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�6WXGHQW���0HQWRU
�(PDLO��PD\XUSDZDU����#JPDLO�FRP

�(PDLO��SRRQDPSDZDU#G\SLF�LQ
�'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH��

�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��0DKDUDVKWUD��,QGLD

$EVWUDFW

/DUJH�/DQJXDJH�0RGHOV��//0V��IRUP�WKH�EDVLV�RI�PXOWLSOH�JHQHUDWLYH�DSSOLFDWLRQV�WRGD\��EXW�WKHVH�V\VWHPV�
DUH�PRVWO\�VWDWHOHVV�ZKLFK�PHDQV�WKDW�LQIRUPDWLRQ�NHHSV�RXWVLGH�WKH�FRQWH[W�ZLQGRZ�GLVDSSHDUV�ZKHQ�WKH�
VHVVLRQ� LV� FORVHG��6XFK� OLPLWDWLRQV�FRPSOLFDWH�SHUVRQDOL]DWLRQ��PDNH� LW�GLIILFXOW� WR�PDLQWDLQ�FRQVLVWHQF\�
RYHU� ORQJ� LQWHUDFWLRQV�� DQG�SUHYHQW� WKH�$,� V\VWHP� IURP� OHDUQLQJ� IURP� LWV� H[SHULHQFH��/LIHORQJ�PHPRU\�
DUFKLWHFWXUHV�DGGUHVV�WKLV�SUREOHP�E\�SURYLGLQJ�WKH�//0�ZLWK�DQ�H[WHUQDO��SHUPDQHQW�PHPRU\�WKDW�DOVR�
LQFOXGHV�PHDQV�RI�LQIRUPDWLRQ�ZULWLQJ��UHWULHYDO��XSGDWLQJ��FRQVROLGDWLQJ��DQG�IRUJHWWLQJ�ZLWKRXW�WKH QHHG�
WR�UHWUDLQ�WKH�PRGHO�LWVHOI��7KLV�SDSHU�SUHVHQWV�DQ�RYHUYLHZ�RI�WKH�GHYHORSPHQWV�LQ�WKLV�DUHD�VWDUWLQJ�IURP�
HDUO\� H[WHUQDO�PHPRU\� HQKDQFHPHQW� DQG� UHIOHFWLYH� JHQHUDWLYH� DJHQWV�� DQG� FRQWLQXLQJ� ZLWK� PHPRU\�
RSHUDWLQJ�V\VWHP��JUDSK�VKDSHG�PHPRU\��DQG�UHLQIRUFHPHQW�OHDUQLQJ�RI�DJHQW�PHPRU\��:H�VXPPDUL]H�RXU�
UHVXOWV�� VXJJHVWLQJ� DQ� RSHUDWLRQ�FHQWHUHG� FODVVLILFDWLRQ� RI� VXFK� V\VWHPV� DQG� FRPSDUH� VXFK� WZHOYH�
UHSUHVHQWDWLRQV� ZLWK� UHJDUG� WR� VFDODELOLW\�� UHWULHYDO� HIILFLHQF\�� SHUVRQDOL]DWLRQ�� FRPSXWDWLRQDO� FRVW�� DQG
DGDSWDELOLW\��GLVFXVVLQJ�QHFHVVDU\�WHFKQRORJLHV�VXFK�DV�HPEHGGLQJV��DSSUR[LPDWH�QHDUHVW�QHLJKERU�LQGH[��
NQRZOHGJH�JUDSK��DQG�UHWULHYDO�DXJPHQWHG�JHQHUDWLRQ�

.H\ZRUGV���*HQHUDWLYH�$,��/DUJH�/DQJXDJH�0RGHOV��/LIHORQJ�/HDUQLQJ��/RQJ�7HUP�0HPRU\��0HPRU\�
$UFKLWHFWXUH��5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ��//0�$JHQWV

,��,1752'8&7,21

7UDQVIRUPHU EDVHG�//0V�ZHUH�GHVLJQHG�WR�FUHDWH�WH[WV��ZULWLQJ�FRGHV��DQG�JHQHUDWH�VWUXFWXUHG�WKLQNLQJ��
1HYHUWKHOHVV��HYHQ�ZLWK�WKRVH�GHYHORSPHQWV��//0V�DUH�VWLOO�VLPLODU�WR�SHRSOH�ZKR�ZDNH�XS�HYHU\�PRUQLQJ�
ZLWK�QR�PHPRU\�RI�ZKDW� WKH\�GLG�\HVWHUGD\²WKH\�RQO\�NQRZ�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ� WKH�SURPSW��
6SHFLILFDOO\�� WKHUH� LV� QRWKLQJ� LQ� WKH� PHPRULHV� IURP� WKH� SKDVH� RI� SUH�WUDLQLQJ� WKDW� FDQ� EH� XVHG� ZLWKLQ�
FRQYHUVDWLRQV²DIWHU�WKH�FRQWH[W�LV�UHPRYHG��HYHU\WKLQJ�GLVDSSHDUV�IURP�WKH�//0
V�NQRZOHGJH��$OVR��LW�LV�
LPSRUWDQW�WR�QRWH�WKDW�GLIIHUHQW�VHJPHQWV�RI�WKH�SURPSW�DUH�QRW�DOZD\V�XVHG�LQ�WKH�VDPH�ZD\�DQG�ZLWK�WKH�
VDPH�OHYHO�RI�LPSRUWDQFH�
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7KH�UHDOLW\�RI�LWV�LPSOLFDWLRQV�LV�DSSDUHQW��7KH�WXWRU�DVVLVWDQW�LV�QRW�DEOH�WR�UHFDOO�ZKDW�WKH�VWXGHQW�DOUHDG\�
NQRZV��WKH�FRGLQJ�DJHQW�LV�UHSHDWLQJ�HUURUV�PDGH�LQ�WKH�SUHYLRXV�ZHHN��DQG�VR�IRUWK��7KH�WXWRU�DVVLVWDQW�LV�
XQDEOH�WR�UHPHPEHU�ZKDW�WKH�VWXGHQW�DOUHDG\�XQGHUVWDQGV��WKH�FRGLQJ�DJHQW�LV�UH�LWHUDWLQJ�PLVWDNHV�PDGH�
ODVW�ZHHN�DQG�VR�RQ��-XVW�LQFUHDVLQJ�WKH�VL]H�RI�WKH�FRQWH[W�ZLQGRZ�ZRQ¶W�VROYH�WKH�LVVXH�VLQFH�DWWHQWLRQ�
FRVW� JRHV� XS�ZLWK� WKH� LQSXW� VL]H�� OHQJWK�� ORQJ� SURPSWV� DUH� H[SHQVLYH� WR� UHVHQG�� DQG� QRWKLQJ� LV� FDUULHG�
EHWZHHQ�LQGHSHQGHQW�VHVVLRQV�

7KLV�VRUW�RI�WKLQJ�LV�UHIHUUHG�WR�DV�³OLIHORQJ�PHPRU\�DUFKLWHFWXUH�´�ZKHUH�PHPRU\�LV�UHJDUGHG�DV�D�VHSDUDWH�
DQG�PDQDJHG�V\VWHP�WKDW�FDQ�KROG�XVHIXO�SLHFHV�RI� LQIRUPDWLRQ��SUHIHUHQFHV��DQG�H[SHULHQFH� IRU�D� ORQJ�
SHULRG�RI�WLPH��EHLQJ�DEOH�WR�SURYLGH�WKH�PRGHO�ZLWK�WKHP�ZKHQHYHU�LW�LV�QHHGHG��7KH�GHVFULSWLRQ�RI�WKH�
DUHD� KDV� TXLFNO\� JDLQHG� SRSXODULW\�� EHWZHHQ� ����� DQG� ����� WKH�PHPRU\� VWUHDP� SURSRVDO� >��@�� XVH� RI�
RSHUDWLQJ�V\VWHP�VW\OH�SDJLQJ�>��@��JUDSK�EDVHG�FRQVROLGDWLRQ�>�@��>��@��OLQNHG�QRWH�QHWZRUNV�>�@�ZHUH�SXW�
IRUZDUG� E\� UHVHDUFKHUV�� LGHQWLW\�VPDUW�PHPRU\� GHVLJQV� >�@�� DQG�PHPRU\� UXOHV�PHFKDQLVPV� OHDUQHG� E\�
UHLQIRUFHPHQW�OHDUQLQJ�>�@��7KH�VXUYH\V�KDYH�IXUWKHU�RUJDQL]HG�WKHVH�LQLWLDWLYHV�LQWR�VHYHUDO�FDWHJRULHV�RI�
OHDUQLQJ�>�@±>�@��>�@�

7KH�FRQWULEXWLRQV�RI WKLV�SDSHU�DUH�DV�IROORZV�

�� $� FRKHUHQW� SUHVHQWDWLRQ� DERXW�PHPRU\� LQ� //0� V\VWHPV�ZLWK� D� GLVWLQFWLRQ� EHWZHHQ� WKH� W\SHV� RI�
PHPRU\��WKHLU�IXQFWLRQV��DQG�SROLFLHV�IRU�WKHLU�XVDJH��6HFWLRQ�,,��

�� $�V\VWHPDWLF�UHYLHZ�RI�VRPH�H[DPSOHV�DQG�WKHLU�FODVVLILFDWLRQ�EDVHG�RQ�GHVLJQ�SKLORVRSKLHV��DV�ZHOO�
DV�WKH�UHYLHZ�PDWUL[�DQG�FRPSDUDWLYH�DQDO\VLV��6HFWLRQV�,,,�DQG�9,��

�� $�GHVFULSWLRQ�RI�WKH�WHFKQRORJLHV�XVHG��WKHLU�DSSOLFDWLRQV��DQG�DQ�RXWOLQH�RI�XQUHDOL]HG�UHVHDUFK�DUHDV�
ZLWK�GLVFXVVLRQ��6HFWLRQV�,9±;,��

7KH�UHVW RI�WKH�UHSRUW�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ�,,�SUHVHQWV�EDFNJURXQG�LQIRUPDWLRQ�DQG�WHUPLQRORJ\�
ZKLOH�6HFWLRQ�,,,� UHYLHZV�DUFKLWHFWXUH��6HFWLRQ�,9�GLVFXVVHV�VXSSRUWLQJ� WHFKQRORJLHV�ZKHUHDV�6HFWLRQ�9�
KLJKOLJKWV�PHPRU\�PDQDJHPHQW�WHFKQLTXHV�DQG�GHVLJQ�RSWLRQV��6HFWLRQ�9,�FRPSDUHV�V\VWHPV�DQG�JLYHV�DQ�
RYHUYLHZ�RI�HYDOXDWLRQV�ZKLOH�6HFWLRQ�9,,�JLYHV�LOOXVWUDWLYH�H[DPSOHV��DQG�6HFWLRQ�9,,,�SURYLGHV�UHDO�OLIH�
DSSOLFDWLRQV�� 6HFWLRQV� ,;�;,� ORRN� LQWR� SULYDF\�� FKDOOHQJHV�� DQG� IXWXUH� ZRUN�� 6HFWLRQ� ;,,� JLYHV� WKH�
FRQFOXVLRQ�

,,��%$&.*5281'�$1'�7(50,12/2*<

$��7KH�/LPLWDWLRQV�RI�WKH�&RQWH[W�:LQGRZ

7KH�FRQWH[W�ZLQGRZ�LV�DNLQ�WR�WKH�PHPRU\�RI�WKH�PDFKLQH�OHDUQLQJ�V\VWHP��LW�SURYLGHV�VSHHG\�DFFHVV�EXW�
LV� TXLWH� OLPLWHG� DV� FRQWHQWV� GLVDSSHDU� DW� WKH� HQG� RI� D� VHVVLRQ�� 5HWULHYDO�DXJPHQWHG� JHQHUDWLRQ� �5$*��
LPSURYHV�XSRQ�WKLV�EHFDXVH�LW�HQDEOHV�WKH�PRGHO�WR�UHIHUHQFH�DQ�RXWVLGH�FRUSXV�GXULQJ�LQIHUHQFH�
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)LJ�� �� (YROXWLRQ� RI� DJHQW�PHPRU\� IURP� VWRUDJH� WR� UHIOHFWLRQ� WR� H[SHULHQFH�� IROORZLQJ� WKH� SURJUHVVLRQ�
GHVFULEHG�LQ�>�@�

7UDGLWLRQDO�5$*�SLSHOLQHV��RQ�WKH�RWKHU�KDQG��DFFHVV�D�UHODWLYHO\�IL[HG�VHW�RI�GRFXPHQWV��,Q�FRPSDULVRQ��D�
OLIHORQJ�PHPRU\�LV�ZULWWHQ�WR�ZKLOH�WKH�PHPRU\�V\VWHP�LV�LQ�RSHUDWLRQ��WKXV�PDNLQJ�LW�QHFHVVDU\�IRU�WKH�
GHYLFH� WR�GHWHUPLQH� WKH� FRQWHQWV�ZRUWK� VDYLQJ�� KRZ� WR� LQWHJUDWH� LW�ZLWK�SUH�H[LVWLQJ�GDWD�� DQG�ZKHQ� WR�
UHPRYH�LW�IURP�PHPRU\�

%��$�7D[RQRP\�RI�0HPRU\

0HPRU\�UHVHDUFK�LQ�//0V�GUDZV�PXFK�IURP�FRJQLWLYH�VFLHQFH��0DQ\�VWXGLHV�HPSOR\�WKH�WUDGLWLRQDO�PXOWL�
VWRUH�YLHZ�RI�KXPDQ�PHPRU\��ZKHUHLQ�VKRUW�WHUP�PHPRU\�LV�YLHZHG�DV�D�EULHI�KROGLQJ�SODFH�DQG�ORQJ�WHUP�
PHPRU\�D�ODVWLQJ�V\VWHP��DQG�DSSO\�LW�WR�//0V�>�@��0HPRU\�LQ�//0V�FDQ�EH�FDWHJRUL]HG�LQ�VHYHUDO�ZD\V�

x 5HJDUGLQJ�WKH�GLVWLQFWLRQ�EHWZHHQ�SDUDPHWULF�DQG�QRQ�SDUDPHWULF�PHPRU\�� SDUDPHWULF�PHPRU\�LV�
SUHVHQW� LQ� WKH�ZHLJKWV� RI�PRGHOV� DQG� FDQ� RQO\� FKDQJH� GXULQJ� WUDLQLQJ��ZKHUHDV� QRQ�SDUDPHWULF�
PHPRU\�H[LVWV�RXWVLGH�LQ�H[WHUQDO�PHPRU\�VRXUFHV��WH[WV��YHFWRUV��DQG�JUDSKV��DQG�FDQ�EH�PRGLILHG�
DW�ZLOO�

x ([WUD�GLVWLQFWLRQ�FDQ�EH�PDGH�EHWZHHQ�VKRUW�WHUP�DQG�ORQJ�WHUP�PHPRU\�� VKRUW�WHUP�PHPRU\��DOVR�
NQRZQ�DV�ZRUNLQJ�PHPRU\�� LV�D�GLDORJXH�DOUHDG\�KDSSHQLQJ��ZKLOH� ORQJ�WHUP�PHPRU\�UHIHUV� WR�
RFFXUUHQFHV�WKURXJKRXW�VHVVLRQV�

x (SLVRGLF�PHPRU\��VHPDQWLF�PHPRU\��DQG�SURFHGXUDO�PHPRU\�FDQ�DOVR�EH�GLIIHUHQWLDWHG�� HSLVRGLF�
PHPRU\� PDNHV� D� UHFRUG� RI� FHUWDLQ� RFFXUUHQFHV�� VHPDQWLF� PHPRU\� VWRUHV� NQRZOHGJH� DQG�
SUHIHUHQFHV��ZKLOH�SURFHGXUDO�PHPRU\�KROGV�VNLOOV�RU�SURFHGXUHV�

=KRXELDQ�HW�DO� RUJDQL]H�WKH�ILHOG�DORQJ�UHSUHVHQWDWLRQ��XSGDWH�G\QDPLFV��DQG�SHUVLVWHQFH�>�@��ZKLOH�/XR�HW�
DO� GHVFULEH�D�WUDMHFWRU\�IURP�UDZ�VWRUDJH�WKURXJK�UHIOHFWLRQ�WR�UHXVDEOH�H[SHULHQFH�>�@��)LJ�����

&��&RUH�0HPRU\�2SHUDWLRQV

$OO�W\SHV�RI�PHPRU\�IXOILOO���IXQFWLRQV�GHVSLWH�WKHLU�GHVLJQ�

�� :ULWH�H[WUDFW��LGHQWLI\�WKH�SDUW�RI�D�FRQYHUVDWLRQDO�H[FKDQJH�WR�UHFRUG�LQ�PHPRU\�

�� ,QGH[�RUJDQL]H��HPEHG��ODEHO��RU�OLQN�WKH�HQWULHV�IRU�IXWXUH�UHWULHYDO�

�� 5HWULHYH��FKRRVH�D�IHZ�HQWULHV�WKDW�DUH�UHOHYDQW�IRU�WKH�FXUUHQW�WDVN�

�� 8SGDWH�FRQVROLGDWH��XSGDWH�RU�FRPELQH�LQIRUPDWLRQ�LQ�WKH�HQWULHV�DV�QHZ�LQIRUPDWLRQ�LV�OHDUQHG�

�� )RUJHW��UHGXFH�WKH�LPSRUWDQFH��DUFKLYH��RU�GHOHWH�LQIRUPDWLRQ�LQ�ROG�HQWULHV�
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�� 8WLOL]H��LQFRUSRUDWH�UHWULHYHG�PHPRU\�LQWR�WKH�SURPSW�DQG�FUHDWH�WKH�UHVSRQVH�

7KH� LVVXH� RI� UHWULHYDO� DV� D� PL[WXUH� RI� UHFHQF\�� LPSRUWDQFH�� DQG� VHPDQWLF� VLJQLILFDQFH� LV� UHSHDWHGO\�
PHQWLRQHG�>��@�

V�P��T�� �ĮU UHF�P����ĮL LPS�P����ĮV FRV�HP��HT� ���

)LJ���� 5HIHUHQFH�OLIHORQJ�PHPRU\�DUFKLWHFWXUH�IRU�//0�EDVHG�V\VWHPV��7KH�PHPRU\�PDQDJHU�PHGLDWHV�
EHWZHHQ�WKH�IUR]HQ�PRGHO�DQG�VWRUHV�RSHUDWLQJ�DW�GLIIHUHQW�WLPH�VFDOHV�

,Q� WKH� H[SUHVVLRQ� DERYH� HP DQG� HT DUH� WKH� UHSUHVHQWDWLRQV� SHUWDLQLQJ� WR� WKH� PHPRU\�P DQG� TXHU\� T��
)RUJHWWLQJ��LQ�VRPH�FDVHV��LV�UHSUHVHQWHG�LQ�WKH�IRUP�RI�WKH�(EELQJKDXV�IRUJHWWLQJ�FXUYH�>��@��LQ�ZKLFK�WKH�
UHWHQWLRQ�RI�WKH�PHPRU\�HQWU\�GHFOLQHV�RYHU�WLPH�DQG�LV�PLWLJDWHG�E\�WKH�HIIHFW�RI�D�VWUHQJWKHQLQJ�WHUP�6
ZKLFK�LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�UHWULHYDOV�RI�WKH�PHPRU\�HQWU\�

5�W�� �H[S�íW ��6� ���

'��6FRSH�DQG�6XUYH\�0HWKRG

7KLV�UHVHDUFK�IRFXVHV�RQ�WKH�PHPRU\�DVSHFW�RI�//0�EDVHG�V\VWHPV��ZKLFK�LV�UHODWHG�WR�WKH�PHWKRGV�RI�
VWRULQJ��PDQDJLQJ��DQG�SURYLGLQJ�GDWD�WR�WKH�PRGHO��QRW�WR�GHYHORSPHQW�RU�UHWUDLQLQJ�WKH�IRXQGDWLRQ�PRGHO�
LWVHOI��6WXGLHV�ZHUH�VHOHFWHG�E\�WZR�FULWHULD���L��WKH\�SURSRVHG�RU�LQYHVWLJDWHG�ORQJ�WHUP�PHPRU\�IRU�//0V�
RU�//0�DJHQWV��DQG��LL��WKH\�GHVFULEHG�WKH�SURFHVV�RI�KRZ�LQIRUPDWLRQ�LV�FUHDWHG��SXOOHG��XSGDWHG��DQG�ORVW��
DOVR��DOO�VWXGLHV�VKRXOG�FRPH�IURP�ZHOO�HVWDEOLVKHG�FRQIHUHQFHV�RU�NQRZQ�SUHSULQW�UHSRVLWRULHV�SXEOLVKHG�
LQ�WKH�SHULRG�IURP������WR������ZKHQ�//0�DJHQW�PHPRU\�EHFDPH�DQ�LQGHSHQGHQW�UHVHDUFK�DUHD��(DFK�RI�
WKH� VWXGLHV� KDV� EHHQ� VXPPDUL]HG� DFFRUGLQJ� WR� D� JLYHQ� VHW� RI� SDUDPHWHUV� VXFK� DV�PHWKRGV�� UHVXOWV�� DQG�
OLPLWDWLRQV��7KH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQV�DUH�GLVSOD\HG�LQ�WKH�VXUYH\�WDEOH��7DEOH�,���$V�WKH�DOJRULWKPV�
XQGHU UHYLHZ�DUH�WHVWHG�RQ�YDULRXV�W\SHV�RI�WDVNV�DQG�PRGHOV��ZH�FDQ�SURYLGH�TXDOLWDWLYH�QRW�TXDQWLWDWLYH�
FRQFOXVLRQV�

,,,��/,)(/21*�0(025<�$5&+,7(&785(6

$��$�8QLILHG�5HIHUHQFH�$UFKLWHFWXUH

(YHQ�WKRXJK�WKH�V\VWHPV�SUHVHQWHG�GLIIHU�LQ�WKHLU�VSHFLILFV��PRVW�FDQ�EH�PDSSHG�WR�)LJ�����$Q�//0�DJHQW�
PDSV�WKH�XVHU
V�LQSXW�DQG�FRQQHFWV�WR�D�PHPRU\�PDQDJHU�WKDW�KDV�WKH�ZULWH��UHWULHYH��XSGDWH��DQG�IRUJHW�
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RSHUDWLRQV��%HORZ�WKH�DJHQW��WKHUH�PD\�EH�RQH�RU�PRUH�VWRUHV�ZLWK�YDU\LQJ�WLPH�VFDOHV��7KH�PRGHO�GRHV�QRW�
JHW�UHWUDLQHG��RQO\�WKH�VWRUHV�DQG�WKHLU�PDQDJHPHQW�SKLORVRSK\�DUH�PRGLILHG�

%��([WHUQDO�0HPRU\�$XJPHQWDWLRQ

/RQJ0HP�UHWDLQV�WKH�EDFNERQH�//0�LQ�LWV�SODFH�DQG�VWRUHV�SULRU�NH\�YDOXH�UHSUHVHQWDWLRQV�LQ�D�SHUPDQHQW�
PHPRU\�OLEUDU\��D�VLPSOH�H[WHUQDO�QHWZRUN�OHDUQV�WR�XVH�FDFKHG�VWDWHV�VR�WKDW�WKH�V\VWHP�WDNHV�DGYDQWDJH�
RI�LWV�PHPRU\�IDU�EH\RQG�LWV�LQSXW�FRQVWUDLQWV��:KLOH�LW�LPSURYHV�UHDFK��LW�RIIHUV�OLWWOH�FRQWURO�RYHU�ZKDW�WR�
DGG�DQG�ZKDW�WR�UHPRYH�IURP�PHPRU\�

&��5HIOHFWLYH�0HPRU\�6WUHDPV

7KH\�VDYH�HYHU\�REVHUYDWLRQ�PDGH�E\�*HQHUDWLYH�$JHQWV�DV�D�QDWXUDO�ODQJXDJH�HQWU\�LQ�D�PHPRU\�VWUHDP��
UHFDOO�PHPRU\�HQWULHV�XVLQJ�D�VFRULQJ�V\VWHP�VLPLODU�WR�HT�������DQG�SHULRGLFDOO\�V\QWKHVL]H�WKRXJKWV�WKDW�
WKH\�VDYH�EDFN�LQ�WKH�PHPRU\�VWUHDP��7KH�PDLQ�PHULW�RI�WKH�IDPLO\�LV�WKDW�LW�LV�LQWHUSUHWDEOH��ZKLOH�WKH�PDLQ�
GUDZEDFN�LV�WKDW�VHDUFKLQJ�DQ�HYHU�JURZLQJ�PHPRU\�VWUHDP�FDQ�EH�FRVWO\�

'��0HPRU\�ZLWK�8SGDWLQJ�DQG�)RUJHWWLQJ

0HPRU\%DQN�NHHSV�WUDFN�RI�GLDORJXH�VXPPDULHV�DQG�WKH�RQJRLQJ�PRGLILFDWLRQV�RI�D�XVHU¶V�SURILOH�DQG�D�
FHUWDLQ�IRUJHWWLQJ�PHFKDQLVP�EDVHG�RQ�(EELQJKDXV¶V�FXUYH�UHGXFH�WKH�DPRXQW�RI�WKH�OHVV�XVHG�HQWULHV�LQ�WKH�
GDWDEDVH�DQG�VWUHQJWKHQ�WKH�PRUH�IUHTXHQWO\�UHFDOOHG�HQWULHV�>��@��0RUHRYHU��WKLV�ZDV�WKH�ILUVW�GHPRQVWUDWLRQ�
RI�IRUJHWWLQJ�IXQFWLRQLQJ�DV�D�SULQFLSOH�LQ� LWVHOI� UDWKHU� WKDQ�MXVW�EHLQJ�D�OLPLWDWLRQ�RI�WKH�FDSDFLW\�RI�WKH�
VWRUDJH�GHYLFH��1HYHUWKHOHVV��LWV�VLJQLILFDQFH�DQG�WKH�UXOHV�RI�GHFD\�DUH�GHVLJQHG�PDQXDOO\�

(��2SHUDWLQJ�6\VWHP�6W\OH�+LHUDUFKLHV

0HP*37�PDNHV�FRPSDULVRQV�WR�KRZ�YLUWXDO�PHPRU\�IXQFWLRQV�LQ�DQ�RSHUDWLQJ�V\VWHP��7KH�ZD\�WKDW�//0�
RSHUDWHV�LV�WKURXJK�XVH�RI�YDULRXV�IXQFWLRQV�ZKLFK�HQDEOH�WUDQVIHU�RI�LQIRUPDWLRQ�EHWZHHQ�WZR�V\VWHPV��
ZKHUH�ERXQGHG�³PDLQ�FRQWH[W´�LV�FRPSDUHG�WR�5$0��ZKLOH�WKH�XQERXQGHG�H[WHUQDO�PHPRU\�LV�OLNH�D�GLVN�
>��@��0HPRU\26�VLPSOLILHV�WKH�DERYH�LQWR�WKUHH�FODVVHV�FODVVLILHG�DFFRUGLQJ�WR�KRZ�IDVW�WKH\�DUH��L�H��VKRUW�
WHUP�PHPRU\��PLG�WHUP�PHPRU\��DQG�ORQJ�WHUP�PHPRU\��DQG�LW�RIIHUV�³FRQWHQW�SURPRWLRQ´�IURP�RQH�WLHU�
WR�DQRWKHU�EDVHG�RQ�³KHDW�OLNH´�PHWULFV�RI�PHPRU\�WKDW�LV�EHLQJ�XVHG >�@��+LHUDUFKLFDO�VFDOHV�SURYH�WR�EH�
TXLWH�VXFFHVVIXO�DOWKRXJK�WKH�LQWURGXFWLRQ�RI�DGGLWLRQDO�VFDOHV�UHTXLUHV�DGGLWLRQDO�XQGHUVWDQGLQJ�RI�PDQ\�
FRPSOH[LWLHV�

)��*UDSK�6WUXFWXUHG�DQG�1HXUR�,QVSLUHG�0HPRU\

+LSSR5$*�LV�PRWLYDWHG�E\�WKH�KLSSRFDPSDO�LQGH[LQJ�WKHRU\��LW�EXLOGV�D�NQRZOHGJH�JUDSK�IURP�WH[W�DQG�
UXQV�3HUVRQDOL]HG�3DJH5DQN�IURP�TXHU\�HQWLWLHV�WR�VXUIDFH�FRQQHFWHG�HYLGHQFH�LQ�D�VLQJOH�UHWULHYDO�VWHS��
ZKLFK�KHOSV�PXOWL�KRS�TXHVWLRQV�>��@��=HS�PDLQWDLQV�D�WHPSRUDOO\�DZDUH�NQRZOHGJH�JUDSK�LQ�ZKLFK�IDFWV�
FDUU\� YDOLGLW\� LQWHUYDOV�� PDNLQJ� LW� EHWWHU� VXLWHG� WR� HYROYLQJ� LQIRUPDWLRQ� >�@�� *UDSK� PHPRULHV� FDSWXUH�
UHODWLRQV�WKDW�IODW�YHFWRU�VWRUHV�PLVV��DW�WKH�SULFH�RI�JUDSK�FRQVWUXFWLRQ�DQG�PDLQWHQDQFH�FRVW�

*��$JHQWLF�DQG�6HOI�2UJDQL]LQJ�0HPRU\

7KH�$�0(0�PDNHV� LW�SRVVLEOH�IRU�DQ�DJHQW� WR�PDQDJH� LWV�RZQ�PHPRULHV�DFFRUGLQJ� WR� WKH�=HWWHONDVWHQ�
DSSURDFK��ZKHUHE\�HYHU\�PHPRU\�WDNHV�IRUP�RI�D�QRWH�DVVRFLDWHG�ZLWK�HLWKHU�WDJV�RU�NH\ZRUGV�DQG�OLQNV�WR�
RWKHU�PHPRU\�QRWHV��DQG�FDQ�HYHQ�VHUYH�DV�D�VWLPXOXV�IRU�PRGLI\LQJ�RWKHU�PHPRU\�QRWHV�>�@��7KH�0HP��
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V\VWHP� LV� UHJDUGHG� DV� PRUH� GHYHORSPHQW�RULHQWHG� VLQFH� LW� H[WUDFWV� UHOHYDQW� GDWD� IURP� GLDORJXHV� DQG�
FRPSDUHV� LW� DJDLQVW� WKH� HQWULHV� DOUHDG\� VDYHG�� %HVLGHV� WKDW�� LW� KDV� D� JUDSK� FRPSRQHQW� IRU� UHODWLRQDO�
LQIRUPDWLRQ�>�@��$JH0HP�JRHV�HYHQ�IXUWKHU�LQ�WHUPV�RI�PHPRU\�KDQGOLQJ��LW�XWLOL]HV�PHPRU\�DFWLRQV�LQ�WKH�
VWUXFWXUH�RI�WKH�DJHQW
V�SROLFLHV�DQG�HQDEOHV�LW�WR�FRQGXFW�ERWK�VKRUW� DQG�ORQJ�WHUP�PHPRU\�DWWHPSWV�EDVHG�
RQ�UHLQIRUFHPHQW�OHDUQLQJ�>�@�

+��([SHULHQFH� %DVHG�0HPRU\

%H\RQG� IDFWV�� DQ�DJHQW�PD\� UHWDLQ�KRZ� LW� VROYHG�D� WDVN��5HFHQW� VXUYH\V� LGHQWLI\� WKH�DEVWUDFWLRQ�RI� UDZ�
WUDMHFWRULHV�LQWR�UHXVDEOH��WUDQVIHUDEOH�H[SHULHQFH�DV�D�FHQWUDO�RSHQ�SUREOHP�>�@��>�@�

,��/,7(5$785(�6859(<�0$75,;

7DEOH�,�VXPPDUL]HV�WKH�FRUH�ZRUNV�H[DPLQHG�LQ�WKLV�VWXG\��OLVWHG�IURP�PRVW�UHFHQW�WR�ROGHVW�

7DEOH�,� /LWHUDWXUH�6XUYH\�0DWUL[�RI�5HSUHVHQWDWLYH�:RUNV

1R� :RUN���<HDU 0HWKRGRORJ\ .H\�ILQGLQJV /LPLWDWLRQV

�
=KRXELDQ�HW�DO���
�����>�@

$UFKLWHFWXUH�EDVHG�
WD[RQRP\��EDVHG�RQ�
UHSUHVHQWDWLRQ��XSGDWH�
DQG�SHUVLVWHQFH��

8QLILHV�ZULWLQJ��
UHWULHYDO��URXWLQJ�DQG�
FRQVROLGDWLRQ�LQ�RQH�
YLHZ

6XUYH\�RQO\��QR�
FRPPRQ�HYDOXDWLRQ�
SURWRFRO

�
=KHQJ�HW�DO���
�����>�@

/LIHORQJ�OHDUQLQJ�
URDGPDS�IRU�//0�
DJHQWV

3RVLWLRQV�PHPRU\�DV�
HVVHQWLDO�IRU�FRQWLQXDO�
DGDSWDWLRQ

5RDGPDS�UDWKHU�WKDQ�D�
GHSOR\DEOH�
DUFKLWHFWXUH

�
/XR�HW�DO��������
>�@

7KUHH�VWDJH�YLHZ��
6WRUDJH��5HIOHFWLRQ��
([SHULHQFH

)ROORZV�PHPRU\�IURP�
VWRUHG�WUDMHFWRULHV�WR�
GLVWLOOHG��UHXVDEOH�
H[SHULHQFH

$XWRPDWLF�DEVWUDFWLRQ�
DQG�WUDQVIHU�EHWZHHQ�
WDVNV�DUH�XQVROYHG

�
<X�HW�DO��������
>�@

$JH0HP��PHPRU\�
DFWLRQV�SODFHG�LQVLGH�
WKH�DJHQW¶V�RZQ�SROLF\

$JHQW�GHFLGHV�ZKHQ�WR�
VWRUH��IHWFK��UHYLVH��
FRQGHQVH��RU�GURS�LWHPV

5HLQIRUFHPHQW�
OHDUQLQJ�WUDLQLQJ�UDLVHV�
HIIRUW�DQG�FRVW

�
:X�HW�DO��������
>�@

+XPDQ�PHPRU\�
LQVSLUHG�WD[RQRP\

0DSV�KXPDQ�PHPRU\�
FDWHJRULHV�WR�//0�
PHFKDQLVPV

7D[RQRP\��QRW�DQ�
LPSOHPHQWDEOH�V\VWHP
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1R� :RUN���<HDU 0HWKRGRORJ\ .H\�ILQGLQJV /LPLWDWLRQV

�
;X�HW�DO��������
>�@

$�0(0��OLQNHG��VHOI�
HYROYLQJ�QRWHV

'\QDPLF�RUJDQL]DWLRQ�
RI�PHPRULHV�DV�QHZ�
GDWD�DUULYHV

([WUD�FRPSXWDWLRQ�IRU�
OLQNLQJ DQG�UHYLVLRQ

�
&KKLNDUD�HW�DO���
�����>�@

0HP���H[WUDFWLRQ��
FRQVROLGDWLRQ��UHWULHYDO

3HUVLVWHQW�PHPRU\�IRU�
ORQJ�UXQQLQJ�DJHQW�
GLDORJXHV

3ULYDF\��FRQIOLFW�
KDQGOLQJ��HYDOXDWLRQ�
VWLOO�RSHQ

�
.DQJ�HW�DO��������
>�@

0HPRU\26��WKUHH�WLHUV�
ZLWK�GHGLFDWHG�PRGXOHV

6KRUW���PLG���ORQJ�WHUP�
WLHUV�ZLWK�VWRUDJH��
XSGDWH��UHWULHYDO��
JHQHUDWLRQ

$GGHG�V\VWHP�
FRPSOH[LW\

�
*XWLpUUH]�HW�DO���
�����>��@

+LSSR5$*��NQRZOHGJH�
JUDSK���3HUVRQDOL]HG�
3DJH5DQN

%HWWHU�ORQJ�WHUP�
NQRZOHGJH�LQWHJUDWLRQ�
DQG�PXOWL�KRS�UHWULHYDO

)RFXVHV�RQ�UHWULHYDO��
QRW�IXOO�PHPRU\�
OLIHF\FOH

��
=KRQJ�HW�DO���
�����>��@

0HPRU\%DQN�ZLWK�
XSGDWLQJ�DQG�IRUJHWWLQJ

6XSSRUWV�ORQJ�WHUP�
LQWHUDFWLRQ�ZLWK�
VHOHFWLYH�IRUJHWWLQJ

,PSRUWDQFH�DQG�GHFD\�
UXOHV�DUH�SUHGHILQHG

��
3DUN�HW�DO�������
>��@

*HQHUDWLYH�$JHQWV��
PHPRU\�VWUHDP���
UHIOHFWLRQ

6WRUHG�H[SHULHQFH�DQG�
UHIOHFWLRQ�LPSURYH�ORQJ�
KRUL]RQ�EHKDYLRU

6LPXODWHG�VHWWLQJV��
VFDOLQJ�WKH�VWUHDP�LV�
KDUG

��
:DQJ�HW�DO���
�����>��@

/RQJ0HP��IUR]HQ�
//0��VLGH�QHWZRUN��
FDFKHG�PHPRU\�EDQN

8VHV�KLVWRU\�EH\RQG�WKH�
LQSXW�ZLQGRZ

/DUJH�VFDOH�
PDQDJHPHQW�DQG�
HIILFLHQW�UHWULHYDO

,9��(1$%/,1*�7(&+12/2*,(6

(PEHGGLQJV�DQG�VHPDQWLF�VHDUFK��7H[W�HQWULHV�DUH�PDSSHG�WR�GHQVH�YHFWRUV�VR�WKDW�UHOHYDQFH�EHFRPHV�D�
VLPLODULW\�FRPSXWDWLRQ��DV�LQ�(T�������7KH�TXDOLW\�RI�WKH�HPEHGGLQJ�PRGHO�GLUHFWO\�ERXQGV�UHWULHYDO�TXDOLW\�

9HFWRU�LQGH[HV� 7KH�VSHHG�RI�H[DFW�QHDUHVW�QHLJKERU�VHDUFK�GHFUHDVHV�ZLWK�DQ�LQFUHDVH�LQ�PHPRU\�VL]H��
$SSUR[LPDWH�PHWKRGV VXFK�DV�JUDSK�EDVHG�LQGH[LQJ�DQG�*38�DFFHOHUDWHG�VHDUFK�OLEUDULHV VDFULILFH�D�OLWWOH�
DFFXUDF\�IRU�D�VXEOLQHDU�VHDUFK�WLPH��DQG�WKHVH�PHWKRGV�DUH�ZKDW�YHFWRU�GDWDEDVH�PHPRU\�XVXDOO\�UHOLHV�
RQ�
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5$* SURYLGHV�UHWULHYDO�GULYHQ�JHQHUDWLRQ��5$*�LV�WKRXJKW�RI�DV�WKH�PHDQV�IRU�PHPRU\�UHWULHYDO�ZKHQ�WKH�
LQIRUPDWLRQ�IURP�WKH�PHPRU\�LV�SOXJJHG�LQWR�WKH�SURPSW��/LIHORQJ�PHPRU\�FDQ�EH�UHJDUGHG�DV�DQ�H[DPSOH�
RI�5$*�ZKHUH�WKH�PHPRU\�PHFKDQLVP�LV�EHLQJ�XSGDWHG�E\�WKH�DJHQW�LQ�WKH�FRXUVH�RI�LWV�RSHUDWLRQ�

9��0(025<�0$1$*(0(17�32/,&,(6�$1'�'(6,*1�75$'(2))6

7KH�ZD\�WKH�PHPRU\�ZRUNV�RYHU�D�OLIHWLPH�LV�JRYHUQHG�PRUH�E\�WKH�UHJXODWLQJ�UXOHV�WKDQ�E\�WKH�ORFDWLRQ�
RI�GDWD��7KH�SUHVHQW�VHFWLRQ�GLVFXVVHV�WKH�IRXU�GHFLVLRQV�WKDW�GHILQH�WKH�DUFKLWHFWXUHV�UHIHUUHG�WR�DERYH�

$��:KLFK�0DWHULDO�WR�6WRUH

6WRULQJ�HYHU\�SLHFH�RI�LQIRUPDWLRQ�LV�DQ�HDV\�WDVN�EXW� LV�FKDUDFWHUL]HG�E\�LQHIILFLHQF\�DQG�QRLVH��$FWXDO�
V\VWHPV� ILOWHU� DW� WKH� SRLQW� RI� ZULWLQJ� GDWD�� 7KHUH� DUH� WKRVH� WKDW� NHHS� REVHUYDWLRQV� LQWDFW� DQG� DSSO\�
VXPPDUL]LQJ�PHWKRGV�DIWHUZDUGV�ZKLOH�RWKHUV�PD\�UHIHU�WR�DQG�H[WUDFW�IURP�ZKLFK�GDWD�LV�UHSUHVHQWHG�LQ�
WKH�IRUP�RI�³SUHIHUV�YHJHWDULDQ�IRRG´��6RPH�PD\�FDUU\�RXW�D�VWUXFWXUHG�QRWH�ZLWK�NH\ZRUGV�DQG�WDJV��:KLOH�
H[WUDFWLRQ�UHGXFHV�QRLVH�ZKHQ�VWRULQJ�DQG�UHWULHYLQJ�LQIRUPDWLRQ�LW�FDQ�DOVR�FRPSOLFDWH�WKH�XQGHUVWDQGLQJ�
RI�WKH�SRLQW�ZKLFK�ZDV�LPSRUWDQW�

%��+RZ�WR�5HWULHYH

7KHUH�DUH�VHYHUDO�DOWHUQDWLYHV�WR�WKH�ILQDO�YDOXH�RI�(T�������ZKLFK�FDQ�EH�GHILQHG�DV�UHWULHYDO�EDVHG�RQ�JUDSK�
HGJHV�>��@��UHWULHYDO�IURP�D�WLPH�EDVHG�LQGH[�>�@�DQG�UHWULHYDO�EDVHG�RQ�WRRO�LQYRFDWLRQ�E\�WKH�PRGHO�>��@��
2QH�RI�WKH�FUXFLDO�HQJLQHHULQJ�DVSHFWV�LV�WKH�QXPEHU�RI�UHWULHYHG�HQWULHV�N��LI�N LV�WRR�VPDOO�WKHQ�HYLGHQFH�
ZLOO�QRW�EH�JDLQHG��ZKLOH�LI�LW�LV�WRR�KLJK�WKH�PRGHO�ZLOO�JHW�WRR�PDQ\�WRNHQV�DQG�PD\�EH�FRQIXVHG�

&��+RZ�WR�8SGDWH�DQG�&RQVROLGDWH

,Q�WKH�FDVH�WKDW�VRPH�QHZ�GDWD�RYHUODSV�ZLWK�D�SUHYLRXVO\�UHJLVWHUHG�RQH��WKH�HQWULHV�FDQ�EH�DGGHG��XSGDWHG��
GHOHWHG��RU�QHJOHFWHG��7KLV�LV�IRUPDOL]HG�LQ�0HP��DV�D�FKRLFH�RI�DGG��XSGDWH��GHOHWH��DQG�QR�RS�>�@�ZKLOH�
$�0(0�DOORZV�UHSODFLQJ�WKH�PHWDGDWD�RI�WKH�FRQQHFWHG�QRGHV�ZLWK�QHZO\�DGGHG�QRWHV�>�@��+RZHYHU��WKH�
KLHUDUFKLFDO�VWUXFWXUHV�FDQ�DOVR�DJJUHJDWH�EULHI�PHPRULHV�LQWR�OHQJWK\�PHPRU\�VHFWLRQV�>�@�

'��:KHQ�DQG�:KDW�WR�)RUJHW

7KH�SURFHVV�RI�UHPHPEHULQJ�FDQ�OHDG�WR�PDNLQJ�WKH�PHPRU\�H[WHQVLYH��TXLFN��DQG�UHQHZHG��$FFRUGLQJ�WR�
OLWHUDWXUH�� WLPH�GHSHQGHQW� HURVLRQ� ZLWK� UHLQIRUFHPHQW� XSRQ� UHXVH� �(T�� ����� >��@�� XVDJH�GHSHQGHQW�
DGYDQFHPHQW� DQG� UHPRYDO� DFURVV� OD\HUV� >�@�� DQG� HOLPLQDWLRQ RI� IDFWV� E\� RYHUUXOLQJ� LQIRUPDWLRQ� ZLWK�
VSHFLILHG�SHULRGV�RI�YDOLGLW\�>�@�DUH�WKUHH�PHFKDQLVPV��)LJ����VKRZV�WKDW�WKH�UHWHQWLRQ�IRUFH�FRQVWDQW�6 IURP�
(T������LQIOXHQFHV�WKH�OLIHVSDQ�RI�UHFRUGV�� DQ�LQIUHTXHQWO\�XVHG�HQWU\��VPDOO�6��GLHV�RXW�IDVW��PHDVXUHPHQWV��
EXW�UDWKHU�FRQFHSWXDO��EDVHG�RQ�WKH�HTXDWLRQ�
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)LJ���� &RQFHSWXDO�UHWHQWLRQ�FXUYHV�IRU�WKUHH�GLIIHUHQW�VWUHQJWK�YDOXHV�DV�SHU�(T�������$V�WKH�HQWULHV�DUH�
UHXVHG��6 JHWV�ODUJHU��PDNLQJ�WKH�FXUYH�IODWWHU�

(��$�&RPPRQ�0HPRU\�8SGDWH�3URFHGXUH

,Q�$OJRULWKP����WKH�ORRS�ZDV�GHVFULEHG�WKDW�LV�FRPPRQO\�XVHG�E\�PDQ\�V\VWHPV��,Q�SDUWLFXODU��WKH�VSHFLILF�
GHFLVLRQV��H[WUDFWLRQ��PDWFKLQJ��IRUJHWWLQJ�DUH�PDGH�E\�HLWKHU�KHXULVWLFV�RU�WKH�//0�

$OJRULWKP�� *HQHULF�/LIHORQJ�0HPRU\�8SGDWH�/RRS

5HTXLUH� ,QWHUDFWLRQ�WXUQ [��PHPRU\�VWRUH�0��WKUHVKROG�Ĳ
�� &ĸ�(;75$&7�[� ᶮ FDQGLGDWH�IDFWV
�� IRU�HDFK F א & GR
�� 1ĸ�723.�0��F� ᶮ VLPLODU�HQWULHV
�� LI &21)/,&76�F��1��WKHQ
�� 83'$7(�0��F� ᶮ UHYLVH�RU�LQYDOLGDWH
�� HOVH�LI PD[P1א FRV�HF��HP��!�Ĳ WKHQ
�� 0(5*(�0��F��1�
�� HOVH
�� ,16(57�0��F�
��� HQG�LI
��� HQG�IRU
��� '(&$<�0���$5&+,9(�HQWULHV�ZLWK�5�W��EHORZ�OLPLW
��� UHWXUQ 0

)��6HOHFWLRQ�RI�6WRUDJH�5HSUHVHQWDWLRQ

7KH� VWRUDJH� UHSUHVHQWDWLRQ� DIIHFWV� DOO� RWKHU� GHFLVLRQV�� DV� VKRZQ� LQ� WKH� FRPSDULVRQ� RI� WKH� WKUHH� PDLQ�
UHSUHVHQWDWLRQV�LQ�7DEOH�,,�
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7DEOH�,,� &RPPRQ�0HPRU\�5HSUHVHQWDWLRQV

7\SH 6WUHQJWKV :HDNQHVVHV

)ODW�WH[W���YHFWRU�
VWRUH

6LPSOH��IDVW�WR�EXLOG��VFDODEOH�ZLWK�
DSSUR[LPDWH�VHDUFK�LQGH[HV

:HDN�RQ�UHODWLRQV��WLPH��DQG�PXOWL�
KRS�TXHVWLRQV

.QRZOHGJH�JUDSK
([SOLFLW�UHODWLRQV��VXSSRUWV�PXOWL�KRS�
DQG�WHPSRUDO�UHDVRQLQJ�>�@��>��@

&RVWO\�FRQVWUXFWLRQ�DQG�PDLQWHQDQFH��
VFKHPD�LVVXHV

+LHUDUFKLFDO�WLHUV
%RXQGV�VHDUFK�VSDFH��QDWXUDO�
SURPRWLRQ�DQG�HYLFWLRQ�>�@��>��@

0RUH�FRPSRQHQWV�WR�WXQH��SURPRWLRQ�
UXOHV�DUH�KHXULVWLF

9,��&203$5$7,9(�$1$/<6,6

7DEOH� ,,,� JLYHV� D� TXDOLWDWLYH� FRPSDULVRQ� RI� UHSUHVHQWDWLYH� V\VWHPV� DJDLQVW� WKH� FULWHULD� VHW� RXW� LQ� RXU�
REMHFWLYHV� 7KH�UDWLQJV�DUH�WKH�DXWKRUV¶�RZQ�UHDGLQJ�RI�HDFK�GHVLJQ�DV�GHVFULEHG�LQ�WKH�FLWHG�SDSHUV��WKH\�
DUH�QRW�PHDVXUHG�EHQFKPDUN�UHVXOWV��VLQFH�WKH�V\VWHPV�DUH�HYDOXDWHG�RQ�GLIIHUHQW�GDWDVHWV�DQG�SURWRFROV�

7KHUH� DUH� WKUHH� WKLQJV� WR� EH� QRWHG��7R� EHJLQ� ZLWK�� LI� H[SOLFLW� OD\HUV� RU� LQWHJUDWLRQ� H[LVWV� �H�J��0HP���
0HPRU\26��DQG�=HS���WKHUH�LV�OLNHO\�WR�EH�EHWWHU�VFDOLQJ WKDQ�LQ�WKH�FDVH�RI�SODLQ�VWUHDPV��6HFRQG�SRLQW�LV�
WKDW�WKH�ZD\�WKH�JUDSK�LV�DUUDQJHG�PDNHV�LW�HDVLHU�WR�ILQG�UHOHYDQW�LQIRUPDWLRQ��\HW�FUHDWLRQ�RI�WKH�JUDSK�
EULQJV� DGGLWLRQDO� FRVWV�� 7KH� ODVW� REVHUYDWLRQ� LV� WKDW� WKH� V\VWHPV� GLVSOD\LQJ� PD[LPXP� IOH[LELOLW\� �WKH�
DGDSWLYH� V\VWHPV� $�0(0� DQG� $JH0HP�� DUH� DOVR� WKH� PRVW� H[SHQVLYH� IURP� WKH� SRLQW� RI� YLHZ� RI�
LPSOHPHQWDWLRQ�WKXV�SURYLQJ�WKH�UHODWLRQVKLS�RI�IOH[LELOLW\�DQG�VLPSOLFLW\�

7DEOH�,,,� 4XDOLWDWLYH�&RPSDULVRQ�RI�0HPRU\�$UFKLWHFWXUHV��+LJK���0HGLXP���/RZ�

6\VWHP 6FDO� 5HWU��HII� 3HUVRQDO� &RVW $GDSW�

/RQJ0HP�>��@ 0 0 / 0 /

*HQHUDWLYH�$JHQWV�>��@ / / 0 + 0

0HP*37�>��@ 0 0 + 0 0

0HPRU\%DQN�>��@ 0 0 + / 0

+LSSR5$*�>��@ 0 + / 0 0

$�0(0�>�@ 0 0 + + +

0HP��>�@ + + + 0 0

0HPRU\26�>�@ + 0 + 0 +

=HS�>�@ + + + 0 +

$JH0HP�>�@ + 0 + + +
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&RVW��+LJK� �PRUH�FRPSXWDWLRQ�VWRUDJH�RYHUKHDG��OHVV�IDYRXUDEOH��

)LJ���� 7KH�WRWDO�QXPEHU�RI�PHPRU\�V\VWHPV�WKDW�DUH�UHSUHVHQWHG�LQ�7DEOH�,,,��E\�WKH�\HDU�RI�WKH�RULJLQDO�
SXEOLFDWLRQ��������/RQJ0HP��*HQHUDWLYH�$JHQWV��0HP*37��������0HPRU\%DQN��+LSSR5$*��������$�
0(0��0HP���0HPRU\26��=HS��������$JH0HP��

$��(YDOXDWLRQ�%HQFKPDUNV

7KH� PHDVXUHPHQW� RI� PHPRU\� LV� D� FKDOOHQJH�� /R&R0R� WHVWV� TXHVWLRQ� DQVZHULQJ� DQG� VXPPDUL]DWLRQ�
FDSDELOLWLHV�LQ�YHU\�ORQJ�PXOWL�WXUQ�GLDORJXHV�>��@��PDNLQJ�LW�DQ�DSSURSULDWH�WHVWEHG�IRU�PHPRU\�HYDOXDWLRQ��
'HVSLWH�WKH�XVHIXOQHVV�RI�WKHVH�EHQFKPDUNV�� WKHUH�DUH�VWLOO�IHZ�RI�WKHP�DQG�WKH\�PDLQO\�FRQFHQWUDWH�RQ�
GLDORJXHV�UDWKHU�WKDQ�WKH�DVVHVVPHQW�RI�PHPRU\�LQ�DJHQF\�DQG�PXOWL�PRGDO�HQYLURQPHQWV�

%��3URSRVHG�(YDOXDWLRQ�'LPHQVLRQV

&RQVLGHULQJ�WKDW�DFFXUDF\�DORQH�FRQFHDOV�FUXFLDO�WUDGH�RIIV��LW�LV�HVVHQWLDO IRU�PHPRU\�HYDOXDWLRQ�SURFHVVHV�
WR�SURYLGH�PXOWLSOH�PHDVXUHV�DW�WKH�VDPH�WLPH��DV�VKRZQ�LQ�7DEOH�,9�

*LYLQJ� LQIRUPDWLRQ� DERXW� FRVWV� DQG� ODWHQFLHV� LQ� DGGLWLRQ� WR� DFFXUDF\� LV� HVVHQWLDO�� DV� VRPH� RI� WKH�PRVW�
HIILFLHQW�DSSURDFKHV�KDYH�ERWK�KLJK�DFFXUDF\�DQG�ODWHQF\�

7DEOH�,9� 6XJJHVWHG�(YDOXDWLRQ�'LPHQVLRQV�IRU�/LIHORQJ�0HPRU\

'LPHQVLRQ :KDW�LW�PHDVXUHV

5HFDOO�TXDOLW\ :KHWKHU�WKH�QHHGHG�HQWU\�DSSHDUV�DPRQJ�WKH�WRS�N UHWULHYHG�LWHPV

$QVZHU�DFFXUDF\ &RUUHFWQHVV�RI�WKH�ILQDO�UHVSRQVH�WKDW�XVHV�UHWULHYHG�PHPRU\

7HPSRUDO�KDQGOLQJ &RUUHFW�XVH�RI�WKH�ODWHVW�IDFW�ZKHQ�LQIRUPDWLRQ�FKDQJHG�RYHU�WLPH

$EVWHQWLRQ $ELOLW\�WR�VD\�³XQNQRZQ´�ZKHQ�QRWKLQJ�UHOHYDQW�ZDV�VWRUHG

/DWHQF\�DQG�WRNHQ�FRVW
$GGHG�GHOD\�DQG�SURPSW�OHQJWK�SHU�WXUQ��LQFOXGLQJ�ZULWH�WLPH�//0�
FDOOV

6WRUDJH�JURZWK 0HPRU\�VL]H�DV�D�IXQFWLRQ�RI�LQWHUDFWLRQ�KLVWRU\

)RUJHWWLQJ�TXDOLW\ 5HPRYDO�RI�VWDOH�RU�UHGXQGDQW�LWHPV�ZLWKRXW�ORVLQJ�YDOXDEOH�RQHV

3ULYDF\�OHDNDJH 5DWH�DW�ZKLFK�VHQVLWLYH�VWRUHG�GDWD�LV�H[SRVHG�WR�XQDXWKRUL]HG�TXHULHV



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͕͓͐и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͓͗͐

+RZHYHU��LW�LV�QHFHVVDU\�WR�XWLOL]H�DGGLWLRQDO�WDVNV�RI�WKH�PRGHO�ZKLFK�HQDEOH�GDWD�H[WUDFWLRQ��OLQNLQJ�RU�
VXPPDUL]DWLRQ�ZKHQHYHU�UHTXLUHG�

9,,��,//8675$7,9(�6&(1$5,2

7R�LOOXVWUDWH�KRZ�WKH�RSHUDWLRQV�IXQFWLRQ��FRQVLGHU�WKH�H[DPSOH�RI�D�VWXG\�SODQQLQJ�DVVLVWDQW�WKDW�HPSOR\V�
D�PXOWL�OD\HU�PHPRU\��7KH�VFHQDULR�LV��RI�FRXUVH��K\SRWKHWLFDO�DQG�LV�RQO\�LQWHQGHG�WR�LOOXVWUDWH�WKH�SURFHVV�
RI�LQWHUDFWLRQ�DPRQJ�YDULRXV�VWDJHV�RI�WKH�SURFHVV�

7KH�ILUVW�ZHHN�VHHV�WKH�XVHU�SURYLGLQJ�D�FHUWDLQ�SUHIHUHQFH��ZKLFK�LV�UHFRUGHG�E\�WKH�V\VWHP�DV�D�IDFW��$IWHU�
DERXW�ILYH�ZHHNV��DQRWKHU�IDFW��ZKLFK�KDV�QR�UHODWLRQ�WR�WKH�ILUVW�RQH��LV�FDSWXUHG�E\�WKH�PHPRU\�V\VWHP��
%\�WKH�WZHOIWK�ZHHN�WKLV�IDFW�LV�VDLG�WR�KDYH�EHHQ�HQWHUHG�LQ�WKH�PHPRU\�V\VWHP��LW�LV�UHDFKHG�GXULQJ�WKH�
SURFHVV�RI XSGDWLQJ� WKDW� WKH� WZR�IDFWV�FDQQRW�FRH[LVW�� WKXV�� WKH�QHZ�IDFW� LV�VDLG� WR�KDYH� LQYDOLGDWHG� WKH�
SUHYLRXV�RQH�

,Q� WKH� IROORZLQJ�ZHHN�� ZKHQ� WKH� XVHU� RI� WKH� V\VWHP� GHPDQGV� WR� SUHSDUH� D� VFKHGXOH�� WKH� FXUUHQW� WLPH�
SUHIHUHQFH� DQG� WKH� NQRZQ� ZHDN� WRSLF� DUH� IRXQG� RQ� UHWULHYDO�� EXW� WKH� ROG� PRUQLQJ� SUHIHUHQFH� LV� OHIW�
XQDYDLODEOH��7KLV� LV� KRZ�D� V\VWHP� WKDW� GRHV� QRW� IHDWXUH� FRQIOLFW� UHVROXWLRQ�PD\� HQG�XS� EULQJLQJ� DERXW�
FRQIOLFWLQJ�GHFLVLRQV��WKXV�LOOXVWUDWLQJ�ZK\�SROLFLHV�LQ�WKH�PHQWLRQHG�VWXGLHV�KDYH�EHHQ�FUHDWHG�

)LJ����+\SRWKHWLFDO�ZDON�WKURXJK��IDFWV�DUH�H[WUDFWHG�DQG�VWRUHG��D�ODWHU�FKDQJH�WULJJHUV�FRQIOLFW�UHVROXWLRQ��
DQG�D�QHZ�TXHU\�UHWULHYHV�RQO\�WKH�FXUUHQW��UHOHYDQW�HQWULHV�

9,,,��$33/,&$7,216

:KHUHYHU�WKHUH�LV�DQ�LQWHUDFWLRQ�WKDW�JRHV�EH\RQG�D�VLQJOH�LQVWDQFH��WKHUH�LV�OLIHORQJ�PHPRU\�

x 3HUVRQDO�DVVLVWDQWV�UHFDOO�KDELWV��VFKHGXOHV��DQG�SUHIHUHQFHV�RYHU�PRQWKV�

x (GXFDWLRQ�PRGHO�LQ�ZKLFK�WKH�LQVWUXFWRU�DFFRPSDQLHV�WKH�VWXGHQW�DQG�YLHZV�WKH�OHDUQHU�VWUXJJOLQJ�
ZLWK�WKH�PLVXQGHUVWDQGLQJV�

x 6XSSRUW�VHUYLFH�WKDW�PDLQWDLQV�UHFRUGV�RI�FDVHV�VR�WKDW�WKH�FXVWRPHUV�ZRQ¶W�QHHG�WR�NHHS�H[SODLQLQJ�
WKHPVHOYHV�
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x 6RIWZDUH�GHYHORSPHQW�DJHQWV�WKDW�KDYH�WKH�PHPRU\�RI�FRQYHQWLRQV�DQG�EXJV�WKDW�ZHUH�IL[HG�LQ�WKH�
SUHYLRXV�ZRUN�

x $JHQWV�WKDW�FDQ�DSSO\�SDVW�H[SHULHQFHV�WR�FRPSOH[�VLWXDWLRQV�LQYROYLQJ�PXOWLSOH�VWHSV�DQG�WDNLQJ�
WLPH�WR�FRPSOHWH�

x 3HUVRQDO�NQRZOHGJH�PDQDJLQJ�V\VWHPV�DQG�ORQJ�WHUP�FRQYHUVDWLRQ�SDUWQHUV�

,;��35,9$&<��6(&85,7<��$1'�(7+,&$/�&216,'(5$7,216

3HUVLVWHQW�PHPRU\�FDXVHV�D�FRQYHUVDWLRQDO�DJHQW�WR�EHFRPH�D�ORQJ�VWDQGLQJ�KROGHU�RI�SHUVRQDO�GDWD��DOWHULQJ�
LWV�ULVN�SURILOH��([WHUQDO�PHPRU\�LV�D�TXHU\DEOH�VWRUH�RI�SHUVRQDO�GDWD�LQ�DGGLWLRQ�WR�ZKDWHYHU�WKH�PRGHO�KDV�
OHDUQHG�LQ�WUDLQLQJ��7DEOH�9�VKRZV�WKH�PDLQ�FRQFHUQV�DQG�WKHLU�UHVSHFWLYH�ZD\V�RI�DYRLGDQFH�

,Q�DGGLWLRQ�WR�WKH�PHFKDQLFDO�FRQWUROV�RI�WKH�V\VWHPV��WKH�IXQFWLRQV�PXVW�HQDEOH�WKH�XVHUV�WR�VHH�DQG�PDQDJH�
GDWD�� 7KRVH� IXQFWLRQV� LQFOXGH� WKH� RSWLRQV� WR� REVHUYH�� FKDQJH�� DQG� HUDVH� WKH� VWRUHG� GDWD�� +HQFH�� LW� LV�
LPSRUWDQW�WR�GHVLJQ�D�IRUJHW�SURFHVV�LQ�D�ZD\�WKDW�PDNHV�XVHUV DEOH�WR�FKHFN�LWV�HIIHFWLYHQHVV�

7DEOH�9� 3ULYDF\�DQG�6HFXULW\�&RQFHUQV�LQ�3HUVLVWHQW�0HPRU\

&RQFHUQ 'HVFULSWLRQ 3RVVLEOH�PLWLJDWLRQ

'DWD�OHDNDJH
6HQVLWLYH�IDFWV�VXUIDFH�LQ�UHVSRQVHV�WR�
RWKHU�XVHUV�RU�FRQWH[WV

3HU�XVHU�LVRODWLRQ��DFFHVV�FRQWURO��
RXWSXW�ILOWHULQJ

0HPRU\�
SRLVRQLQJ

0DOLFLRXV�RU�IDOVH�FRQWHQW�LV�ZULWWHQ�
DQG�ODWHU�UHWULHYHG�DV�WUXVWHG

6RXUFH�WDJJLQJ��YDOLGDWLRQ�EHIRUH�
ZULWH��DQRPDO\�FKHFNV

2YHU�UHWHQWLRQ
'DWD�NHSW�ORQJHU�WKDQ�QHFHVVDU\�RU�
ZLWKRXW�FRQVHQW

5HWHQWLRQ�OLPLWV��H[SLU\��XVHU�YLVLEOH�
PHPRU\�FRQWUROV

'HOHWLRQ�UHTXHVWV
8VHUV�DVN�IRU�UHPRYDO��EXW�FRSLHV�
SHUVLVW�LQ�VXPPDULHV�RU�JUDSKV

3URYHQDQFH�OLQNV��FDVFDGLQJ�GHOHWLRQ

,QIHUHQFH�ULVN
&RPELQHG�VWRUHG�IDFWV�UHYHDO�VHQVLWLYH�
DWWULEXWHV

0LQLPL]DWLRQ��UHGDFWLRQ��HQFU\SWLRQ�DW�
UHVW

;��&+$//(1*(6�$1'�5(6($5&+�*$36

%DVHG�RQ�WKH�UHYLHZHG�OLWHUDWXUH��ZH�LGHQWLI\�WKH�IROORZLQJ�JDSV�

�� /DFN�RI�D�VWDQGDUG�PHPRU\�DUFKLWHFWXUH� (DFK�V\VWHP�KDV�LWV�RZQ�PHPRU\�DUFKLWHFWXUH��PHPRU\�
PRGHO��DQG�LQWHUIDFH��PDNLQJ�FRPSDULVRQ�DQG�UHXVH�GLIILFXOW�>�@�

�� /DUJH�VFDOH�UHWULHYDO� :KHQ�VFDOH�LQFUHDVHV��VHDUFK�SHUIRUPDQFH�GURSV��DQG�UHOHYDQFH�PD\�QRW�EH�
WKH�PRVW�HIIHFWLYH�PHWULF�

�� 3ULQFLSOH RI�IRUJHWWLQJ� 7KH�SULQFLSOH�RI�IRUJHWWLQJ�LV�VWLOO�LQ�WKH�RSHQ��DQG�PDQ\�GHFD\�DQG�GHOHWLRQ�
UXOHV�DUH�GHWHUPLQHG�PDQXDOO\�>��@�

�� %DODQFLQJ�VKRUW� DQG�ORQJ�WHUP� ,W�UHPDLQV�ODUJHO\�KHXULVWLF�WR�FKRRVH�ZKDW�VKRXOG�EH�SUHVHUYHG�LQ�
WKH�SURPSW��ZKDW�QHHGV�WR�EH�SUHVHUYHG��DQG�KRZ�WR�SURFHHG�>�@��>�@�

�� 5HJXODU�XSGDWHV�DQG�FRQVROLGDWLRQ ZKLOH�NHHSLQJ�OHVVRQV�OHDUQHG�LQ�PHPRU\�
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�� &RVW�RI�FRPSXWDWLRQ�DQG�VWRUDJH� HVSHFLDOO\�ZKHQ�DSSOLHG�WR�ODUJH�ODQJXDJH�PRGHOV�IRU�H[WUDFWLRQ��
OLQNLQJ��DQG�VXPPDUL]DWLRQ�DW�HYHU\�WXUQ�>�@�

�� &RQIOLFWLQJ�DQG�RXWGDWHG�PHPRULHV� 7KH�SURFHVVHV�RI�UHDVRQLQJ�DERXW�WLPH�DQG�RULJLQ�PD\�FKDQJH�
DV�SUHIHUHQFHV�FKDQJH�RU�IDFWV�EHFRPH�REVROHWH�RU�LQYDOLG�>�@�

�� 3ULYDF\�DQG�VHFXULW\� 6WRULQJ�RU�DFFXPXODWLQJ�SHUVRQDO�GDWD�RYHU�WLPH�UDLVHV�SULYDF\�DQG�VHFXULW\�
LVVXHV��LW�LV�SRVVLEOH�WKDW�D�UHWULHYDEOH�PHPRU\�VWRUH�FRXOG�OHDN�SHUVRQDO�LQIRUPDWLRQ�LQ�FDVH�RI�ODFN�
RI�VHFXULW\�

�� %HQFKPDUNLQJ� 7KHUH�DUH�YHU\�IHZ�GDWDVHWV�WKDW�ZLOO�WHVW�PHPRU\�DELOLW\�RYHU�PDQ\�VHVVLRQV

;,��)8785(�',5(&7,216

$GDSWLYH�VHOI�PDQDJLQJ�PHPRU\��$�V\VWHP�QHHG�WR�OHDUQ�ZKDW�WR�ZULWH�DQG�PHUJHU�RU�GHOHWH�E\�JHWWLQJ�
IHHGEDFN�WKXV�UHTXLULQJ�OHVV�WUDLQLQJ�FRPSDUH�WR�FXUUHQW�H[LVWLQJ�5/�V\VWHPV�>�@�

0HPRU\�FRPSUHVVLRQ�1HHG�WR�EH�FDUULHG�RXW�LQ�KLHUDUFKLFDO�DEVWUDFWLRQV�DQG�VSHFLDO�OHDUQHG�FRPSUHVVLRQV�
WR�GHFUHDVH�WKH�DPRXQW�RI�PHPRU\�XVDJH�

3ULYDF\�SUHVHUYLQJ�PHPRU\0HPRU\�VKRXOG�EH�NHSW�XVHU�FRQWUROOHG�

0XOWLPRGDO� OLIHORQJ� PHPRU\ 6WRUDJH� DQG� OLQNLQJ� RI� WH[W�� LPDJH�� DXGLR�� YLGHR� DQG� VHQVRUV� GDWD� IRU�
HPERGLHG DQG�DVVLVWLYH�DJHQWV�

6LQJOH�PHPRU\�KLHUDUFK\� 7KH�FRQWH[W�ZLQGRZ�DQG�H[WHUQDO�VWRUH�VKRXOG�EH�LQFRUSRUDWHG�LQWR�D�VLQJOH�
KLHUDUFKLFDO�PHPRU\�LQVWHDG�RI�VHSDUDWH�PRGXOHV�

6WDQGDUG�EHQFKPDUNV�DQG�PHWULFV� 8VLQJ�FRPPRQ�PHWULFV�IRU�DVVHVVPHQW��DFFXUDF\��ODWHQF\��FRVW��DQG�
VDIHW\�

+\EULG�PHPRU\�V\VWHP�&RPELQDWLRQ�RI�VLPSOH�H[WHUQDO�XSGDWHV�DQG� LQIUHTXHQW�HGLWLQJ�RI�ZHLJKWV� IRU�
VWDEOH�NQRZOHGJH�

$��/LPLWDWLRQV�RI�7KLV�6WXG\

7KLV�SDSHU�SUHVHQWV�D�OLWHUDWXUH�UHYLHZ�ZLWK�H[SHULPHQWV�LQYROYHG��7KH�FRPSDULVRQ�LQ�7DEOH�,,,�LV�PHUHO\�D�
TXDOLWDWLYH�UHDGLQJ�RI�WKH�GHVFULSWLRQV�RI�YDULRXV�SLHFHV�RI�ZRUN�ZULWWHQ�E\�DXWKRUV�DQG�VRPH�RI�WKH������
ZRUNV�DUH�LQ�SUHSULQW�IRUP�DQG�PD\�KDYH�FKDQJHG�EHIRUH�EHLQJ�SXEOLVKHG��$Q\�VWDWHPHQW�VKRXOG�EH�YLHZHG�
WRJHWKHU�ZLWK�WKH�RULJLQDO�SDSHU�
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7KH�HPSOR\HG�//0�V\VWHPV�DUH�DEOH�WR�SUDFWLFH�OLIHORQJ�PHPRU\�WKDW�DOORZV�WKHP�WR�XVH�LWV�NQRZOHGJH�
IRU�WKH�IROORZLQJ�LQWHUDFWLRQV��6WXGLHV�LQGLFDWH�GHYHORSPHQW�IURP�PHUH�VWRUDJH�RI�WH[W�WR�WKLQNLQJ�RYHU�LW�WR�
LQGHSHQGHQW�RSHUDWLRQ�ZLWK� WH[W�DQG� LWV�DEVWUDFWLRQ� WR� UHXVDEOH�NQRZOHGJH��(IILFLHQW�GHVLJQ�GHSHQGV�RQ�
LQFRUSRUDWLRQ� RI� ZULWLQJ�� UHWULHYLQJ�� XSGDWLQJ�� FRPSDFWLQJ� DQG� IRUJHWWLQJ� SURFHVVHV�� 1RQHWKHOHVV��
VLJQLILFDQW�REVWDFOHV�UHPDLQ��LQFOXGLQJ�VFDODELOLW\�LVVXHV��PHPRU\�FRQIOLFWV��KLJK�FRPSXWDWLRQDO�FRVWV��DQG�
SULYDF\�FRQFHUQV��DV�ZHOO�DV� WKH� ODFN�RI�FRPPRQ�DUFKLWHFWXUHV�DQG�EHQFKPDUNV�� ,PSURYHPHQWV� LQ� WKHVH�
ILHOGV�ZRXOG�UHVXOW�LQ�PRUH�SHUVRQDOL]HG��FRQVLVWHQW��DQG�DGDSWDEOH�JHQHUDWLYH�$,�V\VWHPV�
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