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'HYHORSPHQW�RI�%D\HVLDQ�1HXUDO�1HWZRUN�8VLQJ�
%UHHGHU�*HQHWLF�3URJUDPPLQJ�WR�$FRXVWLF�

5DGDU�3DWWHUQ�,GHQWLILFDWLRQ�
6DPDKHU�+XVVHLQ�$OL�

'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�%DE\ORQH�

$EVWUDFW�
7KH� (YROXWLRQDU\� $OJRULWKPV� KDYH� EHHQ� XVHG� IRU� QHXUDO� QHWZRUNV� LQ� WZR� PDLQ� ZD\V�� �L�� WR�

RSWLPL]H�WKH�QHWZRUN�DUFKLWHFWXUH�LQ�WHUPV�RI�KLGGHQ�OD\HUV�DQG�QXPEHU�RI�QHXURQV�LQ�HDFK�OD\HUV��DQG�
�LL��WR�WUDLQ�WKH�ZHLJKWV�RI�IL[HG�DUFKLWHFWXUH��:KLOH�PRVW�SUHYLRXV�ZRUN�IRFXVHV�RQ�RQO\�RQH�RI�WKHVH�
WZR� RSWLRQV�� WKLV� SDSHU� LQYHVWLJDWLYH� (YROXWLRQDU\� DSSURDFK� FDOOHG� %UHHGHU� *HQHWLF� 3URJUDPPLQJ�
�%*3��LQ�ZKLFK�WKH�DUFKLWHFWXUH�DQG�WKH�ZHLJKWV�DUH�RSWLPL]HG�VLPXOWDQHRXVO\��7KH�JHQRW\SH�RI�HDFK�
QHWZRUN� LV� UHSUHVHQWHG� DV� D� WUHH� ZKRVH� GHSWK� DQG� ZLGWK� DUH� G\QDPLFDOO\� DGDSWHG� WR� WKH� SDUWLFXODU�
DSSOLFDWLRQ� E\� VSHFLILFDOO\� GHILQHG� JHQHWLF� RSHUDWRUV�� 7KH� ZHLJKWV� DUH� WUDLQHG� E\� *DXVVLDQ�
DSSUR[LPDWLRQ��7KH� ILWQHVV� IXQFWLRQ�KDV�EHHQ�FKRVHQ�DV� D� IXQFWLRQ� LQFUHDVLQJ�ZKHQ� WKH�PHDQ� VTXDUH�
HUURU�DW�WKH�HQG�RI�WKH�WUDLQLQJ�DQG�WKH�QXPEHU�RI�HSRFKV�QHHGHG�IRU�OHDUQLQJ�DUH�LQFUHDVH��,Q�WKLV�SDSHU��
,� KDYH� ILQHG� RSWLPDO� %D\HVLDQ� QHXUDO� QHWZRUN� XVLQJ� %UHHGHU� JHQHWLF� SURJUDPPLQJ� WR� FODVVLI\� RU�
LGHQWLI\� DFRXVWLF� UDGDU� 3DWWHUQV�� 7KH� UHVXOWV� GHPRQVWUDWH� WKDW� WKH� PHWKRG� LV� FDSDEOH� RI� VXFFHVVIXOO\�
LGHQWLI\LQJ�WKH�GLIIHUHQW�DFRXVWLF�UDGDU�SDWWHUQV�����
.H\�ZRUGV��%D\HVLDQ�1HXUDO�1HWZRUN��%UHHGHU�*HQHWLF�3URJUDPPLQJ��*DXVVLDQ�$SSUR[LPDWLRQ��
62'$5�3DWWHUQ�,GHQWLILFDWLRQ�

ŔŗŮƚŤƃ
ŸƅŔ ŚŕħŗŮƅŔ Ɠž řƔũƏųśƅŔ ŚŕƔƈŪũŔƏŦƅŔ ƇŧŦśŬśƉƔśƔŬŕŬŔ ƉƔśƂƔũųŗ řƔŗŰ��Ō�ŧŕŠƔƛ¿ŝƈŔřħŗŮ řƔũŕƈŸƈƉƈŜƔţřƔſŦƈƅŔ ŚŕƂŗųƅŔ

řƂŗų ¿ħ Ɠž ŕƔƜŦƅŔ ŧŧŷƏ�Ŗ��řśŗŕŝ řħŗŮ řƔũŕƈŸƈƅ ƉŔŪƏƛŔ ŖƔũŧśƅ��ƃƆś Ɖƈ ųƂž ŘŧţŔƏ ƑƆŷ Ūħũś řƂŗŕŬƅŔ ¿ŕƈŷƛŔ ŖƆŻŔ ŕƈƊƔŗ
Ũƍ Ɖŕž ƉƔśųƂƊƅŔřħŗŮƅŔ ƑƅŔ ƉŔŪƏŔƏ řƔũŕƈŸƈ ¿ŝƈŔ ŧŕŠƔƛ řƔŧƔƅƏśƅŔ řƔƊƔŠƅŔ řŠƈũŗƅŕŗ Ƒŷŧś řƔũƏųś řƂƔũų ůţſśƔ ŜţŗƅŔ ŔřƔŗŰŸƅŔ
řƊƈŔŪśƈ ŘũƏŰŗ�ŜƔţ¿ŝƈƔƔ ŘũŠŮħ řħŗŮ ¿ħƅ ŧũſƅŔ¿ŧŸŘŧŧţƈ řƔƊƔŠ ŚŕƔƆƈŷ ŽƔũŸśŗ ƓƆƈŸƅŔ ƀƔŗųśƆƅ ĻŕƔħśŕƈśƏŔ ŕƎŲũŷƏ ŕƎƂƈŷ��

ŕƍũŕƔśŦŔ Ƈś ƓśƅŔ řƔţƜŰƅŔ řƅŔŧŕƊƍŖƔũŧśƅŔ řƔŕƎƊ Ɠž ŕųŦƅŔ Ŷŗũƈ ųŬƏśƈ Ɖƈ ĻƜħ ŧƔŔŪś Ŷƈ ŘŧƔŔŪśƈ řƅŔŧ ƓƍřħŗŮƅŔŚŔũƏŧƅŔ ŧŧŷƏ
ŖƔũŧśƆƅ ŕƎŠŕśţƊ ƓśƅŔ��ůƔŦŮś ƏŔ ŽƔƊŰśƅ řƔŧƔƅƏśƅŔ řƔƊƔŠƅŔ řŠƈũŗƅŔ ƇŔŧŦśŬŕŗ ƑƆŝƈƅŔ řƔŗŰŸƅŔ ƉƔŪƔŗ řħŗŮ ŧŕŠƔŔ Ƈś ŜţŗƅŔ ŔŨƍ Ɠž
ƓśƏŰƅŔ ũŔŧŔũƅŔ ųŕƈƊŔ��řƂƔũųƅŔ Ɖŕŗ şœŕśƊƅŔ ƉƔŗś ƏšŕŠƊŗ řſƆśŦƈƅŔ ƓśƏŰƅŔ ũŔŧŔũƅŔ ųŕƈƊŔ ůƔŦŮś ƑƆŷ ŘũŧŕƁ���

���,QWURGXFWLRQ�
7KHUH�DUH�WZR�EDVLF�WHFKQLTXHV�WR�H[SORUH�WKH�DWPRVSKHULF�HQYLURQPHQW������GLUHFW�

PHDVXUHPHQW� DQG� ���� UHPRWH� VHQVLQJ�� 7KH� PRVW� FRPPRQO\� XVHG� DUWLILFLDO� GLUHFW�
WHFKQLTXHV� DUH� UDGLRVRQGH�� LQVWUXPHQWHG� WRZHU�� PLFURZDYH� UHIUDFWRPHWHU�� DQG�
DLUERUQH�V\VWHPV��

5HPRWH�VHQVLQJ�WHFKQLTXHV�DUH�FRPSDUDWLYHO\�UHFHQW�DQG�FDQ�EH�RSHUDWHG�DURXQG�
WKH�FORFN�ZLWKRXW�KXPDQ�LQWHUYHQWLRQ��7KLV�FDQ�DJDLQ�EH�GLYLGHG�LQWR�WZR�FDWHJRULHV��
SDVVLYH�DQG�DFWLYH��5DGLRPHWHU��VDWHOOLWH�LPDJHU\��HWF��DUH�H[DPSOHV�RI�SDVVLYH�UHPRWH�
VHQVLQJ�WHFKQLTXHV��2Q�WKH�RWKHU�KDQG��DFWLYH�PHDVXUHPHQW�LQYROYHV�WKH�WUDQVPLVVLRQ�
DQG� UHFHSWLRQ� RI� HOHFWURPDJQHWLF�� OLJKW�� DQG� DFRXVWLF� HQHUJ\�� 7KH� WKUHH� FRPPRQO\�
XVHG�GHWHFWLRQ�DQG�UDQJLQJ�V\VWHPV��³GDUV´��DUH������UDGDU������/LGDU��DQG�����DFRXVWLF�
UDGDU��62'$5���FRUUHVSRQGLQJ�WR�WKH�WKUHH�W\SHV�RI�UDGLDWLRQ�XVHG��5HHYHV�	�-DQ]D��
�������

62'$5� �RU� DFRXVWLF� UDGDU�� SOD\V� D� YHU\� VLJQLILFDQW� UROH� LQ� SURELQJ�RI� WKH� ORZHU�
SODQHWDU\�ERXQGDU\�OD\HU��/3%/���7KLV�LV�EHFDXVH�WKH�LQWHUDFWLRQ�RI�VRXQG�ZDYHV�ZLWK�
WKH�ORZHU�DWPRVSKHUH�LV�VWURQJHU�DV�FRPSDUHG�WR�WKH�HOHFWURPDJQHWLF�VSHFWUXP��,W�FDQ�
EH�GHVLJQHG�DW�D�UHDVRQDEOH�FRVW�DQG�LV�FDSDEOH�RI�SURYLGLQJ�WKH�WKUHH�GLPHQVLRQDO����
'�� �KHLJKW�� WLPH�� DQG� LQWHQVLW\�� YLHZ� RI� WKH� ORZHU� DWPRVSKHULF� PLFURVWUXFWXUHV��
DSSHDULQJ�GXULQJ�GLIIHUHQW�WLPH��PRQWK��DQG�VHDVRQ��RYHU�D�SDUWLFXODU�UHJLRQ��6LQJDO���
�������



ϯϭ

3RWHQWLDO� XVH� RI� 62'$5� GDWD� FDQ� EH� PDGH�� SURYLGHG� LW� FDQ� EH� LQWHUSUHWHG� DQG�
LGHQWLILHG� FRUUHFWO\�� 6R� IDU�� WKH� WDVN� RI� LGHQWLILFDWLRQ� RI� 62'$5�UHFRUGHG�
REVHUYDWLRQV� KDV� EHHQ� FRPSOHWHO\� GHSHQGHQW� RQ� WKH� NQRZOHGJH�� H[SHULHQFH�� DQG�
H[SHUWLVH�RI�UHVHDUFKHUV�ZRUNLQJ�ZLWK�WKH�V\VWHP�DQG�LWV�UHFRUGHG�REVHUYDWLRQV�IRU�D�
UHDVRQDEOH�SHULRG�RI�WLPH��7KLV�UHVWULFWV�WKH�XWLOLW\�RI�WKH�GDWD�WR�D�OLPLWHG�QXPEHU�RI�
SHUVRQV� KDYLQJ� H[SHUWLVH� LQ� WKH� ILHOG�� 8WLOL]DWLRQ� RI� WKH� IXOO� SRWHQWLDO� RI� 62'$5�
REVHUYDWLRQV�RQ�D�JOREDO�EDVLV�FDOOV� IRU� WKH�H[LVWHQFH�RI�FRPSXWHU�EDVHG� WHFKQLTXHV��
GHYHORSHG�SUHIHUDEO\�E\�LQFRUSRUDWLQJ�KXPDQ�H[SHUWLVH��

&RQVWUXFWLRQ�PXOWLOD\HU�QHXUDO�QHWZRUNV�LQYROYHV�GLIILFXOW�RSWLPL]DWLRQ�SUREOHPV��
L�H��ILQGLQJ�D�QHWZRUN�DUFKLWHFWXUH�DSSURSULDWH�IRU�WKH�DSSOLFDWLRQ�DW�KDQG�DQG�ILQGLQJ�
DQ� RSWLPDO� VHW� RI� ZHLJKW� YDOXHV� IRU� WKH� QHWZRUN� WR� VROYH� WKH� SUREOHP�� (YDOXDWLRQ�
DOJRULWKPV� KDYH� EHHQ� XVHG� IRU� VROYLQJ� ERWK� RSWLPL]DWLRQ� SUREOHPV�� ,Q� ZHLJKW�
RSWLPL]DWLRQ��WKH�VHW�RI�ZHLJKWV�LV�UHSUHVHQWHG�DV�D�FKURPRVRPH�DQG�D�JHQHWLF�VHDUFK�
LV� DSSOLHG� RQ� WKH� HQFRGHG� UHSUHVHQWDWLRQ� WR� ILQG� D� VHW� RI� ZHLJKWV� WKDW� EHVW� ILWV� WKH�
WUDLQLQJ� GDWD�� 6RPH� HQFRXUDJLQJ� UHVXOWV� KDYH� EHHQ� UHSRUWHG� ZKLFK� DUH� FRPSDUDEOH�
ZLWK� FRQYHQWLRQDO� OHDUQLQJ� DOJRULWKPV�� ,Q� DUFKLWHFWXUH� RSWLPL]DWLRQ�� WKH� WRSRORJ\�RI�
WKH�QHWZRUNV�LV�HQFRGHG�DV�D�FKURPRVRPH�DQG�VRPH�JHQHWLF�RSHUDWRUV�DUH�DSSOLHG�WR�
ILQG� DQ� DUFKLWHFWXUH� ZKLFK� ILWV� EHVW� WKH� VSHFLILHG� WDVN� DFFRUGLQJ� WR� VRPH� H[SOLFLW�
GHVLJQ�FULWHULD��

2SWLPL]DWLRQ� RI� QHXUDO� QHWZRUN� DUFKLWHFWXUHV� RU� ILQGLQJ� D� PLQLPDO� QHWZRUN� IRU�
SDUWLFXODU� DSSOLFDWLRQV� LV� LPSRUWDQW� EHFDXVH� WKH� VSHHG� DQG� DFFXUDF\� RI� OHDUQLQJ� DQG�
SHUIRUPDQFH� DUH� GHSHQGHQW� RQ� WKH�QHWZRUN� FRPSOH[LW\�� L�H�� WKH� W\SH� DQG�QXPEHU�RI�
XQLWV�DQG�FRQQHFWLRQV��DQG�WKH�FRQQHFWLYLW\�RI�XQLWV��)RU�H[DPSOH��D�QHWZRUN�KDYLQJ�D�
ODUJH�QXPEHU�RI�DGMXVWDEOH�FRQQHFWLRQV�WHQGV�WR�FRQYHUJH�IDVW��EXW�LW�XVXDOO\�OHDGV�WR�
RYHU� ILWWLQJ� RI� WKH� WUDLQLQJ�GDWD��2Q� WKH� RWKHU� KDQG�� D� VPDOO� QHWZRUN�ZLOO� DFKLHYH� D�
JRRG� JHQHUDOL]DWLRQ� LI� LW� FRQYHUJHV�� LW� QHHGV�� KRZHYHU�� JHQHUDOO\� D� ODUJH� DPRXQW� RI�
WUDLQLQJ� WLPH�� 7KHUHIRUH�� WKH� VL]H� RI� WKH� QHWZRUN� VKRXOG� EH� DV� VPDOO� SRVVLEOH�� EXW�
VXIILFLHQWO\�ODUJH�WR�HQVXUH�DQ�DFFXUDWH�ILWWLQJ�RI�WKH�WUDLQLQJ�VHW��6PLHMD���������

.R]D� �.R]D�� ������ SURYLGHV� DQ� DOWHUQDWLYH� DSSURDFK� WR� UHSUHVHQWLQJ� QHXUDO�
QHWZRUNV�� XQGHU� WKH� IUDPHZRUN� RI� VR�FDOOHG� JHQHWLF� SURJUDPPLQJ�� ZKLFK� HQDEOHV�
PRGLILFDWLRQ�QRW�RQO\�RI�WKH�ZHLJKWV�EXW�DOVR�RI�WKH�DUFKLWHFWXUH�IRU�D�QHXUDO�QHWZRUN��
+RZHYHU��WKLV�PHWKRG�SURYLGHV�QHLWKHU�D�JHQHUDO�PHWKRG�IRU�UHSUHVHQWLQJ�DQ�DUELWUDU\�
IHHG�IRUZDUG�QHWZRUN��QRU�D�PHFKDQLVP�IRU�ILQGLQJ�D�QHWZRUN�RI�PLQLPDO�FRPSOH[LW\��

7KLV�SDSHU�GHVFULEHV�D�QHZ�JHQHWLF�SURJUDPPLQJ�PHWKRG��FDOOHG�%UHHGHU�*HQHWLF�
3URJUDPPLQJ��%*3��WKDW�HPSOR\V�WKH�ILWQHVV�IXQFWLRQ�DV�D�IXQFWLRQ�LQFUHDVLQJ�ZKHQ�
WKH�QXPEHU�RI�HSRFK¶V��(3��QHHGHG�IRU�OHDUQLQJ�DQG�PHDQ�VTXDUH�HUURU�RI�WKH�QHWZRUN�
�06(�� LQFUHDVH��7KH�ZHLJKWV� DUH� WUDLQHG�QRW� E\� EDFN� SURSDJDWLRQ�� EXW� E\�%D\HVLDQ�
PHWKRG���

,Q� WKLV�PDQQHU�� ��� GDWD� SRLQWV�ZHUH� REWDLQHG� IURP� WKH� FKDUWV� IRU� HDFK� FDWHJRU\��
7KHVH�ZHUH�XVHG�DV�WKH�LQSXW�WR�WKH�QHWZRUN��7KH�VL[�DFRXVWLF�UDGDU�SDWWHUQ�FDWHJRULHV�
FRUUHVSRQG�WR�WKH�RXWSXW�FODVVHV��
���5HSUHVHQWLQJ�1HXUDO�1HWZRUNV�DV�7UHHV�

0XOWLOD\HU� IHHGIRUZDUG� QHXUDO� QHWZRUNV� DUH� QHWZRUNV� RI� VLPSOH� SURFHVVLQJ�
HOHPHQWV�� FDOOHG� QHXURQV� RU� XQLWV�� RUJDQL]HG� LQ� OD\HUV�� 7KH� H[WHUQDO� LQSXWV� DUH�
SUHVHQWHG�WR�WKH�LQSXW�OD\HU�DQG�IHHGIRUZDUG�YLD�RQH�RU�PRUH�OD\HUV�RI�KLGGHQ�XQLWV�WR�
WKH�RXWSXW�OD\HU��7KHUH�LV�QR�FRQQHFWLRQ�EHWZHHQ�XQLWV�LQ�WKH�VDPH�OD\HU���

$�FRPPRQO\�DGRSWHG�DUFKLWHFWXUH�LQYROYHV�IXOO�FRQQHFWLYLW\�EHWZHHQ�QHLJKERULQJ�
OD\HUV�RQO\��:H�DOORZ�ERWK�SDUWLDO�FRQQHFWLYLW\�DQG�GLUHFW�FRQQHFWLRQV�EHWZHHQ�QRQ�
QHLJKERULQJ� OD\HUV�� VLQFH� WKLV� LV� LPSRUWDQW� IRU� ILQGLQJ� D� SDUVLPRQLRXV� DUFKLWHFWXUH��



ϯϮ

6SHFLILFDOO\��WKLV�DUFKLWHFWXUH�DOORZV�IRU�VRPH�RI�LQSXW�XQLWV�WR�EH�FRQQHFWHG�GLUHFWO\�
WR�RXWSXW�XQLWV��

)RU� WKH� JHQHWLF� RSWLPL]DWLRQ��ZH� UHSUHVHQW� D� IHHGIRUZDUG� QHWZRUN� DV� D� VHW� RI�P�
WUHHV��1HDO�	�=KDQJ���������(DFK�FRUUHVSRQGLQJ�WR�RQH�RXWSXW�XQLW��)LJXUH���VKRZV�D�
JHQRW\SH�WR�SKHQRW\SH�PDSSLQJ�H[DPSOH��$�JHQRW\SH�LV�GHSLFWHG�WKDW�SURFHGXUHV�WKH�
VKRZQ�SKHQRW\SH��7KHUH�DUH���QRGHV��LQSXW�QRGHV��RQH�KLGGHQ��RQH�RXWSXW�QRGH��DQG�
VHYHQ�FRQQHFWLRQ�GHILQLWLRQV��RQH�RI�ZKLFK�LV�UHFXUUHQW��7KH�VHFRQG�GLVDEOHG��VR� WKH�
FRQQHFWLRQ�WKDW�LW�VSHFLILHV��EHWZHHQ�QRGHV���DQG����LV�QRW�H[SUHVVHG�LQ�WKH�SKHQRW\SH��

)LJ����$�JHQRW\SH�WR�SKHQRW\SH�PDSSLQJ�H[DPSOH�

�� %UHHGHU�*HQHWLF�3URJUDPPLQJ��%*3�
��)RU� WKH� HYROXWLRQ�RI�RSWLPDO�QHXUDO� QHWZRUNV�ZH�XVH� WKH� FRQFHSWV�EDVHG�RQ� WKH�

%UHHGHU� *HQHWLF� $OJRULWKP� �%*$��� :KLOH� WKH� XVXDO� JHQHWLF� DOJRULWKPV� PRGHO� D�
QDWXUDO�HYROXWLRQ��WKH�%*$�PRGHO�D�UDWLRQDO�VHOHFWLRQ�SHUIRUPHG�E\�KXPDQ�EUHHGHUV��

�%*$� UHSUHVHQWV� D� FODVV� RI� UDQGRP� RSWLPL]DWLRQ� WHFKQLTXHV� JOHDQHG� IURP� WKH�
VFLHQFH� RI� SRSXODWLRQ� JHQHWLFV�� ZKLFK� KDYH� SURYHG� WKHLU� DELOLW\� WR� VROYH� KDUG�
RSWLPL]DWLRQ� SUREOHPV� ZLWK� FRQWLQXRXV� SDUDPHWHUV�� %*$� ZKLFK� FDQ� EH� VHHQ� DV� D�
UHFRPELQDWLRQ�EHWZHHQ�(YROXDWLRQ�6WUDWHJLHV��(6��DQG�*HQHWLF�$OJRULWKP��*$����XVHV�
WUXQFDWLRQ�VHOHFWLRQ�ZKLFK�LV�YHU\�VLPLODU�WR�WKH��X�� ��VWUDWHJ\�LQ�(6V���WKLV�VWUDWHJ\�
FDOOHG� DOVR� WKH� FRPPD� VWUDWHJ\� GHQRWHG� E\� �ȝ�� �� WKH� SDUHQWV�� DIWHU� JHQHUDWLQJ�
RIIVSULQJ��GLH�RII�DQG�DUH�QRW�WDNHQ�LQWR�DFFRXQW�WR�IRUP�WKH�QH[W�JHQHUDWLRQ��DQG�WKH�
VHDUFK�SURFHVV�LV�PDLQO\�GULYHQ�E\�UHFRPELQDWLRQ�PDNLQJ�%*$V�YHU\�VLPLODU�WR�*$V��
,W�KDV�EHHQ�SURYHQ�WKDW�%*$V�FDQ�VROYH�SUREOHPV�PRUH�HIILFLHQWO\� WKDQ�*$V�GXH� WR�
WKH�WKHRUHWLFDO�IDVWHU�FRQYHUJHQFH�WR�WKH���RSWLPXP�DQG�WKH\�FDQ��OLNH�*$V��EH�HDVLO\�
ZULWWHQ�LQ�D�SDUDOOHO�IRUP��)DOFR��&LRSSD��%DOLR�	�7DUDQWLQR����������

2XU�DSSURDFK�GLIIHUV�IURP�WKH�%*$�LQ�WKDW�ZH�XVH�YDULDEOH�VL]H�RI�FKURPRVRPHV��D�
FKDUDFWHULVWLF� RI� *HQHWLF� 3URJUDPPLQJ� �*3��� 7KXV� ZH� FDOO� WKH� PHWKRG� %UHHGHU�
*HQHWLF� 3URJUDPPLQJ� �%*3��� %*3� DOVR� GLIIHUV� IURP� XVXDO� *3�� :KLOH� *3� XVHV�
SURSRUWLRQDO� VHOHFWLRQ� FRPELQHG� ZLWK� FURVVRYHU� DV� PDLQ� RSHUDWRU�� %*3� XVHV�
WUXQFDWLRQ�VHOHFWLRQ�FRPELQHG�ZLWK�FURVVRYHU�SOXV�*DXVVLDQ�DSSUR[LPDWLRQ���

7KH�%*3�HYROXWLRQDU\�OHDUQLQJ�DOJRULWKP�LV�VXPPDUL]HG�LQ�HLJKW�VWHSV�DV�H[SODLQ�
EHORZ� WKH� DOJRULWKP� PDLQWDLQV� D� SRSXODWLRQ� $� FRQVLVWLQJ� RI� 0� LQGLYLGXDOV� $L� RI�
YDULDEOH� VL]H�� (DFK� LQGLYLGXDO� UHSUHVHQWV� D� QHXUDO� QHWZRUN�� 7KH� QHWZRUNV� RI� LQLWLDO�
SRSXODWLRQ��$�����DUH�JHQHUDWHG�ZLWK�D�UDQGRP�QXPEHU�RI��OD\HUV��7KH�UHFHSWLYH�ILHOG�
RI� HDFK� QHXUDO� XQLW� DQG� LWV� ZLGWK� DUH� DOVR� FKRVHQ� UDQGRPO\�� 7KH� �J���� SRSXODWLRQ��
$�J�����LV�FUHDWHG�IURP�$�J��LQ�WKUHH�VWHSV��VHOHFWLRQ��*DXVVLDQ�DSSUR[LPDWLRQ��DQG�
PDWLQJ���

�7KH� VHOHFWLRQ� VWHS� VWDUWV� IURP� D� SRSXODWLRQ� RI� $�J�� LQGLYLGXDOV�� 2QO\� WKH� 0��
HOHPHQWV�VKRZLQJ�WKH�EHVW� ILWQHVV�DUH�FKRVHQ�WR�JLYH�RULJLQ� WR� WKH� LQGLYLGXDOV�RI� WKH�
QH[W�JHQHUDWLRQ��L�H���DUH�DFFHSWHG�LQWR�WKH�PDWLQJ�SRRO�%�J����8VXDOO\�WUXQFDWLRQ�UDWLR�
OLHV� LQ� UDQJ� >���� WR� ���@�� 7KH� ILWQHVV� IXQFWLRQ� KDV� EHHQ� FKRVHQ� DV� D� IXQFWLRQ�



ϯϯ

LQFUHDVLQJ�ZKHQ� WKH�PHDQ�VTXDUH�HUURU�DW� WKH�HQG�RI� WKH� WUDLQLQJ�DQG� WKH�QXPEHU�RI�
HSRFKV�QHHGHG�IRU�OHDUQLQJ�DUH�LQFUHDVH��

$IWHU� VHOHFWLRQ�� HDFK� LQGLYLGXDO� LQ� %�J�� XQGHUJRHV� D� %D\HVLDQ� QHXUDO� QHWZRUN�
ZKHUH� WKH� ZHLJKW¶V� RI� WKH� QHWZRUN� DUH� DGDSWHG� E\� *DXVVLDQ� DSSUR[LPDWLRQ�� 7KLV�
UHVXOWV�LQ�WKH�UHYLVHG�PDWH�VHW�%�J���7KH�PDWLQJ�SKDVH�UHSHDWHGO\�VHOHFWV�WZR�UDQGRP�
SDUHQW� LQGLYLGXDOV� LQ�%�J�� WR�PDWH�DQG�JHQHUDWH�RQH�RIIVSULQJ� LQ� WKH�QHZ�SRSXODWLRQ�
$�J���� E\� DSSO\LQJ� FURVVRYHU� RSHUDWRUV�� XQWLO� WKH� SRSXODWLRQ� VL]H� DPRXQW� WR� 0��
1RWLFH�WKDW�QRW�RQO\�WKH�VL]H�RI�LQGLYLGXDOV�LQ�RQH�SRSXODWLRQ�PD\�EH�GLIIHUHQW���

$L�J� $M�J� ��L M�DQG�M ^���0`��������� �������������������������

%XW�WKH�VL]H�RI�VDPH�LQGLYLGXDO�RI�VXEVHTXHQW�SRSXODWLRQ�PD\�DOVR�GLIIHUHQW��
�$L�J��� $M�J� ���L ^���0`������������� �������������������������

$�QHZ�SRSXODWLRQ�LV�JHQHUDWHG�UHSHDWHGO\�XQWLO�DQ�DFFHSWDEOH�VROXWLRQ�LV�IRXQG�RU�
WKH� YDULDQFH� RI� WKH� ILWQHVV� 9�J�� IDOOV� EHORZ� D� VSHFLILHG� OLPLW� YDOXH� 9PLQ� �L�H��� WKH�
SURFHGXUH�WHUPLQDWHV�LI��

0

L
L 9J)J)

0
J9

�
PLQ

�

����
�

�� �����������

:KHUH� ��J) �WKH�DYHUDJH�ILWQHVV�RI�WKH�LQGLYLGXDOV�LQ�$�J���WKH�DOJRULWKP�DOVR�VWRSV�LI�D�
VSHFLILHG�QXPEHU�RI�JHQHUDWLRQV��JPD[��LV�FDUULHG�RXW���
���%D\HVLDQ�1HWZRUN�

$� EHOLHI� QHWZRUN� UHSUHVHQWV� D� MRLQW� SUREDELOLW\� GLVWULEXWLRQ� RYHU� D� VHW� RI�
YDULDEOHV�$QWDOD��)DQQHVD�	�7LPPHUPDQE��������:H�DVVXPH� WKDW� WKHVH�DUH�GLVFUHWH�
YDULDEOHV��SDUWLWLRQHG�LQWR�WKUHH�VHWV��VHW�RI�LQSXWV��RXWSXW��DQG�LQWHUPHGLDWH�YDULDEOHV��
UHVSHFWLYHO\�� 7KH� PRGHO� FRQVLVWV� RI� D� TXDOLWDWLYH� SDUW� �D� GLUHFWHG� JUDSK�� DQG�
TXDQWLWDWLYH� SDUWV� �GHSHQGHQF\� PRGHOV��� 7KH� YHUWLFHV� RI� WKH� JUDSK� UHSUHVHQW� WKH�
UDQGRP�YDULDEOHV� DQG� WKH� HGJHV� GHILQH� WKH� LQGHSHQGHQF\� UHODWLRQV� �HDFK� YDULDEOH� LV�
LQGHSHQGHQW� RI� LWV� QRQ�GHVFHQGDQWV� JLYHQ� LWV� SDUHQWV� �%RXFNDHUW�� ��������7KHUH� LV� D�
SUREDELOLVWLF�GHSHQGHQF\�PRGHO�IRU�HDFK�YDULDEOH�WKDW�GHVFULEHV�LWV�GHSHQGHQF\�RQ�LWV�
SDUHQWV��

/HW�8� �^[���«��[Q`��Q� ���EH�D�VHW�RI�YDULDEOHV��$�%D\HVLDQ�QHWZRUN�%�RYHU�D�VHW�
RI�YDULDEOHV�8�LV�D�QHWZRUN�VWUXFWXUH�%6��ZKLFK�LV�D�GLUHFWHG�DF\FOLF�JUDSK��'$*��RYHU�
8�DQG�D�VHW�RI�SUREDELOLW\�WDEOHV�%3� �^S�X SD�X�� X� �8`��ZKHUH�SD�X��LV�WKH�VHW�RI�
SDUHQWV� RI� X� LQ� %6�� $� %D\HVLDQ� QHWZRUN� UHSUHVHQWV� SUREDELOLW\� GLVWULEXWLRQV�
�%RXFNDHUW��������

������ XSDXS83 8X ����

�����7KH��%D\HVLDQ��6ROXWLRQ�

7KH�%D\HVLDQ�YLHZSRLQW� DOORZV� WKH� IROORZLQJ�DGYDQWDJHV� WR�EH�JDLQHG�E\�VLPSOH�
DSSOLFDWLRQ�RI�WKH�UXOHV�RI�SUREDELOLW\�WKHRU\��
$��%\�YLHZLQJ�WKH�SURGXFW�RI�OHDUQLQJ�DV�DQ�HQVHPEOH�RI�SUREDEOH�FODVVLILHUV��ZH�FDQ�
WDNH� RXU� XQFHUWDLQW\� LQWR� DFFRXQW� ZKHQ� PDNLQJ� SUHGLFWLRQV�� 7KLV� LPSURYHV� WKH�
TXDOLW\�RI�SUHGLFWLRQV��

%�� %\� YLHZLQJ� WKH� UHJXODUL]HU� ZLWK� UHJXODUL]DWLRQ� FRQVWDQW� � DV� GHILQLQJ� D� SULRU�
SUREDELOLW\� ��ZH�FDQ�VROYH� WKH�RYHUILWWLQJ�SUREOHP��L�H��� WKH�SUREOHP�RI�VHWWLQJ�K\SHU�
SDUDPHWHUV� VXFK� DV� � WKDW� FRQWURO� WKH� �FRPSOH[LW\�� RI� WKH� PRGHO� ZLWK� SUREDELOLW\�
WKHRU\�ZH�FDQ�HIIHFWLYHO\�LQIHU�WKH�DSSURSULDWH�YDOXH�RI�WKH�UHJXODUL]DWLRQ�FRQVWDQW�
IURP�WKH�GDWD��7KLV�UHPRYHV�WKH�QHHG�WR�ZDVWH�UHVRXUFHV�RQ�FURVV�YDOLGDWLRQ��ZKLFK�LV�
WUDGLWLRQDOO\� XVHG� WR� VHW� VXFK� K\SHU� SDUDPHWHUV�� 7KLV� LV� D� HVSHFLDOO\� LPSRUWDQW�
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DGYDQWDJH� RI� WKH� %D\HVLDQ� DSSURDFK� ZKHQ� WKHUH� DUH� PDQ\� VXFK� UHJXODUL]DWLRQ�
FRQVWDQWV��

$VVXPH�ZH�KDYH�D�VHW�RI�Q� LQGHSHQGHQW� WUDLQLQJ�LWHPV��[��\��«��[Q�\Q���HDFK�RI�
ZKLFK�JLYHV� WKH�YDOXH�RI�DQ�RXWSXW�YHFWRU��\L�DVVRFLDWLYH�ZLWK�DQ��LQSXW��YHFWRU��[L��
$QG�WKH�SULRU�SUREDELOLW\�GLVWULEXWLRQ�WR�ZHLJKWV�YHFWRU�S�Z���OLNHOLKRRG�IXQFWLRQ�WKDW�
UHSUHVHQW�HUURU�PDWXUH�IXQFWLRQ�S�\�[�Z��ZKLOH�WKH�SRVW�SUREDELOLW\�WR�ZHLJKWV�YHFWRU�
UHSUHVHQW�E\�%D\HVLDQ�UXOH�DV�WKH�IROORZLQJ���
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,Q�WKH�%D\HVLDQ�DSSURDFK�WR�VWDWLVWLFDO�SUHGLFWLRQ��RQH�GRHV�QRW�XVH�D�VLQJOH��EHVW��
VHW�RI�QHWZRUN�ZHLJKWV��EXW� UDWKHU� LQWHJUDWHV� WKH�SUHGLFWLRQ� IURP�DOO�SRVVLEOH�ZHLJKW�
YHFWRUV�RYHU� WKH�SRVWHULRU�ZHLJKW�GLVWULEXWLRQ��ZKLFK�FRPELQHV�LQIRUPDWLRQ�IURP�WKH�
GDWD�ZLWK�D�SULRU�ELDV�WRZDUG�PRUH�SODXVLEOH�ZHLJKWV��$QG�DVVXPLQJ�WKH�DGGLWLRQ�LQSXW�
UHSUHVHQWV�E\�[Q���WKHUHIRUH�WKH�GHVLUHG�RXWSXW�\Q���FDQ�EH�FRPSXWH�DV�IROORZLQJ��1HDO��
�������

GZ\[\[ZSZ[I\ QQQ5Q 1 ���������������� ���� ����
�,Q� WKH� SULRU� GLVWULEXWLRQ� DQG� SUHGLFWLYH� GLVWULEXWLRQ� WKDW� UHSUHVHQW� � E\� WKH� DERYH�

UHODWLRQ� DUH� SUHVHQW� WKH� RSWLPDO� VROXWLRQ� RI� WKH� QHXUDO� QHWZRUN� SUREOHPV� EXW� WKLV�
WHFKQLTXHV�LQFOXGHV�PXOWL�GLPHQVLRQDO�LQWHJUDWLRQV�RU�PXOWLYDULDWH�LQWHJUDWLRQ�DQG�WKLV�
W\SHV� RI� LQWHJUDWLRQ� UHSUHVHQW� WKH� EDVH� RI� PRVW� GLIILFXOW\� SDUWLFXODU� WKDW� IRXQG� LQ�
%D\HVLDQ�DSSURDFK�VSHFLDOO\�LQ�PDQ\�DSSOLFDWLRQ��+HGKDE�������������

7KHUHIRUH�ZH�FDQ�FRQVLGHU�WKH�WUDLQLQJ�LV�WKH�SUREOHP�RI�QHXUDO�QHWZRUNV�ZKLOH�WKH�
PXOWLYDULDWH� LQWHJUDWLRQ� LV� WKH�SUREOHP�RI� WKH�%D\HVLDQ�QHXUDO�QHWZRUN�� WKH�DQDO\VLV�
VROXWLRQV�DUH�LPSRVVLEOH�WKHUHIRUH�ZH�QHHG�WR�VHDUFK�DERXW�WKH�UHSODFHPHQW�PHWKRGV�
WR� VROYH� WKLV� LQWHJUDWLRQV��$QG� IURP� WKHVH�PHWKRGV��$�'LUHFW�1XPHULFDO� ,QWHJUDWLRQ��
%�0RQWH�&DUOR�6LPXODWLRQ��&�*DXVVLDQ�$SSUR[LPDWLRQ��,Q�WKLV�SDSHU��,�ZLOO�GHDO�ZLWK�
*DXVVLDQ�DSSUR[LPDWLRQ�WR�ILQG�WKH�EHVW�ZHLJKWV�RI�WKH�QHWZRUN��

�����*DXVVLDQ�$SSUR[LPDWLRQ�
,Q� WKLV�SDSHU�� ,�ZLOO�GHDO�RQO\�ZLWK�QHXUDO�QHWZRUNV�XVHG�IRU�UHJUHVVLRQV�� WKURXJK�

WKH�PHWKRG�VKRXOG�EH�DSSOLFDEOH�WR�FODVVLILFDWLRQ�QHWZRUN�DV�ZHOO��$VVXPH�ZH�KDYH�D�
VHW�RI�Q�LQGHSHQGHQW� WUDLQLQJ�LWHPV��[��\��«��[Q�\Q���HDFK�RI�ZKLFK�JLYHV�WKH�YDOXH�
RI�DQ�RXWSXW�YHFWRU��\L�DVVRFLDWLYH�ZLWK�DQ��LQSXW��YHFWRU��[L��:H�DOVR�KDYH�WKH�YDOXH�
RI� WKH� LQSXW� YHFWRU� IRU� DQ� DGGLWLRQDO� WHVW� LWHP�� [Q���� 7KH� WDVN� LV� WR� SUHGLFW� WKH�
FRUUHVSRQGLQJ�RXWSXW�YHFWRU��\Q����1HDO��������

$�QHXUDO�QHWZRUN�RI�VRPH�JLYHQ�DUFKLWHFWXUH�DQG�ZLWK�ZHLJKW�YHFWRUV�Z�GHILQHV�D�
PDSSLQJ�IURP�DQ�LQSXW�YHFWRU�[�WR�SUHGLFWHG�RXWSXW�YHFWRU�\�JLYHQ�E\��

��� Z[I\ ���

$VVXPLQJ�D�*DXVVLDQ�PRGHO��WKH�FRQGLWLRQDO�SUREDELOLW\�GLVWULEXWLRQ�IRU�WKH�RXWSXW�
YHFWRU�JLYHQ�WKH�LQSXW�YHFWRU�EDVHG�RQ�WKLV�PDSSLQJ�ZLOO�EH�DV�IROORZV��
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:KHUH� \� LV� GHVLUHG� RXWSXW�� I�[�Z�� LV� DFWXDO� RXWSXW��1� LV� GLPHQVLRQ� RI� WKH� RXWSXW�
YHFWRU�� � � LV� WKH�QRLVH� LQ�RXWSXW��7KH�FRQYHQWLRQDO�PD[LPXP�OLNHOLKRRG�DSSURDFK�WR�
QHXUDO�QHWZRUN� WUDLQLQJ� LV� WR�XVHG�VRPH�JUDGLHQW�EDVHG�DOJRULWKP�WR�ILQG� WKH�ZHLJKW�
YHFWRU��WKDW�PD[LPL]H�WKH�GHJUHH�RI�ILW�WR�WKH�GDWD��JLYHQ�E\�WKH�ORJ�OLNHOLKRRG�/�Z����
GHILQHG�DV����
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:KHUH�&�GRHV�QRW�GHSHQG�RQ�Z��WKH�RXWSXW�QRLVH�OHYHO� �FDQ�DOVR�HVWLPDWHG�IURP�
WKH� WUDLQLQJ� GDWD�� 7KH� GHULYDWLYH� RI� HTXDWLRQ� ����� UHSUHVHQWV� PD[LPXP� SHQDOL]HG�
OLNHOLKRRG�HVWLPDWLRQ��GHILQHG�DV���
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+HUH��WKH�FRQVWDQW� �UHODWHV�WR�WKH�H[SHFWHG�VFDOH�RI�WKH�ZHLJKWV��DQG�PLJKW�EH�VHW�
E\� SURJUDP� GHVLJQHU�,Q� WKH� %D\HVLDQ� QHWZRUN� WKH� DERYH� HTXDWLRQ� UHSUHVHQWV� WKH�
PRXQW� RI� HUURU� RFFXUV� EHWZHHQ� WKH� GHVLUHG� DQG� DFWXDO� RXWSXW� RI� WKH� QHWZRUN�� ,Q�
*DXVVLDQ�SUREDELOLW\�GLVWULEXWLRQ�PHWKRG�,�XVHG�WKLV�HTXDWLRQ�WR�DGDSWV�QHXUDO�QHWZRUN�
ZHLJKWV�DQG�UHDFKHV�WR�WKH�RSWLPDO�ZHLJKWV�YHFWRU��

7R�FRPSOHWH�WKH�%D\HVLDQ�IRUPXODWLRQ�RI�WKH�SUREOHP��D�SULRU�GLVWULEXWLRQ�IRU�WKH�
QHWZRUN� ZHLJKWV� LV� UHTXLUHG�� 7R� GHWHUPLQH� WKH� ZHLJKWV� YHFWRU� ZH� WDNH� UDQGRP�
VDPSOHV� DQG� WKHQ� ILQG� WKH� SUREDELOLW\� GLVWULEXWLRQ� WKDW� LWV� UHSUHVHQW� E\� *DXVVLDQ�
GLVWULEXWLRQ�DV�IROORZV���
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���7KH�3URSRVHG�0HWKRGRORJ\�
7KH� REMHFWLYH� RI� WKLV� SDSHU� LV� SUHVHQW� D� PHWKRG� XVLQJ� EUHHGHU� JHQHWLF� R�

SURJUDPPLQJ� WR� GHYHORS� %D\HVLDQ� QHXUDO� QHWZRUN� WR� DFRXVWLF� UDGDU� SDWWHUQ�
LGHQWLILFDWLRQ��WKLV�VHDUFK�FRQFHUQV�LWVHOI�ZLWK�ILQG�WKH�RSWLPDO�QHWZRUN��DUFKLWHFWXUH�LQ�
WHUPV�RI�KLGGHQ�OD\HUV�DQG�QXPEHU�RI�QHXURQV�LQ�HDFK�OD\HUV��DQG��WR�WUDLQ�WKH�ZHLJKWV�
RI�IL[HG�DUFKLWHFWXUH��7KHQ�XVH�WKLV�QHWZRUN�WR�LGHQWLI\�WKH�DFRXVWLF�UDGDU�SDWWHUQV��7KH�
PDLQ� VWHSV� RI� WKH� SURSRVHG�PHWKRG� DUH� H[SODLQHG� LQ� WKH� IROORZLQJ� SURFHGXUH�� $QG�
WKHVH�VWHSV�DUH�GLVFXVVHG�LQ�GHWDLO�EHORZ��
3URFHGXUH�RI�WKH�SURSRVHG�PHWKRGRORJ\�
,QSXW��SDWWHUQ�GDWD�VHW�LV�DUUD\�RI�IHDWXUHV�IRU�HDFK�SDWWHUQ��
2XWSXW��RSWLPDO�QHWZRUN��VWUXFWXUH��FRQQHFWLRQ�ZHLJKWV��WR�LGHQWLI\�DFRXVWLF�UDGDU�
SDWWHUQV��
6HW�SRSXODWLRQ�VL]H��WUXQFDWLRQ�UDWLR��OHDUQLQJ�IDFWRU��PRPHQWXP�WHUP��QRLVH�OHYHO�
YDOXH�
6HW�0D[*HQ�RI�%*3��(3PD[�RI�%D\HVLDQ�QHXUDO�QHWZRUN��
'2�IRU�HDFK�SDWWHUQ�LQ�WKH�GDWDVHW��LQLWLDOL]H��
�������������5DQGRPO\�JHQHUDWH�0�QHWZRUNV��
������������6HW�D�UDQGRP�YDOXHV�WR�QXPEHU�RI�QHXURQV�LQ�HDFK�OD\HUV�LQ�WKH�UDQJ�>�����@�
DQG�FRQQHFWLRQ����������������������������������
������������ZHLJKWV�LQ�WKH�UDQJ>���@�(QG�IRU�
6HW�*HQ ��
'R�IRU�HDFK�QHWZRUN�LQ�WKH�SRSXODWLRQ�
������������(YDOXDWH�WKH�ILWQHVV�IXQFWLRQ�DFFRUGLQJ�WR�I�[��DV�H[SODLQ�LQ�HT�����
������������6HOHFW�XSSHU�0��QHWZRUN�LQWR�PDWLQJ�SRRO�%�JHQ���
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������������7UDLQ�HDFK�QHWZRUN�LQ�PDWLQJ�SRRO�E\�%D\HVLDQ�QHXUDO�QHWZRUN�DV�H[SODLQ�LQ�
SDUDJUDSK�������
������������6HW�WKH�UHVXOWV�LQ�PDWLQJ�SRRO�%�JHQ���
(QG�IRU�

�5HSHDW�
'R�IRU�HDFK�LQGLYLGXDO�LQ�WKH�SRSXODWLRQ
������.HHS�WKH�EHVW�LQGLYLGXDO�
������6HOHFW�VXESRSXODWLRQ�RI�SDUHQWV��
������3HUIRUP�FURVVRYHU�EHWZHHQ�SDUHQWV��
������(YDOXDWH�WKH�RIIVSULQJ��

��0RGLI\�WKH�SRSXODWLRQ�IURP�$�W����WR�$�W��E\�UHSODFH�WKH�ZRUVW�ILW�QHWZRUN�LQ�
$�W���E\�WKH�EHVW���
������LQ�$�W��

(QG�IRU
*HQ �*HQ���
8QWLO��*HQ�!�0D[*HQ��
5HWXUQ�WKH�EHVW�DUFKLWHFWXUH�DQG�ZHLJKWV�IRU�%D\HVLDQ�QHXUDO�QHWZRUN�WKDW�VDWLVILHV�WKH�
FRQGLWLRQV��
(QG��
�����*HQHWLF�2SHUDWRUV�

7KH� ZHLJKWV� RI� D� QHWZRUN� DUH� WUDLQHG� E\� DSSO\LQJ� D� *DXVVLDQ� DSSUR[LPDWLRQ� WR�
HDFK�RI� WKH� LQGLYLGXDOV�DFFHSWHG�E\� WUXQFDWLRQ�VHOHFWLRQ��*LYHQ�D�FKURPRVRPH�6L�RI�
WKH�QHWZRUN��%D\HVLDQ�QHWZRUN�ILQGV�D�EHWWHU�FKURPRVRPH�E\�UHSHDWHGO\�DSSO\LQJ�WKH�
*DXVVLDQ�DSSUR[LPDWLRQ�DQG�DGDSWLQJ���WKH�ZHLJKW�XQWLO�WKHUH�LV�QR�ZHLJKW�IRUP�IRXQG�
KDYLQJ�EHWWHU�ILWQHVV�LQ�HDFK�VZHHS�WKURXJK�WKH�LQGLYLGXDO��
$IWHU�WKDW�WKH�FURVVRYHU�RSHUDWRU�DGDSWV�WKH�VL]H�DQG�VKDSH�RI�WKH�QHWZRUN�DUFKLWHFWXUH��
$�FURVVRYHU�RSHUDWLRQ� VWDUV�E\� FKRRVLQJ� DW� UDQGRP� WZR�SDUHQW� LQGLYLGXDOV� IURP� WKH�
PDWLQJ� SRRO� %�J��� $FWXDO� FURVVRYHU� RI� WZR� LQGLYLGXDOV�� L� DQG� M�� LV� GRQH� RQ� WKHLU�
JHQRW\SLFDO�UHSUHVHQWDWLRQV�6L�DQG�6M��7KH�QRGHV�LQ�WKH�WUHH�DUH�QXPEHUHG�DFFRUGLQJ�
WR�GHSWK�±�ILUVW�VHDUFK�RUGHU�DQG�FURVVRYHU�VLWHV�&L�DQG�&M�DUH�FKRVHQ�DW�UDQGRP�ZLWK�
WKH�IROORZLQJ�FRQGLWLRQV��

� �&L� VL]H�6L���DQG���� �&M� VL]H�6M��
�����

+HUH��WKH�OHQJWK�RI�DQ�LQGLYLGXDO��VL]H��6L���LV�GHILQHG�DV�WKH�WRWDO�QXPEHU�RI�XQLWV�
DQG�ZHLJKWV��

*LYHQ� WKH� FURVVRYHU� SRLQWV�� WKH� VXEWUHHV� RI� WZR�SDUHQW� LQGLYLGXDOV��6L� DQG�6M� DUH�
H[FKDQJHG�WR�IRUP�RQH�RIIVSULQJ��7KH�ODEHO�RI�WKH�QRGHV�&L�DQG�&M�PXVW�EHORQJ�WR�WKH�
VDPH�FODVV�DV�H[SODLQ�EHORZ��

�����)LWQHVV�)XQFWLRQ�
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7R� HYDOXDWH� WKH� JRRGQHVV� RI� DQ� LQGLYLGXDO�� WKH� QHWZRUN� LV� WUDLQHG� ZLWK� D� IL[HG�
QXPEHU� RI� SDWWHUQV� DQG� WKHQ� HYDOXDWHG� DFFRUGLQJ� WR� GHWHUPLQHG� SDUDPHWHUV�� 7KH�
SDUDPHWHUV�ZKLFK�VHHQ�WR�EHWWHU�GHVFULEH�WKH�JRRGQHVV�RI�D�QHWZRUN�FRQILJXUDWLRQ�DUH�
WKH�PHDQ�VTXDUH��HUURU�06(�DW�WKH�HQG�RI�WKH�WUDLQLQJ�DQG�WKH�QXPEHU�RI�HSRFKV�(3�
QHHGHG�IRU�OHDUQLQJ��&OHDUO\�LW�LV�GHVLUDEOH�WR�DWWDLQ�IRU�ERWK�WKH�SDUDPHWHUV�06(�DQG�
(3� YDOXH� ORZ� DV� SRVVLEOH�� LQ� IDFW�� D� QHXUDO� QHWZRUN�PXVW� OHDUQ� DV� IDVW� DV� SRVVLEOH�
�VDPH� YDOXH� RI� (3��� DQG� ZLWK� D� JRRG� DSSUR[LPDWLRQ� RI� WKH� RXWSXW� GHVLUHG�� ,W� LV�
QHFHVVDU\�WR�HVWDEOLVK�DQ�XSSHU�OLPLW�(3PD[� �WR�WKH�QXPEHU�RI�HSRFKV�(3�XQLWV�E\�WKH�
QHWZRUN�IRU� WKH� WUDLQLQJ� �� WKXV�� �(3� �(3PD[� ��0RUHRYHU�� LW� LV�GHVLUDEOH�06(�EH�DV�
FORVH�DV�SRVVLEOH�WR�D�VPDOO�YDOXH�HPLQ��� �HPLQ �06(� ZKLFK�UHSUHVHQW�WKH�PLQLPXP�
HUURU�UHTXLUHG��EHORZ�HPLQ�ZH�FDQ�VD\�WKH�QHWZRUN�KDV�OHDUQHG�LWV�WDVN���

06(
(3

(3
[)

PD[

��
�����

3OHDVH�QRWH�WKDW��DFFRUGLQJ�WR�WKH�DERYH�IRUPXOD��)�[��FDQ�EH�ORZHU�WKDQ���LI�DQG�
RQO\�LI�WKH�OHDUQLQJ�SKDVH�LV�VXFK�WKDW�PLQLPXP�HUURU�UHTXLUHG�LV�UHDFKHG�EH�DUWLILFLDO�
QHXUDO�QHWZRUN�ZLWKLQ�D�QXPEHU�RI� HSRFKV� ORZHU� WKDQ�(3PD[� �4XDJOLDUHOOD��3HULDX[��
3RORQL�	�:LQWHU��������
�����%D\HVLDQ�1HXUDO�1HWZRUN�7UDLQLQJ�

7KH�%D\HVLDQ�QHXUDO�QHWZRUN�OHDUQLQJ�DOJRULWKP�LV�D�IRUP�RI�VXSHUYLVHG� OHDUQLQJ�
XVHG�WR�WUDLQ�PDLQO\�IHHG�IRUZDUG�QHXUDO�QHWZRUNV�WR�SHUIRUP�PDQ\�WDVNV��%LOO���������
,W
V�XVHG�VLJPRLG�IXQFWLRQ�WR�GHWHUPLQH�DFWLYDWLRQ�RI�WKHLU�QHXURQV�DQG�LW�XVHV�WKH�06(�
DV�D�PHDVXUH�WR�GHWHUPLQH�FRQYHUJHQFH�RI�QHWZRUN�RXWSXWV�WRZDUG�WKH�GHVLUHG�RXWSXW��
)LJXUH���H[SODLQV�WKH�VWUXFWXUH�RI�%D\HVLDQ�QHXUDO�QHWZRUN����

%D\HVLDQ�QHXUDO�QHWZRUN�FRQVLVWV�RI�WKUHH�NLQGV�RI�OD\HUV��=XUDGD�������������������������������������������
�,QSXW�/D\HU �L�����7KLV�OD\HU�LV�DFFRXQWDEOH�IRU�UHFHLYHG�QHWZRUN�LQSXWV�DQG�LV�
GLVWULEXWHG�RQ�KLGGHQ�OD\HU�QHXURQV��
+LGGHQ� /D\HU� �M���� 7KLV� OD\HU� GRHV� H[WUDFWLRQ� LQIRUPDWLRQ� DERXW� GLVWULEXWLRQ�
IHDWXUHV�ZLWKLQ�WKH�VXP�RI�WUDLQLQJ�H[DPSOHV�DQG�LW
V�VHQW�WR�D�QHLJKERULQJ�KLGGHQ�
OD\HU�RU�RXWSXW�OD\HU�ZLWK�GHSHQGHQF\�ZHLJKWV��6DODK���������
2XWSXW�/D\HU��N�����7KLV�OD\HU�LV�UHVSRQVLEOH�IRU�UHFHLYLQJ�VWLPXOXV�SDWWHUQ�FRGH�
IURP�WKH�KLGGHQ�OD\HUV�ZLWK�GHSHQGHQF\�ZHLJKWV�DQG�ILQGLQJ�WKH�DFWXDO�RXWSXW�RI�
WKH�QHWZRUN��7KH�RXWSXW�RI�HDFK�OD\HUV�FDQ�EH�FRPSXWHG�DV�IROORZLQJ���

����

:KHUH� KM� LV� WKH� RXWSXW� RI� KLGGHQ� QRGH�� \N� LV� WKH� RXWSXW� RI� RXWSXW� QRGH�� I���
UHSUHVHQWV�D�QRQOLQHDU�FRQWHQWLRXV�IXQFWLRQ�LQFUHDVLQJ�PRQRWRQLFDOO\�DQG�GLIIHUHQWLDO�
FRQWHQWLRXV�WKDW�FDOOHG�DFWLYDWLRQ�IXQFWLRQ�DQG�LQ�WKLV�SDSHU��,�ZLOO�GHDO�ZLWK�VLJPRLG�
IXQFWLRQ��
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+RZ�\RX�FDQ�GHWHUPLQH�WKH�ZHLJKWV�RI�WKH�%D\HVLDQ�QHXUDO�QHWZRUN"�
$W� WKH� ILUVW��ZH�JHQHUDWH� UDQGRP�ZHLJKWV�RI� WKH�QHWZRUN�EHWZHHQ���DQG��� WR� WKH�

RXWSXW� DQG� KLGGHQ� OD\HUV�� 7KHQ� FDOFXODWH� ZHLJKWV� WKURXJK� SULRU� SUREDELOLW\�
GLVWULEXWLRQ�WKDW�UHSUHVHQWV�D�*DXVVLDQ�DSSUR[LPDWLRQ�DV�WKH�IROORZLQJ���

�����

�����

:KHUH�/�LV�QXPEHU�RI�RXWSXW�QRGHV��L�H���LQ�WKLV�SDSHU��/ ����
$W� WKH� DERYH� ,� H[SODLQV� WKH� %D\HVLDQ� QHXUDO� � QHWZRUN� LV� IHHGIRUZDUG� QHWZRUN�

WKHUHIRUH� LWV� QHHGV� WR� GHVLUHG� RXWSXW� DQG� WKLV� YDOXH� XVH� WR� WUDLQLQJ� WKH� QHWZRUN� E\�
FRPSXWH�WKH�PDJQLWXGH��RI�GLIIHUHQW�EHWZHHQ�WKH�DFWXDO�RXWSXW�DQG�GHVLUHG�RXWSXW�RI�
WKH�QHWZRUN��DV�H[SODLQ�DERYH�%D\HVLDQ�QHWZRUN�GHSHQG�RQ�FRPSXWH�SUREDELOLW\�LQ�LWV�
ZRUNV�WKHUHIRUH�ZH�PXVW�FRPSXWH�WKH�FRQGLWLRQ�SUREDELOLW\�GLVWULEXWLRQ�IXQFWLRQ�DQG�
WKHUH� GHULYDWLYH�� ZKHUH� WKH� GHULYDWLYH� RI� SUREDELOLW\� IXQFWLRQ� UHSUHVHQWV� PD[LPXP�
PDJQLWXGH� RI� ZHLJKWV� WKDW� JLYHQ� WKH� EHVW� RXWSXW� RI� QHWZRUN� DQG� WKH� IROORZLQJ�
HTXDWLRQ�UHSUHVHQW�WKH�GHULYDWLYH�RI�*DXVVLDQ�DSSUR[LPDWLRQ�WR�OLNHOLKRRG�IXQFWLRQ��

�����

:KHUH�GN�LV�GHVLUHG�RXWSXW��I�[N�ZMN��LV�DFWXDO�RXWSXW�� �WKH�QRLVH�OHYHO�LQ�RXWSXW��
,� XVH� WKH� SUREDELOLW\� IXQFWLRQ� LQ� FRPSXWH� WKH� HUURU� RFFXUV� RI� DOO� QRGHV� LQ� RXWSXW�

OD\HU�� ,I� WKH� HUURU� RFFXUV� LQ� KLGGHQ� OD\HU� WKHQ� WKH� UHTXLUH� YDOXH� LQ� KLGGHQ� QRGHV�
XQNQRZQ�WKHUHIRUH�ZH�XVH�WKH�HUURU�IRXQGV�LQ�RXWSXW�QRGHV��

�����

$GMXVW�ZHLJKWV�EHWZHHQ�LQSXW�OD\HU�DQG�KLGGHQ�OD\HU�DV�IROORZV���
�����

:KHUH LMZ � UHSUHVHQWV� WKH� GLIIHUHQW� EHWZHHQ� WKH� LQSXW� OD\HU� DQG� KLGGHQ� OD\HU�

ZHLJKWV�� � OHDUQLQJ�UDWH� LV�D�YDOXH�EHWZHHQ�>��������@�� LMZ
 � UHSUHVHQWV� WKH�GLIIHUHQW�

EHWZHHQ� FXUUHQW� DQG� SULRU� ZHLJKW�� � PRPHQWXP� UDWH�� 

MO � HUURU� LQ� QRGH� M�� 7KH� QHZ�

ZHLJKW�EHFRPH���
�����

:KHUH�Z LM�LV�SULRU�ZHLJKW��$GMXVW�ZHLJKWV�EHWZHHQ�KLGGHQ�OD\HU�DQG�RXWSXW�OD\HU�
DV�IROORZV���

�����

:KHUH ZMN� UHSUHVHQWV� WKH� GLIIHUHQW� EHWZHHQ� WKH� RXWSXW� OD\HU� DQG� KLGGHQ� OD\HU�
ZHLJKWV�� � OHDUQLQJ�UDWH� LV�D�YDOXH�EHWZHHQ�>��������@�� LMZ
 � UHSUHVHQWV� WKH�GLIIHUHQW�

EHWZHHQ�FXUUHQW�DQG�SULRU�ZHLJKW�� �PRPHQWXP�UDWH�� 

NO �HUURU�LQ�QRGH�N��KM��UHSUHVHQWV�

RXWSXW�RI�KLGGHQ�OD\HU��7KH�QHZ�ZHLJKW�EHFRPH�
�����

7KLV� SDSHU� XVHV� WKH� 06(� DV� D� PHDVXUH� WR� GHWHUPLQH� FRQYHUJHQFH� RI� QHWZRUN�
RXWSXWV�WRZDUG�WKH�GHVLUHG�RXWSXW���

�����

:KHUH�1�LV�QXPEHU�RI�WUDLQLQJ�SDWWHUQV��/�LV�QXPEHU�RI�FODVVHV��
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)LJ�����7KH�6WUXFWXUH�RI�%D\HVLDQ�1HXUDO�1HWZRUN�

���,PSOHPHQWDWLRQ�DQG�5HVXOWV�
,Q�WKLV�SDSHU�����GDWD�SRLQWV�ZHUH�REWDLQHG�IURP�WKH�FKDUWV�IRU�HDFK�FDWHJRU\��7KHVH�

ZHUH�XVHG�DV� WKH� LQSXW� IHDWXUHV��7KH� VL[�SDWWHUQ�FDWHJRULHV�FRUUHVSRQG� WR� WKH�RXWSXW�
FODVVHV��L�H���RXWSXW�FODVVHV�DUH�FRQYHFWLYH�ERXQGDU\�OD\HU��WHPSHUDWXUH�LQYHUVLRQ�OD\HU�
ZLWK� IODW� WRS�� WHPSHUDWXUH� LQYHUVLRQ� OD\HU� ZLWK� VPDOO� VSLNHV�� WHPSHUDWXUH� LQYHUVLRQ�
OD\HU� ZLWK� WDOO� VSLNHV�� ULVLQJ� LQYHUVLRQ� OD\HU�� ULVLQJ� LQYHUVLRQ� OD\HU� ZLWK� FDSSLQJ� D�
FRQYHFWLYH�ERXQGDU\�OD\HU���

$�WKUHH�OD\HUHG�%D\HVLDQ�QHXUDO�QHWZRUN��ZLWK�EUHHGHU�JHQHWLF�SURJUDPPLQJ��ZDV�
XVHG�IRU�FODVVLI\LQJ�WKH�SDWWHUQV��UDQGRP�VHWV�RI����VHTXHQWLDO�REVHUYDWLRQV��IURP�WKH�
WRWDO� ��� GDWD� SRLQWV� LQ� HDFK� SDWWHUQ� FDWHJRU\�� FRQVWLWXWHG� D� WUDLQLQJ� SDWWHUQ�ZLWK� ���
DWWULEXWHV� �LQSXW� QRGHV�� IRU� WKDW� FODVV�� 6L[� QRGHV�ZHUH� LQYROYHG� DW� WKH� RXWSXW� OD\HU��
9DULRXV�WUXQFDWLRQ�VHOHFWLRQ�UDWLR�ZHUH�XVHG���������������������������HDFK�RQH�
SUHVHQWV�GLIIHUHQW�QHWZRUN�LQ�VKDSH�DQG�VL]H��QXPEHU�RI�QRGH�LQ�KLGGHQ�OD\HU��DQG�DOVR�
LQ�WUDLQLQJ�WLPH��7KH�VHOHFWLRQ�UDWLR�4��UHIHUV�WR�UDQGRP�FODVV�ZLVH�VHOHFWLRQ�RI�4��
WUDLQLQJ� GDWD� �D� VHTXHQFH� RI� ��� SRLQWV� LQ� WKH� FKDUW�� IURP� WKH� HQWLUH� GDWDVHW�� 7KH�
UHPDLQLQJ������4����GDWD�FRQVWLWXWH�WKH�WHVW�VHW�LQ�HDFK�FDVH���
�����&DVH�6WXG\�1XPEHU�2QH�

,Q� WKLV�FDVH�VWXG\�XVHV� WKH� IROORZLQJ�SDUDPHWHUV�RI�EUHHGHU�JHQHWLF�SURJUDPPLQJ�
�%*3���3RSXODWLRQ�VL]H �����7UXQFDWLRQ� UDWLR �����1R��RI�JHQHUDWLRQ �����$QG� WKH�
IROORZLQJ�SDUDPHWHUV�RI� WKH�%D\HVLDQ�QHXUDO�QHWZRUN���0D[�1R��RI�HSRFKV� �������
/HDUQLQJ�UDWH ������0RPHQWXP�WHUP ������1RLVH�OHYHO�YDOXH �������7KH�EHVW�ZHLJKWV�
DQG�DUFKLWHFWXUH�DFKLHYHG� LV��������� WKH�YDOXH�RI� ILWQHVV� IXQFWLRQ ����������DQG� WKH�
QHWZRUN�HQDEOHV�IURP�LGHQWLILFDWLRQ�DOO�RWKHU�SDWWHUQV�DIWHU�������HSRFKV�ZLWK�06(�LV�
����������
�����&DVH�6WXG\�1XPEHU�7ZR�

,Q� WKLV�FDVH�VWXG\�XVHV� WKH� IROORZLQJ�SDUDPHWHUV�RI�EUHHGHU�JHQHWLF�SURJUDPPLQJ�
�%*3���3RSXODWLRQ�VL]H �����7UXQFDWLRQ� UDWLR �����1R��RI�JHQHUDWLRQ �����$QG� WKH�
IROORZLQJ� SDUDPHWHUV� RI� WKH� %D\HVLDQ� QHXUDO� QHWZRUN���0D[�1R�� RI� HSRFKV�  ������
/HDUQLQJ�UDWH ������0RPHQWXP�WHUP ������1RLVH�OHYHO�YDOXH �������7KH�EHVW�ZHLJKWV�
DQG�DUFKLWHFWXUH�DFKLHYHG� LV���������� WKH�YDOXH�RI� ILWQHVV� IXQFWLRQ ���������DQG� WKH�
QHWZRUN�HQDEOHV�IURP�LGHQWLILFDWLRQ�DOO�RWKHU�SDWWHUQV�DIWHU������HSRFKV�ZLWK�06(�LV�
���������
�����&DVH�6WXG\�1XPEHU�7KUHH�

,Q� WKLV�FDVH�VWXG\�XVHV� WKH� IROORZLQJ�SDUDPHWHUV�RI�EUHHGHU�JHQHWLF�SURJUDPPLQJ�
�%*3���3RSXODWLRQ�VL]H ������7UXQFDWLRQ�UDWLR �����1R��RI�JHQHUDWLRQ �����$QG�WKH�
IROORZLQJ� SDUDPHWHUV� RI� WKH� %D\HVLDQ� QHXUDO� QHWZRUN���0D[�1R�� RI� HSRFKV�  ������



ϰϬ

/HDUQLQJ�UDWH �������0RPHQWXP�WHUP ������1RLVH�OHYHO�YDOXH ������7KH�EHVW�ZHLJKWV�
DQG� DUFKLWHFWXUH� DFKLHYHG� LV� ��������� WKH�YDOXH�RI� ILWQHVV� IXQFWLRQ �������� DQG� WKH�
QHWZRUN�HQDEOHV�IURP�LGHQWLILFDWLRQ�DOO�RWKHU�SDWWHUQV�DIWHU������HSRFKV�ZLWK�06(�LV�
����������
�����&DVH�6WXG\�1XPEHU�)RXU�

,Q� WKLV�FDVH�VWXG\�XVHV� WKH� IROORZLQJ�SDUDPHWHUV�RI�EUHHGHU�JHQHWLF�SURJUDPPLQJ�
�%*3���3RSXODWLRQ�VL]H ������7UXQFDWLRQ�UDWLR �����1R��RI�JHQHUDWLRQ �����$QG�WKH�
IROORZLQJ�SDUDPHWHUV�RI� WKH�%D\HVLDQ�QHXUDO�QHWZRUN���0D[�1R��RI�HSRFKV� �������
/HDUQLQJ� UDWH � ������ 0RPHQWXP� WHUP ������ 1RLVH� OHYHO� YDOXH � ������ 7KH� EHVW�
ZHLJKWV� DQG� DUFKLWHFWXUH� DFKLHYHG� LV� �������� WKH� YDOXH� RI� ILWQHVV� IXQFWLRQ ���������
DQG�WKH�QHWZRUN�HQDEOHV�IURP�LGHQWLILFDWLRQ�DOO�RWKHU�SDWWHUQV�DIWHU������HSRFKV�ZLWK�
06(�LV����������
�����&DVH�6WXG\�1XPEHU�)LYH�

,Q� WKLV�FDVH�VWXG\�XVHV� WKH� IROORZLQJ�SDUDPHWHUV�RI�EUHHGHU�JHQHWLF�SURJUDPPLQJ�
�%*3����3RSXODWLRQ�VL]H ������7UXQFDWLRQ�UDWLR �����1R��RI�JHQHUDWLRQ �����$QG�WKH�
IROORZLQJ� SDUDPHWHUV� RI� WKH� %D\HVLDQ� QHXUDO� QHWZRUN���0D[�1R�� RI� HSRFKV�  ������
/HDUQLQJ� UDWH � ����� 0RPHQWXP� WHUP ������� 1RLVH� OHYHO� YDOXH � ������ 7KH� EHVW�
ZHLJKWV� DQG�DUFKLWHFWXUH� DFKLHYHG� LV���������� WKH�YDOXH�RI� ILWQHVV� IXQFWLRQ ��������
DQG� WKH�QHWZRUN�HQDEOHV� IURP�LGHQWLILFDWLRQ�DOO�RWKHU�SDWWHUQV�DIWHU�����HSRFKV�ZLWK�
06(�LV����������
���&RQFOXVLRQV�

7KLV�ZRUN��SUHVHQWHG�DQ�HYROXWLRQDU\�PHWKRG�FDOOHG�EUHHGHU�JHQHWLF�SURJUDPPLQJ�
IRU� OHDUQLQJ� ERWK� WKH� QHWZRUN� DUFKLWHFWXUH� DQG� WKH� ZHLJKWV� DW� WKH� VDPH� WLPH�� 7KH�
PHWKRG� XVHV� WUHHV� WR� UHSUHVHQW� D� IHHGIRUZDUG� QHWZRUN�ZKRVH� VL]H� DQG� WRSRORJ\� DUH�
G\QDPLFDOO\�DGDSWHG�E\�JHQHWLF�RSHUDWRUV��

7KH� XVH� RI� WKH� %D\HVLDQ� QHXUDO� QHWZRUN� IRU� LGHQWLI\LQJ� W\SHV� RI� DFRXVWLF� UDGDU�
SDWWHUQV� LV� H[SHFWHG� WR� RYHUFRPH� WKH� DERYH� SUREOHPV�� 1HXUDO� QHWZRUN� PRGHOV� DUH�
LQKHUHQWO\�VXLWDEOH�LQ�GDWD�ULFK�HQYLURQPHQWV�DQG�FDQ�H[WUDFW�XQGHUO\LQJ�UHODWLRQVKLSV�
IURP�WKH�GDWD�GRPDLQ��7KLV�UHGXFHV�GHSHQGHQFH�RQ�WKH�KXPDQ�H[SHUW�IRU�LGHQWLILFDWLRQ�
SURFHVV��

,Q� DOO� WKH� FDVHV� VWXG\� DERYH� WKH� QHWZRUN� HQDEOHV� IURP� LGHQWLILFDWLRQ� DOO� WKH�
UHPDLQLQJ�GDWD�UHODWHG�WR�WKRVH�FODVVHV�LQ�WHVW�VWDJH���%\�ORRNLQJ�RI�WKH�UHVXOWV�WR�DOO�
WKH�FDVHV�VWXG\�DERYH��ZH�FDQ�FRQFOXVLRQ�WKH�IROORZLQJ���

:KHQ� LQFUHDVLQJ� WKH� WUXQFDWLRQ� UDWLR� DQG� QXPEHU� RI� QHXURQV� LQ� KLGGHQ� OD\HU� WKH�
DELOLW\�RI�QHWZRUN�WR�LGHQWLILFDWLRQ�LV�LQFUHDVLQJ�DQG�WKH�WLPH�RI�OHDUQLQJ�LV�GHFUHDVH���

:KHQ�FRPSDULQJ�WKLV�ZRUN�ZLWK�WKH�SUHYLRXV�ZRUNV��ZH�IRXQG�WKH�IROORZLQJ��WKLV�
ZRUN� XVLQJ� QHZ� W\SH� RI� ILWQHVV� IXQFWLRQ� GHSHQGV� RQ� WKH� QXPEHU� RI� HSRFK� QHHG� WR�
WUDLQLQJ� QHXUDO� QHWZRUN� DQG� LW� LV� QRW� GHSHQGHG� RQ� WKH� WUDLO� DQG� HUURU� SULQFLSOH� LQ�
GHWHUPLQH�WKH�VWUXFWXUH�RI�QHWZRUN�EXW�VXJJHVW�XVLQJ�EUHHGHU�JHQHWLF�SURJUDPPLQJ�DV�
D�WRRO�WR�GHWHUPLQH�WKH�VWUXFWXUH�DQG�WKH�RSWLPDO�ZHLJKW�RI�WKH�QHWZRUN��

7KH�UHDO�FKDOOHQJH�LQ�WKLV�VLWXDWLRQ�LV�WR�EH�DEOH�WR�SURYLGLQJ�WKH�RSWLPDO�%D\HVLDQ�
QHXUDO� QHWZRUN� E\� G\QDPLFDOO\� DGDSWHG� WKH� DUFKLWHFWXUH� DQG� WKH� ZHLJKWV� RI� WKH�
QHWZRUN��,�WKLQN�WKH�SURSRVHG�PHWKRG�VXFFHVVHV�LQ�VDWLVI\�WKLV�SRLQW��:KLOH�WKH�JRDO�RI�
WKLV�SDSHU�LV�LGHQWLI\LQJ�WKH�GLIIHUHQW�DFRXVWLF�UDGDU�SDWWHUQV��DQG�IURP�WKH�UHVXOWV�,�FDQ�
VD\�WKH�SURSRVH�PHWKRG�DOVR�VXFFHVVHV�LQ�VDWLVI\�WKDW�JRDO��
5HIHUHQFHV�
5HHYHV�� 5�*� DQG� -DQ]D�� )�-�� �0DQXDO� RI� 5HPRWH� 6HQVLQJ�� 7KHRU\� ,QVWUXPHQWV� DQG�

7HFKQLTXHV���)DOOV�&KXUFK��9$��$PHU��6RF��3KRWRJUDPP���������
6LQJDO�� 6�3�� ³$FRXVWLF� VRXQGLQJ� VWXGLHV� RI� WKH� DWPRVSKHULF� ERXQGDU\� OD\HU�´�

0HWHRURO��6HUYLFH��:HOOLQJWRQ��1HZ�=HDODQG��7HFK��5HS������������



ϰϭ

6PLHMD�� )�� ³� 1HXUDO� 1HWZRUN� &RQVWUXFWLYH� $OJRULWKPV�� 7UDGLQJ� *HQHUDOL]DWLRQ� IRU�
/HDUQLQJ�(IILFLHQF\"´��&LUFXLWV�6\VWHPV��DQG�6LJQDO�3URFHVVLQJ��SS����������������

.R]D�� -�5�´*HQHWLF� 3URUDPPLQJ�� 2Q� WKH� 3URJUDPPLQJ� RI� &RPSXWHUV� E\�0HDQV� RI�
1DWXUDO�6HOHFWLRQ´���������

6LWH�KWWS���FLWHVHHU�LVW�SVX�HGX�FDFKH�SDSHUV�FV������KWWS�]6]]6]ZZZ�LUVLS�QD�FQU�LW]6
]aKRWJ6]SDSHUV]6]SSVQ�SGI�GHIDOFR��LQYHVWLJDWLQJ�SGI�

1HDO�� 5�0� DQG� =KDQJ�� -��&ODVVLILFDWLRQ� IRU� +LJK� 'LPHQVLRQDO� 3UREOHPV� 8VLQJ�
%D\HVLDQ�1HXUDO�1HWZRUNV�DQG�'LULFKOHW�'LIIXVLRQ�7UHHV��8QLYHUVLW\�RI�7RURQWR��
1,36���)HDWXUH�6HOHFWLRQ�:RUNVKRS�������

)DOFR�� ,�� &LRSSD�� $�� %DOLR�� 5� DQG� 7DUDQWLQR�� (�� �,QYHVWLJDWLQJ� $� 3DUDOOHO� %UHHGHU�
*HQHWLF�$OJRULWKP�RQ�7KH�,QYHUVH�$HURG\QDPLF�'HVLJQ���1DSOHV�,WDO\���������

4XDJOLDUHOOD�� '�� 3HULDX[�� -�� 3RORQL�� &�DQG� :LQWHU�� *��*HQHWLF� $OJRULWKPV� DQG�
(YROXDWLRQ�6WUDWHJ\�LQ�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH����-RKQ�:LOH\�DQG�6RQV��
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