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4XDQWXP�VL]H�FRUUHFWLRQ�WR�WKH�ZRUN�IXQFWLRQ�DQG�WKH�FHQWURLG�RI�H[FHVV�FKDUJH�
LQ�SRVLWLYHO\�LRQL]HG�VLPSOH�PHWDO�FOXVWHUV
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&HQWHU�IRU�7KHRUHWLFDO�3K\VLFV�DQG�0DWKHDPWLFV��$WRPLF�(QHUJ\�2UJDQL]DWLRQ�RI�,UDQ��3��2��%R[�������������7HKUDQ��,UDQ

�5HFHLYHG���0D\�������DFFHSWHG����2FWREHU������
$EVWUDFW
,Q� WKLV� ZRUN�� ZH� KDYH� VKRZQ� WKH� LPSRUWDQW� UROH� RI� WKH� ILQLWH�VL]H� FRUUHFWLRQ WR� WKH� ZRUN� IXQFWLRQ� LQ� SUHGLFWLQJ� WKH�
FRUUHFW� SRVLWLRQ� RI� WKH� FHQWURLG� RI� H[FHVV� FKDUJH� LQ� SRVLWLYHO\� FKDUJHG� VLPSOH� PHWDO� FOXVWHUV� ZLWK� GLIIHUHQW�
VU YDOXHV �U� V �� dd �� )RU� WKLV� SXUSRVH�� ILUVWO\�ZH� KDYH� FDOFXODWHG� WKH� VHOI�FRQVLVWHQW�.RKQ�6KDP�HQHUJLHV� RI� QHXWUDO�
DQG�VLQJO\�LRQL]HG�FOXVWHUV�ZLWK�VL]HV� ���� dd 1 LQ�WKH�IUDPHZRUN�RI�ORFDO�VSLQ�GHQVLW\�DSSUR[LPDWLRQ�DQG�VWDELOL]HG�
MHOOLXP�PRGHO��6-0��DV�ZHOO�DV�VLPSOH�MHOOLXP�PRGHO��-0��ZLWK�ULJLG�MHOOLXP��6HFRQGO\��ZH�KDYH�ILWWHG�RXU�UHVXOWV�WR�WKH�
DV\PSWRWLF� LRQL]DWLRQ� IRUPXODV� ERWK�ZLWK� DQG�ZLWKRXW� WKH� VL]H�FRUUHFWLRQ� WR� WKH�ZRUN� IXQFWLRQ��7KH� UHVXOWV�RI� ILWWLQJV�
VKRZ�WKDW� WKH� IRUPXOD�FRQWDLQLQJ� WKH�VL]H�FRUUHFWLRQ�SUHGLFW�D�FRUUHFW�SRVLWLRQ�RI� WKH�FHQWURLG�LQVLGH�WKH�MHOOLXP�ZKLOH�
WKH�RWKHU�SUHGLFWV�D�IDOVH�SRVLWLRQ��RXWVLGH�WKH�MHOOLXP�VSKHUH�
.H\ZRUGV��ZRUNIXQFWLRQ��FHQWURLG��FOXVWHU��-HOOLXP��GHQVLW\�IXQFWLRQDO�WKHRU\
���
���,QWURGXFWLRQ
,Q�WKH�6-0��>�@�WKH�WRWDO�HQHUJ\�RI�D�FOXVWHU�ZLWK�MHOOLXP�
UDGLXV  1U5 �V �� LV�JLYHQ�E\
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7KH�ILUVW�DQG�VHFRQG� WHUPV�RQ�WKH�ULJKW�KDQG�VLGH�RI�HT��
���� DUH� WKH� QRQ�LQWHUDFWLQJ� NLQHWLF� DQG� WKH� H[FKDQJH�
FRUUHODWLRQ�HQHUJLHV��UHVSHFWLYHO\�DQG�ZH�KDYH�

������@��> UU
UUUU c�
c�cc �³ QQGQ5I ���

$OO� HTXDWLRQV� WKURXJKRXW� WKLV� SDSHU� DUH� LQ� DWRPLF� XQLWV�
�# ����     DPH XQOHVV� RWKHUZLVH� H[SOLFLWO\�
H[SUHVVHG�� ��U�Q LV� WKH� SRVLWLYH� MHOOLXP� EDFNJURXQG�
GHQVLW\�� ���� U5QQ � � TU ZKHUH� ���� VUQ S LV� WKH�
EXON� GHQVLW\�� 7KH� TXDQWLW\� ZVGX LV @�> WKH� DYHUDJH� RI�
WKH� GLIIHUHQFH� SRWHQWLDO� RYHU� WKH�:LJQHU�6HLW]� FHOO� DQG�
WKH� GLIIHUHQFH� SRWHQWLDO�� GX �� LV� GHILQHG� DV� WKH�

GLIIHUHQFH� EHWZHHQ� WKH� SVHXGR�SRWHQWLDO� RI� D� ODWWLFH� RI�
LRQV�DQG�WKH�HOHFWURVWDWLF�SRWHQWLDO�RI�WKH�MHOOLXP�SRVLWLYH�
EDFNJURXQG�� �� U4 WDNHV� WKH� YDOXH� RI� XQLW\� LQVLGH� WKH�
MHOOLXP� EDFNJURXQG� DQG� ]HUR� RXWVLGH�� 0H DQG� 5Z DUH�
WKH� 0DGHOXQJ� HQHUJ\� DQG� WKH� UHSXOVLYH� SDUW� RI� WKH�
SVHXGR�SRWHQWLDO��UHVSHFWLYHO\�

,Q� WKH� FRQWLQXXP� DSSUR[LPDWLRQ�� WKH� JURXQG�VWDWH�
GHQVLW\ ��U5Q RI� WKH� QHXWUDO� FOXVWHU� LV� JLYHQ� E\� WKH�
VROXWLRQ�RI�WKH�(XOHU�HTXDWLRQ>�@
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,Q� HT�� ������ 5P �� LV� WKH� FKHPLFDO�SRWHQWLDO� RI� HOHFWURQV�
ZKLFK� LV� FRQVWDQW� WKURXJKRXW� WKH� FOXVWHU� IRU� WKH� H[DFW�
JURXQG�VWDWH� GHQVLW\� 5Q �� DQG� [FVN[F (7( � �7KH�
JURXQG�VWDWH� GHQVLW\� VDWLVILHV� WKH� FRQVWUDLQW
³  1QG 5 ��UU �� 5HPRYLQJ� DQ� HOHFWURQ� IURP� WKH
QHXWUDO� FOXVWHU� JLYHV� ULVH� WR� D� QHZ� JURXQG�VWDWH� GHQVLW\�
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��Q��Q��Q 55 UUU G� c ZLWK� ³ � ���QGU �UG
7KH� LRQL]DWLRQ�HQHUJ\� LV�GHILQHG�DV� WKH�GLIIHUHQFH� LQ�

WKH� JURXQG�VWDWH� HQHUJLHV� RI� WKH� WZR� V\VWHPV� ZLWK� 1
DQG� ��� �1 HOHFWURQV�ZKLFK�PD\�EH�UHSUHVHQWHG�E\�WKH�
H[SDQVLRQ�
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7KH�ILUVW�WHUP�RQ�WKH�ULJKW�KDQG�VLGH�RI�HT������LV� ��5P�
DQG� LQ� ORFDO� GHQVLW\� DSSUR[LPDWLRQ� IRU� WKH� NLQHWLF� DQG�
H[FKDQJH�FRUUHODWLRQ�HQHUJLHV ZH�KDYH
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+HUH�� ��QN[FH LV� WKH� VXP� RI� WKH� EXON� NLQHWLF� DQG�
H[FKDQJH�FRUUHODWLRQ�HQHUJLHV�SHU�HOHFWURQ�DW�WKH�GHQVLW\�
Q��&KRRVLQJ�D�VSKHULFDO�GLVWULEXWLRQ�>�@�IRU� ��UQG
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DQG� LQWHUSUHWWLQJ� �D5� � DV� WKH� FHQWURLG� RI� WKH� H[FHVV�
FKDUJH�� ��U] VDWLVILHV�WKH�IROORZLQJ�WZR�HTXDWLRQV�
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7KH� VLPSOHVW� FKRLFH� IRU� ��U] ZKLFK� VDWLVILHV� WKH� DERYH�
WZR�FRQVWUDLQWV��LV

����� D5UU ��� G] ���
8VLQJ� WKH� HTV�� �������� LQ� WKH� VHFRQG� WHUP� RI� WKH� ULJKW�
KDQG�VLGH�RI�WKH�HT������RQH�REWDLQV

������
����� ������ 52D555, P ����

6LQFH �5�P LV� D� FRQVWDQW�� LQGHSHQGHQW� RI� U �� IRU� WKH�
H[DFW�JURXQG�VWDWH�GHQVLW\�RI�WKH�QHXWUDO�FOXVWHU�� ��U5Q ��
LW� LV� SRVVLEOH� WR� HYDOXDWH� LW� DW� D� SRLQW� GHHS� LQVLGH� WKH�
FOXVWHU�ZKHUH� QQ5  ��U ��7KH�GHQVLW\�SURILOH� ��UQ5 DQG�
WKH� SRWHQWLDO� �@��> UQ55I IRU� ODUJH� FOXVWHUV� FDQ� EH�
H[SUHVVHG� DV� FRUUHVSRQGLQJ� TXDQWLWLHV� IRU� WKH� SODQDU�
VXUIDFH� �5�� f L�H SOXV�D�VL]H�FRUUHFWLRQ�>�@

��������� ���� 525
[I[Q[Q5 ����

��������� ���� 525
[K[[5 II ����

ZKHUH� 5U[ � JLYHV� WKH� GLVWDQFH� IURP� WKH� MHOOLXP�
HGJH�� $W� ODUJH� GLVWDQFHV� IURP� WKH� MHOOLXP� HGJH� RXWVLGH�
WKH�FOXVWHU��ZH�KDYH� �������  �f �f �f KI I ��DQG
IRU� D� SRLQW� GHHS� LQVLGH� WKH� FOXVWHU� �� �f [ ZH� KDYH�

������  �f �f IQQ ��+HQFH�HT������UHDGV
��`�^������ QQN[F QQQZV5

K5  w
w���f��f HGXIP

����
8SRQ� LQVHUWLQJ� HT�� ����� LQWR� HT�� ����� DQG� XVLQJ� WKH�

GHILQLWLRQ�RI�WKH�ZRUN�IXQFWLRQ�RI�D�SODQDU�VXUIDFH�LQ�WKH�
6-0�>�@

��`�^ QQN[F QQQZV:  w
w��' HGXI ����

ZKHUH� ���� �f��f ' III LV� WKH� HOHFWURVWDWLF GLSROH�
EDUULHU>�@��RQH�REWDLQV

������
����� ������ 52D55

F:5, ����
ZKHUH� ����f� KF
(TXDWLRQ� ����� LV� DOVR� YDOLG� LQ� WKH� -0� IRU� ZKLFK� :� LV�
REWDLQHG� E\� SXWWLQJ� �ZV  GX LQ� HT�� ����� DQG�
UHFDOFXODWLQJ� I' ZLWK�WKH�-0�GHQVLW\�SURILOH��7KHUH�DUH�
WZR�PHWKRGV>�������@� IRU�FDOFXODWLQJ�:�DQG�F�FDOOHG� WKH�
�.RRSPDQV
�PHWKRG�� DQG� WKH� �FKDQJH� LQ� VHOI�FRQVLVWHQW�
ILHOG� �� 6&)' PHWKRG��ZKLFK� JLYH� WKH� VDPH� UHVXOWV� IRU�
WKH� FRUUHFW� ��[Q EXW� WKH� 6&)' PHWKRG� KDV� WKH�
DGYDQWDJH� WKDW� LWV� UHVXOWV� DUH� OHVV� VHQVLWLYH� WR� WKH� H[DFW�
GHQVLW\� SURILOH� ��[Q �� +RZHYHU�� LQ� RXU� FDOFXODWLRQV�� DOO�
WKH� TXDQWLWLHV�:�� F�� DQG� D DUH� REWDLQHG� IURP� ILWWLQJ�RI�
RXU� VHOI�FRQVLVWHQW� LRQL]DWLRQ� HQHUJLHV� RI� WKH� FOXVWHUV� WR�
HT�������

���&DOFXODWLRQDO�VFKHPH�DQG�UHVXOWV
,Q�WKLV�ZRUN��XVLQJ�WKH�-0�DV�ZHOO�DV�WKH�6-0�ZLWK�ORFDO�
VSLQ�GHQVLW\�DSSUR[LPDWLRQ�>�@��ZH�KDYH�VROYHG�WKH�VHOI�
FRQVLVWHQW� .RKQ�6KDP� HTXDWLRQV� >��@� DQG� REWDLQHG� WKH�
HQHUJLHV� RI�QHXWUDO� DQG� VLQJO\�LRQL]HG�1�DWRPLF�FOXVWHUV�
RI� GLIIHUHQW� VL]HV� ������ dd 1 �� 7KH� FDOFXODWLRQV� KDYH�
EHHQ� SHUIRUPHG� IRU� GLIIHUHQW� VU YDOXHV� RI� WKH� MHOOLXP�
VSKHUH� ���� dd VU LQ�VWHSV�����ERKU��)RU�HDFK� VU YDOXH��
ZH�KDYH�FDOFXODWHG�WKH�LRQL]DWLRQ�HQHUJLHV

�������� 1(1(5, 55 �� ����
IRU� ���� dd 1 ZLWK� V� U15 �� �� 7KHQ�� E\� ILWWLQJ� WKH�
,�5��YDOXHV WR�HT�������ZH�KDYH�REWDLQHG�WKH�YDOXHV�RI�:��
F��DQG�D IRU�WKDW� VU YDOXH�

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

1:
07

 IR
S

T
 o

n 
S

un
da

y 
Ja

nu
ar

y 
10

th
 2

02
1

https://ijpr-old.iut.ac.ir/article-1-194-fa.html


,-35�9RO�����1R������������������������������������4XDQWXP�VL]H�FRUUHFWLRQ�WR�WKH�ZRUN�IXQFWLRQ�«����������������������������������� ��

�D� �E�

��F� �G�
)LJXUH����:RUN� IXQFWLRQV� LQ� H9DQG�TXDQWXP�VL]H� FRUUHFWLRQV� LQ� H9�ERKU� IURP� VFKHPH���� ,Q� �D�� WKH� ILWWHG�YDOXHV�RI� WKH�ZRUN� IXQFWLRQ�KDV�EHHQ�
FRPSDUHG�ZLWK�WKRVH�RI�WKH�EXON�FDOFXODWLRQ�IRU�WKH�6-0���E� � WKH�VDPH�DV��D��EXW�IRU�WKH�-0���F�� FRPSDUHV�WKH�ILWWHG�-0�DQG�6-0�ZRUN�IXQFWLRQV���G� �
FRPSDUHV�WKH�ILWWHG�TXDQWXP�VL]H�FRUUHFWLRQV�LQ�WKH�-0�DQG�WKH�6-0��

)LJXUH� ��D�� VKRZV� WKH� ZRUN� IXQFWLRQ� REWDLQHG� IRU� RXU�
6-0�GDWD�DQG�LV�ODEHOHG�DV�6-0����EHFDXVH�LQ�WKLV�SDSHU�
ZH�KDYH�FDOOHG�WKH�HT�������DV�VFKHPH����7R�FRPSDUH�RXU�
UHVXOWV�ZLWK� WKH�EXON�FDOFXODWLRQ�UHVXOWV� ��6-0�EXON���ZH�
KDYH�DOVR�SORWWHG�WKH�GDWD�IURP�WDEOH�,9�RI�5HI��>��@��$V�
LV�VHHQ��RXU�UHVXOWV�VKRZ�D�JRRG�DJUHHPHQW�ZLWK�WKH�EXON�
FDOFXODWLRQV�UHVXOWV�

,Q� )LJXUH� ��E��ZH� KDYH� FRPSDUHG� RXU� -0���� UHVXOWV�
ZLWK�WKH�EXON�-0�UHVXOWV�RI�5HI��>��@��+HUH�DOVR�WKH�JRRG�
DJUHHPHQW�LV�REYLRXV�

)LJXUH� ��F�� FRPSDUHV� WKH� -0���� DQG� WKH� 6-0����
UHVXOWV�� 7KHVH� WZR� FXUYHV� FRLQFLGH� DW� ����|VU ZKHUH�
WKH� -0� LV� PHFKDQLFDOO\� VWDEOH�� 7KH� GLIIHUHQFH�

-06-0 :: � LV�SRVLWLYH� IRU� �����VU DQG�FKDQJHV�VLJQ�
IRU� ����!VU �� 7KLV EHKDYLRU� FDQ� HDVLO\� EH� SUHGLFWHG� LI�
RQH�UHVRUWV�WR�WKH�FRUUHVSRQGLQJ�H[SUHVVLRQV�IRU�WKH�ZRUN�
IXQFWLRQV�� )RU� �����|VU ZH� KDYH� �|VZGX DQG�

WKHUHIRUH��WKH�GHQVLW\�SURILOHV�DUH�WKH�VDPH�ZKLFK�UHVXOWV�
LQ� @>@> -06-0 QQ II ' ' DQG� LQ� WXUQ�� E\� HT�� ����� OHDGV�
WR� WKH� VDPH� ZRUNIXQFWLRQV�� +RZHYHU�� VLQFH� WKH� WHUP�

ZVGX LQ� HT�� ����� FKDQJHV� VLJQ� DW� ���� VU �� LW� JLYHV�
ULVH�WR�WKH�FKDQJH�LQ�WKH�VLJQ�RI� -06-0 :: � �

,Q� )LJXUH� �� �G��� WKH� YDOXHV� RI� WKH� TXDQWXP� VL]H�
FRUUHFWLRQ�F�IRU�WKH�-0����DQG�WKH�6-0����DUH�FRPSDUHG��
7KHVH� WZR� SORWV� KDYH� WZR� LQWHUVHFWLRQV�� 7KH� RQH� DW�

����|VU LV�REYLRXV�LI�ZH�FRQVLGHU�WKH�GHSHQGHQFH�>���@�
RI�WKH�TXDQWLW\�F�RQ�WKH�GHQVLW\�SURILOH� �[�Q
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7KH� LQWHUVHFWLRQ� DW� ���|VU LV� EHFDXVH�RI� WKH� LPSURSHU�
EHKDYLRU� RI� WKH� SURSHUWLHV� DW� KLJK� GHQVLWLHV� LQ� WKH� -0�
�6HH�IRU�H[DPSOH�ILJXUH���D��RI�5HI��>��@�IRU�WKH�VXUIDFH�
HQHUJ\�ZKLFK�EHFRPHV�QHJDWLYH�IRU� ����VU ��

,Q� ILJXUH�� �� �D��� ZH� KDYH� VKRZQ� WKH� SRVLWLRQ� RI� WKH�
FHQWURLG� RI� H[FHVV� FKDUJH�� D �� IRU� WKH� VLQJO\�LRQL]HG�
FOXVWHUV� DV� D� IXQFWLRQ� RI� VU ERWK� IRU� WKH� -0���� DQG� WKH�
6-0����� $V� LV� VHHQ�� ERWK� SORWV� SUHGLFW� QHJDWLYH� YDOXHV�
ZKLFK� PHDQV� WKDW� WKH� FHQWURLG� IRU� D� SRVLWLYHO\� FKDUJHG�
FOXVWHU� OLHV� LQVLGH� WKH� MHOOLXP� >� WKH� MHOOLXP� VXUIDFH� LV�
WDNHQ� DV� WKH� RULJLQ�� VHH� HT�� ���@��7KLV� LV� FRQVLVWHQW�ZLWK�
RXU� XQGHUVWDQGLQJ� WKDW� WKH� H[FHVV� FKDUJH� LQ� D� PHWDO�
UHVLGHV�RQ�WKH�VXUIDFH��2Q�WKH�RWKHU�KDQG��WKH�-0����DQG�
WKH� 6-0���� KDYH� RSSRVLWH� EHKDYLRUV�� WKH� IRUPHU� LV�
GHFUHDVLQJ� �� LQFUHDVLQJ� LQ� DEVROXWH� YDOXH�� DQG� WKH� ODWWHU�
LV�LQFUHDVLQJ���GHFUHDVLQJ�LQ�DEVROXWH�YDOXH��DQG�LQWHUVHFW�
HDFK� RWKHU� DW� ����|VU �� 7KH� H[SODQDWLRQ� RI� WKHVH�
RSSRVLWH� EHKDYLRUV� LV� VWUDLJKWIRUZDUG�� ,Q� VLPSOH� -0�� LI�
ZH� WDNH� WKH� WKLFNQHVV�RI� WKH� MHOOLXP�VKHOO�DW� WKH�HGJH�DV�
O �� WKHQ� WKH� YROXPH�RI� WKLV� VKHOO� FRQWDLQV� D� XQLW� FKDUJH�
�IRU�VLQJO\�LRQL]HG�FOXVWHUV�

����� �  Q5SO ����
ZKLFK�JLYHV

�
�
�

�
� �

� VU5
D � �| O ����
%\� HT�� ������ IRU� D� IL[HG�5�� LQ� -0� DV� VU LQFUHDVHV�� WKH�
SRVLWLRQ� RI� WKH� FHQWURLG� PRYHV� LQVLGH� IURP� WKH� HGJH�
WRZDUGV�WKH�FHQWHU�RI�WKH�MHOOLXP�VSKHUH��+RZHYHU��LQ�WKH�
6-0�� WKHUH� H[LVW� WZR� FRPSHWLQJ� HIIHFWV�� 2Q WKH� RQH�
KDQG�� DV� LQ� WKH� VLPSOH� -0�� EHFDXVH� WKH� MHOOLXP�
EDFNJURXQG� LV� WKH�VDPH�� LQFUHDVLQJ� VU KDV� WKH� WHQGHQF\�
WR� LQFUHDVH� O �� 2Q� WKH� RWKHU�� WKH� 6-0� .RKQ�6KDP�
HIIHFWLYH�SRWHQWLDO�FRQWDLQV�DQ�H[WUD�WHUP� ZVGX ZKLFK�
LV� DQ� LQFUHDVLQJ� IXQFWLRQ� RI� VU �� 6HH� 7DEOH� ,9� RI�
5HI�>�@��� 7KLV� WHUP� LV� QHJDWLYH� IRU� �����VU DQG� KHQFH�
GHHSHQV� WKH� HIIHFWLYH� SRWHQWLDO� �� FRPSDUHG� WR� WKH� -0� ��
ZKLFK� UHGXFHV� WKH� VSLOO�RXW� RI� WKH� HOHFWURQV�� VR� WKDW�

-06-0 DD � �� )RU� ����!VU WKH� H[WUD� WHUP� LV� SRVLWLYH�
ZKLFK� VKDOORZHQV� WKH� HIIHFWLYH� SRWHQWLDO� �� FRPSDUHG� WR�
WKH�-0���ZKLFK�LQ�WXUQ�LQFUHDVHV�WKH�UDQJH�RI� WKH�.RKQ�
6KDP� RUELWDOV� IURP� ZKLFK� WKH� HOHFWURQ� GHQVLW\� LV�
FDOFXODWHG��7KH� UHVXOW� LV� WKDW� LQ� WKH�6-0�� WKH�RYHUODS�RI�
WKH� QHJDWLYH� DQG� SRVLWLYH� FKDUJHV� LQFUHDVHV� �WKH� VKHOO�
WKLFNQHVV� GHFUHDVHV�� ZLWK� LQFUHDVLQJ� VU �� VR� WKDW�

-06-0 DD ! ��
7KH� TXDQWLW\� D FDOFXODWHG� DERYH� LV�� RI� FRXUVH�� WKH�

FHQWURLG�SRVLWLRQ�IRU�VLQJO\�LRQL]HG�FOXVWHU��7R�FDOFXODWH�
WKH� FHQWURLG� SRVLWLRQ� IRU� GRXEO\�LRQL]HG� FOXVWHUV�� ZH�
ILWWHG�WKH�.RKQ�6KDP�HQHUJLHV�RI�GRXEO\�LRQL]HG�FOXVWHUV
WR� WKH�HT�� �����RI�5HI>�@�ZKLFK� LV�REWDLQHG�IURP�7D\ORU�
H[SDQVLRQ�RI�WKH�HQHUJ\�RI�D�]�SO\�FKDUJHG�FOXVWHU�DERXW�

]�  ��� 7KH� UHVXOWHG�YDOXHV� IRU�D ZDV�������� ������� ������
IRU� VU YDOXHV����������UHVSHFWLYHO\��2EYLRXVHO\��WKH�UHVXOW�
IRU� � VU LV� LQFRUUHFW� EHFDXVH� RI� LWV� ZURQJ� VLJQ�� 7KH�
SUHGLFWHG� YDOXH� IRU� � VU LV� TXLWH� DFFHSWDEOH� DQG�
FRQVLVWHQW�ZLWK�WKH�DERYH�DUJXPHQWV��2QH�UHDVRQ�IRU�WKH�
LQFRUUHFW� UHVXOWV�PD\�EH� LQ� WKH�XVH� RI�7D\ORU� H[SDQVLRQ�
DERXW�]� ��IRU�SRLQWV�]�!!���DV�LQ�HT�������RI�5HI��>�@��$�
EHWWHU� DSSUR[LPDWLRQ� LV� REWDLQHG� E\� XVLQJ� WKH� ]�WK�
LRQL]DWLRQ�HQHUJ\

������� ����  ]1(]1(5, 55] ����
����

����
]

+25 D5]1 ����H�  ����
ZKHUH�ZH�KDYH�XVHG�WKH�7D\ORU�H[SDQVLRQ�RI�WKH�JURXQG�
VWDWH� HQHUJ\� �� ]1(5 � DW� ��� ]1 � 7KH� TXDQWLW\�

��� �� ]1+25H LV� WKH� KLJKHVW� RFFXSLHG� .RKQ�6KDP�
RUELWDO� HQHUJ\�>��@� IRU� WKH� �]����SO\� LRQL]HG�FOXVWHU�ZLWK�
UDGLXV� �����  1U5 V �

,W� LV� LQVWUXFWLYH� WR� FRPSDUH� WKH� EHKDYLRUV� RI� WKH�
SRVLWLRQ� RI� WKH� FHQWURLG� RI� H[FHVV� FKDUJH� ZLWK� WKH�
SRVLWLRQ�RI�WKH�LPDJH�SODQH�RI�D�SODQDU�VXUIDFH��,Q�ILJXUH��
�� �E��ZH�KDYH� FRPSDUHG� WKHVH� TXDQWLWLHV� LQ� WKH� -0�DQG�
WKH� 6-0�� $V� LV� VHHQ�� ERWK� RI� WKHP� DUH� SRVLWLYH� DQG�
LQWHUVHFW�DW� �|VU �� ,Q� WKH�-0�SORW�ZH�KDYH�XVHG�WKH�HT��
���� RI� 5HI�� >�@� DQG� IRU� WKH� 6-0�ZH� KDYH� XVHG� WKH� GDWD�
IURP�ILJXUH����RI�5HI��>��@��+HUH��DOWKRXJK�WKH�DUJXPHQW�
XVHG� IRU� WKH� ILQLWH� FOXVWHU� WR� FDOFXODWH� O LV� XVHOHVV�� WKH�
HIIHFW� RI� GX LV� WKH� VDPH� DV� LQ� WKH� ILQLWH� FOXVWHU� FDVH�
ZKLFK�OHDGV�WR�VLPLODU�EHKDYLRUV�

1RZ�� ZH� VKRZ� WKH� UHVXOWV� RI� ILWWLQJ� RXU� VHOI�
FRQVLVWHQW� .RKQ�6KDP� HQHUJLHV� WR� HT�� ����� EXW�
QHJOHFWLQJ�WKH�TXDQWXP�VL]H�FRUUHFWLRQ��DV� LQ�HT�������RI�
5HI�� >�@�� 3XWWLQJ� F � LQ� HT�� ����� ZH� FDOO� WKH� UHVXOWLQJ�
HTXDWLRQ�DV�VFKHPH���

,Q�ILJXUH�����D��ZH�KDYH�FRPSDUHG�WKH�ZRUN�IXQFWLRQV�
REWDLQHG� LQ� VFKHPHV� �� DQG� ���$V� LV� VHHQ�� WKH� VFKHPH� ��
SUHGLFWV� ORZHU� YDOXHV� WKDQ� WKH� VFKHPH� �� RWKHUZLVH� WKH�
VKDSHV�DUH�WKH�VDPH�

)LJXUH���E��VKRZV� WKH�SORWV�RI�D IRU�-0�DQG�6-0�LQ�
VFKHPH����$V�ZH VHH��ERWK�RI�WKHP�DUH�SRVLWLYH�DQG�KDYH�
LQFUHDVLQJ�EHKDYLRUV��7KLV�PHDQV�WKDW�WKH�SRVLWLRQ�RI�WKH�
FHQWURLG� RI� WKH� H[FHVV� SRVLWLYH� FKDUJH� �IRU� WKH� VLQJO\�
LRQL]HG� FOXVWHUV�� OLHV� RXWVLGH� WKH� MHOOLXP� HGJH� ZKLFK� LV�
LQFRUUHFW� EHFDXVH� WKHUH� H[LVWV� QR� SRVLWLYH� FKDUJH��
7KHUHIRUH�� LQFOXVLRQ� RI� WKH� TXDQWXP� VL]H� HIIHFW� LV� YLWDO�
IRU�SUHGLFWLQJ�FRUUHFW�YDOXHV�RI�WKH�SK\VLFDO�TXDQWLWLHV�

)LQDOO\��ZH�LQWURGXFH�VFKHPH���ZKLFK�LV�REWDLQHG�E\�
SXWWLQJ�D ��LQ�HT�������DV�HTV������RI�5HIV��>�@�DQG�>��@��
,Q� ILJXUH�� �� �D�� ZH� KDYH FRPSDUHG� WKH� 6-0� ZRUN�
IXQFWLRQV�LQ�VFKHPHV���DQG���ZLWK�WKH�EXON�YDOXHV�>��@��,W�
LV� VHHQ� WKDW� VFKHPH� �� LPSURYHV� WKH� ZRUN� IXQFWLRQ� DQG�
UHGXFHV� WKH� GLVWDQFH� IURP� WKH� EXON� YDOXHV� DW� KLJKHU�
GHQVLWLHV�
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,-35�9RO�����1R���������������������������������������4XDQWXP�VL]H�FRUUHFWLRQ�WR�WKH�ZRUN�IXQFWLRQ���������������������������������������������� ��

�D� �E�
)LJXUH�����D�� 7KH�VFKHPH���SRVLWLRQV�RI�WKH�FHQWURLG�RI�H[FHVV�FKDUJH��LQ�DWRPLF�XQLWV��DV�IXQFWLRQV�RI� VU IRU�WKH�-0�DQG�WKH�6-0���E�� 7KH�SRVLWLRQV�
RI�WKH�LPDJH�SODQHV�IRU�WKH�SODQDU�VXUIDFHV��LQ�DWRPLF�XQLWV��IURP�EXON�FDOFXODWLRQV�RI�WKH�-0�DQG�WKH�6-0

�D� �E�
)LJXUH��� �D�� :RUN�IXQFWLRQV�RI�VFKHPHV���DQG���LQ�HOHFWURQ�YROWV�DUH�FRPSDUHG���E� � 3RVLWLRQ�RI�WKH�FHQWURLG�RI�H[FHVV�FKDUJH��LQ�DWRPLF�XQLWV��LQ�VFKHPH����%RWK�WKH�6-0�DQG�WKH�-0�VKRZ�LQFUHDVLQJ�EHKDYLRUV�

7KH� 6-0� ILWWHG� YDOXHV� RI� WKH� VL]H� FRUUHFWLRQ� IRU�
VFKHPHV���DQG���DUH�FRPSDUHG�LQ�ILJXUH����E���,W�LV�VHHQ�
WKDW� LQ� VFKHPH� ��� WKH� YDOXHV� DUH� QHDUO\� FRQVWDQW� IRU� WKH�
PHWDOOLF� GHQVLWLHV� ERKU�H9����|F LQ� JRRG� DJUHHPHQW�
ZLWK�WKH�UHVXOW�RI�5HI��>�@�

���6XPPDU\�DQG�FRQFOXVLRQV
:H� KDYH� FDOFXODWHG� WKH VHOI�FRQVLVWHQW� .RKQ�6KDP�
HQHUJLHV� IRU� QHXWUDO� DQG� VLQJO\�LRQL]HG� FOXVWHUV� ZLWK�
GLIIHUHQW�VL]HV�DQG�UHSHDWHG�WKH�FDOFXODWLRQV�IRU�GLIIHUHQW�
VU YDOXHV� LQ� WKH�PHWDOOLF� UDQJH��7KH� LRQL]DWLRQ�HQHUJLHV�
IRU� HDFK� VU KDV� EHHQ� VHSDUDWHO\� ILWWHG� WR� HT�� ������ ZH�
FDOOHG�VFKHPH����7KH�UHVXOWV�REWDLQHG�IRU�WKH�SRVLWLRQ�RI�
WKH� FHQWURLG� RI� H[FHVV� FKDUJH� LV� FRQVLVWHQW� ZLWK� WKH�
XQGHUVWDQGLQJ� WKDW� H[FHVV� FKDUJHV� UHVLGH� DW� WKH� RXWHU�
VXUIDFH� RI� D�PHWDO� SDUWLFOH��+RZHYHU�� IRU� VPDOO� GRXEO\�

LRQL]HG� FOXVWHUV�� XVLQJ� WKH� 7D\ORU� H[SDQVLRQ� DERXW�] �
JLYHV� LQFRUUHFW� D YDOXHV� IRU� FOXVWHUV� RI� KLJK� HOHFWURQ�
GHQVLW\� PHWDOV�� $� EHWWHU� UHVXOW� ZRXOG� EH� REWDLQHG� E\�
XVLQJ�D�7D\ORU�H[SDQVLRQ�RI� WKH�HQHUJ\�RI�]�SO\� LRQL]HG�
FOXVWHU�DERXW�WKH�SRLQW��]����

1H[W��LQ�VFKHPH����ZH�KDYH�ILWWHG�WKH�VDPH�LRQL]DWLRQ�
HQHUJLHV� WR� HT�� ����� WDNLQJ� F ��� 7KH� UHVXOWV� VKRZ�
LQFRUUHFW�YDOXHV�IRU�WKH�FHQWURLG�SRVLWLRQ�

)LQDOO\�� LQ� VFKHPH����ZH�SXW�D � LQ�HT�� �����DQG�ILW�
WKH�LRQL]DWLRQ�HQHUJLHV��ZKLFK�UHVXOWV�LQ�EHWWHU�YDOXHV�IRU�
WKH�ZRUN�IXQFWLRQ�DW�KLJKHU�GHQVLWLHV�

7R� FRQFOXGH�� LI� RQH�ZLVKHV� WR� FDOFXODWH� WKH� SRVLWLRQ�
RI�WKH�FHQWURLG�RI�H[FHVV�FKDUJH�RI�]�SO\�FKDUJHG�FOXVWHU��
RQH�VKRXOG�XVH�WKH�7D\ORU�H[SDQVLRQ�DERXW�SRLQW��]����DV�
LQ�HT��������2Q�WKH�RWKHU�KDQG��LI�RQH�ZLVKHV�FKRRVH�RQH�
RI� WKH� YHUVLRQV� RI� HT�� ����� WR� FDOFXODWH� WKH� LRQL]DWLRQ�
HQHUJLHV���RU�HOHFWURQ�DIILQLWLHV��RI�VLPSOH�PHWDO�FOXVWHUV��
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�� 0�3D\DPL������������������������������������������������������� ,-35�9RO�����1R���

�D� �E�
)LJXUH��� �D�� :RUN� IXQFWLRQV� LQ�HOHFWURQ�YROWV�IRU�VFKHPHV���DQG���DUH�FRPSDUHG�ZLWK� WKH�EXON���E� � TXDQWXP�VL]H�FRUUHFWLRQV� LQ�H9�ERKU�IRU� WKH�
VFKHPHV���DQG����7KH�VFKHPH���SUHGLFWV�PRUH�RU�OHVV�D�FRQVWDQW�YDOXH�

WKH� EHVW� FKRLFH� ZRXOG� EH� WKH� HT�� ����� ZLWK� WKH� 6&)'
YDOXHV� IRU�:� DQG� F�� DQG� IRU� VXIILFLHQWO\� ODUJH� FOXVWHUV�

�D5� !! WKH� VFKHPH� �� ZLWK� WKH� 6&)' YDOXHV� IRU�:
DQG�F JLYHV�WKH�VDPH�UHVXOWV�DV�VFKHPH���

$FNQRZOHGJHPHQW��
7KH� DXWWRU� ZRXOG� OLNH� WR� WKDQN� %DKUDP� 3D\DPL� IRU�
SURYLGLQJ�FRPSXWHU�IDFLOLWLHV�

5HIHUHQFH
�� -�3�3HUGHZ��+�4�7UDQ�DQG�(�'�6PLWK��3K\V��5HY��%

����������������
�� 5�*�3DUU�DQG�:�<DQJ��'HQVLW\�)XQFWLRQDO�7KHRU\�

RI� $WRPV� DQG�0ROHFXOHV �2[IRUG�8QLYHUVLW\� 3UHVV�
������

�� -�3�3HUGHZ��3K\V��5HY��% �� ������������
�� (�(QJHO� DQG� -�3�3HUGHZ��3K\V��5HY��% �� �������

�����
�� 0� 6HLGO�� -� 3� 3HUGHZ�� 0� %UDMF]HZVND DQG� &�

)LROKDLV��-�&KHP��3K\V����� ������������
�� 1� '� /DQJ� DQG� :� .RKQ�� 3K\V�� 5HY�� % � �������

�����
�� 5� 0RQQLHU�� -� 3� 3HUGHZ�� '� &� /DQJUHWK� DQG� -� :�

:LONLQV��3K\V��5HY��% �� �����������

�� 0�6HLGO�DQG�0�%UDFN��$QQ��3K\V����� �����������
�� 0� 3D\DPL�� -�� 3K\V��&RQGHQV�� 0DWWHU �� �������

�����
��� :� .RKQ� DQG� /� -� 6KDP�� 3K\V�� 5HY�� ��� �������

$�����
��� -�)�-DQDN��3K\V��5HY��% �� ������������
��� &�)LROKDLV�DQG�-�3�3HUGHZ��3K\V��5HY��% �� �������

�����
��� 0� 3D\DPL� DQG� 1� 1DIDUL�� -�� &KHP�� 3K\V�� ���

������������
��� $�.LHMQD��3K\V��5HY��% �� ������������
��� 0� 6HLGO�� -� 3� 3HUGHZ�� 0� %UDMF]HZVND� DQG� &�

)LROKDLV��3K\V��5HY��% �� �������������
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