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:LUHOHVV� /RFDO� $UHD� 1HWZRUNV� �:/$1V�� SRSXODUO\�
UHIHUUHG�WR�DV�:L�)L��:LUHOHVV�)LGHOLW\��KDYH�UHFHQWO\�JDLQHG�
SURPLQHQFH�LQ�YDULRXV�ZDONV�RI�OLIH��LQFOXGLQJ�PHGLFDO�FHQWUH��
UHWDLO�� DVVHPEOLQJ��ZDUHKRXVLQJ�� DQG� DFDGHPLF� HQYLURQPHQW�
>�@� >�@>�@�� 7KHVH� VHFWRUV� KDYH� EHQHILWWHG� LPPHQVHO\� E\�
XWLOL]LQJ�KDQG�KHOG�JDGJHWV�DQG�QRWHERRN�FRPSXWHUV�IRU�UHDO�
WLPH�GDWD� WUDQVPLVVLRQ� >��@��:LUHOHVV�FRPPXQLFDWLRQ�RIIHUV�
FOLHQWV� DQG� DVVRFLDWLRQV� QXPHURXV� DGYDQWDJHV�� IRU� H[DPSOH��
FRPSDFWQHVV� DQG� DGDSWDELOLW\�� LQFUHPHQW� SURILWDELOLW\�� DQG�
ORZHU� FRVW� RI� LQVWDOODWLRQ� ZKHQ� FRPSDUHG� WR� WKH� ZLUH� OLQH�
FRPPXQLFDWLRQ� V\VWHPV� >��@� >��@�� :/$1� JDGJHWV� HQDEOH�
FOLHQWV�WR�PRYH�WKHLU�FHOO�SKRQHV�IURP�SODFH�WR�SODFH�ZLWKRXW�
WKH� UHTXLUHPHQW� IRU� ZLUHV� >�@�� /HVV� ZLULQJ� LPSOLHV� PRUH�
QRWHZRUWK\�DGDSWDELOLW\�DQG�LQFUHPHQW�SURILFLHQF\��+DQGKHOG�
JDGJHWV�� VXFK� DV�� 3HUVRQDO� 'LJLWDO� $VVLVWDQWV� �3'$�� DQG�
PRELOH�SKRQHV�SHUPLW�UHPRWH�FOLHQWV�WR�V\QFKURQL]H�LQGLYLGXDO�
GDWDEDVHV�DQG�JLYH�DFFHVV� WR�QHWZRUN�VHUYLFHV�� IRU�H[DPSOH��
UHPRWH�HPDLO��ZHE�EURZVLQJ��DQG�RWKHU�ZHE�DGPLQLVWUDWLRQV�
>�@��+RZHYHU��DV�ZLUHOHVV�VLJQDOV�PRYH�IURP�D�WUDQVPLWWHU�WR�
D�UHFHLYHU��WKH\�JHW�GLIIUDFWHG��VFDWWHUHG��DQG�DEVRUEHG�E\�WKH�
WHUULWRU\� WUHHV�� EXLOGLQJ�� YHKLFOHV� DQG� LQGLYLGXDOV� ZKLFK�
FRQVWLWXWH� WKH� HQYLURQPHQW� RI� SURSDJDWLRQ� >�@� >�@� >��@� >��@�
>��@�>��@��7KH�QHDUQHVV�RI�REVWDFOHV�DORQJ�WKH�SDWK�RI�ZLUHOHVV�
VLJQDO� PD\� FDXVH� JUHDW� VLJQDO� DWWHQXDWLRQ� PRUH� QRWHZRUWK\�
WKDQ�LW�ZRXOG�XQGHU�IUHH�VSDFH�FRQGLWLRQV�>�@�>��@�>��@��5DGLR�
VLJQDO�DWWHQXDWLRQ�DQG�SDWK�ORVVHV�DUH�JUHDWO\�GXH�WR�WKH�WHUUDLQ�
RI�SURSDJDWLRQ�>��@�>��@�>��@�>��@��3RRU�QHWZRUN�SODQQLQJ�LV�D�
IDFWRU�UHVSRQVLEOH�IRU�:/$1�SRRU�TXDOLW\�RI�VHUYLFH�>��@�>��@�
>��@�>��@��)RU�DFFXUDWH�QHWZRUN�SODQQLQJ��D�JRRG�NQRZOHGJH�
RI�SURSDJDWLRQ�FKDUDFWHULVWLFV�LV�RI�JUHDW�LPSRUWDQFH�>��@�>��@��
,Q� WKH� OLWHUDWXUH�� HPSLULFDO� SURSDJDWLRQ� PRGHOV� DUH� PRVW�
SUHYDOHQWO\� XVHG� IRU� KDQGOLQJ� QHWZRUN� SODQQLQJ� LVVXHV��
+RZHYHU��GXH�WR�FKDQJHV�LQ�WKH�HQYLURQPHQW�RI�SURSDJDWLRQ��

WKH� HPSLULFDO� PRGHOV� DUH� QRW� JOREDOO\� DSSOLFDEOH� >�@� >��@��
$FFRUGLQJO\��LW�LV�LPSRUWDQW�WR�GHWHUPLQH�WKH�SDUWLFXODU�UDGLR�
SURSDJDWLRQ� FKDUDFWHULVWLFV� WKDW� ZLOO� EH� LGHDO� IRU� WKH�
HQYLURQPHQW�XQGHU�VWXG\�ZKLOH�FDUU\LQJ�RXW�QHWZRUN�SODQQLQJ�
>��@�7KH�*LGDQ�.ZDQR�FDPSXV�RI�)87��0LQQD�RIWHQ� WLPHV�
HQFRXQWHU� SRRU� TXDOLW\� RI� VHUYLFH� DULVLQJ� IURP� WKH� VLJQDO�
SURSDJDWLRQ� LPSDLUPHQW�� 7KH� DFFXUDWH� SUHGLFWLRQ� RI� ZHOO�
NQRZQ� SURSDJDWLRQ� PRGHOV� LV� QRW� VXLWDEOH� WR� HYDOXDWH� WKH�
SURSDJDWLRQ� FKDUDFWHULVWLF� RI� WKLV� FDPSXV� GXH� WR� WKH�
SHFXOLDULW\� RI� LWV� WHUUDLQ�� 7KLV� SDSHU� LV� JHDUHG� WRZDUG�
GHYHORSLQJ� D� SURSDJDWLRQ� PRGHO� IRU� WKLV� FDPSXV� XVLQJ�
UHFHLYHG�VLJQDO�VWUHQJWK�PHDVXUHPHQWV�IURP�D�VHOHFWHG�DFFHVV�
SRLQWV�ZLWKLQ�WKH�FDPSXV��

0(7+2'2/2*<

0DQ\� WHFKQLTXHV�DQG�PDWHULDOV�KDYH�EHHQ�XWLOLVHG� LQ� WDNLQJ�
LQIRUPDWLRQ�IURP�DQ�DFFHVV�SRLQW��RU�D�EDVH�VWDWLRQ��>��@�>��@��
7KHVH�WHFKQLTXHV�LQFOXGH�UDGLR�IUHTXHQF\��5)��RYHUYLHZ�DQG�
GULYH� WHVW� DPRQJ� RWKHUV� >��@� >�@� >�@�� )RU� WKLV� ZRUN�� WKH�
WHFKQLTXH� IRU� 5)� RYHUYLHZ� ZDV� XWLOLVHG� DQG� WKLV� VHFWLRQ�
GHVFULEHV� WKH� PDWHULDOV� DQG� VWUDWHJLHV� XVHG� WR� DFKLHYH� WKLV�
LQYHVWLJDWLRQ�� )LJXUH� �� VKRZV� WKH� VXPPDU\� RI� WKH�
PHWKRGRORJ\�GHSOR\HG�

)LJ����6XPPDU\�RI�WKH�PHWKRGRORJ\
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$� 6WXG\�DUHD�GHVFULSWLRQ

7KH� *LGDQ.ZDQR� FDPSXV� RI� )HGHUDO� 8QLYHUVLW\� RI�
7HFKQRORJ\� �)�8�7��0LQQD� LV� VLWXDWHG� LQ�0LQQD�� WKH� 1LJHU�
VWDWH�FDSLWDO��1LJHULD��,W�OLHV�RQ�/RQJLWXGH�����(�DQG�/DWLWXGH�
����1��7KH�FDPSXV�LV�PRGHUDWHO\�VL]HG�ZLWK�FRPSOH[�WHUUDLQ�
EHFDXVH�RI�WKH�SUHVHQFH�RI�WDOO�VWUXFWXUHV��FODVVURRPV�DQG�WUHHV�
ZLWKLQ� LW�� 7KH� DWWHQXDWLRQ� RI� WKH� :L�)L� VLJQDO� ZLWKLQ� WKH�
FDPSXV�LV�DWWULEXWHG�WR�QXPHURXV�UHIOHFWLRQV��DEVRUSWLRQ�DQG�
GLIIUDFWLRQV�RII�URRIWRSV��WUHHV��FDUV�DQG�VR�RQ�>"@��7KH�DFFHVV�
SRLQWV��$3V��XWLOLVHG�IRU�WKLV�ZRUN�DUH�UHIHUHQFHG�ZLWK�UHVSHFW�
WR�WKH�FDPSXV�EXLOGLQJ�WKH\�ZHUH�PRXQWHG�RQ��LQ�SDUWLFXODU��
,76�:L�)L��/,%��:L�)L��6(0�:L�)L��6((7��:L�)L��37')�:L�
)L��$*5,&�$3��&21�:L�)L�� 6,&7�:L�)L��$%(�:L�)L�� DQG�
6(7�:L�)L��7KHVH�$3V�ZHUH�SLFNHG�DV�D�UHVXOW�RI�DFFHVVLELOLW\�
RI�WKHLU�KDUGZDUH�VSHFLILFDWLRQV�DQG�FRQILJXUDWLRQ��

%� 5DGLR�)UHTXHQF\�6LWH�6XUYH\�

$Q�5)�VLWH�UHYLHZ�LV�WKH�LQLWLDO�SKDVH�LQ�WKH�GHSOR\PHQW�RI�
D� :LUHOHVV� QHWZRUN� DQG� WKH� PRVW� VLJQLILFDQW� DGYDQFH� WR�
JXDUDQWHH�ZDQWHG�RSHUDWLRQ�>��@��$�VLWH�VWXG\�LV�D�VWHS�E\�VWHS�
SURFHVV� E\� ZKLFK� WKH� VXUYH\RU� WKLQNV� DERXW� WKH� IDFLOLW\� WR�
XQGHUVWDQG� WKH� 5)� EHKDYLRXU�� ILQGV� 5)� FRYHUDJH� DUHDV� DQG�
GHFLGHV� WKH�DSSURSULDWH�SODFHPHQW�RI�:LUHOHVV�GHYLFHV� >��@��
7KHUH� LV� QR� YLDEOH� DOWHUQDWLYH� IRU� PHDVXULQJ� UHDO�ZRUOG�
REVWUXFWLRQ��EORFNDJH�DQG�5HFHLYHG�6LJQDO�6WUHQJWK�,QGLFDWRU�
�566,��DW�D�VLWH��MXVW�RQ�ORFDWLRQ�PHDVXUHPHQWV�DQG�RYHUYLHZV�
FDQ�JLYH�WKH�WRWDO�SLFWXUH��5)�VLWH�RYHU�YLHZ�ZHUH�OHG�XWLOLVLQJ�
VWXG\LQJ� DSSDUDWXV� WKDW� HQDEOH� GDWD� WR� EH� JDWKHUHG� IURP� DQ�
DFFHVV�SRLQW��H[DPSOH�RI�VXFK�GDWD�LV�WKH�566,�

&� 6XUYH\LQJ�7RROV

,Q� FDUU\LQJ� RXW� WKH� VLWH� VXUYH\��$LU�&KHFN�:L�)L�7HVWHU
���*+]�DQG����*+]�ZDV�XWLOLVHG�WR�FDSWXUH�ZLUHOHVV�SDFNHWV�
IURP� DQ� DG�KRF� RU� LQIUDVWUXFWXUH� QHWZRUN� VHWXS� XWLOLVLQJ� DQ�
DFFHVV�SRLQW��7KH�VSHFLILFDWLRQV�RI�WKH�VRIWZDUH�DQG�KDUGZDUH�
HTXLSPHQW�XWLOLVHG�IRU�WKLV�VWXG\�DUH�JLYHQ�EHORZ�

���6RIWZDUH�VSHFLILFDWLRQV��
L� ,QVVLGHU�VRIWZDUH
LL� 0DWODE�YHUVLRQ�5����D
LLL� 0LFURVRIW�ZLQGRZ���3UR�

���+DUGZDUH�VSHFLILFDWLRQV�
D��$LU�&KHFN�:L�)L�7HVWHU����*+]�DQG����*+]�
E�/DSWRS

L� 9HQGRU�+S
LL� 0RGHO��1RWH�ERRN���
LLL� &38�6SHHG�����*+]
LY� 0HPRU\���*+]
Y� :LUHOHVV &DUG��,QWHO�352�:LUHOHVV�����%*

F��,(((�������E�J�$FFHVV�3RLQW
L� 9HQGRU��0LNURWLN�5%�0HWDO�*��6+3DFQ
LL� 5DQJH� ؁���P ���IW
LLL� 7UDQVPLWWHU�UHIHUHQFH�3RZHU���:
LY� %DQGV� ���*+]�WR ������*+]
Y� 7UDQVPLVVLRQ�VSHHG�:L�)L����*+]�����0E�V

G��*OREDO�3RVLWLRQLQJ�6\VWHP��*36�
L� 9HQGRU��0DJHOODQ

LL� 0RGHO��([SORULVW����

H�����IRRW�PHDVXULQJ�WDSH�
'��'DWD�&ROOHFWLRQ�0HWKRGV

$Q� +S� ODSWRS� ZLWK� D� 1HWZRUN� ,QWHUIDFH� &DUG� �1,&��
LQVWDOOHG DQG� UXQQLQJ� RQ� 0LFURVRIW� :LQGRZV� �� 3UR� ZLWK�
,QVVLGHU�VRIWZDUH�ZDV�XWLOLVHG�WR�REWDLQ�566,�LQIRUPDWLRQ�DW�
YDU\LQJ�UDGLDO�GLVWDQFH�IURP�WKH�FKRVHQ�$3V�RQ�WKH�FDPSXV��
7KH�IROORZLQJ�SULYDF\�JXLGHOLQHV�ZHUH�REVHUYHG�GXULQJ�GDWD�
FROOHFWLRQ��

�� 7KH�,QVVLGHU�VRIWZDUH�GLG�QRW�DWWHPSW�JDLQLQJ�DFFHVV�
WR�WKH�QHWZRUN�

�� 7KH� ,QVVLGHU� VRIWZDUH� VHHV� DOO� WKH� DFFHVV� SRLQWV�
SXEOLFO\FRPPXQLFDWLQJ� WKHLU� 6HUYLFH� 6HW� ,GHQWLILHU�
�66,'��

7HQ������$3V�ZHUH�FKRVHQ�RQ�WKH�&DPSXV�DW�GLVWLQFWLYH DUHDV��
7KH� FKRVHQ� $3V� ZHUH� IURP� D� VLPLODU� YHQGRU� DQG� ZLWK
VLPLODU�VSHFLILFDWLRQV�XWLOLVLQJ�,(((��������E�J�VWDQGDUG��$W
HDFK�$3��VWUDLJKW�ZD\V�ZHUH�VWDPSHG�RXW�DW�YDULRXV�EHDULQJV
IURP�WKH�$3�WR�WKH�ODSWRS��2Q�HYHU\�RQH�RI�WKHVH�ZD\V��WHVW
SRLQWV�ZHUH�SK\VLFDOO\�HVWLPDWHG�DW�D���P�LQWHUYDO�XWLOL]LQJ�D
PHDVXULQJ�WDSH�HVWLPDWLQJ�WR�D����P�VWDPS�IURP�WKH�$3�

���/LQH�RI�6LJKW��/26��GDWD�FROOHFWLRQ�SURFHGXUH�VFHQDULR�

,Q�D�/26�HQYLURQPHQW��WKH�UHFHLYLQJ�DQWHQQD�LV�GHWHFWDEOH WR�
WKH� WUDQVPLWWLQJ� DQWHQQD� ZLWK� DQ� H[FHSWLRQDOO\� PLQLPDO
REVWDFOH��7KH�RULJLQV�RI�DWWHQXDWLRQV�DUH�HVVHQWLDOO\�IURP�WKH
PRYHPHQW�RI�LQGLYLGXDOV�DQG�YHKLFOHV�RYHU�WKH�SDWK�RI�VLJQDO
WUDQVPLVVLRQ�� 7KLV� LV� VR� VLQFH� WKH� KXPDQ� ERG\� LV� PDGH� RI
DURXQG� ��� SHUFHQW� ZDWHU�� KHQFH�� LW� LQJHVWV� VRPH� DPRXQW� RI
VLJQDO�DFFRUGLQJO\�FDXVLQJ�ORVV�RI�VWUHQJWK�RI�WKH�VLJQDO�EHLQJ
WUDQVPLWWHG�� 6LJQDO� LQIRUPDWLRQ� ZLWK� UHODWLQJ� VHSDUDWLRQV�
IURPWKH�$3V�ZHUH�PHDVXUHG��DQG�DW�HDFK�PHDVXUHG�VHSDUDWLRQ��
D�IHZ�HVWLPDWLRQ�RI�566,�ZHUH�JDWKHUHG��7KH�$3V�LQ�D�/26�
HQYLURQPHQW�VLWXDWLRQ�DUH�)87�:L�)L��,76���)87/,%��:L)L��
6(0� 0%%� :L�)L�� 6((7��:L�)L� DQG� *22*/(� :L�)L�
�37')��

��� 1RQ�/LQH� RI� 6LJKW� �1/26�� GDWD� FROOHFWLRQ� SURFHGXUH�
VFHQDULR�� )RU� 1/26� FRQGLWLRQ�� WKHUH� ZHUH� QR� YLVXDO�
REVHUYDEOH� SDWKZD\� EHWZHHQ� WKH� UHFHLYLQJ� DQG� WKH�
WUDQVPLWWLQJ DQWHQQDV��7KH�UDGLR�WUDQVPLVVLRQ�ZD\�LV�PRVWO\�
RU� FRPSOHWHO\
LPSHGHG� E\� WKH� QHDUQHVV� RI� SK\VLFDO� REVWUXFWLRQV�� IRU�
H[DPSOH�WDOO�VWUXFWXUHV��WUHHV��VORSHV��LQGLYLGXDOV��YHKLFOHV�DQG�
VR� RQ>��@�� 7KHVH� LQWHUIHUHQFH� ERGLHV� ZHDNHQ� WKH� VLJQDO�
VWUHQJWK� E\�PHWKRG� RI� DEVRUSWLRQ�� UHIOHFWLRQ�� VFDWWHULQJ� DQG�
GLIIUDFWLRQ�

566,�YDOXHV�ZHUH�JDWKHUHG�IURP�ILYH�����$3V�RQ�WKH�FDPSXVDW�
HVWLPDWHG� VHSDUDWLRQV� IURP� WKH� $3V� LQ� D� 1/26�
GRPDLQVLWXDWLRQ�� 7KH� $3V� LQ� D� 1/26� VLWXDWLRQ� DUH�
)87$*5,&�$3�&21�)87�:L�)L��*22*/(�:L�)L��6,&7���
$%(�:L�)LDQG*22*/(�:,),� �6(7��� 'DWD� ZHUH� JDWKHUHG�
EHWZHHQ�WKH�KRXUV�RI����DP�DQG����SP�DQG�EHWZHHQ���SP�DQG�
�� SP� IURP� 0RQGD\� WKURXJK� )ULGD\�� 7KHPRYHPHQW� RI�
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LQGLYLGXDOV�DQG�YHKLFOHV� LV� UHGXFHG�DW� WKHVH�KRXUVRI� WKH�GD\�
EHLQJ� WKH� OHFWXUH� KRXUV�� 7KLV� LV� DLPHG� DW� UHGXFLQJWKH�
DWWHQXDWLRQ�FDXVHG�E\�LQGLYLGXDOV�DQG�FDU�PRYHPHQW��7KHUH�LV�
DQ� LQWHULRU�DQWHQQD�VLWXDWHG�EHKLQG� WKH� ODSWRS�VFUHHQ��VR� WKH�
ODSWRS� VFUHHQ�ZDV� GLUHFWHG� WRZDUG� WKH� DSH[� VN\� NHHSLQJ� LQ�
PLQG� WKH�HQG�JRDO� WR� LPSURYH� WKH�SUREDELOLW\� WKDW� WKH�GLUHFW�
EHDPV�VLJQDO�SDWK�IDOOV�RQ�WKH�EHDP�ZLGWK�RI�WKH�DQWHQQD�

,,� 5(68/76� ',6&866,21 $1'$1$/<6,6

,Q�WKH�VWXG\�RI�ZLUHOHVV�GDWD�FRPPXQLFDWLRQ�QHWZRUNV��WKH
SDWK�ORVV�H[SRQHQW�LV� WKH�SULQFLSDO�SDUDPHWHU�RI�LQWHUHVW�>�@�
7KH�SDWK�ORVV�H[SRQHQW�UHOLHV�JUHDWO\�XSRQ�WKH�HQYLURQPHQW RI�
SURSDJDWLRQ�� +LJK� SDWK� ORVV� H[SRQHQW� V\PEROL]HV� KRZ
TXLFN� WKH� VLJQDO� VWUHQJWK� GURSV�ZLWK� UHVSHFW� WR� WKH� GLVWDQFH
EHWZHHQ WKH�WUDQVPLWWHU�DQG�WKH�UHFHLYHU�>��@�>��@��7KHUHIRUH�
LQ�FDUU\LQJ�RXW�VLJQDO�SURSDJDWLRQ�PRGHOLQJ�IRU�D�JLYHQ�VWXG\
DUHD�� WKH� SDWK� ORVV� H[SRQHQW� IRU� VXFK� VWXG\� DUHD� KDV� WR� EH
GHWHUPLQHG�� 7KLV� VHFWLRQ� VKRZV� UHVXOWV�� GLVFXVVLRQ� DQG�
DQDO\VLV� RI� LQIRUPDWLRQ� JDWKHUHG� RQ� 566,� IURP� WKH�
HQYLURQPHQW RI SURSDJDWLRQ�
$� 3UHVHQWDWLRQ�RI�UHVXOWV

7KH� UDQJHV�RI� WKH� VLJQDO� VWUHQJWK�PHDVXUHPHQWV� DQG� WKH�
FRUUHVSRQGLQJ� VLJQDO� TXDOLW\� IURP� ,QVVLGHU� VRIWZDUH� LV�
SUHVHQWHG� LQ� 7DEOH� ,� EDVHG� RQ� WKH� VWDQGDUG� >��@�� 7KH�
PHDVXUHPHQW� VXUYH\HG�VLJQDO� VWUHQJWK�REWDLQHG� IRU� VRPH�RI�
WKH�$3V�LQ�/26�DQG�1/26�DUH�SUHVHQWHG�LQ�7DEOHV�,,�DQG�,,,�
UHVSHFWLYHO\�

7$%/(�,6859(<�2)�7+(�566,
5HFHLYHG� 6LJQDO�
6WUHQJWK�LQ�G%P

6LJQDO�TXDOLW\

����566,���� ([FHOOHQW�VLJQDO
����566,���� *RRG�VLJQDOV
����566,���� /RZ�VLJQDO
����566,���� 9HU\�/RZ�VLJQDO
�����566,���� 1R�VLJQDO

7$%/(� ,, 0($1� 566,� )25� /26� (19,5210(17�
6&(1$5,2
G�P
�

0HDQ
566,
)87�
:L�)L�
�,76�

0HDQ
566,
)87B/
,%��:L�
)L

0HDQ
566,
6(0
0%%�
:L�)L

0HDQ
566,
6((7�
�:L�)L�
�,76�

0HDQ
566,
*22*/
(� :L�
)L�37')�
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7$%/(� ,,,� 0($1� 566,� )25� 1/26� (19,5210(17�
6&(1$5,2

G�P
��

0HDQ
566,
)87$*5
,&�$3

0HDQ
566,�
&21�
)87�
:L�)L

0HDQ
566,
*22*/
(� :L�)L�
�6,&7�

0HDQ
566,
$%(�
:,),�

0HDQ
566,
*22*/(�
:,),��6(7�

� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������
���� ������ ������ ������ ������ ������

%��&RPSXWDWLRQ�RI�SDWK�ORVV�H[SRQHQW�XVLQJ�/RJ�GLVWDQFH�SDWK
ORVV�SURSDJDWLRQ�PRGHO
:KHUH�3WLV�WKH�UHIHUHQFH�WUDQVPLWWHU�SRZHU�RI��:��:P HTXDOV��
���� :��37�LV�WKH�WUDQVPLWWHU�SRZHU�LQ�G%P��3/�G��LV�WKH�3DWK�
/RVV� DW� GLVWDQFH�G� DQG�3/�GR�� LV� WKH� 3DWK�/RVV� DW� UHIHUHQFH�
GLVWDQFH��P��

566,� DUH� WKH�PHDVXUHG� GDWD� DJDLQVW� GLVWDQFH� DW� WKH� YDULRXV�
ORFDWLRQV�:LWK� UHIHUHQFH� WR� 566,� H[SUHVVLRQ� RI� ����� ���� LV
REWDLQHG�8WLOL]LQJ�����REWDLQHG�WKH�SDWK�ORVVHV��:LWK�UHIHUHQFH�
WR�����DW�UHIHUHQFH�GLVWDQFH�RI��P�DZD\�IURP�WKH�DFFHVV�SRLQW��
566,� LV� ������G%P�� )URP� ZKLFK� 3/� �GR�� LV� VROYHG� WR� EH�
�����G%��+HQFH�����EHFRPHV�WKH�SDWK�ORVH�H[SRQHQW�IRU�ERWK�
/26� DQG� 1/26� ZHUH� REWDLQHG� XVLQJ� ����� 7KH� VWDQGDUG�
GHYLDWLRQ��ı��DQG�6XP�RI�6TXDUH�(UURU��66(��RI�WKH�GHYHORSHG�
PRGHOV�IURP�WKH�HVWDEOLVKHG�VWDQGDUG�PRGHO�ZHUH�FRPSXWHG�
E\�DSSO\LQJ�����DQG�����XWLOL]LQJ�0$7/$%�WRRO�

:KHUH�\LLV�WKH�PHDVXUHG�SDWK�ORVV�DW�D�SDUWLFXODU�LQWHUYDO�� LV�
WKH� GHYHORSHG� PRGHO� SDWK� ORVV� DQG� 0 LV� WKH� GDWD� OHQJWK�
7DEOH�,9�DQG�9�VKRZ�WKH�PHDQ�SDWK�ORVV�H[SRQHQWV�IRU�/26�
DQG�1/26�VFHQDULRV�UHVSHFWLYHO\�

7$%/(� ,97+(�0($1�3$7+�/266�(;321(176�)25�
/26
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���1&(& ��������'HSDUWPHQW�RI�&RPPXQLFDWLRQV�(QJLQHHULQJ��
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/RFDWLRQ 0HDQ� 3DWK� /RVV�
([SRQHQW�Q�

)87�:L�)L�,76� ����
)87B/,%�:L�)L ����
6(0�0%%�:L�)L ����
6((7��:L�)L ����
*22*/(� :L�
)L�37')�

����

7$%/(� 97+(� 0($1� 3$7+� /266� (;321(176� )25�
1/26

/RFDWLRQ 0HDQ� 3DWK� /RVV�
([SRQHQW�Q�

)87$*5,&�$3 ����
&21�)87�:L�)L ����
*22*/(� :L�
)L�6,&7�

����

$%(�:L�)L ����
*22*/(� :L�)L�
�6(7�

����

',6&866,21�2)�5(68/76
7KH�VWDQGDUG�GHYLDWLRQ�ı�DQG�66(�RI� WKH�GHYHORSHG�PRGHOV�
IURP� WKH� ILHOG� PHDVXUHPHQWV� ZHUH� WKH� SDUDPHWHUV� XVHG� WR�
HYDOXDWH� WKH� PRGHOV� TXDOLW\�� ,Q� WKLV� DQDO\VLV�� WKH� VWDQGDUG�
GHYLDWLRQ�RI� WKH�PHDVXUHG�/26�SDWK� ORVV�DQG� WKH�GHYHORSHG�
PRGHO�/26�SDWK�ORVV�ZDV ����G%�DV�RSSRVHG�WR�����G%�RI�WKH�
PHDVXUHG� /26� SDWK� ORVV� DQG� )UHH� 6SDFH� /RVH�� $OVR�� WKH�
VWDQGDUG�GHYLDWLRQ�RI� WKH�PHDVXUHG�1/26�SDWK� ORVV�DQG� WKH�
GHYHORSHG�1/26�PRGHO�ZDV�����G%�ZKLOH�WKDW�RI�+DWD�PRGHO�
DQG�WKH�PHDVXUHG�1/26�SDWK�ORVV�ZDV�����G%��7KH�66( RI�
WKH�PHDVXUHG�/26�SDWK� ORVV� DQG� WKH�GHYHORSHG�PRGHO�/26�
SDWK�ORVV�ZDV�����G%�ZKLOH�WKDW�RI�WKH�IUHH�VSDFH�PRGHO�DQG�
WKHPHDVXUHG� /26� SDWK� ORVV� ZDV� �����G%�� 7KH� PHDVXUHG�
1/26� SDWK� ORVV� DQG� WKH� GHYHORSHG�PRGHO�1/26�66(�ZDV�
�����G%�ZKLOH� WKDW�RI�+DWD�PRGHO� DQG� WKH�PHDVXUHG�1/26�
SDWK� ORVV� ZDV� �����G%�� 3DWK� ORVV� H[SRQHQW� LV� WKH� PRVW�
LPSHUDWLYH�PRGHO�SDUDPHWHU�REWDLQHG�IURP�WKH�DQDO\VLV��7KLV�
SDUDPHWHU� JLYHV� QRWHZRUWK\� NQRZOHGJH� LQWR� KRZ� ZLUHOHVV�
VLJQDOV� DWWHQXDWH� ZLWK� UHVSHFW� WR� WKH� GLVWDQFH� EHWZHHQ� WKH�
DFFHVV SRLQW�DQG� WKH�PRELOH� UHFHLYHU�� ,Q� WKH�DQDO\VLV�� LW�ZDV�
JDWKHUHG�WKDW��WKH�SDWK�ORVV�H[SRQHQW�IRU�1/26�VFHQDULR�ZDV�
KLJKHU�ZKHQ�FRPSDUHG�WR�WKDW�RI�WKH�/26�HQYLURQPHQW��7KLV�
VKRZV�WKDW��WKH�VLJQDO�VWUHQJWK�IRU�1/26�VFHQDULR�GHFUHDVHV�
IDVWHU� GXH� WR� WKH�SUHVHQFH�RI� REVWUXFWLRQV� DORQJ� WKH�SDWK�RI�
SURSDJDWLRQ� WKDQ� IRU� /26� VFHQDULR�� 7KH� REWDLQHG� SDWK� ORVV�
H[SRQHQW� LQ� WKLV� DQDO\VLV� IDOOV�ZLWKLQ� WKH� UDQJH� RI� WKH�PRVW�
UHVHDUFKHUV�SXEOLVKHG�UHVXOWV�>�@>��@>��@��7DEOH�9,�JLYHV�WKH�
VXPPDU\�RI�WKH�SDWK�ORVV�H[SRQHQWV�IRU�ERWK�/26�DQG�1/26�
VFHQDULRV�
7$%/(� 9,6800$5<� 2)� 7+(� 3$7+� /266�
(;321(176�)25�%27+�/26�$1'�1/26�6&(1$5,26�

(QYLURQPHQW 0HDQ� 3DWK� /RVV�
H[SRQHQW��Q�

/26 ����
1/26 ����

����DQG�����DUH�WKH�GHULYHG�PHDQ�SDWK�ORVV�PRGHOV�IRU�/26�DQG�
1/26�VFHQDULRV�

&RPSDULVRQ�ZLWK�VWDQGDUG�PRGHOV

3URSDJDWLRQ�SDWK�ORVV�H[SRQHQWV�REWDLQHG�IURP�WKH�HPSLULFDO�
PHDVXUHPHQWV�ZHUH�FRQWUDVWHG�ZLWK�WKDW�RI�WKH�IUHH�VSDFH�ORVV�
DQG�+DWD�PRGHO� �5HIHU� WDEOH�9,,� DQG�9,,,�� DQG� GHSLFWHG� LQ�
)LJXUHV���DQG����2EYLRXVO\��WKH�SDWK�ORVV�H[SRQHQWV�IURP�WKH�
HPSLULFDO�PHDVXUHPHQWV�DV�FRQWUDVWHG�ZLWK�WKH�IUHH�VSDFH�ORVV�
DSSHDUHG�WR�EH�KLJKHU��DQG�WKLV�ZDV�VHHQ�WR�EH�FDXVHG�E\�H[WUD�
ORVVHV�IURP�WKH�HQYLURQPHQW�RI�SURSDJDWLRQ��ZKLFK�DWWHQXDWHV�
WKH�VLJQDO�TXLFNO\�WKDQ�LQ�IUHH�VSDFH�
7$%/(� 9,, &203$5,621� %(7:((1� 0($685('�
'$7$��'(9(/23('�02'(/�$1'�)5((�63$&(�/266

G��P��

0HDVXUHG�GDWD�
>3//26@

3/� �G��
>/26@
)RU�
Q ����

3/� �G��
>)6/@
)RU��
Q ���

��� ����� ����� �����
��� ����� ����� �����
��� ����� ������ �����
��� ����� ������ �����
��� ����� ����� �����
��� ����� ����� �����
��� ����� ����� �����
��� ����� ����� �����
��� ����� ����� �����
���� ����� ������ �����

7$%/(9,,,&203$5,621� %(7:((1� 0($685('�
'$7$��'(9(/23('�02'(/�$1'+$7$�02'(/

G��P�

0HDVXUHG�
GDWD�
>3/1/26@

3�/� �G%���
>1/26@
)RU�
Q ����

3/�G%��
+DWD�
0RGHO

��� ����� ����� �����
��� ����� ����� �����
��� ����� ������ �����
��� ����� ������ �����
��� ����� ����� �����
��� ����� ������ �����
��� ������ ������ �����
��� ������ ������ �����
��� ������ ������ ������
���� ������ ������ ������

)LJ�� ��� &RPSDULVRQ� RI� WKH� PHDVXUHG� GDWD� ZLWK� WKH� GHULYHG�
PRGHO�DQG�)UHH�6SDFH�/RVV��)6/��
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��� 1&(& ��������'HSDUWPHQW�RI�&RPPXQLFDWLRQV�(QJLQHHULQJ��
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)LJ�� ��� &RPSDULVRQ� RI� WKH�PHDVXUHG� GDWD� ZLWK� WKH� GHULYHG�
PRGHO�DQG�+DWD�0RGHO�

&21&/86,21
7KLV� ZRUN� KDV� GHYHORSHG� D� SURSDJDWLRQ� PRGHO� WKDW� FDQ� EH�
XWLOLVHG� LQ� GHVFULELQJ� WKH� VLJQDO� DWWHQXDWLRQ� ZLWKLQ� WKH�
*LGDQ.ZDQR�FDPSXV�RI�)87��0LQQD��7KLV�ZDV�DFWXDOLVHG�E\�
LQYHVWLJDWLQJ�WKH�HIIHFW�RI�WKH�HQYLURQPHQW�RQ�UDGLR�IUHTXHQF\�
VLJQDO� TXDOLW\�� ,W� ZDV� GLVFRYHUHG� WKDW� WKH� QHDUQHVV� RI�
REVWUXFWLRQV�DWWHQXDWHV�WKH�VLJQDO�VWUHQJWK�ZKLFK�GHJUDGHV�WKH�
SHUIRUPDQFH�RI�WKH�ZLUHOHVV�QHWZRUN��566,�GDWD�ZHUH�JDWKHUHG�
LQ�D�/26�DQG�1/26�VLWXDWLRQV��7KH�SDWK�ORVV�H[SRQHQWV�DQG�
VWDQGDUG�GHYLDWLRQV�DFTXLUHG�IRU� WKH�REVWUXFWHG�HQYLURQPHQW�
�1/26�� ZHUH� VHHQ� WR� EH� KLJKHU� WKDQ� WKRVH� REWDLQHG IRU�
XQKDPSHUHG��/26��FRQGLWLRQ��7KLV�SHUFHSWLRQ�GHPRQVWUDWHG�
WKDW� WKH� QHDUQHVV� RI� KLQGUDQFHV� WUXO\� KDYH� HIIHFWV� RQ� UDGLR�
IUHTXHQF\� VLJQDO� TXDOLW\�� %DVHG� RQ� WKH� HPSLULFDO� GDWD�
JDWKHUHG�� SURSDJDWLRQ� PRGHOV� ZHUH� GHWHUPLQHG� IRU� ERWK�
1/26�DQG�/26�FRQGLWLRQV��7KH�REWDLQHG� UHVXOWV�ZHUH� WKHQ�
FRQWUDVWHG�ZLWK�WKH�H[LVWLQJ�VWDQGDUG�PRGHOV�DQG�WKH�RXWFRPH�
GHPRQVWUDWHG� KLJK� OHYHO� RI� DJUHHPHQW�� 7KH� UHVXOWV� ZHUH�
VDWLVIDFWRU\��VKRZLQJ�WKH�GHYHORSHG�PRGHOV�FDQ�HIIHFWLYHO\�EH�
XWLOLVHG�IRU�$3V�GHSOR\PHQW�DW�)87�0LQQD�WR�DFFRPSOLVK�KLJK�
TXDOLW\�VLJQDO�FRYHUDJH�IRU�RSWLPDO�SHUIRUPDQFH�

5()(5(1&(6
>�@ $UHPX��2�$���������([SHULPHQWDO�VWXG\�RI�YDULDWLRQ�

RI� 3DWK� /RVV� ZLWK� UHVSHFW� WR� +HLJKWV� DW� *60�
IUHTXHQF\�EDQG�����1LJHULD��V�Q���,-656(7����������

>�@� 5RGULJXHV�� 5�&��� 0DWHXV�� *�5�DQG/RXULUR�� $�$�)��
�������� 2Q� WKH� 'HVLJQ� DQG� &DSDFLW\� 3ODQQLQJ� RI� D�
:LUHOHVV� 0DQDJHPHQW� 6\PSRVLXP� 1RPV�� �,(((� ��
,),3��HG������������

>�@ %HMLGH�� 2��� 2QXPDQ\L�� $��� DQG�2QZXND�� (�� ��������
(PSLULFDO� 3DWK� ORVV� 0RGHOV� IRU� WKH� ������D�E�J�
3URSDJDWLRQ� &KDQQHO� DW WKH� %RVVR� &DPSXV� RI� WKH�
)HGHUDO� 8QLYHUVLW\� RI� 7HFKQRORJ\�� 0LQQD�� �QG�
,QWHUQDWLRQDO� (QJLQHHULQJ� &RQIHUHQFH� �,(&� ������
)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHULD����

>�@ %LGJROL��+����������7KH�,QWHUQHW�(QF\FORSHGLD��-RKQ�
:LOH\� DQG� 6RQV�� ,QF�� +RERNHQ� 1HZ� -HUVH\�� ��� ����
�����������������������������������

>�@ 6DYHHGD�� 3�� �������� 5HFHLYHG� VLJQDO� VWUHQJWK�566��
&DOFXODWLRQ� IRU� *60� FHOOXODU� V\VWHP� DW� %61/�
3RQGLFKHUU\� XVLQJ� PRGLILHG� +$7$� PRGHO��
��,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH��(QJLQHHULQJ�DQG�
7HFKQRORJ\�5HVHDUFK�����������������������������������

>�@ 6KHOO\�� *�%��� &DVKPDQ�� 7�� -�DQG� 5RVHQEODWW�� +�-��
�������� 6\VWHPV�$QDO\VLV� DQG�'HVLJQ�� �WK� HG��� �����
,6%1�����������������������

>�@ (LEHUW��7��)��DQG�.XKOPDQ��3����������1RWHV�RQ�6HPL�
HPSLULFDO� ZDYH� SURSDJDWLRQ� PRGHOLQJ� IRU�
PLFURFHOOXODU� HQYLURQPHQWV� FRPSDULVRQ� ZLWK�
PHDVXUHPHQWV�� ,(((� 7UDQV�� $QWHQQD� DQG�
3URSDJDWLRQ�� ���� ����������������������������������������������������������������������
>�@� 7DURNK�� 9�� �������� 1HZ� 'LUHFWLRQV� LQ�:LUHOHVV�
&RPPXQLFDWLRQ� 5HVHDUFK�� 6SULQJHU� 'RUGUHFKW�
+HLGHOEHUJ�/RQGRQ�1HZ�<RUN�����,6%1����� �������
�����������������������������������������������

>�@ *RUDQVVRQ�� 3�DQG*UHHQODZ�� 5�� �������� 6HFXUH�
5RDPLQJ�LQ��������1HWZRUNV�������,6%1������������
�������

>��@ *UHHQ��'��%�DQG�2EDLGDW��0��6����������$Q�$FFXUDWH�
/LQH�RI�6LJKW�3URSDJDWLRQ�SHUIRUPDQFH�PRGHO�IRU�$G�
+RF� ���� ��� ZLUHOHVV� /$1� �:/$1�� 'HYLFHV�� 65,�
,QWHUQDO�DQG�0RQ�PRXWK�8QLYHUVLW\�����������

>��@ 7HUSODQ�� .�� DQG� 0RUUZOH�� 3�� �������� 7KH�
7HOHFRPPXQLFDWLRQ� +DQGERRN�� ����� ,(((� 3UHVV��
,6%1���������������

>��@ 6XQ�� /��� )X�� &��� =KDQJ�� =�� &�� �������� :LUHOHVV�
&RPPXQLFDWLRQV��1HWZRUNLQJ�DQG�0RELOH�&RPSXWLQJ�
������ ,(((� :LFRP�� ,QWHUQDWLRQDO� &RQIHUHQFH�� ���
���������������������������������������������

>��@ KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�(PSLHULFDO� PRGHO� �� GDWH�
DFFHVVHG��0DUFK����������������������������������������������������������������������������������������������������

>��@ KWWS���ZZZ�WHOHFRPVSDFH�FRP�ZLUHOHVVQZ�
ZVHFXULW\�KWPO�� :LUHOHVV� VHFXULW\�� 'DWH� DFFHVVHG��
��WK�$SULO�������

>��@ ,GLP��$�,� DQG�$Q\DVL�� )�,�� ��������'HWHUPLQDWLRQ�RI�
EXLOGLQJ� SHQHWUDWLRQ� ORVV� RI� *60� VLJQDOV� XVLQJ�
VHOHFWHG�EXLOGLQJV�LQ�2UKXZKRUXQ�'HOWD6WDWH�1LJHULD�
DV�D�FDVH� VWXG\����� ,265�-RXUQDO�RI�(OHFWURQLFV�DQG�
&RPPXQLFDWLRQ�(QJLQHHULQJ�������������

>��@ =DEDOORV��$���&RUUDO��*���&DUQH��$��DQG�3LMRDQ��-��/��
�������� 0RGHOLQJ� QHZ� LQGRRU� DQG� RXWGRRU�
SURSDJDWLRQ� PRGHOV� IRU� :/$1�� 8QLYHUVLW\� 5DPRQ�
/OXOO�� %DUFHORQD� 6SDLQ�� ZZZ�VDOOH�XUO�HGX5HWULHYHG�
GDWH���QG $XJXVW��������

>��@ 6XQ�� /��� )X�� &��� =KDQJ�� =�� &�� �������� :LUHOHVV�
&RPPXQLFDWLRQV��1HWZRUNLQJ�DQG�0RELOH�&RPSXWLQJ�
������ ,(((� :LFRP�� ,QWHUQDWLRQDO� &RQIHUHQFH�� ���
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