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�6KUDYDQL�6XU\DZDQVKL���3URI��9DUVKD�%DEDU

�6WXGHQW���$VVLVWDQW�3URIHVVRU
���'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�
���$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD
�VKUDYDQL�VXU\DZDQVKL#G\SLF�LQ���YDUVKD�EDEDU#G\SLF�LQ

$EVWUDFW

&ORQHG� YRLFHV� DUH� QRZ� FKHDS� WR�PDNH� DQG� HDV\� WR�PLVXVH� LQ� SKRQH� VFDPV� WKDW� LPLWDWH� D� UHODWLYH� RU� D�
FROOHDJXH��7KLV� UHYLHZ�SDSHU� H[DPLQHV�ZKDW� WKH� UHVHDUFK� OLWHUDWXUH� RIIHUV� IRU� GHIHQGLQJ� RUGLQDU\� XVHUV�
DJDLQVW�VXFK�FDOOV�DQG�XVHV�LW�WR�SURSRVH�9RLFH�&ORQH�*XDUGLDQ��D�PRELOH�DSSOLFDWLRQ�WKDW�UXQV�HQWLUHO\�RQ�
WKH�SKRQH��7KH�DSSOLFDWLRQ FRPELQHV�WZR�FKHFNV�WKDW�DUH�XVXDOO\�VWXGLHG�VHSDUDWHO\��DQ�DQWL�VSRRILQJ�PRGHO�
WKDW�ORRNV�IRU�VLJQV�RI�V\QWKHWLF�VSHHFK��DQG�D�VSHDNHU�YHULILFDWLRQ�PRGHO�WKDW�FRPSDUHV�WKH�YRLFH�ZLWK�D�
SURILOH�HQUROOHG�IRU�D�IDPLO\�PHPEHU��7KH�SDSHU�UHYLHZV�EHQFKPDUN��PRGHO�DQG�VXUYH\�VWXGLHV��MXVWLILHV�WKH�
FKRLFH�RI�D�OLJKWZHLJKW�JUDSK�DWWHQWLRQ�FRXQWHUPHDVXUH��$$6,67�/�FODVV��DQG�DQ�(&$3$�7'11�VSHDNHU�
HQFRGHU��DQG�GHVFULEHV�WKH�DXGLR�IURQW�HQG��HQUROPHQW�SURFHGXUH��VFRULQJ�SLSHOLQH�DQG�GHFLVLRQ�UXOHV��ZLWK�
D�GLDJUDP�IRU HDFK��7KH� OLWHUDWXUH�DOVR�VKRZV�FOHDU�OLPLWV��GHWHFWRUV�WUDLQHG�RQ�EHQFKPDUN�GDWD�GHJUDGH�
VKDUSO\�RQ�UHDO�ZRUOG�DXGLR��VKRUW�FOLSV�JLYH�ZHDN�HYLGHQFH��DQG�PRELOH�RSHUDWLQJ�V\VWHPV�EORFN�GLUHFW�
DFFHVV� WR� FDOO� DXGLR��7KH�ZRUN� LV� DW� WKH� UHYLHZ� DQG� GHVLJQ� VWDJH�� QR� SURWRW\SH� KDV� EHHQ� EXLOW� DQG� QR�
SHUIRUPDQFH�ILJXUHV�DUH�FODLPHG�IRU�WKH�SURSRVHG�V\VWHP��$Q�HYDOXDWLRQ�SODQ�LV�JLYHQ�IRU�WKH�QH[W�SKDVH�

.H\ZRUGV� DQWL�VSRRILQJ�� YRLFH� FORQLQJ�� VSHDNHU� YHULILFDWLRQ�� RQ�GHYLFH�$,�� DXGLR� GHHSIDNH� GHWHFWLRQ��
PRELOH�VHFXULW\��SULYDF\�

,��,QWURGXFWLRQ

9RLFH�FORQLQJ�QR�ORQJHU�QHHGV�D�VWXGLR�RU�KRXUV�RI�UHFRUGLQJV��=HUR�VKRW�WH[W�WR�VSHHFK�V\VWHPV�VXFK�DV�
9$//�(�FRQGLWLRQ�RQ�D�WKUHH�VHFRQG�UHFRUGLQJ�RI�DQ�XQVHHQ�VSHDNHU�>�@��$�VKRUW�YRLFH�QRWH��D�VRFLDO�PHGLD�
YLGHR�RU�D�VLQJOH�SKRQH�FDOO�FDQ�EH�HQRXJK�VRXUFH�PDWHULDO��7KH�VDPH�FDSDELOLW\�WKDW�KHOSV�ZLWK�GXEELQJ�
DQG�DVVLVWLYH�VSHHFK�FDQ�EH�XVHG�LQ�D�FDOO�WKDW�VD\V��LQ�WKH�YRLFH�RI�D�VRQ��D�GDXJKWHU�RU�D�PDQDJHU��WKDW�
PRQH\�LV�QHHGHG�XUJHQWO\�

5HVHDUFKHUV� KDYH� ZRUNHG� RQ� D� FORVHO\� UHODWHG� SUREOHP� IRU� \HDUV� XQGHU� WKH� QDPH� RI� VSRRILQJ�
FRXQWHUPHDVXUHV�IRU�DXWRPDWLF�VSHDNHU�YHULILFDWLRQ��$69��>�@��7KH�$69VSRRI�FKDOOHQJH�VHULHV�KDV�VXSSOLHG�
VKDUHG�GDWDVHWV�DQG�PHWULFV�VLQFH������>�@��>�@��3URJUHVV�RQ�WKHVH�EHQFKPDUNV�LV�UHDO��D�OLJKWZHLJKW�JUDSK�
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DWWHQWLRQ�PRGHO�ZLWK�RQO\����WKRXVDQG�SDUDPHWHUV�UHDFKHV�DQ�HTXDO�HUURU�UDWH��((5��RI�������RQ�$69VSRRI�
�����>�@��<HW�WKH�VDPH�OLWHUDWXUH�ZDUQV�WKDW�VXFK�QXPEHUV�GR�QRW�FDUU\�RYHU�WR�RUGLQDU\�DXGLR��'HWHFWRUV�
WKDW�ORRN�H[FHOOHQW�RQ�$69VSRRI �����ORVH�D�JUHDW�GHDO�ZKHQ�WHVWHG�RQ�GHHSIDNHV�FROOHFWHG�IURP�WKH�LQWHUQHW�
>�@��DQG�D�VSHDNHU�YHULILFDWLRQ�V\VWHP�WKDW�VFRUHV�������((5�RQ�JHQXLQH�WULDOV�GHJUDGHV�WR��������RQFH�
VSRRIHG�WULDOV�DUH�LQFOXGHG�>�@�

:KDW� LV�PLVVLQJ� LV�QRW�DQRWKHU�EHQFKPDUN�PRGHO�EXW�D�FOHDU�SLFWXUH�RI�KRZ� WKHVH�SLHFHV�FRXOG� ILW� LQWR�
VRPHWKLQJ�DQ�RUGLQDU\�SHUVRQ�FDQ�XVH�GXULQJ�D�VXVSLFLRXV�FDOO��6XFK�D�WRRO�KDV�WR�UXQ�RQ�D�SKRQH��FRSH�ZLWK�
VKRUW�DQG�QRLV\�DXGLR��UHVSHFW�WKH�SULYDF\�RI�WKH�SHRSOH�ZKRVH�YRLFHV�LW�VWRUHV��DQG�WHOO D�ZRUULHG�XVHU�ZKDW�
WR�GR�QH[W�UDWKHU�WKDQ�RQO\�RXWSXW�D�SUREDELOLW\��7KLV�SDSHU�UHYLHZV�WKH�UHOHYDQW�ZRUN�ZLWK�WKDW�WDUJHW�LQ�
PLQG� DQG� SURSRVHV�9RLFH�&ORQH� *XDUGLDQ�� D� SULYDF\�ILUVW� PRELOH� DSSOLFDWLRQ� WKDW� FRPELQHV� V\QWKHWLF�
VSHHFK�GHWHFWLRQ�ZLWK�YHULILFDWLRQ�DJDLQVW�D�YRLFH�SURILOH�HQUROOHG�IRU�D�IDPLO\�PHPEHU�

7KH� FRQWULEXWLRQV� DUH�� �L�� D� UHYLHZ� RI� DQWL�VSRRILQJ�� VSHDNHU�YHULILFDWLRQ� DQG� VSRRILQJ�DZDUH� ZRUN��
RUJDQLVHG� DURXQG�ZKDW� LW�PHDQV� IRU� D� SKRQH�EDVHG� FRQVXPHU� WRRO�� �LL�� D� MXVWLILHG� VHOHFWLRQ� RI�PRGHOV��
GDWDVHWV��DXGLR�SURFHVVLQJ�DQG�PRELOH�WHFKQRORJLHV���LLL��D�V\VWHP�GHVLJQ��ZLWK�GLDJUDPV�RI�WKH�DUFKLWHFWXUH��
HQUROPHQW�� DXGLR� DQDO\VLV� DQG�GHFLVLRQ� ORJLF�� DQG� �LY�� D� FDQGLG� DFFRXQW� RI� OLPLWDWLRQV� WRJHWKHU�ZLWK� DQ�
HYDOXDWLRQ�SODQ��1RWKLQJ�KDV�EHHQ�LPSOHPHQWHG�DQG�QR�UHVXOWV�IRU�WKH�SURSRVHG�V\VWHP�DUH�UHSRUWHG��6HFWLRQ�
,,�UHYLHZV�UHODWHG�ZRUN��6HFWLRQ�,,,�VWDWHV�WKH�SUREOHP��6HFWLRQ�,9�MXVWLILHV�WKH�WHFKQRORJ\�FKRLFHV��6HFWLRQ�
9�GHVFULEHV�WKH�DUFKLWHFWXUH��6HFWLRQ�9,�ZDONV�WKURXJK�DQ�H[DPSOH��6HFWLRQ�9,,�FRPSDUHV�WKH�GHVLJQ�ZLWK�
H[LVWLQJ� DSSURDFKHV�� 6HFWLRQ�9,,,� GLVFXVVHV� SULYDF\�� VHFXULW\� DQG� OLPLWDWLRQV�� DQG� 6HFWLRQ� ,;� JLYHV� WKH�
HYDOXDWLRQ�SODQ�EHIRUH�6HFWLRQ�;�FRQFOXGHV�

,,��5HODWHG�:RUN

$��9RLFH�&ORQLQJ�DQG�6SRRILQJ�$WWDFNV

:X�HW� DO�� GLYLGH� DWWDFNV RQ� VSHDNHU� YHULILFDWLRQ� LQWR� LPSHUVRQDWLRQ�� UHSOD\�� VSHHFK� V\QWKHVLV� DQG� YRLFH�
FRQYHUVLRQ��DQG�UHYLHZ�WKH�HDUO\�FRXQWHUPHDVXUHV�IRU�HDFK�>�@��0RGHUQ�]HUR�VKRW�FORQLQJ�>�@�EHORQJV�WR�
WKH� V\QWKHVLV� DQG� FRQYHUVLRQ� JURXS�� ZKLFK� WKH�$69VSRRI� FKDOOHQJHV� FDOO� ORJLFDO� DFFHVV� �/$��� ZKLOH�
UHSOD\LQJ�D�UHFRUGLQJ�WKURXJK�D�ORXGVSHDNHU�LV�SK\VLFDO�DFFHVV��3$����)RU�WKLV�SURMHFW�WKH�GLVWLQFWLRQ�PDWWHUV�
EHFDXVH� D� FORQHG� YRLFH� UHDFKHV� WKH� XVHU� HLWKHU� WKURXJK� WKH� WHOHSKRQH� QHWZRUN�� ZKLFK� DGGV� FRGHFV�� RU�
WKURXJK�WKH�VSHDNHUSKRQH�DQG�PLFURSKRQH��ZKLFK�DGGV�D�UHSOD\�OLNH�DFRXVWLF�SDWK�

%��%HQFKPDUNV�DQG�'DWDVHWV

7KH�$69VSRRI� VHULHV� EHJDQ�ZLWK� VSRRILQJ� GHWHFWLRQ� IRU� VSHDNHU� YHULILFDWLRQ� DQG� KDV� JURZQ�ZLWK� HDFK�
HGLWLRQ��7KH������HGLWLRQ�DGGHG�ORJLFDO�DFFHVV�DWWDFNV�FUHDWHG�ZLWK�D UDQJH�RI�WH[W�WR�VSHHFK�DQG�YRLFH�
FRQYHUVLRQ�V\VWHPV�DQG�HYDOXDWHG�FRXQWHUPHDVXUHV�ZLWK�WKH�WDQGHP�GHWHFWLRQ�FRVW�IXQFWLRQ��W�'&)���ZKLFK�
PHDVXUHV�WKH�HIIHFW�RI�D�FRXQWHUPHDVXUH�RQ�WKH�YHULILFDWLRQ�V\VWHP�LW�SURWHFWV�>�@��$OO�SDUWLWLRQV�RI�WKH������
GDWD�GHULYH�IURP�WKH�9&7.�FRUSXV�>�@��$69VSRRI������PRYHG�FORVHU�WR�SUDFWLFDO�FRQGLWLRQV��LWV�/$�WDVN�
DGGHG�HQFRGLQJ�DQG�WUDQVPLVVLRQ�HIIHFWV��DQG�D�QHZ�GHHSIDNH��')��WDVN�XVHG�FRPSUHVVHG�VSHHFK�RI�WKH�
NLQG� SRVWHG� RQOLQH�� 7KH� RUJDQLVHUV� UHSRUW� WKDW� FRXQWHUPHDVXUHV� ZHUH� UREXVW� WR� WKH� QHZ� HQFRGLQJ� DQG�
WUDQVPLVVLRQ�HIIHFWV��ZKHUHDV�')�V\VWHPV�GLG�QRW�JHQHUDOLVH�ZHOO�DFURVV�VRXUFH�GDWDVHWV�>�@��$69VSRRI���
JRHV�IXUWKHU��ZLWK�FURZGVRXUFHG�GDWD�IURP�PDQ\�PRUH�VSHDNHUV�LQ�YDULHG�DFRXVWLF�FRQGLWLRQV�DQG��IRU�WKH�
ILUVW�WLPH��DGYHUVDULDO�DWWDFNV��LWV�RUJDQLVHUV�UHSRUW�WKDW�WKH�DWWDFNV�VLJQLILFDQWO\�FRPSURPLVH�WKH�EDVHOLQH�
V\VWHPV�>�@�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͑͏ иϙ �i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͐ ͓͑

&��&RXQWHUPHDVXUH�0RGHOV

(DUO\� FRXQWHUPHDVXUHV� UHOLHG�RQ�KDQG�FUDIWHG� IHDWXUHV� DQG�*DXVVLDQ�PL[WXUH�PRGHOV�� DQG� ODWHU� V\VWHPV�
PRYHG�WR�QHXUDO�QHWZRUNV�DQG�HQVHPEOHV�>�@��>�@��(QG�WR�HQG�PRGHOV�WDNH�WKH�UDZ�ZDYHIRUP��5DZ1HW��
GRHV� WKLV� ZLWK� D� FRQYROXWLRQDO� HQFRGHU� >�@�� DQG�$$6,67� DGGV� KHWHURJHQHRXV� VSHFWUR�WHPSRUDO� JUDSK�
DWWHQWLRQ�RQ�WRS�RI�D�5DZ1HW��VW\OH�HQFRGHU�>�@��$$6,67�UHSRUWV�DQ�((5�RI�������RQ�WKH�$69VSRRI������
/$� HYDOXDWLRQ� VHW� DQG�� QRWDEO\� IRU� WKLV� SURMHFW�� D� OLJKWZHLJKW� YDULDQW�� $$6,67�/�� ZLWK� ��� WKRXVDQG�
SDUDPHWHUV�DQG�������((5�>�@��$�GLIIHUHQW�OLQH�RI�ZRUN�SXWV�D�VHOI�VXSHUYLVHG�ZDY�YHF�����IURQW�HQG�EHIRUH�
WKH� FODVVLILHU�� 7DN� HW� DO� SDLUHG� D� ZDY�YHF� ���� ;/6�5� IURQW�HQG� ZLWK� DQ�$$6,67� EDFN�HQG� DQG� GDWD�
DXJPHQWDWLRQ��PRWLYDWHG�E\�WKH�OLPLWHG�JHQHUDOLVDWLRQ�RI�FRQYHQWLRQDO�FRXQWHUPHDVXUHV��DQG�UHSRUWHG�WKH�
ORZHVW�((5V�NQRZQ�DW�WKH�WLPH�RQ�WKH�$69VSRRI������/$�DQG�')�GDWDEDVHV�>��@�

'��6SHDNHU�9HULILFDWLRQ

6SHDNHU�YHULILFDWLRQ�DVNV�ZKHWKHU�D�WHVW�XWWHUDQFH�FRPHV�IURP�WKH�FODLPHG�SHUVRQ��QRUPDOO\�E\�FRPSDULQJ�
IL[HG�OHQJWK�HPEHGGLQJV��(&$3$�7'11�LPSURYHG�7'11�EDVHG�HPEHGGLQJV�ZLWK�FKDQQHO�DWWHQWLRQ�DQG�
PXOWL�OD\HU�IHDWXUH�DJJUHJDWLRQ�>��@�DQG�LV�WUDLQHG�RQ�ODUJH�VFDOH�VSHDNHU�UHFRJQLWLRQ�GDWD��7KHVH�V\VWHPV�
DUH�WUDLQHG�WR�VHSDUDWH�UHDO�SHRSOH��QRW�WR�TXHVWLRQ�ZKHWKHU�D�YRLFH�LV�UHDO��ZKHQ�VSRRIHG�WULDOV�ZHUH�DGGHG�
WR�DQ�$69VSRRI������SURWRFRO��WKH�((5�RI�D�VWDWH�RI�WKH�DUW�$69�V\VWHP�URVH�IURP�������WR��������>�@�

(��&RPELQLQJ�9HULILFDWLRQ�DQG�$QWL�6SRRILQJ

7KH�VSRRILQJ�DZDUH�VSHDNHU�YHULILFDWLRQ��6$69��FKDOOHQJH�ZDV�FUHDWHG�WR�HQFRXUDJH�MRLQW�WUHDWPHQW�RI�WKH�
WZR�WDVNV�>��@��6LPSOH�IXVLRQ�DOUHDG\�KHOSV��LQ�WKH�EDVHOLQH�VWXG\��VFRUH�VXP�IXVLRQ�EURXJKW�WKH�((5�EDFN�
WR�������DQG�D�QHXUDO�IXVLRQ�WR�������>�@��DQG�WKH�EHVW�RI����FKDOOHQJH�VXEPLVVLRQV�UHGXFHG�WKH�((5�RI�D�
FRQYHQWLRQDO�YHULILFDWLRQ�V\VWHP�IURP��������WR�������>��@��$�UHODWHG�LGHD�FRPHV�IURP�3LDQHVH�HW�DO���ZKR�
GHWHFW�GHHSIDNHV�E\�FRPSDULQJ�WKH�DXGLR�XQGHU�WHVW�ZLWK�UHIHUHQFH�UHFRUGLQJV�RI�WKH�VDPH�SHUVRQ�LQ�WKH�
HPEHGGLQJ�VSDFH�RI�RII�WKH�VKHOI�VSHDNHU�YHULILFDWLRQ�PRGHOV��HLWKHU�DJDLQVW�WKH�FHQWURLG�RI�WKH�UHIHUHQFHV�
RU�DJDLQVW�WKH�PRVW�VLPLODU�RQH�>��@��%HFDXVH�QRWKLQJ�LV�WUDLQHG�RQ IDNH�VSHHFK��WKH�PHWKRG�GRHV�QRW�GHSHQG�
RQ�KDYLQJ�VHHQ�WKH�JHQHUDWRU��DQG�LW�VKRZHG�JRRG�JHQHUDOLVDWLRQ�RQ�WKUHH�WHVW�VHWV�>��@��7KLV�LV�FORVH�WR�ZKDW�
D�IDPLO\�YRLFH�SURILOH�RIIHUV��ZLWK�WKH�GLIIHUHQFH�WKDW�WKH�UHIHUHQFH�UHFRUGLQJV�KHUH�ZRXOG�EH�IHZ�DQG�VKRUW�

)��*HQHUDOLVDWLRQ�2XWVLGH�WKH�/DE

0�OOHU�HW�DO��UH�LPSOHPHQWHG�WZHOYH�DUFKLWHFWXUHV�XQGHU�RQH�SURWRFRO�DQG�IRXQG�WKDW�FRQVWDQW�4�DQG�OLQHDU�
IUHTXHQF\�VSHFWURJUDPV�JDYH�RQ�DYHUDJH�����ORZHU�((5�WKDQ�PHO�VSHFWURJUDPV��DOO�HOVH�HTXDO�>�@��7KH\�
DOVR�FROOHFWHG������KRXUV�RI�DXGLR�RI�FHOHEULWLHV�DQG�SROLWLFLDQV�������KRXUV�RI�LW�GHHSIDNHV��DQG�REVHUYHG�
((5�GHJUDGDWLRQ�RI�XS�WR�RQH�WKRXVDQG�SHUFHQW��D�5DZ1HW��PRGHO�UHWUDLQHG�RQ�HYHU\�$69VSRRI������VSOLW�
VWLOO�VKRZHG�DERXW�����((5�RQ�WKLV�VHW�>�@��7KH\�VXJJHVW�WKDW�WKH�FRPPXQLW\�PD\�KDYH�WDLORUHG�LWV�VROXWLRQV�
WRR�FORVHO\�WR�WKH�$69VSRRI�EHQFKPDUN�>�@�
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7$%/(�,

6XPPDU\�RI�WKH�5HYLHZHG�/LWHUDWXUH�DQG�WKH�*DS�(DFK�6WXG\�/HDYHV�IRU�7KLV�3URMHFW

5HI� 6WXG\�DQG�PHWKRG .H\�ILQGLQJ�DV�UHSRUWHG /LPLWDWLRQ�KHUH

>�@ :X�HW�DO����������
6XUYH\�RI�DWWDFNV�DQG�
FRXQWHUPHDVXUHV�IRU�
VSHDNHU�YHULILFDWLRQ

&DOOHG�IRU�VWDQGDUG�GDWDVHWV�DQG�
ZDUQHG�WKDW�FRXQWHUPHDVXUHV�RYHU�
ILW�WR�NQRZQ�DWWDFNV

3UHGDWHV�]HUR�VKRW�YRLFH�
FORQLQJ

>�@ :DQJ�HW�DO����������
$69VSRRI������
GDWDEDVH��/$�DQG�3$��
DQG�W�'&)�HYDOXDWLRQ

6WDQGDUG�EHQFKPDUN�OLQNLQJ�
FRXQWHUPHDVXUH�DQG�$69�
SHUIRUPDQFH

$OO�SDUWLWLRQV�GHULYH�IURP�
9&7.�>�@

>��@ 'HVSODQTXHV�HW�DO��
��������(&$3$�7'11�
VSHDNHU�HPEHGGLQJV

,PSURYHG�YHULILFDWLRQ�DFFXUDF\�RQ�
VSHDNHU�UHFRJQLWLRQ�EHQFKPDUNV�
RYHU�HDUOLHU�7'11�V\VWHPV

1RW�EXLOW�WR�TXHVWLRQ�
ZKHWKHU�VSHHFK�LV�UHDO

>�@ 7DN�HW�DO����������
5DZ1HW���HQG�WR�HQG�
UDZ�ZDYHIRUP�
FRXQWHUPHDVXUH

&RXQWHUPHDVXUH�ZLWKRXW�KDQG�
FUDIWHG�IHDWXUHV��HQFRGHU�IDPLO\�
UHXVHG�E\�$$6,67

:HDN�RQ�LQ�WKH�ZLOG�GDWD�
ZKHQ�WUDLQHG�RQ�
$69VSRRI������RQO\�>�@

>�@ -XQJ�HW�DO����������
$$6,67�JUDSK�DWWHQWLRQ�
FRXQWHUPHDVXUH��
$$6,67�/�YDULDQW

((5��������DERXW����N�
SDUDPHWHUV��DQG����������N�
SDUDPHWHUV��RQ�$69VSRRI������/$

6LQJOH�EHQFKPDUN��QR�RQ�
SKRQH�ODWHQF\�UHSRUWHG

>��@ 7DN�HW�DO����������
ZDY�YHF������;/6�5��
IURQW�HQG�ZLWK�$$6,67�
EDFN�HQG�DQG�
DXJPHQWDWLRQ

/RZHVW�((5V�UHSRUWHG�DW�WKH�WLPH�
RQ�$69VSRRI������/$�DQG�')

$ERXW����0�SDUDPHWHU�
IURQW�HQG

>�@ 0�OOHU�HW�DO����������
7ZHOYH�DUFKLWHFWXUHV�UH�
LPSOHPHQWHG��QHZ������
K�LQ�WKH�ZLOG�VHW

FTWVSHF�ORJVSHF�EHDW�PHOVSHF�E\�
����((5�RQ�DYHUDJH��((5�
GHJUDGHG�E\�XS�WR�������RQ�UHDO�
ZRUOG�DXGLR

3XEOLF�ILJXUH�DXGLR��QRW�
SKRQH�FDOOV

>�@ /LX�HW�DO����������
$69VSRRI�������/$��
3$�DQG�')�WDVNV�����
WHDPV

/$�FRXQWHUPHDVXUHV�UREXVW�WR�QHZ�
HQFRGLQJ�DQG�WUDQVPLVVLRQ�HIIHFWV��
')�ODFNV�FURVV�GDWDVHW�
JHQHUDOLVDWLRQ

&KDOOHQJH�GDWD��QR�RQ�
GHYLFH�FRQVWUDLQW



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͑͏ иϙ �i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͐ ͕͑

5HI� 6WXG\�DQG�PHWKRG .H\�ILQGLQJ�DV�UHSRUWHG /LPLWDWLRQ�KHUH

>�@��
>��@

6KLP�HW�DO����������-XQJ�
HW�DO����������6$69��
VSRRIHG�WULDOV�DGGHG�WR�
YHULILFDWLRQ��VFRUH�DQG�
HPEHGGLQJ�IXVLRQ

$69�((5�������WR��������ZLWK�
VSRRIHG WULDOV��VFRUH�VXP��������
EHVW�VXEPLVVLRQ������

$69VSRRI�EDVHG�GDWD��QR�
IDPLO\�HQUROPHQW�VFHQDULR

>��@ 3LDQHVH�HW�DO����������
'HHSIDNH�GHWHFWLRQ�E\�
FRPSDULQJ�VSHDNHU�
YHULILFDWLRQ�HPEHGGLQJV�
ZLWK�UHIHUHQFH�DXGLR�RI�
WKH�VDPH�SHUVRQ

*RRG�JHQHUDOLVDWLRQ�RQ�WKUHH�WHVW�
VHWV��WUDLQHG�RQ�UHDO�VSHHFK�RQO\

1HHGV�UHIHUHQFH�
UHFRUGLQJV�RI�WKH�VSHDNHU

>�@ :DQJ�HW�DO����������
$69VSRRI����
FURZGVRXUFHG�GDWD��
GLYHUVH�FRQGLWLRQV��
DGYHUVDULDO�DWWDFNV

$WWDFNV�VLJQLILFDQWO\�FRPSURPLVH�
EDVHOLQH�V\VWHPV

&KDOOHQJH�VHWWLQJ��QR�
GHSOR\PHQW�FRQVWUDLQWV

*��5HVHDUFK�*DSV

5HDGLQJ�WKH�VWXGLHV�WRJHWKHU��ILYH�JDSV�VWDQG�RXW��DQG�HDFK�VKDSHV�WKH�GHVLJQ�WKDW�IROORZV��)LUVW��EHQFKPDUN�
UHVXOWV�GR�QRW�WUDQVIHU�UHOLDEO\�WR�UHDO�DXGLR�>�@��>�@��VR�DQ\�FODLP�IRU�D FRQVXPHU�WRRO�KDV�WR�EH�WHVWHG�RQ�
RXW�RI�GRPDLQ�DQG�FKDQQHO�GHJUDGHG�UHFRUGLQJV��6HFRQG��FRPSDFW�PRGHOV�DUH�WKH�H[FHSWLRQ�UDWKHU�WKDQ�WKH�
UXOH��$$6,67�/�LV�RQH�RI�WKH�IHZ�UHYLHZHG�ZRUNV�WKDW�UHSRUWV�D�SDUDPHWHU�FRXQW�DQG�ILOH�VL]H��DQG�QRQH�RI�
WKH�UHYLHZHG�SDSHUV�UHSRUWV�ODWHQF\��PHPRU\�RU�HQHUJ\�RQ�D�SKRQH��7KLUG��YHULILFDWLRQ�DQG�DQWL�VSRRILQJ�
DUH�FRPELQHG�PRVWO\� LQ�FKDOOHQJH�VHWWLQJV�EXLOW� IURP�$69VSRRI�GDWD�>��@�� >�@��QRW� LQ�D�VHWWLQJ�ZKHUH�D�
SHUVRQ� HQUROV� D� IHZ� VKRUW� FOLSV� RI� UHODWLYHV�� )RXUWK�� VKRUW� DQG� QRLV\� FOLSV� DUH� XQGHU�VWXGLHG�� WKH�
FRXQWHUPHDVXUHV�DERYH�DUH�W\SLFDOO\�WUDLQHG�RQ�ZLQGRZV�RI�DERXW�IRXU�VHFRQGV�>�@��>�@��DQG�WKHLU�EHKDYLRXU�
RQ�SKRQH�TXDOLW\�IUDJPHQWV�RI�WKDW�OHQJWK�LV�UDUHO\�UHSRUWHG��)LIWK��QRQH�RI�WKH�UHYLHZHG�VWXGLHV�DGGUHVVHV�
KRZ�D�UHVXOW�VKRXOG�EH�SUHVHQWHG�WR�D�QRQ�H[SHUW�ZKR�LV�GHFLGLQJ��XQGHU�SUHVVXUH��ZKHWKHU�WR�VHQG�PRQH\�

,,,��3UREOHP�6WDWHPHQW�DQG�'HVLJQ�2EMHFWLYHV

$�SHUVRQ�UHFHLYHV�D�FDOO�RU�YRLFH�PHVVDJH�WKDW�VRXQGV�OLNH�VRPHRQH�WKH\�NQRZ�DQG�DVNV�IRU�PRQH\��D�FRGH�
RU�DQRWKHU�XUJHQW�DFWLRQ��7KH�SHUVRQ�FDQQRW�HDVLO\�WHOO�ZKHWKHU�WKH�YRLFH�LV�JHQXLQH��H[LVWLQJ�GHWHFWRUV�ZHUH�
EXLOW�IRU�EHQFKPDUN�HYDOXDWLRQ�UDWKHU�WKDQ�IRU�XVH�RQ�D�SKRQH��DQG�WLPH�LV�VKRUW��7KH�DSSOLFDWLRQ�VKRXOG�
KHOS�WKHP�MXGJH�WKH�FDOO�DQG�WKHQ�VWHHU�WKHP�WR�D�YHULILFDWLRQ�VWHS�WKDW�GRHV�QRW�GHSHQG�RQ�WKH�YRLFH�LWVHOI��
7KH�IROORZLQJ�REMHFWLYHV�JXLGH�WKH�GHVLJQ�

�� 2Q�GHYLFH�SURFHVVLQJ� DOO�DQDO\VLV��PRGHOV�DQG�YRLFH�SURILOHV�VWD\�RQ�WKH�SKRQH�

�� 7ZR�FRPSOHPHQWDU\�FKHFNV� D�V\QWKHWLF�VSHHFK�VFRUH�DQG�D�VLPLODULW\�VFRUH�DJDLQVW�DQ�HQUROOHG�IDPLO\�
PHPEHU��NHSW�VHSDUDWH�
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�� 6KRUW��QRLV\�DXGLR� WROHUDWH�FDOOV�RI�D�IHZ�VHFRQGV�DQG�GHFOLQH�WR�JXHVV�ZKHQ�WKH�DXGLR�LV�LQVXIILFLHQW�

�� +RQHVW�XQFHUWDLQW\� DQ�H[SOLFLW�³LQFRQFOXVLYH´�RXWFRPH��DQG�QR�PHVVDJH�WKDW�SURPLVHV�VDIHW\�

�� &RQVHQW�DQG�PLQLPDO�GDWD� VWRUH�RQO\�HPEHGGLQJV�RI�SHRSOH�ZKR�DJUHHG��DQG�GHOHWH�UDZ�DXGLR�

�� :RUN�ZLWKLQ�26�OLPLWV� UHO\�RQO\�RQ�DXGLR�SDWKV�WKDW�PRELOH�V\VWHPV�DFWXDOO\�SHUPLW�

,9��7HFKQRORJ\�6HOHFWLRQ�DQG�-XVWLILFDWLRQ

$��$QWL�6SRRILQJ�0RGHO

7DEOH� ,,� OLVWV� WKH� FDQGLGDWHV� FRQVLGHUHG��:H� SURSRVH�$$6,67�/� DV� WKH� VWDUWLQJ� SRLQW� IRU� WKH� RQ�GHYLFH�
FRXQWHUPHDVXUH� IRU� WKUHH� UHDVRQV�� ,W� ZRUNV� GLUHFWO\� RQ� WKH� UDZ� ZDYHIRUP�� ZKLFK� UHPRYHV� D� IHDWXUH�
HQJLQHHULQJ�FKRLFH�� LQFOXGLQJ� WKH�PHO�YHUVXV�ORJ�VSHFWURJUDP�TXHVWLRQ� UDLVHG� LQ� >�@�� ,WV�SXEOLVKHG�VL]H��
�������SDUDPHWHUV�DQG�D�PRGHO�ILOH�RI�DERXW�����.%�>�@��PDNHV�GHSOR\PHQW�RQ�D�SKRQH�SODXVLEOH��ZKHUHDV�
WKH�;/6�5�IURQW�HQG�XVHG�LQ�>��@�KDV�DERXW�����PLOOLRQ�SDUDPHWHUV��PRUH�WKDQ�WKUHH�RUGHUV�RI�PDJQLWXGH�
PRUH��$QG�WKH�DFFXUDF\�JLYHQ�XS�LV�VPDOO�RQ�WKH�EHQFKPDUN�ZKHUH�ERWK�ZHUH�UHSRUWHG��������DJDLQVW�������
((5�>�@��7KDW�JDS�VKRXOG�QRW�EH�RYHU�UHDG��WKH�$$6,67�DXWKRUV�QRWH�WKDW�((5�FDQ�YDU\�QRWLFHDEO\�ZLWK�
WKH�UDQGRP�VHHG��FLWLQJ�D�EDVHOLQH�ZKRVH�((5�UDQJHG�IURP�������WR�������DFURVV�VHHGV�>�@�

7ZR�FDXWLRQV�DSSO\��7KH�UHSRUWHG�ILJXUHV�FRPH�IURP�$69VSRRI������RQO\��ZKLFK�>�@�VKRZV�WR�EH�D�SRRU�
SUHGLFWRU�RI�SHUIRUPDQFH�RQ�UHDO�GDWD��VR�WKH�PRGHO�ZRXOG�KDYH�WR�EH�ILQH�WXQHG�RQ�DGGLWLRQDO�GDWD�ZLWK�
DXJPHQWDWLRQ�VXFK�DV�FRGHF�VLPXODWLRQ�DQG�QRLVH��LQ�WKH�VSLULW�RI�WKH�DXJPHQWDWLRQ�XVHG�LQ�>��@��$QG�JUDSK�
DWWHQWLRQ�RSHUDWLRQV�PD\�QRW�FRQYHUW�FOHDQO\�WR�HYHU\�PRELOH�UXQWLPH��ZKLFK�KDV�WR�EH�FKHFNHG�HDUO\��,I�
$$6,67�/�SURYHV�WRR�ZHDN�RU�WRR�DZNZDUG�WR�GHSOR\��D�VPDOO�FRQYROXWLRQDO�PRGHO�RQ�ORJ�RU�FRQVWDQW�4�
VSHFWURJUDPV�LV�WKH�IDOOEDFN��LQ�OLQH�ZLWK�WKH�IHDWXUH�ILQGLQJV�RI�>�@��ODUJHU�VHOI�VXSHUYLVHG�PRGHOV�UHPDLQ�
D�UHVHDUFK�UHIHUHQFH�UDWKHU�WKDQ�D�VKLSSLQJ�RSWLRQ�

7$%/(�,,

&DQGLGDWH�0RGHOV�&RQVLGHUHG�DQG�7KHLU�)LW�IRU�2Q�'HYLFH�8VH

&RPSRQHQW &DQGLGDWH 6L]H�RU�DFFXUDF\�DV�UHSRUWHG
6XLWDELOLW\�IRU�WKH�
SKRQH

$QWL�
VSRRILQJ

$$6,67�/�>�@ �������SDUDPHWHUV��DERXW�����
.%��((5�������RQ�$69VSRRI�
�����/$�HYDOXDWLRQ�VHW

3ULPDU\�FDQGLGDWH��
FKHFN�PRELOH�UXQWLPH�
RSHUDWRU�VXSSRUW

$QWL�
VSRRILQJ

$$6,67�>�@ $ERXW����N�SDUDPHWHUV��((5�
������RQ�WKH�VDPH�VHW

)DOOEDFN�LI�ODWHQF\�
DOORZV

$QWL�
VSRRILQJ

5DZ1HW��>�@ (QG�WR�HQG�UDZ�ZDYHIRUP�
QHWZRUN��EHVW�LQ�WKH�ZLOG�PRGHO�
LQ�>�@�ZDV�D�5DZ1HW��ZLWK���V�
LQSXW

%DVHOLQH�IRU�
FRPSDULVRQ�DQG�
DEODWLRQV
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&RPSRQHQW &DQGLGDWH 6L]H�RU�DFFXUDF\�DV�UHSRUWHG
6XLWDELOLW\�IRU�WKH�
SKRQH

$QWL�
VSRRILQJ

ZDY�YHF�����;/6�5���
$$6,67�>��@

;/6�5�IURQW�HQG�RI�DERXW�
���0�SDUDPHWHUV��ORZHVW�((5V�
UHSRUWHG�DW�WKH�WLPH�RQ�
$69VSRRI������/$�DQG�')

7RR�ODUJH�WR�VKLS��
UHVHDUFK�UHIHUHQFH

6SHDNHU�
YHULILFDWLRQ

(&$3$�7'11�>��@ 7UDLQHG�RQ�VSHDNHU�UHFRJQLWLRQ�
GDWD��SXEOLVKHG�LQ�VPDOOHU�DQG�
ODUJHU�FKDQQHO�FRQILJXUDWLRQV

3ULPDU\�FDQGLGDWH��
VPDOOHU�ZLGWK��
TXDQWLVHG

6FRULQJ &HQWURLG�DQG�EHVW�
UHIHUHQFH�FRPSDULVRQ�
>��@

%RWK�VWUDWHJLHV�XVHG�ZLWK�RII�
WKH�VKHOI�VSHDNHU�YHULILFDWLRQ�
PRGHOV

$GRSWHG�IRU�WKH�IDPLO\�
SURILOH

)XVLRQ 6FRUH�VXP�DQG�
HPEHGGLQJ�IXVLRQ�>�@

6FRUH�VXP�IXVLRQ�JDYH�((5�
������LQ�WKH�6$69�EDVHOLQH�
VWXG\

/HDUQHG�IXVLRQ�NHSW�IRU�
ODWHU��UXOHV�ILUVW

%��6SHDNHU�(QFRGHU

)RU�VSHDNHU�YHULILFDWLRQ�ZH�SURSRVH�(&$3$�7'11�>��@��DJDLQ�IRU�PDWXULW\�DQG�HYLGHQFH��LW�LV�WUDLQHG�RQ�
ODUJH�VFDOH�VSHDNHU�UHFRJQLWLRQ�GDWD��SXEOLVKHG�LQ�VPDOOHU�DQG�ODUJHU�FKDQQHO�FRQILJXUDWLRQV��DQG�DYDLODEOH�
DV�SUHWUDLQHG�PRGHOV�LQ�RSHQ�WRRONLWV��7KH�6$69�FKDOOHQJH DOVR�UHOHDVHG�SUHWUDLQHG�VSRRILQJ�GHWHFWLRQ�DQG�
VSHDNHU�YHULILFDWLRQ�PRGHOV� DV� RSHQ� VRXUFH� >��@��ZKLFK� JLYHV� D� UHDG\� VWDUWLQJ� SRLQW� DQG� D� UHIHUHQFH� WR�
FRPSDUH�DJDLQVW��6FRULQJ�IROORZV�WKH�SHUVRQ�RI�LQWHUHVW�LGHD�RI�>��@��WKH�WHVW�HPEHGGLQJ�LV�FRPSDUHG�ZLWK�
WKH�IDPLO\�PHPEHU¶V�SURILOH�E\�FRVLQH�VLPLODULW\��XVLQJ�WKH�FHQWURLG��WKH�EHVW�LQGLYLGXDO�UHIHUHQFH��RU�ERWK�
�6HFWLRQ�9�'��

&��$XGLR�3URFHVVLQJ

$XGLR�LV�FRQYHUWHG�WR����N+]�PRQR��D�UDWH�FRPPRQO\�XVHG�E\�VSHHFK�PRGHOV��7HOHSKRQH�VSHHFK�LV�EDQG�
OLPLWHG�� VR WUDLQLQJ� GDWD� PXVW� LQFOXGH� QDUURZEDQG� DQG� FRGHF�SURFHVVHG� YHUVLRQV� RI� WKH� VLJQDOV�� DV�
$69VSRRI������GLG�IRU�LWV�/$�WDVN�>�@��6SHHFK�GHWHFWLRQ�UHPRYHV�VLOHQFH�DQG�QRQ�VSHHFK�EHIRUH�VFRULQJ�
DQG�EHIRUH�WUDLQLQJ��VR�WKDW�WKH�PRGHO�FDQQRW�OHDQ�RQ�VLOHQFH�OHQJWK�DV�D�VKRUWFXW��$QDO\VLV�ZLQGRZV�RI�IRXU�
VHFRQGV�ZLWK�D�KRS�RI�RQH�WR�WZR�VHFRQGV�PDWFK�WKH�LQSXW�OHQJWK�XVHG�E\�5DZ1HW��DQG�$$6,67�>�@��>�@�
DQG�OHW�WKH�UHVXOW�XSGDWH�DV�WKH�FDOO�FRQWLQXHV��)RU�WKH�VSHDNHU�HQFRGHU�����EDQG�ORJ�0HO�IHDWXUHV�DUH�XVHG��
IROORZLQJ�WKH�XVXDO�(&$3$�7'11�VHW�XS�

'��'DWDVHWV

7DEOH�,,,�OLVWV�WKH�GDWDVHWV�DQG�WKH�UROH�RI�HDFK��7KH�LQ�WKH�ZLOG�VHW�VKRXOG�EH�XVHG�IRU�WHVWLQJ�RQO\��VLQFH�
WXQLQJ�RQ�LW�ZRXOG�UHPRYH�LWV�YDOXH�DV�DQ�RXW�RI�GRPDLQ�FKHFN��$�IDPLO\�VW\OH�HYDOXDWLRQ�VHW�VWLOO�KDV�WR�EH�
FROOHFWHG��FRQVHQWLQJ�YROXQWHHUV�UHFRUG�VKRUW�FOLSV�RQ�KDQGVHWV�DQG�RQ�VSHDNHUSKRQH��DQG�FORQHG�YHUVLRQV�
DUH�SURGXFHG�ZLWK�RSHQ�YRLFH�FORQLQJ�PRGHOV��7KLV�QHHGV�HWKLFV�DSSURYDO�DQG�FDUHIXO�KDQGOLQJ��EHFDXVH�WKH�
UHFRUGLQJV�DUH�WKHPVHOYHV�ELRPHWULF�GDWD�
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7$%/(�,,,

'DWDVHWV�DQG�7KHLU�,QWHQGHG�5ROH

'DWDVHW 5HSRUWHG�FRQWHQW 5ROH�KHUH

$69VSRRI������/$�
>�@

776�DQG�9&�DWWDFNV��GHULYHG�IURP�9&7.�
>�@

)LUVW�WUDLQLQJ�DQG�VDQLW\�FKHFN

$69VSRRI������
/$�')�>�@

$GGV�HQFRGLQJ�DQG�WUDQVPLVVLRQ�HIIHFWV�
�/$��DQG�FRPSUHVVLRQ��')�

&KDQQHO�UREXVWQHVV�WHVWV

$69VSRRI���>�@ &URZGVRXUFHG��GLYHUVH�DFRXVWLFV��
DGYHUVDULDO�DWWDFNV

+DUGHU�HYDOXDWLRQ

,Q�WKH�ZLOG�>�@ �����K�RI�SXEOLF�ILJXUH�DXGLR�������K�IDNH 2XW�RI�GRPDLQ�WHVWLQJ�RQO\

2ZQ�UHFRUGLQJV��WR�
EH�FROOHFWHG�

&RQVHQWLQJ�YROXQWHHUV��KDQGVHW�DQG�
VSHDNHUSKRQH��FORQHV�IURP�RSHQ�776

)DPLO\�VW\OH�HYDOXDWLRQ

(��0RELOH�'HSOR\PHQW

0RGHOV� ZRXOG� EH� H[SRUWHG� WR� D�PRELOH� UXQWLPH� VXFK� DV�7HQVRU)ORZ� /LWH�� 211;�5XQWLPH�0RELOH� RU�
3\7RUFK¶V�RQ�GHYLFH�UXQWLPH�DQG�TXDQWLVHG�WR���ELW�LQWHJHUV�ZKHUH�DFFXUDF\�DOORZV��,QWHJHU�TXDQWLVDWLRQ�
XVXDOO\�LPSURYHV�ODWHQF\�RQ�PRELOH�&38V��EXW�LWV�HIIHFW�RQ�D�FRXQWHUPHDVXUH�KDV�WR�EH�PHDVXUHG��EHFDXVH�
TXDQWLVDWLRQ�QRLVH�FRXOG�EOXU�H[DFWO\�WKH�IDLQW�DUWHIDFWV�WKDW�GHWHFWRUV�ORRN�IRU��7KLV�LV�D�K\SRWKHVLV�WR�WHVW��
QRW�D�UHVXOW��7KH�PRGHO�ILOHV�DUH�EXQGOHG�ZLWK�WKH�DSSOLFDWLRQ��VR�QR�QHWZRUN�DFFHVV�LV�QHHGHG�DW�UXQ�WLPH�

9��3URSRVHG�6\VWHP�$UFKLWHFWXUH

$��2YHUYLHZ

)LJ����VKRZV�WKH�VWUXFWXUH��$XGLR�HQWHUV�E\�RQH�RI�WKH�WZR�SDWKV�DYDLODEOH�RQ�D�SKRQH��6HFWLRQ�9�%���SDVVHV�
WKURXJK�D�IURQW�HQG�WKDW�FOHDQV�DQG�ZLQGRZV�LW��DQG�LV�VFRUHG�E\�WZR�EUDQFKHV�LQ�SDUDOOHO��7KHLU�RXWSXWV�DUH�
FDOLEUDWHG�DQG�VPRRWKHG�EHIRUH�D�UXOH�EDVHG�GHFLVLRQ�HQJLQH�PDSV�WKHP�WR�D�PHVVDJH��
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)LJ�����3URSRVHG�DUFKLWHFWXUH��(YHU\WKLQJ�LQVLGH�WKH�GDVKHG�ERXQGDU\�UXQV�RQ�WKH�SKRQH��RQO\�WKH�XVHU¶V�
VFUHHQ�VKRZV�UHVXOWV�

%��*HWWLQJ�$XGLR�8QGHU�0RELOH�26�5HVWULFWLRQV

7KH� PRVW� QDWXUDO� GHVLJQ�� OLVWHQLQJ� WR� WKH� FDOO� LWVHOI�� LV� EORFNHG� RQ� FRPPRQ� SODWIRUPV�� $QGURLG¶V�
GRFXPHQWDWLRQ� VWDWHV� WKDW� FDSWXULQJ� IURP� WKH� 92,&(B&$//� VRXUFH� UHTXLUHV� WKH�
&$3785(B$8',2B287387�SHUPLVVLRQ��ZKLFK�LV�QRW�DYDLODEOH�WR�WKLUG�SDUW\�DSSOLFDWLRQV�>��@��:H�DUH�
QRW�DZDUH�RI�D�SXEOLF�L26�LQWHUIDFH�WKDW�JLYHV�WKLUG�SDUW\�DSSV�DFFHVV�WR�FHOOXODU�FDOO�DXGLR��WKLV�VKRXOG�EH�
FKHFNHG�DJDLQVW�FXUUHQW�$SSOH�GRFXPHQWDWLRQ��)LJ����VXPPDULVHV�WKH�WKUHH�SDWKV�FRQVLGHUHG��3DWK�$�XVHV�
WKH� VSHDNHUSKRQH�DQG�PLFURSKRQH�� ,W� QHHGV�RQO\� WKH�QRUPDO�PLFURSKRQH�SHUPLVVLRQ�� EXW� WKH� DXGLR�KDV�
SDVVHG�WKURXJK�WKH�ORXGVSHDNHU�DQG�WKH�URRP��VR�LW�EHKDYHV�OLNH�D�UHSOD\�RI�WKH�FDOO�DQG�DOVR�FRQWDLQV�WKH�
XVHU¶V�RZQ�YRLFH��WKH�XVHU�LV�DVNHG�WR�VWD\�TXLHW�ZKLOH�WKH�FKHFN�UXQV��3DWK�%�DFFHSWV�YRLFH�QRWHV�DQG�DXGLR�
ILOHV�VKDUHG�LQWR�WKH�DSS��ZKLFK�LV�FOHDQHU�DQG�IXOO\�RIIOLQH��DOWKRXJK�PHVVDJLQJ�DSSV�FRPSUHVV�WKH�DXGLR�
DQG�WKH�FKHFN�LV�QRW�OLYH��3DWK�&��GLUHFW�FDSWXUH�RI�FDOO�DXGLR��LV�QRW�SODQQHG�IRU�WKH�ILUVW�YHUVLRQ��5HFHQW�
$QGURLG�YHUVLRQV�DOVR�UHVWULFW�EDFNJURXQG�PLFURSKRQH�XVH��VR�DQDO\VLV�VKRXOG�UXQ�RQO\�ZKLOH�WKH�DSS�LV�
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YLVLEOH�RU�LQ�D�IRUHJURXQG�VHUYLFH�ZLWK�D�QRWLILFDWLRQ��WKH�H[DFW�UXOHV�GHSHQG�RQ�WKH�$QGURLG�YHUVLRQ�WDUJHWHG�
DQG�PXVW�EH�FRQILUPHG��5HFRUGLQJ�FDOOV�FDQ�DOVR�UDLVH�FRQVHQW�TXHVWLRQV�LQ�VRPH�MXULVGLFWLRQV��VR�WKH�DSS�
NHHSV�DXGLR�LQ�PHPRU\�RQO\�DQG�VD\V�VR�

)LJ�����$XGLR�DFTXLVLWLRQ�SDWKV�DQG�ZKDW�PRELOH�RSHUDWLQJ�V\VWHPV�DOORZ�

&��9RLFH�(QUROPHQW

(QUROPHQW�EXLOGV�WKH�SURILOH�DJDLQVW�ZKLFK�D�FODLPHG�YRLFH�LV�FRPSDUHG��)LJ������7KH�RZQHU�DGGV�D�IDPLO\
PHPEHU��DQG�WKDW�SHUVRQ�JLYHV�FRQVHQW�RQ�VFUHHQ�EHIRUH�DQ\WKLQJ�LV�UHFRUGHG��7KH\�WKHQ�UHDG�VHYHUDO�VKRUW�
SURPSWV��LGHDOO\�LQ�PRUH�WKDQ�RQH�FRQGLWLRQ��VLQFH�D�SURILOH�EXLOW�RQO\�IURP�TXLHW�URRP�UHFRUGLQJV�PD\�QRW�
PDWFK�D�YRLFH�KHDUG�RYHU�D�VSHDNHUSKRQH��(DFK�FOLS�SDVVHV�D�TXDOLW\�FKHFN�IRU�VSHHFK�OHQJWK��QRLVH�DQG�
FOLSSLQJ��DQG�LV�WKHQ�VFUHHQHG�E\�WKH�DQWL�VSRRILQJ�PRGHO��VR�WKDW�D�V\QWKHWLF�FOLS�FDQQRW�EH�HQUROOHG�DV�D�
UHODWLYH��7KLV�VWHS�PDWWHUV�EHFDXVH�HQUROPHQW�LV�LWVHOI�DQ�DWWDFN�VXUIDFH��LI�DQ�DWWDFNHU�FRXOG�VHQG�D�FORQHG�
YRLFH�QRWH� DQG�KDYH� LW� VWRUHG�DV� ³0XP´�� WKH�SURILOH�ZRXOG�ZRUN�DJDLQVW� WKH�XVHU��)RU� WKH�VDPH� UHDVRQ�
HQUROPHQW�VKRXOG�KDSSHQ�ZLWK�WKH�SHUVRQ�SUHVHQW�RU�RYHU�D�FKDQQHO�WKH�RZQHU�WUXVWV��)RU�HYHU\�DFFHSWHG�
FOLS�DQ�(&$3$�7'11�HPEHGGLQJ�LV�FRPSXWHG��7KH�SURILOH�NHHSV�WKH�FHQWURLG�DQG�WKH�LQGLYLGXDO�UHIHUHQFH�
HPEHGGLQJV�� IROORZLQJ� WKH� WZR� FRPSDULVRQ� VWUDWHJLHV� RI� >��@�� HQFU\SWHG� ZLWK� D� NH\� KHOG� LQ�$QGURLG�
.H\VWRUH�RU�WKH�L26�.H\FKDLQ��5DZ�DXGLR�LV�GHOHWHG�LPPHGLDWHO\��DQG�WKH�RZQHU�FDQ�UHPRYH�D�SURILOH�DW�
DQ\�WLPH��+RZ�PDQ\�FOLSV�DQG�KRZ�PDQ\�VHFRQGV�RI�QHW�VSHHFK�DUH�HQRXJK�LV�DQ�HPSLULFDO�TXHVWLRQ�IRU�WKH�
HYDOXDWLRQ��QR�QXPEHU�LV�IL[HG�KHUH�
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)LJ�����9RLFH�HQUROPHQW�IORZ�IRU�RQH�IDPLO\�PHPEHU�

'��$XGLR�$QDO\VLV

'XULQJ�D�FKHFN��)LJ������WKH�IURQW�HQG�FRQYHUWV�WKH�VLJQDO�WR����N+]�PRQR��GLVFDUGV�QRQ�VSHHFK�DQG�FXWV�
RYHUODSSLQJ�IRXU�VHFRQG�ZLQGRZV�RQFH�HQRXJK�QHW�VSHHFK�KDV�DFFXPXODWHG��(DFK�ZLQGRZ�JRHV�GRZQ�ERWK�
EUDQFKHV��7KH�FRXQWHUPHDVXUH�SURGXFHV�D�ERQD�ILGH�VFRUH�VFP��7KH�VSHDNHU�EUDQFK SURGXFHV�DQ�HPEHGGLQJ�
H DQG�FRPSDUHV�LW�ZLWK�WKH�FODLPHG�SHUVRQ¶V�SURILOH��:LWK�FHQWURLG�ȝ�DQG�UHIHUHQFH�HPEHGGLQJV�UN��WKH�WZR�
VFRUHV�DUH

VF  ��Hāȝ�����__H__�__ȝ__�����VP  �PD[N �HāUN�����__H__�__UN__� ���

DQG�WKH�VSHDNHU�VFRUH�VVY LV�WDNHQ�DV�RQH�RI�WKHP�RU�D�FRPELQDWLRQ�FKRVHQ�GXULQJ�HYDOXDWLRQ��,QGLYLGXDO�
ZLQGRZV�DUH�QRLV\��VR�HDFK�VFRUH�VWUHDP�LV�VPRRWKHG�ZLWK�D�UXQQLQJ�PHGLDQ�RYHU�WKH�ODVW�1 ZLQGRZV�

VѺW  �PHGLDQ^�VWí1����«��VW ` ���
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DQG�D�ZDUQLQJ�LV�VKRZQ�RQO\�ZKHQ�WKH�VDPH�YHUGLFW�SHUVLVWV�RYHU�VHYHUDO�FRQVHFXWLYH�ZLQGRZV��5DZ�VFRUHV�
DUH�FDOLEUDWHG�RQ�D�GHYHORSPHQW�VHW�EHIRUH�WKUHVKROGV�DUH�DSSOLHG��EHFDXVH�UDZ�RXWSXWV�RI�GLIIHUHQW�PRGHOV�
DUH�QRW�GLUHFWO\�FRPSDUDEOH�

)LJ�����$XGLR�DQDO\VLV�SLSHOLQH��ZLQGRZLQJ��WKH�WZR�VFRULQJ�EUDQFKHV��DQG�VPRRWKLQJ�

(��'HFLVLRQ�/RJLF

7KH�HQJLQH�DSSOLHV�WZR�WKUHVKROGV��ĲORZ DQG�ĲKLJK��WR�WKH�VPRRWKHG�FRXQWHUPHDVXUH�VFRUH��ZKLFK�OHDYHV�DQ�
XQFHUWDLQW\�EDQG�EHWZHHQ�WKHP��)LJ������%HORZ�ĲORZ WKH�YRLFH�ORRNV�V\QWKHWLF��,I�WKH�FODLPHG�SHUVRQ�DOVR�
PDWFKHV��WKH�UHVXOW�LV�WKH�PRVW�VHULRXV�RQH��VLQFH�D�JRRG�FORQH�LV�H[SHFWHG�WR�UHVHPEOH�WKH�HQUROOHG�YRLFH��
$ERYH�ĲKLJK QR�V\QWKHWLF�WUDFHV�ZHUH�IRXQG��D�PDWFK�WKHQ�JLYHV�WKH�ORZHVW�OHYHO�RI�FRQFHUQ��ZKLOH�D�PLVPDWFK�
JLYHV�D�FDXWLRQ��EHFDXVH�WKH�FDOOHU�PD\�EH�VRPHRQH�HOVH�RU�WKH�DXGLR�PD\�VLPSO\�EH�SRRU��%HWZHHQ�WKH�
WKUHVKROGV�WKH�DSS�UHSRUWV�WKDW�WKH�UHVXOW�LV�LQFRQFOXVLYH��$�VSHDNHU�PDWFK�DORQH�QHYHU�SURGXFHV�D�UHDVVXULQJ�
UHVXOW��VLQFH�VSHDNHU�YHULILFDWLRQ�VFRUHV�ZHUH�VKRZQ�WR�EH�YXOQHUDEOH�WR�VSRRIHG�WULDOV�>�@��,I�WKH�XVHU�GRHV�
QRW�QDPH�D�SHUVRQ��WKH�VSHDNHU�EUDQFK�LV�VNLSSHG�DQG�RQO\�WKH�FRXQWHUPHDVXUH�RXWFRPHV�DUH�DYDLODEOH�
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7KH�WKUHVKROGV�DUH�QRW�VHW�LQ�WKLV�SDSHU��7KH\�PXVW�EH�IL[HG�RQ�GHYHORSPHQW�GDWD�DW�D�FRQVHUYDWLYH�RSHUDWLQJ�
SRLQW��EHFDXVH�WKH�WZR�NLQGV�RI�HUURU�GLIIHU�LQ�FRVW��'UDIW�PHVVDJHV�IRU�HDFK�RXWFRPH�DUH�LQ�7DEOH�,9��7KH\�
GHVFULEH�ZKDW�ZDV�IRXQG�UDWKHU�WKDQ�FHUWLI\�WKH�FDOO��DQG�HDFK�SRLQWV�WR�D�YHULILFDWLRQ�VWHS�WKDW�GRHV�QRW�UHO\�
RQ�WKH�YRLFH��FDOOLQJ�EDFN�RQ�D�VDYHG�QXPEHU�RU�DVNLQJ�IRU�D�FRGH�ZRUG�DJUHHG�LQ�DGYDQFH�E\�WKH�IDPLO\�

)LJ�����'HFLVLRQ�ORJLF��&RORXU�LV�D�UHLQIRUFHPHQW�RQO\��HYHU\�RXWFRPH�DOVR�FDUULHV�D�WH[W�ODEHO�
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7$%/(�,9

'UDIW�0HVVDJHV�DQG�6XJJHVWHG�1H[W�6WHSV

2XWFRPH 'UDIW�PHVVDJH 6XJJHVWHG�QH[W�VWHS

+LJK�ULVN ³7KLV�YRLFH�VRXQGV�OLNH�>1DPH@��EXW�LW�
VKRZV�VLJQV�RI�EHLQJ�FRPSXWHU�JHQHUDWHG��
'R�QRW�VHQG�PRQH\�RU�VKDUH�FRGHV�´

+DQJ�XS��FDOO�EDFN�RQ�WKH�VDYHG�
QXPEHU��DVN�IRU�WKH�IDPLO\�FRGH�
ZRUG

:DUQLQJ ³7KLV�YRLFH�VKRZV�VLJQV�RI�EHLQJ�FRPSXWHU�
JHQHUDWHG�´

6DPH DV�DERYH

/RZ�FRQFHUQ ³7KLV�VRXQGV�OLNH�>1DPH@�DQG�QR�VLJQV�RI�
V\QWKHWLF�VSHHFK�ZHUH�IRXQG��7KLV�FKHFN�LV�
QRW�SURRI�´

6WLOO�FRQILUP�DQ\�UHTXHVW�IRU�
PRQH\�RU�FRGHV�E\�FDOO�EDFN

&DXWLRQ ³7KLV�YRLFH�GRHV�QRW�PDWFK�>1DPH@�ZHOO��RU�
QR�SHUVRQ�ZDV�VHOHFWHG�´

3RRU�DXGLR�RU�DQRWKHU�SHUVRQ��
FRQILUP�LGHQWLW\�DQRWKHU�ZD\

,QFRQFOXVLYH���QR�
YHUGLFW

³1RW�HQRXJK�FOHDU�VSHHFK�WR�GHFLGH´�RU�
³7KH�UHVXOW�LV�XQFOHDU�´

5HWU\�LQ�D�TXLHWHU�SODFH��XVH�FDOO�
EDFN�RU�FRGH�ZRUG

9,��,OOXVWUDWLYH�6FHQDULR

7KH�IROORZLQJ�H[DPSOH�GHVFULEHV�LQWHQGHG�EHKDYLRXU��LW�LV�QRW�DQ�H[SHULPHQW��DQG�WKH�V\VWHP�KDV�QRW�EHHQ�
UXQ��$�SDUHQW�UHFHLYHV�D�FDOO�IURP�DQ�XQNQRZQ�QXPEHU��7KH�FDOOHU��ZKR�VRXQGV�OLNH�WKH�SDUHQW¶V�GDXJKWHU��
VD\V�KHU�SKRQH�LV�EURNHQ�DQG�DVNV�IRU�DQ�XUJHQW�EDQN�WUDQVIHU��7KH�SDUHQW�VZLWFKHV�WR�VSHDNHUSKRQH��RSHQV�
WKH�DSS��VHOHFWV�WKH�GDXJKWHU¶V�SURILOH�DV�WKH�FODLPHG�SHUVRQ�DQG�VWDUWV�D�FKHFN��$IWHU�D�IHZ�VHFRQGV�RI�QHW�
VSHHFK�WKH�IURQW�HQG�KDV�LWV�ILUVW�ZLQGRZ��,I�WKH�FRXQWHUPHDVXUH�VFRUH�LV�ORZ�DQG�WKH�VSHDNHU�VFRUH�LV�KLJK��
WKH�DSS�VKRZV�WKH�KLJK�ULVN�PHVVDJH�RI�7DEOH�,9�DQG�UHFRPPHQGV�KDQJLQJ�XS�DQG�FDOOLQJ�WKH�GDXJKWHU�RQ�
KHU�VDYHG�QXPEHU��,I�LQVWHDG�WKH�DXGLR�LV�VKRUW�RU�WKH�VFRUHV�IDOO�EHWZHHQ�WKH�WKUHVKROGV��WKH�DSS�VD\V�WKH�
UHVXOW�LV�LQFRQFOXVLYH�DQG�VXJJHVWV�WKH�VDPH�FDOO�EDFN�VWHS��EHFDXVH�WKH�VDIH�DFWLRQ�GRHV�QRW�GHSHQG�RQ�ZKDW�
WKH�PRGHOV�FRQFOXGHG��7KDW�LV�DOVR�ZK\�WKH�LQFRQFOXVLYH�RXWFRPH�H[LVWV��RQ�SRRU�OLQHV�WKH�KRQHVW�DQVZHU�
ZLOO�RIWHQ�EH�WKDW�WKH�HYLGHQFH�LV�ZHDN�

9,,��&RPSDULVRQ�ZLWK�([LVWLQJ�$SSURDFKHV

7DEOH� 9� FRPSDUHV� WKH� SURSRVHG� GHVLJQ� ZLWK� WKH� IDPLOLHV� RI� DSSURDFKHV� UHYLHZHG� LQ� 6HFWLRQ� ,,�� 7KH�
FRPSDULVRQ�LV�TXDOLWDWLYH�DQG�OLPLWHG�WR�ZKDW�WKH�UHYLHZHG�SDSHUV�UHSRUW��IRU�WKH�SURSRVHG�V\VWHP�WKH�HQWULHV�
GHVFULEH�GHVLJQ�LQWHQW��QRW�PHDVXUHG�EHKDYLRXU�
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7$%/(�9

4XDOLWDWLYH�&RPSDULVRQ�RI�$SSURDFKHV��(QWULHV�IRU�WKH�3URSRVHG�6\VWHP�$UH�'HVLJQ�,QWHQW�

$SSURDFK
6SRRI�FKHFN���
LGHQWLW\�FKHFN���
HQUROOHG�YRLFH

3KRQH�VLGH�XVH
(YLGHQFH�LQ�UHYLHZHG�
ZRUN

6WDQGDORQH�
FRXQWHUPHDVXUHV��H�J��
$$6,67��5DZ1HW��>�@��>�@

<HV���1R���1R 6PDOO�YDULDQW�
�$$6,67�/���QRW�
WHVWHG�RQ�SKRQHV

6WURQJ�RQ�EHQFKPDUNV��
ODUJH�GURS�RQ�LQ�WKH�ZLOG�
DXGLR�>�@

6WDQGDORQH�VSHDNHU�
YHULILFDWLRQ��H�J��(&$3$�
7'11�>��@

1R���<HV���<HV 1RW�DGGUHVVHG ((5�ULVHV�IURP�������WR�
�������ZLWK�VSRRIHG�
WULDOV�>�@

6SHDNHU�YHULILFDWLRQ�EDVHG�
GHHSIDNH�GHWHFWLRQ�>��@

,QGLUHFW���<HV���<HV�
�UHIHUHQFH�DXGLR�

1RW�DGGUHVVHG 7KUHH�WHVW�VHWV��WUDLQHG�RQ�
UHDO�VSHHFK�RQO\

6$69�V\VWHPV�>��@��>�@ <HV���<HV���<HV 1RW�WKH�IRFXV $69VSRRI�EDVHG�
FKDOOHQJH�GDWD

3URSRVHG�9RLFH�&ORQH�
*XDUGLDQ

<HV���<HV���<HV�
�FRQVHQWLQJ�
IDPLO\�

'HVLJQ�JRDO 1RQH�\HW��HYDOXDWLRQ�
SODQQHG��6HFWLRQ�,;�

7KH� PDLQ� GLIIHUHQFH� IURP� WKH� OLWHUDWXUH� LV� QRW� DQ\� VLQJOH� FRPSRQHQW�� DOO� RI� ZKLFK� H[LVW�� EXW� WKHLU�
FRPELQDWLRQ�DURXQG�WKH�SUDFWLFDO�OLPLWV�RI�D�SKRQH��7KH�IDPLO\�SURILOH�FRPSDULVRQ�ERUURZV�IURP�SHUVRQ�
RI�LQWHUHVW�GHWHFWLRQ�>��@��WKH�MRLQW�XVH�RI�WZR�VFRUHV�IURP�WKH�6$69�ZRUN�>��@��>�@��DQG�WKH�VPDOO�PRGHO�
IURP�OLJKWZHLJKW�FRXQWHUPHDVXUHV�>�@��&RPSDUHG�ZLWK�D�VWDQGDORQH�FRXQWHUPHDVXUH�� WKH�GHVLJQ�DGGV�DQ�
LGHQWLW\� FKHFN�� ZKLFK� JLYHV� WKH� XVHU� VRPHWKLQJ� WR� DFW� RQ� �³WKLV� VRXQGV� OLNH� \RXU� GDXJKWHU� EXW� ORRNV�
V\QWKHWLF´���&RPSDUHG�ZLWK�VWDQGDORQH�VSHDNHU�YHULILFDWLRQ��LW�DYRLGV�WKH�IDLOXUH�WKDW�VSRRIHG�WULDOV�FDXVH�
>�@��&RPSDUHG�ZLWK�6$69�V\VWHPV�EXLOW�RQ�FKDOOHQJH�GDWD�� LW� DVVXPHV� IHZ�� VKRUW�HQUROPHQW�FOLSV� IURP�
UHODWLYHV��KDQGVHW�DQG�VSHDNHUSKRQH�FRQGLWLRQV��DQG�DQ�LQWHUIDFH�IRU�QRQ�H[SHUWV��:H�GLG�QRW�ILQG�LQ�WKH�
UHYLHZHG�OLWHUDWXUH�D�VWXG\�WKDW�WHVWV�WKLV�FRPELQDWLRQ�RQ�D�SKRQH��VR DQ\�DGYDQWDJH�RYHU�WKH�DOWHUQDWLYHV�LV�
D�K\SRWKHVLV�

9,,,��3ULYDF\��6HFXULW\�DQG�/LPLWDWLRQV

$��3ULYDF\�E\�'HVLJQ

9RLFH�LV�ELRPHWULF�GDWD��DQG�DQ�HPEHGGLQJ�LV�D�WHPSODWH�IRU�UHFRJQLVLQJ�D�SHUVRQ��VR�LW�GHVHUYHV�WKH�VDPH�
FDUH�DV�WKH�DXGLR��7KH�GHVLJQ�WKHUHIRUH�SURFHVVHV�DXGLR�LQ�PHPRU\��QHYHU�ZULWHV�FDOO�DXGLR�WR�VWRUDJH��DQG�
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NHHSV�RQO\�HQFU\SWHG�HPEHGGLQJV�RI�SHRSOH�ZKR�DJUHHG�WR�EH�HQUROOHG��2Q�$QGURLG�WKH�DSSOLFDWLRQ�FDQ�EH�
EXLOW�ZLWKRXW�WKH�QHWZRUN�SHUPLVVLRQ��VR�WKDW�WKH�FODLP�RI�QR�XSORDG�FDQ�EH�FKHFNHG�E\�DQ\RQH�ZKR�LQVSHFWV�
WKH�DSS¶V�SHUPLVVLRQV��PRGHO�XSGDWHV�ZRXOG�WKHQ�DUULYH�WKURXJK�QRUPDO�DSS�VWRUH�UHOHDVHV��$�ORFDO�HYHQW�
ORJ��LI�NHSW��ZRXOG�UHFRUG�RXWFRPHV�DQG�WLPHV��QRW�DXGLR��,Q�,QGLD��SURFHVVLQJ�RI�SHUVRQDO�GDWD�RQ�D�FRQVHQW�
EDVLV�IDOOV�XQGHU WKH�'LJLWDO�3HUVRQDO�'DWD�3URWHFWLRQ�$FW��������OHJDO�UHYLHZ�LV�QHHGHG�EHIRUH�DQ\�UHOHDVH��
DQG�QR�OHJDO�DQDO\VLV�LV�DWWHPSWHG�KHUH�

%��6KRUW�6DPSOHV�DQG�&KDQQHO�(IIHFWV

%RWK�PRGHOV�VHH�OHVV�HYLGHQFH�IURP�D�VKRUW�FOLS�WKDQ�IURP�D�ORQJ�RQH��DQG�SKRQH�DXGLR�LV�FRPSUHVVHG�DQG�
EDQG�OLPLWHG��$69VSRRI������IRXQG�FRXQWHUPHDVXUHV�UREXVW�WR�LWV�DGGHG�HQFRGLQJ�DQG�WUDQVPLVVLRQ�HIIHFWV�
EXW�QRW�WR�XQVHHQ�VRXUFH�GDWD�>�@��DQG�>�@�VKRZV�KRZ�IDU�UHDO�ZRUOG�DXGLR�FDQ�EH�IURP�EHQFKPDUN�DXGLR��
7KH�HQUROPHQW�SURILOH�LWVHOI�LV EXLOW�IURP�RQO\�D�IHZ�FOLSV��VR�LW�PD\�QRW�FDSWXUH�KRZ�D�UHODWLYH�VRXQGV�ZKHQ�
LOO��H[FLWHG�RU�IULJKWHQHG��WKLV�ODVW�SRLQW�LV�DQ�H[SHFWDWLRQ��QRW�D�ILQGLQJ�IURP�WKH�UHYLHZHG�VWXGLHV��7KH�DSS�
WKHUHIRUH�UHIXVHV�WR�JLYH�D�YHUGLFW�XQWLO�HQRXJK�FOHDQ�VSHHFK�KDV EHHQ�KHDUG��DQG�UHSRUWV�³LQFRQFOXVLYH´�
UDWKHU�WKDQ�IRUFLQJ�D�GHFLVLRQ�

&��)DOVH�'HWHFWLRQV

$�JHQXLQH�UHODWLYH�RQ�D�EDG�OLQH�PD\�EH�IODJJHG�DV�V\QWKHWLF��DQG�D�FORQH�IURP�DQ�XQVHHQ�JHQHUDWRU�PD\�
SDVV��7KH�ILUVW�HUURU�HURGHV�WUXVW�DQG�WKH�VHFRQG�JLYHV�IDOVH UHDVVXUDQFH��')�UHVXOWV�LQ�>�@�DQG�WKH�LQ�WKH�
ZLOG� UHVXOWV� LQ� >�@� VXJJHVW� WKH� VHFRQG� LV� D� UHDO� ULVN�� 7KUHVKROGV� VKRXOG� WKHUHIRUH� EH� FRQVHUYDWLYH�� WKH�
XQFHUWDLQW\� EDQG� VKRXOG� EH� NHSW�� DQG� WKH�ZRUGLQJ� RI� JUHHQ� RXWFRPHV�PXVW� QHYHU� LPSO\� VDIHW\�� (YHU\�
RXWFRPH HQGV�ZLWK�DGYLFH�WR�YHULI\�E\�DQRWKHU�FKDQQHO�

'��$GYHUVDULDO�3UHVVXUH�DQG�WKH�&RVW�RI�2Q�'HYLFH�0RGHOV

$Q�RQ�GHYLFH�PRGHO�FDQ�EH�H[WUDFWHG�IURP�WKH�DSSOLFDWLRQ�SDFNDJH��ZKLFK�OHWV�DQ�DWWDFNHU�WHVW�FORQHV�DJDLQVW�
WKH�VDPH�GHWHFWRU�RIIOLQH��7KLV�LV�WKH�SULFH�RI�QRW�VHQGLQJ�DXGLR�WR�D�VHUYHU��DQG�LW�LV�RQH�UHDVRQ�WKH�DSS�
VKRXOG� QRW� FODLP� WR� EH� XQEHDWDEOH��$69VSRRI� �� LQWURGXFHG� DGYHUVDULDO� DWWDFNV� DQG� IRXQG� WKDW� DWWDFNV�
VLJQLILFDQWO\� FRPSURPLVHG� WKH�EDVHOLQHV� >�@�� DQG�SRLVRQLQJ�RI�YRLFH�DXWKHQWLFDWLRQ� V\VWHPV LV� D� IXUWKHU�
FRQFHUQ��5HSOD\�RI�D�JHQXLQH�UHFRUGLQJ�RI� WKH�UHODWLYH�LV�D�IXUWKHU�EOLQG�VSRW��D�GHWHFWRU�WUDLQHG�DJDLQVW�
V\QWKHWLF�VSHHFK�KDV�QRWKLQJ�WR�IODJ�DQG�WKH�VSHDNHU�FKHFN�ZLOO�PDWFK��ZKLFK�LV�DQRWKHU�UHDVRQ�WKH�DGYLFH�
DOZD\V�HQGV�ZLWK�RXW�RI�EDQG�YHULILFDWLRQ�

(��&RYHUDJH�DQG�)DLUQHVV

7KH�EHQFKPDUNV�UHYLHZHG�DUH�ODUJHO\�(QJOLVK�FHQWUHG��$69VSRRI�������IRU�H[DPSOH��GHULYHV�IURP�9&7.�
>�@�� 1RWKLQJ� LQ� WKH� UHYLHZHG� PDWHULDO� UHSRUWV� SHUIRUPDQFH� RQ� ,QGLDQ� ODQJXDJHV�� FRGH�PL[HG� VSHHFK��
FKLOGUHQ�RU�HOGHUO\�VSHDNHUV��%RWK�GHWHFWRUV�DQG�VSHDNHU�PRGHOV�QHHG�WHVWLQJ�DFURVV�WKHVH�JURXSV�EHIRUH�DQ\�
FODLP�RI�UHOLDELOLW\�LV�PDGH�

,;��(YDOXDWLRQ�3ODQ�DQG�)XWXUH�:RUN

7KH�QH[W�SKDVH�LV�WR�EXLOG�D�SURWRW\SH�DQG�HYDOXDWH�LW�LQ�VWDJHV���L��&RXQWHUPHDVXUH� ILQH�WXQH�DQG�WHVW�RQ�
$69VSRRI������������DQG���XVLQJ�((5�DQG�SHU�DWWDFN�UHVXOWV��WKHQ�RQ�WKH�LQ�WKH�ZLOG�VHW�DV�D�SXUHO\�RXW�
RI�GRPDLQ� WHVW� >�@�� LQFOXGLQJ�YHUVLRQV�SDVVHG� WKURXJK� WHOHSKRQH�FRGHFV�� DGGHG�QRLVH�DQG�VSHDNHUSKRQH�
UHSOD\�� �LL�� 6SHDNHU� YHULILFDWLRQ� ((5� RQ� VWDQGDUG� VSHDNHU�UHFRJQLWLRQ� WHVW� VHWV�� WKHQ� RQ� IDPLO\�VW\OH�
UHFRUGLQJV��YDU\LQJ�WKH�QXPEHU�DQG�OHQJWK�RI�HQUROPHQW�FOLSV���LLL��-RLQW�V\VWHP� WKH�6$69�((5�PHWULF�>��@�
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DQG�D�SHU�RXWFRPH�FRQIXVLRQ�DQDO\VLV�RQ�VSRRIHG�DQG�JHQXLQH�WULDOV�IURP�HQUROOHG�VSHDNHUV���LY��5HVRXUFHV�
WLPH�WR�ILUVW�YHUGLFW��PHPRU\��EDWWHU\�XVH�DQG�KHDWLQJ�RQ�PLG�UDQJH�$QGURLG�SKRQHV��ZLWK�DQG�ZLWKRXW���ELW�
TXDQWLVDWLRQ���Y��8VDELOLW\� D�VPDOO�XVHU�VWXG\�RQ�ZKHWKHU�WKH�ZRUGLQJ�LQ�7DEOH�,9�FKDQJHV�ZKDW�SHRSOH�
ZRXOG�GR��DQG�ZKHWKHU�WKH�LQFRQFOXVLYH�VWDWH�LV�XQGHUVWRRG���YL��(WKLFV� FRQVHQW�DQG�DSSURYDO�IRU�DOO�KXPDQ�
UHFRUGLQJV��%H\RQG�WKLV��FRPSUHVVLQJ�D�VHOI�VXSHUYLVHG�PRGHO�WR�SKRQH�VL]H�LV�D�SRVVLEOH�URXWH�WR�EHWWHU�
JHQHUDOLVDWLRQ��DQG�DQ�L26�YHUVLRQ�GHSHQGV�RQ�ZKDW�$SSOH¶V�LQWHUIDFHV�DOORZ��ERWK�DUH�RSHQ�TXHVWLRQV�UDWKHU�
WKDQ�SODQV�ZLWK�NQRZQ�RXWFRPHV�

;��&RQFOXVLRQ

7KLV�SDSHU�UHYLHZHG�DQWL�VSRRILQJ��VSHDNHU�YHULILFDWLRQ�DQG�VSRRILQJ�DZDUH�YHULILFDWLRQ�UHVHDUFK�IURP�WKH�
YLHZSRLQW�RI�D�FRQVXPHU�SURWHFWLQJ�D�IDPLO\�IURP�FORQHG�YRLFH�FDOOV��DQG�SURSRVHG�9RLFH�&ORQH�*XDUGLDQ��
DQ�RQ�GHYLFH�DSSOLFDWLRQ�WKDW�FRPELQHV�WKH�WZR�NLQGV�RI�FKHFN��7KH�OLWHUDWXUH�VXSSRUWV�WKH�PDLQ�LQJUHGLHQWV��
OLJKWZHLJKW� UDZ�ZDYHIRUP� FRXQWHUPHDVXUHV�� (&$3$�7'11� VSHDNHU� HPEHGGLQJV�� SHUVRQ�RI�LQWHUHVW�
FRPSDULVRQ�DQG�VFRUH�IXVLRQ��,W�DOVR�VKRZV�WKDW�EHQFKPDUN�UHVXOWV�WUDQVIHU�SRRUO\�WR�UHDO�DXGLR��WKDW�VKRUW�
DQG�FRPSUHVVHG�FOLSV�DUH�KDUG��DQG�WKDW�PRELOH�V\VWHPV�OLPLW�DFFHVV�WR�FDOO�DXGLR��7KH�GHVLJQ�UHVSRQGV�ZLWK�
FRQVHUYDWLYH�GHFLVLRQ�UXOHV�DQG�DQ�H[SOLFLW�LQFRQFOXVLYH�VWDWH��SURWHFWHG�HQUROPHQW��GDWD�NHSW�RQ�WKH�GHYLFH��
DQG�DGYLFH�WKDW�DOZD\V�SRLQWV�WR�YHULILFDWLRQ�QRW�EDVHG�RQ�WKH�YRLFH��%HFDXVH�QRWKLQJ�KDV�\HW�EHHQ�EXLOW�RU�
PHDVXUHG��WKH�FODLPV�KHUH�DUH�OLPLWHG�WR�WKH�GHVLJQ�DQG�WR�ZKDW�WKH�FLWHG�VWXGLHV�UHSRUW��WKH�HYDOXDWLRQ�SODQ�
VHWV�RXW�KRZ�WKH\�ZLOO�EH�WHVWHG�

$FNQRZOHGJPHQW

7KH�DXWKRU�WKDQNV�3URI��9DUVKD�%DEDU�IRU�JXLGDQFH�GXULQJ�WKH�OLWHUDWXUH�VXUYH\�DQG�GHVLJQ�VWDJHV�RI�WKLV�
ZRUN�� DQG� WKH� 'HSDUWPHQW� RI�$UWLILFLDO� ,QWHOOLJHQFH� DQG� 'DWD� 6FLHQFH��$MHHQN\D� '<� 3DWLO� 6FKRRO� RI�
(QJLQHHULQJ��3XQH��IRU�LQVWLWXWLRQDO�VXSSRUW�

5HIHUHQFHV

>�@ &��:DQJ��6��&KHQ��<��:X��=��=KDQJ��/��=KRX��6��/LX��=��&KHQ��<��/LX��+��:DQJ��-��/L��/��+H��6��
=KDR��DQG�)��:HL��³1HXUDO�FRGHF�ODQJXDJH�PRGHOV�DUH�]HUR�VKRW�WH[W�WR�VSHHFK�V\QWKHVL]HUV�´�
DU;LY������������������

>�@ =��:X��1��(YDQV��7��.LQQXQHQ��-��<DPDJLVKL��)��$OHJUH��DQG�+��/L��³6SRRILQJ�DQG�FRXQWHUPHDVXUHV�
IRU�VSHDNHU�YHULILFDWLRQ��$�VXUYH\�´�6SHHFK�&RPPXQ���YRO������SS�����±�����)HE�������

>�@ ;��/LX�HW�DO���³$69VSRRI�������7RZDUGV�VSRRIHG�DQG�GHHSIDNH�VSHHFK�GHWHFWLRQ�LQ�WKH�ZLOG�´�
,(((�$&0�7UDQV��$XGLR��6SHHFK��/DQJ��3URFHVV���YRO������SS������±�����������

>�@ ;��:DQJ�HW�DO���³$69VSRRI����&URZGVRXUFHG�VSHHFK�GDWD��GHHSIDNHV��DQG�DGYHUVDULDO�DWWDFNV�DW�
VFDOH�´�LQ�3URF��$69VSRRI�:RUNVKRS�������

>�@ -��Z��-XQJ��+��6��+HR��+��7DN��+��M��6KLP��-��6��&KXQJ��%��-��/HH��+��-��<X��DQG�1��(YDQV��³$$6,67��
$XGLR�DQWL�VSRRILQJ�XVLQJ�LQWHJUDWHG�VSHFWUR�WHPSRUDO�JUDSK�DWWHQWLRQ�QHWZRUNV�´�LQ�3URF��,(((�,QW��
&RQI��$FRXVW���6SHHFK�6LJQDO�3URFHVV���,&$663���������SS������±�����

>�@ 1��0��0�OOHU��3��&]HPSLQ��)��'LHFNPDQQ��$��)URJK\DU��DQG�.��%|WWLQJHU��³'RHV�DXGLR�GHHSIDNH�
GHWHFWLRQ�JHQHUDOL]H"�´�LQ�3URF��,QWHUVSHHFK��������SS������±�����
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>�@ +��M��6KLP�HW�DO���³%DVHOLQH�V\VWHPV�IRU�WKH�ILUVW�VSRRILQJ�DZDUH�VSHDNHU�YHULILFDWLRQ�FKDOOHQJH��
6FRUH�DQG�HPEHGGLQJ�IXVLRQ�´�LQ�3URF��6SHDNHU�/DQJ��5HFRJQLW��:RUNVKRS��2G\VVH\�� �����

>�@ ;��:DQJ�HW�DO���³$69VSRRI�������$�ODUJH�VFDOH�SXEOLF�GDWDEDVH�RI�V\QWKHVL]HG��FRQYHUWHG�DQG�
UHSOD\HG�VSHHFK�´�&RPSXW��6SHHFK�/DQJ���YRO������1RY��������$UW��QR���������

>�@ +��7DN��-��3DWLQR��0��7RGLVFR��$��1DXWVFK��1��(YDQV��DQG�$��/DUFKHU��³(QG�WR�HQG�DQWL�VSRRILQJ�
ZLWK�5DZ1HW��´�LQ�3URF��,(((�,QW��&RQI��$FRXVW���6SHHFK�6LJQDO�3URFHVV���,&$663���������SS��
����±�����

>��@ +��7DN��0��7RGLVFR��;��:DQJ��-��Z��-XQJ��-��<DPDJLVKL��DQG�1��(YDQV��³$XWRPDWLF�VSHDNHU�
YHULILFDWLRQ�VSRRILQJ�DQG�GHHSIDNH�GHWHFWLRQ�XVLQJ�ZDY�YHF�����DQG�GDWD�DXJPHQWDWLRQ�´�LQ�3URF��
6SHDNHU�/DQJ��5HFRJQLW��:RUNVKRS��2G\VVH\��������

>��@ %��'HVSODQTXHV��-��7KLHQSRQGW��DQG�.��'HPX\QFN��³(&$3$�7'11��(PSKDVL]HG�FKDQQHO�DWWHQWLRQ��
SURSDJDWLRQ�DQG�DJJUHJDWLRQ�LQ�7'11�EDVHG�VSHDNHU�YHULILFDWLRQ�´�LQ�3URF��,QWHUVSHHFK��������SS��
����±�����

>��@ -��Z��-XQJ�HW�DO���³6$69�������7KH�ILUVW�VSRRILQJ�DZDUH�VSHDNHU�YHULILFDWLRQ�FKDOOHQJH�´�LQ�3URF��
,QWHUVSHHFK�������

>��@ $��3LDQHVH��'��&R]]ROLQR��*��3RJJL��DQG�/��9HUGROLYD��³'HHSIDNH�DXGLR�GHWHFWLRQ�E\�VSHDNHU�
YHULILFDWLRQ�´�LQ�3URF��,(((�,QW��:RUNVKRS�,QI��)RUHQVLFV�6HFXULW\��:,)6��������

>��@ $QGURLG�'HYHORSHUV��³0HGLD5HFRUGHU�$XGLR6RXUFH�´�$QGURLG�$3,�5HIHUHQFH��>2QOLQH@��$YDLODEOH��
KWWSV���GHYHORSHU�DQGURLG�FRP�UHIHUHQFH�DQGURLG�PHGLD�0HGLD5HFRUGHU�$XGLR6RXUFH��DFFHVVHG�2FW��
������


