WKH�VL[
ODUJHVW�FRPPXQLWLHV�LQ�RXU�GDWDVHW��7KHUH�DUH�WKUHH�VWDWLVWLFV�RI�LQWHUHVW��WKH�SHUFHQWDJH�RI
YHULıHG�XVHUV��EDVHG�RQ�WKH�WRWDO�QXPEHU�RI�XVHUV�ZLWKLQ�D�FRPPXQLW\���WKH�SHUFHQWDJH�RI
LQ�QHWZRUN�UHWZHHWV��EDVHG�RQ�D�FRPPXQLW\
V�WRWDO�QXPEHU�RI�UHWZHHWV���DQG�WKH�SHUFHQWDJH�RI
RULJLQDO�WZHHWV��EDVHG�RQ�D�FRPPXQLW\
V�WRWDO�QXPEHU�RI�WZHHWV���7ZLWWHU�YHULıFDWLRQ�FDQ�RIWHQ
LQGLFDWH�WKDW�WKH�DFFRXQW�RI�SXEOLF�LQWHUHVW�LV�DXWKHQWLF��VXEMHFW�WR�7ZLWWHU
V�EODFN�ER[HG
HYDOXDWLRQ�VWDQGDUGV���LW�FDQ�EH�D�UHDVRQDEOH�LQGLFDWLRQ�WKDW�WKH�DFFRXQW�LV�QRW�D�ERW��6HFRQGO\�
D�KLJK�SHUFHQWDJH�RI�LQ�QHWZRUN�UHWZHHWV�FDQ�EH�DQ�LQGLFDWRU�RI�KRZ�LQVXODU�D�SDUWLFXODU
QHWZRUN�FDQ�EH��DV�LW�VKRZV�KRZ�RIWHQ�D�XVHU�DPSOLıHV�PHVVDJHV�IURP�RWKHU�LQ�QHWZRUN
PHPEHUV��)LQDOO\��WKH�SHUFHQWDJH�RI�RULJLQDO�WZHHWV�VKRZV�KRZ�PXFK�RI�WKH�FRQWHQW�LQ�WKDW
SDUWLFXODU�FRPPXQLW\�LV�RUJDQLF��L�H���WKH\�ZULWH�WKHLU�RZQ�FRQWHQW�UDWKHU�WKDQ�VLPSO\�DPSOLI\LQJ
H[LVWLQJ�ZRUN���&RPPXQLWLHV�WKDW�KDYH�XVHUV�ZKR�XVH�WKH�SODWIRUP�PRUH�SDVVLYHO\��L�H���WKH\
SUHIHU�WR�OXUN�UDWKHU�WKDQ�FRPPHQW��ZLOO�KDYH�IHZHU�RULJLQDO�WZHHWV��FRPPXQLWLHV�WKDW�KDYH
KLJKHU�OHYHOV�RI�DFWLYH�SDUWLFLSDWLRQ�ZLOO�KDYH�D�KLJKHU�QXPEHU�RI�RULJLQDO�WZHHWV�DV�D�SHUFHQWDJH
RI�WRWDO�WZHHWV�

��



7DEOH����'HVFULSWLYH�6WDWLVWLFV�RI�&RPPXQLWLHV�

&RPPXQLW\
�

9HULıHG�8VHUV�DV��
RI�7RWDO�8VHUV

,Q�1HWZRUN�5HWZHHWV�DV
��RI�7RWDO�5HWZHHWV

2ULJLQDO�7ZHHWV�DV��
RI�7RWDO�7ZHHWV
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7KH�QHWZRUNV�ZLWK�WKH�KLJKHVW�QXPEHU�RI�LQ�QHWZRUN�UHWZHHWV��ZKLFK�FDQ�EH�RQH�SUR[\
IRU�LQVXODULW\��DUH�WKH�%ULWLVK�PHGLD����������DQG�WKH�DQWL�PDVN�QHWZRUNV�����������DQG�WKH
QHWZRUN�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�RI�RULJLQDO�WZHHWV�LV�WKH�$PHULFDQ�SROLWLFV�DQG�ULJKW�ZLQJ
PHGLD�QHWZRUN�����������1RWDEO\��WKH�%ULWLVK�QHZV�PHGLD�QHWZRUN�KDV�ERWK�WKH KLJKHVW
SHUFHQWDJH�RI�YHULıHG�XVHUV�����������WKH KLJKHVW SHUFHQWDJH�RI�LQ�QHWZRUN�UHWZHHWV����������
DQG�WKH�IRXUWK�KLJKHVW�SHUFHQWDJH�RI�RULJLQDO�WZHHWV�����������$V�WKH�WKLUG�ODUJHVW�FRPPXQLW\
LQ�RXU�GDWDVHW��ZH�DWWULEXWH�WKLV�ODUJHO\�WR�WKH�SRSXODULW\�RI�WKH�JUDSKV�IURP�WKH )LQDQFLDO�7LPHV
IURP�D�IHZ�VRXUFHV�DQG�WKH�FRQVWHOODWLRQ�RI�DFFRXQWV�WKDW�GLVFXVVHG�WKRVH�YLVXDOL]DWLRQV��:KLOH
RWKHU�FRPPXQLWLHV��DQWL�PDVN��$PHULFDQ�SROLWLFV�ULJKW�ZLQJ�PHGLD��DQG�:+2�KHDOWK�UHODWHG
QHZV��VKDUHG PRUH YLVXDOL]DWLRQV��WKLV�QHWZRUN�VKDUHG IHZHU�JUDSKV���������WKDW�VKRZHG�WKH
VHFRQG�KLJKHVW OHYHO�RI�HQJDJHPHQW�DFURVV�WKH�VL[ FRPPXQLWLHV��DYHUDJLQJ����OLNHV��UHWZHHWV�
RU�PHQWLRQV�SHU�YLVXDOL]DWLRQ���7KH�QHWZRUN�ZKRVH�YLVXDOL]DWLRQV�JDUQHU�WKH�KLJKHVW�OHYHO�RI
HQJDJHPHQW�LV�WKH�$PHULFDQ�SROLWLFV�DQG�PHGLD�QHWZRUN������OLNHV��UHWZHHWV��RU�PHQWLRQV�SHU
YLVXDOL]DWLRQ���EXW�WKH\�RQO\�VKDUHG�DERXW�KDOI�RI�WKH�YLVXDOL]DWLRQV�������FRPSDUHG�WR�WKHLU
%ULWLVK�FRXQWHUSDUWV�

7KURXJK�WKH�GHVFULSWLYH�VWDWLVWLFV��ZH�ıQG�WKDW�WKH�DQWL�PDVN�FRPPXQLW\�H[KLELWV�YHU\
VLPLODU�SDWWHUQV�WR�WKH�UHVW�RI�WKH�QHWZRUNV�LQ�RXU�GDWDVHW��LW�KDV�DERXW�WKH�VDPH�QXPEHU�RI
XVHUV�ZLWK�WKH�VDPH�SURSRUWLRQ�RI�YHULıHG�DFFRXQWV���+RZHYHU��WKLV�FRPPXQLW\�KDV�WKH�VHFRQG
KLJKHVW�SHUFHQWDJH�RI�LQ�QHWZRUN�UHWZHHWV���������RI�DOO�UHWZHHWV��DFURVV�WKH�FRPPXQLWLHV�
DQG�KDV�WKH�WKLUG�KLJKHVW�SHUFHQWDJH�RI�RULJLQDO�WZHHWV����������RQO\�WUDLOLQJ�WKH�:RUOG�+HDOWK
2UJDQL]DWLRQ�QHWZRUN��DW���������

������&URVV�QHWZRUN�FRPSDULVRQ�RI�YLVXDOL]DWLRQ�W\SHV� )LJXUH���GHSLFWV�WKH�GLVWULEXWLRQ�RI
YLVXDOL]DWLRQ�W\SHV�E\�HDFK�FRPPXQLW\��DORQJ�ZLWK�GHVFULSWLYH�VWDWLVWLFV�RQ�WKH�QXPEHUV�RI

��



XVHUV��FKDUWV��DQG�DYHUDJH�HQJDJHPHQW�SHU�WZHHW��7KHVH�VFDWWHUSORWV�VKRZ�WKDW�WKHUH�LV�OLWWOH
YDULDQFH�EHWZHHQ�WKH�W\SHV�RI�YLVXDOL]DWLRQV�WKDW�XVHUV�LQ�HDFK�QHWZRUN�VKDUH��DOPRVW�DOO
JURXSV�HTXDOO\�XVH�PDSV�RU�OLQH��DUHD��DQG�EDU�FKDUWV��+RZHYHU��HDFK�JURXS�XVXDOO\�KDV�RQH
YLUDO�YLVXDOL]DWLRQŠLQ�JURXS����%ULWLVK�PHGLD���WKH�ODUJH�\HOORZ�FLUFOH�UHSUHVHQWV�D�PDS�IURP�WKH
)LQDQFLDO�7LPHV GHVFULELQJ�&29,'����LQIHFWLRQV�LQ 6FRWODQG��LQ�JURXS����1HZ�<RUN�7LPHV���WKH
ODUJH�SXUSOH�FLUFOH�LQ�WKH�FHQWHU�RI�WKH�FKDUW�UHSUHVHQWV�WKH�YLUDO�EDU�FKDUW�IURP�$QG\�6ODYLWW
GHVFULELQJ�WKH�UDFLDO�GLVSDULWLHV�LQ�&29,'�FDVHV��7KH�YLVXDOL]DWLRQV�ZLWK�WKH�KLJKHVW�QXPEHU�RI
HQJDJHPHQWV�LQ�HDFK�RI�WKH�VL[�FRPPXQLWLHV�LV�GHSLFWHG�LQ�ıJXUH���

2YHUDOO��ZH�VHH�WKDW�HDFK�JURXS�XVXDOO\�KDV�RQH�YLUDO�KLW��EXW�WKDW�WKH�DQWL�PDVN�XVHUV
�JURXS����WHQG�WR�VKDUH�D�ZLGH�UDQJH�RI�YLVXDOL]DWLRQV�WKDW�JDUQHU�PHGLXP�OHYHOV�RI�HQJDJHPHQW
�WKH\�KDYH�WKH�WKLUG�KLJKHVW�QXPEHU�RI�DYHUDJH�HQJDJHPHQWV�LQ�WKH�VL[�FRPPXQLWLHV��DQ
DYHUDJH�RI����OLNHV��VKDUHV��DQG�UHWZHHWV���$V�D�SHUFHQWDJH�RI�WRWDO�WZHHWV��DQWL�PDVNHUV�KDYH
VKDUHG�WKH�VHFRQG�KLJKHVW�QXPEHU�RI�FKDUWV�DFURVV�WKH�WRS�VL[�FRPPXQLWLHV��������FKDUWV�RU
���������7KH\�DOVR�XVH�WKH PRVW DUHD�OLQH�FKDUWV�DQG WKH OHDVW LPDJHV�DFURVV�WKH�VL[
FRPPXQLWLHV��LPDJHV�LQ�WKLV�GDWDVHW�XVXDOO\�LQFOXGH�PHPHV�RU�SKRWRV�RI�SROLWLFLDQV���7KHVH
VWDWLVWLFV�VXJJHVW�WKDW�DQWL�PDVNHUV�WHQG�WR�EH�DPRQJ�WKH�PRVW�SUROLıF�VKDUHUV�RI�GDWD
YLVXDOL]DWLRQV�RQ�7ZLWWHU��DQG�WKDW�WKH\�RYHUZKHOPLQJO\�DPSOLI\�WKHVH�YLVXDOL]DWLRQV�WR�RWKHU
XVHUV�ZLWKLQ�WKHLU�QHWZRUN���������RI�DOO�UHWZHHWV�DUH�LQ�QHWZRUN��

��



)LJXUH����9LVXDOL]LQJ�WKH�GLVWULEXWLRQ�RI�FKDUW�W\SHV�E\�QHWZRUN�FRPPXQLW\��ZLWK�WRS
DFFRXQWV�OLVWHG��:KLOH�HYHU\�FRPPXQLW\�KDV�SURGXFHG DW�OHDVW�RQH�YLUDO�WZHHW��DQWL�PDVN

XVHUV��JURXS����UHFHLYH�KLJKHU�HQJDJHPHQW�RQ�DYHUDJH�

������$QWL�PDVN�YLVXDOL]DWLRQV� )LJXUH���GHSLFWV�WKH GDWD�YLVXDOL]DWLRQV�WKDW�DUH�VKDUHG�E\
PHPEHUV�RI�WKH�DQWL�PDVN�QHWZRUN�DFFRPSDQLHG�E\�D�VHOHFW�WZHHWV�IURP�HDFK�FDWHJRU\��:KLOH
WKHUH�DUH�FHUWDLQO\�YLVXDOL]DWLRQV�WKDW�WHQG�WR�XVH�D�PHPH�EDVHG�DSSURDFK�WR�PDNH�WKHLU�SRLQW
�H�J���ŗ+H\�)DXFL���FKLOGSURRI�FKDUW�Ř�ZLWK�WKH�KHDGV�RI�JRYHUQRUV�XVHG�WR�VKRZ�WKH�UDWH�RI
&29,'�IDWDOLWLHV���PDQ\�RI�WKH�YLVXDOL]DWLRQV�VKDUHG�E\�DQWL�PDVN�7ZLWWHU�XVHUV�HPSOR\�YLVXDO
IRUPV�WKDW�DUH�UHODWLYHO\�VLPLODU�WR�FKDUWV�WKDW�RQH�PLJKW�HQFRXQWHU�DW�D�VFLHQWLıF�FRQIHUHQFH�
0DQ\�RI�WKHVH�WZHHWV�XVH�DUHD�DQG�OLQH�FKDUWV�WR�VKRZ�WKH�GLVFUHSDQF\�EHWZHHQ�WKH�QXPEHU�RI
SURMHFWHG�GHDWKV�LQ�SUHYLRXV�HSLGHPLRORJLFDO�DQG�WKH�QXPEHUV�RI�DFWXDO�IDWDOLWLHV��2WKHUV�XVH
XQLW�YLVXDOL]DWLRQV��WDEOHV��DQG�EDU�FKDUWV�WR�FRPSDUH�WKH�VHYHULW\�RI�FRURQDYLUXV�WR�WKH�ĲX��,Q
WRWDO��WKLV�ıJXUH�VKRZV�WKH�EUHDGWK�RI�YLVXDOL]DWLRQ�W\SHV�WKDW�DQWL�PDVN�XVHUV�HPSOR\�WR
LOOXVWUDWH�WKDW�WKH�SDQGHPLF�LV�H[DJJHUDWHG�

��� $QWL�PDVN�GLVFRXUVH�DQDO\VLV

7KH�7ZLWWHU�DQDO\VLV�HVWDEOLVKHV�WKDW�DQWL�PDVNHUV�DUH�SUROLıF�SURGXFHUV�DQG�FRQVXPHUV�RI�GDWD
YLVXDOL]DWLRQV��DQG�WKDW�WKH�JUDSKV�WKDW�WKH\�HPSOR\�DUH�VLPLODU�WR�WKRVH�IRXQG�LQ�RUWKRGR[
QDUUDWLYHV�DERXW�WKH�SDQGHPLF��3XW�GLĳHUHQWO\��DQWL�PDVNHUV�XVH�ŗGDWD�GULYHQŘ�QDUUDWLYHV�WR
MXVWLI\�WKHLU�KHWHURGR[�EHOLHIV��+RZHYHU��D�TXDQWLWDWLYH�RYHUYLHZ�RI�WKH�YLVXDOL]DWLRQV�WKH\�VKDUH
DQG�DPSOLI\�GRHV�QRW�LQ�LWVHOI�KHOS�XV�XQGHUVWDQG KRZ DQWL�PDVNHUV�LQYRNH�GDWD�DQG�VFLHQWLıF
UHDVRQLQJ�WR�VXSSRUW�SROLFLHV�OLNH�UH�RSHQLQJ�VFKRROV�DQG�EXVLQHVVHV��$QWL�PDVNHUV�DUH�DFXWHO\
DZDUH�WKDW�PDLQVWUHDP�QDUUDWLYHV�XVH�GDWD�WR�XQGHUVFRUH�WKH�SDQGHPLF
V�XUJHQF\��WKH\�EHOLHYH
WKDW�WKHVH�GDWD�VRXUFHV�DQG�YLVXDOL]DWLRQV�DUH�IXQGDPHQWDOO\�ĲDZHG�DQG�VHHN�WR�FRXQWHUDFW
WKHVH�ELDVHV��7KLV�VHFWLRQ�VKRZFDVHV�WKH�GLĳHUHQW�ZD\V�WKDW�DQWL�PDVN�JURXSV�WDON�DERXW
&29,'�UHODWHG�GDWD�LQ�GLVFXVVLRQ�IRUXPV��:KDW�NLQGV�RI�FRQFHUQV�GR�WKH\�KDYH�DERXW�WKH�GDWD
XVHG�WR�IRUPXODWH�SXEOLF�SROLFLHV"�+RZ�GR�WKH\�WDON�DERXW�WKH�OLPLWDWLRQV�RI�GDWD�RU�FUHDWH
YLVXDOL]DWLRQV�WR�FRQYLQFH�RWKHU�PHPEHUV�LQ�WKHLU�SK\VLFDO�FRPPXQLWLHV�WKDW�WKH�SDQGHPLF�LV�D
KRD["

������(PSKDVLV�RQ�RULJLQDO�FRQWHQW� 0DQ\�DQWL�PDVN XVHUV�H[SUHVV�PLVWUXVW�IRU�DFDGHPLF
DQG�MRXUQDOLVWLF�DFFRXQWV�RI�WKH�SDQGHPLF��SURSRVLQJ�WR�UHFWLI\�DOOHJHG�ELDV�E\�ŗIROORZLQJ�WKH
GDWDŘ�DQG�FUHDWLQJ�WKHLU�RZQ�GDWD�YLVXDOL]DWLRQV��,QGHHG��RQH�)DFHERRN�JURXS�ZLWKLQ�WKLV�VWXG\
KDV�YHU\�VWULFW�PRGHUDWLRQ�JXLGHOLQHV�WKDW�SURKLELW�WKH�VKDULQJ�RI�QRQ�RULJLQDO�FRQWHQW�VR�WKDW
GLVFXVVLRQV�FDQ�EH�ŗJXLGHG�VROHO\�E\�WKH�GDWD�Ř�6RPH�JURXS�DGPLQLVWUDWRUV�HYHQ�LPSRVH�QHZV
FRQVXPSWLRQ�EDQV�RQ�WKHPVHOYHV�VR�WKDW�ŗPDLQVWUHDPŘ�PRGHOV�GR�QRW�ŗFORXG�WKHLU�DQDO\VLV�Ř�,Q
RWKHU�ZRUGV� DQWL�PDVNHUV�YDOXH�XQPHGLDWHG�DFFHVV WR�LQIRUPDWLRQ�DQG�SULYLOHJH�SHUVRQDO
UHVHDUFK�DQG�GLUHFW�UHDGLQJ�RYHU�ŗH[SHUWŘ�LQWHUSUHWDWLRQV� :KLOH�RXWVLGH�FRQWHQW�LV�JHQHUDOO\
SURKLELWHG��)DFHERRN�JURXS�PRGHUDWRUV�HQFRXUDJH�IROORZHUV�WR�PDNH�WKHLU�RZQ�JUDSKV��ZKLFK

��



DUH�RIWHQ�VKDUHG�E\�SURPLQHQW�PHPEHUV�RI�WKH�JURXS�WR�ODUJHU�DXGLHQFHV��H�J���RQ�WKHLU
SHUVRQDO�WLPHOLQHV�RU�RQ�RWKHU�SXEOLF�IDFLQJ�3DJHV���3DUWLFXODUO\�LQ�FDVHV�ZKHUH�D�JURXS�RU�SDJH
LV�OHG�E\�D�IHZ�SURPLQHQW�XVHUV��IROORZHU�JHQHUDWHG�JUDSKV�WHQG�WR�EH�KLJKO\�SRSXODU�EHFDXVH
WKH\�RIWHQ�HQFRXUDJH�RWKHU�IROORZHUV�WR�EHJLQ�WKHLU�RZQ�GDWD�DQDO\VLV�SURMHFWV��DQG

��



)LJXUH����6DPSOH�FRXQWHU�YLVXDOL]DWLRQV�IURP�WKH�DQWL�PDVN�XVHU�QHWZRUN�:KLOH�WKHUH�DUH
PHPH�EDVHG�YLVXDOL]DWLRQV��DQWL�PDVNHUV�RQ�7ZLWWHU�DGRSW�WKH�VDPH�YLVXDO�YRFDEXODU\�DV

YLVXDOL]DWLRQ�H[SHUWV�DQG�WKH�PDLQVWUHDP�PHGLD�

��



FRPPHQWV�RQ�WKHVH�SRVWV�RIWHQ�GHDO�GLUHFWO\�ZLWK�KRZ�WR�UHYHUVH�HQJLQHHU��RU�RWKHUZLVH�DGMXVW�
WKH�YLVXDOL]DWLRQ�IRU�DQRWKHU�ORFDOLW\�

6LQFH�VRPH�RI�WKHVH�JURXSV�DUH�IRFXVHG�RQ�D�VLQJOH�VWDWH��H�J��ŗ5HRSHQ�1HYDGDŘ���WKH\
FDQ�ıOO�DQ�LQIRUPDWLRQ�JDS��QRW�HYHU\�FRXQW\�RU�ORFDOLW\�LV�UHSUHVHQWHG�RQ�GDWD�GDVKERDUGV
PDGH�E\�ORFDO�QHZVSDSHUV��KHDOWK�GHSDUWPHQWV��RU�FLW\�JRYHUQPHQWVŠLI�WKHVH�JRYHUQPHQW
HQWLWLHV�KDYH�GDVKERDUGV�RU�RSHQ�GDWD�SRUWDOV�DW�DOO��,Q�VXFK�FDVHV��WKH�HPSKDVLV�RQ�RULJLQDO
FRQWHQW�SULPDULO\�UHĲHFWV�D�JUDVVURRWV�HĳRUW�WR�HQVXUH�DFFHVV�WR�SDQGHPLF�UHODWHG�GDWD�ZKHUH
WKHUH�DUH�QR�DOWHUQDWLYHV��DQG�RQO\�VHFRQGDULO\�VHUYHV�WR�FRQVWLWXWH�DQ�DOWHUQDWLYH�WR
LGHRORJLFDOO\�FKDUJHG�PDLQVWUHDP�QDUUDWLYHV��,Q�WKH�UDUH�LQVWDQFHV�ZKHUH�PDLQVWUHDP
YLVXDOL]DWLRQV�DUH�VKDUHG�LQ�VXFK�D�JURXS��LW�LV�XVXDOO\�WR�KLJKOLJKW�WKH�ZD\V�WKDW�PDLQVWUHDP
DQDO\VLV�ıQDOO\�PDWFKHV�DQWL�PDVN�SURMHFWLRQV��RU�WR�VKRZ�KRZ�D�MRXUQDOLVW��JRYHUQPHQW�RĴFLDO�
RU�DFDGHPLF�FDQ�PDQLSXODWH�WKH�VDPH�GDWD�VRXUFH�WR�SXUSRVHIXOO\�PLVOHDG�UHDGHUV�

,Q�RUGHU�WR�FUHDWH�WKHVH�RULJLQDO�YLVXDOL]DWLRQV��XVHUV�SURYLGH�QXPHURXV�WXWRULDOV�RQ�KRZ
WR�DFFHVV�JRYHUQPHQW�KHDOWK�GDWD��7KHVH�WXWRULDOV�FRPH�HLWKHU�DV�ZULWWHQ�SRVWV�RU�DV�OLYH
VFUHHQFDVWV��ZKHUH�D�XVHU��RIWHQ�D�JURXS�DGPLQLVWUDWRU�RU�PRGHUDWRU��GHPRQVWUDWHV�WKH�SURFHVV
RI�GRZQORDGLQJ�LQIRUPDWLRQ�IURP�DQ�RSHQ�GDWD�SRUWDO��'XULQJ�WKH�OLYHVWUHDP��WKH\�HGLWRULDOL]H�WR
VKRZ�ZKLFK�GDWD�DUH�WKH�PRVW�XVHIXO��H�J�� ŗWKH�GDWD \RX�FDQ�GRZQORDG >IURP�WKH�*HRUJLD
+HDOWK�'HSDUWPHQW�ZHEVLWH@LV�FRPSOHWHO\�ZRUWKOHVV� EXW�WKH�GDVKERDUGŠZKLFK�KDV�GDWD�WKDW
HYHU\GD\�FLWL]HQV�FDQQRW�DFFHVVŠDFWXDOO\�VKRZV�WKDW�WKHUH�DUH�QR�GHDWKV�ZKDWVRHYHU�Ř -XO\����
�������6LQFH�PDQ\�ORFDO�KHDOWK�GHSDUWPHQWV�GR�QRW�KDYH�WKH�UHVRXUFHV�WR�VWDQG�XS�D�QHZ�GDWD
V\VWHP�VSHFLıFDOO\�IRU�&29,'�����VRPH�UHGLUHFW�FRQVWLWXHQWV�WR�WKH�VWDWH�KHDOWK�GHSDUWPHQW�
ZKLFK�PD\�QRW�KDYH�JUDQXODU�GDWD�IRU�D�VSHFLıF�WRZQVKLS�DYDLODEOH�IRU�SXEOLF�XVH��,Q�WKH
DEVHQFH�RI�GDWD�VKDULQJ�EHWZHHQ�VWDWHV�DQG�ORFDO�JRYHUQPHQWV��XVHUV�RIWHQ�WDNH�LW�XSRQ
WKHPVHOYHV�WR�VKDUH�GDWD�ZLWK�RQH�DQRWKHU��H�J���ŗ>UHGDFWHG@EULQJV XV�WKLV�VHW�RI�GDWD�IURP
0LQQHVRWD� >���@+HUH�LW�LV�LQ�UDZ�IRUP��MXVW�VXSHULPSRVHG RQ�WKH�PRGHO�Ř 0D\�����������DQG�WKH\
ZRUN�WRJHWKHU�WR�WURXEOHVKRRW�SUREOHPV�ZLWK�HDFK�GDWDVHW��H�J�� ŗWKDQNV��SOXJJLQJ >VLF@LQ�QHZ
�FVY�ıOH�WR�GHDWK�GDWHV�LV�IUXVWUDWLQJ�EXW�ZRUWK�LW�Ř 0D\����������

������&ULWLFDOO\�DVVHVVLQJ�GDWD�VRXUFHV� (YHQ�DV�WKHVH XVHUV�OHDUQ�IURP�HDFK�RWKHU�WR�FROOHFW
PRUH�GDWD��WKH\�UHPDLQ�FULWLFDO�DERXW�WKH�FLUFXPVWDQFHV�XQGHU�ZKLFK�WKH�GDWD�DUH�FROOHFWHG�DQG
GLVWULEXWHG��0DQ\�RI�WKH�XVHUV�EHOLHYH�WKDW�WKH�PRVW�LPSRUWDQW�PHWULFV�DUH�PLVVLQJ�IURP
JRYHUQPHQW�UHOHDVHG�GDWD��7KH\�H[SUHVV�WKHLU�FRQFHUQV�LQ�IRXU�PDMRU�ZD\V��)LUVW��WKHUH�LV�DQ
RQJRLQJ�DQLPDWHG�GHEDWH�ZLWKLQ�WKHVH�JURXSV�DERXW�ZKLFK�PHWULFV�PDWWHU��6RPH�XVHUV
FRQWHQG�WKDW�GHDWKV��QRW�FDVHV��VKRXOG�EH�WKH�XOWLPDWH�DUELWHU�LQ�SROLF\�GHFLVLRQV��VLQFH�FDVH
UDWHV�DUH�HDVLO\�ŗPDQLSXODWHGŘ��H�J���ZLWK�LQFUHDVHG�WHVWLQJ��DQG�GR�QRW�QHFHVVDULO\�VLJQDO�VHYHUH
KHDOWK�SUREOHPV��SHRSOH�FDQ�EH�DV\PSWRPDWLF���7KH�VKLIW�LQ�IRFXV�LV�LPSRUWDQW��DV�WKHVH�JURXSV
EHOLHYH�WKDW�WKH�HPSKDVLV�RQ�FDVHV�DQG�WHVWLQJ�RIWHQ�PHDQV�WKDW�UDWHV�RI�&29,'�GHDWKV�E\
FRXQW\�RU�WRZQVKLS�DUH�QRW�UHSRUWHG�WR�WKH�VDPH�H[WHQW�RU�VHULRXVO\�XVHG�IRU�SROLF\�PDNLQJ��$V
RQH�XVHU�QRWHG� ŗ7KH�$ODEDPD�SXEOLF�KHDOWK�GHSDUWPHQW GRHVQ
W�SURYLGH�GHDWKV�SHU�GD\�GDWD
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�WKDW�,�FDQ�WHOOŠ\RX�FDQ�JHW�LW�HOVHZKHUH���,�VHQW�D�PHVVDJH�DVNLQJ�DERXW�WKDW��&ULFNHWV�VR�IDU�Ř
�-XO\�����������

6HFRQG��XVHUV�DOVR�EHOLHYH�WKDW�VWDWH�DQG�ORFDO�JRYHUQPHQWV�DUH�GHOLEHUDWHO\
ZLWKKROGLQJ�GDWD�VR�WKDW�WKH\�FDQ�XQLODWHUDOO\�PDNH�GHFLVLRQV�DERXW�ZKHWKHU�RU�QRW�ORFNGRZQV
DUH�HĳHFWLYH��'XULQJ�D�)DFHERRN�OLYHVWUHDP�ZLWK�D�&RQJUHVVLRQDO�FDQGLGDWH�ZKR�ZDQWHG�WR
ŗXVH�GDWD�IRU�UHRSHQLQJ�Ř�IRU�H[DPSOH��ERWK�WKH�FDQGLGDWH�DQG�DQ�DQWL�PDVN�JURXS
DGPLQLVWUDWRU�GLVFXVVHG�WKH�H[WHQW�WR�ZKLFK�VWDWH�H[HFXWLYHV�ZHUH�ZLOOLQJ�WR�REVFXUH�WKH
XQGHUO\LQJ�GDWD�WKDW�ZHUH�XVHG�WR�MXVWLI\�ORFNGRZQ�SURFHGXUHV��$XJXVW������������7R�LOOXVWUDWH
WKLV��WKH�FDQGLGDWH�HPSKDVL]HG�D�SUHVV�FRQIHUHQFH�LQ�ZKLFK�MRXUQDOLVWV�DVNHG�WKH�VWDWH
H[HFXWLYH�ZKHWKHU�WKH\�ZRXOG�FRQVLGHU�PDNLQJ�WKH�HQWLUH�FRQWDFW�WUDFLQJ�SURFHVV�SXEOLF��ZKLFK
ZRXOG�LQFOXGH�UHOHDVLQJ�WKH�QDPH�RI�WKH�EDU�ZKHUH�WKH�RXWEUHDN�VWDUWHG��,Q�UHVSRQVH��WKH
JRYHUQRU�DUJXHG�WKDW�ZKLOH�WUDQVSDUHQF\�DERXW�WKH�QXPEHUV�ZHUH�LPSRUWDQW��WKH�VWDWH�ZRXOG
QRW�UHOHDVH�WKH�QDPH�RI�WKH�EDU��FLWLQJ�WKH�SRVVLELOLW\�RI�VWLJPDWL]DWLRQ�DQG�DQ�HURVLRQ�RI
SULYDF\��7KLV�VRXQGELWHŠŗZH�KDYH�WKH�GDWD��EXW�ZH ZRQ
W�JLYH�LW�WR�\RXŘŠODWHU�EHFDPH�D
UDOO\LQJ�FU\�IRU�DQWL�PDVN�JURXSV�LQ�WKLV�VWDWH�IROORZLQJ�WKLV�OLYHVWUHDP� ŗ,�KDWH�WKDW�WKH\
UH�QRW
EHLQJ�WUDQVSDUHQW�LQ�WKHLU�QXPEHUV�DQG�LQIRUPDWLRQ�WKH\
UH�JLYLQJ�RXW�Ř DQRWKHU�XVHU�ZURWH�
ŗ7KH\�QHHG�WR�EH�KRQHVW�DQG�DGPLW�WKH\�PHVVHG�XS�LI�LW�LVQ
W�DV�EDG�DV�WKH\
UH�PDNLQJ�LW�RXW�WR
EH� >���@:H�QHHG�KRQHVW\�DQG�WUDQVSDUHQF\�Ř

7KLV�SOD\V�LQWR�D�WKLUG�SUREOHP�WKDW�XVHUV�LGHQWLI\�ZLWK�WKH�H[LVWLQJ�GDWD��WKDW�GDWDVHWV
DUH�FRQVWUXFWHG�LQ�IXQGDPHQWDOO\�VXEMHFWLYH�ZD\V��7KH\�DUH�FRGHG��FOHDQHG��DQG�DJJUHJDWHG
HLWKHU�E\�JRYHUQPHQW�GDWD�DQDO\VWV�ZLWK�QHIDULRXV�LQWHQWLRQV�RU�E\�RUJDQL]DWLRQV�ZKR�PD\�QRW
KDYH�WKH�UHVRXUFHV�WR�SURYLGH�H[WHQVLYH�GRFXPHQWDWLRQ� ŗ5HVHDUFKHUV�FDQ�GHıQH�WKHLU�GDWD�VHW
DQ\KRZ >VLF@WKH\�OLNH�LQ�DEVHQFH�RI�JHQHUDOO\�DFFHSWHG �SUHIHUDEO\�VSHFLıHG��GHıQLWLRQV�Ř RQH
XVHU�ZURWH�RQ�-XQH���������� ŗ&RGLQJ�GDWD�LV�D�ELJ GHDOŠDQG�WKRVH�GHıQLWLRQV�VKRXOG�EH
RĳHUHG�WUDQVSDUHQWO\�E\�HYHU\�VWDWH��:LWKRXW�D�QDWLRQDO�JXLGHOLQHŠZH�DUH�OHIW�ZLWK�WKLV�PHVV�Ř
7KH�ODFN�RI�WUDQVSDUHQF\�ZLWKLQ�WKHVH�GDWD�FROOHFWLRQ�V\VWHPVŠZKLFK�PDQ\�RI�WKHVH�XVHUV�LQIHU
DV�D�ODFN�RI�KRQHVW\ŠHURGHV�WKHVH�XVHUVŖ�WUXVW�ZLWKLQ�ERWK�JRYHUQPHQW�LQVWLWXWLRQV�DQG�WKH
GDWDVHWV�WKH\�UHOHDVH�

(YHQ�ZKHQ�ORFDO�JRYHUQPHQWV�GR�SURYLGH�GDWD��KRZHYHU��WKHVH�XVHUV�DOVR�FRQWHQG�WKDW
WKH�GDWD�UHTXLUHV�FRQWH[W�LQ�RUGHU�IRU�DQ\�LQWHUSUHWDWLRQ�WR�EH�PHDQLQJIXO��)RU�H[DPSOH��PHWULFV
OLNH�KRVSLWDOL]DWLRQ�DQG�LQIHFWLRQ�UDWHV�DUH�VWLOO ŗYXOQHUDEOH�WR�DOO�VRUWV�RI�LVVXHV�WKDW�PDNH�>WKHVH@
GDWD�OHVV�UHOLDEOH�WKDQ�GHDWKV�GDWDŘ �-XQH����������� DQG�UHTXLUH�DGGLWLRQDO�LQTXLU\�EHIRUH�WKH
XVHU�FRQVLGHUV�PDNLQJ�D�YLVXDOL]DWLRQ��,Q�IDFW��WKHUH�DUH�PXOWLSOH�WKUHDGV�HYHU\�ZHHN�ZKHUH
XVHUV�GHEDWH�KRZ�UHSUHVHQWDWLYH�WKH�GDWD�DUH�RI�WKH�SRSXODWLRQ�JLYHQ�WKH�LQFUHDVHG�UDWH�RI
WHVWLQJ�DFURVV�PDQ\�VWDWHV��)RU�VRPH�XVHUV��UDQGRP�VDPSOLQJ�LV�WKH�RQO\�ZD\�WR�UHDOO\�NQRZ
WKH�WUXH�LQIHFWLRQ�UDWH��DV�����WHVWLQJ�RQO\�WKRVH�ZKR�VKRZ�V\PSWRPV�JLYHV�XV�DQ�DUWLıFLDOO\�KLJK
LQIHFWLRQ�UDWH��DQG�����WHVWLQJ�DV\PSWRPDWLF�SHRSOH�WHOOV�XV�ZKDW�ZH�DOUHDG\�NQRZŠWKDW�WKH
YLUXV�LV�QRW�D�WKUHDW��7KHVH�JURXSV�DUJXH�WKDW�WKH�FRQĲDWLRQ�RI�DV\PSWRPDWLF�DQG�V\PSWRPDWLF
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FDVHV�WKHUHIRUH�PDNHV�LW�GLĴFXOW�IRU�DQ\RQH�WR�DFWXDOO\�GHWHUPLQH�WKH�VHYHULW\�RI�WKH�SDQGHPLF�
ŗ:H�DUH�FRXQWLQJ�ŕFDVHVŖ�LQ�ZD\V�ZH�QHYHU�GLG�IRU�DQ\�RWKHU�YLUXV�Ř D�XVHU�ZULWHV� ŗDQG�ZH
FKDQJHG�KRZ�ZH�FRXQWHG�LQ�WKH�PLGGOH�RI�WKH�JDPH��,W
V�FODVVLF�JDUEDJH�LQ��JDUEDJH�RXW�DW�WKLV
SRLQW��,I�LW�FRXOG�EH�FODZHG�EDFN�WR�21/<�V\PSWRPDWLF�DQG�RU�FRQWDFWV��LW�FRXOG�EH�D�XVHIXO
JXLGH >IRU�FRPSDULVRQ@� EXW�,�GRQ
W�VHH�WKDW�KDSSHQLQJŘ �$XJXVW����������

6LPLODUO\��WKHVH�JURXSV�RIWHQ�TXHVWLRQ�WKH�FRQWH[W�EHKLQG�PHDVXUHV�OLNH�ŗH[FHVV
GHDWKV�Ř�:KLOH�WKH�&'&�KDV�SURYLGHG�YLVXDOL]DWLRQV�WKDW�HVWLPDWH�WKH�QXPEHU�RI�H[FHVV�GHDWKV
E\�ZHHN��&'&��������XVHUV�WDNH�VFUHHQVKRWV�RI�WKH�ZHEVLWHV�DQG�GHEDWH�ZKHWKHU�RU�QRW�WKH\
FDQ�EH�DWWULEXWHG�WR�WKH�FRURQDYLUXV� ŗ<RX�FDQ
W�VLPSO\ VXEWUDFW�WKH�FXUUHQW�GHDWK�WDOO\�IURP�WKH
W\SLFDO�YDOXH�IRU�WKLV�WLPH�RI�\HDU�DQG�DWWULEXWH�WKH�GLĳHUHQFH�WR�&RYLG�Ř D�XVHU�ZURWH� ŗ%HFDXVH
RI�WKH�DFWLRQV�RI�RXU�JRYHUQPHQWV��ZH�DUH�DFWXDOO\�FDXVLQJ�H[FHVV�GHDWKV��:DQW�WR�NLOO�DQ�ROG
SHUVRQ�TXLFNO\"�7DNH�DZD\�WKHLU�KXPDQ�LQWHUDFWLRQ�DQG�FRQWDFW��2U�IRUFH�WKHP�LQWR�D�UHVW�KRPH
ZLWK�RWKHU�LQIHFWHG�SHRSOH��:DQW�SHRSOH�WR�GLH�IURP�SUHYHQWDEOH�GLVHDVHV"�6FDUH�WKHP�DZD\
IURP�WKH�KRVSLWDOV��DQG�HQFRXUDJH�WKHP�WR�SRVWSRQH�WKHLU�PHGLFDO�VFUHHQLQJV��FKHFNXSV��DQG
WUHDWPHQWV >���@7KH�QXPEHUV�DUH�FOHDU��%\�WU\LQJ�WR PLWLJDWH�RQH�SUREOHP��ZH�DUH�FUHDWLQJ�WRR
PDQ\�RWKHUV��DW�WRR�KLJK�D�SULFHŘ �6HSWHPEHU����������

������&ULWLFDOO\�DVVHVVLQJ�GDWD�UHSUHVHQWDWLRQV� (YHQ EH\RQG�GRZQORDGLQJ�GDWDVHWV�IURP
ORFDO�KHDOWK�GHSDUWPHQWV��XVHUV�LQ�WKHVH�JURXSV�DUH�HVSHFLDOO\�DWWXQHG�WR�WKH�ZD\V�WKDW�VSHFLıF
W\SHV�RI�YLVXDOL]DWLRQV�FDQ�REVFXUH�RU�KLJKOLJKW�LQIRUPDWLRQ��,Q�UHVSRQVH�WR�D�YLVXDOL]DWLRQ
ZKHUH�WKH�RULJLQDO�SRVWHU��23��FUHDWHG�D�EDU�FKDUW�RI�GHDWK�FRXQWV�E\�FRXQW\��D�XVHU
FRPPHQWHG� ŗWKH�ZD\�GDWD�LV�SUHVHQWHG�FDQ�DOVR�VKRZ ELDV��)RU�H[DPSOH�LQ�WKH�VWDWH�FKDUWV�
FRXQWLHV�ZLWK�KXJHO\�GLĳHUHQW�SRSXODWLRQV�FDQ�EH�QH[W�WR�HDFK�RWKHU��7KH�VPDOOHU�FRXQWLHV�DUH
DOZD\V�JRLQJ�WR�ORRN�FDOP�HYHQ�LI�SHU�FDSLWD�WKH\�DUH�GRLQJ�WKH�VDPH�RU�ZRUVH��3HUKDSV�\RX
FRXOG�GR�D�YHUVLRQ�RI�WKH�FKDUWV�ZKHUH�WKH�KDUGHVW�KLW�FRXQW\�LV�QRUPDOL]HG�SHU�FDSLWD�WR���DQG
FRPSDUH�FRXQWLHV�WKDW�ZD\�Ř WR�ZKLFK�WKH�23�UHVSRQGHG� ŗLW�LV�QHYHU�ELDVHG�WR�VKRZ�GDWD�LQ�LWV
HQWLUHW\��IXOO�VFDOHŘ �$XJXVW�����������

$Q�RQJRLQJ�WRSLF�RI�GLVFXVVLRQ�LV�ZKHWKHU�WR�YLVXDOL]H�DEVROXWH�GHDWK�FRXQWV�DV
RSSRVHG�WR�GHDWKV�SHU�FDSLWD��DQG�LW�LV�LOOXVWUDWLYH�RI�D�EURDGHU�PLVWUXVW�RI�PHGLDWLRQ��)RU�VRPH�
ŗUDZ�GDWDŘ��H�J���FRXQWV��SURYLGHV�PRUH�DFFXUDWH�LQIRUPDWLRQ�WKDQ�DQ\�GDWD�WUDQVIRUPDWLRQ��H�J��
GHDWK�UDWH�SHU�FDSLWD��RU�HYHQ�YLVXDOL]DWLRQV�WKHPVHOYHV���)RU�RWKHUV��VFUHHQVKRWV�RI�WDEOHV�DUH
WKH�PRVW�IDLWKIXO�ZD\�WR�UHSUHVHQW�WKH�GDWD��VR�WKDW�SHRSOH�FDQ�VHH�DQG�LQWHUSUHW�LW�IRU
WKHPVHOYHV� ŗ1R�RĴFLDO�JUDSKV�Ř VDLG�RQH�XVHU� ŗ5DZ GDWD�RQO\��:K\�JLYH�WKHP�DQ�RSSRUWXQLW\
WR�VSLQ"Ř �-XQH������������7KHVH�XVHUV�ZDQW�WR�XQGHUVWDQG DQG�DQDO\]H�WKH�LQIRUPDWLRQ�IRU
WKHPVHOYHV��IUHH�IURP�ELDVHG��H[WHUQDO�LQWHUYHQWLRQ�

������,GHQWLI\LQJ�ELDV�DQG�SROLWLFV�LQ�GDWD�:KLOH XVHUV�FRQWHQG�WKDW�WKHLU�GDWD�YLVXDOL]DWLRQV
REMHFWLYHO\�LOOXVWUDWH�KRZ�WKH�SDQGHPLF�LV�QR�ZRUVH�WKDQ�WKH�ĲX��WKH\�DUH�VLPLODUO\�PLQGIXO�WR
QRWH�WKDW�WKHVH�DQDO\VHV�RQO\�UHSUHVHQW�SDUWLDO�SHUVSHFWLYHV�WKDW�DUH�VXEMHFW�WR�LQGLYLGXDO

��



FRQWH[W�DQG�LQWHUSUHWDWLRQ� ŗ,
YH�QHYHU�FODLPHG�WR�KDYH�QR�ELDV��2I�FRXUVH�,�DP�ELDVHG��,
P
KXPDQ�Ř VD\V�RQH�SUROLıF�SURGXFHU�RI�DQWL�PDVN�GDWD YLVXDOL]DWLRQV� ŗ7KDW
V�ZK\�VFLHQWLVWV�XVH
FRQWUROV����WR�SURWHFW�RXUVHOYHV�IURP�RXU�RZQ�ELDVHV��$QG�WKLV�LV�RQH�RI�WKH�UHDVRQV�ZK\�,
GLVFORVH�P\�ELDVHV�WR�\RX��7KDW�ZD\�\RX�FDQ�HYDOXDWH�P\�FRQFOXVLRQV�LQ�FRQWH[W��+RSHIXOO\��E\
VWD\LQJ�FORVH�WR�WKH�GDWD��ZH�NHHS�WKH�HĳHFW�RI�ELDV�WR�D�PLQLPXPŘ �$XJXVW������������7KH\�DUH
XOWLPDWHO\�PLQGIXO�RI�WKH�VXEMHFWLYLW\�RI�KXPDQ�LQWHUSUHWDWLRQ��ZKLFK�OHDGV�WKHP�WR�DQDO\]LQJ�WKH
GDWD�IRU�WKHPVHOYHV�

0RUH�WDQJLEO\��KRZHYHU��WKHVH�JURXSV�VHHN�WR�LGHQWLI\�ELDV�E\�EHLQJ�FULWLFDO�DERXW
VSHFLıF�SURıW�PRWLYHV�WKDW�FRPH�IURP�UHOHDVLQJ��RU�VXSSUHVVLQJ��VSHFLıF�NLQGV�RI�LQIRUPDWLRQ�
0DQ\�RI�WKH�XVHUV�ZLWKLQ�WKHVH�JURXSV�DUH�VNHSWLFDO�DERXW�WKH�SRWHQWLDO�EHQHıWV�RI�D
FRURQDYLUXV�YDFFLQH��DQG�DV�D�SRLQW�RI�FRPSDULVRQ��WKH\�RIWHQ�UHIHUHQFH�KRZ�WKH�WREDFFR
LQGXVWU\�KDV�KLVWRULFDOO\�PDQLSXODWHG�VFLHQFH�WR�PLVOHDG�FRQVXPHUV��7KHVH�JURXSV�EHOLHYH�WKDW
SKDUPDFHXWLFDO�FRPSDQLHV�KDYH�VLPLODUO\�YLOODLQRXV�SURıW�PRWLYHV��ZKLFK�OHDGV�WKH�LQGXVWU\�WR
LQĲDWH�GDWD�DERXW�WKH�SDQGHPLF�LQ�RUGHU�WR�VWRNH�GHPDQG�IRU�D�YDFFLQH��$V�RQH�XVHU�ODPHQWHG�
ŗ,�ZLVK�PRUH�RI�WKH�SXEOLF�ZRXOG�GR�VRPH�UHVHDUFK�LQWR�WKHP�DQG�VHH�KRZ�PXFK�RI�D�ULVN�WKH\
DUH�EXW�VDGO\�PRVW�ZRQW >VLF@ŠEHFDXVH�RQFH�\RX�GR DQG�\RX�VHH�WKH�WUXWK�RQ�WKHP��\RX�JHW
ODEHOHG�DV�DQ�ŕDQWLYD[[HUŖ�ZKLFK�HTXDWHV�WR�IRRO��,Q�WKH�QH[W�IHZ�\HDUV��WKH�YDFFLQH�LQGXVWU\�LV
VHW�WR�EH�D�QHDUO\�����ELOOLRQ�GROODU�LQGXVWU\��3HRSOH�VKRXOG�UHDOO\�FRQVLGHU�ZKR�SURıWV�Rĳ�RI�RXU
LJQRUDQFHŘ �$XJXVW�����������

������$SSHDOV�WR�VFLHQWLıF�DXWKRULW\� 3DUDGR[LFDOO\� WKHVH�JURXSV�DOVR�VHHN�ZD\V�WR�YDOLGDWH
WKHLU�ıQGLQJV�WKURXJK�WKH�VFLHQWLıF�HVWDEOLVKPHQW��0DQ\�XVHUV�SURPLQHQWO\�GLVSOD\�WKHLU
VFLHQWLıF�FUHGHQWLDOV��H�J���UHIHUULQJ�WR�WKHLU�GRFWRUDO�GHJUHHV�RU�SURPLQHQW�SXEOLFDWLRQV�LQ
YHQXHV�OLNH�1DWXUH��ZKLFK�XQLTXHO\�TXDOLI\�WKHP�DV�LQVLGHUV�ZKR�DUH�PRVW�ZHOO�HTXLSSHG�WR
FULWLFL]H�WKH�VFLHQWLıF�FRPPXQLW\��0HPEHUV�ZKR�SHUIRUP�WKLV�NLQG�RI�H[SHUWLVH�RIWHQ�SRLQW�WR
�����1REHO�/DXUHDWH�0LFKDHO�/HYLWW
V�DVVHUWLRQ�WKDW�ORFNGRZQV�GR�QRWKLQJ�WR�VDYH�OLYHV�>��@�DV
DQRWKHU�LQGLFDWRU�RI�VFLHQWLıF�OHJLWLPDF\��%RWK�/HYLWW�DQG�WKHVH�DQWL�PDVN�JURXSV�LGHQWLI\�WKH
GDQJHURXV�FRQYHUJHQFH�RI�VFLHQFH�DQG�SROLWLFV�DV�RQH�RI�WKH�PDLQ�EDUULHUV�WR�D�PRUH
UHDVRQDEOH�DQG�VXFFHVVIXO�SDQGHPLF�UHVSRQVH��DQG�WKH\�FRQVWUXFW�WKHLU�RZQ�GDWD
YLVXDOL]DWLRQV�DV�D�ZD\�WR�FRPEDW�ZKDW�WKH\�VHH�DV�KHDOWK�PLVLQIRUPDWLRQ� ŗ7R�EH�FOHDU��,�DP
QRW�GRZQSOD\LQJ�WKH�&29,'�HSLGHPLF�Ř VDLG�RQH�XVHU� ŗ,�KDYH�QHYHU�GHQLHG�LW�ZDV�UHDO��,QVWHDG�
,
YH�EHHQ�PRGHOLQJ�LW�VLQFH�LW�EHJDQ�LQ�:XKDQ��WKHQ�LQ�(XURSH��HWF� >���@:KDW�,�KDYH�GRQH�LV
IROORZ�WKH�GDWD��,
YH�OHDUQHG�WKDW�JRYHUQPHQWV��WKDW�ZRUN�IRU�XV��DUH�WRR�RIWHQ�GHOLEHUDWHO\�OHVV
WKDQ�WUDQVSDUHQW�ZKHQ�LW�FRPHV�WR�UHSRUWLQJ�DERXW�WKH�HSLGHPLFŘ �-XO\������������)RU�WKHVH
DQWL�PDVN�XVHUV��WKHLU�DSSURDFK�WR�WKH�SDQGHPLF�LV�JURXQGHG�LQ�D PRUH VFLHQWLıF�ULJRU��QRW�OHVV�

������'HYHORSLQJ�H[SHUWLVH�DQG�SURFHVVHV�RI�FULWLFDO�HQJDJHPHQW� 7KH�JRDO�RI�PDQ\�RI
WKHVH�JURXSV�LV�XOWLPDWHO\�WR�GHYHORS�D�QHWZRUN�RI�ZHOO�LQIRUPHG�FLWL]HQV�HQJDJHG�LQ�DQDO\]LQJ
GDWD�LQ�RUGHU�WR�PDNH�PHDVXUHG�GHFLVLRQV�GXULQJ�D�JOREDO�SDQGHPLF� ŗ7KH�RWKHU�VLGH�VD\V�WKDW
WKH\�XVH�HYLGHQFH�EDVHG�PHGLFLQH�WR�PDNH�GHFLVLRQV�Ř RQH�XVHU�ZURWH� ŗEXW�WKH�GDWD�DQG�WKH
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VFLHQFH�GR�QRW�VXSSRUW�FXUUHQW�DFWLRQVŘ �$XJXVW������������7KH�GLVFXVVLRQ�EDVHG�QDWXUH�RI
WKHVH�)DFHERRN�JURXSV�DOVR�JLYH�WKHVH�IROORZHUV�D�VSDFH�WR�OHDUQ�DQG�DGDSW�IURP�RWKHUV��DQG
WR�GHYHORS�SURFHVVHV�RI�FULWLFDO�HQJDJHPHQW��/RQJ�WLPH�IROORZHUV�RI�WKH�JURXS�RIWHQ�JLYH�VPDOO
WXWRULDOV�WR�QHZ�XVHUV�RQ�KRZ�WR�UHDG�DQG�LQWHUSUHW�VSHFLıF�YLVXDOL]DWLRQV��DQG�XVHUV�RIWHQ�JLYH
HDFK�RWKHU�FRQVWUXFWLYH�IHHGEDFN�RQ�KRZ�WR�DGMXVW�WKHLU�JUDSKLF�WR�PDNH�LW�PRUH�OHJLEOH�RU
LQWXLWLYH��6RPH�TXHVWLRQV�DQG�FRPPHQWV�ZRXOG�QRW�EH�RXW�RI�SODFH�DW�DOO�DW�D�YLVXDOL]DWLRQ
UHVHDUFK�SRVWHU�VHVVLRQ� ŗ7KLV�GRHVQ
W�PDNH�VHQVH� :KDW�GR�WKH�FRORUV�PHDQ"�+RZ�GRHV�WKLV
GHPRQVWUDWH�DQ\�XVHIXO�LQIRUPDWLRQ"Ř �-XO\���������� 7KHVH�FRPPXQLWLHV�XVH�GDWD�DQDO\VLV�DV�D
ZD\�WR�VRFLDOL]H�DQG�HQFXOWXUDWH�WKHLU�XVHUV��WKH\�SURPXOJDWH�GDWD�OLWHUDF\�SUDFWLFHV�DV�D�ZD\�RI
LQFXOFDWLQJ�KHWHURGR[�LGHRORJ\��7KH�WUDQVPLVVLRQ�RI�GDWD�OLWHUDF\��WKHQ��EHFRPHV�D�PHWKRG�RI
SROLWLFDO�UDGLFDOL]DWLRQ�

7KHVH�LQGLYLGXDOV�DV�D�ZKROH�DUH�H[WUHPHO\�ZLOOLQJ�WR�KHOS�RWKHUV�ZKR�KDYH�WURXEOH
LQWHUSUHWLQJ�JUDSKV�ZLWK�PXOWLSOH�IRUPV�RI�FODULıFDWLRQ��E\�KHOSLQJ�SHRSOH�ıQG�WKH�RULJLQDO
VRXUFHV�VR�WKDW�WKH\�FDQ�UHSOLFDWH�WKH�DQDO\VLV�WKHPVHOYHV��E\�UHIHUHQFLQJ�RWKHU�UHSXWDEOH
VWXGLHV�WKDW�FRPH�WR�WKH�VDPH�FRQFOXVLRQV��E\�UHPLQGLQJ�RWKHUV�WR�UHPDLQ�YLJLODQW�DERXW�WKH
OLPLWDWLRQV�RI�WKH�GDWD��DQG�E\�DQVZHULQJ�TXHVWLRQV�DERXW�WKH�LPSOLFDWLRQV�RI�D�VSHFLıF�JUDSK�
7KH�ODVW�SRLQW�LV�HVSHFLDOO\�VDOLHQW��DV�LW�VXUIDFHV�ERWK�ZKDW�WKHVH�JURXSV�VHH�DV�D�UHOLDEOH
PHDVXUH�RI�KRZ�WKH�SDQGHPLF�LV�XQIROGLQJ�DQG�ZKDW�WKH\�EHOLHYH�WKH\�VKRXOG�GR�ZLWK�WKH�GDWD�
7KHVH�RQOLQH�FRPPXQLWLHV�WKHUHIRUH�DFW�DV�D�VRXQGLQJ�ERDUG�IRU�WKLQNLQJ�DERXW�KRZ�EHVW�WR
HĳHFWLYHO\�PRELOL]H�WKH�GDWD�WRZDUGV�PRUH�PHDVXUHG�SROLFLHV�OLNH�VORZO\�UHRSHQLQJ�VFKRROV�
ŗ<RX�FDQ�WHOO�ZKLFK�SODFHV�DUH�DFWXDOO\�KDYLQJ�ĲDUH�XSV�DQG�ZKLFK�RQHV�DUHQ
W�Ř RQH�XVHU�ZULWHV�
ŗ'DWD�PDNHV�XV�FDOP�Ř �-XO\����������

$GGLWLRQDOO\� IROORZHUV�LQ�WKHVH�JURXSV�DOVR�XVH�GDWD DQDO\VLV�DV�D�ZD\�RI�EROVWHULQJ
VRFLDO�XQLW\�DQG�FUHDWLQJ�D�FRPPXQLW\�RI�SUDFWLFH�:KLOH�WKHVH�JURXSV�KLJKO\�YDOXH�VFLHQWLıF
H[SHUWLVH��WKH\�DOVR�VHH�FROOHFWLYH�DQDO\VLV�RI�GDWD�DV�D�ZD\�WR�EULQJ�FRPPXQLWLHV�WRJHWKHU
ZLWKLQ�D�WLPH�RI�FULVLV��DQG�EHLQJ�DEOH�WR�WUDQVSDUHQWO\�DQG�GLVSDVVLRQDWHO\�DQDO\]H�WKH�GDWD�LV
FUXFLDO�IRU�GHPRFUDWLF�JRYHUQDQFH��,Q�IDFW��WKH�H[SOLFLW�PRWLYDWLRQ�IRU�PDQ\�RI�WKHVH�IROORZHUV�LV
WR�ıQG�LQIRUPDWLRQ�VR�WKDW�WKH\�FDQ�PDNH�WKH�EHVW�GHFLVLRQV�IRU�WKHLU�IDPLOLHVŠDQG�E\
H[WHQVLRQ��IRU�WKH�FRPPXQLWLHV�DURXQG�WKHP� ŗ5HJDUGOHVV RI�\RXU�SROLWLFDO�SDUW\��LW�LV�LQFXPEHQW
RQ�DOO�RI�XV�WR�DVN�RXU�HOHFWHG�RĴFLDOV�IRU�WKH�GDWD�WKH\�XVH�WR�PDNH�GHFLVLRQV�Ř RQH�XVHU�VDLG
GXULQJ�D�OLYH�VWUHDPHG�GLVFXVVLRQ� ŗ,
P�VSHDNLQJ�WR \RX�DV�D�QHLJKERU��UHTXHVW�WKH�GDWD� >���@$V�D
0DPD�%HDU��,�GRQ
W�FDUH�LI�7UXPS�VD\V�WKDW�LW
V�RND\��,�ZDQW�WR�PDNH�D�GHFLVLRQ�WKDW�SURWHFWV�P\
NLGV�WKH�PRVW��7KLV�GDWD�LV�HVSHFLDOO\�LPSRUWDQW�IRU�WKH�PRPV�DQG�GDGV�ZKR�DUH�FRQFHUQHG
DERXW�WKHLU�EDELHVŘ �$XJXVW������������$V�.DWH�6WDUELUG HW�DO���������KDYH�GHPRQVWUDWHG�
VWUDWHJLF�LQIRUPDWLRQ�RSHUDWLRQV�UHTXLUH�WKH�SDUWLFLSDWLRQ�RI�RQOLQH�FRPPXQLWLHV�WR�FRQVROLGDWH
DQG�DPSOLI\�WKHVH�PHVVDJHV��WKHVH�PHVVDJHV�EHFRPH�SRZHUIXO�ZKHQ�HPHUJHQW��RUJDQLF
FURZGV��UDWKHU�WKDQ�KLUHG�WUROOV�DQG�ERWV��LWHUDWLYHO\�FRQWULEXWH�WR�D�ODUJHU�FRPPXQLW\�ZLWK
VKDUHG�YDOXHV�DQG�HSLVWHPRORJLHV�
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*URXS�PHPEHUV�UHSRVW�WKHVH�DQDO\VHV�RQWR�WKHLU�SHUVRQDO�WLPHOLQHV�WR�VWDUW
FRQYHUVDWLRQV�ZLWK�IULHQGV�DQG�IDPLO\�LQ�KRSHV�WKDW�WKH\�PLJKW�EH�DEOH�WR�FRQJUHJDWH�LQ�SHUVRQ�
+RZHYHU��PDQ\�RI�WKHVH�FRQYHUVDWLRQV�UHVXOW�LQ�IUXVWUDWLRQ� ŗ,�SRVWHG�YLUXV�GDWD�IURP�WKH�&'&�
JRW�LQWR�GLVFXVVLRQ�ZLWK�SHRSOH�DQG�LQ�WKH�HQG�VHYHUDO�VWUDLJKW�RXW�YRLFHG�WKH\�KDG�QR�LQWHUHVW�LQ
WKH�GDWD�Ř RQH�XVHU�VLJKHG� ŗ0\�SRVW�VDLG�ŕ-XVW�WKH IDFWV�Ŗ >VFUHHQVKRW�IURP�WKH�&'&@3HRSOH�DUH
HPRWLRQDOO\�LQYHVWHG�LQ�WKHLU�EHOLHIV�DQG�ZRQ
W�EH�VZD\HG�E\�GDWD��,W
V�GLVWXUELQJŘ �$XJXVW����
�������(VSHFLDOO\�ZKHQ�WKHVH�FRQYHUVDWLRQV�JR�SRRUO\��IROORZHUV�VROLFLW�DGYLFH�IURP�HDFK�RWKHU
DERXW�KRZ�WR�PRYH�IRUZDUG�ZKHQ�WKHLU�FKLOGUHQ
V�VFKRROV�FORVH�RU�ZKHQ�IDPLO\�PHPEHUV�GR
QRW�ŗIROORZ�WKH�GDWD�Ř�2QH�JURXS�HYHQ�RUJDQL]HG�DQ�XQPDVNHG�JHW�WRJHWKHU�DW�D�ORFDO
UHVWDXUDQW�ZKHUH�WKH\�SDVVHG�RXW�W�VKLUWV�SURPRWLQJ�WKHLU�)DFHERRN�JURXS��WRRN�VHOıHV��DQG
GLVFXVVHG�D�ODZVXLW�WKDW�VRXJKW�WR�UHPRYH�WKHLU�VWDWH
V�HPHUJHQF\�KHDOWK�RUGHU��6HSWHPEHU����
�������7KH�OXQFK�ZDV�RUJDQL]HG�VXFK�WKDW�WKH�PHPEHUV�ZKR�ZDQWHG�WR�ıUVW�DWWHQG�D�7UXPS
UROOLQJ�UDOO\�FRXOG�GR�VR�DQG ŗGURS�LQ�DIWHUZDUG�IRU VRPH�\XPP\�IRRG�DQG�IHOORZVKLSŘ
�6HSWHPEHU����������

������$SSO\LQJ�GDWD�WR�UHDO�ZRUOG�VLWXDWLRQV� 8OWLPDWHO\� DQWL�PDVN�XVHUV�HPSKDVL]H�WKDW�WKH\
QHHG�WR�DSSO\�WKLV�GDWD�WR�UHDO�ZRUOG�VLWXDWLRQV��7KH�VDPH�JURXS�WKDW�RUJDQL]HG�WKH
JHW�WRJHWKHU�DOVR�UHJXODUO\�KRVWV�OLYH�VWUHDPV�ZLWK�JXHVW�VSHDNHUV�OLNH�ORFDO�SROLWLFLDQV�
FRQJUHVVLRQDO�FDQGLGDWHV��DQG�FRPPXQLW\�RUJDQL]HUV��DOO�RI�ZKRP�LQVWUXFW�XVHUV�RQ�KRZ�WR
EHVW�DJLWDWH�IRU�FKDQJH�DUPHG�ZLWK�WKH�GDWD�YLVXDOL]DWLRQV�VKDUHG�LQ�WKH�JURXS� ŗ<RX
UH�D�PRP
XS�WKH�VWUHHW��EXW�\RX
UH�QRW�SRZHUOHVV�Ř HPSKDVL]HG RQH�RI�WKH�JXHVW�VSHDNHUV� ŗ1XPEHUV
PDWWHU��:KDW�LV�MXVW�DQG�ZKDW�LV�WUXH�PDWWHUV� >���@*R XS�DQG�GRZQ�WKH�ODGGHUŠVWDUW�UHDO�ORFDO�
6WDUW�ZLWK�WKH�OHVVHU�PDJLVWUDWHV��ZKR�DUH�PRUH�DFFHVVLEOH��HDVLHU�WR�UHDFK��ZKR�ZLOO�PDNH�WLPH
IRU�\RX�Ř �-XO\����������

7KHVH�JURXSV�KDYH�EHHQ�LQFUHGLEO\�HĳHFWLYH�DW�JDOYDQL]LQJ�D�QHWZRUN�RI�HQJDJHG
FLWL]HQV�WRZDUGV�FRQFUHWH�SROLWLFDO�DFWLRQ��/RFDO�RĴFLDOV�KDYH�UHOLHG�RQ�GDWD�QDUUDWLYHV
JHQHUDWHG�LQ�WKHVH�JURXSV�WR�FDOO�IRU�D�ODZVXLW�DJDLQVW�WKH�2KLR�'HSDUWPHQW�RI�+HDOWK��-XO\����
�������,Q�7H[DV��D�FRDOLWLRQ�RI�PD\RUV��VFKRRO�ERDUG�PHPEHUV��DQG�FLW\�FRXQFLO�SHRSOH
LQYHVWLJDWHG�WKH�VWDWH
V�&29,'����VWDWLVWLFV�DQG�GLVFRYHUHG�WKDW�D�EDFNORJ�RI�XQDXGLWHG�WHVWV
ZDV�GLVWRUWLQJ�WKH�GDWD��SURPSWLQJ�7H[DV�RĴFLDOV�WR�HPSOR\�D�IRUHQVLF�GDWD�WHDP�WR�LQYHVWLJDWH
WKH�VXUJH�LQ�SRVLWLYH�WHVW�UDWHV��&DUUROO������� ŗ7KHUH ZHUH�RYHU�D�PLOOLRQ�SHQGLQJ�DVVLJQPHQWV
>WKDW�ZHUH�GLVWRUWLQJ�WKH�VWDWH
V�LQIHFWLRQ�UDWH@�Ř�WKH�FLW\�FRXQFLOSHUVRQ�VDLG�WR�WKH�JURXS
V
��������IROORZHUV� ŗ:H�MXVW�ZDQW�WR�PDNH�VXUH�WKDW WKH�LQIRUPDWLRQ�WKDW�LV�JHWWLQJ�RXW�WKHUH�LV
JLYLQJ�XV�WKH�IXOO�SLFWXUH�Ř �$XJXVW�����������$QRWKHU )DFHERRN�JURXS�VROLFLWHG�VXJJHVWLRQV
IURP�LWV�IROORZHUV�RQ�KRZ�WR�VXSSRUW�RWKHU�SROLWLFDO�JURXSV�ZKR�QHHG�GDWD�WR�VXSSRUW�ODZVXLWV
DJDLQVW�JRYHUQRUV�DQG�VWDWH�KHDOWK�GHSDUWPHQWV� ŗ,I \RX�ZHUH�VXGGHQO\�JLYHQ�DFFHVV�WR�DOO�WKH
JRYHUQPHQW�UHFRUGV�DQG�FRXOG�LQWHUURJDWH�DQ\�RĴFLDO�Ř D�JURXS�DGPLQLVWUDWRU�DVNHG� ŗZKDW
SLHFH�RI�GDWD�RU�GRFXPHQWDWLRQ�ZRXOG�\RX�OLNH�WR�LQVSHFW"Ř �6HSWHPEHU�����������7KH�PHVVDJH
WKDW�UXQV�WKURXJK�WKHVH�WKUHDGV�LV�XQHTXLYRFDO��WKDW�GDWD�LV�WKH�RQO\�ZD\�WR�VHW�IHDU�ERXQG
SROLWLFLDQV�VWUDLJKW��DQG�XVLQJ�EHWWHU�GDWD�LV�D�VXUHıUH�ZD\�WRZDUGV�FUHDWLQJ�D�VDIHU�FRPPXQLW\�
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� 'LVFXVVLRQ

$QWL�PDVNHUV�KDYH�GHIWO\�XVHG�VRFLDO�PHGLD�WR�FRQVWLWXWH�D�FXOWXUDO�DQG�GLVFXUVLYH�DUHQD
GHYRWHG�WR�DGGUHVVLQJ�WKH�SDQGHPLF�DQG�LWV�IDOORXW�WKURXJK�SUDFWLFHV�RI�GDWD�OLWHUDF\��'DWD
OLWHUDF\�LV�D�TXLQWHVVHQWLDO�FULWHULRQ�IRU�PHPEHUVKLS�ZLWKLQ�WKH�FRPPXQLW\�WKH\�KDYH�FUHDWHG�
7KH�SUHVWLJH�RI�ERWK�LQGLYLGXDO�DQWL�PDVNHUV�DQG�WKH�ODUJHU�)DFHERRN�JURXSV�WR�ZKLFK�WKH\
EHORQJ�LV�WLHG�WR�GLVSOD\V�RI�VNLOO�LQ�DFFHVVLQJ��LQWHUSUHWLQJ��FULWLTXLQJ��DQG�YLVXDOL]LQJ�GDWD��DV
ZHOO�DV�WKH�SUR�VRFLDO�ZLOOLQJQHVV�WR�VKDUH�WKRVH�VNLOOV�ZLWK�RWKHU�LQWHUHVWHG�SDUWLHV��7KLV�LV�D
FRPPXQLW\�RI�SUDFWLFH��/DYH�DQG�:HQJHU�������:HQJHU�������IRFXVHG�RQ�DFTXLULQJ�DQG
WUDQVPLWWLQJ�H[SHUWLVH��DQG�RQ�WUDQVODWLQJ�WKDW�H[SHUWLVH�LQWR�FRQFUHWH�SROLWLFDO�DFWLRQ��0RUHRYHU�
WKLV�LV�D�VXEFXOWXUH�VKDSHG�E\�PLVWUXVW�RI�HVWDEOLVKHG�DXWKRULWLHV�DQG�RUWKRGR[�VFLHQWLıF
YLHZSRLQWV��,WV�PHPEHUV�YDOXH�LQGLYLGXDO�LQLWLDWLYH�DQG�LQJHQXLW\��WUXVWLQJ�VFLHQWLıF�DQDO\VLV�RQO\
LQVRIDU�DV�WKH\�FDQ�UHSOLFDWH�LW�WKHPVHOYHV�E\�DFFHVVLQJ�DQG�PDQLSXODWLQJ�WKH�GDWD�ıUVWKDQG�
7KH\�DUH�KLJKO\�UHĲH[LYH�DERXW�WKH�LQKHUHQWO\�ELDVHG�QDWXUH�RI�DQ\�DQDO\VLV��DQG�UHVHQW�ZKDW
WKH\�YLHZ�DV�WKH�DUURJDQW�VHOI�ULJKWHRXVQHVV�RI�VFLHQWLıF�HOLWHV�

$V�D�VXEFXOWXUH��DQWL�PDVNLQJ�DPSOLıHV�DQWL�HVWDEOLVKPHQW�FXUUHQWV�SHUYDVLYH�LQ�8�6�
SROLWLFDO�FXOWXUH��'DWD�OLWHUDF\��IRU�DQWL�PDVNHUV��H[HPSOLıHV�GLVWLQFWO\�$PHULFDQ�LGHDOV�RI
LQWHOOHFWXDO�VHOI�UHOLDQFH��ZKLFK�KLVWRULFDOO\�WDNHV�WKH�IRUP�RI�UHMHFWLQJ�H[SHUWV�DQG�RWKHU�HOLWHV
�+RIVWDGWHU��������7KH�FRXQWHU�YLVXDOL]DWLRQV�WKDW�WKH\�SURGXFH�DQG�FLUFXODWH�QRW�RQO\�FKDOOHQJH
VFLHQWLıF�FRQVHQVXV��EXW�WKH\�DOVR�DVVHUW�WKH�YDOXH�RI�LQGHSHQGHQFH�LQ�D�VRFLHW\�WKDW�WKH\
EHOLHYH�SURPRWHV�DQ�RYHUDOO�GH�VNLOOLQJ�DQG�GXPELQJ�GRZQ�RI�WKH�SRSXODWLRQ�IRU�WKH�VDNH�RI
PRUH�HĳHFWLYH�VRFLDO�FRQWURO��(OLVKD�������+RFKVFKLOG�������7ULSRGL��������$V�WKH\�VHH�LW��WR
FRXQWHU�YLVXDOL]H�LV�WR�HQJDJH�LQ�DQ�DFW�RI�UHVLVWDQFH�DJDLQVW�WKH�VWLĲLQJ�LQĲXHQFH�RI�FHQWUDO
JRYHUQPHQW��ELJ�EXVLQHVV��DQG�OLEHUDO�DFDGHPLD��0RUHRYHU��WKHLU�VLPXOWDQHRXV�DSSURSULDWLRQ�RI
VFLHQWLıF�UKHWRULF�DQG�UHMHFWLRQ�RI�VFLHQWLıF�DXWKRULW\�DOVR�UHĲHFWV�ORQJVWDQGLQJ�VWUDWHJLHV�RI
&KULVWLDQ�IXQGDPHQWDOLVWV�VHHNLQJ�WR�FKDOOHQJH�WKH�VHFXODULVW�WKUHDW�RI�HYROXWLRQDU\�ELRORJ\
�%LHOR�������

6R�KRZ�GR�WKHVH�JURXSV�GLYHUJH�IURP�VFLHQWLıF�RUWKRGR[\�LI�WKH\�DUH�XVLQJ�WKH�VDPH
GDWD"�:H�KDYH�LGHQWLıHG�D�IHZ�VOHLJKWV�RI�KDQG�WKDW�FRQWULEXWH�WR�WKH�EURDGHU�HSLVWHPRORJLFDO
FULVLV�ZH�LGHQWLI\�EHWZHHQ�WKHVH�JURXSV�DQG�WKH�PDMRULW\�RI�VFLHQWLıF�UHVHDUFKHUV��)RU�LQVWDQFH�
WKH\�DUJXH�WKDW�WKHUH�LV�DQ�RXWVL]HG�HPSKDVLV�RQ GHDWKV YHUVXV�FDVHV��LI�WKH�FXUUHQW�GDWDVHWV
DUH�IXQGDPHQWDOO\�VXEMHFWLYH�DQG�SURQH�WR�PDQLSXODWLRQ��H�J���LQFUHDVHG�OHYHOV�RI�IDXOW\�WHVWLQJ�
DV\PSWRPDWLF�YV��V\PSWRPDWLF�FDVHV���WKHQ�GHDWKV�DUH�WKH�RQO\�UHOLDEOH�PDUNHUV�RI�WKH
SDQGHPLF
V�VHYHULW\��(YHQ�WKHQ��WKHVH�JURXSV�EHOLHYH�WKDW�GHDWKV�DUH�DQ�DGGLWLRQDOO\
SUREOHPDWLF�FDWHJRU\�EHFDXVH�GRFWRUV�DUH�XVLQJ�D�&29,'�GLDJQRVLV�DV�WKH�PDLQ�FDXVH�RI
GHDWK��L�H���SHRSOH�ZKR�GLH�EHFDXVH�RI�&29,'��ZKHQ�LQ�UHDOLW\�WKHUH�DUH�RWKHU�IDFWRUV�DW�SOD\
�L�H���G\LQJ�ZLWK�EXW�QRW�EHFDXVH�RI�&29,'���6LQFH�WKHVH�FDWHJRULHV�DUH�IXQGDPHQWDOO\�VXEMHFW
WR�KXPDQ�LQWHUSUHWDWLRQ��HVSHFLDOO\�E\�WKRVH�ZKR�KDYH�D�YHVWHG�LQWHUHVW�LQ�UHSRUWLQJ�DV�PDQ\
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&29,'�GHDWKV�DV�SRVVLEOH��WKHVH�QXPEHUV�DUH�YDVWO\�RYHU�UHSRUWHG��XQUHOLDEOH��DQG�QR�PRUH
VLJQLıFDQW�WKDQ�WKH�ĲX�

$QRWKHU�SRLQW�RI�FRQWHQWLRQ�LV�WKDW�RI�OLYHG�H[SHULHQFH��LQ�PDQ\�RI�WKHVH�FDVHV��XVHUV�GR
QRW�WKHPVHOYHV�NQRZ�D�SHUVRQ�ZKR�KDV�H[SHULHQFHG�&29,'��DQG�WKH�VWDWLVWLFV�WKH\�VHH�RQ�WKH
QHZV�VKRZ�WKH�VHYHULW\�RI�WKH�SDQGHPLF�LQ�YDVWO\�GLĳHUHQW�SDUWV�RI�WKH�FRXQWU\��6LQFH�WKH\�GR
QRW�VHH�WKHLU�H[SHULHQFH�UHĲHFWHG�LQ�WKH�QDUUDWLYHV�WKH\�FRQVXPH��WKH\�ORRN�IRU�K\SHUORFDO�GDWD
WR�KHOS�JXLGH�WKHLU�GHFLVLRQ�PDNLQJ��%XW�VLQFH�PDQ\�RI�WKHVH�GDWDVHWV�GR�QRW�DOZD\V�H[LVW�RQ
VXFK�D�JUDQXODU�OHYHO��WKLV�LQIRUPDWLRQ�JDS�IHHGV�LQWR�D�ODUJHU�VRFLDO�QDUUDWLYH�DERXW�WKH
JRYHUQPHQW
V�VXSSUHVVLRQ�RI�FULWLFDO�GDWD�DQG�WKH�PHGLD
V�XQZLOOLQJQHVV�WR�VXEVWDQWLYHO\
HQJDJH�ZLWK�WKH�VXEMHFWLYLW\�RI�FRURQDYLUXV�GDWD�UHSRUWLQJ�

0RVW�IXQGDPHQWDOO\��WKH�JURXSV�ZH�VWXGLHG�EHOLHYH�WKDW VFLHQFH�LV�D�SURFHVV��DQG�QRW
DQ�LQVWLWXWLRQ��$V�ZH�KDYH�RXWOLQHG�LQ�WKH�FDVH�VWXG\� WKHVH�JURXSV�PLVWUXVW�WKH�VFLHQWLıF
HVWDEOLVKPHQW��ŗ6FLHQFHŘ��EHFDXVH�WKH\�EHOLHYH�WKDW�WKH�LQVWLWXWLRQ�KDV�EHHQ�FRUUXSWHG�E\�SURıW
PRWLYHV�DQG�SROLWLFV��7KH�NQRZOHGJH�WKDW�WKH�&'&�DQG�DFDGHPLFV�KDYH�FUHDWHG�FDQQRW�EH
WUXVWHG�EHFDXVH�WKH\�QHHG�WR�EH�VXEMHFW�WR�LQFUHDVHG�GRXEW��DQG�QRW�DFFHSWHG�DV�FRQVHQVXV�
,Q�WKH�VDPH�ZD\�WKDW�FOLPDWH�FKDQJH�VNHSWLFV�KDYH�DSSHDOHG�WR�.DUO�3RSSHU
V�WKHRU\�RI
IDOVLıFDWLRQ�WR�VKRZ�ZK\�FOLPDWH�VFLHQFH�QHHGV�WR�EH�VXEMHFWHG�WR�FRQWLQXRXV�VFUXWLQ\�LQ�RUGHU
WR�EH�YDOLG��)LVFKHU��������ZH�KDYH�IRXQG�WKDW�DQWL�PDVN�JURXSV�SRLQW�WR�7KRPDV�.XKQ
V 7KH
6WUXFWXUH�RI�6FLHQWLıF�5HYROXWLRQV WR�VKRZ�KRZ�WKHLU DQRPDORXV�HYLGHQFHŠRQFH�GLVPLVVHG�E\
WKH�VFLHQWLıF�HVWDEOLVKPHQWŠZLOO�SDYH�WKH�ZD\�WR�D�QHZ�SDUDGLJP��ŗ$V�,
YH�UHFHQWO\�GHVFULEHG�
,
P�QR�VWUDQJHU�WR�SUHVHQWLQJ�GDWD�WKDW�DUH�LQFRQVLVWHQW�ZLWK�WKH�QDUUDWLYH��,W�FDQ�JHW�XJO\�
3HRSOH�GR�QRW�JLYH�XS�WKHLU�SDUDGLJPV�HDVLO\� >���@7KRPDV .XKQ�ZURWH�DERXW�WKLV�SKHQRPHQRQ�
ZKLFK�RFFXUV�UHSHDWHGO\�WKURXJKRXW�KLVWRU\��1RZ�LV�WKH�WLPH�WR�KXQNHU�GRZQ��6WDQG�ZLWK�WKH
GDWD�Ř $XJXVW�����������)RU�DQWL�PDVNHUV��YDOLG�VFLHQFH PXVW�EH�D�SURFHVV�WKH\�FDQ�FULWLFDOO\
HQJDJH�IRU�WKHPVHOYHV�LQ�DQ�XQPHGLDWHG�ZD\� ,QFUHDVHG GRXEW��QRW�FRQVHQVXV��LV�WKH�PDUNHU�RI
VFLHQWLıF�FHUWLWXGH�

$UJXLQJ�WKDW�DQWL�PDVNHUV�VLPSO\�QHHG�PRUH�VFLHQWLıF�OLWHUDF\�LV�WR�FKDUDFWHUL]H�WKHLU
DSSURDFK�DV�XQLQIRUPHG�DQG�LQH[SOLFDEO\�H[WUHPH��7KLV�VWXG\�VKRZV�WKH�RSSRVLWH��XVHUV�LQ
WKHVH�FRPPXQLWLHV�DUH�GHHSO\�LQYHVWHG�LQ�IRUPV�RI�FULWLTXH�DQG�NQRZOHGJH�SURGXFWLRQ�WKDW�WKH\
UHFRJQL]H�DV�PDUNHUV�RI�VFLHQWLıF�H[SHUWLVH��,I�DQ\WKLQJ��DQWL�PDVN�VFLHQFH�KDV�H[WHQGHG�WKH
WUDGLWLRQDO�WRROV�RI�GDWD�DQDO\VLV�E\�WDNLQJ�XS�WKH�WKHRUHWLFDO�PDQWOH�RI�UHFHQW�FULWLFDO�VWXGLHV�RI
YLVXDOL]DWLRQ��&RUUHOO�������'Ŗ,JQ]DLR�DQG�.OHLQ��������$QWL�PDVN�DSSURDFKHV�DFNQRZOHGJH�WKH
VXEMHFWLYLW\�RI�KRZ�GDWDVHWV�DUH�FRQVWUXFWHG��DWWHPSW�WR�UHFRQFLOH�WKH�GDWD�ZLWK�OLYHG
H[SHULHQFH��DQG�WKHVH�JURXSV�VHHN�WR�PDNH�WKH�SURFHVV�RI�XQGHUVWDQGLQJ�GDWD�DV�WUDQVSDUHQW
DV�SRVVLEOH�LQ�RUGHU�WR�FKDOOHQJH�WKH�SRZHUV�WKDW�EH��)RU�H[DPSOH��RQH�RI�WKH�PRVW�SRSXODU
YLVXDOL]DWLRQV�ZLWKLQ�WKH�)DFHERRN�JURXSV�ZH�VWXGLHG�ZHUH�XQLW�YLVXDOL]DWLRQV��ZKLFK�DUH
SRSXODU�DPRQJ�DQWL�PDVNHUV�DQG�FRPSXWHU�VFLHQWLVWV�IRU�WKH�VDPH�UHDVRQV��WKH\�SURYLGH�PRUH
LQIRUPDWLRQ��EHWWHU�PDWFK�D�UHDGHU
V�PHQWDO�PRGHO��DQG�WKH\�DOORZ�XVHUV�WR�LQWHUDFW�ZLWK�WKHP�LQ
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QHZ�DQG�PRUH�LQWHUHVWLQJ�ZD\V��3DUN�HW�DO���������%DUULQJ�WDEOHV��WKH\�DUH�WKH�PRVW�XQPHGLDWHG
ZD\�WR�LQWHUDFW�ZLWK�GDWD��RQH�GRW�UHSUHVHQWV�RQH�SHUVRQ�

6LPLODUO\��WKHVH�JURXSVŖ�LPSXOVH�WR�PLWLJDWH�ELDV�DQG�LQFUHDVH�WUDQVSDUHQF\��RIWHQ�E\
GURSSLQJ�WKH�XVH�RI�GDWD�WKH\�VHH�DV�ŗELDVHGŘ��HFKRHV�WKH�RUJDQL]LQJ�HWKRV�RI�FRPSXWHU
VFLHQFH�UHVHDUFK�WKDW�VHHNV�WR�GHYHORS�ŗWHFKQRORJLFDO�VROXWLRQV�UHJDUGLQJ�SRWHQWLDO�ELDVŘ�RU
ŗJURXQG�UHVHDUFK�RQ�IDLUQHVV��DFFRXQWDELOLW\��DQG�WUDQVSDUHQF\Ř��$VVRFLDWLRQ�IRU�&RPSXWLQJ
0DFKLQHU\��������,Q�RWKHU�ZRUGV��WKHVH�JURXSV�VHH�WKHPVHOYHV�DV�HQJDJLQJ�GHHSO\�ZLWKLQ
PXOWLSOH�DVSHFWV�RI�WKH�VFLHQWLıF�SURFHVVŠLQWHUURJDWLQJ�WKH�GDWDVHWV��DQDO\VLV��DQG
FRQFOXVLRQVŠDQG�VWLOO�XQLYHUVLW\�UHVHDUFKHUV�PLJKW�GLVPLVV�WKHP�LQ�OHDGLQJ�MRXUQDOV�DV
ŗVFLHQWLıFDOO\�LOOLWHUDWHŘ��0LOOHU��������,Q�DQ�LQWHUYLHZ�ZLWK�WKH�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ
6HUYLFHV�SRGFDVW��HYHQ�$QWKRQ\�)DXFL��&KLHI�0HGLFDO�$GYLVRU�WR�WKH�86�3UHVLGHQW��QRWHG� ŗRQH
RI�WKH�SUREOHPV�ZH�IDFH�LQ�WKH�8QLWHG�6WDWHV�LV�WKDW�XQIRUWXQDWHO\��WKHUH�LV�D�FRPELQDWLRQ�RI�DQ
DQWL�VFLHQFH�ELDV >���@SHRSOH�DUH��IRU�UHDVRQV�WKDW VRPHWLPHV�DUH��\RX�NQRZ��LQFRQFHLYDEOH�DQG
QRW�XQGHUVWDQGDEOH��WKH\�MXVW�GRQ
W�EHOLHYH�VFLHQFHŘ �)DXFL�DQG�&DSXWR�������

:H�XVH�'U��)DXFL
V�SURYRFDWLRQ�WR�LOOXVWUDWH�KRZ�XQGHUVWDQGLQJ�WKH�ZD\�WKDW�DQWL�PDVN
JURXSV�WKLQN�DERXW�VFLHQFH�LV�FUXFLDO�WR�JUDSSOLQJ�ZLWK�WKH�FRQWHVWHG�VWDWH�RI�H[SHUWLVH�LQ
$PHULFDQ�GHPRFUDF\��,Q�D�VWXG\�RI�7HD�3DUW\�VXSSRUWHUV�LQ�/RXLVLDQD��$UOLH�5XVVHOO�+RFKVFKLOG
�+RFKVFKLOG�������H[SODLQV�WKH�LQWUDFWDEOH�SDUWLVDQ�ULIW�LQ�$PHULFDQ�SROLWLFV�E\�HPSKDVL]LQJ�WKH
LPSRUWDQFH�RI�D�ŗGHHS�VWRU\Ř��D�VXEMHFWLYH�SULVP�WKDW�SHRSOH�XVH�LQ�RUGHU�WR�PDNH�VHQVH�RI�WKH
ZRUOG�DQG�JXLGH�WKH�ZD\�WKH\�YRWH��)RU�7HD�3DUW\�DFWLYLVWV��WKLV�GHHS�VWRU\�UHYROYHG�DURXQG
DQJHU�WRZDUGV�D�IHGHUDO�V\VWHP�UXOHG�E\�OLEHUDO�HOLWHV�ZKR�SDQGHU�WR�WKH�LQWHUHVWV�RI�HWKQLF�DQG
UHOLJLRXV�PLQRULWLHV��ZKLOH�FXUWDLOLQJ�WKH�DGYDQWDJHV�WKDW�:KLWH��&KULVWLDQ�WUDGLWLRQDOLVWV�YLHZ�DV
WKHLU�$PHULFDQ�ELUWKULJKW��:H�DUJXH�WKDW�WKH�DQWL�PDVNHUVŖ�GHHS�VWRU\�GUDZV�IURP�VLPLODU�ZHOOV
RI�UHVHQWPHQW��EXW�DGGV�D�SDUWLFXODU�HPSKDVLV�RQ�WKH�XVXUSDWLRQ�RI�VFLHQWLıF�NQRZOHGJH�E\�D
SDWHUQDOLVWLF��FRQGHVFHQGLQJ�HOLWH�WKDW�H[SHFWV�LQWHOOHFWXDO�VXEVHUYLHQFH�UDWKHU�WKDQ�FULWLFDO
WKLQNLQJ�IURP�WKH�OD\�SXEOLF�

7R�EH�FOHDU��ZH�DUH�QRW�SURPRWLQJ�WKHVH�YLHZV��,QVWHDG��ZH�VHHN�WR�EHWWHU�XQGHUVWDQG
KRZ�GDWD�OLWHUDF\��DV�D�ERWK�D�VHW�RI�VNLOOV�DQG�D�PRUDO�YLUWXH�FKDPSLRQHG�ZLWKLQ�DFDGHPLF
FRPSXWHU�VFLHQFH��FDQ�WDNH�RQ�GLVWLQFW�YDOHQFHV�LQ�GLĳHUHQW�FXOWXUDO�FRQWH[WV��$�PRUH�QXDQFHG
YLHZ�RI�GDWD�OLWHUDF\��RQH�WKDW�UHFRJQL]HV�PXOWLSOLFLW\�UDWKHU�WKDQ�XQLIRUPLW\��RĳHUV�D�PRUH
UREXVW�DFFRXQW�RI�KRZ�GDWD�YLVXDOL]DWLRQ�FLUFXODWHV�LQ�WKH�ZRUOG��7KLV�FXOWXUDOO\�DQG�VRFLDOO\
VLWXDWHG�DQDO\VLV�GHPRQVWUDWHV�ZK\�LQFUHDVLQJ�DFFHVV�WR�UDZ�GDWD�RU�LPSURYLQJ�WKH
LQIRUPDWLRQDO�TXDOLW\�RI�GDWD�YLVXDOL]DWLRQV�LV�QRW�VXĴFLHQW�WR�EROVWHU�SXEOLF�FRQVHQVXV�DERXW
VFLHQWLıF�ıQGLQJV��3URMHFWV�WKDW�H[DPLQH�WKH�FRJQLWLYH�EDVLV�RI�YLVXDOL]DWLRQ�RU�VHHN�WR�PDNH
ŗEHWWHUŘ�RU�ŗPRUH�LQWXLWLYHŘ�YLVXDOL]DWLRQV��.RVDUD�������ZLOO�QRW�PHDQLQJIXOO\�FKDQJH�WKLV
SKHQRPHQRQ��DQWL�PDVN�SURWHVWRUV�DOUHDG\�XVH�YLVXDOL]DWLRQV��DQG�GR�VR�H[WUHPHO\�HĳHFWLYHO\�
0RUHRYHU��LQ�HPSKDVL]LQJ�WKH�SROLWLFL]DWLRQ�RI�SDQGHPLF�GDWD��RXU�DFFRXQW�KHOSV�WR�H[SODLQ�WKH
VWULNLQJ�FRUUHODWLRQ�EHWZHHQ�SUDFWLFHV�RI�FRXQWHU�YLVXDOL]DWLRQ�DQG�WKH�SROLWLFV�RI�DQWL�PDVNLQJ�
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)RU�PHPEHUV�RI�WKLV�VRFLDO�PRYHPHQW��FRXQWHU�YLVXDOL]DWLRQ�DQG�DQWL�PDVNLQJ�DUH
FRPSOHPHQWDU\�DVSHFWV�RI�UHVLVWLQJ�WKH�W\UDQQ\�RI�LQVWLWXWLRQV�WKDW�WKUHDWHQ�WR�XVXUS�LQGLYLGXDO
OLEHUWLHV�WR�WKLQN�IUHHO\�DQG�DFW�DFFRUGLQJO\�

� ,PSOLFDWLRQV�DQG�&RQFOXVLRQ

7KLV�SDSHU�KDV�LQYHVWLJDWHG�DQWL�PDVN�FRXQWHU�YLVXDOL]DWLRQV�RQ�VRFLDO�PHGLD�LQ�WZR�ZD\V�
TXDQWLWDWLYHO\��ZH�LGHQWLI\�WKH�PDLQ�W\SHV�RI�YLVXDOL]DWLRQV�WKDW�DUH�SUHVHQW�ZLWKLQ�GLĳHUHQW
QHWZRUNV��H�J���SUR��DQG�DQWL�PDVN�XVHUV���DQG�ZH�VKRZ�WKDW�DQWL�PDVN�XVHUV�DUH�SUROLıF�DQG
VNLOOHG�SXUYH\RUV�RI�GDWD�YLVXDOL]DWLRQV��7KHVH�YLVXDOL]DWLRQV�DUH�SRSXODU��XVH�RUWKRGR[
YLVXDOL]DWLRQ�PHWKRGV��DQG�DUH�SURPXOJDWHG�DV�D�ZD\�WR�FRQYLQFH�RWKHUV�WKDW�SXEOLF�KHDOWK
PHDVXUHV�DUH�XQQHFHVVDU\��,Q�RXU�TXDOLWDWLYH�DQDO\VLV��ZH�XVH�DQ�HWKQRJUDSKLF�DSSURDFK�WR
LOOXVWUDWH�KRZ�&29,'�FRXQWHU�YLVXDOL]DWLRQV�DFWXDOO\�UHĲHFW�D�GHHSHU�HSLVWHPRORJLFDO�ULIW�DERXW
WKH�UROH�RI�GDWD�LQ�SXEOLF�OLIH��DQG�WKDW�WKH�SUDFWLFH�RI�PDNLQJ�FRXQWHU�YLVXDOL]DWLRQV�UHĲHFWV�D
SDUWLFLSDWRU\��KHWHURGR[�DSSURDFK�WR�LQIRUPDWLRQ�VKDULQJ��&RQYLQFLQJ�DQWL�PDVNHUV�WR�VXSSRUW
SXEOLF�KHDOWK�PHDVXUHV�LQ�WKH�DJH�RI�&29,'����ZLOO�UHTXLUH�PRUH�WKDQ�ŗEHWWHUŘ�YLVXDOL]DWLRQV�
GDWD�OLWHUDF\�FDPSDLJQV��RU�LQFUHDVHG�SXEOLF�DFFHVV�WR�GDWD��5DWKHU��LW�UHTXLUHV�D�VXVWDLQHG
HQJDJHPHQW�ZLWK�WKH�VRFLDO�ZRUOG�RI�YLVXDOL]DWLRQV�DQG�WKH�SHRSOH�ZKR�PDNH�RU�LQWHUSUHW�WKHP�

:KLOH�DFDGHPLF�VFLHQFH�LV�WUDGLWLRQDOO\�D�V\VWHP�IRU�SURGXFLQJ�NQRZOHGJH�ZLWKLQ�D
ODERUDWRU\��YDOLGDWLQJ�LW�WKURXJK�SHHU�UHYLHZ��DQG�VKDULQJ�UHVXOWV�ZLWKLQ�VXEVLGLDU\�FRPPXQLWLHV�
DQWL�PDVNHUV�UHMHFW�WKLV�KLHUDUFKLFDO�VRFLDO�PRGHO��7KH\�HVSRXVH�D�YLVLRQ�RI�VFLHQFH�WKDW�LV
UDGLFDOO\�HJDOLWDULDQ�DQG�LQGLYLGXDOLVW��7KLV�VWXG\�IRUFHV�XV�WR�VHH�WKDW�FRURQDYLUXV�VNHSWLFV
FKDPSLRQ�VFLHQFH�DV�D�SHUVRQDO�SUDFWLFH�WKDW�SUL]HV�UDWLRQDOLW\�DQG�DXWRQRP\��IRU�WKHP��LW�LV
QRW D�ERG\�RI�NQRZOHGJH�FHUWLıHG�E\�DQ�LQVWLWXWLRQ RI�H[SHUWV��&DOOV�IRU�GDWD�RU�VFLHQWLıF�OLWHUDF\
WKHUHIRUH�ULVN�UHFDSLWXODWLQJ�QDUUDWLYHV�WKDW�DQWL�PDVN�YLHZV�DUH�WKH�SURGXFW�RI�LQGLYLGXDO
LJQRUDQFH�UDWKHU�WKDQ�FRRUGLQDWHG�LQIRUPDWLRQ�FDPSDLJQV�WKDW�UHO\�KHDYLO\�RQ�QHWZRUNHG
SDUWLFLSDWLRQ��5HFRJQL]LQJ�WKH V\VWHPLF G\QDPLFV�WKDW FRQWULEXWH�WR�WKLV�HSLVWHPRORJLFDO�ULIW�LV
WKH�ıUVW�VWHS�WRZDUGV�JUDSSOLQJ�ZLWK�WKLV�SKHQRPHQRQ��DQG�WKH�ıQGLQJV�SUHVHQWHG�LQ�WKLV�SDSHU
FRUURERUDWH�VLPLODU�VWXGLHV�DERXW�WKH�LPSDFW�RI�IDNH�QHZV�RQ�$PHULFDQ�HYDQJHOLFDO�YRWHUV
�7ULSRGL�������DQG�DERXW�WKH�OLPLWDWLRQV�RI�IDFW�FKHFNLQJ�FOLPDWH�FKDQJH�GHQLDOLVP��)LVFKHU
������

&DOOV�IRU�PHGLD�OLWHUDF\ŠHVSHFLDOO\�DV�DQ�HWKLFV�VPRNHVFUHHQ�WR�DYRLG�WDONLQJ�DERXW
ODUJHU�VWUXFWXUDO�SUREOHPV�OLNH�ZKLWH�VXSUHPDF\ŠDUH�SUREOHPDWLF�ZKHQ�WKHVH�DSSURDFKHV�DUH
GHıFLW�IRFXVHG�DQG�WUDLQHG�SULPDULO\�RQ�LQGLYLGXDO�UHVSRQVLELOLW\��3RZHUIXO�UHVHDUFK�DQG�PHGLD
RUJDQL]DWLRQV�SDLG�IRU�E\�WKH�WREDFFR�RU�IRVVLO�IXHO�LQGXVWULHV��2UHVNHV�DQG�&RQZD\������
3URFWRU�������KDYH�KLVWRULFDOO\�FDSLWDOL]HG�RQ�WKH�VNHSWLFDO�LPSXOVH�WKDW�WKH�ŗVFLHQFH�VLPSO\
LVQ
W�VHWWOHG�Ř�SURPSWLQJ�SHRSOH�WR�VLPSO\�ŗWKLQN�IRU�WKHPVHOYHVŘ�WR�KRUULI\LQJ�HQGV��7KH
DWWHPSWHG�FRXS�RQ�-DQXDU\���������KDV�VLPLODUO\�LOOXVWUDWHG�WKDW�ZHOO�FDOLEUDWHG��ZHOO�IXQGHG
V\VWHPV�RI�FRRUGLQDWHG�GLVLQIRUPDWLRQ�FDQ�EH�SDUWLFXODUO\�GDQJHURXV�ZKHQ�WKH\�DUH GHVLJQHG

��



WR�DSSHDO�WR�VNHSWLFDO�SHRSOH��:KLOH�LQGLYLGXDO�LQVXUUHFWLRQLVWV�DUH�QR�GRXEW�WR�EODPH�IRU�WKHLU
RZQ�DFWV�RI�YLROHQFH��WKH�FRXS�UHOLHG�RQ�D�FROOHFWLYH�HĳRUW�IDQQHG�E\�SHRSOH�TXHVWLRQLQJ�
LQWHUDFWLQJ��DQG�VKDULQJ�WKHVH�LGHDV�ZLWK�RWKHU�SHRSOH��7KHVH�VNHSWLFDO�QDUUDWLYHV�DUH�SRZHUIXO
EHFDXVH�WKH\�UHVRQDWH�ZLWK�WKHVH�SHRSOH
V�OLYHG�H[SHULHQFH�DQGŠFUXFLDOO\ŠEHFDXVH�WKH\�DUH
SRVWHG�E\�LQĲXHQWLDO�DFFRXQWV�DFURVV�LQĲXHQWLDO�SODWIRUPV�

%URDGO\��WKH�ıQGLQJV�SUHVHQWHG�LQ�WKLV�SDSHU�DOVR�FKDOOHQJH�FRQYHQWLRQDO�DVVXPSWLRQV
LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�UHVHDUFK�DERXW�ZKR�LPDJLQHG�XVHUV�PLJKW�EH��YLVXDOL]DWLRQ
H[SHUWV�WUDGLWLRQDOO\�GHVLJQ�V\VWHPV�IRU�VFLHQWLVWV��EXVLQHVV�DQDO\VWV��RU�MRXUQDOLVWV�
5HVHDUFKHUV�FUHDWH�V\VWHPV�LQWHQGHG�WR�GHPRFUDWL]H�SURFHVVHV�RI�GDWD�DQDO\VLV�DQG�LQIRUP�D
EURDGHU�SXEOLF�DERXW�KRZ�WR�XVH�GDWD��RIWHQ�LQ�WKH�FOHDQ��VDQG�ER[HG�HQYLURQPHQW�RI�DQ
DFDGHPLF�ODE��+RZHYHU��WKLV�OLWHUDWXUH�RIWHQ�IRFXVHV�QDUURZO\�RQ�SURPRWLQJ�H[SUHVVLYLW\��HLWKHU
RI�FXUUHQW�RU�QHZ�YLVXDOL]DWLRQ�WHFKQLTXHV���DVVXPLQJ�WKDW�LPSURYLQJ�YLVXDOL]DWLRQ�WRROV�ZLOO�OHDG
WR�LPSURYLQJ�SXEOLF�XQGHUVWDQGLQJ�RI�GDWD��7KLV�SDSHU�SUHVHQWV�D�FRPPXQLW\�RI�XVHUV�WKDW
UHVHDUFKHUV�PLJKW�QRW�FRQVLGHU�LQ�WKH�V\VWHPV�EXLOGLQJ�SURFHVV��L�H���VXSSRVHGO\�ŗGDWD�LOOLWHUDWHŘ
DQWL�PDVNHUV���DQG�ZH�VKRZ�KRZ�WKH�ELQDU\�RSSRVLWLRQ�RI�OLWHUDF\�LOOLWHUDF\�LV�LQVXĴFLHQW�IRU
GHVFULELQJ�KRZ�RUWKRGR[�YLVXDOL]DWLRQV�FDQ�EH�XVHG�WR�SURPRWH�XQRUWKRGR[�VFLHQFH�
8QGHUVWDQGLQJ�KRZ�WKHVH�JURXSV�VNLOOIXOO\�PDQLSXODWH�GDWD�WR�XQGHUPLQH�PDLQVWUHDP�VFLHQFH
UHTXLUHV�XV�WR�DGMXVW�WKH�WKHRUHWLFDO�DVVXPSWLRQV�LQ�+&,�UHVHDUFK�DERXW�KRZ�GDWD�FDQ�EH
OHYHUDJHG�LQ�SXEOLF�GLVFRXUVH�

:KDW��WKHQ��DUH�YLVXDOL]DWLRQ�UHVHDUFKHUV�DQG�VRFLDO�VFLHQWLVWV�WR�GR"�2QH�VWHS�PLJKW�EH
WR�JUDSSOH�ZLWK�WKH�VRFLDO�DQG�SROLWLFDO�GLPHQVLRQV�RI�YLVXDOL]DWLRQV�DW�WKH EHJLQQLQJ��UDWKHU�WKDQ
WKH�HQG��RI�SURMHFWV��&RUUHOO�������7KLV�LQYROYHV�LQ�SDUW�D�VKLIW�IURP�SRVLWLYLVW�WR�LQWHUSUHWLYLVW
IUDPHZRUNV�LQ�YLVXDOL]DWLRQ�UHVHDUFK��ZKHUH�ZH�UHFRJQL]H�WKDW�NQRZOHGJH�ZH�SURGXFH�LQ
YLVXDOL]DWLRQ�V\VWHPV�LV�IXQGDPHQWDOO\�ŗPXOWLSOH��VXEMHFWLYH��DQG�VRFLDOO\�FRQVWUXFWHGŘ��0H\HU
DQG�'\NHV��������$�VHFRQGDU\�LVVXH�LV�RQH�RI�XQFHUWDLQW\��-HVVLFD�+XOOPDQ�DQG�=H\QHS�7XIHNFL
�DPRQJ�RWKHUV��KDYH�ERWK�VKRZHG�KRZ QRW FRPPXQLFDWLQJ WKH�XQFHUWDLQW\�LQKHUHQW�LQ�VFLHQWLıF
ZULWLQJ�KDV�FRQWULEXWHG�WR�WKH�HURVLRQ�RI�SXEOLF�WUXVW�LQ�VFLHQFH��+XOOPDQQ�HW�DO��������7XIHNFL
�������$V�7XIHNFL�GHPRQVWUDWHV��DQG�RXU�GDWD�FRUURERUDWHV���WKH�&'&
V�LQLWLDO�SXEOLF�PHVVDJLQJ
WKDW�PDVNV�ZHUH�LQHĳHFWLYHŠIROORZHG�E\�D�TXLFN�SXEOLF�UHYHUVDOŠVHULRXVO\�KLQGHUHG�WKH
RUJDQL]DWLRQ
V�DELOLW\�WR�HĳHFWLYHO\�FRPPXQLFDWH�DV�WKH�SDQGHPLF�SURJUHVVHG��$V�ZH�KDYH
VHHQ��SHRSOH�DUH�QRW�VLPSO\�SDVVLYH�FRQVXPHUV�RI�PHGLD��DQWL�PDVN�XVHUV LQ�SDUWLFXODU ZHUH
SUHGLVSRVHG�WR�GLJJLQJ�WKURXJK�WKH�VFLHQWLıF�OLWHUDWXUH�DQG�KLJKOLJKWLQJ�WKH�XQFHUWDLQW\�LQ
DFDGHPLF�SXEOLFDWLRQV�WKDW�PHGLD�RUJDQL]DWLRQV�HOLGH��:KHQ�WKHVH�XQFHUWDLQWLHV�GLG�QRW�VXUIDFH
ZLWKLQ�SXEOLF�IDFLQJ�YHUVLRQV�RI�WKHVH�VWXGLHV��SHRSOH�EHJDQ�WR�DVVXPH�WKDW�WKHUH�ZDV�D
EURDGHU�FRYHU�XS��7XIHNFL�������

%XW�DV�+XOOPDQ�VKRZV��WKHUH�DUH�DW�OHDVW�WZR�PDMRU�UHDVRQV�ZK\�XQFHUWDLQW\ KDVQ
W
WUDGLWLRQDOO\�EHHQ�FRPPXQLFDWHG�WR�WKH�SXEOLF��+XOOPDQ��������5HVHDUFKHUV�RIWHQ�GR�QRW
EHOLHYH�WKDW�SHRSOH�ZLOO�XQGHUVWDQG�DQG�EH�DEOH�WR�LQWHUSUHW�UHVXOWV�WKDW�FRPPXQLFDWH
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XQFHUWDLQW\��ZKLFK��DV�ZH�KDYH�VKRZQ��LV�D�SUREOHPDWLF�DVVXPSWLRQ�DW�EHVW���+RZHYHU�
YLVXDOL]DWLRQ�UHVHDUFKHUV�DOVR�GR�QRW�KDYH�D�UREXVW�ERG\�RI�XQGHUVWDQGLQJ�DERXW KRZ��DQG
ZKHQ��WR�FRPPXQLFDWH�XQFHUWDLQW\��OHW�DORQH�KRZ�WR�GR�VR�HĳHFWLYHO\���7KHUH�DUH�H[FLWLQJ
WKUHDGV�RI�YLVXDOL]DWLRQ�UHVHDUFK�WKDW�LQYHVWLJDWH�KRZ�XVHUVŖ�LQWHUSUHWLYH�IUDPHZRUNV�FDQ
FKDQJH�WKH�RYHUDUFKLQJ�QDUUDWLYHV�WKH\�JOHDQ�IURP�WKH�GDWD��+XOOPDQ�DQG�'LDNRSRXORV������
3HFN�HW�DO��������6HJHO�DQG�+HHU��������,QVWHDG�RI�FKDPSLRQLQJ�DEVROXWH�FHUWLWXGH�RU
REMHFWLYLW\��WKLV�UHVHDUFK�SXVKHV�XV�WR�DVN�KRZ�VFLHQWLVWV�DQG�YLVXDOL]DWLRQ�UHVHDUFKHUV�DOLNH
PLJKW�H[SUHVV�XQFHUWDLQW\�LQ�WKH�GDWD�VR�DV�WR�UHFRJQL]H�LWV�VRFLDOO\�DQG�KLVWRULFDOO\�VLWXDWHG
QDWXUH�

,Q�RWKHU�ZRUGV��RXU�SDSHU�LQWURGXFHV�QHZ�ZD\V�RI�WKLQNLQJ�DERXW�ŗGHPRFUDWL]LQJŘ�GDWD
DQDO\VLV�DQG�YLVXDOL]DWLRQ��,QVWHDG�RI�WUHDWLQJ�LQFUHDVHG�DGRSWLRQ�RI�GDWD�GULYHQ�VWRU\WHOOLQJ�DV
DQ�XQTXDOLıHG�JRRG��ZH�VKRZ�WKDW�GDWD�YLVXDOL]DWLRQV�DUH�QRW�VLPSO\�WRROV�WKDW�SHRSOH�XVH�WR
XQGHUVWDQG�WKH�HSLGHPLRORJLFDO�HYHQWV�DURXQG�WKHP��7KH\�DUH�D�EDWWOHJURXQG�WKDW�KLJKOLJKW�WKH
FRQWHVWHG�UROH�RI�H[SHUWLVH�LQ�PRGHUQ�$PHULFDQ�OLIH�
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&KDSWHU��

6RFLRWHFKQLFDO�&RQVLGHUDWLRQV�IRU�$FFHVVLEOH�9LVXDOL]DWLRQ�'HVLJQ

$EVWUDFW

$FFHVVLELOLW\�ş�WKH�SURFHVV�RI�GHVLJQLQJ�IRU�SHRSOH�ZLWK�GLVDELOLWLHV��3:'��Š�LV�DQ�LPSRUWDQW�EXW
XQGHU�H[SORUHG�FKDOOHQJH�LQ�WKH�YLVXDOL]DWLRQ�UHVHDUFK�FRPPXQLW\��:LWKRXW�FDUHIXO�DWWHQWLRQ�
DQG�LI�3:'�DUH�QRW�LQFOXGHG�DV�HTXDO�SDUWLFLSDQWV�WKURXJKRXW�WKH�SURFHVV��WKHUH�LV�D�GDQJHU�RI
SHUSHWXDWLQJ�D�YLVLRQ�ıUVW�DSSURDFK�WR�DFFHVVLEOH�GHVLJQ�WKDW�PDUJLQDOL]HV�WKH�OLYHG�H[SHULHQFH
RI�GLVDELOLW\��H�J���E\�FUHDWLQJ�RYHUO\�VLPSOLVWLF�ŗVHQVRU\�WUDQVODWLRQVŘ�WKDW�PDS�YLVXDO�WR
QRQ�YLVXDO�PRGDOLWLHV�LQ�D�RQH�WR�RQH�IDVKLRQ���,Q�WKLV�SDSHU��ZH�SUHVHQW�D�VHW�RI�VRFLRWHFKQLFDO
FRQVLGHUDWLRQV�IRU�UHVHDUFK�LQ�DFFHVVLEOH�YLVXDOL]DWLRQ�GHVLJQ��GUDZLQJ�RQ�OLWHUDWXUH�LQ�GLVDELOLW\
VWXGLHV��WDFWLOH�LQIRUPDWLRQ�V\VWHPV��DQG�SDUWLFLSDWRU\�PHWKRGV��:H�LGHQWLI\�WKDW�XVLQJ
VWDWH�RI�WKH�DUW�WHFKQRORJLHV�PD\�LQWURGXFH�PRUH�EDUULHUV�WR�DFFHVV�WKDQ�WKH\�UHPRYH��DQG�WKDW
H[SHFWDWLRQV�RI�UHVHDUFK�QRYHOW\�PD\�QRW�SURGXFH�RXWFRPHV�ZHOO�DOLJQHG�ZLWK�WKH�QHHGV�RI
GLVDELOLW\�FRPPXQLWLHV��,QVWHDG��WR�SURPRWH�D�PRUH�LQFOXVLYH�GHVLJQ�SURFHVV��ZH�HPSKDVL]H�WKH
LPSRUWDQFH�RI�FOHDUO\�FRPPXQLFDWLQJ�JRDOV��IROORZLQJ�H[LVWLQJ�DFFHVVLELOLW\�JXLGHOLQHV��DQG
WUHDWLQJ�3:'�DV�HTXDO�SDUWLFLSDQWV�ZKR�DUH�FRPSHQVDWHG�IRU�WKHLU�VSHFLDOL]HG�VNLOOV��7R
LOOXVWUDWH�KRZ�WKHVH�FRQVLGHUDWLRQV�FDQ�EH�DSSOLHG�LQ�SUDFWLFH��ZH�GLVFXVV�D�FDVH�VWXG\�RI�DQ
LQFOXVLYH�GHVLJQ�ZRUNVKRS�KHOG�LQ�FROODERUDWLRQ�ZLWK�WKH�3HUNLQV�6FKRRO�IRU�WKH�%OLQG�

3XEOLFDWLRQ� 7KLV�FKDSWHU�DSSHDUV�DV�$ODQ�/XQGJDUG� &U\VWDO�/HH��FR�ıUVW�DXWKRU���DQG�$UYLQG
6DW\DQDUD\DQ��ŗ6RFLRWHFKQLFDO�&RQVLGHUDWLRQV�IRU�$FFHVVLEOH�9LVXDOL]DWLRQ�'HVLJQ�Ř ,(((
7UDQVDFWLRQV�RQ�9LVXDOL]DWLRQ�DQG�&RPSXWHU�*UDSKLFV �2FWREHU�������

$FNQRZOHGJHPHQWV�:H�WKDQN�WKH�VWXGHQWV�DQG�VWDĳ IURP�WKH�3HUNLQV�6FKRRO�IRU�WKH�%OLQG�
WKH�ZRUNVKRS�RUJDQL]HUV��DQG�WKH�0,7�$VVLVWLYH�7HFKQRORJ\�,QIRUPDWLRQ�&HQWHU��:H�DOVR�WKDQN
0LFKDHO�&RUUHOO��5LFKDUG�/DGQHU��DQG�0HUHGLWK�5LQJHO�0RUULV�IRU�WKHLU�IHHGEDFN�RQ�HDUOLHU�GUDIWV�

���



� ,QWURGXFWLRQ

+LVWRU\�SURYLGHV�PDQ\�LQVWUXFWLYH�H[DPSOHV�RI�IDXOW\�LQIRUPDWLRQ�V\VWHPV�GHVLJQHG�IRU�SHRSOH
ZLWK�GLVDELOLWLHV��3:'���)RU�H[DPSOH��HDUO\�DSSURDFKHV�WR�GHVLJQLQJ�WDFWLOH�UHDGLQJ�V\VWHPV�IRU
EOLQG�SHRSOH�IUHTXHQWO\�XVHG�HPERVVHG�OHWWHUV�WKDW�DWWHPSWHG�WR�WUDQVODWH�WKH�DOSKDEHWŖV�YLVXDO
FRQWRXUV�GLUHFWO\�LQWR�WDFWLOH�VKDSHV��,Q�WKH���WK FHQWXU\��VFKRROV�IDYRUHG�WKHVH�V\VWHPV
EHFDXVH�VLJKWHG�WHDFKHUV�GLG�QRW�UHTXLUH�VSHFLDO�WUDLQLQJ�WR�UHDG�WKH�HPERVVHG�OHWWHUV��DQG
EHFDXVH�LW�DOORZHG�EOLQG�DQG�VLJKWHG�UHDGHUV�WR�UHDG�WKH�VDPH�WH[WV��0F*LQQLW\��6H\PRXU�)RUG�
DQG�$QGULHV�������

+RZHYHU��GUDZLQJ�RQ�KLV�RZQ�H[SHULHQFH�ZLWK�EOLQGQHVV��/RXLV�%UDLOOHŠWKH�LQYHQWRU�RI
WKH�XELTXLWRXV�UHDGLQJ�V\VWHPŠNQHZ�WKDW�UDLVHG�GRWV�ZHUH�HDVLHU�WR�UHDG�WKDQ�HPERVVHG
OHWWHUV�EHFDXVH�WKH\�SURYLGHG�PRUH�WDFWLOH�GLVWLQFWLRQ��7KH�HYHQWXDO�VXFFHVV�RI�%UDLOOHŖV�V\VWHP
RYHU�HPERVVHG�OHWWHUV�LV�D�SDUDEOH�IRU�VROXWLRQV�WKDW�DUH�GHVLJQHG�E\�DQG�IRU�3:'��6LQFH�3:'
DUH�EHWWHU�LQIRUPHG�DERXW�WKHLU�OLYHG�H[SHULHQFHV�WKDQ�GHVLJQHUV�ZKR�DUH�QRW�GLVDEOHG��WKH\�DUH
DOVR�LQ�WKH�EHVW�SRVLWLRQ�WR�GHVLJQ�DQG�HQJLQHHU�VXVWDLQDEOH�VROXWLRQV��(PERVVHG�OHWWHUV�ZHUH
LQHĳHFWLYH�EHFDXVH�WKH\�GLUHFWO\�WUDQVODWHG�YLVXDO�LQWR�WDFWLOH�V\VWHPV ZLWKRXW FHQWHULQJ�D�EOLQG
UHDGHUŖV�H[SHULHQFH�

7KLV�VWRU\�UHVRQDWHV�WRGD\�DV�WHFKQRORJLVWV�H[WRO�WKH�SRWHQWLDO�IRU�ZHE�LQWHUIDFHV�DQG
�'�SULQWLQJ�WR�LPSURYH�WKH�DFFHVVLELOLW\�RI�GDWD�YLVXDOL]DWLRQV��6LQFH�WKH�����V��YLVXDOL]DWLRQ
DQG�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��+&,��UHVHDUFKHUV�KDYH�GHYHORSHG�WDFWLOH�LQWHUIDFHV�WKDW
FODLP�WR�PDNH�LQIRUPDWLRQ�PRUH�DFFHVVLEOH�WR�EOLQG�SHRSOH�E\�DOORZLQJ�XVHUV�WR�WRXFK��UDWKHU
WKDQ�VHH��WKH�GDWD��&KRL�HW�DO��������,VKLL�DQG�8OOPHU�������-DQVHQ�HW�DO���������+RZHYHU��IHZ�RI
WKHVH�SURMHFWV�H[WHQVLYHO\�FRQVXOW�EOLQG�SHRSOH��ZKLFK�PHDQV�WKDW�WKH\�RIWHQ�EHFRPH�ZKDW
GLVDELOLW\�GHVLJQ�H[SHUW�/L]�-DFNVRQ�FDOOV GLVDELOLW\ GRQJOHV��D�ŗZHOO�LQWHQGHG��HOHJDQW��\HW
XVHOHVV�VROXWLRQ�WR�D�SUREOHP�ZH�>3:'@�QHYHU�NQHZ�ZH�KDGŘ��-DFNVRQ��������'HYHORSPHQWV�LQ
+&,�DQG�WDFWLOH�JUDSKLFV�KDYH�SUHYLRXVO\�FRQYHUJHG�LQ�$VVLVWLYH�7HFKQRORJ\��$7��UHVHDUFK
�%HQQHWW��%UDG\��DQG�%UDQKDP�������/DGQHU�HW�DO��������0XOOHU��������EXW�YLVXDOL]DWLRQ
UHVHDUFKHUV�KDYH�QRW�\HW�VXEVWDQWLYHO\�HQJDJHG�ZLWK�WKH�GHYHORSPHQWV�LQ�WDFWLOH�LQIRUPDWLRQ
V\VWHPV��ZHOO�HVWDEOLVKHG�DFFHVVLELOLW\�JXLGHOLQHV��RU�ZLWK�WKH�SHUVSHFWLYHV�RI�3:'�

7R�EHJLQ�DGGUHVVLQJ�WKHVH�LVVXHV��ZH�SUHVHQW�D�VHW�RI VRFLRWHFKQLFDO FRQVLGHUDWLRQV�IRU
DFFHVVLEOH�YLVXDOL]DWLRQ�GHVLJQ��,Q�RXU�DQDO\VLV��ZH�HPSKDVL]H�WKDW�WKHUH�DUH�ERWK VRFLDO DQG
WHFKQRORJLFDO FRQVWUDLQWV�RQ�WKH�DFFHVVLEOH�YLVXDOL]DWLRQ GHVLJQ�VSDFH��:H�GHPRQVWUDWH�KRZ
RXU�FRQVLGHUDWLRQVŠLQIRUPHG�E\�ZRUN�ZULWWHQ�E\�DQG�IRU�3:'�LQ�GLVDELOLW\�VWXGLHV��$7��DQG
GHVLJQ�KLVWRU\ŠFDQ�EH�DSSOLHG�WR�IXWXUH�DFFHVVLELOLW\�UHVHDUFK��:H�DOVR�FULWLTXH�FXUUHQW
UHVHDUFK�WKDW�HPSKDVL]HV�D�YLVLRQ�ıUVW�DSSURDFK�WR�PDNLQJ�WDFWLOH�JUDSKLFV�

���



� %DFNJURXQG�	�5HODWHG�:RUN

2XU�ZRUN�EULQJV�WRJHWKHU�GLVDELOLW\�VWXGLHV��UHVHDUFK�RQ�WDFWLOH�LQIRUPDWLRQ�V\VWHPV��DQG
SDUWLFLSDWRU\�GHVLJQ�PHWKRGV�WR�DUWLFXODWH�D�VHW�RI�VRFLRWHFKQLFDO�FRQVLGHUDWLRQV�IRU�DFFHVVLEOH
YLVXDOL]DWLRQ�GHVLJQ�

��� 'LVDELOLW\�6WXGLHV

,Q�WKH�8QLWHG�6WDWHV��GLVDELOLW\�VWXGLHV�LV�DQ�LQWHUGLVFLSOLQDU\�ıHOG�WKDW�VHHNV�WR�XQWDQJOH�WKH
GLĳHUHQW�SROLWLFDO��LQWHOOHFWXDO��DQG�FXOWXUDO�GLPHQVLRQV�RI�GLVDELOLW\�LQ�VRFLHW\��,Q�WKLV�OLWHUDWXUH�
VFKRODUV�GLVWLQJXLVK�EHWZHHQ�WZR�PRGHOV�RI�WKLQNLQJ�DERXW�GLVDELOLW\��6KDNHVSHDUH��������,Q�D
PHGLFDO PRGHO��WKH�GLVDELOLW\�GLDJQRVLV�LV�WLHG�GLUHFWO\ WR�DQ�LQGLYLGXDOŖV�SK\VLFDO�RU
SV\FKRORJLFDO�VWDWH��DQG�WKH�SURJQRVLV�IRFXVHV�RQ�FXULQJ�RU�PDQDJLQJ�WKH�GLVDELOLW\�XQWLO�LW
GLVDSSHDUV�DV�PXFK�DV�SRVVLEOH��H�J���D�GHDI�SHUVRQ�ZKR�XVHV�FRFKOHDU�LPSODQWV��+DPUDLH
�������%\�FRQWUDVW��D VRFLDO PRGHO RI�GLVDELOLW\�GLVWLQJXLVKHV EHWZHHQ�DQ LPSDLUPHQW �D
SK\VLFDO�RU�SV\FKRORJLFDO�DEQRUPDOLW\��DQG�D GLVDELOLW\� ZKLFK�GHVFULEHV�D�IRUP�RI�VRFLDO�
HFRQRPLF��DQG�SROLWLFDO�H[FOXVLRQ�SHUSHWXDWHG�DJDLQVW�SHRSOH�ZKR�KDYH�VRPH�LPSDLUPHQW
�2OLYHU��������,Q�WKH�VRFLDO�PRGHO��SHRSOH�DUH�GLVDEOHG�E\�VWUXFWXUDO�DQG�HQYLURQPHQWDO�IDFWRUV�
QRW�E\�WKHLU�ERGLHV��7KRPVRQ�������

:KLOH�WKHVH�WZR�PRGHOV�DUH�QRW�PXWXDOO\�H[FOXVLYH��DQG�FDQ�EH�FRQVLGHUHG�DORQJVLGH
SHUVRQDO��HQYLURQPHQWDO��DQG�RWKHU�FRQWH[WXDO�IDFWRUV��ŗ:RUOG�5HSRUW�RQ�'LVDELOLW\�����Ř�������
LW�LV�LPSRUWDQW�IRU�YLVXDOL]DWLRQ�UHVHDUFKHUV�WR�XQGHUVWDQG�WKH�VRFLDO�DQG�PHGLFDO�PRGHOV
EHFDXVH�HDFK�FDQ�EH�OHYHUDJHG�WRZDUGV�GLĳHUHQW�NLQGV�RI�DFFHVVLELOLW\�UHVHDUFK��7KH�PHGLFDO
PRGHO��IRU�H[DPSOH��FOHDUO\�DUWLFXODWHV�DQ�DFWLRQDEOH�SUREOHP�WKDW�FDQ�EH�PHDVXUHG�DQG�ı[HG�
ZKLFK�FDQ�EH�SUDFWLFDOO\�XVHIXO�WR�$7�UHVHDUFKHUV��+RZHYHU��$7�UHVHDUFK�WKDW�IRFXVHV
H[FOXVLYHO\�RQ�WKH�PHGLFDO�PRGHO�RIWHQ�VWLJPDWL]HV�3:'�E\�DWWHPSWLQJ�WR��ı[��DOO�LPSDLUPHQWV
DQG�GLĳHUHQFHV�WKURXJK�PHGLFDO�LQWHUYHQWLRQ��HYHQ�ZKHQ�WKH�FRQGLWLRQ�GRHV�QRW�FDXVH�SDLQ�
LOOQHVV��RU�GHDWK��H�J���GHDIQHVV���'DYLV��������,Q�SDUWLFXODU��WKH�PHGLFDO�PRGHO�PLVVHV�KRZ�DQ
LPSDLUPHQW GHYHORSV LQWR�D�GLVDELOLW\��)RU�H[DPSOH� LQ�D�VRFLHW\�ZKHUH�HYHU\RQH�FRPPXQLFDWHV
WKURXJK�VLJQ�ODQJXDJH��GHDIQHVV�PD\�QRW�EH�SHUFHLYHG�DV�D�GLVDELOLW\�DW�DOO��EXW�PD\�LQVWHDG�EH
D�VRXUFH�RI�FXOWXUDO�SULGH��,Q�D�KHDULQJ�VRFLHW\��KRZHYHU��GHDIQHVV�PD\�EH�VHHQ�DV�D�GLVDELOLW\
WKDW�UHTXLUHV�DFFRPPRGDWLRQ�WKURXJK�LQWHUSUHWHUV�RU�PHGLFDO�LQWHUYHQWLRQ��0DQNRĳ��+D\HV��DQG
.DVQLW]�������0LOOV�������

7KH�VRFLDO�PRGHO�RI�GLVDELOLW\��E\�FRQWUDVW��VKLIWV�WKH�IRFXV�IURP��FXUH�WR�FDUH���LQ�ZKLFK
WKH�JRDO�LV�QRW�WR�ı[�WKH�LPSDLUPHQW��EXW�UDWKHU�WKH�ZD\V�WKDW�VRFLHW\�WUHDWV�3:'��=ROD�������
)RU�H[DPSOH��UDWKHU�WKDQ�EXLOGLQJ�D�EHWWHU�ZKHHOFKDLU�WKDW�DOORZV�LWV�XVHU�WR�FOLPE�VWDLUV�
SURSRQHQWV�RI�WKH�VRFLDO�PRGHO�ORRN�LQVWHDG�WR�GLVPDQWOLQJ�WKH�OHJLVODWLYH�RU�EXUHDXFUDWLF
EDUULHUV�WR�LQVWDOOLQJ�ZKHHOFKDLU�UDPSV�LQ�SXEOLF�SODFHV��:KLOH�WKH�VRFLDO�PRGHO�FDQQRW�H[SODLQ
DEQRUPDO�ELRORJLFDO�IXQFWLRQV��LW�FDQ�EH�FUXFLDO�IRU�GULYLQJ�WKH�DGRSWLRQ�RI�DVVLVWLYH

���



WHFKQRORJLHV�DQG�HQVXULQJ�WKDW�WKH�WHFKQRORJLHV�DGGUHVV�WKH�LQIUDVWUXFWXUDO�EDUULHUV�WKDW�3:'
H[SHULHQFH�LQ�WKHLU�HYHU\GD\�OLYHV�

��� 7DFWLOH�,QIRUPDWLRQ�6\VWHPV

7DFWLOH�V\VWHPV�OLNH�EUDLOOH�GLVSOD\V���'�PRGHOV��DQG�HPERVVHG�PDSV�KDYH�EHHQ�D�PDLQVWD\�RI
EOLQG�HGXFDWLRQ��9DQ�*HHP�Q�G����$V�VXFK��WKHUH�LV�D�YDVW�OLWHUDWXUH�E\�FRPSXWHU�VFLHQWLVWV�
HGXFDWLRQ�SURIHVVLRQDOV��DQG�RUJDQL]DWLRQV�IRU�WKH�EOLQG�WKDW�H[SORUH�KRZ�WKHVH�WRROV�FDQ�EH
SXW�LQWR�SUDFWLFH��=HEHKD]\�DQG�:LOWRQ�������*DUGLQHU�DQG�3HUNLQV�������6FKQHLGHU�������
(GXFDWLRQ�UHVHDUFKHU�/XFLD�+DVW\��IRU�H[DPSOH��KDV�GHYHORSHG�SULQFLSOHV�RI�JUDSKLFDO�OLWHUDF\
WKDW�VKRZ�KRZ�EOLQG�DQG�VLJKWHG�VWXGHQWV�OHDUQ�GLĳHUHQWO\��+DVW\��������6LJKWHG�OHDUQHUV
DEVRUE�LQIRUPDWLRQ ZKROH WR SDUW��ZKHUH�WKH\�VHH�WKH ZKROH�SLFWXUH�VLPXOWDQHRXVO\��DQG
XQGHUVWDQG�WKH�GLĳHUHQW�YLVXDO�HQFRGLQJV�LQ�UHODWLRQ�WR�HDFK�RWKHU��H�J���WKH�VL]H�DQG�FRORU�RI
RQH�EDU�FRPSDUHG�WR�DQRWKHU���7DFWLOH�OHDUQHUV��KRZHYHU��PXVW�DSSURDFK�WDFWLOH�JUDSKLFV SDUW
WR ZKROH E\�WRXFKLQJ�LQGLYLGXDO�SDUWV�RI�WKH�JUDSKLF SURFHVVXDOO\��7KH\�WKHQ�SXW�WRJHWKHU�HDFK
SLHFH�RI�LQIRUPDWLRQ�LQ�D�VHTXHQFH�WR�YLHZ�WKH�JUDSKLF�DV�D�ZKROH�

*LYHQ�WKH�GLĳHUHQFHV�EHWZHHQ�WKHVH�DSSURDFKHV��VXFFHVVIXO�WDFWLOH�UHSUHVHQWDWLRQV
VKRXOG�HQVXUH�WKDW�LW�LV�HDV\�WR�DFFHVV�WKH�LQIRUPDWLRQ�VHTXHQWLDOO\��DQG�WKDW�HDFK�WDFWLOH
HOHPHQW�LV�HDVLO\�DQG�TXLFNO\�GLVWLQJXLVKDEOH��%UDLOOH�LV�D�SULPH�H[DPSOH�RI�D�VXFFHVVIXO�WDFWLOH
UHSUHVHQWDWLRQ��(DFK�EUDLOOH�FHOO�LV�HDV\�WR�VFDQ�TXLFNO\�DQG�VHTXHQWLDOO\��FRPSDUHG�WR
HPERVVHG�OHWWHULQJ��ZKHUH�D�XVHU�PXVW�WU\�WR�V\QWKHVL]H�HDFK�OHWWHU�LQGLYLGXDOO\ŠD�UHODWLYHO\
VORZ�SURFHVVŠEHIRUH�PRYLQJ�RQWR�WKH�QH[W�OHWWHU���)XUWKHUPRUH��SULQWHG�EUDLOOH�KDV�PDQ\
ZHOO�HVWDEOLVKHG�FRQWUDFWLRQV��ZKLFK�PDNH�LW�HYHQ�IDVWHU�WR�VFDQ�WKURXJK�WH[WV��'UDZLQJ�RQ
EUDLOOHŖV�GHVLJQ�VXFFHVVHV�DQG�JXLGHOLQHV��DQ�LPSRUWDQW�DUHD�IRU�IXWXUH�ZRUN�LV�GHYHORSLQJ�DQ
DQDORJRXV�V\VWHP�IRU�YLVXDOL]DWLRQV��L�H���RQH�WKDW�SHUPLWV�IDVW�DQG�HĳHFWLYH�LQIRUPDWLRQ�DFFHVV�
DQG�GRHV�QRW�VLPSO\�WUDQVODWH�WKH�YLVXDOL]DWLRQ�LQWR�D�WDFWLOH�UHSUHVHQWDWLRQ�LQ�D�RQH�WR�RQH
IDVKLRQ���&RPELQLQJ�WKHVH�LQVLJKWV�ZLWK�JXLGHOLQHV�RQ�WDFWLOH�JUDSKLFV�IURP�RUJDQL]DWLRQV�OLNH
$PHULFDQ�3ULQWLQJ�+RXVH�IRU�WKH�%OLQG��$3+���%UDLOOH�$XWKRULW\�RI�1RUWK�$PHULFD��%$1$���DQG
:RUOG�:LGH�:HE�&RQVRUWLXP��:�&�ŖV�:HE�$FFHVVLELOLW\�,QLWLDWLYH��:$,���SURYLGH�D�SRZHUIXO
EDVLV�RQ�ZKLFK�WR�EHJLQ�WKLV�UHVHDUFK��%UDLOOH�$XWKRULW\�RI�1RUWK�$PHULFD�������ŗ:HE�&RQWHQW
$FFHVVLELOLW\�*XLGHOLQHV��:&$*�Ř�������$PLFN�DQG�&RUFRUDQ��������%XLOGLQJ�RQ�WKHVH�H[LVWLQJ
$7�JXLGHOLQHV�LV�DQ�H[FHOOHQW�H[DPSOH�RI�KRZ�WKH�VRFLDO�PRGHO�RI�GLVDELOLW\�FDQ�LQIRUP�SUDFWLFH
�0DQNRĳ��+D\HV��DQG�.DVQLW]�������

��� 3DUWLFLSDWRU\�'HVLJQ�0HWKRGV

$W�HDFK�VWDJH�RI�FRQGXFWLQJ�D�VWXG\��UHVHDUFKHUV�VKRXOG�EH�DWWHQWLYH�WR�WKH�SRZHU�G\QDPLFV
EHWZHHQ�WKHPVHOYHV�DQG�WKHLU�VWXG\�SDUWLFLSDQWV��+LVWRULFDOO\��LJQRULQJ�WKHVH�G\QDPLFV�KDV
H[SRVHG�DOUHDG\�PDUJLQDOL]HG�FRPPXQLWLHV�WR�ORQJ�WHUP�SV\FKRORJLFDO�DQG�SK\VLRORJLFDO�KDUP
�H�J���WKH�7XVNHJHH�V\SKLOLV�H[SHULPHQW��%UDQGW��������,Q�SDUWLFXODU��GHYHORSPHQWV�LQ�$7�KDYH

���



RIWHQ�UHOLHG�XSRQ�XVLQJ�3:'�DV�WHVW�VXEMHFWV�IRU�WHFKQRORJLHV�WKDW�ZHUH�ODWHU�WUDQVIRUPHG�LQWR
PRUH�SURıWDEOH�YHQWXUHV�LQWHQGHG�IRU�DEOH�ERGLHG�SHRSOH�>��@��7R�PLWLJDWH�VLWXDWLRQV�OLNH�WKHVH�
UHVHDUFKHUV�LQ�PDQ\�GLVFLSOLQHV�KDYH�GHYHORSHG�ZD\V�RI�ZRUNLQJ ZLWK �UDWKHU�WKDQ RQ�
PDUJLQDOL]HG�FRPPXQLWLHV��&DUJR�DQG�0HUFHU�������&RVWDQ]D�&KRFN�������0RUHH�������
*HQHUDOO\��WKHVH�FRPPXQLW\�EDVHG�RU�SDUWLFLSDWRU\�UHVHDUFK�PHWKRGV�HPSKDVL]H�FROOHFWLYH
LQTXLU\�LQ�ZKLFK�VWXG\�SDUWLFLSDQWV�DUH�FRQVLGHUHG�FR�UHVHDUFKHUV��)DU�IURP�VLPSO\�EHLQJ�D
VXEMHFW RI�UHVHDUFK��WKHVH�SDUWLFLSDQWV�KHOS�GHıQH WKH�GHVLJQ�SUREOHP�DQG�FRQWULEXWH�WR
PHWKRGV��GDWD�FROOHFWLRQ��DQDO\VLV��DQG�SXEOLFDWLRQ��0DQNRĳ��+D\HV��DQG�.DVQLW]�������0XOOHU
������0XOOHU�DQG�.XKQ��������7KHVH�PHWKRGV�JR�EH\RQG�XVHU�FHQWHUHG�GHVLJQ��1RUPDQ�DQG
'UDSHU�������WR�DUWLFXODWH�PRUH�FOHDUO\�ZKDW�WKH�VWDNHV�DUH�LQ�D�UHVHDUFK�SURMHFW��ZKR
SDUWLFLSDWHV�ZLWK�ZKRP�LQ�ZKDW"�:KR�DUH�WKH�LQWHQGHG�EHQHıFLDULHV�RI�D�SURMHFW��DQG�KRZ�GR
WKH\�DFFUXH�WKHVH�EHQHıWV"�%\�UH�FHQWHULQJ�3:'�LQ�WKH�GHVLJQ�SURFHVV��SDUWLFLSDWRU\�PHWKRGV
FDQ�EH�XVHIXO�IRU�KLVWRULFDOO\�PDUJLQDOL]HG�FRPPXQLWLHV�EHFDXVH�WKH\�EUHDN�GRZQ�WKH
VHSDUDWLRQ�EHWZHHQ�WKRVH�ZKR�DUH�GRLQJ�WKH�GHVLJQ�DQG�WKRVH�ZKR�DUH�EHLQJ�GHVLJQHG IRU�

7KLV�ZRUN�DOVR�DWWHPSWV�WR�DYRLG�WKH�SUREOHPV�DVVRFLDWHG�ZLWK SDUDFKXWH�UHVHDUFK��D
SKHQRPHQRQ�LQ�ZKLFK�UHVHDUFKHUVŠ�SDUWLFXODUO\�WKRVH�IURP�ZHDOWK\�XQLYHUVLWLHVŠGURS�LQWR�D
FRPPXQLW\��PDNH�XVH�RI�ORFDO�LQIUDVWUXFWXUH�DQG�H[SHUWLVH��DQG�WKHQ�GLVHQJDJH�IURP�WKH
FRPPXQLW\�DOWRJHWKHU�DIWHU�SXEOLVKLQJ�UHVXOWV�LQ�D�SUHVWLJLRXV�DFDGHPLF�MRXUQDO�>��@��7KLV�NLQG
RI�UHVHDUFK�LV�KDUPIXO�WR�WKH�FRPPXQLWLHV�ZKR�WDNH�WKH�WLPH�DQG�UHVRXUFHV�WR�KHOS�IDFLOLWDWH
DFDGHPLF�UHVHDUFK�ZLWKRXW�UHFLSURFDO�EHQHıWV��7KLV�FDQ�KDYH�D�GLVSURSRUWLRQDWHO\�QHJDWLYH
LPSDFW�RQ�GLVDELOLW\�FRPPXQLWLHV��ZKR�DOUHDG\�IDFH�PDQ\�EDUULHUV�WR�SDUWLFLSDWLQJ�LQ�SXEOLF�OLIH�
7R�DGGUHVV�WKHVH�SUREOHPV��VFKRODUV�LQ�$7��GLVDELOLW\�VWXGLHV��DQG�GHVLJQ�KDYH�HPSKDVL]HG�KRZ
UHVHDUFKHUV�QHHG�WR�FRQVLGHU�WKHLU�SDUWLFLSDQWV�DV�DFWLYH�DJHQWV�ZLWK�LGHDV�DQG�JRDOV�WKDW�PD\
FRQĲLFW�ZLWK�WKRVH�RI�WKH�UHVHDUFKHU��7KLV�VKRXOG�QRW�EH�VHHQ�DV�DQ�REVWDFOH�WR�UHVHDUFK��UDWKHU�
LW�SURYLGHV�QHZ�RSSRUWXQLWLHV�IRU�FROODERUDWLYH�GHVLJQ��+RZDUG�DQG�,UDQL�������5LOHV�������

� 6RFLRWHFKQLFDO�&RQVLGHUDWLRQV

,Q�WKLV�VHFWLRQ��ZH�LQWURGXFH�D�VHW�RI�VRFLRWHFKQLFDO�FRQVLGHUDWLRQV�IRU�DFFHVVLEOH�YLVXDOL]DWLRQ
GHVLJQ��7KHVH�FRQVLGHUDWLRQV�DUH�LQIRUPHG�E\�UHODWHG�ZRUN��RXU�RZQ�GHFDGH�ORQJ�HQJDJHPHQW
ZLWK�WKH�EOLQG�FRPPXQLW\��DQG�D�FDVH�VWXG\�RI�DQ�LQFOXVLYH�GHVLJQ�ZRUNVKRS��(DFK
FRQVLGHUDWLRQ�EHJLQV�E\�H[SODLQLQJ�LWV�VRFLDO�DQG�WHFKQRORJLFDO�DVSHFWV��DQG�FRQFOXGHV�ZLWK
TXHVWLRQV�WKDW�UHVHDUFKHUV�DQG�GHVLJQHUV�VKRXOG�FRQVLGHU�ZKHQ�FROODERUDWLQJ�ZLWK�GLVDELOLW\
FRPPXQLWLHV�

1RQ�,QWHUYHQWLRQ� $W�HDFK�VWHS�RI�WKH�GHVLJQ�SURFHVV� UHVHDUFKHUV�VKRXOG�FRQVLGHU
ZKHWKHU�DQ\�WHFKQRORJLFDO�LQWHUYHQWLRQ�LV�DSSURSULDWH�DW�DOO��%DXPHU�DQG�6LOEHUPDQ��������7KLV
LV�HVSHFLDOO\�WUXH�RI�GHVLJQLQJ�IRU�DQG�ZLWK�3:'�EHFDXVH�ZHOO�PHDQLQJ�LQWHUYHQWLRQV�PD\
ZRUVHQ�WKH�YHU\�VLWXDWLRQV�WKH\�DUH�LQWHQGHG�WR�KHOS��-DFNVRQ��������'HVLJQ�SURFHVVHV�DUH
DFWLYHO\�KDUPIXO�ZKHQ�WKH\�H[KDXVW�FROODERUDWRUVŖ�WLPH�DQG�UHVRXUFHV�ZLWKRXW�DGHTXDWH
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FRPSHQVDWLRQ�DQG�UHFLSURFLW\��RU�ZKHQ�WKH\�DUH�VLPSO\�EDQG�DLG�WHFKQRORJLFDO�VROXWLRQV�WR
LQIUDVWUXFWXUDO�SUREOHPV��,V�WKHUH�DQ�HTXDOO\�YLDEOH�ORZ�WHFK�RU�QR�WHFK�VROXWLRQ"�0LJKW�WKH
WHFKQRORJLFDO�LQWHUYHQWLRQ�UHVXOW�LQ�PRUH�KDUP�WKDQ�WKH�SUREOHP�LW�LV�PHDQW�WR�DGGUHVV"�'RHV
WKH�WHFKQRORJ\�VROYH�D�FRPSXWDWLRQDOO\�WUDFWDEOH�YHUVLRQ�RI�WKH�SUREOHP��RU�GRHV�LW�DGGUHVV�DQ
DFWXDO�QHHG"

5HVHDUFK�	�'HVLJQ� ,I�WHFKQRORJLFDO�LQWHUYHQWLRQ�LV DSSURSULDWH��UHVHDUFKHUV�VKRXOG
FDUHIXOO\�HYDOXDWH�WKH�JRDOV�RI�WKHLU�SURMHFW��,Q�+&,��WKHUH�LV�D�ZHOO�NQRZQ�WHQVLRQ�EHWZHHQ
GRLQJ��UHVHDUFK��DQG�GRLQJ��GHVLJQ���2OVRQ�DQG�.HOORJJ�������=LPPHUPDQ��)RUOL]]L��DQG
(YHQVRQ��������2Q�WKH�RQH�KDQG��UHVHDUFK�KDV�WKH�JRDO�RI�FUHDWLQJ�QHZ�NQRZOHGJH��EXW�WKLV
PD\�QRW�EH�WKH�EHVW�VROXWLRQ�IRU�D�XVHUŖV�LPPHGLDWH�QHHGV��2Q�WKH�RWKHU�KDQG��GHVLJQ�VKRXOG
VDWLVI\�WKRVH�QHHGV��EXW�WKH�VROXWLRQ�PD\�ODFN�UHVHDUFK�QRYHOW\��7KH�WZR�DUH�QRW�PXWXDOO\
H[FOXVLYH��EXW�WKH\�GR�SUHVFULEH�GLĳHUHQW�PHWKRGV�DQG�JRDOV��H�J���D�UHVHDUFK�SXEOLFDWLRQ
YHUVXV�DQ�DGRSWDEOH�GHVLJQ�VROXWLRQ���7KLV�WHQVLRQ�LV�HVSHFLDOO\�DSSDUHQW�ZKHQ�GHVLJQLQJ�IRU
DQG�ZLWK�3:'��3UHOLPLQDU\�LQWHUYLHZV�PD\�UHYHDO�WKDW�WKH�EHVW�GHVLJQ�VROXWLRQV�WR�D�XVHUŖV
QHHGV�ZLOO�QRW�FRXQW�DV�SXEOLFDWLRQ�ZRUWK\�PDWHULDO��,V�WKH�SURSRVHG�VROXWLRQ�DGGUHVVLQJ�WKRVH
QHHGV��RU�LV�LW�D�QRYHO�UHVHDUFK�FRQWULEXWLRQ"�,V�WKHUH�D�VROXWLRQ�WKDW�DGGUHVVHV�ERWK"

3DUWLFLSDWRU\�0HWKRGV� 7DNLQJ�D�SDUWLFLSDWRU\�DSSURDFK WR�UHVHDUFK�DQG�GHVLJQ�LV�D
NH\�WHQHW�RI�DFFHVVLELOLW\��7KLV�LQYROYHV�LQFOXGLQJ�VWDNHKROGHUV�LQ�WKH�GHVLJQ�SURFHVV�IURP�WKH
RXWVHW��GXULQJ�QHHG�ıQGLQJ��SUREOHP�GHıQLWLRQ��SURWRW\SLQJ��SXEOLFDWLRQ��DQG�GLVVHPLQDWLRQ
�0DQNRĳ��+D\HV��DQG�.DVQLW]��������3DUWLFLSDWRU\�GHVLJQ�DLPV�WR�LQFOXGH�XVHUV�DV�HTXDO
SDUWLFLSDQWV�LQ�WKH�GHVLJQ�SURFHVV��DV�RSSRVHG�WR�PHUHO\�YHULI\LQJ�WKH�XVHIXOQHVV�RI�D�VROXWLRQ
YLD�XVHU�VWXGLHV��'RXULVK��������,QFOXVLYH�GHVLJQ��DV�FRPSOHPHQWDU\�WR�SDUWLFLSDWRU\�GHVLJQ�
SODFHV�HPSKDVLV�RQ�HPSRZHULQJ�DV�PDQ\�SHRSOH�DV�SRVVLEOH��RIWHQ�ZLWK�D�IRFXV�RQ�UHPRYLQJ
EDUULHUV�IRU�SHRSOH�ZKR�KDYH�SK\VLFDO�RU�FRJQLWLYH�GLVDELOLWLHV��0XOOHU�DQG�.XKQ��������,QFOXVLYH
DSSURDFKHV�PD\�LQYROYH�FRQVLGHUDWLRQ�RI�WKH LQWHUGHSHQGHQFH EHWZHHQ�UHVHDUFKHUV�DQG
VWDNHKROGHUV��L�H���FROODSVLQJ�WKH�GLVWLQFWLRQ�EHWZHHQ�ZKR�LV�GRLQJ�WKH�UHVHDUFK��DQG IRU�ZKRP
WKDW�UHVHDUFK�LV�EHLQJ�GRQH���%HQQHWW��%UDG\��DQG�%UDQKDP�������%HQQHWW�DQG�5RVQHU�������
:KR�DUH�WKH�VWDNHKROGHUV�LQ�D�UHVHDUFK�SURMHFW"�$UH�WKH\�DOO�UHFXUULQJ�DQG�HTXDO�SDUWLFLSDQWV
WKURXJKRXW�WKH�GHVLJQ�SURFHVV"�$UH�WKH�UHVHDUFK�DQG�GHVLJQ�WRROV�WKHPVHOYHV�DFFHVVLEOH
�/DGQHU������"

&RPPXQLFDWLQJ�([SHFWDWLRQV� %HFDXVH�+&,�DQG�$7�UHVHDUFK SURMHFWV�FDQ�RIWHQ�EH
RQH�Rĳ�RU�SURRI�RI�FRQFHSW�SURWRW\SHV�WKDW�DUH�QR�ORQJHU�PDLQWDLQHG�DIWHU�SXEOLFDWLRQ��LW�LV
HVSHFLDOO\�LPSRUWDQW�IRU�UHVHDUFKHUV�WR�FRPPXQLFDWH�WKHLU�LQWHQWLRQV��H[SHFWDWLRQV��DQG
FDSDELOLWLHV�FOHDUO\�WR�DOO�FROODERUDWRUV��7KLV�PD\�LQFOXGH�WKH�LQWHQGHG�GXUDWLRQ�RI�WKH�SURMHFW�
WKH�TXDQWLW\�RI�DYDLODEOH�UHVRXUFHV��DQG�WKH�SURMHFW�JRDOŠZKHWKHU�LW�EH�D�UHVHDUFK�SXEOLFDWLRQ
RU�DGRSWDEOH�GHVLJQ�VROXWLRQ��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�WHFKQLFDO�SURMHFWV�WKDW�UHTXLUH
PDLQWHQDQFH�RU�HQJLQHHULQJ�VXSSRUW�EH\RQG�WKH�GXUDWLRQ�RI�WKH�SURMHFW��+RZ�ORQJ�ZLOO�D�SURMHFW
EH�PDLQWDLQHG��DQG�ZKDW�DUH�WKH�H[SHFWHG�FRQWULEXWLRQV�RI�HDFK�FROODERUDWRU"�,I�WKH�JRDO�LV
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DFDGHPLF�SXEOLFDWLRQ��KDV�WKHUH�EHHQ�D�GLVFXVVLRQ�DERXW�DXWKRU�FUHGLW�DQG�RUGHU"�,I�WKH�JRDO�LV
D�PDUNHWDEOH�SURWRW\SH��KDV�WKHUH�EHHQ�D�GLVFXVVLRQ�DERXW�HTXLWDEOH�FRPSHQVDWLRQ�DQG
LQWHOOHFWXDO�SURSHUW\"

7LPH�	�&RPSHQVDWLRQ� ,W�LV�JHQHUDOO\�JRRG�SUDFWLFH WR�EH�VHQVLWLYH�DQG�UHVSHFWIXO�RI�DOO
FROODERUDWRUVŖ�WLPH��EXW�WKLV�LV�HVSHFLDOO\�WUXH�ZKHQ�GHVLJQLQJ�IRU�DQG�ZLWK�3:'��/LNH�HYHU\RQH�
3:'�DUH�EXV\��EXW�WKH\�PXVW�DOVR�FRQWHQG�ZLWK�DGGLWLRQDO�EDUULHUV�WR�PRELOLW\��DFFHVV��DQG
HPSOR\PHQW��7KLV�PDNHV�WKH�WLPH�WKDW�WKH\�VSHQG�RQ�D�GHVLJQ�SURMHFW�HVSHFLDOO\�YDOXDEOH��$V
ZLWK�DQ\�VSHFLDOLVW��3:'�VKRXOG�DOZD\V�EH�FRPSHQVDWHG�DW�D�UDWH�FRPPHQVXUDWH�ZLWK�WKHLU
VSHFLDOL]HG�VNLOOV��VXFK�DV�WKH�DELOLW\�WR�UHDG�EUDLOOH�RU�XVH�D�VFUHHQ�UHDGHU��$GGLWLRQDOO\��LW�PD\
EH�GLĴFXOW�WR�ıQG�DQG�UHFUXLW�3:'�IRU�FROODERUDWLRQ��DQG�WKLV�VKRXOG�EH�UHĲHFWHG�LQ�WKHLU�UDWH�RI
FRPSHQVDWLRQ��PHDQLQJ�D�UDWH�WKDW�LV�JUHDWHU�WKDQ�WKDW�RI�DQ�DYHUDJH�XVHU�VWXG\�SDUWLFLSDQW
�H�J���LQ�VRPH�FDVHV��������SHU�KRXU���%LJKDP��/LQ��DQG�6DYDJH�������2QH\�HW�DO���������+RZ
PXFK�WLPH�GRHV�HDFK�SDUWLFLSDQW�KDYH�WR�FRQWULEXWH�WR�WKH�FROODERUDWLRQ"�:RXOG�LW�EH�EHWWHU�WR
QRW�SDUWLFLSDWH�LI�LW�LV�QRW�SRVVLEOH�WR�FRQWULEXWH�PHDQLQJIXOO\�RU�WR�EULQJ�WKH�SURMHFW�WR�IUXLWLRQ"
$UH�SDUWLFLSDQWV�ZLWK�GLVDELOLWLHV�EHLQJ�FRPSHQVDWHG�DGHTXDWHO\�DQG�IDLUO\"

$FFHVVLELOLW\�*XLGHOLQHV� 5HVHDUFKHUV�VKRXOG�IDPLOLDUL]H WKHPVHOYHV�ZLWK�WKH
DFFHVVLELOLW\�JXLGHOLQHV�WKDW�KDYH�EHHQ�GHYHORSHG�E\�PDMRU�RUJDQL]DWLRQV�OLNH�WKH�$3+��%$1$�
DQG�WKH�:�&ŖV�:$,��%UDLOOH�$XWKRULW\�RI�1RUWK�$PHULFD�������ŗ:HE�&RQWHQW�$FFHVVLELOLW\
*XLGHOLQHV��:&$*�Ř�������$PLFN�DQG�&RUFRUDQ�������*DUGLQHU�DQG�3HUNLQV��������:KLOH�WKHVH
JXLGHOLQHV�DUH�QRW�FRPSOHWH�DQG�DUH�VRPHWLPHV�FRQWHVWHG��UHVHDUFKHUV�VKRXOG�XVH�WKHP�WR
VWHHU�DQG�H[SDQG�WKHLU�LQTXLU\��)RU�H[DPSOH��DFFHVVLELOLW\�JXLGHOLQHV�IRU��'�SULQWHG�WDFWLOH
JUDSKLFV�PLJKW�EXLOG�XSRQ�WKH�%$1$�JXLGHOLQHV��DQG�DFFHVVLEOH�ZHE�EDVHG�YLVXDOL]DWLRQV
PLJKW�LQWHJUDWH�$FFHVVLEOH�5LFK�,QWHUQHW�$SSOLFDWLRQ��$5,$��DWWULEXWHV�GHYHORSHG�E\�WKH�:�&�
$UH�WKHUH�H[LVWLQJ�VWDQGDUGV�DQG�EHVW�SUDFWLFHV�UHOHYDQW�WR�WKH�GHVLJQ�SUREOHP"�,I�VR��GRHV�WKH
SURSRVHG�GHVLJQ�VROXWLRQ�DGKHUH�WR�WKHVH�VWDQGDUGV"�,I�QRW��LQ�ZKDW�ZD\�PLJKW�WKH�SURSRVHG
GHVLJQ�VROXWLRQ�LQWHJUDWH�ZLWK��RU�EXLOG�XSRQ��WKLV�ZRUN"

7HFKQRORJ\�$FFHVV� 'HVLJQLQJ�IRU�DQG�ZLWK�3:'�DOPRVW DOZD\V�LQYROYHV�VHFXULQJ
DFFHVV�WR�VSHFLDOL]HG�PDWHULDOV�DQG�WHFKQRORJLHV��IURP�ORZ�WHFK�VROXWLRQV��H�J���WDFWLOH�WDSH�
SXĳ�SDLQW��ZD[�VWULSV��WR�KLJK�WHFK�GHYLFHV��H�J���VFUHHQ�UHDGHUV��UHIUHVKDEOH�EUDLOOH�GLVSOD\V�
HPERVVLQJ�DQG��'�SULQWHUV���$FFHVV�WR�WKHVH�WHFKQRORJLHV�ZLOO�FLUFXPVFULEH�WKH�VSDFH�RI
IHDVLEOH�GHVLJQ�VROXWLRQV��DQG�VR�SDUWLFXODU�DSSURDFKHV�VKRXOG�EH�FKRVHQ�FDUHIXOO\�WR�ıW�ZLWKLQ
WKHVH�FRQVWUDLQWV��$�KLJK�WHFK�DSSURDFK�PD\�SHUPLW�ıQHU�JUDLQHG��PRUH�GXUDEOH�SURGXFWV��DQG
LW�PD\�\LHOG�PRUH�VHQVDWLRQDO�UHVXOWV��EXW�VHFXULQJ�DFFHVV�WR�WKHVH�WHFKQRORJLHV�FDQ�EH
SURKLELWLYHO\�FRVWO\��$�ORZ�WHFK�DSSURDFK�PD\�EH�PRUH�UHDGLO\�DYDLODEOH�WR�WKH�XVHU�RQ�D�GDLO\
EDVLV��EXW�PD\�FRQYH\�LQIRUPDWLRQ�PRUH�FRDUVHO\�RU�XQUHOLDEO\��(YHQ�RVWHQVLEO\�GHPRFUDWL]LQJ
WHFKQRORJLHV��VXFK�DV��'�SULQWLQJ��PD\�EH�KDUG�WR�FRPH�E\��DQG�WKH�LQWHUIDFHV�WR�RSHUDWH�WKHVH
WHFKQRORJLHV�PD\�QRW�EH�DFFHVVLEOH�WKHPVHOYHV��'RHV�WKH�SUREOHP�UHTXLUH�D�KLJK�WHFK
DSSURDFK��RU�ZLOO�D�ORZ�WHFK�DSSURDFK�ZRUN�MXVW�DV�ZHOO��LI�QRW�EHWWHU"�'RHV�WKH�GHVLJQ�UHTXLUH
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RQH�WLPH�DFFHVV�WR�DQ�H[SHQVLYH�SLHFH�RI�WHFKQRORJ\��RU�UHSHDWHG��IUHTXHQW�DFFHVV�E\�WKH
XVHU"

7HFKQRORJ\�5HVROXWLRQ� ,Q�DGGLWLRQ�WR�FRQVWUDLQWV LPSRVHG�E\�DFFHVV�WR�VSHFLDOL]HG
WHFKQRORJLHV��UHVHDUFKHUV�DOVR�QHHG�WR�HQVXUH�WKDW�WKRVH�WHFKQRORJLHV�FDQ�HQFRGH�LQIRUPDWLRQ
HĳHFWLYHO\��%\�GUDZLQJ�DQ�DQDORJ\�ZLWK�KLJK�ıGHOLW\�DXGLR�DQG�GLVSOD\�UHVROXWLRQ��ZH�XVH
�UHVROXWLRQ��WR�GHVFULEH�KRZ�ZHOO�D�SDUWLFXODU�PHGLXP�FDQ�HQFRGH�DQG�FRQYH\�GHWDLOHG
LQIRUPDWLRQ��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�ZHE�YLVXDOL]DWLRQV��ZKLFK�DUH�W\SLFDOO\�QRW�VFUHHQ
UHDGHU�FRPSDWLEOH��DQG�IRU�EUDLOOH��ZKLFK�UHTXLUHV�VWDQGDUGL]HG�KHLJKW�DQG�VSDFLQJ��DQG�FDQQRW
EH�UHVL]HG�WR�ıW�D�SDUWLFXODU�DUHD��)RU�H[DPSOH��ZLWK��'�SULQWLQJ��WKH�VL]H�RI�WKH�SULQWHU�EHG�PD\
FRQVWUDLQ�WKH�DPRXQW�RI�EUDLOOH�WKDW�FDQ�EH�SULQWHG�LQ�RQH�OLQH��DQG�WKH�TXDOLW\�RI�WKH�SULQWLQJ
PDWHULDO�PD\�FKDQJH�KRZ�ORQJ�D�EUDLOOH�UHDGHU�FDQ�LQWHUDFW�ZLWK�WKH�REMHFW��3ODVWLF�ıODPHQWV
XVHG�RQ�FRQVXPHU��'�SULQWHUV��IRU�H[DPSOH��FDQ�FUHDWH�DEUDVLYH�VXUIDFHV�WKDW�PDNH�LW
XQFRPIRUWDEOH�IRU�EUDLOOH�UHDGHUV�WR�XVH�IRU�D�ORQJ�SHULRG�RI�WLPH��$�PHGLXPŖV�UHVROXWLRQ
GHSHQGV�RQ�YDULRXV�KDUGZDUH�DQG�VRIWZDUH�OLPLWDWLRQV��DQG�RQ�PDWHULDO�DQG�VRFLDO�FRQVWUDLQWV�
:KDW�GHJUHH�RI�UHVROXWLRQ�LV�DSSURSULDWH�WR�WKH�XVHUŖV�QHHGV��DQG�ZKLFK�WHFKQRORJLHV�FDQ�EH
XVHG�WR�DFKLHYH�LW"

� &DVH�6WXG\��7KH�3HUNLQV�6FKRRO�IRU�WKH�%OLQG

7R�LOOXVWUDWH�WKH�EHQHıWV�RI�DSSURDFKLQJ�DFFHVVLEOH�YLVXDOL]DWLRQ�GHVLJQ�IURP�D�GLVDELOLW\�VWXGLHV
DQG�$7�SHUVSHFWLYH��DQG�WR�JURXQG�RXU�VRFLRWHFKQLFDO�FRQVLGHUDWLRQV�LQ�D�FRQFUHWH�H[DPSOH�
ZH�SUHVHQW�D�FDVH�VWXG\�IURP�RXU�RZQ�ZRUN��:H�HPSKDVL]H�WKDW�WKLV�LV�QRW�DQ�LGHDO�FDVH��EXW�D
SUREOHP�FDVH H[HPSOLI\LQJ�VRPH�RI�WKH�SLWIDOOV�DUWLFXODWHG LQ�RXU�VHW�RI�FRQVLGHUDWLRQV�
7KURXJKRXW�WKLV�VHFWLRQ��ZH�UHIHU�EDFN�WR�WKHVH�FRQVLGHUDWLRQV�LQ�SDUHQWKHVHV�

7KH�DXWKRUV�WRRN�SDUW�LQ�DQ�LQWHU�VHPHVWHU�LQFOXVLYH�GHVLJQ�ZRUNVKRS�WKDW�IHDWXUHG�D
FROODERUDWLRQ�EHWZHHQ�0,7�DQG�WKH�3HUNLQV�6FKRRO�IRU�WKH�%OLQG��7KH�H[SUHVV�DJUHHPHQW�RI�WKLV
FROODERUDWLRQ�ZDV�WR�PDNH�GHVLJQ�LQWHUYHQWLRQV�WKDW�ZRXOG�DGGUHVV�WKH�QHHGV�RI�WKH�3HUNLQV
6FKRRO�VWXGHQWV�DQG�VWDĳ �1RQ�,QWHUYHQWLRQ��:KLOH WKH�3HUNLQV�6FKRRO�KDG�SUHYLRXVO\
FROODERUDWHG�ZLWK�RWKHU�LQVWLWXWLRQV�DQG�HQWUHSUHQHXUV��RXU�FROODERUDWLRQ�LQYROYHG�PXOWLSOH
QHHG�ıQGLQJ�YLVLWV�WR�WKH�VFKRROŖV�FDPSXV�GXULQJ�ZKLFK�ZH�WRXUHG�WKH�IDFLOLWLHV�DQG
SDUWLFLSDWHG�LQ�GLVFXVVLRQV�ZLWK�RFFXSDWLRQDO�WKHUDSLVWV��WHDFKHUV��DQG�WHFKQRORJLVWV��7KLV
DĳRUGHG�RSSRUWXQLWLHV�IRU�GHVLJQ�LWHUDWLRQ�DQG�IHHGEDFN �3DUWLFLSDWRU\ 0HWKRGV�� 2I�SULRU
QRQ�SDUWLFLSDWRU\�FROODERUDWLRQV��WKH�3UHVLGHQW�RI�WKH�3HUNLQV�6FKRRO�QRWHG�WKDW�

ŗ7KHVH�HQWUHSUHQHXUV�FRPH�WR�XV�ZLWK�WKHLU�ıQLVKHG�SURWRW\SHV��EXW�WKH\�KDYHQŖW�WDONHG
WR�YHU\�PDQ\�EOLQG�SHRSOH�LQ�WKH�SURFHVV�EHIRUH�WKH\ŖYH�SXW�LQ�DOO�WKH�HĳRUW�WR�FUHDWH�WKH
SURWRW\SH�Ř
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)LJXUH��� $V�SDUW�RI�DQ�LQFOXVLYH�GHVLJQ�ZRUNVKRS DW�WKH�3HUNLQV�6FKRRO�IRU�WKH�%OLQG��ZH
FUHDWHG�D��'�SULQWHG�WDFWLOH�WUDQVODWLRQ�RI�D�WLPH�VHULHV�FKDUW�E\�:LOOLDP�3OD\IDLU� ,Q�WKLV
SDSHU��ZH�VKRZ�KRZ�WKHVH�RQH�WR�RQH�WUDQVODWLRQV��ZKLOH�EDVHG�RQ�H[LVWLQJ�EHVW�SUDFWLFH
JXLGHOLQHV�IRU�WDFWLOH�JUDSKLFV��FDQ�EH�SHGDJRJLFDOO\�LQHĳHFWLYH�DQG�LQFXU�SURKLELWLYH�FRVWV�

,Q�VXFK�FDVHV��WKH�3UHVLGHQW�VXJJHVWHG�WKDW�PDQ\�RI�WKH�UHVXOWLQJ�SURWRW\SHV�ZHUH
UHODWLYHO\�XVHOHVV�WR�WKHLU�FRPPXQLW\��UHĲHFWLQJ�D�VLJKWHG�GHVLJQHUŖV�LGHD�RI�ZKDW�D�EOLQG�SHUVRQ
FRXOG ZDQW��DQG�QRW�ZKDW�WKH\ DFWXDOO\ QHHGHG��%\ WDNLQJ�D�SDUWLFLSDWRU\�DSSURDFK��WKH
ZRUNVKRS�ZDV�PHDQW�WR�HYDGH�WKLV�SLWIDOO��+RZHYHU��ZH�LGHQWLıHG�DQ�RQJRLQJ�WHQVLRQ�EHWZHHQ
GRLQJ��UHVHDUFK��DQG�GRLQJ��GHVLJQ��ZKLFK�PDGH�FOHDU�WKDW�SDUWLFLSDWRU\�PHWKRGV�DUH
QHFHVVDU\�EXW�LQVXĴFLHQW�IRU�IUDPLQJ�GHVLJQ�LQWHUYHQWLRQV��$OWKRXJK�ZH�GLG�QRW�HQWHU�WKH
ZRUNVKRS�LQWHQGLQJ�WR�SURGXFH�DFDGHPLF�UHVHDUFK��WKH�ZRUNVKRS�RUJDQL]HUV�SODFHG�DQ
HPSKDVLV�RQ�GHYHORSLQJ�D�QRYHO�UHVHDUFK�SURGXFW��7KH\�HQFRXUDJHG�XV�WR��WKLQN�EH\RQG�
VDWLVI\LQJ�WKH�FRPPRQSODFH�DQG�EHVSRNH�QHHGV�RI�WKH�3HUNLQV�6FKRRO�VWXGHQWV�DQG�VWDĳ
WRZDUGV�QHZ��PRUH�JHQHUDOL]DEOH�VROXWLRQV �5HVHDUFK 	 'HVLJQ�� 7R�UHOLHYH�WKLV�WHQVLRQ��ZH
RSWHG�WR�ZRUN�RQ�D�SURMHFW�WKDW�HQJDJHG�ZLWK�WKH�LPPHGLDWH�QHHGV�RI�EOLQG�VWXGHQWV��EXW�DOVR
KDG�SRWHQWLDO�IRU�UHVHDUFK�QRYHOW\Š�'�SULQWHG�WDFWLOH�JUDSKLFV��2QH�DVVLVWLYH�WHFKQRORJLVW��IRU
H[DPSOH��QRWHG�WKDW�SULRU�DSSURDFKHV�WR�WDFWLOH�JUDSKLFV�LQ�HGXFDWLRQDO�VHWWLQJV�ZHUH
LQHĳHFWLYH�

ŗ,�KDYH�QRW�IRXQG�D�WDFWLOH�JUDSKLF�VROXWLRQ�WKDW�ZRUNV��7KHUHŖV�XVXDOO\�VRPH�VRUW�RI
FRPSURPLVH��<RX�PLJKW�JHW�WKH�JHQHUDO�RXWOLQH�RI�VRPHWKLQJ��EXW�\RX�GRQŖW�QHFHVVDULO\
JHW�WKH�LQIRUPDWLRQ�WKDW�LV�FRQYH\HGő�1RZ��LI�WKHUH�ZDV�D�QHZ�VWXGHQW��,�ZRXOG�WXUQ�WR
�'�SULQWLQJ�WR�FUHDWH��'�YLVXDOL]DWLRQV�Ř

%HFDXVH�WDFWLOH�JUDSKLFV�DUH�RIWHQ�FUHDWHG�XVLQJ�HPERVVLQJ�SULQWHUV�WKDW�DUH�OLPLWHG�LQ�WKH
QXPEHU�RI�SULQWDEOH�GRWV�SHU�LQFK��GLUHFW�WUDQVODWLRQ�RI�D�KLJK�UHVROXWLRQ�YLVXDO�LPDJH�WR�D�ORZHU
UHVROXWLRQ�WDFWLOH�SULQW�OHDGV�WR�LQIRUPDWLRQ�ORVV��7KLV�FDQ�FUHDWH�WDFWLOH�DPELJXLWLHV�WKDW�ZHUH
QRW�SUHVHQW�LQ�WKH�RULJLQDO�YLVXDO�LPDJH��)RU�H[DPSOH��LQ�D�SDSHU�HPERVVHG�WDFWLOH�JUDSKLF��WKH
LQWHUVHFWLRQV�EHWZHHQ�WZR�OLQHV�LQ�D�PXOWL�OLQH�SORW�ZRXOG�QRW�EH�GLVWLQJXLVKDEOH�WKURXJK�WRXFK�

���



DV�LQ�WKH�RULJLQDO�3OD\IDLU�FKDUW��)LJXUH������'�SULQWLQJ�SHUPLWV�KLJKHU�UHVROXWLRQ�HQFRGLQJV
EHFDXVH�WKHUH�LV�DQ�H[WUD�SULQWDEOH�GLPHQVLRQ��ZKLFK�KHOSV�HOLPLQDWH�WKH�DPELJXLWLHV�FRPPRQ
WR�SDSHU�HPERVVLQJ �7HFKQRORJ\ 5HVROXWLRQ�� $FFRUGLQJO\� �'�SULQWLQJ�LV�RIWHQ�WRXWHG�DV�D
GHPRFUDWL]LQJ�WHFKQRORJ\�LQ�WHUPV�RI�DĳRUGDELOLW\�DQG�DFFHVV��EXW�WKH�PRUH�DĳRUGDEOH�PRGHOV
�XQGHU�������DOVR�KDYH�WKH�ORZHVW�UHVROXWLRQ�DQG�VPDOOHVW�SULQWDEOH�GLPHQVLRQV��7KHVH
FRQVWUDLQWV�RQ�SULQW�UHVROXWLRQ�PD\�EH�LQFRPSDWLEOH�ZLWK�FRQVWUDLQWV�LPSRVHG�E\�H[LVWLQJ
DFFHVVLELOLW\�JXLGHOLQHV��)RU�H[DPSOH��%$1$�JLYHV�JXLGHOLQHV�IRU�WKH�VSDFLQJ�EHWZHHQ�EUDLOOH
GRWV�EHFDXVH�EUDLOOH�EHFRPHV�LOOHJLEOH�ZKHQ�LW�LV�VSDFHG�WRR�ZLGHO\�RU�QDUURZO\��%UDLOOH
$XWKRULW\�RI�1RUWK�$PHULFD��������'XH�WR�WKHLU�ORZ�UHVROXWLRQ�DQG�VPDOO�SULQWDEOH�GLPHQVLRQV�
SURWRW\SHV�RI�WKH�3OD\IDLU�WUDQVODWLRQ�SULQWHG�XVLQJ�WKH�DĳRUGDEOH��'�SULQWHUV�IDLOHG�WR�PHHW�WKH
%$1$�JXLGHOLQHV �$FFHVVLELOLW\ *XLGHOLQHV�� 7KXV� DFFHVV�WR�DQ�H[WUHPHO\�H[SHQVLYH
FRPPHUFLDO��'�SULQWHU��URXJKO\�����������EHFDPH�D�SUHUHTXLVLWH�IRU�WUDQVODWLQJ�WKH�GHWDLOHG
YLVXDOL]DWLRQ�LQWR�D�KLJK�UHVROXWLRQ�WDFWLOH�JUDSKLF �7HFKQRORJ\ $FFHVV�� &RPSDUHG�ZLWK�SDSHU
HPERVVHG�JUDSKLFV��WKH�3HUNLQV�6FKRRO�VWXGHQWV�H[SUHVVHG�D�VWURQJ�SUHIHUHQFH�IRU�WKH��'
SULQWHG�JUDSKLFV�EHFDXVH�RI�WKHLU�KLJKHU�UHVROXWLRQ��7KLV�LV�D�ZRUWKZKLOH�UHVHDUFK�LQVLJKW��EXW
FRPPHUFLDO��'�SULQWLQJ�ZDV�QRW�D�GHVLJQ�VROXWLRQ�WKDW�ZDV�DGRSWDEOH�EH\RQG�WKH�GXUDWLRQ�RI
WKH�ZRUNVKRS�DQG�VKRXOG�KDYH�EHHQ�FRPPXQLFDWHG�DV�VXFK �&RPPXQLFDWLQJ ([SHFWDWLRQV��

7KH�FROODERUDWLRQ�EHWZHHQ�0,7�DQG�WKH�3HUNLQV�6FKRRO�ZDV�ZHOO�PHDQLQJ�DQG�LW�ZDV
LQWHQGHG�WR�EH�PXWXDOO\�EHQHıFLDO��$V�VXFK��WKH�3HUNLQV�6FKRRO�VWXGHQWV�DQG�VWDĳ�ZHUH�QRW
FRPSHQVDWHG�IRU�WKHLU�YDOXDEOH�WLPH�DQG�H[SHUWLVH��HYHQ�WKRXJK�WKH\�VSHQW�SDUW�RI�WKHLU
ZRUNGD\V�WR�PHHW�ZLWK�XV �7LPH�	�&RPSHQVDWLRQ���:KLOH WKLV�DUUDQJHPHQW�PD\�KDYH�EHHQ
HTXLWDEOH�KDG�ZH�FROODERUDWLYHO\�SURGXFHG�VROXWLRQV�WKDW�DFWXDOO\�VDWLVıHG�WKH�QHHGV�RI�WKH
VWXGHQWV��LW�ZDV�QRW�FOHDU�WKDW�WKH�ZRUNVKRS�EHQHıWHG�WKH�3HUNLQV�6FKRRO�VWXGHQWV�DQG�VWDĳ�DV
PXFK�DV�LW�EHQHıWHG�WKH�SDUWLFLSDQWV�IURP�0,7��0HGLD�VFKRODU�0DUD�0LOOV�KDV�GRFXPHQWHG�WKH
PDQ\�ZD\V�WKDW�GLVDELOLW\�KDV�EHHQ�XVHG�DV�D�SUHWHQVH�WR�GHYHORS�LQQRYDWLRQV�WKDW�DUH�SULPDULO\
IRU�SXEOLFLW\��RIWHQ�ZLWKRXW�JLYLQJ�EDFN�WR�3:'�LQ�D�VXEVWDQWLDO�ZD\��0LOOV��������:KLOH�WKLV�ZDV
LQ�QR�ZD\�WKH�ZRUNVKRSŖV�LQWHQW��LW�PD\�KDYH�EHHQ�LWV�SUHGRPLQDQW�RXWFRPH��DQ�RSSRUWXQLW\�IRU
DEOH�ERGLHG�UHVHDUFKHUV�DQG�GHVLJQHUV�WR�HQJDJH�ZLWK�3:'�DQG�WR�JHQHUDWH�SXEOLFLW\�IRU�ERWK
LQVWLWXWLRQV��ERWK�RI�ZKLFK�KDG�UHSRUWHUV�RQ�KDQG���)RU�XV��KRZHYHU��WKH�ZRUNVKRS�DOVR�DĳRUGHG
D�YDOXDEOH�OHVVRQ�IRU�JXLGLQJ�IXWXUH�UHVHDUFK�DQG�GHVLJQ�WKDW�DYRLGV�WKH�SLWIDOOV�RI�SDUDFKXWH
UHVHDUFK��3XW�VXFFLQFWO\��VXFFHVVIXO�SDUWLFLSDWRU\�GHVLJQ�FDQQRW�EH�DFKLHYHG�ZLWKLQ�DQ
DFFHOHUDWHG�WLPH�IUDPH��&ROODERUDWLRQV�ZLWK�3:'�VKRXOG�VXSSRUW�ORQJHU�WHUP�HQJDJHPHQW
WKURXJK�HTXLWDEOH�FRPSHQVDWLRQ�IRU�HDFK�SDUWLFLSDQWŖV�WLPH��DQG�WKH�JRDOV�RI�WKH�GHVLJQ
SURFHVV�VKRXOG�EH�ZHOO�VFRSHG�WR�DFFRXQW�IRU�HDFK�SDUWLFLSDQWŖV�DYDLODELOLW\�DQG�DFFHVV�WR
UHOHYDQW�WHFKQRORJLHV�

� &RQFOXVLRQ�	�)XWXUH�:RUN

,Q�WKLV�SDSHU��ZH�FRQWULEXWH�D�VHW�RI�VRFLRWHFKQLFDO�FRQVLGHUDWLRQV�IRU�DFFHVVLEOH�YLVXDOL]DWLRQ
GHVLJQ��9LVXDOL]DWLRQ�UHVHDUFK�KDV�ODUJHO\�IRFXVHG�RQ�DGGUHVVLQJ�WKH�WHFKQRORJLFDO�DQG

���



SHUFHSWXDO�EDUULHUV�WR�WKH�HĳHFWLYH�YLVXDO�HQFRGLQJ�RI�LQIRUPDWLRQ��+RZHYHU��GXH�WR�WKH�PDQ\
ZD\V�LQ�ZKLFK�EDUULHUV�WR�DFFHVV�DUH�PDQLIHVWHG��ZH�HP�SKDVL]H�WKDW�WKHUH�DUH�ERWK VRFLDO DQG
WHFKQRORJLFDO FRQVWUDLQWV�RQ�WKH�DFFHVVLEOH�YLVXDOL]DWLRQ GHVLJQ�VSDFH��:KLOH�QHZ�WHFKQRORJLHV
VXFK�DV��'�SULQWLQJ�DQG�ZHE�LQWHUIDFHV�DĳRUG�PDQ\�RSSRUWXQLWLHV�IRU�IXWXUH�ZRUN��H�J��
GHYHORSLQJ�PRUH�HĳHFWLYH�WDFWLOH�UHSUHVHQWDWLRQV��JXLGHOLQHV�IRU��'�SULQWLQJ��DQG�VFUHHQ�UHDGHU
FRPSDWLEOH�YLVXDOL]DWLRQV���H[LVWLQJ�ZRUN�RQ�EUDLOOH�DQG�WDFWLOH�JUDSKLFV�SURYLGH�D�JXLGH�IRU
FRQGXFWLQJ�WKLV�UHVHDUFK�VXFFHVVIXOO\�DQG�LQFOXVLYHO\��'UDZLQJ�RQ�WKHVH�H[DPSOHV��RXU
FRQVLGHUDWLRQV�DUH�LQWHQGHG�WR�KHOS�JXLGH�UHVHDUFKHUV�DZD\�IURP SDUDFKXWH�UHVHDUFK��RYHUO\
VLPSOLVWLF�YLVLRQ�ıUVW�DSSURDFKHV��H�J�� GLVDELOLW\ GRQJOHV���DQG�WRZDUGV�GHVLJQ�SUDFWLFHV�WKDW
DYRLG�WKH�SLWIDOOV�RI�ZHOO�PHDQLQJ�EXW�LQVXĴFLHQW�FROODERUDWLRQV�ZLWK�3:'��H�J���HPERVVHG
OHWWHULQJ���:KHQ�SXUVXHG�ZLWK�FDUHIXO�DWWHQWLRQ��WKHUH�ZLOO�EH�PDQ\�H[FLWLQJ�RSSRUWXQLWLHV�IRU
FROODERUDWLRQ�EHWZHHQ�GLVDELOLW\��$7��DQG�YLVXDOL]DWLRQ�FRPPXQLWLHV�

���



5HIHUHQFHV�IRU�&KDSWHU��

$OGULFK��)UDQFHV��ŗ7DON�WR�WKH�+DQG��$Q�$JHQGD�IRU�)XUWKHU�5HVHDUFK�RQ�7DFWLOH�*UDSKLFV�Ř�,Q
'LDJUDPPDWLF�5HSUHVHQWDWLRQ�DQG�,QIHUHQFH��HGLWHG E\�*HP�6WDSOHWRQ��-RKQ�+RZVH��DQG
-RKQ�/HH�����ş����/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��6SULQJHU�%HUOLQ�+HLGHOEHUJ�������

$PLFN��1DQF\��DQG�-DQH�&RUFRUDQ��ŗ*XLGHOLQHV�IRU�'HVLJQ�RI�7DFWLOH�*UDSKLFV�Ř�$PHULFDQ
3ULQWLQJ�+RXVH�IRU�WKH�%OLQG������� KWWSV���ZZZ�DSK�RUJ�UHVHDUFK�JXLGHV��

%DXPHU��(ULF�3�6���DQG�0��6L[�6LOEHUPDQ��ŗ:KHQ�WKH�,PSOLFDWLRQ�,V�1RW�WR�'HVLJQ��7HFKQRORJ\��Ř
,Q 3URFHHGLQJV�RI�WKH������$QQXDO�&RQIHUHQFH�RQ�+XPDQ )DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��
&+,�Ŗ����������9DQFRXYHU��%&��&DQDGD��$&0�3UHVV�������
KWWSV���GRL�RUJ�������������������������

%HQQHWW��&\QWKLD�/���(ULQ�%UDG\��DQG�6WDF\�0��%UDQKDP��ŗ,QWHUGHSHQGHQFH�DV�D�)UDPH�IRU
$VVLVWLYH�7HFKQRORJ\�5HVHDUFK�DQG�'HVLJQ�Ř�,Q 3URFHHGLQJV RI�WKH���WK�,QWHUQDWLRQDO�$&0
6,*$&&(66�&RQIHUHQFH�RQ�&RPSXWHUV�DQG�$FFHVVLELOLW\����$66(76�Ŗ�������ş����*DOZD\�
,UHODQG��$&0�3UHVV������� KWWSV���GRL�RUJ�������������������������

%LJKDP��-HĳUH\�3���,UHQH�/LQ��DQG�6DLSK�6DYDJH��ŗ7KH�(ĳHFWV�RI�ŕ1RW�.QRZLQJ�:KDW�<RX�'RQŖW
.QRZŖ�RQ�:HE�$FFHVVLELOLW\�IRU�%OLQG�:HE�8VHUV�Ř�,Q 3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO
$&0�6,*$&&(66�&RQIHUHQFH�RQ�&RPSXWHUV�DQG�$FFHVVLELOLW\� ���ş���%DOWLPRUH
0DU\ODQG�86$��$&0������� KWWSV���GRL�RUJ�������������������������

%UDLOOH�$XWKRULW\�RI�1RUWK�$PHULFD��ŗ*XLGHOLQHV�DQG�6WDQGDUGV�IRU�7DFWLOH�*UDSKLFV�������Ř
%UDLOOH�$XWKRULW\�RI�1RUWK�$PHULFD�������
KWWS���ZZZ�EUDLOOHDXWKRULW\�RUJ�WJ�ZHE�PDQXDO�LQGH[�KWPO�

%UDQGW��$OODQ�0��ŗ5DFLVP�DQG�5HVHDUFK��7KH�&DVH�RI�WKH�7XVNHJHH�6\SKLOLV�6WXG\�Ř 7KH
+DVWLQJV�&HQWHU�5HSRUW ���QR��������������ş��� KWWSV���GRL�RUJ�����������������

&DUJR��0DUJDUHW��DQG�6KDZQD�/��0HUFHU��ŗ7KH�9DOXH�DQG�&KDOOHQJHV�RI�3DUWLFLSDWRU\�5HVHDUFK�
6WUHQJWKHQLQJ�,WV�3UDFWLFH�Ř $QQXDO�5HYLHZ�RI�3XEOLF +HDOWK ����QR���������������ş���
KWWSV���GRL�RUJ���������DQQXUHY�SXEOKHDOWK������������������

&KRL��-LQKR��6DQJKXQ�-XQJ��'HRN�*XQ�3DUN��-DHJXO�&KRR��DQG�1LNODV�(OPTYLVW��ŗ9LVXDOL]LQJ�IRU
WKH�1RQƢ9LVXDO��(QDEOLQJ�WKH�9LVXDOO\�,PSDLUHG�WR�8VH�9LVXDOL]DWLRQ�Ř &RPSXWHU�*UDSKLFV
)RUXP ����QR�����-XQH�����������ş��� KWWSV���GRL�RUJ���������FJI�������

&RVWDQ]D�&KRFN��6DVKD� 'HVLJQ�-XVWLFH��7RZDUGV�DQ ,QWHUVHFWLRQDO�)HPLQLVW�)UDPHZRUN�IRU
'HVLJQ�7KHRU\�DQG�3UDFWLFH��&DPEULGJH��0$��0,7�3UHVV� �����
KWWSV���SDSHUV�VVUQ�FRP�DEVWUDFW ��������

'DYLV��/HQQDUG�-� 7KH�'LVDELOLW\�6WXGLHV�5HDGHU���WK HG��1HZ�<RUN��1<��5RXWOHGJH�������
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'RXULVK��3DXO��ŗ,PSOLFDWLRQV�IRU�'HVLJQ�Ř�,Q &+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ
6\VWHPV�����ş����0RQWUHDO��&DQDGD�������

*DUGLQHU��$QQ��DQG�&KULV�3HUNLQV��ŗ%HVW�3UDFWLFH�*XLGHOLQHV�IRU�WKH�'HVLJQ��3URGXFWLRQ�DQG
3UHVHQWDWLRQ�RI�9DFXXP�)RUPHG�7DFWLOH�0DSV�Ř�7DFWLOH�%RRN�$GYDQFHPHQW�*URXS�������
KWWS���ZZZ�WDFWLOHERRNV�RUJ�WDFWLOHJXLGHOLQHV�SDJH��KWP�

+DPUDLH��$LPL��ŗ8QLYHUVDO�'HVLJQ�5HVHDUFK�DV�D�1HZ�0DWHULDOLVW�3UDFWLFH�Ř 'LVDELOLW\�6WXGLHV
4XDUWHUO\ ����QR�����������

+DQVRQ��9LFNL�/���$QQD�&DYHQGHU��DQG�6KDUL�7UHZLQ��ŗ:ULWLQJ�DERXW�$FFHVVLELOLW\�Ř ,QWHUDFWLRQV
����QR�����2FWREHU��������������ş��� KWWSV���GRL�RUJ�����������������

+DVW\��/XFLD��ŗ7HDFKLQJ�7DFWLOH�*UDSKLFV�Ř�3HUNLQV�6FKRRO�IRU�WKH�%OLQG��3HUNLQV�6FKRRO�IRU�WKH
%OLQG������� KWWS���ZZZ�SHUNLQVHOHDUQLQJ�RUJ�YLGHRV�ZHEFDVW�WHDFKLQJ�WDFWLOH�JUDSKLFV�

+HDOWK��7KH�/DQFHW�*OREDO��ŗ&ORVLQJ�WKH�'RRU�RQ�3DUDFKXWHV�DQG�3DUDVLWHV�Ř 7KH�/DQFHW�*OREDO
+HDOWK ���QR�����-XQH�����������H���� KWWSV���GRL�RUJ���������6��������;������������

+RZDUG��'RURWK\��DQG�/LOO\�,UDQL��ŗ:D\V�RI�.QRZLQJ�:KHQ�5HVHDUFK�6XEMHFWV�&DUH�Ř�,Q
3URFHHGLQJV�RI�WKH������&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV����&+,
Ŗ�����ş����*ODVJRZ��6FRWODQG��$&0�3UHVV�������
KWWSV���GRL�RUJ�������������������������

,VKLL��+LURVKL��DQG�%U\JJ�8OOPHU��ŗ7DQJLEOH�%LWV��7RZDUGV�6HDPOHVV�,QWHUIDFHV�%HWZHHQ�3HRSOH�
%LWV�DQG�$WRPV�Ř�,Q 3URFHHGLQJV�RI�WKH�$&0�6,*&+, &RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ
&RPSXWLQJ�6\VWHPV�����ş����&+,�Ŗ����1HZ�<RUN��1<� 86$��$&0�������
KWWSV���GRL�RUJ�����������������������

-DFNVRQ��/L]��ŗ'LVDELOLW\�'RQJOH��$�:HOO�,QWHQGHG��(OHJDQW��\HW�8VHOHVV�6ROXWLRQ�WR�D�3UREOHP
:H�1HYHU�.QHZ�:H�+DG��'LVDELOLW\�'RQJOHV�$UH�0RVW�2IWHQ�&RQFHLYHG�RI�DQG�&UHDWHG�LQ
'HVLJQ�6FKRROV�DQG�DW�,'(2�Ř�7ZHHW��7ZLWWHU��0DUFK������
KWWSV���WZLWWHU�FRP�HOL]HMDFNVRQ�VWDWXV���������������������

-DQVHQ��<YRQQH��3LHUUH�'UDJLFHYLF��3HWUD�,VHQEHUJ��-DVRQ�$OH[DQGHU��$EKLMLW�.DUQLN��-RKDQ
.LOGDO��6ULUDP�6XEUDPDQLDQ��DQG�.DVSHU�+RUQEÑN��ŗ2SSRUWXQLWLHV�DQG�&KDOOHQJHV�IRU�'DWD
3K\VLFDOL]DWLRQ�Ř�,Q 3URFHHGLQJV�RI�WKH���UG�$QQXDO $&0�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ
&RPSXWLQJ�6\VWHPV���&+,�Ŗ��������ş����6HRXO��5HSXEOLF RI�.RUHD��$&0�3UHVV�������
KWWSV���GRL�RUJ�������������������������

/DGQHU��5LFKDUG�(��ŗ'HVLJQ�IRU�8VHU�(PSRZHUPHQW�Ř ,QWHUDFWLRQV ����QR�����)HEUXDU\�������
��ş��� KWWSV���GRL�RUJ�����������������
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/DGQHU��5LFKDUG�(���%HYHUO\�6ODERVN\��$QGUHZ�0DUWLQ��$PHOLD�/DFHQVNL��6WXDUW�2OVHQ��'PLWUL
*URFH��0HORG\�<��,YRU\��HW�DO��ŗ$XWRPDWLQJ�7DFWLOH�*UDSKLFV�7UDQVODWLRQ�Ř�,Q 3URFHHGLQJV�RI
WKH��WK�,QWHUQDWLRQDO�$&0�6,*$&&(66�&RQIHUHQFH�RQ�&RPSXWHUV�DQG�$FFHVVLELOLW\��
$VVHWV�Ŗ���������%DOWLPRUH��0'��86$��$&0�3UHVV�������
KWWSV���GRL�RUJ�������������������������

0DQNRĳ��-HQQLIHU��*LOOLDQ�5��+D\HV��DQG�'HYYD�.DVQLW]��ŗ'LVDELOLW\�6WXGLHV�DV�D�6RXUFH�RI
&ULWLFDO�,QTXLU\�IRU�WKH�)LHOG�RI�$VVLVWLYH�7HFKQRORJ\�Ř�,Q 3URFHHGLQJV�RI�WKH���WK
,QWHUQDWLRQDO�$&0�6,*$&&(66�&RQIHUHQFH�RQ�&RPSXWHUV�DQG�$FFHVVLELOLW\���$66(76�Ŗ���
���2UODQGR��)ORULGD��86$��$&0�3UHVV������� KWWSV���GRL�RUJ�������������������������

0F*LQQLW\��%��/���-��6H\PRXU�)RUG��DQG�.��-��$QGULHV��ŗ%RRNV�IRU�WKH�%OLQG�Ř�3HUNLQV�+LVWRU\
0XVHXP��3HUNLQV�6FKRRO�IRU�WKH�%OLQG�������
KWWSV���ZZZ�SHUNLQV�RUJ�KLVWRU\�OHJDF\�ERRNV�IRU�WKH�EOLQG�

0LOOV��0DUD��ŗ'HDI�-DP��)URP�,QVFULSWLRQ�WR�5HSURGXFWLRQ�WR�,QIRUPDWLRQ�Ř 6RFLDO�7H[W ����QR�
�����0DUFK����������ş��� KWWSV���GRL�RUJ���������������������������

ŠŠŠ��ŗ'HDIQHVV�Ř�,Q .H\ZRUGV�LQ�6RXQG��HGLWHG�E\�'DYLG 1RYDN�DQG�0DWW�6DNDNHHQ\�
'XUKDP��1&��'XNH�8QLYHUVLW\�3UHVV�������

0RUHH��'DQD��ŗ4XDOLWDWLYH�$SSURDFKHV�WR�6WXG\LQJ�0DUJLQDOL]HG�&RPPXQLWLHV�Ř 2[IRUG
5HVHDUFK�(QF\FORSHGLD�RI�(GXFDWLRQ��-XO\����������
KWWSV���GRL�RUJ���������DFUHIRUH�����������������������

0XOOHU��0LFKDHO�-��ŗ3DUWLFLSDWRU\�'HVLJQ��7KH�7KLUG�6SDFH�LQ�+&,�Ř�,Q 7KH�+XPDQ�&RPSXWHU
,QWHUDFWLRQ�+DQGERRN��)XQGDPHQWDOV��(YROYLQJ�7HFKQRORJLHV�DQG�(PHUJLQJ�$SSOLFDWLRQV�
6HFRQG�(GLWLRQ��HGLWHG�E\�$QGUHZ�6HDUV�DQG�-XOLH�$� -DFNR������ş����&5&�3UHVV�������
KWWSV���GRL�RUJ�����������������������

0XOOHU��0LFKDHO�-���DQG�6DUDK�.XKQ��ŗ3DUWLFLSDWRU\�'HVLJQ�Ř &RPPXQLFDWLRQV�RI�WKH�$&0 ���
QR�����-XQH�������������ş��� KWWSV���GRL�RUJ�����������������������

1RUPDQ��'RQDOG�$���DQG�6WHSKHQ�:��'UDSHU� 8VHU�&HQWHUHG 6\VWHP�'HVLJQ��1HZ�3HUVSHFWLYHV
RQ�+XPDQ�&RPSXWHU�,QWHUDFWLRQ��+LOOVGDOH��1-��86$� /��(UOEDXP�$VVRFLDWHV�,QF��������

2OLYHU��0LNH��ŗ7KH�6RFLDO�0RGHO�RI�'LVDELOLW\��7KLUW\�<HDUV�2Q�Ř 'LVDELOLW\�	�6RFLHW\ ����QR���
������������ş���

2OVRQ��-XGLWK�6���DQG�:HQG\�.HOORJJ��HGV�:D\V�RI .QRZLQJ�LQ�+&,��1HZ�<RUN��6SULQJHU�������

2QH\��6WHYH��$ODQ�/XQGJDUG��5HEHFFD�.URVQLFN��0LFKDHO�1HEHOLQJ��DQG�:DOWHU�6��/DVHFNL�
ŗ$UERUHWXP�DQG�$UELOLW\��,PSURYLQJ�:HE�$FFHVVLELOLW\�7KURXJK�D�6KDUHG�%URZVLQJ
$UFKLWHFWXUH�Ř�,Q 3URFHHGLQJV�RI�WKH���VW�$QQXDO�$&0 6\PSRVLXP�RQ�8VHU�,QWHUIDFH
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6RIWZDUH�DQG�7HFKQRORJ\�����ş����%HUOLQ�*HUPDQ\��$&0�������
KWWSV���GRL�RUJ�������������������������

5LOHV��$QQHOLVH��ŗ)URP�&RPSDULVRQ�WR�&ROODERUDWLRQ��([SHULPHQWV�ZLWK�D�1HZ�6FKRODUO\�DQG
3ROLWLFDO�)RUP�Ř /DZ�DQG�&RQWHPSRUDU\�3UREOHPV �� �����������ş���

6FKQHLGHU��-RFKHQ��ŗ&RQVWUXFWLQJ�WKH�<HOORZ�%ULFN�5RDG��5RXWH�%ULFNV�RQ�9LUWXDO�7DFWLOH�0DSV�Ř
,Q 3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ &RPSXWHUV�+HOSLQJ�3HRSOH�ZLWK�6SHFLDO
1HHGV��,&&+3������ş����.DUOVUXKH��*HUPDQ\�������

6KDNHVSHDUH��7RP��ŗ7KH�6RFLDO�0RGHO�RI�'LVDELOLW\�Ř�,Q 7KH�'LVDELOLW\�6WXGLHV�5HDGHU��HGLWHG�E\
/HQQDUG�-��'DYLV���WK�HG������ş�����1HZ�<RUN��1<��5RXWOHGJH�������

7KRPVRQ��5RVHPDULH�*DUODQG� ([WUDRUGLQDU\�%RGLHV� )LJXULQJ�3K\VLFDO�'LVDELOLW\�LQ�$PHULFDQ
&XOWXUH�DQG�/LWHUDWXUH���VW�HGLWLRQ��1HZ�<RUN��&ROXPELD 8QLYHUVLW\�3UHVV�������

9DQ�*HHP��3DWULFN��ŗ7DFWLOH�*UDSKLFV�5HVRXUFHV�Ř�7H[DV�6FKRRO�IRU�WKH�%OLQG�DQG�9LVXDOO\
,PSDLUHG��$FFHVVHG�-XQH����������
KWWSV���ZZZ�WVEYL�HGX�PDWK�����JUDSKLFV������WDFWLOH�JUDSKLFV�UHVRXUFHV�

:�&�:HE�$FFHVVLELOLW\�,QLWLDWLYH��:$,���ŗ:HE�&RQWHQW�$FFHVVLELOLW\�*XLGHOLQHV��:&$*��Ř�-XQH
��������� KWWSV���ZZZ�Z��RUJ�:$,�VWDQGDUGV�JXLGHOLQHV�ZFDJ��

ŗ:RUOG�5HSRUW�RQ�'LVDELOLW\������Ř�*HQHYD��6ZLW]HUODQG��:RUOG�+HDOWK�2UJDQL]DWLRQ�������
KWWS���ZZZ�QFEL�QOP�QLK�JRY�ERRNV�1%.��������

=LPPHUPDQ��-RKQ��-RGL�)RUOL]]L��DQG�6KHOOH\�(YHQVRQ��ŗ5HVHDUFK�WKURXJK�'HVLJQ�DV�D�0HWKRG
IRU�,QWHUDFWLRQ�'HVLJQ�5HVHDUFK�LQ�+&,�Ř�,Q 3URFHHGLQJV RI�WKH�6,*&+,�&RQIHUHQFH�RQ
+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV�����ş�����6DQ�-RVH &DOLIRUQLD�86$��$&0�������
KWWSV���GRL�RUJ�������������������������

=ROD��,UYLQJ�.HQQHWK� 6RFLR�0HGLFDO�,QTXLULHV��5HFROOHFWLRQV� 5HĲHFWLRQV�DQG�5HFRQVLGHUDWLRQV�
3KLODGHOSKLD��7HPSOH�8QLYHUVLW\�3UHVV�������
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&KDSWHU��

5LFK�6FUHHQ�5HDGHU�([SHULHQFHV�IRU�$FFHVVLEOH�'DWD�9LVXDOL]DWLRQ

$EVWUDFW

&XUUHQW�ZHE�DFFHVVLELOLW\�JXLGHOLQHV�DVN�YLVXDOL]DWLRQ�GHVLJQHUV�WR�VXSSRUW�VFUHHQ�UHDGHUV�YLD
EDVLF�QRQ�YLVXDO�DOWHUQDWLYHV�OLNH�WH[WXDO�GHVFULSWLRQV�DQG�DFFHVV�WR�UDZ�GDWD�WDEOHV��%XW�FKDUWV
GR�PRUH�WKDQ�VXPPDUL]H�GDWD�RU�UHSURGXFH�WDEOHV��WKH\�DĳRUG�LQWHUDFWLYH�GDWD�H[SORUDWLRQ�DW
YDU\LQJ�OHYHOV�RI�JUDQXODULW\ௗŠௗIURP�ıQH�JUDLQHG�GDWXP�E\�GDWXP�UHDGLQJ�WR�VNLPPLQJ�DQG
VXUIDFLQJ�KLJK�OHYHO�WUHQGV��,Q�UHVSRQVH�WR�WKH�ODFN�RI�FRPSDUDEOH�QRQ�YLVXDO�DĳRUGDQFHV��ZH
SUHVHQW�D�VHW�RI�ULFK�VFUHHQ�UHDGHU�H[SHULHQFHV�IRU�DFFHVVLEOH�GDWD�YLVXDOL]DWLRQ�DQG
H[SORUDWLRQ��7KURXJK�DQ�LWHUDWLYH�FR�GHVLJQ�SURFHVV��ZH�LGHQWLI\�WKUHH�NH\�GHVLJQ�GLPHQVLRQV
IRU�H[SUHVVLYH�VFUHHQ�UHDGHU�DFFHVVLELOLW\��VWUXFWXUH��RU�KRZ�FKDUW�HQWLWLHV�VKRXOG�EH�RUJDQL]HG
IRU�D�VFUHHQ�UHDGHU�WR�WUDYHUVH��QDYLJDWLRQ��RU�WKH�VWUXFWXUDO��VSDWLDO��DQG�WDUJHWHG�RSHUDWLRQV�D
XVHU�PLJKW�SHUIRUP�WR�VWHS�WKURXJK�WKH�VWUXFWXUH��DQG��GHVFULSWLRQ��RU�WKH�VHPDQWLF�FRQWHQW�
FRPSRVLWLRQ��DQG�YHUERVLW\�RI�WKH�VFUHHQ�UHDGHUŖV�QDUUDWLRQ��:H�RSHUDWLRQDOL]H�WKHVH
GLPHQVLRQV�WR�SURWRW\SH�VFUHHQ�UHDGHU�DFFHVVLEOH�YLVXDOL]DWLRQV�WKDW�FRYHU�D�GLYHUVH�UDQJH�RI
FKDUW�W\SHV�DQG�FRPELQDWLRQV�RI�RXU�GHVLJQ�GLPHQVLRQV��:H�HYDOXDWH�D�VXEVHW�RI�WKHVH
SURWRW\SHV�LQ�D�PL[HG�PHWKRGV�VWXG\�ZLWK����EOLQG�DQG�YLVXDOO\�LPSDLUHG�UHDGHUV��2XU�ıQGLQJV
GHPRQVWUDWH�WKDW�WKHVH�GHVLJQV�KHOS�XVHUV�FRQFHSWXDOL]H�GDWD�VSDWLDOO\��VHOHFWLYHO\�DWWHQG�WR
GDWD�RI�LQWHUHVW�DW�GLĳHUHQW�OHYHOV�RI�JUDQXODULW\��DQG�H[SHULHQFH�FRQWURO�DQG�DJHQF\�RYHU�WKHLU
GDWD�DQDO\VLV�SURFHVV�

3XEOLFDWLRQ� 7KLV�FKDSWHU�DSSHDUV�DV�-RQDWKDQ�=RQJ� &U\VWDO�/HH��$ODQ�/XQGJDUG��-L:RRQJ
-DQJ��'DQLHO�+DMDV��DQG�$UYLQG�6DW\DQDUD\DQ��ŗ6RFLRWHFKQLFDO�&RQVLGHUDWLRQV�IRU�$FFHVVLEOH
9LVXDOL]DWLRQ�'HVLJQ�Ř ,(((�7UDQVDFWLRQV�RQ�9LVXDOL]DWLRQ DQG�&RPSXWHU�*UDSKLFV �2FWREHU
������

$FNQRZOHGJHPHQWV�:H�WKDQN�0DWWKHZ�%ODQFR��(YDQ�3HFN� WKH�1<8�'LJLWDO�7KHRU\�/DE��DQG
WKH�0,7�$FFHVVLELOLW\�2ĴFH��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�16)�DZDUGV��������������������
DQG����������

���



� ,QWURGXFWLRQ

'HVSLWH�GHFDGHV�RI�YLVXDOL]DWLRQ�UHVHDUFK�DQG�UHFHQW�OHJDO�UHTXLUHPHQWV�WR�PDNH�ZHE�EDVHG
FRQWHQW�DFFHVVLEOH �:�&�������+LJJLQV��������ZHE�EDVHG YLVXDOL]DWLRQV�UHPDLQ�ODUJHO\
LQDFFHVVLEOH�WR�SHRSOH�ZLWK�YLVXDO�GLVDELOLWLHV��&KDUWV�RQ�PDLQVWUHDP�SXEOLFDWLRQV�DUH�RIWHQ
FRPSOHWHO\�LQYLVLEOH�WR�VFUHHQ�UHDGHUV��DQ�DVVLVWLYH�WHFKQRORJ\�WKDW�WUDQVIRUPV�WH[W�DQG�YLVXDO
PHGLD�LQWR�VSHHFK��RU�DUH�UHQGHUHG�DV�LQFRPSUHKHQVLEOH�VWULQJV�RI�ŗJUDSKLF�JUDSKLF�JUDSKLFŘ
�6KDULI�HW�DO��������)RVVKHLP��������&XUUHQW�DFFHVVLELOLW\ JXLGHOLQHV�DVN�YLVXDOL]DWLRQ�GHVLJQHUV
WR�SURYLGH�WH[WXDO�GHVFULSWLRQV�RI�WKHLU�JUDSKLFV�YLD�DOW�WH[W��VKRUW�IRU�DOWHUQDWLYH�WH[W��DQG�OLQN�WR
XQGHUO\LQJ�GDWD�WDEOHV �*RXOG��2Ŗ&RQQHOO��DQG�)UHHG ������:�&��������+RZHYHU��WKHVH
UHFRPPHQGDWLRQV�GR�QRW�SURYLGH�PRGHV�RI�LQIRUPDWLRQ�VHHNLQJ�FRPSDUDEOH�WR�ZKDW�VLJKWHG
UHDGHUV�HQMR\�ZLWK�LQWHUDFWLYH�YLVXDOL]DWLRQV��)RU�LQVWDQFH��ZHOO�ZULWWHQ�DOW�WH[W�FDQ�SURYLGH�D
KLJK�OHYHO�WDNHDZD\�RI�ZKDW�WKH�YLVXDOL]DWLRQ�VKRZV��EXW�LW�GRHV�QRW�DOORZ�UHDGHUV�WR�GULOO�GRZQ
LQWR�WKH�GDWD�WR�H[SORUH�VSHFLıF�VHFWLRQV��:KLOH�WDEOHV�SURYLGH�UHDGHUV�ZLWK�WKH�DELOLW\�WR�KRQH
LQ�RQ�VSHFLıF�GDWD�SRLQWV��UHDGLQJ�GDWD�OLQH�E\�OLQH�TXLFNO\�EHFRPHV�WHGLRXV�DQG�PDNHV�LW
GLĴFXOW�WR�LGHQWLI\�RYHUDOO�WUHQGV�

'HYHORSLQJ�ULFK�QRQ�YLVXDO�VFUHHQ�UHDGHU�H[SHULHQFHV�IRU�GDWD�YLVXDOL]DWLRQV�SRVHV
VHYHUDO�XQLTXH�FKDOOHQJHV��$OWKRXJK�YLVXRPRWRU�LQWHUDFWLRQV��OLNH�KRYHULQJ��SRLQWLQJ��FOLFNLQJ�
DQG�GUDJJLQJ��KDYH�EHHQ�FRUH�WR�YLVXDOL]DWLRQ�UHVHDUFK �'LPDUD�DQG�3HULQ��������VFUHHQ�UHDGHUV
UHGHıQH�ZKDW�LQWHUDFWLRQ�LV�IRU�YLVXDOL]DWLRQ��5DWKHU�WKDQ�SULPDULO\�PDQLSXODWLQJ�DVSHFWV�RI�WKH
YLVXDOL]DWLRQ�RU�LWV�EDFNLQJ�GDWD�SLSHOLQH �<L�HW DO��������+HHU�DQG�6KQHLGHUPDQ�������'LPDUD
DQG�3HULQ��������VFUHHQ�UHDGHUV�PDNH�UHDGLQJ�D�YLVXDOL]DWLRQ DQ�LQWHUDFWLYH�RSHUDWLRQ�DV
ZHOOௗŠௗXVHUV�PXVW�LQWHQWLRQDOO\�SHUIRUP�DFWLRQV�ZLWK�WKHLU�LQSXW�GHYLFHV�LQ�RUGHU�WR�FRJQL]H
YLVXDOL]HG�HOHPHQWV��0RUHRYHU��DV�VFUHHQ�UHDGHUV�QDUUDWH�HOHPHQWV�RQH�DW�D�WLPH��WKH\
H[SOLFLWO\�OLQHDUL]H�UHDGLQJ�D�YLVXDOL]DWLRQ��$V�D�UHVXOW��LQ�FRQWUDVW�WR�VLJKWHG�UHDGHUV�ZKR�FDQ
FKRRVH�WR�VHOHFWLYHO\�DWWHQG�WR�VSHFLıF�HOHPHQWV�DQG�KDYH�DFFHVV�WR�WKH�HQWLUH�YLVXDOL]DWLRQ
GXULQJ�WKH�UHDGLQJ�SURFHVV��VFUHHQ�UHDGHU�XVHUV�DUH�OLPLWHG�WR�WKH�OLQHDU�VWHSV�PDGH�DYDLODEOH
E\�WKH�YLVXDOL]DWLRQ�DXWKRU�DQG�PXVW�UHPHPEHU��RU�QRWH�GRZQ��SULRU�RXWSXW�FRQYH\HG�E\�WKH
VFUHHQ�UHDGHU��'HVSLWH�WKHVH�PRGDOLW\�GLĳHUHQFHV��VWXGLHV�KDYH�IRXQG�WKDW�VFUHHQ�UHDGHU�XVHUV
VKDUH�WKH�VDPH�LQIRUPDWLRQ�VHHNLQJ�JRDOV�DV�VLJKWHG�UHDGHUV��DQ�LQLWLDO�KROLVWLF�RYHUYLHZ
IROORZHG�E\�FRPSDULQJ�GDWD�SRLQWV �6KDULI�HW�DO�������� DNLQ�WR�WKH�LQIRUPDWLRQ�VHHNLQJ�PDQWUD
RI�ŗRYHUYLHZ�ıUVW��]RRP�DQG�ıOWHU��DQG�GHWDLOV�RQ�GHPDQGŘ �6KQHLGHUPDQ�������

,Q�WKLV�SDSHU��ZH�EHJLQ�WR�EULGJH�WKLV�GLYLGH�E\�FRQGXFWLQJ�DQ�LWHUDWLYH�FR�GHVLJQ
SURFHVV��FR�DXWKRU�+DMDV�LV�D�EOLQG�UHVHDUFKHU�ZLWK�UHOHYDQW�H[SHULHQFH��SURWRW\SLQJ�ULFK�DQG
XVDEOH�VFUHHQ�UHDGHU�H[SHULHQFHV�IRU�ZHE�EDVHG�YLVXDOL]DWLRQV��:H�LGHQWLI\�WKUHH�GHVLJQ
GLPHQVLRQV�IRU�HQDEOLQJ�DQ�H[SUHVVLYH�VSDFH�RI�H[SHULHQFHV��VWUXFWXUH��RU�KRZ�WKH�GLĳHUHQW
HOHPHQWV�RI�D�FKDUW�VKRXOG�EH�RUJDQL]HG�IRU�D�VFUHHQ�UHDGHU�WR�WUDYHUVH��QDYLJDWLRQ��ZKLFK
GHVFULEHV�WKH�RSHUDWLRQV�D�XVHU�PD\�SHUIRUP�WR�PRYH�WKURXJK�WKLV�VWUXFWXUH��DQG��GHVFULSWLRQ�
ZKLFK�VSHFLıHV�WKH�VHPDQWLF�FRQWHQW��FRPSRVLWLRQ��DQG�YHUERVLW\�RI�WH[W�FRQYH\HG�DW�HDFK
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VWHS��:H�GHPRQVWUDWH�KRZ�WR�RSHUDWLRQDOL]H�WKHVH�GHVLJQ�GLPHQVLRQV�WKURXJK�GLYHUVH
DFFHVVLEOH�UHDGLQJ�H[SHULHQFHV�DFURVV�D�YDULHW\�RI�FKDUW�W\SHV�

7R�HYDOXDWH�RXU�FRQWULEXWLRQ��ZH�FRQGXFW�DQ�H[SORUDWRU\�PL[HG�PHWKRGV�VWXG\�ZLWK�D
VXEVHW�RI�RXU�SURWRW\SHV�DQG����EOLQG�RU�YLVXDOO\�LPSDLUHG�VFUHHQ�UHDGHU�XVHUV��:H�LGHQWLI\
VSHFLıF�IHDWXUHV�WKDW�PDNH�YLVXDOL]DWLRQV�PRUH�XVHIXO�IRU�VFUHHQ�UHDGHU�XVHUV��H�J���KLHUDUFKLFDO
DQG�VHJPHQWHG�DSSURDFKHV�WR�SUHVHQWLQJ�GDWD��FXUVRUV�DQG�URDG�PDSV�IRU�VSDWLDO�QDYLJDWLRQ�
DQG�LGHQWLI\�EHKDYLRU�SDWWHUQV�WKDW�VFUHHQ�UHDGHU�XVHUV�IROORZ�DV�WKH\�UHDG�D�YLVXDOL]DWLRQ��H�J��
FRQVWDQW�K\SRWKHVLV�WHVWLQJ�DQG�YDOLGDWLQJ�WKHLU�PHQWDO�PRGHOV��

� %DFNJURXQG�DQG�5HODWHG�:RUN

6FUHHQ�5HDGHU�$VVLVWLYH�7HFKQRORJ\� $�VFUHHQ�UHDGHU LV�DQ�DVVLVWLYH�WHFKQRORJ\�WKDW�FRQYH\V
GLJLWDO�WH[W�RU�LPDJHV�DV�V\QWKHVL]HG�VSHHFK�RU�EUDLOOH�RXWSXW��6FUHHQ�UHDGHUV�DUH�DYDLODEOH�DV
VWDQGDORQH�WKLUG�SDUW\�VRIWZDUH�RU�FDQ�EH�EXLOW�LQ�IHDWXUHV�RI�GHVNWRS�DQG�PRELOH�RSHUDWLQJ
V\VWHPV��$�VFUHHQ�UHDGHU�DOORZV�D�XVHU�WR�QDYLJDWH�FRQWHQW�OLQHDUO\�ZLWK�LQSXW�PHWKRGV�QDWLYH
WR�D�JLYHQ�SODWIRUP��H�J���WRXFK�RQ�VPDUWSKRQHV��PRXVH�NH\ERDUG�LQSXW�RQ�GHVNWRS���&RQWHQW
DXWKRUV�PXVW�JHQHUDWH�DQG�DWWDFK�DOW�WH[W�WR�WKHLU�YLVXDO�FRQWHQW�OLNH�LPDJHV�RU�FKDUWV�LQ�RUGHU
IRU�WKHP�WR�EH�DFFHVVLEOH�WR�VFUHHQ�UHDGHU�XVHUV��)XQFWLRQDOLW\�DQG�XVHU�H[SHULHQFH�GLĳHUV
DFURVV�SODWIRUPV�DQG�VFUHHQ�UHDGHUV��,Q�WKLV�SDSHU��KRZHYHU��ZH�IRFXV�RQ�LQWHUDFWLQJ�ZLWK
ZHE�EDVHG�YLVXDOL]DWLRQV�ZLWK�WKH�PRVW�ZLGHO\�XVHG�GHVNWRS�VFUHHQ�UHDGHUV��-$:6�19'$�IRU
:LQGRZV��9RLFH2YHU�IRU�0DF��

:HE�$FFHVVLELOLW\�6WDQGDUGV� ,Q�������WKH�:RUOG�:LGH :HE�&RQVRUWLXP��:�&�
DGRSWHG�WKH�:HE�$FFHVVLELOLW\�,QLWLDWLYHŖV�$FFHVVLEOH�5LFK�,QWHUQHW�$SSOLFDWLRQV�SURWRFRO
�:$,�$5,$��ZKLFK�LQWURGXFHG�D�UDQJH�RI�VHPDQWLFDOO\�PHDQLQJIXO�+70/�DWWULEXWHV�WR�DOORZ
VFUHHQ�UHDGHUV�WR�EHWWHU�SDUVH�+70/�HOHPHQWV��0'1�&RQWULEXWRUV��������,Q�SDUWLFXODU��WKHVH
DWWULEXWHV�DOORZ�D�VFUHHQ�UHDGHU�WR�FRQYH\�WKH�VWDWH�RI�G\QDPLF�ZLGJHWV��H�J���DXWRFRPSOHWH�LV
DYDLODEOH�IRU�WH[W�HQWU\���DOHUW�XVHUV�WR�OLYH�FRQWHQW�XSGDWHV��DQG�LGHQWLI\�FRPPRQ�VHFWLRQV�RI�D
ZHE�SDJH�IRU�UDSLG�QDYLJDWLRQ��H�J���EDQQHUV�RU�WKH�PDLQ�FRQWHQW���,Q�������WKH�:�&�SXEOLVKHG
WKH�:$,�$5,$�*UDSKLFV�0RGXOH��:�&�������ZLWK�DGGLWLRQDO�DWWULEXWHV�WR�VXSSRUW�PDUNLQJ�XS
VWUXFWXUHG�JUDSKLFV�VXFK�DV�FKDUWV��PDSV��DQG�GLDJUDPV��7KHVH�DWWULEXWHV�DOORZ�GHVLJQHUV�WR
DQQRWDWH�LQGLYLGXDO�DQG�JURXSV�RI�JUDSKLFDO�HOHPHQWV�DV�ZHOO�DV�VXUIDFH�GDWD�YDOXHV�DQG�ODEHOV
IRU�D�VFUHHQ�UHDGHU�WR�UHDG�DORXG�

$FFHVVLEOH�9LVXDOL]DWLRQ�'HVLJQ� ,Q�D�UHFHQW�VXUYH\� .LP�HW�DO� ������ GHVFULEH�WKH�ULFK
ERG\�RI�ZRUN�WKDW�KDV�H[SORUHG�PXOWL�VHQVRU\�DSSURDFKHV�WR�YLVXDOL]DWLRQ�IRU�PXOWLSOH
GLVDELOLWLHV �<X��5DPOROO��DQG�%UHZVWHU�������+DVW\ HW�DO��������.DSHU��:LHEHO��DQG�7LSHL������
%DUUDVV�DQG�.UDPHU�������:X�HW�DO��������/XQGJDUG��/HH��DQG�6DW\DQDUD\DQ��������+HUH��ZH
IRFXV�RQ�VFUHHQ�UHDGHU�RXWSXW�QDWLYH�WR�ZHE�EDVHG�LQWHUIDFHV�IRU�EOLQG�XVHUV��QDPHO\�YLD
VSHHFK���6KDULI�HW�DO���������ıQG�WKDW�PDQ\�ZHE�EDVHG�FKDUWV�DUH�LQWHQWLRQDOO\�GHVLJQHG�WR
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FDXVH�VFUHHQ�UHDGHUV�WR�VNLS�RYHU�WKHP��)RU�FKDUWV�WKDW�D�VFUHHQ�UHDGHU�GRHV�GHWHFW��EOLQG�RU
YLVXDOO\�LPSDLUHG�XVHUV�QHYHUWKHOHVV�H[SHULHQFH�VLJQLıFDQW�GLĴFXOWLHV��WKHVH�XVHUV�VSHQG�����
PRUH�WLPH�LQWHUDFWLQJ�ZLWK�WKH�FKDUWV�DQG�DUH�����OHVV�DFFXUDWH�LQ�H[WUDFWLQJ�LQIRUPDWLRQ
FRPSDUHG�WR�QRQ�VFUHHQ�UHDGHU�XVHUV��LELG�������'HVSLWH�WKH�DYDLODELOLW\�RI�$5,$��DOW�WH[W�DQG
GDWD�WDEOHV�UHPDLQ�WKH�PRVW�FRPPRQO\�XVHG�DQG�UHFRPPHQGHG�PHWKRGV�IRU�PDNLQJ
ZHE�EDVHG�FKDUWV�DFFHVVLEOH�WR�VFUHHQ�UHDGHUV �*RXOG� 2Ŗ&RQQHOO��DQG�)UHHG�������:�&������
&KRL�HW�DO���������+RZHYHU��HDFK�RI�WKHVH�WKUHH�DSSURDFKHV FRPHV�ZLWK�LWV�RZQ�OLPLWDWLRQV�
6WDWLF�DOW�WH[W�UHTXLUHV�EOLQG�UHDGHUV�WR�DFFHSW�WKH�DXWKRUŖV�LQWHUSUHWDWLRQ�RI�WKH�GDWD��E\�QRW
DĳRUGLQJ�H[SORUDWRU\�DQG�LQWHUDFWLYH�PRGHV��DOW�WH[W�UREV�UHDGHUV�RI�WKH�QHFHVVDU\�WLPH�DQG
VSDFH�WR�LQWHUSUHW�WKH�QXPEHUV�IRU�WKHPVHOYHV �/XQGJDUG DQG�6DW\DQDUD\DQ��������5HFHQW
UHVHDUFK�DOVR�VXJJHVWV�WKDW�EOLQG�SHRSOH�KDYH�QXDQFHG�SUHIHUHQFHV�IRU�WKH�NLQGV�RI�YLVXDO
VHPDQWLF�FRQWHQW�FRQYH\HG�YLD�WH[W �3RWOXUL�HW�DO� ������/XQGJDUG�DQG�6DW\DQDUD\DQ��������DQG
GHVLUH�PRUH�LQWHUDFWLYH�DQG�H[SORUDWRU\�UHSUHVHQWDWLRQV�RI�SLFWRULDO�LPDJHV��0RUULV�HW�DO��������
'DWD�WDEOHV��RQ�WKH�RWKHU�KDQG��XQGR�WKH�EHQHıWV�RI�DEVWUDFWLRQ�WKDW�YLVXDOL]DWLRQV
HQDEOHௗŠௗWKH\�IRUFH�UHDGHUV�WR�VWHS�VHTXHQWLDOO\�WKURXJK�GDWD�YDOXHV�PDNLQJ�LW�GLĴFXOW�WR
LGHQWLI\�ODUJHU�VFDOH�SDWWHUQV�RU�WUHQGV��DQG�GR�QRW�OHYHUDJH�WKH�VWUXFWXUH�LQKHUHQW�WR
ZHE�EDVHG�JUDPPDUV�RI�JUDSKLFV��%RVWRFN��2JLHYHWVN\��DQG�+HHU�������6DW\DQDUD\DQ�HW�DO�
�������)LQDOO\��$5,$�ODEHOV�DUH�QRW�D�SDQDFHD��HYHQ�ZKHQ�WKH\�DUH�XVHG�MXGLFLRXVO\ௗŠௗD
QRQ�WULYLDO�WDVN�ZKLFK�RIWHQ�UHVXOWV�LQ�FDUHOHVV�GHVLJQV�WKDW�FDXVH�VFUHHQ�UHDGHUV�WR�VLPSO\�UHDG
RXW�ORQJ�VHTXHQFHV�RI�QXPEHUV�ZLWKRXW�DQ\�RWKHU�LGHQWLıDEOH�LQIRUPDWLRQ��)RVVKHLP������
ௗŠௗWKH\�SUHVHQW�D�IDLUO\�ORZ�H[SUHVVLYH�FHLOLQJ��7KH�FXUUHQW�$5,$�VSHFLıFDWLRQ�GRHV�QRW�DĳRUG
ULFK�DQG�QXDQFHG�LQIRUPDWLRQ�VHHNLQJ�RSSRUWXQLWLHV�HTXLYDOHQW�WR�WKRVH�DYDLODEOH�WR�VLJKWHG
UHDGHUV�

7KHUH�KDV�EHHQ�VRPH�SURPLVLQJ�SURJUHVV�IRU�LPSURYLQJ�VXSSRUW�IRU�DFFHVVLELOLW\�ZLWKLQ
YLVXDOL]DWLRQ�WRRONLWV��DQG�YLFH�YHUVD�IRU�LPSURYLQJ�QDWLYH�VXSSRUW�IRU�FKDUWV�LQ�VFUHHQ�UHDGHU
WHFKQRORJLHV��)RU�LQVWDQFH��9HJD�/LWH��6DW\DQDUD\DQ�HW�DO��������DQG�+LJKFKDUWV��������DUH
EHJLQQLQJ�WR�SURYLGH�$5,$�VXSSRUW�RXW�RI�WKH�ER[��$SSOHŖV�9RLFH2YHU�'DWD�&RPSUHKHQVLRQ
IHDWXUH��'DYHUW�DQG�(GLWRULDO�7HDP�������DĳRUGV�PRUH�JUDQXODU�VFUHHQ�UHDGHU�QDYLJDWLRQ�ZLWKLQ
WKH�FKDUW��EH\RQG�WH[WXDO�VXPPDULHV�DQG�GDWD�WDEOHV��YLD�IRXU�FDWHJRULHV�RI�VHOHFWDEOH
LQWHUDFWLRQV�IRU�FKDUWV�DSSHDULQJ�LQ�$SSOHŖV�6WRFNV�RU�+HDOWK�DSSV��7KHVH�LQWHUDFWLRQV�LQFOXGH
'HVFULEH�&KDUW��ZKLFK�GHVFULEHV�SURSHUWLHV�RI�WKH�FKDUWŖV�FRQVWUXFWLRQ��VXFK�DV�LWV�HQFRGLQJV�
D[LV�ODEHOV��DQG�UDQJHV��6XPPDUL]H�1XPHULFDO�'DWD��ZKLFK�UHSRUWV�PLQ�DQG�PD[�GDWD�YDOXHV�
DQG�VXPPDU\�VWDWLVWLFV�OLNH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ��'HVFULEH�'DWD�6HULHV��ZKLFK�UHSRUWV
WKH�UDWH�RI�FKDQJH�JURZWK�RI�D�FXUYH��WUHQGV��DQG�RXWOLHUV��DQG�3OD\�$XGLRJUDSK��ZKLFK�SOD\V�D
WRQDO�UHSUHVHQWDWLRQ�RI�WKH�JUDSKŖV�DVFHQGLQJ�GHVFHQGLQJ�WUHQG�RYHU�WLPH��'DYHUW�DQG�(GLWRULDO
7HDP��������:KLOH�$SSOHŖV�IHDWXUHV�DUH�SUHVHQWO\�OLPLWHG�WR�VLQJOH�OLQH�FKDUWV��6$6Ŗ�*UDSKLFV
$FFHOHUDWRU��6$6�*UDSKLFV�$FFHOHUDWRU�������VXSSRUWV�D�VLPLODU�IHDWXUHVHW��LQFOXGLQJ
VRQLıFDWLRQ��WH[WXDO�GHVFULSWLRQV��DQG�GDWD�WDEOHV��EXW�IRU�D�EURDGHU�UDQJH�RI�VWDWLVWLFDO�FKDUWV
LQFOXGLQJ�EDU�FKDUWV��ER[�SORWV��FRQWRXU�SORWV��DQG�VFDWWHU�SORW�PDWULFHV��2XU�ZRUN�IROORZV�LQ�WKH
VSLULW�RI�WKHVH�WRROV�EXW�IRFXVHV�RQ�ZHE�EDVHG�YLVXDOL]DWLRQV�UDWKHU�WKDQ�VWDQGDORQH��RU
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SODWIRUP�LQWHJUDWHG�VRIWZDUH��:H�JR�EH\RQG�ZKDW�$5,$�VXSSRUWV�WRGD\�WR�HQDEOH�KLJK�OHYHO
DQG�ıQH�JUDLQHG�VFUHHQ�UHDGHU�LQWHUDFWLRQV��DQG�KRSH�WKDW�RXU�ZRUN�ZLOO�KHOS�LQIRUP�RQJRLQJ
GLVFXVVLRQV�RQ�LPSURYLQJ�ZHE�DFFHVVLELOLW\�VWDQGDUGV��H�J���YLD�DQ�$FFHVVLELOLW\�2EMHFW�0RGHO
�%R[KDOO�HW�DO��������

� 'HVLJQ�'LPHQVLRQV�IRU�5LFK�6FUHHQ�5HDGHU�([SHULHQFHV

&XUUHQWO\��WKH�PRVW�FRPPRQ�ZD\V�RI�PDNLQJ�D�YLVXDOL]DWLRQ�DFFHVVLEOH�WR�VFUHHQ�UHDGHUV
LQFOXGH�DGGLQJ�D�VLQJOH�KLJK�OHYHO�WH[WXDO�GHVFULSWLRQ��YLD�DOW�WH[W���SURYLGLQJ�DFFHVV�WR�ORZ�OHYHO
GDWD�YLD�D�WDEOH��RU�WDJJLQJ�YLVXDOL]DWLRQ�HOHPHQWV�ZLWK�$5,$�ODEHOV�WR�DOORZ�VFUHHQ�UHDGHUV�WR
VWHS�WKURXJK�WKHP�OLQHDUO\��H�J���DV�ZLWK�+LJKFKDUWV��������:KLOH�SURPLVLQJ��WKHVH�DSSURDFKHV
GR�QRW�DĳRUG�ULFK�LQIRUPDWLRQ�VHHNLQJ�EHKDYLRUV�DNLQ�WR�ZKDW�VLJKWHG�UHDGHUV�HQMR\�ZLWK
LQWHUDFWLYH�YLVXDOL]DWLRQV��7R�VXSSRUW�V\VWHPDWLF�WKLQNLQJ�DERXW�DFFHVVLEOH�YLVXDOL]DWLRQ�GHVLJQ�
ZH�LQWURGXFH�WKUHH�GHVLJQ�GLPHQVLRQV�WKDW�VXSSRUW�ULFK��DFFHVVLEOH�UHDGLQJ�H[SHULHQFHV�
VWUXFWXUH��RU�KRZ�HOHPHQWV�RI�WKH�YLVXDOL]DWLRQ�VKRXOG EH�RUJDQL]HG�IRU�D�VFUHHQ�UHDGHU�WR
WUDYHUVH� QDYLJDWLRQ��RU�WKH�PHFKDQLVPV�E\�ZKLFK�D VFUHHQ�UHDGHU�XVHU�FDQ�PRYH�IURP�RQH
HOHPHQW�WR�DQRWKHU��DQG GHVFULSWLRQ��RU�ZKDW�VHPDQWLF FRQWHQW�WKH�VFUHHQ�UHDGHU�FRQYH\V�

0HWKRGV�:H�EHJDQ�E\�VWXG\LQJ�WKH�GHYHORSPHQW�RI�PXOWL�VHQVRU\ JUDSKLFDO�V\VWHPV�
FRYHULQJ�ZRUN�LQ�FULWLFDO�FDUWRJUDSK\��:LHGHO�DQG�*URYHV�������.RFK��������EOLQG�HGXFDWLRQ
�$OGULFK�DQG�6KHSSDUG�������*RGIUH\�DQG�/RRWV��������WDFWLOH�JUDSKLFV��)XML\RVKL�HW�DO�������
+DVW\�������GH�*UHHI��0RULW]��DQG�%HQQHWW�������$PLFN�DQG�&RUFRUDQ�������%XWOHU�HW�DO��������
DQG�PXOWL�VHQVRU\�YLVXDOL]DWLRQ��+DVSHU�HW�DO��������&KXQGXU\�HW�DO��������%URFN�HW�DO�������
%DNHU�HW�DO���������'UDZLQJ�RQ�FRQYHQWLRQV�DQG�OLWHUDWXUH�RQ�FULS��UHĲHFWLYH��DQG�SDUWLFLSDWRU\
GHVLJQ��+DPUDLH�������6HQJHUV�HW�DO��������&RVWDQ]D�&KRFN��������DOO�DXWKRUV�EHJDQ�DQ
LWHUDWLYH�FR�GHVLJQ�SURFHVV�ZLWK�+DMDV��ZKR�LV�D�EOLQG�UHVHDUFKHU�ZLWK�UHOHYDQW�H[SHUWLVH��+DMDV
LV�D�VFUHHQ�UHDGHU�XVHU�ZLWK�D�3K'�LQ�+&,�DQG�DFFHVVLEOH�VFLHQFH�FRPPXQLFDWLRQ��EXW�KH�LV�QRW
DQ�H[SHUW�LQ�YLVXDOL]DWLRQ�UHVHDUFK��&R�GHVLJQௗŠௗSDUWLFXODUO\�DV�HQFDSVXODWHG�LQ�WKH�GLVDELOLW\
DFWLYLVP�VORJDQ��ŗ1RWKLQJ�DERXW�XV��ZLWKRXW�XVŘ��&RVWDQ]D�&KRFN �����ௗŠௗLV�LPSRUWDQW
EHFDXVH�LW�FDQ�HOLPLQDWH�SURWRW\SHV�WKDW�UHSOLFDWH�H[LVWLQJ�WRROV��VROYH�LPDJLQDU\�SUREOHPV��L�H��
E\�FUHDWLQJ�GLVDELOLW\�GRQJOHV��-DFNVRQ�������RU�XQLQWHQWLRQDOO\�SURGXFH�KDUPIXO�WHFKQRORJ\
�6KHZ��������7R�EDODQFH�HQJDJLQJ�GLVDEOHG�XVHUV�ZKLOH�DFNQRZOHGJLQJ�DFDGHPLDŖV�WUDGLWLRQDOO\
H[WUDFWLYH�UHODWLRQVKLS�ZLWK�PDUJLQDOL]HG�SRSXODWLRQV��&RUQZDOO�DQG�-HZNHV��������ZH
LQWHQWLRQDOO\�DFNQRZOHGJH�+DMDV�DV�ERWK�FR�GHVLJQHU�DQG�FR�DXWKRU��:H�EHOLHYH�WKDW�WKH
GLVWLQFWLRQ�EHWZHHQ�FR�GHVLJQHUௗŠௗD�SKUDVH�WKDW�RIWHQ�GLVFRXQWV�OLYHG�H[SHULHQFH�DV
LQVXĴFLHQWO\�DFDGHPLFௗŠௗDQG�UHVHDUFKHU�LV�PLQLPDO��WHFKQLFDO��TXDOLWDWLYH��DQG�H[SHULHQWLDO
H[SHUWLVH�DUH�DOO�LPSRUWDQW�FRPSRQHQWV�RI�WKLV�UHVHDUFK��+DMDVŖ�SURıOH�LV�D�SHUIHFW�H[DPSOH�RI
WKH�LQWHUVHFWLRQ�EHWZHHQ�OLYHG�H[SHULHQFH�RI�H[LVWLQJ�FKDOOHQJHV�DQG�VROXWLRQV��DFDGHPLF
H[SHULHQFH�RI�UHVHDUFK�SURFHGXUHV��DQG�DQ�LQWHUHVW�LQ�WKH�VFLHQFH�RI�YLVXDOL]DWLRQ��:KLOH�KH
GRHV�QRW�UHSUHVHQW�DOO�VFUHHQ�UHDGHU�XVHUV��KLV�DFDGHPLF�H[SHUWLVH�DQG�OLYHG�H[SHULHQFH
XQLTXHO\�TXDOLI\�KLP�WR�EH�ERWK�UHVHDUFKHU�DQG�FR�GHVLJQHU��1HYHUWKHOHVV��WR�LQFRUSRUDWH�D
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GLYHUVH�UDQJH�RI�SHUVSHFWLYHV��ZH�UHFUXLWHG�DGGLWLRQDO�SDUWLFLSDQWV�DV�SDUW�RI�DQ�HYDOXDWLYH
VWXG\��Ŧ���

2XU�ZRUN�XQIROGHG�RYHU���PRQWKV�DQG�\LHOGHG����SURWRW\SHV��$OO�DXWKRUV�PHW�ZHHNO\�IRU
KRXU�ORQJ�YLGHR�FRQIHUHQFHV��,Q�HDFK�VHVVLRQ��ZH�ZRXOG�GLVFXVV�WKH�VWUXFWXUH�DQG�DĳRUGDQFHV
RI�WKH�SURWRW\SHV��RIWHQ�E\�REVHUYLQJ�DQG�UHFRUGLQJ�+DMDVŖ�VFUHHQ�DV�KH�ZRUNHG�WKURXJK�WKHP�
:H�ZRXOG�DOVR�XVH�WKHVH�PHHWLQJV�WR�UHĲHFW�RQ�KRZ�WKH�SURWRW\SHV�KDYH�HYROYHG��FRPSDUH
WKHLU�VLPLODULWLHV�DQG�GLĳHUHQFHV��DQG�ZKLWHERDUG�SRWHQWLDO�GHVLJQ�GLPHQVLRQV�WR�FDSWXUH�WKHVH
LQVLJKWV��)ROORZLQJ�WKHVH�PHHWLQJV��+DMDV�ZURWH�PHPRV�GHWDLOLQJ�WKH�PRWLYDWLRQV�IRU�HDFK
SURWRW\SH��WDJJLQJ�LWV�PRVW�VDOLHQW�IHDWXUHV��VXPPDUL]LQJ�WKH�W\SHV�RI�LQWHUDFWLRQV�WKDW�ZHUH
DYDLODEOH��HQXPHUDWLQJ�TXHVWLRQV�WKDW�WKH�SURWRW\SH�UDLVHV��DQG�ıQDOO\�SURYLGLQJ�KLJK�OHYHO
IHHGEDFN�DERXW�LWV�XVHIXOQHVV�DQG�XVDELOLW\��,Q�WKH�IROORZLQJ�VHFWLRQ��ZH�OLEHUDOO\�TXRWH�WKHVH
PHPRV�WR�SURYLGH�HYLGHQFH�DQG�DGGLWLRQDO�FRQWH[W�IRU�RXU�GHVLJQ�GLPHQVLRQV�

��� 6WUXFWXUH

:H�GHıQH VWUXFWXUH WR�PHDQ�DQ�XQGHUO\LQJ�UHSUHVHQWDWLRQ RI�D�YLVXDOL]DWLRQ�WKDW�RUJDQL]HV�LWV
GDWD�DQG�YLVXDO�HOHPHQWV�LQWR�D�IRUPDW�WKDW�FDQ�EH�WUDYHUVHG�E\�D�VFUHHQ�UHDGHU��7KURXJK�RXU
FR�GHVLJQ�SURFHVV��ZH�LGHQWLıHG�WZR�FRPSRQHQWV�LPSRUWDQW�WR�DQDO\]LQJ�DFFHVVLEOH�VWUXFWXUHV�
WKHLU IRUP��RU�WKH�VKDSH�WKH\�RUJDQL]H�LQIRUPDWLRQ LQWR��DQG HQWLWLHV��RU�ZKLFK�SDUWV�RI�WKH
YLVXDOL]DWLRQ�VSHFLıFDWLRQ�DUH�XVHG�WR�WUDQVODWH�D�FKDUW�LQWR�D�QRQ�YLVXDO�VWUXFWXUH��'HVLJQ
GHFLVLRQV�DERXW�IRUP�DQG�HQWLWLHV�DUH�JXLGHG�E\�FRQVLGHUDWLRQV�RI LQIRUPDWLRQ�JUDQXODULW\��RU
KRZ�PDQ\�OHYHOV�FRPSULVH�WKH�UDQJH�EHWZHHQ�D�KLJK�OHYHO�RYHUYLHZ�DQG�LQGLYLGXDO�GDWD�YDOXHV�

)LJXUH��� �D��$Q�DFFHVVLEOH�YLVXDOL]DWLRQ�VWUXFWXUH LQ�WKH�IRUP�RI�D�WUHH�DQG�FRPSULVHG�RI
HQFRGLQJ�HQWLWLHV��6ROLG�PDJHQWD�RXWOLQHV�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�VFUHHQ�UHDGHU�FXUVRU�
6ROLG�EOXH�DUURZV�EHWZHHQ�ODEHOV�LQGLFDWH�DYDLODEOH�QH[W�VWHSV�YLD�NH\ERDUG�QDYLJDELOLW\��XS�
GRZQ��OHIW��ULJKW����E��7KUHH�ZD\V�RI�QDYLJDWLQJ�DFFHVVLEOH�YLVXDOL]DWLRQ�VWUXFWXUHV��VWUXFWXUDO�
VSDWLDO��DQG�WDUJHWHG�
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)RUP� $FFHVVLEOH�VWUXFWXUHV�RUJDQL]H�LQIRUPDWLRQ�DERXW�WKH�YLVXDOL]DWLRQ�LQWR�GLĳHUHQW
IRUPV��LQFOXGLQJ�OLVWV��WDEOHV��DQG�WUHHV��&RQVLGHU�H[LVWLQJ�EHVW�SUDFWLFHV�DQG�FRPPRQ
DSSURDFKHV��$�UDVWHUL]HG�FKDUW�ZLWK�DOW�WH[W�LV�UHSUHVHQWHG�WR�D�VFUHHQ�UHDGHU�DV�D�VLQJOH�QRGH�
69*�EDVHG�YLVXDOL]DWLRQV�FDQ�DGGLWLRQDOO\�EH�WDJJHG�ZLWK�$5,$�ODEHOV�WR�GHVFULEH�WKH�D[HV�
OHJHQGV��DQG�LQGLYLGXDO�GDWD�SRLQWV��'HVSLWH�69*ŖV�QHVWLQJ��VFUHHQ�UHDGHUV�OLQHDUL]H�WKHVH�$5,$
ODEHOV�LQWR�D�OLVW�VWUXFWXUH�VR�WKDW�WKH�XVHU�FDQ�VWHS�WKURXJK�WKHP�VHTXHQWLDOO\��'DWD�WDEOHV��RQ
WKH�RWKHU�KDQG��SURYLGH�D�JULG�VWUXFWXUH�IRU�VFUHHQ�UHDGHUV�WR�WUDYHUVH��$W�HDFK�FHOO�RI�WKH�JULG�
WKH�VFUHHQ�UHDGHU�UHDGV�RXW�D�GLĳHUHQW�WH[WXDO�GHVFULSWLRQ��DOORZLQJ�WKH�XVHU�WR�H[SORUH�D�VSDFH
E\�WUDYHUVLQJ�WKH�JULG�VSDWLDOO\��XS��GRZQ��OHIW��DQG�ULJKW��LQVWHDG�RI�PHUHO\�OLQHDUO\��$FFHVVLEOH
YLVXDOL]DWLRQ�UHVHDUFK�KDV�EHJXQ�WR�H[SORUH�WKH�XVH�RI�WUHH�VWUXFWXUHV�IRU�VWRULQJ�FKDUW�PHWDGDWD
�:HQLQJHU�HW�DO���������EXW�WKH\�UHPDLQ�UHODWLYHO\�UDUH�LQ�SUDFWLFH��7UHHV�DUH�RXU�IRFXV�KHUH�DV
WKHLU�EUDQFKLQJ�DQG�KLHUDUFKLFDO�RUJDQL]DWLRQ�DOORZV�XVHUV�WR�EURZVH�GLĳHUHQW�FRPSRQHQWV�RI�D
YLVXDOL]DWLRQ�DQG�WUDYHUVH�WKHP�DW�GLĳHUHQW�OHYHOV�RI�GHWDLO�

(QWLWLHV�:KHUH�IRUP�UHIHUV�WR�KRZ�QRGHV�LQ�D�VWUXFWXUH DUH�DUUDQJHG��HQWLWLHV�LQVWHDG
UHIHUV�WR�ZKDW�DVSHFWV�RI�WKH�YLVXDOL]DWLRQ�WKH�QRGHV�UHSUHVHQW��7KHVH�DVSHFWV�FDQ�LQFOXGH�

Ɣ 'DWD� ZKHUH�QRGHV�LQ�WKH�VWUXFWXUH�UHSUHVHQW�LQGLYLGXDO GDWD�YDOXHV�RU�GLĳHUHQW�VOLFHV�RI
WKH�GDWD�FXEH��H�J���E\�ıHOG��ELQV��FDWHJRULHV��RU�LQWHUYDO�UDQJHV���)RU�H[DPSOH��LQ�D�GDWD
WDEOH��HYHU\�QRGH��L�H��FHOO��UHSUHVHQWV�D�GDWD�YDOXH�GHVLJQDWHG�E\�WKH�URZ�DQG�FROXPQ
FRRUGLQDWHV��'HSHQGLQJ�RQ�WKH�IRUP��GDWD�HQWLWLHV�FDQ�EH�SUHVHQWHG�DW�GLĳHUHQW�OHYHOV�RI
GHWDLO��)RU�H[DPSOH��RQH�SURWRW\SH�ZH�H[SORUHG�UHSUHVHQWV�D�OLQH�FKDUW�DV�D�ELQDU\�WUHH
VWUXFWXUH��)LJ���H���WKH�URRW�QRGH�UHSUHVHQWV�WKH�HQWLUH�[�D[LV�GRPDLQ��DQG�HDFK�OHIW�DQG
ULJKW�FKLOG�QRGH�UHFXUVLYHO\�VSOLWV�WKH�GRPDLQ�LQ�KDOI��8VHUV�FDQ�WUDYHUVH�WKH�WUHH
GRZQZDUG�WR�ELQDU\�VHDUFK�IRU�VSHFLıF�YDOXHV�RU�XQGHUVWDQG�WKH�GDWD�GLVWULEXWLRQ�

Ɣ (QFRGLQJV� ZKHUH�QRGHV�LQ�WKH�VWUXFWXUH�FRUUHVSRQG WR�YLVXDO�FKDQQHOV��H�J���SRVLWLRQ�
FRORU��VL]H��WKDW�GDWD�ıHOGV�PDS�WR��)RU�LQVWDQFH��FRQVLGHU�)LJXUH��D�ZKLFK�GHSLFWV�WKH
HQFRGLQJ�VWUXFWXUH�RI�D�9HJD�/LWH�VFDWWHUSORW��7KH�YLVXDOL]DWLRQ�LV�VSHFLıHG�DV�PDSSLQJV
IURP�GDWD�ıHOGV�WR�WKUHH�YLVXDO�HQFRGLQJ�FKDQQHOV� [� \��DQG FRORU� 7KXV��WKH
HQFRGLQJ�VWUXFWXUH��ZKLFK�KHUH�WDNHV�WKH�IRUP�RI�D�WUHH��FRPSULVHV�D�URRW�QRGH�WKDW
UHSUHVHQWV�WKH�HQWLUH�YLVXDOL]DWLRQ�DQG�WKHQ�EUDQFKHV�IRU�HDFK�HQFRGLQJ�FKDQQHO�DV�ZHOO
DV�WKH�GDWD�UHFWDQJOH��[�\�JULG���'HVFHQGLQJ�LQWR�WKHVH�EUDQFKHV�\LHOGV�QRGHV�WKDW
VHOHFW�GLĳHUHQW�FDWHJRULHV�RU�LQWHUYDO�UHJLRQV��GHWHUPLQHG�E\�WKH�YLVXDO�DĳRUGDQFHV�RI
WKH�FKDQQHO��)RU�LQVWDQFH��GHVFHQGLQJ�LQWR�D[LV�EUDQFKHV�\LHOGV�QRGHV�IRU�HDFK�LQWHUYDO
EHWZHHQ�PDMRU�WLFNV��[�\�JULG�QRGHV�UHSUHVHQW�FHOOV�LQ�WKH�GDWD�UHFWDQJOH�DV�GHWHUPLQHG
E\�LQWHUVHFWLRQV�RI�WKH�D[HV�JULGOLQHV��DQG�OHJHQG�QRGHV�UHĲHFW�WKH�FDWHJRULHV�RU
LQWHUYDOV�RI�WKH�HQFRGLQJ�FKDQQHO��L�H���IRU�QRPLQDO�RU�TXDQWLWDWLYH�GDWD�UHVSHFWLYHO\��
)LQDOO\��WKH�OHDYHV�RI�WKHVH�EUDQFKHV�UHSUHVHQW�LQGLYLGXDO�GDWD�YDOXHV�WKDW�IDOO�ZLWKLQ�WKH
VHOHFWHG�LQWHUYDO�RU�FDWHJRU\�

���



Ɣ $QQRWDWLRQV� ZKHUH�QRGHV�LQ�WKH�VWUXFWXUH�UHSUHVHQW�WKH�UKHWRULFDO�GHYLFHV�D
YLVXDOL]DWLRQ�DXWKRU�PD\�XVH�WR�VKDSH�D�YLVXDO�QDUUDWLYH�RU�JXLGH�UHDGHU�LQWHUSUHWDWLRQ�RI
GDWD��H�J���E\�GUDZLQJ�DWWHQWLRQ�WR�VSHFLıF�GDWD�SRLQWV�RU�YLVXDO�UHJLRQV���6XUIDFLQJ
DQQRWDWLRQV�LQ�WKH�YLVXDOL]DWLRQ�VWUXFWXUH�DOORZV�VFUHHQ�UHDGHU�XVHUV�WR�DOVR�EHQHıW�IURP
DQG�EH�JXLGHG�E\�WKH�DXWKRUŖV�QDUUDWLYH�LQWHQW��)RU�H[DPSOH��)LJXUH��G�LOOXVWUDWHV�DQ
DQQRWDWLRQ�WUHH�VWUXFWXUH�GHULYHG�IURP�DQ�H[DPSOH�OLQH�FKDUW�ZLWK�WZR�DQQRWDWLRQV
KLJKOLJKWLQJ�LQWHUYDOV�LQ�WKH�WHPSRUDO�[�D[LV��7KH�URRW�RI�WKH�WUHH�KDV�WZR�FKLOGUHQ
UHSUHVHQWLQJ�WKH�WZR�DQQRWDWHG�UHJLRQV��7KHVH�WZR�DQQRWDWLRQ�QRGHV�KDYH�D�FKLOG�QRGH
IRU�HDFK�GDWD�SRLQW�WKDW�LV�KLJKOLJKWHG�ZLWKLQ�WKH�UHJLRQ�RI�LQWHUHVW�

&RQVLGHUDWLRQV��,QIRUPDWLRQ�*UDQXODULW\�:KHQ�PLJKW XVHUV�SUHIHU�QHVWHG�VWUXFWXUHV
�L�H��WUHHV��RYHU�ĲDW�VWUXFWXUHV��L�H���OLVWV�DQG�WDEOHV�"�/LNH�VLJKWHG�XVHUV��VFUHHQ�UHDGHU�XVHUV
VHHN�LQIRUPDWLRQ�E\�ORRNLQJ�IRU�DQ�RYHUYLHZ�EHIRUH�LGHQWLI\LQJ�VXEVHWV�WR�YLHZ�LQ�PRUH�GHWDLO
�6KDULI�HW�DO���������7UHHV�DOORZ�XVHUV�WR�UHDG�VXPPDU\�LQIRUPDWLRQ�DW�WKH�WRS�RI�WKH�VWUXFWXUH�
DQG�WUDYHUVH�GHHSHU�LQWR�EUDQFKHV�WR�DFTXLUH�GHWDLOV�RQ�GHPDQG��.LP�HW�DO���������XVH�WKH�WHUP
LQIRUPDWLRQ�JUDQXODULW\ WR�UHIHU�WR�WKH�GLĳHUHQW OHYHOV�RI�GHWDLO�DW�ZKLFK�DQ�DFFHVVLEOH
YLVXDOL]DWLRQ�PLJKW�UHYHDO�LQIRUPDWLRQ��7KH\�RUJDQL]H�JUDQXODULW\�LQWR�WKUHH�OHYHOV��H[LVWHQFH�
RYHUYLHZ��DQG�GHWDLO� ([LVWHQFH LQFOXGHV�LQIRUPDWLRQ WKDW�D�FKDUW�LV�SUHVHQW��EXW�QR�LQIRUPDWLRQ
DERXW�XQGHUO\LQJ�GDWD� 2YHUYLHZ LQFOXGHV�VXPPDU\�LQIRUPDWLRQ DERXW�GDWDௗŠௗH�J��D[HV�
OHJHQGV��DQG�VXPPDU\�VWDWLVWLFV�OLNH�PLQ��PD[��RU�PHDQௗŠௗEXW�QRW�LQGLYLGXDO�GDWD�SRLQWV� 'HWDLO
LQFOXGHV�LQIRUPDWLRQ�DERXW�SUHFLVH�GDWD�YDOXHV�

:H�XVH�WKH�URRW�QRGH�WR�VLJQDO�WKH�H[LVWHQFH�RI�WKH�WUHH��DQG�GHHSHU�QRGHV�LQ�WKH�WUHH
UHĲHFW�ıQHU�OHYHOV�RI�JUDQXODULW\��%UDQFK�QRGHV�JLYH�DQ�RYHUYLHZ�VXPPDU\�DERXW�WKH�GDWD
XQGHUQHDWK��SURYLGLQJ�LQIRUPDWLRQ�VFHQW��3LUROOL�DQG�&DUG��������ZKLOH�OHDI�QRGHV�PDS�WR
LQGLYLGXDO�GDWD�SRLQWV��,Q�KLV�IHHGEDFN�DERXW�WKH�SURWRW\SH�VKRZQ�LQ�)LJXUH����+DMDV�ZURWH
ŗFRQVLGHULQJ�KRZ�GLĴFXOW�UHDGLQJ�D�VFDWWHUSORW�ZLWK�D�VFUHHQ�UHDGHU�LV�GXH�WR�LWV�VHTXHQWLDO
UHDGLQJ�QDWXUH��WKH�WUHH�VWUXFWXUH�PDNHV�WKH�KXJH�QXPEHU�RI�GDWD�SRLQWV�IDLUO\�UHDGDEOH�Ř

(QWLWLHV�DUH�QRW�PXWXDOO\�H[FOXVLYH��DQG�D�VWUXFWXUH�PLJKW�RSW�WR�VXUIDFH�GLĳHUHQW�HQWLWLHV
LQ�SDUDOOHO�EUDQFKHV��:H�SURWRW\SHG�D�YHUVLRQ�RI�)LJXUH��G�ZKLFK�SODFHG�DQ�HQFRGLQJ�WUHH�DQG
DQQRWDWLRQ�WUHH�DV�VLEOLQJ�EUDQFKHV�XQGHU�WKH�URRW�QRGH��8VHUV�FRXOG�GHVFHQG�GRZQ�D�JLYHQ
EUDQFK��DQG�VZLWFK�WR�WKH�HTXLYDOHQW�ORFDWLRQ�LQ�WKH�RWKHU�EUDQFK�DW�ZLOO��7KHVH�GHVLJQ
GHFLVLRQV�DUH�PRWLYDWHG�E\�ıQGLQJV�LQ�SULRU�ZRUN��E\�SODFLQJ�HQFRGLQJV�DQG�DQQRWDWLRQV�DV
FR�HTXDO�EUDQFKHV��ZH�SURGXFH�D�VWUXFWXUH�WKDW�SUHVHUYHV�WKH�DJHQF\�RI�VFUHHQ�UHDGHU�XVHUV
HLWKHU�WR�VWDUW�ZLWK�WKH�QDUUDWLYH�DUF�RI�DQQRWDWLRQV��RU�IROORZ�LW�DIWHU�KDYLQJ�WKH�FKDQFH�WR
LQWHUSUHW�WKH�GDWD�IRU�WKHPVHOYHV��/XQGJDUG�DQG�6DW\DQDUD\DQ��������$V�+DMDV�FRQıUPV
ŗ'HSHQGLQJ�RQ�P\�WDVN��HLWKHU�WKH�HQFRGLQJ�RU�DQQRWDWLRQ�WUHH�FRXOG�EH�PRUH�LPSRUWDQW��,I�P\
WDVN�LQYROYHG�FKHFNLQJ�SRSXODWLRQ�JURZWK�LQ�WKH�ODVW�����\HDUV��,�ZRXOG�VWDUW�ZLWK�WKH
HQFRGLQJV��,I�,�ZHUH�WR�ORRN�IRU�VXGGHQ�FKDQJHV�LQ�SRSXODWLRQ�QXPEHUV��VXFK�ZDU�WLPH�PRUWDOLW\
HĳHFWV��,�ZRXOG�VWDUW�H[SORULQJ�WKH�DQQRWDWLRQV��WKHQ�WXQQHO�EDFN�WR�WKH�RWKHU�WUHH�Ř

���



��� 1DYLJDWLRQ

6FUHHQ�UHDGHU�XVHUV�QHHG�ZD\V�WR�WUDYHUVH�DFFHVVLEOH�VWUXFWXUHV�WR�H[SORUH�GDWD�RU�ORFDWH
VSHFLıF�SRLQWV��:KHQ�EURZVLQJ�D�ZHESDJH��VFUHHQ�UHDGHUV�SURYLGH�D�FXUVRU�WKDW�UHSUHVHQWV
WKH�FXUUHQW�ORFDWLRQ�LQ�WKH�SDJH��8VHUV�XVH�NH\ERDUG�FRPPDQGV�WR�VWHS�WKH�FXUVRU�EDFNZDUG
DQG�IRUZDUG�LQ�D�VHTXHQWLDO�OLVW�RI�VHOHFWDEOH�LWHPV�RQ�WKH�SDJH��RU�MXPS�WR�LPSRUWDQW�ORFDWLRQV
VXFK�DV�KHDGHUV�DQG�OLQNV��7KURXJK�RXU�SURWRW\SLQJ�SURFHVV��ZH�GHYHORSHG�WKUHH�ZD\V�RI
QDYLJDWLQJ�WKURXJK�DQ�DFFHVVLEOH�VWUXFWXUH� VWUXFWXUDO QDYLJDWLRQ� VSDWLDO�QDYLJDWLRQ��DQG
WDUJHWHG�QDYLJDWLRQ �)LJ���E���$�NH\�FRQFHUQ�DFURVV WKHVH�QDYLJDWLRQ�VFKHPHV�LV�UHGXFLQJ�D
XVHUŖV�FRJQLWLYH�ORDG�E\�DĳRUGLQJ�D�VHQVH�RI�WKH�ERXQGDULHV�RI�WKH�VWUXFWXUH�

6WUXFWXUDO�1DYLJDWLRQ� 6WUXFWXUDO�QDYLJDWLRQ�UHIHUV WR�ZD\V�XVHUV�PRYH�ZLWKLQ�WKH
DFFHVVLEOH�VWUXFWXUH��:H�LGHQWLI\�WZR�W\SHV�RI�VWUXFWXUDO�QDYLJDWLRQ� /RFDO�QDYLJDWLRQ UHIHUV�WR
VWHS�E\�VWHS�PRYHPHQWV�EHWZHHQ�DGMDFHQW�QRGHV�LQ�WKH�VWUXFWXUH��7KLV�LQFOXGHV�PRYLQJ�XS
DQG�GRZQ�OHYHOV�RI�D�KLHUDUFK\��RU�PRYLQJ�VLGH�WR�VLGH�EHWZHHQ�VLEOLQJ�HOHPHQWV� /DWHUDO
QDYLJDWLRQ UHIHUV�WR�PRYHPHQW�EHWZHHQ�HTXLYDOHQW�QRGHV LQ�DGMDFHQW�VXE�VWUXFWXUHV��)RU
H[DPSOH��)LJ���D�GHSLFWV�D�PXOWL�YLHZ�YLVXDOL]DWLRQ�ZLWK�VL[�IDFHWV��:KHQ�WKH�FXUVRU�LV�RQ�D
<�D[LV�LQWHUYDO�IRU�WKH�ıUVW�IDFHW��GLUHFWO\�PRYLQJ�WR�WKH�VDPH�<�D[LV�LQWHUYDO�RQ�WKH�VHFRQG�IDFHW
LV�D�ODWHUDO�PRYH�

6SDWLDO�1DYLJDWLRQ� 6RPHWLPHV�XVHUV�ZDQW�WR�WUDYHUVH WKH�YLVXDOL]DWLRQ�DFFRUGLQJ�WR
GLUHFWLRQV�LQ�WKH�VFUHHQ�FRRUGLQDWH�V\VWHP��:H�UHIHU�WR�WKLV�DV�VSDWLDO�QDYLJDWLRQ��)RU�H[DPSOH�
ZKHQ�WUDYHUVLQJ�SDUW�RI�DQ�HQFRGLQJ�VWUXFWXUH�WKDW�UHSUHVHQWV�WKH�YLVXDOL]DWLRQŖV�;�<�JULG��D
GRZQZDUG�VWUXFWXUDO�QDYLJDWLRQ�ZRXOG�JR�GRZQ�D�OHYHO�LQWR�WKH�FXUUHQWO\�VHOHFWHG�FHOO�RI�WKH
JULG��VKRZLQJ�WKH�GDWD�SRLQWV�LQVLGH�WKH�FHOO��$�GRZQZDUG�VSDWLDO�QDYLJDWLRQ��LQ�FRQWUDVW��ZRXOG
PRYH�WR�WKH�JULG�FHOO�EHORZ�WKH�FXUUHQW�RQHௗŠௗL�H��WRZDUGV�WKH�ERWWRP�RI�WKH�<�D[LV��6SDWLDO
QDYLJDWLRQ�LV�DOVR�XVHIXO�ZKHQ�QDYLJDWLQJ�OLVWV�RI�GDWD�SRLQWV��ZKLFK�PD\�QRW�EH�VRUWHG�E\�;�RU
<�YDOXH�LQ�WKH�HQFRGLQJ�VWUXFWXUH��:KHUH�D�OHIWZDUG�VWUXFWXUDO�QDYLJDWLRQ�ZRXOG�PRYH�WR�WKH
SUHYLRXV�GDWD�SRLQW�LQ�WKH�VWUXFWXUH��D�OHIWZDUG�VSDWLDO�QDYLJDWLRQ�ZRXOG�PRYH�WR�WKH�SRLQW�ZLWK
WKH�QH[W�ORZHVW�;�YDOXH�

7DUJHWHG�1DYLJDWLRQ� 1DYLJDWLQJ�VWUXFWXUDOO\�DQG�VSDWLDOO\ UHTXLUHV�D�XVHU�WR�PDLQWDLQ�D
PHQWDO�PDS�RI�ZKHUH�WKHLU�FXUVRU�LV�UHODWLYH�WR�ZKHUH�WKH\�ZDQW�WR�JR��,I�WKH�XVHU�KDV�D�VSHFLıF
WDUJHW�ORFDWLRQ�LQ�PLQG��PDLQWDLQLQJ�WKLV�PHQWDO�PDS�LQ�RUGHU�WR�ıQG�WKH�FRUUHFW�SDWK�LQ�WKH
VWUXFWXUH�WR�WKHLU�WDUJHW�FDQ�FUHDWH�XQQHFHVVDU\�FRJQLWLYH�ORDG��:H�XVH�WDUJHWHG�QDYLJDWLRQ�WR
UHIHU�WR�PHWKRGV�WKDW�RQO\�UHTXLUH�WKH�XVHU�WR�VSHFLI\�D�WDUJHW�ORFDWLRQ��ZLWKRXW�QHHGLQJ�WR
VSHFLI\�D�SDWK�WR�JHW�WKHUH��)RU�H[DPSOH��WKH�XVHU�PLJKW�RSHQ�D�OLVW�RI�ORFDWLRQV�LQ�WKH�VWUXFWXUH
DQG�VHOHFW�RQH�WR�MXPS�GLUHFWO\�WKHUH��6FUHHQ�UHDGHUV�LQFOXGLQJ�-$:6�DQG�9RLFH2YHU
LPSOHPHQW�DQ�DQDORJRXV�IRUP�RI�QDYLJDWLRQ�ZLWKLQ�ZHESDJHV��,QVWHDG�RI�PDQXDOO\�VWHSSLQJ
WKURXJK�WKH�SDJH�WR�ıQG�D�VSHFLıF�SLHFH�RI�FRQWHQW��XVHUV�FDQ�RSHQ�D�PHQX�ZLWK�D�OLVW�RI
ORFDWLRQV�LQ�WKH�SDJH��7KHVH�ORFDWLRQV�DUH�GHıQHG�LQ�+70/�XVLQJ�$5,$�ODQGPDUN�UROHV��ZKLFK

���



FDQ�GHVLJQDWH�SDUWV�RI�WKH�'20�DV�GLVWLQFW�VHFWLRQV�ZKHQ�UHDG�E\�D�VFUHHQ�UHDGHU��:KHQ�D
VFUHHQ�UHDGHU�XVHU�RSHQ�WKH�OLVW�RI�ODQGPDUNV�DQG�VHOHFWV�D�ODQGPDUN��WKHLU�FXUVRU�PRYHV
GLUHFWO\�WR�WKDW�HOHPHQW�

&RQVLGHUDWLRQV��%RXQGDULHV�	�&RJQLWLYH�/RDG� 6FUHHQ UHDGHU�XVHUV�RQO\�UHDG�SDUW�RI
WKH�YLVXDOL]DWLRQ�DW�D�WLPH��DNLQ�WR�D�VLJKWHG�XVHU�UHDGLQJ�D�PDS�WKURXJK�D�VPDOO�WXEH
>KDVW\BJXLGHOLQHVB����@��+RZ�GR�WKH\�NHHS�WUDFN�RI�ZKHUH�WKH\�DUH"�,Q�RXU�FR�GHVLJQ�SURFHVV�
ZH�IRXQG�LW�HDVLHVW�IRU�D�XVHU�WR�UHPHPEHU�WKHLU�ORFDWLRQ�UHODWLYH�WR�D�NQRZQ�VWDUWLQJ�SRLQW�
ZKLFK�LV�FRUURERUDWHG�E\�OLWHUDWXUH�RQ�GHYHORSLQJ�VSDWLDO�DZDUHQHVV�IRU�EOLQG�SHRSOH
>ZLHGHOBWDFWXDOB������OLBHGLWLQJB������FKXQGXU\BWRZDUGVB����@��+DMDV�QRWHG�WKH�SUHYDOHQFH�RI
WKH�+RPH�DQG�(QG�VKRUWFXWV�DFURVV�DSSOLFDWLRQV�IRU�UHWXUQLQJ�WR�D�NQRZQ�SRVLWLRQ�LQ�D
ERXQGHG�VSDFH��H�J��WKH�VWDUW�HQG�RI�D�OLQH�LQ�D�WH[W�HGLWRU���:H�DOVR�IRXQG�WKDW�JURXSLQJ�GDWD
E\�FDWHJRU\�RU�LQWHUYDO�ZDV�KHOSIXO�IRU�PDLQWDLQLQJ�SRVLWLRQ��+DMDV�QRWHG�WKDW�H[SORULQJ�GDWD
ZLWKLQ�D�ERXQGHG�UHJLRQ�ZDV�OLNH�HQWHULQJ�D�URRP�LQ�D�KRXVH��,Q�KLV�DQDORJ\��D�KRXVH�ZLWK�PDQ\
VPDOOHU�URRPV�ZLWK�GRRUV�LV�EHWWHU�WKDQ�D�KRXVH�ZLWK�RQH�ELJ�URRP�DQG�QR�GRRUV��%RXQGHG
VSDFHV�DOOHYLDWH�FRJQLWLYH�ORDG�E\�DOORZLQJ�D�XVHU�WR�PDLQWDLQ�WKHLU�SRVLWLRQ�UHODWLYH�WR�HQWU\
SRLQWV�

&RPSDULQJ�QDYLJDWLRQ�WHFKQLTXHV��+DMDV�QRWHG�WKDW�VSDWLDO�IHOW ŗVKDOORZ�EXW�EURDGŘ
ZKLOH�WDUJHWHG�IHOW ŗGHHS�EXW�QDUURZ�Ř:KLOH�KH�H[SUHVVHG D�SHUVRQDO�SUHIHUHQFH�IRU
GHHS�QDUURZ�VWUXFWXUHV��KH�QHYHUWKHOHVV ŗZRXOG�QRW JLYH�XS�>VSDWLDO�QDYLJDWLRQ@�EHFDXVH�LW
PDNHV�PH�EHOLHYH�,ŖP�DFWXDOO\�LQWHUDFWLQJ�ZLWK�D�YLVXDOL]DWLRQ�Ř 7KLV�LQVLJKW�GHPRQVWUDWHV�WKH
YDOXH�RI�RĳHULQJ�PXOWLSOH�FRPSOHPHQWDU\�QDYLJDWLRQ�WHFKQLTXHV��0RUHRYHU��ZKLOH�WDUJHWHG
QDYLJDWLRQ�IDFLOLWDWHV�TXLFN�VHDUFKLQJ�DQG�GRHVQŖW�UHTXLUH�WKH�XVHU�WR�PDLQWDLQ�D�PHQWDO�PDS�WR
ıQG�VSHFLıF�GDWD�SRLQWV��VWUXFWXUDO�DQG�VSDWLDO�H[SORUDWLRQ�HQDEOH�PRUH�RSHQ�HQGHG�GDWD
H[SORUDWLRQ��,W�DOVR�SURYLGHV�D�PHFKDQLVP�IRU�HVWDEOLVKLQJ�FRPPRQ�JURXQG�ZLWK�VLJKWHG
UHDGHUV��H�J���DOORZLQJ�ERWK�EOLQG�DQG�VLJKWHG�UHDGHUV�WR�XQGHUVWDQG�D�OLQH�VHJPHQW�DV�EHLQJ
ŗDERYHŘ�RU�ŗKLJKHUŘ�WKDQ�DQRWKHU��

��� 'HVFULSWLRQ

:KHQ�D�XVHU�QDYLJDWHV�WR�D�QRGH�LQ�D�VWUXFWXUH��WKH�VFUHHQ�UHDGHU�QDUUDWHV�D�GHVFULSWLRQ
DVVRFLDWHG�ZLWK�WKDW�QRGH��)RU�H[DPSOH��ZKHQ�QDYLJDWLQJ�WR�WKH�FKDUWŖV�OHJHQG��WKH�VFUHHQ
UHDGHU�RXWSXW�PLJKW�DUWLFXODWH�YLVXDO�SURSHUWLHV�RI�WKH�FKDUWŖV�HQFRGLQJ� ŗ&DWHJRU\�3�KDV�FRORU
HQFRGLQJ�UHG��4�KDV�FRORU�HQFRGLQJ�EOXHŘ �)LJXUH���� 2U��LI�WKDW�YLVXDO�VHPDQWLF�FRQWHQW�LVQŖW
UHOHYDQW�WR�XQGHUVWDQGLQJ�WKH�GDWD��LW�PLJKW�LJQRUH�WKH�FRORU� ŗHDFK�GDWXP�EHORQJV�WR�HLWKHU
&DWHJRU\�3�RU�4�Ř 7KH�FRQWHQW��FRPSRVLWLRQ��DQG�YHUERVLW\ RI�WKH�GHVFULSWLRQ�FDQ�DĳHFW�D
XVHUŖV�FRPSUHKHQVLRQ�RI�WKH�GDWD��'HVLJQHUV�PXVW�FRQVLGHU�FRQWH[W�	�FXVWRPL]DWLRQ�ZKHQ
GHVFULELQJ�FKDUWV�
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&RQWHQW� 6HPDQWLF FRQWHQW LV�WKH�PHDQLQJIXO�LQIRUPDWLRQ�FRQYH\HG�QRW�RQO\�WKURXJK
QDWXUDO�ODQJXDJH�XWWHUDQFHV��EXW�DOVR�WKURXJK�WKH�YLVXDOL]DWLRQ��D�JUDSKLFDO�ODQJXDJH��%HUWLQ
�������%HFDXVH�JUDSKLFV�FRQYH\�P\ULDG�GLĳHUHQW�NLQGV�RI�FRQWHQW��WKH�FKDOOHQJH�RI�QDWXUDO
ODQJXDJH�GHVFULSWLRQ�LV�WR�FRQYH\�LQIRUPDWLRQ�WKDW�LV�QRW�RQO\�FRPPHQVXUDWH�ZLWK�ZKDW�WKH
FKDUW�H[SUHVVHV�YLD�JUDSKLFDO�ODQJXDJH��EXW�DOVR�XVHIXO�WR�LWV�UHDGHUV��$FFHVVLEOH�FKDUW
GHVFULSWLRQ�JXLGHOLQHV�IURP�:*%+��*RXOG��2Ŗ&RQQHOO��DQG�)UHHG��������:�&���������DQG
RWKHUV��-XQJ�HW�DO��������RĳHU�SUHVFULSWLRQV�IRU�FRQYH\LQJ�VSHFLıF�FRQWHQW�IRU�EOLQG�UHDGHUV
�VXFK�DV�WKH�FKDUWŖV�WLWOH��D[LV�HQFRGLQJV��DQG�QRWHZRUWK\�WUHQGV���/XQGJDUG�DQG�6DW\DQDUD\DQ
�������H[SDQG�WKH�VFRSH�RI�WKHVH�JXLGHOLQHV�ZLWK�D�PRUH�JHQHUDO�FRQFHSWXDO�PRGHO�RI�IRXU
OHYHOV�RI�VHPDQWLF�FRQWHQW��FKDUW�FRQVWUXFWLRQ�SURSHUWLHV��H�J���D[HV��HQFRGLQJV��PDUNV��WLWOH��
VWDWLVWLFDO�FRQFHSWV�DQG�UHODWLRQV��H�J���RXWOLHUV��FRUUHODWLRQV��GHVFULSWLYH�VWDWLVWLFV���SHUFHSWXDO
DQG�FRJQLWLYH�SKHQRPHQD��H�J���FRPSOH[�WUHQGV��SDWWHUQV���DQG�GRPDLQ�VSHFLıF�LQVLJKWV��H�J��
VRFLR�SROLWLFDO�FRQWH[W�UHOHYDQW�WR�WKH�GDWD��

'HFRXSOLQJ�D�FKDUWŖV�VHPDQWLF�FRQWHQW�IURP�LWV�YLVXDO�UHSUHVHQWDWLRQ�KHOSV�XV�EHWWHU
XQGHUVWDQG�ZKDW�GDWD�UHSUHVHQWDWLRQV�DĳRUG�IRU�GLĳHUHQW�UHDGHUV��)RU�LQVWDQFH��/XQGJDUG�DQG
6DW\DQDUD\DQ�ıQG�WKDW�ZKDW�EOLQG�UHDGHUV�UHSRUW�DV�PRVW�XVHIXO�LQ�D�FKDUW�GHVFULSWLRQ�LV�QRW�D
VWUDLJKWIRUZDUG�WUDQVODWLRQ�RI�WKH�YLVXDO�GDWD�UHSUHVHQWDWLRQ��6SHFLıFDOO\��VLPSO\�OLVWLQJ�WKH
FKDUWŖV�HQFRGLQJV�LV�PXFK�OHVV�XVHIXO�WR�EOLQG�UHDGHUV�WKDQ�FRQYH\LQJ�VXPPDU\�VWDWLVWLFV�DQG
RYHUDOO�WUHQGV�LQ�WKH�GDWD��/XQGJDUG�DQG�6DW\DQDUD\DQ��������$V�+DMDV�QRWHG� ŗ,�ZDQW�WR�VHH�WKH
JOREDO�WUHQG��ZKLFK�LV�ZK\�VLJKWHG�SHRSOH�UHO\�RQ�YLVXDOL]DWLRQ�Ř )RU�LQVWDQFH��IRU�D�VWRFN�PDUNHW
FKDUW�WKH�UHDGHU ŗPLJKW�VHH�WKH�RYHUYLHZ�IURP�ıUVW WR�ODVW�GDWD�SRLQWV��DQG�WKHQ�]RRP�LQWR�DQ
RXWOLHU�LQ�WKH�PLGGOH�Ř 7KHVH�ıQGLQJV�VXJJHVW�RSSRUWXQLWLHV LQWHUOHDYH�GLĳHUHQW�NLQGV�RI�FRQWHQW
DW�GLĳHUHQW�OHYHOV�RI�D�KLHUDUFKLFDO�VWUXFWXUH�WR�\LHOG�ULFKHU��PRUH�XVHIXO�VFUHHQ�UHDGHU
QDYLJDWLRQ��)RU�H[DPSOH��LQMHFWLQJ�VXPPDU\�VWDWLVWLFV��VD\��WKH�H[LVWHQFH�RI�RXWOLHUV�ZLWKLQ�D
SDUWLFXODU�VXEFDWHJRU\�RI�WKH�GDWD��KLJKHU�XS�LQ�WKH�FKDUWŖV�WUHH�VWUXFWXUH��H�J���DW�WKH OHJHQG
HQFRGLQJ�QRGH��PLJKW�DĳRUG�ŗVFHQWŘ�IRU�ŗLQIRUPDWLRQ�IRUDJLQJŘ��3LUROOL�DQG�&DUG��������RU�IXUWKHU
H[SORUDWLRQ�GRZQ�D�SDUWLFXODU�EUDQFK��GDWD�VXEFDWHJRU\��RI�WKH�WUHH��2U��LI�QDYLJDWLQJ�LQ�D
WDUJHWHG�IDVKLRQ��WKH�XVHU�PLJKW�EH�DĳRUGHG�WKH�RSWLRQ�WR�GLUHFWO\�QDYLJDWH�WR�RXWOLHUV�ZLWKRXW
WUDYHUVLQJ�WKH�WUHH�

&RPSRVLWLRQ� 7KH�XVHIXOQHVV�RI�D�GHVFULSWLRQ�GHSHQGV QRW�RQO\�RQ�WKH�FRQWHQW
FRQYH\HG�E\�LWV�FRQVWLWXHQW�VHQWHQFHV��EXW�DOVR�RQ�LWV FRPSRVLWLRQ��KRZ�WKRVH�VHQWHQFHV�DUH
RUGHUHG�LQ�UHODWLRQ�WR�HDFK�RWKHU��)RU�H[DPSOH��GXULQJ�RXU�FR�GHVLJQ�SURFHVV��+DMDV�IRXQG�WKDW
ZKHQ�QDYLJDWLQJ�D�FKDUWŖV�WUHH�VWUXFWXUH��WKH�VFUHHQ�UHDGHU�RXWSXW�FRXOG�TXLFNO\�EHFRPH
UHGXQGDQW��DĳHFWLQJ�KRZ�TXLFNO\�DQG�HĴFLHQWO\�KH�FRXOG�SLFN�RXW�WKH�PHDQLQJIXO�LQIRUPDWLRQ�DW
HDFK�QRGH��)RU�LQVWDQFH��WKH�XWWHUDQFH ŗ&DWHJRU\� 3��3RLQW���RI�����;� ����<� ���Ř DQG�WKH
XWWHUDQFH ŗ[� ����\� �����&DWHJRU\��3��3RLQW���RI ��Ř DĳRUG�VLJQLıFDQWO\�GLĳHUHQW�H[SHULHQFHV�IRU
D�XVHU�ZKR�ZLVKHV�WR�TXLFNO\�VFDQ�WKURXJK�LQGLYLGXDO�GDWD�SRLQWV��,Q�WKH�ıUVW�XWWHUDQFH��WKH
UHDGHU�LPPHGLDWHO\�UHFHLYHV�FRQWHQW�WKDW�KHOSV�WR�VLWXDWH�WKHP�LQ�D�EURDGHU�GDWD�FRQWH[W�
QDPHO\�GDWD�ODEHOHG�DV�&DWHJRU\��$�DW�WKH OHJHQG QRGH� ,Q�WKH�VHFRQG�XWWHUDQFH��WKH�UHDGHU
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LPPHGLDWHO\�UHFHLYHV�GDWXP�VSHFLıF�FRQWHQW�WKDW�KHOSV�WR�UDSLGO\�H[SORUH�WKH�ıQH�JUDLQHG
GHWDLOV�ZLWKLQ�WKDW�GDWD�FRQWH[W��:KHWKHU�D�UHDGHU�SUHIHUV�RQH�FRPSRVLWLRQDO�RUGHULQJ�WR
DQRWKHU�ZLOO�GHSHQG�RQ�WKH�WDVN�WKH\�DUH�DWWHPSWLQJ�WR�DFFRPSOLVK��$V�+DMDV�QRWHG� ŗ,�OLNH�WKH
ODEHO�DW�WKH�EHJLQQLQJ�RI�WKH�LQIRUPDWLRQ��VD\LQJ�DW�ZKLFK�OHYHO�RI�WKH�WUHH�,�DP�DW��,W�LV�LPSRUWDQW
IRU�NQRZLQJ�ZKHUH�,�DP��,W�LV�DOVR�JUHDW�WKDW�WKLV�LQIRUPDWLRQ�LV�RQO\�VSRNHQ�RXW�ZKHQ�,�FKDQJH
OHYHO��EXW�QRW�ZKHQ�,�QDYLJDWH�ODWHUDOO\�Ř 7KHVH�FRPSRVLWLRQDO FKRLFHV�DUH�KLJKO\�FRQVHTXHQWLDO
IRU�UHDGHUVŖ�H[SHULHQFH��ZKHQ�WKH\�PXVW�UHSHDWHGO\�UHDG�QHDUO\�LGHQWLFDO�XWWHUDQFHV�ZKLOH
QDYLJDWLQJ�D�VWUXFWXUH�

9HUERVLW\�:KHUHDV�FRPSRVLWLRQ�UHIHUV�WR�WKH�RUGHULQJ RI�FRQWHQW� YHUERVLW\ UHIHUV�WR
KRZ�PXFK�FRQWHQW�WKH�VFUHHQ�UHDGHU�FRQYH\V��0RUH�FRQWHQW�LV�QRW�DOZD\V�EHWWHU��$V�+DMDV
QRWHG�RI�$SSOHŖV�'DWD�&RPSUHKHQVLRQ�IHDWXUH��'DYHUW�DQG�(GLWRULDO�7HDP������� ŗ,W�FDQ
VRPHWLPHV�EH�WRR�PXFK�LQIRUPDWLRQ�DOO�DW�RQFH��LI�LW�VWDUWV�UHDGLQJ�RXW�DOO�RI�WKH�GDWD��7KLV�LV
YHU\�GLĴFXOW�LI�\RXŖUH�LQWHUHVWHG�LQ�VRPH�GDWD�SRLQWV�WKDW�DUH�LQ�WKH�PLGGOH��,W�LV�YHU\
SOD\�RU�VWRS�Ř 'HSHQGLQJ�RQ�WKH�VFUHHQ�UHDGHU�VRIWZDUH� D�XVHU�PD\�EH�DĳRUGHG�FRQWURO�RYHU
KRZ�PXFK�FRQWHQW�LV�FRQYH\HG��)RU�LQVWDQFH��-$:6�RĳHUV�KLJK��PHGLXP��DQG�ORZ�YHUERVLW\
OHYHOV��)UHHGRP�6FLHQWLıF��������$W�KLJKHU�YHUERVLW\�WKH�VFUHHQ�UHDGHU�DQQRXQFHV�PRUH
VWUXFWXUDO��ZD\ıQGLQJ�FRQWHQW��H�J��WKH�VWDUW�DQG�HQG�RI�UHJLRQV���)RU�GDWD�WDEOHV��YHUERVLW\
FRQıJXUDWLRQV�FDQ�DĳHFW�ZKHWKHU�WKH�WDEOH�VL]H�LV�UHDG�DV�SDUW�RI�WKH�GHVFULSWLRQ��DQG�ZKHWKHU
URZ�DQG�FROXPQ�ODEHOV�DUH�UHSHDWHG�IRU�HYHU\�FHOO��'HVFULSWLRQV�RI�QRGHV�LQ�DQ�HQFRGLQJ
VWUXFWXUH�PLJKW�DQDORJRXVO\�LQFOXGH�LQIRUPDWLRQ�DERXW�WKH�SDWK�IURP�WKH�URRWௗŠௗIRU�H[DPSOH��E\
UHPLQGLQJ�WKH�XVHU�WKDW�WKH\�DUH�UHDGLQJ�<�D[LV�LQWHUYDOV��7KHVH�UHSHWLWLRQV�FDQ�KHOS�XVHUV
UHPHPEHU�WKHLU�ORFDWLRQ�ZLWKLQ�D�VWUXFWXUH��EXW�DGGLWLRQDO�YHUERVLW\�LV�OHVV�HĴFLHQW�IRU
FRPSUHKHQGLQJ�WKH�GDWD�TXLFNO\�

&RQVLGHUDWLRQV��&RQWH[W�	�&XVWRPL]DWLRQ� $SDUW�IURP LWV�FRQVWLWXHQW�SDUWV��FRQWHQW�
FRPSRVLWLRQ��YHUERVLW\���D�GHVFULSWLRQŖV�XVHIXOQHVV�DOVR�GHSHQGV�RQ�WKH FRQWH[W LQ�ZKLFK�LW�LV
UHDG��QDPHO\��WKH�UHDGHUŖV�WDVN�RU�LQWHQW��DQG�IDPLOLDULW\�ZLWK�WKH�GDWD�LQWHUIDFH��7KH�VDPH
GHVFULSWLRQ�PLJKW�EH�XVHIXO�LQ�VRPH�VLWXDWLRQV��EXW�UHODWLYHO\�XVHOHVV�LQ�RWKHUV��$�UHDGHUŖV
LQIRUPDWLRQ�QHHGV�DUH�IXQGDPHQWDOO\�FRQWH[W�VHQVLWLYH��)RU�H[DPSOH��DV�+DMDV�QRWHG��ZKHQ
UHDGLQJ�D�QHZV�DUWLFOH��LW�PD\�EH�VDWLVIDFWRU\�WR�DFFHSW�D�MRXUQDOLVWŖV�GHVFULSWLRQ�RI�WKH�GDWD�RQ
JRRG�IDLWK��%XW��ZKHQ�UHYLHZLQJ�VFLHQWLıF�UHVHDUFK� ŗ,�GRQŖW�QHFHVVDULO\�ZDQW�WR�MXVW�EHOLHYH
ZKDW�LV�VDLG�LQ�WKH�WH[W��,�ZDQW�WR�FKHFN�DQG�GRXEOH�FKHFN�WKH�DXWKRUVŖ�FODLPV��*R�GRZQ�WR�WKH
VPDOOHVW�QXPEHUV�LQ�WKH�DQDO\VLV��,�ZDQW�WR�EH�DEOH�WR�ORRN�DW�WKH�FRQIXVLRQ�PDWUL[�DQG�VHH�LI
WKH\�PDGH�D�PLVWDNH�RU�QRW�Ř 7KLV�WDUJHWHG�YHULıFDWLRQ UHTXLUHV�D�GHVFULSWLRQ�WR�DĳRUG�XVHUV
ZLWK�SUHFLVH�ORRN�XS�FDSDELOLWLHV��LQ�FRQWUDVW�WR�GHVFULSWLRQV�WKDW�PD\�EH�JHQHUDWHG�ZKHQ
EURZVLQJ�RU�H[SORULQJ�WKH�GDWD�

7KLV�FRQWH[W�VHQVLWLYLW\�UHYHDOV�DQ�LPSRUWDQW�DVSHFW�RI�XVDELOLW\��D�XVHUŖV�IDPLOLDULW\��RU
ODFN�WKHUHRI��ZLWK�WKH�GDWD�LQWHUIDFH��:D\ıQGLQJ�FRQWHQW��H�J�� ŗ/HJHQG��&DWHJRU\��$�Ř��FDQ�KHOS
D�XVHU�UHPHPEHU�WKHLU�ORFDWLRQ�LQ�D�VWUXFWXUH��DQG�PD\�EH�XVHIXO�ZKLOH�WKH\�DVVHPEOH�D�PHQWDO

���



PDS�RI�WKH�YLVXDOL]DWLRQ��%XW��DV�WKH\�EHFRPH�DFFXVWRPHG�WR�WKH�LQWHUIDFH�DQG�YLVXDOL]DWLRQ�
VXFK�GHVFULSWLRQV�PD\�SURYH�FXPEHUVRPH��%HFDXVH�XVHU�QHHGV�GHSHQG�RQ�WKHLU�WDVN�
SUHIHUHQFHV��DQG�IDPLOLDULW\��LQWHUIDFHV�PLJKW�DĳRUG�SHUVRQDOL]DWLRQ�DQG�FXVWRPL]DWLRQ�WR
IDFLOLWDWH�FRQWH[W�VHQVLWLYH�GHVFULSWLRQ�

� ([DPSOH�*DOOHU\

)LJXUH��� ([DPSOH�VWUXFWXUDO�DQG�QDYLJDWLRQDO�VFKHPHV JHQHUDWHG
DV�SDUW�RI�RXU�FR�GHVLJQ�SURFHVV��DQG�DSSOLHG�WR�GLYHUVH�FKDUW�W\SHV�

2XU�FR�GHVLJQ�SURFHVV�\LHOGHG�SURWRW\SHV�WKDW�GHPRQVWUDWH�D�EUHDGWK�RI�ZD\V�WR
RSHUDWLRQDOL]H�RXU�GHVLJQ�GLPHQVLRQV��)LJXUH���H[FHUSWV�VRPH�RI�RXU�KLJKHVW�ıGHOLW\
SURWRW\SHV��LPSOHPHQWHG�RQ�WRS�RI�9HJD�/LWH��6DW\DQDUD\DQ�HW�DO���������$V�GHHSO\�QHVWHG
VWUXFWXUHV�DQG�G\QDPLF�FRQWHQW�DUH�QRW�ZHOO�VXSSRUWHG�E\�$5,$��ZH�LPSOHPHQWHG�RXU�GHVLJQV
DV�LQ�PHPRU\�GDWD�VWUXFWXUHV��(YHQW�OLVWHQHUV�XSGDWH�WKH�XVHUŖV�SRVLWLRQ�LQ�WKH�VWUXFWXUH�RQ
NH\SUHVV��DQG�ZULWH�WH[W�GHVFULSWLRQV�WR�DQ�$5,$�/LYH�UHJLRQ��DQ�$5,$�UROH�W\SLFDOO\�XVHG�IRU
WHPSRUDU\�QRWLıFDWLRQV���7R�HVWDEOLVK�FRPPRQ�JURXQG�ZLWK�VLJKWHG�XVHUV��ZH�DOVR�UHQGHU�WKH
YLVXDOL]DWLRQ�JUDSKLFDOO\��7KH�XVHUŖV�SRVLWLRQ�LQ�WKH�WUHH�GULYHV�D�9HJD�/LWH�VHOHFWLRQ�WKDW
KLJKOLJKWV�SRLQWV�ZKHQ�WKH�VFUHHQ�UHDGHU�XVHU�LV�DWWHQGLQJ�WR�WKHP�

)RU�HYHU\�SURWRW\SH��WKH XS��GRZQ��OHIW� DQG ULJKW DUURZ�NH\V�HQDEOH�VWUXFWXUDO
QDYLJDWLRQ��PRYLQJ�XS�RU�GRZQ�D�OHYHO��RU�VWHSSLQJ�WKURXJK�VLEOLQJV�UHVSHFWLYHO\���)RU�H[DPSOH�
ZLWKLQ�WKH�IDFHW�OHYHO�RI�)LJ����D���WKH�XVHU�FDQ�SUHVV OHIW RU ULJKW NH\V�WR�PRYH�EHWZHHQ�WKH
VL[�VXESORWV�RI�WKH�PXOWLYLHZ�FKDUW��2Q�FKDUWV�WKDW�FRQWDLQ�D�QRGH�UHSUHVHQWLQJ�WKH�[�\�JULG�
XVHUV�FDQ�DOVR�XVH�WKH�:$6'�NH\V�WR�VSDWLDOO\�QDYLJDWH�WKH�JULG�DQG�GDWD�SRLQWV�ZLWKLQ�WKDW
EUDQFK��PLPLFNLQJ�DQ�LQWHUDFWLRQ�IRXQG�LQ�YLGHR�JDPHV��

7KHVH�SURWRW\SHV�KLJKOLJKW�GLĳHUHQW�FRPSRVLWLRQV�RI�VWUXFWXUHV�DQG�QDYLJDWLRQ�VFKHPHV��)LJ�
��D��LQFOXGHV VKLIW�OHIW DQG VKLIW�ULJKW IRU�ODWHUDO QDYLJDWLRQ�DFURVV�IDFHWV��SUHVVLQJ
WKHVH�NH\V�DW�DQ\�QRGH�ZLWKLQ�D�IDFHW�EUDQFK�ZLOO�QDYLJDWH�WR�WKH�VDPH�ORFDWLRQ�XQGHU�DQ
DGMDFHQW�EUDQFK��VXESORW���:LWK�WKH�FKRURSOHWK��)LJ����E����ZH�JURXS�GDWD�LQ�WKH�HQFRGLQJ
VWUXFWXUH�E\�8�6��VWDWH��XVHUV�FDQ�WKHQ�GULOO�GRZQ�LQWR�FRXQWLHV�DFURVV�HLWKHU�WKLV�EUDQFK�RU�WKH
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OHJHQG�RQH��)LJ����F��RĳHUV�WZR�GLĳHUHQW�SDWKV�IRU�GULOOLQJ�GRZQ��PRQWK�ıUVW��RU�ZHDWKHU�ıUVW�
)LJ����G��VWUXFWXUHV�WKH�WUHH�E\�DQQRWDWLRQV�UDWKHU�WKDQ�HQFRGLQJ��XVHUV�FDQ�GHVFHQG�LQWR�WKH
WLPH�LQWHUYDOV�GHVLJQDWHG�E\�WKH�RUDQJH�DQG�EOXH�UHFWDQJOHV��DQG�YLHZ�SRLQWV�ZLWKLQ�WKRVH
LQWHUYDOV��)LQDOO\��)LJ����H��RUJDQL]HV�LWV�WUHH�LQ�WHUPV�RI�GDWD��RĳHULQJ�D�ELQDU\�VHDUFK�VWUXFWXUH
WKURXJK�WKH�\HDUV�

� (YDOXDWLRQ

7R�HYDOXDWH�RXU�FRQWULEXWLRQ��ZH�FRQGXFWHG����PLQXWH�=RRP�VWXGLHV�ZLWK����EOLQG�DQG�YLVXDOO\
LPSDLUHG�SDUWLFLSDQWV��3DUWLFLSDQWV�ZHUH�DVNHG�WR�H[SORUH�WKUHH�SURWRW\SH�DFFHVVLEOH�VFUHHQ
UHDGHU�H[SHULHQFHV��VKRZQ�RQH�DIWHU�DQRWKHU�HDFK�ZLWK�D�GLĳHUHQW�GDWDVHW��7KH�JRDO�RI�RXU
HYDOXDWLRQ�ZDV�QRW�WR�GHWHUPLQH�ZKLFK�SDUWLFXODU�FRPELQDWLRQ�RI�GHVLJQ�HOHPHQWV�ZDV�ŗEHVW�Ř
EXW�UDWKHU�WR�EH�H[SORUDWRU\ௗŠௗWR�FRPSDUH�WKH�UHODWLYH�VWUHQJWKV�DQG�DGYDQWDJHV�RI
LQVWDQWLDWLRQV�RI�RXU�GHVLJQ�GLPHQVLRQV��DQG�XQGHUVWDQG�KRZ�WKH\�DĳRUG�GLĳHUHQW�PRGHV�RI
DFFHVVLEOH�GDWD�H[SORUDWLRQ�

��� (YDOXDWLRQ�6HWXS�	�'HVLJQ

)ROORZLQJ�)UĉNMÑU�DQG�+RUQEÑNŖV��������&RRSHUDWLYH�8VDELOLW\�7HVWLQJ��&87��PHWKRG��=RQJ
DQG�/HH�FRQGXFWHG�HDFK�VHVVLRQ�E\�DOWHUQDWLQJ�EHWZHHQ�WKH�UROH�RI�JXLGH��L�H���WDONLQJ�WR�WKH
XVHU�DQG�H[SODLQLQJ�WKH�SURWRW\SH��DQG�ORJJHU��L�H���NHHSLQJ�WUDFN�RI�SRWHQWLDO�XVDELOLW\
SUREOHPV��LQWHUSUHWLQJ�WKH�GDWD�WR�SUHSDUH�IRU�EHFRPLQJ�WKH�JXLGH���:H�EHJDQ�HDFK�VHVVLRQ
ZLWK�D�VHPL�VWUXFWXUHG�LQWHUYLHZ�WR�XQGHUVWDQG�SDUWLFLSDQWVŖ�FXUUHQW�H[SHULHQFHV�ZLWK�GDWD�DQG
WKH�PHWKRGV�WKH\�XVH�WR�PDNH�LQDFFHVVLEOH�IRUPV�RI�GDWD�UHSUHVHQWDWLRQ�XVDEOH��VFULSW
LQFOXGHG�LQ�VXSSOHPHQWDU\�PDWHULDO���7KH�UHVW�RI�WKH�VHVVLRQ�IRFXVHG�RQ�HDFK�RI�WKH�WKUHH
SURWRW\SHV�LQ�WXUQ��ZLWK�HDFK�FRQGLWLRQ�VSOLW�LQWR�WZR�SKDVHV��LQWHUDFWLRQ�DQG�LQWHUSUHWDWLRQ��,Q
WKH�LQWHUDFWLRQ�SKDVH��=RQJ�RU�/HH�JXLGHG�SDUWLFLSDQWV�WKURXJK�WKH�SURWRW\SHV�DQG�DVNHG
SDUWLFLSDQWV�WR�XVH�WKHP�DQG�FRPPHQW�RQ�WKHLU�SURFHVV��LQ�WKH�VW\OH�RI�+XWFKLQVRQ�HW�DO�ŖV
�������WHFKQRORJ\�SUREHV��7KHQ��WKH�DXWKRUV�VZLWFKHG�UROHV�DQG�EHJDQ�D�FRRSHUDWLYH
LQWHUSUHWDWLRQ�SKDVH��ZKHUH�WKH�DXWKRUV�DQG�SDUWLFLSDQWV�HQJDJHG�LQ�D�FRQVWUXFWLYH�GLDORJXH�WR
MRLQWO\�LQWHUSUHW�WKH�XVDELOLW\�SUREOHPV�DQG�EUDLQVWRUP�SRVVLEOH�DOWHUQDWLYHV�WR�WKH�FXUUHQW
SURWRW\SH��,Q�WKLV�PHWKRG��SDUWLFLSDQWV�LQĲXHQFH�GDWD�LQWHUSUHWDWLRQ��DOORZLQJ�IRU�PRUH�UDSLG
DQDO\VLV�WKDQ�WUDGLWLRQDO�WKLQN�DORXG�VWXGLHV�DV�VRPH�DQDO\VLV�LV�EXLOW�LQWR�HDFK�HYDOXDWLRQ
VHVVLRQ�ZLWK�LQVWDQW�IHHGEDFN�RU�H[SODQDWLRQ�IURP�SDUWLFLSDQWV��)UĉNMÑU�DQG�+RUQEÑN�������

3URWRW\SHV� 7KH�LQ�GHSWK�QDWXUH�RI�RXU�FRRSHUDWLYH LQWHUSUHWDWLRQ�VHVVLRQV�UHTXLUHG�XV
WR�EDODQFH�WKH�WRWDO�QXPEHU�RI�SURWRW\SHV�HYDOXDWHG��VR�WKDW�SDUWLFLSDQWV�ZRXOG�KDYH�WLPH�WR
WKRURXJKO\�OHDUQ�DQG�LQWHUDFW�ZLWK�HDFK�RQH��ZLWK�D�WLPH�GXUDWLRQ�DSSURSULDWH�IRU�D�=RRP
VHVVLRQ��OLPLWHG�WR����PLQXWHV�WR�DYRLG�H[KDXVWLQJ�SDUWLFLSDQWV���$FFRUGLQJO\��ZH�VHOHFWHG�WKH
IROORZLQJ�WKUHH�SURWRW\SHV��HDFK�UHSUHVHQWLQJ�D�GLĳHUHQW�DVSHFW�RI�RXU�GHVLJQ�GLPHQVLRQV�
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Ɣ 7DEOH� $Q�DFFHVVLEOH�+70/�GDWD�WDEOH�ZLWK�DOO�URZV�DQG�WKUHH�FROXPQV�IURP�WKH�FODVVLF
&DUV�GDWDVHW��LQ�RUGHU�WR�FRPSDUH�RXU�SURWRW\SHV�ZLWK�H[LVWLQJ�DFFHVVLELOLW\�EHVW
SUDFWLFH�

Ɣ 0XOWL�YLHZ� %HFNHUŖV�EDUOH\�\LHOG�WUHOOLV�GLVSOD\ �%HFNHU��&OHYHODQG��DQG�6K\X�������DV
VKRZQ�LQ�)LJ���D��7KLV�SURWRW\SH�IHDWXUHV�ORFDO�DQG�ODWHUDO�VWUXFWXUDO�QDYLJDWLRQ�YLD�WKH
DUURZ�NH\V�DQG�ZLWK�WKH�VKLIW�PRGLıHU�UHVSHFWLYHO\��DV�ZHOO�DV�VSDWLDO�QDYLJDWLRQ�YLD
:$6'�

Ɣ 7DUJHW� $�VLQJOH�YLHZ�VFDWWHUSORW��LOOXVWUDWHG�LQ )LJ�����GHSLFWLQJ�WKH�3DOPHU�3HQJXLQV
GDWDVHW��+RUVW��+LOO��DQG�*RUPDQ��������,Q�DGGLWLRQ�WR�VWUXFWXUDO�DQG�VSDWLDO�QDYLJDWLRQ�
WDUJHWHG�QDYLJDWLRQ�LV�DYDLODEOH�YLD�WKUHH�GURSGRZQ�PHQXV�FRUUHVSRQGLQJ�WR�WKH
VWUXFWXUDO�OHYHOV�

7KH�WDEOH�LV�RXU�FRQWURO�FRQGLWLRQ��DV�LW�IROORZV�H[LVWLQJ�EHVW�SUDFWLFH�IRU�PDNLQJ�GDWD
DFFHVVLEOH�WR�VFUHHQ�UHDGHUV��PXOWL�YLHZ�HQDEOHV�XV�WR�VWXG\�KRZ�XVHUV�PRYH�EHWZHHQ�OHYHOV�RI
GHWDLO��DQG�ZKHWKHU�WKH\�FRXOG�QDYLJDWH�DQG�FRPSDUH�VPDOO�PXOWLSOH�FKDUWV��)LQDOO\��WDUJHW
DOORZV�XV�WR�FRPSDUH�KRZ�DQG�ZKHQ�RXU�SDUWLFLSDQWV�XVH�WKH�WKUHH�GLĳHUHQW�VW\OHV�RI�QDYLJDWLRQ
�VWUXFWXUDO��VSDWLDO��DQG�WDUJHWHG���:H�SUHVHQWHG�WKH�SURWRW\SHV�LQ�WKLV�VHTXHQFH�WR�DOO
SDUWLFLSDQWV�WR�LQWURGXFH�QHZ�IHDWXUHV�LQFUHPHQWDOO\�

3DUWLFLSDQWV�:H�UHFUXLWHG����EOLQG�DQG�YLVXDOO\�LPSDLUHG SDUWLFLSDQWV�WKURXJK�RXU
FROODERUDWRUV�LQ�WKH�EOLQG�FRPPXQLW\�DQG�WKURXJK�D�SXEOLF�FDOO�RQ�7ZLWWHU��(DFK�SDUWLFLSDQW
UHFHLYHG�����IRU�D����PLQXWH�=RRP�VHVVLRQ��:H�SURYLGH�DJJUHJDWH�SDUWLFLSDQW�GDWD�IROORZLQJ
HWKQRJUDSKLF�SUDFWLFH�WR�SURWHFW�SULYDF\�DQG�QRW�UHGXFH�SDUWLFLSDQWV�WR�WKHLU�GHPRJUDSKLFV
�6DXQGHUV��.LW]LQJHU��DQG�.LW]LQJHU��������+DOI�RI�RXU�SDUWLFLSDQWV�ZHUH�WRWDOO\�EOLQG��Q ����ZKLOH
RWKHUV�ZHUH�DOPRVW�WRWDOO\�EOLQG�ZLWK�VRPH�OLJKW�SHUFHSWLRQ��Q ���RU�ORZ�YLVLRQ��Q ����+DOI�RI
WKHP�KDYH�EHHQ�EOLQG�VLQFH�ELUWK��Q ����3DUWLFLSDQWV�ZHUH�VSOLW�HYHQO\�EHWZHHQ
:LQGRZV�&KURPH��Q ���DQG�0DF�6DIDUL��Q ����:LQGRZV�XVHUV�ZHUH�DOVR�VSOLW�HYHQO\�EHWZHHQ
WKH�WZR�PDMRU�VFUHHQ�UHDGHUV��-$:6��Q ���19'$��Q ����ZKLOH�DOO�0DF�SDUWLFLSDQWV�XVHG�$SSOH
9RLFH2YHU��7KHVH�ıJXUHV�DUH�FRQVLVWHQW�ZLWK�UHFHQW�VXUYH\V�FRQGXFWHG�E\�:HE$,0�ZKLFK
LQGLFDWH�WKDW�-$:6��19'$��DQG�9RLFH2YHU�DUH�WKH�WKUHH�PRVW�FRPPRQO\�XVHG�VFUHHQ�UHDGHUV
>QRDXWKRUBVFUHHQB����@��'HPRJUDSKLFDOO\������RI�RXU�SDUWLFLSDQWV�XVH�KH�KLP�SURQRXQV��Q ��
DQG�WKH�UHVW�XVH�VKH�KHU�SURQRXQV��Q ����2QH�SDUWLFLSDQW�ZDV�EDVHG�LQ�WKH�8.�ZKLOH�WKH�UHVW
ZHUH�VSUHDG�DFURVV�HLJKW�86�VWDWHV��3DUWLFLSDQWV�VHOI�UHSRUWHG�WKHLU�HWKQLFLWLHV
�&DXFDVLDQ�ZKLWH��$VLDQ��DQG�%ODFN�$IULFDQ��+LVSDQLF�/DWLQ[���UHSUHVHQWHG�D�GLYHUVH�UDQJH�RI
DJHV����ş�����DQG�KDG�D�YDULHW\�RI�HGXFDWLRQDO�EDFNJURXQGV��KLJK�VFKRRO�GLSORPD�WKURXJK�WR
XQGHUJUDGXDWH��JUDGXDWH��DQG�WUDGH�VFKRRO�GHJUHHV���1LQH�SDUWLFLSDQWV�UHSRUWHG�WKHPVHOYHV�DV
VOLJKWO\�RU�PRGHUDWHO\�IDPLOLDU�ZLWK�VWDWLVWLFDO�FRQFHSWV�DQG�GDWD�YLVXDOL]DWLRQ�PHWKRGV����DV
H[SHUWO\�IDPLOLDU��DQG�RQH�DV�QRW�DW�DOO�IDPLOLDU��)LYH�SDUWLFLSDQWV�GHVFULEHG�GDWD�DQDO\VLV�DQG

���



YLVXDOL]DWLRQ�WRROV�DV�DQ�LPSRUWDQW�FRPSRQHQW�LQ�WKHLU�SURIHVVLRQDO�ZRUNĲRZV��DQG���LQWHUDFWHG
ZLWK�GDWD�RU�YLVXDOL]DWLRQV�PRUH�WKDQ��ş��WLPHV�ZHHN�

��� 4XDQWLWDWLYH�5HVXOWV

7DEOH��� 5DWLQJ�VFRUHV�IRU�HDFK�SURWRW\SH��7DEOH� 0XOWL�YLHZ��7DUJHWHG��RQ�D�ıYH�SRLQW�/LNHUW
VFDOH�ZKHUH��� �9HU\�'LĴFXOW��9HU\�8QHQMR\DEOH��DQG��� �9HU\�(DV\��9HU\�(QMR\DEOH���0HGLDQ
VFRUHV�DUH�VKRZQ�LQ�EROGIDFH��DYHUDJHV�LQ�EUDFNHWV��VWDQGDUG�GHYLDWLRQV�LQ�SDUHQWKHVHV�

7R�VXSSOHPHQW�WKH�FRRSHUDWLYH�LQWHUSUHWDWLRQ�VHVVLRQV��SDUWLFLSDQWV�UDWHG�HDFK
SURWRW\SH�XVLQJ�D�VHULHV�RI�/LNHUW�TXHVWLRQV��:H�GHVLJQHG�D�TXHVWLRQQDLUH�ZLWK�VL[�SURPSWV
PHDVXULQJ�D�VXEVHW�RI�%UHKPHU�DQG�0XQ]QHUŖV�PXOWL�OHYHO�W\SRORJ\�RI�DEVWUDFW�YLVXDOL]DWLRQ
WDVNV��%UHKPHU�DQG�0XQ]QHU��������7KLV�IUDPHZRUN��KRZHYHU��UHTXLUHG�VRPH�DGDSWDWLRQ�IRU
QRQ�YLVXDO�PRGHV�RI�VHDUFK��,Q�SDUWLFXODU��VHDUFKLQJ�ZLWK�D�VFUHHQ�UHDGHU�UHTXLUHV�D�VHTXHQWLDO
DSSURDFK�WR�GDWD�WKDW�LV�DW�RGGV�ZLWK�WKH�ŗDW�D�JODQFHŘ�DSSURDFK�VLJKWHG�UHDGHUV�WDNH�WR
EURZVLQJ�DQG�H[SORULQJ�GDWD��$V�RXU�SURWRW\SHV�IRFXV�RQ�QDYLJDWLRQ�WKURXJK�FKDUWV��ZH
FROODSVHG�WKH�ORFDWLRQ�GLPHQVLRQ�RI�%UHKPHU�DQG�0XQ]QHUŖV�VHDUFK�GHFRPSRVLWLRQ�UHVXOWLQJ�LQ
WZR�SURPSWV�WKDW�MRLQWO\�PHDVXUH ORRNXS�ORFDWH DQG EURZVH�H[SORUH��:H�IRUPXODWHG
DGGLWLRQDO�TXHVWLRQV�WR�PHDVXUH�%UHKPHU�DQG�0XQ]QHUŖV GLVFRYHU DQG HQMR\ WDVNV�DV�ZHOO
DV�PRUH�WUDGLWLRQDO�DVSHFWV�RI�WHFKQRORJ\�DFFHSWDQFH�LQFOXGLQJ HDVH�RI�XVH DQG SHUFHLYHG
XVHIXOQHVV �.DUDKDQQD�DQG�6WUDXE��������3DUWLFLSDQWV UHVSRQGHG�RQ�D�ıYH�SRLQW�VFDOH�ZKHUH��
 �9HU\�'LĴFXOW�8QHQMR\DEOH�DQG��� �9HU\�(DV\�(QMR\DEOH�

7DEOH���GLVSOD\V�WKH�TXHVWLRQQDLUH�SURPSWV��WKHLU�FRUUHVSRQGLQJ�WDVNV��DQG�VWDWLVWLFV
VXPPDUL]LQJ�WKH�SDUWLFLSDQWVŖ�UDWLQJV��$�)ULHGPDQ�WHVW�IRXQG�D�VLJQLıFDQW�UDWLQJ�GLĳHUHQFH�IRU
WKH�HDVH�RI�XVH�RI�WKH�SURWRW\SHV�ᵯ� ��� 1� ���  ������� S �������ZLWK�D�ODUJH�HĳHFW�VL]H
�.HQGDOOŖV:� �������)ROORZ�XS�1HPHQ\L�WHVWV�UHYHDOHG WKDW PXOWL�YLHZ ZDV�PRUH�GLĴFXOW�WR�XVH
WKDQ WDEOH ZLWK�VWDWLVWLFDO�VLJQLıFDQFH�� S�� ������ EXW�WDUJHW�ZDV�QRW��$GGLWLRQDO�WHVWV�IRU�WKH
RWKHU�SURPSWV�IRXQG�QHLWKHU�VWDWLVWLFDOO\�VLJQLıFDQW�GLĳHUHQFHV��QRU�ODUJH�HĳHFW�VL]HV��EHWZHHQ
WKH�SURWRW\SHV��+RZHYHU��PHGLDQ�VFRUHV��ZKLFK�DUH�PRUH�UREXVW�WR�RXWOLHUV�WKDQ�PHDQV��0RUULV
HW�DO��������VXJJHVW�WKDW�SDUWLFLSDQWV�JHQHUDOO\ HQMR\ LQWHUDFWLQJ�ZLWK�PXOWL�YLHZ�DQG�WDUJHW
PRUH��DQG�IRXQG�WKHP�HDVLHU�WR ORRNXS RU ORFDWH GDWD ZLWK��0RUHRYHU� WDUJHW KDG�WKH
KLJKHVW�PHGLDQ�VFRUH�IRU�DĳRUGLQJ EURZVH RU H[SORUH FDSDELOLWLHV��&RQYHUVHO\��WKH WDEOH ZDV

���



HDVLHVW�WR�OHDUQ�WR�XVH��DQG�JHQHUDOO\�PDGH�LW�HDV\�WR GLVFRYHU��RU�DVN�DQG�DQVZHU�TXHVWLRQV
DERXW�WKH�GDWD��1RWDEO\��LQ�UHVSRQVH�WR�WKH�TXHVWLRQ ŗ+RZ�XVHIXO�ZRXOG�LW�EH�WR�KDYH�DFFHVV�WR
WKLV�LQWHUDFWLRQ�VW\OH�IRU�HQJDJLQJ�ZLWK�GDWD"Ř� SDUWLFLSDQWV RQ�DYHUDJH�UDQNHG�DOO�SURWRW\SHV�DV
PRUH�WKDQ�XVHIXO��P�H�G  ��� Ƒ Ɗ�����7KHVH�VWDWLVWLFV SURYLGH�RQO\�D�SDUWLDO�SLFWXUH�RI�SDUWLFLSDQWVŖ
H[SHULHQFHV�ZLWK�WKH�SURWRW\SHV��%DJR]]L��������7KXV��ZH�HOXFLGDWH�DQG�FRQWH[WXDOL]H�UHDVRQV
EHKLQG�WKHLU�VFRUHV�WKURXJK�TXDOLWDWLYH�DQDO\VLV�

��� 4XDOLWDWLYH�5HVXOWV

$IWHU�WKH�LQWHUYLHZV��ZH�TXDOLWDWLYHO\�FRGHG�WKH�QRWHV�WDNHQ�E\�WKH�ORJJHU�ZLWK�D�JURXQGHG
WKHRU\�DSSURDFK��&KDUPD]��������:H�SHUIRUPHG�RSHQ�FRGLQJ�LQ�SDUDOOHO�ZLWK�WKH�LQWHUYLHZV
�L�H���FRGLQJ�0RQGD\ŖV�LQWHUYLHZV�DIWHU�ıQLVKLQJ�7XHVGD\ŖV�LQWHUYLHZV���:H�WKHQ�V\QWKHVL]HG�WKH
FRGHV�LQWR�PHPRV��IURP�ZKLFK�ZH�GHULYHG�WKHVH�WKHPHV�

7DEOHV�DUH�IDPLOLDU��WHGLRXV��EXW�QHFHVVDU\� (YHU\ SDUWLFLSDQW�QRWHG�WKDW�WDEOHV�ZHUH
WKHLU�SULPDU\�ZD\�RI�DFFHVVLQJ�GDWD�DQG�YLVXDOL]DWLRQV��:KLOH�WDEOHV�DUH�DQ�LPSRUWDQW
DFFHVVLEOH�RSWLRQ��SDUWLFLSDQWV�RYHUZKHOPLQJO\�UHSRUWHG�WKH�VDPH�SUREOHPV��WKH\�DUH�LOO�VXLWHG
IRU�SURFHVVLQJ�ODUJH�DPRXQWV�RI�GDWD�DQG�LPSRVH�KLJK�FRJQLWLYH�ORDG�DV�XVHUV�PXVW�UHPHPEHU
SUHYLRXV�OLQHV�RI�WKH�WDEOH�LQ�RUGHU�WR�FRQWH[WXDOL]H�VXEVHTXHQW�YDOXHV��$V�3��UHSRUWHG� ŗLI�,ŖP
WU\LQJ�WR�JHW�D�JHQHUDO�VHQVH�RI�WKH�WDEOH��,ŖOO�MXVW�VFUROO�WKURXJK�DQG�VHH�ZKDW�YDOXHV�WKHUH�DUH�
%XW�WKHUHŖV�����URZV��VR�,ŖOO�QHYHU�VFUROO�WKURXJK�DOO�RI�LWő,�FDQŖW�UHDOO\�JHW�D�VQDSVKRW�Ř 3���VDLG
WKDW ŗ)LQGLQJ�UHODWLRQVKLSV�FDQ�EH�WULFN\�LI�\RXŖUH LQ�D�WDEOH��EHFDXVH�\RXŖYH�JRW�WR�HLWKHU�KDYH�D
UHDOO\�JRRG�PHPRU\�RU�MXVW�JHW�UHDOO\�OXFN\��>ő@�,I�,�GLGQŖW�NQRZ�ZKDW�,�ZDV�ORRNLQJ�IRU��IRUJHW�LW�Ř
$W�PRVW��SDUWLFLSDQWV�WDEEHG�WKURXJK���ş���URZV�GXULQJ�RXU�VHVVLRQV��EXW�GLG�VR�RQO\�EHFDXVH
RI�WKH�TXHVWLRQV�ZH�SRVHG��H�J���ŗLV�WKHUH�D�UHODWLRQVKLS�EHWZHHQ�KRUVHSRZHU�DQG�PLOHDJH"Ř�
DQG�QRWHG�WKDW�LI�WKH\�HQFRXQWHUHG�WKLV�WDEOH�RXWVLGH�RI�WKH�VWXG\��WKH\�ZRXOG�WDE�SDVW�D�IHZ
URZV�WR�FKHFN�IRU�VXPPDU\�VWDWLVWLFV�DQG�WKHQ�PRYH�RQ�

:KLOH�LW�LV�QRW�HQMR\DEOH�WR�H[SORUH�RU�EXLOG�D�PHQWDO�PRGHO�RI�GDWD�ZLWK�VWDWLF�WDEOHV�
SDUWLFLSDQWV�VWLOO�HPSKDVL]HG�WKHLU�QHFHVVLW\�EHFDXVH�RI�WKH�IRUPDWŖV�IDPLOLDULW\� ŗLQ�WHUPV�RI
DFFHVVLELOLW\��WDEOHV�DUH�LQıQLWHO\�PRUH�XVHIXO�EHFDXVH�WKHUH�LV�D�VWDQGDUG�ZD\�RI�QDYLJDWLQJ
WKHP�LQ�ZKDWHYHU�\RXU�SUHIHUUHG�VFUHHQ�UHDGHU�LV��:LWK�GLĳHUHQW�UHSUHVHQWDWLRQV��D�EOLQG�SHUVRQ
PD\�QRW�EH�WUDLQHG�WR�LQWHUSUHW�LWŘ �3����7KLV�EXLOGV RQ�SULRU�OLWHUDWXUH��6KDULI�HW�DO��������DQG
HFKRHV�WHVWLPRQ\�IURP�SDUWLFLSDQWV�ZKR�KDG�VRPH�GLĴFXOW\�ZLWK�WKH�QHZ�SURWRW\SHV��WKH\
UHSRUWHG�WKDW�WKH\�ODFNHG�H[SHUWLVH�DQG�WKHUHIRUH�IRXQG�LW�GLĴFXOW�WR�ZRUN�ZLWK�QRQ�WDEXODU�GDWD
�3��������,Q�RWKHU�ZRUGV��WR�PD[LPL]H�DFFHVVLELOLW\��LW�LV�FUXFLDO�WR�LQFOXGH�D�WDEOH�YLHZ�RI�WKH
GDWD LQ�DGGLWLRQ WR�RWKHU�IRUPV�RI�QRYHO�LQWHUDFWLRQ�

3ULRU�H[SRVXUH�WR�GDWD�DQDO\VLV�DQG�UHSUHVHQWDWLRQV�LQFUHDVHV�WKH�HĴFDF\�RI
VSDWLDO�UHSUHVHQWDWLRQV� 3DUWLFLSDQWV�ZKR�KDG�H[SHULHQFH FRQGXFWLQJ�GDWD�DQDO\VLV�RU�UHDGLQJ
WDFWLOH�JUDSKV�PDSV�ZHUH�DEOH�WR�HDVLO\�GHYHORS�D�VSDWLDO�XQGHUVWDQGLQJ�RI�KRZ�HDFK�SURWRW\SH

���



ZRUNHG��)LYH�SDUWLFLSDQWV��3�ş�����������PDGH�GLUHFW�FRQQHFWLRQV�EHWZHHQ�WKH�PXOWL�YLHZ�DQG
WDUJHW�SURWRW\SHV��DQG�WKH�WDFWLOH�JUDSKV�WKH\�HQFRXQWHUHG�LQ�VFKRRO��7KUHH�SDUWLFLSDQWV��3��
��������IRXQG�WKHLU�VRIWZDUH�HQJLQHHULQJ�H[SHULHQFH�PDGH�LW�HDVLHU�WR�XQGHUVWDQG�DQG�QDYLJDWH
WKH�SURWRW\SHVŖ�KLHUDUFKLFDO�VWUXFWXUH��3UHYLRXV�OLWHUDWXUH�RQ�WDFWLOH�PDSSLQJ�KDV�DOVR�VKRZQ
KRZ�GHYHORSLQJ�WDFWLOH�JUDSKLFDO�OLWHUDF\�LV�FUXFLDO�IRU�EXLOGLQJ�VSDWLDO�NQRZOHGJH��EXW�WKH\
HPSKDVL]H�WKDW�LW�LV�QRW�VXĴFLHQW�IRU�EHLQJ�DEOH�WR�FRQGXFW�DQG�XQGHUVWDQG�GDWD�DQDO\VLV
�+DVW\�������*RGIUH\�DQG�/RRWV��������6LQFH�RXU�SDUWLFLSDQWV�DOUHDG\�KDG�DQ�H[LVWLQJ�VSDWLDO
IUDPHZRUN��LW�EHFDPH�HDVLHU�WR�H[SODLQ�KRZ�D�SURWRW\SH�PLJKW�ZRUN�XVLQJ�WKHLU�SULRU�H[SHULHQFH
DV�D�EHQFKPDUN��ZKLFK�KDV�EHHQ�FRUURERUDWHG�E\�VLPLODU�VWXGLHV�LQ�WDFWLOH�FDUWRJUDSK\��:HLGHO
DQG�*URYHV�������$OGULFK�DQG�6KHSSDUG�������6KHSSDUG�DQG�$OGULFK��������,PSRUWDQWO\��RXU
SDUWLFLSDQWV�ZHUH�DEOH�WR�ıQG�VSHFLıF�RULJLQ�SRLQWV�WKDW�WKH\�FRXOG�UHWXUQ�WR�LQ�RUGHU�WR�QDYLJDWH
WKH�GLĳHUHQW�EUDQFKHV�RI�WKH�WUHH��ZKLFK�ZRXOG�EH�IXUWKHU�DLGHG�ZLWK�KHOS�PHQXV�DQG
PLQL�WXWRULDOV�WR�XQGHUVWDQG�WKH�NH\ERDUG�VKRUWFXWV��3����%HLQJ�DEOH�WR�VKLIW�EHWZHHQ�RULJLQ
SRLQWV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�VZLWFKLQJ�EHWZHHQ�JUDSKV�RU�EHWZHHQ�YDULDEOHV��%\�FRQWUDVW�
SDUWLFLSDQWV�ZKR�KDG�PRUH�GLĴFXOW\�ZLWK�WKH�SURWRW\SHV��3�������SRLQWHG�WR�WKHLU�ODFN�RI
H[SHULHQFH�ZRUNLQJ�ZLWK�QRQ�WDEXODU�GDWD��3���UHSRUWHG�WKDW�EHLQJ�DEOH�WR�PHQWDOO\�YLVXDOL]H
GDWD�SRLQWV�ZLWKLQ�D�JULG�ZDV�D�VSHFLıF�FKDOOHQJH� ŗ,�VXVSHFW�WKDW�WKLV�PLJKW�EH�XQGHUVWDQGDEOH
WR�VRPHRQH�ZKRŖV�GRQH�WKLV�EHIRUH�Ř KH�VDLG� ŗ,�GRQŖW GR�ZHOO�ZLWK�WKHVH�FKDUWV�XQOHVV�WKH\ŖUH
FRQYHUWHG�EDFN�LQWR�WDEOHV�Ř

6WUXFWXUH� +LHUDUFKLFDO�UHSUHVHQWDWLRQV�PDNH�LW�SRVVLEOH WR�HĳHFWLYHO\�FRQYH\
LQVLJKWV�ZLWK�PLQLPDO�FRJQLWLYH�ORDG�:KLOH�VWDWLF WDEOHV�DUH�WKH�PRVW�FRPPRQ�DFFHVVLEOH
RSWLRQ�WR�LQWHUDFWLYH�YLVXDOL]DWLRQV��HLJKW�RI�RXU�SDUWLFLSDQWV��3�ş������������������H[SUHVVHG�D
GHVLUH�WR�ıOWHU�DQG�VRUW�WKH�GDWD�VR�WKDW�WKH\�FRXOG�EHJLQ�WR�H[SORUH�SRVVLEOH�WUHQGV�ZLWKRXW
ZDGLQJ�OLQH�E\�OLQH��6RUWLQJ�DQG�ıOWHULQJ�D�WDEOH�LV�RQH�ZD\�WR�ORRN�IRU�WUHQGV�EXW��WR�JHW�D
VXPPDU\�YLHZ�RI�WKH�GDWD�TXLFNO\��D�V\VWHP�PXVW�SURYLGH�VQDSVKRWV�LQ�VPDOOHU�LQWHUYDOV�VR�WKDW
XVHUV�FDQ�HDVLO\�FRQVWUXFW�D�ODUJHU�SLFWXUH�RU�FKRRVH�VSHFLıF�VOLFHV�RI�WKH�GDWD�WR�H[SORUH
IXUWKHU��L�H���ŗGHWDLOV�RQ�GHPDQGŘ��6KQHLGHUPDQ�������.LP�HW�DO���������:LWK�PXOWL�YLHZ�DQG
WDUJHW�3��VDLG� ŗ,�DOZD\V�ZDQW�PRUH�OD\HUV�DQG�GHWDLOV� EXW�VRPH�FKDUWV�KDG�WRR�PXFKő7KLV
ZDV�D�KDSS\�PHGLXP�EHWZHHQ�KDYLQJ�WKH�LQIRUPDWLRQ�,�ZDQWHG�DQG�SUHVHQWLQJ�LW�LQ�D�ZD\�WKDW�,
FDQ�NHHS�XS�ZLWK�Ř 3��DOVR�QRWHG�WKDW�KH�OLNHG ŗKDYLQJ WKH�DELOLW\�WR�VFUROO�WKURXJK�DW�D�KLJKHU
OHYHO�DQG�WKHQ�GULOO�GRZQ�GHHSHU�LI�WKDWŖV�RI�LQWHUHVW�Ř %\�JLYLQJ�XVHUV�D�ZD\�WR�TXLFNO\�VNLS
WKURXJK�WKH�GDWD�DFURVV�VSHFLıF�D[HV��WKH\�DUH�DEOH�WR�UDSLGO\�JHQHUDWH�D�EURDGHU�PHQWDO�LPDJH
RI�HDFK�JUDSK�DQG�GULOO�GRZQ�IXUWKHU�WR�FROOHFW�PRUH�GHWDLOV� ŗ:KHQ�,�ZDV�ZRUNLQJ�ZLWK�WKH�WDEOH�
,�>VWDUWHG�EXLOGLQJ@�D�WDEOH�LQ�P\�KHDG�Ř 3��VKDUHG� ŗ,�KDG�D�URXJK�UHSUHVHQWDWLRQ�RI�LW�DV�D
VFDWWHU�SORW��%XW�KHUH��,�NQRZ�KRZ�WR�GULOO�GRZQ�DQG�XS�EHWZHHQ�GLĳHUHQW�OD\HUV�RI�GDWD�JULGV��VR
WKDW�,�FDQ�JHW�WKH�RYHUDOO�SLFWXUHő�>,W�JLYHV�PH@�GLĳHUHQW�ZD\V�RI�WKLQNLQJ�Ř %HLQJ�DEOH�WR�FRQWURO
WKH�SDUWV�RI�WKH�GDWD�WKDW�ZHUH�PRVW�LPSRUWDQW�WR�WKHP�ZDV�DOVR�DQ�LVVXH�RI�WUXVW��DV�LW�DOVR
SURYLGHG�D�ZD\�IRU�XVHUV�WR�UHDFK�FRQFOXVLRQV�IRU�WKHPVHOYHV�UDWKHU�WKDQ�UHO\�RQ�WKH
LQWHUSUHWDWLRQ�RI�RWKHUV� ŗ,WŖV�KDUG�WR�PL[őGRLQJ \RXU�RZQ�DQDO\VLV�DQG�EH�JLYHQ�D�WH[W
GHVFULSWLRQ�WKDW�\RX�KDYH�WR�MXVW�WUXVWŘ �3�����,Q WKHLU�RZQ�ZRUNĲRZV��WKHVH�SDUWLFLSDQWV
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UHSRUWHG�GRZQORDGLQJ�VWDWLF�WDEOHV�WR�IXUWKHU�H[DPLQH�DQG�PDQLSXODWH�ZLWK�([FHO��ZKLFK�WKH\
ZRXOG�XVH�WR�FUHDWH�VXPPDU\�VWDWLVWLFV�RU�LQWHUYDOV�WR�PRYH�PRUH�TXLFNO\�WKURXJK�WKH�GDWD�

1DYLJDWLRQ� 5HDGLQJ�D�YLVXDOL]DWLRQ�ZLWK�D�VFUHHQ UHDGHU�HQWDLOV�FRQVWDQW
K\SRWKHVLV�WHVWLQJ�DQG�SDWWHUQ�PDNLQJ� 6LQFH�VFUHHQ UHDGHU�XVHUV�SDUVH�GDWD�LWHUDWLYHO\��QLQH
RI�RXU�SDUWLFLSDQWV��3�ş�����������������GHVFULEHG�UHDGLQJ�D�YLVXDOL]DWLRQ�DV�D�SURFHVV�RI�VORZO\
EXLOGLQJ�XS�D�PHQWDO�PRGHO�DQG�FRQVWDQWO\�WHVWLQJ�LW�WR�VHH�ZKHUH�WKH�SDWWHUQV�PD\�QR�ORQJHU
KROG��ŗ,ŖP�JRLQJ�URZ�E\�URZ��QRW�PHPRUL]LQJ�H[DFW�QXPEHUV�EXW�EXLOGLQJ�D�SDWWHUQ�LQ�P\�KHDG�
DQG�ORRNLQJ�DW�WKH�RWKHU�URZV�WR�WHVW�P\�WKHRU\�Ř�UHSRUWHG�3���,Q�RWKHU�ZRUGV��RXU�SDUWLFLSDQWV
HQJDJHG�LQ�D�FRQWLQXRXV�VWDWH�RI�XSGDWLQJ�DQG�YDOLGDWLQJ��0XQ]QHU�������WKHLU�PHQWDO�LPDJHV
DV�QHZ�GDWD�FKDOOHQJHG�WKH�H[LVWLQJ�SDWWHUQV�WKH\�KDYH�SLHFHG�WRJHWKHU��PXOWL�YLHZ�DQG�WDUJHW
DFFHOHUDWHG�WKLV�SURFHVV��DV�SDUWLFLSDQWV�ZHUH�DEOH�WR�PRUH�UDSLGO\�LGHQWLI\�VSHFLıF
FRPSRQHQWV�WKDW�WKH\�ZDQWHG�WR�WHVW��)RU�H[DPSOH��3��LQWHQWLRQDOO\�PRYHG�TXLFNO\�DFURVV�HDFK
OHYHO�RI�WKH�VWUXFWXUH�KRSLQJ�WR�ıQG�LWV�ŗHGJHV�Ř�RU�WKH�PLQLPXP�DQG�PD[LPXP�OLPLWV�RI�HDFK
D[LV�DQG�JULG� ŗ9LVXDOO\��LW�PLJKW�ORRN�OLNH�,ŖP�GRLQJ D�ORW�RI�MXPSLQJ�DURXQG�Ř KH�VDLG� ŗ>EXW�LWŖV@
EHFDXVH�,ŖP�WU\LQJ�WR�EXLOG�WKH�SLFWXUH�LQ�D�ZD\�WKDW�PDNHV�VHQVH�IRU�PH�Ř 6LPLODUO\��3��VWDUWHG
EXLOGLQJ�KLV�PHQWDO�PRGHO�RI�WKH�YLVXDOL]DWLRQ�E\�GULOOLQJ�XS�DQG�GRZQ�WKH�JULG�WR�FUHDWH�D
VSDWLDO�LPDJH�RI�WKH�GDWD� ŗ,ŖP�WKLQNLQJ�PRUH�LQ�VSDWLDO WHUPV�MXVW�EHFDXVH�>WKLV@�LV�D�QHZ
PHWKRG�RI�QDYLJDWLQJ�WR�PH��>ő@�,ŖP�PRYLQJ�WKURXJK�WKH�JULGő,ŖP�WKLQNLQJ�RI�GULOOLQJ�GRZQ�LQWR
WKDW�VTXDUH�WR�JHW�PRUH�LQIRUPDWLRQ�Ř

7DUJHW PDGH�LW�HVSHFLDOO\�HDV\�IRU�SDUWLFLSDQWV�WR WHVW�WKHLU�K\SRWKHVHV�E\�JLYLQJ�WKHP
GLUHFW�DFFHVV�WR�FRPSRQHQWV�WKDW�PLJKW�EUHDN�WKHLU�K\SRWKHVHV��3��UHSRUWHG�WKDW�LW�DOORZHG�KLP
WR ŗQDYLJDWH�WR�DUHDVőWKDW�,ŖP�LQWHUHVWHG�LQ��VNLSSLQJ RYHU�VWXĳ�WKDWŖV�QRW�RI�LQWHUHVW�Ř DQG�3�
OLNHQHG�LW�WR ŗ>EHLQJ@�DEOH�WR�JR�GLUHFWO\�WR�ZKDW \RX�ZDQW�LQ�D�JURFHU\�LQYHQWRU\�UDWKHU�WKDQ
JRLQJ�WKURXJK�HDFK�LWHP�RQH�E\�RQH�Ř 7KH�DELOLW\�WR XVH�VWUXFWXUDO��VSDWLDO��DQG�WDUJHW�QDYLJDWLRQ
LQ�ERWK�PXOWL�YLHZ�DQG�WDUJHW�UHVSHFWLYHO\�IDFLOLWDWHG�WKH�K\SRWKHVLV�WHVWLQJ�DQG�SDWWHUQ�PDNLQJ
EHKDYLRUV�WKDW�RXU�SDUWLFLSDQWV�ZHUH�DFFXVWRPHG�WR�ZLWK�VWDWLF�WDEOHV��DQG�JDYH�WKHP�DQ
DGGLWLRQDO�PHQWDO�PRGHO�IRU�ZRUNLQJ�ZLWK�WKH�GDWD��$V�3��QRWHG��WKHVH�SURWRW\SHV�JDYH�KHU�D
ULFKHU�XQGHUVWDQGLQJ�RI�WKH�GDWD�E\�KHOSLQJ�KHU�SLHFH�WRJHWKHU ŗERWK�WKH�SLFWXUH�DQG�WKH
PDWKHPDWLFDO�SDWWHUQ�Ř ZKHUHDV�WDEOH�DĳRUGHG�RQO\ WKH�ODWWHU�

'HVFULSWLRQ� &XUVRUV�DQG�URDGPDSV�DUH�LPSRUWDQW�IRU XQGHUVWDQGLQJ�ZKHUH�\RX
DUH� %HLQJ�DEOH�WR�FDSWXUH�ERWK�D�KLJK�OHYHO�RYHUYLHZ RI�WKH�LQIRUPDWLRQ�ZKLOH�SUHVHUYLQJ�WKH
DELOLW\�WR�GULOO�GRZQ�LQWR�WKH�GDWD�LV�D�FUXFLDO�FRPSRQHQW�WR�DFFHVVLQJ�LQWHUDFWLYH�YLVXDOL]DWLRQV
�6KDULI�HW�DO���������7R�QDYLJDWH�EHWZHHQ�WKHVH�WZR�OHYHOV��KRZHYHU��RXU�SDUWLFLSDQWV
HPSKDVL]HG�WKH�LPSRUWDQFH�RI�PDUNHUV�WR�KHOS�WKHP�XQGHUVWDQG�ZKHUH�WKH\�FRXOG�PRYH��WDUJHW
DGGUHVVHG�WKLV�ZLWK�GURSGRZQ�PHQXV�WKDW�DOORZHG�SDUWLFLSDQWV�WR�QDYLJDWH�WR�DQ\�SDUW�RI�WKH
YLVXDOL]DWLRQ��H[SORUH��DQG�WKHQ�UHWXUQ�WR�ZKHUH�WKH\�KDG�VWDUWHG��,Q�WKH�ZRUGV�RI�3�� ŗ>7KLV@
PRGH�LV�IUHHGRP�IRU�WKH�XVHU��%HLQJ�DEOH�WR�MXPS�DURXQG�DQG�PRYH�LQ�UHDO�WLPH�DV�\RX�ZRXOG
ZLWK�\RXU�KDQG�JLYHV�\RX�D�QHZ�ZD\�RI�H[SORULQJ�WKH�LQIRUPDWLRQ�Ř 0XOWL�YLHZ�DSSURDFKHG�WKLV
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LVVXH�E\�DOORZLQJ�SDUWLFLSDQWV�WR�PRYH�WKURXJKRXW�WKH�JULG� ŗ:LWK�WKH�WDEOH��,�ZDV�WU\LQJ�WR�KROG
WKH�QXPEHUV�LQ�P\�KHDG�DQG�,�ZDVQŖW�WU\LQJ�WR�YLVXDOL]H�LW�RU�DQ\WKLQJ�Ř VDLG�3�� ŗ:LWK
>0XOWL�9LHZ@��,�FDQ�VRUW�RI�WKLQN�DERXW�LW�PRUH�OLNH�D�YLVXDOL]DWLRQ�VLQFH�,�FDQ�PRYH�XS�DQG�GRZQ�
OHIW�DQG�ULJKW��(YHQ�WKRXJK�,�FDQ�XVH�WKH�DUURZV�LQ�WKH�WDEOH��LW�MXVW�GRHVQŖW�IHHO�WKH�VDPH��,ŖP
VWLOO�IHHOLQJ�DURXQG�DQG�VHHLQJ�ZKDW�,�FDQ�ıQG�Ř:LWKRXW�WKHVH�QDYLJDWLRQ�WRROV��3��QRWHG�WKDW
ŗ,WŖV�WRR�HDV\�WR�JHW�ORVW�ő,�GRQŖW�NQRZ�KRZ�WR�EDFNWUDFN�Ř 7R�RULHQW�KHUVHOI��3���ZRXOG�ıUVW�WHVW
WR�VHH�LI�VKH�ZDV�DW�WKH�FRUQHU�FHOOV�LQ�WKH�YLVXDOL]DWLRQV��H�J�� ŗ$P�,�LQ�WKH�XSSHU�OHIW�RU�WKH
ERWWRP�ULJKW�FHOO�KHUH"Ř��VR�WKDW�VKH�FRXOG�FRQWH[WXDOL]H KHU�SRVLWLRQ�ZLWKLQ�WKH�YLVXDOL]DWLRQ
DQG�UHWXUQ�WR�D�SRLQW�RI�RULJLQ� ŗ,�NQRZ�WKDW�,�PXVW EH�DW�WKH�ERWWRP�OHIW�FHOO�KHUH�EHFDXVH�,�FDQŖW
JR�WR�WKH�OHIW�Ř 3���VDLG� ŗEXW�EHLQJ�DEOH�WR�NQRZ ZKHUH�WKDW�LV�EHIRUHKDQG�ZRXOG�EH�YHU\
KHOSIXO�Ř

� 'LVFXVVLRQ�DQG�)XWXUH�:RUN

,Q�WKLV�SDSHU��ZH�H[SORUH�KRZ�VWUXFWXUH��QDYLJDWLRQ��DQG�GHVFULSWLRQ�FRPSRVH�WRJHWKHU�WR�\LHOG
ULFKHU�VFUHHQ�UHDGHU�H[SHULHQFHV�IRU�GDWD�YLVXDOL]DWLRQV�WKDQ�DUH�SRVVLEOH�YLD�DOW�WH[W��GDWD
WDEOHV��RU�WKH�FXUUHQW�$5,$�VSHFLıFDWLRQ��2XU�UHVXOWV�VXJJHVW�SURPLVLQJ�QH[W�VWHSV�DERXW
DFFHVVLEOH�LQWHUDFWLRQ�DQG�UHSUHVHQWDWLRQ�IRU�YLVXDOL]DWLRQV�

��� (QDEOLQJ�5LFKHU�6FUHHQ�5HDGHU�([SHULHQFHV�7RGD\

$OWKRXJK�RXU�GHVLJQ�GLPHQVLRQV�KLJKOLJKW�D�GLYHUVH�ODQGVFDSH�RI�VFUHHQ�UHDGHU�H[SHULHQFHV�IRU
GDWD�YLVXDOL]DWLRQV��RXU�VWXG\�SDUWLFLSDQWV�DWWHVWHG�WR�WKH�YDOXH�RI�IROORZLQJ�H[LVWLQJ�EHVW
SUDFWLFHV��1DPHO\��DOW�WH[W�DQG�GDWD�WDEOHV�SURYLGH�D�JRRG�EDVHOLQH�IRU�PDNLQJ�YLVXDOL]DWLRQV
DFFHVVLEOH��7KXV��YLVXDOL]DWLRQ�DXWKRUV�VKRXOG�FRQVLGHU�DGRSWLQJ�RXU�GHVLJQ�GLPHQVLRQV�WR
HQDEOH�PRUH�JUDQXODU�LQIRUPDWLRQ�DFFHVV�SDWWHUQV�RQO\�DIWHU�WKHVH�LQLWLDO�SLHFHV�DUH�LQ�SODFH�

([LVWLQJ�YLVXDOL]DWLRQ�DXWKRULQJ�PHWKRGV��KRZHYHU��DUH�OLNHO\�LQVXĴFLHQW�IRU�LQVWDQWLDWLQJ
RXU�GHVLJQ�GLPHQVLRQV�RU�SURGXFLQJ�XVDEOH�H[SHULHQFHV�IRU�VFUHHQ�UHDGHU�XVHUV��,Q�SDUWLFXODU��LW
FXUUHQWO\�IDOOV�HQWLUHO\�RQ�YLVXDOL]DWLRQ�DXWKRUV�WR�KDQGFUDIW�DSSURSULDWH�VWUXFWXUHV��QDYLJDWLRQDO
WHFKQLTXHV��DQG�GHVFULSWLRQ�VFKHPHV�RQ�D�SHU�YLVXDOL]DWLRQ�EDVLV��$V�D�UHVXOW��EHVLGHV�EHLQJ�D
WLPH�FRQVXPLQJ�HQGHDYRU��LGLRV\QFUDWLF�LPSOHPHQWDWLRQV�FDQ�LQWURGXFH�IULFWLRQ�WR�WKH�UHDGLQJ
SURFHVV��)RU�LQVWDQFH��SHU�YLVXDOL]DWLRQ�DSSURDFKHV�PLJKW�QRW�DFFRXQW�IRU�DQ�LQGLYLGXDO�XVHUŖV
SUHIHUHQFHV�LQ�WHUPV�RI�YHUERVLW\��VSHHG��RU�RUGHU�RI�QDUUDWHG�RXWSXWௗŠௗWKUHH�SURSHUWLHV�ZKLFK
YDULHG�ZLGHO\�DPRQJ�RXU�VWXG\�SDUWLFLSDQW�LQ�ZD\V�WKDW�GLG�QRW�FRUUHODWH�ZLWK�HGXFDWLRQ�OHYHO�RU
H[SHULHQFH�ZLWK�GDWD��7KXV��WR�VFDOH�DQG�VWDQGDUGL]H�WKLV�SURFHVV��VRPH�UHVSRQVLELOLW\�IRU
PDNLQJ�YLVXDOL]DWLRQV�VFUHHQ�UHDGHU�DFFHVVLEOH�PXVW�EH�VKDUHG�E\�WRRONLWV�DV�ZHOO��)RU
H[DPSOH��RXU�SURWRW\SHV�VXJJHVW�D�VWUDWHJ\�IRU�WUDQVODWLQJ�YLVXDOL]DWLRQ�VSHFLıFDWLRQV�LQWR
KLHUDUFKLFDO�HQFRGLQJ�VWUXFWXUHV��L�H���HQFRGLQJ�FKDQQHOV�DV�LQGLYLGXDO�EUDQFKHV��DQG�XVLQJ
YLVXDO�DĳRUGDQFHV�VXFK�DV�D[LV�WLFNV�DQG�JULG�OLQHV�WR�SRSXODWH�WKH�KLHUDUFK\�OHYHOV���,I�WRRONLWV
SURYLGH�GHIDXOW�H[SHULHQFHV�RXW�RI�WKH�ER[��YLVXDOL]DWLRQ�DXWKRUV�FDQ�LQVWHDG�IRFXV�RQ
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FXVWRPL]LQJ�WKHP�WR�EH�PRUH�PHDQLQJIXO�IRU�WKHLU�VSHFLıF�YLVXDOL]DWLRQ��DQG�VFUHHQ�UHDGHU
XVHUV�KDYH�D�VWURQJHU�JXDUDQWHH�WKDW�WKH�UHVXOWDQW�H[SHULHQFHV�ZLOO�EH�PRUH�XVDEOH�DQG
UHVSHFWIXO�RI�WKHLU�LQGLYLGXDO�SUHIHUHQFHV�

&XUUHQW�ZHE�DFFHVVLELOLW\�VWDQGDUGV�DOVR�SUHVHQW�OLPLWDWLRQV�IRU�UHDOL]LQJ�RXU�GHVLJQ
GLPHQVLRQV��)RU�LQVWDQFH��ZKLOH�$5,$�UROHV�ZRXOG�VHHP�D�QDWXUDO�SODFH�WR�VWDUW��ZH�ZHUH�XQDEOH
WR�XVH�WKHP�ZKLOH�FRQWUROOLQJ�QDYLJDWLRQDO�ERXQGDULHV�IRU�KLHUDUFKLFDO�VWUXFWXUHV��Ŧ�����
6LPLODUO\��WKHUH�LV�QR�VWDQGDUG�ZD\�WR�GHWHUPLQH�ZKLFK�HOHPHQW�WKH�VFUHHQ�UHDGHU�FXUVRU�LV
VHOHFWLQJ��:KHUH�$5,$�KDV�WKXV�IDU�IRFXVHG�RQ�DQQRWDWLQJ�GRFXPHQWV�ZLWK�WKH�VHPDQWLFV�RI�D
SUH�GHıQHG�SDOHWWH�RI�ZLGJHWV��IXWXUH�ZHE�VWDQGDUGV�PLJKW�LQ��VWHDG�H[SUHVV�KRZ�HOHPHQWV
UHVSRQG�WR�WKH�LQWHUDFWLRQ�DĳRUGDQFHV�RI�VFUHHQ�UHDGHUV��)RU�H[DPSOH��$5,$�FRXOG�RĳHU�H[SOLFLW
VXSSRUW�IRU�RYHUYLHZ�GHWDLO�KLHUDUFKLHV�DQG�GLĳHUHQW�OHYHOV�RI�GHVFULSWLRQ�GHWDLO�WKDW�FDQ�EH
SURJUHVVLYHO\�UHDG�DFFRUGLQJ�WR�XVHU�SUHIHUHQFHV�

��� 6WXG\LQJ�DQG�5HıQLQJ�WKH�'HVLJQ�'LPHQVLRQV

2XU�FRQYHUVDWLRQV�ZLWK�VWXG\�SDUWLFLSDQWV�DOVR�KHOSHG�KLJKOLJKW�WKDW�GHVLJQ�FRQVLGHUDWLRQV�FDQ
GLĳHU�VXEVWDQWLDOO\�IRU�XVHUV�ZKR�DUH�WRWDOO\�EOLQG�FRPSDUHG�WR�WKRVH�ZKR�KDYH�ORZ�YLVLRQ��)RU
H[DPSOH��SDUWLDOO\�VLJKWHG�SDUWLFLSDQWV�XVHG�VFUHHQ�PDJQLıHUV�DORQJVLGH�VFUHHQ�UHDGHUV��$V�D
UHVXOW��WKH\�SUHIHUUHG�YHUERVH�ZULWWHQ�GHVFULSWLRQV�DORQJVLGH�PRUH�WHUVH�YHUEDO�QDUUDWLRQ�
0DJQLıHU�XVHUV�DOVR�ZLVKHG�IRU�LQ�VLWX�WRROWLSV��ZKLFK�ZRXOG�HOLPLQDWH�WKH�QHHG�WR�VFUROO�EDFN
DQG�IRUWK�EHWZHHQ�SRLQWV�DQG�D[HV�WR�XQGHUVWDQG�GDWD�YDOXHV��+RZHYHU��SURPLVLQJO\��ZH�IRXQG
WKDW�XVLQJ�D�VFUHHQ�UHDGHU�DQG�PDJQLıHU�WRJHWKHU�DĳRUGV�XQLTXH�EHQHıWV� ŗ,�ZRXOG�KDYH�PLVVHG
WKLV�SRLQW�YLVXDOO\�LI�,�VROHO\�UHOLHG�RQ�WKH�PDJQLıHU�EHFDXVH�WKH�SRLQW�LV�KLGGHQ�EHKLQG�DQRWKHU
SRLQWŘ �3�����)XWXUH�ZRUN�VKRXOG�PRUH�GHHSO\�H[SORUH KRZ�DFFRPPRGDWLRQV�PLJKW
FRPSOHPHQW�DQG�FRQĲLFW�ZKHQ�GHVLJQLQJ�IRU�GLĳHUHQW�NLQGV�RI�YLVXDO�GLVDELOLW\�

6LPLODUO\��LQ�VFRSLQJ�RXU�IRFXV�WR�VFUHHQ�UHDGHUV�DQG��WKXV��WH[W�WR�VSHHFK�QDUUDWLRQ��ZH
UHIUDLQHG�IURP�FRQVLGHULQJ�PXOWL�VHQVRU\�PRGDOLWLHV�LQ�RXU�GHVLJQ�GLPHQVLRQV��<HW��ZH�IRXQG
WKDW�PRVW�SDUWLFLSDQWV�KDG�SUHYLRXV�H[SHULHQFH�ZLWK�PXOWL�VHQVRU\�YLVXDOL]DWLRQ��LQFOXGLQJ
VRQLıFDWLRQ��3��������������WDFWLOH�VWDWLVWLFDO�FKDUWV��3�ş����������������DQG�KDSWLF�JUDSKLFV��3�����
���������6RPH�SDUWLFLSDQWV�UHSRUWHG�WKDW�D�FRPELQDWLRQ�RI�PRGDOLWLHV�ZRXOG�IXUWKHU�HQKDQFH
WKHLU�H[SHULHQFHௗŠௗIRU�H[DPSOH��JHWWLQJ�D�VRQLF�RYHUYLHZ�RI�D�OLQH�FKDUW�EHIRUH�UHDGLQJ�PRUH
GHWDLOHG�WH[W�GHVFULSWLRQV��2WKHU�SDUWLFLSDQWV��KRZHYHU��FDXWLRQHG�WKDW�DGGLQJ�PXOWLSOH
PRGDOLWLHV�FDQ�FUHDWH�DGGLWLRQDO�FRQIXVLRQ��)RU�H[DPSOH��3��QRWHG�WKDW ŗ7KHUHŖV�RIWHQ�D�ODFN�RI
H[SODQDWLRQ�DERXW�KRZ�WR�PDS�EHWZHHQ�VRXQG�DQG�WH[W�Ř %DVHG�RQ�WKLV�WHVWLPRQ\��LW�LV�XQOLNHO\
WKDW�ŗVHQVRU\�PRGDOLWLHVŘ�DUH�PHUHO\�DQ�DGGLWLRQDO��LQGHSHQGHQW�GLPHQVLRQ�ZLWKLQ�RXU
IUDPHZRUN��5DWKHU��IXWXUH�ZRUN�PXVW�XQSDFN�WKH�DĳRUGDQFHV�RI�LQGLYLGXDO�PRGDOLWLHV��KRZ�WKH\
LQWHUDFW�ZLWK�RQH�DQRWKHU��DQG�KRZ�WKH\�LPSDFW�WKH�GHVLJQ�RI�VWUXFWXUH��QDYLJDWLRQ��DQG
GHVFULSWLRQ�
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��� :KDW�DUH�$FFHVVLEOH�,QWHUDFWLRQV�IRU�'DWD�9LVXDOL]DWLRQV"

,Q�YLVXDOL]DWLRQ�UHVHDUFK��ZH�W\SLFDOO\�GLVWLQJXLVK�EHWZHHQ�VWDWLF�DQG�LQWHUDFWLYH�YLVXDOL]DWLRQV�
ZKHUH�WKH�ODWWHU�DOORZV�UHDGHUV�WR�DFWLYHO\�PDQLSXODWH�YLVXDOL]HG�HOHPHQWV�RU�WKH�EDFNLQJ�GDWD
SLSHOLQH��<L�HW�DO��������+HHU�DQG�6KQHLGHUPDQ��������6FUHHQ�UHDGHUV��KRZHYHU��FRPSOLFDWH�WKLV
PRGHO��UHDGLQJ�LV�QR�ORQJHU�D�SURFHVV�WKDW�RFFXUV�SXUHO\�ŗLQ�WKH�KHDGŘ�EXW�UDWKHU�EHFRPHV�DQ
HPERGLHG�DQG�LQWHUDFWLYH�H[SHULHQFH��DV�VFUHHQ�UHDGHU�XVHUV�PXVW�LQWHQWLRQDOO\�SHUIRUP
DFWLRQV�ZLWK�WKHLU�LQSXW�GHYLFHV�LQ�RUGHU�WR�VWHS�WKURXJK�WKH�YLVXDOL]DWLRQ�VWUXFWXUH��:KLOH�VRPH
DVSHFWV�RI�WKLV�GLFKRWRP\�PD\�VWLOO�KROG��LW�LV�XQFOHDU�KRZ�WR�FOHDQO\�VHSDUDWH�VWDWLF�UHDGLQJ
IURP�LQWHUDFWLYH�PDQLSXODWLRQ�LQ�WKH�FRQWH[W�RI�VFUHHQ�UHDGHU�DFFHVVLEOH�YLVXDOL]DWLRQV��LI�WKHVH
QRWLRQV�DUH�FRQFHSWXDOO\�VHSDUDEOH�DW�DOO��)RU�LQVWDQFH��+DMDV�OLNHQHG�WKH�QDYLJDWLRQ�RXU
SURWRW\SHV�DĳRUGHG�WR ŗVKLIWLQJ�H\H�JD]H��VKLIWLQJ IRFXV�RI�SHUFHSWXDO�DWWHQWLRQ��:KHQ�,
QDYLJDWH�D�YLVXDOL]DWLRQ��QDWXUDOO\�,�ZRXOG�VD\�ŕ,ŖP�ORRNLQJ�DW�WKLV�ıJXUHŖ�DQG�QRW�WKDW�ŕ,ŖP
LQWHUDFWLQJ�ZLWK�WKLV�ıJXUHŖ�Ř $QDORJRXVO\��UHFHQW UHVXOWV�LQ�JUDSKLFDO�SHUFHSWLRQ�ıQG�WKDW�VLJKWHG
UHDGHUV�GR�QRW�VLPSO\�ŗVHHŘ�YLVXDOL]DWLRQV�LQ�D�VLQJOH�JODQFH�EXW�UDWKHU�SHUIRUP�DFWLYH�YLVXDO
ıOWHULQJ�RSHUDWLRQV��%RJHU��0RVW��DQG�)UDQFRQHUL��������+RZHYHU��ZKHQ�XVLQJ�WKH�ELQDU\�WUHH
SURWRW\SH��)LJ���H���+DMDV�QRWHG�D�PRUH�GLVWLQFW�VKLIW�IURP�UHDGLQJ�WR�LQWHUDFWLQJ��+H�VDLG� ŗLW
JDYH�PH�WKH�LPSUHVVLRQ�WKDW�,ŖP�QRW�MXVW�ORRNLQJ�VHOHFWLYHO\��EXW�,�IRFXV�DQG�]RRP�LQWR�WKH�GDWD�Ř
DQDORJRXVO\�WR�]RRP�LQWHUDFWLRQV�WKDW�FKDQJH�WKH�YLHZSRUW�IRU�VLJKWHG�UHDGHUV��%HWWHU
FKDUDFWHUL]LQJ�WKH�VKLIW�WKDW�RFFXUV�ZLWK�WKLV�SURWRW\SH��DQG�H[SORULQJ�DFFHVVLEOH�PDQLSXODWLRQV
RI�YLVXDOL]DWLRQV�WKDW�DOORZ�VFUHHQ�UHDGHU�XVHUV�WR�PHDQLQJIXOO\�FRQGXFW�GDWD�DQDO\VLV��DUH
FRPSHOOLQJ�RSSRUWXQLWLHV�IRU�IXWXUH�ZRUN�
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5HIHUHQFHV�IRU�&KDSWHU��

$EODUW��'DPLHQ��&DUORV�9HODVFR��DQG�0DULDQQD�2EULVW��ŗ,QWHJUDWLQJ�0LG�$LU�+DSWLFV�LQWR�0RYLH
([SHULHQFHV�Ř�,Q 3URFHHGLQJV�RI�WKH������$&0�,QWHUQDWLRQDO &RQIHUHQFH�RQ�,QWHUDFWLYH
([SHULHQFHV�IRU�79�DQG�2QOLQH�9LGHR����ş����79;�Ŗ��� 1HZ�<RUN��1<��86$��$&0�������
KWWSV���GRL�RUJ�������������������������

$EUHX��6WÝQLR��-RUJH�6DVVDNL�5HVHQGH�6LOYD��*UDFLHOD�3LUHV�GRV�$QMRV��+ÜUORQ�0DQROOR�&ÉQGLGR
*XHGHV��6RUDLD�6LOYD�3ULHWFK��3DXOD�&KULVWLQD�)LJXHLUD�&DUGRVR��DQG�$QGUÜ�3LPHQWD�)UHLUH�
ŗ8VDELOLW\�(YDOXDWLRQ�RI�D�5HVRXUFH�WR�5HDG�0DWKHPDWLFDO�)RUPXODH�LQ�D�6FUHHQ�5HDGHU�IRU
3HRSOH�ZLWK�9LVXDO�'LVDELOLWLHV�Ř�,Q 3URFHHGLQJV�RI WKH���WK�%UD]LOLDQ�6\PSRVLXP�RQ�+XPDQ
)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV���ş����,+&�Ŗ����1HZ�<RUN� 1<��86$��$VVRFLDWLRQ�IRU
&RPSXWLQJ�0DFKLQHU\������� KWWSV���GRL�RUJ�������������������������

$EX�'RXVK��,\DG��(QULFR�3RQWHOOL��7UDQ�&DR�6RQ��'RPLQLF�6LPRQ��DQG�2X�0D��ŗ0XOWLPRGDO
3UHVHQWDWLRQ�RI�7ZR�'LPHQVLRQDO�&KDUWV��$Q�,QYHVWLJDWLRQ�8VLQJ�2SHQ�2ĴFH�;0/�DQG
0LFURVRIW�([FHO�Ř $&0�7UDQVDFWLRQV�RQ�$FFHVVLEOH�&RPSXWLQJ ���QR�����1RYHPEHU���
���������������� KWWSV���GRL�RUJ�������������������������

ŗ$FFHVVLEOH�'DWD�6FLHQFH�%H\RQG�9LVXDO�0RGHOV��1RQ�9LVXDO�,QWHUDFWLRQV�ZLWK�5�DQG�56WXGLR
3DFNDJHV�Ř�-DQXDU\����������
KWWSV���UVWXGLR�FRP�UHVRXUFHV�UVWXGLRJOREDO������DFFHVVLEOH�GDWD�VFLHQFH�EH\RQG�YLVXDO�
PRGHOV�QRQ�YLVXDO�LQWHUDFWLRQV�ZLWK�U�DQG�UVWXGLR�SDFNDJHV��

$KPHWRYLF��'UDJDQ��1DK\XQ�.ZRQ��8UDQ�2K��&ULVWLDQ�%HUQDUHJJL��DQG�6HUJLR�0DVFHWWL��ŗ7RXFK
6FUHHQ�([SORUDWLRQ�RI�9LVXDO�$UWZRUN�IRU�%OLQG�3HRSOH�Ř�,Q 3URFHHGLQJV�RI�WKH�:HE
&RQIHUHQFH�����������ş����:::�Ŗ����1HZ�<RUN��1<��86$� $VVRFLDWLRQ�IRU�&RPSXWLQJ
0DFKLQHU\������� KWWSV���GRL�RUJ�������������������������

$OEHUW��0DQQKHLPHU��%UDLOOH�ZULWLQJ�GHYLFH��8QLWHG�6WDWHV�86�������$��ıOHG�-XO\�����������DQG
LVVXHG�6HSWHPEHU��������� KWWSV���SDWHQWV�JRRJOH�FRP�SDWHQW�86�������$�HQ�

$OGULFK��)UDQFHV�.���DQG�/LQGD�6KHSSDUG��ŗ7DFWLOH�*UDSKLFV�LQ�6FKRRO�(GXFDWLRQ��3HUVSHFWLYHV
IURP�3XSLOV�Ř %ULWLVK�-RXUQDO�RI�9LVXDO�,PSDLUPHQW ����QR�����0D\�������������ş���
KWWSV���GRL�RUJ����������������������������

$PHULFDQ�$VVRFLDWLRQ�RI�:RUNHUV�IRU�WKH�%OLQG��$VVRFLDWLRQ�IRU�(GXFDWLRQ�RI�WKH�9LVXDOO\
+DQGLFDSSHG��DQG�1DWLRQDO�%UDLOOH�$VVRFLDWLRQ� 7KH 1HPHWK�%UDLOOH�&RGH�IRU�0DWKHPDWLFV
DQG�6FLHQFH�1RWDWLRQ������5HYLVLRQ��/RXLVYLOOH��.<� $PHULFDQ�3ULQWLQJ�+RXVH�IRU�WKH�%OLQG�
�����

$PLFN��1DQF\��DQG�-DQH�&RUFRUDQ��ŗ*XLGHOLQHV�IRU�'HVLJQ�RI�7DFWLOH�*UDSKLFV�Ř�$PHULFDQ
3ULQWLQJ�+RXVH�IRU�WKH�%OLQG������� KWWSV���ZZZ�DSK�RUJ�UHVHDUFK�JXLGHV��
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%DNHU��&DWKHULQH�0���/DXUHQ�5��0LOQH��5\DQ�'UDSHDX��-HĳUH\�6FRıHOG��&\QWKLD�/��%HQQHWW��DQG
5LFKDUG�(��/DGQHU��ŗ7DFWLOH�*UDSKLFV�ZLWK�D�9RLFH�Ř $&0�7UDQVDFWLRQV�RQ�$FFHVVLEOH
&RPSXWLQJ ���QR�����-DQXDU\��������������������� KWWSV���GRL�RUJ�����������������

%DUZLFK��$QQ�6RSKLH��ŗ0HDVXULQJ�WKH�:RUOG��2OIDFWLRQ�DV�D�3URFHVV�0RGHO�RI�3HUFHSWLRQ�Ř
-DQXDU\���������

%HUJPDQ��(ULF��DQG�(DUO�-RKQVRQ��ŗ7RZDUGV�$FFHVVLEOH�+XPDQ�&RPSXWHU�,QWHUDFWLRQ�Ř�,Q
$GYDQFHV�LQ�+XPDQ�&RPSXWHU�,QWHUDFWLRQ����ş����������

%HWWLQJHU��(OL]D��ŗ/LE*XLGHV��'DWD�9LVXDOL]DWLRQ��0HWKRGV��7RROV��5HVRXUFHV��$FFHVVLELOLW\�DQG
'HVLJQ�Ř�$FFHVVHG�0D\����������
KWWSV���JXLGHV�OLEUDU\�FRUQHOO�HGX�F�SKS"J ������	S ��������

%LOOLH�/��%HQW]HQ��5LFKDUG�0��-DFNVRQ��DQG�$OHF�)��3HFN��ŗ,QIRUPDWLRQ�DERXW�9LVXDO�,PSDLUPHQW
IRU�$UFKLWHFWV�DQG�7UDQVLW�3ODQQHUV�Ř�9RO��,,�RI�)LQDO�5HSRUW��:DVKLQJWRQ��'�&���8�6�
'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��8UEDQ�0DVV�7UDQVSRUWDWLRQ�$GPLQLVWUDWLRQ�������
KWWS���DUFKLYH�RUJ�GHWDLOV�LQIRUPDWLRQDERXW��ELOO�

%URFN��$QNH��3KLOLSSH�7UXLOOHW��%HUQDUG�2ULROD��DQG�&KULVWRSKH�-RXĳUDLV��ŗ8VDJH�RI�0XOWLPRGDO
0DSV�IRU�%OLQG�3HRSOH��:K\�DQG�+RZ�Ř�,Q $&0�,QWHUQDWLRQDO &RQIHUHQFH�RQ�,QWHUDFWLYH
7DEOHWRSV�DQG�6XUIDFHV�����ş����,76�Ŗ����1HZ�<RUN� 1<��86$��$VVRFLDWLRQ�IRU�&RPSXWLQJ
0DFKLQHU\������� KWWSV���GRL�RUJ�������������������������

%XFFDIXVFR��&KULVWRSKHU��ŗ,QFHQWLYL]LQJ�$FFHVVLEOH�'HVLJQ�Ř�6651�6FKRODUO\�3DSHU��5RFKHVWHU�
1<��6RFLDO�6FLHQFH�5HVHDUFK�1HWZRUN��'HFHPEHU���������
KWWSV���SDSHUV�VVUQ�FRP�DEVWUDFW ��������

%XWOHU��0DWWKHZ��/HRQD�0�+ROORZD\��6DPXHO�5HLQGHUV��&DJDWD\�*RQFX��DQG�.LP�0DUULRWW�
ŗ7HFKQRORJ\�'HYHORSPHQWV�LQ�7RXFK�%DVHG�$FFHVVLEOH�*UDSKLFV��$�6\VWHPDWLF�5HYLHZ�RI
5HVHDUFK�����������Ř�,Q 3URFHHGLQJV�RI�WKH������&+, &RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ
&RPSXWLQJ�6\VWHPV���ş���������1HZ�<RUN��1<��86$��$VVRFLDWLRQ IRU�&RPSXWLQJ
0DFKLQHU\������� KWWSV���GRL�RUJ�������������������������

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

&DUYDOKR��/XFDV�3HGURVR��5DTXHO�2OLYHLUD�3UDWHV��DQG�$QGUÜ�3LPHQWD�)UHLUH��ŗ$�3URSRVDO�WR
$GDSW�WKH�6HPLRWLF�,QVSHFWLRQ�0HWKRG�WR�$QDO\]H�6FUHHQ�5HDGHU�0HGLDWHG�,QWHUDFWLRQ�Ř�,Q
3URFHHGLQJV�RI�WKH���WK�%UD]LOLDQ�6\PSRVLXP�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV�
�ş����,+&�Ŗ����1HZ�<RUN��1<��86$��$VVRFLDWLRQ�IRU�&RPSXWLQJ�0DFKLQHU\�������
KWWSV���GRL�RUJ�������������������������
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&KRL��-LQKR��6DQJKXQ�-XQJ��'HRN�*XQ�3DUN��-DHJXO�&KRR��DQG�1LNODV�(OPTYLVW��ŗ9LVXDOL]LQJ�IRU
WKH�1RQƢ9LVXDO��(QDEOLQJ�WKH�9LVXDOO\�,PSDLUHG�WR�8VH�9LVXDOL]DWLRQ�Ř &RPSXWHU�*UDSKLFV
)RUXP ����QR�����-XQH�����������ş��� KWWSV���GRL�RUJ���������FJI�������

&RSSLQ��3HWHU��ŗ:KDW�,V�/RVW�LQ�7UDQVODWLRQ�IURP�9LVXDO�*UDSKLFV�WR�7H[W�IRU�$FFHVVLELOLW\�Ř������
���ş���

'HTXH��ŗ&UHDWLQJ�$FFHVVLEOH�69*V�Ř�-DQXDU\����������
KWWSV���ZZZ�GHTXH�FRP�EORJ�FUHDWLQJ�DFFHVVLEOH�VYJV��

ŗ'DWD�9LVXDOL]DWLRQV�_�9LVXDO�'HVLJQ�_�$FFHVVLELOLW\�IRU�7HDPV�Ř�$FFHVVHG�0D\����������
KWWSV���DFFHVVLELOLW\�GLJLWDO�JRY�YLVXDO�GHVLJQ�GDWD�YLVXDOL]DWLRQV��

ŗ'276<6�,,,��$�3RUWDEOH�3URJUDP�IRU�%UDLOOH�7UDQVODWLRQ�Ř�/LEUDU\�RI�&RQJUHVV��:DVKLQJWRQ��'�&��
'LYLVLRQ�IRU�WKH�%OLQG�DQG�3K\VLFDOO\�+DQGLFDSSHG��2FWREHU���������

(OPTYLVW��1LNODV��ŗ9LVXDOL]LQJ�IRU�WKH�1RQ�9LVXDO�Ř�0HGLXP��$SULO����������
KWWSV���PHGLXP�FRP�KFLO�DW�XPG�YLVXDOL]LQJ�IRU�WKH�QRQ�YLVXDO���D�HH�������

(UKDUGW��5REHUW�-���DQG�0LFKDHO�3��6KXPDQ��ŗ$VVLVWLYH�7HFKQRORJLHV�IRU�6HFRQG�<HDU�6WDWLVWLFV
6WXGHQWV�:KR�$UH�%OLQG�Ř -RXUQDO�RI�6WDWLVWLFV�(GXFDWLRQ ����QR�����-XO\�����������QXOO�
KWWSV���GRL�RUJ��������������������������������

9LVXDOLVLQJ�'DWD��ŗ)LYH�:D\V�WR����'HVLJQ�IRU�5HG�*UHHQ�&RORXU�%OLQGQHVV�Ř�$XJXVW���������
KWWSV���ZZZ�YLVXDOLVLQJGDWD�FRP���������ıYH�ZD\V�WR�GHVLJQ�IRU�UHG�JUHHQ�FRORXU�EOLQGQ
HVV��

)RVVKHLP��+RZ��QRW��WR�PDNH�DFFHVVLEOH�GDWD�YLVXDOL]DWLRQV��LOOXVWUDWHG�E\�WKH�86�SUHVLGHQWLDO
HOHFWLRQ�E\�6DUDK�/��ŗ+RZ��1RW��WR�0DNH�$FFHVVLEOH�'DWD�9LVXDOL]DWLRQV��,OOXVWUDWHG�E\�WKH
86�3UHVLGHQWLDO�(OHFWLRQ��E\�6DUDK�/��)RVVKHLP�Ř�$FFHVVHG�0D\����������
KWWSV���IRVVKHLP�LR��

)RVVKHLP��6DUDK�/��ŗ$Q�,QWUR�WR�'HVLJQLQJ�$FFHVVLEOH�'DWD�9LVXDOL]DWLRQV�Ř�$FFHVVHG�0D\����
����� KWWSV���IRVVKHLP�LR��

ŠŠŠ��ŗ$Q�,QWURGXFWLRQ�WR�$FFHVVLEOH�'DWD�9LVXDOL]DWLRQV�ZLWK�'��-V�Ř�$FFHVVHG�0D\����
����� KWWSV���IRVVKHLP�LR��

)RVVKHLP��7RROV�IRU�GHVLJQLQJ�JRRG�ORRNLQJ�DFFHVVLEOH�LQWHUIDFHV�E\�6DUDK�/��ŗ7RROV�IRU
'HVLJQLQJ�*RRG�/RRNLQJ�$FFHVVLEOH�,QWHUIDFHV�E\�6DUDK�/��)RVVKHLP�Ř�$FFHVVHG�0D\����
����� KWWSV���IRVVKHLP�LR��

)UDQFRQHUL��6WHYHQ�/���/DFH�0��3DGLOOD��3ULWL�6KDK��-HĳUH\�0��=DFNV��DQG�-HVVLFD�+XOOPDQ��ŗ7KH
6FLHQFH�RI�9LVXDO�'DWD�&RPPXQLFDWLRQ��:KDW�:RUNV�Ř 3V\FKRORJLFDO�6FLHQFH�LQ�WKH�3XEOLF
,QWHUHVW ����QR�����'HFHPEHU�����������ş��� KWWSV���GRL�RUJ���������������������������
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)XML\RVKL��0DPRUX��$NLR�)XML\RVKL��+LURVKL�7DQDND��DQG�7RUX�,VKLGD��ŗ8QLYHUVDO�'HVLJQ�7DFWLOH
*UDSKLFV�3URGXFWLRQ�6\VWHP�%3/27��IRU�%OLQG�7HDFKHUV�DQG�%OLQG�6WDĳV�WR�3URGXFH
7DFWLOH�*UDSKLFV�DQG�,QN�3ULQW�*UDSKLFV�RI�+LJK�4XDOLW\�Ř�,Q &RPSXWHUV�+HOSLQJ�3HRSOH�ZLWK
6SHFLDO�1HHGV��HGLWHG�E\�.ODXV�0LHVHQEHUJHU�DQG�*HRUJLRV .RXURXSHWURJORX�
���������ş����/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��&KDP��6SULQJHU�,QWHUQDWLRQDO
3XEOLVKLQJ������� KWWSV���GRL�RUJ��������������������������B���

)XWXUH�'DWH� 7UDQVODWLQJ�0DSV�DQG�*HRJUDSKLF�'DWD WR�1RQ�9LVXDO�)RUPDWV���(OL]DEHWK�3\DWW�
$FFHVVHG�-XO\���������� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 3[-�7I�2E:��

*LEVRQ��%HFN\��ŗ$FFHVVLELOLW\�7HVWLQJ�E\�3HRSOH�ZLWK�'LVDELOLWLHV�Ř ���$FFHVVLELOLW\ �EORJ��
'HFHPEHU���������
KWWSV���ZZZ���D��\�FRP������DFFHVVLELOLW\�WHVWLQJ�E\�SHRSOH�ZLWK�GLVDELOLWLHV��

*RGIUH\��$��-RQDWKDQ�5���DQG�0��7KHRGRU�/RRWV��ŗ$GYLFH�)URP�%OLQG�7HDFKHUV�RQ�+RZ�WR�7HDFK
6WDWLVWLFV�WR�%OLQG�6WXGHQWV�Ř -RXUQDO�RI�6WDWLVWLFV (GXFDWLRQ ����QR�����1RYHPEHU����������
QXOO� KWWSV���GRL�RUJ��������������������������������

+ROPHV��3HWHU��ŗ0DNLQJ�'DWD�9LVXDOL]DWLRQ�$FFHVVLEOH�Š�D�&DVH�6WXG\�Ř�0HGLXP��-DQXDU\���
�����
KWWSV���X[GHVLJQ�FF�PDNLQJ�GDWD�YLVXDOL]DWLRQ�DFFHVVLEOH�D�FDVH�VWXG\�H�IE��DF��DG�

+XPSKUH\V��6DO��ŗ7KH�(FRQRPLHV�ZLWKLQ�DQ�2QOLQH�6RFLDO�1HWZRUN�0DUNHWௗ��$�&DVH�6WXG\�RI
5DYHOU\�Ř�,Q $1=&$����$QQXDO�&RQIHUHQFH࣯��&RPPXQLFDWLRQ� &UHDWLYLW\�DQG�*OREDO
&LWL]HQVKLS�������
KWWS���ZZZ�DQ]FD�QHW�GRFXPHQWV������FRQI�SDSHUV����WKH�HFRQRPLHV�ZLWKLQ�DQ�RQOLQH�V
RFLDO�QHWZRUN�PDUNHW�D�FDVH�VWXG\�RI�UDYHOU\���KWPO�

+XWFKLQV��(GZLQ�/��-DPHV�'�+ROODQ��DQG�'RQDOG�$�1RUPDQ��ŗ'LUHFW�0DQLSXODWLRQ�,QWHUIDFHV�Ř
+XPDQ�&RPSXWHU�,QWHUDFWLRQ �������������ş���

+XWFKLQVRQ��+LODU\��%HQMDPLQ�%�%HGHUVRQ��$OOLVRQ�'UXLQ��&DWKHULQH�3ODLVDQW��:HQG\�0DFND\�
+HOHQ�(YDQV��+HLNR�+DQVHQ��HW�DO��ŗ7HFKQRORJ\�3UREHV��,QVSLULQJ�'HVLJQ�IRU�DQG�ZLWK
)DPLOLHV�Ř�Q�G�����

.HDUQH\�9ROSH��&ODLUH��DQG�$P\�+XUVW��ŗ$FFHVVLEOH�:HE�'HYHORSPHQW��2SSRUWXQLWLHV�WR
,PSURYH�WKH�(GXFDWLRQ�DQG�3UDFWLFH�RI�:HE�'HYHORSPHQW�ZLWK�D�6FUHHQ�5HDGHU�Ř $&0
7UDQVDFWLRQV�RQ�$FFHVVLEOH�&RPSXWLQJ ����QR�����-XO\ ��������������������
KWWSV���GRL�RUJ�����������������

.HHQ�%ORJ��ŗ$FFHVVLELOLW\�&RQVLGHUDWLRQV�LQ�'DWD�9LVXDOL]DWLRQ�'HVLJQ�Ř .HHQ �EORJ���-XO\����
����� KWWSV���NHHQ�LR�EORJ�DFFHVVLELOLW\�LQ�GDWD�YLV��
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.H\HV��2V��%XUUHQ�3HLO��5XD�0��:LOOLDPV��DQG�.DWWD�6SLHO��ŗ5HLPDJLQLQJ��:RPHQŖV��+HDOWK��+&,�
*HQGHU�DQG�(VVHQWLDOLVHG�(PERGLPHQW�Ř $&0�7UDQVDFWLRQV�RQ�&RPSXWHU�+XPDQ
,QWHUDFWLRQ ����QR�����6HSWHPEHU�������������ş��� KWWSV���GRL�RUJ�����������������

.LP��1��:���6��&��-R\QHU��$��5LHJHOKXWK��DQG�<��.LP��ŗ$FFHVVLEOH�9LVXDOL]DWLRQ��'HVLJQ�6SDFH�
2SSRUWXQLWLHV��DQG�&KDOOHQJHV�Ř &RPSXWHU�*UDSKLFV )RUXP ����QR�����-XQH�����������ş���
KWWSV���GRL�RUJ���������FJI�������

.OHPPHU��6FRWW�5���%MąUQ�+DUWPDQQ��DQG�/HLOD�7DND\DPD��ŗ+RZ�%RGLHV�0DWWHU��)LYH�7KHPHV�IRU
,QWHUDFWLRQ�'HVLJQ�Ř�,Q 3URFHHGLQJV�RI�WKH��WK�$&0 &RQIHUHQFH�RQ�'HVLJQLQJ�,QWHUDFWLYH
6\VWHPV����',6�Ŗ���������8QLYHUVLW\�3DUN��3$��86$� $&0�3UHVV�������
KWWSV���GRL�RUJ�������������������������

.UXIND��6WHSKHQ�(GZDUG��ŗ9LVXDO�WR�7DFWLOH�&RQYHUVDWLRQ�7KHRU\�Ř�0�6��WKHVLV��8QLYHUVLW\�RI
'HODZDUH�������

/L��-LQJ\L��6RQ�.LP��-RVKXD�$��0LHOH��0DQHHVK�$JUDZDOD��DQG�6HDQ�)ROOPHU��ŗ(GLWLQJ�6SDWLDO
/D\RXWV�WKURXJK�7DFWLOH�7HPSODWHV�IRU�3HRSOH�ZLWK�9LVXDO�,PSDLUPHQWV�Ř�,Q 3URFHHGLQJV�RI
WKH������&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV����&+,�Ŗ�����ş���
*ODVJRZ��6FRWODQG�8N��$&0�3UHVV������� KWWSV���GRL�RUJ�������������������������

0DF/HRG��+DOH\��&\QWKLD�/��%HQQHWW��0HUHGLWK�5LQJHO�0RUULV��DQG�(GZDUG�&XWUHOO�
ŗ8QGHUVWDQGLQJ�%OLQG�3HRSOHŖV�([SHULHQFHV�ZLWK�&RPSXWHU�*HQHUDWHG�&DSWLRQV�RI�6RFLDO
0HGLD�,PDJHV�Ř�,Q 3URFHHGLQJV�RI�WKH������&+,�&RQIHUHQFH RQ�+XPDQ�)DFWRUV�LQ
&RPSXWLQJ�6\VWHPV������ş����'HQYHU�&RORUDGR�86$��$&0� �����
KWWSV���GRL�RUJ�������������������������

0DUVRQ��6WHSKHQ�0���&KDUOHV�)��+DUULQJWRQ��DQG�$GDP�:DOOV��ŗ7HDFKLQJ�,QWURGXFWRU\�6WDWLVWLFV
WR�%OLQG�6WXGHQWV�Ř 7HDFKLQJ�6WDWLVWLFV��$Q�,QWHUQDWLRQDO -RXUQDO�IRU�7HDFKHUV ����QR���
����������ş��� KWWSV���GRL�RUJ���������M����������������������[�

0DUWìQH]��5XEÜQ�$OFDUD]��0LUHLD�5LEHUD�7XUUĂ��DQG�7RQL�*UDQROOHUV�6DOWLYHUL��ŗ$FFHVVLEOH
6WDWLVWLFDO�&KDUWV�IRU�3HRSOH�ZLWK�/RZ�9LVLRQ�DQG�&RORXU�9LVLRQ�'HıFLHQF\�Ř�,Q 3URFHHGLQJV
RI�WKH�;;�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+XPDQ�&RPSXWHU�,QWHUDFWLRQ���ş���,QWHUDFFL	�[I��Q
Ŗ����1HZ�<RUN��1<��86$��$VVRFLDWLRQ�IRU�&RPSXWLQJ�0DFKLQHU\�������
KWWSV���GRL�RUJ�������������������������

0D]DQHF��0HODQLH��ŗ'DWD�9LVXDOL]DWLRQ�$FFHVVLELOLW\��:KHUH�$UH�:H�1RZ��DQG�:KDWŖV�1H[W"Ř
0HGLXP��-XO\���������
KWWSV���PHGLXP�FRP�QLJKWLQJDOH�GDWD�YLVXDOL]DWLRQ�DFFHVVLELOLW\�ZKHUH�DUH�ZH�QRZ�DQG�Z
KDWV�QH[W�E�F�HHDF�H�E�

0F'RQQHOO��(PPD��/HDK�)LQGODWHU��DQG�$XGUH\�'HVMDUGLQV��ŗ%ULGJLQJ�$FFHVVLELOLW\�DQG�'LVDELOLW\
6WXGLHV�5HVHDUFK�WR�6SHFXODWH�%H\RQG�$ELOLW\�1RUPV�Ř�Q�G�����
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0LHVHQEHUJHU��.ODXV��-RDFKLP�.ODXV��DQG�:ROIJDQJ�=DJOHU��HGV� &RPSXWHUV�+HOSLQJ�3HRSOH
ZLWK�6SHFLDO�1HHGV���WK�,QWHUQDWLRQDO�&RQIHUHQFH��,&&+3�������/LQ]��$XVWULD��-XO\�������
������3URFHHGLQJV��/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH� /HFWXUH�1RWHV�LQ�$UWLıFLDO
,QWHOOLJHQFH�������%HUOLQௗ��1HZ�<RUN��6SULQJHU�������

2EULVW��0DULDQQD��5RE�&RPEHU��6ULUDP�6XEUDPDQLDQ��%HWLQD�3LTXHUDV�)LV]PDQ��&DUORV�9HODVFR�
DQG�&KDUOHV�6SHQFH��ŗ7HPSRUDO��$ĳHFWLYH��DQG�(PERGLHG�&KDUDFWHULVWLFV�RI�7DVWH
([SHULHQFHV��$�)UDPHZRUN�IRU�'HVLJQ�Ř�,Q 3URFHHGLQJV RI�WKH���QG�$QQXDO�$&0
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV���&+,�Ŗ��������ş����7RURQWR�
2QWDULR��&DQDGD��$&0�3UHVV������� KWWSV���GRL�RUJ�������������������������

2EULVW��0DULDQQD��6XH�$QQ�6HDK��DQG�6ULUDP�6XEUDPDQLDQ��ŗ7DONLQJ�DERXW�7DFWLOH�([SHULHQFHV�Ř
,Q 3URFHHGLQJV�RI�WKH�6,*&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV LQ�&RPSXWLQJ�6\VWHPV���&+,
Ŗ����������3DULV��)UDQFH��$&0�3UHVV������� KWWSV���GRL�RUJ�������������������������

2EULVW��0DULDQQD��6ULUDP�6XEUDPDQLDQ��(OLD�*DWWL��%HQMDPLQ�/RQJ��DQG�7KRPDV�&DUWHU�
ŗ(PRWLRQV�0HGLDWHG�7KURXJK�0LG�$LU�+DSWLFV�Ř�,Q 3URFHHGLQJV RI�WKH���UG�$QQXDO�$&0
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV� ����ş����&+,�Ŗ����1HZ�<RUN��1<�
86$��$&0������� KWWSV���GRL�RUJ�������������������������

2EULVW��0DULDQQD��$OH[DQGUH�7XFK��DQG�.DVSHU�+RUQEÑN��ŗ2SSRUWXQLWLHV�IRU�2GRU��([SHULHQFHV
ZLWK�6PHOO�DQG�,PSOLFDWLRQV�IRU�7HFKQRORJ\�Ř &RQIHUHQFH RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ
6\VWHPV���3URFHHGLQJV��$SULO���������� KWWSV���GRL�RUJ�������������������������

2ĳHQKXEHU��'LHWPDU��ŗ'DWD�E\�3UR[\����0DWHULDO�7UDFHV�DV�$XWRJUDSKLF�9LVXDOL]DWLRQV�Ř
$U;LY������������>&V��0DWK@��-XO\���������� KWWS���DU[LY�RUJ�DEV������������

3DL[ÊR�6LOYD��/XL]�)HOLSH�GD��2WDYLR�GH�)DULD�2OLYHLUD��(YHOLVH�5RPDQ�&RUEDODQ�*ĂLV�)UHLUH�
5RVDQD�0DULD�0HQGHV��DQG�$QGUÜ�3LPHQWD�)UHLUH��ŗ+RZ�0XFK�(ĳRUW�,V�1HFHVVDU\�IRU�%OLQG
8VHUV�WR�5HDG�:HE�%DVHG�0DWKHPDWLFDO�)RUPXODH"�$�&RPSDULVRQ�8VLQJ�7DVN�0RGHOV
ZLWK�'LĳHUHQW�6FUHHQ�5HDGHUV�Ř�,Q 3URFHHGLQJV�RI WKH�;9,�%UD]LOLDQ�6\PSRVLXP�RQ�+XPDQ
)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV���ş����,+&�������1HZ <RUN��1<��86$��$VVRFLDWLRQ�IRU
&RPSXWLQJ�0DFKLQHU\������� KWWSV���GRL�RUJ�������������������������

3DWHUVRQ��0DUN� 7KH�6HQVHV�RI�7RXFK��+DSWLFV��$ĳHFWV DQG�7HFKQRORJLHV��%HUJ�������

3HGHUVHQ��0RUWHQ�$[HO��.ULVWRĳHU�$OEULV��DQG�1LFN�6HDYHU��ŗ7KH�3ROLWLFDO�(FRQRP\�RI�$WWHQWLRQ�Ř
$QQXDO�5HYLHZ�RI�$QWKURSRORJ\ ����QR���������������ş���
KWWSV���GRL�RUJ���������DQQXUHY�DQWKUR���������������

3RWOXUL��9HQNDWHVK��7DGDVKL�(�*ULQGHODQG��-RQ�(��)URHKOLFK��DQG�-HQQLIHU�0DQNRĳ��ŗ([DPLQLQJ
9LVXDO�6HPDQWLF�8QGHUVWDQGLQJ�LQ�%OLQG�DQG�/RZ�9LVLRQ�7HFKQRORJ\�8VHUV�Ř�,Q
3URFHHGLQJV�RI�WKH������&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV���ş���
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����1HZ�<RUN��1<��86$��$VVRFLDWLRQ�IRU�&RPSXWLQJ�0DFKLQHU\�������
KWWSV���GRL�RUJ�������������������������

3XQ��.DUZDL��ŗ'RV�DQG�'RQŖWV�RQ�'HVLJQLQJ�IRU�$FFHVVLELOLW\���$FFHVVLELOLW\�LQ�*RYHUQPHQW�Ř
$FFHVVHG�0D\����������
KWWSV���DFFHVVLELOLW\�EORJ�JRY�XN������������GRV�DQG�GRQWV�RQ�GHVLJQLQJ�IRU�DFFHVVLELOLW\�
�

5LGHU��*HUWUXGH�7� %UDLOOH�7UDQVFULELQJ��$�0DQXDO� :DVKLQJWRQ��'�&���7KH�$PHULFDQ�1DWLRQDO�5HG
&URVV�������

6FKHSHUV��'RXJ��ŗ:K\�$FFHVVLELOLW\�,V�DW�WKH�+HDUW�RI�'DWD�9LVXDOL]DWLRQ�Ř�0HGLXP��0D\����
�����
KWWSV���PHGLXP�FRP�QLJKWLQJDOH�DFFHVVLELOLW\�LV�DW�WKH�KHDUW�RI�GDWD�YLVXDOL]DWLRQ���D��G
�F���E�

6HZHOO��+DUU\�3��0HWKRG�DQG�DSSDUDWXV�IRU�IRUPLQJ�UDLVHG�FKDUDFWHUV�DQG�OLQHV��8QLWHG�6WDWHV
86�������$��ıOHG�-XQH�����������DQG�LVVXHG�1RYHPEHU���������
KWWSV���SDWHQWV�JRRJOH�FRP�SDWHQW�86�������$�HQ�

6KHSSDUG��/LQGD��DQG�)UDQFHV�.��$OGULFK��ŗ7DFWLOH�*UDSKLFV�LQ�6FKRRO�(GXFDWLRQ��3HUVSHFWLYHV
IURP�7HDFKHUV�Ř %ULWLVK�-RXUQDO�RI�9LVXDO�,PSDLUPHQW ����QR�����6HSWHPEHU�������������ş���
KWWSV���GRL�RUJ����������������������������

6LPSO\�$FFHVVLEOH�WHDP��ŗ��6ROXWLRQV�IRU�&UHDWLQJ�0RUH�$FFHVVLEOH�69*V�Ř 6LPSO\�$FFHVVLEOH
�EORJ���0DUFK���������� KWWSV���VLPSO\DFFHVVLEOH�FRP�DUWLFOH���VROXWLRQV�VYJV��

6LYHN��6XVDQ�&XUULH��ŗ'DWD�9LVXDOL]DWLRQ�DQG�$FFHVVLELOLW\��7KUHH�5HFRPPHQGHG�5HDGV�DQG
7RS�7LSV�Ř�0HGLXP��-DQXDU\����������
KWWSV���WRZDUGVGDWDVFLHQFH�FRP�GDWD�YLVXDOL]DWLRQ�DQG�DFFHVVLELOLW\�WKUHH�UHFRPPHQGHG�
UHDGV�DQG�WRS�WLSV��F�H���E���H�

6RUJH��9RONHU��&KDUOHV�&KHQ��7��9��5DPDQ��DQG�'DYLG�7VHQJ��ŗ7RZDUGV�0DNLQJ�0DWKHPDWLFV�D
)LUVW�&ODVV�&LWL]HQ�LQ�*HQHUDO�6FUHHQ�5HDGHUV�Ř�,Q 3URFHHGLQJV�RI�WKH���WK�:HE�IRU�$OO
&RQIHUHQFH���ş��������1HZ�<RUN��1<��86$��$VVRFLDWLRQ IRU�&RPSXWLQJ�0DFKLQHU\�������
KWWSV���GRL�RUJ�������������������������

6RXHLGDQ��6DUD��ŗ&DVH�6WXG\��,PSOHPHQWLQJ�$FFHVVLEOH�'DWD�&KDUWV�IRU�WKH�.KDQ�$FDGHP\
�����$QQXDO�5HSRUW�Ř�$FFHVVHG�0D\����������
KWWSV���VDUDVRXHLGDQ�FRP�EORJ�DFFHVVLEOH�GDWD�FKDUWV�IRU�NKDQ�DFDGHP\������DQQXDO�UH
SRUW��
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6WRLEHU��&KULVWLQD��)ORULDQ�*UDVVLQJHU��0DUJLW�3RKO��+ROJHU�6WLW]��0DUF�6WUHLW��DQG�:ROIJDQJ
$LJQHU��ŗ9LVXDOL]DWLRQ�2QERDUGLQJ��/HDUQLQJ�+RZ�WR�5HDG�DQG�8VH�9LVXDOL]DWLRQV�Ř�3UHSULQW�
2SHQ�6FLHQFH�)UDPHZRUN��$XJXVW���������� KWWSV���GRL�RUJ����������RVI�LR�F��DE�

6WRQH��%ULDQ�:���'RQRYDQ�.D\��DQG�$QWKRQ\�5H\QROGV��ŗ7HDFKLQJ�9LVXDOO\�,PSDLUHG�&ROOHJH
6WXGHQWV�LQ�,QWURGXFWRU\�6WDWLVWLFV�Ř -RXUQDO�RI�6WDWLVWLFV (GXFDWLRQ ����QR�����6HSWHPEHU���
����������ş��� KWWSV���GRL�RUJ�������������������������������

6XOOLYDQ��-��(��ŗ'276<6�,,,��$�3RUWDEOH�%UDLOOH�7UDQVODWRU�Ř�,Q 3URFHHGLQJV�RI�WKH�$&0�$QQXDO
&RQIHUHQFH�����ş�����$WODQWD��*HRUJLD��86$��$&0�������

:DQJ��-LQJ��-LQKXL�7DQJ��DQG�-LHER�/XR��ŗ0XOWLPRGDO�$WWHQWLRQ�ZLWK�,PDJH�7H[W�6SDWLDO
5HODWLRQVKLS�IRU�2&5�%DVHG�,PDJH�&DSWLRQLQJ�Ř�,Q 3URFHHGLQJV RI�WKH���WK�$&0
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0XOWLPHGLD������ş����6HDWWOH :$�86$��$&0�������
KWWSV���GRL�RUJ�������������������������

:DWVRQ��/ÜRQLH��ŗ$FFHVVLEOH�69*�)ORZFKDUWV�Ř�7LQN���/ÜRQLH�:DWVRQ���2Q�WHFKQRORJ\��IRRG�	
OLIH�LQ�WKH�GLJLWDO�DJH��$FFHVVHG�-XO\���������� KWWSV���WLQN�XN�DFFHVVLEOH�VYJ�ĲRZFKDUWV��

ŠŠŠ��ŗ$FFHVVLEOH�69*�/LQH�*UDSKV�Ř�7LQN���/ÜRQLH�:DWVRQ���2Q�WHFKQRORJ\��IRRG�	�OLIH�LQ�WKH
GLJLWDO�DJH��$FFHVVHG�-XO\���������� KWWSV���WLQN�XN�DFFHVVLEOH�VYJ�OLQH�JUDSKV��

ŠŠŠ��ŗ$FFHVVLEOH�69*�7DEOHV�Ř�7LQN���/ÜRQLH�:DWVRQ���2Q�WHFKQRORJ\��IRRG�	�OLIH�LQ�WKH
GLJLWDO�DJH��$FFHVVHG�-XO\���������� KWWSV���WLQN�XN�DFFHVVLEOH�VYJ�WDEOHV��

:HQLQJHU��0DUNXV��*HUDOG�2UWQHU��7RELDV�+DKQ��2ODI�'UXHPPHU��DQG�.ODXV�0LHVHQEHUJHU�
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&RPSXWHU�*UDSKLFV�������ş���������

:LOOLDPV��6DUDK� 'DWD�$FWLRQ��8VLQJ�'DWD�IRU�3XEOLF *RRG��&DPEULGJH��0DVVDFKXVHWWV��7KH�0,7
3UHVV�������
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3URFHHGLQJV�RI�WKH�7KLUG�,QWHUQDWLRQDO�$&0�&RQIHUHQFH�RQ�$VVLVWLYH�7HFKQRORJLHV�����ş��
$VVHWV�Ŗ����1HZ�<RUN��1<��86$��$VVRFLDWLRQ�IRU�&RPSXWLQJ�0DFKLQHU\�������
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&RQFOXVLRQ

7KLV�GLVVHUWDWLRQ�LQYHVWLJDWHV�WKH�SURFHVV�RI�FXUDWLQJ��FOHDQLQJ��YLVXDOL]LQJ��FLUFXODWLQJ��DQG
PDQLSXODWLQJ�GDWD�WR�XQGHUVWDQG�WKH�SHUVXDVLYH�IRUFH�RI�YLVXDO�LQIRUPDWLRQ�LQ�PXOWLPRGDO
PHGLD��)URP�WKH�KLVWRU\�RI�KDSWLF�LQWHUIDFHV�WR�WKH�GDWD�SUDFWLFHV�RI�VRFLDO�PHGLD�FRPPXQLWLHV
DFURVV�WKH�86�DQG�&KLQD��WKLV�WKHVLV�XVHV�KLVWRULFDO�DQG�HWKQRJUDSKLF�PHWKRGV�WR�XQGHUVWDQG
KRZ�XVHUV�RI�TXDQWLWDWLYH�LQIRUPDWLRQ�HQFRGH�QRUPV�DERXW�JHQGHU��DELOLW\��DQG�UDFH�LQ�GDWD
YLVXDOL]DWLRQV�DQG�VHDUFK�LQWHUIDFHV��7KLV�FULWLFDO�VFKRODUVKLS�FRPSOHPHQWV�SURMHFWV�ZLWK
HQJLQHHULQJ�FROOHDJXHV�DW�&6$,/�WR�EXLOG�PRUH�LQFOXVLYH�GDWD�UHSUHVHQWDWLRQ�V\VWHPV��'UDZLQJ
RQ�ZRUN�LQ�IHPLQLVW�WHFKQRVFLHQFH��GLVDELOLW\�VWXGLHV��DQG�WKH�KLVWRU\�DQG�DQWKURSRORJ\�RI
FRPSXWLQJ��WKLV�GLVVHUWDWLRQ�ZHDYHV�WRJHWKHU�GLĳHUHQW�IRUPV�RI�+&,�UHVHDUFK�WR�DVN�ZKDW�ZRUN
FDQ�RU�VKRXOG�EH�GRQH�E\�GDWD�UHSUHVHQWDWLRQV�DFURVV�FRPSXWDWLRQDO�PHGLD�

7KH�ıUVW�WZR�FKDSWHUV�RI�WKLV�WKHVLV�LQYHVWLJDWH�WKH�VSUHDG�RI�&29,'�UHODWHG�GDWD�DQG
PHPHV�DFURVV�VRFLDO�PHGLD��,Q /HWŖV�*R��%DE\�)RUNOLIW�� ZH�GUDZ�IURP�VRFLDO�PHGLD�VWXGLHV�
OLQJXLVWLF�DQWKURSRORJ\��DQG�&KLQD�VWXGLHV�WR�LQYHVWLJDWH�D�SKHQRPHQRQ�ZH�FDOO�ŗIDQGRP
JRYHUQDQFH�Ř�ZKLFK�GHVFULEHV�KRZ�VWDWH�UXQ�PHGLD�ERUURZV�IURP�D�FXOWXUH�RI�FHOHEULW\�IDQGRP
DQG�PHPHV�LQ�RUGHU�WR�FRQVROLGDWH�SROLWLFDO�SRZHU� 9LUDO�9LVXDOL]DWLRQV VLPLODUO\�H[SORUHV�WKH
SROLWLFDO�SRZHU�RI�YLVXDO�PHGLD�E\�LQYHVWLJDWLQJ�KRZ�&29,'�UHODWHG�GDWD�YLVXDOL]DWLRQV
UHSUHVHQW�DQ�RQJRLQJ�HSLVWHPRORJLFDO�JDS�EHWZHHQ�&29,'�VNHSWLFV�DQG�WKH�VFLHQWLıF
HVWDEOLVKPHQW��7KLV�VWXG\�DERXW�WKH�UROH�RI�&29,'�GDWD�LQ�SXEOLF�OLIH�LV�SDLUHG�ZLWK�WKH�ODWWHU�WZR
FKDSWHUV�RQ�DOWHUQDWLYH�IRUPV�RI�GDWD�YLVXDOL]DWLRQ��WKHVH�FKDSWHUV�GHVFULEH�EHVW�SUDFWLFHV�IRU
FUHDWLQJ�SURMHFWV�RQ�DFFHVVLEOH�YLVXDOL]DWLRQ��DQG�LQVWDQWLDWH�WKHP�WKURXJK�SURWRW\SHV�IRU
LQWHUDFWLYH�GDWD�UHSUHVHQWDWLRQV�IRU�VFUHHQ�UHDGHUV��7KH�SURWRW\SHV�LQ�WKLV�SURMHFW�FUHDWH�QHZ
PHWKRGV�RI�LQWHUDFWLQJ�ZLWK�D�YLVXDOL]DWLRQ�WKDW�PDNH�LW�SRVVLEOH�IRU�EOLQG�DQG�ORZ�YLVLRQ�XVHUV
WR�VHDPOHVVO\�PRYH�EHWZHHQ�GLĳHUHQW�OD\HUV�DQG�VHOHFWLRQV�RI�GDWD�

([SORULQJ�VFUHHQ�UHDGHUV�DV�D�ZD\�WR�LQWHUDFWLYHO\�SUHVHQW�GDWD�FKDOOHQJHV�WKH
RFXODUFHQWULVP�RI�FRQYHQWLRQDO�YLVXDOL]DWLRQ�SUDFWLFHV��DQG�LW�LV�DQ�H[FLWLQJ�RSSRUWXQLW\�IRU
PHGLD�VFKRODUV�DQG�FULWLFDO�PDNHUV�WR�SURGXFWLYHO\�LQWHUURJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH
VHQVHV�DQG�LQWHUIDFH�GHVLJQ��7KH�PHWKRGRORJLFDO�YDULDWLRQ�LQ�WKLV�GLVVHUWDWLRQ�LV�DOVR�DQ
H[FLWLQJ�DUWLIDFW�RI�KRZ�YDULHG�+&,�DQG�676�UHVHDUFK�FDQ�EH��,Q�VXUYH\V�RI�WKH�GLVFLSOLQH�E\
FRPSXWHU�VFLHQWLVWV��ERRNV�OLNH�5RJHUVŖ������� +&, 7KHRU\��&ODVVLFDO��0RGHUQ��DQG

���



&RQWHPSRUDU\ DQG�(ULFNVRQ�DQG�0F'RQDOGŖV������� +&,�5HPL[HG WLH�WKH�ıHOGŖV�HDUO\
GHYHORSPHQWV�ZLWK�FRJQLWLYH�SV\FKRORJ\�DQG�KXPDQ�IDFWRUV�UHVHDUFK�ZLWK�DGGLWLRQDO
LQWHUYHQWLRQV�IURP�HWKQRJUDSKHUV��FRPSXWHU�VFLHQWLVWV��DQG�PHFKDQLFDO�HQJLQHHUV��*LYHQ�WKLV
EUHDGWK��,�PXVW�UHWXUQ�WR�WKH�RSHQLQJ�TXHVWLRQ�RI�WKLV�GLVVHUWDWLRQ�Š�LI�+&,�VKDSH�VKLIWV�WR
LQFOXGH�DOO�PDQQHUV�RI�UHVHDUFK��KRZ�FDQ�676�VFKRODUV�XQGHUVWDQG�+&,�DV�D�ıHOG�DQG�WKH�NLQGV
RI�NQRZOHGJH�SURGXFWLRQ�WKDW�LW�YDOXHV"�+LVWRULFDOO\��KRZ�KDV�WKH�SUHRFFXSDWLRQ�ZLWK�HĴFLHQF\�
DFFHVV��RU�VFDOH�LQ�+&,�UHVHDUFK�FKDQJHG�WKH�LPDJLQHG�XVHUV�DQG�SRVVLEOH�GHVLJQV�ZLWKLQ�D
UHVHDUFK�SURMHFW"

)URP�SHUFHSWXDO�SV\FKRORJ\�WR�GHVLJQ��DQG�IURP�DQWKURSRORJ\�WR�FRPSXWHU�VFLHQFH�
+&,�LQ�WKH�ODVW����\HDUV�VHHPV�PDUNHG�PRUH�E\�D�FRPPRQ LQWHUHVW LQ�WKH�LQWHUVHFWLRQ�EHWZHHQ
SHRSOH�DQG�WHFKQRORJ\�UDWKHU�WKDQ�E\�D�FRPPRQ PHWKRG� 7KLV�NLQG�RI�GLVFLSOLQDU\�FDQQLEDOLVP
FHUWDLQO\�KDV�LWV�SHULOV��WDNH�RQH�ORRN�DW�WKH�RYHUZKHOPLQJ�DQQXDO�&+,�FRQIHUHQFH�DQG�RQH
PLJKW�EH�KDUG�SUHVVHG�WR�ıQG�D�GLVFLSOLQDU\�WKURXJK�OLQH�EHWZHHQ�HWKQRJUDSKLF�ZRUN�RQ�WKH
YLUWXDO�ZRUOG 6HFRQG�/LIH DQG�D�V\VWHPV�EXLOGLQJ�SDSHU WKDW�GHVFULEHV�WKH�GHVLJQ�RI�D�QHZ�GDWD
YLVXDOL]DWLRQ�LQWHUIDFH��,QGHHG��JLYHQ�WKH�VXQGU\�QDWXUH�RI�PHWKRGV�WUDLQLQJ�DFURVV�+&,
SURJUDPV�Š�ZKHUH�FHUWDLQ�SURJUDPV�WLOW�PRUH�WR�RQH�HQG�RI�WKH�TXDOLWDWLYH�RU�TXDQWLWDWLYH
VSHFWUXP�Š�LW�FDQ�EH�GLĴFXOW�WR�VHH�KRZ�DQ�HWKQRJUDSKHU�PLJKW�EH�DEOH�WR�ULJRURXVO\�HYDOXDWH
WKH�VFKRODUO\�FRQWULEXWLRQV�RI�D�V\VWHPV�EXLOGLQJ�SDSHU��DQG�YLFH�YHUVD��:KLOH�PRUH
FRQVHUYDWLYH�VFKRODUV�PLJKW�ODPHQW�WKLV�NLQG�RI�HFOHFWLFLVP�DV�D�NLQG�RI�ŗXQGLVFLSOLQLQJŘ�Š�RU�
OHVV�FKDULWDEO\��DV�FRQIXVHG�DQG�LQFRKHUHQW�Š�LW�LV�HTXDOO\�SRVVLEOH�WR�LPDJLQH�WKLV�GLVFLSOLQDU\
GLYHUVLW\�DV�D�IRXQGU\�RI�XQH[SORUHG�VFKRODUO\�SDWKZD\V�

0DQ\�NLQGV�RI�LQWHUGLVFLSOLQDU\�ZRUN��HLWKHU�DV�D�UHVXOW�RI�GLVFLSOLQDU\�LPSHULDOLVP�RU
PRUH�SHDFHIXO�PHDQV�RI�DFDGHPLF�FROODERUDWLRQ��KDYH�PHDQLQJIXOO\�DGGUHVVHG�WKHVH�FRQFHUQV
E\�GHYHORSLQJ�D�VKDUHG�YRFDEXODU\��)RU�VRPH��WKLV�PHDQV�XVLQJ�VKDUHG�FRQFHSWV�WR�HQFRXUDJH
FRQYHUVDWLRQV�RQ�D�SHUVRQDO�OHYHO��EXW�WKLV�NLQG�RI�FRPPRQ�ODQJXDJH�LV�HYHQ�PRUH�HĳHFWLYH�RQ
DQ�LQVWLWXWLRQDO�OHYHO��H�J���WR�DGYDQFH�D�GHSDUWPHQWŖV�LQWHUHVW�WR�D�XQLYHUVLW\�DGPLQLVWUDWLRQ��RU
WR�KHOP�D�SURIHVVLRQDO�VRFLHW\ŖV�HQWU\�LQWR�QHZ�GLVFLSOLQDU\�ZDWHUV���,W�LV�QRW�HQRXJK�WR�VLPSO\
DFNQRZOHGJH�WKDW�+&,�LV�GLYHUVH�DQG�SRURXV�FRPSDUHG�WR�LWV�PRUH�WUDGLWLRQDO�FRXQWHUSDUWV�OLNH
FRPSXWHU�VFLHQFH��6FLHQFH�VWXGLHV�VFKRODU�3HWHU�*DOLVRQ��IRU�H[DPSOH��KDV�ORQJ�DUJXHG�WKDW
VFLHQWLıF�ZRUN�LV E\�QDWXUH GLVXQLıHG�DQG�XQGLVFLSOLQHG� DQG�LW�LV�WKLV�ŗGLVXQLıFDWLRQ�>HPSKDVLV
KLV@�WKDW�XQGHUSLQV�LWV�VWUHQJWK�DQG�VWDELOLW\Ř��*DOLVRQ������������

,Q�KLV�DQDO\VLV�RI�WKH�GLVFLSOLQDU\�GLVWLQFWLRQV�EHWZHHQ�SK\VLFLVWV��H�J���WKHRUHWLFLDQV�
H[SHULPHQWDOLVWV��DQG�LQVWUXPHQWDOLVWV��PDQ\�RI�ZKRP�PD\�QRW�HYHQ�FDOO�WKHPVHOYHV
ŗSK\VLFLVWVŘ�SHU�VH���*DOLVRQ�GHYHORSV�D�FRQFHSW�RI�D�ŗWUDGLQJ�]RQHŘ�WR�VKRZ�KRZ�WKHVH
GLĳHUHQW�JURXSV�Š�DV�HFOHFWLF�LQ�FRQFHUQ�DQG�PHWKRG�WKH\�PLJKW�EH�Š�MRLQ�WRJHWKHU�DW�SRLQWV
RI�VKDUHG�LQWHUHVW��ŗ/LNH�WZR�FXOWXUHV��GLVWLQFW�E\�OLYLQJ�QHDU�HQRXJK�WR�WUDGH��WKH\�FDQ�VKDUH
VRPH�DFWLYLWLHV�ZKLOH�GLYHUJLQJ�RQ�PDQ\�RWKHUV�Ř�*DOLVRQ�VD\V��ŗ:KDW�LV�FUXFLDO�LV�WKDW�LQ�WKH
KLJKO\�ORFDO�FRQWH[W�RI�WKH�WUDGLQJ�]RQH� GHVSLWH WKH�GLĳHUHQFHV�LQ�FODVVLıFDWLRQ��VLJQLıFDQFH�

���



DQG�VWDQGDUGV�RI�GHPRQVWUDWLRQ��WKH�WZR�JURXSV�FDQ�FROODERUDWH��>���@�7KH\�FDQ�HYHQ�ERWK
XQGHUVWDQG�WKDW�WKH�FRQWLQXDWLRQ�RI�H[FKDQJH�LV�D�SUHUHTXLVLWH�WR�WKH�VXUYLYDO�RI�WKH�ODUJHU
FXOWXUH�RI�ZKLFK�WKH\�DUH�SDUW��LELG���������6XVDQ�/HLJK�6WDU�DQG�-DPHV�5��*ULHVHPHUŖV�������
FRQFHSW�RI�ŗERXQGDU\�REMHFWVŘ�LQ�]RRORJ\�KDV�EHHQ�VLPLODUO\�LQĲXHQWLDO�LQ�GHVFULELQJ�WKH
KHWHURJHQHRXV�QDWXUH�RI�VFLHQWLıF�ZRUN�DQG�WKH�QHHG�IRU�FROODERUDWLRQ�WKDW�LV�FUXFLDO�WR�VFLHQFH
DV�DQ�LQWHOOHFWXDO�HQWHUSULVH��,Q�WKHLU�IRUPXODWLRQ��D�ERXQGDU\�REMHFW�LV�VRPHWKLQJ�WKDW�LV�ŗERWK
SODVWLF�HQRXJK�WR�DGDSW�WR�ORFDO�QHHGV�DQG�FRQVWUDLQWV���\HW�UREXVW�HQRXJK�WR�PDLQWDLQ�D
FRPPRQ�LGHQWLW\�DFURVV�VLWHVŘ��LELG����������:H�PLJKW�HYHQ�FRQVWUXH�WKHVH�SDSHUV�WKHPVHOYHV
DV�ERXQGDU\�REMHFWV�WKDW�H[LVW�LQ�D�WUDGLQJ�]RQH��6WDU�DQG�*ULHVHPHUŖV�DUWLFOH�LV�ZLGHO\�FLWHG�LQ
LQIRUPDWLRQ�VFLHQFH�DQG�&6&:�OLWHUDWXUH�DV�ZHOO DV 676��*DOLVRQ�LV�ZLGHO\�UHDG�LQ�676�DV�ZHOO
DV�KLVWRU\�DQG�PHGLD�VWXGLHV��%RWK�SDSHUV�DUH�XVHG�DV�ZD\V�RI�WDONLQJ�DERXW�WKH�KHWHURJHQHLW\
RI�NQRZOHGJH�SURGXFWLRQ�LQ�GLĳHUHQW�GLVFLSOLQHV��,Q�IDFW��WKHVH�DSSURDFKHV�QRW�RQO\
DFNQRZOHGJH�WKH�SRURXVQHVV�RI�PDQ\�GLVFLSOLQHV��EXW�WKH\�DUJXH�WKDW�WKLV�LQWHUFKDQJH�LV�D
IRXQGDWLRQDO�FRPSRQHQW WR�KRZ�GLVFLSOLQHV�WLFN��7KLV LV�QRW�MXVW�WUXH�RI�GLVFLSOLQHV�OLNH�+&,�WKDW
ZH�PLJKW�VHH�DV�DQ�ŗXPEUHOODŘ�GLVFLSOLQH�WKDW�WDNHV�PDQ\�VXEıHOGV�LQ�WUDGLWLRQDO�GHSDUWPHQWV
DQG�PDNHV�WKHP�LQWR�LWV�RZQ��LW�LV�DOVR�YLVLEOH�ZLWKLQ�WUDGLWLRQDO�GLVFLSOLQHV�OLNH�SV\FKRORJ\�RU
DQWKURSRORJ\��7KHUH�LV�OLWWOH�LQ�FRPPRQ�PHWKRGRORJLFDOO\�EHWZHHQ�SHUFHSWXDO�DQG�VRFLDO
SV\FKRORJLVWV��RU�EHWZHHQ�IRUHQVLF�DQG�FXOWXUDO�DQWKURSRORJLVWV��KRZHYHU��E\�YLUWXH�RI�EHLQJ�LQ
WKH�VDPH�ıHOG��WKH\�VKDUH�FRPPRQ�TXHVWLRQV�Š�EXW�GLĳHUHQW�DSSURDFKHV�WR�DQVZHULQJ�WKHP�

7KXV��LW�PLJKW�EH�PRUH�LQVWUXFWLYH�WR�HVWDEOLVK�ZKDW�WKH�FRPPRQ TXHVWLRQV RU FRQFHSWV
LQ�+&,�DUH��UDWKHU�WKDQ�TXLEEOH�RYHU�ZKHWKHU�WKHUH VKRXOG EH�RQH��+&,�KDV�DOUHDG\�EHHQ�XVHG
DV�D�XVHIXO�WHUP�IRU�UHVHDUFKHUV�VHDUFKLQJ�IRU�D�ZLGH�XPEUHOOD�RI�DFDGHPLF�LQWHUORFXWRUV�ZLWK
ZKRP�WR�HQJDJH��EXW�LQYRNLQJ�WKDW�WHUP�DOVR�FRPHV�ZLWK�LWV�RZQ�KLVWRULFDO�EDJJDJH��$W�LWV
RXWVHW��VRPH�RI�WKH�ıUVW�SDSHUV�LQ�ĲDJVKLS�+&,�MRXUQDOV�GHHSHQ�FRQFHSWXDO�IUDPHZRUNV�LQ
FRPSXWHU�VFLHQFH�Š�LWVHOI�D�QDVFHQW�ıHOG�LQ�WKH�PLG���WK�FHQWXU\�WKDW�PLJKW�RWKHUZLVH�EH
FDOOHG�PDWKHPDWLFV�RU�HOHFWULFDO�HQJLQHHULQJ�Š�E\�DUWLFXODWLQJ�KRZ�WKHVH�FRPSXWDWLRQDO
V\VWHPV�PLJKW�EH�XVHG�LQ�HYHU\GD\�OLIH��,Q�-�&�5��/LFNOLGHUŖV�ŗ0DQ�&RPSXWHU�6\PELRVLV�Ř�IRU
H[DPSOH��KH�DUWLFXODWHV�D�IXWXUH�ZKHUH�WKHUH�ZLOO�EH�DQ�ŗH[SHFWHG�GHYHORSPHQW�LQ�FRRSHUDWLYH
LQWHUDFWLRQ�EHWZHHQ�PHQ�DQG�HOHFWURQLF�FRPSXWHUVŘ��/LFNOLGHU����������DQG�VLPLODU�OXPLQDULHV
OLNH�$ODQ�.D\�ZULWH�RI�VSHFXODWLYH�IXWXUHV�ZKHUH�FKLOGUHQ�DQG�DGXOWV�DOLNH�OHDUQ��ZRUN��DQG�SOD\
SULPDULO\�ZLWK�GLJLWDO�FRPSXWHUV��.D\��������7KDW�+&,ŖV�GLVFLSOLQDU\�RULJLQV�FRPH�IURP
GLVFXVVLRQV�DERXW�WKH�FRQYHUJHQFH�RI�GHVLJQ�DQG�HQJLQHHULQJ�Ç�OD�+HUEHUW�6LPRQ��������Š
DORQJVLGH�WKHVH�VSHFXODWLYH�DUWLFOHV�ZKHUH�KXPDQ�DQG�FRPSXWDWLRQDO�ZRUN�DUH�EHFRPLQJ�WKH
VLWH�RI�VKDUHG�LQWHOOHFWXDO�LQTXLU\�Š�LV�RIWHQ�UHĲHFWHG�LQ�WKH�NLQGV�RI�ZRUN�WKDW�VFKRODUO\�+&,
YHQXHV�SULPDULO\�YDOXH��L�H���V\VWHPV�EXLOGLQJ�SDSHUV�WKDW�GHVFULEH�IXWXUH�FRPSXWHU�DVVLVWHG
ZRUN���(YHQ�PRUH�WKDQ�WKDW��WKH�KLVWRULFDO�FRQYHUVLRQ�RI�GHVLJQ�LQWR�DQ�HQJLQHHULQJ�GLVFLSOLQH�Š
D�SURFHVV�WKDW�ZDV�RIWHQ�KDVWHQHG�E\�LQGXVWULDO�UHVHDUFK�RUJDQL]DWLRQV�OLNH�65,��IRUPHUO\�WKH
6WDQIRUG�5HVHDUFK�,QVWLWXWH��Š�DOVR�IRUHVKDGRZV�WKH�ODUJHU�VFDOH�RI�DFDGHPLF�LQGXVWULDO
FROODERUDWLRQ�WKDW�LV�PRUH�SURPLQHQW�LQ�+&,�WKDQ�SHUKDSV�DQ\�RWKHU�VRFLDO�VFLHQWLıF�RU
HQJLQHHULQJ�GLVFLSOLQH��7KH�GHYHORSPHQW�RI�8;�8,�UHVHDUFK�DUPV��DORQJ�ZLWK�WKH�FUHDWLRQ�RI

���



UROHV�OLNH�ŗSURGXFW�GHVLJQHUŘ�DV�RQH�WKDW�SULPDULO\�UHTXLUHV�DQ�HQJLQHHULQJ�GHJUHH�ZLWK�DQ
DUWLVWLF�EHQW��LV�HPEOHPDWLF�RI�WKH�NLQGV�RI�LQWHUGLVFLSOLQDU\��DQG�H[WUD�DFDGHPLF��FROODERUDWLRQV
WKDW�+&,�KDV�EHHQ�DEOH�WR�IRVWHU��8QGHUVWDQGLQJ�RU�SUREOHPDWL]LQJ�WKHVH�RULJLQ�VWRULHV�LV
LPSRUWDQW�IRU�WDONLQJ�DERXW�GLVFLSOLQDU\�IRUPDWLRQ�EHFDXVH�LW�LV�WKHVH�VWRULHV�WKDW�RIWHQ
FLUFXPVFULEH�ERWK�ZKDW�LV�SRVVLEOH�DQG�ZKDW�LV�YDOXHG�DV�YDOLG�IRUPV�RI�NQRZOHGJH�SURGXFWLRQ�

7KHVH�VWRULHV�GR�QRW�WKHPVHOYHV�FOHDUO\�GHPDUFDWH�ZKDW�+&,�KDV�EHHQ��RU�ZLOO�EH��
+RZHYHU��IUDPLQJ�ZKDW�D�GLVFLSOLQH�LV�DURXQG FRPPRQ TXHVWLRQV WKHUHIRUH�UHTXLUHV�D�QRUPDWLYH
VHQVH�RI�����ZKDW�YDOXHV�DUH�LPSRUWDQW�LQ�VFKRODUO\�ZRUN��DQG�����ZKDW�NLQGV�RI�TXHVWLRQV�FDQ�EH
LPSRUWDQW��'LVFLSOLQDU\�WUDLQLQJ�LQ�D�3K'�LV�LQ�ODUJH�SDUW�JDLQLQJ�WKH�WDFLW�NQRZOHGJH�WR
XQGHUVWDQG�WKH�W\SHV�RI�TXHVWLRQV�WKDW�DUH�ZRUWK�DVNLQJ��)RU�VRPH��OLNH�0LULDK�0H\HU�RU�3DXO
'RXULVK��LW�LV�WR�FUHDWH�ODUJHU�FRQFHSWXDO�IUDPHZRUNV�RU�PHWKRGV�WR�XQGHUVWDQG�KRZ�GHVLJQ
UHVHDUFK�FDQ�SURFHHG��6HGOPDLU��0H\HU��DQG�0XQ]QHU��������)RU�RWKHUV��LW�FDQ�EH�WR�FUHDWH
FRPSXWDWLRQDO�YLVXDOL]DWLRQ�V\VWHPV��H�J���6DW\DQDUD\DQ�HW�DO���������7R�VD\�VLPSO\�WKDW
KXPDQ�FRPSXWHU�LQWHUDFWLRQ�HQFRPSDVVHV�DQ\WKLQJ�WR�GR�ZLWK�WKH�LQWHUVHFWLRQ�EHWZHHQ
SHRSOH�DQG�FRPSXWHUV�VHHPV�WRR�FDSDFLRXV��EXW�WKLV�LV�D�FULWLFLVP�WKDW�FDQ�EH�VLPLODUO\�OHYLHG
DW�ŗWUDGLWLRQDOŘ�GLVFLSOLQHV�OLNH�DQWKURSRORJ\��ZKLFK�PLJKW�SURFODLP�WR�ŗVWXG\�KXPDQ�FXOWXUH�Ř
3HUKDSV�DQ�DOWHUQDWLYH�ZD\�WR�ULJRURXVO\�Š�EXW�JHQHURXVO\�Š�VFRSH�ZKDW�+&,�DV�D�GLVFLSOLQH
FDQ�GR�LV�WR�VD\�WKDW�+&,�UHVHDUFKHUV�QRW�RQO\�EXLOG�WHFKQRORJLFDO�DUWLIDFWV��EXW�WKH\�PLJKW�DOVR
VWXG\ KRZ RU ZK\ SHRSOH�XVH�WKHVH�DUWLIDFWV�LQ�WKH ıUVW�SODFH��,Q�WKLV�VHQVH��VFKRODUV�PLJKW�EH
DEOH�WR�XQGHUVWDQG�WKLV�ıHOG�DV�D�GRPDLQ�ZKHUH�VRPH�UHVHDUFKHUV�IRFXV�ERWK�RQ�V\VWHPV�RI
KXPDQ�RU�FRPSXWDWLRQDO�EHKDYLRU��EXW�WKH\�DOVR�H[DPLQH�WKH�EURDGHU�VRFLDO�DQG�SROLWLFDO
FRQWH[WV�LQ�ZKLFK�WHFKQRORJLFDO�DUWLIDFWV�PLJKW�EH�GHSOR\HG��DQG�E\�ZKRP���7KLV�ZLGH�GHıQLWLRQ
RI�ZKDW�+&,�FDQ�EH�LV�SURPLVLQJ�Š�LW�LV�WKH�PRGH�RI�GRLQJ�VFKRODUVKLS�WKDW�KDV�HQFRXUDJHG�WKH
GLYHUVLW\�RI�VXEPLVVLRQV�DW�&+,�Š�EXW�LW�DOVR�DWWHPSWV�WR�PRUH�WLJKWO\�VFRSH�WKH�GHVLJQ�VSDFH
VXFK�WKDW�DQ�LQGLYLGXDO�DUWLFOH�PLJKW�EH�DEOH�WR�VSHDN�VSHFLıFDOO\�WR�VRPH�FRPSRQHQWV�RI�WKDW
GHıQLWLRQ�EXW�QRW�RWKHUV�

7KLV�LV�QRW�WR�WKURZ�DOO�GLVFLSOLQDU\�ERXQGDULHV�WR�WKH�ZLQG�DQG�DGYRFDWH�IRU�D�FKDRWLF
ZRUOG�RI�DQWL�GLVFLSOLQDU\�WKLQNLQJ��PRVW�DFDGHPLFV�OLYH�LQ�D�ZRUOG�WKDW�HQIRUFHV�VWULFW
GLVFLSOLQDU\�ERXQGDULHV�DW�HYHU\�WXUQ��LQ�TXDOLI\LQJ�H[DPLQDWLRQV��LQ�MRXUQDO�DUWLFOH�VXEPLVVLRQV�
DQG��SHUKDSV�PRVW�VDOLHQWO\��LQ�WHQXUH�UHYLHZ��:KDW�LV�WKHUHIRUH�YDOXDEOH�DERXW�WKLV�NLQG�RI
LQWHUGLVFLSOLQDU\�DSSURDFK�LV�WKH�RSSRUWXQLW\�DQG�WKH�DELOLW\�WR�UHLQWHUSUHW�GLĳHUHQW�NLQGV�RI
NQRZOHGJH�IURP�RQH�GLVFLSOLQH�WR�DQRWKHU��(FRQRPLVW�*HRUJH�6WLJOHU��RI�ŗLPSHULDO�VFLHQFHŘ
IDPH��DWWULEXWHV�HFRQRPLFVŖ�VXFFHVV�DW�FRQTXHULQJ�RWKHU�GLVFLSOLQHV�WR�WKH�DEVWUDFWQHVV�DQG
JHQHUDOL]DELOLW\�RI�HFRQRPLF�WKHRU\��6WLJOHU��������VR�WRR�FDQ�WKHVH�FRQFHSWV�DQG�GHVLJQ
IUDPHZRUNV�EH�WUDQVODWHG�EHWZHHQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�ZD\V�RI�NQRZLQJ�LQ�+&,��3ODFLQJ
DQ�HPSKDVLV�LQ�WKH�GHVLJQ�RI�FRPSXWDWLRQDO�V\VWHPV�QRW�MXVW�RQ�LWV�FRQVWLWXWLYH�SDUWV�EXW�DOVR
RQ�WKH�SHRSOH�ZKR�XVH�DQG�GHVLJQ�WKHP�LV�D�ıUVW�VWDUW�Š�XQGHUVWDQGLQJ�KRZ�WKHVH�GLĳHUHQW
NLQGV�RI�NQRZOHGJH�LQWHUDFW�ZLWK�HDFK�RWKHU�LV��KRSHIXOO\��WKH�IXWXUH�RI�WKLV�ıHOG�
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7RZDUGV�GHHSHU�LQWHUVHFWLRQV�RI�VRFLRWHFKQLFDO�ZRUN

$�FHQWUDO�WHQVLRQ�EHWZHHQ�TXDOLWDWLYH�DQG�WHFKQLFDO�DUHDV�RI�+&,�LV�WKH�HSLVWHPRORJLFDO
UROH�RI DEVWUDFWLRQ DQG JHQHUDOL]DELOLW\� ,Q�EURDG WHUPV��RQH�FRXOG�DUJXH�WKDW�V\VWHPV�EXLOGLQJ
LQ�FRPSXWHU�VFLHQFH�GHDOV�SULPDULO\�ZLWK�DEVWUDFWLRQ�DQG�JHQHUDOLW\��ZKHUHDV�WKH�KXPDQLWLHV
DQG�VRFLDO�VFLHQFHV�SUL]H�FORVH�UHDGLQJ�DQG�FKDPSLRQ�VSHFLıFLW\��H�J���WKLV�SLHFH�RI�NQRZOHGJH
FDQ�RQO\ EH�DSSOLHG�WR D�VSHFLıF�JURXS�RI�SHRSOH ZLWKLQ�D YHU\�VSHFLıF�WLPH�IUDPH��D�KLVWRULDQ
ZRXOG�QRW�EHOLHYH�WKDW�WKLV�SDUWLFXODU�SKHQRPHQRQ�FRXOG�EH�UHSOLFDWHG�DFURVV�WLPH��VSDFH��RU
FXOWXUH���+RZHYHU��WKH�LPSXOVH�WR�JHQHUDOL]H�LV�QRW�OLPLWHG�WR�WKH�HQJLQHHULQJ�VFLHQFHV�
WKHRUHWLFDO�UHVHDUFK�LQ�WKH�KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV�KDV�DOVR�XVHG�JUDQXODU�GDWD��H�J��
HWKQRJUDSK\��LQ�RUGHU�WR�PDNH�WKHRUHWLFDO�FRQWULEXWLRQV�WKDW�JHQHUDOL]H�DERXW�WKH�QDWXUH�RI
FXOWXUH��WKH�HFRQRP\��RU�VRFLDO�RUJDQL]DWLRQ��H�J���DQWKURSRORJLFDO�WKHRULHV�DERXW�HPERGLPHQW��
7KH�LPSXOVH�WR�JHQHUDOL]H�LQ�WHFKQLFDO�+&,�UHVHDUFK�IROORZV�VLPLODU�SDWWHUQV��ZKHUH�LQVLJKWV
IURP�ZL]DUG�RI�R]�XVHU�VWXGLHV�DUH�XVHG�WR�LQIRUP�EURDGHU�JXLGHOLQHV�DERXW�KRZ�WR�EHWWHU
GHVLJQ�FRPSXWDWLRQDO�V\VWHPV��+RZHYHU��WKHVH�GLĳHUHQW�W\SHV�RI�JHQHUDOL]HG��DQG
JHQHUDOL]DEOH��NQRZOHGJH�DUH�VWLOO�YDOLGDWHG�LQ�GLĳHUHQW�ZD\V��ZKHUH�TXDQWLWDWLYH�UHVHDUFK�RIWHQ
DVSLUHV�WR�EH UHSURGXFLEOH� WKH�XOWLPDWH�JRDO�RI�PDQ\ TXDOLWDWLYH�VWXGLHV�LV�WR�EH WUDQVIHUDEOH�
7KHUH�LV�QR�H[SHFWDWLRQ��IRU�H[DPSOH��WKDW�DQ�HWKQRJUDSKHU�ZLOO�EH�DEOH�WR�UHSOLFDWH�WKH
LPPHUVLYH�ıHOG�ZRUN�RI�DQRWKHU�VFKRODU��EXW�WKHUH�LV�DQ�H[SHFWDWLRQ�WKDW�RQH�UHVHDUFKHUŖV
ıQGLQJV�ZRXOG�PDNH�VHQVH E\�MX[WDSRVLWLRQ� ,Q�ERWK FDVHV��KRZHYHU��XQGHUVWDQGLQJ�KRZ
NQRZOHGJH�LV�FRQVWUXHG�DV�OHJLWLPDWH�RU�RWKHUZLVH�ZRUWK�SXUVXLQJ�Š�DQG�WKH�HQGV�WR�ZKLFK�LW
FDQ�EH�XVHG�Š�LV�XVHIXO�IRU�DFKLHYLQJ�D�GHHSHU�LQWHUVHFWLRQ�RI�VRFLRWHFKQLFDO�ZRUN�

7KHVH�NLQGV�RI�ELQDU\�DQDO\WLFDO�IUDPHV��VHH�WDEOH����DUH�SHUYDVLYH�WKURXJKRXW�TXDOLWDWLYH
DQG�TXDQWLWDWLYH�UHVHDUFK��DQG�WKH\�DUH�FHUWDLQO\�QRW�XQLTXH�WR�+&,��+LVWRULDQV�DQG
DQWKURSRORJLVWV�WRJJOH�EHWZHHQ�WKH�ORFDO�DQG�WKH�JOREDO��EHWZHHQ�PLFUR��DQG�PDFUR�OHYHO
HYHQWV��DQG�EHWZHHQ�REVHUYDWLRQV�DQG�WKHRU\��$GGLWLRQDOO\��VFLHQWLVWV�DQG�HQJLQHHUV�RIWHQ
SUREOHPDWL]H�WKH�IDOVH�GLFKRWRP\�EHWZHHQ�SXUH�DQG�DSSOLHG�UHVHDUFK�WR�JHQHUDWH�QHZ
GHYHORSPHQWV�LQ�WKHRU\�DQG�PHWKRGV��H�J���6WRNHV��������0DQ\�RI�WKHVH�ELQDULHV�VHHP�WR�EH
ODUJHO\�D�TXHVWLRQ�RI VFRSH Š�LW�FDQ�EH�HDV\�WR�VLPSOLI\ WKHVH�GLVWLQFWLRQV�DV�VLPSO\�WKH
DQDO\WLFDO�MXPS�EHWZHHQ�ŗVPDOOŘ�REVHUYDWLRQV�WR�ŗELJŘ�WKHRULHV��7KHVH�NLQGV�RI�W\SRORJLHV�DUH
XVHIXO�SUHFLVHO\�EHFDXVH�WKH\�FDQ�EH�RUJDQL]LQJ�KHXULVWLFV�IRU�WKH GDWD ZH�FROOHFW�DQG�IRU�WKH
DQDO\WLFDO�IUDPHV WKDW�ZH�XVH�WR�JHQHUDWH�QHZ�NQRZOHGJH�

7DEOH��

4XDOLWDWLYH
6SHFLıFLW\
&DVH�VWXG\
'HVFULSWLYH

'HFRQVWUXFWLYH

ļ
ļ
ļ
ļ
ļ

4XDQWLWDWLYH
*HQHUDOL]DELOLW\
$EVWUDFWLRQ
$QDO\WLFDO

&RQVWUXFWLYH
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,Q�IDFW��PDQ\�RI�WKH�WHQVLRQV�EHWZHHQ�WKH�TXDOLWDWLYH�DQG�WHFKQLFDO�+&,�UHVHDUFKHUV
RIWHQ�VWHP�IURP�GLVDJUHHPHQWV�DERXW�KRZ�WR�PDNH�WKLV�DQDO\WLFDO�MXPS��RU�WKH\�FDQ�DULVH�IURP
PLVXQGHUVWDQGLQJ�LI�D�SDUWLFXODU�LQWHUYHQWLRQ�DĳHFWV�VRPHWKLQJ�RQ�DQ�LQGLYLGXDO��RUJDQL]DWLRQDO�
RU�VRFLDO�OHYHO��7DNH��IRU�H[DPSOH��DQ�DQWKURSRORJLVW�FRQGXFWLQJ�DQ�HWKQRJUDSK\�RI�D SDUWLFXODU
YLOODJH�LQ�3DSXD�1HZ�*XLQHD��FDVH�VWXG\���ZKR�WKHQ�XVHV�WKHLU�REVHUYDWLRQV�WR�PDNH�D�PRUH
JHQHUDO�DUJXPHQW��DQ�DEVWUDFWLRQ���DERXW�WKH�QDWXUH�RI�JLIWV�DQG�KXPDQ�VRFLDOLW\��0DQ\
VFLHQWLVWV�DQG�HQJLQHHUV�FDQ�EH�VXVSLFLRXV�RI�WKHVH�NLQGV�RI�PHWKRGV��DQG�IRU�JRRG�UHDVRQ�
EH\RQG�WKH�ODFN�RI�UHSOLFDELOLW\��DQG�LW�FHUWDLQO\�JUDWHV�DJDLQVW�WKH�H[SHFWDWLRQ�WKDW�KXPDQ
EHKDYLRU�VKRXOG�EH�VWXGLHG�XVLQJ�D�V\VWHPDWLF�VDPSOLQJ�RI�D�UHSUHVHQWDWLYH�SRSXODWLRQ�
+RZHYHU��WKH�VDPH�DQWKURSRORJLVW�PLJKW�KDYH�PLVJLYLQJV�DERXW�D�FRPSXWHU�VFLHQWLVW�ZKR
UDQGRPO\�VHOHFWV�VWXG\�SDUWLFLSDQWV�WKURXJKRXW�D�ODUJHU�SRRO�WR�PHDVXUH�WKHLU�UHDFWLRQ�WLPH
ZLWK�D�FHUWDLQ�SLHFH�RI�WHFKQRORJ\�RU�WR�LGHQWLI\�WKHLU�SROLWLFDO�YLHZV���,�DP�QRW�QHFHVVDULO\
DUJXLQJ�ZKHWKHU�RU�QRW�WKHVH�GLVWLQFWLRQV�DUH�ZDUUDQWHG���+RZHYHU��LGHQWLI\LQJ�WKHP�ZLWKLQ
GLĳHUHQW�VFDOHV�JLYHV�PH�DQ�DQDO\WLFDO�IUDPHZRUN�WR�SURFHHG�ZLWK�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ
WKDW�WUDQVFHQGV�GLVWLQFWLRQV�EHWZHHQ�WKH�ŗTXDOLWDWLYHŘ�DQG�WKH�ŗTXDQWLWDWLYH�Ř

,QGHHG��PDQ\�FULWLFLVPV�OHYLHG�E\�VRFLDO�VFLHQWLVWV�RI�FRPSXWDWLRQDO�V\VWHPV�DUH�WKDW
WHFKQLFDO�UHVHDUFKHUV�KDYH�ĲDWWHQHG�WKH�KXPDQ�H[SHULHQFH�LQWR�D�IHZ�TXDQWLıDEOH�GLPHQVLRQV
DQG�JHQHUDOL]HG�ZLWKRXW�DFFRXQWLQJ�IRU�VRFLDO�FRQWH[W��:KHUH�D�VRFLDO�VFLHQWLVW�PLJKW�FULWLFL]H�D
FRPSXWHU�VFLHQWLVW�ZRUNLQJ�RQ�FRQWHQW�PRGHUDWLRQ�IRU�EHFDXVH�WKHLU�WRRO�GRHV�QRW�PHDQLQJIXOO\
DFFRXQW�IRU�VRFLDO�IDFWRUV�OLNH�D�SRZHU�GLĳHUHQWLDO�EHWZHHQ�XVHUV��WKH�FRPSXWHU�VFLHQWLVW�PLJKW
DOVR�UHVSRQG�WKDW�WKHLU�WHFKQLFDO�LQWHUYHQWLRQV�DUH�QRW�QHFHVVDULO\�LQWHQGHG�WR��QRU�DUH�WKH\�DEOH
WR��FKDQJH�WKH�ZD\V�WKDW�LQGLYLGXDO�SHRSOH�EHKDYH��+RZ��WKHQ��FDQ�ZH�EHVW�UHVROYH�WKLV�WHQVLRQ
EHWZHHQ�VSHFLıFLW\�DQG�JHQHUDOLW\"�5HIUDFWLQJ�UHVHDUFK�TXHVWLRQV�LQ�+&,�WKURXJK�WKH�ELQDU\
GLVWLQFWLRQV�,�SUHVHQW�LQ�ıJXUH���FDQ�EH�XVHIXO�EHFDXVH�ZH�FDQ�PDS�D�SURMHFWŖV�GDWD�FROOHFWLRQ
DQG�DQDO\VLV�RQWR�WKHVH�IUDPHZRUNV�LQ�RUGHU�WR�ıQG�QHZ�DĳRUGDQFHV��H�J���HWKQRJUDSKLF�GDWD�LV
VSHFLıF�EXW�WKH�WKHRU\�FUHDWHG�IURP�LW�PLJKW�EH�JHQHUDOL]DEOH��VLPLODUO\��ZH�PLJKW�WU\�WR�WDNH�WKLV
NLQG�RI�DQWKURSRORJLFDO�ZRUN�Š�ZKLFK�LV�RIWHQ�GHFRQVWUXFWLYH�Š�DQG�WUDQVODWH�LW�LQWR
FRQVWUXFWLYH�JXLGHOLQHV�IRU�GHVLJQ���%ULGJLQJ�WKLV�GLYLGH�PD\�DOVR�UHTXLUH�UHVHDUFKHUV�WR�WKLQN
DERXW�WKH�GLĳHUHQW�ZD\V�WKDW�WKH�NQRZOHGJH�ZH�SURGXFH�FDQ�EH LQIRUPDWLYH��SUHGLFWLYH� RU
JHQHUDWLYH �%HDXGRXLQ�/DIRQ������� ,Q�%HDXGRXLQ�/DIRQŖV PRGHO��WKH�PRVW�SRZHUIXO�UHVHDUFK
LV JHQHUDWLYH� VXFK�WKDW�LW�KHOSV�UHVHDUFKHUV�HQYLVLRQ QHZ�SRVVLELOLWLHV�ZLWKLQ�D�FRPSXWDWLRQDO
V\VWHP��IRUPDOLVPV�DUH�KHOSIXO�IRU�XQGHUVWDQGLQJ��JXLGLQJ��DQG�EXLOGLQJ�QHZ�V\VWHPV�
&RQQHFWLQJ�WKHVH�NLQGV�RI�WHFKQLFDO�LQVLJKWV�WR�TXDOLWDWLYH�UHVHDUFK�PLJKW�WKHQ�UHTXLUH�ZKDW
<YRQQH�5RJHUV��������FDOOV�D�K\EULG�DSSURDFK��WKH�DELOLW\�WR�EH JHQHUDWLYH �L�H���SURYLGH�GHVLJQ
GLPHQVLRQV�WR�LQIRUP�WKH�GHVLJQ�DQG�VHOHFWLRQ�RI�LQWHUDFWLYH�UHSUHVHQWDWLRQV��DQG IRUPDWLYH
�H�J���D�VHW�RI�HDV\�WR�XVH�FRQFHSWV�IRU�GLVFXVVLRQ�D�GHVLJQ��UHTXLUHV ULFK�GHVFULSWLYH�DFFRXQWV
WKDW�H[SODLQ�XVHU�EHKDYLRU��DQG�WKH\�DOVR�GHSHQG�RQ DQDO\WLF�IUDPHZRUNV �H�J���KLJK�OHYHO
FRQFHSWXDO�WRROV�IRU�LGHQWLI\LQJ�SUREOHPV���0RVW�LPSRUWDQWO\��WKH�ELQDU\�IUDPHZRUNV�DV
GHVFULEHG�LQ�WDEOH���JLYH�UHVHDUFKHUV�DQ�RXWOLQH�IRU�XQGHUVWDQGLQJ�WKH�OLPLWV�DQG�SRVVLELOLWLHV�RI
GHFRQVWUXFWLYH�DQDO\VLV �L�H���PRVW��LI�QRW�DOO��RI 676�OLWHUDWXUH�RQ�$,�HWKLFV��ZLWK FRQVWUXFWLYH
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DQDO\VLV �H�J���V\VWHPV�EXLOGLQJ�WKDW�HPSKDVL]HV�IDLUQHVV���7KLV�EDODQFH�LV�ZKDW�DOORZV�+&,
UHVHDUFKHUV�WR�SURGXFWLYHO\�LGHQWLI\�WKH�SRVVLELOLWLHV�RI�FROODERUDWLRQ�

$OORZ�PH�WR�LOOXVWUDWH�WKH�DĳRUGDQFHV�DQG�FRQVWUDLQWV�RI�WKLQNLQJ�WKLV�ZD\�E\�VKRZLQJ
PRUH�FRQFUHWHO\�KRZ�GHVLJQ�VWXGLHV�DQG�HWKQRJUDSK\�FDQ�LQIRUP�V\VWHPV�GHVLJQ��DQG�YLFH
YHUVD���'HVLJQ�VWXG\�PHWKRGRORJ\��6HGOPDLU��0H\HU��DQG�0XQ]QHU�������\LHOGV�WKUHH�NLQGV�RI
UHVHDUFK�FRQWULEXWLRQV��SUREOHP�FKDUDFWHUL]DWLRQ��YDOLGDWHG�YLVXDOL]DWLRQ�GHVLJQ��DQG�UHĲHFWLRQ�
(WKQRJUDSK\�\LHOGV�LQVLJKW�LQWR�D�FXOWXUH�YLD�ORQJ�WHUP�LPPHUVLRQ��ZKLFK�FDQ�VKRZ�+&,
UHVHDUFKHUV�KRZ�WKH�RUJDQL]DWLRQ�RI�VRFLDO�VHWWLQJV�FDQ�DĳHFW�WKH�NLQGV�RI�V\VWHPV�ZKLFK�FDQ
�RU�VKRXOG��EH�GHSOR\HG�WKHUH��(WKQRJUDSK\�DQG�GHVLJQ�VWXGLHV�WKHUHIRUH�KDYH�D�FULWLFDO�UROH�WR
SOD\�LQ�LQWHUDFWLYH�V\VWHPV�GHVLJQ�EHFDXVH�WKH\�FDQ�VKDSH�RYHUDUFKLQJ�UHVHDUFK�TXHVWLRQV�DQG
XQFRYHU�WKH�FRQVWUDLQWV�RU�RSSRUWXQLWLHV�LQ�WKH�ZD\�WKDW�D�SDUWLFXODU�SURMHFW�KDV�EHHQ�IUDPHG�

:KLOH�WKLV�FDQ�EH�WKH�SUDFWLFDO�EDVLV�E\�ZKLFK�HWKQRJUDSK\�FRQWULEXWHV�WR�WKH�GHVLJQ�RI
D�QHZ�V\VWHP��3DXO�'RXULVK��������DUJXHV�WKDW�HWKQRJUDSK\ DOVR FUHDWHV�D�NLQG�RI�DEVWUDFWLRQ
RQ�ZKLFK�VFLHQWLıF�JHQHUDOL]DWLRQ�UHOLHV��0HWKRGRORJLFDOO\��LW�JHQHUDOL]HV WKURXJK�MX[WDSRVLWLRQ
Š�XVLQJ�ŗFRQWUDGLVWLQFWLRQ��FRPSDULVRQ��VHTXHQWLDOLW\���DQG�RWKHU�ZD\V�RI�SDWWHUQLQJ�DFURVV
PXOWLSOH�REVHUYDWLRQV��7KLV�IRUP�RI�HWKQRJUDSKLF�MX[WDSRVLWLRQ�GRHV�QRW�LWVHOI�WUXFN�LQ
DEVWUDFWLRQV��EXW�LW�H[WHQGV�LWVHOI�EH\RQG�WKH�FLUFXPVWDQFHV�RI�VSHFLıF�REVHUYDWLRQŘ��LELG������
7KHVH�TXDOLWDWLYH�VWXGLHV�FDQ�WKHUHIRUH�EH�XVHG�WR�VKDSH�WKH�LQIUDVWUXFWXUH�DQG�IHDWXUHV�RI�D
SDUWLFXODU�WHFKQLFDO�V\VWHP��LQVWHDG�RI�WKLQNLQJ�DERXW�KRZ�V\VWHPV�FDQ�EH�GLVVHPLQDWHG�WR
XVHUV DIWHU�WKH�IDFW �H�J���$PHV������� +&,�UHVHDUFKHUV FDQ�EHWWHU�XQGHUVWDQG�WKH�VRFLDO�DQG
FXOWXUDO�HFRV\VWHPV�LQ�ZKLFK�WHFKQRORJLFDO�SURMHFWV�DUH�LQWHQGHG�WR�LQWHUYHQH�

7KH�VDPH�ORJLF�Š�EXW�LQ�WKH�RSSRVLWH�GLUHFWLRQ�Š�PD\�EH�HYHQ�HDVLHU�WR�LOOXVWUDWH�
([DPSOHV�RI�FXOWXUDO�DQG�VRFLDO�FULWLTXH�DERXQG�RI�FRPSXWDWLRQDO�V\VWHPV�ZKHUH�WKH�DXWKRU
WKHPVHOYHV�KDYH�YHU\�OLWWOH�WHFKQLFDO�H[SHUWLVH��LQ�WKHVH�H[DPSOHV��LW�LV�SRVVLEOH�WR�FRPSOHWHO\
PLVLQWHUSUHW�HPLF�FDWHJRULHV�DQG�FKDQJH�WKH�PHDQLQJ�RI�ZKDW�DQ�LQWHUORFXWRU�PLJKW�KDYH�VDLG
Š�RU�ZRUVH��ZKDW�WKH�V\VWHP�FDQ�RU�FDQQRW�GR��7KH�GHSOR\PHQW�RI�$,�V\VWHPV�DUH�WHUULI\LQJ�IRU
D�ZKROH�KRVW�RI�UHDVRQV��EXW�XVXDOO\�LW�LV�EHFDXVH�WKHVH�NLQGV�RI�V\VWHPV�DUH�KLJKO\�HOHPHQWDU\
VRUWLQJ�DOJRULWKPV�EXW�PDGH�RXW�WR�EH�VXUJLFDOO\�SUHFLVH�PDFKLQHV��ZKLFK�PDNHV�LWV�SUHVHQFH
LQ�FULPLQDO�MXVWLFH�SURFHHGLQJV�DOO�WKH�PRUH�G\VWRSLF��4XDOLWDWLYH�VWXGLHV�RI�KRZ�FRPSXWDWLRQDO
V\VWHPV�DUH�XVHG�DQG�VXĳXVHG�LQ�HYHU\GD\�DFWLYLWLHV�DUH�LPPHDVXUDEO\�LPSURYHG�E\�KDYLQJ�DQ
LQFLVLYH�XQGHUVWDQGLQJ�RI�KRZ�RU�ZK\�FHUWDLQ�W\SHV�RI�V\VWHPV�DUH�EXLOW��ZKLFK�LV�EXW�RQH�RI�WKH
UHDVRQV�ZK\�,�DP�FXUUHQWO\�D�PHPEHU�RI�WKLV�JURXS���7KLV�NLQG�RI�H[SHUWLVH��ZKHQ�UHIUDFWHG
WKURXJK�D�SULVP�RI�VRFLDO�WKHRU\��GLVDELOLW\�VWXGLHV��DQG�VFLHQFH�VWXGLHV��EHFRPHV�PXFK�PRUH
YLYLG�GDWD�WR�DQDO\]H�SUHFLVHO\�EHFDXVH�LW�WLHV�WRJHWKHU�VR�PDQ\�GLĳHUHQW�GLPHQVLRQV�RI�KRZ
SHRSOH�LQWHUDFW�ZLWK�FRPSXWDWLRQDO�V\VWHPV�

,Q�VXP��,�EHOLHYH�WKDW�WKH�FRQYHUJHQFH�RI�VRFLDO�DQG�WHFKQLFDO�ZRUN�FDQ�EH�IDFLOLWDWHG
WKURXJK�D�FULWLFDO�UH�H[DPLQDWLRQ�RI�WKH�HSLVWHPRORJLFDO�UROH�RI�DEVWUDFWLRQ�DQG�JHQHUDOL]DELOLW\�
%RWK�NLQGV�RI�ZRUN�HQJDJH�LQ�DEVWUDFWLRQ�Š�ZKHWKHU�WKURXJK�WKH�SURGXFWLRQ�RI�DQWKURSRORJLFDO

���



WKHRU\��RU�WKURXJK�IRUPDOLVPV�OLNH�GLUHFW�PDQLSXODWLRQ��6R�WRR�GR�WKH\�WUDĴF�LQ�GLĳHUHQW�W\SHV�RI
JHQHUDOL]DELOLW\��HWKQRJUDSK\�JHQHUDOL]HV�WKURXJK�MX[WDSRVLWLRQ��DQG�WHFKQLFDO�ZRUN�JHQHUDOL]HV
RIWHQ�WR�FUHDWH�QHZ�GHVLJQ�IUDPHZRUNV��+RZHYHU��E\�ZRUNLQJ�DW�ERWK�RI�WKHVH�UHJLVWHUV��,
EHOLHYH�WKDW�+&,�FDQ�PRELOL]H�VRFLDO�LQVLJKWV�LQ�RUGHU�WR�LQIRUP�FXUUHQW�GHVLJQ��DQG�WKDW
WHFKQLFDO�H[SHUWLVH�FDQ�EH�XVHG�WR�IXUWKHU�H[FDYDWH�WKH�ZD\V�WKDW�UDFH��JHQGHU��DQG�DELOLW\�KDYH
EHHQ�HQFRGHG�LQ�WKH�GHVLJQ�RI�KXPDQ�PDFKLQH�LQWHUIDFHV�

,QWHOOHFWXDO�FRQWULEXWLRQV

%\�WKLQNLQJ�DERXW�WKH�VRFLDO�OLIH�RI�GDWD��WKLV�GLVVHUWDWLRQŖV�ıUVW�LQWHOOHFWXDO�FRQWULEXWLRQ
ZLOO�EH�WR�WKH�ULFK�OLWHUDWXUH�LQ�FULWLFDO�GLVDELOLW\�VWXGLHV��6FKRODUV�LQ�WKLV�ıHOG�KDYH�ZULWWHQ
H[WHQVLYHO\�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�ERG\��WHFKQRORJ\��DQG�GLVDELOLW\�DQG�WKH�ZD\V�WKDW
WKH�GHVLJQ�RI�WHFKQRORJLFDO�DUWLIDFWV�UHLıHV�H[LVWLQJ�QRWLRQV�DERXW�ZKDW�LV�FRQVLGHUHG�ŗQRUPDO�Ř
RIWHQ�WR�KRUULI\LQJ�UHVXOWV��0��0LOOV�������+DPUDLH�������+HQGUHQ�������'DYLV�������7KRPVRQ
�������0DUD�0LOOV��IRU�H[DPSOH��KDV�VKRZQ�KRZ�HQJLQHHUV�XVHG�GHDIQHVV�DV�D�SUHWH[W�IRU
GHYHORSPHQWV�LQ�WHOHSKRQ\��ZKHUH�LQYHQWRUV�RIWHQ�DEDQGRQHG�WKHLU�GHDI�VWXGHQWV�DIWHU�LQLWLDO
WULDOV�ZHUH�FRPSOHWHG��RU�WKH\�XVHG�GHDIQHVV�DV�D�ZD\�RI�SXEOLFL]LQJ�WKHLU�ĲDVK\�QHZ
WHFKQRORJLHV���������7KLV�VWRU\�KDV�LPSRUWDQW�UHVRQDQFHV�WRGD\�DV�WHFKQRORJLVWV�H[WRO�WKH
SRWHQWLDO�IRU�WDFWLOH�LQWHUIDFHV�WR�HQKDQFH�WKH�DFFHVVLELOLW\�RI�GDWD�YLVXDOL]DWLRQV��WKH�ODWWHU�WZR
FKDSWHUV�LQ�WKLV�GLVVHUWDWLRQ�OHYHUDJH�WKLV�ZRUN�WR�WKLQN�DERXW�KRZ�WR�FRQVFLHQWLRXVO\�GHVLJQ
WKHVH�SURWRW\SHV�DQG�VKRZ�KRZ�WKH\�FUHDWH�DGGLWLRQDO�RSSRUWXQLWLHV�IRU�WKLQNLQJ�DERXW
YLVXDOL]DWLRQ�VWUXFWXUHV�

&RQFHSWXDOO\��WKLV�SURMHFW�DOVR�GUDZV�WRJHWKHU�FULWLFDO�KLVWRULHV�RI�GDWD�VFLHQFH
�'Ŗ,JQD]LR�DQG�.OHLQ�������$URQRYD��2HUW]HQ��DQG�6HSNRVNL�������0��/��-RQHV��������,Q
VRFLRORJLVW�'DYLG�5LEHVŖ�ZRUGV��676�VFKRODUV�VKRXOG�FULWLFDOO\�HQJDJH�ZLWK�GDWD�VFLHQFH��D�ıHOG
ZKLFK�ŗ>VHHNV@�WR�WRXFK�YLUWXDOO\�HYHU\�VFLHQFH�DQG�QHZO\�ELQG�VSKHUHV�RI�DFDGHP\��LQGXVWU\�
DQG�WKH�VWDWHŘ���������%\�DVNLQJ�KRZ�WKHVH�GDWD�EHFRPH�SK\VLFDOO\�LQVWDQWLDWHG�WKURXJK�WRXFK�
,�UHIUDFW�WKLV�OLWHUDWXUH�RQ�YLVXDOL]DWLRQ��'DVWRQ�DQG�*DOLVRQ�������'XPLW�DQG�%XUUL������
&RRSPDQV�������LQ�QHZ�ZD\V�WKDW�HPSKDVL]H�KRZ�D�VFLHQWLVWŖV�VHQVRULXP�FDQ�PHGLDWH�KHU
XQGHUVWDQGLQJ�DQG�LQWHUSUHWDWLRQ�RI�VFLHQWLıF�GDWD��ZKHUH�WKH�VHQVHV�RI�VRXQG�DQG�WRXFK�DUH
DFWLYH�SDUWLFLSDQWV�LQ�WKH�SURFHVV�RI�VFLHQWLıF�GLVFRYHU\��+HOPUHLFK�������9HUWHVL�������0\HUV
�������0RUH�EURDGO\��P\�UHVHDUFK�DOVR�IROORZV�D�ORQJ�OLQH�RI�676�VFKRODUV�ZKR�VKRZ�KRZ�VRFLDO
VFLHQWLVWV�FDQ�ZRUN�FROODERUDWLYHO\�DQG�SURGXFWLYHO\�ZLWK�VFLHQWLVWV�DQG�HQJLQHHUV��6HQJHUV�HW
DO��������(JODVK�HW�DO��������:\OLH�HW�DO���������,Q�VR�GRLQJ��P\�SURMHFW�FRQWULEXWHV�WR�WKH�YLEUDQW
OLWHUDWXUH�IURP�KXPDQLVWV�ZKR�LQWHUURJDWH�WKH�DVVXPSWLRQV��ELDVHV��DQG�KLVWRULHV�RI�PRGHUQ
FRPSXWLQJ�SUDFWLFHV�WKDW�GHDO�VSHFLıFDOO\�ZLWK�QRQ�:HVWHUQ�VFLHQFH��0HGLQD�������0XOODQH\
������DQG�GLVDELOLW\��3HWULFN�������

)LQDOO\��,�DOVR�FRQWULEXWH�WR�OLWHUDWXUH�E\�FRPSXWHU�VFLHQWLVWV�ZKR�XVH�TXDOLWDWLYH�UHVHDUFK
PHWKRGV�DQG�LQVLJKWV�LQ�WKHLU�VWXGLHV�RI�LQWHUDFWLYH�V\VWHPV�GHVLJQ��'RXULVK�������7D\ORU������
5RVQHU�DQG�)R[�������+RZDUG�DQG�,UDQL��������%\�ZULWLQJ�IRU�ERWK�FRPPXQLWLHV��P\�UHVHDUFK

���



PRELOL]HV�676�WKHRU\�LQWR�SUDFWLFH��,�DP�FULWLFDO�RI�WKH�VRFLDO�YDOXHV�DQG�SUDFWLFHV�WKDW�EHFRPH
HPEHGGHG�LQ�WHFKQRORJ\�GHVLJQ��EXW�,�GUDZ�RQ�WKDW�KLVWRU\�WR�WKHQ�GHYHORS�FROODERUDWLYH
PHWKRGV�IRU�PDNLQJ�IXWXUH�WHFKQRORJLHV�WKDW�DUH�DQWL�UDFLVW��IHPLQLVW��DQG�LQFOXVLYH��*XVWRQ
�������$V�%URQHW�DQG�/D\QH�ZULWH��ŗ:H�GR�QRW�ZDQW�WR�VLW�EDFN�DQG�RĳHU�SRVW�IDFWR�FULWLTXHV�RI
QHZ�WHFKQRORJLHV��EXW�ZDQW�WR�LQWHUYHQH�SURDFWLYHO\�WR�LQĲXHQFH�GHVLJQ��2QH�REYLRXV�ZD\�WR�GR
WKLV�LV�WR�HTXLS�WKH�QH[W�JHQHUDWLRQV�RI�GHVLJQHUV�WR�ZRUN�WRZDUGV�WKLV�JRDOŘ��������������,Q�WKLV
VHQVH��WKLV�ZRUN�FRQWULEXWHV�WR�JURZLQJ�FRQYHUVDWLRQV�DERXW�KRZ�TXDOLWDWLYH�VWXGLHV�RI�VFLHQFH
DQG�HQJLQHHULQJ�FDQ�EH�XVHG�IRU�FULWLFDO�PDNLQJ��5DWWR�������+DPUDLH�������DQG�UHĲHFWLYH
GHVLJQ��6HQJHUV�HW�DO��������

���



5HIHUHQFHV�IRU�&RQFOXVLRQ

$PHV��0RUJDQ�*������� 7KH�&KDULVPD�0DFKLQH��7KH�/LIH� 'HDWK��DQG�/HJDF\�RI�2QH�/DSWRS�SHU
&KLOG��,QIUDVWUXFWXUHV��&DPEULGJH��0$��86$��0,7�3UHVV�

$URQRYD��(OHQD��&KULVWLQH�YRQ�2HUW]HQ��DQG�'DYLG�6HSNRVNL��������ŗ,QWURGXFWLRQ��+LVWRULFL]LQJ
%LJ�'DWD�Ř 2VLULV ���������ş��� KWWSV���GRL�RUJ����������������

%HDXGRXLQ�/DIRQ��0LFKHO��������ŗ,QVWUXPHQWDO�,QWHUDFWLRQ��$Q�,QWHUDFWLRQ�0RGHO�IRU�'HVLJQLQJ
3RVW�:,03�8VHU�,QWHUIDFHV�Ř�,Q 3URFHHGLQJV�RI�WKH 6,*&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV
LQ�&RPSXWLQJ�6\VWHPV�����ş����&+,�Ŗ����1HZ�<RUN��1<� 86$��$&0�
KWWSV���GRL�RUJ�����������������������

%URQHW��)UDQFHV��DQG�/LQGD�/��/D\QH��������ŗ7HDFKLQJ�)HPLQLVW�7HFKQRORJ\�'HVLJQ�Ř�,Q )HPLQLVW
7HFKQRORJ\��HGLWHG�E\�6KDUUD�/RXLVH�9RVWUDO��.DWH %R\HU��DQG�/LQGD�/��/D\QH��8QLYHUVLW\�RI
,OOLQRLV�3UHVV�

&RRSPDQV��&DWHOLMQH��������ŗ9LVXDO�$QDO\WLFV�DV�$UWIXO�5HYHODWLRQ�Ř�,Q 5HSUHVHQWDWLRQ�LQ
6FLHQWLıF�3UDFWLFH�5HYLVLWHG��HGLWHG�E\�&DWHOLMQH &RRSPDQ��-DQHW�9HUWHVL��0LFKDHODQG
/\QFK��DQG�6WHYH�:RROJDU����ş����7KH�0,7�3UHVV�
KWWSV���GRL�RUJ���������PLWSUHVV������������������������

'DVWRQ��/RUUDLQH��DQG�3HWHU�*DOLVRQ������� 2EMHFWLYLW\� &DPEULGJH��0$��=RQH�%RRNV�

'DYLV��/HQQDUG�-������� 7KH�(QG�RI�1RUPDO��,GHQWLW\ LQ�D�%LRFXOWXUDO�(UD��$QQ�$UERU��8QLYHUVLW\
RI�0LFKLJDQ�3UHVV�

'Ŗ,JQD]LR��&DWKHULQH��DQG�/DXUHQ�)��.OHLQ������� 'DWD )HPLQLVP��6WURQJ�,GHDV�6HULHV�
&DPEULGJH��0DVVDFKXVHWWV��7KH�0,7�3UHVV�

'RXULVK��3DXO��������ŗ:KDW�:H�7DON�DERXW�:KHQ�:H�7DON�DERXW�&RQWH[W�Ř 3HUVRQDO�DQG
8ELTXLWRXV�&RPSXWLQJ ���������ş��� KWWSV���GRL�RUJ���������V�����������������

ŠŠŠ��������ŗ5HDGLQJ�DQG�,QWHUSUHWLQJ�(WKQRJUDSK\�Ř�,Q :D\V�RI�.QRZLQJ�LQ�+&,��HGLWHG�E\
-XGLWK�6��2OVRQ�DQG�:HQG\�.HOORJJ���ş����1HZ�<RUN��6SULQJHU�

'XPLW��-RVHSK��DQG�5HJXOD�9DOÜULH�%XUUL��������ŗ6RFLDO�6WXGLHV�RI�6FLHQWLıF�,PDJLQJ�DQG
9LVXDOL]DWLRQ�Ř�,Q 7KH�+DQGERRN�RI�6FLHQFH�DQG�7HFKQRORJ\ 6WXGLHV��HGLWHG�E\�(GZDUG�-�
+DFNHWW��2OJD�$PVWHUGDPVND��-XG\�:DMFPDQ��DQG�0LFKDHO�/\QFK�����ş�����&DPEULGJH�
0$��0,7�3UHVV�

(JODVK��5RQ��$XGUH\�%HQQHWW��&DVH\�2Ŗ'RQQHOO��6\ELOO\Q�-HQQLQJV��DQG�0DUJDUHW�&LQWRULQR�
������ŗ&XOWXUDOO\�6LWXDWHG�'HVLJQ�7RROV��(WKQRFRPSXWLQJ�IURP�)LHOG�6LWH�WR�&ODVVURRP�Ř
$PHULFDQ�$QWKURSRORJLVW ������������ş��� KWWSV���GRL�RUJ���������DD����������������
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(ULFNVRQ��7KRPDV��DQG�'DYLG�:��0F'RQDOG��HGV������� +&,�5HPL[HG��5HĲHFWLRQV�RQ�:RUNV
7KDW�+DYH�,QĲXHQFHG�WKH�+&,�&RPPXQLW\��&DPEULGJH� 0$��86$��0,7�3UHVV�

*DOLVRQ��3HWHU��������ŗ7UDGLQJ�=RQH��&RRUGLQDWLQJ�$FWLRQ�DQG�%HOLHI�������$EULGJPHQW��Ř�,Q 7KH
6FLHQFH�6WXGLHV�5HDGHU��HGLWHG�E\�0DULR�%LDJLROL� ���ş����/RQGRQ��1HZ�<RUN��5RXWOHGJH�

*XVWRQ��'DYLG�+��������ŗ8QGHUVWDQGLQJ�ŕ$QWLFLSDWRU\�*RYHUQDQFH�ŖŘ 6RFLDO�6WXGLHV�RI�6FLHQFH
�����������ş��� KWWSV���GRL�RUJ��������������������������

+DPUDLH��$LPL������� %XLOGLQJ�$FFHVV��8QLYHUVDO�'HVLJQ DQG�WKH�3ROLWLFV�RI�'LVDELOLW\�
0LQQHDSROLV��01��8QLYHUVLW\�RI�0LQQHVRWD�3UHVV�

ŠŠŠ��������ŗ0DSSLQJ�$FFHVV��'LJLWDO�+XPDQLWLHV��'LVDELOLW\�-XVWLFH��DQG�6RFLRVSDWLDO
3UDFWLFH�Ř $PHULFDQ�4XDUWHUO\ �����������ş��� KWWSV���GRL�RUJ���������DT�����������

+HOPUHLFK��6WHIDQ��������ŗ$Q�$QWKURSRORJLVW�8QGHUZDWHU��,PPHUVLYH�6RXQGVFDSHV��6XEPDULQH
&\ERUJV��DQG�7UDQVGXFWLYH�(WKQRJUDSK\�Ř $PHULFDQ�(WKQRORJLVW �����������ş���
KWWSV���GRL�RUJ���������DH���������������

+HQGUHQ��6DUD��������ŗ$OO�7HFKQRORJ\�,V�$VVLVWLYH��6L[�'HVLJQ�5XOHV�RQ�'LVDELOLW\�Ř�,Q 0DNLQJ
7KLQJV�DQG�'UDZLQJ�%RXQGDULHV��HGLWHG�E\�-HQWHU\�6D\HUV� ���ş����([SHULPHQWV�LQ�WKH
'LJLWDO�+XPDQLWLHV��8QLYHUVLW\�RI�0LQQHVRWD�3UHVV�
KWWSV���GRL�RUJ���������M�FWW�SZW�ZT����

+RZDUG��'RURWK\��DQG�/LOO\�,UDQL��������ŗ:D\V�RI�.QRZLQJ�:KHQ�5HVHDUFK�6XEMHFWV�&DUH�Ř�,Q
3URFHHGLQJV�RI�WKH������&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV����&+,
Ŗ�����ş����*ODVJRZ��6FRWODQG��$&0�3UHVV� KWWSV���GRL�RUJ�������������������������

-RQHV��0DWWKHZ�/��������ŗ+RZ�:H�%HFDPH�,QVWUXPHQWDOLVWV��$JDLQ���'DWD�3RVLWLYLVP�VLQFH
:RUOG�:DU�,,�Ř +LVWRULFDO�6WXGLHV�LQ�WKH�1DWXUDO�6FLHQFHV �����������ş���
KWWSV���GRL�RUJ���������KVQV���������������

.D\��$ODQ�&��������ŗ$�3HUVRQDO�&RPSXWHU�IRU�&KLOGUHQ�RI�$OO�$JHV�Ř�,Q 3URFHHGLQJV�RI�WKH�$&0
$QQXDO�&RQIHUHQFH���9ROXPH����$&0�Ŗ����1HZ�<RUN��1<� 86$��$&0�
KWWSV���GRL�RUJ������������������������

/LFNOLGHU��-�&�5��������ŗ0DQ�&RPSXWHU�6\PELRVLV�Ř ,(((�7UDQVDFWLRQV�RQ�+XPDQ�)DFWRUV�LQ
(OHFWURQLFV��0DUFK���ş���

0HGLQD��(GHQ������� &\EHUQHWLF�5HYROXWLRQDULHV��7HFKQRORJ\ DQG�3ROLWLFV�LQ�$OOHQGHŖV�&KLOH�
&DPEULGJH��0$��86$��0,7�3UHVV�

0LOOV��0��������ŗ2Q�'LVDELOLW\�DQG�&\EHUQHWLFV��+HOHQ�.HOOHU��1RUEHUW�:LHQHU��DQG�WKH�+HDULQJ
*ORYH�Ř 'LĳHUHQFHV �����ş������ş���� KWWSV���GRL�RUJ��������������������������
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0LOOV��0DUD��������ŗ'HDI�-DP��)URP�,QVFULSWLRQ�WR�5HSURGXFWLRQ�WR�,QIRUPDWLRQ�Ř 6RFLDO�7H[W ��
���������ş��� KWWSV���GRL�RUJ���������������������������

0XOODQH\��7KRPDV�6������� 7KH�&KLQHVH�7\SHZULWHU� $�+LVWRU\����HGLWLRQ��&DPEULGJH��0$��0,7
3UHVV�

0\HUV��1DWDVKD������� 5HQGHULQJ�/LIH�0ROHFXODU��0RGHOV� 0RGHOHUV��DQG�([FLWDEOH�0DWWHU�
([SHULPHQWDO�)XWXUHVௗ��7HFKQRORJLFDO�/LYHV��6FLHQWLıF�$UWV��$QWKURSRORJLFDO�9RLFHV�
'XUKDP��'XNH�8QLYHUVLW\�3UHVV�

2OVRQ��-XGLWK�6���DQG�:HQG\�.HOORJJ��HGV������� :D\V RI�.QRZLQJ�LQ�+&,��1HZ�<RUN��6SULQJHU�

3HWULFN��(OL]DEHWK�5������� 0DNLQJ�&RPSXWHUV�$FFHVVLEOH� 'LVDELOLW\�5LJKWV�DQG�'LJLWDO
7HFKQRORJ\��%DOWLPRUH��0'��-RKQV�+RSNLQV�8QLYHUVLW\ 3UHVV�

5DWWR��0DWW��������ŗ&ULWLFDO�0DNLQJ��&RQFHSWXDO�DQG�0DWHULDO�6WXGLHV�LQ�7HFKQRORJ\�DQG�6RFLDO
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