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7UDGLWLRQDOO\�� IRUPDQW�V\QWKHVLV�ZDV�XVHG�LQ�WKH�FRQWH[W
RI� 776� V\QWKHVLV� >�@�� 7KLV� V\QWKHVLV� ZDV� EDVHG� RQ� D
VLPSOH� PRGHO� RI� VSHHFK� SURGXFWLRQ�� DQG� D� VHW� RI
PDQXDOO\�GHULYHG�UXOHV�ZDV�XVHG�WR�GHWHUPLQH�SDUDPHWHUV
RI� WKH� V\QWKHVL]HUV� VXFK� DV� IRUPDQW� IUHTXHQFLHV� DQG
EDQGZLGWKV�� DQG� RWKHU� DUWLFXODWRU\� SDUDPHWHUV�� +HQFH�
WKLV� PHWKRG� RI� VSHHFK� V\QWKHVLV� LV� FDOOHG� V\QWKHVLV� E\
UXOH��:KLOH� WKHVH� V\VWHPV�FDQ� DFKLHYH� D� KLJK� GHJUHH� RI
LQWHOOLJLELOLW\�� WKHLU� QDWXUDOQHVV� LV� W\SLFDOO\� ORZ�� VLQFH� LW
LV� YHU\� GLIILFXOW� WR� DFFXUDWHO\� GHVFULEH� WKH� SURFHVV� RI
VSHHFK�JHQHUDWLRQ�LQ�D�VHW�RI�UXOHV�
1RZDGD\V��FRQFDWHQDWLYH�VSHHFK�V\QWKHVL]HUV�DUH�ZLGHO\
XVHG�� 6SHHFK� V\QWKHVLV� LV� SHUIRUPHG� E\� FRQFDWHQDWLQJ
VSHHFK�XQLWV��RU�VHJPHQWV�� LQWR�D�GHVLUHG�XWWHUDQFH��7KH
LQKHUHQW�SUREOHP�RI�FRQFDWHQDWLRQ�EDVHG� V\QWKHVL]HUV� LV
WKDW� WKH\� VXIIHU� IURP� GLVFRQWLQXLWLHV� HQFRXQWHUHG� DW� WKH
XQLW� ERXQGDULHV�� L�H�� LQ� WKH� FRQFDWHQDWLRQ� SRLQWV�
+RZHYHU��WKHUH�DUH�VHYHUDO�UHDVRQV�IRU�WKH�PDVVLYH�XVDJH
RI�FRQFDWHQDWLYH� V\QWKHVL]HU�>�@�� ,W�KDV�EHHQ�VKRZQ� WKDW
SURGXFWLRQ� RI� D� FRQFDWHQDWLYH� V\QWKHVL]HU� RI� DFFHSWDEOH
TXDOLW\� LV�PXFK�HDVLHU�DQG�GRHV�QRW� UHTXLUH� WKH�GHWDLOHG
NQRZOHGJH� RI� VSHHFK� SURGXFWLRQ� SURFHVVHV� QHHGHG� IRU
SURGXFLQJ� D� UXOH� EDVHG� V\QWKHVL]HU� RI� D� VLPLODU� TXDOLW\�

����������������������������������������������������������
�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� *$ý5� JUDQW� 1R�
�������.����

0RUHRYHU��D�YHU\�ORQJ�WLPH�LV�XVXDOO\�QHHGHG�WR�GHVLJQ�D
IRUPDQW�V\QWKHVL]HU��W\SLFDOO\�VHYHUDO�\HDUV��

7KH�WUDGLWLRQDO�VSHHFK�XQLWV�XVHG�LQ�FRQFDWHQDWLYH�VSHHFK
V\QWKHVLV�DUH�GLSKRQHV��:KLOH�WKH\�UHWDLQ�WKH�WUDQVLWLRQDO
LQIRUPDWLRQ�EHWZHHQ�SKRQHV��VRPH�SUREOHPV�FDQ�DSSHDU
LQ� WKH� FRQFDWHQDWLRQ� SRLQWV�� 'LSKRQH� LQYHQWRULHV� ZHUH
RIWHQ�DXJPHQWHG�E\� ORQJHU�XQLWV� �VXFK� DV�GHPLV\OODEOHV
RU� V\OODEOHV�� WR� FRYHU� ORQJHU� ODVWLQJ� FRQWH[WV� �L�H�� FR�
DUWLFXODWLRQ� SKHQRPHQRQ��� DQG� REWDLQHG� E\� PDQXDOO\
GRLQJ� VHJPHQWDWLRQ� RI� WKH� VSHHFK� FRUSXV�� ZKLFK� LV� D
ODERU�LQWHQVLYH� SURFHVV�� 1HYHUWKHOHVV�� PRUH� FRQWH[WV
WKDQ� GLSKRQHV� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� WR� DFKLHYH
PRUH� QDWXUDO� V\QWKHWLF� YRLFH� TXDOLW\�� 7KH� VXLWDEOH� XQLW
VHHPV�WR�EH�D�WULSKRQH�

7KLV�SDSHU�SUHVHQWV�D�QHZ�DSSURDFK� WR�VSHHFK�V\QWKHVLV
>�@�� >�@�� >�@�� ,W� LV� EDVHG� RQ� UHFHQW� DGYDQFHV� LQ� VSHHFK
UHFRJQLWLRQ� WHFKQRORJ\�� ,W� XVHV� WULSKRQHV� DV� WKH� EDVLF
VSHHFK� XQLWV�� 7KHVH� XQLWV� FRQWDLQ� ERWK� WKH� VWDWLRQDU\
SDUWV�RI�WKH�SKRQH�DQG�WKH�WUDQVLWLRQDO�LQIRUPDWLRQ�RI�WKH
DGMDFHQW� SKRQHV�� +00V� DUH� XVHG� WR� PRGHO� WULSKRQHV�
7KH\� DUH� WUDLQHG� RQ� WKH� EDVLV� RI� WKH� WUDLQLQJ� VHW�� 7KH
VWDWHV�RI�WULSKRQH�+00V�DUH�FOXVWHUHG�GRZQ�XVLQJ�D�VHW
RI�DXWRPDWLFDOO\�JHQHUDWHG�ELQDU\�GHFLVLRQ�WUHHV�DQG�WKHQ
XVHG�WR�DXWRPDWLFDOO\�VHJPHQW� WKH�VSHHFK�FRUSXV�DQG�WR
FUHDWH� D� VSHHFK� VHJPHQW� GDWDEDVH�� &RQFDWHQDWLRQ�EDVHG
WHFKQLTXHV�FDQ�EH�WKHQ�XVHG�WR�SHUIRUP�VSHHFK�V\QWKHVLV
IURP�WKHVH�VHJPHQWV�

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� GHVFULEHV
WKH� DFRXVWLF� XQLW� LQYHQWRU\� SUHSDUDWLRQ� SURFHVV�� ,Q
6HFWLRQ� �� WZR� PDMRU� DSSURDFKHV� WR� WKH� FRQVWUXFWLRQ
VSHHFK� VHJPHQW� GDWDEDVH� DUH� PHQWLRQHG�� 6HFWLRQ� �� LV
GHGLFDWHG� WR� VSHHFK� V\QWKHVLV� WHFKQLTXHV�� )LQDOO\�
6HFWLRQ���FRQWDLQV�WKH�FRQFOXVLRQ�DQG�RXWOLQHV�RXU�IXWXUH
ZRUN�

��� $8720$7,&�$&2867,&�81,7�,19(1725<
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)LUVW�RI�DOO��VRPH�LQLWLDO�UHPDUNV�ZLOO�EH�PHQWLRQHG��:H
XVH�D�VLQJOH�VSHDNHU�FRQWLQXRXV�QDWXUDO�VSHHFK�FRUSXV��,W
FRQWDLQV� D� QXPEHU� RI� XWWHUDQFHV�� ZKLFK� UHSUHVHQW
DSSUR[LPDWHO\� RQH� KRXU� RI� VSHHFK�� ,W� ZDV� EXLOW� RQ� WKH
DUELWUDU\�WH[W�UHDGLQJ�DQG�UHFRUGHG�DW�D�VDPSOLQJ�UDWH�RI
�����N+]��3LWFK�DV\QFKURQRXV�VSHHFK�DQDO\VLV�ZDV� WKHQ

$%675$&7

7KH� XVDJH� RI� PXOWLSOH� +LGGHQ� 0DUNRY� 0RGHOV� �+00V�� WR
SUHSDUH� D�&]HFK� DFRXVWLF� XQLW� LQYHQWRU\� DQG� VSHHFK� V\QWKHVLV
EDVHG�RQ� WKLV� LQYHQWRU\�DUH�SUHVHQWHG� LQ� WKLV�SDSHU���7ULSKRQH
+00V�DUH�WUDLQHG�RQ�WKH�EDVLV�RI�WKH�VSHHFK�FRUSXV�VSRNHQ�E\
D� VLQJOH� VSHDNHU�� 7KH� VWDWHV� RI� WULSKRQH� +00V� DUH
DXWRPDWLFDOO\�FOXVWHUHG�GRZQ�XVLQJ�ELQDU\�GHFLVLRQ� WUHHV��7KH
FOXVWHUHG� VWDWHV� DUH� WKHQ� XVHG� WR� DXWRPDWLFDOO\� VHJPHQW� WKH
VSHHFK� FRUSXV� DQG� WR� FUHDWH� D� VSHHFK� VHJPHQW� GDWDEDVH�� 7KH
DFRXVWLF� XQLW� LQYHQWRU\� FRQVWUXFWHG� LQ� WKLV�ZD\� LV� DVVXPHG� WR
HQDEOH� PRUH� SUHFLVH� FRQWH[W� PRGHOLQJ� WKDQ� ZDV� SUHYLRXVO\
SRVVLEOH�� &RQFDWHQDWLRQ�EDVHG� VSHHFK� V\QWKHVL]HU� FDQ� EH
GHVLJQHG�RQ�WKH�EDVLV�RI�WKH�VSHHFK�VHJPHQW�GDWDEDVH��6HYHUDO
VSHHFK�V\QWKHVLV� WHFKQLTXHV� DUH�GLVFXVVHG� IRU� WKLV�SXUSRVH�� ,Q
WKH�HQG��D�&]HFK�WH[W�WR�VSHHFK��776��V\VWHP�LV�SUHVHQWHG�

6SHHFK�6\QWKHVLV�8VLQJ�+00�%DVHG�$FRXVWLF�8QLW�,QYHQWRU\

-LQG LFK�0DWRXãHN

8QLYHUVLW\�RI�:HVW�%RKHPLD��'HSDUWPHQW�RI�&\EHUQHWLFV�
8QLYHU]LWQt������������3O]H ��&]HFK�5HSXEOLF
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SHUIRUPHG�� L�H�� VSHHFK� GDWD� ZHUH� SUH�HPSKDVL]HG�
+DPPLQJ�ZLQGRZHG�ZLWK����PV�IUDPHV��DQG�FRGHG�LQWR
0HO� IUHTXHQF\� FHSVWUDO� FRHIILFLHQWV� �0)&&V�� ZLWK
HQHUJ\�� GHOWD� DQG� DFFHOHUDWLRQ� FRHIILFLHQWV� WR� JLYH� D� ��
GLPHQVLRQDO� IHDWXUH� YHFWRU�� 7KUHH� VWDWH� OHIW�WR�ULJKW
+00V� ZHUH� XVHG� ZLWK� �� PV� IUDPH� UDWH� �VHH� WRS� LQ
)LJXUH� ���� 7R� WUDLQ� +00V�� +LGGHQ� 0DUNRY� 0RGHOV
7RRONLW��+7.��IURP�(QWURSLF�ZDV�XVHG�>�@�
%HIRUH� FRQVWUXFWLQJ� +00V�� VSHHFK� FRUSXV� PXVW� EH
SURYLGHG�ZLWK�ZRUG�OHYHO�DQG�SKRQHWLF�WUDQVFULSWLRQ��7R
GR� WKDW�� D� VHW� RI� &]HFK� SKRQHWLF� WUDQVFULSWLRQ� UXOHV� LV
XVHG��6RPH�ZRUGV�FDQQRW�EH� WUDQVFULEHG� LQ� VXFK�D�ZD\�
7KHVH�ZRUGV�DUH�PRVWO\�QRQ�&]HFK�ZRUGV�DQG�DUH�FDOOHG
H[FHSWLRQV�� 7KH\� DUH� RUJDQL]HG� LQ� DQ� H[FHSWLRQ�ZRUG
GLFWLRQDU\�� $SSO\LQJ� SKRQHWLF� WUDQVFULSWLRQ� UXOHV� RU
ORRNLQJ� XS� LQ� WKH� H[FHSWLRQ�ZRUG� GLFWLRQDU\�� SKRQHWLF
WUDQVFULSWLRQ� GLFWLRQDU\� WKDW� FRQWDLQV� ZRUG� OHYHO� DQG
SKRQHWLF�WUDQVFULSWLRQV�RI�ZRUGV�IURP�WKH�VSHHFK�FRUSXV
LV�FUHDWHG�

+DYLQJ� WKH� 0)&&� ILOHV�� SKRQHWLF� WUDQVFULSWLRQ
GLFWLRQDU\� DQG� ZRUG� OHYHO� WUDQVFULSWLRQ�� WKH� WUDLQLQJ
SURFHVV�FDQ�VWDUW��)LUVWO\��PRQRSKRQH�PRGHOV�DUH�WUDLQHG�
7KHVH� PRGHOV� DUH� WKHQ� FORQHG� WR� SURGXFH� WULSKRQH
PRGHOV� IRU� HYHU\� GLVWLQFW� WULSKRQH� LQ� WKH� WUDLQLQJ� GDWD�
7KH� WUDQVLWLRQ� PDWUL[� UHPDLQV� WLHG� DFURVV� DOO� WKH
WULSKRQHV� RI� HDFK� EDVH� SKRQHPH�� 7KH� WULSKRQH� PRGHOV
DUH�WKHQ�UH�HVWLPDWHG�

+RZHYHU�� VLPSO\� PRGHOLQJ� WULSKRQHV�� SUREOHPV� ZLWK� D
ODUJH�DFRXVWLF�XQLW�LQYHQWRU\�PXVW�EH�IDFHG�XS�WR��8VLQJ
D�&]HFK����SKRQH�VHW���������WULSKRQHV�DUH�WKHRUHWLFDOO\
SRVVLEOH�� 0RUHRYHU�� WKHUH� DUH� WRR� IHZ� RFFXUUHQFHV� RI
PDQ\�WULSKRQHV� LQ� WKH� WUDLQLQJ�GDWD� WR�SURSHUO\�HVWLPDWH
*DXVVLDQ� GLVWULEXWLRQ� IRU� HDFK� RI� WKH� PRGHO� VWDWHV�� ,Q
DGGLWLRQ��WKHUH�LV�D�ORW�RI�WULSKRQHV�WKDW�GR�QRW�RFFXU�HYHQ
LQ� WKH� ODUJH� VSHHFK� FRUSXV�� )RUWXQDWHO\�� HIIHFWLYH
FOXVWHULQJ�RI�VLPLODU�FRQWH[WV�PRGHOHG�LQ�D�VXE�SKRQHWLF
OHYHO� KDV� EHHQ� ZHOO� VWXGLHG� LQ� WKH� VSHHFK� UHFRJQLWLRQ
FRPPXQLW\�� DQG� WKXV� FDQ� EH� DSSOLHG� WR� JHW� ULG� RI� WKH
DERYH� PHQWLRQHG� SUREOHPV�� )RU� HDFK� VHW� RI� WULSKRQHV
GHULYHG�IURP�WKH�VDPH�EDVH�SKRQH��FRUUHVSRQGLQJ�VWDWHV
DUH�FOXVWHUHG�XVLQJ�ELQDU\�GHFLVLRQ� WUHHV� �VHH�)LJXUH����
+00�VWDWHV� LQ� WULSKRQH�DUH�RIWHQ�FDOOHG�IHQHPHV�>�@�RU
VHQRQHV� >�@�� $� ELQDU\� GHFLVLRQ� WUHH� LV� FRQVWUXFWHG
DXWRPDWLFDOO\� IRU� HDFK� IHQHPH� XVLQJ� D� ODUJH� OLVW� RI
TXHVWLRQV� FRQFHUQLQJ� LPPHGLDWH� SKRQHWLF� FRQWH[W�� DQG
WZR�FOXVWHULQJ�SDUDPHWHUV��7KH�SURFHVV� UXQV� DV� IROORZV�
&RUUHVSRQGLQJ� IHQHPHV� RI� WULSKRQHV� GHULYHG� IURP� WKH
VDPH�EDVH�SKRQH�DUH�SRROHG��$OO�WKH�GDWD�FRUUHVSRQGLQJ
WR�WKLV�SRRO�LV�XVHG�WR�FRQVWUXFW�D�VLQJOH�*DXVVLDQ�LQ�WKH
URRW�QRGH�RI�WKH�WUHH��7KHQ��D�OLVW�RI�TXHVWLRQV�LV�XVHG�WR
VXJJHVW� VSOLWV� RI� WKH� GDWD� LQWR� WZR� FKLOG� QRGHV�� 7KH
TXHVWLRQ�ZKLFK�UHVXOWV� LQ� WKH�PD[LPXP�JDLQ� LQ� WKH� ORJ�
OLNHOLKRRG�RI�WKH�GDWD�ILWWLQJ�*DXVVLDQV�FRQVWUXFWHG�LQ�WKH
FKLOG�QRGHV�FRPSDUHG�WR�WKH�*DXVVLDQ�LQ�WKH�SDUHQW�QRGH
LV� VHOHFWHG� WR� VSOLW� WKH� SDUHQW� QRGH�� 7KLV� SURFHVV
FRQWLQXHV� DW� HDFK� QRGH� RI� WKH� WUHH� XQWLO� RQH� RI� WZR
VWRSSLQJ� FULWHULD� LV� PHW�� 7KH� WZR� FOXVWHULQJ� SDUDPHWHUV
VSHFLI\� WKH� PLQLPXP� QXPEHU� RI� IUDPHV� RI� VSHHFK� WKDW
PXVW�EH�DVVLJQHG�WR�HDFK�QRGH��DQG�WKH�PLQLPXP�JDLQ�LQ

ORJ�OLNHOLKRRG��ZKLFK�PXVW�EH�DFKLHYHG�IRU�D�QRGH�WR�EH
VSOLW��7KH�IRUPHU�WKUHVKROG�HQVXUHV�WKDW�VXIILFLHQW�GDWD�LV
DVVRFLDWHG� ZLWK� HDFK� OHDI� QRGH� WR� SURSHUO\� HVWLPDWH� D
*DXVVLDQ� GLVWULEXWLRQ�� 7KH� ODWWHU� HQVXUHV� WKDW� QRGHV� DUH
QRW� VSOLW� IRU� QHJOLJLEOH� JDLQ�� 7KH� ILQDO� WHUPLQDO� QRGHV
IRUP� WKH� FOXVWHUHG� VWDWHV� IRU� WKDW� WUHH�� 7KH� VLPLODU
WHUPLQDO�QRGHV�FDQ�EH�PHUJHG��$OO�VWDWHV�LQ�WKH�VDPH�OHDI
QRGH� DUH� WLHG��$IWHU� FOXVWHULQJ� VRPH�PRGHOV�PD\� VKDUH
WKH�VDPH�WKUHH�VWDWHV�DQG�WUDQVLWLRQ�PDWULFHV�DQG�DUH�WKXV
LGHQWLFDO��6XFK�PRGHOV�DUH�WKHQ�WLHG�WRJHWKHU�

7KH�GHFLVLRQ�WUHHV�HQDEOH�SUHYLRXVO\�XQVHHQ�WULSKRQHV�WR
EH�V\QWKHVL]HG��)LQDOO\�WKH�VWDWH�FOXVWHUHG�PRGHOV�DUH�UH�
HVWLPDWHG��&KDQJLQJ�WKH�VWRSSLQJ�FULWHULD�WKUHVKROGV��ZH
FDQ� EDODQFH� EHWZHHQ�PHPRU\� UHTXLUHPHQWV� DQG� TXDOLW\
FRQWH[W�PRGHOLQJ��+LJKHU�WKUHVKROG�YDOXHV�OHDG�WR�OHVVHU
FRXQW� RI� UHVXOWLQJ� FOXVWHUHG� VWDWHV�� DQG� WKXV� WR� OHVVHU
PHPRU\�UHTXLUHPHQWV��EXW�WR�ZRUVH�FRQWH[W�PRGHOLQJ��,Q
FRQWUDVW� ORZHU� YDOXHV� UHVXOW� LQ� EHWWHU� FRQWH[W� PRGHOLQJ
�PRUH� FOXVWHUHG� VWDWHV� FDQ� EH� XVHG��� EXW� PHPRU\
UHTXLUHPHQWV�FDQ�EH�HQRUPRXV�

)LQDOO\�� WKH� WUDLQLQJ� GDWD� LV� DOLJQHG� WR� VWDWH�FOXVWHUHG
PRGHOV� XVLQJ� 9LWHUEL� VHDUFK�� SURGXFLQJ� ODEHO� ILOHV� RI
FOXVWHUHG� VWDWH� QDPH� DJDLQVW� WLPH� �VHH� )LJXUH� ���� 7KH
VHJPHQWDWLRQ� SURFHVV� FRXOG� OHDG� WR� VRPH� HUURUV� �OLNH
PLVSODFHG� VHJPHQW� ERXQGDULHV� ±� PRVWO\� FDXVHG� E\
LQFRUUHFW� WUDQVFULSWLRQV�� ZKHQ� FRPSDUHG� WR� PDQXDO
VHJPHQWDWLRQ��1HYHUWKHOHVV�� JRRG� FRQWH[W� FRYHUDJH� DQG
FRQVLVWHQW� VHJPHQWDWLRQ� E\�+00V� W\SLFDOO\� RYHUFRPHV
WKH� GUDZEDFN� RI� DQ� LPSHUIHFW� DXWRPDWLF� VHJPHQWDWLRQ
>�@��7KH�SURFHVV�RI�DXWRPDWLF�DFRXVWLF�XQLW�LQYHQWRU\�DQG
VSHHFK� VHJPHQW� GDWDEDVH� FRQVWUXFWLRQ� LV� LOOXVWUDWHG� LQ
)LJXUH���
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)LJXUH� ��� $Q� LOOXVWUDWLRQ� RI� WKH� GHFLVLRQ�WUHH� VWDWH�
FOXVWHULQJ�SURFHGXUH��+HUH�WKH�PLGGOH�VWDWHV�RI�DOO�+00V
PRGHOLQJ� WKH� EDVH� SKRQH� >D@� DUH� FOXVWHUHG� XVLQJ� WKH
TXHVWLRQV� DW� WKH� WUHH� QRGHV� LQWR� WKH� JURXSV� OLVWHG� XQGHU
HDFK�OHDI�QRGH�



1R�FRPSDULVRQ�EHWZHHQ�ODUJHU�DQG�VPDOOHU�DFRXVWLF�XQLW
LQYHQWRU\� KDV� EHHQ� PDGH� VR� IDU�� 8VLQJ� LQWHUQDO�ZRUG
WULSKRQHV�� DSSUR[LPDWHO\� ������ WULSKRQHV� DSSHDU� LQ� RXU
VSHHFK� FRUSXV�� 7KHVH� WULSKRQHV� ZHUH� WUDLQHG� DQG
FOXVWHUHG�GRZQ�WR�VKDUH�DERXW�������VWDWHV��7KH�YDOXHV�RI
FOXVWHULQJ� SDUDPHWHUV� ZHUH� UHODWLYHO\� KLJK�� D� PLQLPXP
QXPEHU� RI� ���� IUDPHV� RI� VSHHFK� DUH� UHTXLUHG� IRU� HDFK
QRGH��DQG�WKH�PLQLPXP�JDLQ�LQ�ORJ�OLNHOLKRRG�ZDV�VHW�WR
����� 8VLQJ� FURVV�ZRUG� WULSKRQHV� �DQG� WKH� VDPH
FOXVWHULQJ� WKUHVKROGV��� DSSUR[LPDWHO\� ������ WULSKRQHV
ZHUH� HQFRXQWHUHG� LQ� RXU� WUDLQLQJ� GDWD�� $IWHU� FOXVWHULQJ�
WKH� QXPEHU� RI� FOXVWHUHG� VWDWHV� ZDV� DERXW� ������� ,Q� WKH
HQG��VSHHFK�FRUSXV�ZDV�VHJPHQWHG� LQWR�FOXVWHUHG�VWDWHV�
1R� YHULILFDWLRQ� RI� WKH� VHJPHQWDWLRQ� UHVXOWV� ZDV� GRQH
VLQFH� LW� LV� YHU\� ODERULRXV� WR� PDQXDOO\� VHJPHQW� VXFK� D
ODUJH�FRUSXV�

��� 63((&+�6(*0(17�'$7$%$6(
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6SHHFK� VHJPHQWV� FRUUHVSRQGLQJ� WR� HDFK� FOXVWHUHG� VWDWH
DUH� VWRUHG� LQ� WKH� VSHHFK� VHJPHQW� GDWDEDVH�� 7KHUH� DUH
VHYHUDO� ZD\V� KRZ� WR� FRQVWUXFW� WKH� GDWDEDVH�� 2QH
DSSURDFK�LV�WKDW�RQO\�RQH�VHJPHQW�LV�VHOHFWHG�WR�UHSUHVHQW
HDFK� FOXVWHUHG� VWDWH�� 7KH� VHOHFWHG� VHJPHQW� VKRXOG� EH
JRRG��RU�DYHUDJH��HQRXJK�WR�EH�XVHG�DQ\WLPH�WKH�GHVLUHG
VRXQG��L�H��DFRXVWLF�XQLW��LV�WR�V\QWKHVL]H�

$QRWKHU�ZD\�KRZ�WR�FRQVWUXFW�WKH�GDWDEDVH�LV�WKDW�PRUH
VHJPHQWV� �RU� DOO� RFFXUUHQFHV�� SHU� FOXVWHUHG� VWDWH� DUH
VWRUHG�� '\QDPLF� SURJUDPPLQJ� FRXOG� EH� WKHQ� DSSOLHG
GXULQJ� V\QWKHVLV�� HQVXULQJ� WKDW� VHJPHQW� ZKLFK� EHVW� ILW
WKH� SKRQHWLF� DQG� SURVRGLF� FRQWH[W� RI� WR�EH�V\QWKHVL]HG
VRXQG�LV�VHOHFWHG��7KH�SURJUDPPLQJ�LV�XVXDOO\�EDVHG�RQ
D� FRVW� IXQFWLRQ� WKDW� HYDOXDWHV� SURVRGLF� IHDWXUHV� DQG

VSHFWUDO� GLVFRQWLQXLW\� RI� WKH� DGMDFHQW� WR�EH�V\QWKHVL]HG
VHJPHQWV�>�@��+HUH�DJDLQ�FRPSURPLVHV�EHWZHHQ�PHPRU\
UHVRXUFHV� DQG� VSHHFK� TXDOLW\� FDQ� EH� PDGH�� ,Q� FDVH� RI
UXQWLPH� V\QWKHVLV�� WKH� UXQWLPH� VSHHG� VKRXOG� DOVR� EH
WDNHQ�LQWR�DFFRXQW�

,Q� RXU� FXUUHQW� LPSOHPHQWDWLRQ�� ZH� XVH� WKH� IRUPHU
DSSURDFK��7KH�PDLQ�FULWHULD�IRU�VHOHFWLQJ�D�UHSUHVHQWDWLYH
VHJPHQW�IURP�VHJPHQWHG�VSHHFK�FRUSXV�LV�D�+00�VFRUH
LPSRVHG� E\� 9LWHUEL� VHDUFK�� 7R� DYRLG� VHOHFWLQJ� DQ� LQ
VRPH�ZD\�H[WUHPH�VHJPHQW��H�J��VHJPHQW�ZLWK�WRR�ELJ�RU
VPDOO� HQHUJ\� RU� WRR� ORQJ� RU� VKRUW� VHJPHQW��� DPSOLWXGH
DQG�GXUDWLRQ�VWDWLVWLFV�ZHUH�FDOFXODWHG� IRU�HDFK�DFRXVWLF
XQLW� �L�H�� FOXVWHUHG� VWDWH�� IURP� DOO� WKH� RFFXUUHQFHV� RI� D
SDUWLFXODU� FOXVWHUHG� VWDWH� LQ� WKH� WUDLQLQJ� GDWD�� 6HJPHQWV
ZKRVH� DPSOLWXGHV� DQG� GXUDWLRQV� DUH� IDU� DZD\� IURP� WKH
XQLW�PHDQ�DUH�QRW� WDNHQ� LQWR� DFFRXQW��3LWFK� VKRXOG� DOVR
EH� WDNHQ� LQWR� DFFRXQW�� EXW� FXUUHQW� LPSOHPHQWDWLRQ� GRHV
QRW�XVH�DQ\�SLWFK�WUDFNLQJ�DOJRULWKP�

��� 63((&+�6<17+(6,6

7KHUH� DUH� VHYHUDO� WHFKQLTXHV� XVHG� LQ� WKH� FRQWH[W� RI
FRQFDWHQDWLRQ�EDVHG�VSHHFK� V\QWKHVLV��7KH� VLPSOHVW� RQH
�FDOOHG�GLUHFW�V\QWKHVLV�RU� V\QWKHVLV�EDVHG�RQ�ZDYHIRUP
FRGLQJ�� LV�EDVHG�RQ�VLPSO\�FRQFDWHQDWLQJ�ZDYHIRUPV�RI
VSHHFK� VHJPHQWV� IURP� VSHHFK� GDWDEDVH�� 1HLWKHU� VSHHFK
DQDO\VLV�� QRU� SURVRGLF� PRGLILFDWLRQ� LV� SHUIRUPHG� RQ
VSHHFK� VHJPHQWV�� 7KH� UHVXOWLQJ� VSHHFK� VRXQGV
LQWHOOLJLEO\� �QR� VSHHFK� SDUDPHWHUL]DWLRQ� LV� GRQH�� EXW
VWURQJO\� XQQDWXUDOO\� �VHJPHQWV� ZLWK� GLIIHUHQW� SURVRGLF
IHDWXUHV� DUH� VLPSO\� MRLQHG� ZLWK� QR� SURVRGLF
PRGLILFDWLRQ��

7KH� FODVVLFDO� DSSURDFK� WR� VSHHFK� V\QWKHVLV� LV� OLQHDU
SUHGLFWLYH� �/3�� V\QWKHVLV�� ,W� LV� EDVHG� RQ� DXWRUHJUHVVLYH

+00

7UDLQLQJ

6SHHFK

&RUSXV

+00V

6HJPHQWDWLRQ

�9LWHUEL�VHDUFK�

6HJPHQWHG

&RUSXV

6HJPHQW

6HOHFWLRQ

6SHHFK

6HJPHQW

'DWDEDVH

6HJPHQWDWLRQ

,QIRUPDWLRQ

+00�6WDWH

&OXVWHULQJ

&OXVWHUHG

6WDWHV

)LJXUH� ��� $Q� LOOXVWUDWLRQ� RI� DQ� DXWRPDWLF� DFRXVWLF� XQLW
LQYHQWRU\� FRQVWUXFWLRQ� �LQFOXGHV� +00� WUDLQLQJ� DQG
VSHHFK� FRUSXV� VHJPHQWDWLRQ��� DQG� VHJPHQW� GDWDEDVH
FRQVWUXFWLRQ�
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)LJXUH� ���$Q� LOOXVWUDWLRQ� RI� VSHHFK� VLJQDO� DOLJQPHQW� WR
VWDWH�FOXVWHUHG� PRGHOV�� 7ULSKRQH� G�R�N� LQ� WKH� &]HFK
ZRUG� ³GRNWRU´� LV� DOLJQHG� WR� VWDWH�FOXVWHUHG� PRGHOV
RB�B����RB�B����DQG�RB�B��



�$5��PRGHO� RI� VSHHFK� SURGXFWLRQ� �VHH� )LJXUH� ���� 3LWFK
DV\QFKURQRXV� /3� DQDO\VLV� LV� GRQH� IRU� HDFK� VHJPHQW� RI
WKH� VSHHFK� VHJPHQW� GDWDEDVH�� $V� D� UHVXOW�� SDUDPHWULF
VSHHFK� VHJPHQW� GDWDEDVH� LV� FRQVWUXFWHG�� :H� XVH
3$5&25� FRHIILFLHQWV� ZLWK� RUGHU� ���� 2WKHU� V\QWKHVLV
SDUDPHWHUV�� L�H�� GXUDWLRQ�� LQWHQVLW\�� YRLFHG�XQYRLFHG
�9�89�� GHFLVLRQ� DQG� SLWFK�� FDQ� EH� FDOFXODWHG� GLUHFWO\
IURP�WKH�QRQ�SDUDPHWULF�VSHHFK�VHJPHQWV��9RFDO�WUDFW�LV
PRGHOHG� E\� D� ODWWLFH� ILOWHU� ZKRVH� FRHIILFLHQWV� DUH
3$5&25V�� 7KH� H[FLWDWLRQ� VLJQDO� LV� JHQHUDWHG� E\� DQ
LPSXOVH�WUDLQ�JHQHUDWRU��LQ�FDVH�RI�YRLFHG�VRXQGV���RU�E\
*DXVVLDQ� QRLVH� VRXUFH�� 3URVRG\� PDWFKLQJ� LV
VWUDLJKWIRUZDUG�� VLQFH� SLWFK�� GXUDWLRQ� DQG� LQWHQVLW\� DUH
H[SOLFLW�SDUDPHWHUV�RI�WKH�PRGHO��6SHFWUDO�GLVFRQWLQXLWLHV
HQFRXQWHUHG� LQ� WKH� FRQFDWHQDWLRQ� SRLQWV� DUH� VLPSOH� WR
VPRRWK� E\� OLQHDU� LQWHUSRODWLQJ� WKH� GLIIHUHQFH� EHWZHHQ
3$5&25V� >�@�� 7KH� UHVXOWLQJ� V\QWKHWLF� VLJQDO� LV
LQWHOOLJLEOH�� PRUH� QDWXUDO� WKDQ� LQ� SUHYLRXV� DSSURDFK�
+RZHYHU�LW�LV�DFFRPSDQLHG�E\�D�FKDUDFWHULVWLF�EX]]LQHVV
FDXVHG�E\�SXOVH�OLNH� QDWXUH�RI� WKH� H[FLWDWLRQ� VLJQDO��$Q
DOWHUQDWLYH�VROXWLRQ�WR�WKLV�SUREOHP�LV�WKH�XVDJH�RI�WKH�/3
UHVLGXDO� H[FLWDWLRQ� VLJQDO� �VR� FDOOHG�5(/3� V\QWKHVLV�� DW
WKH�H[SHQVH�RI�OLPLWHG�SURVRGLF�PDWFKLQJ�FDSDELOLWLHV�

7'�362/$� DSSURDFK� WR� VSHHFK� V\QWKHVLV� LV� D� YHU\
DWWUDFWLYH� DQG� FRPSXWDWLRQDOO\� LQH[SHQVLYH� WHFKQLTXH
VLQFH� LW�HQDEOHV�SURVRGLF�PRGLILFDWLRQ� WR�EH�GRQH� LQ� WKH
WLPH�GRPDLQ��7KH�RULJLQDO� VSHHFK� VHJPHQWV� DUH� GLYLGHG
LQWR� VHYHUDO� SLWFK� V\QFKURQRXV� VKRUW�WLPH� VHJPHQWV� E\
+DQQLQJ� ZLQGRZLQJ� FHQWHUHG� RQ� WKH� DQDO\VLV� SLWFK
PDUNV��7KHVH�VKRUW�WLPH�VHJPHQWV�DUH� WKHQ�FRPELQHG�WR
SURGXFH�D�V\QWKHWLF�VLJQDO��3URVRGLF�PDWFKLQJ�LV�GRQH�E\
FKDQJLQJ� GLVWDQFHV� EHWZHHQ� SLWFK� SHULRG� SXOVHV� DQG� E\
DGGLQJ� RU� RYHUODSSLQJ� VKRUW�WLPH� VHJPHQWV�� ,Q� WKLV
VLPSOH� ZD\� SLWFK� DQG� GXUDWLRQ� FDQ� EH� VHW� WR� GHVLUHG
YDOXHV�� :KLOH� VHJPHQWDO� TXDOLW\� RI� WKH� V\QWKHVL]HG
VSHHFK� LV� YHU\� KLJK� �QR� VSHHFK� PRGHO� LV� HPSOR\HG��
VRPH� SUREOHPV� FDQ� EH� REVHUYHG� LQ� WKH� FRQFDWHQDWLRQ
SRLQWV�� 1R� VSHFWUDO� GLVFRQWLQXLW\� VPRRWKLQJ� FDQ� EH
DSSOLHG�� DQG� PRUHRYHU�� SKDVH� DQG� SLWFK� PLVPDWFK
DSSHDUV�� &RPELQLQJ� DQ� 5(/3� V\QWKHVL]HU� DQG� 7'�
362/$�DOJRULWKP�FDQ�VROYH�WKHVH�SUREOHPV��,Q�WKLV�FDVH�
SRZHUIXO� VPRRWKLQJ� FDSDELOLWLHV� RI� $5� PRGHO� DQG
VLPSOH�SURVRGLF�PRGLILFDWLRQV�DSSOLHG�RQ�WKH�/3�UHVLGXDO
VLJQDO� DUH� XVHG� WRJHWKHU� WR� DFKLHYH� D� KLJK� TXDOLW\
V\QWKHWLF� VSHHFK�� 7KLV� DSSURDFK� LV� GHQRWHG� DV� 5(/3�

362/$�� 7KLV� LV� WKH� PHWKRG� ZH� DUH� IRFXVHG� RQ�
8QIRUWXQDWHO\��WKHUH�LV�QR�UHVXOWLQJ�VSHHFK�VLJQDO�LQ�WLPH
RI�ZULWLQJ�WKLV�SDSHU��H[FHSW�RI�VLPSOH�UHV\QWKHVL]LQJ�WKH
RULJLQDO� XWWHUDQFH��:H� VXSSRVH� WR� SUHVHQW� VRPH� VSHHFK
VDPSOHV�DW�WKH�FRQIHUHQFH�LQ�6HSWHPEHU�

1RZ��ZH�FDQ�SUHVHQW�D�&]HFK�WH[W�WR�VSHHFK�V\VWHP��7KH
776�FRQYHUVLRQ�SURFHVV�VWDUWV�ZLWK�FRQYHUWLQJ�WKH�ZRUG
VWULQJ� RI� WKH� XWWHUDQFH� WR� D� SKRQH� VWULQJ�� 7KH� RQO\� WH[W
SUH�SURFHVVLQJ�LQFOXGHG�LV�WR�LQWHUSUHW�SXQFWXDWLRQ�PDUNV
DV�VKRUW�SDXVHV��7KH�SKRQH�VWULQJ�LV�WKHQ�FRQYHUWHG� WR�D
VHTXHQFH� RI� WULSKRQHV� DQG� WKLV� VHTXHQFH� WR� D� VWULQJ� RI
FOXVWHUHG� VWDWHV� XVLQJ� WKH� GHFLVLRQ� WUHHV�� 7KH� FOXVWHUHG
VWDWH� VHTXHQFH� LV� WKHQ� V\QWKHVL]HG� XVLQJ� RQH� RI� WKH
WHFKQLTXHV� GHVFULEHG� DERYH�� 7KH� SURFHVV� HQGV� ZLWK
JHQHUDWLQJ�DQ�DFRXVWLF�ZDYH�
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7KLV� SDSHU� LV� GHGLFDWHG� WR� WKH� SUREOHP� RI� DXWRPDWLF
+00�EDVHG�DFRXVWLF�XQLW�LQYHQWRU\�DQG�VSHHFK�VHJPHQW
GDWDEDVH� FRQVWUXFWLRQ�� &RQFDWHQDWLRQ�EDVHG� VSHHFK
V\QWKHVLV� WHFKQLTXHV� DUH� WKHQ� SURSRVHG� WR� SURGXFH� D
UHVXOWLQJ� VSHHFK�� 3UHVHQWHG� 776� V\VWHP� LV� IXOO\
DXWRPDWLF��,W�LV�EDVHG�RQ�D�VLQJOH�VSHDNHU�VSHHFK�VHJPHQW
GDWDEDVH� DQG� VKRXOG� EH� DEOH� WR� SURGXFH� LQWHOOLJLEOH
VSHHFK�WKDW�PLPLFV�WKH�YRLFH�RI�WKH�RULJLQDO�VSHDNHU��'XH
WR�WKH�DXWRPDWLRQ��WKH�V\VWHP�FDQ�EH�UHWUDLQHG�UHODWLYHO\
HDVLO\� DQG� TXLFNO\� WR� SURGXFH� DQ\� GHVLUHG� YRLFH�� 7KH
IXWXUH� ZRUN� ZLOO� EH� GLUHFWHG� WRZDUGV� LPSURYLQJ� WKH
QDWXUDOQHVV�DQG� LQWHOOLJLELOLW\�RI� WKH� V\QWKHVL]HG�VSHHFK�
:H�ZLOO�IRFXV�RQ�5(/3�362/$�V\QWKHVLV�WHFKQLTXH�
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>�@ $OOHQ�-���+XQQLFXWW�6���DQG�.ODWW�'����������³)URP
7H[W�WR�6SHHFK��7KH�0,7DON�6\VWHP´��&DPEULGJH
8QLYHUVLW\�3UHVV��&DPEULGJH�

>�@ 2OLYH�-�3���9DQ�6DQWHQ�-���0|ELXV�%���DQG�6KLQ�&�
�������� Ä6\QWKHVLV³�� ,Q�� 0XOWLOLQJXDO� 7H[W�WR�
6SHHFK�6\QWKHVLV��7KH�%HOO�/DEV�$SSURDFK��HGLWHG
E\� 9DQ� 6DQWHQ� -��� 6SURDW� 5�:��� 2OLYH� -�3�� DQG
+LUVFKEHUJ� -��� .OXZHU� $FDGHPLF� 3XEOLVKHUV�
'RUGUHFKW��VWU����������

>�@ 'RQRYDQ� 5�(�� �������� ³$� 7UDLQDEOH� 6SHHFK
6\QWKHVLV´��3K'��WKHVLV��8QLYHUVLW\�RI�&DPEULGJH�
&DPEULGJH�

>�@ 'RQRYDQ� 5�(��� (LGH� 0�� �������� ³7KH� ,%0
7UDLQDEOH�6SHHFK�6\QWKHVLV�6\VWHP´��3URFHHGLQJV
RI�,&6/3¶����6\GQH\�

>�@ +XDQJ� ;��� $FHUR� $��� $GFRFN� -��� +RQ� +�:��
*ROGVPLWK� -��� /LX� -��� DQG� 3OXPSH� 0�� �������
³:KLVWOHU�� $� 7UDLQDEOH� 7H[W�WR�6SHHFK� 6\VWHP´�
3URFHHGLQJV�RI�,&6/3¶����3KLODGHOSKLD��SS�������
�����

>�@ <RXQJ� 6��� -DQVHQ� -��� 2GHOO� -��� 2OODVRQ� '��� DQG
:RRGODQG� 3�� �������� ³7KH� +7.� %RRN´�
&DPEULGJH�8QLYHUVLW\��&DPEULGJH�

>�@ 'XWRLW� 7�� �������� ³$Q� ,QWURGXFWLRQ� WR� 7H[W�WR�
6SHHFK� 6\QWKHVLV´��.OXZHU� $FDGHPLF� 3XEOLVKHUV�
'RUGUHFKW�

,PSXOVH

7UDLQ

*HQHUDWRU

:KLWH

1RLVH

*HQHUDWRU
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)LJXUH����7KH�FODVVLFDO�DXWRUHJUHVVLYH�PRGHO�RI�VSHHFK
SURGXFWLRQ�




