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�� 5RGQH\�/D/RQGH��'RQJ�=KDQJ�DQG�0XEDUDN�6KDK͘� ͞�ůƵƐƚĞƌEĞƚ͗� �ĞƚĞĐƟŶŐ� ^ŵĂůů�
KďũĞĐƚƐ� ŝŶ� >ĂƌŐĞ� ^ĐĞŶĞƐ� ďǇ� �ǆƉůŽŝƟŶŐ� ^ƉĂƟŽ-dĞŵƉŽƌĂů� /ŶĨŽƌŵĂƟŽŶ͘͟� ,(((�,QWHU�
QDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��&935�������� 

�� 5RGQH\�/D/RQGH�DQG�8ODV�%DJFL͘� ͞�ĂƉƐƵůĞƐ� ĨŽƌ� KďũĞĐƚ� ^ĞŐŵĞŶƚĂƟŽŶ͘͟� 0HGLFDO�
,PDJLQJ�ZLWK�'HHS�/HDUQLQJ��0,'/���������>2UDO��&,)$5�$ZDUG@� 

�� 5RGQH\� /D/RQGH�� ,UHQH� 7DQQHU�� .DWHULQD� 1LNLIRUDVNL�� *HRUJLRV� =�� 3DSDGDNLV��
&DQGLFH�:��%RODQ��0LFKDHO�%��:DOODFH��DQG�8ODV�%DJFL͘� ͞/EE͗� /ŶŇĂƚĞĚ� EĞƵƌĂů�
EĞƚǁŽƌŬƐ� ĨŽƌ� /WDE� �ŝĂŐŶŽƐŝƐ͘͟� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0HGLFDO�,PDJH�&RP�
SXWLQJ�DQG�&RPSXWHU-$VVLVWHG�,QWHUYHQWLRQ��0,&&$,�������� 

�� 5RGQH\�/D/RQGH�DQG�8ODV�%DJFL͘� ͞�ĂƉƐƵůĞƐ� ĨŽƌ� /ŵĂŐĞ� �ŶĂůǇƐŝƐ͘͟�h͘^͘� WĂƚĞŶƚ� �ƉͲ
ƉůŝĐĂƟŽŶ�ϭϲͬϰϯϭ͕ϯϴϳ͖������ 

�� 5RGQH\�/D/RQGH��3XMDQ�.DQGHO��&RQFHWWR�6SDPSLQDWR��0LFKDHO�%��:DOODFH�� DQG�
8ODV�%DJFL͘� ͞�ŝĂŐŶŽƐŝŶŐ� �ŽůŽƌĞĐƚĂů� WŽůǇƉƐ� ŝŶ� ƚŚĞ� tŝůĚ� ǁŝƚŚ� �ĂƉƐƵůĞ� EĞƚǁŽƌŬƐ͘͟�
/����,QWHUQDWLRQDO�6\PSRVLXP�RQ�%LRPHGLFDO�,PDJLQJ��,6%,�������� 

�� 5RGQH\�/D/RQGH��'UHZ�7RULJLDQ��DQG�8ODV�%DJFL͘ � ͞�ŶĐŽĚŝŶŐ� sŝƐƵĂů� �ƩƌŝďƵƚĞƐ� ŝŶ�
�ĂƉƐƵůĞƐ� ĨŽƌ� �ǆƉůĂŝŶĂďůĞ� DĞĚŝĐĂů� �ŝĂŐŶŽƐĞƐ͘͟� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0HGL�
FDO�,PDJH�&RPSXWLQJ�DQG�&RPSXWHU-$VVLVWHG�,QWHUYHQWLRQ��0,&&$,�������� 

�� 5RGQH\� /D/RQGH�� &DQGLFH� :�� %RODQ�� 0LFKDHO� %�� :DOODFH�� DQG� 8ODV� %DJFL͘ �
͞^ǇƐƚĞŵƐ͕�DĞƚŚŽĚƐ͕�ĂŶĚ�DĞĚŝĂ�ĨŽƌ��ƵƚŽŵĂƟĐĂůůǇ��ŝĂŐŶŽƐŝŶŐ�/ŶƚƌĂĚƵĐƚĂů�WĂƉŝůůĂƌǇ�
DƵĐŝŶŽƵƐ�EĞŽƉůĂƐŵƐ�hƐŝŶŐ�DƵůƟ-DŽĚĂů�DĂŐŶĞƟĐ�ZĞƐŽŶĂŶĐĞ�/ŵĂŐŝŶŐ��ĂƚĂ͘͟�h͘^͘�
WĂƚĞŶƚ��ƉƉůŝĐĂƟŽŶ�ϭϲͬϰϱϵ͕ϰϯϳ͖������ 

�� 5RGQH\�/D/RQGH��=L\XH�;X��6DQMD\�-DLQ��DQG�8ODV�%DJFL͘ � ͞�ĂƉƐƵůĞƐ� ĨŽƌ� �ŝŽŵĞĚŝͲ
ĐĂů�/ŵĂŐĞ�^ĞŐŵĞŶƚĂƟŽŶ͘͟��ůƐĞǀŝĞƌ͕�0HGLFDO�,PDJH�$QDO\VLV��>8QGHU�5HYLVLRQ@� 

&RQYROXWLRQDO� QHXUDO� QHWZRUNV��GHVSLWH� WKHLU�SURIRXQG� LPSDFW� LQ�FRXQWOHVV�
GRPDLQV�� VXIIHU� IURP� VSDWLDO� DPELJXLWLHV� DQG� D� ODFN� RI� UREXVWQHVV� WR� SRVH�
YDULDWLRQV��&DSVXOH�QHWZRUNV�FDQ�OLNHO\�DOOHYLDWH�WKHVH�LVVXHV�E\�VWRULQJ�DQG�
URXWLQJ�WKH�SRVH�LQIRUPDWLRQ�RI�IHDWXUHV�WKURXJK�WKHLU�DUFKLWHFWXUHV��VHHNLQJ�
DJUHHPHQW�EHWZHHQ�WKH�ORZHU-OHYHO�SUHGLFWLRQV�RI�KLJKHU-OHYHO�SRVHV� 
 
:H�PDNH� VHYHUDO� FRQWULEXWLRQV� WR� DGYDQFH� WKH� DOJRULWKPV� RI� FDSVXOH� QHW�
ZRUNV�� ZLWK� VSHFLILF� UHDO-ZRUOG� DSSOLFDWLRQV� LQ� ELRPHGLFDO� LPDJLQJ� GDWD�
VHJPHQWDWLRQ�DQG�FODVVLILFDWLRQ������7KH�ILUVW�HYHU�FDSVXOH-EDVHG�VHJPHQWD�
WLRQ�QHWZRUN�LQ�WKH�OLWHUDWXUH��6HJ&DSV��SURYLGHG�ILYH�PDMRU�QRYHOWLHV������$�
FDSVXOH-EDVHG� GLDJQRVLV� QHWZRUN�� '-&DSV�� LQWURGXFHG� D� QRYHO� FDSVXOH-
DYHUDJH� SRROLQJ� OD\HU�� ���� $Q� H[SODLQDEOH� FDSVXOH� QHWZRUN�� ;-&DSV�� HQ�
FRGHV� KLJK-OHYHO� YLVXDO� REMHFW� DWWULEXWHV� ZLWKLQ� LWV� FDSVXOHV� E\� XWLOL]LQJ� D�
PXOWL-WDVN�IUDPHZRUN�DQG�D�QRYHO�URXWLQJ�VLJPRLG�IXQFWLRQ��WR�SURYLGH�SUH�
GLFWLRQV�ZLWK�KXPDQ-OHYHO�H[SODQDWLRQV�DQG�D�PHDQLQJIXO�FRQILGHQFH�VFRUH� 
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'HHS�OHDUQLQJ�PHWKRGRORJLHV��LQ�SDUWLFXODU�FRQYROXWLRQDO�QHXUDO�QHWZRUNV��&11V���KDYH�
PDGH�D�SURIRXQG�LPSDFW�LQ�FRXQWOHVV�GRPDLQV�DFURVV�DFDGHPLD��JRYHUQPHQW��DQG�LQGXV�
WU\�� 1RQHWKHOHVV�� PDQ\� KDYH� DUJXHG� VWURQJO\� DJDLQVW� VRPH� RI� WKHLU� FRUH� PHFKDQLVPV��
&DSVXOH�QHWZRUNV�DUH�D�FODVV�RI�QHXUDO�QHWZRUNV�ZKLFK�DLP�WR�VROYH�WKHVH�VKRUWFRPLQJV�
E\� VWRULQJ�ERWK�SUHVHQFH� DQG�SRVH� LQIRUPDWLRQ� DERXW� H[WUDFWHG� IHDWXUHV�� DQG� URXWH� WKLV�
LQIRUPDWLRQ� WKURXJK� WKH� QHWZRUN� VHHNLQJ� SRVH� DJUHHPHQW� EHWZHHQ� ORZHU-� DQG� KLJKHU-
OHYHO� IHDWXUHV�� ,Q� WKLV� GLVVHUWDWLRQ�� ZH� PDNH� VHYHUDO� NH\� FRQWULEXWLRQV� WR� DGYDQFH� WKH�
DOJRULWKPV�DQG�DSSOLFDWLRQV�RI�FDSVXOH�QHXUDO�QHWZRUNV��6SHFLILF� IRFXV� LV�JLYHQ� WR�ELR�
PHGLFDO�LPDJH�DSSOLFDWLRQV�IRU�WKHLU�VLJQLILFDQFH�LQ�SRWHQWLDOO\�OLIH-VDYLQJ�WHFKQRORJLHV�� 
 
:H�LQWURGXFH�WKH�ILUVW�HYHU�FDSVXOH�QHWZRUN�GHVLJQHG�IRU�WKH�WDVN�RI�VHJPHQWDWLRQ�LQ�WKH�
OLWHUDWXUH�� 7KLV� UHTXLUHG� VHYHUDO� LPSRUWDQW� DGYDQFHPHQWV�� LQFOXGLQJ� D� QRYHO� ORFDOO\-
FRQVWUDLQHG�G\QDPLF�URXWLQJ�DOJRULWKP�� WUDQVIRUPDWLRQ�PDWUL[�VKDULQJ�� WKH�FRQFHSW�RI�D�
³GHFRQYROXWLRQDO´� FDSVXOH�� H[WHQVLRQ� RI� WKH� UHFRQVWUXFWLRQ� UHJXODUL]DWLRQ� WR� VHJPHQWD�
WLRQ��DQG�D�QHZ�HQFRGHU-GHFRGHU�FDSVXOH�QHWZRUN�VWUXFWXUH��7KHVH�DGYDQFHPHQWV�FXOPL�
QDWH� LQ� DQ� DUFKLWHFWXUH� ZKLFK� ZH� FDOO� 6HJ&DSV�� 6HJ&DSV� RXWSHUIRUPV� VWDWH-RI-WKH-DUW�
&11V� LQ� SDWKRORJLFDO� OXQJ� VHJPHQWDWLRQ� IRU� ERWK� FOLQLFDO� DQG� SUHFOLQLFDO� VXEMHFWV�� DV�
ZHOO�DV�UHWLQDO�YHVVHO�VHJPHQWDWLRQ��ZKLOH�XVLQJ�RQO\�D�VPDOO� IUDFWLRQ�RI�WKH�SDUDPHWHUV�
DV� WKRVH� &11V�� )XUWKHU�� ZH� SURYLGH� HYLGHQFH� WKDW� 6HJ&DSV� FDQ� JHQHUDOL]H� WR� XQVHHQ�
SRVHV�RI�IDPLOLDU�REMHFWV�IDU�EHWWHU�WKDQ�D�VWDWH-RI-WKH-DUW�&11� 
 
1H[W��ZH�GHVLJQ�D�FDSVXOH-EDVHG�QHWZRUN�IRU�WKH�WDVN�RI�GLDJQRVLV�LQ�WKH�ILHOG�RI�HQGRV�
FRS\�� ,Q� RUGHU� WR� FODVVLI\� UHDO-ZRUOG� LPDJLQJ� GDWD� PXFK� ODUJHU� LQ� VL]H� WKDQ� WKRVH� LQ�
01,67�RU�&,)$5��ZH�LQWURGXFHG�WKH�FRQFHSW�RI�FDSVXOH-DYHUDJH�SRROLQJ��2XU�SURSRVHG�
DUFKLWHFWXUH�� ZKLFK� ZH� FDOO� '-&DSV�� FRPELQHV� WKLV� FDSVXOH-DYHUDJH� SRROLQJ� ZLWK� WKH�
SDUDPHWHU�VDYLQJ� WHFKQLTXHV� LQWURGXFHG�LQ�6HJ&DSV� WR�GLDJQRVH�FRORUHFWDO�SRO\SV�IURP�
FRORQRVFRS\� LPDJHV��:H� K\SRWKHVL]H� WKDW�'-&DSV� VKRXOG� EH� DEOH� WR� EHWWHU� KDQGOH� WKH�
UHODWLYHO\� OLPLWHG� WUDLQLQJ� GDWD� DQG� KLJK� LQWUD-FODVV� YDULDWLRQ� SUHVHQW� LQ� RXU� FRORUHFWDO�
SRO\S�GDWDVHW��:H�FRQGXFWHG�D� VHW�RI� WKRURXJK�H[SHULPHQWV� WR�YDOLGDWH�RXU�K\SRWKHVLV��
VWUDWLILHG�DFURVV�DOO�SRO\S�FDWHJRULHV�� LPDJLQJ�GHYLFHV�DQG�PRGDOLWLHV��DQG�IRFXV�PRGHV�
DYDLODEOH�� 2XU� UHVXOWV� VKRZ�'-&DSV� FDQ� RXWSHUIRUP� WKH� OHDGLQJ� VWDWH-RI-WKH-DUW� &11-
EDVHG�PHWKRG�E\�DV�PXFK�DV�����LQ�WKH�PRVW�GLIILFXOW�VHWWLQJV� 
 
/DVWO\��ZH�LQWURGXFH�DOJRULWKPLF�DGYDQFHV�LQ�FDSVXOH�QHWZRUNV�WR�LPSURYH�WKH�H[SODLQD�
ELOLW\� RI� QHWZRUN� SUHGLFWLRQV�� &11-EDVHG� V\VWHPV� KDYH� ODUJHO\� QRW� EHHQ� DGRSWHG� LQ�
PDQ\�KLJK-ULVN�DSSOLFDWLRQ�DUHDV��LQFOXGLQJ�KHDOWKFDUH��PLOLWDU\��VHFXULW\��WUDQVSRUWDWLRQ��
ILQDQFH��DQG�OHJDO��GXH�WR�WKHLU�KLJKO\�XQLQWHUSUHWDEOH�CCEODFN-ER[

�QDWXUH��7RZDUGV�VROY�
LQJ�WKLV�GHILFLHQF\��ZH�WHDFK�D�FDSVXOH�QHWZRUN�WR�H[SODLQ�LWV�SUHGLFWLRQV�XVLQJ�WKH�VDPH�
KLJK-OHYHO� ODQJXDJH�XVHG�E\�KXPDQ-H[SHUWV��2XU�H[SODLQDEOH�FDSVXOH�QHWZRUN��;-&DSV��
HQFRGHV�KLJK-OHYHO�YLVXDO�REMHFW�DWWULEXWHV�ZLWKLQ�WKH�YHFWRUV�RI�LWV�FDSVXOHV��WKHQ�IRUPV�
SUHGLFWLRQV�EDVHG�VROHO\�RQ� WKHVH�KXPDQ-LQWHUSUHWDEOH� IHDWXUHV��:H� LPSOHPHQW�D�PXOWL-
WDVN�OHDUQLQJ�IUDPHZRUN�WR�OHDUQ�WKH�DWWULEXWH�DQG�PDOLJQDQF\�VFRUHV�IURP�D�ODUJH�PXOWL-
FHQWHU� GDWDVHW� RI� OXQJ� FDQFHU� VFUHHQLQJ� SDWLHQWV��;-&DSV�XWLOL]HV� D� URXWLQJ� VLJPRLG� WR�
LQGHSHQGHQWO\� URXWH� LQIRUPDWLRQ� IURP� FKLOG� FDSVXOHV� WR� SDUHQWV� IRU� WKH� YLVXDO� DWWULEXWH�
YHFWRUV��7R�HVWLPDWH�PRGHO�FRQILGHQFH��ZH�WUDLQ�RXU�QHWZRUN�RQ�D�GLVWULEXWLRQ�RI�H[SHUW�
ODEHOV��PRGHOLQJ� LQWHU-REVHUYHU� DJUHHPHQW� DQG�SXQLVKLQJ�RYHU�XQGHU� FRQILGHQFH�GXULQJ�
WUDLQLQJ�VXSHUYLVHG�E\�KXPDQ-H[SHUWV
�DJUHHPHQW� 
 
&DSVXOH�QHWZRUNV�VKRZ�FRQVLGHUDEOH�SURPLVH�IRU�WKH�IXWXUH�RI�GHHS�OHDUQLQJ-EDVHG�DSSOL�
FDWLRQV�DQG�ZH�KRSH�WKH�FRQWULEXWLRQV�RI�WKLV�GLVVHUWDWLRQ�SURYLGH�D�VROLG�IRXQGDWLRQ�IRU�
WKH�IXUWKHU�DGYDQFHPHQW�RI�FDSVXOH�QHWZRUN-EDVHG�DSSURDFKHV��7KH�VRXUFH�FRGH�IRU�DOO�RI�
RXU�DOJRULWKPV�KDV�EHHQ�PDGH�SXEOLFO\�DYDLODEOH�DW�KWWSV���JLWKXE�FRP�ODORQGHURGQH\� 
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