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ʴ˨˧ˢˡˢˠˢ˨˦�˅ˢ˕ˢ˧˜˖�ˆˬ˦˧˘ˠ

�1LVKDQW�6LQJKDO���3URI��$QNLWD�3RNDOH���3URI��$UYLQG�5��*DXWDP

�6WXGHQW��7�(���8QGHUJUDXWH����6HPLQDU�0HQWRU���&RRUGLQDWRU
�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

0RVW�PRELOH�DQG�UHPRWH�ILHOG�URERWV��DV�ZHOO�DV�VHQVRU�QRGHV��FRQWLQXH�WR�RSHUDWH�RQ�FRQYHQWLRQDO�EDWWHULHV�
%DWWHULHV�RIIHU�IOH[LELOLW\��EXW� WKH\�PXVW�HYHQWXDOO\�EH�UHSODFHG��ZKLFK�FUHDWHV�DQ�H�ZDVWH�SUREOHP��2QH�
DSSURDFK�GLVFXVVHG�LQ�P\�VHPLQDU�UHDGLQJV�LV�WR�UHPRYH�EDWWHULHV�HQWLUHO\��WKH�URERW�KDUYHVWV�WLQ\�DPRXQWV�
RI�HQHUJ\�IURP�LWV�VXUURXQGLQJV��FDSWXUHV�YLEUDWLRQV�XVLQJ�WULERHOHFWULF�QDQRJHQHUDWRUV��7(1*V���VWRUHV�WKH�
HOHFWULFLW\�EULHIO\�LQ�D�FDSDFLWRU��DQG�RSHUDWHV�LQ�EXUVWV��0DWHULDOV�IRU�WKLV�SURFHVV�DUH�GHYHORSLQJ�TXLFNO\��
EXW� WKH�VRIWZDUH�GHVLJQ� ODJV�EHKLQG��(PEHGGHG�DSSOLFDWLRQV�DVVXPH�WKDW�SRZHU� LV� DOZD\V�DYDLODEOH�DQG�
VSHQG�ZKDWHYHU� FKDUJH� KDV� EHHQ� FROOHFWHG� LQ� DQ� LQGHILQLWH� ORRS� WKDW� SROOV� IRU� FKDUJH�� +HUH� ,� FRPELQH�
UHVHDUFK� RQ� ELRGHJUDGDEOH� PDWHULDOV�� 7(1*V�� LQWHUUXSW�GULYHQ� ILUPZDUH�� YROWDJH� VFDOLQJ�� SRZHU�ORVV�
FKHFNSRLQWLQJ��HQHUJ\�DZDUH�VFKHGXOLQJ��DQG�VPDOO�7LQ\0/�PRGHOV�WKDW�SUHGLFW�HQHUJ\�LQIORZ��7KLV�ZRUN�
UHSRUWV�QR�QHZ�H[SHULPHQWV��0\�DLP�LV�WR�SXW�WKHVH�VHSDUDWH�LGHDV�LQWR�RQH�FOHDU�SLFWXUH�DQG�VKRZ�ZKHUH�
WKH\�VWLOO�GR�QRW�ILW�WRJHWKHU��FKLHIO\�WKH�FRVW�RI�WKH�SUHGLFWLRQ�PRGHO�LWVHOI�DQG�WKH�DEVHQFH�RI�SURSHU�RXWGRRU�
WHVWLQJ��,�KDYH�QRW�EXLOW�D�SURWRW\SH�

.H\ZRUGV� 6XVWDLQDEOH�5RERWLFV��(QHUJ\�+DUYHVWLQJ��7ULERHOHFWULF�1DQRJHQHUDWRUV��%DWWHU\OHVV�6\VWHPV��
,QWHUPLWWHQW�&RPSXWLQJ��7LQ\0/��/RZ�3RZHU�)LUPZDUH�

,��,QWURGXFWLRQ

5HSODFLQJ�D�EDWWHU\�VRXQGV�OLNH�D�VPDOO�MRE��LQ�D�ODERUDWRU\��LW�LV��2Q�D�IDUP��LQ�D�IRUHVW��RU�LQ�D�GLVDVWHU�KLW�
DUHD�ZKHUH�KXQGUHGV�RI�QRGHV�PD\�EH�VSUHDG�RYHU�D�ODUJH�VSDFH��LW�LV�QRW�VPDOO�DW�DOO��6RPH�QRGHV�ZLOO�QHYHU�
EH� UHFRYHUHG��DQG� LI�HDFK�RQH�FDUULHV�D� OLWKLXP�RU� DONDOLQH�FHOO�� WKDW�FHOO� VWD\V� LQ� WKH�VRLO� ORQJ�DIWHU� WKH�
PLVVLRQ� HQGV��7KDW�ZDV� WKH� VWDUWLQJ� SRLQW� RI�P\� VHPLQDU� WRSLF�� DQG� KRQHVWO\� LW� LV�ZKDW�PDGH� WKH� WRSLF�
LQWHUHVWLQJ�WR�PH�

*UHHQ�URERWLFV�WULHV�WR�WDFNOH�WKLV�IURP�WZR�VLGHV��2Q�WKH�KDUGZDUH�VLGH��UHVHDUFKHUV�DUH�PDNLQJ�SDUWV�WKDW�
GR� OHVV� KDUP� ZKHQ� OHIW� EHKLQG��:DQJ� HW� DO�� >�@� GHVFULEH� 7(1*V� PDGH� ZLWK� SRO\PHUV� REWDLQHG� IURP�
ELRORJLFDO�VRXUFHV��DQG�RWKHU�JURXSV�DUH�ZRUNLQJ�RQ�FLUFXLWV�DQG�VHQVRUV�WKDW�EUHDN�GRZQ�LQ�PRLVWXUH�DIWHU�
WKHLU�ZRUN�LV�GRQH��2Q�WKH�HQHUJ\�VLGH��WKH�LGHD�LV�WR�FROOHFW�ZKDW�LV�DOUHDG\�QHDUE\��YLEUDWLRQ��PRYHPHQW�
DQG�VXQOLJKW�
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7KH�FRPSOLFDWLRQ�VWDUWV�VRRQ�DIWHU��$�VWHDG\�VXSSO\�LV�SUHVXPHG��DQG�PRVW�PLFURFRQWUROOHU�SURJUDPV�DUH�
ZULWWHQ�IRU�H[DFWO\�WKDW�FDVH��$�7(1*�RQ�D�PRYLQJ�SODWIRUP�PD\�SXOVH�VWURQJO\�IRU�D�PRPHQW�DQG�SURGXFH�
DOPRVW�QRWKLQJ�WKH�QH[W�PRPHQW��VLPSO\�EHFDXVH�WKH�YLEUDWLRQ�FKDQJHG��KDUYHVWHG�HQHUJ\�GRHV�QRW�EHKDYH�
OLNH�D�EDWWHU\��$�W\SLFDO�KDELW�LV�EXV\�ZDLW�SROOLQJ��ZKHUH�WKH�SURFHVVRU�FKHFNV�D�VHQVRU�UHJLVWHU�DJDLQ�DQG�
DJDLQ�LQ�D�WLJKW�ORRS��:LWK�D�EDWWHU\�WKLV�LV�ZDVWHIXO�EXW�WROHUDEOH��:LWK�D�VPDOO�FDSDFLWRU�DV�WKH�RQO\�EXIIHU��
WKH�VDPH�ORRS�FDQ�HPSW\�WKH�EXIIHU�EHIRUH�DQ\�XVHIXO�ZRUN�LV�GRQH��DQG�WKH�ERDUG�UHVHWV�

%DWWHU\OHVV�UHVHDUFK�KDV�WKHUHIRUH�PRYHG�LQ�DQRWKHU�GLUHFWLRQ��$�VHFRQG�OLQH�RI�ZRUN�JLYHV�WKH�QRGH�D�OLWWOH�
IRUHVLJKW��7LQ\0/�PRGHOV�VPDOO�HQRXJK�WR�UXQ�RQ�D�PLFURFRQWUROOHU�KDYH�EHHQ�HPSOR\HG�WR�HVWLPDWH�KRZ�
PXFK�HQHUJ\�PD\�DUULYH�QH[W�>�@��DQG�WKH�QRGH�VOHHSV�GHHSO\��ZDNHV�RQO\�RQ�DQ�LQWHUUXSW��GRHV�D�VKRUW�SLHFH�
RI�ZRUN��VDYHV�LWV�VWDWH��DQG�LV�UHDG\�WR�VKXW�GRZQ�DQG�UHVWDUW�FOHDQO\�>�@��$QRWKHU�ZD\�RI�ILJKWLQJ�SRZHU�
ORVV�LV�IRU�WKH�VRIWZDUH�WR�H[SHFW�LW��6DERYLü�HW�DO��>�@�FKDQJH�WKH�PRGHO�GHSHQGLQJ�RQ�WKH�FKDUJH�DYDLODEOH��
,�DOVR�UHDG�ZRUN�RQ�VFKHGXOHUV�WKDW�UHIXVH�WR�VWDUW�D�WDVN�ZKHQ�FKDUJH�LV�WRR�ORZ�>�@��RQ�IRUZDUGLQJ�SDFNHWV�
WKURXJK�QRGHV�WKDW�NHHS�ORVLQJ�SRZHU�>�@��DQG�RQ�D�VRODU�DHULDO�URERW�WKDW�IOLHV�ZLWK�QR�EDWWHU\�DW�DOO�>�@�

/HW�PH�EH�FOHDU�DERXW�ZKDW�WKLV�SDSHU�LV��D�UHYLHZ��QRW�D�ODERUDWRU\�VWXG\��,�KDYH�WULHG�WR�UHDG�WKHVH�VFDWWHUHG�
SDSHUV�WRJHWKHU�DQG�DVN�D�VLPSOH�TXHVWLRQ��,�GLG�QRW�EXLOG�D�URERW��WUDLQ�D�PRGHO�RQ�D�QHZ�GDWDVHW��RU�UXQ�D�
EHQFKPDUN��:K\� DUH� EDWWHU\OHVV� URERWV� VWLOO� KDUG� WR� UXQ� UHOLDEO\� RXWGRRUV�� LI� WKH�PDWHULDOV� DUH� JHWWLQJ�
JUHHQHU"�0\�DQVZHU�DIWHU� WKLV� UHDGLQJ� LV� WKDW� WKH�UXQWLPH�VRIWZDUH�KDV� WR�EH�UHGHVLJQHG�IRU�HQHUJ\� WKDW�
FRPHV�DQG�JRHV��JUHHQHU�KDUGZDUH�DORQH�ZLOO�QRW�EH�HQRXJK�

,,��4XHVWLRQV�7KDW�*XLGHG�7KLV�5HYLHZ

,�VWDUWHG�ZLWK�IRXU�TXHVWLRQV�DQG�NHSW�UHWXUQLQJ�WR�WKHP�ZKLOH�UHDGLQJ��)LUVW��ZKDW�GHFLGHV�KRZ�PXFK�SRZHU�
D�QRGH�DFWXDOO\�JHWV� IURP�D�ELRGHJUDGDEOH�KDUYHVWHU�RU� DQRWKHU� VPDOO� DPELHQW� VRXUFH"�6HFRQG��KRZ�GR�
LQWHUUXSW�EDVHG� ILUPZDUH�� G\QDPLF� YROWDJH� DQG� IUHTXHQF\� VFDOLQJ� �'9)6�� DQG� LQWHUPLWWHQW� UXQWLPHV�
GHFUHDVH�ZDVWH��DQG�GR�WKH\�VXUYLYH�D�VXGGHQ�YROWDJH�GURS"�7KLUG��ZKHQ�GRHV�D�7LQ\0/�SUHGLFWRU�DFWXDOO\�
KHOS"�,W�LV�YDOXDEOH�RQO\�LI�LW�VSHQGV�OHVV�HQHUJ\�WKDQ�LW�VDYHV��VR�WKLV�TXHVWLRQ�WRRN�PH�WKH�ORQJHVW�WR�WKLQN�
WKURXJK��)RXUWK��ZKHUH�GR�WKH�KDUGZDUH�DQG�VRIWZDUH�SDSHUV�IDLO�WR�PHHW�HDFK�RWKHU"

7KH�UHVW�RI�WKH�SDSHU�IROORZV�WKHVH�TXHVWLRQV��6HFWLRQ�,,,�VHWV�XS�WKH�HQHUJ\�SUREOHP��6HFWLRQ�,9�H[SODLQV�
KRZ�,�FKRVH�WKH�SDSHUV��,�WKHQ�JURXS�WKH�ZRUN�LQWR�IRXU�OD\HUV��FRPSDUH�WKHP��MRLQ�WKHP�LQWR�RQH�FORVHG�
ORRS�GHVLJQ��DQG�HQG�ZLWK�JDSV�DQG�ZKDW�VKRXOG�EH�WHVWHG�QH[W�

,,,��:K\�+DUYHVWHG�3RZHU�&KDQJHV�WKH�'HVLJQ

$��)URP�D�%DWWHU\�WR�D�&DSDFLWRU�%XIIHU

$�EDWWHU\�JLYHV�D�IDLUO\�IODW�YROWDJH�IRU�D�ORQJ�WLPH�DQG�WKHQ�WXUQV�GRZQ�VORZO\��$�EDWWHU\OHVV�QRGH�OLYHV�
GLIIHUHQWO\��LW�UHFHLYHV�VPDOO��LUUHJXODU�FXUUHQWV��VWRUHV�WKHP�LQ�D�FHUDPLF�FDSDFLWRU�RU�VXSHUFDSDFLWRU��DQG�
UXQV�RQO\�DIWHU�HQRXJK�FKDUJH�KDV�EXLOW XS��,W�WKHQ�ZRUNV�FRQFLVHO\�DQG�VKXWV�GRZQ�DJDLQ�

7(1*V�VKRZ�WKLV�SDWWHUQ�ZHOO��7KH\�WXUQ�FRQWDFW�DQG�YLEUDWLRQ�LQWR�FKDUJH��VR�RXWSXW�IROORZV�PRYHPHQW��
(QHUJ\�FDQ�WKHUHIRUH�QR�ORQJHU�EH�WUHDWHG�DV�D�EDFNJURXQG�GHWDLO�IRU�WKH�SURJUDPPHU��LW�KDV�WR�EH�VFKHGXOHG��
PXFK�OLNH�&38�WLPH�DQG�PHPRU\��:HDN�PRYHPHQW�JLYHV�DOPRVW�QRWKLQJ��VWURQJ�PRYHPHQW�JLYHV�PRUH�
FKDUJH�
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%��$�6LPSOH�:D\�WR�:ULWH�WKH�(QHUJ\�/LPLW

$�VPDOO�FDOFXODWLRQ�KHOSHG�PH�PRUH�WKDQ�DQ\�SDUDJUDSK�GLG��6D\�D�FDSDFLWRU�RI�FDSDFLWDQFH�&�ZDNHV�WKH�
QRGH�DW�9ZDNH DQG�WKH�QRGH�PXVW�VWRS�DW�9IORRU��7KH�XVDEOH�HQHUJ\�LQ�RQH�DFWLYH�ZLQGRZ�LV

(FDS  �����ā�& ā��9ZDNH� í�9IORRU�� ���

,QVLGH�WKDW�ZLQGRZ�WKH�QRGH�PD\�UXQ�D�SUHGLFWRU��GR�LWV�VHQVLQJ�RU�PRYHPHQW�ZRUN��DQG�VDYH�LWV�VWDWH��$OO�
WKUHH�PXVW�ILQLVK�EHIRUH�WKH�YROWDJH�FROODSVHV�

(FDS ��(HVW ��(ZRUN ��(VDYH ���

+HUH�(HVW LV�WKH�FRVW�RI�WKH�SUHGLFWRU��(ZRUN LV�WKH�FRVW�RI�WKH�WDVN��DQG�(VDYH LV�WKH�FRVW�RI�ZULWLQJ�VWDWH�WR�QRQ�
YRODWLOH�PHPRU\��(TXDWLRQV�����DQG�����DUH�QRW�WDNHQ�IURP�DQ\�RQH�SDSHU��WKH\�DUH�D�VWUDLJKWIRUZDUG�WHDFKLQJ�
PRGHO��:KDW�ZH�OHDUQ�LV�XQFRPIRUWDEOH�IRU�7LQ\0/�ZRUN��(HVW LV�SDLG�LQ�HYHU\�F\FOH��ULJKW�RU�ZURQJ��VR�WKH�
SUHGLFWRU�PXVW�EH�YHU\�FKHDS�ZKHQ�FKHFNHG�DJDLQVW�(FDS��RWKHUZLVH�WKH�QRGH�LV�VSHQGLQJ�LWV�VFDUFH�HQHUJ\�
WKLQNLQJ�DERXW�HQHUJ\��)LJ����VKRZV�WKH�UHVXOWLQJ�FKDUJH��ZDNH��ZRUN�DQG�VOHHS�SDWWHUQ�

)LJ���� &DSDFLWRU�YROWDJH�LQ�D�EDWWHU\OHVV�QRGH��&KDUJH�EXLOGV�WR�9ZDNH��WKH�QRGH�ZRUNV�IRU�D�VKRUW�EXUVW��
DQG�VWRSV�EHIRUH�9IORRU��6FKHPDWLF�RQO\��QRW�PHDVXUHG�GDWD�

&��:K\�3ROOLQJ /RRSV�)DLO�6R�4XLFNO\

,Q�SROOLQJ��WKH�SURFHVVRU�UHDGV�D�VHQVRU�UHJLVWHU�DJDLQ�DQG�DJDLQ�WR�VHH�LI�DQ\WKLQJ�KDV�FKDQJHG��$FWLYH�DQG�
GHHS�VOHHS�FXUUHQWV�GLIIHU�E\�RUGHUV�RI�PDJQLWXGH��VR�SROOLQJ�HPSWLHV�D�PLFURZDWW�VFDOH�EXIIHU�IDVW��RIWHQ�
EHIRUH�DQ\�DFWXDWLRQ�KDSSHQV��0RVW�RI�WKH�WLPH�QRWKLQJ�KDV�FKDQJHG��EXW�DFWLYH�FXUUHQW�LV�VWLOO�EXUQHG�RQ�
HYHU\�FKHFN�

,QWHUUXSW�GULYHQ�ILUPZDUH�UHYHUVHV� WKLV��6WDQGDUG�UHDO�WLPH�RSHUDWLQJ�V\VWHPV�VXSSRVH�VWDEOH�SRZHU�DQG�
KDYH� QR� QDWXUDO� ZD\� WR� KDQGOH� D� WDVN� WKDW� ORVHV� SRZHU� LQ� WKH� PLGGOH� DQG� UHWXUQV� VHFRQGV� ODWHU��:LWK�
LQWHUUXSWV��D�SLQ�FKDQJH��WLPHU�RU�FRPSDUDWRU�ZDNHV�WKH�SURFHVVRU�RQO\�ZKHQ�WKHUH�LV�VRPHWKLQJ�WR�GR��DQG�
WKH�FRUH�VWD\V�RII�WKH�UHVW�RI�WKH�WLPH�
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,9��+RZ�,�6HOHFWHG�DQG�5HDG�WKH�3DSHUV

7KH�UHYLHZ LV�EDVHG�RQ�PDWHULDO�FROOHFWHG�IRU�P\�WHFKQLFDO�VHPLQDU��VHYHQ�SULPDU\�VHPLQDU�VWXGLHV�UHDG�
WRJHWKHU� ZLWK� VHYHQ� SHHU�UHYLHZHG� IRXQGDWLRQDO� SDSHUV� >�@±>�@�� 7RJHWKHU� WKH\� FRYHU� 7(1*�PDWHULDOV��
ELRGHJUDGDEOH� VHQVRUV�� ORZ�SRZHU� ILUPZDUH�� '9)6�� LQWHUPLWWHQW� H[HFXWLRQ�� VFKHGXOLQJ�� URXWLQJ� RQ�
XQUHOLDEOH�SRZHU��7LQ\0/�RQ�FDSDFLWRU�EDFNHG�QRGHV��DQG�RQH�EDWWHU\OHVV�IO\LQJ�URERW�

2QH�HDUO\�GHFLVLRQ�LV�ZRUWK�H[SODLQLQJ��(DFK�ILQGLQJ�KDV�EHHQ�NHSW�LQ�FRQWH[W��DQG�WKH�SDSHUV�DUH�FRPSDUHG�
E\�WKH�REVWDFOH�WKH\�UHVROYH�DQG�ZKDW�WKH\�OHDYH�RSHQ��7KH�VWXGLHV�XVH�GLVWLQFW�ERDUGV��FDSDFLWRUV��HQHUJ\�
WUDFHV�DQG�ZRUNORDGV��VR�DQ�DFFXUDF\�RU�XSWLPH�ILJXUH�PDNHV�VHQVH�RQO\�LQ�LWV�RZQ�VHWXS��)LJ����VKRZV�WKH�
ILYH�VWDJHV�,�IROORZHG��,�KDYH�QRW�PHUJHG�QXPEHUV�IURP�GLYHUVH�SDSHUV�LQWR D�FRPELQHG�VFRUH��LW�ZRXOG�ORRN�
QHDW��EXW�LW�ZRXOG�QRW�EH�KRQHVW�

)LJ���� )LYH�VWHSV�IROORZHG�LQ�WKLV�UHYLHZ��IURP�IL[LQJ�WKH�VFRSH�WR�OLVWLQJ�RSHQ�SUREOHPV�

9��$�)RXU�/D\HU�9LHZ�RI�WKH�/LWHUDWXUH

,�IRXQG�LW�HDVLHU�WR�WKLQN�RI�D�VXVWDLQDEOH�URERW�DV�IRXU�VWDFNHG�OD\HUV��)LJ������$W�WKH�ERWWRP�LV�WKH�SK\VLFDO�
OD\HU�� 7(1*V�� ELR�EDVHG� ILOPV�� PRLVWXUH�GLVVROYLQJ� VHQVRUV� DQG� WHPSRUDU\� FLUFXLWV�� $ERYH� LW� LV�
PLFURFRQWUROOHU�FRQWURO��VXFK�DV�GHHS�VOHHS��ZDNH�RQ�LQWHUUXSW�DQG�'9)6��7KH�WKLUG�OD\HU�KDQGOHV�IDLOXUH�
DQG�FKRLFH��LW�VDYHV�VWDWH�LQ�QRQ�YRODWLOH�PHPRU\�DQG�GHFLGHV�ZKLFK�WDVN�UXQV�QRZ��UXQV�LQ�D�FKHDSHU�IRUP��
RU�ZDLWV��2Q� WRS� LV� SUHGLFWLRQ��ZKHUH� D� VPDOO�7LQ\0/�PRGHO� HVWLPDWHV� QHDU�WHUP� HQHUJ\� DQG�� LQ� VRPH�
GHVLJQV��FKDQJHV�LWV�RZQ�VL]H�ZLWK�WKH�FKDUJH�OHYHO�

7KHVH�OD\HUV�DUH�QRW�DOWHUQDWLYHV��D�SRLQW�,�PLVVHG�DW�ILUVW��7KH\�DUH�SDUWV�RI�RQH�PDFKLQH��7KH�SUHGLFWRU�
ORRNV� D� OLWWOH� DKHDG�� DQG� FKDUJH� LV� EURXJKW� LQ� E\� WKH� KDUYHVWHU�� )LUPZDUH� DOVR� GHWHUPLQHV�ZKHWKHU� WKH�
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SURFHVVRU�LV�DZDNH�DW�DOO��DQG�WKH�VFKHGXOHU�DVVLJQV�MREV� WKDW�FDQ�EH�FRPSOHWHG�ZLWKRXW�ULVN��7KHUHIRUH��
ZKHQ�RQH�OHYHO�LV�ZHDN��LW�LV�OLNHO\�WKDW�WKH�RQHV�DERYH�LW�DUH�DOVR�DIIHFWHG�

)LJ���� )RXU�OD\HUV�XVHG�KHUH�WR�RUJDQLVH�WKH�KDUGZDUH�DQG�VRIWZDUH�ZRUN�

9,��7KH�3K\VLFDO�/D\HU��+DUYHVWHUV�DQG�'HJUDGDEOH�0DWHULDOV

$��7ULERHOHFWULF�1DQRJHQHUDWRUV

$�7(1*�JHQHUDWHV�FKDUJH�IURP�FRQWDFW�HOHFWULILFDWLRQ�DQG�PRYHPHQW��)RU�D�PRELOH�URERW�WKLV�LV�DWWUDFWLYH��
EHFDXVH�WKH�SODWIRUP�LV�DOUHDG\�YLEUDWLQJ��:DQJ�HW�DO��>�@�WDFNOHG�WKH�PDWHULDO�VLGH��HPSOR\LQJ�ELR�GHULYHG�
SRO\PHUV�VR�WKDW�WKH�KDUYHVWHU�LWVHOI�GRHV�QRW�EHFRPH�ORQJ�ODVWLQJ�ZDVWH��,Q�WKH�VHPLQDU�VHW��6XQ�HW�DO���������
VKRZHG�NLQHWLF�KDUYHVWLQJ�ZLWK�7(1*V�EXW�ZHUH�FOHDU�DERXW�KRZ�XQHYHQ�WKH�RXWSXW�LV�

$�OHDUQHG�SUHGLFWRU�KDV�OLWWOH�WR� OHDUQ�LI� WKH LQSXW�KDV�QR�OHDUQDEOH�SDWWHUQ��7KLV� OLQN�EHWZHHQ�D�PDWHULDO�
SURSHUW\�DQG�D� VRIWZDUH�FKRLFH� LV�XQFRPPRQO\�VWDWHG�GLUHFWO\��EXW� LW� UXQV� WKURXJK� WKH�ZKROH� WRSLF��)RU�
VRIWZDUH��XQHYHQ�RXWSXW�LV�QRW�D�PLQRU�GHWDLO��LW�GHFLGHV�KRZ�RIWHQ�WKH�QRGH�FDQ�ZDNH�DQG�ZKHWKHU�SUHGLFWLRQ�
LV�ZRUWK�WU\LQJ�DW�DOO�

%��6HQVRUV�DQG�&LUFXLWV�7KDW�%UHDN�'RZQ�$IWHU�8VH

6KRUW�OLYHG�HOHFWURQLFV�DQG�ELRGHJUDGDEOH�VHQVRUV�GHFRPSRVH�VDIHO\�LQ�D�QDWXUDO�HQYLURQPHQW��VR�QRERG\�
KDV�WR�UHFRYHU�HYHU\�QRGH��/L�HW�DO���������UHSRUWHG�VDIH�GHFRPSRVLWLRQ��EXW�DOVR�IRXQG�WKDW�VHQVRU�UHVSRQVH�
FKDQJHV�ZLWK�KXPLGLW\�

7KDW�VHFRQG�SRLQW�PDWWHUV�PRUH�WKDQ�LW�ILUVW�DSSHDUV��$�VHQVRU�WKDW�LV�VORZO\�GLVVROYLQJ�GRHV�QRW�NHHS�RQH�
FDOLEUDWLRQ� IRU� LWV�ZKROH� OLIH�� LWV� UHDGLQJV� GULIW��0RVW� HGJH�LQWHOOLJHQFH�ZRUN� TXLHWO\� SRVWXODWHV� WKDW� WKH�
VHQVRU�QHYHU�FKDQJHV��+HUH�WKDW�DVVXPSWLRQ�EUHDNV��,�WKLQN�WKLV�LV�RQH�RI�WKH�PRVW�RYHUORRNHG�URDGEORFNV�
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LQ�WKH�VHW��SDUWO\�EHFDXVH�WKH�SHRSOH�PDNLQJ�WKH�PDWHULDO�DQG�WKH�SHRSOH�ZULWLQJ�WKH�SHUFHSWLRQ�FRGH�DUH�
W\SLFDOO\�GLIIHUHQW�JURXSV�

9,,��7KH�6RIWZDUH�/D\HUV��6WD\LQJ�$OLYH�RQ�8QUHOLDEOH�3RZHU

$��6OHHSLQJ�3URSHUO\�DQG�:DNLQJ�RQ�,QWHUUXSWV

7KH� VLPSOHVW� LGHD� LV� DOVR� WKH�PRVW� HIIHFWLYH�� 6ULYDVWDYD� DQG� &KHQ� ������� UHSRUWHG� ODUJH� VDYLQJV� IURP�
UHPRYLQJ�LGOH�SROOLQJ�WKLV�ZD\��DQG�, ILQG�WKLV�HDV\�WR�EHOLHYH�EHFDXVH�WKH�UHDVRQ�LV�EDVLF�SK\VLFV��.HHS�WKH�
PLFURFRQWUROOHU� LQ�GHHS� VOHHS��DW� VXE�PLFURDPSHUH�FXUUHQW� LQ� WKH�EHVW� FDVHV�� DQG�ZDNH� LW�RQO\�ZKHQ�DQ�
LQWHUUXSW�VD\V�VRPHWKLQJ�KDSSHQHG�

7KHLU�VKRUWFRPLQJ�LV�GLVWLQFW��7KH�FRGH�ZDV�WLHG�WR�WKH�UHJLVWHUV�RI�RQH�PLFURFRQWUROOHU�IDPLO\��VR�PRYLQJ�
WR�DQRWKHU�YHQGRU�PHDQV�UHZULWLQJ�PXFK�RI�LW��7KH�RSHQ�LVVXH�LV�WKHUHIRUH�QRW�ZKHWKHU�LQWHUUXSW�EDVHG�VOHHS�
ZRUNV��LW�GRHV��7KH�VQDJ�LV�WKH�ODFN�RI�D�FOHDQ��SRUWDEOH�OD\HU�IRU�VOHHS�PRGHV�DQG�ZDNH�VRXUFHV�

%��6ORZLQJ�WKH�&ORFN�'RZQ��'9)6

'9)6�ORZHUV�FORFN�VSHHG�DQG�YROWDJH�ZKHQ�ZRUN�LV�QRW�XUJHQW��$FDU�HW�DO���������VKRZHG�FOHDU�VDYLQJV�LQ�
DFWLYH�F\FOHV��$V�G\QDPLF�HQHUJ\�IDOOV�URXJKO\�ZLWK�WKH�VTXDUH�RI�YROWDJH��HYHQ�D�VPDOO�UHGXFWLRQ�KHOSV�

7KH�WURXEOH�LV�WKDW�WKHLU�SROLF\�SUHVXPHG�D�EDWWHU\�KROGLQJ�WKH�UDLO�XS��2Q�D�KDUYHVWHU�WKH�LQSXW�FDQ�VLPSO\�
GLVDSSHDU��DQG�D�VORZHU�FORFN�GRHV�QRW�SURWHFW�DJDLQVW� WKDW��'9)6�LV� WKHUHIRUH�DQ�LQQHU�FRQWURO�NQRE�� LW�
PDNHV�UXQQLQJ�ZRUN�FKHDSHU��EXW�LW�VWLOO�QHHGV DQ�RXWHU�SURFHVV�WKDW�XQGHUVWDQGV�EODFNRXWV�

&��([SHFWLQJ�3RZHU�/RVV��,QWHUPLWWHQW�([HFXWLRQ

,Q�LQWHUPLWWHQW�FRPSXWDWLRQ��SRZHU�RXWDJH�LV�FRQVLGHUHG�D�QRUP�UDWKHU�WKDQ�DQ�DQRPDO\�� WKH�SURJUDP�LV�
WKHUHIRUH�GLYLGHG�LQWR�VPDOO�FKXQNV��6RPH�FULWLFDO�VWDWH�LQIRUPDWLRQ�LV�EDFNHG�XS�WR�QRQ�YRODWLOH�PHPRU\�
VXFK� DV� )5$0�SULRU� WR� YROWDJH� FROODSVH�� KHQFH��ZKHQ� SRZHU� UHWXUQV�� H[HFXWLRQ� UHVXPHV� IURP� WKH� ODVW�
FKHFNSRLQW�UDWKHU�WKDQ�IURP�WKH�VWDUW��7KLV�SRLQW�LV�H[SODLQHG�YHU\�FOHDUO\�E\�+HVWHU�DQG�6RUEHU�>�@��DQG�WKLV�
SDSHU�FKDQJHG�P\�SHUFHSWLRQ�RI�WKH�UHVW�RI�WKH�SDSHUV�VLJQLILFDQWO\��,Q�DGGLWLRQ��VDYLQJ�WKH�VWDWH�FRQVXPHV�
HQHUJ\��(VDYH LQ�����

7KH�SUREOHP�LV�RQH�RI�EDODQFH��6DYLQJ�VWDWH�WRR�IUHTXHQWO\�FRQVXPHV�WKH�EXGJHW�IRU�LW��ZKLOH�VDYLQJ�WRR�
UDUHO\�PHDQV� WKDW�ZRUN� LV� ORVW� LQ�HYHU\�SRZHU�RXWDJH��ZKLFK�FDQ� LQ� WXUQ� OHDG� WR� LQFRQVLVWHQF\�EHWZHHQ�
YRODWLOH�DQG�QRQ�YRODWLOH�YDULDEOHV��'HSHQGLQJ�RQ�WKH�ZRUNORDG��WKH�FKHFNSRLQW�ORFDWLRQ�PD\�FKDQJH�

'��'HFLGLQJ�:KDW�WR�5XQ��(QHUJ\�$ZDUH�6FKHGXOLQJ

6RPHWKLQJ�PXVW�FKRRVH�ZKDW�WR�UXQ�QRZ��ZKDW�WR�UXQ�LQ�UHGXFHG�IRUP��DQG�ZKDW�VKRXOG�ZDLW�LI�D�VLQJOH�
QRGH�FDQQRW�GR�LW�DOO��/L�HW�DO��>�@�SURSRVHG�VFKHGXOLQJ�DOJRULWKPV�WKDW�WU\�WR�DYRLG�NLOOLQJ�D�MRE�KDOIZD\�GXH�
WR�ODFN�RI�HQHUJ\��$FFRUGLQJ�WR�.XPDU�DQG�5RVVL���������RUGHULQJ�MREV�E\�DYDLODEOH�HQHUJ\�H[WHQGHG�WKH�
DYDLODELOLW\�RI�HQHUJ\�VFDYHQJLQJ�QRGHV�LQ�SUDFWLFH��DOWKRXJK�QRW�LQ�WKH�FRQWH[W�RI�ELRGHJUDGDEOH�GHYLFHV�

/LX�HW�DO��>�@�KDQGOHG�WKH�SUREOHP�LQ�LWV�QHWZRUN�LQFDUQDWLRQ��IRUZDUGLQJ�SDFNHWV�ZKLOH�QRGHV�JHW�VZLWFKHG�
RII�DW�GLIIHUHQW�WLPHV��7KLV�LV�QRW�RQO\�DERXW�URERW�FRQWURO��RI�FRXUVH��DQ\�GHSOR\PHQW�LQYROYLQJ�D�QXPEHU�
RI�QRGHV�ZLOO�IDFH�WKH�VDPH�SUREOHP�
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(��3UHGLFWLQJ�WKH�1H[W�)HZ�6HFRQGV�8VLQJ�7LQ\0/

7KLV�VHFWLRQ�GUHZ�P\�LQLWLDO�DWWHQWLRQ�IURP�P\�$,�DQG�GDWD�VFLHQFH�EDFNJURXQG��DQG�LW�LV�ZKHUH�,�EHJDQ�WR�
EH� PRUH� YLJLODQW� DV� ,� ZHQW� WKURXJK� WKH� WH[W�� 7KH� SRLQW� LV� VLPSOH��$� WLQ\� UHJUHVVLRQ� DOJRULWKP� RQ� D�
PLFURFRQWUROOHU�HYDOXDWHV�UHFHQW�YROWDJH�DQG�KDUYHVWHU�UHDGLQJV�DQG�DSSUR[LPDWHV�WKH�XSFRPLQJ�LQWDNH�RI�
HQHUJ\��WKH�VFKHGXOHU�FDQ�WKHQ�VWDUW�D�ODUJHU�WDVN�GXULQJ�IHUWLOH�SHULRGV�DQG�VLPSO\�ZDLW�GXULQJ�OHDQ�SHULRGV��
=KDQJ�HW�DO���������UHSRUW�SUHFLVLRQ�H[FHHGLQJ�����LQ�WKHLU�VHWWLQJ��DQG�,�ZRXOG�OLNH�WR�XQGHUOLQH�³LQ�WKHLU�
VHWWLQJ´��EHFDXVH�WKH�ILJXUHV�GR�QRW�DSSO\�WR�DOO�KDUYHVWHUV��WKH�DXWKRUV�WKHPVHOYHV�DGPLW�WKDW�WKH�LQIHUHQFH�
XVHV�WKH�VDPH�VPDOO�EXIIHU�

6LQJK�DQG�3DWHO��������HVWLPDWH�WKH�WUDGH�RII�EHWZHHQ�PRGHO�TXDOLW\�DQG�PRGHO�FRPSOH[LW\��HYHQ�ZLWKRXW�
WKH�VHQVRU�DJHLQJ�IDFWRU��XVH�WKH�ODUJH�PRGHO�ZKHQ�FKDUJH�LV�DEXQGDQW��DQG�D�VPDOO�RQH�RU�D�VLPSOH�KHXULVWLF�
UXOH�ZKHQ�LW�LV�ODFNLQJ��6DERYLü�HW�DO��>�@�LQWURGXFH�D�XVHIXO�WHFKQLTXH��QDPHO\�PDLQWDLQLQJ�VHYHUDO�PRGHOV�
DQG�VZLWFKLQJ�EHWZHHQ�WKHP��0RUHRYHU��.LP�HW�DO��>�@�GHPRQVWUDWHG�WKH�UXQQLQJ�RI�YHU\�VPDOO�PRGHOV�RQ�
FDSDFLWRU�SRZHUHG�QRGHV�FRQVXPLQJ�OHVV�WKDQ�RQH�PLOOLZDWW�

)URP�WKHVH�SDSHUV�,�FRQFOXGH�WKDW�WKH�SUHGLFWRU�VKRXOG�EH�IOH[LEOH��PHDQLQJ�WKDW�LW�VKRXOG�JHW�VPDOOHU�RU�
VZLWFK�RII�IXOO\�GXULQJ�OHDQ�SHULRGV��$�IXOO�VL]H�PRGHO�UXQ�LQ�HYHU\�F\FOH�FDQ�EHFRPH�D�QHW�ORVV� DQG�����LV�
WKH�WHVW�LW�KDV�WR�SDVV�HYHU\�WLPH�

)��&RPSOHWH�5RERWV�$UH�6WLOO�5DUH

0RVW�VWXGLHV�WHVW�RQH�OD\HU�DORQH��$�IDLOXUH�GXULQJ�PRWLRQ�FDQ�DOVR�EH�D�VDIHW\�LVVXH��QRW�RQO\�D�FRPSXWLQJ�
LVVXH��)XOO�URERWV�PDWWHU�EHFDXVH�PRWRUV�GUDZ�KLJK�SHDN�FXUUHQWV�DQG�ERGLHV�KDYH�LQHUWLD��VR�XQWLO�PRUH�
ZKROH�V\VWHP�WHVWV�H[LVW��FRPSRQHQW�ILQGLQJV�VKRXOG�EH�UHDG�ZLWK�FDUH��&KHQ�HW�DO��>�@�DUH�DQ�H[FHSWLRQ��
ZLWK�D�EDWWHU\OHVV�VRODU�DHULDO�YHKLFOH�XQGHU�HQHUJ\�DZDUH�FRQWURO�

9,,,��&KHFNLQJ�WKH�/D\HUV�6LGH�E\�6LGH

7DEOH���OLVWV�ZKDW�HDFK�VXEV\VWHP�GRHV�DQG�ZKHUH�LW�VWUXJJOHV�PRVW��LQ�SODLQ�ZRUGV��7DEOH���FRPSDUHV�WKH�
VRIWZDUH�VWUDWHJLHV��,�KDYH�QRW�VFRUHG�WKH�SDSHUV�LQ�WKHVH�WDEOHV��EHFDXVH�WKHLU�WHVW�VHWXSV�DUH�WRR�GLVWLQFW�IRU�
VFRULQJ�WR�PHDQ�DQ\WKLQJ�

7DEOH����:KDW�(DFK�6XEV\VWHP�'RHV�DQG�:KHUH�,W�6WUXJJOHV

6XEV\VWHP :KDW�LW�GRHV 3ULPDU\�REVWDFOH

7(1*�KDUYHVWHU
7XUQV� YLEUDWLRQ� LQWR� FKDUJH� IRU� WKH�
FDSDFLWRU

2XWSXW�DUULYHV�LQ�LUUHJXODU�EXUVWV

%LRGHJUDGDEOH�VHQVRU
0HDVXUHV�WKH�HQYLURQPHQW��WKHQ�EUHDNV�
GRZQ�DIWHU�XVH

5HDGLQJV� GULIW� ZLWK� KXPLGLW\� DQG�
GHFD\

:DNH�RQ�LQWHUUXSW�
ILUPZDUH

.HHSV� WKH� 0&8� DVOHHS� XQWLO� D� UHDO�
HYHQW�HPHUJHV

2UGLQDULO\� ZULWWHQ� IRU� RQH� YHQGRU¶V�
UHJLVWHUV

'9)6�FRQWUROOHU
/RZHUV�FORFN�DQG�YROWDJH�GXULQJ�OLJKW�
ZRUN

$VVXPHV�WKH�VXSSO\�UDLO�VWD\V�XS
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6XEV\VWHP :KDW�LW�GRHV 3ULPDU\�REVWDFOH

,QWHUPLWWHQW�UXQWLPH 6DYHV�VWDWH�VR�ZRUN�VXUYLYHV�EODFNRXWV
6DYLQJ� FRVWV� HQHUJ\�� FRQVLVWHQF\� LV�
W\SLFDOO\�WULFN\

(QHUJ\�DZDUH�
VFKHGXOHU

5XQV�� VWUHDPOLQHV� RU� SRVWSRQHV� WDVNV�
E\�FKDUJH�OHYHO

+DUGO\� HYHU� WHVWHG� ZLWK� GHJUDGDEOH�
KDUGZDUH

7LQ\0/ SUHGLFWRU
(VWLPDWHV� HQHUJ\� IRU� WKH� QH[W� VKRUW�
LQWHUYDO

,WV�RZQ�LQIHUHQFH�LV�SDLG�IURP�WKH�VDPH�
EXIIHU

7DEOH����6RIWZDUH�$SSURDFKHV�LQ�6LPSOH�7HUPV

$SSURDFK 0DLQ�EHQHILW :KDW�LW�VWLOO�QHHGV

:DNH�RQ�LQWHUUXSW
5HPRYHV� SROOLQJ� ZDVWH� WKURXJK� GHHS�
VOHHS

1HHGV� SRUWDEOH� VOHHS� DQG� ZDNH�XS�
DEVWUDFWLRQ

'9)6
&XWV�DFWLYH�HQHUJ\�ZKHQ� IXOO� VSHHG� LV�
QRW�QHHGHG

1HHGV�EODFNRXW�SURWHFWLRQ�DERYH�LW

,QWHUPLWWHQW�H[HFXWLRQ
5HSHDWHG�SRZHU�IDLOXUH�LV�VXUYLYHG�E\�
SURJUHVV

&KHFNSRLQW�IUHTXHQF\�LV�D�KDUG�EDODQFH

(QHUJ\�DZDUH�
VFKHGXOLQJ

0DWFKHV� ZRUN� VL]H� DQG� WLPLQJ� WR�
FKDUJH�LQ�KDQG

'HSHQGV� RQ� D� IRUHFDVW� WKDW� PD\� EH�
ZURQJ

7LQ\0/�IRUHFDVWLQJ *LYHV�ORFDO�IRUHVLJKW�ZLWK�QR�FORXG�OLQN
0RGHO� PXVW� VKULQN� ZKHQ� HQHUJ\� LV�
RIWHQ�VFDUFH

,;��3XWWLQJ�WKH�3LHFHV�7RJHWKHU

)LJ����GUDZV�WKH�IUDPHZRUN�DV�RQH�ORRS��WKLV�LV�D�UHIHUHQFH�GHVLJQ�SXW�WRJHWKHU�IURP�WKH�SDSHUV��QRW�KDUGZDUH�
WKDW�,�EXLOW�

7KH�FDSDFLWRU�LV�IHG�E\�WKH�KDUYHVWHU��7KH�QRGH�PHDVXUHV�FDSDFLWRU�YROWDJH�DQG�LQIORZ�UDWH�DQG�SDVVHV�WKHP�
WR�WKH�SUHGLFWRU��7KH�SURFHVVRU�ZDNHV�RQO\�WKURXJK�LQWHUUXSWV��7KH�VFKHGXOHU�WKHQ�PDNHV�D�VLPSOH�FKRLFH��
UXQ�WKH�WDVN�IXOO\��UXQ�D�FKHDSHU�YHUVLRQ��RU�ZDLW��6HQVLQJ�RU�DFWXDWLRQ�KDSSHQV�LQVLGH�D�VDIH�PDUJLQ��EHIRUH�
YROWDJH�IDOOV�WRR�ORZ��WKH�UXQWLPH�VDYHV�VWDWH��$FWXDO�HQHUJ\�VSHQW�LV�IHG�EDFN�WR�FRUUHFW�WKH�QH[W�SUHGLFWLRQ�

(YHU\�VWHS� UHPDLQV�FRQWUROOHG�E\� ����� ,I�SUHGLFWLRQ��ZRUN�DQG�HVSHFLDOO\� VDYLQJ�GR�QRW� ILW� LQ� WKH� VWRUHG�
HQHUJ\��WKH�ULJKW�GHFLVLRQ�LV�WR�ZDLW�IRU�PRUH�FKDUJH��:ULWWHQ�GRZQ��WKDW�VRXQGV�REYLRXV��\HW�PDQ\�SDSHUV�
UDLVH�WKHLU�RZQ�OD\HU�ZLWKRXW�YHULI\LQJ�WKH�FRPELQHG�EXGJHW��ZKLFK�KHOSV�H[SODLQ�ZK\�LQWHJUDWLRQ�LV�ZHDN�
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)LJ���� &ORVHG�ORRS�UHIHUHQFH�GHVLJQ�MRLQLQJ�KDUYHVWLQJ��SUHGLFWLRQ��LQWHUUXSW�ZDNH�XS��VFKHGXOLQJ��
FKHFNSRLQWLQJ�DQG�DFWXDWLRQ��'UDZQ�IURP�WKH�VXUYH\HG�SDSHUV��QRW�D�EXLOW�SURWRW\SH�

;��6XPPDU\�RI�WKH�3DSHUV�5HDG

7DEOH���FRYHUV�WKH�VHYHQ�VHPLQDU�VWXGLHV�DQG�7DEOH���WKH�VHYHQ�IRXQGDWLRQDO�UHIHUHQFHV�>�@±>�@��RXWFRPHV�
DUH�UHSRUWHG�DV�WKHLU�DXWKRUV�VWDWHG�WKHP��ZLWKRXW�FRQYHUVLRQ�WR�D�FRPPRQ�VFDOH�

7DEOH����6HYHQ�3ULPDU\�6HPLQDU�6WXGLHV

6WXG\ )RFXV
3ULPDU\� RXWFRPH� �DV�
UHSRUWHG�

6KRUWFRPLQJ�JDWKHUHG

.XPDU� DQG�5RVVL�
������

&KDUJH�EDVHG�WDVN�RUGHULQJ�
LQ� KDUYHVWHU�SRZHUHG�
QHWZRUNV

1RGHV� VWD\HG� DYDLODEOH�
ORQJHU

1R� ELRGHJUDGDEOH�
KDUGZDUH�LQ�WKH�VWXG\

=KDQJ� HW� DO��
������

2Q�GHYLFH� 7LQ\0/�
UHJUHVVLRQ� IRU� VKRUW�WHUP�
LQWDNH�SUHGLFWLRQ

3UHFLVLRQ� DERYH� ���
SHUFHQW� UHSRUWHG� LQ� WKHLU�
VHWXS

,QIHUHQFH�GUDLQV� WKH�EXIIHU�
HDFK�F\FOH

6LQJK� DQG� 3DWHO�
������

(GJH�PRGHO�TXDOLW\�YHUVXV�
KDUYHVWHG�SRZHU�OLPLWV

4XDQWLILHG� WKH� TXDOLW\�
YHUVXV�FRVW�WHQVLRQ

6HQVRU� GLVVROXWLRQ� QRW�
PRGHOOHG
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6WXG\ )RFXV
3ULPDU\� RXWFRPH� �DV�
UHSRUWHG�

6KRUWFRPLQJ�JDWKHUHG

6XQ�HW�DO��������
9LEUDWLRQ� FRQYHUVLRQ� ZLWK�
7(1*V

.LQHWLF� PLFUR�SRZHU�
FDSWXUH�GHPRQVWUDWHG

2XWSXW� FXUUHQW� LV� KLJKO\�
XQSUHGLFWDEOH

/L�HW�DO��������
'LVVROYLQJ� FLUFXLWV� DQG�
ELRGHJUDGDEOH�VHQVRUV

6DIH� GHFRPSRVLWLRQ�
YHULILHG

5HVSRQVH� GLIIHUV� ZLWK�
KXPLGLW\

$FDU�HW�DO�������� '9)6�RQ�PLFURFRQWUROOHUV
$FWLYH� F\FOHV� DQG� HQHUJ\�
ORZHUHG

6WHDG\� EDWWHU\� VXSSO\�
DVVXPHG

6ULYDVWDYD� DQG�
&KHQ�������

,QWHUUXSW�GULYHQ� GRUPDQF\�
PDQDJHPHQW

,GOH� SROOLQJ� ZDVWH� FXW�
VKDUSO\

/RFNHG�WR�RQH�0&8�IDPLO\

7DEOH����6HYHQ�)RXQGDWLRQDO�5HIHUHQFHV

5HIHUHQFH ,QVLJKW�WR�WKLV�UHYLHZ 6FRSH�OLPLW

>�@� %LR�EDVHG� SRO\PHUV� IRU�
7(1*V

+DUYHVWHU�PDWHULDO�LWVHOI�FDQ�EH�HFR�
IULHQGO\

0DWHULDOV�RQO\��QR�UXQWLPH�VRIWZDUH

>�@�,QWHUPLWWHQW�H[HFXWLRQ�IRU�
EDWWHU\OHVV�GHYLFHV

0RYH� IURP� VWDEOH�SRZHU�
DVVXPSWLRQV� WR� IDLOXUH�WROHUDQW�
H[HFXWLRQ

3URJUDPPLQJ� PRGHOV�� QRW� URERWV�
VSHFLILFDOO\

>�@� 7LQ\0/ RQ� FDSDFLWRU�
EDFNHG�QRGHV

1HXUDO� LQIHUHQFH�EHORZ�D�PLOOLZDWW�
ZLWK�QR�EDWWHU\

7HVWHG�RQ�VWDWLF�PRWHV��QRW�DFWXDWRUV

>�@� 6ZLWFKLQJ� QHXUDO�PRGHOV�
E\�FKDUJH�OHYHO

0RGHO�VL]H�IROORZV�DYDLODEOH�FKDUJH
6ZLWFKLQJ� FRVW� DQG� SHU�SODWIRUP�
WXQLQJ�UHPDLQ

>�@� 6FKHGXOLQJ� WKDW� DYRLGV�
PLG�WDVN�EODFNRXWV

)RUPDO�VFKHGXOLQJ�XQGHU�DQ�HQHUJ\�
ERXQG

$OJRULWKPLF�� QR� GHJUDGDEOH�
KDUGZDUH

>�@� 3DFNHW� IRUZDUGLQJ� RQ�
LQWHUPLWWHQW�QRGHV

)UHTXHQW�VKXWGRZQV�DUH�VXUYLYHG�E\�
FRPPXQLFDWLRQ

5RXWLQJ� SUREOHP�� QRW� ORFDO� URERW�
FRQWURO

>�@� %DWWHU\OHVV� VRODU� DHULDO�
URERW

(QHUJ\�DZDUH� FRQWURO� RQ� D� UHDO�
PRELOH�SODWIRUP

3DUWLFXODU� WR� VRODU� LQSXW� DQG�
GD\OLJKW

;,��0\�&ULWLFDO�5HDGLQJ�RI�WKH�7UDGH�RIIV

2QH�SDWWHUQ�VWRRG�RXW�PRUH�WKDQ�DQ\�VLQJOH�ILQGLQJ��0DWHULDOV�JURXSV�DUH�ERRVWLQJ�KDUYHVWHUV�DQG�GLVVROYLQJ�
VHQVRUV�DQG�OHDYH�VRIWZDUH�WR�VRPHRQH�HOVH��,QWHUPLWWHQW�FRPSXWLQJ�DQG�VFKHGXOLQJ�SDSHUV�IDFH�XQUHOLDEOH�
SRZHU�GLUHFWO\��ZKLFK�,�IRXQG�UHIUHVKLQJ��7LQ\0/�SDSHUV�DGG�IRUHVLJKW��DOZD\V�DW�D�SULFH��)LUPZDUH�JURXSV�
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FXW�VOHHS�FXUUHQW�RU�WXQH�'9)6��7KH�ILHOG�LV�VSOLW��DQG�VRPH�SDSHUV�VWLOO�SRVWXODWH�D�EDWWHU\�RU�RQH�SUHFLVH�
FKLS�

7ZR�WHQVLRQV�NHSW�UHWXUQLQJ��7KH�ILUVW�LV�WKH�FRVW�RI�EHLQJ�FOHYHU��D�ELJJHU�SUHGLFWRU�JLYHV�D�EHWWHU�HVWLPDWH��
\HW�EXUQV�PRUH�FKDUJH�RQ�LWVHOI��%H\RQG�D�FHUWDLQ�SRLQW� LW�VLPSO\�EUHDNV������DQG�DQ�HOHPHQWDU\�YROWDJH�
WKUHVKROG�ZRXOG�KDYH�EHHQ�PRUH�DSSURSULDWH��7KH�VHFRQG�LV�WKDW�WKH�HYLGHQFH�LV�JRRG�IRU�FRPSRQHQWV�DQG�
ZHDN�IRU�FRPSOHWH�URERWV��7KH�VFKHGXOHUV�H[FOXGH�GLVVROYLQJ�KDUYHVWHUV��VWXGLHV�LQ�HGJH�LQWHOOLJHQFH�GR�QRW�
DFFRXQW� IRU� VHQVRU� GULIW�� DQG� ELRGHJUDGDEOH� KDUGZDUH� DQG� HQHUJ\�HIILFLHQW� VRIWZDUH� DUH� UDUHO\� WHVWHG�
WRJHWKHU��0RGHO�VZLWFKLQJ�>�@�ORRNHG�LQWHUHVWLQJ�WR�PH�EHFDXVH LW�DOORZV�IRU�FRUUHFW�VL]LQJ�RI�WKH�PRGHO�

2QFH�,�DWWHPSWHG�PDNLQJ�D�WDEOH�RI�SHUVRQV�ZLWK�DOO�WKH�ILJXUHV�DERXW�DFFXUDF\�DQG�XSWLPH��+RZHYHU��,�
DEDQGRQHG� WKH� LGHD�� DV� LW� ZRXOG� RQO\� EH� PLVOHDGLQJ�� 7KHUH� DUH� GLIIHUHQFHV� LQ� HQHUJ\� WUDFHV�� VL]HV� RI�
FDSDFLWRUV��ERDUGV�DQG�EDVHOLQHV��:KDW� LV�UHTXLUHG�LV�ERULQJ�DQG�IXQGDPHQWDO��FRPPRQ�UHSOD\HG�HQHUJ\�
WUDFHV��FRPPRQ�WDVNV�IRU�URERWV��WKH�VDPH�ERDUG��DQG�FRPPRQ�PHDVXUHV�VXFK�DV�HQHUJ\�SHU�FRPSOHWHG�WDVN��
IUDFWLRQ�RI�DFWLYLW\�DQG�EODFNRXW�UHFRYHU\�WLPH��2WKHUZLVH��HDFK�SDSHU�ZLQV�RQ�LWV�RZQ�EHQFK�

;,,��,VVXHV�7KDW�:LOO�$SSHDU�LQ�5HDO�'HSOR\PHQW

$��8QUHOLDEOH�,QSXW

7KH�VFKHGXOHU�QHHGV�VRPH�EXIIHU�DQG�DOVR�DQ�DOWHUQDWLYH�FKHDSHU�PRGH��UDWKHU�WKDQ�D�EULWWOH�RQH�WKDW�IDLOV�
ZKHQ�RQH�IRUHFDVW�JRHV�DZU\��+DUYHVWLQJ�XVXDOO\ SURGXFHV�D�EXUVW\�VWUHDP��VR�DOO�IRUHFDVWV�KDYH�YDULDQFH�

%��,QIHUHQFH�+DV�WR�(DUQ�,WV�.HHS

7KH�PRGHO�GUDZV�RQ�WKH�VDPH�EXIIHU�DV�WKH�PRWRUV�DQG�VHQVRUV��+HDY\�TXDQWLVDWLRQ�DQG�SUXQLQJ�DUH�XVXDOO\�
EDVLF�UHTXLUHPHQWV��)XUWKHU��ZKHUH�WKH�KDUYHVW�LV�PRVWO\�SRRU��WKH�PRGHO�VKRXOG�GHJUDGH�JUDFHIXOO\�

&��)LUPZDUH�3RUWDELOLW\

3RUWDELOLW\� FDQ� DGG� PRUH� KHUH� WKDQ� DQ� LQFUHDVH� LQ� IRUHFDVWLQJ� DFFXUDF\�� 6OHHS� URXWLQHV�� SLQ�RXWV� DQG�
FKHFNSRLQWLQJ�SURFHGXUHV�DUH�FRGHG�DJDLQVW�WKH�YHQGRU�UHJLVWHU�PDSV�

'��'HJUDGLQJ�6HQVRUV

7KH�VRIWZDUH�QHHGV�WR�GLVWLQJXLVK�WUXH�HQYLURQPHQWDO�FKDQJHV�IURP�GHJUDGDWLRQ�FDXVHG�E\�WKH�VHQVRU�LWVHOI��
DQG�GLVFDUG�WKH�XQUHOLDEOH�FKDQQHO��$�ELRGHJUDGDEOH�VHQVRU�ZLOO�GLVVROYH�DQG�EHFRPH�OHVV�VHQVLWLYH�

(��6DIH�)DLOXUHV�RI�5RERWV

$Q�LQDFWLYH�PRWH�VLPSO\�WXUQV�VLOHQW��$FWXDWRUV�UHTXLUH�GHIDXOW�VDIH�VWDWHV��DSDUW�IURP�FKHFNSRLQWHG�VWDWHV��
$�URERW�PD\�RWKHUZLVH�EH�OHIW�ZLWK�LWV�JULSSHU�FORVHG�RU�D�PLVDGMXVWHG�URWRU�

)��%HQFKPDUNLQJ�WKH�&RGH

$�QHZ�VWDFN�QHHGV�WR�RXWSHUIRUP�D�JHQHULF�5726�RQ�WKH�VDPH�UHSOD\HG�WUDFH��MXGJHG�RQ�WDVN�FRPSOHWLRQ��
EODFNRXW�UHVLVWDQFH�DQG�DGDSWDWLRQ�UDWH��,Q�VXVWDLQDEOH�URERWLFV��D�VXLWDEOH�EHQFKPDUN�GRHV�QRW�\HW�H[LVW�
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;,,,��*DSV�,�&RXOG�6SRW

)RXU�DSSDUHQW�JDSV�H[LVW��)LUVW��HDFK�FRPSRQHQW�LV�IRXQG�RIWHQ�LQ�WKH�OLWHUDWXUH��EXW�WKH�LQWHJUDWHG�V\VWHP�LV�
VKRZQ� VHOGRP�� QR� VWXG\� LQ� WKLV� VHW� ILHOG�WHVWV� RQH� URERW� FRPELQLQJ� D� GHJUDGDEOH� KDUYHVWHU�� LQWHUUXSW�
ILUPZDUH�� FKHFNSRLQWLQJ�� HQHUJ\�DZDUH� VFKHGXOLQJ� DQG� DQ� HODVWLF� SUHGLFWRU�� 6HFRQG�� UXQWLPHV� EXLOW�
VSHFLILFDOO\�IRU�XQVWDEOH�PLFURZDWW�EXGJHWV�DUH�VWLOO�UDUH��PDQ\�SUHGLFWRUV�VSHQG�WKH�VDPH�IL[HG�HQHUJ\�RQ�
HYHU\�UXQ��HYHQ�ZKHQ�LQWDNH�KDV�IDOOHQ�QHDU�]HUR��VR�D�VDYLQJ�WUDLW�EHFRPHV�D�ORVV��7KLUG��PDLQVWUHDP�5726�
NHUQHOV�VXSSRVH�FRQWLQXRXV�SRZHU�DQG�RIIHU�QRWKLQJ�QDWLYH�IRU�FKHFNSRLQWLQJ�RU�DSSUR[LPDWLQJ�D�WDVN�ZKHQ�
FXUUHQW�YDQLVKHV��)RXUWK��KDUGZDUH�DQG�VRIWZDUH�DUH�DGYDQFLQJ�DSDUW�

;,9��:KHUH�6XFK�5RERWV�0DNH�6HQVH

+DELWDW�PRQLWRULQJ��SUHFLVLRQ� IDUPLQJ�DQG�GLVDVWHU�DUHD� VHDUFK� DOO� VSUHDG�GHYLFHV�ZKHUH� VSHQW�EDWWHULHV�
FDQQRW� UHDOLVWLFDOO\ EH�FROOHFWHG��)DFWRULHV� DQG�RII�JULG�VLWHV� DUH� D� VHFRQG�FDVH��ZKHUH�KDUYHVWLQJ�QRGHV�
GHFUHDVH�ZLULQJ�DQG�UHPRYH�EDWWHU\�FKDQJHV�IURP�PDLQWHQDQFH�

)RU�EXLOGHUV��DQ�DSSOLHG�RUGHU�LV�SURSRVHG�E\�WKH�SDSHUV��UHPRYH�SROOLQJ��VOHHS�GHHSO\��ZDNH�RQ�LQWHUUXSWV�
DQG�ZDWFK�WKH�FDSDFLWRU�YROWDJH�ZLWK�D�VWUDLJKWIRUZDUG�FRPSDUDWRU��DQG�WKHQ�DGG�FKHFNSRLQWLQJ�DQG�FKDUJH�
DZDUH�TXHXHV��$GG�D�7LQ\0/�SUHGLFWRU�ODVW��RQO\�DIWHU�UHDO�WUDFHV�SURYH�LW�VDYHV�PRUH�WKDQ�LW�VSHQGV��)XWXUH�
H[SHULPHQWDO�SDSHUV�VKRXOG�DOVR�SXEOLVK�UDZ�WUDFHV��FDSDFLWRU�YDOXHV��VOHHS�FXUUHQWV��FKHFNSRLQW�FRVWV�DQG�
WKH�H[DFW�EDVHOLQH�NHUQHO�VHWXS��VR�ILQGLQJV�FDQ�EH�YHULILHG�E\�RWKHUV�

;9��'LUHFWLRQV�IRU�)XWXUH�:RUN

7KH�QH[W�VWHS�VKRXOG�EH�H[SHULPHQWDO��LPSOHPHQW�)LJ����RQ�D�7(1*�IHG�ERDUG�DQG�FRPSDUH�LW�GLUHFWO\�ZLWK�
D�)UHH5726�EDVHOLQH�RQ�WDVN�FRPSOHWLRQ��EODFNRXW�UHFRYHU\�DQG�HQHUJ\�SHU�WDVN��/RQJHU�WHUP�QHHGV�LQFOXGH�
ERDUG�LQGHSHQGHQW� LQWHUPLWWHQW� PLGGOHZDUH�� SUHGLFWRUV� WKDW� DGMXVW� GHSWK� WR� FDSDFLWRU� YROWDJH�� MRLQW�
PRQLWRULQJ�RI�KDUYHVWLQJ�DQG�VHQVRU�GHFD\�� IDLO�VDIH�DFWXDWLRQ��DQG�RXWGRRU� WULDOV�RYHU�PRQWKV� WKDW�DOVR�
UHFRUG�KRZ�PDWHULDOV�GHFRPSRVH�LQ�SUDFWLFH�

;9,��6KRUWFRPLQJV�RI�7KLV�5HYLHZ

7KLV�LV�D�QDUUDWLYH�UHYLHZ�IURP�D�VHPLQDU�GRVVLHU��QRW�D�35,60$�V\VWHPDWLF�UHYLHZ�RU�PHWD�DQDO\VLV��VR�
ILJXUHV�VXFK�DV�WKH�DERYH����SHUFHQW�DFFXUDF\�DUH�TXRWHG�DV�WKHLU�DXWKRUV�VWDWHG�WKHP��)RU�VRPH�VHPLQDU�
HQWULHV�,�ZRUNHG�IURP�VWUXFWXUHG�DEVWUDFWV�ZLWKRXW�UH�FKHFNLQJ�UDZ�ODERUDWRU\�ORJV��6HHLQJ�DV�WKH�VWXGLHV�
FRYHU�GLYHUVH�OD\HUV�DQG�FRQGLWLRQV��QR�QHZ�PHDVXUHPHQWV�DQG�QR�FRPELQHG�UDQNLQJ�DUH�DGGHG�

;9,,��&RQFOXVLRQ

*UHHQ�URERWLFV�LV�RIWHQ�WROG�DV�D�PDWHULDOV�VWRU\��UHPRYH�WKH�EDWWHU\��XVH�D�EHWWHU�SRO\PHU��KDUYHVW�VRPH�
YLEUDWLRQ��0\�UHDGLQJ�VD\V�WKDW�LV�RQO\�KDOI�WKH�VWRU\��$�URERW�OLYLQJ�RQ�WLQ\��XQUHOLDEOH�EXUVWV�RI�HQHUJ\�DOVR�
QHHGV�VRIWZDUH�GHVLJQHG�IRU�WKDW�OLIH��VOHHSLQJ�XQWLO�LQWHUUXSWHG��VORZLQJ�GRZQ�ZKHQ�VSHHG�LV�QRW�QHHGHG��
VDYLQJ�VWDWH�EHIRUH�WKH�XQDYRLGDEOH�EODFNRXW��FKRRVLQJ�ZRUN�WKDW�ILWV�WKH�FKDUJH�LQ�KDQG��DQG�IRUHFDVWLQJ�
MXVW�D�OLWWOH�DKHDG�

1RQH�RI�WKHVH�WHFKQRORJLHV�LV�RXW�RI�UHDFK�QRZ��:KDW�LV�PLVVLQJ�LV�D�FRPELQHG�V\VWHP�SURYHQ�RXWGRRUV�
RYHU�D�ORQJ�SHULRG��D�SRUWDEOH�LQWHUPLWWHQW�UXQWLPH�WKDW�FDQ�MXGJH�ZKHWKHU�LWV�RZQ�SUHGLFWLRQ�LV�ZRUWK�WKH�
HQHUJ\��D�SHUFHSWLRQ�OD\HU�WKDW�LV�DZDUH�RI�LWV�RZQ�VHQVRU�GLVVROYLQJ��DQG�VDIH�DFWXDWLRQ�ZKHQ�D�FUDVK�FRPHV��
,�WKLQN�WKDW�LQWHJUDWLRQ��QRW�DQ\�VLQJOH�QHZ�PDWHULDO�RU�PRGHO��LV�WKH�UHDO�KROGXS�QRZ�
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$FNQRZOHGJPHQW

,� WKDQN�3URI��$QNLWD�3RNDOH��'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH��$MHHQN\D�'<�3DWLO�
6FKRRO�RI�(QJLQHHULQJ��3XQH��IRU�JXLGDQFH�GXULQJ�WKLV�WHFKQLFDO�VHPLQDU�DQG�IRU�FRPPHQWV�RQ�DQ�HDUOLHU�
GUDIW�

5HIHUHQFHV

>�@ -��:DQJ� HW� DO��� ³%LR�GHULYHG� SRO\PHULF� VXEVWUDWHV� IRU� HFR�FRPSDWLEOH� WULERHOHFWULF� QDQRJHQHUDWRU�
SRZHU�VFDYHQJLQJ�´�$GY��)XQFW��0DWHU��������

>�@ -��+HVWHU� DQG� -�� 6RUEHU�� ³2XWDJH�UHVLOLHQW� LQWHUPLWWHQW� H[HFXWLRQ�PRGHOV� IRU� EDWWHU\OHVV� HPEHGGHG�
FRPSXWLQJ�´�&RPPXQ��$&0�������

>�@ .LP�HW� DO��� ³3RZHU�FRQVFLRXV�7LQ\0/� UROORXW� RQ� FDSDFLWRU�EDFNHG�EDWWHU\OHVV� QRGHV�´� ,QWHUQHW� RI�
7KLQJV��(OVHYLHU���YRO������$UW��QR���������������

>�@ $��6DERYLü�HW� DO��� ³'\QDPLF� QHXUDO� QHWZRUN� VZLWFKLQJ� XQGHU� KDUYHVWHG� SRZHU� FRQVWUDLQWV�´� ,(((�
,QWHUQHW�7KLQJV�-��������

>�@ '��/L�HW�DO���³$OJRULWKPLF�VWDWHPHQW�RI�FKDUJH�DZDUH�WDVN�GLVSDWFK�IRU�EDWWHU\OHVV�HPEHGGHG�QRGHV�´�
,(((�7UDQV��0RELOH�&RPSXW��������

>�@ =�� /LX� HW� DO��� ³&RQWLQXRXV� SDFNHW� IRUZDUGLQJ� DFURVV� LQWHUPLWWHQWO\� SRZHUHG� EDWWHU\OHVV� VHQVRU�
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