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$EVWUDFW����7KH�FRQWURO�ORRS�XVXDOO\�H[KLELWV�VRPH�RSWLPDO�SHUIRUPDQFH�LQ�WKH�QRPLQDO�RSHUDWLQJ�FRQGLWLRQV��,I
WKHVH�FRQGLWLRQV�FKDQJH�RU�D�IDXOW�RFFXUV�LQ�WKH�SURFHVV��WKH�FRQWURO�V\VWHP¶V�SHUIRUPDQFH�FRXOG�GHWHULRUDWH��,Q
WKLV�SDSHU��ZH�FRQVLGHU�D�PRGHO�EDVHG�DSSURDFK�WR�GHWHFWLQJ�GHJUDGDWLRQ�RI�WKH�FRQWURO�ORRS��)RU�WKLV�SXUSRVH
ZH�SURSRVH�D�VWDWLVWLFDO�WHVW�RQ�UHVLGXDOV�SURGXFHG�E\�D�ORZ�RUGHU�PRGHO�

,Q� JHQHUDO�� WKH� GLVFUHSDQF\� EHWZHHQ� WKH� SURFHVV� RXWSXW� DQG� PRGHO� RXWSXW� FDQ� EH� FDXVHG� E\� IDXOWV� DQG
PRGHOOLQJ� HUURU�� 7KH� VWDWLVWLFDO� WHVW� RQ� UHVLGXDOV� LV� PRGLILHG� VR� WKDW� LW� DOVR� DFFRXQWV� IRU� WKH� SURFHVV¶
XQPRGHOOHG� G\QDPLFV�� 1DPHO\�� LI� WKH� LPSDFW� RI� XQGHUPRGHOOLQJ� RQ� WKH� PRGHO� RXWSXW� LV� GLVUHJDUGHG�� WKH
QXPEHU� RI� IDOVH� DODUPV� FDQ� VLJQLILFDQWO\� LQFUHDVH�� ,W� LV� WKHUHIRUH� FUXFLDO� WR� KDYH� D� JRRG� HVWLPDWH� RI� ERWK
FRPSRQHQWV�RI�WKH�PRGHO�HUURU��L�H��WKH�XQGHUPRGHOOLQJ�DQG�WKH�QRLVH�WHUP��,Q�HVWLPDWLQJ�PRGHO�HUURU��ZH�XVH
WKH� VWRFKDVWLF� HPEHGGLQJ� DSSURDFK� >�@�� ZKLFK� KDQGOHV� WKH� VWUXFWXUDO� XQFHUWDLQW\� RI� WKH� QRPLQDO� PRGHO� E\
GHVFULELQJ�LW�ZLWK�WKH�),5�PRGHO��7KH�FRHIILFLHQWV�RI�WKH�),5�PRGHO�DUH�VXSSRVHG�WR�EH�QRUPDOO\�GLVWULEXWHG
ZLWK�D�]HUR�PHDQ�DQG�H[SRQHQWLDOO\�GHFD\LQJ�YDULDQFH�

.H\ZRUGV����LQH[DFW�PRGHO��PRGHO�EDVHG�FKDQJH�GHWHFWLRQ��WHVW�VWDWLVWLFV

��,QWURGXFWLRQ
'XH� WR� FKDQJHV� LQ� WKH� SODQW�� HTXLSPHQW� IDLOXUH� RU
VHW�SRLQW�FKDQJH��WKH�FRQWURO�V\VWHP�FHDVHV�WR�ZRUN
DV� LQWHQGHG��)RU�H[DPSOH�� LQFUHDVLQJ�YDOYH� IULFWLRQ
UHVXOWV� LQ� WKH�K\VWHUHVLV�RU� VWLFN�VOLS�PRWLRQ�RI� WKH
YDOYH�� UHVXOWLQJ� LQ� RVFLOODWLRQV� RI� WKH� SURFHVV
VLJQDOV�� 'XH� WR� QRQOLQHDULW\�� D� FKDQJHG� RSHUDWLQJ
SRLQW� UHVXOWV� LQ� WKH� FKDQJH� RI� WKH� SURFHVV� JDLQ
DQG�RU�WLPH�FRQVWDQWV��,Q�WKLV�FDVH��WKH�PRGHO�LV�QR
ORQJHU�D�UHOLDEOH�GHVFULSWLRQ�RI�WKH�SURFHVV�DQG�WKH
PRGHO�EDVHG�FRQWUROOHU�GRHV�QRW�RSHUDWH� DV�EHIRUH�
,I�WKH�FKDQJHV�DUH�VLJQLILFDQW��WKH�PRGHO�QHHGV�WR�EH
UHGHVLJQHG�DQG� WKH�FRQWUROOHU� UHWXQHG�� ,Q� LQGXVWULDO
DSSOLFDWLRQV��PDQ\�FRQWUROOHUV�DUH�DGMXVWHG�DQG�SXW
LQWR� RSHUDWLRQ� ZLWKRXW� IXUWKHU� PDLQWHQDQFH�� ,W� LV
WKHQ� OHIW� WR� WKH� RSHUDWRU� WR� REVHUYH� DQG� PDNH
GHFLVLRQV� DERXW� DSSURSULDWH� DFWLRQV� ZKHQ� DQ
DEQRUPDO�FRQGLWLRQ�RFFXUV�

7KH� FRPPHUFLDO� FRQVHTXHQFHV� RI� SHUIRUPDQFH
GHJUDGDWLRQ� DUH� UHIOHFWHG� LQ� LQFUHDVHG� HQHUJ\
FRQVXPSWLRQ�DQG� ORZHU�TXDOLW\� ILQDO�SURGXFWV��7KH

JRDO�RI�WKH�FRQWURO�V\VWHP��LQ�WKH�EURDG�VHQVH��LV�WR
PDLQWDLQ� FORVHG�ORRS� SHUIRUPDQFH� DW� WKH� KLJKHVW
OHYHO� XQGHU� DOO� FLUFXPVWDQFHV�� 7KLV� LV� DFKLHYHG� E\
PRQLWRULQJ� WKH� FORVHG�ORRS� V\VWHP�� GLDJQRVLQJ
HYHQWV� WKDW� FDXVH� SHUIRUPDQFH� GHJUDGDWLRQ� DQG�
ILQDOO\�� E\� XQGHUWDNLQJ� WKH� DSSURSULDWH� FRUUHFWLYH
DFWLRQV�

,Q�JHQHUDO��SHUIRUPDQFH�PRQLWRULQJ�PHWKRGV�FDQ
EH� VLJQDO�EDVHG� RU� PRGHO�EDVHG� >�@�� 7KH� IRFXV
EHORZ� ZLOO� EH� RQ� SHUIRUPDQFH� PRQLWRULQJ� RI� WKH
FORVHG�ORRS� RQ� WKH� EDVLV� RI� VWDWLVWLFDO� WHVWV� RQ
UHVLGXDOV�� 7KH� UHVLGXDOV� SURGXFHG� E\� WKH� UHGXFHG
RUGHU� PRGHO� FRPSULVH� WKH� XQPRGHOOHG� G\QDPLFV�
8VLQJ�WKH�WUDGLWLRQDO�WHVW�VWDWLVWLFV��ZKLFK�LV�WKH�VXP
RI� WKH� VTXDUHG� UHVLGXDOV� QRUPDOLVHG� E\� WKH� QRLVH
YDULDQFH��FRXOG�OHDG�WR�IDOVH�DODUPV�

,Q�WKLV�ZRUN��WHVW�VWDWLVWLFV�RQ�WKH�UHVLGXDOV�RI�WKH
UHGXFHG� RUGHU�PRGHO� LV� SURSRVHG�� ,W�PDNHV� XVH� RI
WKH� VWRFKDVWLF� HPEHGGLQJ� GHVFULSWLRQ� RI� WKH
XQPRGHOOHG� G\QDPLFV� >�@�� ZKLFK� LV� SUHVHQWHG� LQ
6HFWLRQ� ��� ,Q� 6HFWLRQ� ��� D� FKDQJH� GHWHFWLRQ� WHVW



EDVHG� RQ� WKH� LQH[DFW� $5;� PRGHO� LV� GHVFULEHG�
IROORZHG�E\�D�GLVFXVVLRQ�LQ�6HFWLRQ����,Q�6HFWLRQ���
WKH� SURSRVHG� FKDQJH� GHWHFWRU� LV� WHVWHG� RQ� D
VLPXODWHG� '&� PRWRU�JHQHUDWRU�� )LQDOO\�� VRPH
FRQFOXGLQJ�UHPDUNV�DUH�JLYHQ�LQ�6HFWLRQ���

��3URFHVV�GHVFULSWLRQ
:H� DVVXPH� WKDW� WKH� QRPLQDO� SURFHVV� EHKDYLRXU� LV
GHVFULEHG�E\�WKH�DXWRUHJUHVVLYH�PRGHO
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ZKHUH� �W�y �LV�WKH�UHJUHVVLRQ�YHFWRU�� q�5Q�GHQRWHV
WKH�PRGHO�SDUDPHWHUV� FRUUHVSRQGLQJ� WR� WKH� FXUUHQW
�SRVVLEO\�� IDXOW\� GDWD� UHFRUG�� \�W�� LV� WKH� SURFHVV

RXWSXW�� Z�W�� LV� *DXVVLDQ� QRLVH� ����1 �

Zs � ZLWK

NQRZQ�YDULDQFH��7KH�WHUP� hj �W�7 �LV�),5�PRGHO�RI
WKH�XQPRGHOOHG�SURFHVV�G\QDPLFV�ZLWK

[ ]�/W�X����W�X���W�X�W�7 ---=j K ���

[ ]7/�� ��� hhh=h K ���

ZKLOH�X� LV� LQSXW�VLJQDO�DQG� hL � DUH� WKH�FRHIILFLHQWV
RI� WKH� ILQLWH� LPSXOVH� UHVSRQVH� PRGHO�� 7R� DYRLG
HVWLPDWLQJ� /�SDUDPHWHUV� RI� WKH� ),5� PRGHO�� WKH
XQPRGHOOHG� G\QDPLFV� LV� UHSUHVHQWHG� LQ� WKH
VWDWLVWLFDO�IUDPHZRUN�DV�D�UHDOLVDWLRQ�RI�WKH�UDQGRP
YDULDEOH�� ,W� LV� DVVXPHG� WKDW� WKH� FRHIILFLHQWV� RI� WKH
LPSXOVH� UHVSRQVH� DVVRFLDWHG� ZLWK� WKH
XQGHUPRGHOOLQJ�LV�]HUR�PHDQ�*DXVVLDQ�>�@
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h
�ZKLFK�LV�DVVXPHG�WR

KDYH�DQ�H[SRQHQWLDOO\�GHFD\LQJ�GLDJRQDO�VWUXFWXUH
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7KLV� FRUUHVSRQGV� WR� WKH� H[SRQHQWLDOO\� GHFD\LQJ
YDULDQFH� RI� WKH� XQGHUPRGHOOLQJ� LPSXOVH� UHVSRQVH
>�@
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(TXDWLRQ� ���� GHILQHV� WKH� ERXQGV� ZLWKLQ� ZKLFK
WKH�XQGHUPRGHOOLQJ�LPSXOVH�UHVSRQVH�LV�IRXQG�ZLWK
FHUWDLQ�SUREDELOLW\

7KH� SDUDPHWHUV� sZ
�� RI� WKH� QRLVH� DQG

XQGHUPRGHOOLQJ� a�� l� FDQ� EH� HVWLPDWHG� IURP� WKH
UHVLGXDOV¶� YHFWRU� XVLQJ� WKH� PD[LPXP� OLNHOLKRRG
PHWKRG�

��&KDQJH�GHWHFWLRQ� WHVW� EDVHG� RQ� WKH
UHGXFHG�SURFHVV�PRGHO
7KH� SUREOHP� LV� WR� GHWHFW� ZKHWKHU� WKH� SURFHVV

SDUDPHWHU�YHFWRU�q�KDV�FKDQJHG�
7R�GHFLGH�ZKHWKHU� WKH�SURFHVV�SDUDPHWHUV�KDYH

FKDQJHG� RU� QRW�� WZR� K\SRWKHVHV� KDYH� WR� EH� WHVWHG
�%DVVHYLOOH�DQG�1LNLIRURY���������L�H��

YHUVXV� ��SURFHVV�WKH��LQ��FKDQJH�QR��+ ��� qq

��� ��FKDQJH��+ qq ¹ �

,Q�JHQHUDO�� WKH�SURFHVV�FKDQJH�HIIHFWV� WKH�PHDQ
DQG�YDULDQFH�RI� WKH�PRGHO� UHVLGXDOV�e��7KH�FKDQJH
LQ� WKH� WLPH� FRQVWDQWV� RQO\� FDXVHV� FKDQJH� LQ� WKH
UHVLGXDOV¶� YDULDQFH�� 7KHUHIRUH�� DQ\� GHYLDWLRQ� IURP
WKH�QRPLQDO�YDOXHV�FDQ�EH�UHYHDOHG�E\�WKH�GHWHFWLRQ
RI�FKDQJH�LQ�WKH�YDULDQFH�RI�WKH�PRGHO�UHVLGXDOV��7R
GHWHFW� FKDQJHV� LQ� WKH� FRQWURO� V\VWHP�� WKH� VFKHPH
VKRZQ�LQ�)LJXUH���LV�XVHG�

7KH� QRPLQDO� PRGHO� SDUDPHWHUV� DUH� LGHQWLILHG
IURP� WKH� DYDLODEOH� VHTXHQFH� RI� GDWD�� FROOHFWHG
GXULQJ� WKH� QRUPDO� SURFHVV� RSHUDWLRQ�� 7KLV� FDQ� EH
UHSUHVHQWHG�DV�WKH�PDSSLQJ

( ) ( )���� �1�\��1������\���� yy K ���� ��q�

7KH�PRGHO�UHVLGXDOV�DUH�REWDLQHG�E\�FRPSDULQJ
WKH�PRGHO�SDUDPHWHULVHG�E\� q

�
� WR� WKH�RXWSXW� GDWD

LQ�WKH�VOLGLQJ�ZLQGRZ�RI�OHQJWK�1��L�H��^\�W���������\�W�
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)LJXUH����7KH�UHVLGXDOV¶�JHQHUDWLRQ

7KH� VXIILFLHQW� WHVW� VWDWLVWLFV� IRU� WKH� YDULDQFH
FKDQJH� LV� GHULYHG� IURP� WKH� ORJ�OLNHOLKRRG� UDWLR
�5RKDWJL��������DQG�KDV�WKH�IROORZLQJ�IRUP
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+HUH��LW�LV�VXSSRVHG�WKDW�WKH�VWDWLVWLFDO�SURSHUWLHV
RI� WKH�PHDVXUHPHQW� QRLVH� DQG� WKH� XQGHUPRGHOOLQJ
GR� QRW� FKDQJH� ZLWK� WLPH�� s��W�� LV� WKH� UHVLGXDOV¶
YDULDQFH� XQGHU� K\SRWKHVLV� +�� �QR� FKDQJH� LQ� WKH
SURFHVV���8QGHU� WKH� K\SRWKHVLV� RI� QR� FKDQJH�q q�

WKH�YDULDQFH�RI�UHVLGXDOV�UHDGV
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6LQFH� WKH� FRYDULDQFH� PDWUL[� (>h7h@� KDV� DQ
H[SRQHQWLDOO\� GHFD\LQJ� GLDJRQDO� VWUXFWXUH� �VHH� ���
WKH�H[SUHVVLRQ�����EHFRPHV

j7�N�(>h7h@j7�N��s
Z

�  

�

Z

/

7 �N��

�

�

���N� s+j
³
³
³

ã

á

Ã
Ã
Ã

¬

«

l

l
aj= O  

( ) �

Z

��/�� �/N�X��N�X��N�X s+-l++-l+-al= -K

����

7KH� QRPLQDO� PRGHO� SDUDPHWHUV� �q �� WKH� QRLVH

YDULDQFH� �

Zs � DQG� WKH� YDULDQFH� RI� ),5� PRGHO

FRHIILFLHQWV� [ ] L�

L( al=h ��QHHGHG� LQ� WKH� FDOFXODWLRQ
RI� WKH� WHVW� VWDWLVWLFV� ����� DUH� HVWLPDWHG� IURP� WKH
WUDLQLQJ� GDWD� FROOHFWHG� GXULQJ� WKH� QRQ�IDXOW\
SURFHVV� RSHUDWLRQ�� ,Q� WKH� FDVH� RI� ³QR� FKDQJH´� WKH

WHVW� VWDWLVWLFV� ���� LV� �c �GLVWULEXWHG�ZLWK�1�GHJUHHV
RI�IUHHGRP�

7KH�K\SRWKHVLV�+�� LV� UHMHFWHG� DW� OHYHO� a � LI� RQH
RI�WKH�IROORZLQJ�FRQGLWLRQV�KROGV
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ZKHUH� ���F a-
� DQG� ��F

a
� DUH� WDNHQ� IURP� WKH� c��

GLVWULEXWLRQ�IRU�WKH�GHVLUHG�GHJUHH�RI�FRQILGHQFH�a�

��'LVFXVVLRQ
7KH� YDULDQFH� ����� FRQVLVWV� RI� WKH� WZR� VXPPDQGV�
WKH� FRQWULEXWLRQ� RI� WKH� SURFHVV� QRLVH� sZ

�� DQG� WKH
XQGHUPRGHOOLQJ�HUURU��WKH�UHVW�RI�WKH�H[SUHVVLRQ��

7KH� SUHGLFWLRQ� HUURU� YDULDQFH� GHSHQGV� RQ� WKH
LQSXW� VLJQDO� DW� WLPH� LQVWDQWV� W���� W���� ��W�/�� EHFDXVH
WKH� XQGHUPRGHOOLQJ� FRUUHVSRQGV� WR� WKH� G\QDPLFV
SUHVHQW� LQ� WKH� SURFHVV� EXW� QRW� FDSWXUHG� E\� WKH
PRGHO�

7KH� WHVW� VWDWLVWLFV� ���� LV� PDWKHPDWLFDOO\
VXIILFLHQW�RQO\�IRU�GHWHFWLQJ�FKDQJHV�LQ�WKH�YDULDQFH
RI� WKH� UHVLGXDOV�� 6LQFH� D� FKDQJH� LQ� WKH� SURFHVV
SDUDPHWHU�JHQHUDOO\�UHVXOWV�LQ�D�FKDQJH�RI�WKH�PHDQ
DQG�YDULDQFH�RI�WKH�UHVLGXDOV��LW�LV�QHFHVVDU\�WR�WHVW
WKH� UHVLGXDOV� IRU� YDULDQFH� FKDQJH� DV� ZHOO� DV� IRU
PHDQ� YDOXH� FKDQJH�� 1HYHUWKHOHVV�� LQ� SUDFWLFH
GHWHFWLQJ� YDULDQFH� FKDQJHV� LQ� WKH� PRGHO� UHVLGXDOV
WXUQV�RXW� WR�EH�TXLWH�DQ�HIILFLHQW� WRRO� IRU�GHWHFWLQJ
SURFHVV�FKDQJHV�

��$�VLPXODWHG�H[DPSOH
7KH�SHUIRUPDQFH�RI�WKH�SURSRVHG�FKDQJH�GHWHFWRU�LV
LOOXVWUDWHG� RQ� D� '&� PRWRU�JHQHUDWRU� PRGHO�� 7KH
WUDQVIHU�IXQFWLRQ�RI�WKH�VLPXODWHG�SURFHVV�LV�>�@
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7KH� PHDVXUHPHQW� QRLVH� Z�W�� LV� QRUPDOO\

GLVWULEXWHG� ZLWK� D� YDULDQFH� ��

Z ����=s �� 7KH� 3,
FRQWUROOHU� ZDV� GHVLJQHG� XVLQJ� WKH� SROH� SODFHPHQW
PHWKRG� RQ� WKH� EDVLV� RI� WKH� ILUVW� RUGHU�PRGHO�� 7KH
GHVLUHG� FKDUDFWHULVWLF� SRO\QRPLDO� LV

���

& �T���������T�$ -- -= �� 7KH� QRPLQDO� PRGHO
DQG�FRQWUROOHU�SDUDPHWHUV�REWDLQHG�E\� WKH� LWHUDWLYH
LGHQWLILFDWLRQ� DQG� FRQWUROOHU� GHVLJQ� >�@� DUH� DV
IROORZV
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)LJXUH� �� VKRZV� WKH� PDWFKLQJ� EHWZHHQ� WKH
SURFHVV�DQG�WKH�PRGHO�LQ�WKH�%RGH�GLDJUDP�

)LJXUHV� �� DQG� �� VKRZ� WKH� SHUIRUPDQFH� RI� WKH
FORVHG�ORRS� V\VWHP� LQ� D� IDXOW�IUHH� DQG� IDXOW\� FDVH�
7KH� SURFHVV� FKDQJH� LV� HPXODWHG� E\� FKDQJLQJ� WKH
SURFHVV� SROHV�� 7KH� RXWSXW� VLJQDO� IROORZV� WKH
UHIHUHQFH� EHIRUH� DQG� DIWHU� WKH� IDXOW� RFFXUUHQFH
�)LJXUH����� EHFDXVH� WKH� FRQWUROOHU� FRPSHQVDWHV� IRU
WKH�IDXOW�E\�GHFUHDVLQJ�WKH�LQSXW�VLJQDO��)LJXUH����

7KH�UHVLGXDOV�DUH�GHSLFWHG�LQ�)LJXUH����)RU�1 ��

WKH� WHUP� �W�F �

��� s
a-

� LQ� HTXDWLRQ� ����� FDQ� EH
UHJDUGHG� DV� WKH� WKUHVKROG� IRU� WKH� VTXDUHG� UHVLGXDO

e�� �W �� )LJXUH� �� VKRZV� WKH� VTXDUHG� UHVLGXDOV� DQG

WKH� FRUUHVSRQGLQJ� WKUHVKROG� �

���F s
a-

� IRU� 1 ��
6LQFH� DQ� HVWLPDWLRQ� RI� WKH� XQGHUPRGHOOLQJ� ZDV
LQFOXGHG� LQ� WKH� FDOFXODWLRQ� RI� WKH� UHVLGXDOV¶
YDULDQFH�� WKH� WKUHVKROG� FKDQJHV� ZLWK� WKH� LQSXW
VLJQDO��7KH�UHVXOW�LV�WKDW�WKH�QXPEHU�RI�IDOVH�DODUPV
LV� UHGXFHG�� ,I� XQGHUPRGHOOLQJ� LV� GLVUHJDUGHG�� WKH

WKUHVKROG� IRU� WKH� VTXDUHG� UHVLGXDOV� �

����F s
a-

GHSHQGV� RQO\� RQ� WKH� QRLVH� YDULDQFH� �GHSLFWHG� LQ
)LJXUH� �� E\� WKH� GDVKHG� OLQH�� DQG� LV� FRPSOHWHO\
LQDSSURSULDWH��8VH�RI�VXFK�D�WKUHVKROG�ZRXOG�UHVXOW
LQ� IDOVH� DODUPV�� )LJXUH� �� VKRZV� GHFLVLRQ�PDNLQJ
DERXW�K\SRWKHVLV�+��DQG�+��RQ�WKH�EDVLV�RI�VLJQDOV

LQ�)LJXUH����,W�FDQ�EH�QRWLFHG�WKDW�GHWHFWLQJ�FKDQJHV
RQ� WKH� EDVLV� RI� RQH� VDPSOH� RI� UHVLGXDOV� UHVXOWV� LQ
GLDJQRVWLF�LQVWDELOLW\��7R�EH�DEOH�WR�WUDFN�WKH�WUHQG
RI� UHVLGXDOV�� ZH� LQFOXGHG� HDFK� WLPH� ���� VDPSOHV
�1 ����� RI� UHVLGXDOV� LQ� WKH� FDOFXODWLRQ� RI� WKH� WHVW
VWDWLVWLFV��7KH� WHVW� VWDWLVWLFV� EDVHG� RQ� ���� VDPSOHV
VWURQJO\�LQFUHDVHV�ZKHQ�WKH�IDXOW�LV�LQMHFWHG�LQWR�WKH
SURFHVV� �)LJXUH� ���� $IWHU� D� VKRUW� GHOD\�� WKH� WHVW
VWDWLVWLFV�H[FHHG�WKH�WKUHVKROG�F��a���ZKLFK�UHVXOWV�LQ
D�UHMHFWLRQ�RI�K\SRWKHVLV�+���)LJXUH����
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)LJXUH����'HFLGLQJ�EHWZHHQ�+��DQG�+��IRU�1 �

��&RQFOXVLRQV
6WDWLVWLFDO� WHVWLQJ� IRU� D� FKDQJH� LQ� UHVLGXDOV¶
YDULDQFH�KDV�EHHQ�GHVFULEHG�LQ�VLJQLILFDQW�GHWDLO�� ,W
LV�EDVHG�RQ�FKHFNLQJ�WKH�WHVW�VWDWLVWLFV��L�H��WKH�VXP
RI�VTXDUHG�UHVLGXDOV�QRUPDOLVHG�E\�WKH�YDULDQFH�

7KH�PHWKRG�RI� WHVWLQJ� WKH�YDULDQFH� FKDQJH�ZDV
H[WHQGHG�WR�WKH�DSSOLFDWLRQ�RI�UHGXFHG�RUGHU�PRGHOV
E\�LQFOXGLQJ�D�PRUH�SUHFLVH�HVWLPDWLRQ�RI�WKH�PRGHO
HUURU��7KH�XQPRGHOOHG�G\QDPLFV� LV� WKRXJKW�RI�DV�D
UHDOLVDWLRQ�RI�D�UDQGRP�SURFHVV�ZLWK�SDUDPHWHULVHG
VHFRQG�RUGHU� VWDWLVWLFV� �DV� VXJJHVWHG� E\� *RRGZLQ�
�������,Q�WKLV�ZD\��ZH�JDLQ�E\�UHGXFLQJ�WKH�QXPEHU
RI� IDOVH� DODUPV�� EHFDXVH� WKH� WKUHVKROG� IRU� IDXOW
GHWHFWLRQ� ZKLFK� GHSHQGV� RQ� WKH� HVWLPDWHG� PRGHO
XQFHUWDLQW\�� LV� PRUH� DSSURSULDWHO\� FKRVHQ�� 7KH

ODWWHU� VWDWHPHQW� KDV� EHHQ� FRQILUPHG� E\� WKH
VLPXODWLRQ�XVLQJ�D�'&�PRWRU�JHQHUDWRU�VHW�XS�

7KH� VWRFKDVWLF� HPEHGGLQJ� DSSURDFK� WR� WKH
HVWLPDWLRQ�RI�WKH�PRGHO�HUURU�RIIHUV�D�GHVFULSWLRQ�RI
WKH� DYHUDJH� SURSHUWLHV� RI� XQGHUPRGHOOLQJ�� WKHUHE\
UHVXOWLQJ� LQ� D� SHVVLPLVWLF� HVWLPDWH� RI� WKH� PRGHO
HUURU��,Q�WKH�IXWXUH��ZH�LQWHQG�WR�XVH�D�PRUH�SUHFLVH
GHVFULSWLRQ�RI�WKH�XQGHUPRGHOOLQJ�HUURU� LQ�RUGHU� WR
LQFUHDVH�WKH�VHQVLWLYLW\�RI�WKH�FKDQJH�GHWHFWRU�
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