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7KH�SDSHU�SUHVHQWV�WKH�UHVHDUFK�LQ�WKH�ILHOG�RI�VWDWLVWL�
FDO� SURFHVVLQJ� RI� D� FRUSXV� RI� WH[WV� LQ�&URDWLDQ�ZLWK
WKH�SULPDU\�DLP�RI�ILQGLQJ�VWDWLVWLFDOO\�VLJQLILFDQW�FR�
RFFXUUHQFHV�RI�Q�JUDPV�RI�WRNHQV��GLJUDPV���WULJUDPV
DQG� WHWUDJUDPV��� 7KH� FROORFDWLRQV� IRXQG� ZLWK� WKLV
PHWKRG�SUHVHQW� WKH� OLVW�RI�FDQGLGDWHV� IRU�PXOWL�ZRUG
WHUPLQRORJLFDO� XQLWV� VXEPLWWHG� WR� WHUPLQRORJLVWV� IRU
IXUWKHU� SURFHVVLQJ� L�H�� PDQXDO� VHOHFWLQJ� RI� WKH� ³UHDO
WHUPV´��7KH�VWDWLVWLFDO�PHDVXUH�RI�FR�RFFXUUHQFH�XVHG
LV� PXWXDO� LQIRUPDWLRQ� �0,��� DFFRPSDQLHG� ZLWK� OLQ�
JXLVWLF� ILOWHUV�� VWRS�ZRUGV� DQG� 326�� 7KH� UHVXOWV� RQ
QRQ�OHPPDWL]HG� PDWHULDO� RI� D� KLJKO\� LQIOHFWHG� ODQ�
JXDJH�VXFK�DV�&URDWLDQ�VKRZ�WKDW�0,�PHDVXUH�DORQH
LV�QRW�VXIILFLHQW�WR�ILQG�VDWLVIDFWRU\�QXPEHU�RI�PXOWL�
ZRUG�WHUP�FDQGLGDWHV��,Q�WKLV�FDVH�WKH�XVDJH�RI�DEVR�
OXWH� IUHTXHQF\� FRPELQHG� ZLWK� OLQJXLVWLF� ILOWHULQJ
WHFKQLTXHV� JLYHV� EURDGHU� OLVW� RI� FDQGLGDWHV� IRU� UHDO
WHUPV�

���,QWURGXFWLRQ
7KH� VWDWLVWLFDO� DQG�RU� SDWWHUQ� EDVHG� DSSURDFK� WR� FROORFD�
WLRQ� GHWHFWLRQ� KDV� EHHQ� NQRZQ� LQ� WKH� FRUSXV� SURFHVVLQJ
IRU�VRPH� WLPH�QRZ��7KHUH� LV�D�QXPEHU�RI�ZRUNV�GHDOLQJ
ZLWK� HLWKHU� VWDWLVWLFDO� DSSURDFK� DORQH� �&KXUFK� 	� +DQNV
������&KXUFK�HW�DO��������6PDGMD�������6X�HW�DO��������
LQ� FRPELQDWLRQ�ZLWK� OLQJXLVWLF� ILOWHULQJ� �'DLOOH� ����� DQG
������ +DW]LYDVVLORJORX� ������ 7LHGHPDQQ� ������ -DF�
TXHPLQ�������RU�XVLQJ� OLQJXLVWLF�SDWWHUQV�SULPDULO\� �.LO�
JDULII�	� 7XJZHOO� ������� 7KH� FRPPRQ� FKDUDFWHULVWLFV� RI
WKHVH�DSSURDFKHV�LV�WKDW�WKH\�ZHUH�WHVWHG�PRVWO\�RQ�W\SR�
ORJLFDOO\� VLPLODU� ODQJXDJHV� �(QJOLVK�� )UHQFK� HWF��� ZLWK
DOPRVW� LQVLJQLILFDQW� LQIOHFWLRQDO� YDULDWLRQ� L�H�� VPDOO
DPRXQW� RI� GLIIHUHQW� ZRUG�IRUPV� IRU� D� OHPPD�� 8QOLNH� LQ
�9LQWDU� ����� DQG� ������ ZKHUH� WKH� GHWHFWLRQ� RI� ³WHUP�
KRRG´� RI� WKH� 6ORYHQLDQ� PXOWL�ZRUG� XQLWV� �0:8�� LQ�
WHQGHG� IRU� WUDQVODWLRQ� HTXLYDOHQWV� GHWHUPLQDWLRQ�ZDV� WKH
SULPDU\�REMHFWLYH��ZH�ZDQWHG�WR�WHVW�WKH�SXUHO\�VWDWLVWLFDO
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��:H�XVH�WKH�WHUP� 
GLJUDPV
� LQVWHDG�RI�PRUH�FRPPRQ


ELJUDPV
�EHFDXVH�LW�LV�DQ�HOHPHQW�RI�SURSHU�VHULHV�RI�WHUPV
RI�*UHHN�RULJLQ��GL���WUL���WHWUD���SHQWD���KH[D���HWF���JUDPV�

%L�
�LV�SUHIL[�RI�/DWLQ�RULJLQ�ZKLFK�FRPELQHV�ZLWK�*UHHN
URRW�IRUPLQJ�/DWLQ�*UHHN�K\EULG�

DSSURDFK� WR� ILQG� RXW� FROORFDWLRQ� FDQGLGDWHV� LQ� VLPLODUO\
KLJKO\�LQIOHFWHG�ODQJXDJH�LQ�RUGHU�WR�JHW�DW�OHDVW�WKH�EDVLF
VWDWLVWLFV�DERXW�WKH�H[SHFWDWLRQ�RI�Q�JUDPV�LQ�&URDWLDQ�

7KH� FRQFUHWH� WDVN� EHLQJ� SUHVHQWHG� LQ� WKLV� SDSHU� LV� D
SDUW� RI� D� ODUJHU� SURMHFW� RI� FROORFDWLRQ�GHWHFWLRQ� LQ�&URD�
WLDQ�WH[WV��&ROORFDWLRQV�UHWULHYHG�ZLWKLQ�WKH�SURMHFW�VKRXOG
VHUYH�DV�WHUP�FDQGLGDWHV�IRU�EXLOGLQJ�WKH�GRPDLQ�VSHFLILF
WHUPLQRORJLFDO�JORVVDULHV�

,Q�WKH�6HFWLRQ���WKH�DLP�RI�WKH�SURMHFW�LV�GHVFULEHG�DQG
WKH� SRVLWLRQ� RI� WKH� UHVHDUFK� SUHVHQWHG� KHUH� LV� H[SODLQHG�
6HFWLRQ� �� GHVFULEHV� WKH� FRUSXV� DQG� JLYHV� LWV� SDUDPHWHUV
ZKLOH� WKH� 6HFWLRQ� �� GHVFULEHV� LWV� SURFHVVLQJ�� 6HFWLRQ� �
H[SODLQV�PHWKRG�PRUH�SUHFLVHO\�DQG�JLYHV� WKH�GLVFXVVLRQ
RI� UHVXOWV��7KH�SDSHU� HQGV�ZLWK� FRQFOXVLRQV� DQG� VXJJHV�
WLRQV�IRU�IXUWKHU�UHVHDUFK�GLUHFWLRQV�

���$LP�RI�WKH�UHVHDUFK
,Q�2FWREHU������WKH�0LQLVWU\�RI�(XURSHDQ�,QWHJUDWLRQ�RI
WKH�5HSXEOLF�RI�&URDWLD�KDV�VWDUWHG�WKH�SLORW� MRLQW�SURMHFW
ZLWK�WKH�,QVWLWXWH�RI�/LQJXLVWLFV�QDPHG�7KH�FRPSLODWLRQ�RI
JORVVDU\�DQG�KDUPRQL]DWLRQ�RI�WHUPLQRORJ\�LQ�WKH�ILHOG�RI
EDQNLQJ�� LQVXUDQFH�DQG�RWKHU� ILQDQFLDO�VHUYLFHV��7KH�ED�
VLF�LGHD�RI�WKH�SURMHFW�LV�WR�WDNH�D�ILQDQFLDO�SDUW��FD���0Z�
RI�$FTXLV�FRPPXQDXWDLUH�LQ�(QJOLVK�DQG�EXLOG�D�JORVVDU\
ZKLFK�ZRXOG�VHUYH� WKH� WUDQVODWRUV�DV�REOLJDWRU\� WHUPLQR�
ORJLFDO� UHVRXUFH� LQ� WKH�SURFHVV�RI� WUDQVODWLQJ�(8� OHJLVOD�
WLYH�GRFXPHQWV�IURP�WKDW�ILHOG�LQWR�&URDWLDQ��7KH�JORVVDU\
LV� EHLQJ� EXLOW� E\� WHUPLQRORJLVWV� ZKR� DUH� VHOHFWLQJ� WKH
³UHDO´�WHUPV�IURP�WKH�OLVW�RI�0:8��GLJUDPV��WULJUDPV�DQG
WHWUDJUDPV��REWDLQHG�E\�VWDWLVWLFDO�PHWKRGV�EXW� LW�ZLOO�EH
DGGLWLRQDOO\�ILOOHG�ZLWK� WHUPV�IURP�RWKHU�VRXUFHV�VXFK�DV
RWKHU� JORVVDULHV� FRQVWUXFWHG� LQ� WUDGLWLRQDO� ZD\� ²� E\
KDQG��2QFH�HVWDEOLVKHG��WKLV�JORVVDU\�ZLOO�VHUYH�DV�WKH�UH�
VRXUFH� IRU� WHUP�PDUNLQJ� LQ� RULJLQDO� WH[WV� ZKLFK� SURYHG
LWVHOI� WR� EH� LQGLVSHQVDEOH� WRRO� IRU� WUDQVODWRUV�� ,Q� VXFK� D
ZD\�DOO� WKH� ³RIILFLDO´� WHUPV� DUH� DOUHDG\�PDUNHG� DQG� VLJ�
QDOHG�LQ�WKH�RULJLQDO�WH[WV�

7KH�DQDORJRXV�WDVN�RI�EXLOGLQJ�WKH�OLVW�RI�0:8�WHUP
FDQGLGDWHV� KDV� EHHQ� SHUIRUPHG� RQ�&URDWLDQ� WH[WV��ZKLFK
ZHUH�FROOHFWHG�LQ�D�FRUSXV�RI�DSSUR[LPDWHO\�����.Z��7KH
EDVLF� DVVXPSWLRQ� ZDV� WKDW� VRPH� FKDUDFWHULVWLF�0:8� LQ
&URDWLDQ�FDQ�EH�GHWHFWHG�DQG�XVHG�DV� WHUP�FDQGLGDWHV�RU
WUDQVODWLRQDO� HTXLYDOHQWV� RQ� WKH� OHIW� VLGH� RI� D� ELOLQJXDO
JORVVDU\��6HFRQGO\��&URDWLDQ�0:8V�ZLOO� EH� XVHG� LQ� WKH
SURFHVV� RI� WUDQVODWLQJ� &URDWLDQ� OHJLVODWLRQ� WR� (QJOLVK�
ZKLFK�LV�DOVR��RQH�RI�WDVNV�VHW�E\�WKH�VDPH�0LQLVWU\��7KLV



SDSHU�GHDOV�RQO\�ZLWK�GHWHFWLRQ�RI�GLJUDPV�� WULJUDPV�DQG
WHWUDJUDPV�LQ�&URDWLDQ�

���&RUSXV�VWDWLVWLFV
7KH� FRUSXV� FRQVLVWV� RI� ���� GRFXPHQWV� IURP� WKH� ILHOG� RI
ILQDQFHV��7KH�GRFXPHQWV�FRPSULVH�UHFRPPHQGDWLRQV�����
GRFXPHQWV��� GHFLVLRQV� ���� GRFXPHQWV�� E\� WKH� &URDWLDQ
1DWLRQDO�%DQN�DQG�ODZ�WH[WV�����GRFXPHQWV��GHDOLQJ�ZLWK
GLIIHUHQW� DVSHFWV� RI� ILQDQFLDO� VHFWRU�� 7KH� VL]HV� RI� GRFX�
PHQWV�YDU\�IURP����WR��������WRNHQV�ZLWK�DYHUDJH�VL]H�RI
�������� WRNHQV�� 7KH� GRFXPHQW� VWUXFWXUH� LV� PRVWO\� XQL�
IRUP�ZLWK� W\SLFDO� VWUXFWXUH� RI� OHJDO� GRFXPHQW� VHSDUDWHG
LQWR�ILUPO\�GHOLPLWHG�VHFWLRQV�DQG�RU�DUWLFOHV�

7KH�FRUSXV�KDV���������WRNHQV�LQFOXGLQJ�SXQFWXDWLRQ
DQG�WDJV��:KHQ�WKHVH�KDV�EHHQ�VWULSSHG�RII��WKH�DPRXQW�RI
��������WRNHQV�ZDV�UHDFKHG��LQFOXGLQJ�GLJLWV��

'RFXPHQWV� LQFOXGHG� LQ� WKH� FRUSXV� DUH� EHLQJ� LVVXHG
IURP������XQWLO� WRGD\�VR�ZH�DUH�GHDOLQJ�ZLWK�FRQWHPSR�
UDU\�GDWD�

7KH�EDVLF�FRUSXV�SURFHVVLQJ�FRQVLVWHG�RI�VHYHUDO�VWDQ�
GDUG� VWHSV�� 7KH� ILUVW� RQH� ZDV� WH[W� FRQYHUVLRQ� IURP
'2&�57)�IRUPDW� WR�;0/��$IWHU�VHQWHQFH�VHJPHQWDWLRQ�
WKH�QH[W�VWHS�ZDV�WRNHQL]DWLRQ��)RU�DOO�WDVNV�ZH�XVHG�RXU
RZQ� WRROV� ��;0/� DQG� 7RNHQL]HU�� GHYHORSHG� GXULQJ� WKH
EXLOGLQJ�RI�&URDWLDQ�1DWLRQDO�&RUSXV��+1.����VHH�LQ�7D�
GLü��������)RU�IXUWKHU�SURFHVVLQJ�WKH�WRNHQL]HG��RU�YHUWL�
FDOL]HG��FRUSXV�ZDV�LPSRUWHG�LQWR�D�GDWDEDVH�

7KH� FRUSXV� ZDV� QRW� 326�WDJJHG� RU� OHPPDWL]HG� EH�
FDXVH� WKH� 326�WDJJHU� IRU�&URDWLDQ��ZKLFK�ZRXOG� HQDEOH
WKH�DXWRPDWLF�WDJJLQJ�DQG�IXUWKHU�XVH�RI�WDJJHG�PDWHULDO�
LV�QRW�GHYHORSHG�\HW�

���3URFHVVLQJ

�����)UHTXHQF\�DQG�W\SH�WRNHQ�UDWLR
7KH�VWDWLVWLFDO�SURFHVVLQJ�ZDV�RUJDQL]HG�RQ�VHYHUDO�OHYHOV�
7KH�ILUVW�RQH�ZDV�WKH�SURFHVVLQJ�RI� LQGLYLGXDO�ZRUGV� L�H�
JHWWLQJ� WKH� OLVW�RI� W\SHV�DFFRPSDQLHG�E\� WKHLU� IUHTXHQF\�
,Q� WKH� FRUSXV� RI� �������� WRNHQV� DQG� ������� W\SHV�ZHUH
IRXQG�ZKDW�JLYHV�D���������W\SH�WRNHQ�UDWLR��7KH�UDWLR� LV
XQH[SHFWHGO\�KLJK�KDYLQJ�LQ�PLQG�WKH�GDWD�IURP�&URDWLDQ
)UHTXHQF\� 'LFWLRQDU\� �0RJXã� HW� DO�� ������ ZKHUH� LW� LV
������� RU� �$OOHQ� 	� +RJDQ� ������ ZKHUH� LW� LV� DURXQG
��������3RVVLEOH�H[SODQDWLRQ�IRU�WKLV�LV�WKDW�WKH�YRFDEXODU\
LQ�WKH�ILHOG�RI�ILQDQFH�VKRZV�OHVV�YDULDWLRQ�LQ�LQIOHFWLRQ�DV
ZHOO�DV�OLPLWHG�QXPEHU�RI�GLIIHUHQW�OH[LFDO�HQWULHV�WKDQ�WKH
JHQHUDO�YRFDEXODU\�

�����'HWHFWLRQ�RI�FR�RFFXUUHQFH
7KH� VHFRQG� OHYHO� RI� SURFHVVLQJ� ZDV� WR� HVWDEOLVK� ZRUG
FR�RFFXUUHQFHV��:H�OLPLWHG� WKH�VFRSH�RI�RXU� UHVHDUFK�RQ
GLJUDPV��WULJUDPV�DQG�WHWUDJUDPV��7KH�VWDWLVWLFDO�PHDVXUH

�����������������������������������������������������
��:H�VXJJHVW�WKLV�DFURQ\P�IRU�WKH�&URDWLDQ�1DWLRQDO
&RUSXV��+UYDWVNL�QDFLRQDOQL�NRUSXV��VLQFH�WKH�&1&�LV
DOUHDG\�XVHG�IRU�&]HFK�1DWLRQDO�&RUSXV�DQG�+1&
DSSHDUV�WR�EH�XVHG�IRU�WKH�+XQJDULDQ�1DWLRQDO�&RUSXV�

RI�FR�RFFXUUHQFH�XVHG� LQ� WKLV� UHVHDUFK�ZDV�PXWXDO� LQIRU�
PDWLRQ� LQ� LWV� YDULDWLRQ� FDOOHG� FXELF� DVVRFLDWLRQ� UDWLR� RU
0,���0F(QHU\�HW�DO������������2DNHV�����������

7KH�GLJUDPV��WULJUDPV�DQG� WHWUDJUDPV��DUH�GHILQHG�DV
VHTXHQFHV�RI� WZR��WKUHH�RU� IRXU�� WRNHQV�EHORQJLQJ� WR� WKH
VDPH� VHQWHQFH� DQG� XQLQWHUUXSWHG� E\� SXQFWXDWLRQ�� 7KHUH
DUH�WZR�UHDVRQV�IRU�VR�VWULFW�GHILQLWLRQ�����0:8�WHUPV�DUH
H[SHFWHG� WR� EH� XVHG� JHQHUDOO\� DV� D�ZKROH�ZLWKRXW�PXFK
LQWHUUXSWLRQ�E\�VWRS�ZRUGV�����SXQFWXDWLRQ�LV�QRW�H[SHFWHG
ZLWKLQ� WKH� 0:8� WHUP� EHFDXVH� LW� XVXDOO\� LQWURGXFHV� D
EUHDN�DQG�RU�QHZ��VXE��XQLW��7KH�SRVVLEOH�FDVH�RI�DEEUH�
YLDWLRQV�LV�QRW�UHOHYDQW�VLQFH�LQ�&URDWLDQ�WKH�DEEUHYLDWLRQV
DUH� ZULWWHQ� ZLWK� FDSLWDOV� DQG� ZLWKRXW� SXQFWXDWLRQ� �H�J�
(8��3(1��81� DQG�QRW�(�8���3�(�1���8�1���� ,I� WKH�DEEUH�
YLDWLRQ� FKDQJHV� FDVH�� LW� LV�ZULWWHQ� DV�(8�D��3(1�X��81�
RP� EXW� WKH� WRNHQL]HU� WDNHV� FDUH� DERXW� WKRVH� FDVHV� DQG
WUHDWV�WKHP�DV�FRPSRXQGV�

$OWKRXJK� LW� KDV� EHHQ� DOUHDG\� VKRZQ� WKDW� OHPPDWL]D�
WLRQ�RI�&URDWLDQ�WH[WV�JLYHV�EHWWHU�VWDWLVWLFDO�UHVXOWV�LQ�FRO�
ORFDWLRQ� GHWHFWLRQ� �7DGLü� HW� DO�� ������� LQ� WKLV� ZRUN� ZH
SHUIRUPHG�DOO�FDOFXODWLRQV�RQ�QRQ�OHPPDWL]HG�PDWHULDO�LQ
RUGHU� WR� VHH� ZKHWKHU� LV� LW� SRVVLEOH� WR� DYRLG� WKH
WLPH�FRQVXPLQJ�DQG�SDLQVWDNLQJ�SURFHVV�RI�OHPPDWL]DWLRQ
ZKLFK� DOVR� LQFOXGHV�PRUSKRV\QWDFWLF� GHVFULSWLRQ� �06'�
DQG� VRPHWLPHV� 326� GLVDPELJXDWLRQ�� DV� ZHOO�� 6LQFH� LQ
&URDWLDQ� WKH� ³LQWHUQDO´� KRPRJUDSK\� �FRYHULQJ� GLIIHUHQW
ZRUG�IRUPV�RI�WKH�VDPH�OHPPD�H�J��GLIIHUHQW�FDVHV�RI�WKH
VDPH�QRXQ�EXW�ZLWK� WKH�VDPH�IRUP�� LV� IDU�PRUH� IUHTXHQW
WKDQ�³H[WHUQDO´�KRPRJUDSK\��FRYHULQJ�ZRUG�IRUPV�RI�WKH
VDPH� IRUP� EHORQJLQJ� WR� WZR� RU� PRUH� GLIIHUHQW� OHPPDV
ZLWK� VDPH� RU� GLIIHUHQW� 326V��� DQG� VLQFH� QR�06'� LQIRU�
PDWLRQ�ZLOO�EH�XVHG�LQ� WKLV�UHVHDUFK�DSDUW� IURP�326�� WKH
VWDUWLQJ�DVVXPSWLRQ�ZDV� WKDW�ZLWK�DYRLGDQFH�RI� OHPPDWL�
]DWLRQ� VWHS��PXFK� RI� YDOXDEOH� LQIRUPDWLRQ�ZRXOG� QRW� EH
ORVW��7KH�OLVWV�RI�FR�RFFXUUHQFHV�IRU�GLJUDPV��WULJUDPV�DQG
WHWUDJUDPV�ZHUH�SURGXFHG�DQG�VWRUHG�LQ�WKH�GDWDEDVH�ZLWK
WKHLU�IUHTXHQFLHV�DQG�0,�YDOXHV�FDOFXODWHG�

�����)LOWHULQJ
$GGLWLRQDOO\�� OLNH� �6PDGMD� ������ DQG� XQOLNH� �'DLOOH
������� OLQJXLVWLF�ILOWHULQJ�LQ�WZR�VWHSV�ZDV�SHUIRUPHG�DI�
WHU� VWDWLVWLFDO� SURFHVVLQJ�� 7KH� ILUVW� RQH� ZDV� ILOWHULQJ� RXW
VWRS�ZRUGV�� ,Q� RUGHU� WR� GR� WKDW�� D� VWRS�ZRUG� OLVW� RI� ���
SUHSRVLWLRQV�� SURQRXQV�� DGYHUEV�� SDUWLFOHV� DQG� QXPHUDOV
ZDV� EXLOW� DQG� DSSOLHG� WR� WKH� DOUHDG\� FDOFXODWHG�0:8V�
&RPELQDWLRQV� FRQWDLQLQJ� VWRSZRUGV� ZHUH� WKHQ� ILOWHUHG
RXW�

7KH� VHFRQG� ILOWHU� ZDV� 326� LQIRUPDWLRQ�� ZKLFK� ZDV
PDSSHG�IURP�WKH�OLVW�RI�ZRUG�IRUPV��JHQHUDWHG�E\�&URD�
WLDQ�0RUSKRORJLFDO� /H[LFRQ� �7DGLü� ������ 7DGLü� 	� )XO�
JRVL�������� ,Q� WKH�FDVHV�RI�H[WHUQDO�KRPRJUDSK\�PDQXDO
GLVDPELJXDWLRQ�ZDV�SHUIRUPHG��2QO\�ILYH�326�WDJV�ZHUH
FRQVLGHUHG�LQ�WHUP�FDQGLGDWHV�DQG�WKHVH�DUH�1�IRU�QRXQV�
$�IRU�DGMHFWLYHV��9�IRU�YHUEV��0�IRU�QXPHUDOV�DQG�<�IRU
DEEUHYLDWLRQV��6LQFH�WKH�&URDWLDQ�0RUSKRORJLFDO�/H[LFRQ
LV�08/7(;7�(DVW�Y����FRQIRUPDQW��(UMDYHF�HW�DO��������
VR�DUH�WKH�JHQHUDWHG�06'�DQG�326�WDJV�

$W�WKH�HQG�RI�SURFHVVLQJ�WKH�PDQXDO�HYDOXDWLRQ�RI�GH�
WHFWHG� 0:8V� ZDV� GRQH� LQ� RUGHU� WR� HVWDEOLVK� WKH� UDWLR
EHWZHHQ�VWDWLVWLFDOO\�GHWHFWHG�0:8V�DQG�³UHDO´�WHUPV�



���0HWKRG�DQG�UHVXOWV�GLVFXVVLRQ
$OWKRXJK�WKH�VWDWLVWLFDO�SURFHVVLQJ�ZDV�GRQH�RQ�WKH�ZKROH
FRUSXV��WKH�PDQXDO�LQVSHFWLRQ�RI�UHDO�WHUPV�ZDV�OLPLWHG�WR
0:8V�ZLWK�IUHTXHQF\�KLJKHU�WKDQ����+DYLQJ�LQ�PLQG�WKH
LQIOHFWLRQDO� FRPSOH[LW\� RI�&URDWLDQ�ZKLFK� FDQ�� DQG� XVX�
DOO\� GRHV�� SURGXFH� D� ORW� RI� VLQJOH� RFFXUUHQFHV� RI� ZRUG�
IRUPV� HYHQ� LQ� YHU\� ODUJH� FRUSRUD�� ZH� VHW� WKH� WKUHVKROG
DERYH�WKH�IUHTXHQF\�RI��� LQ�RUGHU� WR�NHHS�WKH�DPRXQW�RI
GDWD� IRU�PDQXDO� LQVSHFWLRQ�ZLWKLQ� WKH�SURFHVVDEOH� OLPLWV�
7KLV� WKUHVKROG� SURYHG� WR� EH� HQRXJK� WR� VKRZ� WKH� GLIIHU�
HQFH� EHWZHHQ� WKH� FDQGLGDWHV� VHOHFWHG� E\�0,� DQG�E\� IUH�
TXHQF\�DFFRPSDQLHG�E\�OLQJXLVWLF�ILOWHUV�

�����'LJUDPV
7KH�UHVXOWV�IRU�GLJUDPV�DUH�JLYHQ�LQ�WKH�7DEOH���

�JUDP�WRNHQV �������
�JUDP�W\SHV �������
�JUDPV�0,�!� �������
�JUDPV�0,�!��UHDO�WHUPV �������
�JUDPV�IUT!� �������
�JUDPV�QR�VWRS�ZRUGV �������
�JUDPV�QR�VWRS�ZRUGV�ERWK�326 �������
�JUDPV�QR�VWRS�ZRUGV�ERWK�326�UHDO�WU��������

7DEOH����6WDWLVWLFV�IRU�GLJUDPV

7KH� UHVXOWV� VKRZ� WKDW� RI� ��������GLIIHUHQW� GLJUDPV�RQO\
��������������KDYH�0,�KLJKHU� WKDQ���RXW�RI�ZKLFK�RQO\
�������������DUH�HYDOXDWHG�DV�UHDO�WHUPV��:KHQ�GLJUDPV
ZHUH�RUGHUHG�E\�GHVFHQGLQJ�IUHTXHQF\�DQG�DIWHU�DSSOLFD�
WLRQ� RI� ERWK� OLQJXLVWLF� ILOWHUV� DQG� PDQXDO� HYDOXDWLRQ� RI
���������������GLJUDPV�ZLWK�IUHTXHQF\�KLJKHU�WKDQ����WKH
UHDO� WHUPV� ZHUH� GHWHFWHG� LQ� ������ FDVHV� ���������� $O�
WKRXJK� WKH� QXPEHU� RI� UHDO� WHUPV� IRXQG� IURP� WKH� OLVW� RI
FDQGLGDWHV� LV� E\� SHUFHQWDJH� VPDOOHU� �������� DJDLQVW
�������LQ�WKH�IDYRU�RI�0,���LW�FOHDUO\�RXWSHUIRUPV�WKH�0,
EHFDXVH� WKH�0,� FDOFXODWHG�RQ�QRQ�OHPPDWL]HG� WH[W� JLYHV
PRUH�WKDW�IRXU�WLPHV�OHVV�UHDO�WHUPV������DJDLQVW�������

7KH� FKDUDFWHULVWLF� GLJUDP� 326� VHTXHQFHV� IRU� UHDO
WHUPV�ZLWK�DFFRPSDQLHG�IUHTXHQF\�DUH�
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7DEOH����6WDWLVWLFV�RI�GLJUDP�326�VHTXHQFHV

,W�VKRZV� LQWXLWLYHO\�SUHGLFWHG�SDWWHUQV�EXW�VXFK�SUHGRPL�
QDQFH�RI�$�1�FRPELQDWLRQ�ZDV�QRW�H[SHFWHG�

�����7ULJUDPV
:KLOH� WKH� DSSOLFDWLRQ� RI�0,� IRU� WZR� RFFXUULQJ�ZRUGV� LV
TXLWH�FRPPRQ��WKH�XVDJH�RI�0,�IRU�FDOFXODWLQJ�WULJUDP�FR�
RFFXUUHQFHV�LV�TXLWH�UDUH��7KHUH�DUH�RQO\�IHZ�SDSHUV�GHDO�
LQJ�ZLWK�WKLV�PDWWHU�DQG�HDFK�RI�WKHP�DSSURDFKLQJ�LW�IURP
GLIIHUHQW�DQJOHV�

:KLOH�6X�HW�DO���������GHILQHV�WKH�0,�RI�WULJUDP�DV�
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%RXOLV��������XVHG�GLIIHUHQW�DSSURDFK��2QH�RI�KLV�VXJJHV�
WLRQV�ZDV� WR� FDOFXODWH� DYHUDJH� LQWUD�FOXVWHU� SDLUZLVH�0,�
ZKLFK�LV�FDOFXODWHG�DV�
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7KLV� VHFRQG� DSSURDFK� ZDV� PRUH� XVHIXO� LQ� RXU� FDVH
VLQFH�ZH�FRXOG�XVH�DOUHDG\�FDOFXODWHG�0,�YDOXHV�IRU�GLUHFW
GLJUDPV�,�[�\��DQG�,�\�]��DQG�RQO\�0,�IRU�LQGLUHFW�GLJUDP
,�[�]��KDG� WR� EH� FDOFXODWHG��:H� XVHG� WKH�0,�� YDULDQW� IRU
FDOFXODWLRQ� RI� HDFK� SDLU� DQG� FDOOHG� WKLV� ZKROH� FDOFXOXV
0,�D��

,Q�DGGLWLRQ�ZH�KDYH�XVHG�DQRWKHU� IRUPXOD�FRPELQLQJ
DOVR�0,��FDOFXODWLRQV�IRU�SDLUV�RI�LQLWLDO�ILQDO�GLJUDP�ZLWK
HQGLQJ�VWDUWLQJ� VLQJOH� HOHPHQW�� :H� FDOOHG� WKLV� FDOFXOXV
0,�E��
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7KH�UHVXOWV�IRU�WULJUDPV�DUH�JLYHQ�LQ�WKH�7DEOH���
�JUDP�WRNHQV �������
�JUDP�W\SHV �������
�JUDPV�0,�D�!� �������
�JUDPV�0,�E�!� �������
�JUDPV�0,�D�!��UHDO�WHUPV �������
�JUDPV�0,�E�!��UHDO�WHUPV �������
�JUDPV�IUT!� �������
�JUDPV�QR�VWRS�ZRUGV �������
�JUDPV�QR�VWRS�ZRUGV�DOO�326 �������
�JUDPV�QR�VWRS�ZRUGV�DOO�326�UHDO�WU���������

7DEOH����6WDWLVWLFV�IRU�WULJUDPV

7KH� UHVXOWV� VKRZ� WKDW�RI���������GLIIHUHQW� WULJUDPV�RQO\
������������FDOFXODWHG�ZLWK�0,�D��DQG�������������FDO�
FXODWHG�ZLWK�0,�E��KDYH�0,�KLJKHU�WKDQ����7KH�UHDO�WHUPV
ZHUH�UHFRJQL]HG�LQ��������������DQG��������������FDVHV
UHVSHFWLYHO\��7KH�DSSOLFDWLRQ�RI�OLQJXLVWLF�ILOWHUV�LQ�FRPEL�
QDWLRQ� ZLWK� IUHTXHQF\� \LHOGHG� ������ �������� WULJUDPV
ZLWK�IUHTXHQF\�KLJKHU�WKDQ���DQG�����UHDO�WHUPV��������
RXW�RI��WKHP��7KH�IUHTXHQF\�ZLWK�OLQJXLVWLF�ILOWHULQJ�JLYHV
DJDLQ�PRUH�UHDO�WHUPV����������DJDLQVW������

7KH� FKDUDFWHULVWLF� WULJUDP� 326� VHTXHQFHV� ZLWK� DF�
FRPSDQLHG�IUHTXHQF\��!���IRU�UHDO�WHUPV�DUH�
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7DEOH����6WDWLVWLFV�RI�WULJUDP�326�VHTXHQFHV

7KH� FKDUDFWHULVWLF� 326� VHTXHQFHV� IRU� GLJUDPV� DQG� WUL�
JUDPV�VKRZ�DOPRVW�WKH�VDPH�VWUXFWXUH�DQG�GLVWULEXWLRQ�DV
LQ��/RXNDFKHYLWFK�DQG�'REURY����������ZKR�ZHUH�VHPL�
DXWRPDWLFDOO\�FRQVWUXFWLQJ�WKH�7KHVDXUXV�RI�5XVVLDQ�RIIL�
FLDO�GRFXPHQWV��7KLV�FRXOG�OHDG�WR�FRQFOXVLRQ�WKDW�VLPLODU
PHWKRGV�DSSOLHG� WR�RWKHU�6ODYLF� ODQJXDJHV�ZRXOG�SURED�
EO\�\LHOG�VLPLODU�UHVXOWV�



�����7HWUDJUDPV
7KH�VDPH�SUREOHP�RI�ILQGLQJ�WKH�DSSURSULDWH�IRUPXOD�IRU
FDOFXODWLQJ�WULJUDPV�ZLWK�0,�RFFXUUHG�LQ�WKH�FDVH�RI�WHWUD�
JUDPV��)XUWKHUPRUH��ZLWK� WKH�QXPEHU�RI� WRNHQV� LQFOXGHG
WKH�SRVVLEOH�FRPELQDWLRQV�FDOFXODWLQJ�LQGLYLGXDO�0,�SDLUV
LV�FRPSOLFDWHG�HYHQ�PRUH�

7KH�IRUPXOD��ZKLFK�ZH�XVHG�IRU�0,�D���WDNHV�LQWR�DF�
FRXQW�WKH�DYHUDJH�YDOXH�RI�DOO���SRVVLEOH�SDLUZLVH�0,��FDO�
FXODWHG�ZLWKLQ�D�WHWUDJUDP�
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$V� LQ� WKH� FDVH� RI� WULJUDPV�ZH� WHVWHG� DQRWKHU� IRUPXOD� LQ
WKH�IRUP�RI�0,�E��ZKLFK�FDOFXODWHV� WKH�UHODWLRQ�RI�VWDUW�
LQJ�HQGLQJ�HOHPHQWV�ZLWK�LQLWLDO�ILQDO�WULJUDPV�
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,Q� VXFK� D�ZD\� WKH� DYHUDJH� RI�0,V� EHWZHHQ� WKH� ILUVW� WUL�
JUDP� DQG� WKH� ODVW� HOHPHQW� RI� WHWUDJUDP� RQ� WKH� RQH� VLGH
DQG�RQ� WKH�RWKHU� VLGH�EHWZHHQ� WKH� ILUVW� HOHPHQW� RI� WHWUD�
JUDP�DQG�WKH�ODVW�WULJUDP�RI�WKH�WHWUDJUDP�LV�FDOFXODWHG�

7KH�UHVXOWV�IRU�WHWUDJUDPV�DUH�JLYHQ�LQ�WKH�7DEOH���

�JUDP�WRNHQV �������
�JUDP�W\SHV �������
�JUDPV�0,�D�!� �������
�JUDPV�0,�E�!� �������
�JUDPV�0,�D�!��UHDO�WHUPV �������
�JUDPV�0,�E�!��UHDO�WHUPV �������
�JUDPV�IUT!� �������
�JUDPV�QR�VWRS�ZRUGV �������
�JUDPV�QR�VWRS�ZRUGV�DOO�326 �������
�JUDPV�QR�VWRS�ZRUGV�DOO�326�UHDO�WU���������

7DEOH����6WDWLVWLFV�IRU�WHWUDJUDPV

7KH� UHVXOWV� VKRZ� WKDW�RI���������GLIIHUHQW� WULJUDPV�RQO\
��������������FDOFXODWHG�ZLWK�0,�D��DQG��������������
FDOFXODWHG�ZLWK�0,�E�� KDYH�0,� KLJKHU� WKDQ� ��� 7KH� UHDO
WHUPV� ZHUH� UHFRJQL]HG� LQ� ��� �������� DQG� ��� �������
FDVHV� UHVSHFWLYHO\��7KH�DSSOLFDWLRQ�RI� OLQJXLVWLF� ILOWHUV� LQ
FRPELQDWLRQ� ZLWK� IUHTXHQF\� \LHOGHG� ������ �������� WUL�
JUDPV�ZLWK� IUHTXHQF\� KLJKHU� WKDQ� �� DQG� ���� UHDO� WHUPV
��������RXW� RI� � WKHP��7KH� IUHTXHQF\�ZLWK� OLQJXLVWLF� ILO�
WHULQJ�JLYHV�DJDLQ�PRUH�UHDO�WHUPV��������DJDLQVW������

7KH� FKDUDFWHULVWLF� WHWUDJUDP�326� VHTXHQFHV�ZLWK� DF�
FRPSDQLHG�IUHTXHQF\��!���IRU�UHDO�WHUPV�DUH�
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7DEOH����6WDWLVWLFV�RI�WHWUDJUDP�326�VHTXHQFHV

,W�PD\�EH�VHHQ�LQ�7DEOHV������DQG���WKDW�WKH�SUHFLVLRQ��UHDO
WHUP�FRYHUDJH��GHFOLQHV�ZLWK�WKH�JURZWK�RI�WKH�QXPEHU�RI
HOHPHQWV� LQ� DQ� Q�JUDP�� ,W� DOVR� VHHPV� WKDW� H[SHULPHQWV
ZLWK� IRUPXODH� IRU� GLIIHUHQW� NLQG� RI�0,� FDOFXODWLRQ� GRHV
QRW� JLYH� WKH� SUHGLFWDEOH� UHVXOWV� EHFDXVH� RI� GLIIHUHQW� EH�
KDYLRU� RI� WULJUDPV� DQG� WHWUDJUDPV�� :KDW� FRXOG� DOVR� EH

QRWLFHG� LV�FRQVWDQW�EHWWHU�SHUIRUPDQFH�RI�SXUH� IUHTXHQF\
DFFRPSDQLHG�E\� WZR�OLQJXLVWLF� ILOWHUV� WKDQ�HLWKHU�0,�FDO�
FXODWLRQ�

�JUDPV�0,!��UHDO�WHUPV �������
�JUDPV�QR�VWRS�ZRUGV�ERWK�326�UHDO�WU��������

�JUDPV�0,�D�!��UHDO�WHUPV �������
�JUDPV�0,�E�!��UHDO�WHUPV �������
�JUDPV�QR�VWRS�ZRUGV�DOO�326�UHDO�WU���������

�JUDPV�0,�D�!��UHDO�WHUPV �������
�JUDPV�0,�E�!��UHDO�WHUPV �������
�JUDPV�QR�VWRS�ZRUGV�DOO�326�UHDO�WU���������

&RPSDULQJ� WKHVH� PHWKRGV� VKRZV� WKDW� 0,� JLYHV� OHVV
FDQGLGDWHV�EXW�PRUH�RI�WKHP�DUH�UHDO�WHUPV���������DYHU�
DJH�� ZKLOH� IUHTXHQF\� ZLWK� OLQJXLVWLF� ILOWHUV� JLYHV� PRUH
FDQGLGDWHV�EXW�OHVV�RI�WKHP�DUH�UHDO�WHUPV����������2Q�WKH
RWKHU� KDQG� LQ� DEVROXWH� YDOXHV� WKH� ODWWHU�PHWKRG� JLYHV� LQ
DYHUDJH� ����� WLPHV�PRUH� UHDO� WHUPV� WKDQ� WKH� IRUPHU� DQG
FOHDUO\�RXWSHUIRUPV�LW��)LJXUH����JLYHV�D�VDPSOH�IURP�WKH
���� UHDO� WHWUDJUDP� WHUPV� ZLWK� FOHDU� LQGLFDWLRQ� KRZ� IUH�
TXHQF\�ZLWK�OLQJXLVWLF�ILOWHULQJ�RXWSHUIRUPV�0,�YDOXHV�

���&RQFOXVLRQV�DQG�)XWXUH�ZRUN
:H�KDYH�VKRZQ�WKH�PHWKRG�IRU�ILQGLQJ�0:8�WHUP�FDQ�
GLGDWHV� LQ�&URDWLDQ� FRUSXV� RI� DERXW� ����.Z�� ,W� LQFOXGHV
VWDWLVWLFDO�DSSURDFK��ZKLFK�KDV�SULPDULO\�XVHG�WKH�0,��IRU
UHWULHYLQJ�GLJUDPV��WULJUDPV�DQG�WHWUDJUDPV��,Q�WKH�VHFRQG
VWDJH�� WKH� IUHTXHQF\� DFFRPSDQLHG� ZLWK� OLQJXLVWLF� ILOWHUV
�VWRS�ZRUGV� DQG� 326�� KDV� EHHQ� XVHG� IRU� WKH� VDPH� WDVN
\LHOGLQJ� EHWWHU� UHVXOWV� LQ� DEVROXWH� QXPEHUV�� 7KH� FRQFOX�
VLRQ�WKDW�FDQ�EH�GURZQ�LV�WKDW�0,��DORQH�LV�QRW�VXIILFLHQW
IRU� VHOHFWLRQ� RI� UHDO� WHUP� FDQGLGDWHV� LQ� QRQ�OHPPDWL]HG
WH[WV��+DYLQJ�LQ�PLQG�WKH�UHVXOWV�RQ�OHPPDWL]HG�WH[W��7D�
GLü� HW� DO�� ������� RQH� RI� SRVVLEOH� IXWXUH� GLUHFWLRQV�ZRXOG
EH�WR�FRPSDUH�WKH�DSSOLFDWLRQ�RI�0,�RQ�OHPPDWL]HG�WH[WV
ZLWK� IUHTXHQF\� DFFRPSDQLHG� E\� OLQJXLVWLF� ILOWHUV� WR� VHH
ZKLFK�PHWKRG�JLYHV�EHWWHU�UHVXOWV�

)XUWKHUPRUH� VLPLODU� 326� VHTXHQFHV� ZHUH� IRXQG� IRU
5XVVLDQ�GLJUDPV�DQG� WULJUDPV� LQ�/RXNDFKHYLWFK�DQG�'R�
EURY���������6LQFH�&URDWLDQ�DQG�5XVVLDQ�DUH�W\SRORJLFDOO\
DQG�JHQHWLFDOO\� FORVH� ODQJXDJHV� WKH� VLPLODU� UHVXOWV� FRXOG
EH�H[SHFWHG�IRU�RWKHU�6ODYLF�ODQJXDJHV�

,QFOXGLQJ�06'�EHVLGH�WKH�326�GDWD�ZRXOG�JLYH�DQ�LQ�
VLJKW� LQWR� WKH� FKDUDFWHULVWLF� 06'� VHTXHQFHV� VXFK� DV
1Q�1J�� 1Q�$J�1J� RU� 1Q�$J�$J�1J�ZKHUH� Q� DQG� J
GHQRWH� QRPLQDWLYH� DQG� JHQLWLYH� FDVHV�� 7KLV� FRXOG� EH
DFKLHYHG�RQFH� WKH�326�WDJJHU� DQG� �VHPL�DXWRPDWLF� OHP�
PDWL]HU�IRU�&URDWLDQ�ZLOO�EH�IXOO\�GHYHORSHG�

2WKHU�VWDWLVWLFDO�PHDVXUHV� IRU�FR�RFFXUUHQFH�DQG�SRV�
VLEOH� ³WHUPKRRG´� GHWHFWLRQ� RI�0:8V� �H�J�� /RJ/�� DV� LQ
9LQWDU� �������ZKLFK�ZDV� DSSOLHG� WR� 6ORYHQLDQ�� RU�'LFH�
FRHIILFLHQW�RU�]�VFRUH��ZLOO�EH�LQYHVWLJDWHG�LQ�GHWDLO�LQ�WKH
IXWXUH� ZRUN� RQ� ERWK� OHPPDWL]HG� DQG� QRQ�OHPPDWL]HG
WH[WV�

5HIHUHQFHV�
�$OOHQ�	�+RJDQ�������-��$OOHQ�	�&��+RJDQ��������([SDQGLQJ

/H[LFDO� &RYHUDJH� RI� 3DUDOOHO� &RUSRUD�� ,Q� 3URFHHGLQJV� RI
/5(&������*UDQDGD��6SDLQ��(/5$��������SS����������



�%RXOLV� ������&��%RXOLV�� ������&OXVWHULQJ�RI�&HSVWUXP�&RHIIL�
FLHQWV� 8VLQJ� 3DLUZLVH� 0XWXDO� ,QIRUPDWLRQ�� 7HFKQLFDO� 5H�
SRUW� ((����� (OHFWULFDO� (QJLQHHULQJ� 'HSW�� 8QLYHUVLW\� RI
:DVKLQJWRQ�� 6HDWWOH�� ������ �KWWS���� VVOL�HH�ZDVKLQJWRQ�HGX�
VVOL�SHRSOH�ERXOLV�HH���BUHSRUW�SGI�

�&KXUFK�	�+DQNV�������.��:��&KXUFK�	�3��+DQNV��������:RUG
DVVRFLDWLRQ� QRUPV�� PXWXDO� LQIRUPDWLRQ�� DQG� OH[LFRJUDSK\�
&RPSXWDWLRQDO�/LQJXLVWLFV������SS��������

�&KXUFK�HW�DO��������.��:��&KXUFK��:��*DOH��3��+DQNV��'��+LQ�
GOH��������8VLQJ� VWDWLVWLFV� LQ� OH[LFDO�DQDO\VLV�� ,Q�8��=HUQLN
�HG����/H[LFDO�$FTXLVLWLRQ��([SORLWLQJ�2Q�/LQH�5HVRXUFHV�WR
%XLOG� D� /H[LFRQ�� /DZUHQFH� (UOEDXP�$VVRFLDWHV�� ������ SS�
��������

�'DLOOH� ������ %�� 'DLOOH�� ������ 6WXG\� DQG� ,PSOHPHQWDWLRQ� RI
&RPELQHG� 7HFKQLTXHV� IRU� $XWRPDWLF� ([WUDFWLRQ� RI� 7HUPL�
QRORJ\��,Q�-��.ODYDQV�	�3��5HVQLN��HGV����7KH�%DODQFLQJ�$FW�
0,7�3UHVV��&DPEULGJH�0$��86$��������SS��������

�'DLOOH� ������ %�� 'DLOOH�� ������ &RPELQHG� $SSURURDFK� IRU
7HULPQRORJ\� ([WUDFWLRQ�� /H[LFDO� 6WDWLVWLFV� DQG� /LQJXLVWLF
)LOWHULQJ�� ,Q� 8&5(/� 7HFKQLFDO� 3DSHUV�� 9RO�� ��� 'HSW�� RI
/LQJXLVWLFV��8QLY��RI�/DQFDVWHU�������

�(UMDYHF�HW�DO��������7��(UMDYHF��&��.UVWHY��9��3HWNHYLþ��.��6L�
PRY��0��7DGLü��'��9LWDV�� ������7KH�08/7(;7�(DVW�0RU�
SKRV\QWDFWLF� 6SHFLILFDWLRQ� IRU� 6ODYLF� /DQJXDJHV�� ,Q� 7�� (U�

MDYHF��'��9LWDV��HGV���3URFHHGLQJV�RI�WKH�:RUNVKRS�RQ�0RU�
SKRORJLFDO� 3URFHVVLQJ� RI� 6ODYLF� /DQJXDJHV�� ($&/�����
%XGDSHVW��������SS��������

�+DW]LYDVVLORJORX�������9��+DW]LYDVVLORJORX��������'R�:H�1HHG
/LQJXLVWLFV� :KHQ� :H� +DYH� 6WDWLVWLFV"� $� &RPSDUDWLYH
$QDO\VLV�RI�WKH�&RQWULEXWLRQV�RI�/LQJXLVWLF�&OXHV�WR�D�6WDWLV�
WLFDO� :RUG� *URXSLQJ� 6\VWHP�� ,Q� -�� .ODYDQV� 	� 3�� 5HVQLN
�HGV���� 7KH� %DODQFLQJ� $FW�� 0,7� 3UHVV�� &DPEULGJH� 0$�
������SS��������

�-DFTXHPLQ� ������ &�� -DFTXHPLQ�� ������ 6SRWWLQJ� DQG� 'LVFRY�
HULQJ� 7HUPV� WKURXJK� 1DWXUDO� /DQJXDJH� 3URFHVVLQJ�� 0,7
3UHVV��&DPEULGJH��0$��86$�������

�.LOJDULII�	� 7XJZHOO� ������$��.LOJDULII�	�'�� 7XJZHOO�� �����
:RUG�6NHWFK��([WUDFWLRQ� DQG�'LVSOD\� RI� 6LJQLILFDQW�&ROOR�
FDWLRQV� IRU�/H[LFRJUDSK\�� ,Q�3URFHHGLQJV�RI� WKH�$&/�����
&ROORFDWLRQV�:RUNVKRS��7RXORXVH��)UDQFH��SS��������

�/RXNDFKHYLWFK� 	� 'REURY� ������ 1�� 9�� /RXNDFKHYLWFK�� %�� 9�
'REURY�� ������ .QRZOHGJH�%DVHG� 7H[W� &DWHJRUL]DWLRQ� RI
/HJLVODWLYH�'RFXPHQWV�� ,Q�3URFHHGLQJV�RI�&203/(;�����
%XGDSHVW�� 5HVHDUFK� ,QVWLWXWH� IRU� /LQJXLVWLFV�� +XQJDULDQ
$FDGHP\�RI�6FLHQFHV��������SS��������

�0DQQLQJ� 	� 6FK�W]H� ������ &�� 0DQQLQJ�� +�� 6FK�W]H�� �����
)RXQGDWLRQV� RI� 6WDWLVWLFDO� 1DWXUDO� /DQJXDJH� 3URFHVVLQJ�
0,7�3UHVV��&DPEULGJH�0$�������

)LJXUH����6DPSOH�IURP�WRS�����WHWUDJUDPV�ZKHUH�IUHTXHQF\�DQG�OLQJXLVWLF�ILOWHULQJ�RXWSHUIRUP�0,



�0F(QHU\�HW� DO��������7��0F(QHU\�� -��0��/DQJp��0��2DNHV�� -�
9HURQLV�� ������7KH�([SORLWDWLRQ� RI�0XOWLOLQJXDO� $QQRWDWHG
&RUSRUD� IRU� 7HUP�([WUDFWLRQ�� ,Q�5��*DUVLGH��*�� /HHFK�� 7�
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