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'HSDUWPHQW RI ,QGXVWULDO DQG 2SHUDWLRQV (QJLQHHULQJ
7KH 8QLYHUVLW\ RI 0LFKLJDQ

���� %HDO $YHQXH
$QQ $UERU� 0LFKLJDQ ����������� 8�6�$�
$%675$&7

7KH SUREOHP RI VHOHFWLQJ WKH EHVW V\VWHP IURP D n�
QLWH VHW RI DOWHUQDWLYHV LV FRQVLGHUHG IURP D %D\HVLDQ
GHFLVLRQ�WKHRUHWLF SHUVSHFWLYH� 7KH IUDPHZRUN SUH�
VHQWHG LV TXLWH JHQHUDO� DQG SHUPLWV VHOHFWLRQ IURP
WZR RU PRUH V\VWHPV� ZLWK UHSOLFDWLRQV WKDW XVH HL�
WKHU LQGHSHQGHQW RU FRPPRQ UDQGRP QXPEHUV� ZLWK
XQNQRZQ PHDQ DQG FRYDULDQFH IRU WKH RXWSXW� DQG
SHUPLWV *DXVVLDQ RU QRQ�*DXVVLDQ VLPXODWLRQ RXW�
SXW� )RU WKH FDVH RI XQNQRZQ PHDQV DQG YDULDQFH
ZLWK FRPPRQ UDQGRP QXPEHUV� WKH IUDPHZRUN SUR�
YLGHV D SUREDELOLW\ RI FRUUHFW VHOHFWLRQ WKDW GRHV QRW
VXmHU IURP SUREOHPV DVVRFLDWHG ZLWK WKH %RQIHUURQL
LQHTXDOLW\� :H LQGLFDWH VRPH FULWHULD IRU ZKLFK WKH
%D\HVLDQ DSSURDFK DQG RWKHU DSSURDFKHV DUH LQ JHQ�
HUDO DJUHHPHQW� RU GLVDJUHHPHQW� 7KH SUREDELOLW\ RI
FRUUHFW VHOHFWLRQ FDQ EH FDOFXODWHG HLWKHU E\ TXDGUD�
WXUH RU E\ 0RQWH &DUOR VLPXODWLRQ IURP WKH SRVWHULRU
GLVWULEXWLRQ RI WKH SDUDPHWHUV RI WKH VWDWLVWLFDO GLVWUL�
EXWLRQ RI WKH VLPXODWLRQ RXWSXW� :H DOVR FRPPHQW RQ
H[SHFWHG�YDOXH GHFLVLRQ�PDNLQJ YHUVXV RSWLPL]DWLRQ
FULWHULD EDVHG RQ RWKHU IXQFWLRQDOV RI WKH GLVWULEXWLRQ
RI WKH RXWSXW�

� 027,9$7,21

2QH LPSRUWDQW DSSOLFDWLRQ IRU VWRFKDVWLF VLPXODWLRQ LV
WKH VHOHFWLRQ RI WKH EHVW V\VWHP IURP D VHW RI DOWHUQD�
WLYHV �/DZ DQG .HOWRQ� ������ *ROGVPDQ DQG 1HOVRQ
������ SURYLGH D FRPSUHKHQVLYH OLWHUDWXUH UHYLHZ RI
UDQNLQJ� VHOHFWLRQ� DQG FRPSDULVRQ WHFKQLTXHV IRU VH�
OHFWLQJ WKH EHVW V\VWHP DQG UHODWHG SUREOHPV �VFUHHQ�
LQJ D ODUJH QXPEHU RI V\VWHPV� FRPSDULQJ DOO V\VWHPV
WR D VWDQGDUG V\VWHP DQG FRPSDULQJ DOO V\VWHPV WR D
GHIDXOW��

7ZR IHDWXUHV RI PDQ\ RI WKH WHFKQLTXHV DUH ��� HV�
WLPDWLRQV RI PHDQV �RU PHDQV RI GLmHUHQFHV� RI SHU�
IRUPDQFH PHDVXUHV IRU WKH V\VWHPV DQG ��� D PHDVXUH
RI WKH HYLGHQFH WKDW WKH FRUUHFW GHFLVLRQ ZDV PDGH�
H[SUHVVHG LQ WHUPV RI 3�YDOXHV RI K\SRWKHVLV WHVWV�
�0XOWLSOH FRPSDULVRQ SURFHGXUHV GR QRW IDOO LQWR WKLV
FDWHJRU\ DQG DUH GLVFXVVHG LQ 6HFWLRQ ���

:KHQ WKH PHDQ DQG YDULDQFH DUH XQNQRZQ DQG
FRPPRQ UDQGRP QXPEHUV DUH HPSOR\HG� WKH PHD�
VXUH RI HYLGHQFH LV XVXDOO\ EDVHG RQ 3�YDOXHV RI PXOWL�
SOH FRPSDULVRQV DQG WKH %RQIHUURQL LQHTXDOLW\� 7KLV
LQHTXDOLW\ FDQ VLJQLnFDQWO\ PLVVWDWH WKH RYHUDOO FRQ�
nGHQFH RI D VHOHFWLRQ� 0RUH JHQHUDOO\� WKH XVH RI
3�YDOXHV DV D PHDVXUH RI HYLGHQFH KDG EHHQ FDOOHG
LQWR TXHVWLRQ E\ D QXPEHU RI UHVHDUFKHUV �VHH $S�
SHQGL[ $�� 7KH SUHVHQW ZRUN SURYLGHV DQ DOWHUQDWH
SUREDELOLVWLF PHDVXUH RI HYLGHQFH WKDW H[WHQGV D UH�
FHQWO\ SURSRVHG %D\HVLDQ IUDPHZRUN IRU DQDO\]LQJ WKH
VLPXODWLRQ RXWSXW RI D VLQJOH V\VWHP �&KLFN� ������
7KH UHOHYDQW DVVXPSWLRQV UHTXLUHG IURP WKDW SDSHU
DUH JLYHQ LQ 6HFWLRQ ��

7KH VHOHFWLRQ SUREOHP IRU LQGHSHQGHQW VLPXODWLRQ
UHSOLFDWLRQV LV FRYHUHG LQ 6HFWLRQ �� $Q H[WHQVLRQ WR
KDQGOH GHSHQGHQFLHV VXFK DV FRPPRQ UDQGRP QXP�
EHUV LV JLYHQ LQ 6HFWLRQ �� $UELWUDU\ FRUUHODWLRQ EH�
WZHHQ WKH RXWSXW RI HDFK V\VWHP LV SHUPLWWHG� DQG
QR DVVXPSWLRQV DUH PDGH UHJDUGLQJ WKH YDOXHV RI WKH
PHDQ DQG YDULDQFH� RWKHU WKDQ WKDW WKH\ DUH XQNQRZQ
TXDQWLWLHV� $SSUR[LPDWLRQV WKDW LQGLFDWH D UHODWLRQ
ZLWK IUHTXHQWLVW WHFKQLTXHV LV JLYHQ� $Q H[DPSOH RI
VHOHFWLQJ WKH EHVW V\VWHP ZLWK &51 LV JLYHQ LQ 6HF�
WLRQ �� 7KH UHOHYDQFH RI %(0 IRU HVWLPDWLQJ WKH SURE�
DELOLW\ RI FRUUHFW VHOHFWLRQ LV GLVFXVVHG LQ 6HFWLRQ ��
6HOHFWLRQ FULWHULD XVLQJ IXQFWLRQDOV RI WKH RXWSXW GLV�
WULEXWLRQ RWKHU WKDQ WKH PHDQ DUH GLVFXVVHG LQ 6HF�
WLRQ �� 6HFWLRQ � FRQFOXGHV ZLWK VRPH FRPPHQWV RQ
WKH DSSURDFK� SDUWLFXODUO\ ZLWK UHVSHFW WR GHFLVLRQ
WKHRU\�

5DWKHU WKDQ VSHDNLQJ RI PHDQ YDOXHV RI RXWSXW� DV
LV W\SLFDO LQ D VLPXODWLRQ FRQWH[W� WKLV SDSHU VSHDNV
RI H[SHFWHG XWLOLW\ DV WKH RXWSXW RI LQWHUHVW LQ RUGHU
WR UHPDLQ FRQVLVWHQW ZLWK WKH GHFLVLRQ WKHRU\ WHUPL�
QRORJ\�
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6XSSRVH WKHUH DUH . GLmHUHQW VLPXODWHG V\VWHPV� DQG
WKH REMHFWLYH LV WR VHOHFW WKH V\VWHP ZLWK WKH PD[L�
PXP H[SHFWHG XWLOLW\� :H PDNH WKH IROORZLQJ DGGL�
WLRQDO DVVXPSWLRQV IRU WKH FDVH RI LQGHSHQGHQW UHSOL�
FDWLRQV� 0RGLnHG DVVXPSWLRQV IRU GHSHQGHQW UHSOLFD�
WLRQV DUH JLYHQ LQ 6HFWLRQ ��
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JHQHUDOL]HV WKH ZRUN RI $QGUHZV DQG 6FKULEHU ������
DQG $QGUDGuRWWLU DQG %LHU ������� ZKHUH WKH YDULDQFH
LV DVVXPHG NQRZQ�
7KHQ WKH SRVWHULRU GLVWULEXWLRQ RI WKH H[SHFWHG

�FRQGLWLRQDO� XWLOLW\ KDV 6WXGHQW GLVWULEXWLRQ

S
iNM'

��
N
� z 6W

�

t
x
5N

�
r
5N

n
5N

� �m�5
N

u
���

ZKHUH

x
5N

 
Q
�N
x
�N
�5xR

N

Q
�N
�5

N

r
5N

 �Q
�N
�5

N
��m

N
�

5
N

�
�

n
5N

 n �
V
N

�
�

Q
�N
5
N
�x
�N
b xR

N
��

��Q
�N
�5

N
�

xR
N
 

5N;
U �

R
N�U

 5
N

V
N
 

5N;
U �

�R
N�U
b xR

N
���

7KH 6WXGHQW GLVWULEXWLRQ ZLWK VLPLODU SDUDPHWHUV
SOD\V D UROH LQ D VWDQGDUG IUHTXHQWLVW FRQnGHQFH LQ�
WHUYDO IRU WKH PHDQ �&KLFN� ������ 7KXV� LQIHUHQFHV
EDVHG RQ DSSUR[LPDWLQJ WKH RXWSXW ZLWK D QRUPDO GLV�
WULEXWLRQ� WRJHWKHU ZLWK WKH FRQMXJDWH QRUPDO�JDPPD
SULRU� FDQ EH UHODWHG WR FODVVLFDO LQIHUHQFHV�
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7HFKQLTXHV ZKLFK LQGXFH GHSHQGHQW RXWSXW IURP V\V�
WHP WR V\VWHP EHWZHHQ UHSOLFDWLRQV� VXFK DV FRPPRQ
UDQGRP QXPEHUV �&51�� FDQ OHDG WR VLJQLnFDQW VDY�
LQJV RI FRPSXWDWLRQDO HmRUW IRU V\VWHP DQDO\VLV� ,W LV
WKHUHIRUH GHVLUDEOH WR H[WHQG WKH WHFKQLTXHV RI 6HF�
WLRQ � WR DFFRXQW IRU VXFK GHSHQGHQFLHV�
,I WZR V\VWHPV VHH VLPLODU VWRFKDVWLF LQSXWV �H�J�

VHUYLFHV WLPHV� LQWHU�DUULYDO WLPHV� LW LV SODXVLEOH WKDW
D ODUJH UHDOL]DWLRQ RI XWLOLW\ IRU V\VWHP L� PD\ LQFUHDVH
WKH SUREDELOLW\ WKDW WKH UHDOL]HG XWLOLW\ IRU V\VWHP N
ZLOO EH ODUJH� )RU H[DPSOH� SDUWLFXODU VHTXHQFHV RI
FXVWRPHU DUULYDO WLPHV DQG VHUYLFH WLPHV PD\ OHDG
WR D ODUJH XWLOLW\ IRU ERWK DQ 0�0�� V\VWHP DQG DQ
0�0�� V\VWHP �ZKHUH XWLOLW\ PLJKW EH WKH QHJDWLYH
RI WKH ZDLWLQJ WLPH��

��� *HQHUDO 7KHRU\
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RXVO\� DQG LPSRVHV GLpFXOW QXPHULFDO LQWHJUDWLRQ
SUREOHPV EHIRUH WKH EHVW V\VWHP FDQ EH VHOHFWHG� 7KLV
VHFWLRQ H[DPLQHV VLPSOLnFDWLRQV DQG DSSUR[LPDWLRQV�
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$SSHQGL[ % FRQWDLQV UHIHUHQFH LQIRUPDWLRQ UHJDUGLQJ
WKH SUREDELOLW\ GLVWULEXWLRQV XVHG LQ WKLV VHFWLRQ�
)LUVW DVVXPH WKDW WKH VLPXODWLRQ RXWSXW LV WKH XWLO�

LW\� a8  a2� 6HFRQG� DVVXPH WKDW WKH GLVWULEXWLRQ RI
a8 LV MRLQW *DXVVLDQ ZLWK XQNQRZQ SDUDPHWHU �a��h��
7KLV LV RIWHQ D UHDVRQDEOH DVVXPSWLRQ� DV LQ FDVHV
ZKHUH WKH XWLOLW\ VDWLVnHV D IXQFWLRQDO FHQWUDO OLPLW
WKHRUHP� 7KLUG� DVVXPH WKH DSSURSULDWH PXOWLYDULDWH
JHQHUDOL]DWLRQ RI WKH DSSUR[LPDWLRQ LQ 6HFWLRQ ���� D
FRQMXJDWH QRUPDO�:LVKDUW GLVWULEXWLRQ IRU �a��h��
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UHSUHVHQWHG ZLWK D :LVKDUW GLVWULEXWLRQ:
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VSHFLnHG E\ WKH DQDO\VW� DQG SULRU
LQIRUPDWLRQ RQ a� JLYHQ ~  hb� LV UHSUHVHQWHG E\
D *DXVVLDQ GLVWULEXWLRQ ZLWK SDUDPHWHUV x
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ZKHUH x
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DUH VSHFLnHG E\ WKH DQDO\VW�
&RQVWUXFW VDPSOH VWDWLVWLFV IURP 5 VLPXODWLRQ

UHSOLFDWLRQV� WKH VDPSOH .�YDULDQW PHDQ xR DQG D VDP�
SOH . d. FRYDULDQFH 6� ZKHUH

xR  
5;
U �

R
U

5

6  

5;
U �

�R
U
b xR��R

U
b xR�W� ���
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7KH SRVWHULRU PDUJLQDO GLVWULEXWLRQ IRU WKH H[�
SHFWHG XWLOLWLHV FDQ EH VKRZQ WR EH D PXOWLYDULDWH
6WXGHQW GLVWULEXWLRQ �%HUQDUGR DQG 6PLWK� ������
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6HYHUDO FRPPHQWV FDQ EH PDGH DERXW (TXDWLRQ ����
)LUVW� WKH FRUUHODWLRQ RI WKH XWLOLWLHV IRU GLmHUHQW V\V�
WHPV GXH WR D JLYHQ FRPPRQ�UDQGRP QXPEHU VFKHPH
LV LQIHUUHG IURP WKH VLPXODWLRQ RXWSXW� DQG QR DV�
VXPSWLRQV UHJDUGLQJ WKH SUHFLVH YDOXHV RI WKH FRU�
UHODWLRQ ZHUH UHTXLUHG� 6HFRQG� WKH H[SHFWHG YDOXH
Q�x��5xR

Q��5
RI WKH XQNQRZQ H[SHFWHG XWLOLW\ DSSURDFKHV

WKH VDPSOH PHDQ xR DV\PSWRWLFDOO\� 7KLUG� WKH PXO�
WLYDULDWH 6WXGHQW GLVWULEXWLRQ LV VKRZQ WR SOD\ D UROH
IRU WKH %D\HVLDQ IUDPHZRUN RI VHOHFWLQJ WKH EHVW V\V�
WHP ZKHQ D *DXVVLDQ DSSUR[LPDWLRQ IRU WKH RXWSXW
DQG D QRUPDO�:LVKDUW GLVWULEXWLRQ IRU WKH SULRU DUH
WDNHQ� 1HOVRQ DQG 0DWHMFLN ������ DQWLFLSDWHG WKLV
IRU WKH VSHFLDO FDVH RI XQNQRZQ PHDQV DQG D NQRZQ
FRYDULDQFH�

� (;$03/(

$ ZHOO�NQRZQ H[DPSOH �/DZ DQG .HOWRQ� ����� RI XV�
LQJ FRPPRQ UDQGRP QXPEHUV WR FRPSDUH WZR V\V�
WHPV LV WKH =LSS\WHO �RQH H[SHQVLYH DXWRPDWHG WHOOHU�
YHUVXV .OXQN\WHO �WZR DXWRPDWHG WHOOHUV WKDW DUH KDOI
DV H[SHQVLYH DQG KDOI DV IDVW� SUREOHP� =LSS\WHO �V\V�
WHP �� LV DQ 0�0�� TXHXH� DQG .OXQN\WHO �V\VWHP
�� LV DQ 0�0�� TXHXH� 0HDQ LQWHU�DUULYDO WLPH LV
DVVXPHG WR EH �� DQG ERWK KDYH WKH VDPH XWLOL]D�
WLRQ� |  ���� 8WLOLW\ aX LQ WKLV FDVH LV WDNHQ WR EH
WKH QHJDWLYH RI DYHUDJH GHOD\ LQ TXHXH RI WKH nUVW
��� FXVWRPHUV� $QDO\WLFDO UHVXOWV �.HOWRQ DQG /DZ�
����� LQGLFDWH WKDW WKH WKHRUHWLFDO H[SHFWHG XWLOLWLHV
DUH �

�
 b���� DQG �

�
 b�����

:H VLPXODWH WR HYDOXDWH WKH SHUIRUPDQFH RI WKH UH�
VXOWV LQ 6HFWLRQ ��� LQ GHWHUPLQLQJ WKDW WKH .OXQN\�
WHO KDV EHWWHU SHUIRUPDQFH� S ��

�
w �

�
M '�� EDVHG RQ

VLPXODWLRQ RXWSXW '� 5  ��� UHSOLFDWLRQV RI HDFK
V\VWHP ZLWK LQGHSHQGHQW DQG V\QFKURQL]HG &51 ZHUH
SHUIRUPHG� 6DPSOH PHDQV DQG VWDQGDUG HUURUV �7D�
EOH �� DUH FRQVLVWHQW ZLWK WKRVH SXEOLVKHG LQ �/DZ DQG
.HOWRQ� ������
3RVWHULRU GLVWULEXWLRQV ZHUH WDNHQ IURP (TXD�

WLRQ ��� IRU LQGHSHQGHQW UHSOLFDWLRQV� DQG IURP (TXD�
WLRQ ��� ZLWK &51� 3ULRU GLVWULEXWLRQV DVVXPHG x

�

 
��� ��� Q

�
 �� m  ���� n  GLDJ��� ��� 7KLV UHVXOWV

LQ D SULRU PHDQ IRU a� QHDU KDOI WKH VWHDG\�VWDWH PHDQ
IRU 6SHHG\� DQ H[SHFWHG PHDQ IRU WKH FRYDULDQFH PD�
WUL[ RI GLDJ��� ��� DQG D YDULDQFH LQ WKH PHDQ ZKLFK
LV GLDJ���� ���� 7KH DVVXPSWLRQV DUH UDWKHU FRQVHUYD�
WLYH� DQG WKH UHVXOWV RI WKH DQDO\VLV DUH VRPHZKDW
LQVHQVLWLYH WR WKH SULRU GLVWULEXWLRQ VHOHFWHG� 7KH
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7DEOH �� $QDO\VLV RI $YHUDJH :DLWLQJ 7LPH� 5  ���

6\VWHP 7KHRU\ xR 6(
6SHHG\WHO ���� ���� ����
.OXQN\WHO�,QG� ��� ���� ����
.OXQN\WHO�&51� ��� ���� ����

7DEOH �� 3RVWHULRU 3UREDELOLW\ .OXQN\WHO LV %HWWHU
DQG 3�YDOXH IRU +

�
� 6DPH 3HUIRUPDQFH

9DULDWHV S ��
�

w �
�

M '� 3�YDOXH IRU +
�

,QGHS� ��� ���
&51 �b �d ��b�� ���d ��b��

%D\HVLDQ UHVXOWV DUH FRPSDUHG ZLWK IUHTXHQWLVW 3�
YDOXHV IRU WKH K\SRWKHVLV +

�

� .OXQN\WHO DQG 6SHHG\�
WHO KDYH WKH VDPH SHUIRUPDQFH�
7KH FRUUHODWLRQ RI WKH RXWSXW IRU WKH WZR V\VWHPV

LV H[WUHPHO\ KLJK� ZLWK 6 LQ (TXDWLRQ ��� FDOFXODWHG
DV

6  

�
����� �����
����� �����

w

7KH SRVWHULRU GLVWULEXWLRQ S �� M '� KDV 6WXGHQW GLV�
WULEXWLRQ ZLWK PHDQ DQG YDULDQFH JLYHQ E\�

(>� M '@  �b������b������W

9DU>� M '@  

�
������ ������
������ ������

w

7KLV LV UHODWLYHO\ VLPLODU WR IUHTXHQWLVW LQWXLWLRQ� D
VWDQGDUG HUURU RI ��� �VHH 7DEOH �� FRUUHVSRQGV WR
D YDULDQFH RI ����� DQG ERWK V\VWHPV KDYH PDUJLQDO
YDULDQFHV RI DERXW �����
$ VXPPDU\ RI VRPH RI WKH UHVXOWV LV SUHVHQWHG

LQ 7DEOH �� 1RW VXUSULVLQJO\� QHLWKHU WKH %D\HVLDQ
QRU IUHTXHQWLVW DSSURDFK SUHVHQWHG VWURQJ HYLGHQFH
WKDW .OXQN\WHO ZDV EHWWHU WKDQ 6SHHG\WHO� EDVHG RQ
WKH UHSOLFDWLRQV ZLWK LQGHSHQGHQW YDULDWHV� :KHQ
FRPPRQ UDQGRP QXPEHUV ZHUH XVHG� WKH %D\HV DS�
SURDFK PDGH LW TXLWH FOHDU WKDW .OXQN\WHO RXWSHU�
IRUPV 6SHHG\WHO� 7KH IUHTXHQWLVW 3�YDOXH� WRJHWKHU
ZLWK WKH VDPSOH PHDQV� LQGLFDWH WKDW .OXQN\WHO LV
WKH FOHDU ZLQQHU DV ZHOO�
1RWH WKDW WKH 3�YDOXH GRHV QRW DW DOO FRUUHVSRQG WR

WKH SUREDELOLW\ S ��
�
 �

�
M '�� 7KH ODWWHU SUREDELOLW\

LV � LQ WKH %D\HVLDQ IUDPHZRUN SURSRVHG KHUH� 2Q WKH
RWKHU KDQG� EHFDXVH RI WKH SURSHUWLHV RI WKH 6WXGHQW
GLVWULEXWLRQ� RQH ZLOO REVHUYH WKDW WKH �b 3�YDOXH �
DQG S ��

�
w �

�
M '� ZLOO EH FORVH ZKHQ� ��� WKH SULRU

GLVWULEXWLRQ LV XQLQIRUPDWLYH LQ VRPH VHQVH� RU WKH
QXPEHU RI UHSOLFDWLRQV LV ODUJH� ��� WKH *DXVVLDQ DS�
SUR[LPDWLRQV IRU WKH RXWSXW DUH DVVXPHG� DQG ��� WKH
HVWLPDWHG PHDQ IRU V\VWHP � LV EHWWHU WKDQ IRU V\V�
WHP � �WKH IDFWRU RI � LV EHFDXVH WKH W�WHVW LV WZR�
VLGHG� 7KH UHVXOW KROGV EHFDXVH WKH GLmHUHQFH RI WZR
W�GLVWULEXWLRQV ZLWK WKH VDPH GHJUHHV RI IUHHGRP �WKH
SRVWHULRUV IURP WKH SDLUHG LQGHSHQGHQW UHSOLFDWLRQV�
LV D W�GLVWULEXWLRQ �DQDORJRXV WR IUHTXHQWLVW HVWLPD�
WLRQ RI WKH PHDQ RI GLmHUHQFHV�� 8QGHU WKHVH FRQ�
GLWLRQV� WKH 3�YDOXH SURYLGHV D PHDVXUH RI HYLGHQFH
ZKLFK LV URXJKO\ SDUDOOHO WR D %D\HVLDQ SRVWHULRU GLV�
WULEXWLRQ�

,I WKHVH WKUHH FRQGLWLRQV DUH QRW VDWLVnHG� RU LI WKH
SRLQW K\SRWKHVLV WHVWLQJ IUDPHZRUN RI %HUJHU DQG 6HO�
ONH ������ ZHUH XVHG� WKH 3�YDOXH ZRXOG QRW EH DQ DS�
SURSULDWH PHDVXUH RI HYLGHQFH IRU WKH UHDVRQV GHWDLOHG
LQ %HUJHU DQG 6HOONH ������ DQG EULHo\ VXPPDUL]HG
LQ $SSHQGL[ $�

� &200(176 21 7+( %(0

$OWHUQDWH VHOHFWLRQ SURFHVVHV H[LVW LQ WKH OLWHUDWXUH�
2QH LV WKH %(0 PXOWLQRPLDO VHOHFWLRQ SURFHGXUH GH�
VFULEHG E\ %HFKKRIHU� (OPDJKUDE\� DQG 0RUVH �������
0LOOHU� 1HOVRQ DQG 5HLOO\ ������ GHVFULEH DQ H[WHQVLRQ
RI %(0� WKH $OO 9HFWRU &RPSDULVRQ �$9&�� DORQJ
ZLWK DQDO\VLV� VLPXODWLRQV� DQG FRQMHFWXUHV�

7KH %(0 FDQ EH XVHG WR HVWLPDWH WKH SUREDELOLW\
WKDW D JLYHQ V\VWHP LV EHVW LQ FDVHV ZKHQ WKH SRVWHULRU
IRU WKH H[SHFWHG XWLOLW\ (TXDWLRQ ��� RU (TXDWLRQ ���
LV WRR GLpFXOW WR KDQGOH DQDO\WLFDOO\ RU E\ TXDGUD�
WXUH�

6DPSOH UDQGRP YDULDEOHV IURP WKH SRVWHULRU GLVWUL�
EXWLRQ IRU WKH H[SHFWHG XWLOLW\� IURP (TXDWLRQ ��� IRU
H[DPSOH �DQG QRW IURP WKH RULJLQDO VLPXODWLRQV RI WKH
. V\VWHPV�� 6DPSOLQJ IURP WKH RULJLQDO VLPXODWHG
V\VWHPV ZRXOG JLYH LQFRUUHFW UHVXOWV� DV REVHUYHG XWLO�
LWLHV� QRW H[SHFWHG XWLOLWLHV ZRXOG EH VDPSOHG� �)RU
LQVWDQFH� LI V\VWHP � DOZD\V RXWSXWV ��� DQG V\VWHP
% RXWSXWV � ZLWK SUREDELOLW\ �� DQG �� ZLWK SURE�
DELOLW\ ��� WKHQ V\VWHP $ ZRXOG EH GHFODUHG EHWWHU
ZLWK SUREDELOLW\ �� LI RXWSXW ZDV VDPSOHG� EXW % KDV
D EHWWHU H[SHFWHG YDOXH��

7KH %(0 DSSURDFK KDV D QDWXUDO %D\HVLDQ UHSUH�
VHQWDWLRQ� /HW aS  �S

�
� � � � S

.
� EH WKH PXOWLQRPLDO SD�

UDPHWHUV IRU WKH %(0 VHOHFWLRQ SUREOHP� $Q\ SURSHU
SULRU LV SRVVLEOH IRU aS� EXW LI WKH FRQMXJDWH 'LULFKOHW
SULRU

{ �aS� z 'L
.b�

�m
�

� � � � � m
.
�

LV FKRVHQ� WKHQ WKH SRVWHULRU GLVWULEXWLRQ LV WUDFWDEOH
DQDO\WLFDOO\� 6SHFLnFDOO\� LI �Q

�
� � � � � Q

.
� LV D YHFWRU

UHSUHVHQWLQJ WKDW V\VWHP N KDG WKH KLJKHVW VDPSOHG
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H[SHFWHG YDOXH Q
N
WLPHV� WKH SRVWHULRU GLVWULEXWLRQ LV
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7KH PD[LPXP D SRVWHULRUL SUREDELOLW\ aS �%D\HVLDQ
DQDORJ RI 0/(� LV WKHQ JLYHQ E\

aS
N
 

m
N
� Q

N
b �3

.

L �

m
L
� Q

L
b � �

IRU N  �� � � � �. b �� DQG aS
.
 �b3.b�

L �

aS
L
� 7KHVH

HVWLPDWHV FDQ EH XVHG DV D PHDVXUH RI EHOLHI WKDW D
JLYHQ V\VWHP LV EHVW�

� )81&7,21$/6 2) ',675,%87,216

,W LV VRPHWLPHV RI LQWHUHVW WR HYDOXDWH IXQFWLRQDOV RI
WKH RXWSXW GLVWULEXWLRQV RI WKH YDULRXV V\VWHPV RWKHU
WKDQ H[SHFWHG XWLOLW\� )RU LQVWDQFH� D FRPSDULVRQ
RI TXDQWLOHV RI WKH V\VWHPV FDQ SURYLGH LQVLJKW IRU
D GHFLVLRQ�PDNHU� 7KLV VHFWLRQ GLVFXVVHV WKH VHOHFWLRQ
RI WKH CEHVW
 V\VWHP ZKHQ EHVW LV GHnQHG E\ RSWLPL]�
LQJ D IXQFWLRQDO RI WKH RXWSXW GLVWULEXWLRQV RWKHU WKDQ
H[SHFWHG XWLOLW\�

$ %D\HVLDQ DQDO\VLV IRU RXWSXW GLVWULEXWLRQV LV FRP�
SDWLEOH ZLWK HLWKHU H[SHFWHG�XWLOLW\ RU IXQFWLRQDO RSWL�
PL]DWLRQ GHFLVLRQ PDNLQJ� 7KH DQDO\VLV LV TXLWH VLP�
LODU WR WKH DQDO\VLV IRU H[SHFWHG XWLOLW\ GHFLVLRQ PDN�
LQJ� 7KH SULPDU\ GLmHUHQFH LV WKDW WKH IXQFWLRQDO /

N

RI LQWHUHVW LV QR ORQJHU (>8
N
@� EXW WDNHV D PRUH JHQ�

HUDO IRUP WKDW PDSV D SUREDELOLW\ GLVWULEXWLRQ S �c�
LQWR D nJXUH RI PHULW C

N
�

C
N
 /

N
�S

2NMtN

�c�� ���

+HUH� WKH QRWDWLRQ S
2NMtN

�c� LV XVHG WR HPSKDVL]H WKDW
/
N
LV D IXQFWLRQ RI WKH HQWLUH SUREDELOLW\ GLVWULEXWLRQ

RI WKH RXWSXW� UDWKHU WKDQ WKH GLVWULEXWLRQV GHQVLW\ DW
D VSHFLnF YDOXH RI WKH RXWSXW� $V ZLWK WKH H[SHFWHG
XWLOLW\ FDVH� S

2NMtN

�R
N
� GHSHQGV RQ DQ XQNQRZQ SD�

UDPHWHU t
N
� DQG WKHUHIRUH C

N
LV D UDQGRP YDULDEOH

ZKRVH GLVWULEXWLRQ LV GHWHUPLQHG E\ WKH SRVWHULRU GLV�
WULEXWLRQ RI t

N
IURP (TXDWLRQ ��� RU (TXDWLRQ ����

7KH VHOHFWLRQ RI WKH CEHVW
 V\VWHP WKHQ IROORZV H[�
DFWO\ DV DERYH IRU VHOHFWLQJ WKH V\VWHP ZLWK WKH PD[�
LPDO XWLOLW\� H[FHSW WKDW C

N
WDNHV WKH SODFH RI �

N
�

6HOHFWLQJ WKH EHVW V\VWHP E\ RSWLPL]LQJ D IXQF�
WLRQDO RWKHU WKDQ H[SHFWHG XWLOLW\ LV QRQ�RSWLPDO IURP
D GHFLVLRQ�WKHRUHWLF YLHZSRLQW� XQOHVV RQH RU PRUH RI
WKH D[LRPV RI GHFLVLRQ WKHRU\ KDV EHHQ UHMHFWHG� 6HH
IRU H[DPSOH GH*URRW ������� RU %HUQDUGR DQG 6PLWK
������ IRU D[LRPV IRU GHFLVLRQ PDNLQJ�
� &21&/86,216

$ XQLnHG IUDPHZRUN IRU WKH SUREOHP RI VHOHFWLQJ WKH
EHVW VLPXODWHG V\VWHP ZDV SUHVHQWHG IURP D %D\HVLDQ
SHUVSHFWLYH� 7KH IUDPHZRUN DVVXPHV WKDW VLPXODWLRQ
RXWSXW LV GHVFULEHG E\ D SDUDPHWULF VWDWLVWLFDO GLVWUL�
EXWLRQ� 7KH SDUDPHWHUV DUH LQIHUUHG IURP WKH RXWSXW
RI WKH VLPXODWLRQ� 8QFHUWDLQW\ LQ WKH SDUDPHWHUV LQ�
GXFHV D GLVWULEXWLRQ RQ WKH FRQGLWLRQDO PHDQ YDOXH
RI WKH RXWSXW� FRQGLWLRQDO RQ WKH SDUDPHWHU RI WKH
RXWSXW GLVWULEXWLRQ� 7KH FODVVLFDO DSSURDFK RI DV�
VXPLQJ *DXVVLDQ RXWSXW DQG 6WXGHQW GLVWULEXWLRQV
IRU WKH PHDQ YDOXH RI WKH RXWSXW ZDV VKRZQ WR KDYH
VLPLODU DV\PSWRWLF SURSHUWLHV WR D VSHFLDO FDVH RI WKH
%D\HVLDQ IUDPHZRUN� QDPHO\� *DXVVLDQ RXWSXW ZLWK
D QRUPDO�:LVKDUW SULRU�
%HQHnWV RI WKLV %D\HVLDQ IUDPHZRUN DUH VHOHFWLRQ

IURP WZR RU PRUH V\VWHPV� ZLWK HLWKHU LQGHSHQGHQW RU
FRPPRQ UDQGRP QXPEHUV� ZLWK XQNQRZQ �RU NQRZQ�
PHDQV DQG�RU FRYDULDQFHV IRU WKH RXWSXW� DQG *DXV�
VLDQ RU QRQ�*DXVVLDQ VLPXODWLRQ RXWSXW� )RU WKH FDVH
RI XQNQRZQ PHDQ DQG YDULDQFH ZLWK FRPPRQ UDQ�
GRP QXPEHUV� WKH IUDPHZRUN SURYLGHV D SUREDELOLW\
RI FRUUHFW VHOHFWLRQ WKDW GRHV QRW VXmHU IURP SUREOHPV
DVVRFLDWHG ZLWK WKH %RQIHUURQL LQHTXDOLW\�
:H LQGLFDWHG VRPH FULWHULD IRU ZKLFK WKH %D\HVLDQ

DSSURDFK DQG RWKHU DSSURDFKHV DUH LQ JHQHUDO DJUHH�
PHQW� RU GLVDJUHHPHQW� LQ 6HFWLRQ ��
7KH IUDPHZRUN FDQ EH DGDSWHG IRU VHOHFWLQJ WKH

EHVW V\VWHP� FRPSDULQJ V\VWHPV WR D VWDQGDUG� VXE�
VHW VHOHFWLRQ� DQG LQGLmHUHQFH ]RQH WHFKQLTXHV PHUHO\
E\ FKDQJLQJ D GRPDLQ RI LQWHJUDWLRQ RI WKH SRVWHULRU
SUREDELOLW\ JLYHQ LQ (TXDWLRQ ���� (TXDWLRQ ���� RU
(TXDWLRQ ���� 6KRXOG WKHVH LQWHJUDOV UHVLVW HYDOXDWLRQ
E\ TXDGUDWXUH� WKH %(0 PXOWLYDULDWH VHOHFWLRQ FULWH�
ULD DQG 0RQWH &DUOR WHFKQLTXHV FDQ EH DSSOLHG WR DS�
SUR[LPDWH WKH SUREDELOLW\ WKDW D JLYHQ V\VWHP LV WKH
EHVW� :H DOVR FRPPHQW RQ H[SHFWHG�YDOXH GHFLVLRQ�
PDNLQJ YHUVXV RSWLPL]DWLRQ FULWHULD EDVHG RQ RWKHU
IXQFWLRQDOV RI WKH GLVWULEXWLRQ RI WKH RXWSXW�
7KH FXUUHQW SDSHU GLG QRW GLVFXVV WKH GHWHUPLQD�

WLRQ RI WKH QXPEHU RI UHSOLFDWLRQV UHTXLUHG WR DFKLHYH
D VSHFLnF SUREDELOLW\ 3 e RI FRUUHFW VHOHFWLRQ� 7KLV
FRQVWLWXWHV DQ LPSRUWDQW DUHD IRU IXUWKHU UHVHDUFK�
$QRWKHU LQWHUHVWLQJ DSSOLFDWLRQ IRU IXUWKHU UHVHDUFK
LV VLPXODWLRQ RXWSXW DQDO\VLV ZKHQ VRPH UHSOLFDWLRQV
DUH FRUUHODWHG� EXW QRW DOO UHSOLFDWLRQV FDQ EH SDLUHG
�H�J�� WKH PLVVLQJ GDWD SUREOHP��
$OWKRXJK WKH IRFXV KDV EHHQ RQ GHFLVLRQ�WKHRUHWLF

SHUVSHFWLYH RI %D\HVLDQ VWDWLVWLFV DQG H[SHFWHG XWLO�
LW\� RWKHU XVHV DUH SRVVLEOH� )RU LQVWDQFH� LW LV SRVVL�
EOH WR XVH %D\HVLDQ VWDWLVWLFV ZLWK H[SHFWHG YDOXHV RI
RWKHU VLPXODWLRQ RXWSXWV� RU ZLWK RWKHU IXQFWLRQDOV RI
WKH RXWSXW GLVWULEXWLRQ� 5HODWLYHO\ OLWWOH UHVHDUFK KDV
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EHHQ IRFXVHG LQ WKLV GRPDLQ RI UHVHDUFK� LQ FRQWUDVW
ZLWK WKH UHODWLYHO\ ODUJH DPRXQW RI IUHTXHQWLVW�EDVHG
ZRUN RQ HVWLPDWLRQ RI PHDQV DQG RWKHU IXQFWLRQDOV�
QRWDEO\ TXDQWLOHV�

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

7KDQNV DUH GXH WR 6KDQH +HQGHUVRQ� ZKR PDGH YDOX�
DEOH FRPPHQWV GXULQJ WKH ZULWLQJ RI WKLV SDSHU�

$33(1',; $� (9,'(1&(

7KH 3�YDOXH KDV EHHQ D VWDQGDUG PHDVXUH RI HYLGHQFH
LQ K\SRWKHVLV WHVWLQJ IRU GHWHUPLQLQJ WKH EHVW V\V�
WHP� 2Q WKH RWKHU KDQG� WKHUH KDV EHHQ FRQVLGHUDEOH
GLVFXVVLRQ LQ WKH VWDWLVWLFDO OLWHUDWXUH UHJDUGLQJ WKH
SRWHQWLDO SUDJPDWLF SLWIDOOV RI XVLQJ D 3�YDOXH DV D
PHDVXUH RI EHOLHI WKDW D GHFLVLRQ EDVHG RQ FRQnGHQFH
LQWHUYDOV LV FRUUHFW�

%HUJHU DQG 6HOONH ������ GHVFULEH D VHULHV RI H[�
SHULPHQWV HDFK RI ZKLFK FRXOG EH DQDO\]HG XVLQJ D
K\SRWKHVLV WHVW RI +
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ZKHUH HDFK K\SRWKHVLV VHHPHG WR EH HTXDOO\ OLNHO\
EDVHG RQ SDVW H[SHULHQFH� 7KH\ SRVH WZR TXHVWLRQV�
$PRQJ H[SHULPHQWV IRU ZKLFK WKH 3�YDOXH LV DURXQG
����� ZKDW SRUWLRQ FRUUHVSRQG WR D WUXH +
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" ,Q RWKHU
ZRUGV� ZKDW LV WKH SRVWHULRU SUREDELOLW\ S
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LV WUXH� JLYHQ WKDW GDWD [ KDV EHHQ REVHUYHG"
:KDW LV WKH VDPH UHVXOW IRU D 3�YDOXH RI ����" 6XFK
ORZ 3�YDOXHV DUH W\SLFDOO\ XVHG WR LQGLFDWH WKDW +
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LV DOPRVW FHUWDLQ WR EH ZURQJ� 6XSSRVH D %D\HVLDQ
DQDO\VLV ZHUH DSSOLHG� DQG WKDW HDFK K\SRWKHVLV KDV
D SULRU SUREDELOLW\ RI � �� 7KH\ SURYLGH VXUSULVLQJ
ORZHU ERXQGV WR WKRVH TXHVWLRQV� ���� IRU WKH nUVW
TXHVWLRQ� DQG ���� IRU WKH VHFRQG� UHJDUGOHVV RI WKH
SULRU GLVWULEXWLRQ S

dLM+� WUXH �tL� FKRVHQ� 7KH UHOD�
WLRQ EHWZHHQ SRVWHULRU SUREDELOLW\ DQG 3�YDOXH RI D
K\SRWKHVLV FDQ WDNH RQ GLmHUHQW IRUPV IRU GLmHUHQW
WHVWV �&DVHOOD DQG %HUJHU� ������

,Q WKH H[DPSOH RI 6HFWLRQ �� � b 3�YDOXH � DQG
S ��
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M '� ZHUH FORVH� 0RUH JHQHUDOO\� IRU .  �
V\VWHPV� WKH 3�YDOXH DQG WKH SUREDELOLW\ RI FRUUHFW
VHOHFWLRQ �XVLQJ WKH IUDPHZRUN DERYH� DUH Rm E\ D
OLQHDU WUDQVIRUPDWLRQ� 7KLV LV EHFDXVH D WZR�VLGHG
WHVW LV EHLQJ XVHG IRU D RQH�VLGHG TXHVWLRQ�

7KH XVH RI 3�YDOXHV DV D PHDVXUH RI HYLGHQFH� WKHUH�
IRUH� PD\ EH PLVOHDGLQJ� ,Q JHQHUDO� WKH 3�YDOXH IRU
D FODVVLFDO WHVW WKDW H[DPLQHV WHVW VWDWLVWLFV 7 �;� IRU
REVHUYHG GDWD ;  [ LV S �7 �;� w 7 �[� M +
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VSHFLnHV WKH WUXH SDUDPHWHU� 6LPXODWLRQV WR GH�

WHUPLQH FRYHUDJH SUREDELOLWLHV IRU DSSUR[LPDWLRQV WR
FRQnGHQFH LQWHUYDOV VLPLODUO\ DVVXPH WKH QXOO K\SRWK�
HVLV� 2Q WKH RWKHU KDQG� WKH SRVWHULRU SUREDELOLW\ RI D
K\SRWKHVLV JLYHQ GDWD [ LV S �+
�

M [�� D YHU\ GLmHUHQW
TXDQWLW\ � WKH SUREDELOLW\ WKDW WKH K\SRWKHVLV LV WUXH�
JLYHQ WKH GDWD� 7KH 3�YDOXH UHIHUV WR WKH SUREDELOLW\
RI JHWWLQJ H[WUHPH WHVW VWDWLVWLFV IRU D JLYHQ� NQRZQ
YDOXH RI D SDUDPHWHU� ,Q RWKHU ZRUGV� WKH 3�YDOXH
FRQGLWLRQV RQ HYHQWV WKDW QHYHU KDSSHQ� S �+
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UHIHUV WR WKH SUREDELOLW\ RI D SURSRVLWLRQ JLYHQ FHU�
WDLQ GDWD� $OWKRXJK WKLV LV JHQHUDOO\ FOHDU WR VWDWLV�
WLFLDQV� LW LV D VXEWOH SRLQW WKDW LV RIWHQ RYHUORRNHG LQ
SUDFWLFH� ZKHUH 3�YDOXHV DUH RIWHQ PLVLQWHUSUHWHG DV
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WURGXFWRU\ VLPXODWLRQ DQG VWDWLVWLFDO WH[W ERRNV WHQG
QRW WR FRYHU WKLV LVVXH�
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*DPPD GLVWULEXWLRQ� $ UHDO�YDOXHG UDQGRP
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GLPHQVLRQDO YHFWRU UDQGRP YDULDEOH ; LV VDLG WR KDYH
D 6W

.
�x� w� m� GLVWULEXWLRQ ZKHQ WKH GHQVLW\ IXQFWLRQ



Selecting the Best System: A Decision-Theoretic Approach 333
I�[ M x� w� m� LV

I�[ M x� w� m�  F

�
� �

�[b x�Ww�[b x�

m

w
b

m�.

�

ZKHUH x LV WKH .�GLPHQVLRQDO PHDQ� w LV D V\P�
PHWULF� SRVLWLYH�GHnQLWH . d . PDWUL[� m ! �

LV WKH GHJUHHV RI IUHHGRP� DQG F  MwM� �b��m �
.� �� 

b
b�m ���m{�. �

c
LV D QRUPDOL]LQJ FRQVWDQW�

(>; @  x DQG 9DU>;@  wb�m �mb ���
:LVKDUW GLVWULEXWLRQ� 7KH :LVKDUW GLVWULEXWLRQ
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$QGUDGuRWWLU� 6�� DQG 9� 0� %LHU� ����� $SSO\�
LQJ %D\HVLDQ LGHDV LQ VLPXODWLRQ� 'HSDUWPHQW RI
,QGXVWULDO (QJLQHHULQJ� 8QLYHUVLW\ RI :LVFRQVLQ�
0DGLVRQ� 7HFKQLFDO 5HSRUW �����

$QGUHZV� 5� :�� DQG 7� -� 6FKULEHU� ����� $ %D\HVLDQ
EDWFK PHDQV PHWKRGRORJ\ IRU DQDO\VLV RI VLPXOD�
WLRQ RXWSXW� ,Q 3URFHHGLQJV RI WKH :LQWHU 6LPXOD�
WLRQ &RQIHUHQFH� HG� 6� 5REHUWV� -� %DQNV� DQG %�
6FKPHLVHU� ��^��� ,QVWLWXWH RI (OHFWULFDO DQG (OHF�
WURQLFV (QJLQHHUV� ,QF�

%HFKKRIHU� 5� (�� 6� (OPDJKUDE\� DQG 1� 0RUVH� �����
$ VLQJOH�VDPSOH PXOWLSOH�GHFLVLRQ SURFHGXUH IRU VH�
OHFWLQJ WKH PXOWLQRPLDO HYHQW ZKLFK KDV WKH KLJK�
HVW SUREDELOLW\� $QQDOV RI 0DWKHPDWLFDO 6WDWLVWLFV
������^����

%HUJHU� -� 2�� DQG 7� 6HOONH� ����� 7HVWLQJ D SRLQW
QXOO K\SRWKHVLV� 7KH LUUHFRQFLODELOLW\ RI 3 �YDOXHV
DQG HYLGHQFH� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO
$VVRFLDWLRQ �����������^����

%HUQDUGR� -� 0�� DQG $� )� 0� 6PLWK� ����� %D\HVLDQ
WKHRU\� &KLFKHVWHU� 8.� :LOH\�

&DVHOOD� *�� DQG 5� /� %HUJHU� ����� 5HFRQFLOLQJ
%D\HVLDQ DQG IUHTXHQWLVW HYLGHQFH LQ WKH RQH�VLGHG
WHVWLQJ SUREOHP� -RXUQDO RI WKH $PHULFDQ 6WDWLVWL�
FDO $VVRFLDWLRQ �����������^����

&KLFN� 6� (� ����� %D\HVLDQ DQDO\VLV IRU VLPXODWLRQ
LQSXW DQG RXWSXW� ,Q 3URFHHGLQJV RI WKH :LQWHU
6LPXODWLRQ &RQIHUHQFH� HG� 6� $QGUDGuRWWLU� .� -�
+HDO\� '� +� :LWKHUV� DQG %� /� 1HOVRQ� ,QVWLWXWH
RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV� ,QF� 3LVFDW�
DZD\� 1HZ -HUVH\�

GH *URRW� 0� +� ����� 2SWLPDO VWDWLVWLFDO GHFLVLRQV�
1HZ <RUN� 0F*UDZ�+LOO� ,QF�

*ROGVPDQ� '�� DQG %� /� 1HOVRQ� ����� 5DQNLQJ� VH�
OHFWLRQ� DQG PXOWLSOH FRPSDULVRQV LQ FRPSXWHU VLP�
XODWLRQ� ,Q 3URFHHGLQJV RI WKH :LQWHU 6LPXODWLRQ
&RQIHUHQFH� HG� -� '�7HZ� 6� 0DQLYDQQDQ� '� $�
6DGRZVNL� DQG $� )� 6HLOD� ���^���� ,QVWLWXWH RI
(OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV� ,QF�

.HOWRQ� '�� DQG $� /DZ� ����� 7KH WUDQVLHQW EHKDYLRU
RI WKH 0�0�V TXHXH� ZLWK LPSOLFDWLRQV IRU VWHDG\�
VWDWH VLPXODWLRQ� 2SHUDWLRQV 5HVHDUFK ������^����

/DZ� $� 0�� DQG :� '� .HOWRQ� ����� 6LPXODWLRQ
PRGHOLQJ 	 DQDO\VLV� �QG HG� 1HZ <RUN� 0F*UDZ�
+LOO� ,QF�

0LOOHU� -� 2�� %� /� 1HOVRQ� DQG &� +� 5HLOO\� �����
*HWWLQJ PRUH IURP WKH GDWD LQ D PXOWLQRPLDO VHOHF�
WLRQ SUREOHP� ,Q 3URFHHGLQJV RI WKH :LQWHU 6LPXOD�
WLRQ &RQIHUHQFH� HG� -� 0� &KDUQHV� '� -� 0RUULFH�
'� 7� %UXQQHU� '� 7�� DQG -� -� 6ZDLQ� ���^����
,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV�
,QF�

1HOVRQ� %� /�� DQG )� -� 0DWHMFLN� ����� 8VLQJ FRP�
PRQ UDQGRP QXPEHUV IRU LQGLmHUHQFH�]RQH VHOHF�
WLRQ DQG PXOWLSOH FRPSDULVRQV LQ VLPXODWLRQ� 0DQ�
DJHPHQW 6FLHQFH �������^�����

5REHUW� &� 3� ����� 7KH %D\HVLDQ FKRLFH� 1HZ <RUN�
6SULQJHU�9HUODJ�

$87+25 %,2*5$3+<

67(3+(1 (� &+,&. LV DQ DVVLVWDQW SURIHVVRU RI
,QGXVWULDO DQG 2SHUDWLRQV (QJLQHHULQJ DW WKH 8QLYHU�
VLW\ RI 0LFKLJDQ� $QQ $UERU� ,Q DGGLWLRQ WR VLPXOD�
WLRQ� KLV UHVHDUFK LQWHUHVWV LQFOXGH HQJLQHHULQJ SURE�
DELOLW\� %D\HVLDQ VWDWLVWLFV LQ V\VWHP GHVLJQ� UHOLDELO�
LW\� GHFLVLRQ DQDO\VLV� DQG FRPSXWDWLRQDO PHWKRGV LQ
VWDWLVWLFV� +LV ZRUN H[SHULHQFH LQFOXGHV VHYHUDO \HDUV
RI XVLQJ VLPXODWLRQ DQDO\VLV IRU PDWHULDO KDQGOLQJ V\V�
WHP GHVLJQ LQ WKH DXWRPRWLYH LQGXVWU\�
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