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�6RQLF�9LVXDOLVHU��9LVXDOLVDWLRQ��$QDO\VLV��DQG�$QQRWDWLRQ�RI�0XVLF�$XGLR�5HFRUGLQJV���&HQWUH�IRU�'LJLWDO�0XVLF��DW�
�4XHHQ�0DU\��8QLYHUVLW\�RI�/RQGRQ��DQG�WKH�$+5&�5HVHDUFKHU�&HQWUH�IRU�WKH�+LVWRU\�DQG�$QDO\VLV�RI�5HFRUGHG�
�0XVLF��&+$50�����85/���KWWSV���ZZZ�VRQLFYLVXDOLVHU�RUJ��

�:KDW�,I�0XVLF�&RXOG�%H�6HHQ"�

�0XVLF�UHFRUGLQJV�KDYH�EHFRPH�LQFUHDVLQJO\�LPSRUWDQW�WRROV�IRU�PXVLF�DQDO��\VLV�DQG�PDQ\�IRUPV�RI�PXVLFRORJLFDO�
�UHVHDUFK���������&RPSDUHG�WR�PXVLF�DQDO\VLV�XVLQJ�QRWDWLRQ��D�UHFRUGLQJ�DOORZV�WKH�UHVHDUFKHU�WR�LQYHVWLJDWH�PXVLF�IURP�
�WKH�SHUIRUPHU¶V�SHUVSHFWLYH��0XFK�FDQ�EH�OHDUQHG�E\�H[SORULQJ�WKH�H[SUHV��VLYH�FKRLFHV�D�PXVLFLDQ�PDNHV�WR�HOHYDWH�
�WKH�ZULWWHQ�VFRUH��$GGLWLRQDOO\��UH��FRUGLQJV�DUH�DGYDQWDJHRXV�ZKHQ�DQDO\]LQJ�PXVLFDO�VW\OHV�WKDW�PLJKW�QRW�OHQG�
�WKHPVHOYHV�FRPIRUWDEO\�WR�VWDQGDUG�QRWDWLRQDO�V\VWHPV��VXFK�DV�VRPH�IRUPV�RI�HOHFWURQLF��SRS�URFN��RU�IRON�PXVLF���

�7KH�DQDO\VLV�RI�PXVLF�YLD�UHFRUGLQJ�QHHG�QRW�EH�D�KLJKO\�VRSKLVWLFDWHG�SURFHVV��,QVLJKWIXO�LQYHVWLJDWLRQ�FDQ�EH�
�FDUULHG�RXW�XVLQJ�D�SHQFLO��SDSHU��DQG�VWRSZDWFK�WR�WUDFN�WHPSRUDO�FKDUDFWHULVWLFV�VXFK�DV�WHPSR�FKDQJHV�DQG�ORXG��
�QHVV�G\QDPLFV��+RZHYHU��WKH�SURFHVV�LV�JUHDWO\�HQULFKHG�E\�XVLQJ�VRIWZDUH�WKDW�GLVSOD\V�DXGLR�ZDYHIRUP�DQG�
�VSHFWUXP�YLVXDOL]DWLRQV��:DYHIRUPV�DOORZ�RQH�WR�REVHUYH�WHPSRUDO�FKDUDFWHULVWLFV�DW�D�JODQFH��ZKLOH�VSHFWUXP�
�GLVSOD\V�WKH�PXVLF¶V�IUHTXHQF\�FRPSRQHQWV��6LJQLILFDQWO\��DQ�DQDO\VLV�RI�PXVLF�EDVHG�RQ�ZDYHIRUP�DQG�VSHFWUXP�
�HQDEOHV�RQH�WR�LQYHVWLJDWH�PXVLF¶V�DFRXVWLFDO�SURSHUWLHV�RXWVLGH�RI�D�WKHRUHWLFDO�FRQWH[W��SRWHQWLDOO\�PDNLQJ�LW�
�SRVVLEOH�WR�DQDO\]H�D�ZLGHU�YDULHW\�RI�PXVLFDO�IRUPV�DQG�VW\OHV�XVLQJ�WKH�VDPH�DQDO\WLFDO�IUDPHZRUN�DQG�WRROV��

�)RU�RYHU�D�GHFDGH��6RQLF�9LVXDOLVHU��69��KDV�SURYLGHG�XVHUV�ZLWK�WKH�DELO��LW\�WR�WUXO\�VHH�WKH�PXVLF��'HVLJQHG�IRU�
�PXVLFRORJLVWV��DUFKLYLVWV��DQG�VLJQDO��SURFHVVLQJ�UHVHDUFKHUV�DOLNH��69�LV�D�JUDSKLFDO�XVHU�LQWHUIDFH�IRU�FRPSXWDWLRQDO�
�PXVLF�DQDO\VHV�WKDW�ZRXOG�RWKHUZLVH�UHTXLUH�H[SHULHQFH�LQ�GLJLWDO�VLJQDO�SURF��HVVLQJ�DQG�PXVLF�LQIRUPDWLRQ�
�UHVHDUFK��8SRQ�LQVWDOOLQJ�WKH�VRIWZDUH��XVHUV�FDQ�ORDG�DXGLR�ILOHV��RU�PDNH�WKHLU�RZQ�UHFRUGLQJV��DQG�TXLFNO\�EHJLQ�
�H[SORULQJ�WKH�VRQLF�FKDUDFWHULVWLFV�DQG�IHDWXUHV�WKURXJK�DQ�DUUD\�RI�YLVXDOL]DWLRQ�DQG�DQ��QRWDWLRQ�WRROV��

�69¶V�PDLQ�PRGHV�RI�YLHZLQJ�VRXQG�DUH�WKH�ZDYHIRUP�DQG�WKH�VSHFWUR��JUDP��)LJXUH���VKRZV�D�VSHFWURJUDP�RI�WKH�
�FODVVLF�-RKQ�&ROWUDQH�UHFRUGLQJ�RI�³%OXH�7UDLQ�´�����,Q�WKH�LPDJH��DQQRWDWLRQV�KDYH�EHHQ�PDGH�WR�LQGLFDWH�WKH�VWDUW�RI�
�HDFK�LQVWUXPHQW¶V�VROR��:LWK�WLPH�GLVSOD\HG�RQ�WKH�KRUL]RQWDO�D[LV�DQG�IUHTXHQF\�RQ�WKH�YHUWLFDO��WKH�LPDJH�LV�UHDG�DV�
�D�KHDW�PDS�ZKHUHE\�WKH�SUHVHQFH�RI�IUHTXHQFLHV�LV�UHSUHVHQWHG�E\�FRORU�YDULDWLRQ�DQG�LQWHQVLW\��7KLV�YDULDWLRQ�
�HQDEOHV�UDSLG�LGHQWLILFDWLRQ�RI�WKH�YDULRXV�VHFWLRQV�RI�WKH�UHFRUGLQJ��)RU�H[DPSOH��RQH�FDQ�HDVLO\�VHH�WKH�VWDUN�
�FRQWUDVW�LQ�FRORUV�EHWZHHQ�WKH�VD[RSKRQH�VROR��GLVSOD\LQJ�D�ZLGH�UDQJH�RI�PLGGOH�IUHTXHQFLHV��DQG�EDVV�VROR��QDUURZ�
�UDQJH�RI�ORZ�IUHTXHQFLHV���

��� �-RKQ�&ROWUDQH���%OXH�7UDLQ����%OXH�1RWH�%/3��������������FRPSDFW�GLVF��

��� �6HH�'DQLHO�/HHFK�:LONLQVRQ���7KH�&KDQJLQJ�6RXQG�RI��0XVLF��$SSURDFKHV�WR�6WXG\LQJ�5H�FRUGHG�0XVLFDO�3HUIRUPDQFHV�����&+$50��
��������KWWSV���ZZZ�FKDUP�UKXO�DF�XN�VWXGLHV�FKDSWHUV�LQWUR�KWPO� ���



�69�ZDV�GHYHORSHG�LQ�WKH�PLG�����V�E\�UHVHDUFKHUV�DW�WKH�&HQWUH�IRU�'LJLWDO�0XVLF�DW�4XHHQ�0DU\��8QLYHUVLW\�RI�
�/RQGRQ��LQ�FROODERUDWLRQ�ZLWK�WKH�$+5&�5HVHDUFKHU�&HQWUH�IRU�WKH�+LVWRU\�DQG�$QDO\VLV�RI�5HFRUGHG�0XVLF�
��&+$50���$�FRQIHUHQFH�SURFHHGLQJV�DUWLFOH��ZKLFK�WKH�GHYHORSHUV�VXJJHVW�UHVHDUFKHUV�XVH�WR�UHIHUHQFH�WKH�VRIWZDUH�
�LQ�SXEOLFDWLRQV��KDV�EHHQ�FLWHG�KXQGUHGV�RI�WLPHV�DQG�LQGLFDWHV�WKH�H[WHQW�WR�ZKLFK�69�KDV�EHHQ�XVHG�LQ�PXVLF��
�UHODWHG�UHVHDUFK����� �69�LV�IUHH�WR�GRZQORDG�DFURVV�PDLQ�SODWIRUPV��:LQGRZV��0DF��DQG�8EXQWX���DQG�LV�GLVWULEXWHG�
�WKURXJK�WKH�*18�RSHQ�SXEOLF�OLFHQVH��&RPSDUHG�ZLWK�RWKHU�IUHHO\�DYDLODEOH�DQDO\VLV�WRROV��69�LV�RQH�RI�WKH�IHZ�WKDW�
�LV�D�JUDSKLFDO�XVHU�LQWHUIDFH��*8,���2WKHUV�DUH�GLVWULEXWHG�DV�WRROER[HV��ZKLFK�UHTXLUH�VFULSWLQJ�NQRZOHGJH�LQ�
�0$7/$%�RU�3\WKRQ�WR�EH�XVHG�SURSHUO\��

�)LJXUH���6FUHHQVKRW�RI�6RQLF�9LVXDOLVHU�VSHFWURJUDP�RI�³%OXH�7UDLQ´�E\�-RKQ�&ROWUDQH��

�6R��ZKDW�LV�69�H[DFWO\"�,W�LV�PDQ\�WKLQJV��EXW�SHUKDSV�PRVW�RI�DOO��LW�LV�QRW�D�'$:��GLJLWDO�DXGLR�ZRUNVWDWLRQ���DW�
�OHDVW�QRW�LQ�WKH�WUDGLWLRQDO�VHQVH��5HFRUGLQJ�LV�SRVVLEOH��DOWKRXJK�WKLV�LV�QRW�69¶V�SULPDU\�SXUSRVH��,Q�IDFW��RQFH�\RX�
�UHFRUG�VRPHWKLQJ�LW�LV�LPSRVVLEOH�WR�HGLW�WKH�DXGLR��7KLV�LV�D�IDFW�WKDW�RIWHQ�GLVDSSRLQWV�DQG�FRQIXVHV�QHZ�XVHUV��
�:KDW�WKHQ�LV�LW�IRU"�PDQ\�QHZ�XVHUV�DVN��69�LV�D�WRRO�IRU�H[SORULQJ�VRXQG��DQG�IRU�H[WUDFWLQJ�DQG�DQDO\]LQJ�PXVLF¶V�
�PXOWLGLPHQVLRQDO�IHDWXUHV��7KH�69�ZHEVLWH�SURYLGHV�H[FHOOHQW�EDFN��JURXQG�LQIRUPDWLRQ��YLGHRV��WXWRULDOV��DQG�OLQNV�
�WR�SDVW�DQG�FXUUHQW�SURMHFWV��7KH�PDWHULDO�LV�H[WHQVLYH��HVSHFLDOO\�LI�RQH�EHJLQV�WR�H[SORUH�WKH�UHVRXUFHV�OLVWHG�RQ�WKH�
�GRFXPHQWDWLRQ�SDJH��ZKLFK�OHDGV�WR�WKH�&+$50�ZHEVLWH������7KH�WXWRULDO�³$�0XVLFRORJLVW¶V�*XLGH�WR�6RQLF�
�9LVXDOLVHU´�LV�SDUWLFXODUO\�LQVWUXFWLYH�IRU�QHZ�XVHUV����� �DV�LV�/HHFK�:LONLQVRQ¶V�IUHH�RQOLQH�ERRN�7KH�&KDQJLQJ��6RXQG�

��� �1LFKRODV�&RRN�DQG�'DQLHO�/HHFK�:LONLQVRQ��³$�0XVLFRORJLVW¶V��*XLGH�WR�6RQLF�9LVXDOLVHU�´�������
�KWWSV���FKDUP�UKXO�DF�XN�DQDO\VLQJ�S�B��KWPO�

��� �KWWSV���ZZZ�VRQLFYLVXDOLVHU�RUJ�GRFXPHQWDWLRQ�KWPO�

��� �&KULV�&DQQDP��&KULVWLDQ�/DQGRQH��DQG�0DUN�6DQGOHU���³6RQLF�9LVXDOLVHU��$Q�2SHQ�6RXUFH�$SSOLFDWLRQ�IRU�9LHZLQJ��$QDO\VLQJ��DQG�
�$QQRWDWLQJ�0XVLF�$XGLR�)LOHV�´�LQ��3URFHHGLQJV�RI�WKH����WK�$&0�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0XOWLPHGLD��)ORUHQFH��,WDO\��2FWREHU�
���±����������������±�����KWWSV���GRL�RUJ����������������������������



�RI�0XVLF����� �7KH�XQLTXH�H[WHQGHG�GRFXPHQWDWLRQ�JLYHV�WKH�69�XVHU�PXFK�PRUH�WKDQ�DQ�RYHUYLHZ�RI�IHDWXUHV²LW�
�SURYLGHV�DQ�HQWLUH�WKH��RUHWLFDO�IUDPHZRUN�IURP�ZKLFK�WR�GUDZ�UHVHDUFK�TXHVWLRQV�DQG�PHWKRGV��

�69�ZDV�GHVLJQHG�DV�D�FRPPXQLW\�SURMHFW��7KLUG�SDUWLHV�FDQ�FRQWULEXWH�E\�GHYHORSLQJ�VR�FDOOHG�9DPS�SOXJ�LQV��
�ZKLFK�DUH�VRIWZDUH�DGG�RQV�LQFRUSRUDWHG�LQWR�69��7KH�9DPS�GRZQORDG�SDJH�OLVWV�DERXW�WKLUW\�SOXJ�LQV�ZLWK�IHDWXUHV�
�VXFK�DV�DXWRPDWLF�PHORG\�H[WUDFWLRQ��EHDW�ILQGLQJ��FKRUG�DQDO\VLV��DQG�FRP��SXWDWLRQ�RI�FRPPRQ�DXGLR�GHVFULSWRUV�
�VXFK�DV�VSHFWUDO�IOX[��PHDVXUH�RI�KRZ�TXLFNO\�WKH�IUHTXHQF\�VSHFWUXP�FKDQJHV��DQG�VSHFWUDO�FHQWURLG��D�FKDUDFWHULV��
�WLF�RI�VRXQG�VSHFWUXP�DQDORJRXV�WR�WRQH�EULJKWQHVV���7KH�SOXJ�LQV�JUHDWO\�HQ��KDQFH�69¶V�DSSHDO��DOWKRXJK�PDQ\�
�XVHUV�ZLOO�ILQG�WKH�QDWLYH�IHDWXUHV�DGHTXDWH�IRU�PRVW�WDVNV��,QWHUHVWLQJO\��WKH�SOXJ�LQV�SDJH�KDV�QRW�EHHQ�XSGDWHG�IRU�
�VRPH�WLPH��ZKLFK�PLJKW�LQGLFDWH�WKDW�GHYHORSPHQW�KDV�VORZHG�LQ�UHFHQW�\HDUV��69�LWVHOI�FRQWLQXHV�WR�EH�XSGDWHG�
�UHJXODUO\��DOEHLW�ZLWK�LQFUHPHQWDO�LPSURYH��PHQWV��$W�WKH�WLPH�RI�ZULWLQJ��6RQLF�9LVXDOLVHU�Y�����UHOHDVHG�RQ�-DQXDU\�
�����������LV�WKH�PRVW�UHFHQW�YHUVLRQ��

�7KLV�UHYLHZ�EHJLQV�ZLWK�D�VXUYH\�RI�69¶V�PDLQ�IHDWXUHV��IROORZHG�E\�GHPRQVWUDWLRQV�RI�SRVVLEOH�DSSOLFDWLRQV�IRU�
�PXVLFRORJLFDO�UHVHDUFK�DQG�WHDFKLQJ��7KH�ODVW�VHFWLRQ�GLVFXVVHV�KRZ�69�VWDFNV�XS�DJDLQVW�RWKHU�FRPSXWDWLRQDO�PXVLF�
�DQDO\VLV�WRROV��

�69¶V�0DLQ�)HDWXUHV�

�69¶V�LQWHUIDFH�FHQWHUV�RQ�WKH�FRQFHSW�RI�SDQHV�DQG�OD\HUV��$�SDQH�LV�D�VHFWLRQ�RI�WKH�VFUHHQ�WKDW�GLVSOD\V�JUDSKLFDO�
�LQIRUPDWLRQ�VXFK�DV�WKH�DXGLR�ZDYHIRUP�RU�LWV�VSHFWURJUDP��)RU�QHZ�XVHUV�ZLWK�H[SHULHQFH�RI�UHJXODU�'$:V�WKH�
�SDQH�PLJKW�VHHP�OLNH�DQ�DXGLR�WUDFN��%XW�D�SDQH�LV�GLIIHUHQW�IURP�D�WUDFN�LQ�WKDW�PXOWLSOH�SDQHV�FDQ�VKRZ�LQIRUPDWLRQ�
�UHODWHG�WR�WKH�VDPH�DXGLR�ILOH��:KHQ�DQ�DXGLR�ILOH�LV�ORDGHG��D�:DYHIRUP�3DQH�LV�FUHDWHG�GLVSOD\LQJ�WKH�DXGLR�ILOH�LQ�
�ZDYHIRUP�UHSUHVHQWDWLRQ��)URP�WKH�3DQH�PHQX��WKH�XVHU�FDQ�FUHDWH�D�QHZ�SDQH�WR�GLVSOD\�D�VSHFWURJUDP�RU�VSHFWUXP��
�$V�PHQWLRQHG�DERYH��WKH�VSHF��WURJUDP�VKRZV�WKH�DXGLR�ILOH�LQ�LWV�HQWLUHW\�ZLWK�IUHTXHQF\�RQ�WKH�YHUWLFDO�D[LV�DQG�
�WLPH�RQ�WKH�KRUL]RQWDO��7KH�VSHFWUXP�LV�D�IUHTXHQF\�DQDO\VLV�IRU�WKH�DXGLR�ILOH¶V�FXUUHQW�SRLQW�LQ�WLPH��:KHQ�
�SOD\EDFN�LV�DFWLYDWHG��WKH�VSHFWUXP�FKDQJHV�WR�PDWFK�WKH�FKDQJHV�RFFXUULQJ�LQ�WKH�DXGLR�ILOH��

�7KH�OD\HU�DOORZV�WKH�XVHU�WR�FRQFHSWXDOO\�VWDFN�SLHFHV�RI�LQIRUPDWLRQ�RQWR�D�VLQJOH�SDQH��7KHUH�DUH�QXPHURXV�OD\HUV�
�WR�FKRRVH�IURP�IRU�DQQRWDWLQJ�WKH�SDQHV��VXFK�DV�WLPH�LQVWDQWV��VSHFWURJUDPV��WH[W��ER[HV��DQG�LPDJHV��7KHUH�LV�DOVR�
�WKH�1RWH�/D\HU��ZKLFK�HQDEOHV�WKH�XVHU�WR�DGG�SLWFKHG�VRXQGV�RQWR�WKH�VSHFWURJUDP��7KH�QRWHV�FDQ�EH�DGGHG�WR�PDWFK�
�WKH�ORFDWLRQ�RI�IUHTXHQFLHV�RQ�WKH�YHUWLFDO�D[LV��7KLV�LV�YHU\�XVHIXO�IRU�DQDO\]LQJ�UHFRUGLQJV�LQ�ZKLFK�WKH�VLQJHU�LV�
�VOLJKWO\�RII�NH\��RU�IRU�DQQRWDWLQJ�VRXQG�UHFRUGLQJV�ZLWK�QRQGLVWLQFW�SLWFKHV��OLNH�WKRVH�RI�VRQJELUGV��

�(DFK�OD\HU�W\SH�KDV�LWV�VHW�RI�GLVSOD\�SURSHUWLHV��ZKLFK�FDQ�EH�DOWHUHG�LQ�WKH�SDQHO�WKDW�VKRZV�XS�RQ�WKH�ULJKW�VLGH�RI�
�WKH�ZLQGRZ�ZKHQ�D�QHZ�OD\HU�LV�FUH��DWHG��7KH�XVHU�QDYLJDWHV�WKH�OD\HUV�E\�FOLFNLQJ�RQ�ODEHOHG�WDEV�DW�WKH�WRS�RI�WKH�
�'LVSOD\�3URSHUWLHV�ER[��7KH�HGLWDEOH�SURSHUWLHV�LQFOXGH�FRORU�VFKHPHV�IRU�DOO�W\SHV�RI�OD\HUV��DQG�IRU�VSHFWURJUDP�
�OD\HUV�XVHUV�FDQ�FKDQJH�ZLQGRZ�DQG�RYHUODS�VL]HV��7KH�VSHFWURJUDP�LV�FDOFXODWHG�E\�VHJPHQWLQJ�WKH�DXGLR�ILOH�LQWR�
�ZLQGRZV�DQG�SHUIRUPLQJ�D�VHULHV�RI�IDVW�)RXULHU�WUDQVIRUPV�WR�REWDLQ�WKH�IUHTXHQF\�FRPSRQHQWV�SUHVHQW�LQ�WKH�DXGLR�
�VWUHDP��DQG�WKH�RYHUODS�UHIHUV�WR�WKH�QXPEHU�RI�RYHUODSSHG�VDPSOHV�EHWZHHQ�ZLQGRZV��7KHVH�SURSHUWLHV�PLJKW�EH�
�FRQIXVLQJ�IRU�QRQWHFKQLFDO�XVHUV�EXW�DUH�DGHTXDWHO\�H[SODLQHG�LQ�WKH�GRFXPHQWDWLRQ��,Q�DQ\�FDVH��D�GHHS�
�XQGHUVWDQGLQJ�RI�IDVW�)RXULHU�WUDQV��IRUP�LV�QRW�UHTXLUHG�IRU�WKH�XVH�RI�69��$V�IDU�DV�WKH�QRQWHFKQLFDO�XVHU�LV�
�FRQFHUQHG��WKHVH�SDUDPHWHUV�IXQFWLRQ�DV�LPDJH�PRGLILHUV��DQG�DOORZ�WKH�XVHU�WR�HGLW�WKH�VSHFWURJUDP¶V�VKDUSQHVV�RU�
�VPRRWKQHVV��

�.H\ERDUG�VKRUWFXWV�DUH�LQWXLWLYH�DQG�HDV\�WR�OHDUQ��1HZ�XVHUV�DUH�DGYLVHG�WR�PHPRUL]H�WKHP�DV�WKH\�HQDEOH�TXLFN�
�QDYLJDWLRQ�WKURXJKRXW�WKH�LQWHUIDFH��ZKLFK�UHTXLUHV�TXLWH�D�ELW�RI�VZLWFKLQJ�EHWZHHQ�PRGHV��H�J���VFUROOLQJ��VHOHF��
�WLRQ��HGLWLQJ���=RRPLQJ�LQ�DQG�RXW�RI�WKH�LPDJH�FDQ�EH�GRQH�ZLWK�VFUROOLQJ�ZKHHOV�RU�YLD�PRXVH�WUDFNSDG�JHVWXUHV��

��� �'DQHO�/HHFK�:LONLQVRQ���&KDQJLQJ�6RXQG�RI�0XVLF�����KWWSV���ZZZ�FKDUP�UKXO�DF�XN�VWXGLHV����FKDSWHUV�LQWUR�KWPO�



�/DVWO\��D�YHU\�VLPSOH�\HW�YDOXDEOH�IHDWXUH�LV�WKH�YDULDEOH�SOD\EDFN�VSHHG��ZKLFK�E\�GHIDXOW�ZLOO�QRW�DOWHU�WKH�VRXQG¶V�
�SLWFK��7KLV�DORQH�ZRXOG�PDNH�69�D�XVHIXO�WRRO�IRU�VRPHRQH�VLPSO\�QHHGLQJ�WR�PDNH�WUDQVFULSWLRQV�RI�UHFRUGHG�PXVLF�
�RU�WKH�VSRNHQ�ZRUG��

�2Q�D�SHUVRQDO�QRWH��,�KDYH�XVHG�69�IRU�DERXW�D�GHFDGH�DQG�KDYH�IRXQG�LW�WR�EH�D�YDOXDEOH�UHVRXUFH�IRU�VPDOO�DQG�
�ODUJH�SURMHFWV�DOLNH��6RPH�SHUVRQDO�SHW�SHHYHV�QRQHWKHOHVV�SHUVLVW��)RU�RQH��69�FDQ�EHFRPH�FRQIXVLQJ�WR�XVH�ZKHQ�
�PXOWLSOH�DXGLR�ILOHV�DUH�ORDGHG�LQWR�D�VLQJOH�VHVVLRQ��,Q�D�UHJXODU�'$:��ZKHQ�WKH�XVHU�LPSRUWV�DXGLR�WR�D�QHZ�WUDFN��
�WKHUH�LV�DQ�RSWLRQ�WR�QDPH�WKH�QHZ�WUDFN��6WUDQJHO\��69�ODFNV�WKLV�NLQG�RI�RSWLRQ��$OWKRXJK�WKH�VRIWZDUH�DXWRPDW��
�LFDOO\�DVVLJQV�D�QHZ�FRORU�IRU�HDFK�QHZ�ZDYHIRUP�ORDGHG��WKLV�VLPSO\�GRHV�QRW�UHSODFH�QDPLQJ�WKH�ZDYHIRUP��7KLV�
�EHFDPH�HYLGHQW�ZKHQ�,�RQFH�KDG�VL[WHHQ�SHUIRUPDQFHV�RI�WKH�VDPH�SLHFH�RSHQ�LQ�D�VLQJOH�VHVVLRQ��7KURXJK�
�H[SHULHQFH��,�KDYH�UHDOL]HG�WKDW�D�ZRUN�DURXQG�LV�WR�DGG�D�7H[W�/D\HU�XSRQ�ORDGLQJ�QHZ�DXGLR�DQG�DQQRWDWLQJ�WKH�
�QDPH�RI�WKH�ILOH�RQWR�WKH�DXGLR�GLVSOD\��

�$QRWKHU�LVVXH�SHUWDLQV�WR�QDYLJDWLQJ�EHWZHHQ�WKH�OD\HUV��,W�FDQ�EH�GLIILFXOW�WR�NHHS�WUDFN�RI�ZKLFK�OD\HU�LV�DFWLYH��
�(DFK�OD\HU�LV�LGHQWLILHG�E\�QXPEHU��VLJQL��I\LQJ�WKH�RUGHU�LQ�ZKLFK�LW�ZDV�FUHDWHG��DQG�LFRQ��VLJQLI\LQJ�WKH�W\SH�RI�
�OD\HU��RQ�WKH�ULJKW�VLGH�RI�WKH�VFUHHQ��$�OD\HU�LV�DFWLYDWHG�ZKHQ�RQH�FOLFNV�RQ�LWV�LFRQ��EXW�LW�WDNHV�VRPH�WLPH�WR�
�UHPHPEHU�ZKDW�HDFK�LFRQ�UHIHUV�WR��6R�WKH�XVHU�LV�OHIW�KDYLQJ�WR�FOLFN�RQ�D�IHZ�RI�WKH�LFRQV�EHIRUH�DFFHVVLQJ�WKH�
�GHVLUHG�OD\HU��,QWHU��HVWLQJO\��WKH�GHIDXOW�QXPEHUV�JLYHQ�WR�OD\HUV�FDQ�EH�FKDQJHG�WR�D�QDPH�RI�WKH�XVHU¶V�FKRLFH��QRW�
�WKH�FDVH�IRU�ZDYHIRUPV���)LQDOO\��ODEHOLQJ�WLPH�LQVWDQWV�FDQ�EH�FRQIXVLQJ�IRU�QHZ�XVHUV��0RVW�RI�WKH�HGLWV�IRU�WLPLQJ�
�LQVWDQWV�DUH�IRXQG�LQ�WKH�(GLW�PHQX��%XW�LW�ZRXOG�VXUHO\�EH�LQWXLWLYH�WR�KDYH�DFFHVV�WR�WKHVH�SURSHU��WLHV��VXFK�DV�WKH�
�DELOLW\�WR�UHQDPH�WLPH�LQVWDQWV��WKURXJK�WKH�7LPH�,QVWDQW¶V�3URSHUW\�%R[�RQ�WKH�ULJKW�VLGH�RI�WKH�PDLQ�ZLQGRZ��

�0LQRU�JULSHV�DVLGH��69�UHPDLQV�D�JUHDW�WRRO��(DVH�RI�XVH�LV�VRPHWKLQJ�WKDW�FRPHV�ZLWK�SUDFWLFH�DQG�QHZ�XVHUV�VKRXOG�
�QRW�EH�GLVFRXUDJHG��7KH�QH[W�VHF��WLRQ�H[DPLQHV�KRZ�69�KDV�EHHQ�XVHG�LQ�PXVLF�UHODWHG�UHVHDUFK��

�69�IRU�5HVHDUFK�

�7KH�UHVHDUFK�ILHOG�PRVW�RIWHQ�DIILOLDWHG�ZLWK�69�LV�0XVLF�,QIRUPDWLRQ�5H��VHDUFK�5HWULHYDO��0,5���7KLV�
�ZLGH�UDQJLQJ�ILHOG�IRFXVHV�RQ�WKH�FRPSXWDWLRQDO�DQDO\VLV�RI�PXVLF�DQG�VRXQG��LQFOXGLQJ�WKH�GHVLJQ�RI�DOJRULWKPV�IRU�
�H[WUDFWLQJ�PHDQLQJIXO�IHDWXUHV�IURP�DXGLR�VLJQDOV��DQG�WKHQ�LQGH[LQJ�WKRVH�IHDWXUHV�IRU�VHDUFK�DQG�UHWULHYDO�
�VFKHPHV������6XFK�IHDWXUHV�FDQ�LQFOXGH�SHUFHLYDEOH�DQG��QRQ��SHUFHLYDEOH�GLPHQVLRQV�RI�PXVLF��$Q�H[DPSOH�RI�D�
�SHUFHLYDEOH�GLPHQVLRQ�ZRXOG�EH�REVHUYLQJ�WKH�WLPH�RQVHWV�RI�QRWHV�WR�GHWHUPLQH�KRZ�D�SHUIRUPHU�H[HFXWHV�D�WHPSR�
�UXEDWR�VHFWLRQ�LQ�&KRSLQ¶V�1RFWXUQH�RS�����QR�����7KLV�FDQ�EH�GRQH�XVLQJ�D�VWRSZDWFK��+RZHYHU��LI�RQH�ZLVKHG�WR�
�DQDO\]H�KRZ�WKH�FKRLFH�RI�WHP��SR�YDULHV�DFURVV�KXQGUHGV�RI�UHFRUGLQJV�RI�WKH�SLHFH��RQH�FRXOG�SURJUDP�D�FRPSXWHU�
�WR�FRQVWUXFW�WHPSR�FXUYHV�IRU�HDFK�UHFRUGLQJ��DQG�WKHQ�FDOFXODWH�GHVFULSWLYH�VWDWLVWLFV��H�J���PHDQ��VWDQGDUG�
�GHYLDWLRQ��WR�IRUP�DQ�LGHD�RI�WKH�PRVW�OLNHO\�DSSURDFK�WR�WKH�SLHFH��([DPSOHV�RI�QRQSHUFHLYDEOH�IHDWXUHV�PLJKW�EH�
�WKRVH�FKDUDFWHULVWLFV�WKDW�GHVFULEH�PXVLF¶V�IUHTXHQF\�VSHFWUXP��2QH�VSHFWUDO�IHDWXUH��IRU�H[DPSOH��LV�FHQWURLG��ZKLFK�
�LQGLFDWHV�WKH�IUHTXHQF\�DW�ZKLFK�D�VSHFWUXP¶V�HQHUJ\�LV�FHQWHUHG��8QOLNH�WHPSR��VSHFWUDO�IHDWXUHV�UHTXLUH�FRPSX��
�WDWLRQDO�PHWKRGV�LQ�RUGHU�WR�EH�FDOFXODWHG��+RZHYHU��PDQ\�RI�WKHVH�IHDWXUHV�GR�KDYH�SHUFHSWXDO�DQDORJXHV²FHQWURLG�
�LV�FRPPRQO\�DVVRFLDWHG�ZLWK�D�VRXQG¶V�EULJKWQHVV��0,5�LV�LQWHUHVWHG�LQ�FDWDORJLQJ�PXVLFDO�IHDWXUHV�RQ�D�JUDQG�VFDOH�
�DQG�EXLOGLQJ�UHFRPPHQGDWLRQ�V\VWHPV��3URJUDPV�OLNH�$SSOH�0XVLF�DQG�6SRWLI\�PDNH�XVH�RI�0,5�WR�UHFRPPHQG�
�PXVLF�WR�OLVWHQHUV�RQ�WKH�EDVLV�RI�WKHLU�SUHYL��RXV�OLVWHQLQJ�SDWWHUQV��DQG�SRSXODU�DSSV�OLNH�6KD]DP�XVH�0,5�WR�
�LGHQWLI\�VRQJV�SOD\LQJ�FORVH�WR�WKH�XVHU¶V�SKRQH��

��� �)RU�DQ�H[FHOOHQW�RYHUYLHZ��VHH�0DUNXV�6FKHGO��(PLOLD��*yPH]��DQG�-XOLiQ�8UEDQR��³0XVLF�,QIRUPDWLRQ�5HWULHYDO��5HFHQW�
�'HYHORSPHQWV�DQG�$SSOLFDWLRQV�´��)RXQGDWLRQV�DQG�7UHQGV��LQ�,QIRUPDWLRQ�5HWULHYDO�����QRV���±���6HSWHPEHU����������������±�����
�KWWSV���GRL�RUJ��������������������



�$V�PHQWLRQHG�DERYH��69�KDV�EHHQ�FLWHG�LQ�KXQGUHGV�RI�MRXUQDO�DUWLFOHV��FRQIHUHQFH�SURFHHGLQJV��DQG�ERRNV�VLQFH�
�������,�KDYH�SLFNHG�RXW�D�QXPEHU�RI�SXEOLFDWLRQV�IURP�WKH�OLWHUDWXUH�WR�VHH�KRZ�69�KDV�EHHQ�XVHG��DQG�QRWLFH�WKDW�
�PDQ\�RI�WKH�VWXGLHV�PHUHO\�PHQWLRQ�LW�LQ�SDVVLQJ��7KLV�LV�RIWHQ�WKH�FDVH�LQ�DUWLFOHV�LQWURGXFLQJ�DQDO\WLFDO�WRROER[HV�����

�:KHQ�DUWLFOHV�IHDWXUH�69�DV�SDUW�RI�WKH�UHSRUWHG�UHVHDUFK��LW�LV�PRVWO\�XVHG�IRU�HYHQW�RQVHW�GHWHFWLRQ�DW�WKH�GDWD�
�SUHSURFHVVLQJ�SKDVH������2QVHW�GHWHFWLRQ�LV�FDUULHG�RXW��HLWKHU�PDQXDOO\�E\�WKH�UHVHDUFKHUV�DQG�RU�DVVLVWDQWV��RU�
�DXWRPDWLFDOO\�XVLQJ�YDULRXV�9DPS�SOXJ��LQV�WKDW�FDQ�GHWHFW�RQVHWV�DQG�RU�EHDWV��

�,Q�VRPH�FDVHV��69�ZDV�SDUW�RI�WKH�H[SHULPHQWDO�GHVLJQ��DQG�KXPDQ�DQQR��WDWRUV�ZHUH�DVNHG�WR�VHJPHQW�PXVLFDO�
�H[FHUSWV�WR�HVWDEOLVK�D�JURXQG�WUXWK�WKDW�FRXOG�EH�LQFRUSRUDWHG�LQWR�DQ�DQDO\VLV�������69�LV�ZHOO�VXLWHG��WR�WKLV�NLQG�RI�GDWD�
�FROOHFWLRQ�EHFDXVH�LW�LV�UHODWLYHO\�HDV\�WR�OHDUQ�WR�XVH�IRU�PDQXDO�HYHQW�GHWHFWLRQ�DQG�DQQRWDWLRQ��VXFK�WKDW�WUDLQLQJ�
�WKH�SDUWLFLSDQWV�WR�FRPSOHWH�WKH�WDVN�VKRXOG�QRW�WDNH�WRR�PXFK�WLPH��2QVHW�GHWHFWLRQ�FDQ�EH�DFKLHYHG�E\�DGGLQJ�WLPH�
�SRLQWV�LQ�WKH�(GLW�PRGH�RU�E\�SOD\LQJ�WKH�WUDFN�DQG�WDSSLQJ�LQ�WLPH�SRLQWV�RQ�WKH�FRPSXWHU�NH\ERDUG�DV�WKH�DXGLR�
�SOD\V��7KH�VSHFWURJUDP�YLVXDOL]DWLRQ�LV�LGHDO�IRU�FKHFNLQJ�WKH�DFFXUDF\�RI�RQH¶V�WDSSLQJ�DV�WKH�RQVHWV�RI�QRWHV�DUH�
�FOHDUO\�YLVLEOH��HVSHFLDOO\�LI�WKH�UHFRUGLQJ�LV�RI�D�VLQJOH�LQVWUXPHQW��$OWHULQJ�WKH�DXGLR�SOD\EDFN�VSHHG�DOVR�KHOSV�WKH�
�XVHU�HQVXUH�WKDW�WKH�RQVHW�DSSHDUV�DW�WKH�FRUUHFW�VSRW������

�,Q�P\�RZQ�UHVHDUFK��69�KDV�EHHQ�HPSOR\HG�LQ�PXVLF�SHUIRUPDQFH�VWXGLHV�ZKHUH�PXVLFLDQV�SHUIRUPHG�WKH�VDPH�
�SLHFH�PXOWLSOH�WLPHV�XVLQJ�GLIIHUHQW�SHUIRUPDQFH�LQWHQWLRQV��GHDGSDQ��QRUPDO��H[DJJHUDWHG������� �,Q�WKHVH�VWXGLHV���69�
�ZDV�XVHG�WR�DQQRWDWH�QRWH�RQVHWV�LQ�HDFK�SHUIRUPDQFH��7KH�RQVHWV�ZHUH�H[SRUWHG�IURP�69�LQWR�0$7/$%��ZKHUH�
�WKH\�ZHUH�XVHG�DV�WLPLQJ�PRGHOV�WR�WHPSRUDOO\�DOLJQ�WKH�UHFRUGLQJ¶V�FRUUHVSRQGLQJ�PRWLRQ�FDSWXUH�GDWD��

�5HFHQWO\��KRZHYHU��P\�SULPDU\�XVH�RI�69�KDV�EHHQ�DV�D�SHGDJRJLFDO�WRRO�IRU�WHDFKLQJ��SDUWLFXODUO\�LQ�XQGHUJUDGXDWH�
�0XVLFRORJ\�FRXUVHV��7KH�QH[W�VHFWLRQ�SURYLGHV�D�EULHI�RYHUYLHZ�RI�KRZ�69�FDQ�EH�XVHG�LQ�WHDFKLQJ�VLWXDWLRQV��

���� �0DUF�5��7KRPSVRQ�DQG�*HRII�/XFN��³([SORULQJ�5HODWLRQVKLSV��EHWZHHQ�3LDQLVWV¶�%RG\�0RYHPHQWV��7KHLU�([SUHVVLYH�,QWHQWLRQV��
�DQG�6WUXFWXUDO�(OHPHQWV�RI�WKH�0XVLF�´��0XVLFDH�VFLHQWLDH������QR��������������±����-RQQD�.��9XRVNRVNL��0DUF�5��7KRPSVRQ��(ULF�)��
�&ODUNH��DQG�&KDUOHV�6SHQFH��³&URVVPRGDO�,QWHUDFWLRQV�LQ�WKH�3HUFHSWLRQ�RI�([SUHVVLYLW\�LQ�0XVLFDO�3HUIRU��PDQFH�´��$WWHQWLRQ��
�3HUFHSWLRQ��DQG�3V\FKRSK\VLFV������QR�����)HEUXDU\������������±�����

���� �6HH0LFKDHO5HFWRU�³+LVWRULFDO7UHQGVLQ([SUHVVLYH7LPLQJ6WUDWHJLHV�&KRSLQ¶V(WXGH���2S�����1R����´��(PSLULFDO�0XVLFRORJ\�5HYLHZ�
�����QRV���±�������������±������KWWSV���GRL�RUJ����������HPU�Y��L���������

���� �)RU�H[DPSOH��0DUWLQ�+DUWPDQQ��2OLYLHU�/DUWLOORW���DQG�3HWUL�7RLYLDLQHQ��³0XVLFDO�)HDWXUH�DQG�1RYHOW\�&XUYH�&KDUDFWHUL]DWLRQV�DV�
�3UHGLFWRUV�RI�6HJPHQWDWLRQ�$FFXUDF\�´�LQ��3URFHHGLQJV��RI�WKH���WK�6RXQG�DQG�0XVLF�&RPSXWLQJ�&RQIHUHQFH�����������HG��7��/RNNL��-��
�3lW\QHQ��DQG�9��9lOLPlNL�����±����KWWSV���M\[�M\X�IL�ELWVWUHDP�KDQGOH�����������������KDUWPDQQODU�
�WLOORWWRLYLDLQHQPXVLFDOIHDWXUH�SGI"VHTXHQFH �	LV$OORZHG \��7KDVVLOR�*DGHUPDLHU�DQG�*HUKDUG�:LGPHU��³$�6WXG\�RI�$QQRWDWLRQ�DQG�
�$OLJQPHQW�$FFXUDF\�IRU�3HUIRUPDQFH�&RPSDULVRQ�LQ�&RPSOH[�2UFKHVWUDO�0XVLF�´�LQ�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�6RFLHW\�IRU�
�0XVLF�,QIRUPD��WLRQ�5HWULHYDO�&RQIHUHQFH��'HOIW��7KH�1HWKHUODQGV��1RYHPEHU��±������������±����
�KWWS���DU[LY�RUJ�DEV������������

��� �)RU�H[DPSOH��'RURWW\D�)DELDQ��³$QDO\]LQJ�'LIIHUHQFH��LQ�5HFRUGLQJV�RI�%DFK¶V�9LROLQ�6RORV�ZLWK�D�/HDG�IURP�*LOOHV�'HOHX]H�´��0XVLF�
�7KHRU\�2QOLQH������QR������������KWWSV���ZZZ��PWRVPW�RUJ�RMV�LQGH[�SKS�PWR�DUWLFOH�YLHZ�������0HJKDQ�*RRGFKLOG��-RQDWKDQ�:LOG��DQG�
�6WHSKHQ�0F$GDPV��³([SORULQJ�(PRWLRQDO�5HVSRQVHV�WR�2UFKHVWUDO�*HVWXUHV�´��0XVLFDH�VFLHQWLDH������QR���������������±����
�KWWSV���GRL�RUJ�����������������������������

��� �)RU�H[DPSOH��%ULDQ�0F)HH��&ROLQ�5DIIHO��'DZHQ�/LDQJ��'DQLHO�3��:��(OOLV��0DWW�0F9L��FDU��(ULF�%DWWHQEHUJ��DQG�2ULRO�1LHWR��
�³/LEURVD��$XGLR�DQG�0XVLF�6LJQDO�$QDO\VLV�LQ�3\WKRQ�´�LQ��3URFHHGLQJV�RI�WKH���WK�3\WKRQ�LQ�6FLHQFH�&RQIHUHQFH�������������±����
�KWWSV���GRL�RUJ����������0DMRUD��E��H�HG����� ���



�)LJXUH���6FUHHQVKRW�RI�6RQLF�9LVXDOLVHU�VSHFWURJUDP�RI�3RqPH�pOHFWURQLTXH�E\�(GJDUG�9DUqVH��

�D�SKHQRPHQRORJLFDO�DQDO\VLV�E\�/DZUHQFH�)HUUDUD������ �7KH�VSHFWURJUDP�LV�VWULNLQJ��DV�LW�GLVSOD\V�WKH�YDULHW\�LQ�
�G\QDPLFV�DQG�WLPEUHV�ZLWKLQ�WKH�SLHFH��1DWXUDO�VRXQGV�RI�KXPDQ�YRLFHV�DQG�LQVWUXPHQWV�FOHDUO\�VKRZ�ZKLFK�KDU��
�PRQLFV�DUH�SUHVHQW�LQ�WKH�VLJQDO��ZKLOH�SHUFXVVLYH�QRLV\�VRXQGV�FRQWDLQ�QRQ��KDUPRQLF�SDUWLDOV�WKDW�VSDQ�WKH�IXOO�
�UDQJH�RI�IUHTXHQFLHV��7KH�HQG�RI�WKH�SLHFH�VKRZV�D�V\QWKHWLF�FUHVFHQGR�WKDW�QRW�RQO\�ULVHV�LQ�ORXGQHVV�EXW�VZHHSV�
�DFURVV�WKH�IUHTXHQF\�VSHFWUXP��

�$�ILUVW�H[HUFLVH�IRU�VWXGHQWV�WR�FRPSOHWH�LQ�FODVV�LQWURGXFHV�WKH�FRQFHSW�RI�YRZHO�IRUPDQWV�DQG�OHWV�WKHP�SUDFWLFH�
�UHFRUGLQJ�WKHLU�RZQ�YRLFHV�LQWR�69��)LJXUH���GHPRQVWUDWHV�ZKDW�DQ�RXWFRPH�RI�WKH�H[HUFLVH�PLJKW�ORRN�OLNH��7KH�
�VWXGHQWV�DUH�JLYHQ�D�OLVW�RI�ZRUGV�FRQWDLQLQJ�HLWKHU�FORVHG��PLGGOH�RSHQHG��RU�RSHQHG�YRZHO�VRXQGV��H�J���³KHDW�´�
�³VDLG�´�DQG�³IDWKHU�´�UHVSHFWLYHO\���7KH�ILUVW�VWHS�LV�WR�UHFRUG�WKH�ZRUGV��IROORZHG�E\�HDFK�ZRUG¶V�PDLQ�YRZHO�VRXQG��
�LQWR�69��,W�LV�DW�WKLV�SRLQW�WKDW�VWXGHQWV�UHDOL]H�WKDW�DOWKRXJK�DXGLR�FDQ�EH�UHFRUGHG�LQWR�69��WKH�UHFRUGHG�DXGLR�FDQQRW�
�EH�HGLWHG��7KLV�JLYHV�WKHP�DPSOH�RSSRUWXQLW\�WR�SUDFWLFH�UHFRUGLQJ�DXGLR��DV�LW�ZLOO�WDNH�VHYHUDO�WDNHV�WR�JHW�WKH�
�ZRUGV�ULJKW��2QFH�WKH�ZRUGV�DUH�UHFRUGHG��VWXGHQWV�FDQ�VHH�WKH�DXGLR�GLVSOD\�RI�WKHLU�UHFRUGLQJ��7R�EHWWHU�YLVXDOL]H�
�WKH�UHFRUGLQJ��WKH\�FUHDWH�D�QHZ�OD\HU�FDOOHG�D�0HORGLF�5DQJH�6SHFWURJUDP��7KH�YLVXDOL]DWLRQ�VHWWLQJV�IRU�WKLV�OD\HU�
�DOORZ�VWXGHQWV�WR�FKDQJH�WKH�VSHFWURJUDP¶V�FRORUV�DQG�VKDUSHQ�WKH�LPDJH�E\�ILGGOLQJ�ZLWK�WKH�ZLQGRZ��KRS��DQG�ELQ�
�SDUDPHWHUV�RQ�WKH�ULJKW�VLGH�RI�WKH�VFUHHQ��$V�WKH�LPDJH�VKDUSHQV��VWXGHQWV�EHFRPH�DZDUH�WKDW�WKH�UHFRUGHG�ZRUGV�
�FRQWDLQ�GLIIHUHQW�IUHTXHQF\�FRPSRQHQWV�EHFDXVH�WKH�YRZHOV�ZLWKLQ�WKH�ZRUGV�KDYH�XQLTXH�IRUPDQWV��6WXGHQWV�WKHQ�
�DGG�D�VHF��RQG�SDQH�WR�GLVSOD\�WKH�VSHFWUXP�RI�WKHLU�UHFRUGLQJ��7KH�6SHFWUXP�3DQH�GLV��SOD\V�KRZ�WKH�UHFRUGLQJ¶V�
�IUHTXHQF\�FRPSRQHQWV�FKDQJH�DV�WKH�UHFRUGLQJ�SOD\V��)LQDOO\��VWXGHQWV�SUDFWLFH�DQQRWDWLRQ�E\�DGGLQJ�D�7H[W�/D\HU��
�ZKLFK�DO��ORZV�WKHP�WR�ODEHO�GLIIHUHQW�SRUWLRQV�RI�WKHLU�UHFRUGLQJ��2QFH�WKH�UHFRUGLQJV�DUH�PDGH��VWXGHQWV�FDQ�VLW�
�ZLWK�D�SDUWQHU�DQG�FRPSDUH�UHVXOWV��WR�VHH�LI�WKH�ZRUGV¶�IRUPDQWV�DSSHDU�DW�VLPLODU�IUHTXHQFLHV��)RU�LQVWDQFH��YRLFHV�
�ZLWK�ORZ��HU�IXQGDPHQWDO�IUHTXHQFLHV�XWWHULQJ�WKH�YRZHO�>L@��DV�LQ�³KHDW�´�ZLOO�VHH�D�IRU��PDQW�FUHVFHQW�DW�DURXQG�����

���� �/DZUHQFH�)HUUDUD��³3KHQRPHQRORJ\�DV�D�7RRO�IRU�0XVLFDO��$QDO\VLV�´��0XVLFDO�4XDUWHUO\������QR�����6XPPHU������������±����



�+]��IRUPDQW����DQG������+]��IRUPDQW�����7KH�H[HUFLVH�FDQ�WKHQ�PRYH�RQ�WR�D�JURXS�GLVFXVVLRQ�DERXW�VLQJHUV¶�
�IRUPDQWV��

�$�PRUH�DGYDQFHG�H[HUFLVH�FRPELQHV�OHDUQLQJ�WR�XVH�69�WRROV�ZLWK�FRQ��GXFWLQJ�D�VPDOO�PXVLF�SHUIRUPDQFH�DQDO\VLV��
�6WXGHQWV�DUH�JLYHQ�UHFRUGLQJV�RI�IRXU�UHQGLWLRQV�RI�D�VKRUW�SLHFH��VHH�ILJXUH�����7KH�SLHFH�ZDV�FRPSRVHG�DV�SDUW�RI�DQ�
�HPRWLRQDO�YDOLGDWLRQ�VWXG\�LQ�ZKLFK�SDUWLFLSDQWV�UDWHG�PXVLFDO�H[FHUSWV�IRU�VHOI�SHUFHLYHG�KDSSLQHVV��VDGQHVV��WKUHDW��
�DQG�SHDFHIXOQHVV������

�)LJXUH���6FUHHQVKRW�RI�6RQLF�9LVXDOLVHU�YRZHO�IRUPDQW�FODVV�H[HUFLVH��

���� �6DQGULQH�9LHLOODUG��,VDEHOOH�3HUHW]��1DWKDOLH�*RVVHOLQ���6WpSKDQLH�.KDOID��/LVH�*DJQRQ��DQG�%HUQDUG�%RXFKDUG��³+DSS\��6DG��
�6FDU\�DQG�3HDFHIXO�0XVLFDO�([FHUSWV�IRU�5HVHDUFK�RQ�(PRWLRQV�´��&RJQLWLRQ�DQG�(PRWLRQ������QR����������������±����



�)LJXUH���6FUHHQVKRW�RI�6RQLF�9LVXDOLVHU�SHUIRUPDQFH�DQDO\VLV�FODVV�H[HUFLVH��

�7KH�SLHFH�XVHG�LQ�WKH�FODVV�H[HUFLVH�KDG�EHHQ�WKH�PRVW�KLJKO\�UDWHG�IRU�SHU��FHLYHG�KDSSLQHVV��7KH�IRXU�UHQGLWLRQV�
�JLYHQ�WR�VWXGHQWV�ZHUH�UHFRUGLQJV�IURP�D�SURMHFW�RQ�ZKLFK�,�KDYH�FROODERUDWHG��LQ�ZKLFK�D�YLROLQLVW�SHUIRUPHG�WKH�
�³KDSSLQHVV´�SLHFH�HPSOR\LQJ�GLIIHUHQW�HPRWLRQDO�LQWHQWLRQV��DQJU\��VDG��KDSS\��DQG�GHDGSDQ��7KH�VWXGHQWV�DUH�QRW�
�LQIRUPHG�WKDW�WKH�MDXQW\�PHORG\��LQ������ZLWK�GRWWHG�UK\WKPLF�ILJXUHV�DQG�LQ�D�PDMRU�NH\��KDV�EHHQ�YDOLGDWHG�DV�D�
�KDSS\�SLHFH��7KH�VWXGHQWV�PXVW�ILUVW�DQQRWDWH�WKH�QRWH�RQVHWV�RI�HDFK�SHUIRUPDQFH��DQG�WKHQ�LQYHVWLJDWH�WKH�
�VSHFWURJUDPV��7KH\�DQVZHU�TXHVWLRQV�DERXW�WKH�ZD\V�LQ�ZKLFK�WKH�SHUIRUPDQFHV�GLIIHU�LQ�WHUPV�RI�G\QDPLFV��WLP��
�LQJ��DQG�WLPEUH��7KH\�DUH�WKHQ�DVNHG�WR�UDWH�HDFK�SHUIRUPDQFH�IRU�KDSSLQHVV��VDGQHVV��DQG�DQJHU��7KH�H[HUFLVH�
�HPXODWHV�D�PXVLF�SHUFHSWLRQ�VWXG\�WKDW�LQYHVWLJDWHV�KRZ�PXVLFLDQV¶�H[SUHVVLYH�LQWHQWLRQV�LPSDFW�OLVWHQHUV¶�UHDFWLRQV�
�WR�PXVLF��,Q�JLYLQJ�WKLV�DVVLJQPHQW�VHYHUDO�WLPHV��,�KDYH�REVHUYHG�WKDW�WKH�FRPSRVLWLRQ¶V�FRQVWUXFWLRQ�DFWV�DV�D�PDLQ�
�LQIOXHQFH�RQ�SHUFHSWLRQ��)RU�DOO�WKH�UHQGLWLRQV��UDWLQJV�IRU�SHUFHLYHG�KDSSLQHVV�DUH�JHQHUDOO\�KLJKHU�WKDQ�UDWLQJV�IRU�
�SHUFHLYHG�VDGQHVV�RU�DQJHU��7KH�VWXGHQWV�FDQ�WKHQ�GLVFXVV�WKHLU�UHVXOWV�LQ�JURXSV��

�)XWXUH�'LUHFWLRQV�RI�0XVLFRORJ\�DQG�0XVLF�$QDO\VLV�

�7KH�DERYH�WHDFKLQJ�H[DPSOHV�GHPRQVWUDWH�KRZ�69�FDQ�EH�XVHG�LQ�D�FODVV��URRP�VLWXDWLRQ�ZKHUH�WKH�JRDO�LV�WR�OHDUQ�
�DERXW�PXVLFRORJLFDO�UHVHDUFK��DV�RS��SRVHG�WR�OHDUQLQJ�DERXW�0,5��)RU�WKLV�SXUSRVH��69�LV�DQ�H[FHOOHQW�VROXWLRQ��
�GHVSLWH�LWV�DJH��)RU�FRQGXFWLQJ�0,5�UHVHDUFK��EHWWHU��PRUH�SRZHUIXO�WRROV�H[��LVW��2QH�ZHOO�NQRZQ�WRRO�GHYHORSHG�E\�
�FROOHDJXHV�ZLWKLQ�P\�UHVHDUFK�JURXS�LV�WKH�0,57RROER[��ZKLFK�UHFHQWO\�FHOHEUDWHG�LWV�ILUVW�WHQ�\HDUV�RI�
�GHYHORSPHQW������ �/LNH�69��0,57RROER[�FDQ�GHWHFW�SLWFK��LQIRUPDWLRQ��SHUIRUP�RQVHW�GHWHFWLRQ��DQG�FRQGXFW�G\QDPLFV�
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�DQG�WLPEUH�DQDO\VLV��7KH�GLIIHUHQFH�LV�WKDW�0,57RROER[�ZRUNV�LQ�0$7/$%�DQG�LV�LQWHQGHG�WR�DQDO\]H�ODUJH�GDWD�VHWV�
�DW�RQFH��ZKHUHDV�69�JHQHUDOO\�ORRNV�DW�RQH�DXGLR�ILOH�DW�D�WLPH��0,57RROER[�UHTXLUHV�WKH�NQRZOHGJH�RI�VFULSWLQJ�LQ�
�RUGHU�WR�EH�XVHG�HIIHFWLYHO\��ZKLFK�LV�QRW�GLIILFXOW�WR�OHDUQ�EXW�KDV�D�VWHHSHU�OHDUQLQJ�FXUYH�WKDQ�VWDUWLQJ�RQ�69��,W�
�VKRXOG�EH�QRWHG�WKDW�WKHUH�DUH�3\WKRQ�SDFNDJHV�WKDW�DOORZ�SURJUDPPHUV�WR�XVH�69�IRU�ODUJH�GDWD�VHWV�DV�ZHOO��EXW�WR�
�P\�NQRZOHGJH�WKHVH�KDYH�QRW�KDG�WKH�VDPH�LPSDFW�DV�0,57RROER[��

�69¶V�DGYDQWDJH�RYHU�D�WRRO�OLNH�0,57RROER[�KDV�EHHQ�LWV�IRFXV�RQ�VHUYLQJ�PXVLFRORJLVWV��0,57RROER[�EHLQJ�PRUH�
�XVHIXO�IRU�UHVHDUFKHUV�LQWHUHVWHG�LQ�WRSLFV�OLNH�PXVLF�FRJQLWLRQ��)XWXUH�SURMHFWV�PLJKW�FRPELQH�WKHVH�LQWHUHVWV��
�KRZHYHU��0,57RROER[¶V�PDLQ�DXWKRU�LV�ZRUNLQJ�RQ�D�QHZ�SURMHFW�FDOOHG�0,5$*(��ZKLFK�LV�D�FRPSUHKHQVLYH�
�$,�EDVHG�V\VWHP�IRU�PXVLF�DQDO\VLV������ �,Q�-XQH��������D�ILUVW�V\PSRVLXP�GHGLFDWHG�WR�0,5$*(�WRRN�SODFH��DW�ZKLFK�
�LWV�LPSUHVVLYH�DELOLWLHV�WR�FRQGXFW�UHDO�WLPH�DQDO\VLV�RI�PXVLFDO�IHDWXUHV�DQG�SURGXFH�PXVLFDO�YLVXDOL]DWLRQV�VSHFLILF�
�WR�WKH�PXVLF�ZHUH�GHPRQVWUDWHG��7KH�YLVXDOL]DWLRQV�DUH�LQWXLWLYH�DQG�DUH�DLPHG�DW�QRQWHFKQLFDO�UHVHDUFKHUV��
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�7R�VXP�XS��DOWKRXJK�69�ZDV�GHYHORSHG�RYHU�D�GHFDGH�DJR�DQG�KDV�JRQH�WKURXJK�RQO\�PLQRU�XSGDWHV��LW�FRQWLQXHV�WR�
�EH�D�XVHIXO�WRRO�IRU�PXVLF�UHVHDUFK�DQG�WHDFKLQJ��,WV�JUHDWHVW�DGYDQWDJHV�DUH�WKDW��L��LW�LV�IUHH�WR�GRZQORDG�DQG�XVH�DQG�
��LL��LW�KDV�D�UHODWLYHO\�VPRRWK�OHDUQLQJ�FXUYH�IRU�SHRSOH�ZLWK�QRQ��WHFKQLFDO�EDFNJURXQGV��)RU�UHVHDUFK��LWV�JUHDWHVW�
�DVVHW�KDV�EHHQ�WKH�HDVH�ZLWK�ZKLFK�RQH�FDQ�YLHZ�VSHFWURJUDPV�DQG�DQQRWDWH�WLPH�LQVWDQWV��7KLV�IHDWXUH�KDV�EHHQ�XVHG�
�IRU�WDVNV�LQ�PXVLF�SHUFHSWLRQ�VWXGLHV��IRU�H[DPSOH��SDUWLFLSDQWV�DQQRWDWH�SHUIRUPDQFHV�LQWR�PHDQLQJIXO�VHJPHQWV���RU�
�DV�D�GDWD�SUHSURFHVV��LQJ�VWHS�IRU�H[WUDFWLQJ�HYHQW�RQVHWV�IRU�VWDWLVWLFDO�DQDO\VHV��,Q�WHDFKLQJ�VLWXDWLRQV��69�DOORZV�
�VWXGHQWV�WR�OHDUQ�SV\FKRDFRXVWLFV��DQG�DFWV�DV�DQ�HQWU\�SRLQW�IRU�OHDUQLQJ�EDVLF�FRQFHSWV�RI�0,5��VXFK�DV�VSHFWUDO�
�IHDWXUH�H[WUDFWLRQ���7KH�FRQFHSWXDO�OHDUQLQJ�WKDW�69�IDFLOLWDWHV�LV�D�VWHSSLQJ�VWRQH�IRU�PRUH�WHFKQLFDO�FRXUVHV�
�IRFXVHG�RQ�0,5��

�/DVWO\��69�LV�D�PHDQV�WR�FRQVLGHU�PXVLF�DQDO\VLV�IUDPHZRUNV�WKDW�JR�EH\RQG�VFRUH�EDVHG�PXVLF��,W�LV�SDUWLFXODUO\�
�DSSURSULDWH�IRU�DQDO\]LQJ�PXVLF�DV�D�OLYLQJ��HPERGLHG�SKHQRPHQRQ��6XGGHQO\��YDULDWLRQV�EHWZHHQ�SHUIRUPDQFHV�FDQ�
�EH�LGHQWLILHG��DV�RQH�FDQ�DFFHVV�WKH�H[SUHVVLYH�SDUDPHWHUV�RI�WLPLQJ��G\QDPLFV��DUWLFXODWLRQ��DQG�WLPEUH������ �7R�SXW�LW�
�SODLQO\��69�LV�SRZHUIXO�EHFDXVH�LW�DOORZV�RQH�WR�VHH�PXVLF��SXQ�LQWHQGHG��DV�D�WUXO\�PXOWLGLPHQVLRQDO�SKHQRPHQRQ��
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