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��� ,QWURGXFWLRQ
,PSURYHPHQW� LQ� SURVRG\� SUHGLFWLRQ� UHPDLQV� D

FKDOOHQJH� IRU� SURGXFLQJ� UHDOO\� QDWXUDO� WH[W� WR� VSHHFK
V\VWHPV� �776��� $V� PDQXDO� ODEHOLQJ� LV� WLPH� DQG� FRVW
LQWHQVLYH� DXWRPDWLFDOO\� ODEHOHG� GDWDEDVHV� DUH� SUHIHUUHG
�9HUHHFNHQ��������0DOIUHUH��������

7KH� SUREOHP� RI� SURGXFLQJ� JRRG� SURVRG\�PRGHOV� FDQ
EH�WDFNOHG�HLWKHU�E\�XVLQJ�

�� OLQJXLVWLF�H[SHUWLVH�±�DGDSWLQJ�WKH�PRGHOV�E\�KDQG�RU
�� DXWRPDWLF� OHDUQLQJ� WHFKQLTXHV� WR� DGDSW� WKH� PRGHOV

DXWRPDWLFDOO\�E\�PDNLQJ�XVH�RI�ODUJH�VSHHFK�FRUSRUD�

7KH� VHFRQG� DSSURDFK� RIIHUV� WKH� SRWHQWLDO� RI� UDSLG
PRGHO� DGDSWDWLRQ� DQG� FDQ� WR� VRPH� H[WHQW� EH� VHHQ� DV
ODQJXDJH�LQGHSHQGHQW��)DFNUHOO��������

'DWD�GULYHQ�DSSURDFKHV�DOORZ�UDSLG�DGDSWDWLRQ�WR�QHZ
ODQJXDJHV� DQG�RU�GDWDEDVHV� DQG� WKHUHIRUH� DUH� VXLWDEOH� IRU
PXOWLOLQJXDO� DSSURDFKHV� ZKHUH� ODUJH� VSHHFK� FRUSRUD� DUH
SURFHVVHG�DQG�PRGHOV�IRU�SURVRG\�JHQHUDWLRQ�DUH�DGDSWHG�

3URVRGLF� ODEHOLQJ� EDVHG� RQ� SHUFHSWXDO� WHVWV� LV� YHU\
WLPH�FRQVXPLQJ�DQG�XVXDOO\�LQFRQVLVWHQW��0DQ�IRUFH�ZLWK
H[SHUW�SKRQHWLFV�DQG�OLQJXLVWLFV�NQRZOHGJH�LV�UHTXLUHG��,Q
WKLV� SDSHU� ZH� ZLOO� SUHVHQW� DQ� DSSURDFK�� LPSOHPHQWLQJ
6ORYHQLDQ� ODQJXDJH� LQ� D� PXOWLOLQJXDO� 776� V\VWHP� DQG
VXJJHVW� WKH�XVH�RI�D� WRRO� WR�PLQLPL]H� WKH� UHTXLUHG�H[SHUW
NQRZOHGJH� IRU� SURVRGLF� ODEHOLQJ�� 7KH� JRDO� LV� WR� UHGXFH
PDQ� IRUFH�� WLPH� DQG� H[SHQVHV� IRU� SURVRGLF� ODEHOLQJ��7KH
WRRO�KDV�D�JUDSKLFDO�LQWHUIDFH�KHOSLQJ�WKH�ODEHOHU��H[SHUW�RU
QRYLFH�� WR� FRQVLVWHQWO\� ODEHO� V\PEROLF� SKUDVH� ERXQGDULHV
DQG�PLQLPL]HV�WKH�WLPH�UHTXLUHG�IRU�ODEHOLQJ�

��� 'DWDEDVH
7R�RXU�NQRZOHGJH��WKHUH�H[LVW�QR�SURVRGLFDOO\�ODEHOHG

FRUSRUD� IRU� 6ORYHQLDQ� ODQJXDJH� WKDW� FDQ� EH� XVHG� IRU
SURVRG\� UHVHDUFK� LQ� VSHHFK� V\QWKHVLV�� $Q� LPSRUWDQW� VWHS
GXULQJ� WKH� DGDSWDWLRQ� RI� WKH� V\VWHP� WR� WKH� 6ORYHQLDQ
ODQJXDJH�ZDV�WKHUHIRUH�WKH�GHVLJQ�RI�D�VXLWDEOH�GDWDEDVH�

����� 7KH�&RUSXV
7KH� FRUSXV� FRQVLVWV� RI� ����� VHQWHQFHV� LQ� 6ORYHQLDQ

ODQJXDJH� �RUWKRJUDSK\�� ZKLFK� HTXDOV� DSS�� �� KRXUV� RI
VSHHFK��7R�RXU�NQRZOHGJH� WKLV� LV� WKH� ODUJHVW�SURVRGLFDOO\
DQQRWDWHG�GDWDEDVH�IRU�6ORYHQLDQ� ODQJXDJH��7KHUHIRUH�ZH
ZRXOG� OLNH� WR� HPSKDVL]H� WKH� SLRQHHU� ZRUN� DFFRPSOLVKHG
LQ�EXLOGLQJ�D�FRUSXV�RI�QDWLRQDO�LPSRUWDQFH�

7KH�VHOHFWLRQ�RI�WKH�WH[W�ZDV�GHVLJQHG�WR�HQVXUH�JRRG
FRYHUDJH� RI� WKH� SKRQHV� LQ� WKH� 6ORYHQLDQ� ODQJXDJH�� DOVR
VRPH� FODXVHV� ZHUH� JDWKHUHG� DQG� LQFOXGHG� IURP� GLIIHUHQW
WH[W�VW\OHV��H�J��OLWHUDWXUH�DQG�QHZVSDSHU�WH[W��

7KH�WH[WV�ZHUH�QRW�FKRVHQ�WR�DFKLHYH�JRRG�FRYHUDJH�RI
SURVRGLF� SDWWHUQV�� L�H�� QR� EDODQFLQJ� RI� FODXVH� W\SHV� ZDV
SHUIRUPHG��GLDORJ�FRQWH[W�DQG�V\QWD[�ZDV�QRW�FRQVLGHUHG
DQG� QR� VHPDQWLF� DQDO\VLV� ZDV� SHUIRUPHG� VLQFH� WKHUH� DUH
RQO\� LVRODWHG� VHQWHQFHV� LQFOXGHG� ±� SURVRG\� ZDV� QRW
UHOHYDQW�IRU�WH[W�VHOHFWLRQ�

7KH�ZKROH�FRUSXV�ZDV�GHWHUPLQHG�ZLWK�WKH�VHOHFWLRQ�RI
FODXVHV� IURP� ��� PLOOLRQ� ZRUGV� FRUSXV� LQ� 6ORYHQLDQ
ODQJXDJH�IURP�H�QHZVSDSHUV��H�OLWHUDWXUH�RQ�WKH�:::�RU
&'¶V�� 7KH� PDMRU� SDUW� RI� FODXVHV� FRYHUV� GDLO\�SXEOLVKHG
QHZV� DQG� WKH� PLQRULW\� FRQVLVWV� RI� FODXVHV� WDNHQ� IURP
6ORYHQLDQ�FODVVLFV�DQG�SRHWU\�

7KH� PDMRULW\� RI� VHQWHQFHV� LQ� WKH� GDWDEDVH� KDYH
EHWZHHQ� ��� DQG� ��� ZRUGV�� )RXU� GLIIHUHQW� WH[W� FRUSRUD
ZHUH� VHOHFWHG� DQG� VWDWLVWLFDOO\� DQDO\]HG��7KH� VHOHFWLRQ� RI
VHQWHQFHV� IRU� WKH� ILQDO� FRUSXV� LV� EDVHG� RQ� D� WZR�VWDJH
SURFHVV�� ,Q� WKH� ILUVW� VWDJH� DQ� DQDO\VLV�EDVHG� RQ� VWDWLVWLFDO
FULWHULD� LV�SHUIRUPHG��,Q� WKH�VHFRQG�VWDJH� WKH� ILQDO� WH[W� LV
FKRVHQ� EDVHG� RQ� WKH� UHVXOW� RI� WKH� ILUVW� VWDJH�� ,Q� WKH
IROORZLQJ�WKH�WZR�VWDJHV�DUH�GHVFULEHG

7KH�VWDWLVWLF�DQDO\VLV�RI�FRUUHVSRQGLQJ�XQLWV�JHQHUDWHG
LQ� D� QRQ�XQLIRUP� XQLWV� JHQHUDWRU� LV� SHUIRUPHG� RQ� WKH
VHQWHQFH� OHYHO� IRU� HDFK� RI� WKH� IRXU� FRUSRUD� LQ� D� VHSDUDWH
PRGXOH�� 7KH� PRGXOH� VRUWV� DOO� XQLWV� DQG� GHWHUPLQHV� KRZ
IUHTXHQWO\� HDFK� XQLW� DSSHDUV�� 7KH� REWDLQHG� VWDWLVWLFV
PLUURUV� WKH� QRQ�XQLIRUP� XQLW� ULFKQHVV� RI� DOO� FODXVHV� DQG
XQLW� VWUXFWXUH� IRU� WKH� FRUUHVSRQGLQJ� WH[W� FRUSRUD� �5RMF�
������



$IWHU� WKH� GHVFULEHG� VWDWLVWLFDO� DQDO\VLV� RI� WKH� WH[W� WKH
ILQDO� FRUSXV� ZDV� JHQHUDWHG�� 7KH� FULWHULRQ� IRU� ILQDO� WH[W
ILOWHULQJ� ZDV� EDVHG� RQ� PRQRSKRQHV�� GLSKRQHV�� WULSKRQHV
DQG�ILYHIRQHV�ULFKQHVV�

7KH� FRUSRUD� WKDW� ZHUH� VWDWLVWLFDOO\� DQDO\]HG� KDYH
VLPLODU� XQLW� VWDWLVWLFV�� DOWKRXJK� GLVWULEXWLRQV� RI� XQLWV
DFURVV�WKH�FRUSRUD�ZHUH�QRW�WKH�VDPH��7DEOH�,���$�FDUHIXO
HOLPLQDWLRQ� RI� VHQWHQFHV� FRQVLGHULQJ� FRPSUHKHQVLRQ� DQG
IUHTXHQF\�RI�XQLWV�ZDV�SHUIRUPHG��&ODXVHV�ZLWK�SRRU�XQLW
FRPSUHKHQVLRQ� DQG� XQLW� GXSOLFDWHV� ZHUH� UHGXFHG�� ,Q� WKH
ILQDO�FRUSXV������VHQWHQFHV�UHPDLQHG��7KH�FRUSXV�LV�XVHG
WR� DGDSW� RXU� PXOWLOLQJXDO� 776� V\VWHP� WR� 6ORYHQLDQ
ODQJXDJH�

7H[W�FRUSXV � � � �
0RQRSKRQHV �� �� �� ��
'LSKRQHV ���� ���� ���� ����
7ULSKRQHV ����� ����� ����� ����
)LYHSKRQHV ����� ����� ����� �����

7DEOH�,��6WDWLVWLFDO�DQDO\VLV�RI�SKRQHV

����� $XGLR�5HFRUGLQJV
7KH�DXGLR�GDWDEDVH�UHFRUGLQJV�ZHUH�FUHDWHG�LQ�D�VWXGLR

HQYLURQPHQW� ZLWK� D� PDOH� VSHDNHU� UHDGLQJ� DORXG� LVRODWHG
VHQWHQFHV� LQ� 6ORYHQLDQ� ODQJXDJH�� (YHU\� VHQWHQFH� ZDV
VDPSOHG�DW������N+]�����ELW��

6LQFH�WKH�VSHDNHU�LV�D�SURIHVVLRQDO�UDGLR�QHZV�VSHDNHU
WKH� VSHHFK� FRQWDLQV� QR� GLVIOXHQFLHV� �L�H�� ILOOHG� SDXVHV�
UHSHWLWLRQV� DQG� GHOHWLWLRQV�� DOWKRXJK� IRU� WKLV� SDUWLFXODU
VSHDNHU� WKHUH� DUH� VRPH� LQGLFHV� IRU�KHVLWDWLRQV� LQ� IRUP�RI
SDXVHV�DQG�OHQJWKHQLQJ��&RPSDUHG�WR� WKH�*HUPDQ�FRUSXV
RI�UHVHPEOLQJ�H[WHQW�XVHG�LQ�RXU�776�V\VWHP��,QVWLWXW� I�U
3KRQHWLN� XQG� VSUDFKOLFKH� .RPPXQLNDWLRQ�� ������ WKH
SHUFHQWDJH�RI�KHVLWDWLRQV�GLIIHUV�HVVHQWLDOO\�

����� 3KRQHWLF�7UDQVFULSWLRQ
7KH� SKRQHWLF� WUDQVFULSWLRQ� ZDV� PDQDJHG� ZLWK� D� WZR

VWHS� FRQYHUVLRQ�PRGXOH��7KH� ILUVW� VWHS� LV� UHDOL]HG�ZLWK� D
UXOH�EDVHG� DOJRULWKP�� 6XEVHTXHQW� WR� WKH� ILUVW� VWHS� WKH
VHFRQG� VWHS� ZDV� GHVLJQHG� ZLWK� D� GDWD� GULYHQ� DSSURDFK
�QHXUDO�QHWZRUNV�ZHUH�XVHG��

7KH� PRGXOH� ZDV� GHVLJQHG� IRU� WKH� VXSSRUW� RI� WZR
DSSURDFKHV� LQ� JUDSKHPH±WR±SKRQHPH� FRQYHUVLRQ�� 7KH
ILUVW�SDUW�ZDV�LQWHQGHG�IRU�WKH�FDVH�WKDW�QR�PRUSKRORJLFDO
OH[LFD�ZHUH�DYDLODEOH��)LUVW�UXOH�EDVHG�VWUHVV�DVVLJQPHQW�LV
GRQH�� IROORZHG� E\� JUDSKHPH�WR�SKRQHPH� FRQYHUVLRQ
SURFHGXUH�

7KH� VWHS� RI� VWUHVV� PDUNLQJ� EHIRUH� JUDSKHPH�WR�
SKRQHPH� FRQYHUVLRQ� LV� YHU\� LPSRUWDQW� IRU� 6ORYHQLDQ
ODQJXDJH�� VLQFH� LW� YHU\� PXFK� GHSHQGV� RQ� WKH� W\SH� DQG
SODFH�RI� WKH� VWUHVV�� ,I� WKH�SKRQHWLF� OH[LFRQ� LV� DYDLODEOH�� D
GDWD�GULYHQ�DSSURDFK�� UHSUHVHQWLQJ� WKH� VHFRQG�SDUW� LQ� WKH
PRGXOH�� XVLQJ� QHXUDO� QHWZRUNV� FDQ� EH� XVHG�� +HUH�� WKH
SKRQHWLF� OH[LFRQ� LV�XVHG�DV�D�GDWD� VRXUFH� IRU� WUDLQLQJ� WKH
QHXUDO�QHWZRUNV�

7KH� GDWD� SUHSDUDWLRQ�� WKH� JHQHUDWLRQ� RI� WKH� WUDLQLQJ
SDWWHUQV� DQG� WKH� WUDLQLQJ� RI� QHXUDO� QHWZRUNV� DUH� GRQH
FRPSOHWHO\� DXWRPDWLFDOO\�� 7KH� WUDQVFULSWLRQ� LV� SHUIRUPHG
LQ�WZR�VWHSV��,Q�WKH�ILUVW�VWHS�WKH�JUDSKHPHV�DUH�FRQYHUWHG
LQWR� SKRQHPHV� DQG� V\OODEOH� EUHDNV� DUH� LQVHUWHG� LQ� WKH
SKRQHPH� VWULQJ�� ,Q� WKH� VHFRQG� VWHS� VWUHVV� PDUNV� DUH
LQVHUWHG��7KH� SUREOHP�KRZ� WR� SHUIRUP�PDSSLQJ� EHWZHHQ

JUDSKHPHV� DQG� SKRQHPHV� E\� JHQHUDWLRQ� RI� WUDLQLQJ
SDWWHUQV� IRU� QHXUDO� QHWZRUNV�� ZDV� VROYHG� DV� SURSRVHG� LQ
�+DLQ���������)RU�ERWK�11�WDVNV�ZH�DSSOLHG�D�PXOWLOD\HU
SHUFHSWURQ��0/3��IHHG�IRUZDUG�QHWZRUN�ZLWK�RQH�KLGGHQ
OD\HU�� $V� OHDUQLQJ� DOJRULWKP� WKH� EDFN�SURSDJDWLRQ
DOJRULWKP�ZDV�FKRVHQ��5RMF��������

7KH� SURQXQFLDWLRQ� LV� GHULYHG� IURP� WKH� ,3$�$OSKDEHW�
,Q�RUGHU�WR�UHSUHVHQW�WKH�,3$�V\PEROV�LQ�$6&,,�FKDUDFWHUV
WKH� 6$03$� IRUPDW� LV� ZLGHO\� XVHG�� ,Q� RXU� JUDSKHPH�WR�
SKRQHPH� FRQYHUVLRQ� PRGXOH� WKH� 6$03$� SKRQHWLF
WUDQVFULSWLRQ� V\PEROV� IRU� 6ORYHQLDQ� ODQJXDJH� DUH� XVHG
�5RMF��������

����� 3DUW�RI�6SHHFK�7DJV
7KH�WH[W�FRUSXV�ZDV�KDQG�ODEHOHG�XVLQJ� WKH� IROORZLQJ

VLPSOLILHG�SDUW�RI�VSHHFK�WDJV��326��

���68%67�IRU�QRXQV�
���9(5%�IRU�YHUEV�
���$'-�IRU�DGMHFWLYHV�
���$'9�IRU�DGYHUEV�
���180�IRU�RUGLQDO�DQG�FDUGLQDO�QXPEHUV�
���3521�IRU�SURQRXQV��QRXQV�DQG�DGYHUEV��
���35('�IRU�SUHGLFDWLYH�
���35(3�IRU�SUHSRVLWLRQV�
���&21-�IRU�FRQMXQFWLRQV�
����3$57�IRU�SDUWLFOH�
����,17�IRU�LQWHUMHFWLRQ�DQG
����381&�IRU�SXQFWXDWLRQ�

$OO�WDJV�DUH�FRPELQHG�LQ�DQ�HQYLURQPHQW�ZHUH�WUDFNLQJ
DQG�FRUUHFWLQJ�WDJV� LV� VLPSOLILHG�IRU� WKH� ODEHOHUV��6WHUJDU�
������

&RPSDUHG� WR� WKH� WDJ�VHW� IRU� RXU� *HUPDQ� FRUSXV
�,QVWLWXW� I�U� 3KRQHWLN� XQG� VSUDFKOLFKH� .RPPXQLNDWLRQ�
������� WKH� WDJ�VHW� IRU�6ORYHQLDQ� ODQJXDJH� LV� VPDOOHU��7KH
GLIIHUHQFH� LQ� VL]H� RFFXUV� EHFDXVH� WKH� 6ORYHQLDQ� FRUSXV
ZDV�KDQG�WDJJHG�DQG�QR�UHOLDEOH�WDJJHU�FXUUHQWO\�H[LVWV�IRU
D�ODUJH�WDJ�VHW��)LJXUH����

����� 3KRQHWLF�6HJPHQWDWLRQ�DQG�/DEHOLQJ
7KH�VSRNHQ�FRUSXV�ZDV�SKRQHWLFDOO\�WUDQVFULEHG�XVLQJ

+7.��$ORQJ� VWDQGDUG�QRPHQFODWXUH�ZH� XVHG� WZR� VSHFLDO
PDUNHUV� IRU� SDXVHV� EHWZHHQ� SKRQHPHV�� ³VLO´� GHQRWHV� WKH

'YHVWR�180�GHVHW�180�FHQWLPHWURY�68%67�YLVRNL
$'-�1HPHF�68%67�%��QH�$'9�VNULYD�9(5%�DPELFLM
68%67� Y� 35(3� DPHULãNL� $'-� OLJL� 68%67� %�� �
381&� VDM� $'9� MH� 9(5%� WLN� $'-� %�� SUHG� 35(3
SUYHQVWYRP� 68%67� ]DYUQLO� 9(5%� QHNDM� 3521
SRQXGE� 68%67� %�� ERJDWLK� $'-� HYURSVNLK� $'-
NOXERY�68%67�%����381&

)LJXUH����:LWK�326�DQG�SURVRG\�EUHDNV�ODEHOHG�FODXVH
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)LJXUH����$Q�H[DPSOH�RI�SKRQHWLF�VHJPHQWHG�DQG�ODEHOHG
WH[W



VLOHQFH�EHIRUH�DQG�DIWHU�VHQWHQFH��³VS´�GHQRWHV�WKH�VLOHQFH
EHWZHHQ�ZRUGV�LQ�WKH�VHQWHQFH��:H�GHWHUPLQHG�ERWK�ZLWK
RQH�VWDWH�+00�DQG�DOO�SKRQHPHV�ZLWK� WKUHH�VWDWH�+00
LQ�WKH�+7.�HQYLURQPHQW��)LJXUH����

��� 3URVRG\�/DEHOLQJ
6LQFH� QR� V\PEROLF� SURVRG\� ODEHOV� DUH� GHILQHG� IRU

6ORYHQLDQ� ODQJXDJH�� ZH� GHFLGHG� WR� XVH� VLPLODU� ODEHOV� DV
XVHG� LQ� �.RPSH�� ������� 7KXV� SURVRGLF� ODEHOV� DUH
GHWHUPLQHG� WKURXJK�DFRXVWLF� SHUFHSWXDO� VHVVLRQV� DQG� WH[W
LV� ODEHOHG� VSHDNHU� GHSHQGHQW�� 7KH� IROORZLQJ� ODEHOV� ZHUH
XVHG�IRU�ODEHOLQJ�WKH�FRUSXV�

�� %��SURVRGLF�FODXVH�SKUDVH�ERXQGDU\
�� %��SURVRGLF�SKUDVH�ERXQGDU\
�� %�� LUUHJXODU� SURVRGLF� ERXQGDU\�� XVXDOO\

KHVLWDWLRQ��OHQJWKHQLQJ�DQG�XQZDQWHG�SDXVHV�DQG
�� %��IRU�HYHU\�RWKHU�ERXQGDU\�

7KH�DFRXVWLF�SURVRGLF�ERXQGDULHV�ZHUH�GHWHUPLQHG�E\
ERXQGDU\� LQGLFDWLRQ�� OLVWHQLQJ� WR� DXGLR� ILOHV� DQG� YLVXDO
RXWSXW� �SLWFK� DQG� HQHUJ\�� IURP� RXU� WRRO� �FI�� VHFWLRQ� ���
DQG�VHFWLRQ������

����� $� 7RRO� IRU� 6HPLDXWRPDWLF� 3URVRG\
/DEHOLQJ

:H� GHVLJQHG� D� WRRO� �)LJXUH� ��� LQWHQGHG� WR� KHOS� WKH
ODEHOHU��QRYLFH�RU�H[SHUW��WR�PDNH�GHFLVLRQV�DERXW�SURVRG\
EUHDNV� ZLWKLQ� HDFK� VHQWHQFH�� 7KH� WRRO� LQGLFDWHV� SRVVLEOH
SURVRG\� ERXQGDULHV�� ZKLFK� GHSHQG� RQ� WKH� VHJPHQWHG
SDXVHV�LQ�VSRNHQ�FRUSRUD�

([SHULPHQWV� RQ� PXOWLOLQJXDO� GDWDEDVHV� ��� ODQJXDJHV�
KDYH� VKRZQ� WKDW� WKH� VWUDWHJ\� RI� VHJPHQWLQJ� WKH� VSHHFK
VLJQDO�ZLWK�SDXVHV�\LHOGV�D�VLJQLILFDQW�LPSURYHPHQW�RI�WKH
DQQRWDWLRQ�DFFXUDF\��9HUHHFNHQ��������

6\OODEOH� DQG�ZRUG� ERXQGDULHV� DUH�PDUNHG� E\� YHUWLFDO
OLQHV� DGGLQJ� RYHUYLHZ� FOHDUQHVV� DQG� 
%
� PDUNV� IRU
V\PEROLF�SURVRG\�ERXQGDULHV�DUH� LQVHUWHG� LQ� WKH� VHQWHQFH
FRQFHUQHG��)LJXUH����

7KH� WRRO� LQGLFDWHV� PDUNV� IRU� SURVRG\� ERXQGDULHV
WDNLQJ�SKRQHWLF�VHJPHQWDWLRQ�RI�SDXVHV�LQWR�DFFRXQW��7KH
SRVLWLRQ� RI� SURVRG\� ERXQGDULHV� LV� VHOHFWHG� FRQVLGHULQJ
WLPH�RI�VLOHQFH�EHWZHHQ�ZRUGV��7KH�GHFLVLRQ�RI�LQGLFDWLRQ
LV� PDGH� RQ� FRPSDULVRQ� ZLWK� D� VSHFLILF� WKUHVKROG�� 7KLV
WKUHVKROG�FDQ�EH�FKDQJHG�PDQXDOO\��6WHUJDU��������

����� /DEHOLQJ�5HVXOWV
7ZR�ODEHOLQJ�H[SHULPHQWV�KDYH�EHHQ�SHUIRUPHG��,Q�WKH

ILUVW�H[SHULPHQW��ODEHOV�ZHUH�PDUNHG�DW�SRVLWLRQV�LQGLFDWHG
E\� WKH� WRRO�� $GGLWLRQDOO\�� D� FDUHIXO� DQDO\VLV� RI� WKH� I��
FRQWRXUV� DQG� HQHUJ\� FRQWRXUV� DQG� SHUFHSWLRQ� KDV� OHDG� WR
WKH� LQVHUWLRQ� DW� SRVLWLRQV� WKDW� WKH� WRRO� GLG� QRW� LQGLFDWH�
7KLV� ODEHOLQJ� VFKHPH� UHVXOWHG� LQ� D� GDWDEDVH� IXUWKHU
UHIHUHQFHG�E\�'%��

,Q� WKH�VHFRQG�H[SHULPHQW�� ODEHOV�ZHUH�RQO\�PDUNHG�DW
SRVLWLRQV� LQGLFDWHG� E\� WKH� WRRO��7KLV� UHVXOWHG� LQ� GDWDEDVH
'%��

7KH� IUHTXHQFLHV� RI� WKH� RFFXUUHQFH� IRU� HDFK� ODEHOHG
EUHDN� IRU� HDFK� 326� WDJ� DUH� SUHVHQWHG� LQ� WDEOH� ,,,�� 7KH
LQFUHDVH� RI� %�� WDJV� LQ� '%�� FRPSDUHG� WR� '%�� LV
SURSRUWLRQDO� IRU�DOPRVW�DOO�326� WDJV��7KH� LQFUHDVH�RI�%�

)LJXUH����7KH�LQGLFDWLRQ�RI�V\PEROLF�SURVRG\�ERXQGDULHV



ODEHOV�LV�HYLGHQWO\�PLQRU�WR�WKH�LQFUHDVH�RI�%��ODEHOV�DQG
LQ�RXU�RSLQLRQ�LV�VWURQJO\�VSHDNHU�GHSHQGHQW�

8QWLO�QRZ�ZH�SHUIRUPHG�WKH�FRPSOHWH�ODEHOLQJ�IRU�KDOI
WKH�FRUSXV��:LWK�WKH�VHPLDXWRPDWLF�PHWKRG�XVHG�ZH�ZHUH
DEOH� WR� GHWHFW� ������� RI� DOO� EUHDNV� �RYHU� ����� IRU� %��
�6WHUJDU��������DQG�FRQVLGHUDEOH�VKRUWHQ� WKH� WLPH�QHHGHG
IRU�ODEHOLQJ�WKH�GDWDEDVH��RYHU������

��� 3URVRG\�3UHGLFWLRQ
$IWHU�ODEHOLQJ�WKH�FRUSXV�DV�GHVFULEHG�LQ�WKH�SUHFHGLQJ

VHFWLRQV��WKH�WZR�GDWDEDVHV��'%��DQG�'%���ZHUH�XVHG� WR
WUDLQ�WKH�SKUDVH�EUHDN�SUHGLFWLRQ�PRGXOH��0�OOHU��������RI
RXU� WH[W�WR�VSHHFK� V\VWHP�� )RU� ERWK� GDWDEDVHV� WKH� %��
ODEHOV�PDUNLQJ�KHVLWDWLRQV�ZHUH�UHPRYHG�SULRU�WR�WUDLQLQJ�
VLQFH� WKH� KHVLWDWLRQV� JHQHUDOO\� RFFXU� DW� SRVLWLRQV� ZHUH� D
SDXVH�VHHPV�QRW�VXLWDEOH�

%RWK�GDWDEDVHV�ZHUH�LGHQWLFDOO\�VSOLW�LQWR�D�WUDLQLQJ�VHW
�����RI�WKH�GDWD���D�YDOLGDWLRQ�VHW������RI�WKH�GDWD��XVHG
WR�DYRLG�RYHUILWWLQJ��DQG�D�JHQHUDOL]DWLRQ�VHW� �����RI� WKH
GDWD��� $OO� UHVXOWV� UHSRUWHG� EHORZ� DUH� GHWHUPLQHG� RQ� WKH
LQGHSHQGHQW� JHQHUDOL]DWLRQ� VHW�� 7KH� UHSRUWHG� ILJXUHV
UHSUHVHQW� RYHUDOO� DFFXUDF\�� L�H�� FRUUHFWO\� FODVVLILHG� QRQ�
EUHDNV�DUH�LQFOXGHG�LQ�WKH�VWDWLVWLF�

EUHDNV '%� '%� &RPSDULVRQ
PLQRU�PDMRU ������ ������ ������
PLQRU PDMRU ������ ������ ������

7DEOH�,,��5HVXOWV�IRU�SKUDVH�EUHDN�SUHGLFWLRQ

7DEOH� ,,� SUHVHQWV� WKH� UHVXOWV� IRU� SUHGLFWLRQ� RI� PLQRU
DQG�PDMRU�EUHDNV��OLQH����DQG�IRU�SUHGLFWLRQ�RI�RQO\�PDMRU
EUHDNV� �OLQH� ���� )RU� WKH� ODWWHU� H[SHULPHQWV�� PLQRU� EUHDNV
ZHUH� JURXSHG� ZLWK� PDMRU� EUHDNV�� ,I� QR� EUHDNV� DUH
SUHGLFWHG�DW�DOO��SUHGLFWLRQ�DFFXUDF\�LV��������7KLV�FDQ�EH
VHHQ�DV�D�EDVHOLQH�IRU�ZRUVW�FDVH�SUHGLFWLRQ�

$V� FDQ� EH� VHHQ� IURP� WDEOH� ��� WKH� UHVXOWV� DUH
VLJQLILFDQWO\� EHWWHU� IRU�'%���7KLV� LV� SUREDEO\� GXH� WR� WKH
IDFW�WKDW�WKH�FRQVLVWHQF\�IRU�WKH�ODEHOV�GHWHFWHG�E\�WKH�WRRO
LV� PXFK� KLJKHU� WKDQ� WKH� FRQVLVWHQF\� IRU� WKH� FDVH� ZKHUH
DGGLWLRQDO�EUHDNV�DUH�ODEHOHG�EDVHG�RQ�SHUFHSWLRQ�

,Q� WKH� WKLUG� FROXPQ� WKH� SUHGLFWHG� SKUDVH� EUHDNV� DIWHU
WUDLQLQJ� RQ� '%�� DUH� FRPSDUHG� WR� WKH� SKUDVH� EUHDNV
RULJLQDOO\� ODEHOHG� LQ� '%��� $V� FDQ� EH� VHHQ� SUHGLFWLRQ
DFFXUDF\� GHJUDGHV� RQO\� LQVLJQLILFDQWO\� IRU� WKH� FDVH� ZHUH
PLQRU�DQG�PDMRU�EUHDNV�ZHUH�JURXSHG��PLQRU� �PDMRU��LI
'%��ZDV�XVHG�WR�WUDLQ�WKH�SKUDVH�EUHDN�SUHGLFWLRQ�PRGXOH�
7KLV� PHDQV� WKDW� IRU� WKH� FDVH� RI� EUHDN� YV�� QRQ�EUHDN

SUHGLFWLRQ� WKH� WRRO� FDQ� EH� XVHG� IRU� ODEHOLQJ� ZLWKRXW
SHUIRUPDQFH�ORVV��7KLV�UHVXOWV�LQ�D�VLJQLILFDQW�UHGXFWLRQ�LQ
WLPH�QHHGHG�WR�ODEHO�D�GDWDEDVH�

)RU�TXDOLW\�HYDOXDWLRQ�� WKH� VHQWHQFHV� IURP� WKH� WHVW� VHW
����� VHQWHQFHV�� ZLWK� DXWRPDWLFDOO\� JHQHUDWHG� SKUDVH
EUHDNV� KDYH� EHHQ� VXEMHFWLYHO\� UDWHG� DV� JRRG�� DFFHSWDEOH
DQG�EDG��7KH�SURVRGLF�SKUDVLQJ�ZDV�IRXQG�WR�EH�JRRG�IRU
���VHQWHQFHV����������DFFHSWDEOH� IRU����VHQWHQFHV� �����
DQG�EDG�IRU�RQO\���VHQWHQFHV��������

��� &RQFOXVLRQ
:H�SUHVHQWHG� D� WRRO� IRU� ODEHOLQJ� DQG�FODVVLILFDWLRQ� RI

SURVRG\� EUHDNV�� 7KLV� WRRO� FDQ� EH� VHHQ� DV� D� ILUVW� VWHS
WRZDUGV� DXWRPDWLF� ODEHOLQJ� RI� SURVRG\� EUHDNV� RI
6ORYHQLDQ� ODQJXDJH�� :H� FRQFOXGH� WKDW� RXU� DSSURDFK� LQ
XVLQJ� WKH� VHJPHQWHG� SDXVHV� LQ� WKH� VSHHFK� FRUSXV� IRU
SURVRG\� ERXQGDU\� LQGLFDWLRQ� IRU� 6ORYHQLDQ� ODQJXDJH� LV
YHU\� XVHIXO�� )LUVWO\�� LW� FRQVLGHUDEO\� UHGXFHV� WKH� WLPH
QHHGHG�IRU�ODEHOLQJ�DQG��VHFRQGO\��LW�SURYLGHV�D�KLJK�OHYHO
RI�VXSSRUW�WR�D� ODEHOHU� IRU�FRQVLVWHQW� ODEHOLQJ�RI�SURVRGLF
SKUDVH�ERXQGDULHV�
7KH� GDWD� EDVH� IRU� 6ORYHQLDQ� ODQJXDJH� ODEHOHG� ZLWK� WKH
SURSRVHG� WRRO� ZDV� XVHG� WR� WUDLQ� RXU� SKUDVH� EUHDN
SUHGLFWLRQ� PRGXOH� �6WHUJDU�� ������� 7KH� DFKLHYHG
SUHGLFWLRQ�DFFXUDF\�PDUNV�VWDWH�RI�WKH�DUW�IRU�SKUDVH�EUHDN
SUHGLFWLRQ�DFFXUDF\� IRU�6ORYHQLDQ� ODQJXDJH��$� VXEMHFWLYH
TXDOLW\� DQDO\VLV�RI� WKH�SURVRGLF�SKUDVHV� RI� WHVW� VHQWHQFHV
ZDV� SHUIRUPHG�� 7KH� UHVXOWV� IURP� WKLV� DQDO\VLV� LQGLFDWH� D
KLJK�SRWHQWLDO�IRU�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI� WKH� ODEHOLQJ
WRRO� LQ� FRPELQDWLRQ� ZLWK� RXU� SKUDVH� EUHDN� SUHGLFWLRQ
PRGXOH�

��� 5HIHUHQFHV
)DFNUHOO�-��:��$���9HUHHFNHQ�+���0DUWHQV�-��3���9DQ�&RLOH
%��� ������ 0XOWLOLQJXDO� 3URVRG\� 0RGHOOLQJ� XVLQJ
&DVFDGHV� RI� 5HJUHVVLRQ� WUHHV� DQG�1HXURQDO�1HWZRUNV�
3URFHHGLQJV�(85263((&+�����%XGDSHVW��+XQJDU\�

+DLQ�+��8��� ������ $XWRPDWLRQ� RI� WKH� WUDLQLQJ� SURFHGXUH
IRU�QHXUDO� QHWZRUNV� SHUIRUPLQJ�PXOWLOLQJXDO� JUDSKHPH
WR� SKRQHPH� FRQYHUVLRQ�� 3URFHHGLQJV� (85263((&+
������%XGDSHVW��+XQJDU\�

,QVWLWXW� I�U� 3KRQHWLN� XQG� VSUDFKOLFKH� .RPPXQLNDWLRQ�
������� 6LHPHQV� 6\QWKHVH� .RUSXV� �� 6,����3�
KWWS���ZZZ�SKRQHWLN�XQL�PXHQFKHQ�GH�%DV��

.RPSH� 5��� ������ 3URVRG\� LQ� 6SHHFK� 8QGHUVWDQGLQJ
6\VWHPV��6SULQJHU�±�9HUODJ�%HUOLQ�+HLGHOEHUJ��/HFWXUH
1RWHV�LQ�$UWLILFLDO�,QWHOLJHQFH�

326 %�B'%� %�B'%� %�B'%� %�B'%� %�B'%� %�B'%� D����
68%67 ��� ��� ��� ���� ��� ��� �����
9(5% �� ��� ��� ��� ��� ��� �����
$'- �� �� �� �� �� �� ����
$'9 �� �� �� �� �� �� ��
3521 �� �� �� �� �� �� �����
180 � � �� �� �� � �����
&21- � � � � �� �� �
,17 � � � � � � �
35(3 � � � � �� �� �
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7DEOH�,,,��7KH�LQFUHDVH�RI�%���%��DQG�%��WDJV��D��FRQFHUQLQJ�326�WDJV�LQ�'%��DQG�'%�



0DOIUHUH� )��� 'XWRLW� 7�� DQG� 0HUWHQV� 3��� ������ )XOO\
DXWRPDWLF�SURVRG\�JHQHUDWRU� IRU� WH[W�WR�VSHHFK�� ,&6/3
����6\GQH\�$XVWUDOLD�

0�OOHU� $�� )��� =LPPHUPDQQ� +�� *��� 1HXQHLHU� 5��� �����
5REXVW� *HQHUDWLRQ� RI� 6\PEROLF� 3URVRG\� E\� D� 1HXUDO
&ODVVLILHU�%DVHG�RQ�$XWRDVVRFLDWRUV��,&$663������

5RMF� 0��� .DþLþ� =��� ������ 'HVLJQ� RI� 2SWLPDO� 6ORYHQLDQ
6SHHFK� &RUSXV� IRU� XVH� LQ� WKH� FRQFDWHQDWLYH� 6SHHFK
6\Q�WKHVLV�6\VWHP��/5(&�����$WKHQV�*UHHFH�

6WHUJDU�-���������'HWHUPLQLQJ�6\PEROLF�3URVRG\�)HDWXUHV
ZLWK� DQDO\VLV� RI� 6SHHFK� &RUSRUD�� 0DVWHU� 7KHVLV�
8QLYHUVLW\�RI�0DULERU��)DFXOW\�IRU�((��DQG�&RPS��6FL�

6WHUJDU�-���+R]MDQ�9���������6WHSV�WRZDUGV�SUHSDUDWLRQ�RI
WH[W�FRUSRUD�IRU�GDWD�GULYHQ�V\PEROLF�SURVRG\�ODEHOOLQJ�
7�� (UMDYHF�� -�� *URV�� �HGW���� /DQJXDJH� WHFKQRORJLHV�
SURFHHGLQJV�RI�WKH�FRQIHUHQFH��/MXEOMDQD�������

9HUHHFNHQ�+���0DUWHQV�-��3���*URYHU�&���)DFNUHOO� -���9DQ
&RLOH� %��� ������ $XWRPDWLF� SURVRGLF� ODEHOLQJ� RI� �
ODQJXDJHV��,&6/3�����6\GQH\�$XVWUDOLD�

9HUHHFNHQ� +��� 9RUVWHUPDQV� $���0DUWHQV� -�� ±3�� DQG� 9DQ
FRLOH�%��� ������ ,PSURYLQJ� WKH� 3KRQHWLF�$QQRWDWLRQ� E\
PHDQV� RI� 3URVRGLF� 3KUDVLQJ�� (85263((&+� ���
*UHHFH�
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