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$EVWUDFW�� 7KH� URERW� SURJUDPV� JHQHUDWHG� E\� *HQHWLF
3URJUDPPLQJ� �*3�� DUH� IRXQG� WR� EH� 
EULWWOH
�� L�H�� WKH\� IDLO� WR
ZRUN�ZKHQ�WKH�HQYLURQPHQW�LV�FKDQJHG���3HUWXUEDWLRQ�KDV�EHHQ
XVHG� WR� LPSURYH� UREXVWQHVV�� � � %\� LQWURGXFLQJ� SHUWXUEDWLRQ
GXULQJ�WKH�HYROXWLRQ�RI�URERW�SURJUDPV��WKH�UREXVWQHVV�RI�URERW
SURJUDPV�FDQ�EH� LPSURYHG�� �7KLV�SDSHU�DQDO\VHV� WKH�FDXVH�RI
WKH�GLIIHUHQFH�RI�UREXVWQHVV�EHWZHHQ�URERW�SURJUDPV�XVLQJ�WKH
FDVH� RI� URERW� QDYLJDWLRQ�SUREOHPV�� � 7KH� DQDO\VLV� LV� EDVHG� RQ
WKH� QRWLRQ� RI� 
WUDFH
� RI� H[HFXWLRQ�� � 7KH� UHVXOW� RI� WKH� DQDO\VLV
VKRZV� WKDW� WKH� UREXVWQHVV� RI� URERW� SURJUDPV� GHSHQGV� RQ� WKH
UHXVH�RI�WKH�
H[SHULHQFH
�WKDW�D�URERW�SURJUDP�DFTXLUHG�GXULQJ
HYROXWLRQ�� � 7R� LPSURYH� UREXVWQHVV�� WKH� VL]H� RI� WKH� VHW� RI

H[SHULHQFH
�VKRXOG�EH�LQFUHDVHG�DQG�RU� WKH�DPRXQW�RI�UHXVLQJ
WKH�
H[SHULHQFH
�VKRXOG�EH�LQFUHDVHG�

.H\�ZRUGV��$XWRPDWLF�5RERW�3URJUDPPLQJ��*HQHWLF
3URJUDPPLQJ��5REXVWQHVV
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2XU� PDLQ� LQWHUHVW� LV� LQ� WKH� DXWRPDWLF� JHQHUDWLRQ� RI� URERW
SURJUDPV�� JLYHQ� D� WDVN� GHVFULSWLRQ� DQG� D� SDUWLFXODU� HQYLURQ�
PHQW�� JHQHUDWH� D� URERW� SURJUDP� WR� SHUIRUP� WKH� WDVN�� *HQHWLF
3URJUDPPLQJ��*3��FDQ�EH�XVHG� WR�VROYH� WKLV�SUREOHP��*3�FDQ
EH� UHJDUGHG� DV� D� SRSXODWLRQ� EDVHG� VHDUFK� WHFKQLTXH� ZKLFK
UHSUHVHQWV�FDQGLGDWH�VROXWLRQV�DV�URERW�SURJUDPV��7KH�FDQGLGDWH
VROXWLRQV�DUH�VDLG�WR�EH�HYROYHG�XQWLO�WKH�VROXWLRQ�LV�IRXQG��*3
XVHV�QDWXUDO�LQVSLUHG�RSHUDWRUV�VXFK�DV�VHOHFWLRQ�� UHSURGXFWLRQ�
FURVVRYHU� DQG� PXWDWLRQ� RSHUDWHG� RQ� FDQGLGDWH� VROXWLRQV� WR
SHUIRUP�WKH�VHDUFK��,W�VHDUFKHV�D�ODUJH�VSDFH�EHIRUH�LW�FDQ�ILQG�D
VROXWLRQ�� 7KHUHIRUH�� IRU� SUDFWLFDO� UHDVRQ�� WKH� VHDUFK� LV
SHUIRUPHG�LQ�D�VLPXODWLRQ�LQ�ZKLFK�WKH�VSHHG�RI�WKH�URERW�LV�QRW
D�OLPLWLQJ�IDFWRU�

(YHQ� LQ� WKH� VLPXODWHG� ZRUOG�� WKH� URERW� SURJUDPV� ZRUN
VXFFHVVIXOO\�RQO\� LQ�D�SDUWLFXODU�HQYLURQPHQW�ZKLFK� WKH\�ZHUH
HYROYHG�RQ��7KH\�PD\�QRW�ZRUN�HYHQ�LQ�WKDW�HQYLURQPHQW�LI�LW�LV
VOLJKWO\� FKDQJHG�� ,W� FDQ� EH� VHHQ� WKDW� WKH� URERW� SURJUDPV
JHQHUDWHG�E\�*3�DUH�IRXQG�WR�EH�µEULWWOH¶�RU�ODFN�RI�UREXVWQHVV�
7KLV�FDQ�EH�D�SUREOHP�ZKHQ�ZH� WUDQVIHU� URERW�SURJUDPV� IURP
VLPXODWHG� ZRUOG� WR� WKH� UHDO� ZRUOG� EHFDXVH� VLPXODWLRQ� FDQQRW
PRGHO�WKH�UHDO�ZRUOG�H[DFWO\��,PSURYLQJ�WKH�UREXVWQHVV�RI�URERW
SURJUDPV�LV�HVVHQWLDO�

,Q�RXU�SUHYLRXV�ZRUN��&KRQJVWLWYDWDQD��������*3�LV�XVHG
WR� JHQHUDWHG� WKH� URERW� SURJUDPV� WKDW� FRQWURO� D� PRELOH� URERW
IURP� D� VWDUWLQJ� SRLQW� WR� D� WDUJHW� SRLQW� LQ� D� FOXWWHUHG� HQYLURQ�
PHQW�� 7KLV� LV� D� NLQG� RI� REVWDFOH� DYRLGDQFH� SUREOHP�� ,Q� WKDW
ZRUN��WKH�UREXVWQHVV�RI�WKH�URERW�SURJUDPV�LV�LPSURYHG�E\�WKH
XVH��RI��SHUWXUEDWLRQ���7KH��HYROXWLRQDU\��SURFHVV��LV��FDUULHG��RXW

�VXFK� WKDW� HDFK� LQGLYLGXDO� LV� HYDOXDWHG� XQGHU� VHYHUDO
HQYLURQPHQWV�WKDW�DUH�WKH�YDULDQW�RI�WKH�RULJLQDO�RQH��7KH�UHVXOW
VKRZV� WKDW� URERW� SURJUDPV� HYROYHG� XQGHU� VXFK� VFKHPH� DUH
IRXQG�WR�EH�PRUH�UREXVW�

,Q� WKLV� ZRUN�� ZH� LQYHVWLJDWH� WKH� FDXVH� RI� UREXVWQHVV
LPSURYHPHQW� E\� XVLQJ� WKH� VDPH� FDVH� DV� &KRQJVWLWYDWDQD
��������:H�UHSHDW�WKH�H[SHULPHQW�ZLWK�D� ODUJH�QXPEHU�RI� UXQV
DQG� FROOHFW� VWDWLVWLFDO� GDWD� RI� URERW� EHKDYLRU�� 2XU� DQDO\VLV� LV
EDVHG�RQ�WKH�QRWLRQ�RI�µWUDFH¶��$�WUDFH�LV�D�UHFRUG�RI�VHTXHQFH�RI
URERW¶V� SULPLWLYH� DFWLRQV� GXULQJ� WKH� H[HFXWLRQ� LQ� DQ
HQYLURQPHQW�� $� VHW� RI� WUDFH� LQ� ZKLFK� WKH� URERW� PHHWV� LQ� WKH
WUDLQLQJ�SHULRG�LV�FDOOHG�URERW¶V�µH[SHULHQFH¶��:H�IRXQG�WKDW�WKH
PRUH� UREXVW� URERW� SURJUDP� FDQ� UHXVH� LWV� H[SHULHQFH� GXULQJ
H[HFXWLRQ�LQ�WKH�XQVHHQ�HQYLURQPHQW�

KH� UHVW� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �
UHYLHZV�SUHYLRXV�ZRUN���6HFWLRQ���LQWURGXFHV�WKH�SUREOHPV�DQG
WKH�H[SHULPHQWDO�VHW�XS�� �6HFWLRQ���HODERUDWHV�KRZ� WR� LPSURYH
UREXVWQHVV�� � 7KH� DQDO\VLV� LV� GRQH� LQ� 6HFWLRQ� ��� � 6HFWLRQ� �
FRQFOXGHV�WKH�SDSHU�DQG�GLVFXVVHV�IXWXUH�ZRUN�

���5(/$7('�:25.

,Q� WKLV� VHFWLRQ� ZH� GLVFXVV� VRPH� RI� SUHYLRXV� ZRUNV� WR
GHPRQVWUDWH� WKH� XVH� RI� *3� WR� JHQHUDWH� URERW� SURJUDPV�� WKH
UREXVWQHVV� RI� WKRVH� SURJUDPV� DQG� WKH� DWWHPSW� WR� SURPRWH� WKH
UREXVWQHVV�

,Q�&KRQJVWLWYDWDQD�DQG�3ROYLFKDL���������*3�ZDV�XVHG�WR
JHQHUDWH�URERW�SURJUDPV�WKDW�FRQWURO�D�UHDO�URERW�DUP�DYRLGLQJ
WKH� REVWDFOHV� WR� UHDFK� WKH� WDUJHW� E\� YLVXDO� IHHGEDFN� IURP� WKH
UHDO�ZRUOG���7KH\�XVHG�WKH�VLPXODWLRQ�LQ�RUGHU�WR�EH�WKH�OHDUQLQJ
HQYLURQPHQW� IRU� *3� WR� VHDUFK� IRU� WKH� VROXWLRQV�� 7KHQ� WKH\
WUDQVIHUUHG� WKH� URERW� SURJUDPV� WR� SHUIRUP� D� WDVN� LQ� WKH� UHDO
URERW�DUP��7KH�UHVXOW�VKRZV�ZKHQ�WKHUH�DUH�VPDOO�FKDQJHV�VXFK
DV�DQ�REVWDFOH�LV�PRYHG�IURP�LWV�SRVLWLRQ�RU�WKH�URERW�PLVVHV�D
VWHS� GXH� WR� UDQGRP� QRLVH� LQ� WKH� UHDO�ZRUOG�� WKH� URERW� IDLOV� WR
ZRUN� HYHQ� WKRXJK� WKDW� URERW� SURJUDP� SHUIRUPV� ZHOO� DQG
VXFFHVVIXOO\�LQ�WKH�VLPXODWLRQ���,Q�PRVW�FDVHV��WKH�HYROXWLRQDU\
SURFHVV� FDSLWDOL]HV� RQ� WKH� GHWHUPLQLVWLF�� UHSHDWDEOH� QDWXUH� RI
ILWQHVV�WHVWV��7KH�LQGLYLGXDO�LV�UHSHDWHGO\�HYDOXDWHG�LQ�D�FHUWDLQ
HQYLURQPHQW�� 7KH� VROXWLRQ� RQO\� FDSWXUHV� SDUWLFXODU
FKDUDFWHULVWLFV�RI�WKH�HQYLURQPHQW�

0DQ\� UHVHDUFKHUV� SURSRVH� DSSURDFKHV� WR� LQFUHDVH
UREXVWQHVV�RI�WKH�HYROYHG�SURJUDP��5H\QROGV�����D��XVHG�QRLVH
WR�SURPRWH� UREXVWQHVV� LQ� WKH�REVWDFOH�DYRLGDQFH�SUREOHP��7KH
URERW� KDV� WR� PRYH� DORQJ� WKH� FRUULGRU� HQYLURQPHQW� ZLWKRXW
FUDVKLQJ�WKH�ZDOO���7KH�QRLVH�FRQVLVWV�RI�DQ�HUURU�LQ�WKH�URERW¶V
LQSXW� VHQVRU� DQG� WKH� RXWSXW� DFWXDWRU�� ,Q� WKLV� ZRUN�� 5H\QROGV
FRXOG� QRW� HYROYH� UREXVW� FRQWUROOHU� SURJUDPV�� /DWHU�� 5H\QROGV
�����E�� FKDQJHG� IURP� XVLQJ� D� YDULDEOH� VHQVRU� DSSURDFK� WR� D



IL[HG�VHQVRU�DSSURDFK��ZKLOH�PDLQWDLQLQJ�QRLVH��� ,QWHUHVWLQJO\�
LW� ZDV� WKLV� PRGLILFDWLRQ� WKDW� SURGXFHG� PRUH� UREXVW� VROXWLRQV�
+H�FRQFOXGHV� WKDW�*3� LV� FDSDEOH�RI� HYROYLQJ� UREXVW� VROXWLRQV�
DQG� WKDW� QRLVH� GLVFRXUDJHV� EULWWOH� VROXWLRQV��$QRWKHU� DSSURDFK
WR� FRSH� ZLWK� FKDQJHV� LV� FRHYROXWLRQ�� %URZQH� ������� XVHG
FRHYROXWLRQ� WHFKQLTXH� WR� FRHYROYH� YLVLRQ�EDVHG� REVWDFOH
DYRLGDQFH� DJHQWV�� ,WR�� ,ED� DQG� .LPXUD� ������� IRXQG� WKDW� WKH
UHGXQGDQF\� RI� SURJUDP� ZDV� HIIHFWLYH� IRU� JHQHUDWLQJ� UREXVW
URERW�SURJUDP�LQ�D�ER[�PRYLQJ�SUREOHP��3UDWHHSWRQJNXP�DQG
&KRQJVWLWYDWDQD� ������� H[DPLQHG� UREXVWQHVV� LPSURYHPHQW� RI
URERW�SURJUDPV�XVLQJ�IXQFWLRQ�VHW�WXQLQJ�

2XU� SUHYLRXV� ZRUN�� &KRQJVWLWYDWDQD�������� LQ� WKH
REVWDFOH� DYRLGDQFH�SUREOHP�� WKH� UREXVWQHVV�RI� URERW� SURJUDPV
LV� LPSURYHG�E\� WKH�XVH�RI� SHUWXUEDWLRQ��7KH� LGHD� LV� WR� SHUWXUE
WKH� VLPXODWHG� HQYLURQPHQW� GXULQJ� HYROXWLRQ� RI� WKH� VROXWLRQ�
(DFK� LQGLYLGXDO� LV� HYDOXDWHG� XQGHU� VHYHUDO� HQYLURQPHQWV� WKDW
DUH�SHUWXUEHG�IURP�WKH�RULJLQDO�RQH��:H�XVH�WKH�VDPH�DSSURDFK
LQ�WKLV�H[SHULPHQW�DQG�DQDO\VH�LWV�UHVXOW�
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7KLV� VHFWLRQ� GHVFULEHV� WKH� H[SHULPHQW� IRU� JHQHUDWLQJ� D� URERW
SURJUDP� E\� *3� XQGHU� WKH� QRUPDO� VLPXODWLRQ� ZLWKRXW
SHUWXUEDWLRQ��7KHQ�ZH�LQWURGXFH�WKH�SHUWXUEDWLRQ�WR�LPSURYH�WKH
UREXVWQHVV�

����([SHULPHQWDO�6HW�XS

2XU�SUREOHP�LV�WR�ILQG�D�URERW�SURJUDP�WKDW�FRQWURO�D�URERW�LQ�D
SDUWLFXODU� FOXWWHUHG� HQYLURQPHQW� IURP� WKH� VWDUWLQJ� SRLQW� WR� WKH
WDUJHW��7KH�VL]H�RI�WKH�HQYLURQPHQW�DV�VKRZQ�LQ�ILJXUH���LV����u
���� XQLW�� 7KHUH� DUH� PDQ\� REVWDFOHV� GLVWULEXWHG� LQ� WKLV
HQYLURQPHQW�� 7KH� REVWDFOHV� KDYH� VHYHUDO� JHRPHWULFDO� VKDSHV�
HDFK� KDV� WKH� DYHUDJH� VL]H� RI� ��u��� XQLW�� 7KH� WRWDO� DUHD� RI� DOO
REVWDFOHV� LV� DERXW� ���� RI� WKH� HQYLURQPHQW� ZKROH� DUHD�� 7KH
VWDUWLQJ�SRLQW�DQG�WKH�WDUJHW�DUH�IL[HG�LQ�WKH�SRVLWLRQ�DV�VKRZQ�
7KH�PRELOH�URERW�KDV�URXQG�VKDSH�ZLWK�LWV�UDGLXV���XQLW��,W�KDV
FDSDELOLW\�WR�PRYH�IRUZDUG�LQ�WKH�GLUHFWLRQ�RI�LWV�KHDG��WXUQ�OHIW
DQG�ULJKW��7KHUH�DUH�VHQVRUV�IRU�GHWHFWLRQ�WKH�FROOLVLRQ�ZLWK�WKH
REVWDFOH�� DQG� WDUJHW� GHWHUPLQHG� VHQVRUV� LQ� ERWK� OHIW� DQG� ULJKW
VLGH�RI�LWV�ERG\��)LJXUH���VKRZ�WKH�URERW�GHWDLO�

7KH� WHUPLQDO� VHW� LQ� RXU� H[SHULPHQW� LV� ^IRUZDUG�
WXUQ/HIW�� WXUQ5LJKW�� VPHOO/HIW�� VPHOO5LJKW`�� (DFK� RI� WKHP
DFWLYDWHV� WKH� URERW¶V�SULPLWLYH�DFWLRQ��$OO�RI� WHUPLQDOV� KDYH� WR
UHWXUQ� WKH�YDOXH�DIWHU�H[HFXWLRQ��7KH�IRUZDUG�PRYHV� WKH� URERW
LQ� WKH� GLUHFWLRQ�RI� LWV� KHDG� E\� �� XQLW�� UHWXUQ� �� LI� LW� FDQ�PRYH
VXFFHVVIXOO\� DQG� UHWXUQ� �� ZKHQ� LW� FUDVKHV� VRPH� REVWDFOHV� RU
ZDOO��7KH�WXUQ/HIW� DQG�WXUQ5LJKW� FKDQJH� WKH� URERW� GLUHFWLRQ
E\�����q�RI�LWV�SUHYLRXV�GLUHFWLRQ�LQ�ERWK�OHIW�RU�ULJKW�RULHQWDWLRQ

)LJXUH����7KH�HQYLURQPHQW�LQ�RXU�H[SHULPHQW

)LJXUH����7KH�PRELOH�URERW�LQ�RXU�H[SHULPHQW

ZKLOH� PDLQWDLQ� WKH� SUHYLRXV� SRVLWLRQ�� ERWK� RI� WKHVH� UHWXUQ� ��
7KH� VPHOO/HIW� DQG� VPHOO5LJKW� DFWLYDWH� WDUJHW� GHWHUPLQHG
VHQVRU� LQ� HDFK� VLGH�� ,W� GHWHUPLQHV�ZKHWKHU� RU� QRW� WKHUH� LV� WKH
WDUJHW�LQ�HDFK�VHQVRU�DUHD��VHH�ILJXUH�����7KH�UHWXUQ�YDOXH�LV���LI
WKHUH�LV�WKH�WDUJHW�LQ�WKDW�DUHD�DQG�LV���RWKHUZLVH��7KH�IXQFWLRQ
VHW�ZH�XVH�KHUH�LV�^,)�$1'��,)�25��,)�127`�ZLWK�WKH�DULW\�����
DQG���UHVSHFWLYHO\��,W�LV�WKH�EDVLF�FRQWURO�IORZ�IXQFWLRQ�WKDW�FDQ
EH�XVHG�LQ�DQ\�SUREOHPV�

7KH� ILWQHVV�PHDVXUHPHQW� LV� EDVHG�RQ� WKH�GLVWDQFH�RI� WKH
URERW¶V�ILQDO�SRVLWLRQ�DQG�WKH�QXPEHU�RI�LWV�SULPLWLYH�DFWLRQV��,W
LV�PHDVXUHG�DIWHU� WKH� WHUPLQDWLRQ�RI�HDFK� LQGLYLGXDO��ZKHQ� WKH
URERW�UHDFK�WKH�WDUJHW�RU�LW�H[HFXWHV�PRUH�WKDQ�������WHUPLQDOV�
7KH�ILWQHVV�IXQFWLRQ�LV

����������������������I� ��������u�ILQDO'LVW����QXP7HUP3DVV�����������

ZKLFK�ILQDO'LVW�� LV�(XFOLGHDQ�GLVWDQFH�RI�WKH�ILQDO�SRVLWLRQ�DQG
WKH� WDUJHW� SRLQW�� QXP7HUP3DVV�� LV� WKH� QXPEHU� RI� H[HFXWHG
WHUPLQDOV��7KH�VPDOOHU�YDOXH�RI�ILWQHVV�LV�EHWWHU��7KH�SDUDPHWHUV
IRU� *3� UXQ� DUH� VKRZQ� LQ� WDEOH� ��� 1RWH� WKDW� ZH� GR� QRW� XVH
PXWDWLRQ� RSHUDWRU� LQ� WKLV� H[SHULPHQW�� 2XU� FURVVRYHU� RSHUDWRU
GRHV�QRW�OLPLW�WKH�KHLJKW�RI�WKH�RIIVSULQJ�

����5REXVWQHVV�WHVWLQJ

7KH�UREXVWQHVV�RI�WKH�URERW�SURJUDP�LV�GHILQHG�DV�DQ�DELOLW\�RI
WKH� URERW� SURJUDP� WR�SHUIRUP� VXFFHVVIXOO\� LQ� WKH� HQYLURQPHQW
WKDW�LW�QHYHU�PHHWV���,Q�RUGHU�WR�PHDVXUH�WKH�UREXVWQHVV�RI�URERW
SURJUDP�� ZH� FUHDWH� D� QXPEHU� RI� WHVWLQJ� HQYLURQPHQWV� E\
SHUWXUELQJ� WKH� RULJLQDO� HQYLURQPHQW�� )URP� WKH� RULJLQDO
HQYLURQPHQW��ZH�UDQGRPO\�VHOHFW�WKH�REVWDFOH�DQG�PRYH�LW�IURP
WKH� RULJLQDO� SRVLWLRQ� IRU� �� XQLWV� LQ� D� UDQGRP� GLUHFWLRQ�� 7KH
QXPEHU� RI� REVWDFOHV� WKDW� LV� PRYHG� LV� FDOOHG� WKH� SHUFHQW� RI
GLVWXUEDQFH��G�

G� ��QXPEHU�RI�REVWDFOHV�WKDW�DUH�PRYHG���u���������������
��������������������WRWDO�QXPEHU�RI�REVWDFOHV

7DEOH����3DUDPHWHUV�RI�*3�LQ�WKH�H[SHULPHQW

3RSXODWLRQ �������SURJUDPV
LQLWLDO�VL]H�RI�DQ�LQGLYLGXDO �����V\PEROV
0D[LPXP�JHQHUDWLRQ ����
5HSURGXFWLRQ�UDWH ����
&URVVRYHU�UDWH ����
0XWDWLRQ�UDWH ������GR�QRW�XVH��
QXPEHU�RI�UHSHDWHG�UXQ ����UXQV

��5RERW ���7DUJHW

��6PHOO/HIW��6HQVRU��$UHD ��6PHOO5LJKW��6HQVRU��$UHD

��%XPS�6HQVRU

�7DUJHW�6HQVRU

����5RERW

��5RERW�+HDG



:H�FUHDWH��������WHVWLQJ�HQYLURQPHQWV� �DQG�GLYLGH� WKHP
LQWR� ��� JURXSV�� HDFK� KDV� GLIIHUHQW� RI�G�� FDOO�G7HVW� �� WKDW� YDULHV
IURP����� WR������ �HDFK�JURXS�KDV������� HQYLURQPHQWV���:H
WKHQ�VHOHFW�WKH�VROXWLRQ�RI�WKH�H[SHULPHQW�DV�WKH�EHVW�LQGLYLGXDO
IURP� WKH� PD[LPXP� JHQHUDWLRQ�� DQG� HYDOXDWH� LW� XQGHU� WKHVH
JURXSV� RI� HQYLURQPHQW�� 7KH� UREXVWQHVV� LV� PHDVXUHG� LQ� HDFK
JURXS�RI�HQYLURQPHQW�DV�WKH�SHUFHQW�RI�QXPEHU�RI�HQYLURQPHQW
WKDW� WKH� URERW� SURJUDP� FDQ� FRQWURO� URERW� WR� WKH� WDUJHW
VXFFHVVIXOO\��GHQRWHG�DV�5�G7HVW��

���52%8671(66�,03529(0(17

,Q� WKH�HYROXWLRQDU\�SURFHVV�� WKH� LQGLYLGXDO� LV� HYDOXDWHG� LQ�RQH
VWDWLF� HQYLURQPHQW�� � 7R� LPSURYH� UREXVWQHVV� ZH� LQWURGXFH
SHUWXUEDWLRQ� GXULQJ� HYROXWLRQ� RI� WKH� VROXWLRQV�� � � � (DFK
LQGLYLGXDO�LV�HYDOXDWHG�LQ�D�QXPEHU�RI�HQYLURQPHQWV���$�QXPEHU
RI� WUDLQLQJ� HQYLURQPHQWV� DUH� FUHDWHG� IURP� RQH� RULJLQDO
HQYLURQPHQW� XVLQJ� SHUWXUEDWLRQ� VLPLODU� WR� WKH� ZD\� WKH� WHVWHG
HQYLURQPHQWV�DUH�FUHDWHG��7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�E\
YDU\LQJ� SHUWXUEDWLRQ� LQ� WZR� ZD\V�� ��� YDU\LQJ� WKH� QXPEHU� RI
HQYLURQPHQW�GXULQJ�WUDLQLQJ��NHHSLQJ�WKH�SHUFHQW�RI�GLVWXUEDQFH
FRQVWDQW�� ��� YDU\LQJ� WKH� SHUFHQW� RI� GLVWXUEDQFH� G7UDLQ� GXULQJ
WUDLQLQJ��NHHSLQJ� WKH�QXPEHU�RI�HQYLURQPHQW�FRQVWDQW�� � � � �7KH
LQGLYLGXDO� WKDW� ZRUNV� VXFFHVVIXOO\� LQ� PRUH� HQYLURQPHQWV� ZLOO
KDYH� WKH�KLJKHU�FKDQFH� WR�EUHHG� WKH�QH[W�JHQHUDWLRQ�RIIVSULQJ�
$Q� LQLWLDO� HQYLURQPHQW� (� LV� SHUWXUEHG� WR� SURGXFH� (¶�� :H
SURGXFH����QHZ�HQYLURQPHQWV�E\�SHUWXUE� WKH�RULJLQDO�RQH�(�¶�
WR�EHFRPH�(�¶�WR�(��¶�

����9DU\LQJ�WKH�QXPEHU�RI�HQYLURQPHQW

:H�XVH�SHUFHQW�RI�GLVWXUEDQFH�HTXDO�WR�����WR�FUHDWH�WKHVH�QHZ
HQYLURQPHQW�� �G7UDLQ� ������:H�VHW�XS���GLIIHUHQW�H[SHULPHQWV
WKDW�GLIIHU�LQ�WKH�QXPEHU�RI�WUDLQLQJ�HQYLURQPHQWV�RU�Q��Q� ������
���������������DQG�����

����9DU\LQJ�WKH�SHUFHQW�RI�GLVWXUEDQFH

7KH�QXPEHU�RI�HQYLURQPHQW�LV������7KH�SHUFHQW�RI�GLVWXUEDQFH
G7UDL�LV�YDULHG����������DQG�����

,Q� HDFK� H[SHULPHQW�� WKH� HYROXWLRQ� LV� SHUIRUPHG� E\� HYDOXDWLQJ
HDFK�LQGLYLGXDO�XQGHU�D�QXPEHU�RI�HQYLURQPHQWV��VD\V�(��WR�(Q¶�
1RWH� WKDW�� LQ� WKH� H[SHULPHQW� ZKHUH� Q�  � ��� LW� LV� WKH� QRUPDO
VLPXODWLRQ�ZLWKRXW�SHUWXUEDWLRQ��7KH�ILWQHVV�RI�HDFK� LQGLYLGXDO
LV�HYDOXDWHG�E\�WRWDOLQJ�DOO�WKH�ILWQHVV�YDOXH� IQ� ��ZKHUH� IQ� LV� WKH
ILWQHVV�XQGHU�WKH�HQYLURQPHQW�Q�

)LJXUH� ��� 7KH� UREXVWQHVV� RI� URERW� SURJUDPV�� YDU\LQJ� WKH
QXPEHU�RI�HQYLURQPHQWV

)LJXUH����7KH�UREXVWQHVV�RI�URERW�SURJUDPV��YDU\LQJ�WKH�SHUFHQW
RI�GLVWXUEDQFH

�����5HVXOW

:H� UXQ� HDFK� H[SHULPHQW� UHSHDWHGO\� IRU� ��� UXQV� ZLWK� WKH
GLIIHUHQW�LQLWLDO�SRSXODWLRQ�LQ�HDFK�UXQ��7KH�UREXVWQHVV�RI�HDFK
H[SHULPHQW� LV� FRPSXWH� E\� DYHUDJH� WKH� UREXVWQHVV� RI� WKH
VROXWLRQ�IURP�HYHU\�UXQ��)LJXUH���VKRZV�WKH�UREXVWQHVV�UHVXOW�RI
WKH� H[SHULPHQW� RI� ���� DQG� ILJXUH� �� VKRZV� WKH� UHVXOW� RI� WKH
H[SHULPHQW�RI�������1RWH�WKDW�DW�SRLQW�G7HVW� �����WKH�UREXVWQHVV
RI� DOO� H[SHULPHQW� LV� ����� EHFDXVH� RI� WHVWLQJ� LQ� WKH� RULJLQDO
HQYLURQPHQW�� )URP� WKLV� UHVXOW�� LW� LV� FOHDU� WKDW� LQWURGXFLQJ
SHUWXUEDWLRQ�GXULQJ� WKH�HYROXWLRQ�RI� WKH� VROXWLRQV�FDQ� LPSURYH
WKH�UREXVWQHVV�RI�WKH�VROXWLRQV�

���$1$/<6,6�2)�52%8671(66

,Q� WKLV� VHFWLRQ�� ZH� LQYHVWLJDWH� WKH� FDXVH� RI� LPSURYHPHQW� RI
UREXVWQHVV� E\� XVLQJ� WKH� UHVXOW� IURP� WKH� H[SHULPHQWV�� � 2XU
DQDO\VLV�LV�EDVHG�RQ�WKH�QRWLRQ�RI�µWUDFH¶�

����7UDFH

7KH�LQGLYLGXDO�RU�URERW�SURJUDP�FDQ�EH�UHSUHVHQWHG�LQ�WUHH�IRUP
�ILJXUH������$�URERW�SURJUDP�LV�HYDOXDWHG�VWDUWLQJ�IURP�WKH�URRW
WKURXJK� WKH� OHDI� QRGH�� � 7KLV� SURFHVV� LV� UHSHDWHG� XQWLO� WKH
WHUPLQDWLRQ�FULWHULD�LV�PHW�� � �7KH�H[HFXWLRQ�RI�D�URERW�SURJUDP
SURGXFHV� D� QXPEHU� RI� VHTXHQFHV� RI� DFWLRQV�� � :H� GHILQH� WKLV
VHTXHQFH�DV�D�µWUDFH¶�

����$QDO\VLV�RI�WUDFHV

7KH� WUDFHV�RI� VROXWLRQ� IRU� DOO� UXQV� LQ�ERWK� WUDLQLQJ� DQG� WHVWLQJ
SKDVHV�ZHUH�FROOHFWHG��:H�GHILQH�D�VHW�/�DV�D�FROOHFWLRQ� WUDFHV
RI��URERW��SURJUDPV��WKDW��KDYH��EHHQ�HYROYHG�XQGHU�D�QXPEHU�RI

)LJXUH����7KH�VDPSOH�RI�URERW�SURJUDP

,)�$1'

VPHOO/HIW IRUZDUG WXUQ/HIW ,)�127

VPHOO5LJKW IRUZDUG WXUQ5LJKW
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)LJXUH����5HODWLRQVKLS�RI��VHW�RI�WUDFHV

HQYLURQPHQWV�� VD\V� Q�� GXULQJ� WUDLQLQJ� SKDVH�� $� VHW� /� FDQ� EH
UHJDUGHG� DV� D� URERW¶V� µH[SHULHQFH¶� RU� WKH� UHVSRQVH� WR� WKH
GLIIHUHQW�VLWXDWLRQ�WKDW�URERW�KDV�OHDUQHG��6HW�/�LV�WKH�VXEVHW�RI
DOO�SRVVLEOH�WUDFHV�RI�WKDW�URERW�SURJUDP��GHQRWHG�DV�<�

:H� GHILQH� D� VHW� $L�� D� FROOHFWLRQ� RI� WUDFHV� ZKHQ� WKH� URERW
SURJUDP� LV� H[HFXWHG� LQ� WHVWLQJ� HQYLURQPHQWV�� )LJXUH� �� VKRZV
WKH�UHODWLRQ�EHWZHHQ�/�DQG�HDFK�RI�$L���:KHQ�H[HFXWLQJ�D�URERW
SURJUDP�LQ�DQ�XQVHHQ�HQYLURQPHQW��WKH�URERW�XVHV� LWV�DFTXLUHG
H[SHULHQFH�� �7KLV� QRWLRQ� FDQ�EH� FDSWXUHG�ZLWK� WKH� LQWHUVHFWLRQ
EHWZHHQ�/�DQG�$L���7KH�DPRXQW�RI�WKH�XVH�RI�WKH�H[SHULHQFH�RI�D
URERW�SURJUDP�ZKHQ�H[HFXWLQJ�LQ�L�WK�HQYLURQPHQW��6L�LV�GHILQHG
DV

ZKHUH�_�_�LV�GHQRWHG�DV�WKH�FDUGLQDOLW\
RI�WKH�VHW�RU�WKH�QXPEHU�RI�HOHPHQW�LQ�WK

7KH�YDOXH�ZKLFK�ZH¶UH� LQWHUHVWHG� LQ� LV
:H�FRPSXWH�WKH�DYHUDJH�RI�6L�IRU�DOO�WHV
WKH�LQGLYLGXDO�WKDW�SHUIRUPHG�VXFFHVVIX
IRU�WKH�LQGLYLGXDO�WKDW�IDLOHG�LV�GHQRWHG�
WKH�UHVXOW�RI�WKH�H[SHULPHQW�������7DEOH�
H[SHULPHQW� ����� � � � )LJXUH� �� VKRZV� WK
UREXVWQHVV� 5�G7HVW�� DQG� 6$OO�� � )LJXUH� �
EHWZHHQ�6$OO�DQG�_�/�_���,W�FDQ�EH�VHHQ�WKD
DIWHU� LQFUHDVLQJ� WKH� SHUWXUEDWLRQ� OHYHO
UREXVWQHVV� LV� LPSURYHG� DV� D� UHVXOW�� � $
ODUJHU� VHW� RI� µH[SHULHQFH¶� DQG� DOVR� UHX
7DEOH���DQG����WKH�VXFFHVVIXO�LQGLYLGXD

XQVXFFHVVIXO� LQGLYLGXDO� �66XFF� !�6)DLO� LQ� DOO� VHWWLQJ���7KH� OLQHDU
FRUUHODWLRQ�FRHIILFLHQW��U��RI�HDFK�FXUYH�LV�VKRZQ�LQ�WKH�JUDSKV�
7KH�FRQFOXVLRQ�FDQ�EH�PDGH�WKDW�5REXVWQHVV�v�6$OO��

)LJXUH����5HODWLRQVKLS�RI�UREXVWQHVV�DQG�6$OO�RI�DOO�H[SHULPHQWV

7DEOH����$QDO\VLV�RI�UREXVWQHVV�UHVXOW�LQ

DW�G([SHULPHQW

5HVXOW 5�G7HVW� 6$OO��
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H�VHW�

� WKH� DYHUDJH� VL]H�RI�/� �
WLQJ�HQYLURQPHQWV��6�IRU
OO\�LV�GHQRWHG�E\�66XFF��6
E\�6)DLO���7DEOH���VKRZV
��VKRZV�WKH�UHVXOW�RI�WKH
H� UHODWLRQVKLS� EHWZHHQ
� VKRZV� WKH� UHODWLRQVKLS
W�6$OO�DQG�_�/�_�DUH�ODUJHU
� GXULQJ� WUDLQLQJ�� � 7KH
� UREXVW� VROXWLRQ� KDV� D
VHV� WKHP� PRUH�� � )URP
O�KDV�D�KLJKHU�6�WKDQ�WKH

)LJXUH����5HODWLRQVKLS�RI�_�/�_�DQG�6$OO�RI�DOO�H[SHULPHQWV

�HDFK�H[SHULPHQW�ZKHQ�YDULHV�QXPEHU�RI�WUDLQLQJ�HQYLURQPHQWV

7HVW� ��� DW�G7HVW� ���

66XFF� 6)DLO�� 5�G7HVW� 6$OO�� 66XFF� 6)DLO��
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7DEOH����$QDO\VLV�RI�UREXVWQHVV�UHVXOW�RI�7UDLQ���H[SHULPHQW�ZKHQ�YDULHV�G7UDLQ���������DQG����

DW�G7HVW� ��� DW�G7HVW� ���([SHULPHQW
7UDLQ�� 5�G7HVW� 6$OO�� 66XFF� 6)DLO�� 5�G7HVW� 6$OO�� 66XFF� 6)DLO��
G7UDLQ ��� ����� ����� ����� ����� ����� ����� ����� ����� ��

G7UDLQ ��� ����� ����� ����� ����� ����� ����� ����� ����� ���

G7UDLQ ��� ����� ����� ����� ����� ����� ����� ����� ����� ��

���&21&/86,21

)URP�RXU�DQDO\VLV��WKH�UREXVWQHVV�RI�URERW�SURJUDP�LV�LPSURYHG
E\� XVLQJ� SHUWXUEDWLRQ� GXULQJ� HYROXWLRQ�� � 3HUWXUEDWLRQ� FDQ� EH
LQWURGXFHG�E\�XVLQJ�D�QXPEHU�RI�WUDLQLQJ�HQYLURQPHQWV�DQG�E\
LQFUHDVLQJ� WKH�SHUWXUEDWLRQ� OHYHO� LQ�HDFK� WUDLQLQJ�HQYLURQPHQW�
5REXVWQHVV� LV� LQFUHDVHG� EHFDXVH� RI� WKH� ODUJHU� VL]H� RI� URERW¶V
H[SHULHQFH� DQG� WKH� DELOLW\� RI� UHXVLQJ� WKH� H[SHULHQFH� LQ� WKH
XQVHHQ�HQYLURQPHQW�

7KH� DQDO\VLV� RI� UREXVWQHVV� JLYHV� PDQ\� LQVLJKWV� RQ� WKH
EHKDYLRU�RI�*3�JHQHUDWHG�URERW�SURJUDPV�DQG�RQ�ILQGLQJ�PRUH
UREXVWQHVV� LPSURYHPHQW� WHFKQLTXHV�� 2XU� FXUUHQW� DFWLYLW\� LV
FRQFHQWUDWHG� RQ� YDOLGDWLQJ� WKLV� VFKHPH� ZLWK� WKH� UHDO� URERW
SHUIRUPLQJ�LQ�WKH�UHDO�ZRUOG�

���5()(5(1&(6

%URZQH�� '�� �������� ³9LVLRQ�%DVHG� 2EVWDFOH� $YRLGDQFH�� $
&RHYROXWLRQDU\� $SSURDFK´� %DFKHORU� 'HJUHH� 7KHVLV� LQ
'HSDUWPHQW�RI�6RIWZDUH�'HYHORSPHQW��0RQDVK�8QLYHUVLW\�
$XVWUDOLD�

&KRQJVWLWYDWDQD��3��DQG�-��3ROYLFKDL���������³/HDUQLQJ�D�9LVXDO
7DVN�E\�*HQHWLF�3URJUDPPLQJ´��,Q�3URF��RI�,(((�56-�,QW�
&RQI��RQ�,QWHOOLJHQW�5RERWV�DQG�6\VWHP��2VDND�

&KRQJVWLWYDWDQD�� 3�� �������� ³,PSURYH� 5REXVWQHVV� RI� 5RERW
3URJUDPV�*HQHUDWHG�E\�*HQHWLF�3URJUDPPLQJ�IRU�'\QDPLF
(QYLURQPHQWV´�� ,Q� 3URF�� RI� $VLD�3DVLILF� &RQIHUHQFH� RQ
&LUFXLWV�DQG�6\VWHPV��$3&&$6�����&KLDQJPDL��7KDLODQG�

,WR�� 7��� +�,ED�� DQG� 0�.LPXUD� �������� ³5REXVWQHVV� RI� 5RERW
3URJUDPV�JHQHUDWHG�E\�*HQHWLF�3URJUDPPLQJ´�� ,Q�*HQHWLF
3URJUDPPLQJ�� 3URFHHGLQJV� RI� WKH� )LUVW� $QQXDO
&RQIHUHQFH��0,7�3UHVV�

3UDWHHSWRQJNXP�� 0�� DQG� 3�&KRQJVWLWYDWDQD� ������0DUFK��
³,PSURYLQJ� WKH� 5REXVWQHVV� RI� D� *HQHWLF� 3URJUDPPLQJ
/HDUQLQJ� 0HWKRG� E\� )XQFWLRQ� 6HW� 7XQLQJ´�� ,Q� 3URF�� RI
7KLUG� $QQXDO� 1DWLRQDO� 6\PSRVLXP� RQ� &RPSXWDWLRQDO
6FLHQFH� DQG� (QJLQHHULQJ� �$16&6(����� SS���������
%DQJNRN��7KDLODQG�

5H\QROGV�� &�� :�� �����D��� ³(YROXWLRQ� RI� 2EVWDFOH� $YRLGDQFH
%HKDYLRU�8VLQJ�1RLVH�WR�3URPRWH�5REXVW�6ROXWLRQV´��,Q�.�
(�� .LQHDU�-U�� �(G���� $GYDQFHV� LQ� *HQHWLF� 3URJUDPPLQJ�
&KDSWHU�����SS����������0,7�3UHVV�

5H\QROGV�� &�� :�� �����E��� ³(YROXWLRQ� RI� &RUULGRU� )ROORZLQJ
%HKDYLRU� LQ�D�1RLV\�:RUOG� ´�� ,Q�6LPXODWLRQ�RI�$GDSWDWLYH
%HKDYLRU��6$%�����

$FNQRZOHGJHPHQWV

7KH� ILUVW� DXWKRU� LV� VXSSRUWHG� E\� WKH� JUDQW� IURP� WKH� 1DWLRQDO
6FLHQFH� DQG� 7HFKQRORJ\� 'HYHORSPHQW� $JHQF\� RI� 7KDLODQG
�167'$��

_�/�_


