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7KH� DSSOLFDWLRQ� RI� WKH� H[WHQGHG� )LQLWH�

'LIIHUHQFH�7LPH�'RPDLQ��)'7'��PHWKRG�WR�WKH

DQDO\VLV�RI�PLFURZDYH�GLRGH�PL[HUV�LV�SUHVHQWHG

LQ� WKLV� SDSHU�� 8VLQJ� HTXLYDOHQW� FXUUHQW�VRXUFHV

DQG� HTXLYDOHQW� FLUFXLW� PRGHOV�� QRQOLQHDU� DFWLYH

GHYLFHV� FDQ� EH� LQFRUSRUDWHG� LQWR� )'7'

VLPXODWLRQ�� $Q� ;�EDQG� VLQJO\� EDODQFHG� GLRGH

PL[HU�LV�DQDO\]HG��*RRG�DJUHHPHQW�EHWZHHQ�WKH

H[SHULPHQWDO� DQG� WKHRUHWLFDO� UHVXOWV� YHULILHV� WKH

YDOLGLW\�RI�WKH�)'7'�DOJRULWKP�

,1752'8&7,21

5HFHQW� GHYHORSPHQW� RI� IDVWHU� FRPSXWHUV� DQG

SURJUHVVHV� RQ� PRGHOLQJ� WKH� RULJLQDO� DOJRULWKP

KDYH� PDGH� WKH� )LQLWH�'LIIHUHQFH� 7LPH� �)'7'�

PHWKRG�DWWUDFWLYH� WR� WKH� DQDO\VHV� RI�PLFURZDYH

FLUFXLWV�� LQFOXGLQJ� QRQOLQHDU� RQHV�� &RPPHUFLDO

WRROV� VXFK� DV�/LEUD�SRVVHVV� DQ� H[WHQVLYH� OLEUDU\

FRPSRVHG� RI� PRGHOLQJ� HTXDWLRQV� IRU� YDULRXV

PLFURZDYH� FRPSRQHQWV�� +RZHYHU�� FKDQFHV� DUH

WKDW� VRPH� WUDQVPLVVLRQ� OLQH� VWUXFWXUHV� PD\� QRW

EH� PRGHOHG� FRPSOHWHO\� DQG� DFFXUDWHO\� E\� WKH

H[LVWLQJ� HTXDWLRQV�� )XUWKHUPRUH�� WKH� PRGHOLQJ

HTXDWLRQV� FDQQRW� SUHGLFW� WKH� PXWXDO� FRXSOLQJV

EHWZHHQ� GLIIHUHQW� SDUWV� RI� WKH� FLUFXLW�� 2QH�ZD\

WR�RYHUFRPH�WKH�DERYH�PHQWLRQHG�SUREOHPV�LV�WR

DSSO\� DQ� HOHFWURPDJQHWLF� VROYHU� WR� FUHDWH� 6�

SDUDPHWHU� FLUFXLW� EORFNV� IRU� XVH� LQ� D� FLUFXLW

VLPXODWRU�� +RZHYHU�� 7KLV� PD\� EH� GLIILFXOW� WR

LPSOHPHQW�DQG�QHHG�D� ORW�RI�SUH�SURFHVVLQJ��$Q

DOWHUQDWLYH� ZD\� LV� WR� XVH� WKH� H[WHQGHG� )'7'

PHWKRG�

0XFK� HIIRUW� KDV� EHHQ� GHYRWHG� WR� WKH� H[WHQVLRQ

RI� WKH� )'7'� PHWKRG� WR� LQFRUSRUDWH� OXPSHG

PLFURZDYH� GHYLFHV� LQWR� ��'� IXOO� ZDYH� DQDO\VLV�

%\� WUHDWLQJ� WZR�WHUPLQDO� OXPSHG� HOHPHQWV� DV

GLVWULEXWHG� HOHPHQWV� RQ� WKH� )'7'� FHOOV� DQG

XVLQJ� HTXLYDOHQW� FLUFXLW� PRGHOV�� DQ� � H[WHQGHG

)'7'� DOJRULWKP� ZDV� HPSOR\HG� WR� DQDO\]H

PLFURZDYH� V\VWHPV� ZLWK� SDVVLYH� DQG� DFWLYH

OXPSHG�HOHPHQWV�>���@��7KLV�DSSURDFK��KRZHYHU�

EHFRPHV� FXPEHUVRPH� ZKHQ� PRGHOLQJ� DFWLYH

GHYLFHV� ZLWK� FRPSOLFDWHG� HTXLYDOHQW� PRGHOV�� $

PRUH� JHQHUDO� DSSURDFK� XVHV� HTXLYDOHQW� FXUUHQW

VRXUFHV� WR� JUDQW� WKH� GLUHFW� DFFHVV� WR� 63,&(

PRGHOV� IRU� VLPXODWLRQ� RI� OXPSHG� FLUFXLWV� LQ

)'7'� FDOFXODWLRQV� >�@�� 7KH� VLPXODWLRQ� RI� D

PLFURZDYH� DPSOLILHU� ZDV� GHPRQVWUDWHG� >���@�

EXW�RQO\�OLQHDU�EHKDYLRUV�ZHUH�GLVFXVVHG�

,Q� WKLV� SDSHU�� WKH� H[WHQGHG� )'7'� XVLQJ

HTXLYDOHQW�FXUUHQW�VRXUFH�WHFKQLTXH�LV�DSSOLHG�WR

DQDO\]H� D� VLQJO\� EDODQFHG� GLRGH� PL[HU�� 7KH

QRQOLQHDU� FKDUDFWHULVWLFV� RI� WKH� PL[HU� DUH

LQYHVWLJDWHG��:LWK� WKH� IXOO�ZDYH� IHDWXUHV� RI� WKH

)'7'�DOJRULWKP�� WKH� HQWLUH� FLUFXLW� SHUIRUPDQFH

FDQ� EH� YLVXDOL]HG� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ

FRPSRQHQWV� FDQ� EH� WDNHQ� LQWR� DFFRXQW�

&RPSDULVRQV� EHWZHHQ� PHDVXUHG� DQG� FDOFXODWHG

UHVXOWV� DUH� UHSRUWHG� IRU� YDOLGDWLRQ� RI� WKH

DOJRULWKP�

7+(25<

7KH� FLUFXLW� XQGHU� FRQVLGHUDWLRQ� LV� D� VLQJO\

EDODQFHG� GLRGH� PL[HU� FRQVLVWLQJ� RI� WZR� PL[HUV
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FRPELQHG�E\�D���
R
�K\EULG�FRXSOHU� >�@� DV� VKRZQ

LQ�)LJ�����7KH�LQGXFWRUV�/��DQG�/��UHDOL]H�WKH�,)

UHWXUQ� E\� JURXQGLQJ� WKH� UHVSHFWLYH� HQGV� RI� WKH

GLRGHV�DW�WKH�,)�IUHTXHQF\�DQG�GF��7KH�LQGXFWRU

/I�DQG�FDSDFLWRU�&I�DORQJ�ZLWK�WKH�RSHQ�FLUFXLWHG

PLFURVWULS� SOD\� WKH� UROH� RI� ORZ�SDVV� ILOWHU�� 7KH

DFWLYH� GHYLFH� LV� FKRVHQ� DV� +3� +606�����

6FKRWWN\�GLRGH�SDLU�

,Q� RXU� DSSURDFK�� WKH� GLRGH� GHYLFH� LV� UHSODFHG

ZLWK�WKH�PDQXIDFWXUHU©V�HTXLYDOHQW�FLUFXLW�PRGHO

ZKLFK� PD\� WKHQ� EH� FRPELQHG� ZLWK� OXPSHG

SDVVLYH�HOHPHQWV�WR�IRUP�D�IRXU�SRUW�QHWZRUN�DV

VKRZQ� LQ�)LJ�� ���7KH� HPSOR\PHQW�RI� KRUL]RQWDO

HTXLYDOHQW�FXUUHQW�VRXUFHV�DW� WKH� IRXU� LQWHUIDFHV

EHWZHHQ�PLFURVWULS�DQG� OXPSHG�HOHPHQWV� DOORZV

WKH� LQWHUDFWLRQ� EHWZHHQ� FLUFXLW� DQG

HOHFWURPDJQHWLF� DQDO\VLV�� 7KH� FDQ� EH� VHHQ� IURP

WKH�$PSHUH©V�FXUUHQW�ODZ�>�@�

������������������� &
G9

GW
, 9 ,HT HT W+ =� � �������������������

ZKHUH� &HT� LV� WKH� HTXLYDOHQW� FDSDFLWDQFH� RI� WKH

)'7'� FHOOV� DQG� ,HT� LV� WKH� HTXLYDOHQW� FXUUHQW�

VRXUFH��,Q�HDFK�WLPH�PDUFKLQJ�SURFHVV��WKH�WRWDO

FXUUHQW�,W�LV�GHWHUPLQHG�IURP�WKH�LQWHJUDWLRQ�RI�+

ILHOGV��DQG�LV�WKHQ�DSSOLHG�WR�WKH�FLUFXLW�VLPXODWRU

DV� H[FLWDWLRQV��%\� VROYLQJ� WKH� VWDWH� HTXDWLRQ� RI

WKH� FLUFXLW� LQ� )LJ�� ��� WKH� WHUPLQDO� YROWDJHV�9� DW

WKH� IRXU� SRUWV� FDQ� EH� REWDLQHG� DQG� XVHG� DV

IHHGEDFN� WR� WKH� (0� VLPXODWRU�� %HFDXVH� RI� WKH

QRQOLQHDULW\� GXH� WR� WKH� GLRGH� MXQFWLRQ� FXUUHQW

DQG�FDSDFLWDQFH��D�QRQOLQHDU�V\VWHP� LV� LQYROYHG�

7KH�IHHGEDFN�YROWDJH�FDQ�EH�XVHG�WR�XSGDWH�WKH

KRUL]RQWDO�(�ILHOGV�RI�WKH�)'7'�FHOOV�DGMDFHQW�WR

WKH� PLFURVWULS� HQG�� 1RWH� WKDW� RQH� HQG� RI� WKH

HTXLYDOHQW�FXUUHQW�VRXUFHV�PXVW�EH�FRQQHFWHG�WR

YLDV� DV� WKH� RWKHU� HQG� LV� FRQQHFWHG� WR� WKH

PLFURVWULS��7KH�VLQXVRLGDO� H[FLWDWLRQV�RI� WKH�5)

DQG� ,)� LQSXW� VLJQDOV� DUH� UHDOL]HG� DV� UHVLVWLYH

YROWDJH�VRXUFHV�XVLQJ�WKH�VDPH�ZD\�LQ�>�@�

5(68/76

7KH� /2� IUHTXHQF\� RI� WKH� PL[HU� LQ� )LJ�� �� LV

GHVLJQDWHG� DW� ��� *+]�� $V� WKH� 5)� VLJQDO� ZLWK

������*+]�IUHTXHQF\�FRPHV� LQ�� WKH�RXWSXW�SRUW

RI�WKH�PL[HU�ZLOO� UHVXOW� LQ�DQ�,)�VLJQDO�ZLWK����

0+]�IUHTXHQF\��)LJ����VKRZV�WKH�UHVXOWDQW� ILHOG

GLVWULEXWLRQ� RI� ([� FRPSRQHQW� MXVW� EHQHDWK� WKH

DLU�GLHOHFWULF� LQWHUIDFH� DW� DQ� LQVWDQW� RI� WLPH�

8VLQJ� WKLV� WHFKQLTXH�� LQWHUHVWLQJ� LQIRUPDWLRQ�

VXFK�DV�SURSDJDWLRQ��DPSOLWXGH�DQG�SKDVH�RI�WKH

VLJQDOV�FDQ�EH�YLVXDOL]HG�LQ�WKH�WLPH�GRPLQ�

,Q� DGGLWLRQ� WR� WLPH�GRPDLQ� GDWD�� IUHTXHQF\�

GRPDLQ� UHVXOWV� FDQ� DOVR� EH� REWDLQHG� E\

FRQGXFWLQJ� WKH� )RXULHU� WUDQVIRUP�� )LJ�� ��D�

VKRZV� WKH� FDOFXODWHG� SRZHU� VSHFWUXP� DW� WKH

RXWSXW� SRUW�� ,Q� FRPSDULVRQ� ZLWK� WKH� VLPXODWHG

UHVXOWV�E\�/LEUD� LQ�)LJ����E��� IDLU�DJUHHPHQW� FDQ

EH�REVHUYHG� IRU� WKH� ,)��/2��5)�� DQG� LPDJH�5)

VLJQDOV�� %HFDXVH� RQO\� IRXU� KDUPRQLFV� DUH� XVHG

IRU�WKH�+DUPRQLF�%DODQFH�WHFKQLTXH�LQ�/LEUD��WKH

VSHFWUXPV�RI�WKH�UHVW�KDUPRQLFV�DUH�QRW�DYDLODEOH

LQ�)LJ����E��

)LJ� �� VKRZV� WKH� SORW� RI� ,)� SRZHU� YHUVXV� 5)

LQSXW� SRZHU� IRU� IL[HG� /2� SRZHU� DW� �� G%P�

%HVLGHV� WKH� PHDVXUHG� DQG� )'7'� FDOFXODWHG

UHVXOWV��/LEUD�VLPXODWLRQ�GDWD�LV�DOVR�LQFOXGHG��$V

VKRZQ� LQ� WKH� SORW�� WKH� FXUYHV� VWDUW� IURP� OLQHDU

VHFWLRQ� DQG� EHQG� JUDGXDOO\� DV� 5)� SRZHU

LQFUHDVHV�� 7KH� LPSRUWDQW� QRQOLQHDU� SDUDPHWHU�

L�H��� WKH� ��G%� FRPSUHVVLRQ� SRLQW�� FDQ� EH

HVWLPDWHG� DV� �� G%P�� )L[LQJ� 5)� SRZHU� DW� ���

G%P�� )LJ�� �� VKRZV� WKH� YDULDWLRQ� RI� WKH

FRQYHUVLRQ�ORVV�DV�WKH�/2�SRZHU�FKDQJHV�IURP��

WR����G%P��)LJ���� LOOXVWUDWHV� WKH� FRPSDULVRQ�RI

FRQYHUVLRQ� ORVV� YHUVXV� ,)� IUHTXHQF\� DV� WKH� /2

DQG�5)�SRZHUV�DUH�IL[HG�DW���G%P�DQG�����G%P�

UHVSHFWLYHO\�

&21&/86,21

,Q�WKLV�SDSHU��D�PLFURZDYH�GLRGH�PL[HU�KDV�EHHQ

DQDO\]HG� XVLQJ� WKH� H[WHQGHG� )'7'� DSSURDFK�

7KH� WKHRUHWLFDO� SUHGLFWLRQV� DUH� YHULILHG� E\

H[SHULPHQWDO� GDWD�� +RZHYHU� LQWULFDWH� WKH

HTXLYDOHQW� FLUFXLW� PRGHO� RI� WKH� OLQHDU�QRQOLQHDU

FLUFXLWV� PD\� EH�� XVLQJ� WKH� HTXLYDOHQW� FXUUHQW�
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VRXUFH�WHFKQLTXH��WKH�)'7'�FDQ�EH�H[WHQGHG�WR

DQDO\]H� YDULRXV� PLFURZDYH� FLUFXLWV�� 7KLV

DSSURDFK� LV� SDUWLFXODU� VXLWHG� IRU� WKH� DFWLYH

DQWHQQD�FLUFXLWV�ZKHUH� DQ\�SDUW�RI� WKH� FLUFXLW� LV

H[SRVHG� WR� UDGLDWLRQ� DQG� FDQ� HIIHFW� WKH

SHUIRUPDQFH�RI�WKH�LQWHJUDWHG�FLUFXLW�

$&.12:/('*0(17

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� -6(3� FRQWUDFW

)���������&������ DQG� $UP\�085,� FRQWUDFW

'$$+��������������7KH�DXWKRUV�ZRXOG�OLNH�WR

WKDQN�&��1��.XR�DQG�.��3��0D�IRU� WKHLU�KHOSIXO

GLVFXVVLRQ�

5()(5(1&(6

>�@� � :�� 6XL�� '�� $�� &KULVWHQVHQ�� DQG� &�� +�

'XUQH\�� ¦([WHQGLQJ� WKH� WZR�GLPHQVLRQDO

)'�7'� PHWKRG� WR� K\EULG� HOHFWURPDJQHWLF

V\VWHPV� ZLWK� DFWLYH� DQG� SDVVLYH� OXPSHG

HOHPHQWV�§�,(((�7UDQV��0LFURZDYH�7KHRU\

7HFK���YRO������SS�����������$SU�������

>�@� 0�� 3LNHW�0D\�� $�� 7DIORYH�� DQG� -�� %DURQ�

¦)'�7'� PRGHOLQJ� RI� GLJLWDO� VLJQDO

SURSDJDWLRQ�LQ���'�FLUFXLWV�ZLWK�SDVVLYH�DQG

DFWLYH� ORDGV�§� ,(((� 7UDQV�� 0LFURZDYH

7KHRU\� 7HFK��� YRO�� ���� QR�� ��� SS�� �����

������$XJ�������

>�@��3��&LDPSROLQL��3��0H]]DQRWWH��/��5RVHOOL��'�

6HUHQL�� 5�� 6RUUHQWLQR�� DQG� 3�� 7RUWL�

¦6LPXODWLRQ� RI� +)� FLUFXLWV� ZLWK� )'7'

WHFKQLTXH� LQFOXGLQJ� QRQ�LGHDO� OXPSHG

HOHPHQWV�§������ ,QWO�� ,(((�077�6�'LJHVW�

SS����������

>�@��9��$��7KRPDV��0��(��-RQHV��0��3LNHW�0D\�

$�� 7DIORYH�� DQG� (�� +DUULJDQ�� ¦7KH� XVH� RI

63,&(� OXPSHG� FLUFXLWV� DV� VXE�JULG� PRGHOV

IRU� )'7'� DQDO\VLV�§� ,(((� 0LFURZDYH

*XLGHG�:DYH�/HWW��� YRO�� ��� QR�� ��� SS�� ����

�����0D\������

>�@��&��1��.XR��6��7��&KHZ��%��+RXVKPDQG��DQG

7��,WRK��¦)'7'�VLPXODWLRQ�RI� D�PLFURZDYH

DPSOLILHU�§������ ,QWO�� ,(((�077�6�'LJHVW�

SS����������

>�@��&��1��.XR��9��$��7KRPDV��6��7��&KHZ��%�

+RXVKPDQG�� DQG� 7�� ,WRK�� ¦6PDOO�VLJQDO

DQDO\VLV� RI� DFWLYH� FLUFXLWV� XVLQJ� )'7'

DOJRULWKP�§�,(((�0LFURZDYH�*XLGHG�:DYH

/HWW���YRO�����QR�����SS�����������-XO\������

>�@� � 6�� $��0DDV��0LFURZDYH�0L[HUV�� �QG� � (G�

1RUZRRG��0$��$UWHFK�+RXVH��������FK����
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'LRGH�� 'LRGH��

)LJ�� �� (TXLYDOHQW� OXPSHG� FLUFXLW� IRU� FLUFXLW

DQDO\VLV�� /S��� /S��� DQG� &S� UHSUHVHQW

SDFNDJH� SDUDVLWLFV�� -XQFWLRQ� FXUUHQW� ,M�

MXQFWLRQ� FDSDFLWRU� &M�� DQG� OLQHDU� VHULHV

UHVLVWRU� 5V� FRQVWLWXWH� WKH� ODUJH�VLJQDO

PRGHO�RI�WKH�GLRGH�
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)LJ�� �� )LHOG� GLVWULEXWLRQ� RI� ([� FRPSRQHQW

EHQHDWK� WKH� DLU�GLHOHFWULF� LQWHUIDFH� DW� D

WLPH�LQVWDQW
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�D�)'7'�FDOFXODWLRQ���E��/LEUD�VLPXODWLRQ�

��� �� �� �� �� � � �

5)�,QSXW�3RZHU��G%P

���

���

���

��

�

,)
�3
R
Z
H
U�
�G
%
P

)'7'

0HDVXUHPHQW

/LEUD�GDWD

)LJ����,)�SRZHU�YHUVXV�5)�LQSXW�SRZHU�SORW

� � � � � ��

/2�3RZHU��G%P

�

�

��

��

&
R
Q
Y
H
UV
LR
Q
�/
R
V
V
��
G
%
P

0HDVXUHPHQW

/LEUD�GDWD

)'7'�GDWD

)LJ����9DULDWLRQ�RI�FRQYHUVLRQ�ORVV�DV�D

IXQFWLRQ�RI�/2�SRZHU
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