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,Q�WKLV�UHVHDUFK��WKH�)X]]\�1HXUDO�1HWZRUN��IX]]\�11��PRGHO
ZDV�SURSRVHG�IRU�6SHDNHU�,QGHSHQGHQW�7KDL�SRO\V\OODELF�ZRUG
UHFRJQLWLRQ��9DULRXV�IX]]\�PHPEHUVKLS�IXQFWLRQV�RQ�OLQJXLVWLF
SURSHUWLHV�ZHUH�XVHG� WR� FRQYHUW� H[DFW� IHDWXUHV� H[WUDFWHG� IURP
LQSXW� VSHHFK� WR� WKH� IX]]\� PHPEHUVKLS� YDOXHV�� 7KH� IX]]\
PHPEHUVKLS� YDOXHV� ZHUH� DUUDQJHG� WR� EH� QHZ� LQSXW� YHFWRU� RI
0XOWLOD\HU� 3HUFHSWURQ� �0/3�� QHXUDO� QHWZRUN�� 7KH� ELQDU\
GHVLUHG� RXWSXWV� ZHUH� XVHG� GXULQJ� WUDLQLQJ�� ��� 7KDL� ZRUGV
FRQVLVW� RI� WHQ� QXPHUDOV�� WKH� RWKHUV� ZHUH� VLQJOH�V\OODEOH�
GRXEOH�V\OODEOH� DQG� WULSOH�V\OODEOH�� ��� ZRUGV� LQ� HDFK� JURXS�
ZHUH� XVHG� IRU� V\VWHP� HYDOXDWLRQ�� ,Q� RUGHU� WR� LPSURYH
UHFRJQLWLRQ� DFFXUDF\�� QXPEHU� RI� V\OODEOH� DQG� WRQDO� OHYHO
GHWHFWHG� ZHUH� FRQGXFWHG� IRU� VSHHFK� SUHFODVVLILFDWLRQ�� 7KH� 3L
IX]]\� PHPEHUVKLS� IXQFWLRQ� SURYLGHG� WKH� EHVW� UHFRJQLWLRQ
DFFXUDF\� DPRQJ� RWKHU� IXQFWLRQV�� 7UDSH]RLGDO�� DQG� 7ULDQJXODU
IXQFWLRQ��8QGHU�DQ�RSWLPDO�FRQGLWLRQ��WKH�DFKLHYHG�UHFRJQLWLRQ
HUURU� UDWHV� ZHUH� ����� RQ� GHSHQGHQW� WHVW� DQG� ����� RQ
LQGHSHQGHQW� WHVW�� ZKLFK� ZHUH� UHVSHFWLYHO\� ����� DQG� ����
GHFUHDVLQJ�IURP�WKH�FRQYHQWLRQDO�1HXUDO�1HWZRUN�V\VWHP�

��� ,1752'8&7,21

8QOLNH� (QJOLVK� ODQJXDJH�� 7KDL� ODQJXDJH� VWUXFWXUH� FRQVLVWV� RI
��� FRQVRQDQWV�� ��� YRZHOV�� DQG� �� WRQDO� OHYHOV�� 7KHVH� FDQ� EH
FRPELQHG�WR�D�ORW�RI�ZRUGV�DQG�DOVR�SURYLGH�PDQ\�DPELJXRXV
ZRUGV�� H�J��� �V#�QJ��� DQG� �VD�P��� �PHDQ� ³WZR´� DQG� ³WKUHH´
UHVSHFWLYHO\�� RU� �FHW��� DQG� �SHW��� �PHDQ� ³VHYHQ´� DQG� ³GXFN´
UHVSHFWLYHO\��� 5HFRJQLWLRQ� RI� WKHVH�ZRUGV� LV� DOZD\V� LQFRUUHFW
DOWKRXJK�KXPDQ�GRHV�LW�

)X]]\�ORJLF�WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG�WR�RYHUFRPH�WKLV
SUREOHP�� +HQFH�� LW� LV� UHDVRQDEOH� WR� XVH� IX]]\� WHFKQLTXHV� LQ
7KDL�VSHHFK�UHFRJQLWLRQ��+RZHYHU��D�SURPLQHQW�ZHDN�SRLQW�RI
IX]]\�V\VWHP�LV�DQ�LQFUHDVH�RI�QXPEHU�RI�FRPSXWDWLRQ�UHTXLUHG�
7KLV� FDQ� EH� RIIVHW� E\� WKH� SDUDOOHO� FRPSXWDWLRQDO� DELOLW\� RI
1HXUDO� 1HWZRUN� �11��� 7KHUHIRUH�� VHYHUDO� VSHHFK� UHFRJQLWLRQ
UHVHDUFKHV� ZHUH� EDVHG� RQ� IX]]\�11�� $� QRYHO� IX]]\�11
V\VWHP�� SUHVHQWHG� LQ� >�@� DQG� >�@�� XVHV� WKH� IX]]\�PHPEHUVKLS
IXQFWLRQV� RQ� OLQJXLVWLF� SURSHUWLHV� DQG� WKH� FODVV� PHPEHUVKLS
IXQFWLRQ� WR� LPSURYH� WKH� QHXUDO� QHWZRUN¶V� LQSXW� DQG� GHVLUHG�
RXWSXW�GDWD� UHVSHFWLYHO\��$QRWKHU� V\VWHP�SURSRVHG� LQ� >�@� DQG
>�@�XVHV�RQO\� WKH� IX]]LILFDWLRQ�RQ�GHVLUHG�RXWSXW� GDWD�� ,Q� WKLV
UHVHDUFK�� WKH�QHXUDO�QHWZRUN¶V� LQSXW�GDWD�DUH�FRQYHUWHG� WR� WKH
IX]]\�PHPEHUVKLS�YDOXHV�ZKLOH�WKH�GHVLUHG�RXWSXW�GDWD�DUH�VWLOO

QRUPDO� ELQDU\� YDOXHV�� 7KLV� FDQ� RYHUFRPH� WKH� SUREOHP� RI
PLVXQGHUVWRRG� WUDLQLQJ� RFFXUULQJ�ZLWK� WKH� V\VWHP�XVLQJ� FODVV
PHPEHUVKLS�GHVLUHG�RXWSXW�

7KH�0XOWLOD\HU� 3HUFHSWURQ� �0/3�� QHXUDO� QHWZRUN� LV� XVHG� WR
DFKLHYH� LVRODWHG�ZRUG� UHFRJQLWLRQ�� *HQHUDOO\�� D� 0/3� FDQ
UHFRJQL]H� EHWWHU�� LI� QXPEHU� RI� UHFRJQL]HG� YRFDEXODULHV� LV
GHFUHDVHG�� +HQFH�� VHYHUDO� SUHFODVVLILFDWLRQ� DSSURDFKHV� DUH
XVHG��,Q�WKLV�UHVHDUFK��QXPEHU�RI�V\OODEOHV�SHU�ZRUG�LV�XVHG�WR
ILUVW� FODVVLI\�� :LWK� D� SURPLQHQW� IHDWXUH� RI� WRQHV� LQ� 7KDL
V\OODEOH�� WKH� WRQH� GHWHFWLRQ� DOJRULWKP� EDVHG� RQ� IXQGDPHQWDO
IUHTXHQF\�DSSURDFK�LV�XVHG�WR�FODVVLI\�ODWHU�

7ZR�SURFHGXUHV�RI�H[SHULPHQW�DUH�VHW�XS��)LUVW��DQ�H[SHULPHQW
RI� QXPHUDO� VSHHFK� UHFRJQLWLRQ� LV� FRQGXFWHG� DQG� FRPSDUHG
DPRQJ� XVLQJ� YDULRXV� W\SHV� RI� IX]]\� PHPEHUVKLS� IXQFWLRQV�
7KH�ODVW�LV�DQ�H[SHULPHQW�RI�SRO\V\OODELF�ZRUG�UHFRJQLWLRQ�ZLWK
WZR�SUHFODVVLILFDWLRQ�PHWKRGV�GHVFULEHG�DERYH�

��� $�)8==<�11�02'(/

$�3URSRVHG� IX]]\�11�PRGHO� LV�FRQVLVWHG�RI� WUDLQLQJ� DQG� WHVW
SURFHGXUH�� ,Q� WUDLQLQJ� SURFHGXUH�� VSHHFK� VLJQDOV� DUH� SDVVHG
WKURXJK� WKH� SUHFODVVLILFDWLRQ�� ZKLFK� FODVVLI\� HDFK� VLJQDO� WR� D
VXE�QHWZRUN�� 7KH� UDZ� VSHHFK� VLJQDOV� DUH� WKHQ� GHWHFWHG� WKH
HQGSRLQWV� DQG� QRUPDOL]HG� LQ� WKH� SUHSURFHVVLQJ� VWHS�� 8VHIXO
IHDWXUHV�� VXFK� DV� /LQHDU� 3UHGLFWLRQ� &RHIILFLHQW� �/3&��� DUH
H[WUDFWHG�DIWHU�SUHHPSKVLV��IUDPH�EORFNLQJ��DQG�ZLQGRZLQJ�LQ
WKH� IHDWXUH� H[WUDFWLRQ� VWHS�� 7KHQ�� WKH� IX]]LILFDWLRQ� RI� H[DFW
IHDWXUHV�DQG�GHVLUHG�RXWSXW�FRPSXWDWLRQ�DUH�GRQH�WR�IRUP�QHZ
LQSXW� DQG� GHVLUHG�RXWSXW� YHFWRUV� IRU� WKH� QHXUDO� QHWZRUN�� 7KH
WUDLQHG� QHXUDO� QHWZRUN� LV� XVHG� WR� WHVW� WKH� XQNQRZQ� VSHHFK
VLJQDOV�ODWHU�

���� 0XOWLOD\HU�3HUFHSWURQ�1HXUDO�1HWZRUN

,Q� WKLV� UHVHDUFK��0XOWLOD\HU�3HUFHSWURQ��0/3��QHXUDO�QHWZRUN
LV� XVHG� LQ� RUGHU� WR� DFKLHYH� DQ� LVRODWHG� QXPHUDO� VSHHFK
UHFRJQLWLRQ��0/3� FRQVLVWV� RI� DQ� LQSXW� OD\HU� ZLWK� QXPEHU� RI
QRGHV�HTXDO� WR�QXPEHU�RI� LQSXW�IHDWXUHV��DQ�RXWSXW� OD\HU�ZLWK
QXPEHU� RI� QRGHV� QRUPDOO\� HTXDO� WR� QXPEHU� RI� UHFRJQL]HG
SDWWHUQV�� DQG� QXPEHU� RI� KLGGHQ� OD\HUV�ZLWK� QXPEHU� RI� QRGHV
GHSHQGHG� RQ� WKH� FRPSOH[LW\� RI� SDWWHUQV�� %DFNSURSDJDWLRQ
OHDUQLQJ� DOJRULWKP� LV� XVHG� IRU� QHXUDO� QHWZRUN� WUDLQLQJ��2WKHU
GHWDLOV�RI�WUDLQLQJ�DQG�WHVW�DOJRULWKPV�DUH�SUHVHQWHG�LQ�>�@��>�@�



���� )X]]\�0HPEHUVKLS�5HSUHVHQWDWLRQ�RI�,QSXW
3DWWHUQ�LQ�/LQJXLVWLF�)RUP

,Q�WKH�FRQYHQWLRQDO�0/3�PRGHO��VRPH�SURPLQHQW�IHDWXUHV�DUH
H[WUDFWHG� IURP� HDFK� LQSXW� SDWWHUQ� VXFK� DV� /3&� IURP� VSHHFK
VDPSOH�� 7KHVH� IHDWXUHV� DUUDQJHG� LQ� YHFWRU� IRUP� DUH� GLUHFWO\
XVHG�DV�WKH�0/3¶V�LQSXWV��+RZHYHU��UHDO�SURFHVVHV�PD\�SRVVHV
LPSUHFLVH� RU� LQFRPSOHWH� LQSXW� IHDWXUHV�� ZKLFK� FDQ� EH
UHSUHVHQWHG� XVLQJ� IX]]\� PHPEHUVKLS� YDOXHV�� $Q� H[DFW� LQSXW
IHDWXUH�ZLOO� EH� FRQYHUWHG� WR� IX]]\�PHPEHUVKLS� YDOXHV� RQ�1�
OLQJXLVWLF� SURSHUWLHV�� H�J��� ^/RZ��0HGLXP�� +LJK`� IRU� 1�  � ��
7KHUHIRUH� DQ� Q�GLPHQVLRQDO� LQSXW� YHFWRU� > @
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ZKHUH� IGHQRP �GHQRWHV�WKH�GHQRPLQDWRU�DGMXVWLQJ�WKH�GHJUHH

RI�RYHUODSSLQJ�RI�HDFK�IXQFWLRQ��7KLV�SDUDPHWHU�GLUHFWO\�HIIHFWV
WR�WKH�IX]]LQHVV�RI�PHPEHUVKLS�YDOXHV�
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1RUPDOO\��D�QHXUDO�QHWZRUN�FDQ�UHFRJQL]H�EHWWHU� LI�QXPEHU�RI
UHFRJQL]HG�YRFDEXODULHV�LV�UHGXFHG��7KHUHIRUH�SUHFODVVLILFDWLRQ
WHFKQLTXHV� DUH� RIWHQ� FRQGXFWHG�� 7ZR� SUHFODVVLILFDWLRQ
WHFKQLTXHV�DUH�XVHG�LQ�WKLV�UHVHDUFK�

����3UHFODVVLILFDWLRQ�E\�QXPEHU�RI�V\OODEOH

,W� LV� UHDVRQDEOH� WR�SUHFODVVLI\� WKH� LQFRPLQJ�ZRUGV�E\�QXPEHU
RI� V\OODEOH� RI� HDFK� ZRUG�� EHFDXVH� RI� WZR� UHDVRQV�� )LUVW�
YRFDEXODULHV� XVHG� LQ� WKLV� UHVHDUFK� DUH� SRO\V\OODELF� ZRUGV�
ZKLFK� FRQVLVW� RI� VLQJOH�� GRXEOH�� DQG� WULSOH�V\OODELF� ZRUGV�
7LPH�GXUDWLRQ�RI�HDFK�ZRUG�VKRXOG�EH�LQFUHDVHG�ZKHQ�QXPEHU
RI� V\OODEOH�SHU�ZRUG� LV� LQFUHDVHG��7KHUHIRUH�� LI� WKH�ZRUGV� DUH
FODVVLILHG� LQWR� WKUHH� JURXSV� EHLQJ� GLIIHUHQW� LQ� QXPEHU� RI
V\OODEOHV��ZH� FDQ� DSSO\� D� WLPH�QRUPDOL]DWLRQ� SURFHVV� WR� HDFK
YRFDEXODU\�JURXS�ZLWK�QXPEHU�RI�QRUPDOL]HG�VDPSOHV�VXLWDEO\�
6HFRQG�� FRXQWLQJ�RI�QXPEHU�RI� V\OODEOH�SHU�ZRUG� LV� REWDLQHG
E\� SURGXFW� RI� WKH� V\OODEOH� GHWHFWLRQ�� ZKLFK� LV� D� XVHIXO
WHFKQLTXH� DQG� VWLOO� GHYHORSHG� FRQWLQXRXVO\� DV� VHHQ� LQ� PDQ\
ZRUNV��7KLV� WHFKQLTXH� LV� DOVR� LPSOHPHQWHG� IRU�7KDL� ODQJXDJH
XVLQJ�VHYHUDO�DSSURDFKHV�VXFK�DV�HQHUJ\�DQG� IUHTXHQF\�EDVHG
>�@��>�@�



�����3UHFODVVLILFDWLRQ�E\�WRQH

$IWHU� D� ZRUG� LV� SDVVHG� WKURXJK� WKH� V\OODEOH� GHWHFWLRQ�� DOO
V\OODEOHV�FDQ�EH�VHSDUDWHG��,Q�RUGHU�WR�FODVVLI\�ILQHO\��WKH�WRQH
GHWHFWLRQ�LV�FRQGXFWHG�WR�H[WUDFW�WRQH�RI�WKH�ILUVW�V\OODEOH��7KDL
ODQJXDJH� LV� D� WRQDO� ODQJXDJH� OLNH� 0DQGDULQ�� 7ZR� JURXSV� RI
7KDL� WRQH�DUH�VWDWLF� WRQH��ZKLFK� LV� FRQVLVWHG�RI�KLJK� WRQH� ����
PLGGOH�WRQH������DQG�ORZ�WRQH������DQG�G\QDPLF�WRQH��ZKLFK�LV
FRQVLVWHG�RI�IDOOLQJ�WRQH�����DQG�ULVLQJ�WRQH������$OO� ILYH� WRQHV
FDQ�EH�GLVWLQJXLVKHG�HDVLO\�E\�XVLQJ�WKH�GLUHFWLRQ�DQG�WKH�OHYHO
RI� IXQGDPHQWDO� IUHTXHQF\� �)���� 6HYHUDO� DOJRULWKPV� RI� 7KDL
WRQH�GHWHFWLRQ�KDYH�EHHQ�LPSOHPHQWHG�>�@�

��� ,03/(0(17$7,21�$1'�5(68/7

7KH� V\VWHP� LV� LPSOHPHQWHG� LQ� &� RQ� 3HQWLXP�3UR� SHUVRQDO
FRPSXWHU�� ���7KDL� ZRUGV� FRQVLVWHG� RI� ��� QXPHUDOV� ]HUR� WR
QLQH�����VLQJOH�V\OODELF�ZRUGV�����GRXEOH�V\OODELF�ZRUGV�� DQG
��� WULSOH�V\OODELF� ZRUGV� DUH� XVHG� LQ� H[SHULPHQW�� 7KH� VSHHFK
VDPSOHV�DUH�UHFRUGHG�WZLFH�DW����ELW�DQG����N+]�VDPSOLQJ�UDWH
IURP����VSHDNHUV����� IRU� WUDLQLQJ�DQG�VSHDNHU�GHSHQGHQW� WHVW�
WKH� UHVW� IRU� VSHDNHU�LQGHSHQGHQW� WHVW��7KH� VSHHFK� VDPSOHV� DUH
SDVVHG�WKURXJK�WKH�VLJQDO�SUHSURFHVVLQJ�ZKHUH�VSHHFK�VDPSOHV
DUH� HPSKDVL]HG� DQG� VPRRWKLQJ� ZLQGRZHG� XVLQJ� ��� PV
+DPPLQJ�ZLQGRZ�ZLWK���PV�IUDPH�VKLIW��7KH����RUGHU�/3&�LV
DSSOLHG�IRU�VSHHFK�IHDWXUH�H[WUDFWLRQ�IRU�HDFK�VSHHFK�IUDPH�DQG
XVHG� WR� IRUP� LQSXW� YHFWRUV� IRU� IXQGDPHQWDO� 11� V\VWHP�� )RU
IX]]\�11� V\VWHP�� QHZ� YHFWRUV� DUH� JHQHUDWHG� ZKLFK� DUH
FRQVLVWHG� RI� IX]]\� PHPEHUVKLS� YDOXHV� RI� /3&V� RQ� ��OHYHO
OLQJXLVWLF�SURSHUWLHV�^/RZ��0HGLXP��+LJK`��%RWK�V\VWHPV�XVH
WKH� VDPH� ELQDU\� GHVLUHG�RXWSXW� YHFWRU� GXULQJ� WUDLQLQJ�� 7KHUH
DUH�WZR�H[SHULPHQWDO�SURFHGXUHV�LQ�WKLV�UHVHDUFK�DV�IROORZLQJ�

���� &RPSDUDWLYH� H[SHULPHQW� RI� WKUHH� IX]]\
PHPEHUVKLS�IXQFWLRQV

7KUHH�XVHIXO�IX]]\�PHPEHUVKLS�IXQFWLRQV��SL��WUDSH]RLGDO��DQG
WULDQJXODU�IXQFWLRQ�DUH�XVHG�IRU�IX]]LILFDWLRQ��7KLV�H[SHULPHQW
LV� LPSOHPHQWHG� IRU� WHQ� 7KDL� QXPHUDO� VSHHFK� UHFRJQLWLRQ� DQG
DOVR� FRPSDUHG� WR� WKH� FRQYHQWLRQDO� 11� XVLQJ� /3&� LQSXW�
6HYHUDO�SDUDPHWHUV�XVHG�LQ�WKLV�H[SHULPHQW�DUH�PRPHQWXP�UDWH
RI������OHDUQLQJ�UDWH�RI������HUURU�WKUHVKROG�RI������DQG��������
IRU�/3&� LQSXW� DQG� IX]]\�PHPEHUVKLS� LQSXW� UHVSHFWLYHO\�� DQG
IGHQRP �RI������1XPEHU�RI�KLGGHQ�QRGHV�LV�VHOHFWHG�RSWLPDOO\

WR�REWDLQ�WKH�EHVW�UHVXOW�DV�SRVVLEOH��7KH�HUURU�UDWH�UHVXOWV�ZLWK
UHVSHFW�WR�QXPEHU�RI�WUDLQLQJ�VSHDNHUV�IRU�VSHDNHU�LQGHSHQGHQW
WHVW�DUH�VKRZQ�LQ�ILJXUH���

7KH�UHVXOWV�VKRZ�WKDW�WKH�XVH�RI�SL�PHPEHUVKLS�IXQFWLRQ�LV�WKH
EHVW�DQG�WKH�XVH�RI�/3&�LV�WKH�ZRUVW��7KLV�FDQ�EH�DQDO\]HG�WKDW
WKH�REMHFWLYH�RI�XVLQJ�IX]]\�PHPEHUVKLS�LQSXW�LQVWHDG�RI�H[DFW
IHDWXUH� LQSXW� LV� WR� FRYHU� DQ\� LPSUHFLVH� RU� LQFRPSOHWH� LQSXW
IHDWXUH�� ZKLFK� DOZD\V� RFFXU� LQ� VSHHFK� SURFHVVLQJ�� +HQFH�� D
YDULDWLRQ�RI� IHDWXUH�YDOXH� VKRXOG�EH� LQGLFDWHG�E\� D� FKDQJH�RI
LWV� IX]]\� PHPEHUVKLS� YDOXH�� 7KLV� REMHFWLYH� FDQ� EH� DFKLHYHG
ZKHQ� XVLQJ� SL� DQG� WULDQJXODU� IXQFWLRQ�� H[FHSW� WUDSH]RLGDO
IXQFWLRQ�� +RZHYHU�� D� ODUJH� FKDQJH� RI� WULDQJXODU� PHPEHUVKLS
YDOXH� LV� QRW� DSSURSULDWH� IRU� VSHHFK� IHDWXUH� FRPSDUHG� WR� WKH
RWKHU�IXQFWLRQV��$OWKRXJK�WKH�SL�PHPEHUVKLS�LQSXW�FDQ�DFKLHYH
WKH� EHVW� VROXWLRQ�� WKH� WUDLQLQJ� WLPH� UHTXLUHG� ZKHQ� XVLQJ� WKH
WUDSH]RLGDO�IXQFWLRQ�LV�WKH�OHVV��7KH�UHDVRQ�LV�WKDW�WKH�XVH�RI�SL
RU� WULDQJXODU� IXQFWLRQ�ZLOO� JHQHUDWH� DQ� LQSXW� YHFWRU��ZKLFK� LV

FRQVLVWHG� RI� HYHU\� QRQ�]HUR� HOHPHQW� ZKLOH� WKHUH� DUH� PDQ\
WUDSH]RLGDO�PHPEHUVKLS� YDOXHV� WKDW� HTXDO� WR� ]HUR�� 7KHUHIRUH�
WKH� FRPSXWDWLRQ� UHTXLUHG� IRU� SL� RU� WULDQJXODU� PHPEHUVKLS
YDOXHV� DUH� PRUH� FRPSOLFDWHG� WKDQ� WUDSH]RLGDO� PHPEHUVKLS
YDOXHV�
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)X]]\��7ULDQJXODU

)X]]\��7UDSH]RLGDO

)X]]\��3L

)LJXUH����&RPSDULVRQ�JUDSK�RI�HUURU�UDWH�UHVXOWV�XVLQJ

YDULRXV�W\SHV�RI�LQSXW

�����7KDL�SRO\V\OODELF�ZRUG�UHFRJQLWLRQ
7KH� IX]]\�11�V\VWHP�XVLQJ�SL�PHPEHUVKLS� LQSXW�ZLWK�ELQDU\
GHVLUHG�RXWSXW� LV� VHOHFWHG� IRU� SRO\V\OODELF� ZRUG� UHFRJQLWLRQ�
7KH� V\VWHP� LV� WUDLQHG� DQG� WHVWHG�ZLWK� VSHDNHU�GHSHQGHQW� DQG
VSHDNHU�LQGHSHQGHQW� WHVW� VHW� �7HVW�� DQG� 7HVW�� UHVSHFWLYHO\��
:LWK�SUHFODVVLILFDWLRQ�E\�QXPEHU�RI�V\OODEOHV��YRFDEXODULHV�FDQ
EH� VHSDUDWHG� LQWR� WKUHH� JURXSV�� VLQJOH�� GRXEOH�� DQG� WULSOH
V\OODELF�ZRUG�� ,W� FDQ� EH� QRWHV� KHUH� WKDW� 7KDL� QXPHUDO�ZRUGV�
]HUR� WR� QLQH�� DUH� DOO� VLQJOH�V\OODELF� ZRUGV�� WKHQ� WKH\� DUH
LQFOXGHG� LQ� WKH� VLQJOH�V\OODEOH� JURXS�� 7KH� RWKHU� SDUDPHWHUV
XVHG� DUH� WKH� VDPH� DV� VHFWLRQ� ����� 7KH� HUURU� UDWH� UHVXOWV
FRPSDUHG�WR�WKH�FRQYHQWLRQDO�11�V\VWHP�XVLQJ�/3&�LQSXW�DUH
VKRZQ� LQ� WDEOH� ��� 7KH� H[SHULPHQW� RQ� VLQJOH�V\OODEOH� JURXS
XVLQJ� IX]]\�11� V\VWHP� LV� QRW� DYDLODEOH� LQ� WKLV� UHVHDUFK�
EHFDXVH�D�ODUJH�QXPEHU�RI�YRFDEXODULHV�FRQWDLQHG�LQ�WKLV�JURXS
ZLOO� FRQGXFW� WRR�PXFK� WUDLQLQJ� WLPH��$YHUDJH�YDOXHV�RI� HUURU
UDWH� VKRZQ� LQ� WKH� WDEOH� DUH� FRPSXWHG� UHJDUGLQJ� QXPEHU� RI
YRFDEXODULHV�LQ�HDFK�JURXS�DV
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JURXSDOO
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$FFRUGLQJ�WR�UHVXOWV��WKH�HUURU�UDWHV�DUH�JHQHUDOO\�KLJKHU�ZKHQ
QXPEHU� RI� YRFDEXODULHV� LV� LQFUHDVHG�� $YHUDJH� HUURU� UDWHV� RI
VSHDNHU�GHSHQGHQW� DQG� VSHDNHU�LQGHSHQGHQW� WHVW� XVLQJ� SL
PHPEHUVKLS�LQSXW�DUH������DQG������GHFUHDVLQJ�IURP�WKH�WHVW
XVLQJ� /3&� LQSXW�� 7KH� UHDVRQ� RI� LPSURYHPHQW� ZKHQ� XVLQJ
IX]]\�V\VWHP� LV� WKDW� WKH�XVH�RI� IX]]\� WHFKQLTXH� FDQ� DOORZ� WKH
UHFRJQLWLRQ� V\VWHP� WR� RYHUFRPH� PDQ\� LQFRPSOHWH� IHDWXUH
YDOXHV��+HQFH�� VRPH� DPELJXRXV�ZRUGV� VXFK� DV� �V#�QJ��� DQG
�VD�P��� �PHDQ� ³�´� DQG� ³�´� UHVSHFWLYHO\��� RU� �FHW��� DQG� �SHW��
�PHDQ� ³�´� DQG� ³GXFN´� UHVSHFWLYHO\��� ZKLFK� XVXDOO\� SURYLGH
PDQ\� LQFRPSOHWH� IHDWXUH� YDOXHV� DQG� EH� DOZD\V� UHFRJQL]HG
LQFRUUHFWO\��FDQ�EH�IL[HG�EHWWHU�ZLWK�WKLV�IX]]\�V\VWHP�



7DEOH����(UURU�UDWH�UHVXOW�RI�YRFDEXODU\�JURXS
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,Q�RUGHU�WR�GHFUHDVH�HUURU�UDWH�UHVXOWV��WRQH�RI�WKH�ILUVW�V\OODEOH
LQ�HDFK�ZRUG�LV�H[WUDFWHG�IRU�PRUH�SUHFODVVLILFDWLRQ��:LWK�WKLV
SURFHGXUH�� YRFDEXODULHV� FDQ� EH� FODVVLILHG� LQWR� ILIWHHQ� JURXSV�
$JDLQ�� ZH� KDYH� QR� H[SHULPHQW� RQ� VRPH� JURXSV� WKDW� FRQWDLQ
RQO\�RQH�YRFDEXODU\�RU�QRQH��7DEOH���VKRZV�WKH�UHVXOWV�

7DEOH����(UURU�UDWH�RI�YRFDEXODU\�JURXS�SUHFODVVLILFDWLRQ�E\
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)RU� IX]]\�11� V\VWHP�� WKH� DYHUDJH� HUURU� UDWH� UHVXOWV� FDQ
DFKLHYH� WKH� EHVW� ����� DQG� ����� IRU� VSHDNHU�GHSHQGHQW� DQG
VSHDNHU�LQGHSHQGHQW�WHVW��7KHUH�DUH������DQG������GHFUHDVLQJ
IURP� WKH� IXQGDPHQWDO� /3&� V\VWHP�� $V� VHHQ� WKDW� WKH
SHUFHQWDJHV�RI�GHFUHPHQW�RI�HUURU�UDWH�DUH�OHVV�WKDQ�WKH�UHVXOWV
IURP� WDEOH� ��� 7KLV� FDQ� EH� H[SODLQHG� WKDW� ZLWK� VPDOO� VL]H� RI
YRFDEXODULHV�� WKH� UHVXOWV� RI� /3&� V\VWHP� DUH� TXLWH� JRRG

WKHPVHOYHV�� WKH�XVH� RI� IX]]\� WHFKQLTXH� FDQ� FHUWDLQO\� LPSURYH
QRW�PXFK�

��� &21&/86,21
$� IX]]\�11� V\VWHP�� ZKLFK� XVHV� WKH� IX]]LILFDWLRQ� RI� H[DFW
IHDWXUH� WR� IRUP� QHZ� LQSXW� YHFWRU� IRU� QHXUDO� QHWZRUN�� FDQ
LPSURYH�WKH�HUURU�UDWH�RI�7KDL�VSHHFK�UHFRJQLWLRQ�FRPSDUHG�WR
WKH� IXQGDPHQWDO�11�V\VWHP�XVLQJ�H[DFW� IHDWXUH� LQSXW� VXFK�DV
/3&��,Q�WKLV�UHVHDUFK��SL�PHPEHUVKLS�IXQFWLRQ�FDQ�DFKLHYH�WKH
EHVW�IXQFWLRQ�DERYH�RWKHU�IXQFWLRQV��WUDSH]RLGDO�DQG�WULDQJXODU
IXQFWLRQ�� +RZHYHU�� VHYHUDO� SUHFODVVLILFDWLRQ� WHFKQLTXHV� DUH
UHTXLUHG� LQ� RUGHU� WR� UHGXFH� WKH� VL]H� RI� YRFDEXODULHV� WR� EH
UHFRJQL]HG� E\� HDFK� VXE�QHWZRUN�� 1XPEHU� RI� V\OODEOHV� IRU
SHDFK� SRO\V\OODELF� ZRUGV� DQG� HVSHFLDOO\� WRQDO� OHYHO� RI� 7KDL
V\OODEOH�DUH�WZR�RXWVWDQGLQJ�IHDWXUHV�XVHG�IRU�SUHFODVVLILFDWLRQ
WHFKQLTXHV�

��� $&.12:/('*(0(17

7KH� DXWKRUV� ZRXOG� OLNH� WR� DFNQRZOHGJH� WKH� 'LJLWDO� 6LJQDO
3URFHVVLQJ� 5HVHDUFK� /DERUDWRU\� RQ� WKH� VXSSRUW� RI� WKHVH
UHVHDUFKHV�

��� 5()(5(1&(6
>�@� 3DO� 6�� .�� DQG�0LWUD� 6��� ³0XOWLOD\HU� 3HUFHSWURQ�� )X]]\

6HWV� DQG�&ODVVLILFDWLRQ´�� ,(((� 7UDQVDFWLRQV� RQ�1HXUDO
1HWZRUNV��9RO����6HSWHPEHU�������SDJHV���������

>�@� &DUORV�$��5���&DUORV�$��*��DQG�:\OOLV��%���³7KH�8VH�RI
7UDSH]RLGDO� )XQFWLRQ� LQ� /LQJXLVWLF� )X]]\� 5HODWLRQDO
1HXUDO� 1HWZRUN� IRU� 6SHHFK� 5HFRJQLWLRQ´�� ,(((
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 1HXUDO� 1HWZRUNV�� 9RO� ��
-XO\�������SDJHV�����������

>�@� .RPRUL� <��� ³$� 1HXUDO� )X]]\� 7UDLQLQJ� $SSURDFK� IRU
&RQWLQXRXV� 6SHHFK� 5HFRJQLWLRQ� ,PSURYHPHQW´�� ,(((
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $FRXVWLFV�� 6SHHFK� DQG
6LJQDO�3URFHVVLQJ��9RO����0DUFK�������SDJHV���������

>�@� *XUJHQ� )�� 6��� $LNDZD�� .�� DQG� 6KLNDQR�� .��� ³3KRQHPH
5HFRJQLWLRQ�ZLWK�1HXUDO�1HWZRUN�XVLQJ�D�1RYHO�)X]]\
7UDLQLQJ� $OJRULWKP´�� ,(((� ,QWHUQDWLRQDO� -RLQW
&RQIHUHQFH� RQ� 1HXUDO� 1HWZRUNV�� 9RO� ��� 1RYHPEHU
������SDJHV���������

>�@� 3RUQVXNFKDQGUD� :�� DQG� -LWDSXQNXO� 6�� ³6SHDNHU�
,QGHSHQGHQW� 7KDL� 1XPHUDO� 6SHHFK� 5HFRJQLWLRQ� XVLQJ
/3&� DQG� WKH� %DFN� 3URSDJDWLRQ� 1HXUDO� 1HWZRUN´�
(OHFWULFDO� (QJLQHHULQJ� &RQIHUHQFH�� .KRQNDHQ�
7KDLODQG��1RYHPEHU�������SDJHV���������

>�@� $KNXSXWUD� 9��� -LWDSXQNXO� 6��� 3RUQVXNFKDQGUD� :�� DQG
/XNVDQHH\DQDZLQ� 6�� ³$� 6SHDNHU�,QGHSHQGHQW� 7KDL
3RO\V\OODELF� :RUG� 5HFRJQLWLRQ� 8VLQJ� +LGGHQ� 0DUNRY
0RGHO´�� ,(((� 3DFLILF� 5LP� &RQIHUHQFH� RQ
&RPPXQLFDWLRQV�� &RPSXWHUV� DQG� 6LJQDO� 3URFHVVLQJ�
&DQDGD��$XJ��������SDJHV���������

>�@� 7XEWRQJ� 1�� ³7KDL� :RUG� 5HFRJQLWLRQ� 8VLQJ� 3KRQHPH
'LVWLQFWLYH� )HDWXUH´�� 0DVWHU¶V� 7KHVLV�� &KXODORQJNRUQ
8QLYHUVLW\�������

>�@� 3UDWXPWDQ�7��³7KDL�6SHHFK�5HFRJQLWLRQ�8VLQJ�6\OODELF
%DVHG´�� 0DVWHU¶V� 7KHVLV�� &KXODORQJNRUQ� 8QLYHUVLW\�
�����


