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,1752'8&7,21

6HYHUDO�IDFWRUV�FKDUDFWHULVH�WKH�FRVWV�RI�WKH�VRIWZDUH�
GHYHORSPHQW� �VXFK� DV� JHQHUDO� FRVWV�� KDUGZDUH��
KXPDQ�UHVRXUFHV��HWF����1HYHUWKHOHVV��LW�LV�ZLGHO\�

UHFRJQLVHG�WKDW�WKH�PDLQ�IDFWRU�LV�WKH�³HIIRUW´��PHDQW�
DV�WKH�DPRXQW�RI�WLPH�VSHQW�WR�FRPSOHWH�WKH�SURMHFW��
H[SUHVVHG�LQ�WHUPV�RI�SHUVRQ�KRXUV�RU�PDQ�PRQWKV��
6R��WKH�FRPSHWLWLYHQHVV�RI�D�VRIWZDUH�FRPSDQ\�KHDY�
LO\�GHSHQGV�RQ�WKH�DELOLW\�RI�LWV�SURMHFW�PDQDJHUV�
WR�DFFXUDWHO\�SUHGLFW�LQ�DGYDQFH�WKH�HIIRUW�UHTXLUHG�

$%675$&7

6RIWZDUH�GHYHORSPHQW�HIIRUW�HVWLPDWLRQ�LV�D�FULWLFDO�DFWLYLW\�IRU�WKH�FRPSHWLWLYHQHVV�RI�D�VRIWZDUH�FRPSDQ\��
LW�LV�FUXFLDO�IRU�SODQQLQJ�DQG�PRQLWRULQJ�SURMHFW�GHYHORSPHQW�DQG�IRU�GHOLYHULQJ�WKH�SURGXFW�RQ�WLPH�
DQG�ZLWKLQ�EXGJHW��,Q�WKH�ODVW�\HDUV��VRPH�DWWHPSWV�KDYH�EHHQ�PDGH�WR�DSSO\�VHDUFK�EDVHG�DSSURDFKHV�
WR�HVWLPDWH�VRIWZDUH�GHYHORSPHQW�HIIRUW��,Q�SDUWLFXODU��VRPH�JHQHWLF�DOJRULWKPV�KDYH�EHHQ�GH¿QHG�DQG�
VRPH�HPSLULFDO�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�ZLWK�WKH�DLP�RI�DVVHVVLQJ�WKH�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�
DSSURDFKHV�IRU�HVWLPDWLQJ�VRIWZDUH�GHYHORSPHQW�HIIRUW��7KH�UHVXOWV�UHSRUWHG�LQ�WKRVH�VWXGLHV�VHHP�WR�EH�
SURPLVLQJ��7KH�REMHFWLYH�RI�WKLV�FKDSWHU�LV�WR�SUHVHQW�D�VWDWH�RI�WKH�DUW�LQ�WKH�¿HOG�E\�UHSRUWLQJ�RQ�WKH�
PRVW�VLJQL¿FDQW�HPSLULFDO�VWXGLHV�XQGHUWDNHQ�VR�IDU��)XUWKHUPRUH��VRPH�VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK�
GLUHFWLRQV�DUH�DOVR�SURYLGHG�

'2,����������������������������FK���
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WR�GHYHORS�VRIWZDUH�V\VWHPV��,QGHHG��VLJQLILFDQW�
RYHU�RU�XQGHU�HVWLPDWHV� FDQ�EH�YHU\�H[SHQVLYH�
IRU�D�FRPSDQ\��0RUHRYHU��HIIRUW�HVWLPDWLRQ�LV�D�
FULWLFDO�EDVLF�DFWLYLW\�IRU�SODQQLQJ�DQG�PRQLWRULQJ�
VRIWZDUH�SURMHFW�GHYHORSPHQW�DQG�IRU�GHOLYHULQJ�
WKH�SURGXFW�RQ�WLPH�DQG�ZLWKLQ�EXGJHW�

6HYHUDO�PHWKRGV�KDYH�EHHQ�SURSRVHG�LQ�RUGHU�
WR�HVWLPDWH�VRIWZDUH�GHYHORSPHQW�HIIRUW��0DQ\�RI�
WKHP�GHWHUPLQH� WKH�SUHGLFWLRQ�H[SORLWLQJ�VRPH�
UHOHYDQW� IDFWRUV�RI� WKH�VRIWZDUH�SURMHFW��QDPHG�
FRVW�GULYHUV��7KHVH�PHWKRGV��QDPHG�GDWD�GULYHQ��
H[SORLW�GDWD�IURP�SDVW�SURMHFWV��FRQVLVWLQJ�RI�ERWK�
IDFWRU�YDOXHV�WKDW�DUH�UHODWHG�WR�HIIRUW�DQG�WKH�DFWXDO�
HIIRUW�WR�GHYHORS�WKH�SURMHFWV��LQ�RUGHU�WR�HVWLPDWH�
WKH�HIIRUW�IRU�D�QHZ�SURMHFW�XQGHU�GHYHORSPHQW�
�%ULDQG��(PDP��6XUPDQQ��:LHN]RUHN��DQG�0D[�
ZHOO��������%ULDQG��/DQJOH\��DQG�:LHN]RUHN��������
6KHSSHUG�DQG�6FKRILHOG���������,Q�WKLV�FODVV��ZH�
FDQ�ILQG�VRPH�ZLGHO\�XVHG�WHFKQLTXHV��VXFK�DV�
/LQHDU�DQG�6WHSZLVH�5HJUHVVLRQ��&ODVVLILFDWLRQ�
DQG�5HJUHVVLRQ�7UHH��DQG�&DVH�%DVHG�5HDVRQLQJ�
�%ULDQG�DQG�:LHF]RUHN��������

,Q� WKH� ODVW� \HDUV�� VRPH� DWWHPSWV� KDYH� EHHQ�
PDGH�WR�DSSO\�VHDUFK�EDVHG�DSSURDFKHV�WR�HVWLPDWH�
VRIWZDUH�GHYHORSPHQW�HIIRUW��,Q�SDUWLFXODU��JHQHWLF�
DOJRULWKPV��*ROGEHUJ��������KDYH�EHHQ�GHILQHG�
DQG�DVVHVVHG�E\�VRPH�HPSLULFDO�VWXGLHV��%XUJHVV�
DQG�/HIOH\��������&KLX�DQG�+XDQJ��������&RQWH��
'XQVPRUH��DQG�6KHQ��������'RODGR��������/HIOH\�
DQG�6KHSSHUG��������6KDQ��0FND\��/RNDQ��DQG�
(VVDP��������6KXNOD���������7KH�UHVXOWV�UHSRUWHG�
LQ�WKRVH�VWXGLHV�VHHP�WR�EH�SURPLVLQJ�

*RDO�RI�WKH�&KDSWHU

7KH�REMHFWLYH�RI�WKLV�FKDSWHU�LV�WR�UHSRUW�RQ�WKH�
PRVW�VLJQLILFDQW�HPSLULFDO�VWXGLHV�XQGHUWDNHQ�VR�
IDU�ZLWK�WKH�DLP�RI�DVVHVVLQJ�WKH�HIIHFWLYHQHVV�RI�
VHDUFK�EDVHG�DSSURDFKHV�IRU�HVWLPDWLQJ�VRIWZDUH�
GHYHORSPHQW� HIIRUW�� )XUWKHUPRUH�� ZH� SURYLGH�
VRPH�VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK�GLUHFWLRQV�

2UJDQL]DWLRQ�RI�WKH�&KDSWHU

7KH�UHVW�RI�WKH�FKDSWHU�LV�RUJDQLVHG�DV�IROORZV��
6HFWLRQ� �� LQWURGXFHV� WKH� SUREOHP� RI� HVWLPDW�
LQJ�GHYHORSPHQW�HIIRUW�DQG�EULHIO\�SUHVHQWV�WKH�
ZLGHO\�HPSOR\HG�HVWLPDWLRQ�WHFKQLTXHV�DV�ZHOO�
DV�WKH�YDOLGDWLRQ�PHWKRGV�DQG�HYDOXDWLRQ�FULWHULD�
XVHG�WR�DVVHVV�DQ�HVWLPDWLRQ�WHFKQLTXH��6HFWLRQ�
��SURYLGHV� D�GHVFULSWLRQ�RI� HYROXWLRQDU\�EDVHG�
DSSURDFKHV� IRU� HVWLPDWLQJ� GHYHORSPHQW� HIIRUW�
DQG�UHSRUWV�RQ�FDVH�VWXGLHV�SHUIRUPHG�WR�DVVHVV�
WKHLU�HIIHFWLYHQHVV��)XWXUH�UHVHDUFK�GLUHFWLRQV�DUH�
LQVWHDG�GHVFULEHG�LQ�6HFWLRQ���

%$&.*5281'��
(67,0$7,1*�62)7:$5(�
'(9(/230(17�())257

7KH� SUHGLFWLRQ� RI� VRIWZDUH� GHYHORSPHQW� HIIRUW�
SOD\V�D�FUXFLDO�UROH�IRU�WKH�FRPSHWLWLYHQHVV�RI�D�
VRIWZDUH�FRPSDQ\�DQG� LW� LV�YHU\� LPSRUWDQW�QRW�
RQO\�IRU�WKH�FRPSDQ\�WKDW�SURGXFHV�WKH�VRIWZDUH�
EXW�DOVR�IRU� LWV�FXVWRPHUV��6HYHUDO�EHQHILWV�FDQ�
EH�GHULYHG�IURP�DQ�DFFXUDWH�HVWLPDWH�RI�VRIWZDUH�
SURMHFW�GHYHORSPHQW�HIIRUW��$PRQJ�WKHP��%ULDQG�
DQG�:LHF]RUHN��������

�� 7KH� SRVVLELOLW\� RI� GH¿QLQJ� WKH� DSSURSUL�
DWH�VRIWZDUH�FRVWV��WKXV�REWDLQLQJ�WKH�FRQ�
WUDFWV�IRU�WKH�GHYHORSPHQW�RI�WKH�VRIWZDUH�
SURMHFWV�

�� 7KH�SRVVLELOLW\�RI�VXLWDEO\�SODQQLQJ�PRQL�
WRULQJ� WKH� SURMHFW� DQG� DOORFDWH� UHVRXUFHV�
DGHTXDWHO\�� WKXV� HQVXULQJ� WLPH� WR� PDUNHW�
DQG�DGHTXDWH�VRIWZDUH�TXDOLW\�

6RIWZDUH� GHYHORSPHQW� HIIRUW� FDQ� EH� LQIOX�
HQFHG�E\� VHYHUDO� IDFWRUV�� DPRQJ� WKHP� WKH� VL]H�
RI�WKH�VRIWZDUH�LV�WKH�PDLQ�IDFWRU��2WKHU�IDFWRUV�
DUH� WKH�VNLOO�DQG� WKH�H[SHULHQFH�RI� WKH�VXEMHFWV�
LQYROYHG� LQ� WKH�SURMHFWV�� WKH�FRPSOH[LW\�RI� WKH�
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VRIWZDUH�� WKH� QRQ� IXQFWLRQDO� UHTXLUHPHQWV�� WKH�
DGRSWHG� VRIWZDUH� GHYHORSPHQW� SURFHVV�� HWF�� ,Q�
WKH� ODVW�GHFDGHV��VHYHUDO�DSSURDFKHV�KDYH�EHHQ�
GHILQHG��ZKLFK�FRPELQH��LQ�GLIIHUHQW�ZD\V��WKHVH�
IDFWRUV� E\� HPSOR\LQJ�PRGHOOLQJ� WHFKQLTXHV��$�
ZLGHO\�DFFHSWHG�WD[RQRP\�RI�HVWLPDWLRQ�PHWKRGV�
FODVVLILHG�WKHP�LQ�1RQ�0RGHO�%DVHG�DQG�0RGHO�
0HWKRGV��%ULDQG�DQG�:LHF]RUHN���������:KLOH�
1RQ�0RGHO� %DVHG� 0HWKRGV� PDLQO\� WDNH� LQWR�
DFFRXQW�H[SHUW�MXGJPHQWV��WKXV�REWDLQLQJ�KLJKO\�
VXEMHFWLYH� HYDOXDWLRQV���0RGHO�%DVHG�0HWKRGV�
LQYROYH�WKH�DSSOLFDWLRQ�RI�VRPH�DOJRULWKPV�WR�D�
QXPEHU�RI�IDFWRUV�WR�SURGXFH�DQ�HIIRUW�HVWLPDWLRQ��
7KHVH� DSSURDFKHV� XVH� GDWD� IURP� SDVW� SURMHFWV��
FKDUDFWHULVHG�E\�DWWULEXWHV�WKDW�DUH�UHODWHG�WR�HI�
IRUW��H�J��WKH�VL]H���DQG�WKH�DFWXDO�HIIRUW�WR�GHYHORS�
WKH�SURMHFWV��LQ�RUGHU�WR�FRQVWUXFW�D�PRGHO�WKDW�LV�
XVHG�WR�HVWLPDWH�WKH�HIIRUW�IRU�D�QHZ�SURMHFW�XQGHU�
GHYHORSPHQW�

:LGHO\� HPSOR\HG� 0RGHO� %DVHG� HVWLPDWLRQ�
PHWKRGV�DUH�/LQHDU�5HJUHVVLRQ��/5���&DVH�%DVHG�
5HDVRQLQJ��&%5���DQG�&ODVVLILFDWLRQ�$QG�5HJUHV�
VLRQ�7UHH��&$57���%ULDQG�HW�DO���������%ULDQG�HW�
DO���������%ULDQG�DQG�:LHF]RUHN��������6KHSSHUG�
DQG� 6FKRILHOG�� ������� 2WKHU� QRYHO� DSSURDFKHV�
KDYH�EHHQ�SURSRVHG� LQ� WKH� OLWHUDWXUH��$Q\�QHZ�
DSSURDFK�PXVW�EH�YDOLGDWHG�E\�VRPH�HPSLULFDO�
VWXGLHV� LQ�RUGHU� WR�YHULI\� LWV� HIIHFWLYHQHVV�� L�H���
ZKHWKHU� RU� QRW� WKH� SUHGLFWHG� HIIRUWV� DUH� XVHIXO�
HVWLPDWLRQV�RI�WKH�DFWXDO�GHYHORSPHQW�HIIRUWV��7R�
WKLV�DLP�KLVWRULFDO�GDWDVHWV�DUH�HPSOR\HG��,Q�RUGHU�
WR�HQVXUH�VWUHQJWK�WR�WKH�YDOLGDWLRQ�SURFHVV��LW�LV�
UHFRPPHQGHG�WKDW�GDWD�FRPLQJ�IURP�WKH�LQGXV�
WULDO�ZRUOG�DUH�HPSOR\HG��7KH\�FDQ�FRPH�IURP�D�
VLQJOH�FRPSDQ\�RU�IURP�VHYHUDO�FRPSDQLHV��FURVV�
FRPSDQ\�GDWDVHWV���VXFK�DV�WKH�SXEOLFO\�DYDLODEOH�
UHSRVLWRU\�RI�WKH�,QWHUQDWLRQDO�6RIWZDUH�%HQFK�
PDUNLQJ�6WDQGDUGV�*URXS��,6%6*��WKDW�FRQWDLQV�
GDWD�IURP�D�JUHDW�QXPEHU�RI�SURMHFWV�GHYHORSHG�
E\�FRPSDQLHV�DURXQG�WKH�ZRUOG��,6%6*���������
$�WHFKQLTXH�WKDW�LV�ZLGHO\�HPSOR\HG�WR�YDOLGDWH�
DQ�HVWLPDWLRQ�DSSURDFK�LV�FURVV�YDOLGDWLRQ��2QH�
URXQG� RI� FURVV�YDOLGDWLRQ� LQYROYHV� SDUWLWLRQLQJ�

WKH� GDWDVHW� LQWR� WZR� UDQGRPO\� FRPSOHPHQWDU\�
VHWV��WKH�WUDLQLQJ�VHW�IRU�PRGHO�EXLOGLQJ�DQG�WKH�
WHVW�VHW��RU�YDOLGDWLRQ�VHW��IRU�PRGHO�HYDOXDWLRQ�
�%ULDQG�DQG�:LHF]RUHN���������7R�UHGXFH�YDUL�
DELOLW\��PXOWLSOH� URXQGV� RI� FURVV�YDOLGDWLRQ� DUH�
SHUIRUPHG�XVLQJ�GLIIHUHQW�SDUWLWLRQV��7KH�SUHGLF�
WLRQ�DFFXUDFLHV�DUH�WKHQ�DYHUDJHG�RYHU�WKH�URXQGV��
6HYHUDO�VWUDWHJLHV�KDYH�EHHQ�SURSRVHG�WR�REWDLQ�
WUDLQLQJ�DQG�WHVW�VHWV��7KH�N�IROG�FURVV�YDOLGDWLRQ�
VXJJHVWV�WR�SDUWLWLRQ�WKH�LQLWLDO�GDWDVHW�RI�1�RE�
VHUYDWLRQV�LQ�N�UDQGRPO\�WHVW�VHWV�RI�HTXDO�VL]H��
DQG�WKHQ�IRU�HDFK�WHVW�VHW�ZH�KDYH�WR�FRQVLGHU�WKH�
UHPDLQLQJ�REVHUYDWLRQV�DV�WUDLQLQJ�VHW�LQ�RUGHU�WR�
EXLOG� WKH� HVWLPDWLRQ�PRGHO��7KH� OHDYH�RQH�RXW�
FURVV�YDOLGDWLRQ�LV�ZLGHO\�XVHG�LQ�WKH�OLWHUDWXUH�
ZKHQ�GHDOLQJ�ZLWK� VPDOO� GDWDVHWV�� H�J�� �%ULDQG�
HW�DO����������7R�DSSO\�WKH�FURVV�YDOLGDWLRQ��WKH�
RULJLQDO�GDWDVHW�RI�1�REVHUYDWLRQV�LV�GLYLGHG�LQWR�
1�GLIIHUHQW�VXEVHWV�RI�WUDLQLQJ�DQG�YDOLGDWLRQ�VHWV��
ZKHUH�HDFK�YDOLGDWLRQ�VHW�KDV�RQH�SURMHFW��7KHQ��
1�VWHSV�DUH�SHUIRUPHG�WR�JHW�WKH�SUHGLFWLRQV�IRU�
WKH�1�YDOLGDWLRQ�VHWV�

$QRWKHU�WHFKQLTXH�WKDW�LV�RIWHQ�H[SORLWHG�LV�WKH�
KROG�RXW�YDOLGDWLRQ��ZKHUH�D�VXEVHW�RI�REVHUYDWLRQV�
LV�FKRVHQ�UDQGRPO\�IURP�WKH�LQLWLDO�GDWDVHW�WR�IRUP�
WKH�WUDLQLQJ�VHW��DQG�WKH�UHPDLQLQJ�REVHUYDWLRQV�
IURP� WKH� WHVW� VHW��8VXDOO\�� DERXW� D� WKLUG� RI� WKH�
LQLWLDO�GDWDVHW�LV�XVHG�DV�YDOLGDWLRQ�VHW�

7R�DVVHVV�WKH�DFFHSWDELOLW\�RI�WKH�GHULYHG�HV�
WLPDWLRQV�VRPH�HYDOXDWLRQ�FULWHULD�DUH�SURSRVHG�
LQ�WKH�OLWHUDWXUH��$PRQJ�WKHP�VHYHUDO�VXPPDU\�
PHDVXUHV�� OLNH�005(��0G05(�� DQG�3UHG�����
�&RQWH��'XQVPRUH��DQG�6KHQ���������DUH�ZLGHO\�
HPSOR\HG�DQG�FRQVLGHUHG�GH�IDFWR�VWDQGDUG�HYDOX�
DWLRQ�FULWHULD��7KH\�DUH�EDVHG�RQ�WKH�HYDOXDWLRQ�RI�
WKH�UHVLGXDOV��L�H���WKH�GLIIHUHQFH�EHWZHHQ�WKH�DFWXDO�
DQG�HVWLPDWHG�HIIRUWV��,Q�WKH�IROORZLQJ��ZH�ZLOO�
UHSRUW�WKH�GHILQLWLRQV�RI�WKHVH�VXPPDU\�PHDVXUHV�
WDNLQJ�LQWR�DFFRXQW�D�YDOLGDWLRQ�VHW�RI�Q�HOHPHQWV�

,Q�RUGHU� WR� WDNH� LQWR�DFFRXQW� WKH�HUURU�ZLWK�
UHVSHFW�WR�WKH�DFWXDO�HIIRUW��WKH�0DJQLWXGH�RI�5HOD�
WLYH�(UURU��&RQWH��'XQVPRUH��DQG�6KHQ��������LV�
GHILQHG�DV�
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MRE =
EF - EF

EF
real pred

real

�

ZKHUH�()UHDO� DQG�()SUHG� DUH� WKH� DFWXDO� DQG� WKH�
SUHGLFWHG� HIIRUWV�� UHVSHFWLYHO\��05(� KDV� WR� EH�
FDOFXODWHG�IRU�HDFK�REVHUYDWLRQ�LQ�WKH�YDOLGDWLRQ�
GDWDVHW��$OO�WKH�05(�YDOXHV�DUH�DJJUHJDWHG�DFURVV�
DOO�WKH�REVHUYDWLRQV�XVLQJ�WKH�PHDQ�DQG�WKH�PHGLDQ��
JLYLQJ�ULVH�WR�WKH�0HDQ�RI�05(��005(���DQG�WKH�
0HGLDQ�05(��0G05(���ZKHUH�WKH�ODWWHU�LV�OHVV�
VHQVLWLYH�WR�H[WUHPH�YDOXHV�

7KH�3UHGLFWLRQ�DW�OHYHO�O��&RQWH��'XQVPRUH��
DQG�6KHQ��������LV�GHILQHG�DV�

Pred(l) = k
n
�

ZKHUH�N�LV�WKH�QXPEHU�RI�REVHUYDWLRQV�ZKRVH�05(�
LV�OHVV�WKDQ�RU�HTXDO�WR�O��DQG�Q�LV�WKH�WRWDO�QXPEHU�
RI�REVHUYDWLRQV�LQ�WKH�YDOLGDWLRQ�VHW��*HQHUDOO\��
D�YDOXH�RI����IRU�WKH�OHYHO�O�LV�FKRVHQ��,Q�RWKHU�
ZRUGV��3UHG�����LV�D�TXDQWLILFDWLRQ�RI�WKH�SUHGLF�
WLRQV�ZKRVH� HUURU� LV� OHVV� WKDQ������$FFRUGLQJ�
WR�&RQWH�HW�DO����������D�JRRG�HIIRUW�SUHGLFWLRQ�
PRGHO�VKRXOG�KDYH�D�005(��������DQG3UHG�����
��������PHDQLQJ�WKDW�DW�OHDVW�����RI�WKH�SUHGLFWHG�
YDOXHV� VKRXOG� IDOO� ZLWKLQ� ���� RI� WKHLU� DFWXDO�
YDOXHV�� 2WKHU� VXPPDU\� PHDVXUHV� VSRUDGLFDOO\�
XVHG� DUH� WKH� %DODQFHG� 005(� �%005(��� WKH�
0HDQ�6TXDUHG�(UURU��06(���&RQWH��'XQVPRUH��
DQG�6KHQ��������DQG�WKH�$GMXVWHG�0HDQ�6TXDUH�
(UURU��$06(���%XUJHVV�DQG�/HIOH\���������7KH\�
DUH�GHILQHG�DV�IROORZV�

BMMRE =
EF - EF

min EF ,EF
real pred

real pred

i i

i i
( )

⎛

⎝

⎜⎜⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟⎟⎟⎟
∑
i=1

n 100
n

�

MSE = 1
n

(EF - EF )real pred
2

i=1

n

� �

AMSE =
EF - EF

EF EF
real pred

real predi=1

n
I I

I I

�

� �

ZKHUH� EFreali �DQG� EFpredI �DUH�WKH�DFWXDO�DQG�WKH�
HVWLPDWHG�HIIRUWV�RI�WKH�LWK�REVHUYDWLRQ�RI�WKH�YDOL�
GDWLRQ�VHW�DQG�Q�LV�WKH�QXPEHU�RI�REVHUYDWLRQV�LQ�
WKH�YDOLGDWLRQ�VHW�

)LQDOO\��LQ�RUGHU�WR�KDYH�DQ�LQVLJKW�RQ�WKH�XVH�
IXOQHVV�RI�D�QHZ�PHWKRG��LWV�HVWLPDWLRQ�DFFXUDF\�
LV�FRPSDUHG�ZLWK�WKH�RQHV�RI�RWKHU�WHFKQLTXHV��
6HYHUDO� GLIIHUHQW� EHQFKPDUN� PHWKRGV� DUH� H[�
SORLWHG�WR�FDUU\�RXW�VXFK�D�FRPSDULVRQ�WDNLQJ�LQWR�
DFFRXQW�WKH�DERYH�HYDOXDWLRQ�FULWHULD��,W�LV�ZRUWK�
WR�QRWLQJ�WKDW�LQ�WKH�ODVW�\HDUV�LW�KDV�EHHQ�ZLGHO\�
UHFRJQL]HG� WKDW� WKH� VXPPDU\�PHDVXUHV� VKRXOG�
EH�FRPSOHPHQWHG�E\�WKH�DQDO\VLV�RI�ER[SORW�RI�
UHVLGXDOV�DQG�WKH�FRPSDULVRQV�DPRQJ�HVWLPDWLRQ�
WHFKQLTXHV�VKRXOG�EH�FDUULHG�RXW�E\�WHVWLQJ�DOVR�WKH�
VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�DEVROXWH�UHVLGXDOV��
6XFK�WHVWV�VKRXOG�EH�XVHG�WR�YHULI\�WKH�IROORZLQJ�
QXOO�K\SRWKHVLV��³WKH�FRQVLGHUHG�SRSXODWLRQV�RI�
DEVROXWH�UHVLGXDOV�KDYH�LGHQWLFDO�GLVWULEXWLRQV´��
WKXV�DOORZLQJ�XV�WR�DVVHVV�LI�WKH�GLIIHUHQFHV�H[LVW�
GXH� WR�FKDQFH�DORQH�RU�GXH� WR� WKH� IDFW� WKDW� WKH�
VDPSOHV�DUH�IURP�GLIIHUHQW�SRSXODWLRQV��.LWFKHQ�
KDP��3LFNDUG��0DF'RQHOO��DQG�6KHSSHUG��������

(92/87,21$5<�%$6('�
$3352$&+(6�)25�
())257�(67,0$7,21

2Q�WKH�EDVLV�RI�WKH�REVHUYDWLRQV�LQ�WKH�SUHYLRXV�
VHFWLRQ��LW�LV�FOHDU�WKDW�WKH�SUREOHP�RI�LGHQWLI\LQJ�
DQ�HVWLPDWLRQ�PHWKRG�RQ�WKH�EDVLV�RI�KLVWRULFDO�
GDWD� FDQ�EH� VHHQ� DV� WKH� SUREOHP�RI� ILQGLQJ� DQ�
HVWLPDWLRQ� PHWKRG� WKDW� PLQLPLVH� WKH� UHVLGXDO�
YDOXHV�� L�H�� WKH� GLIIHUHQFH� EHWZHHQ� WKH� DFWXDO�
DQG�SUHGLFWHG�HIIRUWV��7KXV��LW�FDQ�EH�VHHQ�DV�DQ�
RSWLPLVDWLRQ� SUREOHP� DQG� HYROXWLRQDU\� EDVHG�
DSSURDFKHV�FRXOG�EH�H[SORLWHG�WR�DGGUHVV�LW��$V�D�
PDWWHU�RI�IDFW��LQ�WKH�ODVW�\HDUV�JHQHWLF�DOJRULWKPV�
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�*$V���ZKLFK�DUH�EDVHG�RQ�WKH�HYROXWLRQDU\�LGHDV�
RI�QDWXUDO�VHOHFWLRQ��*ROGEHUJ���������KDYH�EHHQ�
GHILQHG�WR�HVWLPDWH�VRIWZDUH�GHYHORSPHQW�HIIRUW��
H�J����%XUJHVV�DQG�/HIOH\��������'RODGR��������
/HIOH\�DQG�6KHSSHUG��������6KDQ�HW�DO����������$W�
WKH�VDPH�WLPH��VRPH�RWKHU�DSSURDFKHV�KDYH�EHHQ�
SURSRVHG�DLPLQJ�WR�LPSURYH�VRPH�H[LVWLQJ�0RGHO�
%DVHG� WHFKQLTXHV� E\� VXLWDEO\� FRPELQLQJ� WKHP�
ZLWK�JHQHWLF� DOJRULWKPV�� H�J��� �%UDJD��2OLYHLUD��
DQG�0HLUD��������&KLX�DQG�+XDQJ��������.RFK�
DQG�0LWO|KQHU��������6KXNOD��������

,Q�WKLV�VHFWLRQ��ZH�ILUVW�GHVFULEH�WKH�JHQHWLF�
DSSURDFKHV�SURSRVHG�LQ�WKH�OLWHUDWXUH�DQG�UHSRUW�
RQ�WKH�PRVW�UHOHYDQW�HPSLULFDO�VWXGLHV�FRQGXFWHG�
WR� DVVHVV� WKHLU� HIIHFWLYHQHVV� LQ� HVWLPDWLQJ� VRIW�
ZDUH� GHYHORSPHQW� HIIRUW��7KHQ��ZH� VXPPDULVH�
VRPH� VWXGLHV� WKDW� LQYHVWLJDWHG�ZKHWKHU� WKH�XVH�
RI� HYROXWLRQDU\�EDVHG�DSSURDFKHV� FDQ� LPSURYH�
HVWLPDWLRQ�DFFXUDF\�RI�RWKHU�WHFKQLTXHV�

*HQHWLF�$OJRULWKPV

%DVLFDOO\� D�*HQHWLF�$OJRULWKP� �*$�� VLPXODWHV�
WKH� HYROXWLRQ� RI� QDWXUDO� V\VWHPV�� HPSKDVLVLQJ�
WKH�SULQFLSOHV�RI�VXUYLYDO�RI� WKH�VWURQJHVW�� ILUVW�
VHW�E\�&KDUOHV�'DUZLQ��$V� VXFK� WKH\� UHSUHVHQW�
DQ� LQWHOOLJHQW� H[SORLWDWLRQ� RI� D� UDQGRP� VHDUFK�
ZLWKLQ�D�GHILQHG�VHDUFK�VSDFH�WR�VROYH�D�SUREOHP��
*$V� ZHUH� ILUVW� SLRQHHUHG� E\� -RKQ� +ROODQG� LQ�
WKH�����V��+ROODQG���������7KHQ�WKH\�KDYH�EHHQ�
H[WHQVLYHO\�VWXGLHG��H[SHULPHQWHG��DQG�DSSOLHG�LQ�
PDQ\�ILHOGV�LQ�WKH�ZRUOG�RI�VFLHQFH�DQG�SUDFWLFH��
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�*$�QRW�RQO\�SURYLGHV�
DQ�DOWHUQDWLYH�PHWKRG�WR�VROYLQJ�SUREOHPV��EXW��
LQ�VHYHUDO�FDVHV��LW�FRQVLVWHQWO\�RXWSHUIRUPV�RWKHU�
WUDGLWLRQDO�PHWKRGV��*ROGEHUJ��������+DUPDQ�DQG�
-RQHV��������

,Q�WKH�FRPSXWHU�LPSOHPHQWDWLRQ�RI�D�JHQHWLF�
DOJRULWKP��D�FUXFLDO� UROH� LV�SOD\HG�E\� WKH�VROX�
WLRQ�UHSUHVHQWDWLRQ��,Q�JHQHUDO�D�VROXWLRQ�IRU�WKH�
SUREOHP�EHLQJ�VROYHG�LV�UHSUHVHQWHG�E\�D�IL[HG�
OHQJWK�ELQDU\�VWULQJ��ZKLFK�LV�FDOOHG�FKURPRVRPH�
�LQ�DQDORJ\�ZLWK�WKH�ELRORJLFDO�HTXLYDOHQW���(DFK�

VROXWLRQ�LV�HYDOXDWHG�XVLQJ�D�ILWQHVV�IXQFWLRQ�WKDW�
JLYHV�DQ�LQGLFDWLRQ�RI�LWV�JRRGQHVV�

'HVSLWH� RI� D� QXPEHU� RI� YDULDWLRQV�� WKH� HO�
HPHQWDU\�SURFHVV�RI�WKH�JHQHWLF�DOJRULWKP�LV�WKH�
IROORZV���L��ILUVW�D�UDQGRP�LQLWLDO�SRSXODWLRQ��L�H���
D�IDPLO\�RI�FKURPRVRPH��LV�JHQHUDWHG���LL��WKHQ��D�
QHZ�SRSXODWLRQ��L�H���JHQHUDWLRQ��LV�FUHDWHG�VWDUW�
LQJ� IURP� WKH�SUHYLRXV�RQH�E\�DSSO\LQJ�JHQHWLF�
RSHUDWRUV��H�J���FURVVRYHU��PXWDWLRQ��WR�WKH�EHVW�
FKURPRVRPHV� �DFFRUGLQJ� WR� WKH� ILWQHVV� YDOXH���
�LLL�� WKH�VHFRQG�VWHS�LV�UHSHDWHG�XQWLO�HLWKHU� WKH�
ILWQHVV�RI� WKH�EHVW� VROXWLRQ�KDV� FRQYHUJHG�RU� D�
FHUWDLQ�QXPEHU�RI�JHQHUDWLRQV�KDYH�EHHQ�PDGH��
7KH�FKURPRVRPH�WKDW�JLYHV�WKH�EHVW�VROXWLRQ�LQ�
WKH� ILQDO�SRSXODWLRQ� LV� WDNHQ� LQ�RUGHU� WR�GHILQH�
WKH�EHVW� DSSUR[LPDWLRQ� WR� WKH�RSWLPXP�IRU� WKH�
SUREOHP�XQGHU�LQYHVWLJDWLRQ�

7KH�DQDO\VLV�RI�WKH�SURFHVV�VXJJHVWV�WKDW�WKHUH�
DUH�VHYHUDO�NH\�SDUDPHWHUV�WKDW�KDYH�WR�EH�GHWHU�
PLQHG�IRU� WKH�DSSOLFDWLRQ�RI�*$V� WR�DQ\�JLYHQ�
RSWLPLVDWLRQ�SUREOHP��*ROGEHUJ��������+DUPDQ�
DQG�-RQHV���������,Q�SDUWLFXODU��WKH�IROORZLQJ�LV�
VXHV�KDYH�WR�EH�DGGUHVVHG�

���� 'HILQLQJ� WKH�ZD\�IRU�HQFRGLQJ�D�VROXWLRQ�
DQG�WKH�QXPEHU�RI�VROXWLRQV��L�H��SRSXODWLRQ�
VL]H��

���� &KRRVLQJ�WKH�ILWQHVV�IXQFWLRQ�� WR�PHDVXUH�
WKH�JRRGQHVV�RI�D�VROXWLRQ�

���� 'HILQLQJ�WKH�FRPELQDWLRQ�RI�JHQHWLF�RSHUD�
WRUV��WR�H[SORUH�WKH�VHDUFK�VSDFH�

���� 'HILQLQJ�WKH�VWRSSLQJ�FULWHULD�

,Q�WKH�FRQWH[W�RI�HIIRUW�HVWLPDWLRQ��D�VROXWLRQ�
FRQVLVWV�RI�DQ�HVWLPDWLRQ�PRGHO�GHVFULEHG�E\�DQ�
HTXDWLRQ�WKDW�FRPELQHV�VHYHUDO�IDFWRUV��L�H��

(IIRUW� �F��RS��I��RS�����RS�Qí��FQ�RS�Qí��IQ�RS�Q�&�� �
� ���

ZKHUH�IL�UHSUHVHQWV�WKH�YDOXH�RI�WKH�L
WK�IDFWRU�DQG�FL�

LV�LWV�FRHIILFLHQW��&�UHSUHVHQWV�D�FRQVWDQW��ZKLOH�RSL�
�^��í��ā`�UHSUHVHQWV�WKH�LWK�RSHUDWRUV�RI�WKH�PRGHO�
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$V�IRU�LWV�HQFRGLQJ�WKLV�HTXDWLRQ�FDQ�EH�LPSOH�
PHQWHG�LQ�VHYHUDO�ZD\V��H�J��E\�D�IL[HG�ELQDU\�VWULQJ�
RU�D�ELQDU\�WUHH��5HJDUGLQJ�WKH�ILWQHVV�IXQFWLRQ��
WKH�ILWQHVV�YDOXH�RI�D�VROXWLRQ�FDQ�EH�GHWHUPLQHG�
E\�XVLQJ�VXPPDU\�PHDVXUHV��XVXDOO\�HPSOR\HG�WR�
HYDOXDWH�WKH�JRRGQHVV�RI�REWDLQHG�HIIRUW�HVWLPDWHV�
�%ULDQG�HW�DO���������%ULDQG�HW�DO���������%ULDQG�DQG�
:LHF]RUHN��������)LQQLH��:LWWLJ��DQG�'HVKDUQDLV��
������ .LWFKHQKDP� HW� DO��� ������ 6KHSSHUG� DQG�
6FKRILHOG���������VXFK�DV�005(��3UHG������DQG�
06(��&RQWH��'XQVPRUH��DQG�6KHQ���������)LQDOO\��
VHOHFWLRQ��FURVVRYHU��DQG�PXWDWLRQ�DUH�WKH�JHQHWLF�
RSHUDWRUV�ZLGHO\�HPSOR\HG�WR�H[SORUH�WKH�VHDUFK�
VSDFH�LQ�RUGHU�WR�ILQG�JRRG�VROXWLRQV�

(PSLULFDO�6WXGLHV�7KDW�
,QYHVWLJDWHG�(YROXWLRQDU\�
$SSURDFKHV�WR�(VWLPDWH�
6RIWZDUH�'HYHORSPHQW�(IIRUW

7DEOH� �� UHSRUWV� RQ� WKH� VHWWLQJV� RI� WKH� JHQHWLF�
DOJRULWKPV�SURSRVHG�LQ�WKH�OLWHUDWXUH�WR�HVWLPDWH�
VRIWZDUH� GHYHORSPHQW� HIIRUW� KLJKOLJKWLQJ� WKH�
PDLQ�*$V�FRQWURO�SDUDPHWHUV��VXFK�DV�WKH�HP�
SOR\HG�ILWQHVV�IXQFWLRQV��WKH�SRSXODWLRQ�VL]H��WKH�
JHQHWLF�RSHUDWRUV��DQG�WKH�PD[LPXP�QXPEHU�RI�
HYROXWLRQV��$V�ZH�FDQ�REVHUYH��WR�HYDOXDWH�WKH�
JRRGQHVV�RI�D�VROXWLRQ�WKUHH�SURSRVDOV�HPSOR\HG�
06(� �'RODGR�� ������ DV� ILWQHVV� IXQFWLRQ� DQG�
WZR�XVHG�005(��0RUHRYHU��DOO� WKH�SURSRVDOV�
H[SORLWHG�WKH�JHQHWLF�RSHUDWRUV�RULJLQDOO\�GHILQHG�
E\�+ROODQG���������QDPHO\�FURVVRYHU��PXWDWLRQ�
DQG�VHOHFWLRQ�RSHUDWRU��H[FHSW�IRU��6KDQ�HW�DO���
������WKDW�GLG�QRW�XVH�WKH�VHOHFWLRQ�RSHUDWRU��$V�

IRU�WKH�SRSXODWLRQ�VL]H�DQG�WKH�HYROXWLRQV�QXP�
EHU��DOPRVW�DOO�VHWWLQJV�HPSOR\HG�D�SRSXODWLRQ�
RI������FKURPRVRPHV�DQG�D�QXPEHU�RI�HYROX�
WLRQV�UDQJLQJ�IURP�����WR������2QO\�RQH�VHWWLQJ�
�6KXNOD��������H[SORLWHG�YHU\�VPDOO�YDOXHV�IRU�
WKHVH�FRQWURO�SDUDPHWHUV�

7DEOH� �� VXPPDULHV� WKH�PDLQ� DVSHFWV� RI� WKH�
HPSLULFDO�VWXGLHV�FDUULHG�RXW�WR�DVVHVV�WKH�SURSRVHG�
JHQHWLF� DOJRULWKPV�� H�J�� WKH� HPSOR\HG� GDWDVHW��
YDOLGDWLRQ�PHWKRG��HYDOXDWLRQ�FULWHULD��EHQFKPDUN�
PHWKRG��DQG�WKH�QXPEHU�RI�UXQV�RI� WKH�JHQHWLF�
DOJRULWKPV��L�H��WKH�QXPEHU�RI�WHVW�SHUIRUPHG�IRU�
HDFK�YDOLGDWLRQ�URXQG�WR�HQVXUH�UHOLDELOLW\�RI�WKH�
UHVXOWV���,W�LV�ZRUWK�QRWLQJ�WKDW�DOO�WKH�FDVH�VWXGLHV�
SHUIRUPHG�D�KROG�RXW�YDOLGDWLRQ�RQ�LQGXVWULDO�GDWD�
VHWV�H[FHSW�IRU�RQH��'RODGR��������WKDW�HPSOR\HG�
D�GDWDVHW�ZKLFK�FRQWDLQV�DFDGHPLF�SURMHFWV��$OO�
WKH� LQGXVWULDO�GDWDVHWV�KDV�EHHQ�ZLGHO\�XVHG� LQ�
HIIRUW� HVWLPDWLRQ� FDVH� VWXGLHV�� WKH\� FRPH� IURP�
D� VLQJOH� FRPSDQ\�� H�J��� WKH�'HVKDUQDLV� GDWDVHW�
�'HVKDUQDLV��������)LQQLH�HW�DO���������RU�IURP�
PXOWLSOH�FRPSDQLHV��H�J���)LQQLVK��%XUJHVV�DQG�
/HIOH\��������DQG�,6%6*��,6%6*��������GDWDV�
HWV��7KH�FULWHULD�XVHG�WR�HYDOXDWH�WKH�DFFXUDF\�RI�
WKH�REWDLQHG�HVWLPDWHV�DUH�DOO�EDVHG�RQ�VXPPDU\�
PHDVXUHV��LQ�SDUWLFXODU�005(�DQG�3UHG�����DUH�
HPSOR\HG�LQ�DOO�FDVH�VWXGLHV��ZKLOH�IHZHU�VWXGLHV�
H[SORLWHG�06(��$06(��%005(��DQG�3UHG������
,Q�RUGHU� WR�DVVHVV�UHOLDELOLW\�RI�DFFXUDF\�RI� WKH�
REWDLQHG�HVWLPDWHV�IRU�HDFK�FDVH�VWXG\�DW�OHDVW�ILYH�
WHVW�UXQV�DUH�SHUIRUPHG��)LQDOO\��LQ�RUGHU�WR�DVVHVV�
WKH� HIIHFWLYHQHVV� RI�*$V� IRU� HIIRUW� HVWLPDWLRQ��
LQ� HDFK� FDVH� VWXG\� WKH� SURSRVHG� JHQHWLF�EDVHG�
DSSURDFKHV�DUH�FRPSDUHG�ZLWK�RWKHU�EHQFKPDUN�

7DEOH����7KH�VHWWLQJV�RI�WKH�JHQHWLF�DOJRULWKPV�GHILQHG�IRU�HIIRUW�HVWLPDWLRQ�

5HIHUHQFH )LWQHVV�
IXQFWLRQ

*HQHWLF�
RSHUDWRUV

6L]H�RI�
SRSXODWLRQ

1XPEHU�RI�
HYROXWLRQV

�%XUJHVV�DQG�/HIOH\������� 005( %DVLF�FURVVRYHU��PXWDWLRQ��DQG�VHOHFWLRQ ���� ���

�'RODGR������� 06( %DVLF�FURVVRYHU��PXWDWLRQ��DQG�VHOHFWLRQ �� �����

�/HIOH\�DQG�6KHSSHUG������� 005( %DVLF�FURVVRYHU��PXWDWLRQ��DQG�VHOHFWLRQ ���� ���

�6KDQ�HW�DO�������� 06( %DVLF�FURVVRYHU��PXWDWLRQ ���� ���
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PHWKRGV��VXFK�DV�/LQHDU�5HJUHVVLRQ��&DVH�%DVHG�
5HDVRQLQJ��DQG�$UWLILFLDO�1HXUDO�1HWZRUNV�

,Q�WKH�IROORZLQJ��ZH�SURYLGH�PRUH�GHWDLOV�IRU�
HDFK�SURSRVDO��KLJKOLJKWLQJ�WKH�YDOLGDWLRQ�UHVXOWV��
'RODGR��������ZDV�WKH�ILUVW�WR�HPSOR\�DQ�HYROX�
WLRQDU\�DSSURDFK�LQ�RUGHU�WR�DXWRPDWLFDOO\�GHULYH�
HTXDWLRQV�DOWHUQDWLYH�WR�PXOWLSOH�OLQHDU�UHJUHVVLRQ��
7KH�DLP�ZDV�WR�FRPSDUH�WKH�OLQHDU�HTXDWLRQV�ZLWK�
WKRVH�REWDLQHG�DXWRPDWLFDOO\��7KH�SURSRVHG�DOJR�
ULWKP�ZDV�UXQ�D�PLQLPXP�RI����WLPHV�DQG�HDFK�
UXQ�KDG�DQ�LQLWLDO�SRSXODWLRQ�RI����HTXDWLRQV��(YHQ�
LI�LQ�HDFK�UXQ�WKH�QXPEHU�RI�JHQHUDWLRQ�YDULHG��
WKH�EHVW�UHVXOWV�ZHUH�REWDLQHG�ZLWK�WKUHH�WR�ILYH�
JHQHUDWLRQV��DV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��XVXDOO\�
PRUH�JHQHUDWLRQV�DUH�XVHG��DQG�E\�XVLQJ�06(�DV�
ILWQHVV�IXQFWLRQ��$V�GDWDVHW�����SURMHFWV�GHYHORSHG�
E\�DFDGHPLF�VWXGHQWV��XVLQJ�,QIRUPL[��*/��ZHUH�
H[SORLWHG�WKURXJK�D�KROG�RXW�YDOLGDWLRQ��,W�LV�ZRUWK�
QRWLQJ�WKDW�WKH�PDLQ�JRDO�RI�'RODGR�ZRUN�ZDV�QRW�
WKH�DVVHVVPHQW�RI�HYROXWLRQDU\�DOJRULWKPV�EXW�WKH�
YDOLGDWLRQ� RI� WKH� FRPSRQHQW�EDVHG�PHWKRG� IRU�
VRIWZDUH�VL]LQJ��+RZHYHU��KH�REVHUYHG�WKDW�WKH�
LQYHVWLJDWHG�DOJRULWKP�SURYLGHG�VLPLODU�RU�EHWWHU�
YDOXHV�WKDQ�UHJUHVVLRQ�HTXDWLRQV�

%XUJHVV�DQG�/HIOH\��������SHUIRUPHG�D�FDVH�
VWXG\�XVLQJ�WKH�'HVKDUQDLV�GDWDVHW��'HVKDUQDLV��

������WR�FRPSDUH�WKH�XVH�RI�*$�IRU�HVWLPDWLQJ�
VRIWZDUH�GHYHORSPHQW�HIIRUW�ZLWK�RWKHU�WHFKQLTXHV��
VXFK�DV�/5��&%5��DQG�$11��$UWLILFLDO�1HXUDO�
1HWZRUNV���7KH�FRPSDULVRQ�ZDV�FDUULHG�RXW�ZLWK�
UHVSHFW�WKUHH�GLPHQVLRQV��QDPHO\�HVWLPDWLRQ�DF�
FXUDF\��WUDQVSDUHQF\��DQG�HDVH�RI�FRQILJXUDWLRQ��
7KH�VHWWLQJV�WKH\�XVHG�IRU�WKH�HPSOR\HG�JHQHWLF�
DOJRULWKP�ZHUH��DQ�LQLWLDO�SRSXODWLRQ�RI�����������
JHQHUDWLRQV�����H[HFXWLRQV��DQG�D�ILWQHVV�IXQFWLRQ�
GHVLJQHG�WR�PLQLPLVH�005(��7KH\�FRPSDUHG�WKH�
DFFXUDF\�RI�WKH�DQDO\VHG�HVWLPDWLRQ�WHFKQLTXHV�
E\�WDNLQJ�LQWR�DFFRXQW�VXPPDU\�VWDWLVWLFV�EDVHG�
RQ�05(��QDPHO\�005(��3UHG������%005(��
DQG�$06(��(YHQ�LI�*$�GLG�QRW�RXWSHUIRUP�WKH�
RWKHU�WHFKQLTXHV�WKH�UHVXOWV�ZHUH�SURPLVLQJ�DQG�
%XUJHVV�DQG�/HIOH\�VXJJHVWHG�WKDW�D�EHWWHU�VHW�XS�
RI�WKH�HYROXWLRQDU\�DOJRULWKP�FRXOG�LPSURYH�WKH�
DFFXUDF\� RI� WKH� HVWLPDWLRQV�� ,Q� SDUWLFXODU� WKH\�
KLJKOLJKWHG�WKDW�WKH�XVH�RI�D�ILWQHVV�IXQFWLRQ�VSH�
FLILFDOO\�WLHG�WR�RSWLPLVH�RQH�SDUWLFXODU�PHDVXUH�
FRXOG�GHJUDGH�WKH�RWKHU�HYDOXDWLRQ�PHDVXUHV��$V�
D�PDWWHU�RI�IDFW�*$�REWDLQHG�WKH�EHVW�HVWLPDWHV�LQ�
WHUPV�RI�005(�DQG�WKH�ZRUVW�LQ�WHUPV�RI�WKH�RWKHU�
VXPPDU\�PHDVXUHV�$06(��3UHG������%005(�

$V� IRU� WKH� WUDQVSDUHQF\�RI� WKH� VROXWLRQ�� WKH�
DXWKRUV�KLJKOLJKWHG�WKDW�ZLGHO\�XVHG�WHFKQLTXHV�

7DEOH����6XPPDU\�RI�WKH�HPSLULFDO�VWXGLHV�WKDW�DVVHVVHG�JHQHWLF�DOJRULWKPV�IRU�HIIRUW�HVWLPDWLRQ�

5HIHUHQFH
&DVH�VWXG\�
GDWDVHW

9DOLGDWLRQ�
PHWKRG

(YDOXDWLRQ�
FULWHULD

%HQFKPDUN�
PHWKRGV

1XPEHU�RI�
WHVW�UXQV

�%XUJHVV�DQG�
/HIOH\�������

)LQQLVK�'DWDVHW�
�%XUJHVV�DQG�/HI�

OH\�������

KROG�RXW�YDOLGDWLRQ
WUDLQLQJ�VHW������
WHVW�VHW����

$06(
005(
%005(
3UHG����

$UWLILFLDO�1HXUDO�1HWZRUNV�
/LQHDU�5HJUHVVLRQ�

&%5����1HDUHVW�1HLJKERXUV�
&%5����1HDUHVW�1HLJKERXUV�

��

�'RODGR������� ���DFDGHPLF�
SURMHFWV�

�&RQWH��'XQVPRUH��
DQG�6KHQ�������

KROG�RXW�YDOLGDWLRQ
WUDLQLQJ�VHW�����
WHVW�VHW����

005(
3UHG����

/LQHDU�5HJUHVVLRQ�
$UWLILFLDO�1HXUDO�1HWZRUNV

!��

�/HIOH\�DQG�6KHS�
SHUG�������

'HVKDUQDLV�
�'HVKDUQDLV��������
)LQQLH�HW�DO��������

KROG�RXW�YDOLGDWLRQ
WUDLQLQJ�VHW�����
WHVW�VHW����

$06(
005(
%005(
3UHG����

$UWLILFLDO�1HXUDO�1HWZRUNV�
/LQHDU�5HJUHVVLRQ�

&%5����1HDUHVW�QHLJKERXUV�
&%5����1HDUHVW�QHLJKERXUV�

��

�6KDQ�HW�DO�������� ����SURMHFWV�IURP�
WKH�,6%6*�GDWDVHW�
�,6%6*�������

KROG�RXW�YDOLGDWLRQ�
WUDLQLQJ�WHVW������
WHVW�VHW�����

005(
3UHG����
3UHG�����
06(

/LQHDU�5HJUHVVLRQ �
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VXFK�DV�/5�DQG�&%5�DOORZHG�WKH�XVHU�WR�KDYH�D�
GHHS�LQVLJKW�RQ�WKH�SUREOHP�PDNLQJ�H[SOLFLW�DQ\�
LQIRUPDWLRQ�DERXW�WKH�FRQWULEXWLRQ�RI�HDFK�YDUL�
DEOHV�LQ�WKH�SUHGLFWLRQ�PRGHO�DQG�WKH�GHJUHH�RI�
VLPLODULW\�WR�WKH�WDUJHW�SURMHFW�UHVSHFWLYHO\��*$V�
DOVR�SURGXFHG� WUDQVSDUHQW� VROXWLRQ�EHFDXVH� WKH�
VROXWLRQ�LV�DQ�DOJHEUDLF�H[SUHVVLRQ��ZKLOH�QHXUDO�
QHWZRUNV�GLG�QRW�PDNH�H[SOLFLW�DQ\�LQIRUPDWLRQ��
$V� IRU� WKH�HDVH�RI�FRQILJXUDWLRQ�� L�H�� WKH�HIIRUW�
UHTXLUHG�WR�EXLOG�WKH�SUHGLFWLRQ�V\VWHP��/5�DQG�
&%5�ZHUH�HDV\�WR�XVH�EHFDXVH�DUH�ZLGHO\�XVHG�
PHWKRG�RIWHQ�ZHOO�VXSSRUWHG�E\�WRRO��6KHSSHUG�
DQG�6FKRILHOG���������1HXUDO�QHWZRUNV�DQG�*$�
DSSURDFKHV�UHTXLUHG�LQVWHDG�VRPH�HIIRUW�WR�FKRRVH�
DSSURSULDWH�YDOXHV�IRU�FRQWURO�SDUDPHWHUV�EHFDXVH�
GLIIHUHQW�VHWWLQJV�PD\�EH�OHDG�WR�GLIIHUHQW�UHVXOWV�

6XFFHVVLYHO\��6KHSSHUG�DQG�/HIOH\��������DOVR�
DVVHVVHG�WKH�HIIHFWLYHQHVV�RI�DQ�HYROXWLRQDU\�DS�
SURDFK�DQG�FRPSDUHG�LW�ZLWK�VHYHUDO�HVWLPDWLRQ�
WHFKQLTXHV�VXFK�DV�/5��$11��DQG�&%5��$V�IRU�
JHQHWLF�DOJRULWKP�VHWWLQJ��WKH\�DSSOLHG�WKH�VDPH�
FKRLFH� RI� %XUJHVV� DQG� /HIOH\� �������� ZKLOH� D�
GLIIHUHQW� GDWDVHW�ZDV� H[SORLWHG��7KLV� GDWDVHW� LV�
UHIHUHHG�DV�³)LQQLVK�'DWDVHW´�DQG�LQFOXGHG�����
REVHUYDWLRQV�DQG����IHDWXUHV��REWDLQHG�IURP�PDQ\�
RUJDQLVDWLRQV��$IWHU�D�GDWD�DQDO\VLV��D�WUDLQLQJ�VHW�
RI�����REVHUYDWLRQV�DQG�D�WHVW�VHW�RI����REVHUYD�
WLRQV�ZHUH�XVHG�IRU�D�KROG�RXW�YDOLGDWLRQ��(YHQ�LI�
WKH�UHVXOWV�UHYHDOHG�WKDW�WKHUH�ZDV�QRW�D�PHWKRG�
WKDW�SURYLGHG�EHWWHU�HVWLPDWLRQV�WKDQ�WKH�RWKHUV��
WKH�HYROXWLRQDU\�DSSURDFK�SHUIRUPHG�FRQVLVWHQWO\�
ZHOO��,Q�SDUWLFXODU�WKH�SURSRVHG�DSSURDFK�DSSOLHG�
RQ�JHQHUDO�FRPSDQ\�ZLGH�GDWD�REWDLQHG�WKH�EHVW�
UHVXOWV�LQ�WHUPV�RI�$06(��005(�DQG�3UHG������
ZKLOH�RQ�WKH�FRPSDQ\�VSHFLILF�GDWDVHW� WKH�EHVW�
UHVXOWV�ZHUH�DFKLHYHG�RQO\�LQ�WHUPV�RI�005(�DQG�
%005(��+RZHYHU��WKH�DXWKRUV�DJDLQ�REVHUYHG�
WKDW�WKH�DOJRULWKP�ZDV�TXLWH�KDUG�WR�FRQILJXUH�DQG�
FRPSDQLHV�KDYH�WR�ZHLJK�WKH�FRPSOH[LW\�RI�WKH�
DOJRULWKP�DJDLQVW�WKH�VPDOO�LQFUHDVHV�LQ�DFFXUDF\�
WR�GHFLGH�ZKHWKHU�WR�XVH�LW�WR�HVWLPDWH�GHYHORSPHQW�
HIIRUW��/HIOH\�DQG�6KHSSHUG��������

$Q�HYROXWLRQDU\�FRPSXWDWLRQ�PHWKRG��QDPHG�
*UDPPDU�*XLGHG�*HQHWLF�3URJUDPPLQJ��***3���

ZDV�SURSRVHG�LQ��6KDQ�HW�DO���������WR�RYHUFRPH�
VRPH�OLPLWDWLRQV�RI�*$V��ZLWK�WKH�DLP�RI�LPSURY�
LQJ�WKH�HVWLPDWLRQ�RI�WKH�VRIWZDUH�GHYHORSPHQW�
HIIRUW�� ,QGHHG� WKH\� SURSRVHG� WR� XVH� JUDPPDUV�
LQ� RUGHU� WR� LPSRVH� V\QWDFWLFDO� FRQVWUDLQWV� DQG�
LQFRUSRUDWH� EDFNJURXQG� NQRZOHGJH� DLPLQJ� WR�
JXLGH�WKH�HYROXWLRQDU\�SURFHVV�LQ�ILQGLQJ�RSWLPDO�
RU�QHDU�RSWLPDO�UHVXOWV��'DWD�RI�VRIWZDUH�SURMHFWV�
IURP�WKH�,6%6*��,6%6*��������GDWDVHW�ZDV�XVHG�
WR�EXLOG�WKH�HVWLPDWLRQ�PRGHOV�XVLQJ�***3�DQG�
/5��7KH�ILWQHVV�IXQFWLRQ�ZDV�GHVLJQHG�WR�PLQLPLVH�
06(��DQ�LQLWLDO�SRSXODWLRQ�RI������ZDV�FKRVHQ��
WKH�PD[LPXP�QXPEHU�RI�JHQHUDWLRQV�ZDV������
DQG�WKH�QXPEHU�RI�H[HFXWLRQV�ZDV����7KH�PRGHOV�
ZHUH�EXLOW�DQG�YDOLGDWHG�SHUIRUPLQJ�D�KROG�RXW�
YDOLGDWLRQ�ZLWK�WUDLQLQJ�DQG�WHVW�VHWV�RI�WKH�VDPH�
VL]H��7KH�UHVXOWV�UHYHDOHG�WKDW�*333�SHUIRUPHG�
EHWWHU�WKDQ�/LQHDU�5HJUHVVLRQ�RQ�DOO�WKH�H[SORLWHG�
HYDOXDWLRQ�FULWHULD��QRW�MXVW�RQ�WKH�06(��WKH�FUL�
WHULRQ�WKDW�ZDV�XVHG�DV�ILWQHVV�IXQFWLRQ�

(PSLULFDO�6WXGLHV�7KDW�,QYHVWLJDWHG�
WKH�8VH�RI�(YROXWLRQDU\�%DVHG�
$SSURDFKHV�WR�,PSURYH�WKH�
(IIHFWLYHQHVV�RI�6RPH�([LVWLQJ�
(VWLPDWLRQ�7HFKQLTXHV

6RPH� HIIRUWV� KDYH� EHHQ� PDGH� WR� LPSURYH� WKH�
HVWLPDWLRQ� SHUIRUPDQFH� RI� H[LVWLQJ� HVWLPDWLRQ�
WHFKQLTXHV� FRPELQLQJ� WKHP�ZLWK� JHQHWLF� DOJR�
ULWKPV��7KHVH�DUH�VXPPDULVHG�LQ�7DEOH����$V�ZH�
FDQ�REVHUYH��WKUHH�RI�WKH�VL[�SURSRVHG�DSSURDFKHV�
FRPELQHV�*$�ZLWK�&%5��WKH�RWKHU�RQHV�FRPELQH�
*$�ZLWK�OHVV�IUHTXHQWO\�XVHG�WHFKQLTXHV��VXFK�DV�
$UWLILFLDO�1HXUDO�1HWZRUNV��$11���6XSSRUW�9HFWRU�
5HJUHVVLRQ��695��DQG�*UD\�5HODWLRQDO�$QDO\VLV�
�*5$���&RQFHUQLQJ�WKH�*$V�VHWWLQJV�DOO�WKH�HP�
SLULFDO�VWXGLHG�H[SORLWHG�EDVLF�FURVVRYHU��PXWDWLRQ�
DQG�VHOHFWLRQ�RSHUDWRUV�H[FHSW�IRU�VRPH�VHWWLQJV�
�%UDJD�HW�DO���������6KXNOD��������WKDW�HPSOR\HG�
D�PXOWL�SRLQW�FURVVRYHU��7R�HYDOXDWH�WKH�JRRGQHVV�
RI�D�VROXWLRQ�WZR�VHWWLQJV�H[SORLWHG�D�FRPELQDWLRQ�
RI�005(�DQG�3UHG�����DV�ILWQHVV�IXQFWLRQ�DQG�
WKUHH�VHWWLQJV�XVHG�D�ILWQHVV�IXQFWLRQ�EDVHG�RQO\�
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RQ�005(��2QO\�RQH�VHWWLQJ�XVHG�06(�YDOXHV�
DV�ILWQHVV�IXQFWLRQ��&RQFHUQLQJ�SRSXODWLRQ�VL]H�
DQG�HYROXWLRQV�QXPEHU��&KLX�DQG�+XDQJ��������
DQG�+XDQJ�HW�DO���������H[SORLWHG�D�SRSXODWLRQ�
FRPSRVHG� E\� ��
9� FKURPRVRPHV��ZKHUH�9� LV�
WKH�QXPEHU�RI�YDULDEOHV�WR�EH�H[SORUHG�IRU�*$��
0RUHRYHU�WKH\�SURSRVHG�WR�VWRS�WKH�JHQHUDWLRQ�
SURFHVV�QRW�RQO\�DIWHU� WKH�H[HFXWLRQ�RI�D� IL[HG�
QXPEHU�RI�JHQHUDWLRQV��H�J�������
9�WULDOV��EXW�
DOVR�LI�WKH�VROXWLRQ�GRHV�QRW�FKDQJH�DIWHU�D�IL[HG�
QXPEHU�RI�JHQHUDWLRQV� �H�J�����
9�WULDOV���7KH�
FDVH�VWXG\�SURSRVHG�LQ��/L��;LH��DQG�*RK��������
IROORZHG�WKLV�JXLGHOLQHV��ZKLOH�RWKHU�FDVH�VWXGLHV�
�%UDJD�HW�DO���������.RFK�DQG�0LWO|KQHU��������
6KXNOD��������HPSOR\HG�LQVWHDG�D�IL[HG�QXPEHU�
RI�HYROXWLRQV�DQG�D�SRSXODWLRQ�FRPSRVHG�E\������
����DQG������FKURPRVRPHV��UHVSHFWLYHO\�

7DEOH���VXPPDUL]HV�WKH�PDLQ�DVSHFWV�RI�WKH�
HPSLULFDO�VWXGLHV�FDUULHG�RXW�WR�DVVHVV�WKH�DERYH�
SURSRVDOV��$OO�WKH�FDVH�VWXGLHV�HPSOR\HG�LQGXV�
WULDO�GDWDVHW�DQG�VHYHUDO�YDOLGDWLRQ�PHWKRGV�ZHUH�
DSSOLHG�� VXFK� DV� N�IROG� FURVV�YDOLGDWLRQ� �&KLX�
DQG�+XDQJ�� ������+XDQJ�HW� DO��� ������6KXNOD��
������� OHDYH�RQH�RXW� FURVV�YDOLGDWLRQ� �%UDJD�
HW� DO��� ������ .RFK� DQG� 0LWO|KQHU�� ������� DQG�
KROG�RXW�YDOLGDWLRQ��/L�HW�DO����������$OPRVW�FDVH�
VWXGLHV�HPSOR\HG�WKH�VXPPDU\�PHDVXUHV�005(��

0G05(��DQG�3UHG�����WR�HYDOXDWH�WKH�DFFXUDF\�
RI� WKH�REWDLQHG�HVWLPDWHV��2QO\�RQH�FDVH�VWXG\�
XVHG�D�VWDWLVWLFDO�VLJQLILFDQFH�WHVW�WR�HYDOXDWH�WKH�
UHVLGXDOV��L�H��WKH�GLIIHUHQFH�EHWZHHQ�DFWXDO�DQG�
SUHGLFWHG�HIIRUW��6HYHUDO�HVWLPDWLRQ�PHWKRGV�DUH�
HPSOR\HG�DV�EHQFKPDUN�LQ�HDFK�FDVH�VWXG\��UDQJLQJ�
IURP�ZLGHO\�XVHG�WHFKQLTXHV��VXFK�DV�&RQVWUXFWLYH�
&RVW�0RGHO� �&2&202���&DVH�%DVHG�5HDVRQ�
LQJ��&%5���&ODVVLILFDWLRQ�DQG�5HJUHVVLRQ�7UHHV�
�&$57��� DQG� �/LQHDU� 5HJUHVVLRQ�� /5�� WR� OHVV�
IUHTXHQWO\�XVHG�WHFKQLTXHV��H�J��*UH\�5HODWLRQDO�
$QDO\VLV��*5$���6WHS�ZLVH�5HJUHVVLRQ��6:5���
$UWLILFLDO�1HXUDO�1HWZRUN��$11��DQG�LWV�YDULDQWV��
,Q�WKH�IROORZLQJ�ZH�SURYLGH�D�EULHI�GHVFULSWLRQ�
IRU�HDFK�SURSRVDO�

7KH� ILUVW� DWWHPSW� WR� FRPELQH� HYROXWLRQDU\�
DSSURDFKHV� ZLWK� DQ� H[LVWLQJ� HIIRUW� HVWLPDWLRQ�
WHFKQLTXH�ZDV�PDGH�E\�6KXNOD��������DSSO\LQJ�
JHQHWLF�DOJRULWKPV�WR�1HXUDO�1HWZRUNV��11��SUH�
GLFWRU��QDPHO\��QHXUR�JHQHWLF�DSSURDFK��*$11��
LQ�RUGHU�WR�LPSURYH�LWV�HVWLPDWLRQ�FDSDELOLW\��,Q�
SDUWLFXODU��LQ�WKH�SURSRVHG�DSSURDFK�WKH�UROH�SOD\HG�
E\�11�ZDV� OHDUQLQJ� WKH� FRUUHODWLRQ� WKDW� H[LVWV�
EHWZHHQ� SURMHFW� IHDWXUHV� DQG� DFWXDO� HIIRUW� DQG�
DOVR�OHDUQLQJ�DQ\�H[LVWLQJ�FRUUHODWLRQV�DPRQJ�WKH�
SUHGLFWRU�YDULDEOHV��ZKLOH�WKH�*$�KDG�WR�PLQLPLVH�
06(�YDOXHV��7KH�SURSRVHG�FDVH�VWXG\�H[SORLWHG�

7DEOH����&RPELQDWLRQV�RI�JHQHWLF�DOJRULWKPV�ZLWK�RWKHU�HVWLPDWLRQ�WHFKQLTXHV�

5HIHUHQFH (PSOR\HG�
WHFKQLTXH

)LWQHVV�
IXQFWLRQ

*HQHWLF�
RSHUDWRUV

1XPEHU�RI�
HYROXWLRQV

6L]H�RI�
SRSXODWLRQ

�%UDJD�HW�DO���
����� *$���695 �����í�35('��������005( 7ZR�SRLQW�FURVVRYHU��

PXWDWLRQ��DQG�VHOHFWLRQ �� ���

�&KLX�DQG�+XDQJ��
����� *$���&%5 �005(���3UHG����� %DVLF�FURVVRYHU��

PXWDWLRQ��DQG�VHOHFWLRQ
����
QXPEHU�
RI�9DULDEOHV

��
�QXPEHU�RI�
9DULDEOHV

�+XDQJ�HW�DO���
������ *$���*5$ 005( %DVLF�FURVVRYHU��

PXWDWLRQ��DQG�VHOHFWLRQ
����
QXPEHU�
RI�9DULDEOHV

��
�QXPEHU�RI�
9DULDEOHV

�.RFK�DQG�
0LWO|KQHU������� *$���&%5 005( %DVLF�FURVVRYHU��PXWD�

WLRQ��DQG�VHOHFWLRQ ���� ����

�/L�HW�DO�������� *$���&%5 005( %DVLF�FURVVRYHU��PXWD�
WLRQ��DQG�VHOHFWLRQ

����
QXPEHU�
RI�9DULDEOHV

��
�QXPEHU�RI�
9DULDEOHV

�6KXNOD������� *$���11 06(
6SHFLDO�05;�PXOWL�
SRLQW�FURVVRYHU��PXWD�
WLRQ��DQG�VHOHFWLRQ

��� ���
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DV�GDWDVHW�LQIRUPDWLRQ�IURP����VRIWZDUH�SURMHFWV��
REWDLQHG�IURP�WKH�FRPELQDWLRQ�RI�WKH�&2&202�
�%RHKP��������DQG�WKH�.HPHUHU��������GDWDVHWV�
DQG�D�VWDWLVWLFDO�VLJQLILFDQFH�WHVW�ZDV�HPSOR\HG�
WR� DVVHVV� ZKHWKHU� WKH� QHXUR�JHQHWLF� DSSURDFK�
SURYLGHG�VLJQLILFDQW�LPSURYHPHQW�UHVSHFW�RI�FRP�
PRQ�XVHG�$,�RULHQWHG�PHWKRGV��3DUORV��)HUQDQGH]��
$W\OD��0XWKXVDPL�� DQG�7VDL�� ������5XPHOKDUW��
+LQWRQ��:LOOLDPV��������6ULQLYDVDQ�DQG�)LVKHU��

�������,Q�SDUWLFXODU�WKH�HPSOR\HG�6WXGHQW¶V�W�WHVW�
UHYHDOHG�WKDW�WKH�PHDQ�SUHGLFWLRQ�HUURU�IRU�*$11�
LV�OHVV�WR�WKDW�IRU�&$57;�DQG�OHVV�WR�WKDW�IRU�4XLFN�
3URSDJDWLRQ�WUDLQHG�11��3DUORV�HW�DO����������7KHVH�
UHVXOWV�VKRZHG�WKDW�*$11�REWDLQHG�VLJQLILFDQWO\�
EHWWHU�SUHGLFWLRQ�WKDQ�&$57;�DQG�4311��,W�LV�
ZRUWK�WR�QRWKLQJ�WKDW�WKH�DXWKRUV�KLJKOLJKWHG�WKDW�
WKH� HPSOR\HG� FKURPRVRPH� HQFRGLQJ� SOD\HG� D�
FUXFLDO�UROH�LQ�WKH�11�SUHGLFWRU�V\VWHP�DQG�WKDW�D�

7DEOH����6XPPDU\�RI�WKH�HPSLULFDO�VWXGLHV�WKDW�DVVHVVHG�WKH�XVH�RI�HVWLPDWLRQ�WHFKQLTXHV�LQ�FRPELQDWLRQ�
ZLWK�JHQHWLF�DOJRULWKPV�

5HIHUHQFH (PSOR\HG�
WHFKQLTXHV

&DVH�VWXG\�
GDWDVHW

9DOLGDWLRQ�
PHWKRG

(YDOXDWLRQ�
FULWHULD

%HQFKPDUN�
PHWKRGV

1XPEHU�
RI�WHVW�
UXQV

�%UDJD�HW�DO���
����� *$���695

'HVKDUQDLV��'HVKDU�
QDLV��������)LQQLH�HW�

DO���������
DQG�1$6$��2OLYHLUD��
������6KLQ�DQG�*RHO��

�����

OHDYH�RQH�RXW�
FURVV�YDOLGDWLRQ

005(
3UHG����

6XSSRUW�9HFWRU�5HJUHVVLRQ�
DQG�LWV�YDULDQWV ��

�&KLX�DQG�
+XDQJ��
�����

*$���&%5

&DQDGLDQ�)LQDQFLDO�
�$EUDQ�DQG�5RELOODUG��

������DQG�
,%0�'3�VHUYLFH�

�0DWVRQ��%DUUHWW��DQG�
0HOOLFKDPS�������

��IROG�
FURVV�YDOLGDWLRQ

005(
0G05(
3UHG����

2UGLQDU\�/HDVW�6TXDUH�5HJUHV�
VLRQ�

$UWLILFLDO�1HXUDO�1HWZRUNV�
&$57

�

�+XDQJ�HW�DO���
����� *$���*5$

$OEUHFKW��$OEUHFKW�
DQG�*DIIQH\��������

DQG�&2&202��$EUDQ�
DQG�5RELOODUG��������

%RHKP�������

��IROG�
FURVV�YDOLGDWLRQ

005(
3UHG����

&%5
$UWLILFLDO�1HXUDO�1HWZRUNV�

&$57
�

�.RFK�DQG�
0LWO|KQHU��
�����

*$���&%5�
��VRFLDO�
FKRLFH

$OEUHFKW��$OEUHFKW�DQG�
*DIIQH\���������

(53��%HUQURLGHU�DQG�
.RFK���������DQG�

&2&202��%RHKP��
�����

OHDYH�RQH�RXW�
FURVV�YDOLGDWLRQ

005(
0G05(
3UHG����

&2&202�%DVLF�0RGHO
1HXUDO�1HWZRUNV�
/LQHDU�5HJUHVVLRQ�

*UH\�5HODWLRQDO�$QDO\VLV�
&%5
&$57

�

�/L�HW�DO���
������ *$���&%5

'HVKDUQDLV��'HVKDU�
QDLV��������)LQQLH�HW�

DO����������
$OEUHFKW��$OEUHFKW�DQG�
*DIIQH\���������DQG�

WZR�DUWLILFLDO�
GDWDVHWV��/L�HW�DO���

�����

KROG�RXW�YDOLGD�
WLRQ�

WUDLQLQJ�VHW�
DQG�WHVW�VHW�

RI�WKH�VDPH�VL]H

005(
0G05(
3UHG����

&%5
6XSSRUW�9HFWRU�5HJUHVVLRQ�
$UWLILFLDO�1HXUDO�1HWZRUNV�

&$57

�

�6KXNOD��
����� *$���11

���VRIWZDUH�SURMHFWV�
IURP��%RHKP��������
DQG��.HPHUHU�������

���IROG�
FURVV�YDOLGDWLRQ�
WUDLQLQJ�VHWV�����
WHVW�VHWV����

6WXGHQW¶V�
W�WHVW

5HJUHVVLRQ�7UHH�EDVHG�11�
�6ULQLYDVDQ�DQG�)LVKHU���������
%DFN�3URSDJDWLRQ�WUDLQHG�

11��5XPHOKDUW�HW�DO���������
4XLFN�3URSDJDWLRQ�WUDLQHG�11�

�3DUORV�HW�DO��������

��
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QXPEHU�RI�H[SHULPHQWV�ZHUH�QHHGHG�WR�GHWHUPLQH�
D�VXLWDEOH�FKRRVH�

5HFHQWO\��&KLX�DQG�+XDQJ��������DSSOLHG�*$�WR�
DQRWKHU�$,�EDVHG�PHWKRG�VXFK�&DVH�%DVH�5HDVRQ�
LQJ�REWDLQLQJ�LQWHUHVWLQJ�UHVXOWV��,Q�SDUWLFXODU��*$�
ZDV�DGRSWHG�WR�DGMXVW�WKH�UHXVHG�HIIRUW�REWDLQHG�
E\�FRQVLGHULQJ�VLPLODULW\�GLVWDQFHV�EHWZHHQ�SDLUV�
RI� VRIWZDUH� SURMHFWV��$V� IRU� WKH� DSSOLFDWLRQ� RI�
&%5��WKUHH�VLPLODULW\�GLVWDQFHV�ZHUH�FRQVLGHUHG��
(XFOLGHDQ��0LQNRZVNL��DQG�0DQKDWWDQ�GLVWDQFHV��
DQG�D�OLQHDU�HTXDWLRQ�ZDV�XVHG�WR�DGMXVW�WKH�UHXVHG�
HIIRUW��$V�IRU�WKH�DSSOLFDWLRQ�RI�*$��WKH�SRSXODWLRQ�
LQFOXGHG���
9�FKURPRVRPHV�DQG�WKH�JHQHUDWLRQ�
ZDV�VWRSSHG�DIWHU�����
9�WULDOV��RU�ZKHQ�WKH�EHVW�
UHVXOWV�GLG�QRW�FKDQJH�DIWHU����
9�WULDOV��ZKHUH�
9�LV�WKH�QXPEHU�RI�YDULDEOHV�WKDW�*$�H[SORUHG��
7KH�SHUIRUPHG�FDVH�VWXG\�H[SORLWHG�WZR�LQGXVWULDO�
GDWDVHWV��$EUDQ�DQG�5RELOODUG��������0DWVRQ�HW�
DO���������RI����DQG����REVHUYDWLRQV�UHVSHFWLYHO\�
DQG� WKH� UHVXOWV� EDVHG�RQ� WKH�005(��3UHG�����
DQG� 0G05(� HYDOXDWLRQ� FULWHULD� UHYHDOHG� WKDW�
WKH�DGMXVWPHQW�RI�WKH�UHXVHG�HIIRUW�REWDLQHG�E\�
DSSO\LQJ�*$�LPSURYHG�WKH�HVWLPDWLRQV�RI�&%5�
HYHQ� LI� WKH� DFKLHYHG� DFFXUDF\� GLG� QRW� VDWLVI\�
WKUHVKROG�SURSRVHG�E\�&RQWH�HW�DO����������$V�D�
PDWWHU�RI�IDFW�DSSO\LQJ�WKH�SURSRVHG�DSSURDFK�RQ�
WKH�,%0�'3�VHUYLFH��0DWVRQ�HW�DO���������GDWDVHW�
DQ�LPSURYHPHQW�RI�����DQG������LV�UHDFKHG�LQ�
WHUPV�RI�005(�DQG�3UHG�����UHVSHFWLYHO\��EXW�WKH�
REWDLQHG�YDOXHV�ZHUH�IDU�HQRXJK�IURP�WKH�SURSRVHG�
WKUHVKROG��L�H��005( ������3UHG���� ������

)XUWKHUPRUH�� WKH� SURSRVHG� DSSURDFKHV� ZDV�
DOVR� FRPSDUDEOH� ZLWK� WKH� PRGHOV� REWDLQHG� E\�
DSSO\LQJ�WUDGLWLRQDO�WHFKQLTXHV�VXFK�DV�RUGLQDU\�
OHDVW�VTXDUH�UHJUHVVLRQ��2/6���&$57�DQG�$11��
RQ�ERWK�WKH�H[SORLWHG�GDWDVHWV�

,Q� �/L� HW� DO��� ������ LW� ZDV� DOVR� SURSRVHG� D�
FRPELQDWLRQ�RI�HYROXWLRQDU\�DSSURDFK�ZLWK�&%5�
DLPLQJ�DW�H[SORLWLQJ�JHQHWLF�DOJRULWKPV�WR�VLPXO�
WDQHRXVO\� RSWLPL]H� WKH� VHOHFWLRQ� RI� WKH� IHDWXUH�
ZHLJKWV�DQG�SURMHFWV��7KH�SURSRVHG�*$�ZRUNHG�RQ�
D�SRSXODWLRQ�RI���
9�FKURPRVRPHV�DQG�H[SORUHG�
WKH�VROXWLRQ�VSDFH�WR�PLQLPL]H�005(�YDOXH�E\�
FRQVLGHULQJ�����
9�HYROXWLRQV��ZKHUH�9� LV� WKH�

QXPEHU� RI� YDULDEOHV��$V� IRU� &%5� PHWKRG� WKH�
DXWKRUV�H[SORLWHG�VHYHUDO�FRPELQDWLRQV�RI�VLPL�
ODULW\�PHDVXUHV��.�YDOXH��DQG�VROXWLRQ�IXQFWLRQV��
7KH�SHUIRUPHG�FDVH�VWXG\�HPSOR\HG�D�KROG�RXW�
YDOLGDWLRQ� RQ� WZR� LQGXVWULDO� GDWDVHWV� �$OEUHFKW�
DQG�*DIIQH\��������'HVKDUQDLV��������DQG� WZR�
DUWLILFLDO�GDWDVHWV��7KH�REWDLQHG�HVWLPDWHV�ZHUH�
FRPSDUHG�ZLWK�WKRVH�DFKLHYHG�E\�DSSO\LQJ�RQO\�
&%5�DQG�WKH�UHVXOWV�VKRZHG�WKDW�WKH�XVH�RI�*$�
FDQ�SURYLGH�VLJQLILFDQWO\�EHWWHU�HVWLPDWLRQV�HYHQ�
LI�WKHUH�ZDV�QR�FOHDU�FRQFOXVLRQ�DERXW�WKH�LQIOX�
HQFH�RI�VLPLODULW\�DQG�VROXWLRQ�IXQFWLRQV�RQ�WKH�
PHWKRG�SHUIRUPDQFH��,W�LV�ZRUWK�WR�QRWKLQJ�WKDW�
RQ�WKH�'HVKDUQDLV��'HVKDUQDLV��������)LQQLH�HW�DO���
������DQG�$OEUHFKW��$OEUHFKW�DQG�*DIIQH\��������
GDWDVHW�WKH�DFFXUDFLHV�RI�WKH�REWDLQHG�HVWLPDWHV�
GLG�QRW�VDWLVI\�WKH�WKUHVKROG�SURSRVHG�E\�&RQWH�
HW�DO����������ZKLOH�WKLV�ZDV�WUXH�IRU�WKH�UHVXOWV�
REWDLQHG�DSSO\LQJ�WKH�SURSRVHG�DSSURDFK�RQ�WKH�
WZR�DUWLILFLDO�GDWDVHWV�

7KH�*$�PHWKRG�ZDV� DOVR� XVHG� WR� LPSURYH�
WKH�DFFXUDF\�RI�DQ�HIIRUW�HVWLPDWLRQ�PRGHO�EXLOW�
E\�FRPELQLQJ�VRFLDO�FKRLFH�DQG�DQDORJ\�EDVHG�
DSSURDFKHV��.RFK�DQG�0LWO|KQHU���������,Q�SDU�
WLFXODU��YRWLQJ�UXOHV�ZHUH�XVHG� WR� UDQN�SURMHFWV�
GHWHUPLQLQJ� VLPLODU� SURMHFWV� DQG� *$� PHWKRG�
ZDV�HPSOR\HG�WR�ILQG�VXLWDEOH�ZHLJKWV�WR�EH�DV�
VRFLDWHG�WR�WKH�SURMHFW�DWWULEXWHV��7R�WKLV�HQG��D�
ZHLJKW�EHWZHHQ���DQG����ZDV�DVVLJQHG�WR�HDFK�
DWWULEXWH�DQG�*$�VWDUWHG�ZLWK�D�SRSXODWLRQ�RI������
UDQGRP�ZHLJKW�YHFWRUV��%\�H[SORLWLQJ�HUURU�EDVHG�
RQ�VXPPDU\�PHDVXUHV��WKH�SURSRVHG�*$�VHDUFKHG�
WKURXJK������JHQHUDWLRQV�DQ�RSWLPDO�DVVLJQPHQW�
IRU� WKH�ZHLJKWV��7KH�YDOLGDWLRQ�RI� WKH�REWDLQHG�
ZHLJKWHG� PRGHO� ZDV� SHUIRUPHG� ZLWK� D� OHDYH�
RQH�RXW�DSSURDFK�E\�FRQVLGHULQJ�DV�GDWDVHW�WKRVH�
XVHG�LQ��$OEUHFKW�DQG�*DIIQH\��������%HUQURLGHU�
DQG�.RFK�� ������%RHKP�� �������7KH� DFFXUDF\�
RI�WKH�SURSRVHG�PRGHO�ZDV�FRPSDUHG�ZLWK�WKDW�
REWDLQHG�E\�DSSO\LQJ�RWKHU�HVWLPDWLRQ�WHFKQLTXHV��
VXFK�DV�/5��$11��&$57��&2&202��DQG�*5$��
7KH�UHVXOWV�UHYHDOHG�WKDW�WKH�SURSRVHG�DSSURDFK�
SURYLGHG�WKH�EHVW�YDOXH�IRU�3UHG�����EXW�WKH�ZRUVW�
005(�YDOXH�ZLWK�UHVSHFW�WR�WKH�RWKHU�WHFKQLTXHV�
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)LQDOO\��ZH�UHSRUW�RQ�WZR�FDVH�VWXGLHV�FDUULHG�
RXW� WR� LQYHVWLJDWH� WKH� FRPELQDWLRQ� RI�*$�ZLWK�
WHFKQLTXHV� QRW� IUHTXHQWO\� HPSOR\HG� IRU� HIIRUW�
HVWLPDWLRQ��%UDJD�HW�DO���������H[SORLWHG�WKH�XVH�
RI�*$V�ZLWK�6XSSRUW�9HFWRU�5HJUHVVLRQ��695��
�&RUWHV�DQG�9DSQLN���������D�PDFKLQH� OHDUQLQJ�
WHFKQLTXHV� EDVHG� RQ� VWDWLVWLFDO� OHDUQLQJ� WKHRU\��
EXLOGLQJ�D�UHJUHVVLRQ�PRGHO�HPSOR\HG�WR�SUHGLFW�
HIIRUW�RI�QRYHO�SURMHFWV�RQ�WKH�EDVLV�RI�KLVWRULFDO�
GDWD��,Q�SDUWLFXODU�WKH\�H[SORLWHG�D�*$�SUHYLRXVO\�
XVHG�WR�VROYH�FODVVLILFDWLRQ�SUREOHPV��+XDQJ�DQG�
:DQJ��������WR�DGGUHVV�WKH�SUREOHPV�RI�IHDWXUH�
VHOHFWLRQ� DQG� 695� �&RUWHV� DQG�9DSQLN�� ������
SDUDPHWHUV�RSWLPLVDWLRQ�DLPLQJ�WR�REWDLQ�EHWWHU�
VRIWZDUH� HIIRUW� HVWLPDWLRQV�� 7KH� SURSRVHG� *$�
VWDUWHG�ZLWK�D�SRSXODWLRQ�RI�����FKURPRVRPHV�DQG�
XVHG�URXOHWWH�ZKHHO�VHOHFWLRQ��WZR�SRLQW�FURVVRYHU��
PXWDWLRQ��DQG�HOLWLVP�UHSODFHPHQW�WR�FUHDWH����JHQ�
HUDWLRQV��$�FRPELQDWLRQ�RI�005(�DQG�3UHG�����LV�
XVHG�DV�ILWQHVV�IXQFWLRQ��7R�HYDOXDWH�WKH�SURSRVHG�
PHWKRG�WKH\�XVHG�WZR�GDWDVHWV��QDPHO\�'HVKDUQDLV�
�'HVKDUQDLV��������DQG�1$6$��2OLYHLUD��������
6KLQ�DQG�*RHO���������DQG�SHUIRUPHG����UXQV�IRU�
HDFK�GDWDVHW��7KH�UHVXOWV�VKRZHG�WKDW�WKH�SURSRVHG�
*$�EDVHG�DSSURDFK�ZDV�DEOH�WR�LPSURYH�WKH�SHU�
IRUPDQFH�RI�695�DQG�RXWSHUIRUPHG�VRPH�UHFHQW�
UHVXOWV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��%UDJD��2OLYHLUD��
DQG�0HLUD�������D��%UDJD��2OLYHLUD��5LEHLUR��DQG�
0HLUD�� �����E��2OLYHLUD�� ������6KLQ� DQG�*RHO��
�������,W�LV�ZRUWK�QRWKLQJ�WR�QRWH�WKDW�WKH�UHVXOWV�
REWDLQHG�DSSO\LQJ�WKH�SURSRVHG�DSSURDFK�RQ�1$6$�
GDWDVHW�VDWLVILHG�WKH�WKUHVKROG�SURSRVHG�E\�&RQWH�
HW�DO����������2Q�WKH�RWKHU�KDQG�DSSO\LQJ�WKH�VDPH�
PHWKRG�RQ�'HVKDUQDLV�GDWDVHW�WKH�REWDLQHG�005(�
YDOXH�LV�QRW�OHVV�WKDQ�������ZKLOH�WKH�3UHG�����LV�
JUHDWHU�WKDQ������

&KLX�DQG�+XDQJ��������LQWHJUDWHG�D�JHQHWLF�
DOJRULWKP�WR�WKH�*UH\�5HODWLRQDO�$QDO\VLV��*5$��
�'HQJ��������PHWKRG�WR�EXLOG�D�IRUPDO�VRIWZDUH�
HVWLPDWLRQ� PHWKRG�� 6LQFH� *5$� LV� D� SUREOHP�
VROYLQJ�PHWKRG�WKDW�LV�XVHG�WR�GHDO�ZLWK�VLPLODULW\�
PHDVXUHV�RI�FRPSOH[�UHODWLRQV��WKH�*$�PHWKRG�
ZDV�DGRSWHG�LQ�WKH�*5$�OHDUQLQJ�SURFHVV�WR�ILQG�
WKH�EHVW� ILW�RI�ZHLJKWV� IRU� HDFK� VRIWZDUH�HIIRUW�

GULYHU�LQ�WKH�VLPLODULW\�PHDVXUHV��7R�WKLV�HQG�WKH�
ZHLJKWV�RI�HDFK�HIIRUW�GULYHU�ZHUH�HQFRGHG�LQ�D�
FKURPRVRPH�DQG� WKH�005(�ZDV� WKH�YDOXH� WR�
EH� RSWLPL]HG��$� FDVH� VWXG\�ZDV� SHUIRUPHG� E\�
H[SORLWLQJ�WKH�&2&202��%RHKP��������DQG�WKH�
$OEUHFKW�GDWDVHWV��$OEUHFKW�DQG�*DIIQH\��������
DQG�WKH�H[SHULPHQWDO�UHVXOWV�VKRZHG�WKDW�ZKHQ�
*$�ZDV�DSSOLHG�WR�WKH�IRUPHU�GDWDVHW�WKH�DFFXUD�
FLHV�RI�WKH�REWDLQHG�HVWLPDWHV�RXWSHUIRUPHG�WKRVH�
REWDLQHG� XVLQJ� &%5�� &$57�� DQG�$11�� ZKLOH�
RQ�$OEUHFKW� GDWDVHW� DOO� WKH� H[SORLWHG� PHWKRGV�
DFKLHYHG�D�FRPSDUDEOH�DFFXUDF\�� ,Q�ERWK�FDVHV�
WKH�DFFXUDF\�REWDLQHG�DSSO\LQJ�WKH�SURSRVHG�DS�
SURDFK�GLG�QRW�VDWLVI\�WKH�WKUHVKROGV�SURSRVHG�E\�
&RQWH�HW�DO���������

)8785(�5(6($5&+�',5(&7,216

7KH� UHVXOWV� VR� IDU�REWDLQHG�XVLQJ�JHQHWLF�DOJR�
ULWKPV�IRU�HIIRUW�HVWLPDWLRQ�DUH�FRPSDUDEOH�ZLWK�
WKRVH�SURYLGHG�E\�RWKHU�ZLGHO\�XVHG�HVWLPDWLRQ�
WHFKQLTXHV�� LQ� WHUPV�RI� WKH� VXPPDU\�PHDVXUHV�
DGRSWHG�IRU�WKH�FRPSDULVRQ��VXFK�DV�005(�DQG�
3UHG�������7KH�DQDO\VLV�RI�WKH�FDVH�VWXGLHV�UHSRUWHG�
LQ�WKH�SUHYLRXV�VHFWLRQV�KDV�DOVR�KLJKOLJKWHG�WKDW�
JHQHWLF�DOJRULWKPV�FDQ�EH�VXLWDEO\�FRPELQHG�ZLWK�
H[LVWLQJ�WHFKQLTXHV�WR�LPSURYH�WKHLU�HVWLPDWLRQ�
DFFXUDF\��7KXV��IXUWKHU�LQYHVWLJDWLRQV�GHVHUYH�WR�
EH�FDUULHG�RXW�WR�DQDO\]H�WKH�XVHIXOQHVV�RI�JHQHWLF�
DOJRULWKPV�LQ�WKH�FRQWH[W�RI�HIIRUW�HVWLPDWLRQ��,Q�
SDUWLFXODU�� DV�KLJKOLJKWHG�DOVR�E\� �%XUJHVV� DQG�
/HIOH\��������/HIOH\�DQG�6KHSSHUG��������/L�HW�
DO���������6KXNOD��������VSHFLILF�HPSLULFDO�VWXGLHV�
VKRXOG�EH�SHUIRUPHG�WR�XQGHUVWDQG�WKH�UROH�SOD\HG�
E\� GLIIHUHQW� FRQILJXUDWLRQV� RI� WKH� HYROXWLRQDU\�
EDVHG�DSSURDFKHV�WR�LPSURYH�WKH�REWDLQHG�HVWL�
PDWHV��7KHVH�FRQILJXUDWLRQV�FRXOG�EH�EDVHG�RQ�

�� 6HYHUDO�¿WQHVV�IXQFWLRQV�SRVVLEO\�QRW�HP�
SOR\HG�LQ�WKH�SUHYLRXV�ZRUNV��,QGHHG��WKH�
FKRLFH�RI�¿WQHVV� IXQFWLRQ�FRXOG� LQÀXHQFH�
WKH�DFKLHYHG�UHVXOWV��+DUPDQ���������SDU�
WLFXODUO\� ZKHQ� WKH� PHDVXUH� XVHG� E\� WKH�
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DOJRULWKP�WR�RSWLPLVH� WKH�HVWLPDWHV� LV� WKH�
VDPH�XVHG�WR�HYDOXDWH�WKH�DFFXUDF\�RI�WKHP�
�%XUJHVV�DQG�/HÀH\���������$Q�H[DPSOH�RI�
QRYHO�¿WQHVV�IXQFWLRQ�PLJKW�EH�D�FRPELQD�
WLRQ�RI�3UHG�����DQG�005(��6XFK�D�FRP�
ELQDWLRQ� FDQ� EH� DFKLHYHG�PD[LPLVLQJ� WKH�
UDWLRQ�EHWZHHQ�WKHVH�WZR�PHWULFV�

�� $JJUHJDWHG� ¿WQHVV� RU� 3DUHWR� RSWLPDOLW\�
WR�FRQVLGHU�D�PXOWL�REMHFWLYH�RSWLPLVDWLRQ�
�+DUPDQ��������

�� $Q� LQWHUDFWLYH� RSWLPLVDWLRQ� DSSURDFK�
ZKHUH�XVHUV�FDQ�LQÀXHQFH�WKH�HYDOXDWLRQ�RI�
¿WQHVV��+DUPDQ��������

�� 2WKHU� FRPELQDWLRQV� RI� JHQHWLF� RSHUDWRUV��
WR�EHWWHU�H[SORUH�WKH�VROXWLRQ�VSDFH�

,W�LV�LPSRUWDQW�WR�VWUHVV�WKDW�IXWXUH�LQYHVWLJD�
WLRQV�VKRXOG�XVH�VWDWLVWLFDO�VLJQLILFDQFH�WHVWV�IRU�
WKH�FRPSDULVRQV�WR�JLYH�D�GHHSHU�LQVLJKW�RQ�WKH�
VLJQLILFDQFH�RI�WKH�UHVXOWV��,W�LV�ZRUWK�QRWLQJ�WKDW�
HPSLULFDO� VWXGLHV� FDUULHG� RXW� VR� IDU� KDYH� EHHQ�
UDUHO\�XVHG�VXFK�WHVWV�

$W�WKH�VDPH�WLPH�RWKHU�FRPELQDWLRQV�RI�HYR�
OXWLRQDU\� DOJRULWKPV� ZLWK� H[LVWLQJ� HVWLPDWLRQ�
WHFKQLTXHV� FRXOG� EH� H[SORUHG�� )RU� H[DPSOH�� D�
JHQHWLF�DOJRULWKP�FRXOG�EH�H[SORLWHG�WR�RSWLPLVH�
D� FUXFLDO� VWHS� LQ� WKH� DSSOLFDWLRQ� RI� WKH� &%5�
WHFKQLTXH��QDPHO\� WKH� IHDWXUH� VXEVHW� VHOHFWLRQ��
0RUHRYHU��RWKHU�HYROXWLRQDU\�DOJRULWKPV�VKRXOG�
EH� LQYHVWLJDWHG� �+DUPDQ�� ������� VXFK� DV�7DEX�
6HDUFK��*ORYHU�DQG�/DJXQD���������QHYHU�XVHG�
IRU�HVWLPDWLQJ�VRIWZDUH�GHYHORSPHQW�HIIRUW��DQG�
6LPXODWHG�$QQHDOLQJ� �0HWURSROLV�� 5RVHQEOXWK��
5RVHQEOXWK��7HOOHU�DQG�7HOOHU���������HPSOR\HG�
RQO\�LQ�D�YHU\�SUHOLPLQDU\�FDVH�VWXG\��8\VDO���������
7KH�HVWLPDWLRQ�SURFHVV�VKRXOG�DOVR�FRPELQH�WZR�
KHXULVWLF�PHWKRGV��,Q�SDUWLFXODU��D�JOREDO�VHDUFK�
FDQ�EH�SHUIRUPHG�WR�ILQG�D�VHW�RI�JRRG�HVWLPDWLRQ�
PRGHOV��7R�WKLV�HQG�D�*HQHWLF�$OJRULWKP��*ROG�
EHUJ�� ������ RU� D� 3DUWLFOH� 6ZDUP�2SWLPL]DWLRQ�
DOJRULWKP��.HQQHG\�DQG�(EHUKDUW��������FDQ�EH�
XVHG��7KHQ��WKLV�VHW�LV�UHILQHG�LQ�D�VHFRQG�VWHS�LQ�
RUGHU�WR�DFKLHYH�WKH�EHVW�HVWLPDWLRQ�PRGHO��6XFK�
D�VWHS�FDQ�EH�SHUIRUPHG�E\�XVLQJ�D�ORFDO�VHDUFK��

H�J���D�6LPXODWHG�$QQHDOLQJ�DOJRULWKP��0HWURSROLV�
HW�DO���������

)LQDOO\�� WKH� REVHUYDWLRQ� WKDW� VR� IDU� WKHUH� LV�
QR� VWXG\� WKDW� WRRN� LQWR� DFFRXQW� QHZ� HPHUJLQJ�
GHYHORSPHQW�HQYLURQPHQWV��VXFK�DV�PRGHO�GULYHQ�
GHYHORSPHQW��DJLOH�WHFKQLTXHV��ZHE�DSSOLFDWLRQV��
VXJJHVWV�WKH�QHHG�WR�DSSO\�HYROXWLRQDU\�DSSURDFKHV�
LQ�WKHVH�FRQWH[WV�

5()(5(1&(6

$EUDQ�� $��� 	� 5RELOODUG�� 3�� 1�� �������� )XQF�
WLRQ� 3RLQWV� $QDO\VLV�� $Q� (PSLULFDO� 6WXG\� RI�
LWV�0HDVXUHPHQW�3URFHVVHV��,(((�7UDQVDFWLRQV�
RQ� 6RIWZDUH� (QJLQHHULQJ�� �������� ���±�����
GRL������������������

$OEUHFKW��6��-���	�*DIIQH\��-��5����������6RIWZDUH�
)XQFWLRQ��6RXUFH�/LQHV�RI�&RGH��DQG�'HYHORSPHQW�
(IIRUW�3UHGLFWLRQ��$�6RIWZDUH�6FLHQFH�9DOLGDWLRQ��
,(((�7UDQVDFWLRQV�RQ�6RIWZDUH�(QJLQHHULQJ��������
���±�����GRL���������76(������������

%HUQURLGHU��(���	�.RFK��6����������(53�6HOHFWLRQ�
3URFHVV�LQ�0LGVL]H�DQG�/DUJH�2UJDQL]DWLRQV��%XVL�
QHVV�3URFHVV�0DQDJHPHQW�-RXUQDO�����������±�����
GRL��������������������������

%RHKP�� %�� :�� �������� 6RIWZDUH� (QJLQHHULQJ�
(FRQRPLFV��(QJOHZRRG�&OLIIV��1-��3UHQWLFH�+DOO�

%UDJD�� 3�� /��2OLYHLUD��$�� /�� ,��	�0HLUD�� 6�� 5��
/�� ��������$� *$�EDVHG� )HDWXUH� 6HOHFWLRQ� DQG�
3DUDPHWHUV�2SWLPL]DWLRQ�IRU�6XSSRUW�9HFWRU�5H�
JUHVVLRQ�$SSOLHG�WR�6RIWZDUH�(IIRUW�(VWLPDWLRQ��
,Q�3URFHHGLQJV�RI�WKH���UG�$&0�V\PSRVLXP�RQ�
$SSOLHG� FRPSXWLQJ�� *DOp� LQ� )RUWDOH]D�� &HDUi��
%UD]LO���SS�������������

%UDJD��3��/���2OLYHLUD��$��/�� ,���	�0HLUD��6��5��
/�� ������D��� 6RIWZDUH� (IIRUW� (VWLPDWLRQ�8VLQJ�
0DFKLQH�/HDUQLQJ�7HFKQLTXHV�ZLWK�5REXVW�&RQIL�
GHQFH�,QWHUYDOV��,Q�3URFHHGLQJV�RI�WKH���WK�,(((�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7RROV�ZLWK�$UWLILFLDO�
,QWHOOLJHQFH��3DWUDV��*UHHFH���YRO�����SS�����������
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%UDJD��3��/���2OLYHLUD��$��/��,���5LEHLUR��*��+��7���
	�0HLUD��6��5��/��������E���%DJJLQJ�3UHGLFWRUV�
IRU� (VWLPDWLRQ� RI� 6RIWZDUH� 3URMHFW� (IIRUW�� ,Q�
3URFHHGLQJV�RI�WKH���WK�,(((�,QWHUQDWLRQDO�-RLQW�
&RQIHUHQFH� RQ�1HXUDO�1HWZRUNV��2UODQGR�� )/��
�SS�������������

%ULDQG��/���(O�(PDP��.���6XUPDQQ��'���:LHN]RUHN��
,���	�0D[ZHOO��.�� ��������$Q�$VVHVVPHQW� DQG�
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