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&KDSWHU %D\HVLDQ PRGHOV LQ DFWXDULDO VFLHQFH
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JHPDOH RFFXUUHQFH WUDFH SORWYV
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J)LIXUH 7ULDQJOH RI SDLG FODLPYV
J)LIXUH &ODLP DYHUDJH E\ VHWWOHPHQW GHOD\

JLIMH 9DOXH RI VHWWOHG FODLP SHU VH]

DBHYV

7TDEOH S5HVXOWY IRU DQDO\WLFDO VROXWLRQV RI FUH!
7EOH SHVXOWYV IRU 1RUPDO DQG 3RLVVRQ PRGHOV
7TDEOH &ODLPV UHVHUYLQJ GDWD

7EOH *UDGXDWLRQ GDWD

7EOH 6WDWLVWLFV RI WKH DXWRPRELOH LQVXUDQFH
7EOH ORGHOV FRYHUHG LQ WKLV FKDSWHU

7EOH +\SHU SDUDPHWHUYV DQG FRQVWDQWY YDOXHYV
7EOH 7\SH RI PRYHVY DQG DFFHSWDQFH OHYHOV
7EOH (VWLPDWHG YDOXHV RI WKH SDUDPHWHUYV LQ EF
7EOH (VWLPDWHG YDOXHV RI WKH SDUDPHWHUWYdLQ PF
7EOH $JH JURXSV IRU WKH ULVN SUHPLXP

7EOH SLVN SUHPLXP SHU JURXS LQ WKH DXWRPRELOH
7TDEOH 6WDQGDUG GHYLDWLRQ IRU WKH ULVN SUHPLX
7EOH 5LVN SUHPLXP EDVHG GLUHFWO\ RQ WKH VDP S(
7TDEOH S5LVN SUHPLXP IRU 9HUUDOO DQG <DNRXERY
7EOH &DOHQGDU WLPH FRQYHUVLRQ

7EOH 6WDWLVWLFV RI WKH GHQWDO LQVXUDQFH GDW
7EOH 9DOXHV RI WKH K\SHU SDUDPHWHUV RQ WKH SU
7EOH 7\SH RI PRYHVY DQG DFFHSWDQFH OHYHOV

7EOH 6XPPDULHVY RI WKH VDPSOH IRU ,%15 DQG 5%16
7EOBA&Db 'LITHUHQW VFHQDULRV IRU ,%15 DQG 5%16 FODLPYV
7EOH 6 XPPDULHV RI WKH SURMHFWLRQ LQ $LMDV DQG

7DECbtid 6 XPPDULHV RI WKH SURMHFWLRQ LQ WUDGLWLRQD



$FNQRZOHGJHPHQW

7KLV WKHVLV LV D ZRUN Rl IRXU \HDUV DQG PDQ\
WKURXJKRXW WKLV SURFHVYV , ZRXOG OLNH WR WKI
+HOHQD ODUFLD =RH %HOD /XFLDQD O9LFWRULD OLPL

6SHFLDOO\ WKLV ZRUN ZRXOG QHYHU EH SRVVLEC
WKUHH PDLQ "VHWVyu

0\ VXSHUYLVRU 3URIHVVRU 5LFKDUG 9HUUDOO Z|
PH WR DFTXLUH WKH NQRZOHGJH WR SURGXFH WKL
JUDWLWXGH IRU KLV SURPSW DYDLODELOLW\

0\ VSRQVRUV )XQGDJDR (VFROD 1DFLRQDO GH 6H.
%UD]LOLDQ LQVWLWXWLRQ WKDW JUDQWHG PH ZLWK WHK
LW YLDEOH IRU PH WR ILQDOLVH P\ VWXGLHV ORUH VS
WKDQN OV 6LOYLD .OHLQ ZKR UHODWHG WR PH LQ W
EHOLHYHG RQ P\ SURMHFW , GR EHOLHYH LQ DQJHOV

O\ PRP GDG DQG VLVWHU ZRQGHUIXO SHRSOH WK
HYHU\WKLQJ , GR 7KDQN \RX VR PXFK IRU \RXU VXSSRU



'HFODUDWLRAQ

, JubQw SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHU
WKLV WKHVLVY WR EH FRSLHG LQ ZKROH RU LQ SDUW ZI
PH 7KLV SHUPLVVLRQ FRYHUV RQO\ VLQJOH FRSLHV PI
VXEMHFW WR QRUPDO FRQGLWLRQV RI DFNQRZOHGJHPF



$SEVWUDFW

8VLQJ D PRGHUQ %D\HVLDQ LPSOHPHQWDWLRQ Wt
VKRZV WZR DSSOLFDWLRQV RI LQGLYLGXDO PRGHOOLC
VLPXODWLRQ DSSURDFK LV DGRSWHG ZLWK D ODUNF
0&80& PHWKRG 5HYHUVLEOH -XPS 0&0& DV WKH FR
7KLY WHFKQLTXH DOORZV WKH GHILQLWLRQ RI D PRC
DVVXPSWLRQV DQG EDVHG RQ D FKDQJLQJ GLPHQVLRQ

, WV ILUVW DSSOLFDWLRQ LV LQ DXWRPRELOH LQV:
HVWLPDWHV DW WKH VDPH WLPH WKH QXPEHU RI JURX
ULVN SDUDPHWHUV LQ RUGHU WR KDYH D EHWWHU GH
GDWD 6LQFH DOO WKLV SURFHVV LV EDVHG RQ D
GLVWULEXWLRQ QR REYLRXV DQDO\WLFDO VROXWLRQ
DYDLODEOH 5-0&0& LV WKH RQO\ VWRFKDVWLF VLPXO
FKDQJH RI GLPHQVLRQDOLW\

7KH IOH[LELOLW\ RI WKLY PRGHO LV H[SORUHG LQ
SUHVHQWHG LQ WKLV WKHVLV ,Q WKLV QHZ FDVH WKI
QXPEHU RI JURXSV EXW WR XVH D OLPLWHG QXPEHU I
WKH FODLP UHVHUYHV LQ D GHQWDO LQVXUDQFH FRYHU

%RWK DSSOLFDWLRQV PRGHO IUHTXHQF\ DQG VHY
DSSO\ WKH JURXSLQJ WHFKQLTXH WR ERWK GLVFUHWH

1\



&KDSWHU

, OQWURGXFWLRQ

7TKHUH DUH PDQ\ PRGHOV LQ DFWXDULDO VFLHQFH |
SUHPLXP UDWLQJ DQG PDQ\ RWKHU ULVN DVVHVVPHQW
LOQVXUDQFH PRVW RI WKHVH PRGHOV DUH EDVHG RQ GDWD
Lv DOVR WKH FDVH LQ UHLQVXUDQFH OLIH DVVXUDQ
DJJUHJDWLQJ PRVW RI WKHVH PRGHOV DOVR XVH TXLWH
DUH IHZ PRGHOV WKDW XVH D SURFHVV EDVHG DSSURD
LQIRUPDWLRQ XQGHUO\LQJ EHKDYLRXU

$V VWDWLVWLFDO WHFKQLTXHV GHYHORS WKH\ IDF
UHILQHG PRGHOV DQG WKLV WKHVLV H[SORUHV WKHVH QF
%D\HVLDQ VWDWLVWLFV D QHZ VWRFKDVWLF VLPXODWLR
GHYHORSHG 5HYHUVLEOH MXPS ODUNRY FKDLQ ORQWH
WHFKQLTXH KDV WKH DELOLW\ RI LPSOHPHQWLQJ PRGHAOQ
SDUDPHWHU YHFWRU LV QRW IL[HG DQG LW ZLOO EH IXOO\

7KLY LPSOHPHQWDWLRQ WHFKQLTXH GRHV QRW KD
DSSOLFDWLRQ LQ JHQHUDO LQVXUDQFH WKDW WKH DXWKR
WKLV WKHVLV LV WKH DSSOLFDWLRQ RI %D\HVLDQ VWDWL
WZR ULVN DVVHVVPHQW SUREOHPVY ZKHUH WKH GDWD DUF
DQ LQGLYLGXDO OHYHO $OVR EHVLGHV WKH LQGLYLGXDC
QRW KDYH D IL[HG QXPEHU RI SDUDPHWHUV

7KH ILUVW DSSOLFDWLRQ RQ WKLV WKHVLV LQ &KDS
ZKHQ DJH LV PHDVXUHG LQ GD\V DQG FRQVLGHUHG FRQW
DXWRPRELOH LQVXUDQFH DQG ZHUH DOVR DQDO\VHG LQ 9
ZKHUH WKH FRQWLQXLW\ DVVXPSWLRQ ZDV GURSSHG D!
FRQVLGHUHG 7KH VHFRQG DSSOLFDWLRQ LV WR GHQWD



ZKHUH WKH PDLQ REMHFWLYH LV WKH GHILQLWLRQ RI ,%1
DQG 5%16 5HSRUWHG %XW 1RW B6HWWOHG UHVHUYHV
LQVXUDQFH DQG ZHUH DOVR DQDO\VHG LQ $UMDV DQ
LPSOHPHQWHG YLD $UMDV DQG *DVEDUUD LQVWHDG F

%LEOLRJUDSKLFDO UHYLHZ

%D\HV WKHRUHP ZDV ILUVW LQWURGXFHG LQ E X\
\HDUV WKDW D ZLGHU UDQJH RI LWV DSSOLFDWLRQV KL
DSSOLFDWLRQV LQ WKLV DUHD LV GXH WR WKH GHYHORS
WHFKQLTXHV Rl WKH ODUNRY FKDLQ ORQWH &DUOR 0&0&
DSSOLFDWLRQV RI PRVW RI WKH %D\HVLDQ VWDWLVWLFDO

OHWURSROLV +DVWLQJV OHWURSROLV HW DOO
SLRQHHUV RQ 0&0& DQG WKH PHWKRGRORJ\ ZDV IXUWK
VDPSOLQJ *HPDQ DQG *HPDQ *HOIDQG DQG 6PLWK
WKH ZLGHO\ XVHG WHFKQLTXH RI WKLV FODVV RI VLPXODW
LPSOHPHQWDWLRQ WHFKQLTXHV LV *DPHUPDQ 5HY
FKDLQ ORQWH &DUOR 5-0&0& *UHHQ LV D QHZO\ G
DQG LW LV DSSOLHG WR VRPH UHDO GDWD LQ *UHHQ
'HOODSRUWDV .DUOLV DQG ;HNDODNL DQG 'HQLVRC

$FWXDULHV ZHUH DPRQJ WKH ILUVW SUV FWLWLRQF
SKLORVRSK\ ZKLFK LV WKH EDVLV Rl FUHGLELOLW\ WKH
$OWKRXJK WKLV WKHRU\ LV IXO0O\ EDVHG RQ %D\HV
WKDW D PRUH WKHRUHWLFDO DSSURDFK H[SORULQJ L
&UHGLELOLW\ WKHRU\ LV WKH PDLQ DFWXDULDO WF
VWDWLVWLFV DQG PDQ\ SDSHUV ZHUH SXEOLVKHG WKURX
%XKOPDQQ DQG 6WUDXE %XKLPDQQ DQG -HZH
_.UHPHU 6XQGW 3HUHLUD

DUH VRPH H[DPSOHYV
,QFOXGLQJ QRW RQO\ FUHGLELOLW\ WKHRU\ EXW DO\
.OXJPDQ DQG /LX ODNRY DQG 6PLWK JLYH D UH
PRGHOV LQ DFWXDULDO VFLHQFH :LWK WKH GHYHORSPHQ
QHZ DSSOLFDWLRQV KDYH DSSHDUHG LQ DFWXDULDO VI
9HUUDOO &KDULVVL 'HOODSRUWDV DQG 1W
JUDGXDWLRQ &DUOLQ . RX\RXPRXW]LV 7TKHVE
PRUH LQIRUPDWLRQ DERXW WKH YDOXH DQG VWUXFWXUF



SULRU GLVWULEXWLRQ DQG PDQ\ RI WKHP XVH VWRFKI
%RVNRY DQG 9HUUDOO XVH D WZR GLPHQVLRQDO VPF
D SUHPLXP E\ SRVWFRGH DUHD EULQJLQJ D PRUH HO
UDWHPDNLQJ SURFHVYV
,Q SDUDOOHO WR WKHVH FLWHG DSSOLFDWLRQV \
SURFHVVHY LQYROYHG LQ FODLP GHYHORSPHQW KDYH DS
UHYLHZ WKH FODLP SURFHVV ZLWK WKH HDUC
FRQWLQXRXV WLPH EXW QRW LQFOXGLQJ WKH YDOXHV
UHIRUPXODWHG LQ 1RUEHUJ ZKHUH WKH
RFFXUUHQFH GHOD\ RI UHSRUWLQJ DQG SDUWLDO SD\PHQ
WKH PRGHO 7KH SURFHVV SURSRVHG LV WKHVH SDSHU
+DDVWUXS

/TKHVLV RXWOLQH

7KH ILUVW FKDSWHU LV WKH LQWURGXFWLRQ &KDSW
Rl %D\HVLDQ VWDWLVWLFVY DQG WKH LPSOHPHQWDWLRQ
$OVR LQ &KDSWHU ODUNRY FKDLQ ORQWH &DUOR 0&0&
DUH H[SODLQHG LQFOXGLQJ OHWURSROLV +DVWLQJV *LEI

,Q WKH WKLUG FKDSWHU D UHYLHZ RI %D\HVLDQ PRGH
LV SUHVHQWHG 7KLV FKDSWHU LV D UHYLVHG YHUVLRQ
DZDUGHG WKH +LJKO\ &RPPHQGHG DZDUG RQ WKH %ULDC

KHOG E\ WKH (QJOLVK ,QVWLWXWH RI $FWXDULHV 6HF
UHVHUYLQJ DQG JUDGXDWLRQ DUH SUHVHQWHG VKRZLQJ
WKLV DUHD ZLWK WKH DGYHQW RI VWRFKDVWLF VLPXODW
*LEEV VDPSOLQJ J)LQDOO\ LQ &KDSWHU D VHFWLRQ DER]
LV JLYHQ

&KDSWHU FRQWDLQV WKH WKHRUHWLFDO IUDPHZRU
PRGHOV XVHG LQ WKLV ZRUN 7KLV FKDSWHU DOVR LQFO
EDVLF PRGHO ZKLFK LV WKH EDVLV RI WKH DSSOLFDWLR
7KLV PRGHO LV EXLOW VWUDLJKW IURP WKH %D\HVLDQ S
ORRNVY DW WKH GHYHORSPHQW RI WKH FODLP LW FDQ E
DVSHFWV LQ WKLV SURFHVV ,Q WKLV ZURUN WKH VDPH P
GLITHUHQW W\SHV RI ULVN DVVHVVPHQW DQG LWV DSSOLF

DQ®

7KH LPSOHPHQWDWLRQ WHFKQLTXH SUHVHQWHG LQ

PRGHO FRQVLGHUHG LQ &KDSWHU DUH SXW WRJHWKHU |



VWHWWV LQ GLIITHUHQW W\SHV Rl ULVN DVVHVVPHQW 7K
DJJUHIJDWLRQ RU WUDQVIRUPDWLRQ LQWR IDFWRUV RI
IXOO\ H[SODLQHG LQ &KDIWNUWKK KDSSSOHBEDWLRQ WR FOL
DQ H[WHQVLRQ RI WKH ZRUN IURP $UMDV DQG +DDVWUX
+DDVWUXS ZKHUH WKH FODLPV UHVHUYHV DUH R
LOQGLYLGXDO LQIRUPDWLRQ &KDSWHU LV WKH WKHVLV
LGHDV RI IXWXUH UHVHDUFK DV ZHOO



&KDSWHU

%D\HVLDQ IUDPHZRUN

%D\HVLDQ WKHRU\ KDV EHHQ RQH RI WKH PRVW GL\
EUDQFKHV RI VWDWLVWLFV RYHU UHFHQW \HDUV 7KHU
QXPEHU RI SDSHUV SXEOLVKHG E\ D ODUJH QXPEHU RI VYV
SUDFWLWLRQHUVHWHHH *LORANWVW VRPH UHIHUHQFHY DQG DSS
OHWURSROLV +DVWLQJV DQG *LEEV VDPSOLQJ 7TKHVH LU
PDLQO\ GXH WR ILUVWO\ WKH IDLOXUH RI FODVVLFDO
VROXWLRQV WR PDQ\ SUREOHPVY DQG VHFRQGO\ WR WKH
KDYH PDGH LW HDVLHU WR SHUIRUP FDOFXODWLRQV E\ VL

7KH PRGHOV XVHG LQ WKLV WKHVLV DUH IXOO\ EDVHC(
IRU WKLV UHDVRQ WKLV VHFRQG FKDSWHU SUHVHQWYV DQ
WR QHZ WHFKQLTXHV ORVW RI WKH IROORZLQJ VHEFYV
'"H*URRW DQG *DPHUPDAQ ,Q WKLV FKDSWHU Qf
DFWXDULDO VFLHQFH LV SUHVHQWHG EXW RQO\ WKH WKH

7KH ILUVW VHFWLRQ RI WKLY FKDSWHU UHYLHZV VRI
EDVLF UHVXOWV RI %D\HVLDQ VWDWLVWLFV G6HFWLRQ
ORQWH &DUOR FODVV RI VLPXODWLRQ LQFOXGLQJ PR
OHWURSROLVY +DVWLQJV *LEEV 6DPSOLQJ DC
0&0& ,Q HDFK RI WKHVH VHFWLRQV DQ DOJRULWKP
VHFWLRQ UHIHUUHG WR 5-0&0& D ELEOLRJUDSKLFDO UHY|
ODVW VHFWLRQ D FKDSWHU FRQFOXVLRQ LV SUHVHQWHG



%DVLF FRQFHSWYV LQ %D\HVLDQ WKHRU\

$V LV ZHOO NQRZQ SUREDELOLW\ WKHRU\ LV WKH IRX
WKH GLIITHUHQFHY LQ WKH LQWHUSUHWDWLRQ RI WKH WH
UHVSHFWLYH GLIIHUHQFHY LQ VWDWLVWLFDO WKHRULHV
SUREDELOLW\ WKH EDVLV RI %D\HVLDQ WKHRU\ VWDWH)
DERDO\WW DVVLIQV WR D SRVVLEOH RXWFRPH RI D FHUWD
RZQ MXGJHPHQW RI WKH OLNHOLKRRG WKDW D VSHFLILF F
MXGJHPHQW LV EDVHG RQ WKH DQDO\WW:V EHOLHIV D¢
H[SHULPHQW $V D FRQWUDVW IUHTXHQF\ VWDWLVWLFYV
IRUPDOO\ WKLV MXGJHPHQW EXW RQO\ WKH LQIRUPD
REVHUYDWLRQ VHW LWVHOI

%ULQIJLQJ WKHVH LOQWHUSUHWDWLRQV WR WKH LQIHL
VSHFLILF SDUDPHWHU %D\HVLDQ VWDWLVWLFV GLIIHUV
FODVVLFDO DQG IUHTXHQF\ VWDWLVWLFV WKH DQDO\VW L
RI D SDUDPHWHU WKDW KDV D WUXH IL[HG YDOXH ZKLFK
RI PRGHOOLQJ ,Q %D\HVLDQ VWDWLVWLFV WKH DQDO\VW
IL[HG YDOXH EXW LQ D UDQJH UHSUHVHQWHG E\ WKH SL
KDV DQG LQFOXGHV YLD WKH SULRU GLVWULEXWLRQ

7KH UHFRJQLWLRQ RI WKH VXEMHFWLYH LQWHUSUHW
HITHFW Rl HPSKDVLVLQJ VRPH RI WKH VXEMHFWLYH DVSHF
D IRUPDO ZD\ RI LQFOXGLQJ MXGJHPHQW LQ WKH PRGHO
LV LQFOXGHG LQ WKH PRGHO E\ GHILQLQJ D SULRU GLV
SDUDPHWHUYV

%D\HV WKHRUHP LV WKH IRUPDO PHFKDQLVP RI
LQIRUPDWLRQ LQWR WKH PRGHOOLQJ 7KH WKHRUHP P
LQIRUPDWLRQ ZLWK WKDW REVHUYHG LQ WKH H[SHULPF
GLVWULEXWLRQ 7KLV ODVW GLVWULEXWLRQ LV FRQVLGH!I
MXGIJHPHQW SULRU WKURXJK WKH GDWD REVHUYHG OLNI

ORUH IRUPDOO\ %D\HV WKHRUHP LV GHILQHG DV IRO(
LQ ZKLFK REVHUYDWLRQV LV WKH YHFWRU RI REVHUYD\
GLVWULEXWLRQ IRU ZKLFK WKH SUREDSLOIWY IGHWQNY LWV I K
VHW RI XQNQRZQ SDUDPHWHUV %HIRUH DQ\ REVHUYDW
ZRXOG LQFOXGH DOO KLV SUHYLRXV LQIRUPDWLRQSDQRU
GLVWULEXWLW®DSN ZRXOG EH FRPELQHG ZLWK WKH REV
SRVWHULRU GLVWUYLERQWLREB SROORZLQJ zZD\
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7KH FRPSOHWH GHILQLWLRQ RI %D\HV WKHRUHP LV JL
FRQVWDQW ZKLFK LV HTXDO WR WKH SUHGLFWLYH GLVWU
IRUPXOD LQWHJUDOV DUH RI WKH 5LHPDQQ W\SH WKURXJH

- TE&@ -

7KLV GLVWULEXWLRQ LV XVHG WR SHUIRUP SUHG
QRPHQFODWXUH DERXW IXWXGHQRMAE® EV M ZKLOH WKH
GLVWULEXWLRQ LV XVHG WR PDNH LQIHUHQFH DERXW WKH

W FDQ EH GLIILFXOW WR GHILQH D SULRU GLVWULI
MXVWLI\ WKH FKRLFH ,Q IDFW LW LV RQH RI WKH PRV\
%D\HVLDQ VWDWLVWLFV 0DQ\ ZD\V RI GHILQLQJ WKLV
SURSRVHG EXW LGHDOO\ WKH SULRU GLVWULEXWLRQ D
SDUDPHWHUV VKRXOG EH FKRVHQ LQGHSHQGHQWO\ RI WKF
REVHUYDWLRQDO GLVWULEXWLRQ FRPSOHWH WKH PRGHC
SRVWHULRU DQG SUHGLFWLYH GLVWULEXWLRQV DUH 1X0O!
3XUH %D\HV DSSURDFK DQG DQ\ HVWLPDWLRQ RI LV GHI
LQIRUPDWLRQ WR KDQG ,I D SRLQW HVWLPDWH LV WKH DG
WKHQ D ORVV IXQFWLRQ LV FKRVHQ DQG WKH UHVSHFW
H[DPSOHV LV FDOFXODWHG IURP WKH SRVWHULRU GLV
SRVWHULRU GLVWULEXWLRQ FRQWDLQV DOO WKH LQIRUPI
JLYHQ WKLV FRPSOHWHQHVV RI LQIRUPDWLRQ LW LV DUJX
D EHWWHU GHVFULSWLRQ RI WKH SDUDPHWHU

8QIRUWXQDWHO\ LW LV XVXDO WKDW LQ %D\HVLDG
FDOFXODWLRQ LV QHHGHG WR DK DIQGHLRQPBQW EPNVW R L\ |
HYHQ SRVVLEOH WR GHULYH WKH DQDO\WLFDO IRUP RI \
RUGHU WR DYRLG VXFK GLIILFXOWLHV PDQ\ DQDO\VWYV ZR
FRQMXJDWH SULRU GLVWULEXWLRQ 7KLV W\SH RI SULRI
VWUXFWXUH Rl WKH REVHUYDWLRQDO GLVWULEXWLRQ D!
GLVWULEXWLRQ ,Q WKLV ZD\ LW IDFLOLWDWHV WKH FDOFX

.| WKH DQDO\VW GRHV QRW ZDQW WR LQFOXGH SULRU
WR XVH D %D\HVLDQ DSSURDFK LW LV SRVVLEOH WR XV
7KHUH DUH PDQ\ ZD\V Rl GHILQLQJ D QRQ LQIRUPDWLYH
REMHFWLYH LV WR JLYH DV OLWWOH SULRU LQIRUPDWLRQ
*DPHUPDQ DQG OLJRQ '"H*URRW 6RPH ZD\V
LQIRUPDWLYH SULRU DUH WKH IROORZLQJ

f -HIIUH\-V LQIRUPDWLRQ WHFKQLTXH

f D XQLIRUP SULRU GLVWULEXWLRQ

f D SULRU GLVWULEXWLRQ ZLWK D ODUJH YDOXH IRU



¥ SDUDPHWHUV RI WKH SULRU GLVWULEXWLRQ EDVHC

7KH XVH RI REVHUYHG GDWD LQ WKH SULRU LV F
HVWLPDWLRQ 7KLV JLYHV JUHDWHU ZHLJKW WR WKH G
DSSURDFK DQG WKH SULRU GLVWULEXWLRQ KDV D IUHT)
7KH WHUP HPSLULFDO %D\HV LV VRPHWLPHV DOVR XVH
LQIRUPDWLYH SULRU SURFHGXUHV D WHUP GHILQHG E\
PHWKRG WKDW DWWHPSWV WR VKRUWFXW RQH RI WKH %D

7TKHRUHWLFDOO\ D SULRU GLVWULEXWLRQ FRXOG
SDUDPHWHUV WKDW DUH XQNQRZQ LQ D PRGHO VR W
UHSUHVHQWHG LQ D %D\HVLDQ zZD\ +RZHYHU WKLV RI
SUREOHPV PDLQO\ LQWHJUDOV ZLWKRXW VROXWLRQYV
%D\HVLDQ WKHRU\ LV WKH GLIILFXOW\ DQG LQ PDQ\ FI
DQDO\WLFDOO\ VROYLQJ WKH UHTXLUHG HTXDWLRQV

,Q VXFK FDVHV DQ DSSUR[LPDWLRQ IRU WKH SRVWHU
RYHUFRPH WKRVH SUREOHPV PDQ\ DSSUR[LPDWLRQV WHFI
DV *DXVV +HUPLWH RU *DXVVLDQ TXDGUDWXUH %XW RI
DSSOLFDWLRQ DUH ODUNRY FKDLQ ORQWH &DUOR 0&0&
GHFDGHV WKLV VWRFKDVWLF VLPXODWLRQ WHFKQLTXH Kl
VROYH WKLY SUREOHP DQG WR REWDLQ HVWLPDWHYV RI W
WHFKQLTXHV ZHUH WXUQLQJ SRLQWYV IRU %D\HVLDQ WKI
DSSO\ PDQ\ PRGHOV WKDW RWKHUZLVH FRXOG QRW KDYH |
0&0& PHWKRGV LV WKDW E\ VDPSOLQJ IURP VSHFLILF VLPS
IURP WKH FRPELQDWLRQ RI WKH OLNHOLKRRG DQG SULRU
WKH SRVWHULRU GLVWULEXWLRQ LV REWDLQHG LQ DQ DV
H[SODLQV 0&0& PHWKRGV LQ PRUH GHWDLOV

ODUNRY FKDLQ ORQWH &DUOR PHWKRGYV

ODUNRY FKDLQ ORQWH &DUOR 0&0& LV D FODVV RI
WHFKQLTXHV IRU WKH GHULYDWLRQ RI WKH SRVWHULRU G
SDUDPHWHUYV 6WRFKDVWLF VLPXODWLRQ PHDQV WKD\
SRVWHULRU GLVWULEXWLRQ DQDO\WLFDOO\ D ODUJH VDF
REWDLQHG ZKHUH WKH VDPSOH LV UDQGRP DQG EDVHG R
PRGHO :LWK WKLV ODUJH VDPSOH RI PDQ\ VXPPDU\ VWD
LQ RUGHU WR GUDZ FRQFOXVLRQV DERXW WKH SRVWHULR
EH SRVVLEOH WR REWDLQ LQ DQDO\WLFDO IRUP 7KH 0&0



XVHIXO ZKHQ WKH SDUDPHWHU YHFWRU KDV D KLJK GLPHQ
VROXWLRQ IRU WKH SRVWHULRU GLVWULEXWLRQ LV QRW LC

7KH HVVHQFH RI WKLV PHWKRG LV WKDW LQ DQ DV\P
WR VDPSOH IURP WKH SRVWHULRU GLVWULEXWLRQ DQG
JRRG DSSUR[LPDWLRQ WR WKH UHTXLUHG SRVWHULRU GL
WKH DQDO\WLFDO IRUP LV UHSODFHG E\ D ODUJH VD
GLVWULEXWLRQ ODQ\ VXPPDULVLQJ YDOXHV FDQ EH FDOI
SRVWHULRU GLVWULEXWLRQ )RU LQVWDQFH WKH PHDQ F
DULWKPHWLF DYHUDJH RI WKH VDPSOH DQG YDULDQFH E
VWDQGDUG GHYLDWLRQ &UHGLELOLW\ LQWHUYDOV WKH
HDVLO\ HYDOXDWHG

7KLY FODVV Rl VLPXODWLRQ KDV EHHQ XVHG LQ D C
UDQJH RI DSSOLFDWLRQV DQG KDV EHHQ IRXQG WR EH
XQGHUVWDQG WKH PHWKRG VXSSRVH LW LV GHVLUHG
GLVWULBXAVNMRQHODWHG WR WKH VHW RI SDUDPHWHUV Z

GLPHQVURRHSHQGHQW RQ DNFRQRW®KWW WR VLPSOLI\ QRW
VXSHUVFULSW LV\ ENRBGEGWKH SRVWHULRU GLVWULEXW!
FRQGLWLRQDOMHRQQGLFRDWRGY%S N ?4URP QRZ RQ

0&0& LV D UHFXUVLYH PHWKRG DQG LQ WKLV FDVH DC
GHILQHG VD\ \WKAOW fN W LV SRVVLEOH WR GHILQH

VLPXODWLRQ IRU WKH VHW Rl SDUDPHWHWRQ @QKEHSHEG BN G
WKH SUHYLRXVf VKO IXBH[W YDQ@QXYHREWDLQHG UDQGRPO\ I
FRQGLWLRQDO GQV®WULEXWHEQRQFH PRUH WKH VDPH GLVW
LV XVHG\DQW® VDPSOHG IY|RP

7KH GLVWULEXWLRW LV WKH VDPHL IRU DAXLFK
JXDUDQWHHY D KRPRJHQHRXV FKDLQ LQ WKH SURFHGXUH
RI WKLV WUDQVLWLRQ GLVWULEXWLRQ LV WKH FKDUDFW}#
GLVWULEXWLRQHJIFRQYHUJHY DV 79 ! FR WR D OLBPLWLQJ G
LQGHSHQGHQW @RG RQO\ GHSHQGHQW RQ WKH @QUDQVLW
DGGLWLRQ WKH ODUNRYLDQ SURSHUW\ LV REVHUYHG EHFL
WR GHILQH WKH GLVWILLYEMQNDRQ RIKH SUN®OBARXV YDW XHV
GHSHQGHQW RIQMQRQGHILQ@M® PYL +HQFH WKLV VHTXHQFH
D KRPRJHQHRXV ODUNRY FKDLQ

7KLV LV D SRZHUIXO UHVXOW DQG WKHUH DUH PDQ\ U
VXLWDEOH WUDQVLWLRQ GHQVLW\ MW ,QGHSHQGHQWO\



GLVWULEXWLRQ VKRXOG EH HDV\ WR VDPSOH IURP ,Q WK
LV GHILQHG E\ JHQHUDWLQJ HDFK FRPSRQHQW R4 WKH
VHSDUDWHO\ 7KLV PHDQV WKDW DQ XSGDWLQJ RI VLQJOF
IDFLOLWDWHY FDOFXODWLRQ VLQFH RQO\ RQH GLPHQVLR
XVHG

'KHQ SHUIRUPLQJ WKH 0&0& VLPXODWLRQ WKHUH D
VKRXOG EH FDUHIXOO\ WDNHQ LQWR FRQVLGHUDWLRQ EI
UHVXOWY HQVXULQJ WKH FRQYHUJHQFH WKHUH LV QR DE
FRQYHUJHQFH LV DFKLHYHG 8VXDOO\ LW LV HDVLHU WR
QRW EHHQ DFKLHYHG WKDQ WKH RSSRVLWH )RU LQVW
ZKHWKHU WKH VLPXODWLRQ LV PL[LQJ ZHOO RU LQ RWK
SURFHGXUH LV YLVLWLQJ SRLQWY RYHU WKH ZKROH UDQ
VKRXOG DOVR EH FRQVLGHUHG KRZ ODUJH WKH VDPSOH \
LQLWLDO SRLQW [IURP ZKLFK WKH VLPXODWLRQ VWDUWYV
PDQ\ RWKHU LVVXHV WKH PRPHQW ZKHQ FRQYHUJHQ®FH WI
LV DFKLHYHG VKRXOG DOVR EH PRQLWRUHG 7KHVH UXOH
DQDO\WLQJ WKH UHVXOWY RI WKH DSSObDFDWLRQV LQ &KDS

$00 WKHVH IHDWXUHV FDQ PDNH WKH WHFKQLTXH GL
ZRUVH SHUKDSV GDQJHURXV WR XVH 7KLY KDSSHQV
QHFHVVDU\ SURFHGXUHV WR VWDUW WKH VLPXODMDKRQ D
DOzD\V EH REWDLQHG 7KLV KRZHYHU GRHV QRW PHDQ \
WKH SRVWHULRU GLVWULEXWLRQ ,Q RUGHU WR EH VXUH
DQ\ GHYLDWLRQ IURP WKH SRVWHULRU GLVWULEXWLRQ W
SHUIRUPHG

OHDQZKLOH WKH DQDO\VW KDV WR GHILQH WZR TXDQV
VWDUWLQJ VYOBKWM YDOXH VKRXOG QRW LQIOXHQFH WKH
LQIOXHQFH WKH QXPEHU RI VDPSOHV WDNHQ EHIRUH DFKL
FKDLQ WKH XSGDWLQJ RUGHU RM™M®WKH Q@PUDRRX\HJ\WOVR

GHILQHG

7KH QH[W TXDQWLW\ WR GHWHUOPEQ B8 OH/G WKKIH Y@ >XORKEH-
EXUQ LQ VWHSYVY VXFK WKDW VXEVHTXHQW VDPSOHV FDQ
IURP WKH OLPLWLQJQGAVMWHUEXWLAR H[DFW DQVZHU IRU W
DQG WKH VROXWLRQ DGRSWHG KHUH ZDV WR REVHUYH WK
RI WKH VDPSOH YDOXH RYHU WLPH XQWLO VWDELOLW\ ZD
WR XVH RQO\ RQH ODUJH VDPSOH VWDUWLQJ IURP D VSHF
SURSRVHG E\ *H\HU DQRG WR JHW DV PDQ\ VDPSOHYV
UHVXORMRUP ! 0



6LPXODWLRQ GHDOV ZLWK PLVVLQJ YDOXHV LQ D YF
7KHVH YDOXHVY DUH WUHDWHG DV YDULDEOHY LQ WKH VD
LQ HDFK LWHUDWLRQ D YDOXH IRU WKH PLVVLQJ YDOXH L
LV FDUULHG RXW DV XVXDO 7KLV LV GDWD DXJPHQWDW

7DQQHU DQG :RQJ 6XSSRVH WKP<GDRWHDLPHVWDQGV IRU
PLVVLQJ GDWD DQG R IRU WKH REVHUYHG SDUW 7KH PHW
LW PD\ EH SRVVLEOH WR VDPSOH E\ 0&0& PHWKRGV PXI
HIILFLHQWO\ IURP D G MUEKPXWEKRQ IWERE N ?2<fDWD
DXJPHQWDWLRQ LV IXUWKHU H[SORUHG ODWHU LQ WKH *LE
'KHQULNV IL[HG WKHUH DUH PDQ\ W\SHV RI 0&0& WH]
PDLQ RQHV DUH OHWURSROLV +DVWLQJV VXEVHFWLRQ
*LEEV VDPSOLQJ VXEVHFWLRQ 7KH\ GLIIHU LQ WK
GHQVDWAV GHILQHG ZLWK OHWURSROLV +DVWLQJV EHLQJ \
WKLV WKHVLY WKH DSSOLFDWLRQV JHQHUDWH HDFK FRPS!
Z VHSDUDWHO\ ,Q WKLV ZD\ DOO WKH GHILQLWLRQV DUH
'KHQULNY QRW IL[HG DQRWKHU WHFKQLTXH FDOOHG 5t
FKDLQ ORQWH &DUOR 5-0&0& LV XVHG 7KLV LV DQ H[W
+DVWLQJV GHILQLQJ D JHQHUDO IUDPHZRUN IRU WKH
GLPHQVLRQDOLW\ SUREOHPV DOVR LQWHUSUHWHG DV F
GLIIHUHQW QXPEHUV Rl SDUDPHWHUYV
5HYHUVLEOH MXPS LV RQH DPRQJ D IHZ DOJRULWKPV
VXFK FKDQJHV 7ZR RWKHU ZRUNV LQ WKH VDPH GLUHFWLI
RQH LV WKH ZRUN E\ $UMDV DQG *DVEDUUD ZKHUH DQ
WKH SUREOHP RI VSHFLI\LQJ WKH KD]DUG UDWH LQ D VX
ZRUN LV WKH EDVLV IRU D SDUW RI WKH DOJRULWKP LQ W
&KDSWHU 7KH VHFRQG ZRUN LV WKH RQH GHYHORSHG
XVLQJ MXPS GLIIXVLRQV 6XFK D WHFKQLTXH L\
WKHVLV EXW IXUWKHU GHWDLOV FDQ EH IRXQG LQ 3KLOC
FRQWDLQV VRPH H[DPSOHV LQFOXGLQJ LPDJH UHVWRUDWL
*LEEV VDPSOLQJ OHWURSROLV +DVWLQJV DQG 5-08&
H[SODLQHG LQ WKH IROORZLQJ VXEVHFWLRQV 7KH VLPSOF
WKHLU FRQQHFWLRQ



a *LEEV 6DPSOLQJ

*LEEV VDPSOLQJ LV D 0&0& PHWKRGE IRHIZEH@ EDVHG

FRPELQDWLRQ RI WKH FRPBSROHQWY RNLQJ WKHLU FR

FRQGLWLRQDO GLVWULEXWLRQ ZKHQ WKH SDUDPHWHUYV '
KHOG IL[HG 7KH ODUNRY FKDLQ KDV D GHSHQGHQF\ F
JRYHUQHG E\ WKH FRPSOHWH FRQGLWLRQDO GLVWULEXW
WKH FRPSRQHWVDURI XSGDWHG DW RQFH LW PHDQV W
FRQGLWLRQDO GLVWULEXWLRQ LV XVHG WKHUH LV QR SI
WKLY FDVH WKH ZKROH SRVWHULRU FDQ EH FDOFXODYV
DSSUR[LPDWLRQ 7KH DSSURDFK XVHG KHUH LV WR FRQ\
ZKLFK PHDQV WKDW HDFK FRWPGRQHQPWSGDWHG VHSDUDWH

7KLY PHWKRG RI VWRFKDVWLF VLPXODWLRQ LV RQH R
0&0& PHWKRGV 7KLV LV EHFDXVH &/KHV GRIYLQUYHEBQR RO\ |
PRGHO ZKLFK LV LQ FRQWUDVW WR WKH WHFKQLTXHV UH
GLVWULEXWLRQ KDV WR EH GHILQHG WR SHUIRUP WKH LP
VDPSOH IURP WKH H[DFW GLVWULEXWLRQ LV WDNHQ ZLW
DFFHSWDQFH WHVW NHHSLQJ DOO VDPSOHV

'LQ(8*6 %HVW 6SLHIHOKDOWHU DQG 7KRPDV
SDFNDJH WKDW LPSOHPHQWYVY *LEEV VDPSOLQJ ,W LV WK
%D\HVLDQ LQIHUHQFH 8VLQJ *LEEV 6DPSOLQJ ZKLFK ZDV

7KLV VRIWZDUH ZRUNV XQGHU OLFURVRIW :LQGRZVS
WR PDQLSXODWH ODQ\ XVHIXO WRROV IRU DQDO\VLV DUF
KHOSV WR FKHFN LI WKH VLPXODWLRQ IROORZV WKH U X
7KHUH LV DOVR D VHW RI VRIWZDUH FDOOHG &2'$ WKDW S
ZKHWKHU WKH VLPXODWLRQ FDQ EH UHJDUGHG DV UHSU
GLVWULEXWLRQ

'LUHFWHG DF\FOLF JUDSK '$* PRGHOV DUH WKH EDV
VFKHPHY DUH RIWHQ XVHG LQ %D\HVLDQ DQDO\VLV WR JL"
WKH PRGHOV SDUWLFXODUO\ ZKHQ WKH GHSHQGHQFLHV
SDUDPHWHUYV DUH FRPSOH[ ,Q RUGHU WR LOOXVWUDWH W
DV H[DPSOH RI D '$*



YJLIXUH (IDPSOH RI D '$*

&LUFOHV VWDQG IRU UDQGRPDSDWLDEOHNWDQJIOHYV

FRQVWDOWNQG WKH ELJ UHFWDQJOHV IRWM WKHVLQUWGEH KIVF D
PRGHO VKRZV WKDW RQFH WHBHHS DIUYDHM WWHKBIR GDRMW GHSHQ

RQ J RUDQ\ PRUH ,W DOVR VKRZV WKDW RQFH DUH JLYH
PRGHO LQIRUPDWLRQ QHHGHG WR XSGDWH S IRU LQVWD

ZLGHO\ XVHG LQ WKH IROORZLQJ FKDSWHUV WRJHWKHU Z
PDQ\ HIDPSOHV LQ &KDSWHU ,Q WKH DSSOLF®DWIHRREIMLEI
SURJUDPV KDG WR EH ZULWWHQ LQVWHDG

1RZ WKH DOJRULWKP RI *LEEV VDPSOLQJ LV DV IROOR

L, L b 4 ] Q IRUUDO OIF

'"URSSLQJ VXSHUVFULSW Z\DRO®/IGHWLQLQJ WKH VWDUWL
\'f 4f LW LV SRVVLEOH WR GHILQH D UHFXUVLYH VL

SDUDPHWHUY ZKHUH WKH KMDPSOWMH¥FWPRBSOHG DV IROC
a L2L

\2aL N
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FROYHUJLQJ LQ GLVWULEXWLRC



'‘DWD DXJPHQWDWLRQ FRPHV QDWXUDOO\ LQWR WKL\
GDWD DUH VSOLW kEPWR ZIKWKL[HGG_ LV HDV\ WR VDPSOH
IRU DOO Lo #¥KHQ S <Kf LV WKH VDPSOLQJ GLVWULEXWLRQ
GDWD DQG LW LV DOVR W\SLFDOO\ YHU\ HDV\ WR VDPSO|
VDPSOH IRU WKH SDUDPHWHUV LV WDNHQ ZLWK WKH PL
VDPSOHG YDOXH 7KHQ ZLWK DOO SDUDPHWHUV XSGDWHC
VDPSOHG

SHWXUQLQJ WR WKH FRPSOHWH GDWD FDVH WKH FRP

WKH IROORZLQJ VFKHPH LLWK 0y 80] D QXPEHMU RI
XSGDWHV DUH GHVFULEHG LQ ILJXUH

JLIXUH *LEEV VDPSOLQJ DOJRULWKP

OHWURSROLYV +DVWLQJY DOJRULWKP

8QIRUWXQDWHO\ LW LV QRW DOZD\V WUXH WKDW DC
@& L L O ULNDUH NQRZQ RU HDV\ WR VDPSOH IURP ,Q
VDPSOLQJ KDV WR EH GURSSHG DQG OHWURSROLV +DVWLC
OHWURSROLV +DVWLQJV LV QRW XVHG LQ WKH DSSOLFDWL
LV WKH EDVLV WR 5-0&0& LW LV H[SODLQHG LQ WKLV VXEV

OHWURSROLV +DVWLQJV LV PRUH JHQHUDO WKDQ *LEI
DSSOLFDEOH WR D ZLGHU QXPEHU RI SUREOHPV +RZHYHL
WKH FKRLFHV Rl WKH DQDO\VW ZKLFK LQWHUIHUHV ZLWE
GLVWULEXWLRQ WR VDPSOH IURP 6XSSRVH WKDW QR FRI
GLVWULEX®W L&DV NQRZQ IRU DOO L O P DQG WKDW OHW
XVHG WR SHUIRUP LQIHUHQFH ,Q WKLV FDVH DLVIDPSOL
GHILQHG IRU DOO ] O P DQG VLQFH WKH VDPSOH GRH



FRBOHWH FRQGLWLRQ@EDO SRVWHULRU GLVWULEXWLRQV
DFFHSWDQFH WHVW KDV WR EH XVHG

7KH QHZ GLVWULBEBXWLRQWY KD¥N WR EH FKRVHQ DQ
DUH PDQ\ ZzZD\V RI GHFLGLQJ ZKLFK GLVWULEXWLRQYV
*UHHQEHUJ JLYHV D JRRG GLVFXVVLRQ RQ WKLV WRS
IRW O B/INFK VDPSOH IURP WKLV DSSUR[LPDWLRQ GLV
VXEPLWWHG WR DQ DFFHSWDQFH WHVW

1RZ VXSSRVH WKDW VDPOOHVID)RNH QHHGHG 7RCWRVDU)
VDPSOH GHALQH 1B 11 A’ 7TKH QHZ YDOXHO UVY N
VDPSOHG TURIPP4AWR VXEVWLWXWH WKH ROG YDOXH )RU

QHZ YDOXH LV DFFHSWHG ZLWK WKH IROORZLQJ SUREDELO
PLQA"O D <]

PLQ"O SRVWHULRU UDWLR [ SURSRVDO UDWLR
ZKHUH
AH L
D H\
.3 , . MT % L: !
T 4L? L ] L WKHQ D ] DQG OHWURSROLV +DVWLC

RXW WR EH *LEEV VDPSOLQJ 7KHEKKYP®DWUHVWMKP ORWKRZQ L(

JLIXUH OHWURSROLV +DVWLQJYV DOJRULWKP

,QLWLDOLVH WKH YHFWRU VHW

IRUM O WR
IRU L @WLWR

6DPSOH IURP J A -M
6DPSOH X IURP XQLIRUP O
I X PLQ”"O D . > WKHQ
HOVHE\I]

1H[W L
1H[W

SHYHUVLEOH MXPS 0&0&

$V ZLOO EH VHHQ LQ WKH QH[W FKDSWHU PRVW 0&0&
EHHQ LPSOHPHQWHG LQ DFWXDULDO VFLHQFH LQ FRQWULI



WKXWY QR SXEOLVKHG DSSOLFDWLRQ XS WR QRZ 5-0&0&
*UHHQ LQ RUGHU WR LPSOHPHQW 0&0& LQ FDVHV ZKl|
FKRRVH D PRGHO IURP D ILQLWH DQG FRXQWDEOH VHW R
KDV D SDUDPHWHU VHW ZLWK GLIIHUHQW GLPHQVLRQDOL\
VXLWDEOH IRU SUREOHPV ZKHUH WKH QXPEHU RI WKLQJV
RI WKH WKLQJV WKDW \RX GRQ W NQRZ *UHHQ
2UGLQDU\ 0&0& WHFKQLTXHV VXFK DV *LEEV VDPSOI
+DVWLQJV DUH QRW VXLWDEOH IRU WKLV SUREOHP EHFEC
ZKHQ WKH GLPHQVLRQDOLW\ RI WKH SDUDPHWHU YHFWRI
MXPS WHFKQLTXH LV D JHQHUDOLVDWLRQ RI WKH OHWUR
WKH QDPH UHYHUVLEOH MXPS FRPHV IURP WKH IDFW
EHWZHHQ WKH SDUDPHWHUV YDOXHV ZKHQHYHU WKHUH L
6XSSRVH WKHUH LV D VMWNRI PRGHIEM; WKDW IRU H
PRGHO WKHUH LVIRIYHMEW@RRZQ SDUDPHWHUVD U H VREN HIDWHAEK
WKHUH LV D QDWXUDO VWUXFWXUH WR WK HVMR LSDW DR/
DQG WKH GDWD JLYHQ E\
S N4N < S W S KIRNIN
7KH SRVWHULRU GLVWULEXWLRQ LV JLYHQ E\ WKH UH¢
7W F HAMN 40N! ?2< S N?< S 4 N 2N <

,Q DGGLWLRQ RQH PHDVXUH WR KHOS LQ WKH FKRLFF
WKH %D\HV IDFWRU RI RQH PRGHO UHODWHG WR WKH RWKI

5
%)NNSN'< S N
3 N< S N

7KH %D\HV IDFWRU LV XVHG LQb&MRSKHIS/ D QID@GV H
UHVXOWYV 6LQFH 5-0&0& LV D JHQHUDOLVDWLRQ RI W
WHFKQLTXH DQ DFFHSWDQFH WHVW KDV WR EH SHUIRUP
IRUP WR WKH RQH GHILQHG LQ WKH VLPSOHU FDVH E:
GLPHQVLRQDOLW\ FKDQJH D -DFRELDQ SDUW LV DOVR LQF

6XSSRVH WKDW D PRYIH RBIUWRWSRVHG WKDW FKDQJHV W
VHW IURP AVRV@ D KLJKHU GLPHQVLRQDO VSDFH 7KH QH.:
IURP AN XZKHUH XIHWGHILQHG DV D UDQGRP YDULBEOH LC
DQRG ZLWK GLPHQVLRQDOLW\ GHSHQGHQW RQ WKH GILLIIHUFE
DQ® 7KH UHYHUVH RI WKHA2ARFYH AURPQ EH DFFRPSOLVKHG

WKH LOQYHUVH WUDQVIRUPDWLRQ VR WKDW WKH SURSRVD(
5-0&80& VHH *UHHQ 1RZ WKLV PRYH KDV WR EH WHYV



'HILQHW? A DV WKH SUREDELOLW\ RI FRRERWIQQUQPRYSD ®WGSH
DV WKH GHQVLW\ IXQFWLRQ RI X 7KHQ WKH DFFHSWDQFH
PLQ"O D AY A~
PLQ”O SRVWHULRU UDWLR [ SURSRVDO UDWLR
ZKHUH

3 HNINZ®?<TP HON IN°
S 4N N?< TP4 N & A N!'X

D\ NA N

7KH RWKHU ZD\ URXQG PRYLQJ IAURKDX D XORAFR SWD(

UDWH JLYHQ E\ WKH LQYHUVH RI IRUPXOD 2EVHUYH W
DOPRVW WKH VDPH DV WKH RQH LQ WKH OHWURSROLV
LQFOXGLQJ DQ HIfIWUD FRPSRQHQW UHODWHG WR WKH -DFR
7KH DOJRULWKP IRU DSSO\LQJ 5-0&0& KDV YDULHG |1
JLYHQ WKH QXPHURXYV ZD\V LQ ZKDEK EWMKGHPRQYHG ,Q WKH
ZRUN IURP *UHHQ DQ DSSOLFDWLRQ LV SURSRVHG
PXOWLSOH FKDQJH SRLQW NWWRR8 IRKHWHKH QXPEHU R
SRLQWYVY RU MXP3V 4LN IRK K Ke*vL 6N ZKKUW WKH
LQWHQVLW\ LQ WKH LQWHUYDO >VL 6L L IRU/L IXOND O
GHILQLWLRQ RI WKLY PRGHO ZLOO EH JLYHQ LQ &KDSWHU

7KH DOJRULWKP LQ *UHHQ 1 MWHASGSVWMMHIQ JDRWH
JLIXUH *UHHQ 5-0&0& DOJRULWKP
& KR R WR

,QLWLDOLVH WKH YHFWRU VHW A

IRUB A WR
&KRRVH RQH W\SH RGHIRYMH QDG
6DPSOH © IURP XQLIRUP O
X PLQA"O D A- "WKHMN M NM
HOWM NM X4 NM! 4 NM L

1H[W

*UHHQ P GHILQHG IRXU W\SHV RI PRYH ZLWK WK
GHILQHG YLD D IXQFWLRQ GHSHQGHQW RQ WKH SULRU GL\
N7KHVH PRYHY DUH GHILQHG DV

D 8SGDWH RQH RI WKH LQWHQVLW\ FRPSRQHQWYV



E 8SGDWH RQH RI WKH LQWHUYDO SRVLWLRQ

F %LUWK RI RQH MXPS

G 'HDWK RI RQH MXPS

&KRLFHV D DQG E VDPSOH D MD@Q&RY YHYSHI HRWUY H
WKH VDPSOHG RUGHWU ¢ DOMBG L 7KH XVH RI WKH DFFHS)
WHVW LQ WKHVH PRYHV LQGLFDWHY WKDW D OHWURSROL
XVHG

&KRLFHV F DQG G FKDQJH WKH GLPHQVLRQDOLW\
ZKHUH WKH SDUDPHWHU UHODWHG WR WKH SRVLWLRQ RI
HLWKHU WKH QHZ RQH LQ PRYH F RU WKH UHPRYHG
SDUDPHWHU UHODWHG WR WKH LQWHQVLW\ LV GHILQHG E
SUHYLRXV WR WKH PRYH ZKLFK LV UDQGRP LQ F EXW Gl
RI' D GHWHUPLQLVWLF IXQFWLRQ LQ WKH PRYH UHODWHG
MXPSV LV JLYHQ E\ WKH "GLPHQVLRQ PDWFKLQJ UHTXI
*UHHQ ZKLFK LV REVHUYHG DV H[SHFWHG LQ DOO D
IDU

7KH DOJRULWKP MXVW SUHVHQWHG KD VAREW\DRA\GHSG FLIREF
HDFK PRYH 'LITHUHQWO\ *UHHQ DQG 5LFKDUGVRQ X
SDUDPHWHUV LQ HDFK PRYH IRU D PLIWXUH RI QRUPDO G
PHDQV DQG YDULDQFHYVY RI WKH QRUPDO GLVWULEXWLRQV
DQG DOORFDWLRQ SDUDPHWHUV DUH DOVR INQROGBHBGL!
JURXSVY RUGHU GHILQHG E\ WKH PHDQV DUH SUHGHILQH
WKHQ DOORFDWHG WR D JURXS %\ WKLV GHILQLWLRQ \
REVHUYDWLRQV WKH VR FDOOHG HPSW\ FRPSRQHQWYV

7KH DOJRULWKP XVHG LQ *UHHQ DQG S5LFKDUGVRQ
)LUVWO\ WKH VHW RI SDUDPHWHUV Z LV IXO0O\ XSGDWF
6HFRQGO\ AMPRDXWHW FDUULHG RXW VHSDUDWHO\ WR WKH HPS
EXW RQO\ WR FKDQJH GLPHQVLRQDOLW\ VLQFH WKH\ KDG C
7KH PRYH P KDV RQO\ WZR PRYHPHQWY FUHDWLQJ F R
7TKHLU SUREDELOLWLHY DUH IL[HG ®W RW NHDEKB®Y WKHQ
SUREDELOLWLHY DUH UHVISHFWLYHO\ HTXDO WR

7KH ILQDO DOJRUXW&PWRIY LV JLYHQ E\



)LIXUH J)LQDO 5-0&0& DOJRULWKP

'"HQLVRQ ODOOLFN DQG 6PLWK DOVR SUHVHQW
5-0&0& 7KLV LV D FXUYH ILWWLQJ SUREOHP DQG WKH PRG
Rl SLHFHZLVH SRO\QRPLDOV )RU HDFK WMHS GWIKK & ROV H

D 8SGDWH D MXPS SRVLWLRQ

E %LUWK RI RQH MXPS

F '"HDWK RI RQH MXPS

&KRLFH D UHTXLUHV D VDPSOH RI D QHZ YDOXH IRL
DQG F FKDQJH WKH GLPHQVLRQDOLW\ RI WKH SDUDPHWF
UHODWHG WR WKH SRVLWLRQ RI WKH MXPS LV DJDLQ VDP
RQH RU WKH FKRLFH RI WKH RQH WR EH UHPRYHG 7KH
LQWHQVLW\ ZDV QRW VDPSOHG LQ DQ\ RI WKH PRYHV
PLQLPXP VTXDUH HVWLPDWRU LQ WKDW VSHFLILF LQWHUY
WKH XVXDO VDPSOLQJ SURFHGXUH EHFDXVH "$ FRPSOHW
OHDGYV WR D VHULRXV FRPSXWDWLRQDO EXUGHQ HVSHF
UHTXLUHG WR ILW WKH FXUYH DGHTXDWHO\ DQG FRPSDUL
WKH OHDVW VTXDUH HVWLPDWLRQ DSSURDFK OHDGV WR
SHUIRUPDQFH IRU RYHUDOO FXUYH HVWLPDWLRQ p 'HQLVF

&KDSWHU FRQFOXVLRQ

7KH EDVLF %D\HVLDQ VWDWLVWLFV UHVXOWY DQG WK
KDYH EHHQ H[SODLQHG LQ WKLV FKDSWHU )XUWKHU DQ D
IRU HDFK Rl WKH UHYLVHG PHWKRGRORJLHV LQ WKH 0&
SURFHGXUHYV DW KDQG WKH FKRLFH RI WKH DOJRULWKP \
EH MXVWLILHG



,Q WKH QH[W FKDSWHU DQ H[SODQDWLRQ RI KRZ
GHYHORSHG LQ DFWXDULDO VFLHQFH ZLOO EH JLYHQ OR\
DSSOLFDWLRQV XVH *LEEV VDPSOLQJ



&KDSWHU

%D\HVLDQ PRGHOV LQ DFWXDULDO

,Q WKLV FKDSWHU WKH GHYHORSPHQW RI %D\HVLDC
VFLHQFH LV JLYHQ ,W LV VKRZQ KRZ %D\HVLDQ VWDWLWV!
DFWXDULDO VFLHQFH YLD FUHGLELOLW\ WKHRU\ DQG KR:
HODERUDWH PRGHOV LQ UHFHQW \HDUV 7KH PDLQ REMHF\
WKH EDVLV IRU WKH EDVLF PRGHO ZKLFK LV WKH FRUH |
IXOO\ H[SODLQHG LQ WKH IROORZLQJ FKDSWHU

7KLV UHYLHZ LV HYHQ PRUH QHFHVVDU\ LQ WKH DEF
%D\HVLDQ WKHRU\ VLQFH WKHUH LV QR EURDG ELEOLRJUL
SDSHU $PRQJ VRPH RI WKH ZRUNV WKDW SUHVHQW SDUWL
DQG 6PIHWAK DO FRXOG EH FLWHG

7KLY FKDSWHU LV FRQVWUXFWHG LQ WKH IROORZLAQ.
VRPH FRQVLGHUDWLRQV DUH JLYHQ DERXW WKH SUDF
DSSOLFDWLRQV ,Q VHFWLRQ VRPH WUDGLWLRQDO DUHI
GHYHORSPHQW LQ WKH %D\HVLDQ DSSURDFK ,Q VHFWLRC
PRGHOV DUH UHYLHZHG ZKLFK DUH SDUW RI WKH EDVLV R
WKH ODVW VHFWLRQ D FRQFOXVLRQ IRU WKLV FKDSWHU LV

SUDFWLFDO FRQVLGH UDWLRQV RQ %D\HVLLEL

$OWKRXIK PDQ\ GHYHORSPHQWY KDYH RFFXUUHG LQ ¢
IHZ SUDFWLWLRQHU DFWXDULHYVY DUH DZDUH RI WKHP DQG |
,Q IDFW VLQFH WKH DGYHQW RI FUHGLELOLW\ WKHRU\ Zk
VWDWLVWLFV WKLV VWDWLVWLFDO SKLORVRSK\ KDV QRW
ZDV LQ WKDW WKH ILUVW SDSHU RQ FUHGLELOLW\ W|



DFWXLHY EHLQJ RQH RI WKH ILUVW SUDFWLWLRQHUV WR
6LQFH WKHQ PDQ\ GHYHORSPHQWY LQ FUHGLELOLW\ WKH
SUREDEO\ WKH RQO\ WRRO EDVHG RQ %D\HVLDQ WKH
HQYLURQPHQW DQG HYHQ WKLV LV UDUH +RZHYHU M»
HYHU\GD\ EDVLV DQG LW LV RIWHQ DUJXHG WKDW LQ WKI
DSSURDFK LV XVHG

7KUHH PDLQ UHDVRQV FRXOG EH OLVWHG WR MXVWLI
%D\HVLDQ WKHRU\ PRUH RIWHQ PRGHO FRPSUHKHQVLR
SRUWDELOLW\ ,Q WKH ILUVW UHDVRQ WKH DSSOLFDWLR
XQGHUVWDQGLQJ Rl WKH PRGHO LQFOXGLQJ DPRQJ PDQ\
RI SULRU GLVWULEXWLRQV DQG WKH LQWHUSUHWDWLRQ
DFWXDU\ KDV WR EHFRPH D VNLOOHG VWDWLVWLFLDQ ZKL
SUDFWLWLRQHUYV

$IWHU XQGHUVWDQGLQJ WKH PRGHO LW LV QRW
LPSOHPHQWDWLRQ LV HDV\ PRVW RI WKH WLPH WKH FDOF
H[WHQVLYH $QG LQ PDQ\ FDVHV DQ DQDO\WLFDO VROXW|I
EXW PXVW EH VXEVWLWXWHG E\ D VLPXODWLRQ EDVHG |
NQRZQ WKDW SUDFWLFDO DFWXDULHV SUHIHU QRW WR Ut
SHUIRUPLQJ FDOFXODWLRQV

8QIRUWXQDWHO\ HYHQ DIWHU DSSO\LQJ WKH PRGHO
LPSOHPHQWDWLRQ RI WKH VDPH VWUXFWXUH WR D GLIIH
KLJKO\ FRPSOLFDWHG 6XFK ODFN RI SRUWDELOLW\ KDSSH
GR QRW XVH PXFK DJJUHJDWLRQ FDOOHG LQGLYLGXDO PR
ZLWK LQQRYDWLYH DSSURDFKHV VXFK DV WKH RQHV XVt

+DDVWUXS DQG LQ WKH SUHVHQW ZRUN $JDLQ
UHOLHV RQ SRUWDELOLW\ LQ RUGHU QRW WR VSHQG WRR |
QHZ SUREOHPV RU WR QHZ GDWD

$OWKRXJK WKH SUDFWLFDO VLGH RI DFWXDULDO VFLH
E\ %D\HVLDQ VFLHQFH WKH DFDGHPLF VLGH KDV GHYHORS
LQWHUHVWLQJ DSSOLFDWLRQV DUH WKH PRGHOV EDVHG
WKDQ DJJUHJDWHG GDWD DQG WKLV WKHVLV IRFXVHV R
VLPXODWLRQ WHFKQLTXH LV XVHG LQ RUGHU WR FUHDWH
WKDW IRFXV RQ WKH UDZ GDWD RI LQGLYLGXDO SROLFL
GLIILFXOW WR DSSO\ WR D GLIIHUHQW SUREOHP EXW LW
UHVXOWVY DUH DWWUDFWLYH HQRXJK WR VWLPXODWH VRPH

1RZ VRPH H[DPSOHV DUH H[SORUHG ,Q WKH QH[W VHF
LQ FUHGLELOLW\ UHVHUYLQJ DQG JUDGXDWLRQ DUH UHYLI



R LGHDV IURP SXUHO\ DQDO\WLFDO VROXWLRQV WR WKH
EDVLVY IRU WKH FRPSOHWH GHSDUWXUH IURP WUDGLWLRQ

TUDGLWLRQDO PRGHOV

7KLY VHFWLRQ ORRNV DW VRPH WUDGLWLRQDO PRG
VRPH WUDGLWLRQDO DUHDV FUHGLELOLW\ WKHRU\ FOD
VXEVHFWLRQV DQG UHVSHFWLYHO\ 7TKHV
FKRVHQ PRVWO\ E\ WKH DPRXQW RI SDSHUV SXEOLVKHC
FUHGLELOLW\ WKHRU\ LV DOVR FKRVHQ JLYHQ LWV KLVW
WKHVH ULVN DVVHVVPHQW SURFHGXUHV WKH RULJLQDO DC(
LQ RUGHU WR H[SORUH WKH %D\HVLDQ VWUXFWXUH 8VX
GLVWULEXWLRQ E\LQFOXGLQJ VWUXFWXUH DQG YDOXHV

&UHGLELOLW\ WKHRU\

&UHGLELOLW\ WKHRU\ ZDV ILUVW LQWURGXFHG E\ ORZ
VDPH WLPH DV WKH &DVXDOW\ $FWXDULDO 6RFLHW\ ZDYV
DFWXDULHVY KDG WR GHILQH D SUHPLXP IRU D QHZ LQVXUD
FRPSHQVDWLRQ VR WKH\ EDVHG WKH WDULII RQ D SUHYL
ZDV UHSODFHG E\ WKLV QHZ RQH

$V QHZ H[SHULHQFH DUULYHG D ZD\ RI LQFOXGLQJ
IRUPDOLVHG PL[LQJ WKH QHZ DQG WKH ROG H[SHULHQFHYV
RI FUHGLELOLW\ WKHRU\ ZKLFK VHDUFKHV IRU D FUHGLE!
WKH QHZ EXW YRODWLOH GDWD DQG WKH ROG GDWD WKD
RI WKH UHVHDUFK XQWLO WKH PLG ;; FHQWXU\ ZHQW LQ V
EUDQFK RI FUHGLELOLW\ WKHRU\ FDOOHG OLPLWHG IOXFW)

7TKH WXUQLQJ SRLQW LQ WKLV WKHRU\ DQG WKH L
QRzZzDGD\V KDSSHQHG ZKHQ DFWXDULHV UHDOLVHG WKD
PLIWXUH LGHD LQVLGH D SRUWIROLR 7KLV QHZ EUDQFK R
JUHDWHVW DFFXUDF\ DQG LW VHDUFKHV IRU DQ LQGLYL
HVWLPDWRU EXW VWLOO XVLQJ WKH H[SHULHQFH IRU W
HVYWLPDWRU ZRXOG FRQVLGHU WKH "RZQp H[SHULHQFH RQ
FRQILGHQFH WR LW E\ DOVR LQFOXGLQJ D PRUH "JHQHUDAQG
ZD\ LW IRUPDOLVHV WKH PXWXDOLW\ EHKLQG LQVXUDQF
LQGLYLGXDO H[SHULHQFH



7KHUH DUH PDQ\ SDSHUV GLVFXVVLQJ WKLV WKHR
%XKOPDQQ LV JHQHUDOO\ VHHQ DV D ODQGPDUN
WKHRU\ ZDV FRPSOHWHO\ IRUPDOLVHG JLYLQJ LWV EDV
6LQFH WKHQ PDQ\ PRGHOV KDYH EHHQ GHYHORSHG DQG
9HQWHU 1RZ DV DQ H[DPSOH RI KRZ FUHGLELOLW\
DQG 6WUDXE PRGHO ZLOO EH ZULWWHQ DQG DSSOLHC

7KH GDWD VHW LV WDNHQ IURP .OXJPDQ 7KH R
QXPEHU RI FODLPV L\ IRU RFFXSDWLRQV U
FRPSHQVDWLRQ LQVXUDQFH ZLWK MHDUV RKS$HUHNGHHEW
DPRXQW RI WKHZSB\URMMDVR NQRZQ DQG LV XVHG DV D
RFFXSDWLRQDO FODVV

ORGHOOLQJ WKH IUHTXOQFOMLDWWRH %XKOPDQQ DQG
PRGHO JLYHV WKH IROORZLQJ GLVWULEXWLRQV

LM\ a QRUPDD ZLM

a QRUPDO S|

IRU DDQBDQG D S PNQGRZQ 7KH DSSURSULDWH JUDS
LV VKRZQ LQ ILJXUH RI &KDSWHU ,Q WKLV PRGHO S [\
H[SHULHQFHIR®Y WKH RYHUDOO SRUWIROLR LQIRUPDWLRQ
PHDQ FRPHV IURP WKH VDPH GLVWULEXWLRQ 1RZ ZLWK

DQG ] bV WKH FUHGLELOLW\ IDFWRU IRU FODVV L WKH FU
UDWLRV

[ [] V[ O]M

7KH VROXWLRQ SURSRVHG E\ % XKOPDQQ DQG 6WUDX|
WKH YDOXHV RIDQG [URP WKH REVHUYDWLRQV VXEVWLWX
DQRG FRPLQJ RXW ZLWK WKH VROXWLRQ IRU WKH IRUPX(

HVWLPDWHG YDOXH RI'] DIWHU LQFOXGLQJ WKH YDOXHYV
RYHUDOO REVHUYHG PHDQ IRUPXOD FKDQJHV WR

[ | ]

,W PD\ QRW EH FOHDU ZKHUH WKH SULRU LQIRUPDWL
WKLV PRGHO 7KH UHDVRQ IRU WKLV LV WKDW WKH IRUPXC
WR EDODQFH WKH LQIRUPDWLRQ RI WKH FODVV:V RZQ REV

REVHUYHG RYHUDOO RQH [ ,Q WKLV PRGHO WKH GLVWUL
RI D UHDO %D\HVLDQ SULRU EXW LWV SDUDPHWHUV DU}
FDOFXODWHG IURP WKH GDWD VHW

$V VHHQ LQ &KDSWHU WKLV LV RQH IRUP RI HPSLULHI
RUGHU WR KDYH D IXO0O\ VXEMHFWLYH %D\HVLDQ VROXWLI



ZRXOG KDYH WR EH LQFOXGHG 7KLV ZRXOG FRQWDLQ
SDUDPHWHUYV D S DQG | ZKLFK DUH FRQVLGHUHG XQNQ
RQ IRUPXOD H[ISUHVVHG DV S D S | 7KLY QHZ GLVYV
GLVWULEXWLRQ IRU WKH XQNQRZQ SDUDPHWHUV LQ W
8QIRUWXQDWHO\ XQOHVV YHU\ VWURQJ DVVXPSWLRQV IR
QRW SRVVLEOH WR GHULYH WKH SRVWHULRU GLVWULEXWL
,Q RUGHU WR JHW FORVHU WR D SXUH %D\HVLDQ D¢
LQFOXGHG SULRYDOQORU[D EXW LQ D "QRQ LQIRUPDWLYHu z
VROXWLRQ LV DYDLODEOH DQG DQ DSSUR[LPDWLRQ WHEFK
ZDV XVHG ,Q WKLV VROXWLRQ D SURJUDP KDG WR EH VSFH
FDUU\ RXW WKH PRGHO LPSOHPHQWDWLRQ DQG GHSHQC
WHFKQLTXH FKRVHQ WKH FDOFXODWLRQV FRXOQ DWIHNH
VKRZQ IRU VRPH FODVVHY LQ WKH IROORZLQJ WDEOH

7DEOH BHVXOWY IRU DQDO\WWLFDO VROXWLRQV RI FUF
6ROXWLRQ JRUHFDVWLQJ
%+KOPDQQ %+KOPDQQ
&ODVV ; DQG NOXJPDQ | VL DQG .OXJPDQ
! 6WUDXE ' 6WUDXE

JRUHFDVW HUURU

'KHQ LQFOXGLQJ LQIRUPDWLRQ LQ SDS|[ WKH VROX
FDOFXODWH ,Q RUGHU WR GR VR VWRFKDVWLF VLPXOD

3HUHLUD 6FROOQLN DQG 6PLWK DOVR XVHG
7KH %XKOPDQQ DQG 6WUDXE PRGHO LV ZULWWHQ LQ D :LQ
LQ ILJXUH ZLWK WKH IROORZLQJ VHW Rl SULRU GLVWL
LQIRUPDWLYH REMHFWLYH

S a QRURDD

[~ a JDPPD
] DA a JDPPD\\]\\\]

7KH LPSOHPHQWDWLRQ RI WKLV PRGHO WRRN PLC
FRPSXWHU ZLWK D WRWDO RI VLPXODWLRQV ZKHUH W|
WR HOLPLQDWH WKH HIITHFWV RI WKH LQLWLDO YDOXHYV

I_HSOWKRXJK GDWD ZHUH REVHUYHG IRU \HDUV WKH WZR VROXWLRQV RQO\ XVH



WKDQ QRUPDO GLVWULEXWLRQV

BBBBBBBRBRBB ‘LQ%8*6 SURJUDP
PRG® %+KOPDQQ6WUDXE

FRQVW

1 QXPEHU RI FODVVHV

8 QXPEHU RI REVHUYHG \HDUYV
YDU

P X

WKHWD>1@ <>1 8@ WDX VLJPD Z>1 8@ VLJF>1 8@
GDWD LQ GDWDILOH
LQLWYV LQ LQLWLDOILOH
N
PX a GQRUP (
WDX a GJDPPD ( (
VLIJPD a GJDPPD ( (
IRU LLQ 1 ~
WKHWD>L@ a GQRUP PX WDX
IRU M LQ 8 ~
VLIJF>L M@ VLJPD Z>L M@
<>L M@ a GQRUP WKHWD>L@ VLJF>L M@

1RZ DQ H[WHQVLRQ LV SURSRVHG 6LQFH WKH REVHU
FODLPV LW LV PRUH VXLWDEOH WR PRGHO WKH GDWD XVLC(

7KLV LV D GLUHFW JH(

PRGHO ZKHUH WKH QHZ PRGHO XVHV QRQ LQIRUPDWLYH
ZULWWHQ DV DOVR UHSUHVHQWHG DV JUDSKLFDO PRGHO

\ _  a3RLVVRQM L
D SaJDPPD D 3
D a XQLIRUP DQG S a XQLIRUP

JLIXUH '$* 3BRLVVRQ GLVWULEXWLRQ PRGHO

JRUHFDVW HUUYURWHEDYWI Z L

Q

E

'LQ%8*6 LQVWHDG RI WKH YDULDQFH WKH SUHFLVLRQ YDULDQFH

LV XVH



,Q WKLV ZD\ WKH %LLKOPDQQ DQG 6WUDXE PRGHO KI
PRUH VXLWDEOH PRGHO KDV EHHQ FRQVWUXFWHG 7KH QF
ORQJHU WKDQ WKH SUHYLRXV RQH WR EH LPSOHPHQWHC
GDWD 6LQFH RQH RI WKH PDLQ TXDQWLWLHYV RI LQWHUHYV
RlI FODLPV IRU WKH WK \HDU WKLV LV GRQH LQ :LQ%8*6
YDOXHVLRIIRU L O ZKLFK DUH LQFOXGHG LQ WKH PF

7KH WDEOH EHORZ JLYHV WKH UHVXOWV ZKHUH WKH YDC
GLUHFWO\ WR WKH IRUHFDVW YDOXH RI

7TDEOH 5HVXOWY IRU 1RUPDO DQG 3RLVVRQ PRGF
2EVHUYHG GDWD 1RUPDO 3RLVVRQ
&ODVV XR \ JRUHFDVWHYLDQFH RUHFDVWYLDQFH

BBBBBBBBBBBBB
JRUHFDVW HUURU

&RPSDULQJ WKHVH YDOXHV ZLWK WKH RQHV IRXQ(
VLPXODWLRQ LW LV REVHUYHG WKDW WKH 1RUPDO VRO?>
PRGHO ZLWK QRQ LQIRUPDWLYH SULRU LV DOPRVW WKH V|
YHU\ FORVH WR WKH .OXJPDQ VROXWLRQ DV H[SHFWHC
3RLVVRQ GLVWULEXWLRQ FDQ EH VHHQ LQ WKH VPDOOHU
FDVH $QG LW LV DOVR REVHUYHG WKDW LQ PDQ\ FODVVF
ZKHQ WKH 3RLVVRQ GLVWULEXWLRQ ZDV DVVXPHG

W zZDV VHHQ WKDW DQ LPSURYHPHQW FDQ EH REWDL
VLPXODWLRQ 1RW RQO\ ZDV WKH IRUHFDVW HUURU VPDOO
GHILQH D PRUH UHDOLVWLF PRGHO WKDQ WKH SUHYLRXV R
XVHG ZLWKRXW PXFK FRPSOLFDWLRQ &RQWLQXLQJ WKH S
LQ WKH QH[W VXEVHFWLRQ WKH GHYHORSPHQW RI WKH FOI

SUHVHQWHG

&ODLPV UHVHUYLQJ

&ODLPV UHVHUYLQJ LV RQH RI WKH PRVW LPSRUWDQV
LQVXUDQFH DUHD RI DFWXDULDO VFLHQFH 8VXDOO\ D PD



D
(@]

8QGHUZULWLQJ \H

DFFXPXODWHBGHUZULWLQJ DQG GHYHORSPHQW \HDU LV X
JLYHQ LQ D WULDQJXODU IRUPDW 2QH RI WKH IHDWXUHYV
DPRXQW RI GDWD DYDLODEOH IRU WKH ODWHU GHYHORSF
GHJUHH RI LQVWDELOLW\ WR DQ\ HVYWLPDWH $FWXDULHV
SURIHVVLRQDO MXGJHPHQW ZKHQ WKH\ FKRVH IDFWRUV R

,Q WKLV VXEVHFWLRQ DQRWKHU ZD\ RI LQFOXGLQJ W
LV JLYHQ ZKLFK LV PRUH IRUPDO VWDWLVWLFDOO\ VSkh
GLVWULEXWLRQ 7KH DSSURDFK XVHG KHUH LV WKH FKDL
RQH Rl WKH PRVW SRSXODU PDFUR PHWKRGV WR SUHGLFYV
IROORZLQJ H[DPSOHV QR LQFOXVLRQ Rl WKH WDLO IDFWRHL

7KH GDWD FRPH IURP 7D\ORU DQG $VKH DQG WK
HDFK XQGHUZULWLQJ \HDUV DQG WKH FODLPV GDWD DU
LQIOXHQFH RI WKH H[SRVXUH KDV WR EH WDNHQ RXW IUF
DQ\ DQDO\VLYV

7TDEOH &ODLPV UHVHUYLQJ GDWD
'"HYHORSPHQW \HDU

([SRVXUH

,Q.UHPHU ZKLFKaD SDSRQ@Q FUHGLELOLW\K M KHKPW\Q
OF[OGHU LV SURYHG WR EH VLPLODU WR WKH WZR ZD\ DQI
H[SUHVVHG E\

ZLWKALQGHSHQGHQW QRUPDOA D
ZKHUK, ¥ D 5
DQG LWKH LQFUHPHQWDO YDOXH RI WKH FODLPV IRU

LDQG FROXPQ GHYHOWSPHQW \HDU

7KH VROXWLRQ RI .UHPHU LV WR FDOFXODWH Wtk
SDUDPHWHUVY WRJHWKHU ZLWK WKH HVWLPDWH RI D , Q
SbSHU UHYLHZHG KHUH WKH VDPH PRGHO LV XVHG EXW L(



DQG ZLWK D %D\HVLDQ VROXWLRQ EHLQJ DSSOLHG ,Q ID
DUH SUHVHQWHG “SXUH %D\HV ZLWKRXW SULRU LQIRUPD)
LQIRUPDWLRQu DQG "HPSLULFDO %D\HVp ,Q RUGHU WR Kk
QRQH Rl WKHVH PRGHOV LQFOXGHVY D SULRU GLVWULEXWL|

$ SULRU GLVWULEXWLRQ LV DWWDFKHG WR WKH P
UHZULWWHQ KHUH LQ PDWUL[ QRWDWLRQ

. a QRUPBD D"

a QRURBO
ZKHUH
A 2, 00! 1,0Q-; - < sQ s - U -

"
G L D J D D D Ip s "! * J D D S T

LV WKH GHVLJQ PDWUL[ WR SURGXFH WKH PRGHO LQ
, LV WKH LGHQWDW\RPDIWWLE DUH NQRZQ YDULDQFHV

D 3 IRU XQLTXHQHVY VHH 9HUUDOO IRU GHWD
7KH "SXUH %D\HV ZLWKRXW SULRU LQIRUPDWLRQU X
SULRU DSSURDFK ,Q LKL9*"PRG RSR WR JHUR DQG WKH

VROXWLRQ JLYHV HIDFWO\ WKH VDPH UHVXOWY DV WKH FO
.UHPHU

%XW PRUH LQIRUPDWLRQ FRXOG EH LQVHUWHG VWUD
GLVWULEXWLRQ LQVWHDG RI XVLQJ WKH QRQ LQIRUPDWL)
LV WKH “SXUH %D\HV ZLWK SULRU LQIRUPDWLRQM DSSUF
FKDQJLQJ DQG ( LQ RUGHU WR NHHS WKH QRQ LQIR
SDUDPHWHUV S 3 SQ EXW QRW IRU WKH URZ SDI
GLVWULEXWLRQVDIRWD UM GHILQHG EXW WKH\ DUH KDUG WF
LV QR LQWXLWLYH H[SODQDWLRQ UHODWHG WR WKHP ,Q V
SULRU GLVWULEXWLRQV EDVHG RQ WKH UHVXOW REWDL

FKRVHQ
RF a QRUPDO

IRU DOO Q
7KH WKLUG DSSURDFK "HPSLULFDO %D\HVu LV BEDVHG
DVVXPSWLRQ WKDW WKHUH LV VRPH GHSHQGHQF\ DPRQJ

WKH URZ DQG WKH\ DUH QRW UHDOO\ LQGHSHQGHQW DV E}
QRQ LQIRUPDWLYH DSSURDFK LV NHSW DBU S 3EXW [3Q

ZKLFK LV WKH VDPH DV ID RQGREBUD



GLITHURIQAMV LY LPSRVHG IRU WKH URZ SDUDPHWHUV 1RZ
GLVWULEXWLRQ OLNH WKH JHQHUDO GLVWULEXWLRQ
SULRU GLVWULEXWLRQ@ LVDGGHOAWR LRIRUPDWLYH DSSUF
WKLV ZD\ QR SULRU YDOXH LV JLYHQ EXW RQO\ D GHSES

SDUDPHWHUYV LV LPSRVHG
$00 WKUHH PRGHOV ZHUH DSSOLHG WR WKLV GDWD V

LQIRUPDWLRQu ZKLFK LV WKH HTXLYDOHQW WR WKH 0/(
KDG WKH ZRUVW SHUIRUPDQFH ZKHQ FRPSDUHG WR WKH
GRQH E\ 9HUUDOO "3XUH %D\HV ZLWK SULRU LQIRL
%D\HVy DOVR KDG D EHWWHU VPRRWKQHVYV WR WKH URZ S
ILIXUH

JLIXUH *UDSK RI FODLPV UHVHUYLQJ UHVXOWYV

B

% DH V QR S BBRBBBBBBH V S UBLBRBBBIBB®BP S LULFDO % D\ HV

IRWXFK UHVHDUFK KDV EHHQ GRQH LQ RUGHU WR LP
EDVHG PRGHOV XVLQJ :LQ%8*6 7KLV LV PDLQO\ GXH WR \
YDOXHVY SUHVHQWHG LQ WKH WULDQJXODU IRUPDW LQ WK
FODLPV DUH WUHDWHG DV PLVVLQJ YDOXHV LQ :LQ%8*(
wuLDQJXODU GDWD WKH PRGHO ZDV LPSOHPHQWHG HLW
SURJUDPV RU E\ LPSRVLQJ YHU\ VWURQJ DVVXPSWLRQV
XVHG QHZ PRGHOV ZKLFK ZRXOG QRW XVH WKH GDWD LQ
WKH LQGLYLGXDO FODLP H[SHULHQFH $Q RYHUYLHZ RI ZK
WKLY GLUHFWLRQ ZLOO EH JLYHQ LQ VHFWLRQ

7ZR ZRUNV XVLQJ WULDQJXODU GDWD DQG VWRFKDV
QRZ 7KH ILUVW RQH LV &KDUL VVL ZKHUH WKH “SXI
LQIRUPDWLRQuY PRGHO LQ 9HUUDOO LV UHDQDO\VHG
SULRU GLVWULEXWLRQ IRU HDFK RI WKH SDUDPHWHUV 7KI
OHYHO DQG LQGHSHQGHQWO\ RI WKH FKRVHQ GLVWULE
FHQWUHG RQ WKH YDOXHVY REVHUYHG LQ WKH GDWD ZLWK

7KH '$* PRGHO ZRXOG EH DV LQ ILJXUH



7KH GDWD IURP 7D\ORU DQG $VKH ZHUH UHDQDO
IRU WKH SRVWHULRU PHDQ IRU WKH URZ SDUDPHW&Ha DL
WRIHWKHU ZLWK WKH YDOXHV IRXQG EHIRUH LQ 9HUUDOO
WR VHH WKDW WKH VHW RI FKRVHQ SULRU ZDV QRW DEOH
Rl WKH URZ SDUDPHWHUV RU HYHQ WKH RWKHU RQHYV N I
RQH IRXQG LQ "SXUH %D\HV ZLWK QR SULRUp %XW RQ W|
DQEDO\WLYVY WKH LQIOXHQFH RI WKH SULRU ZDV HQRXJK WR

RI WKH SDUDPHWHUV E\ DQ DYHUDJH RI FRPSDUHG WR W
){_éXUH *UDSK RI FODLPV UHVHUYLQJ UHVXOWYV XVLQJ
e %D\HV QR SULRU %D\HV SULRU

(PSLULFDO %D\HV &KDULVVL

7KH WRQG SDSHU LV 1W]RXIUDV DQG 'HOONM®ORBWDLQ J
LYV DIJDLQ XVHG DV WKH VLPXODWLRQ WHFKQLTXH EXW
SUHSDUHG DIWHU WKH GHYHORSPHQW RI %8*6 D VSHFLIL



ZDV XVHG LQVWHDG )LYH PRGHOV ZHUH SUHVHQWHG LQ
ZHUH DSSOLHG WR WKH VDPH GDWD VHW 7KLV VHW LQFO
REVHUYHG FDOHQGDU \HDUV DQG WZR LQFUHPHQWDO GH"
DQG QXPEHU RI FODLPV :LWK DOO RI WKLV LQIRUPDWLRQ
PRGHOV WKDW ZRXOG WDNH LQWR FRQVLGHUDWLRQ WKH
SUHGLFW WKH FODLP DPRXQWYV ZKLFK ZRXOG EH GHIODW!
RQH PRGHO DPRQJ DOO ILYH LV IXOO\ H[SODLQHG KHUH
"/IRJ QRUPDO 3RLVVRQ PRGHOpp LV D GLUHFW JHQ!
1RZ LQVWHDG RI XVLQJ RQO\ WKH LQIRUPDWLRQ IUF
WKH KLVWRU\ RI WKH QXRE MU SR UNVDHDGIPDQ & FR OWPRQDOVR

WDNHQ LQWR FRQVLGHUDWLRQ 7KH PRGHO LQ LV FKD

0\
[ ]&\* QRURB®

\ 0 D 3M OQ QM
P a 3RLVVRQ $A

,oL 3D >

ZLWK FRQVWUDLQWY DQG SULRAD G >\WAU L EX MIXFRO@W | R
GHVFULEHG LQ WKH RULJLQV SDSHU

$Q DQDO\VLV ZDV SHUIRUPHG ZLWK DOO PRGHOV DQ
WKH VSHFLILF GDWD XVHG WKH PRGHOV WKDW LQFOXGHG
WKH RQH H[SODLQHG DERYH KDG D EHWWHU SUHGLFWLR
XVH VXFK LQIRUPDWLRQ 7KLV ZDV PDLQO\ GXH WR WKH
WKH GDWD VHW ZKHUH FODLPV ZHUH VWLOO EHLQJ UHSRU

7KLV VXEVHFWLRQ KDV VKRZQ WKDW WKH IOH[LEL
DSSURDFK ZDV DEOH WR DOORZ DOVR WKH LQFOXVLRQ RI"
FODLPV LQ WKH FKDLQ ODGGHU PRGHO 1RZ WKH ODVW VX
RI WUDGLWLRQDO PRGHOV YLD %D\HVLDQ WKHRU\ ZLOO G
LV D SHQVLRQ DQG OLIH LQVXUDQFH DUHD DQG WKLV WKH
LV LPSRUWDQW WR LQFOXGH LW WR VKRZ WKH VPRRWKLQJ

*UDGXDWLRQ

*UDGXDWLRQ LV DQ LPSRUWDQW SDUW RI WKH MRE R
PHWKRGY KDYH EHHQ GHYHORSHG LQ RUGHU WR FDUU\ L
IURP +DEHUPDQ "JUDGXDWLRQ PD\ EH UHJDUGHG DV
PHWKRGV E\ ZKLFK D VHW RI REVHUYHG SUREDELOLWLH\



SURYLBBHWXLWDEOH EDVLV IRU LQIHUHQFH WR EH GUDZC
FRPSXWDWLRQV WR EH PDGHyu

7KH XVXDO GDWD VHW WR ZKLFK JUDGXDWLRQ LV DSS
RI WKH QXPEHU RI SROLF\KROGHUV H[SRVHG WR ULVN I
XVXDOO\ RQH \HDU DQG WKH QXPEHU RI GHDWKYV ZKLF
LOOXVWUDWH WKLV WKH IROORZLQJ VDPSOH ZDV WDNHQ

7TDEOH *UDGXDWLRQ GDWD
$IJH )UHTXHQF\ 1XPEHU RI
L U D WH BROLF\KRGGHUVYHDW KW

7KHPRUWDOLW\ UDVGH ILQ[HG\ DX

'KLWWDNHU JUDGXDWLRQ :KLWWDNHU LV RQH R
PHWKRGY DPRQJ DFWXDULHV 7KLV FDQ EH FRQVLGHUH
DSSURDFK WR JUDGXDWLRQ VLQFH LW FDQ EH GHULYHG )
UHDO SULRU VXEMHFWLYH LQIRUPDWLRQ ZDV IRUPDOO\ XV
WKLV PRGHO

$ PRGHO WKDW FRXOG EH VHHQ DV D VWHS EHIRUH :K|
.LPHOGRUI DQG -RQHYV PRGHO H[SODLQHG LQ /RQGRQ
QRW IXOO\ ZULWWHQ KHUH EXW VWDWHV WKDW WKH RE
PRGHOOHG DV

‘M2 a QRUP RO

\'a QRUPDO J $

ZKHUH

[ M Q4SS \- J JQ

QLV WKH QXPEHU R$ DOHADDBGNQRZQ FRYDULDQFH PDW

J LV WDNHQ IURP DQRWKH% L&LIH[WGD EXKHH FRG DULD QF +
$ LV GHILQHG E\ WKH DQDO\VW DQG LW FRQWUROV WKH D
RWKHU SRVVLEOH IRUPDWV DUH GLVFXVVHG LQ /RQGRQ
DUH REWDLQHG DV WKH SR\DWIBUWRY BHDSKRRI WKH HVWLP

H[DPSOH DQDO\VHG LQ /RQGRQ LV VKRZQ RQ D ORJ VF



JLIXUH *UDGXDWLRQ H[DPSOH FRPSDULVRQ JUDS

7KH WZR %D\HV UHVXOWV VKRZ KRZ WR FRQWURO WK
ORZHU OHYHO RI VPRRWKQHVV GHSHQGLR WHRHW IOHR E KLR/VV
FORVH WR WKH REVHUYHG GDWD WKDW LW LV HYHQ KDUG

.OXJPDQ EULQJV D GLIIHUHQW DSSURDFK WR W
,QVWHDG RI XVLQJ SULRU LQIRUPDWLRQ IURP DQRWKHU W
UHODWLRQVKLS LV LPSRVHG DPRQJ WKH SDUDPHWHUV L
GHVLJQ PDWUL[ LV LQFOXGHG WUDQVIRUPLQJ WKH PRGHO

. \a QRUPDO

% aQRUPDG

‘KHUH LV WKH PDWUL[ WKDW SURGXFHV WKH JWK GLIIH
QXPEHUV &KRRVLQJ SURSHUG\ DAKAHDQBORHWWRQJ ] JLY
SRVWHULRU PHDQ DV WKH VDPH VROXWLRQ DV WKH RQH
PRGHO %XW LQ WKH QHZ :KLWWDNHU DSSURDFK QRW RQ
IRXQG EXW DOVR LWV FRYDULDQFH PDWUL[ ,Q WKLV ZD\ |
HDVLO\ IRXQG

,Q IDFW RQH RI WKH ILUVW DSSOLFDWLRQV RI WKH F

ZDV WKH FDOFXODWLRQ RI D UHVHUYH ZKHUH D FRC
SUHVHQWHG 7KH FDVH ZKHQ D SULRU G$VD\QEhEXWDRAQRL'
DQDO\WHG LQ .OXJPDQ

7KH SDSHU E\ &DUOLQ XVHV *LEEV VDPSOLQJ WH
QRW RQO\ PRUWDOLW\ WDEOH EXW DOVR WKH DJHLQJ I
LQVXUDQFH ,Q ERWK RI WKHVH DSSOLFDWLRQV VRPH UHV\
PRGHO VWUXFWXUH VXFK DV WKH JURZWK RQ PRUWDOLW\
RQO\ WKH PRUWDOLW\ H[DPSOH LV H[SODLQHG



7KH SDSHU ZDV GHYHORSHG EHIRUH %8*6 ZDV LPSOHI
ZULWWHQ SURJUDP FDUULHG RXW DOO WKH FDOFXODWLRQ
GDWD VHW KDV DJHV IURP WR VR DIJHVY ZHUH REVH
WKDW WKH QXPEHU \RLQGHDOWKY IRU L O KDV D
GLVWULEXWLRQ ZLWK LQWHQVLW\ JLYIHMQ WEKH [@QWOP EHKH |
SROLF\KROGHKWH IRRGHO LV ZULWWHQ DV

L-*L a 3RLVVRIKQ

I _ 3 aJDPPD D 3

KHUH L G % a DQG D IL[HG XVLQ
VXLWDEOH SULRU GLVWULEXWLRQ IRU S $ JUDSKLFDO PR
ILIXUH ZKHUH WKH LPSRVHG RUGHU DPRQJ WKH S

UHSUHVHQWHG
6RPH FRQVWUDLQWY ZHUH DOVR LPSRVHG RQ WKH

LOWHUHVWHG UHDGHU VKRXOG UHIHU WR WKH RULJLQDO &
7KH UHVXOWY DUH DOVR FRPSDUHG ZLWK WKH RQHV REWL
DQG WKH DXWKRU FRPPHQWYV WKDW ":KLWWDNHU UHVXO)
%D\HV UHVXOWYV WKRXJK WKH :KLWWDNHU UDWHV WHQG
XQXVXDOO\ ORZ UDWH DW DJH H 7KH PRGHO zZDV DEOH
LQFUHDVLQJ ZLWK DJH DOWKRXJK WKLV ZDV QRW REVHU\)
UDWHYV

$Q DSSOLFDWLRQ RI %8*6 WR JUDGXDWLRQ FDQ EH IR

,Q WKLV ZRUN D QXPEHU RI PRGHOV ZHUH LQYHV\
H[ISODLQHG KHUH LV EDVHG RQ D WKLUG GHJUHH SRO\Q
H[SUHVVHG E\

\" _ a 3RLVVRQLP[*
ZLWK OQ W H[SUHVVHG DV
3 sSLS LO S L L S L L s ] L L



D@ Sa QRUPDO IRU M

7KH WLPH QHHGHG WR UXQ WKH VLPXODWLRQ ZDV D
VPRRWKHG YDOXHV ILWWHG WKH GDWD ZHOO 7KH JUDSK
ILIXUH

,Q WKLV VHFWLRQ D UHYLHZ RI WUDGLWLRQDO PRC
VDPSOLQJ DSSURDFK KDV EHHQ JLYHQ 'LITHUHQW QHZ P
E\ WKH LQFOXVLRQ Rl VLPXODWLRQ LQWR WKH PRGHOOLC
WKH PRUH DFWXDULHV DUH DEOH WR XVH LQ%8*6 DQG
VDPSOLQJ WKH PRUH UHYLVLRQV RI WUDGLWLRQDO PRGH(

,Q WKH QH[W VHFWLRQ FRPSOHWHO\ QHZ LGHDV
DVVXPSWLRQV XVHG LQ PDFUR PRGHOV DUH FRPSOHWHO\
DSSURDFKHVY FORVHU WR WKH SURFHVV LWVHOI LV XVHG

ORGHUQ %D\HVLDQ PRGHOV

,Q WKH SUHYLRXV VHFWLRQ ZHOO NQRZQ PRGHOV
UHZULWWHQ LQ RUGHU WR JLYH D %D\HVLDQ DSSURDEFK
IHDWXUHV RI D %D\HVLDQ DQDO\VLV LV WKH EURDGHU VH\
PRGHOV ZKLFK GR QRW KDYH D FODVVLFDO HTXLYDOHQW I
WKLV WKHVLY DQG DOVR RI D IHZ RWKHU WKHVHYVY DQG SD
DQG 9HUUDOO $UMDV DQG +DDVWUXS +DDVWUX:

,W PD\ WXUQ RXW DQG WKLV LV VRPHWKLQJ WKDW UH
PRVW LPSRUWDQW RI WKHVH QHZ LGHDV LV WKH DELOLW
SROLF\ OHYHO 7KLV DSSURDFK DQ "HQJLQHHULQJ DSSURI
PDGH GLUHFWO\ LQ WKH SURFHVV LWVHOI UDWKHU WKDC
IDLUO\ HDVLO\ ZLWKLQ D %D\HVLDQ PRGHO



,Q WKLV VHFWLRQ WZR H[DPSOHV DUH SUHVHQWHG 7
VSDWLDO PRGHOV LQ WKH UDWLQJ E\ DUHD SUREOHP QF
RQO\ WKH ORVYVY UDWLR DQG H[SRVXUH E\ DUHD 7KH LQGL"
WKH VHFRQG PRGHO ZKLFK LV DQ DSSOLFDWLRQ WR F
FRQVLGHULQJ WKH LQGLYLGXDO GDWD LQVWHDG RI WKH
PRGHOV XVH WKH VLPXODWLRQ DSSURDFK EXW QHLWKHU
VSHFLILF LPSOHPHQWDWLRQ SURJUDP KDG WR EH ZULWWH

S5SDWLQJ E\ SRVWFRGH DUHD

7KHUH DUH PDQ\ IDFWRUV WKDW FRXOG LQIOXHQFH W
FODLP DQG WKDW VKRXOG EH WDNHQ LQWR FRQVLGHUDWL
WKH SUHPLXP 2QH RI WKHVH LV WKH DUHD ZKHUH IRU H
SDUNHG PRVW RIWHQ DQG WKLV FKDUDFWHULVWLF LV
WKURXJK WKH QHLJKERXUKRRG ZKHUH WKH SROLF\KROGHU

1HLJKERXUKRRG FRXOG KDYH PDQ\ LQWHUSUHWDWLR
XVHG ,Q DQ RIILFH HQYLURQPHQW LW LV FRPPRQ WR D
VLPLODU H[SHULHQFHV LQ WKH VDPH FODVV $W WKH HQ
QXPEHU RI FODVVHV LV GHULYHG EXW WKH YLFLQLW\ LQIR
LQWR DFFRXQW E\ WKH PRGHO

7D\ORU SXEOLVKHG WKH ILUVW SDSHU ZLWK VI
ZKLFK DGGUHVVHG KRZ WR FDUU\ RXW WKLV DJJUHJID\
LQIRUPDWLRQ +H DGDSWHG D WZR GLPHQVLRQ VSOLQH)
SUREOHP ZLWK D WRWDOO\ QRQ %D\HVLDQ DSSURDFK

,Q WKLV FKDSWHU D UHYLHZ RI %RVNRY DQG 9HUUDOC
SDSHU XVHG D %D\HVLDQ DSSURDFK DSSO\LQJ PSIDQAAVALD O
XVHG LQ HSLGHPLRORJ\ DQG VDWHOOLWH LPDJH UHVWRUL
EDVLV IRU VXFK PRGHOV LV WKDW DUHDV WKDW DUH FORV}
VLPLODU LQ ULVN WKDQ DUHDV WKDW DUH IDU DSDUW

7KH DLP RI WKH PRGHO LV WR ILQG D YDOXH IRU ULV
VPRRWKHG RYHQ WKH ZKROH D UH®RWMARWG HAR QEVDNL QAR Q V I
RQO\ LQIRUPDWLRQ IURP LWV QHLJKERXUV 7KH GDWD FRQ
[ IRU HDFK SRVWHARGRGDWHKMH\ DUH DVVXPHG WR KDYH

GLVWULEXWLRQ DV IROORZV
[ \a QRUPDD Z] L] Q

KHUKK LY WKH H[SRVXUH IRU SIRVQWARHHG DRIIHRVLQJ
YDULDQFH DV D YDULDEOH DV LQ VRPH PRGHOV VHHQ EHI



FRVWDQW FKRVHQ E\ WKH DQDO\VW IL[LQJ WKH UHTXLUH
ELJJHU D WKH VPRRWKHU WKH UHVXOWAURU WKH SRVWHUL

7KH PRVW LPSRUWDQW LGHD RI WKH PRGHO FRPHV I
VHFRQG OHYHO RI GLVWULEXWLRQV ZKHQ D UHODWLRQVK

LV GHILQHG )RU HDFK SRVWFRGH ULVN DQ DGMDFHQF\
ZKHUH WKH GDUNHU DUHDV DUH LQFOXGHG LQ WKH QHI

JLIXUH $GMDFHQF\ VHW WR SRVWFRGH ULVN

6R WKH ULVN SDUDPHWHU RI HDFK SRVWFRGH LV C
GLVWULEXWHG FHQWUHG RQ WKH DYHUDJH RI DOO ULVN S
$00 ULVN SDUDPHWHUYV DUH GHILQHG DW WKH VDPH WLPH
DV ZHOO

7KLY PRGHO GRHV QRW KDYH D SRVVLEOH DQDO\YV
VLPXODWLRQ DSSURDFK ZDV XVHG LQ RUGHU WR ILQG Wi

PHWKRG ZDV XVHG DQG WKH IXOO PRGHO H[SODQDWLRQ F
SDSHU ,W LV UHDOO\ LQWHUHVWLQJ WR REVHUYH WKDW
VRPH LQIRUPDWLRQ IURP WKH QHLJKERXUV DQG D VPRR\
SRVWFRGH DUHD ZDV REWDLQHG

,Q WKH IROORZLQJ VXEVHFWLRQ PRGHOV FRQVLGHL
SUHVHQWHG 7KH VROXWLRQ IRXQG LQ $UMDV DQG +DDVWI
DSSOLFDWLRQV UHYLHZHG KHUH LV GHULYHG WKURXJK VI
WR SHUIRUP WKH LPSOHPHQWDWLRQ ZKDW LV FRQVLGHUH
XVH

&ODLPV UHVHUYLQJ

7KH PDMRULW\ RI PHWKRGV IRU HVWLPDWLQJ FODLP\
PDFUR PRGHOV ZKHUH WKH GDWD DUH DJJUHJDWHG LQ D (
IRUPDW OLNH WKH FKDLQ ODGGHU PRGHO OLFUR PRGHOV
DQRG LQGLYLGXDO SROLF\KROGHU FKDUDFWHULVWLFV D



FROVLGHUDWLRQ DUH QRW XVXDO 7KH RQO\ RIILFH EDVHC
FRQVLGHUDWLRQ VRPH LQGLYLGXDO LQIRUPDWLRQ LV WK
WKH FODLP FKDUDFWHULVWLF LV XVHG E\ DQ H[SHUW WR
DQ\ VWDWLVWLFDO PRGHOOLQJ

,QGLYLGXDO PRGHOV DQG FRQWLQXRXV WLPH DUH KL
DJJUHJDWLRQ RI GDWD XVXDOO\ UHTXLUHV D PRUH FRQF
ZHOO 2QH RI UHDVRQV ZK\ WKLV LQGLYLGXDO FKDUDFWHL
PRGHOV FRXOG EH WKH GLIILFXOWLHY WKDW VXUURXQG D¢
FODLP EDVLV 7KH IOXFWXDWLRQ UHODWHG WR DQ\ LQGLY
JRRG MXVWLILFDWLRQ IRU WKH ODFN RI XVH RI VXFK PRG
EH WR XVH VXFK LQIRUPDWLRQ EXW LQ D PRUH UREXVW ZI

%HIRUH DQDO\VLQJ WKH H[DPSOH LQ $UMDV DQG +DD\
KHOSIXO WR WKLQN RI WKH FODLP SURFHVV -HZHOO
FODLPV WRJHWKHU ZLWK WKH GHOD\ RI UHSRUWLQJ ,Q W
ZKLFK KDYH D UHSRUWLQJ GHOD\ ,%15 LV HVWLPDWHG )
LV FRQVLGHUHG DV FRQWLQXRXV

1RUEHUJ SURSRVHVY D PRUH FRPSUHKHQVLYH
GHYHORSHG LQ D ODWHU SDSHU 1RUEHUJ ,Q KLV
RFFXUUHQFH RI D FODLP LV PRGHOOHG EXW DOVR LWV G
DUH PRGHOOHG DV D QRQ KRPRJHQHRXV 3RLVVRQ SURFHYV
GHYHORSPHQW DV SRVLWLRQ GHSHQGHQW PDUNVY 3RYPDO

RR 4 ZKHUMLV WKH WLPH RI RFFXUUHQFH= RV WWdHH FRODDUN

GHVFULELQJ LWV GHYHORSPHQW DQG GHILQHG DV

= 8 9 ; A X 9. 92

ZKHUH

8LV WKH ZDLWLQJ WLPH IURP RFFXUUHQFH XQWLO QR!

9LV WKH ZDLWLQJ WLPH IURP QRWLILFDWLRQ XQWLO |

. LV WKH ILQDO FODLP DPRXQW ; : 9

. YM WKH LQGHPQLW)\ SDLG LQ UHV S H¥ WD RV MUK HWRAO D L
QRWLILFDWLRQ

JL[ILQJ WKH WLPH RI UHVHUYH HYDOXDWLRQ DW [ FD
PDQ\ RI WKHVH SDSHUV VXSSRYH O\DKPW WKBWHKDYH RFF X

[@ :,ILV GHILQHG DV WKH WRWDO H[SRVXUH UHODWHG \

WKDW SHULRG RI WLPH H[SUHVVHG E\ WKH DUHD LQ ILJX!
WKH WRWDO QXPEHU RI FODLPV LV JLYHQ E\

1 a3RLVVRQ

ZKHUH



DQ@ WLV WKH H[SRVXUH IXQFWLRQ
JLIXUH "HLIKW IXQFWLRQ VFKHPH

W\W

6R 7™ 7 QDUH WKH PRPHQWY RI RFFXUUHQFH RI
ZLOO IROORZ D QRQ KRPRJHQHRXY 3RLVVRQ SURFHVYV JLYF

7LK L BRLVVRQ PIL L !

‘KHUH WKH WRWDO FODLP SURFHVYVY KDV WKH IROORZL

N7 ="M f MY a3RLVVRIQP L 3=_W

7KH GHSHQGHQFH RI WKH IUHTXHQF\ RW FORQLMEH R
JHQHUDOLVHG E\ LQFOXGLQJ D UDQGRP IOXFWXDWLRQ ZI
PXOWLSOLFDWLYH IRUP LQ WKH DS®O0DROBWLRQS$RMDRKD
+DDVWUXS ,Q WKHVH PRGHOV WKH EQWBRWGWLVFKDQ
UHZULWWHQ DV

.Z W T W GW

,Q RUGHU WR GHILQH 3]_W 1RUEHU¥ FDW HIHRRARFE RV H
FODLP DW D VSHAELLGFWRW LEHVMRVEWWAHEGY UHSRUWHG Q
LOQFXUUHG QRWRUFRSRUWEQRW LIOHFXUUME RQH GRHV QRW
UHVHUYH EXW WKH IROORZLQJ RQHV JLYH ULVH WR WKH 5
, %15 LQFXUUHG EXW QRW UHSRUWHG DQG 835 XQHDUQH(
IRXU FRPSRQHQWYVY FDQ EH YLHZHG DV DULVLQJ IURP LQGI
SURFHVVHYV ZKLFK IDFLOLWDWHY WKH FDOFXODWLRQ Z
GLVWULEXWLRQV DUH H[SUHVVHG DV IURP WKHRUHP LQ I

A o=wvmL L LBRLVVRQ X\ L 3 JLW L !
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'HFRPSRVLWLRQ LV WKH IRFXV RI 1RUEHUJ z
H[WHQGHG WR 'TXLWH JHQHUDO FRXQWDEOH GHFRPSRVLW
SDSHU LQFOXGHV WKH GHFRPSRVLWLRQ E\ \HDU RI QRWI
SURSRVHG LQ RUGHU WR ILQG D FRQQHFWLRQ ZLWK GLVF
KLIKOLJKWYV D KLHUDUFK\, MY WIKH/ WDWKUHH #FRESRQHAWYV
SULPDU\ WR WKH FODLP %\ NQRZLQJ LWV IXOO GHYHOR
SURFHVV FRXOG EH YLHZHG DV D VHFRQGDU\ LQWHUHVW
GLVWULEXWZIR@MORIXVXDOO\ EH FRQVWUXFWHG LQ WZR VW
8 9 DQG WKH VHFRQG WR

1RZ D FODLP VFKHPH LV UHSUHVHQWHG LQ ILJXUH
FODLP FRXOG EH GLIIHUHQW IURP DQRWKHU DQG DOVR KL
SURFHVV ZKLFK IRU PRVW W\SHV RI LQVXUDQFH LV PR
SD\PHQW

JLIXUH &ODLP SURFHVV VFKHPH

7TKH PDWENFRXOG DOVR LQFOXGH PRUH LQIRUPDWLR
+DDVWUXS SURSRVHG DQ DSSOLFDWLRQ RI WKDOYWVRGH
LQFOXGH VRPH FRYDULDWHY DQG ZHUH JLYHQ E\

= 6% 8 9 ; ~;YY 9

ZKHUH

8 9 DPQGY DUH DV LQ

6 LV WKH VH[ RI WKH SROLF\KROGHU

$LV WKH DJH RI WKH SROLF\KROGHU

&ODLP ITUHTXHQF\ DQG VHYHULW\ DUH PRGHOOHG
IUHTXHQF\ DJH VH[ UHSRUW GHOD\ DQG FDOHQGDU WLPH
DQG IRU FODLP VHYHULW\ WKH DQDO\VLV XVHV SDUWLDC
GHSHQGHQW RQ WKH QXPEHU RI SDUWLDO SD\PHQWY DQG
SD\PHQW LI DQ\ RU HOVH WKH WLPH VLQFH QRWLILFDWLR
LQ RUGHU WR REWDLQ WKH HVWLPDWHG SRVWHULRU GLVYV



LGHSHQGHQF\ UHVXOWYV , %15 DQG 5%16 FODLPV UHVE
VHSDUDWHO\

7KH zZzD\ Rl KDQGOLQJ PLVVLQJ YDOXHV LQ D %$D\HVL
H[SORUHG DQG WKH ,%15 FODLPV DUH FRQVLGHUHG DV PL
XVHG LW LV SRVVLEOH WR VDPSOH DW HDFK VWHS WKH
DOUHDG\ RFFXUUHG DQG WKDW DUH PLVVLQJ , %15 Dt
DPRXQWYVY $W WKH HQG RI WKH VLPXODWLRQ D VDPSOH RI
LY DYDLODEOH DQG LWV SRVWHULRU GLVWULEXWLRQ FDQ
5%16 FODLPV LV FDOFXODWHG LQ WKH VDPH ZD\

7KH UHVXOWY RI WKLV PRGHO ZLOO EH IXBWKHLW HJS
PRGHO VXJJHVWYV PDQ\ LGHDV IRU IXUWKHU GHYHORSPHQ\
FRXOG EH WDNHQ LQWR DFFRXQW LQ D VWDWLVWLFL
FKDUDFWHULVWLFV RI WKH FODLP LWVHOI FRXOG DOVR EH

&KDSWHU FRQFOXVLRAQ

$V ZDV VKRZQ WKURXJKRXW WKLV FKDSWHU PDQ\
GHYHORSHG LQ D %D\HVLDQ IUDPHZRUN 6RPH RI WKHP Z}
ZHOO NQRZQ PRGHOV EXW RWKHUV LQFOXGHG QHZ LGHD'
ORUH WKDQ SDSHUV ZHUH UHYLHZHG EHLQJ RQO\ D VDF
ZRUNV EXW ZKLFK LOOXVWUDWH WKH UDQJH RI DSSOLFDW
,Q WKH IROORZLQJ FKDSWHU D EDVLF PRGHO LV E

H[SUHVVHG LQ VHFWLRQ DQG WKH VLPXODWLRQ WHFKQ!
WKH ILUVW DSSOLFDWLRQ LV SUHVHQWWG&D\E XWKHWS D8 HLQ
1RUEHUJ ZLOO EH XVHG WR EXLOG WKH PRGFH

DSSOLFDWLRQ



&KDSWHU

([ KHRUHWLFDO IUDPHZRUN

,Q WKH SUHYLRXV FKDSWHU D UHYLHZ RI VRPH %D\HV
VFLHQFH ZDV JLYHQ 1RZ D PRGHO EDVHG RQ LQGLYLGXDC(
WKH LGHD GHVFULEHG LQ VHFWLRQ ,Q WKLV IRXUWK F
WKH LGHDV DQG WKHRU\ EHKLQG WKH EDVLF PRGHO XV|
&KDSWHUV b DQBGUHVHQWHG LQFOXGLQJ WKH LPSOHPHQW
DOJRULWKP

W LV QRWHG WKDW WKH VWUXFWXUH RI WKH PRGHO
SLHFHZLVH FRQVWDQW SDUDPHWHU +RZHYHU WKH IDFW V
SDUDPHWHU VHW LV QRW IL[HG LQ DGYDQFH PDNHV L\
FRPSOLFDWHG 7KH ZD\ FKRVHQ WR LPSOHPHQW WKLV PR
ODUNRY FKDLQ ORQWH &DUOR 5-0&0& D JHQHUDOLVDW
+DVWLQJV VWRFKDVWLF VLPXODWLRQ WHFKQLTXH H[SOD

$vV D EULHI LGHD RI WKH DSSOLFDWLRQ RI WKLV PR
GHVLUHG WR WUDQVIRUP D FRQWLQXRXYV YDULDHOQKN® LDP L\
IHZ JURXSVY 7KH EDVLF PRGHO GHILQHV DW WKH VDPH WLI
VKRXOG EH ZKHUH WKH\ VKRXOG EH ORFDWHG DQG WKH
HDFK JURXS 7KLV LV D FKDQJH WR WKH XVXDO DSSURDFK
RI MXPSV DQG WKHQ GHILQLQJ WKHLU ORFDWLRQV DQG UL
DSSURDFK WKH SDUDPHWHUV QXPEHU RI MXPSV WKH
SDUDPHWHUYVY DUH GHILQHG VHSDUDWHO\ ZKLFK FDXVH
GHSHQGLQJ RQ WKH GHSHQGHQF\ DPRQJ WKH SDUDPHWHUYV

7TKH RXWOLQH RI WKH FKDSWHU LV WKH IROORZLQJ
EDVLF PRGHO ,Q VHFWLRQ WKH EDVLF PRGHO LV SUHVH



FKDOJSRLQW DQG D PL[WXUH RI QRUPDO GLVWULENX)
XQGHUVWDQGLQJ WKH PRGHO DQG KDYLQJ WKH LPSOHP
DOJRULWKP LV SUHVHQWHG LQ VHFWLRQ BHFWLRQ
FRQFOXVLRQ

%»DVLF PRGHO

6LQFH WKH DSSOLFDWLRQV L®QD&KDEWHHE R® PRGHO\
XVH D FRPPRQ LGHD LQ WKLV VHFWLRQ WKH EDVLF LGH
SUHVHQWHG LQ WKLY VHFWLRQ ZLOO EH FDOOHG IURP QR
HDFK RQH RI WKH DSSOLFDWLRQV LQ WKH IROORZLQJ FKDE
EXW WKH LGHDV DUH NHSW DV LQ WKLYV EDVLF RQH

7KH EDVLF PRGHO FRQVLGHUV WKDW D SLHFHZLVH I
DSSOLHG WR D SDUDRMHAWIHRK @BSHQGV RQ WWOHRFPYWHG DY F
ERXQGHG VHW 4 GHULYHG IURP UHDO QXPEHUV VHW " LC
LQWHJHU QXPEHUV VHW = LQ WKH GLVF8MWWQH\DHD OAKFHD S|
WKH OHYHO WDNHV D SLHFHZLVH FRQVWDQW YDOXH RYH!
WKH QXPEHU RI MXPSV LQ 4 7KLV LV D VLPSOH PRGHO
FRPSOLFDWHG EHFDXVH LW LV QRW NQRZQ LQ INGYRQ@FH K
MXPSW WKHUH VKRXOG EH LQ 4 ,Q DGGLWLRQ LW LV
LOQWHUYDOV RU MXPSV VKRXOG EHWORPDWHG&G WH WKHPOH"

*HQHUDOO\ VSHDNLQJ WKH PRGHO FDQ EH ZULWWHQ L

<?FSV @GQLVWULEXWWRI) 4S |IM

ZKHUH

<LV WKH GDWD VHW \Q

S W MWH-vv6M L MRU NWKLBS 4 IRS VXS &ON

ZLWK IL[HGQVR: 6N L VXS 4

,Q RUGHU WR KHOS ZLWK WKH FRPSUHKHQVLRQ RI
GLVSOD\HG LQ ILIJXUH

2QFMWNLV IL[HG WKH SDUDPHWHUV RI WKHWP R@HHDQIUH J
GHILQHG E\ D SLHFHZLVH IXQFWLRQ ZKLFK LV FRQVWDQW
ZD\ WKH XQNQRZQ SDUDPHWHUV RI WKH PRGHO FRXOG EH |
VHW

NLV WKH XQNQRZQ QXPEHU RI MXPSV N O JURXSV

OR O? KDUH WKH OHYHOV UHODWHG WR HDFK JURXS

6L 6 6N DUH WKH WLPHV RI FKDQJH RI OHYHO



6BLQFMLY QRW D FRQVWDQW WKH GLPHQVLRQDOLW\ R
QRW IL[HG NIMWHKMKUH LV D VHW RI XQNQRZQ G UDP HW H U \O N
6/ 6N ZLWK GLPHQWNRQDOLW\

JLIXUH %DVLF PRGHO '$*

$PRQJ PDQ\ DSSOLFDWLRQV WZR PDLQ RQHV FRXOG
PRGHO 7KH ILUVW RQH LV WKH DOUHDG\ FLWHG VHDUFK R
ORFDWLRQV DQG OHYHOV 8VH RI WKH PRGHO DERYH FDQ S
WKUHH DQVZHUV DW RQFH 6XFK DQ DSSOLFDWLRQ LV WK
DJH JURXSY LQ WKH DXWRPRELOH LQVXUDQFH SUHPLXP LQ

,Q WKH VHFRQG DSSOLFDWLRQ WKH DQDO\VW LV F
VPRRWKLQJ SURSHUW\ RI WKH PRGHO ,Q D VWUXFWXUH OL
LQ WKH QXPEHU RI MXPSV LQIOXHQFHVY WKH ORFDWLRQ RI
WKH OHYHO RI RQH VSHFLILF JURXS WR EH LQIOXHQFHG E\
7KLV VPRRWKLQJ LV WKH PDLQ FKDUDFWHULVWLFbIRU WKH

6XSSRVIWWR EH FRQWLQXRXV DMIGH 4L¥XUH VKRZV |
WKH PRGHO ZRWMNXW SR U

JLIXUH ORGHO VFKHPH

,N

OR T
%o I

62 60 6 6N 6N /

,Q DOO DSSOLFDWLRQV IUHTXHQF\ DQG VHYHULW\ R
7KH\ DUH FRQVLGHUHG LQGHSHQGHQW DQG WKH DERYH PR
RI WKHP VHSDUDWHO\ 7KH PRGHO LV DGDSWHG WR WKH FI
IUHTXHQF\ RI FODLPV IRU WK¥Y HDWHKHAKHBRWLQXRXV RU G



WK IUHTXHQF\ FDVH WKH DVVXPSWLRQ RI FODLPV DUULYLCG
XVHG DQG LQ WKH VHYHULW\ FDVH D QRUPDO GLVWU
VSHFLILFDWLRQ RI WKH IXOO DSSOLFDWLRQ LV LQ WKH IR
VXEVHFWLRQV WKHLU EDVLV LV EXLOW ,Q RUGHU WR JXLC
WKH DSSOLFDWLRQ WRJIJHWKHU ZLWK LWV QBIRFNVWHRQI LIDHBG
WKH WDEOH EHORZ

JLIXUH 'LVWULEXWLRQ RI PRGHOV RYHU WKH WKF
BUREOHP W
&KDSWHU*URXSLQJ DIJHY¥JHDV FRQWLQXRXV
&KDSWHU&ODLPV UHVHSYHQYBY GLVFUHWH
5SHSRUWLQJ IBH&®DOHQGDU
WLPHV FRQWLQXRXV

1RZWKH IXO0O IRUPXODH DUH GHULYHG IRU IUHTXHQF\
7KH FRYDWLDWARQVLGHUHG FRQWLQXRXV WKURXJKRXW W
DQG DW WKH HQG RI WKH FKDSWHU WKH FKDQJHV DUH VKR
VLPSOLILFDWLRQ RQ WKH FDOFXODWLRQV LQ WKH FRQW
MXPS®M M O DUN QRW DOORZHG WR RFEFXU DW WKH VD
REVHUYDWLRQV

7KH W\SH RI GDWD DOVR FKDQJHV GHSHQGLQJ RQ WK
FDVHV D VWUXFWXUH OLNH ILJXUH LV REVHUYHG
UHSUHVHQWHG E\ DQ DUURZ WKH H[SRVXUH LV JLYHQ DQ
YDOXH DQG WKH WLPH RI RFEXHUBDIQ¥R LQF®XGHG UHSUH
VWDU

J)LIXUH &ODLP VWUXFWXUH

BBBBBBBBBBB !

7KH PRGHO IRU WKH FODLP IUHTXHQF\

7TKH RFFXUUHQFH RI D FODLP LV SUHVXPHG WR IROC
SRLVVRQ SURFHVV ZLWK MWBEQVWXWIRWVLQEII WK@BADLEN

REVHUYHG LQ WKLV LQWHUYDO WKH HVVHQWLDO SDUW R \



1O S L NOSA" W GW®
1E]

ZKHUH

LLLY WKH WLPH RI REVHUYDWLRQ RI HDFK FODLP L L

JL H\ M DQG

Z WLV WKH H[SRVXUH IXQFWLRQ

7KH IRUPXOD SUHVHQWHG LQ FDQ EH UHZULWWHQ
RI WKH FKDUDFWHULVWLFV RIWVKHMW R&HGM M QRH BBKH

OLNHOLKRRG FDQ EH UHZULWWHQ DV
<OOMQM H[3*"aOMZM

ZKHUH

ZM LV WKH WRWDO H[SRVXEH L QZ>WM:;BYG P M

LV WKH WRWDO QXPEHWWLFODLPV LQ

7KLY DSSURDFK LV LQ EHWZHHQ SDUDPHWULF DQG C
VLQFH LW DOORZV WKWVRVUWHIRDIHWFMWGWKH EHKDYLRXU RI Wt
WKDW LV QRW SRVVLEOH XQGHU VWURQJ SDUDPHWULF DVV

,Q WKH SULRU LW LV QHFHVVDU\ WR WSHHRI\D@ERIUYWU
M O 7KH SULRNLVRE®GHILQHG WR EH D 3RLVVRQ GLVWULEXW

S N 3 N?3 F FPDI[

7KH K\SHU SDUDPHWHU NPD[ LV LQFOXGHG LQ RUGHU V
ILQLWH QXPEHU RI PRGHOV DUH FRQVLGHUHG

*LYHR LW LV SRVVLEOH WR GHILQH D SULRU GLVOWULE)
DQG 6M IRU M O F VM LVc GLMWDVEWKWH G YHRQU QXPEHUHG
VWDWLVWLFV IURP IF O SRLQWV XQLIRUPO\ GLVWULEXWF
RQO\ SLFN WKH HYHQ RUGHUHG RQHV LQ RUGHU WR DYRL
DUH YHU\ FORVH, WRJBIRVAAHD *DPPD GLVWULEXWLRQ ZLWK ¢
DQG WKLV GLVWULEXWLRQ ZDV FKRVHQ DV WKH FRQMXJD
OLNHOLKRRG 7KLV VHW RI SULRUV LV WKH VDPH DV XVHG |

%HIRUH H[SODLQLQJ WKH SURFHGXUH LQ WKH VHYHUL
WLPH RI RFFXUUHQFH RI FODLPV LV QHFHVVDU\ 2QH RI WK
SURFHVV ZLGHO\ XVH WR PRGHO RFFXUUHQFH RI FODLPYV
PRUH WKDQ RQH FODLP RFFXUULQJ DW WKH VDPH LQVWL
3RLVVRQ SURFHVV KDV EHHQ VKRZQ WR ILW WKH FODLP



DVVX3*WLRQ LV QRW UHDOLVWLF IRU UHDO GDWD ,W KDSSF
XVHG LQ WKH IROORZLQJ FKDSWHUYV

7KH PRGHO IRU WKH FODLP VHYHULW\

7KH VHFRQG PRWHRQWUDXRXV LV GHILQHG IRU WKH |
YDOXH RI WKH FODLP GHSHQGV WR®) IMMRKH DOR YALWMDWLHE X W
DVVXPHG DQG WKH YDULDQFH LV DVVXPHG WR EH D N
SDUDPHWWWBKLFK VWDQGV IRU WKH GLVWULEXWLRQ PHDQ
IROORZV WKH EDVLF PRGHO ,Q WKLV zZD\ WKH PRGHO VYV
PLIWXUH RI QRUPDO GLVWULEXWLRQV ZINVKIRGMVWUYLEG X WL
LQYROYHG LQ WKH PL[WXUH

W LV DVVXPHG WKDW FODLP YDOXHV IROORZ D
1RUPDO SIIM D ZLWKIYPBIGLDQEHHDXDO LQ DOO JURXSV 7
XVLQJ D FRQVWDQW DQG HTXDO YDULDQFH DUH GLVFXVYV
DQG WKH SUREOHPV RI WKLV OLPLWHG DSSURDFK DUH
DSSOLFDWLRQV LQ &KDSWHUYV DQG

7KH OLNHOLKRRG LV ZULWWHQ DV

ZLWK\ DV WKH FODLP YDOXH
$IJDLQ WKLV H[SUHVVLRQ FRXOG EH VLPSOLILHG E\ X\
PRGHO ©6LOFH KWW BHVM O6MM IRUWKH OLNHOLKRRG FRXOG

DV

ZKHUH
Q MV WKH QXPEHU RI FODLPVQ®@ RVM @QWNL ZLWK

K$ LV WKH VXP RI DOO YDOXHV RI FODLPVY WKDW RFFX

KVMLVY WKH VXP RI VTXDUH RI DOO FODLPV WKDW RFF>
7KH SULRU GLVWULEXWLRQ VHW LV WKH VDPH DV GHIL
DOO WKH SDUDPHWW UK HH [FHHGDWLRQVMLS ZILWNKW&EMH VDPH D

GHVFULEHG LQ WKH IUHTXHQF\ SUREOHP DQG WKH SULRU
QRUPDO GLVWULEXWLRQ MIRUPINOA [ IRU

7TKH YDOXH"EDW FKRVHQ WR EH IL[HG DQG HTXDO L«
VLPSOLI\ WKH FDOFXODWLRQV %HFDXVH RI WKH VWUXFW X



LV TXLWH VORZ DV ZLOO EH VHHQ LQ WKH D SIs QKD WV Q\
RI D VWRFKDVWRKOG LQFUHDVH WKLYV FDOFXODWLRQ W

LPSOHPHQWDWLRQ SUREOHPYV

&RPSOHWH DOJRULWKP

,Q &KDSWHU DOO WKH LPSOHPHQWDWLRQ WHFKQLT X!
DOJRULWKP IROORZLQJ HDFK VWRFKDVWLF VLPXODWLRQ
PRGHO GHVFULEHG IRU WWHY FERGWZLZIQEKREKXY LQ WKH ITUHT
VHYHULW\ FDVH VXEVHFWLRQYV DQG UHVSHFWLYH(
JLYHQ IRU WKLV VSHFLILF PRGHO 7KLV DOJRULWKP LQYR
XSGDWHYV

5HFDOO WKDW WKH DLP LV WR VLPXODWH D VDPS
GLVWULEXWLRQ S F Z <M +HQFH LW LV QHFHVVDU\ WR (
VDPSOHU EHWZHHQ WKH GLIITHUHQW GLPHQVLRQDOLW\ VSC
Rl DOO SDUDPHWHUV DW WKH VDPH WLPH $W WKH HQ
VLPXODWLRQV WKH SRVWHULRU IUHTXHQF\ GLVWWLEXWLR
REWDLQHG DQG DOVR D ODUJH VDPSOH IURP WKH SRVWHU
SDUDPHWHUM K: K NBW? VN

,Q RUGHU WR DFKLHYH WKLV DW HDFK VWHS WKH *l
XSGDWH DOO FRPSRQHMWKY WVKH QXPEHU NRILVEK® SIS WRP WKF
SUHYLRXV VWHS DV LQ WKH DSSURDFK RI *UHHQ DQG 5L
PRYR IRNLY FKRVHQ IURP

D .HHS WKH QXPEHUNRN MX KDWY H

E %LUWK RI D MXPS

F '"HDWK RI D MXPS

, I WKH PRYH FKDQJHV WKH GLPHQVLRQDOLW\ RI Z
DFFHSWDQFH WHVW IURP 5-0&80& WHFKQLTXH LV XVHG DQC
WKH YDOXMFRDQJHV || WRHNAR®N WKH YDAWOKAHVOPH WKHQ \

XSGDWHG YDOXH YLD *LEEV VDPSOLQJ IRU Z LV NHSW L

DJDLQ
JRU XSGDWHV WKH DOJRULWKP LV JLYHQ DV LQ ILJXU



JLIXUH *LEEV VDPSOLQJ DOJRULWKP

, QLWLDOLVH WKH YHRWIRKPSVIFR ZLWK
IRUM O WR

8SGDWH XVLQJ *LEEV VDPSOLQJ

'"HILQWM RU FKRRVH WKH W\SH RI PRYH P
, IN N W K HNM N

HOVH GR DFFHSWDQFH WHVW

TH[W
7KLV LV D GLIIHUHQW SURFHGXUH IURP *UHHQ D
DQG 6PLWK ZKHQ WHN FRRNHQ ILUVW DQG RQO\ WKH |

NNGLUHFWO\ LQYROYHG R® DUKH \WCSRSIDMIE RI/W PHDQV WKD
VWHS RQO\ \SDUW RIGDWHG DQG VLQFH DQ DFFHSWDQFH V
XSGDWH LV QRW HYHQ JXDUDQWHHG 7KH DFFHSWDWLRQ
DSSOLFDWLRQV VHHQ VR IDU VXEVHFWLRQ LV DURX
XVLQJ WKH DSSURDFK DGRSWHG LQ WKLV WKHVLV LV WKD
\Z LV XSGDWHG LQ HYHU\ VWHS

7KH DOJRULWKP LV GLYLGHG LQWR WZR VDPSOLQJ
40N VL 6N DBG WHMQKHQ XSGDWLQJFKDQJH LQ WK
GLPHQVLR@DRRXOG RFFXU DQG LQ WKLV FDVH 5-0&0& LV X
XSGDWLRUY GRQH LQ WZR VWHSV WKH SBRYLWNR®® IMKM X |
UHVSHFWLYHCcOHYNO*LEEV VDPSOLQJ LV XVHG WR NSBDWH
IL[HG

8SGDWLQJ

,Q RUGHU WR XSGIDWWXSSRVHG IL[HG )RU WKH SDUDP
WR WKH SRVLWLREM RI MXPMKH XVH RI D VWHS IXQFWLRQ
ZKLFK PDNHV WKLY XSGDWH WKH PRVW WLPH GHPDQGLQJ L
OHYHO SDUDPMWHUVY WKH XSGDWH LV PRUH VWUDLJKWIRU
SURFHGXUHY LQ WKH SRVLWLRQ DQG OHYHO SDUDPHW