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6DQ�0DUWtQ��%XHQRV�$LUHV��$UJHQWLQD�
�*UXSR�2QGDV�(OiVWLFDV��(1'(��&1($��&RPLVLyQ�1DFLRQDO�GH�(QHUJtD�$WyPLFD��$YHQLGD

*HQHUDO�3D]�������������6DQ�0DUWtQ��%XHQRV�$LUHV��$UJHQWLQD�
�8QLYHUVLGDG�7HFQROyJLFD�1DFLRQDO���0HGUDQR�������������%XHQRV�$LUHV��$UJHQWLQD�

UX]]DQWH#FQHD�JRY�DU��SLRWUNRZ#PDLO��UHWLQD�DU

$EVWUDFW 7KH�DFRXVWLF� HPLVVLRQ� �$(��SKHQRPHQRQ
LV�XVHIXO� IRU�PRQLWRULQJ�PDFKLQLQJ�SURFHVVHV��$(� LV
GLUHFWO\� UHODWHG� WR� WKH� WRRO� FRQGLWLRQ�� VLQFH� LW� LV
JHQHUDWHG� E\� SODVWLF� GHIRUPDWLRQ�� DEUDVLRQ�� GHEULV
IUDFWXUH�� DQG� FUDFN� SURSDJDWLRQ�� ,Q� WKH� UHVHDUFK
UHSRUWHG� LQ� WKLV� SDSHU� VHYHUDO�$(� SDUDPHWHUV�ZHUH
PHDVXUHG�GXULQJ�WKH�ZHDULQJ�SURFHVV�RI�D�WRRO�LQVHUW
LQ�WXUQLQJ�WHVWV��:KLOH�VRPH�RI�WKHVH�SDUDPHWHUV�DUH
LQGLFDWLYH� RI� WKH� ZHDU� GHJUHH�� WKHLU� DSSOLFDELOLW\� LQ
LQGXVWULDO� DFWLYLWLHV� LV� OLPLWHG�� 7KLV� RFFXUV� EHFDXVH
WKH� HVWDEOLVKPHQW� RI� D� FRQWURO� WKUHVKROG� YDOXH
VWURQJO\� GHSHQGV� RQ� WKH� SURFHVV� YDULDEOHV�� ,Q� WKLV
SDSHU�SDUDPHWHUV�REWDLQHG�IURP�WKH�:DYHOHW�3DFNHW
�:3�� WUDQVIRUP� FRHIILFLHQWV�� ZHUH� HPSOR\HG�� 7KH\
ZHUH� WKH� 3RZHU� DQG� WKH� (QWURS\� RI� WKH� :3
FRHIILFLHQWV�ERWK�LQ�WKH�����N+]�������N+]�IUHTXHQF\
UDQJH�� 7KHVH� WZR� SDUDPHWHUV� ZHUH� DGHTXDWH� DQG
VSHFLILF�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�WRRO�FRQGLWLRQ�
.H\ZRUGV� DFRXVWLF� HPLVVLRQ�� PDFKLQLQJ�� VLJQDO
DQDO\VLV��ZDYHOHW�SDFNHWV�

,��,1752'8&7,21
7KH�$FRXVWLF�(PLVVLRQ���$(��SKHQRPHQRQ�LV�XVHIXO�IRU
WKH� PRQLWRULQJ� RI� PDFKLQLQJ� SURFHVVHV�� � 7KH� PDLQ
DGYDQWDJH� RI� $(� LV� WKDW� WKH� IUHTXHQF\� UDQJH� RI� $(
VLJQDOV� LV� PXFK� KLJKHU� WKDQ� WKH� FRUUHVSRQGLQJ� WR
PDFKLQH�YLEUDWLRQV�DQG�HQYLURQPHQWDO�QRLVH��0RUHRYHU�
LW� LV� QRQ�LQWUXVLYH� LQ� WKH� FXW� RSHUDWLRQV�� 2Q� WKH� RWKHU
VLGH��$(�LV�GLUHFWO\�UHODWHG�WR�WKH�WRRO�FRQGLWLRQ��VLQFH�LW
LV� JHQHUDWHG� E\� SODVWLF� GHIRUPDWLRQ�� DEUDVLRQ�� GHEULV
IUDFWXUH�DQG�FUDFN�SURSDJDWLRQ�

,Q� WKHLU� SDSHU�� .DQQDWH\�$VVLEX� DQG� 'RUQIHOG
������ KDYH� HVWDEOLVKHG� WKDW� GHIRUPDWLRQ� DQG� IUDFWXUH
SURFHVVHV�DUH�WKH�PDLQ�VRXUFHV�RI�$(�LQ� WKH�PDFKLQLQJ

RI�PHWDOV��7KUHH� ]RQHV� FDQ� EH� GLVWLQJXLVKHG� LQ� WKH�$(
JHQHUDWLRQ�
x 3ULPDU\� GHIRUPDWLRQ� ]RQH�� WKH� WRRO� FXWWLQJ� HGJH�

ZKLOH� EHLQJ� JUDGXDOO\� FORVHU� WR� WKH� PDWHULDO� DQG
LQFUHDVLQJO\�SUHVVLQJ�LW��SURGXFHV�WKH�FXWWLQJ�RI�WKH
IURQWLQJ�]RQH��7KH�IRUPHG�GHEULV�PRYHV�DERYH� WKH
IURQW�IDFH�RI�WKH�WRRO�DQG�LW�LV�SDUWLDOO\�GHIRUPHG�

x 6HFRQGDU\� GHIRUPDWLRQ� ]RQH�� LW� FRQVLVWV� LQ� WKH
GHEULV�WRRO� LQWHUIDFH� ZKHUH� DEUDVLRQ� DQG� SDUWLDO
GHIRUPDWLRQ�WDNH�SODFH�

x 7HUWLDU\�]RQH��ZKHUH�WKH�DEUDVLRQ�EHWZHHQ�WKH�QHZ
VXUIDFH�JHQHUDWHG�E\�WKH�GHEULV�GHWDFKPHQW�DQG�WKH
FXWWLQJ�HGJH�RFFXUV�

7KH� VHSDUDWLRQ� DQG� IDOO�GRZQ� RI� WKH� GHEULV�� ERWK
FRQWLQXRXV� DQG� GLVFRQWLQXRXV�� DQG� WKH� FRQVHTXHQW
KLWWLQJ� RQ� WKH� PHWDOOLF� PDWHULDO� RU� WKH� WRRO�� KDV� WR� EH
PHQWLRQHG� DV� DQ� DGGLWLRQDO� $(� VRXUFH� �.DQQDWH\�
$VVLEX�DQG�'RUQIHOG��������

3UHYLRXV� WKHRUHWLFDO� LQYHVWLJDWLRQV� UHODWHG� YDULRXV
FXWWLQJ� SDUDPHWHUV� ZLWK� WKH� VLJQDO� 506� YDOXH� LQ� WKH
ZD\� GLVSOD\HG� E\� (TQ�� ����� 7KLV� UHODWLRQ� REWDLQHG� E\
.DQQDWH\�$VVLEX� DQG� 'RUQIHOG� ������� FRQVLGHUV� WKH
SULPDU\� DQG� VHFRQGDU\�$(�]RQHV�� ,I�ZH�ZDQW� WR� DSSO\
(TQ�� ����� WKH� HIIHFWV� RI� WKH� WHUWLDU\� ]RQH� KDYH� WR� EH
PLQLPL]HG��7KH�GHYLDWLRQ�RI�WKH�GHEULV�WR�WKH�RXWVLGH�RI
WKH� ZRUNLQJ� DUHD� FDQ� PLQLPL]H� WKH� $(� JHQHUDWHG� E\
GHEULV� GHWDFKPHQW�� 7KH� VRXUFHV� FRUUHVSRQGLQJ� WR� WKH
WHUWLDU\�]RQH�FDQ�DOVR�EH�GLPLQLVKHG�E\�XVLQJ�WRROV�ZLWK
VKDUS�HGJHV�DQG�E\�FRQVLGHULQJ�RQO\�WKH�LQLWLDO�VWDJH�RI
WKH�PDFKLQLQJ�SURFHVV�
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ZKHUH
E���FXWWLQJ�ZLGWK
O����OHQJWK�RI�WKH�VWLFNLQJ�]RQH
O� ��OHQJWK�RI�WKH�WRRO�GHEULV�FRQWDFW�]RQH
8 ��FXWWLQJ�YHORFLW\
W� ��YHORFLW\�RI�VXSSO\D ��UDNH�DQJOH
M ��VKHDU�DQJOH
NW ��VKHDU�VWUHVV

&��FRQVWDQW
(TXDWLRQ� ����� LV� D� SRRU� DSSUR[LPDWLRQ� WR� UHDO
H[SHULPHQWV��EXW�LW�VKRZV�WKH�LQIOXHQFH�RI�JHRPHWU\�DQG
YHORFLW\� RQ� WKH� FXWWLQJ� SURFHVV�� $V� ORQJ� DV� WKH� ZHDU
SURFHHGV� WKH� JHRPHWU\� RI� WKH� VDPSOH� FKDQJHV� DQG
FRQFXUUHQWO\�WKH�YDULDEOHV�DQG�FRQVWDQWV�LQ�(TQ������WDNH
GLIIHUHQW� YDOXHV�� 0RUHRYHU�� LQ� VLPSOH� WXUQLQJ
RSHUDWLRQV�� DQ� LPSRUWDQW� GHJUHH� RI� $(� LV� JHQHUDWHG� LQ
WKH� WHUWLDU\� ]RQH�� %HFDXVH� RI� WKLV� D� VWDWLVWLFDO� VWXG\� RI
WKH�VHYHUDO�SDUDPHWHUV�RI�WKH�$(�VLJQDO�LV�UHTXLUHG��7KH
WUHQG� LQ� QRZDGD\V� ZRUN� LV� WR� ORRN� IRU� VWDWLVWLFDO
SDUDPHWHUV�UHODWHG�WR�WKH�WRRO�FRQGLWLRQ�

2QH�RI�WKH�FRPPRQ�WHFKQLTXHV�LQ�VSHFWUDO�DQDO\VLV
RI� VLJQDOV� LV� WKH� )DVW� )RXULHU� 7UDQVIRUP� �))7��� ZKLFK
DOORZV� GHWHUPLQLQJ� WKH� IUHTXHQF\� UDQJH� WKDW� LV
SUHGRPLQDQW� LQ� D� FRQWLQXRXV� VLJQDO�� $� FRQWLQXRXV� $(
VLJQDO�PHDQV� WKDW� WKH� WLPH� LQWHUYDO� EHWZHHQ� HPLVVLRQV
ZLWK� VLPLODU� DPSOLWXGH� LV� VKRUWHU� WKDQ� RU� HTXDO� WR� WKH
HPLVVLRQ�GXUDWLRQ� 6R��WKH�VWDUWLQJ�DQG�HQGLQJ�SRLQWV�RI
HYHQWV� DUH� QRW� ZHOO� GHILQHG�� � :KHQ� GLVFRQWLQXRXV
VLJQDOV DUH� DQDO\]HG� ZLWK� WKH� ))7�� D� ORFDO� DQDO\VLV� LV
SHUIRUPHG� EXW� ZKHQ� WKH� WHPSRUDO� ZLQGRZ� LV� VHOHFWHG�
DQ�DUELWUDU\�DQG�QRW�DOZD\V�DGHTXDWH�IUHTXHQF\�UDQJH�LV
VLPXOWDQHRXVO\� GHILQHG�� 7KLV� LV� WKH� UHDVRQ� ZK\� RWKHU
WUDQVIRUPV� VXFK� DV� WKH� 6KRUW� 7LPH� )RXULHU� 7UDQVIRUP
�67)7��DQG�WKH�:DYHOHW�7UDQVIRUP�ZHUH�FUHDWHG��,Q�WKH
67)7�WKH�VHOHFWLRQ�RI�WKH�ZLGWK�RI�WKH�WHPSRUDO�ZLQGRZ
LV� D� QRQ�WULYLDO� SUREOHP�� LQ� SDUWLFXODU� LQ� FDVHV� ZKHUH
VKRUW�DQG�ORQJ�WLPH�SKHQRPHQD�FRH[LVW��7KLV�LV�WKH�FDVH
RI�RXU�VLJQDOV�� %HFDXVH�$(�LV�W\SLFDOO\�D�QRQ�VWDWLRQDU\
SURFHVV� WKH� :DYHOHW� 7UDQVIRUP� LV� D� XVHIXO� WRRO� WR
PDQDJH� WKH� GDWD�� ,W� FDQ� EH� FRQVLGHUHG� DV� ORFDO� )RXULHU
7UDQVIRUP�DW�DOO�GLIIHUHQW�VFDOHV�

:LWK�WKH�GHYHORSPHQW�RI�WKH�:DYHOHW�WKHRU\�LQ�WKH
ODWH� ���V� DQG� WKH� EHJLQQLQJ� RI� WKH� ���V�� :X� DQG� 'X
������� LQWURGXFHG� WKH�:DYHOHW� 3DFNHW� �:3�� WUDQVIRUP
LQ� WKH� SURFHVVLQJ� RI� VLJQDOV� FRPLQJ� IRUP� YLEUDWLRQV
GXULQJ�WKH�PDFKLQLQJ�SURFHVV��7KH�FRHIILFLHQWV�REWDLQHG
ZLWK� WKLV� WUDQVIRUPDWLRQ� ZHUH� WKHQ� XVHG� DV� SDUDPHWHUV
IRU� GHWHUPLQLQJ� WKH� WRRO� FRQGLWLRQ��2WKHU� DXWKRUV� KDYH
SHUIRUPHG� VLPLODU� VXFFHVVIXO� DQDO\VLV� WDNLQJ� WKH� $(
VLJQDOV�� �;LDROL� DQG� 6KHMXQ�� ������ 1LX� HW� DO��� �����
.DPDUWKL�HW�DO���������

7KH�DLP�RI� WKH�SUHVHQW�SDSHU� LV� WR� DGYDQFH� LQ� WKH
VLJQDO� SURFHVVLQJ� DQG� WR� LPSURYH� WKH� FRUUHVSRQGLQJ
H[WUDFWLRQ� RI� SDUDPHWHUV�ZLWK� WKH�:3� WHFKQLTXH� LQ� WKH
F\OLQGULFDO� WXUQLQJ� SURFHVV�� LQ� RUGHU� WR� GHWHUPLQH� WKH
WRRO� FRQGLWLRQ�� 7KH� DQDO\VLV� FRQVLVWV� LQ� YDULRXV� VWDJHV�
)LUVW�� DYHUDJH� YDOXHV� RI� SDUDPHWHUV� GLUHFWO\� REWDLQHG

ZLWK�WKH�$(�V\VWHP�DUH�REWDLQHG��7KHQ��GLJLWL]HG�VLJQDOV
DUH� DQDO\]HG� ZLWK� :3�� 7KH� DQDO\VLV� LV� GRQH� RQ
FRQWLQXRXV�VLJQDOV��ZKLFK�DUH� WKRVH�FRQQHFWHG�ZLWK� WKH
ZHDU�GHJUHH��DIWHU�KDYLQJ�ILOWHUHG�RXW� WKH�GLVFRQWLQXRXV
RQHV�� 7KLV� ZRUN� FRQWLQXHV� D� 0DVWHU� 7KHVLV� WKDW� WRRN
SODFH� LQ� WKH� 7HFKQRORJ\� ,QVWLWXWH� � ³3URI�� -RUJH� $�
6iEDWR´�� &1($�� $UJHQWLQD� � �0DUDGHL�� ������ DQG� DOVR
IROORZV�SUHYLRXV�ZRUN�SHUIRUPHG� LQ� WKH�(ODVWLF�:DYHV
*URXS��&1($��$UJHQWLQD��0DVHWUR�HW�DO� ���������3pUH]
*DOOHJR���������

,,�(;3(5,0(17$/�(48,30(17
$��0DWHULDOV
:H�XVHG�EDUV�RI�WZR�GLIIHUHQW�PDWHULDOV��6$(������DQG
6$(� ��/��� VWHHOV�� 7KH� JUDLQ� VL]H� LQ� 6$(� ����� VWHHO
ZDV� KHWHURJHQHRXV��ZLWK� ODUJH� JUDLQV� EHWZHHQ� �� DQG� �
����PP�DQG����PP��DQG�VPDOO�JUDLQV�EHWZHHQ���DQG���
����PP�DQG����PP���$670�(����6WDQGDUG�� ,QFOXVLRQV
KDG� YDULDEOH� $O�� 6L��0Q�� 6�� &D� DQG� )H� FRQWHQW�� DQG� D
PHDQ� VL]H� RI� �� PP�� 7KH� KDUGQHVV� SURILOH� DORQJ� WKH
LQFOXVLRQ�GLDPHWHU�KDG�D�PHDQ�YDOXH�RI����+5%�LQ� WKH
PHDQ��ZLWK�D�GHYLDWLRQ�ORZHU�WKDQ�����7KH�JUDLQ�VL]H�LQ
6$(���/���VWHHO�ZDV�������PP���$670�(����6WDQGDUG�
7KH�LQFOXVLRQV�DQG�SUHFLSLWDWHV�FRQWDLQHG�6��3E��0Q��)H�
DQG� WKHLU� VL]H� ZDV� DERXW� �� PP�� 7KH� KDUGQHVV� SURILOH
DORQJ� WKH� GLDPHWHU� GLUHFWLRQ� KDG� D� PHDQ� YDOXH� RI� ��
+5%� ZLWK� D� GHYLDWLRQ� ORZHU� WKDQ� ���� 7KLV� LV� D
UHSKRVSKDWHG� DQG� UHVXOIXUHG� VWHHO� ZLWK� WKH� DGGLWLRQ� RI
3E�� VR� WKH� LQFOXVLRQ�FRQWHQW� LV� LQFUHDVHG��7KH�SUHVHQFH
RI�EULWWOH�LQFOXVLRQV�DXJPHQWV�WKH�PDWHULDO�ZRUNDELOLW\�

%��$FRXVWLF�(PLVVLRQ�6\VWHP
7KH� V\VWHP� ZDV� 0,675$6� ����� IURP� 3K\VLFDO
$FRXVWLFV� &RUSRUDWLRQ� �3$&��� 7KH� $(� ZDYHV� ZHUH
FRQYHUWHG� WR� HOHFWULFDO� VLJQDOV� E\� WKH� SLH]RHOHFWULF
VHQVRUV�� WKHQ� WKH\� ZHUH� SUHDPSOLILHG� ���� G%�� DQG
PHDVXUHG�E\�WKH�$('63������%�FDUG�ZLWK�FKDQQHOV�IRU
VLJQDO� SURFHVVLQJ� DQG�ZDYH� VKDSH� GHWHUPLQDWLRQ�� 2QO\
RQH�RI�WKH�FKDQQHOV�ZDV�XVHG��ZLWK�D�VHQVRU�ORFDWHG�ZLWK
D� FRXSOLQJ� ZD[� RQ� WKH� EDFNVLGH� RI� WKH� LQVHUW� KROGHU�
�)LJ�� ���� $� ��� N+]� �� ����� N+]� SDVVEDQG� ILOWHU� ZDV
DSSOLHG�� DQG� WKHQ� WKH� VLJQDO� ZDV� GLJLWL]HG� WR� �
0HJDVDPSOHV� SHU� VHFRQG� DQG� D� UHVROXWLRQ� RI� ��� ELWV�
7KH�PD[LPXP�V\VWHP�FDSDELOLW\� IRU�KLW�SURFHVVLQJ�DQG
H[WUDFWLRQ�RI�SDUDPHWHUV�ZDV�KLJKHU�WKDQ�������KLWV�V�
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&��([SHULPHQWDO�3URFHGXUH
%DUV�ZHUH� WXUQHG�ZLWK� D� ��N:�7XUUL� ���� ODWKH�� ZKLFK
KDG� D� 3��� PHWDOOLF� FDUELGH� LQVHUW�� $W� WKH� HQG� RI� WKH

WXUQLQJ�RI�HDFK�EDU�WKH�LQVHUW�ZHDU�GHJUHH�ZDV�PHDVXUHG
ZLWK� D� /HLW]� :HW]ODU� PLFURVFRSH� ZLWK� PLFURPHWULF
VFUHZV� DFFRUGLQJ� WR� WKH� ,62� ����� 6WDQGDUG�� 7KH
SDUDPHWHU�YDOXHV�DUH�JLYHQ�LQ�7DEOH���

7DEOH����7HVW�3DUDPHWHUV
7HVW 0DWHULDO 7XUQLQJ

9HORFLW\
�USP�

6XSSO\
9HORFLW\
�PP�UHY�

3DVVLQJ�'HSWK
�PP�

3DVVLQJ
1XPEHU

0HDQ�&XWWLQJ
9HORFLW\
�P�PLQ�

� 6$(����� ���� ���� ���� � �����
� 6$(����� ���� ���� ��� � �����
� 6$(���/�� ���� ���� ���� � �����

$�SRUWLRQ�RI����VWHHO������VDPSOHV������PP�ORQJ��ZHUH
WXUQHG� LQ� �� WXUQLQJ� VWHSV� �ZLWK� WKH� ILUVW� LQVHUW� �7HVW� ��
DQG�LQ���WXUQLQJ�VWHSV�ZLWK�WKH�VHFRQG�LQVHUW��7HVW�����$
SRUWLRQ� RI� ��� VWHHO� ��/��� VDPSOHV� ���PP� ORQJ� ZDV
WXUQHG�LQ�WZR�WXUQLQJ�VWHSV��7HVW�����:KHQ�HDFK�SRUWLRQ
RI�VDPSOHV�ZDV� ILQLVKHG��GH�GLDPHWHU�ZDV�GHPLWWHG�DQG
WKLV� OHG� WR� GLPLQLVK� WKH� RQJRLQJ� FXWWLQJ� YHORFLW\� VLQFH
RXU� ODWKH� ZDV� QRW� HTXLSSHG� ZLWK� D� YHORFLW\� FRQWUROOHU�
7KLV� OHG�WR�DQ�HUURU�RI����LQ� WKH�YHORFLW\��ZLWK� UHVSHFW
WR�WKH�FRQVLGHUHG�PHDQ�YDOXH�

7KH� VLJQDOV� RI� HDFK� WXUQLQJ� VWHS� RI� HDFK� VDPSOH
ZHUH�NHSW� LQ�D�GLIIHUHQW� ILOH��6DPSOHV�³D´�FRUUHVSRQGHG
WR�VWHHO������DQG�VDPSOHV�³E´� WR� VWHHO���/����6DPSOHV
ZHUH� QXPEHUHG� LQ� D� VHTXHQWLDO� RUGHU� DFFRUGLQJ� WR� WHVW�
7KH�OHWWHU�³S´�LQGLFDWHG�WKH�RUGHU�QXPEHU�RI�WKH�WXUQLQJ
VWHS�� )RU� VWHHO� ����� WKH� ILOHV� KDG�� LQ� WKH� PHDQ� ���
HYHQWV� FRUUHVSRQGLQJ� WR� ORZ� DQG� PHGLXP� ZHDU� GHJUHH
DQG�����FRUUHVSRQGLQJ�WR�VHYHUH�ZHDU��)RU�VWHHO���/��
WKH� PHDQ� QXPEHU� RI� HYHQWV� SHU� ILOH� ZDV� ������ 7KHVH
ILOHV� SUHVHUYHG� DOVR� WKH� LQIRUPDWLRQ� RQ� WKH� SDUDPHWHUV
DQDO\]HG�LQ�HDFK�HYHQW�

%HLQJ� VWHHO� ����� RI� ORZ� PDFKLQLQJ� DELOLWLHV�� IRU
WKLV� FDVH� D� ORZ� SDVVLQJ� GHSWK� ZDV� VHOHFWHG�� 7KLV
SURGXFHG� ZHDU� LQ� WKH� LQVHUW� WLS�� VR� WKH� VWDQGDUG� OLPLW
ZHDU�FRXOG�QRW�EH�FRQVLGHUHG��,Q�RUGHU�WR�RYHUFRPH�WKLV
GLIILFXOW\�WKH�PD[LPXP�OHQJWK�RI�ZHDU�QHDU�WKH�WLS�ZDV
FRQVLGHUHG�DV�D�OLPLW�YDOXH�

,,,��6,*1$/�$1$/<6,6�:,7+�:$9(/(7
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7KH�VLJQDO�DQDO\VLV�PHWKRG�LPSOHPHQWHG�LQ�WKLV�ZRUN�LV
EDVHG�RQ�WKH�:DYHOHW�3DFNHW�7UDQVIRUP�

7KLV� LV� D� JHQHUDOL]DWLRQ� RI� WKH� VWDQGDUG� :DYHOHW
7UDQVIRUP�DQG�DOORZV�FRQWUROOLQJ�WKH�DQDO\VLV�SUHFLVLRQ
LQ� WKH� IUHTXHQF\� GRPDLQ� �0H\HU�� ������� $VVRFLDWHG
ZLWK� LWV� LPSOHPHQWDWLRQ� WKHUH� LV� D� ZLGH� FROOHFWLRQ� RI
2UWKRJRQDO� %DVHV� LQ� WKH� VSDFH� RI� VLJQDOV� ZLWK� ILQLWH
HQHUJ\�� 7KH� VHOHFWLRQ� RI� WKH� EHVW� EDVLV�� IROORZLQJ� DQ
DGHTXDWH� FULWHULRQ�� LV� MXVW� WKH� IDFW� WKDW� PDNHV� SRVVLEOH
WKH�RSWLPDO�VLJQDO�UHSUHVHQWDWLRQ��0H\HU��������0DOODW�
������ 6HUUDQR� DQG� )DELR�� ������� 7KH� HOHPHQWDU\
IXQFWLRQV�WKDW�FRQVWLWXWH�WKH�EDVHV��DUH�WKH�ZDYH�SDFNHWV�
7KH\� FDQ� EH� FRQVLGHUHG� DV� ZDYHOHWV� ZLWK� ZHOO�GHILQHG
GXUDWLRQ� DQG� RVFLOODWLRQ� SDWWHUQ�� DQG� WKH\� H[WHQG� WKH

FROOHFWLRQ� RI� VWDQGDUG� ZDYHOHWV�� FRPELQLQJ� LQ� D� ZLGH
UDQJH�WKH�WLPH�IUHTXHQF\�SUHFLVLRQ�

7KH�:DYHOHW� 3DFNHWV� SURSRVHG� LQ� �0H\HU�� �����
UHVXOW� IURP� WKH� VXFFHVVLYH� DSSOLFDWLRQ� RI� WKH� SDLU� RI
FRQMXJDWHG� ILOWHUV� DVVRFLDWHG� ZLWK� WKH� 0XOWLUHVROXWLRQ
$QDO\VLV�VFKHPH�

*LYHQ� D� VLJQDO�� LW� LV� SRVVLEOH� WR� SHUIRUP� WKH
DQDO\VLV� WKURXJK� WKH� UHFXUVLYH� DFWLRQ�RI� WKH� FRQMXJDWHG
ILOWHUV�� LQ� ZKDW� LV� QDPHG� 0DOODW�V� *HQHUDOL]HG
$OJRULWKP �0DOODW�� ������� 7KLV� SURFHGXUH� JRHV� RQ
JHQHUDWLQJ� WKH� FRHIILFLHQWV� WKDW� UHSUHVHQW� WKH� VLJQDO� LQ
WKH�FODVVHV�RI�HOHPHQWDU\�IXQFWLRQV��ZKLFK�DUH�RUJDQL]HG
LQ�D� OLEUDU\�RI�RUWKRQRUPDO�EDVHV��:KHQ� WKLV�SURFHVV� LV
ILQLVKHG��ZH�PXVW�VHOHFW�WKH�FRHIILFLHQWV�WKDW�FRUUHVSRQG
WR�WKH�RSWLPDO�EDVLV��7KLV�FDQ�EH�GRQH�E\�GHILQLQJ�D�FXW
LQ�WKH�WUHH�RI�DOWHUQDWLYHV�

)LQDOO\�ZH�KDYH�D�UHSUHVHQWDWLRQ�RI�WKH�VLJQDO�DV�¦ 
-

-- WFWV ���� M ���

ZKHUH�M-�W� LV�WKH�ZDYH�SDFNHW� LQ�WKH�RSWLPDO�EDVLV�DQG
F- LV�WKH�FRUUHVSRQGLQJ�UHSUHVHQWDWLRQ�FRHIILFLHQW�

6LQFH�WKH�EDVLV�LV�RUWKRQRUPDO��WKH�VLJQDO�HQHUJ\�LV
JLYHQ�E\�

���� ¦³  
-

-FGWWV ���

7KH� ,QIRUPDWLRQ� SURYLGHG� E\� WKH� F-� FRHIILFLHQWV
GHSHQGV�RQ�WKH�VHOHFWLRQ�FULWHULRQ�DGRSWHG�IRU�WKH�EDVLV�
,Q�SDUWLFXODU��LI�ZH�XVH�WKH�0LQLPXP�(QWURS\�&ULWHULRQ�
ZH�DUH�VHOHFWLQJ�WKH�EDVLV�WKDW�PLQLPL]HV�WKH�QXPEHU�RI
VLJQLILFDQW�FRHIILFLHQWV�LQ�WKH�VLJQDO�UHSUHVHQWDWLRQ�

7KH�HQWURS\�6 LV�D�SDUDPHWHU�WKDW�KDV�WKH�PHDQLQJ
RI� WKH� GHJUHH� RI� LQWULQVLF� GLVRUGHU� RU� ODFN� RI
RUJDQL]DWLRQ�RI�WKH�VLJQDO�ZLWK�UHVSHFW�WR�D�JLYHQ�EDVLV�
D�UHODWLYHO\�ORZ�HQWURS\�YDOXH�HYLGHQFHV�WKH�H[LVWHQFH�RI
D� VWUXFWXUH� UHFRJQL]DEOH� LQ� WKH� HOHPHQWDU\� SDWWHUQV�
&RQWUDULO\��D�KLJK�HQWURS\�YDOXH� LQGLFDWHV� WKH� ODFN�RI� D
VLPSOH�DQG�LGHQWLILDEOH�VWUXFWXUH��0H\HU���������0DOODW�
�������6HUUDQR�DQG��)DELR��������

7KH� DSSOLFDWLRQ� RI� WKHVH� FULWHULD� WXUQV� WR� EH� YHU\
XVHIXO�� LQ� SDUWLFXODU� WR� DQDO\]H� VHTXHQFHV� RI� VLJQDOV
FRPLQJ� IURP�SURFHVVHV�ZLWK�SURSHUWLHV� WKDW� VHHP� WR�EH
VWDWLRQDU\�LQ�VKRUW�WLPH�LQWHUYDOV�EXW�DUH�QRQ�VWDWLRQDU\�
7KLV�LV�WKH�FDVH�LQ�WKH�SURFHVV�LQYHVWLJDWHG�LQ�WKH�SUHVHQW
SDSHU�



,9��5(68/76�$1'�',6&866,21
$W� WKH� HQG� RI� WKH� ODVW� SDVVLQJ� LQ� 7HVW� ��� WKH� LQVHUW
UHVXOWHG�VHYHUHO\�ZRUQ�RXW��7KLV�GLG�QRW�KDSSHQ�LQ�7HVW
���ZKHUH�WKH�PD[LPXP�YDOXH�SURSRVHG�E\�WKH�6WDQGDUG
ZDV� QRW� UHDFKHG�� �9%% � ���PP��� ,Q� 7HVW� ��� D� ZHDU
9%% � ���� PP�� KLJKHU� WKDQ� WKH� VWDQGDUG� FULWLFDO� YDOXH
ZDV�UHDFKHG�

,Q� WKLV� SDSHU� RQO\� WKH� FRQWLQXRXV� W\SH� VLJQDOV�� DV
QDPHG�LQ�OLWHUDWXUH��ZHUH�DQDO\]HG��VLQFH�WKH\�DUH�WKRVH
WKDW� FRQWDLQ� LQIRUPDWLRQ� DERXW� WKH� ZHDU� RI� WKH� WRRO�
7KH\� SURYLGH� LQIRUPDWLRQ� RQ� WKH� WRRO� DQG� GHEULV
IUDFWXUH�� 7KH� PHWKRG� WKDW� DOORZV� WKH� VHSDUDWLRQ� RI� WKH
FRQWLQXRXV� ZDYHV� IURP� WKH� GLVFRQWLQXRXV� RQHV� LV� WKH
VWDWLRQDULW\�FRQWURO��IROORZLQJ�D�SURSRVDO�E\��1LX�HW�DO��
�������� 7KH� VWDWLRQDU\� VLJQDOV� DUH� WKRVH� ZKLFK� KDYH� D
PHDQ� YDOXH� �(�;W��� DQG� DQ� DXWRFRUUHODWLRQ� � �5[�W�W�W��
WKDW� GR� QRW� GHSHQG� RQ� WLPH�� VR� ORQJ� DV� WKH� QRQ�
VWDWLRQDU\�DUH�PRGXODWHG�LQ�IUHTXHQF\�DQG�PDJQLWXGH��$
VLJQDO�LV�VWDWLRQDU\�LI�

������� WWP [[NW 5WW5;(  � ���
WKDW�LV��IURP�D�SUDFWLFDO�SRLQW�RI�YLHZ�

HWWHP d��d� ������� [[NW 5WW5;( ���
EHLQJ�PN DQG� 5[�W� FRQVWDQWV��,Q�(TQ�������D�WROHUDQFH�RI
VWDWLRQDULW\� FRQWURO� LV� DSSOLHG�� ,Q� WKLV� VHQVH�� WKH
³VWDWLRQDU\´� RU� ³GLVFRQWLQXRXV´� VHFWLRQV� LQ� VLJQDOV� FDQ
EH�FXW�DSDUW��7KLV�ZDV�GRQH�LQ�WKLV�SDSHU�DQG�IURP�QRZ
RQ�ZH�FRQVLGHU�RQO\�WKH�FRQWLQXRXV�SDUW�RI�VLJQDOV�

$��(YROXWLRQ�RI�$(�3DUDPHWHUV
$Q� LQLWLDO� GDWD� SURFHVVLQJ� FRQVLVWHG� LQ� WDNLQJ� WKH� $(
SDUDPHWHUV�H[WUDFWHG�E\�WKH�$(�V\VWHP�DQG�SHUIRUP�WKH
DYHUDJH�RI� WKHP� LQ�HDFK�SDVVLQJ��7KH�HQHUJ\�HYROXWLRQ
IURP�7HVW���LV�VKRZQ�)LJ�����:H�FDQ�REVHUYH�D�SHDN�LQ
WKH�PLGGOH�WLPH�RI�WKH�WHVW��7KLV�SHDN�DFWV�DV�D�SUHGLFWRU
RI� FKDQJHV� RI� WKH� RWKHU� SDUDPHWHUV� VXFK� DV� ULVH�WLPH�
FRXQW� QXPEHU�� DPSOLWXGH�� HYHQWV� SHU� VHFRQG� DQG
GXUDWLRQ��$IWHU�WKDW�SHDN��WKHVH�ILYH�SDUDPHWHUV�SUHVHQW�D
GHVFHQW� RI� WKHLU� YDOXHV�� )LJXUH� �� VKRZV� WKH� HQHUJ\
HYROXWLRQ� REWDLQHG� LQ� 7HVW� ��� 7KH� HQHUJ\� SHDN� ZDV
REWDLQHG�LQ�WKH�VHFRQG�KDOI�SDUW�RI�WKH�WHVW��VLQFH�LQ�WKLV
FDVH�WKH�LQVHUW�GLG�QRW�RYHUWDNH�WKH�VWDQGDUG�OLPLW�YDOXH�
$IWHU� WKH� SHDN�� WKH� ULVH�WLPH�� FRXQWV�� DQG� DPSOLWXGH
YDOXHV� VKRZ� DQ� LQFLSLHQW� GHVFHQW� ZKLOH� WKH� HYHQWV� SHU
VHFRQG� DQG� WKH� GXUDWLRQ� VXIIHU� DQ� LQVWDELOLW\� LQ� WKHLU
YDOXHV� WKDW� FRXOG� DQQRXQFH� DQ� LPPLQHQW� GHVFHQW�� 7KH
HQHUJ\� HYROXWLRQ� LQ� 7HVW� �� �)LJ�� ��� KDV� D� VLPLODU
EHKDYLRU�

)LJXUHV�������VKRZ�WKDW�WKH�UDQJH�RI�WKH�SDUDPHWHU
YDOXHV� DQG� WKHQ� WKH� WKUHVKROG� WKDW� GHWHUPLQHV� WKH� WRRO
FRQGLWLRQ� FKDQJH� ZLWK� WKH� ZRUNLQJ� FRQGLWLRQV�� 7KLV
FRQVWLWXWHV� D� GUDZEDFN� IRU� WKH� DGRSWLRQ� RI� WKHVH
SDUDPHWHUV�IRU�GLDJQRVLV�LQ�LQGXVWULDO�DSSOLFDWLRQV�
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%��)UHTXHQF\�+LVWRJUDP
)LJXUHV� �� DQG� �� VKRZ� WKDW� ZKLOH� ZHDU� DGYDQFHV� D
SUHGRPLQDQFH� RI� SHDNV� RI� ORZ� IUHTXHQFLHV� RFFXUV
FRPSDUHG� ZLWK� WKH� LQLWLDO� ZHDU� VWDJHV�� 2WKHU� DXWKRUV
�+HLSOH� HW� DO��� ������ SUHYLRXVO\� REVHUYHG� WKLV� VKLIW
SKHQRPHQRQ�

�

���

���

���

���

���� ���� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
)UHTXHQF\

�
D�S�
D��S�
D��S�
D��S�
D��S�
D��S�

WLPH

)LJ�����)UHTXHQF\�+LVWRJUDP�IRU�7HVW��

�
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���

���

���

���

���� ��� ��� ��� ��� ��� ���
)UHTXHQF\

�

E�S�
E�S�
E��S�
E��S�

WLPH

)LJ����)UHTXHQF\�+LVWRJUDP�IRU�7HVW��

&��$QDO\VLV�ZLWK�:DYHOHWV�3DFNHWV
7KH�EHKDYLRU�RI�WKH�SDUDPHWHU�HQHUJ\�DQG�WKH�IUHTXHQF\
KLVWRJUDP�VXJJHVW�WKH�QHFHVVLW\�RI�WUHDWLQJ�WKHVH�VLJQDOV
ZLWK� PHWKRGV� GHYHORSHG� IRU� QRQ� VWDWLRQDU\� SURFHVVHV�
VXFK�DV�:3�GHVFULEHG�LQ�VHFWLRQ�,,,��,Q�WKLV�ZD\�ZH�DUH
VHHNLQJ�LQGLFDWRUV�UHODWHG�WR�HQHUJ\�

,Q�SUHYLRXV�ZRUN�RI�RXU�JURXS��3LRWUNRZVNL�HW�DO��
������ 3pUH]�*DOOHJR� HW� DO��� ������:DYHOHWV� KDYH� EHHQ
XVHG�IRU�VLJQDO�SURFHVVLQJ�� ,Q� WKH�SUHVHQW�SDSHU�ZH�XVH
:3� VLQFH� HDFK� SDFNHW� JLYHV� VLJQDO� LQIRUPDWLRQ� LQ� D
VSHFLILF� WLPH�IUHTXHQF\� ZLQGRZ�� 7KH� :3� WUDQVIRUP
ZDV� DSSOLHG� WR� VLJQDOV� DQG� WKH� SRZHU� ZDV� FDOFXODWHG
ZLWK� WKH�:3� FRHIILFLHQWV� DV� LV� VWDWHG� E\�(TQ�� ����� 7KH
FDOFXODWLRQ� ZDV� SHUIRUPHG� LQ� WKH� ���� N+]� �� ���� N+]
IUHTXHQF\� UDQJH�� ZKLFK� LV� ULFK� LQ� LQIRUPDWLRQ� RQ� WRRO
ZHDU�

¦
 

 1

Q
MF13

�
�� ���

7KH�FM V�DUH�WKH�:3�FRHIILFLHQWV�LQ�WKH�PHQWLRQHG�UDQJH
DQG�1 LV� WKH�QXPEHU�RI� FRHIILFLHQWV� LQYROYHG��:H�XVHG
WKH�+DDU�PRWKHU�ZDYHOHW� XS� WR� D� UHVROXWLRQ� OHYHO� RI� ��
$IWHU� GHFRPSRVLQJ� WKH� VLJQDO� WKH� EHVW� EDVLV� ZDV
LQYHVWLJDWHG�� LQ� WKH� VHQVH� RI� UHSUHVHQWLQJ� WKH� VLJQDO� LQ
WKH�PRVW� FRPSDFW� ZD\�� 6SHFLILFDOO\� ZH� ORRNHG� IRU� WKH
EDVLV� WKDW� PLQLPL]HG� WKH� HQWURS\� RI� WKH�:3� WUDQVIRUP
FRHIILFLHQWV��6KDQQRQ�:HDYHU�(TQ������ZDV�XVHG�IRU�WKH
HQWURS\�FDOFXODWLRQ� ¦� 

L
LL SS6 ORJ ���

ZKHUH��SL LV����
���� 13FS LL  ���

)LJXUHV� ���� VKRZ� WKH� SRZHU� �(TQ�� ����� HYROXWLRQ� LQ
VHPL�ORJDULWKPLF� JUDSKV�� ,W� FDQ� EH� REVHUYHG� WKDW� WKH
JUDSKV�UHVHPEOH�WKRVH�RI�WKH�SDUDPHWHU�HQHUJ\��)LJV����
���� 7KH� GLIIHUHQFH� LV� WKDW� WKH\� DUH� JUHDWO\� DPSOLILHG�
$QRWKHU�LPSRUWDQW�SRLQW�LV�WKDW�WKH�SRZHU�FDOFXODWLRQ�LV
SHUIRUPHG� ZLWK� D� IL[HG� WLPH� ZLQGRZ� DQG� GRHV� QRW
GHSHQG�RQ�WKH�WRWDO�HYHQW�GXUDWLRQ�DV�LQ�WKH�HQHUJ\�FDVH�

,W� LV� FRQYHQLHQW� WR� FDOFXODWH� RWKHU� LQGLFDWRUV� WKDW
UHLQIRUFH� RU� FRPSOHPHQW� WKH� WHQGHQF\� VKRZQ� E\� WKH
SRZHU� LQGLFDWRU��EHFDXVH� LW�KDV�D�VWDWLVWLFDO� QDWXUH��7KH
IUHTXHQF\�VKLIW�PHQWLRQHG�DERYH�DQG�GLVSOD\HG�LQ�)LJV�
����VXJJHVWV�DQ� LQGLFDWRU�FRQQHFWHG�ZLWK� WKH� IUHTXHQF\
GLVWULEXWLRQ��$PRQJ�WKHP�WKH�HQWURS\�RI�WKH�FRHIILFLHQWV
RI�WKH�:3�WUDQVIRUP�LQ�WKH�����������N+]�ZDV�VHOHFWHG�
$W�YDOXHV�FORVH�WR���� WKH�IUHTXHQF\�GLVWULEXWLRQ�LV�PRUH
XQLIRUP� LQ� WKH� VSHFWUXP� DQG� LQ� WKLV� UHVSHFW� WKH
SKHQRPHQRQ� LV� PRUH� GLVRUGHUHG�� FRQWUDULO\�� DW� YDOXHV
FORVH� WR� �� FHUWDLQ� JURSLQJ� RU� RUGHU� LV� IRXQG� LQ� WKH
IUHTXHQF\� GLVWULEXWLRQ�� )RU� WKH� HQWURS\� FDOFXODWLRQ� WKH
(TQ������ZDV�XVHG�
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ORJ�HQWURS\��6����������N+]
ORJ�SRZHU��3����������N+]

)LJ����(YROXWLRQ�RI�ORJ�SRZHU��3��DQG�ORJ�HQWURS\���6�
FDOFXODWHG�ZLWK�:3�LQ�7HVW���
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ORJ�SRZHU��3����������N+]

)LJ����(YROXWLRQ�RI�ORJ�SRZHU��3��DQG�ORJ�HQWURS\��6�
FDOFXODWHG�ZLWK�:3�LQ�7HVW���
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ORJ�HQWURS\��6����������N+]
ORJ�SRZHU��3����������N+]

)LJ����(YROXWLRQ�RI�ORJ�SRZHU��3��DQG�ORJ�HQWURS\���6�
FDOFXODWHG�ZLWK�:3�LQ�7HVW���

$V�FDQ�EH� VHHQ� LQ�)LJV�������DQG��� WKH�HQWURS\�RI
WKH�:3�FRHIILFLHQWV�LQ�WKH�����N+]�������N+]�IUHTXHQF\
EDQG�IROORZV�WKH�VDPH�WHQGHQF\�RI�SRZHU�PDLQO\�LQ�WKH
PLGGOH� DQG� ILQDO� VWDJHV�� 7KDW� LV� WR� VD\� WKDW� WKHUH� LV� D
SHDN� LQ� WKH�PLGGOH�ZHDU� VWDJH� IRU�ERWK� SDUDPHWHUV� DQG
WKHQ�ERWK�GHFOLQH�

0RUHRYHU�� HQWURS\� KDV� QRW� EHHQ� XVHG� DV� DQ
LQGHSHQGHQW� SDUDPHWHU� LQ� OLWHUDWXUH� LQYROYHG� LQ� :3�
�;LDROL�DQG�6KHMXQ��������1LX�HW�DO���������.DPDUWKL�HW
DO� �������EXW�RQO\�WR�REWDLQ�RSWLPDO�WUHHV�

,9��&21&/86,216
7KH� $(� SDUDPHWHU� (QHUJ\� LV� LQGLFDWLYH� RI� WKH� LQVHUW
ZHDU�� :KHQ� D� PD[LPXP� SHDN� LV� SURGXFHG� DW� DQ
LQWHUPHGLDWH� ZHDU� GHJUHH� D� FKDQJH� LV� REWDLQHG� LQ� WKH
EHKDYLRU�RI�RWKHU�SDUDPHWHUV�VXFK�DV�5LVHWLPH��&RXQWV�
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