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7TKHVLY DGYBVRUHVVRU (VNR 1LHPL

&ROODERUDW L¥MHOS\DRU WQIHYH UV LW\

'DWH I1XPEHU RI SDJHV /IDQJIXDJQJIOLVK

$EVWUDFW

,Q WKLV WKHVLV WKH QDWXUH RI G\QDPLF SODQQLQJ DQG VFKH
GXFWLRQ ZDV LQYHVWLIJDWHG E\ EXLOGLQJ D 0,3 OL[HG LQWHJ
REMHFWLYH RI ZRUNORDG OHYHOOLQJ 072 SURGXFWLRQ LQLWL
FHLYLQJ FXVWRPHU RUGHUV ,Q DGGLWLRQ WR WKLV RUGHUHG
ORWV Rl YDULDWLRQ 7KLV PDNHV LW DQ XQFHUWDLQ HQYLURQP
DV ZHOO DV YDULRXV UHVFKHGXOLQJ VWMBDWHMLEHY PXVW EH LQ
DFFXUDWHO\ DGDSW WR IOXFWXDWLRQ RI LQFRPLQJ RUGHUV 6)
VFKHGXOHV LQ 072 SURGW HWUWR®Y HGR X\ORG VEKHH S UR (

IUDPHZRUN E\ DSSO\LQJ VXLWDEOH VRIWZDUHQRMRGXOHV )XUWKH
WKH VIVWHP FRXOG DFFRXQW IRU FKDQJH DQG LI QHFHVVDU\ U}

7KH 0,3 PRGHO ZDV FRGHG LQ D 3\WKRQ HQYLURQPHQW DQG VRC
HPDWLFDO SURJUDPPLQJ VROYHU FDOOHG *XUREL 7KH REMHFW
WKH VXP Rl UHVRXUFH ORDG SHDNV 3DUDPHWG®HWIV W\SLFDO WR
ZLWK GLIIHUHQW SUREDELOLWYDGILDMWLIREXW,QRR&(WR DFFRXQW

YDULDWLRQV Rl SURGXFW VSHFLILFDWLRQV DUULYLQJ RUGHUV

DWLRQV LQYROYLQJ GLVWULEXWLRQ RI ZRUNORDG VWULFWQHV
ULRGLFDO VFKHGXOLQJ IUHTXHQFLHVVKHUWLIQIFOIXGHG ORUHRYF
RU EDFNZDUG ZDV DOVR H[DPLQHG 7KH SURFHGXUH RI UXQQLQ
SRUWLQJ WKH UDQGRPO\ JHQHUDWHG RUGHWW¥KMR WKH RSWLPL]
ZHUH RSWLPL]HG FRQVHFXWLYHO\ ZLWK DOO WKUHH DOJRULWKP
VHTXHQWO\ H[SRUWHG IRU IXUWKHU DEHDWIWIHQ YEHUH VWDWLVW
DOJRULWKPV DPRQJ RWKHU WKLQJV ZHUH H[DPLQHG

SHVXOWY VKRZHG WKDW LQFUHDVLQJ WKH YDULD\

RI WKH REMHFWLYH YDOXH ,[WHHDVRIQQIWRISWROYODFN LQ GXH G
JLYLQJ PRUH I[UHHGRP IRU VFKHGXOLQJ RU UHVFKHGXOLQJ 5HS(
UHVFKHGXOLQJ DOJRULWKPV VLIQLILFDQWONKHEHXIW OHVV IUHTXH
VWUDWHJI\ VLIQLILFDQWO\ )UHH UHVFKHGXOLQJ VWUDWHJI\ ZDV
XOLQJ IUHTXHQWO\ )XUWKHUPRUH LW UHTXLUHG D VLJQLILFDQ\

.H\ZRU®V2 0,3 VFKHGXOLQJ SODQQLQJ G\QDPLF RSWLPL]DWL
HO' PDWKHPDWLFDO
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+DQGOt 3URIHVVRU (VNR 1LHPL

3DUV $DOWR XQLYHUVLWHWH

'DW? 6LGD 6SU (QJHOVND

6DPPDQGUDJ
, GHWWD DUEHWH XQGHUV|NV G\QDPLVN SODQHULQJ RFK VNHGX
GXNWLRQHQ PHG DWW E\JJD HQ 0,3 OL[HG LQWHJHU SURJUDPPI
MIPQD DUEHW\072 SURGXNWLRQHQ SnE|UMDU SURGXNWLRQ QIU L
QLQJDU KDU EO8W LYWH P RoMWIIm DIU EHVWIOOGD SU

KnNnOOHU P\FNHW YDULDWLRQ 'HWWD J|JU GHW WLOO HQ RVINHU ¢
PLVN VNHGXOHULQJ RFK GLYHUVH RPSODQHULQXYM VWUDWHJLHU
LRQHQ DY LQNRPPD QP EHMWDMIRUQWPWHU [|U RSV

SURGXNWLRQ VNXOOH NXQQD LQWHJUHUDV L HWW DIIIUVV\VWHP
UXPRGXOHU 'HVVXWRP PHG HQ WLOOUIFNOLJW EUD KHOKHW V1
IQGULQJ L SURGXNWLRQ RFK RP Q|GYIQGLJW nWHURSWLPHUD VF

0,3 PRGHOOHQ NRGDGHV L 3\WKRQ XWYHFNOLQJVPLOM|Q RFK O]
PHUVLHOO SURJUDPYDUD VRP O|VHU PRGHOOHONMNRP EHVWnU DY
IlU PRGHOOHQ YDU DWW PLQLPHODWX@PQIVI/R ISV XUVHUQDYV

L 072 LQGXVWULQ JHQHUHUDGHY PHG ROLND VDQQROLNKHWVI|U
8W|YHU SDUDPHWHUYDULDWLRQHUQD I|U SURGXNWVSHFLILNDWL
RFK PDUJLQDOHQ DY EHVWIOOQLQJDUQDV I|[UIDOORGDWXP DQYI
EHODVWQLQJHQV I|[UGHOQLQJ IOH[LELORGOWHW DYHMREE LQRP EH
RPSODQHULQJ 'HVVXWRPVNOXMGHYIRFWN DU EHWHC

JUDQGHW DY H[SHULPHQWHQ LQNOXGHUDGWGRMOXPSPIVVLIW JHQ
RSWLPHULQJVPLOM|Q GIU DOOD DOJRULWPRSWIMWFKHPDQ RSWLP
VFKHPDQ I|[/UGHV GIUHIWHU YLGDUH ||U DOQIDQWHNLQJ GIU EODQ
YDULDEOHU XQGHUV|NWHYV

S5HVXOWDWHQ YLVDGH DWW PRWDPYDWLDMMR@QWMDYWS URGXNWH U
OHG DWW |ND PDUJLQDOHQ IUnQ EHVWIOO EL@WYHIF WLOO I|[UIDOO
IlU DOOD DOJRULWPHU WDFN YDUH |[NDG IULKHW L VNHGXOHULQ
NYHQVHQ LQYHUNDGH LQWH RPBWDORREQDQBHOUDRULWPHUQD PH
UDGH L HQ PIUNEDU I|JUEIWWULQJ DY PnOUHVXOXDWHW PHG [UX\
UDGH EIVW QIU RPSODQHULODYGEHD REQB MIMHNYHQW

P\FHWI|U DWW RSWL

I\FNHORUG 0,3 VNHGXOHULQJ SODQHULQJ G\QDPLVN RSWLPHL
QLQIJVXWMIPQLQJ PDWHPDWLVN SURJUDPPHULQJ

0
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SUHIDFH
7KLV ODVWHUTV WKHVLV ZDV GRQH WR WKH GHSDUWPHQW RI 3UF

, ZDQW WR WKDQN 3URIHVVRU (VNR 1LHPL IRU VXJIJHVWLQJ WKH
DQG DGYLVRU 7KH WRSLF ZDV YHU\ LQWHUHVWLQJ DQG DOORZH
ZDV TXLWH KDUG LQ WKH EHIJLQQLQJ WR VWDUW FRGLQJ DIWHU I
QHZ RSWLPL]IDWLRQ VRIWZDUH FDOOHG *XUREL UHTXLUHG D OR\
DOO WKH IHDWXUHYV DQG IXQFWLRQDOLWLHV ZRUNHG 7KH WRSL
D VXUSULVLQJO\ ODUJH DPRXQW RI FRPSXWLQJ WLPH $IWHU QXF
QLQJ LQ 072 LQGXVWULHYV ZLWK WKH KHOS RI PDWKHPDWLFDO ¢
UHJDUGLQJ ERWK SURJUDPPLQJ DQG SURGXFWLRQ HQJLQHHULQ.

, DOVR ZDQW WR WKDQN P\ IDPLO\ DQG P\ JLUOIULHQG IRU VXSS

6LSRR $XIXVW
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 QWURGXFWLRQ

ODQXIDFWXULQJ DQG VHUYLFH LQGXVWULHV FRPPRQO\ XVH GHFL
VFKHGXOLQJ IRU WKHLU HVVHQWLDO SDUW LQ SURGXFWLRQ S
PDWLRQ SURFHVVLQJ DQG FRPPXQLFDWLRQ 30DQQLQJ DQG VFKHI
LFDO WHFKQLTXHV DQG KHXULVWLFV WR DOORFDWH OLPLWHG UF
XVXDOO\ LQFOXGHY RSWLPL]DWLRQ Rl REMHFWLYHV VR WKDW W

$ VFKHGXOLQJ SUREOHP XVXDOO\ LQFOXGHV UHVRXUFHV DFWL
VWDQFH EH PDFKLQHV LQ D ZRUNVKRS ZKHUHDV DFWLYLWLHV F
SULRULW\ OLNH HDUOLHVW SRVVLEOH VWDUWLQJ WLPH DQG D C
FRXOG EH IRU H[DPSOH WR PLQLPL]H WKH DPRXQW RI DFWLYLWLI
GDWHV HJ WDUGLQHVV 3LQHGR S

072 ODNH WR RUGHU SURGXFWLRQ LV UHFRJQL]JHG E\ LWV XQFF
SURGXFWLRQ LV QRW LQLWLDWHG XQWLO FXVWRPHU RUGHUV KI
XQFHUWDLQW\ FDQ GHSHQG RQ SURGXFW VL]H DQG YDULDWLRQ
VSHFLILFDWLRQV VXFK DV UHTXLUHG GXH GDWHV B6WHYHQVRQ H
JUHDW IOXFWXDWLRQ LQ ZRUNORDG ZKLFK FDXVHV LQVWDELOLW
LV LPSRUWDQW WR FRQWURO DQG UHVWULFW WKH ZRUNORDG IU
9DQ 2RLMHQ + 3 * S

7KLV WKHVLV EXLOGY D PDWKHPDWLFDO SURJUDPPLQJ PRGHO W
072 VFHQDULR 7KH PRGHO LV 0,3 EDVHG DQG FRQVLVWYV RI GLII
TXDOLW\ RI WKH UHVXOWY 7KH PRVW VLJQLILFDQW WUDLW WKD
QDWXUH RI WKH DOJRULWKPV $ GLVFUHWH WLPH UROOLQJ KRUL
VFKHGXOHG SHULRGLFDOO\ RQ GLITHUHQW VFKHGXOLQJ LQWHUY
EXW WKH UHVFKHGXOLQJ VWUDWHJ\ GLIITHUV IURP HDFK RWKHU
GXFHG ZKHUH RQH GRHV QRW DOORZ UHVFKHGXOLQJ DQG WZR R
DOORZ FKDQJH LQ VFKHGXOHG MREV 7KH SRVWSRQHPHQW DQG |
UHSRVLWLRQHG LQ WKH VFKHGXOH LI SUHFHGHQFH FRQVWUDLQW
HJ\ DOORZV MREV WR EH SRVWSRQHG LI WKH WLPH KRUL]JRQ DO
WLRQLQJ RI MREV ZLWKLQ LWV WLPH KRUL]RQ

,Q DGGLWLRQ WR WKH YDULRXV DOJRULWKPV WKH WKHVLV DFFF
GDWH WLIKWQHVY DQG SURGXFW YDULDWLRQ ZKLFK DUH JHQHU
RWKHU SDUDPHWHUV VXFK DV RUGHU LQWHUDUULYDO WLPH DQ
JHQHUDWHG DQG PDJQLI\ WKH XQSUHGLFWDEOH QDWXUH RI 072
YDOXHV DQG LQSXW GDWD DUH LPSRUWDQW WR ILQG SRVVLEOH

ORGHO YDULDWLRQV DUH DOVR LQFOXGHG LQ WKH H[SHULPHQW:®
YHVWLIDWHG 6XFK YDULDWLRQV LQFOXGH GLVWULEXWLRQ RI 7
WLPLQJ EHWZHHQ SUHFHGHQFH RI MREV ZLWKLQ DQ RUGHU DQG
D VPDOO ZHLJKW )XUWKHUPRUH WKH VFKHGXOLQJ LQWHUYDO R
7KH FKRVHQ YDULDWLRQV LQ WKLV WKHVLVY DUH FRQVLGHUHG W|
HJ\ DSSOLHG LQ 072 VFHQDULRYV



7KH FRQVWUDLQWY DQG UHVWULFWLRQV XVHG LQ WKH PRGHOV C
072 PDQXIDFWXULQJ 7KH WKHVLV HPSKDVL]HV WKH G\QDPLF QD
WKDQ WKH FRPSOH[LW\ RI 072 SURGXFWLRQ 2WKHU IDFWRUV VX
DFFHSWDQFH DUH TXLWH UHOHYDQW PDWWHUV WKDW PD\ EH LQF
SURGXFWLRQ )XUWKHUPRUH WKH PRGHO EXLOW LQ WKLV WKHYV
JXLGHOLQH RU JHQHUDO PRGHO IRU 072 SURGXFWLRQ ORUHRYH
VKRXOG EH HDVLO\ DSSOLFDEOH WR WKH H[LVWLQJ PRGHO IRU I

,Q WKLV WKHVLV VRPH RI WKH WHUPV PLJKW YDU\ IURP FRPPRQ
HI[DPSOH WKH WHUP RUGHU LQ WKLV VWXG\ FRUUHODWHYV WR W
WDVNV RU RSHUDWLRQV DUH FDOOHG MREV LQ WKLV VWXG\

*RDOV

7KH JRDOV RI WKLV WKHVLV DUH WR LQYHVWLJDWH RSWLRQV W
SURGXFWLRQ ORGHOOLQJ DQG SODQQLQJ DUH RIWHQ GRQH LQ
WKLQJ LV NQRZQ DQG H[HFXWHG EHIRUHKDQG ,Q UHDOLW\ RUGH!
DW FHUWDLQ WLPHSRLQWY LQVWHDG Rl VFKHGXOLQJ DOO RUGH!
7KH JRDO LV WR EXLOG D PRGHO WKDW FDQ G\QDPLFDOO\ SODQ
RI UXOHV WKDW PXVW EH IROORZHG

7KH IROORZLQJ UHVHDUFK TXHVWLRQV DUH VRXJKW WR EH DQVZ
X &DQ DQ HIIHFWLYH PDWKHPDWLFDO SURJUDPPLQJ PRGHO EH
X :KLFK PRGHO YDULDWLRQV DUH XVHIXO LQ GLIIHUHQW VFHQ]
X +RZ GRHV FKDQJLQJ SURGXFW DQG SURFHVV SDUDPHWHUV C
oLQJ"
X :KDW HIIHFW GRHV FKDQJH LQ WKH UHSODQQLQJ IUHTXHQF\
X :KLFK UHVFKHGXOLQJ VWUDWHJI\ LV RSWLPDO LQ GLIIHUHQW
7KHVH UHVHDUFK TXHVWLRQV DUH DQVZHUHG LQ FKDSWHU

6FRSH DQG FRQVWUDLQWYV

7KH VFRSH RI WKLV WKHVLV LV WR EXLOG D PDWKHPDWLFDO SL
VEFKHGXOLQJ LQ 072 PDQXIDFWXULQJ 7KH SXUSRVH LV WR JHQHL
LQJ RUGHUV GXH WR WKH G\QDPLF QDWXUH RI 072 LQGXVWU\ 7k
LRV 7KH G\QDPLF WUDLW LV ODWHU LQWURGXFHG E\ DSSO\LQJ
XSGDWHG HDFK WLPH MREV DUH FRPSDUHG ZLWK HDFK RWKHU
ZLOO XVH D UROOLQJ KRUL]JRQ VWUDWHI\ 7KH VFRSH IRFXVHYV
DOJRULWKP YDULDWLRQV RQ WKH UHVRXUFH ORDG OHYHOOLQJ K
SUHFLVH PRGHO D PRUH JHQHUDO DSSURDFK LV XVHG

7KH WKHVLVY GRHV QRW FRQVLGHU RUGHU DFFHSWDQFH QRU OLP
RWKHU VFKHGXOLQJ SUREOHPV )XUWKHUPRUH FDSDFLW\ LV FR
LQRJ RUGHUV WR EH VFKHGXOHG ZLWKRXW H[FHHGLQJ DQ\ GHDGC(
EH XVHG LQ FDVH H[DPSOHV VLQFH WKH UHVRXUFHV XVXDOO\ KD
UDSLGO\ DQG VKRUW WLPLQJ EHWZHHQ DUULYLQJ RI RUGHUV D(
LQFUHDVH LQ ZRUNORDG ,I FDSDFLW\ ZDV FRQVWUDLQHG WKLYV
FLHQW FDSDFLW\ +RZHYHU WKLV WKHVLV LQYHVWLJDWHY WKH
OHYHOOLQJ ZKLFK GRHV QRW UHTXLUH VXFK VHWWLQJV RI WKH

io



7KH PRGHO XVHG LQ WKH H[SHULPHQWY UHVHPEOHV WKH FORVI
QXPEHU RI MREV DQG WKH VHTXHQFH VWD\V WKH VDPH +RZHYH
EH GHVFULEHG DV DQ DVVHPEO\ OLQH LQFOXGLQJ IRXU VWDJH)\
VWUDLQWY ZKLFK UHVXOW LQ WKH ODVW VWDJH EHLQJ WKH DVV}
PRVWO\ DIlTHFW WKH SURGXFW SURSHUWLHY UDWKHU WKDQ WK
VWUXFWXUH UHPDLQV WKH VDPH WKURXJKRXW WKH H[SHULPHQW

7KH OLWHUDWXUH UHYLHZ LOQFOXGHYV LQIRUPDWLRQ FRQVLGHUHC(
LV EULHIO\ LQWURGXFHG IROORZHG E\ UHOHYDQW SURFHVVHV X
)Y XUWKHUPRUH GLITHUHQW WRSLFV UHODWHG WR SURGXFWLRQ ¢
ZRUNORDG FRQWURO DQG GLIITHUHQW PHWKRGV WR LQWHJUDWH
6FKHGXOLQJ DQG VHTXHQFLQJ DUH LOQWURGXFHG E\ UHYLHZLQJ
LQJ LQ FKDSWHU IRXU )ROORZHG E\ WKLV LQGXVWULDO SURGX
ZKHUH WRSLFV OLNH PRGHO EXLOGLQJ DQG XSGDWLQJ SURGXFW
PDWLFDO SURJUDPPLQJ WHFKQLTXHV DUH DOVR LQWURGXFHG ¢
IRU WKH PRGHO LQ WKLV WKHVLY ORUHRYHU PDWKHPDWLFDO R
RI LPSRUWDQFH DQG XVHG LQ WKH FRPPHUFLDO RSWLPL]JHU *XU
FKDVWLFLW\ ZLWK GLIITHUHQW SUREDELOLW\ GLVWULEXWLRQV X\
WXUH UHYLHZ LV FRQFOXGHG E\ GLVFXVVLRQ DERXW VWDWLVWL

6WUXFWXUH RI WKH WKHVLV

7KH WKHVLVY FRQVLVWY RI D WKHRUHWLFDO SDUW DQG D UHVHDU
UHVHDUFK RQ WRSLFV UHOHYDQW IRU FRQGXFWLQJ WKH UHVHDU
LV DOVR UHYLHZHG LQ WKH WKHRUHWLFDO SDUW 7KH UHVHDUFI
UHVHDUFK RQ WKH WRSLF 7KH UHVHDUFK SDUW FRQVLVWYVY RI P
PHQWY DV ZHOO DV SUHVHQWDWLRQ RI UHVXOWY DQG DQDO\VL
IROORZLQJ

&KDSWHU FRQVLVWY RI D JHQHUDO LQWURGXFWLRQ WR WKH WHF
TXHVWLRQV DV ZHOO DV WKH VFRSH RI WKH UHVHDUFK ZLWK
ZDONWKURXJK RI WKH VWUXFWXUH FKDSWHU E\ FKDSWHU &KDS
HVVHQWLDO PDWHULDO QHHGHG IRU EXLOGLQJ WKH PRGHOV X\
&KDSWHU UHYLHZV D KDQGIXO RI SUHYLRXV UHVHDUFK VLPLO
SDSHUV PDGH E\ RWKHU DXWKRUV DUH UHYLHZHG DQG FRPSDUH!

,Q FKDSWHU WKH PRGHOV XVHG IRU PDWKHPDWLFDO SURJUDPP
GHVFULEHG LQFOXGLQJ LWV SDUDPHWHUV FRQVWUDLQWYV YDL
KDV EHHQ IRUPXODWHG WKH G\QDPLF VFHQDULRY DUH GHVFULEH
DQG REMHFWLYH YDULDWLRQV )XUWKHUPRUH WKH FKDSWHU LQ
WLRQ WR WKH FRPPHUFLDO RSWLPL]DWLRQ VRIWZDUH *XUREL W
ODWLRQ VHWXS DQG EULHI GLVFXVVLRQ DERXW WKH FUHGLELOL
DQG DQDO\WHG 7KH DQDO\VLV LQFOXGHV LQWHUSUHWDWLRQ R
VWDWLVWLFDO DQDO\WVLYV ZKHUH VLJQLILFDQFH EHWZHHQ PRGH!
GHSHQGHQW DOJRULWKP LV HIDPLQHG &KDSWHU LQFOXGHV FR
OLPLWDWLRQV RI WKH VWXG\ DQG VXJIJHVWLRQV IRU IXUWKHU U
ZLWK D VXPPDU\



ILWHUDWXUH UHYLHZ

7KLV FKDSWHU H[SODLQV WKHRU\ ZKLFK LV UHOHYDQW WR G\QI
HVSHFLDOO\ ODNH WR RUGHU SURGXFWLRQ %DVLF LQIRUPDWLR
H[SODLQHG VR WKDW WKH UHDGHU FDQ JHW D JRRG XQGHUVWD

072 SURGXFWLRQ

072 ODNH WR RUGHU SURGXFWLRQ FDQ EH GHILQHG DV D SURG.
DUH EHJXQ WR PHHW FXVWRPHU GHPDQG L H RUGHUV 076 ODN}
LQ VXFK D ZD\ WKDW SURGXFWLRQ LV LQLWLDWHG WR IXOILO WK
6\WVWHPV DUH RIWHQ FRQWUROOHG ZLWK SXVK RU SXOO PHWKR
ZKHUH SURGXFWLRQ UHVSRQGYV WR QHHG ZKLOH SXVK FRQWUR:
7DQ S

$FFRUGLQJ WR 6WHYHQVRQ HW DO 076 SURGXFWLRQ LV PR
WLRQ VLQFH WKH 076 EXVLQHVV LQFOXGHVY PRUH UHSHWLWLRQ L
072 EXVLQHVVHVY FDUHIXOO\ VLQFH WKH\ DUH QRW DV SUHGLFW
SODQQLQJ DQG FRQWURO PLJKW JHW YHU\ H[SHQVLYH 072 LV E
VSHFLDOL]J]HG SURGXFWV LV LQFUHDVLQJ

J)DFWRUV DIIHFWLQJ WKH GLIILFXOW\ RI SURGXFWLRQ SODQQLQJ
DFFXUDF\ LQ IRUHFDVWLQJ GHPDQG RUGHULQJ PDWHULDOV DQC
EDWFK SURGXFWLRQ PHWKRGV LQ DQ HITHFWLYH PDQQHU )XUWK
WLRQ DQG PDWHULDO UHTXLUHPHQWY DUH GLIITHUHQW IRU PRVW
EHWZHHQ WKH MREV PDNHV WKH SURGXFWLRQ SODQQLQJ DQG FI

7KH VKRS FRQILIJXUDWLRQ XVHG LQ 072 SURGXFWLRQ PDLQO\ IRF
LV UDQGRP EHWZHHQ WKH ZRUNVWDWLRQV ZKHUHDV LQ IORZ VK
GLUHFWLRQ EHWZHHQ WKH PDFKLQHYV 6WHYHQVRQ HW DO

072 SURFHVVHYV

7KLV VHFWLRQ LQWURGXFHV D FRXSOH RI SURFHVV OD\RXWV W
VKRS LV WKH PRVW XVHG SURFHVV LQ 072 EXW WKH SURFHVV V
IORZ DQG MRE VKRS OD\RXWYV

)JORZ VKRS

$ IORZ VKRS FDQ EH GHILQHG DV D SURFHVVLQJ V\VWHP ZKHUH
7KLV PHDQV WKDW HYHU\ RUGHU IORZV WKURXJK WKH ZRUNVWD\
RUGHU LV EDVHG RQ GLIIHUHQW MREV ZKLFK DOZD\V IROORZ WKI
HYHU\ RUGHU KDV D FHUWDLQ QXPEHU RI MREV ZKLFK YLVLW D
VHHQ LQ ILJXUH



Input

l

Mac1h|ne MaCthne Macshme L Matﬂlne
Output
YLIXUH 7KH ZRUNIORZ LQ D SXUH IORZ VKRS %DNHU 6HFW

,Q JHQHUDO WKHVH RUGHUV PD\ KDYH OHVV MREV ZKLFK UHVXC
WKDW WKH MRE QHYHU UHYLVLWYVY D SUHFHGLQJ VWDJH FDQ EH |
VKRSV ZKHUH WKH MREV PD\ F\FOH EDFN IRU UHSURFHVVLQJ DW

6RPH FKDUDFWHULVWLFV WKDW GHILQH WKH VLPSOH IORZ VKRS

x (DFK MRE RI DQ RUGHU UHTXLUHV D GLIIHUHQW PDFKLQH ZK
RUGHU

(DFK ZRUNVWDWLRQ FDQ KDQGOH RQH MRE DW D WLPH

$00 RUGHUV DUH DYDLODEOH VLPXOWDQHRXVO\ LQ WKH EHJ
(DFK RUGHU FDQ RQO\ EH SURFHVVHG RQ RQH PDFKLQH DW [
1R SUH HPSWLRQ LV DOORZHG ZKLFK PHDQV WKDW MREV PX
'KHQ DQ RUGHU LV FRPSOHWHG RQ RQH PDFKLQH LW LV LPF
QH[W PDFKLQH )XUWKHUPRUH WKHUH DUH QR GHOD\V GXH
SRUWDWLRQ EHWZHHQ WKH PDFKLQHV

X :,3 EHWZHHQ VXFFHVVLYH PDFKLQHV LV XQOLPLWHG L H L

X X X X X

7KH JHQHUDO MRE VKRS FDQ EH GHVFULEHG H[DFWO\ DV WKH VLI
UHTXLUHG PDFKLQH VHTXHQFH FDQ YDU\ EHWZHHQ RUGHUV (P

-RE VKRS

$ MRE VKRS LV D SURGXFWLRQ HQYLURQPHQW ZKLFK LV FKDUDF
YDULRXV URXWLQJV DQG SURFHVVLQJ WLPHV ,W LV FRPPRQO\ X
FRPSRQHQW PDQXIDFWXULQJ )XUWKHUPRUH LW LV XVXDOO\ XV
LV GHSHQGHQW RI FXVWRPHU VSHFLILFDWLRQV DQG GRQH LQ VI
YHU\ G\QDPLF LQ MRE VKRSV ZKLFK PHDQV WKDW WKHUH DUH |
SURGXFWLRQ 7KHVH G\QDPLF FLUEXPVWDQFHV FDQ EH FDWHJR
QDPLFV DUH UHODWHG WR PDFKLQH EUHDNGRZQV SURGXFWLRQ
GXFWLRQ \LHOGV DQG VR RQ ([WHUQDO G\QDPLFV DUH UHODWH
GHPDQGHG $ MRE VKRS LV G\QDPLF LI WKH YDULDEOHV GHVFUL
IXQFWLRQ RI WLPH /DQG *DDOPDQ S

$ IOH[LEOH MRE VKRS LQFOXGHYV D QXPEHU RI ZRUNFHQWHUV Zk
RI SDUDOOHO PDFKLQHV ZKLFK DUH LGHQWLFDO WR RQH DQRWK

io



SURFHVVHG RQ DQ\ PDFKLQH VLWXDWHG DW WKH ZRUNFHQWHU

LQGXVWULHY ZKHUH HYHU\ RUGHU PDGH E\ D FXVWRPHU LV XQLT
RI D MRE VKRS LV KRVSLWDOV ,Q KRVSLWDOV HDFK SDWLHQW
QHHG GLIITHUHQW WUHDWPHQWY DW GLITHUHQW VWDWLRQV WKUF

$Q H[DPSOH RI WKH ZRUNIORZ LQ D MRE VKRS FDQ EH VHHQ LQ Il

Arriving
jobs
: Machine :
In-process jobs ——— K — In-process jobs
Leaving
jobs
JLIXUH  7KH ZRUNIORZ LQ D MREV VKRS %DNHU 6HFWLRQ

7KH GLIIHUHQFH EHWZHHQ D FORVHG MRE VKRS DQG D SXUH MRE
RUGHUV WR WKH PDFKLQHV 7KH RUGHUV LQFRPLQJ LQ D FORVHC
RI VSHFLILHG URXWLQJV ZKLFK UHSUHVHQW D IL[HG OLQH RI SU
PLIJKW WDNH DQ\ RI WKH SRVVLEOH PDFKLQH URXWLQJV ZKLFK |
LIHG SURGXFWYV %DNHU 6HFWLRQ

SURGXFWLRQ SODQQLQJ DQG FRQWURO LQ 072

7TKHUH DUH PXOWLSOH GLITHUHQW SODQQLQJ VRIWZDUH ZKLFK |
RI WKHP 6RPH FRPPRQO\ XVHG VI\VWHPV IRU SODQQLQJ DQG VFK
FKDSWHU

053 DQG (53

$FFRUGLQJ WR 6WHYHQVRQ HW DO 053 ODWHULDO S5HTXLU

EDVHG V\VWHP ZKLFK LV GHVLJQHG IRU FRPSOH[ SURGXFWLRQ ¢

053 EULQJY DUH LPSURYHG FXVWRPHU VHUYLFH DQG SURGXFWLF

WXULQJ FRVWYV 053 ,, ODQXIDFWXULQJ 5HVRXUFH 30DQQLQJ L

IHUV EHWWHU IXQFWLRQDOLW\ 1DPHO\ LW FDQ LQWHJUDWH PRI

RQO\ FRQVLGHUV PDWHULDOV ZKLOH 053 ,, LQFOXGHV ERWK PD)
S

(53 (QWHUSULVH 5HVRXUFH 30DQQLQJ LV GHILQHG E\ VA\VWHPV
LOQWHUQDO UHVRXUFHV LQ D FRPSDQ\ ,Q RWKHU ZRUGV LWV JR
QHVV ZLWK VRIWZDUH PRGXOHV FXVWRPL]JHG IRU RQHV QHHGV 7

io



$FFRXQWLQJ

ODVWHU VFKHGXOLQJ
ODWHULDO SODQQLQJ

L QYHQWRU\

YRUHFDVWLQJ

JLQLWH VFKHGXOLQJ
'LVWULEXWLRQ SODQQLQJ
(QJLQHHULQJ

$OWKRXJIK (53 VIVWHPV PLIKW EH EHQHILFLDO WR FRPSDQLHV V
SOH[ DQG LI WKH LPSOHPHQWDWLRQ IDLOV LW FDQ EH FRVWO\

X X X X X X X X

$GYDQFHG SODQQLQJ VI\IVWHPV $36

$36 $GYDQFHG 30DQQLQJ 6\WVWHPV RU $GYDQFHG 30DQQLQJ D
ZKLFK FRQVLVWYVY Rl VHYHUDO PRGXOHV ZKHUH LQIRUPDWLRQ IC
L]IDEOH WR RQHV QHHGV IRU D VXSSO\ FKDLQ EXW DV IRU (53 Wt
(53 EXW UDWKHU VXSSOHPHQWYV LW )XUWKHUPRUH (53 DFWV D
$36 WDNHV RYHU WKH SODQQLQJ RI WDVNV B6WDGWOHU HW DO

JLIXUH VKRZV WKH VXSSO\ FKDLQ SODQQLQJ PDWUL[ ZKLFK FD
30DQQLQJ 6\WWHP 7KH $36 ZLWK LWV PRGXOHV FDQ EH GLYLG!
WHUP SODQQLQJ /RQJ WHUP SODQQLQJ LQFOXGHY VWUDWHJILF
SODQQLQJ LQFOXGHV VWUDWHJILF GHFLVLRQV ZKHUH WKH RSHU
LEDOO\ IURP VL[ PRQWKYVY WR WZR \HDUV 6KRUW WHUP SODQQLQ
PRVW SUHFLVH SODQQLQJ DQG FRQWURO RFFXUV 7KH KRUL]RQ |
PRQWKY 6WDGWOHU HW DO S

7KH KRUL]JRQWDO LQIRUPDWLRQ IORZ LQFOXGHV FXVWRPHU RUG
KRXVH UHILOOLQJ SURGXFWLRQ LQ YDULRXV GHSDUWPHQWYV DQ
PHDQV WKDW EDVLFDOO\ WKH ZKROH VXSSO\ FKDLQ LV GULYHQ E
WR EH ZLWK WKH LPPHGLDWH QHLJKERXU LQ WKH PDWUL[ ,Q IDF
PRGXOHV LPSURYHV WKH SHUIRUPDQFH VLJQLILFDQWO\ 7KH YHL
GLQDWH VXERUGLQDWH SODQV DFFRUGLQJ WR WKH UHVXOWYV RI
ORQJ WHUP SODQQLQJ LQIRUPDWLRQ DERXW ORZHU OHYHO SURF
6WDGWOHU HW DO S

6KRUW WHUP LQFOXGHYVY GHWDLOHG VFKHGXOLQJ ZKLOH PLG WH
7KLV PHDQV WKDW WKH GHJUHH RI GHWDLO GHFUHDVHV E\ DJJU}
ZDUGV LQ WKH +36 SURGXFWYV DUH DJJUHIJDWHG LQWR SURGXFW
WLPH LQWR ORQJHU SHULRGYV 6WDGWOHU HW DO S



lo ng—term * materials programme = plant location « physical distribution + product programme
» supplier selection * production system structure « strategic sales
= cooperations planning
mid-term |. personnel planning = master production
. materltal requirements{_ | schedyirng _ <« - distribution planning || ° mid-term .
planning = capacity planning sales planning
= contracts
short-term « lot-sizi .
« personnel planning lot sizing . wareh_ouse =T -
- ordering materials [ ° machine scheduling |4 replenishment b| | e wlanai
» shop floor control + transport planning P g
flow of goods information flows
- .=

)LIXUH 6 XSSO\ FKDLQ SODQQLQJ PDWUL[ 6WDGWOHU HW DO

7KLV WKHVLV IRFXVHV PDLQO\ RQ WKH VKRUW WHUP DQG PLG Wt
QLQJ PDWUL[ ZLWK DJJUHJDWH SODQQLQJ RI 072 SURGXFWLRQ I

036

7KH 036 ODVWHU 3URGXFWLRQ 6FKHGXOH LV XVHG IRU PDLQWD
LQJ SURGXFWLRQ SODQQLQJ VWDEOH LQ D 053 HQYLURQPHQW :|
UHGXFH WKH DPRXQW RI LQVWDELOLW\ LQ WKH VFKHGXOH VLQF
7DQJ *UXEEVWU|P S 7KH 036 EHORQJV WR WKH PLG WH L
SODQQLQJ PDWUL]

5HSODQQLQJ

ODQXIDFWXULQJ HQYLURQPHQWY DUH G\QDPLF RI QDWXUH ZKLF
RQO\ YDOLG IRU WKH WLPH SHULRG ZKHQ WKH\ ZHUH JHQHUDWH
PXODWLRQ RI DQ H[LVWLQJ SODQ GXH WR FKDQJHV RU HYHQWV
%DUUHWW /D)RUJH S

"RUNORDG FRQWURO

$FFRUGLQJ WR %HUWUDQG 9DQ 2RLMHQ + 3 * ZRUNORDG
PHDVXUH RI WKH DPRXQW RI ZRUN RUGHUV RQ WKH VKRS IORRU
SOHPHQWHG WR D MRE VKRS HQYLURQPHQW ZKHUH LWV LPSDFW
VKRZHG WKDW FRQWUROOLQJ WKH ZRUNORDG KDV VLJQLILFDQW
WKURXJKSXW WLPH DQG LPSURYLQJ RXWSXW )XUWKHUPRUH E\
PDQFH FDQ EH JXDUDQWHHG GHVSLWH WKH YDULDELOLW\ LQ DPI

, ] D SURGXFWLRQ IDFLOLW\ KDV D KLJK SURGXFWLRQ HIILFLHQF\
LW\ WKH V\VWHP FDQ EHFRPH XQVWDEOH VLQFH ZRUNORDG LV V



VFHQDULR ZKHUH WKH V\VWHPV LQSXW LV KLJKHU WKDQ LWV FR!
&RQWUROOLQJ WKH ZRUNORDG LV LPSRUWDQW LQ V\VWHPV ZKH!
SDWWHUQ LV XQSUHGLFWDEOH ZLWK YDULDELOLW\ DQG JHQHUL
GLUHFWO\ WR ZRUNORDG

7KH UHODWLRQVKLS EHWZHHQ ZRUNORDG DQG HIILFLHQF\ FDQ E

FUHDVH LQ ZRUN RUGHUV LQFUHDVHY WKH DPRXQW RI HQFRXUD.

FRXUDJHPHQW FDQ DFW DV D VWUHVVRU IRU RSHUDWRUV 2Q WK

FDQ FDXVH WKH RSHUDWRUV WR LGOH ZKLFK UHVXOWY LQ SURCG

7KH JRDO LV WR ILQG DQ RSWLPXP ZRUNORDG WKDW LQFUHDVH'
S

6FKHGXOLQJ DQG VHTXHQFLQJ

$ VFKHGXOH LV D VRUW Rl SODQ IRU GLIIHUHQW WDVNV RU HYH
H[DPSOH D EXV FRXOG EH VFKHGXOHG WR DUULYH RQ D FHUWD
DP ORUHRYHU WKH VFKHGXOHG WDVNV FDQ EH SHUIRUPHG LQ V
GLIIHUHQW WDVNV )RU H[DPSOH WKH EXV DUULYHV DW WKH EX
GRQH

6FKHGXOLQJ LQ LQGXVWULHYV XVXDOO\ LQYROYH D VHW RI MRE\
ZLWK WKH SRVVLELOLW\ WR ILQLVK WKHP 7KH PDLQ JRDO LV WR
MREV E\ DFNQRZOHGJLQJ WKH UHVWULFWLRQV RQ WKH UHVRXL
SUREOHPVY FRXOG EH HDUOLHVW SRVVLEOH VWDUWLQJ WLPHV I
FRXOG KDYH VHTXHQWLDO UHVWULFWLRQV VXFK DV VSHFLILHG ¢

7KH VFKHGXOLQJ SUREOHP DOVR LQFOXGHYVY DQ REMHFWLYH IXQlI
VLRQ PDNHU 7KH LGHDO REMHFWLYH VKRXOG LQFOXGH DOO FRYV
RI WKHVH FRVWY DUH KDUG WR GHWHUPLQH 7KUHH PRVW FRPPF

x 7XUQDURXQG
X 7TLPHOLQHVV
X 7TKURXJKSXW

7TXUQDURXQG PHDVXUHV WKH WLPH LW WDNHV WR ILQLVK D MRE
WLRQ LV LQ UHODWLRQ WR LWV GHDGOLQH DQG WKURXJKSXW P
SHULRG %DNHU 6HFWLRQ

6FKHGXOLQJ SUREOHPV FDQ EH VROYHG ZLWK PDWKHPDWLFDO P
SUHWHG LQ WKH REMHFWLYH IXQFWLRQ DQG SUDFWLFDO DWW
VFKHGXOLQJ SUREOHPVY UHODWHG WR LQGXVWU\ UHVRXUFHV Dl
MREV $ PRGHO PLJKW KDYH HLWKHU D VLQJOH RU PXOWLSOH PD
XVHG WKH PRGHO PLJKW FRQWDLQ YDULRXV MREV )XUWKHUPRU
SDUDOOHO RU LQ XQLW DPRXQWV ,I WKH FRQVWUDLQWYV LQ WKF
WKHUH LV XQFHUWDLQW)\ ZLWK SUREDELOLW\ GLVWULEXWLRQV L
HLWKHU EH VWDWLF PHDQLQJ WKDW WKH VHW RI MREV VFKHGXO
WKDW QHZ MREV DSSHDU RYHU WLPH  %DNHU BHFWLRQ



"\QDPLF VFKHGXOLQJ

8VXDOO\ PDQXIDFWXULQJ V\VWHPV DUH EDVHG RQ G\QDPLF HQYL
WKH VFKHGXOHG SURFHVVHV ZKLFK LV ZK\ VWDWLF RU QHDU RS
DQG \LHOGV LQIHDVLEOH RU QRQ RSWLPDO VFKHGXOHYV

7TKHUH DUH WZR W\SHV RI UHDO WLPH HYHQWY FRQVLGHUHG LQ ¢
MREV 5HVRXUFH UHODWHG HYHQWY FDQ EH IRU HI[DPSOH PDFKL
ODWHG HYHQWYV FDQ EH UXVK MREV RU GXH GDWH FKDQJHV HWF
FDWHJRUL]HG LOWR FRPSOHWHO\ UHDFWLYH VFKHGXOLQJ SUHG
WLYH VFKHGXOLQJ &RPSOHWHO\ UHDFWLYH VFKHGXOLQJ JHQHU
DSSURDFK LV QRW VR HIIHFWLYH VLQFH ORFDO LQIRUPDWLRQ L
PDWLRQ ZKLFK OHDGV WKH VROXWLRQV WR EHLQJ VKRUW VLJKYV
VFKHGXOHG DFFRUGLQJ WR SULRULWLHYVY 3UHGLFWLYH UHDFWLY
WKURXJK D ZLGHU VROXWLRQ VSDFH &RPSDUHG WR FRPSOHWHC
EHWWHU V\VWHP SHUIRUPDQFH LQ WKH VHQVH RI SURGXFWLYLW
LV EDVHG RQ VLPSOH DGMXVWPHQWY LQ WKH VFKHGXOH DQG LV
WR EDG V\VWHP SHUIRUPDQFH %\ XVLQJ UREXVW SURDFWLYH VF
LPSURYHG S5REXVWQHVV SUHVHUYHV VA\VWHP VWDELOLW\ EXW V

7TKHUH DUH GLITHUHQW VWUDWHIJLHY LQ XSGDWLQJ VFKHGXOHYV
PHDQV WKDW PLQRU ORFDO DGMXVWPHQWY DUH PDGH WR WKH V
WKDW HYHU\ WLPH D UHDO WLPH HYHQW RFFXUV WKH VFKHGXO'}
VFKHGXOLQJ PLIKW EH PRUH FDSDEOH RI JLYLQJ RSWLPDO VROX
$OWKRXJIK ORWV RI UHVFKHGXOLQJ PLIJKW FDXVH QHUYRXVQHVYV
LW\ LQ WKH PDQXIDFWXULQJ VI\VWHP &RPSDUHG WR FRPSOHWH
FDQWO\ ORZHU FRPSXWDWLRQ WLPHVY DQG LV PRUH FDSDEOH RI
S

$FFRUGLQJ WR &KXUFK DQG 8]VR\ &LWHG LQ $\WXJ HW DO
XOH DUH FRQWLQXRXV UHVFKHGXOLQJ SHULRGLF UHVFKHGXOLQ
UHVFKHGXOLQJ PHDQV WKDW WKH VFKHGXOH LV XSGDWHG HDFK
VIVWHP VXFK DV DQ DUULYDO RI D QHZ MRE 3HULRGLF UHVFKH(
VSHFLILHG UHVFKHGXOLQJ SRLQWYV 7KLV UHVXOWYV LQ PXOWLSO
QRW SHUPLWWHG ORUHRYHU WKHVH LQWHUYDOV DUH VLWXDWH
D FUXFLDO HYHQW KDSSHQV VXGGHQO\ WKDW LPSDFWV WKH VFK
VFKHGXOLQJ SRLQW (YHQW GULYHQ UHVFKHGXOLQJ LV GHILQHG
ZKHQ DQ HYHQW FDXVHV VLJQLILFDQW GLVUXSWLRQ LQ WKH V\V!
QHFHVVDU\ FKDQJHV LQ WKH VFKHGXOLQJ DQ LQFUHDVH LQ FRP
IORRU 7KH GRZQVLGH RI SHULRGLF UHVFKHGXOLQJ LV WKDW LW
KDSSHQLQJ EHWZHHQ WKH UHVFKHGXOLQJ SRLQWV 7KLV PLJKW
EOH WR H[HEXWH GXH WR D VHYHUH HYHQW RU PDNLQJ SRRU VF|
'XH WR WKLV LW LV FRPPRQ WR XVH D FRPELQHG YDULDQW RI H
UHVFKHGXOHV SHULRGLFDOO\ EXW LQ FDVH RI DQ HYHQW EHWZ
PLJKW DOVR EH XSGDWHG LPPHGLDWHO\ $\WXJ HW DO S

5ROOLQJ KRUL]JRQ LV D SURFHGXUH ZKHUH MREV DUH VFKHGXOH
VFKHGXOHG DW D VSHFLILHG GHFLVLRQ SRLQW ZKLFK LV GHWH!
WKHQ VFKHGXOHG $W WKH QH[W GHFLVLRQ SRLQW WKH IROORZI
LQRJ WKH MREV DOUHDG\ VFKHGXOHG RU LQ SURFHVV 2YDFLN 8

id
-



)DQJ ;L , QWURGXFHG D SHULRGLF DQG HYHQW GULYHQ UR
LV RQO\ XVHG IRU MREV LQ WKH FXUUHQW MRE ZLQGRZ 7KLV UH
MRE ZLQGRZV 7KH FRQFHSW LQ WKH VWUDWHJ\ LV UROOLQJ KF
VWHSV

-REV DUH VHOHFWHG IURP D SRRO RI MREV ZDLWLQJ WR EH

'HILQH D MRE ZLQGRZ FRQVLVWLQJ Rl WKH FKRVHQ MREYV

6FKHGXOH WKH MREV LQ WKH MRE ZLQGRZ DFFRUGLQJ WR VI

5HPRYH ILQLVKHG MREV IURP WKH MRE ZLQGRZ

BHOHFW QHZ MREV IRU WKH MRE ZLQGRZ DQG VEFKHGXOH WK|

SHSHWLWLRQ RI WKH SURFHVV FRQWLQXHV XQWLO DOO MRE
,QFUHDVLQJ WKH QXPEHU RI MREV LQ WKH UROOLQJ MRE ZLQGR?Z
DOVR LQFUHDVHV WKH FRPSXWDWLRQ WLPH )XUWKHUPRUH WKI
WKH VHOHFWLRQ UXOHV IRU LQVHUWLQJ MREV LQWR WKH MRE Z|

'KHQ DSSO\LQJ D G\QDPLF VFKHGXOLQJ SROLF\ WR MRE VKRSV
ULYLQJ RUGHUV LV XQNQRZQ LQ DGYDQFH FDQ EH PDGH 7KH WI
WKH\ PD\ DUULYH UDQGRPO\ 7KLV UHVXOWV LQ WKH V\VWHP EH
SDWFKLQJ GHFLVLRQV EHFRPH XVHIXO LQ VFKHGXOLQJ 6WXGLH
SURYHG D ORW XVLQJ FRPSXWHU VLPXODWLRQ PRGHOV 'XH WR
SDWFKLQJ UXOHV DQG RWKHU YDULDWLRQV KDV EHFRPH EHQHIL
PHQW  %DNHU 6HFWLRQ

JRUZDUG DQG EDFNZDUG VFKHGXOLQJ

JRUZDUG SODQQLQJ LV D VFKHGXOLQJ SURFHGXUH ZKHUH MREV
HDUOLHVW VWDUWLQJ GDWH 7KH DLP LV WR FRPSOHWH WKH MR
IHDVLEOH ,W FDQ DOVR EH XVHG WR UXVK MREV

%DFNZDUG VFKHGXOLQJ LV D SURFHGXUH ZKHUH MREV DUH VFEKFE
GDWHV ,W FDQ EH D JRRG VWUDWHIJI\ IRU H[SHQVLYH MREV KLJK

WLV DOVR SRVVLEOH WR XVH ERWK REMHFWLYHV IRU D VFKHGX
DUH LQGHSHQGHQW RI DQRWKHU 7KLV DOORZV WKH VFKHGXOH \
UDWHO\ <HK S

,QGXVWULDO SURGXFWLRQ SODQQLQJ DQG VFKHGXC

$ SURGXFWLRQ VFKHGXOH LV PDGH WR VSHFLI\ VWDUWLQJ DQG |
IRU D JLYHQ UHVRXUFH ZKLOH DOVR DFFRXQWLQJ IRU WKH VHT.
RI WKHVH SURGXFWLRQ VFKHGXOHYV DUH XVXDOO\ GRQH ZLWK *D
$FFRUGLQJ WR 6WDGWOHU HW DO EXLOGLQJ D SURGXFWLR

ORGHO EXLOGLQJ

(IWUDFWLQJ UHTXLUHG GDWD

*HQHUDWLQJ D VHW RI DVVXPSWLRQV

*HQHUDWLQJ DQ LQLWLDO SURGXFWLRQ VFKHGXOH
$QDO\VLV Rl WKH SURGXFWLRQ VFKHGXOH DQG LQWHUDFWL)
$SSURYDO RI D VFHQDULR

([HEXWLQJ DQG XSGDWLQJ WKH SURGXFWLRQ VFKHGXOH

KHQ EXLOGLQJ WKH PRGHO LW LV LPSRUWDQW WR VSHFLI\ D OH
ZKLFK DUH UHOHYDQW IRU RSWLPL]LQJ WKH VFKHGXOH VKRXOG



7KH H{WUDFWHG GDWD IURP WKH SURGXFWLRQ SURFHVV ZKLFK L
VRXUFHV VXFK DV DQ (53 VI\VWHP PDVWHU SODQQLQJ DQG GHPI
LQWHUQDO SURFHVVHV LQ DQ RUJDQL]DWLRQ :KHQ JHQHUDWLQ.
DGG WKH SRWHQWLDO UHVWULFWLRQV RU IXUWKHU REMHFWLY F
JHQHUDWHG IRU D JLYHQ VFHQDULR DXWRPDWLFDOO\ HLWKHU L
DQDO\VLY RI WKH SURGXFWLRQ VFKHGXOH FDQ EH GRQH LQ VW
DQDO\WHG EHIRUH D GHWDLOHG VFKHGXOH LV JHQHUDWHG :KH(
FDQ PDNH DGGLWLRQDO PRGLILFDWLRQV WR WKH PRGHO VXFK [
,Q RWKHU ZRUGV LQWHUDFWLYH PRGLILFDWLRQV FDQ EH GRQH \
‘KHQ WKH GHFLVLRQ PDNHU KDV HYDOXDWHG DOO IHDVLEOH DOW
HQW RI WKH VSHFLILFDWLRQV LV FKRVHQ ,| WKH VFHQDULR LV G
IROORZHG E\ VWHSVY DQG XQWLO WKH GHFLVLRQ PDNHU LV VO
LV DSSURYHG WKH SURGXFWLRQ VEFKHGXOH LV H[HFXWHG DQG X
FDOOV IRU UHRSWLPL]DWLRQ 6WDGWOHU HW DO S

%XLOGLQJ D PRGHO

KHQ EXLOGLQJ D PRGHO LW LV LPSRUWDQW WR PDNH VRPH VLPS
HITHFWV DQG DFTXLUH VRPH JHQHUDOL]DWLRQV IRU WKH UHVXO
PLIKW EH QHFHVVDU\ LW LV LPSRUWDQW WR NHHS LW UHDOLVWI
W\SLFDO DVVXPSWLRQV RU VLPSOLILFDWLRQV W\SLFDOO\ PDGH

-REV KDYH VWULFW RUGHUHG RSHUDWLRQ VHTXHQFHYV

2QH W\SH RI PDFKLQH LV DVVLIQHG WR D VLQJOH JLYHQ RSF
7TKHUH DUH QR PDFKLQHV RI WKH VDPH W\SH LQ WKH VKRS
7KH SURFHVVLQJ WLPHVY DQG GXH GDWHV DUH NQRZQ ZKHQ \
6HWXS WLPHVY DUH GHSHQGHQW RQ D VSHFLILHG VHTXHQFH

X X X X X

7TKHVH DVVXPSWLRQV FDQ EH UHOD[HG WR UHSUHVHQW D UHDO
EHWWHU VXLW RWKHU PDGH DVVXPSWLRQV 7KH UHPDLQLQJ IRX
VXPSWLRQV LQ MRE VKRS VWXGLHYV

x 2QFH DQ RSHUDWLRQ LV VWDUWHG LW PXVW EH ILQLVKHG Z
x $Q RSHUDWLRQ GRHV QRW VWDUW EHIRUH LWV SUHGHFHVVR
X (DFK PDFKLQH RU UHVRXUFH FDQ RQO\ SURFHVV RQH WDVN I
X (DFK PDFKLQH LV FRQWLQXRXVO\ DYDLODEOH IRU SURGXFWL
7TKH LQSXW WR WKH EXLOW PRGHO LV YDULRXV MREV RU RUGHU\
QDULR %DNHU 6HFWLRQ

8SGDWLQJ SURGXFWLRQ VFKHGXOHYV

8VXDOO\ WKH GDWD JDWKHUHG DQG XVHG IRU SURGXFWLRQ VFk
FLVLRQ GHWHUPLQLVWLF ,Q UHDOLW\ WKH PDFKLQHV LQ D MRE
XQDYDLODEOH 2WKHU GLVWXUEDQFHYV OLNH VKLIWLQJ WKH SUR
VFKHGXOH 6PDOO GHYLDWLRQV DUH XVXDOO\ PRQLWRUHG ZLWK
FRPSOHWLRQ WLPHV RI MREV WR PDWFK ZLWK WKH UHDO VLWXD
XOLQJ RSHUDWLRQ PLIJKW EH QHHGHG



'KHQ D QHZ RUGHU DUULYHV WR WKH VI\VWHP LW PLJKW EH VTXH
XOH 7KLV NLQG Rl WZR VWHS SODQQLQJ LV DOVR FDOOHG LQFUI
VDPH SODQQLQJ KRUL]JRQ DV WKH RWKHU RUGHUV RU MREV WKHF
DOWHUDWLRQ WR WKH H[LVWLQJ VFKHGXOH ,Q RWKHU ZRUGV W
WKHQ WKH QHZ RUGHU LV SODFHG LQ VXFK D ZD\ WKDW WKH WLI
PHQWV LI QHFHVVDU\ ,I| WKH VEFKHGXOH UHPDLQV IHDVLEOH DIW
WKH FXVWRPHU IRU WKH QHZO\ DUULYHG RUGHU

KHQ UHVFKHGXOLQJ SUH HPSWLRQ LV XVXDOO\ QRW DOORZHG
VWDUWHG LW VKRXOG QRW EH LQWHUUXSWHG WR UXVK DQRWKH
RUGHUV ZKLFK FDQ EH WLPH FRQVXPLQJ DQG FRQWULEXWH ZLWK
EH GHILQHG DV D PHDVXUH RI LQVWDELOLW\ RU XQFHUWDLQW\ L
XS WKLV VR FDOOHG QHUYRXVQHVV VXFK DV FKDQJHV LQ VWDU
HDUOLHU GHOLYHULHV RI UDZ PDWHULDO UHTXLUHG LQ WKH PDQC

S5HGXFLQJ QHUYRXVQHVV FDQ EH GRQH E\ IUHH]LQJ D FHUWDLQ
7KLV ZRXOG UHVXOW LQ VXFK D VFHQDULR ZKHUH WKLV VSHFLIL
SURFHVV )XUWKHUPRUH D WLPH KRUL]JRQ FDQ EH VSHFLILHG D
WKDW IDOOV LQWR WKLV KRUL]JRQ FDQQRW EH DOWHUHG ZKHQ X

W LV DOVR LPSRUWDQW WR QRWH WKDW LQFUHPHQWDO SODQC
VFKHGXOH ZLWK SDUWLDO VHTXHQFHV UHTXLUHV D VLIJQLILFDQ\
S

ODWKHPDWLFDO SURJUDPPLQJ

ODWKHPDWLFDO SURJUDPPLQJ LV RIWHQ DVVRFLDWHG ZLWK FRFP
GLITHUHQW IURP LW 7KH FRQIXVLRQ RULJLQDWHYV IURP WKH ZRU
FDO SURJUDPPLQJ GRHV QRW QHFHVVDULO\ KDYH WR GR DQ\WKIL
SURJUDPPLQJ XVXDOO\ LQYROYHV WKH XVH RI FRPSXWHUV VLQF
GDWD DQG DULWKPHWLFV ZKLFK QHHG WKH FDOFXODWLQJ SRZH
SXWHU SURJUDPPLQJ DQG PDWKHPDWLFDO SURJUDPPLQJ DUH YH
WR VROYH D PDWKHPDWLFDO SURJUDP PRGHO GXH WR LWV FRPS

ODWKHPDWLFDO SURJUDPPLQJ FDQ EH GHILQHG DV D ZD\ WR RS

XVXDOO\ PHDQV WKDW WKH REMHFWLYH LV WR HLWKHU PLQLPL

JUDPPLQJ PRGHOV FDQ EH GLYLGHG LQWR OLQHDU SURJUDPPLQ

DQG LQWHJHU SURJUDPPLQJ PRGHOV ZKLFK LV GHILQHG VKRUW
S

/ILQHDU SURJUDPPLQJ /3

$ OLQHDU SURJUDP LV WKH VLPSOHVW PDWKHPDWLFDO SURJUDP
LQ UHODWLRQ WR WKH YDULDEOHV WR EH GHWHUPLQHG LQ DQ
OLQHDU SURJUDPV DUH WKH 6LPSOH[ PHWKRG DQG LQWHULRU SH

$FFRUGLQJ WR :LOOLDPV VRPH HVVHQWLDO IHDWXUHYV IRU I

X 7TKHUH LV D VLQJOH OLQHDU H[SUHVVLRQ VXFK DV WKH REM
PLIHG



X 7TKHUH LV D VHULHV RI FRQVWUDLQWY LQ WKH IRUP RI OLQH!
VSHFLILHG YDOXH PXVW QRW IDOO EHORZ D VSHFLILHG YDO
LILHG YDOXH !

X $Q LQHTXDOLW\ FRQVWUDLQW XVXDOO\ ZLWKKROGV D FRHII
VWUDLQW

,Q SUDFWLFDO SUREOHPV WKH OLQHDULW\ DVVXPSWLRQ LV QRW
WKH PRGHO PXFK HDVLHU WR VROYH FRPSXWDWLRQ ZLVH :KHQ
QRQ OLQHDU WHUPV WKH PRGHO EHFRPHV D QRQ OLQHDU SURJL
KDUGHU WR VROYH :LOOLDPV S

,QWHJHU SURJUDPPLQJ ,3

$Q LOQWHJHU SURJUDP LV D OLQHDU SURJUDP ZKHUH WKH YDULDI
WLRQ RI WKH YDULDEOHV LV UHTXLUHG WR EH LQWHJHUV DQG W
OL[HG LQWHJHU SURJUDP 0,3 ZKLFK LV GHILQHG LQ WKH QH[W

OL[HG LQWHJHU SURJUDPPLQJ 0,3

$ PL[HG LQWHJHU SURJUDP LV DQ RSWLPL]DWLRQ WHFKQLTXH LC
DQG OLQHDU FRQVWUDLQWY I D SURJUDP LV ODEHOOHG DV D O

+2, < Lece:SARTEBU-TAY, B: =3

:KHUH ; LV WKH VHW RI IHDVLEOH VROXWLRQV DQG LV GHILQHG
LW\ FRQVWUDLQWY IRU [ DQG \ YDULDEOHY DQG LQWHJUDOLW\ L

7KH GHILQLWLRQ LQ PDWUL[ QRWDWLRQ LV
CL[:TALD 97 :2+#TESUR> A

'KHUH = ; VWDQGV IRU WKH RSWLPDO REMHFWLYH YDOXH ZKLOH
YHU [ DQG \ VWDQG IRU WKH Q GLPHQVLRQDO FROXPQ YHFWRU F
S GLPHQVLRQDO FROXPQ YHFWR U?®I SFRI@MWDY D UGIWNVKM YRE WHKHU |
WRUV Rl WKH REMHFW+Y & ERHWKRALFHROKP QZKHEBWRU RI WKH FRHI
ULJKWKDQG VLGH Rl WKH P FRQVWUDLQWY )LQDOO\ $ DQG % DL
FLHQWV RI GLPRQDIORR W FRFKHW :ROVH\ S

JROORZLQJ UHVWULFWLRQV WKDW DUH UHTXLUHG IRU 0,3 DUH

x /ILQHDU FRQVWUDLQWYV
x /ILQHDU REMHFWLYH IXQFWLRQ
X ,QWHJHU RU UHDO YDOXHG GRPDLQV

'HVSLWH WKHVH UHVWULFWLRQV 0,3 DUH RIWHQ XVHG IRU PDQ\ |
UHFXUVLYHO\ VSOLWV WKH PDLQ SUREOHP LQWR PDQ\ VXESUREC
LQ D EUDQFKLQJ WUHH FRQWDLQLQJ QRGHV IRU ZKLFK WKH /3 U
JUDOLW\ FRQGLWLRQV IURP WKH 0,3 $FKWHUEHUJ S

OL[HG LQWHJHU SURJUDPV ZLWK QR TXDGUDWLF FRQVWUDLQWYV
JubPV 0,/83 7KH PDWKHPDWLFDO SURJUDPPLQJ PRGHO XVHG LQ



&RQVWUDLQW SURJUDPPLQJ &3

&RQVWUDLQW SURJUDPPLQJ LV D PHWKRG ZKLFK KDV LWV RULJL
VFLHQFH FRPPXQLWLHYVY W LV EDVHG RQ VHDUFKLQJ IRU VROXW
VWUDLQWY ,W ZDV PDLQO\ XVHG IRU IHDVLELOLW\ SUREOHPYV EL
WLPLIDWLRQ SUREOHPV 6ROYLQJ IHDVLELOLW\ SUREOHPV GRHV
WLRQ 7KH GLIITHUHQFH EHWZHHQ FRQVWUDLQWY LQ PDWKHPDWL
SUREOHPV LV WKDW PDWKHPDWLFDO FRQVWUDLQWY DUH HLWKH
JUDPPLQJ WKH\ FDQ WDNH D PRUH JHQHUDO IRUP )XUWKHUPRUF
VROXWLRQV E\ VDWLVI\LQJ WKH FRQVWUDLQWY UDWKHU WKDQ Il

ODWKHPDWLFDO RSWLPLIDWLRQ PHWKRGV

7KLV VHFWLRQ UHYLHZV VRPH FRPPRQ RSWLPL]DWLRQ PHWKRGYV
PLIDWLRQ VRIWZDUH *XUREL ZKLFK LV XVHG IRU RSWLPL]DWLRQ

%UDQFK DQG ERXQG

%UDQFK DQG ERXQG LV D PHWKRG WR VROYH RSWLPL]DWLRQ SU
SUREOHP LQWR VPDOOHU VXESUREOHPY DV PHQWLRQHG LQ WKH
VXESUREOHPY DUH HDV\ HQRXJK WR VROYH $V ZH FDQ VHH LQ IL
LOQWR WZR RU PRUH VPDOOHU VXESUREOHPV ZKLFK DUH JLYHQ X
RI WKH DOJRULWKP PHDQV WKDW WKH WUHH LV VSOLW LQWR QF
WKDW DUH EHWZHHQ WKH GHWHUPLQHG ORZHU DQG XSSHU ERX
SRWHQWLDO VROXWLRQV LV DYRLGHG 7KH DOJRULWKP FRQWLQ?
RU SUXQHG DQG WKHQ HLWKHU D IHDVLEOH VROXWLRQ RU D FR
UHWXUQHG DV RXWSXW 7KLV WHFKQLTXH LV LOOXVWUDWHG LQ
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JLIXUH WUDQFK DQG ERKERXGNHHIEWVIFK WUHH
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'KHQ SURFHVVLQJ WKH QRGHV Rl WKH VHDUFK WUHH LQ EUDQFK
IDWKRPHG DQG LQFXPEHQW QRGHV FRPH XS $VVXPLQJ WKDW DG
WKH /3 UHOD[DWLRQ KDV UHFHQWO\ EHHQ VROYHG IRU D QRGH L
VWULFWLRQV IRU WKH QRGH LQ WKH RULJLQDO 0,3 DUH VDWLVIL
QDO PRGHO 7KH QRGH LQ TXHVWLRQ JHWV EUDQGHG DV D IDWK|
HVVDU\ IRU WKLV QRGH $IWHU WKLV LQIRUPDWLRQ DERXW WKH

[¢)



$ QRGH FDQ EH EUDQGHG DV IDWKRPHG LQ WZR PRUH ZD\V 1DPF
QRGH PDNHV D UHVWULFWLRQ PDNLQJ WKH /3 UHOD[DWLRQ LQI}F
IHDVLEOH VROXWLRQ RU LQWHJHU VROXWLRQ 7KH RWKHU zZD\ L\
EXW WKH REMHFWLYH YDOXH IRU LW LV ELJJHU WKDQ WKH YDOX
QRGH EHLQJ IDWKRPHG VLQFH WKH QRGH FDQQRW JLYH D EHWW,

&RQWLQXLQJ WKH VDPH VFHQDULR DV LQ WKH IDWKRPHG QRGHYV
DQ\ SRLQW LQ WKH VHDUFK LW FDQ EH EUDQGHG DV LQFXPEHQV
RXV LQWHJHU IHDVLEOH VROXWLRQ KDV D ZRUVH REMHFWLYH IX
QHZ LQFXPEHQW LV JHQHUDWHG ZLWK LWV REMHFWLYH IXQFWLI
EHVW QR XSGDWH LV QHHGHG *XUREL RSWLPL]DWLRQ %

&EXWWLQJ SODQHV

8VLQJ FXWWLQJ SODQHV LV D PHWKRG ZKHUH WKH VXESUREOHP\
FDQ EH UHSODFHG E\ D GLIIHUHQW VROXWLRQ ,W LV SRVVLEOH
FXWWLQJ SODQHV ZKLFK DUH TLQHDUKRRGN AUDWQ WYY MR IRIDK L
IURP WKH VXESUREOHP $OWKRXJK WKHVH OLQHDU FRQVWUDLQ\
LQWHUIHUH ZLWK WKH IHDVLEOH VROXWLRQV $FKWHUEHUJ

*HOQHUDWLQJ WKHVH OLQHDU FRQVWUDLQWY QDUURZV GRZQ WKI
RULJLQDO FRQVWUDLQWY 6ROYLQJ WKH /3 UHOD[DWLRQ RI WKI
ZKLFK PD\ EH LQWHJHU 7KLV SURFHGXUH LV FRQWLQXHG XQWLC
VROXWLRQ LV RSWLPDO ,Q RWKHU ZRUGV PRUH FXWWLQJ SOD
SLOQHGR S

%UDQFK DQG FXW

%UDQFK DQG FXW LV D K\EULG PHWKRG FRQVLVWLQJ RI ERWK E
PHWKRG ,QLWLDOO\ EUDQFK DQG ERXQG LV XVHG IROORZHG E
SUREOHPV LQFOXGLQJ WKH LQLWLDO SUREOHP XVLQJ FXWWLQJ
JOREDOO\ YDOLG PHDQLQJ WKDW JOREDO FXWV PD\ EH XVHG IR
ZKLOH ORFDO FXWV PXVW EH UHPRYHG IURP WKH /3 UHOD[DWLRC
LW LV YDOLG IRU $FKWHUEHUJ S

+HXULVWLFV

+HXULVWLFV DUH XVHG WR ILQG D VROXWLRQ WKDW LV UHDVRQL
UHODWLYHO\ VKRUW WLPH :KHQ XVLQJ KHXULVWLFV DQ RSWLPI
JUHDW zZzD\ WR VROYH SUREOHPV ZKLFK DUH 13 KDUG ,Q RWKHU
ODWHG DV OLQHDU SURJUDPV RU ZKHUH DOJRULWKPV RU VLPSOI
LQ D OLPLWHG DPRXQW RI FRPSXWLQJ WLPH

JRU MREV WKDW DUH ZDLWLQJ IRU SURFHVVLQJ LQ D TXHXH WK}
SDWFKLQJ UXOHV | WKHUH DUH QXPHURXYVY MREV ZDLWLQJ IRU ¢
WR WKH KLJKHVW SULRULW\ 'LVSDWFKLQJ UXOHV FDQ HLWKHU E
GHSHQGHQW LI WKH\ DUH G\QDPLF LI WKH\ DUH VWDWLF WKH\ C

6RPH SRSXODU GLVSDWFKLQJ UXOHV DUH

X 6HUYLFH LQ 5DQGRP 2UGHU 6,52
Xx (DUOLHVW 5HOHDVH 'DWH ILUVW (5

[Ke)



(DUOLHVW 'XH 'DWH ILUVW ("

OLQLPXP 60ODFN ILUVW 06

6KRUWHVW 3URFHVVLQJ 7LPH ILUVW 637
IRQJHVW 3URFHVVLQJ 7LPH ILUVW /37

7KH QDPH RI WKH GLVSDWFKLQJ UXOHV XVXDOO\ MXVWLILHV WK}
ZKHQ D PDFKLQH LV IUHHG WKH QH[W MRE LV FKRVHQ DFFRUGLC
7KLV HTXDOV LQ PLQLPL]DWLRQ RI PD[LPXP ODWHQHVYV DPRQJ W
XVHG ZKHQ PXOWLSOH SDUDOOHO PDFKLQHV H[LVW DQG EDODQF
GHUHG LQ D GHFUHDVLQJ RUGHU RI SURFHVVLQJ WLPHV VR WKD
DUH GRQH ODVW 6KRUW MREV DUH UHJDUGHG DV XVHIXO GXH W

7TKHVH GLVSDWFKLQJ UXOHV FDQ DOVR EH FRPELQHG IRUPLQJ F
EH QHHGHG IRU SUREOHPV ZLWK IRU H[DPSOH PXOWLSOH REMHF

X X X X

6WRFKDVWLFLW\

$ SURFHVV PD\ HLWKHU EH GHWHUPLQLVWLF RU VWRFKDVWLF P
NQRZQ RU WKH\ FKDQJH ZLWK WLPH

$FFRUGLQJ WR 20RIVVRQ D VWRFKDVWLF SURFHVV FDQ EH G
IHDWXUHV ZKHUH VXFFHVVLYH REVHUYDWLRQV DUH QRW W\SLFD
WLDOO\ LQ WLPH $ PRUH IRUPDO GHILQLWLRQ LV WKDW D VWRFF
EHORQJLQJ WR D VHW 6 LH VWDWH VSDFH 7KLV FROOHFWLRQ
WKH LQGH[ VHW 7ZR Rl WKH PRVW FRPPRQ LQGH[ VHWYV DUH UHS
RI UDQGRP ¥ [& PEDHMG UHSUHVHQWDWLRQ RI FRQWLQXRXV WLP
YDULRER#PR r= ZLWK RQH UDQGRP YDULDEOH IRU HDFK WLPH W

5DQGRP YDULDEOHY PD\ HLWKHU EH GLVFUHWH RU FRQWLQXRX
UDQJH RI WKH UDQGRP YDULDEOH LV FRXQWDEOH &RQWLQXRXV
UDQGRP YDULDEOHY DUH GHILQHG WKURXJK LWV UDQJH ZKLOH
WKURXJK LWV FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ

7KH SUREDELOLW\ GHQVLW\ IXQFWLRQ IRU D UDQGRP YDULDEOH
ZLOO EH H[DFWO\ [ 7KH FXPXODWLYH GLVWULEXWLRQ IXQFWLRC
UDQGRP YDOXH ZLOO WDNH D YDOXH OHVV WKDQ RU HTXDO WR |



X X2 X Xz

I3

JLIXUH3UREDELOLW\ GHQVLW\ IXQFWLRQ OHIW
ULJKW RI D FRQWLQXRXV UDQGRP YDULDEOH 20RIVVRQ

7KH SUREDELOLW\ GHQVLW\ IXQFWLRQ LV WKH GHULYDWLYH RI F:
6HFWLRQ %HORZ LV SUHVHQWHG VRPH FRPPRQ GLVWULE
WHVW GDWD LQ WKLV WKHVLV

8QLIRUP GLVWULEXWLRQ

7KH XQLIRUP GLVWULEXWLRQ FKRRVHV D UDQGRP QXPEHU EHWZ
KDYH DQ HTXDO SUREDELOLW\ WR EH FKRVHQ #CUDQELERPO\ FKRYV
ZKHUH WKH OHQJWK LV K 7KH GHILQLWLRQ RI UDQGRP FDQ EH G

2:: by, LD

7KLY LQWHUSUHWDWLRQ LV LQGHSHQGHQW RWWKH IROGW RN KHLC
ELOLW\ GHQVLW\ IXQFWLRQ PXVW EH FRQVWDQW EHWZHHQ WKH
JUDWH WR RQH ZKLFK PDNHV WKH SUREDELOLW\ GHQVLW\ IXQFYV

BT, L sa rg Qs
+HUH ; KDV D XQLIRUP GLVWULEXWLRQ RQ WKH LQWHUYDO > @
FDQ EH GHILQHG DV

(:T;, L+ BT,@T Ta ragQ s
21

(:,LrBKNO r=J@:T, L sBKNP s

7TKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ LV D FRQWLQXRXYV |
YDULDEOH 6LPLODUO\N LI WKH SUREDELOLW\ GHQVLW\ IXQFWLRC

B:T; L

SF= & SQTR>

7TKHQ ; KDV D XQLIRUP GLVWULEXWLRQ RQ >D E@ 7KH FRUUHVSR
EH GHILQHG DV
é -

‘TL+ BT@TL _
( 2 @T

a =QTQ>



$00 YDOXHV RXWVLGH WKH LQWHUYDO >D E@ KDYH D SUREDELO
7TKH XQLIRUP GLVWULEXWLRQ LV XVHIXO ZKHQ JHQHUDWLRQ RI U

*DPPD GLVWULEXWLRQ

*DPPD GLVWULEXWLRQ LV RIWHQ XVHG WR JHQHUDWH UHDO ZRU
W FDQ EH XVHG LQVWHDG RI QRUPDO GLVWULEXWLRQ ZKHQ GDV
D SUREDELOLW\ GHQVLW\ IXQFWLRQ

?5
AU
:KHUH WKH JDPPD IXQFWLRQ LV

BT: L A €3 a TR

1
AU L+ ASP?S@P
4

$QG[L[I.V D SRVVLEOH LQWHJHU Q WKH JDPPD IXQFWLRQ UHVXO
AJ:L:JF s
5DQGRP YDULDEOH ; KDV D JDPPD GLVWULEXWLRQ ZLWK SDUDPH

0. LV DQ LQWHJIJHU Q ZH FDQ GHQRWH WKH FXPXODWLYH GLVW
4?5,
- & L
(:T; L s FA®| -a TR
P@4
)‘LJXUH YKRZV WKH SUREDELOLW\ GHQVLW\ IXQFWLRQV RI WKH
UYDULHVU LOQHQHDVHY LW UHVHPEOHY D EHOO VKDSHG QRUPDO

UKDV D YDOXH RI RQH LW UHVXOWV LQ DQ H[SRQHQWLDO GLVW!
DQG LV FDOOHG WKH VFDOH SDUDPHWHU 20RIVVRQ 6HFW




0 2 4 6 8 10
JLIXUHLIITHUHQW YDOXHV IRU VKDS
GLVWULEXWLRQ 20ORIVVRQ 6HFWLRQ

(ISRQHQWLDO GLVWULEXWLRQ DQG 3RLVVRQ SURFHVYV

'KHQ FKRRVLQJ D UDQGRP SRLQW IURP DQ LQWHUYDO H[SRQHQ\
H[DPSOH XVHG WR PRGHO WLPHVY EHWZHHQ UDQGRP HYHQWV FX
MREV WR D FRPSXWHU ,Q IL[HG WLPH SHULRGV 3RLVVRQ GLVWL
HYHQWV 7KHUH LV D UHODWLRQ EHWZHHQ H[SRQHQWLDO DQG
WHP ZKLFK FKDQJHV UDQGRPO\ RYHU WLPH WKH SURFHVV FDQ E
OLQH 7KLV LV FDOOHG D SRLQW SURFHVV DQG WR XQGHUVWDQ
WULEXWLRQ PXVW EH PDGH +HUH DQ DVVXPSWLRQ WKDW WKH \
DUH LQGHSHQGHQW UDQGRP YDULDEOHV ZLWK H[SRQHQWLDO G
RI H{SSRQHQWLDO GLVWULEXWLRQ KHUH FRUUHVSRQGV WR D SUR
WZHHQ SRLQWYV DUH FDOOHG LQWHUDUULYDO WLPHV )XUWKHUP
HUW\ ZKLFK PHDQV WKDW DW DQ\ IL[HG WLPH WKH WLPH XQWLC
UHJDUGOHVV Rl ZKHQ LW DUULYHG

,| WKH SUREDELOLW\ GHQVLW)\ IXQFWLRQ RI D UDQGRP YDULDEO!
B:T,LaA®&a TR
7KHQ LW KDV WKH H[SRQHQWLDO GLVWULEXWLRQ ZLWK ! 7KH
WLRQ LV
(:T,LsFAN ®a TR

YXUWKHUPRUH LW FDQ EH VDLG WKDW LI D FRQWLQXRXV UDQGR
PHPRU\OHVV $0OVR LQ H[SRQHQWLDO GLVWULEXWLRQ WKH PHDC
VDPH 20RIVVRQ 6HFWLRQ



6WDWLVWLFDO DQDO\VLV

6WDWLVWLFDO DQDO\VLYVY LQFOXGLQJ PXOWLYDULDWH VWDWLVYV
WR XVH GXH WR PRUH SRZHUIXO FRPSXWHUVY DQG EHWWHU VRIW
ILQG LQWHUDFWLRQ EHWZHHQ YDULDEOHYV DIITHFWLQJ GLIITHUHQMW
FDQ EH XVHG IRU VROYLQJ VXFK FRPSOH[ WDVNV 7TLQVOH\ %U

,Q PXOWLYDULDWH VWDWLVWLFDO DQDO\VLYVY DQG WHVWLQJ RI P
JHQHUDO VWHSYV

‘DWD SUHSDUDWLRQ

6WXG\ \RXU GDWD

6HOHFW D VWDWLVWLFDO WHFKQLTXH

ODNH UHTXLUHPHQWY IRU GDWD

L, QWHUSUHW UHVXOWYV

([DPLQH VWDWLVWLFDO YV SUDFWLFDO VLJQLILFDQFH

7KH ILUVW VWHS LV WR LQVSHFW WKH GDWD DQG FRUUHFW SR\
DFFXUDWH DV SRVVLEOH

7KH VHFRQG VWHS LV WR VWXG\ WKH GDWD E\ FDOFXODWLQJ EDV
VXFK DV VWDQGDUG GHYLDWLRQ PHDQV DQG SRVVLEO\ FRUUHC
WUDWLRQ RI WKH UHODWLRQV EHWZHHQ WKH YDULDEOHYV LV DO\

7KH WKLUG VWHS LV WR VHOHFW D VWDWLVWLFDO WHFKQLTXH

TXHVWLRQV \RX ZDQW WR DQVZHU DV ZHOO DV WKH GDWD UHT.
PLIKW EH WULFN\ VLQFH WKHUH DUH ORWYV RI GLITHUHQW PHWK
OHP

7KH IRXUWK VWHS LV WR PDNH UHTXLUHPHQWYV IRU WKH GDWD L
HJ QRPLQDO DQG RUGLQDO GDWD IROORZHG E\ PDNLQJ DVVXI
PDOLW\ KRPRVFHGDVWLFLW\ HWF )RU FODULW\ OLQHDULW\ PH
SDLUV RI YDULDEOHV DQG PXOWLYDULDWH QRUPDOLW\ PHDQV \
ELQDWLRQV DUH GLVWULEXWHG QRUPDOO\ +RPRVFHGDVWLFLW!
YDULDEOHV WKH YDULDELOLW\ LQ VFRUHV IRU RQH RI WKHP KD
FRQWLQXRXV YDULDEOHV 7KHUH DUH QXPHURXV RWKHU DVVXPS

7KH ILIWK VWHS LV WR LOWHUSUHW WKH UHVXOWY DQG IXUWKHL
SOH IRU ZKLFK H[LVWV GLIITHUHQW PHWKRGYV

7KH ODVW VWHS LV WR FRPSDUH VWDWLVWLFDO VLJQLILFDQFH :
WLVWLFDO DQG SUDFWLFDO VLJQLILFDQFH LW LV LPSRUWDQW V
LFDQFH DOWKRXJK VPDOO HIIHFWV VKRXOG QRW EH QHJOHFWHG
WKRXJKW DQG HPRWLRQV SOD\ D UROH LQ SUDFWLFDOLW\ )XUW
VDPSOH VWXGLHV RQ WKH RWKHU KDQG WHQG WR SURGXFH PRU}
WKH RWKHU KDQG PHDVXUHPHQW HUURU LV DOZD\V SUHVHQW
%URZQ S

0$129% OXOWLYDULDWH DQDO\VLV RI YDULDQFH PD\ EH XVHG IF
RXWFRPH YDULDEOH KDV PXOWLSOH PHDVXUHYVY RYHU WLPH DQ



PXOWLSOH PHDVXUHV 7KH ODWWHU GHVLJQ FDQ EH FDOOHG D C
WR FRPSDUH WKH GHSHQGHQW YDULDEOH ZLWK DOO IDFWRUV V
DQG RQH RU PRUH OLQHDU FRPSRVLWHV RXW RI QXPHURXV IDFW
YDULDEOH KDV RQ RQH RU PRUH OLQHDU FRPSRVLWHYV 7KH XQLY
$QDO\VLV Rl YDULDQFH 7LQVOH\ %URZQ S

7KH VXLWDELOLW\ RI DSSO\LQJ IDFWRU DQDO\VLV WR WKH GDWL
, W WHVWV WKH K\SRWKHVLVY WKDW WKH FRUUHODWLRQ PDWULJ[ L
DUH QRW UHODWHG WR RQH DQRWKHU /HVV WKDQ RI VLIQLI
XVHIXO IRU WKH GDWD LQ TXHVWLRQ ,%0 .02 DQG %DUWOHWW



6FLHQWLILF UHVHDUFK RQ WKH WRSLF

7TKHUH DUH QXPHURXYVY GLITHUHQW VFLHQWLILF SDSHUV WKDW D
GXFWLRQ 7KLV FKDSWHU UHYLHZV VRPH UHOHYDQW SDSHUV WR
YHU\ EURDG ZKLFK PHDQV WKDW QRW HYHU\ DSSURDFK FDQ EH

7KHUH DUH ORWYV RI GLIITHUHQW G\QDPLF VFKHGXOLQJ PHWKRGYV

+HXULVWLFV
OHWD KHXULVWLFV
.QRZOHGJH EDVHG V\VWHPYV
)X]]\ ORJLF

1HXUDO QHWZRUNYV

3HWUL QHWYV

+\EULG WHFKQLTXHV
OXOWL DJHQW V\VWHPV
2XHOKDGM 3HWURYLF S

X X X X X X X X

7KLV WKHVLV XVHV PDWKHPDWLFDO SURJUDPPLQJ WR VROYH D (
DQG HIDFW VROYLQJ PHWKRGYV

*RPHV HW DO PDGH D GLVFUHWH WLPH UHDFWLYH VFKHGXO|
WR RUGHU MRE VKRSV $ VFKHGXOLQJ SUREOHP LV GHILQHG DV
WLPH KRUL]JRQ ,W EHFRPHVY UHDFWLYH ZKHQ WKH VFKHGXOH LV
VFKHGXOHG LQ UHODWLRQ WR H[LVWLQJ RUGHUV 7KH REMHFWL)
WR FRPSOHWH WKH RUGHUV DV FORVH DV SRVVLEOH WR WKHLU
LQ LQWHUPHGLDWH EXIIHUV L H 3 )XUWKHUPRUH WKH SDSHU
UHVFKHGXOLQJ RU QRW UHVFKHGXOLQJ ROG RUGHUV WKDW KD
FKDQJHG G\QDPLFDOO\ ZKLOH FRQVLGHULQJ WKH DUULYDO RI W
]JRQ ZzDV VHTXHQWLDOO\ VSOLW LQWR VPDOOHU WLPH KRUL]RQV
DGGLWLRQ SHQDOWLHV IRU HDUOLQHVV WDUGLQHVV WLPH LQ
ZHUH XVHG

7KH PRGHO ZDV XVHG IRU WZR GLIITHUHQW VL]J]HG H[DPSOHV LQF(
D FRQFOXVLRQ UHVXOWV VKRZHG WKDW UHVFKHGXOLQJ ROG RI
PLIKW DOVR SXVK WKH ROGHU MREV ODWHU ORUHRYHU WKH FR
ZKLFK ZDV SDUWO\ GXH WR WKH IDFW WKDW LQ GLVFUHWH WL
ZKLFK UHGXFHV WKH FRPSFORHVWWDIDLILFEBQ WO\

,Q FRPSDULVRQ WR *RPHV HW DO WKH PRGHO LQ WKLV SDSH
PHDQV WKDW QR SHQDOWLHV DUH XVHG )RU H[DPSOH WKH GXF
XVLQJ GHWHUPLQLVWLF UHVFKHGXOLQJ VWRFKDVWLF GDWD VH
PDLQ XQNQRZQ LQ WKH EHJLQQLQJ DQG DUULYH G\QDPLFDOO\
DGDSW WR DUULYLQJ RUGHUV ZKLFK PLJKW YDU\ LQ DPRXQW
WKH PRGHO LQ WKLV SDSHU XVHV WKH VDPH SURFHVVLQJ VWDJ
SUHFHGHQFH FRQVWUDLQWY GHVSLWH WKH W\SH Rl RUGHU



%DUUHWW /D)RUJH VWXGLHG WKH LPSDFW RI FKDQJLQJ WK
7KH UHSODQQLQJ IUHTXHQFLHV ZHUH YDULHG DW VL[ GLIIHUHQ"
ZHHNO\ WZLFH ZHHNO\ GDLO\ DQG WZLFH GDLO\ ZKHUH RQH C
7KH RWKHU H[SHULPHQWDO IDFWRU XVHG ZDV SUREDELOLW\ RI C
DV WKH SRVVLELOLW\ RI D FXVWRPHU PDNLQJ FKDQJHV WR DOUF
PDGH SHULRGLFDOO\ HYHU\ KRXU ZKLFK ZDV WKH WLPH XQLW X
DV D G\QDPLF WUDLW LQ WKH PDQXIDFWXULQJ HQYLURQPHQW )
ZHUH XVHG DQG +HUH ZDV FRQVLGHL
FKDQJHV LQ WLPLQJ PRQWKO\ KDG D SUREDELOLW\ RI &RUUH
DWLOH KDG D SUREDELOLW\ RI WLPLQJ FKDQJH GDLO\ DW

WLPLQJ FKDQJH RQ D PRQWKO\ EDVLV ZDV JXDUDQWHHG 7KH SL
VKRUWHVW SODQQHG OHDG WLPH ZDV RQH ZHHN ZKLFK PHDQW W
DQG WZLFH D PRQWK KDG D ZHHNO\ RUGHU UHOHDVH :KHQ WKH
GDLO\ EDVLV WKH RUGHU UHOHDVH KDSSHQHG LQVWDQWO\ DIWH

7KH PDQXIDFWXULQJ SHUIRUPDQFH ZDV PHDVXUHG E\ VHUYLFH
RUGHUV B6HUYLFH UDWH ZDV GHILQHG DV WKH SHUFHQW RI HQG
WKH YDOXH RI LQYHQWRU\ IRU FRPSRQHQW SDUWV :,3 DQG ILQ!
036 ZDV VPRRWKHG DW  XQLWV SHU ZHHN DQG D XWLOL]DWLRC
FRPSOHWLRQV LI 036 ZDV VWDEOH DQG HQVXUHG D FDSDFLW\ FX

6LIJQLILFDQW UHVXOWYV IRU VHUYLFH OHYHO ZHUH WKDW VFKHGX
WKH SUREDELOLW\ RI 036 FKDQJH 7KLV ZDV DQ LQWHUHVWLQJ IL
IRU 053 XVHUV LV RQ D ZHHNO\ EDVLV )XUWKHUPRUH WKH GLIIF
GDLO\ ZDV PLQLPDO ZKHQ FRQVLGHULQJ GLIITHUHQW SUREDELOL
UHOLHYLQJ VLQFH UHSODQQLQJ WZLFH GDLO\ LV FRQVLGHUHG
KLJKO\ YRODWLOH FRQGLWLRQV GLG QRW \LHOG DQ\ EHWWHU U

JRU LOQYHQWRU\ YDOXHV LQ JHQHUDO PRUH IUHTXHQW 053 UHS
UHSODQQLQJ IUHTXHQFLHV RI WZLFH ZHHNO\ GDLO\ DQG WZLFH
FRQGLWLRQV UHVXOWHG LQ D VLJQLILFDQW LQFUHDVH LQ LQYHQ
LQ PRUH 053 UHOHDVH F\FOHV ZKLFK OHDGV WR UHFHLYLQJ PRI
WKDW XQGHU KLJKO\ YRODWLOH FRQGLWLRQV IUHTXHQW UHSO
FKDQFHV RI KDYLQJ WR UHVFKHGXOH QHZ RUGHUV 7KLV OHDGV "
QHUYRXVQHVV RI WKH V\VWHP

,Q RSHQ RUGHU FKDQJH QRWLFHV WKH UHVXOWY VKRZHG WKDW
DPRXQW RI RSHQ RUGHU FKDQJHV LQFUHDVHG KHDYLO\ WKH PRU
WKDW UHSODQQLQJ WZLFH ZHHNO\ \LHOGHG ZD\ PRUH RSHQ RU
ZHHNO\ ZKLFK ZDV FRQVLVWHQW ZLWK WKH UHVXOWYV IRXQG ZL'
S

%DUUHWW /D)RUJH FRQFOXGHG WKDW UHSODQQLQJ IUHTXH
LQ WKH 036 )XUWKHUPRUH LQFUHDVLQJ WKH UHSODQQLQJ IUH
ZKHQ WKH 036 LV YRODWLOH ,Q FRQFOXVLRQ D VLQJOH EHVW Y
WHUPLQHG ,Q RWKHU ZRUGV LQFUHDVLQJ WKH UHSODQQLQJ IU
G\QDPLF LV QRW DOZD\V WKH ZD\ WR JR %DUUHWW /D)RUJH



20H RI WKH PDLQ REMHFWLYHV LQ WKLV VWXG\ LV WR GHWHUPLC
HQW FLUFXPVWDQFHYV IRU YDULRXV VFHQDULRYV LQ 072 SURGXFYV
WKLV LV QRW DOZD\V VR VWUDLJKW IRUZDUG DQG D WUHQG PXV

7RLYRQHQ HW DO GHVLJQHG D SODQQLQJ DQG VFKHGXOLQ.
XOLQJ PXOWLSOH SKDVH KHXULVWLFV ZHUH XVHG DV ZHOO DV
VWXG\ ZHUH PLQLPL]DWLRQ Rl UHVRXUFH SURILOH SHDN DQG P
VRXUFHV XVDJH IRU DOO WLPH SHULRGY DQG DOO UHVRXUFHV )
ULVWLFV

7KH FDVH H[DPSOH ZDV EDVHG RQ ZRUNORDG OHYHOOLQJ LQ D \
PRVW UHOHYDQW VXESURFHVVHV LQ WKH SURFHVV ZHUH XVHG
VFKHGXOHG XVLQJ WKUHH KHXULVWLF SURFHGXUHYV LQFOXGLQJ
WLRQ DQG D G\QDPLF PHWKRG )XUWKHUPRUH ERWK REMHFWLYF
WLRQ VROYHU 7KH UHVXOWYVY VKRZHG WKDW REMHFWLYH ZLVH W
IROORZHG E\ IL[HG DFWLYLW\ GXUDWLRQ 7KH G\QDPLF PHWKRG
VROYH 7KH G\QDPLF PHWKRG ZDV EDVHG RQ VFKHGXOLQJ D UD
PRGHO $IWHU VFKHGXOLQJ WKH RUGHUV ZHUH IUR]JHQ VR WKD
ZDV FRQWLQXHG XQWLO DOO RUGHUYV KDG EHHQ VFKHGXOHG 7k
UHVXOW 7TRLYRQHQ HW DO

7KH PRGHO XVHG LQ WKLV WKHVLV LV SDUWLDOO\ EDVHG RQ WK
ZKHUH WKH REMHFWLYH ZDV WR PLQLPL]JH WKH VXP RI UHVRXUF
G\QDPLF VFKHGXOLQJ VWUDWHJI\ ZKHUH MREV DUH IURJHQ )XUW
FRQVLGHUHG LQ WKLV WKHVLY ORUHRYHU DOO PRGHO YDULDWL
WLRQ VRIWZDUH LQ WKLV WKHVLV

,Q 7TRLYRQHQ 1LHPL WKH VDPH PRGHO LV XVHG DV LQ WKH
WZHDN ZLWK UHVWULFWLRQV RQ WKH PDNHVSDQ RI D SURMHFW
7KH IDFWRUV ZKLFK ZHUH DQDO\VHG LQ WKH H[SHULPHQWYV ZH
FRHIILFLHQW Rl YDULDWLRQ LQ ZHHNO\ GHPDQG DYHUDJH QXPE
WLPLQJ VODFN 7KHVH ZHUH DOO VKRZQ WR KDYH VLJQLILFDQW
UHVRXUFH ORDG DIWHU OHYHOOLQJ ZKLFK ZDV VKRZQ WKURXJK
ODULWLHV ZLWK WKLV WKHVLY WKH DXWKRUV FRQFOXGHG WKDYV
ORDG OHYHOOLQJ LI VKRUWKDQG YDULDWLRQ LQ GHPDQG LV KLJ
DV ORQJHU GHOLYHU\ WLPHV 7TRLYRQHQ 1LHPL S

2QH RI WKH SDUDPHWHU YDULDWLRQV LQ WKLV WKHVLV FRQVLGHI
LPSRUWDQFH LQ UHVRXUFH ORDG OHYHOOLQJ

/IL 9HQWXUD VWXGLHG D VFHQDULR ZKHUH RUGHUV PXVW

VFKHGXOH PD[LPLIHG WRWDO UHYHQXH PLQXV WDUGLQHVV SHQI
ZDV PDGH WR VROYH WKH 2$6 2UGHU $FFHSWDQFH DQG 6FKHGX
WKDW RUGHU DFFHSWDQFH DQG VFKHGXOLQJ DUH KLJKO\ LQWH!
WKRUV XVHG D VHWXS ZLWK WKH IROORZLQJ PDLQ FKDUDFWHUL
IDFWXUHU WR UHFHLYH DOO RUGHUV D VLQJOH ZRUNVWDWLRQ

WLPH (YHU\ RUGHU KDG D GXH GDWH DQG LI H[FHHGHG LW UH
SURFHVVLQJ WLPHYVY DQG UHYHQXHV ZKHUH VHWXS WLPHV ZHUH
WLYH ZzDV WR PD[LPL]H WKH WRWDO UHYHQXH PLQXV WDUGLQHV

()¢



7KH H[SHULPHQWYV LQFOXGHG WKUHH GLIITHUHQW PDWKHPDWLFD!
WLDO UHODWLRQ EDVHG IRUPXODWLRQ DVVLIQPHQW IRUPXODW
DOJRULWKPV ZHUH XVHG WR VROYH WKHVH SUREOHPV ZKLFK ZHU
ZLWK GLIIHUHQW YDULDWLRQV 7KH YDULDWLRQV LQFOXGHG VW|I
SOH VWDJHV E\ HOLPLQDWLQJ XQQHFHVVDU\ VWDWHYV LQ WKH G
YDULDWLRQ ZLWK /DJUDQJLDQ UHOD[DWLRQ ZDV DOVR XVHG WR
YHOQWLQJ RUGHU GXSOLFDWLRQ ORUHRYHU VRPH YDULDWLRQV
ZHUH DOVR HYDOXDWHG ZKLFK LQFOXGHG FRQVWUDLQWYV WR GL
GHUV 7KH UHVXOWYV VKRZHG WKDW FRPSXWDWLRQ ZLVH WKH G\
SHUIRUPHG WKH EDVLF PRGHOV VROYHG ZLWK &3/(; RSWLPL]
PDGH IRU D VLQJOH PDFKLQH VFHQDULR ZLWK SUREOHP VL]HV L
EDVLF PRGHOV DV ZHOO DV WKH LQLWLDO G\QDPLF SURJUDPPLQJ
D UHDVRQDEOH WLPH $OWKRXJK WKH YDULDWLRQV RI WKH G\Q
FLHQW IRU DOO QXPHULFDO H[SHULPHQWYV /IL 9HQWXUD S

,Q FRPSDULVRQ WR /L 9HQWXUD WKLV WKHVLV XVHV PXOW
FKLQH 7KH FRPSOH[LW\ LQ WKLV WKHVLVY LV VPDOOHU LQ WKH V
UHVXOWY VROHO\ LQ D VFKHGXOLQJ SUREOHP )XUWKHUPRUH W
HIFHHGLQJ RI GXH GDWHV LV QRW DOORZHG EHFDXVH QR FDSDI
DXWKRUV SDSHU ZDV WKDW WKH YDULDWLRQV RI WKH G\QDPLF ¢
ODUJH DPRXQW RI RUGHUV LQ D UHDVRQDEOH DPRXQW RI WLPH
QXPEHU RI RUGHUYV LQFUHDVHG WKH FRPSXWDWLRQDO EXUGHQ

WXUD DOVR UHVXOWHG LQ D VHTXHQFLQJ SUREOHP ZKLFK |



SHVHDUFK PDWHULDO DQG PHWKRGYV

7KH SXUSRVH RI WKH RSWLPL]DWLRQ PRGHO LQ WKLV UHVHDUFK
G\QDPLFDOO\ LQ D 072 HQYLURQPHQW 7KH JRDO LV WR ILQG R>
REMHFWLYH YDULDWLRQV DQG DOJRULWKPV DIITHFW WKH RXWEFRI
PRUH WKH UHVXOWY FDQ WHOO ZKLFK UHVFKHGXOLQJ VWUDWH]

SHYLHZ RI WKH SUREOHP

7KH PRGHO SUHVHQWHG LQ WKLV WKHVLV LV 072 EDVHG ZLWK SX
E\ RUGHUV )XUWKHUPRUH WKH W\SH RI PDQXIDFWXULQJ V\VWH
GHWHUPLQH -RE VKRSV DUH FRPPRQO\ XVHG LQ 072 SURGXFWLR
DOO UHVRXUFHV ZLWK IUHH VHTXHQFLQJ ZKHUHDV IORZ VKRS'
ZKLFK MREV DUH SURFHVVHG 7KH OD\RXW XVHG LQ WKLV VWXG
SURFHVV VWUXFWXUH UHPDLQV WKH VDPH WKURXJKRXW WKH H]J
ZD\ WKDW MREV LQ RUGHUV PD\ EH SURFHVVHG VLPXOWDQHRX)
PRGHO YDULDWLRQV VXFK DV GLVWULEXWLRQ RI ZRUNORDG DQC
FUHDVH WKH GLVWLQFWLRQ EHWZHHQ MRE DQG IORZ VKRS V\VW

:RUNORDG FDQ EH FRQVLGHUHG WR GHVFULEH WKH WRWDO DPR>
SURGXFHG GXULQJ D WLPH SHULRG ,I D SURGXFWLRQ IDFLOLW\
PDFKLQH KDV D GLITHUHQW WDVN WKH\ DUH DVVLJQHG D ZRUNO
VXESURFHVV UHTXLUHV 7KH REMHFWLYH XVHG LQ WKH PRGHO L
ORDG SHDN PLQLPL]DWLRQ ORUHRYHU WKH PRGHO LV EDVHG RC
JUHJDWHG RQ GDLO\ WLPH EXFNHWV LQ WKH VFKHGXOH

7KH PRGHO EXLOW LQ WKLV WKHVLV LV VXSSRVHG WR VLPXODW
XVHG LQ IORZ VKRSV )RU H[DPSOH MREV LQ RUGHUV FDQ EH SUI
SUHFHGHQFH FRQVWUDLQWY 3UHFHGHQFH FRQVWUDLQWV RU U
PXVW EH ILQLVKHG EHIRUH RWKHUV FDQ EHJLQ 7KLV FDQ EH Wi
SDUWV PXVW EH FRPSOHWHG EHIRUH WKH ILQDO DVVHPEO\ FDQ
FRPSOHWLRQ RI RQH MRE LQ WKH RUGHU RSHQV WKH SRVVLELOL
SUHFHGHQFH GLDJUDP LV SUHVHQWHG ZLWK DQ RUGHU LQFOXGI
EHJLQ VLPXOWDQHRXVO\ ZKHUHDV VXFFHVVRU MRE 6 FDQ RQO
PXVW ILQLVK EHIRUH DVVHPEO\ VWDJH ; FDQ EHJLQ 7KH VDPH F
EHWZHHQ MREV LV XVHG LQ WKH H[SHULPHQWYV

JLIXUH B3UHFHGHQFH FRQVWUDLQWY IRU DQ RUGHU ZL
[)s)



7KH PDQXIDFWXULQJ VI\VWHP UHVHPEOHVY WKH FORVHG MRE VKR
MREV DQG WKH VHTXHQFH RI WKH MREV VWD\ WKH VDPH DOWKEF
TXHQFH RI MREV LQ WKH RUGHU LV LQWURGXFHG ZLWK D IOH[LE!
VRPH OHHZD\ EHWZHHQ WKH RSHUDWLRQV 7KH IL[HG YDULDQW I
EHWZHHQ MREV LQ WKH RUGHU

7KH PRGHO XVHV D SHULRGLF UHVFKHGXOLQJ SROLF\ ZKHUH GL
SDUHG 7KLV PHDQV WKDW UHVFKHGXOLQJ KDSSHQV RQ SUHGHW
I[UHTXHQF\ LV GHILQHG DV WKH WLPH LQWHUYDO EHWZHHQ UHVF
IRUPXODWLRQ LV XVHG ZKHUH WKH SHULRGLF UHVFKHGXOLQJ LC
SHULPHQW

ODWKHPDWLFDO IRUPXODWLRQ RI WKH SUREOHP

KHQ EXLOGLQJ D PRGHO FHUWDLQ DVVXPSWLRQV PXVW EH PDG
SXWDWLRQDOO\ IHDVLEOH
7KH IROORZLQJ DVVXPSWLRQV XVHG IRU WKLV PRGHO DUH

ODWHULDOV XVHG IRU WKH PDQXIDFWXULQJ SURFHVVHV DUH
6HW XS WLPHV IRU PDFKLQHVY KDQGOLQJ MREV DUH QHJOHFV
ODFKLQHVY GR QRW EUHDN GRZQ

RUNHUV DUH DYDLODEOH

SURFHVVLQJ WLPHYVY DUH NQRZQ

1R SUH HPSWLRQ LV DOORZHG

X X X X X X

7KH VFKHGXOLQJ SUREOHP LV G\QDPLF ZKLFK PHDQV WKDW QHZ |
7KH PDWKHPDWLFDO IRUPXODWLRQ RI WKH SUREOHP LV GHVFULE
WHUPLQLVWLF VWDWLF PRGHO $IWHU WKLV WKH G\QDPLF PRGH
PRGHO

'"HWHUPLQLVWLF VWDWLF PRGHO ZLWK IUHH GLVWULEXWLRC

7KH ILUVW LWHUDWLRQ RI WKH PRGHO LV PDGH DV D GHWHUPLQ|
KDQG 'HFLVLRQ YDULDEOHV SDUDPHWHUV DQG FRQVWUDLQWYV |

7KH SDUDPHWHUV ZKLFK DUH NQRZQ DUH
+L0QI>AKBEFK>0
- LJQI>ABNAOKQN?AO
2L, K@ QN=PEKJO
&L &QMA=PREBIN@ANO
#L'=NHEQPPNPEIBEKN@ANO
6LB6EIAKNEVKJ
9%L 9KNGKJPAK B >0

/ L$ECQI>AN
31



7KH SDUDPHWHUYV DUH UHDG LQWR WKH *XUREL 3\WKRQ FRGH YL
EH JIDWKHUHG LQ UHDO WLPH IURP WKH SURGXFWLRQ GDWDEDVH
30DQQRLQJ VRIWZDUH 7KH DOJRULWKP ZRXOG EH OLQNHG ZLWK
WKDW WKH DOJRULWKP XQGHUVWDQGVY WR UHDG WKH GDWD LQ L

'"HFLVLRQ YDULDEOHV XVHG LQ WKH PRGHO DUH

%L %KILHAPEKA®F KEQ TEHE=NE=>HA
4ypl 4AOKQINCMG H BN@PK >PKENAO K GPEAR
BL4AOKQHKRARA=G
el L K2KILHAEDIQE %RPKHR AE B KE®GE JR@ P E IRKPAN S EGA
Byl , KB KNG HKQBE HE=NB=QGIAG QPLQP
ol #QTEHR=NBE-=SPEB L £BKNEERJICKEJC
2EMHFWLYH

/IEJEIEVAB 'S;
Ep

7KH REMHFWLYH LV WR PLQLPL]H WKH VXP RI UHVRXUFH ORDG S|

ZKHUH WKH UHVRXUFH ORDG LV IOXFWXDWLQJ GXH WR WKH UDQ

PD\ GHFUHDVH WKH QHHG IRU ZRUNLQJ RYHUWLPH XVDJH RI VXE

SURGXFWLRQ ORUHRYHU LW PD\ UHGXFH WKH QHFHVVLW\ WR LC
S

&RQVWUDLQWYV
i

I d s E E t;
c@5
i
%L i P& E E U
c@5
& F %R r E E V;
%F 23R #g E E ‘W,
A
BFI 4ypRr RG E X;
V@5
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c@5
A
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&RQVWUDLQWYV DUH XVHG KHUH IRU WKH IUHH GLVWULEXWLR
PXVW EH FRPSOHWHG RQFH E%VIHW WRQ@ D WISH FELLQP G\DY D QL B E @ H/
(TXDWLRQ GHILQHV WKH FRPSOHWLRQ WLPHV IRU D@Q MREV E
DQG WKH GD\ RQ ZKLFK WKH MRE HQGV (TXDWLRQV + GHWHUF
GXH GDWHV DUH UHVSHFWHG E\ DOORFDWLQJ MREV VWDUWLQJ
(TXDWLRQ GHILQHV WKH UHVRXUFH ORDG SHDN DV WKH VXP RI
FXODWHG IRU HDFK GD\ DQG UHVRXUFH VHSDUDWHO\ 7KHVH SH
WKH REMHFWLYH IXQFWLRQ (TXDWLRQ VHWYV WKH DX[LOLDU\ )
ZLWKLQ WKH MR E 55X QDRTILEOQV LERHAW WILY XVHG DV D PHDQV WR YLV
WKH RXWSX%)/,VERENDERH ZRUN FRQWHQWYV LQ WKH UHVXOWLQJ W
WKH [ D[LV DQG MREV RQ \ D[LV
$00 ZRUNORDG PXVW EH DOORFDWHG

|

c@s
'RUNORDG LV DOORIANWGRRIRLQI ZRUN

4yp Q1 Uiy BGAE s,
(TXDWLRQV FKDUDFWHUL]H WKH IUHH GLVWULEXWLRQ &RQV

(TXDWLRQ GHWHUPLQHV WKDW ZRUMGRRIOR LLYJ R O WDKCHAURPAFRDWHAH
O LV D ODUJH HQRXJK QXPEHU: ¥R VYDAW. DI \E WEBIUR RVOXBIDRIQW LI
(YHQ GLVWULEXWLRQ PRGHO

7KH GLITHUHQFH EHWZHHQ IUHH DQG HYHQ GLVWULEXWLRQ PRG
WULEXWLRQ PRGHO GLVWULEXWHV WKH ZRUNORDG HYHQO\ RYHL
EXWLRQ PRGHO PD\ GLVWULEXWH WKH ZRUNORDG IUHHO\ RYHU V

7KH HYHQ GLVWULEXWLRQ PRGHO KDV E\ GHIDXOW ZRUVH UHVRX
WLRQ DOORZV PRUH IUHHGRP IRU WKH REMHFWLYH ZKHQ WU\LQ

$QRWKHU DWWULEXWH RI WKH I[UHH GLVWULEXWLRQ PRGHO LV W
MRE GXUDWLRQ )RU H[DPSOH D WKUHH GD\ ORQJ MRE PLJKW EF

&RQVWUDLQWY DQG LQ WKH IUHH GLVWULEXWLRQ PRGHO DU}
ZKHQ GLVWULEXWLRQ LV HYHQ

BGAE 'SS

$V HTXDWLRQ VKRZV WKH UHVRXUFH ZRUNORDGY DUH FDOFXC
MRE GXUDWLRQ ZKHUH D MRE LV RQJRLQJ &RPSXWDWLRQ ZLVH
IDVWHU VLQFH WKH GLIITHUHQW SRVVLELOLWLHY DUH OLPLWHG |
ORDG KDV PXOWLSOH RSWLRQV

'"\QDPLF PRGHO

7KH G\QDPLF PRGHO LV EXLOW IURP WKH VWDWLF PRGHO 7KH G
WXUHV 7KH ILUVW IHDWXUH RI WKH G\QDPLF SODQQLQJ PRGHO |
IURJHQ DQG FDQQRW EH DOWHUHG DQ\PRUH

o1



7KH VHFRQG IHDWXUH LV WKDW WKH LI WKH MREV LQ DQ RUGHU
SRVWSRQHG FRQVLGHULQJ GXH GDWHY DQG ODWHVW ILQLVKLQJ

7KH WKLUG IHDWXUH LV VLPLODU WR WKH VHFRQG IHDWXUH EX\
QRW EHHQ VWDUWHG \HW ,Q RWKHU ZRUGV MREV FDQ EH DGYD!
FRQVWUDLQWY LQFOXGLQJ HDUOLHVW VWDUWLQJ WLPHV DQG G»>

7TKHVH WKUHH IHDWXUHY DUH LPSOHPHQWHG WR WKH VWDWLF PI
SOHPHQWYV D GLVFUHWH WLPH UROOLQJ KRUL]JRQ IRUPXODWLRQ
DUH GLVWULEXWHG WR IRXU GLITHUHQW UHVRXUFHV

7KH ILUVW PDMRU GLIITHUHQFH EHWZHHQ WKH VWDWLF DQG G\QD
PLIHV WKH PRGHO IRU RUGHUV DUULYHG LQ D FHUWDLQ WLPH KF
GHUV DQG RSWLPL]JHV WKHP DW RQFH 7KH UHDVRQ ZK\ WKH G\C
WKDW SUHYLRXV MREV RU RUGHUV FDQ EH FRPSDUHG WR WKH F’
WLHV WR DSSO\ UHVWULFWLRQV DQG FRQVWUDLQWY WR OLPLW
WKH FXUUHQW RUGHU DUULYDO WLPH 7KH PRGHO IRU G\QDPLF I
QDPLF FRQVWUDLQWY WKDW DUH XSGDWHG HDFK WLPH MREV DU
DUH SUHVHQWHG LQ HTXDWLRQV 7KH ILQLVKLQJ WLPH LV Nt
VWUDLQWY ZKHUH WKH ULJKWKDQG VLGH LV XSGDWHG EHWZHH(

.oL .=PAPPIEOCEIKEFKES=NE=PAJI=IERIJOPN=EJP
#yL '=NHEQ@Q PPN PEIRB-KE
#/L'=NHEQP-PN PEIBBE NAR EKPO
%L (EJEEXJEEIKB. NAREKEODANRAL = HHN AR E KOPA @@ A K @0 PEEKE
%Q .y E E 'st;
%R #gy E E sy

%\ FKDQJLQJ WKH ULJKW X@®OGKWLIGI) MKLIEWHRH Rl MREV FDQ §
&LV EHWZHHQ WKH ERXQGDULHV :KHQ IUHH]LQJ Rl MREV LV GHYV
SODFHG ZLWK MREV S Y,DRRWKHQLYRKUGY WARIHV IRUFHV WKH ILC
EHWZHHQ WKH G\QDPLF FRQVWUDLQWY ZKLFK PDNHV WKH MREV
VWDUWHG FRPSDUHG WR WKH DUULYDO Rl FXUUHQW RUGHU WKt
DOJR UMW RJH S O BHRGWK DWK WKH SUHYLRXV MRE PD\ RQO\ EH UHYV
WLPHSRLQW 3ULRU WR WKLV LQ WKH SRVWSRQHPHQW DOJRULW
ZLWK D SRVWSRQHG WLPHSRLQW ZKLFK LV FDOFXODWHG DFFRUC
HTXDWLRQ LV FRPSOLHG ZLWK

:&yF 29F =5 US E 5 'SV,
& F 25F 5yR s ‘sw

,Q HTXDWULRQD ZHLJKW GHWHUPLQLQJ KRZ PXFK WKH MREV ZLOO
SHULPHQWY D ZHLJKW RIDLVMG KNIQE GOBRY MRKYHH U K H LY HD\OX O WR- I R |
YDOXH I URP HTXDWLRQ LV URXQGHG XS WR WKH QHDUHVW LQV
HDUOLHVW VWDUWL @J AKIHP H¥ HDU HHKILWQ XS DWHKIHS IDDXWLDO SRVWSRC
SRVWSRQHPHQW DOJRULWKP IRU EHWWHU DELOLWLHYV WR SRVW!
WHQWLDO UXVK RUGHUV PD\ EH VLWXDWHG LQ WKH H[LVWLQJ VF



JRU ITUHH UHVFKHGXOLQJ G\QDPLF FRQVWUDLQWY ULJKWKDQG V
DUULYDO WLPH RJ T™WKKFN PXOORZYWWMREUHVFKHGXOLQJ RI MREV ZL

7KH IXQFWLRQDOLW\ EHKLQG GLIITHUHQW DOJRULWKPV LV LOOXV

7KH UROOLQJ KRUL]JRQ GHVLJQ LPSOHPHQWHG LB WREL R PRIBB\D F
2 DUH FKRVHQ XQWLOLURKANHGQKREY D SRLVMKHQ VFKHGXOHG ZLWI
VWUDLQWY OLNH LQ WKH *DQWW FKDUWV SUHVHQWHG LQ ILIJXUH
KRUL]JRQ EHWZHHQ WKH HDUOLHVW VWDUWLQJ WLPH DQG WKH PI
WHUYDO ,Q RWKHU ZRUGV DOO RUGHUV EHWZHHQ HDUOLHU UH\
DUH VFKHGXOHG 7KH KRUL]JRQ LV WKHQ UROOHG IRUZDUG DQG
EHORQJLQJ WR WKLV LQWHUYDO DUH IUR]JHQ DQG FDQQRW EH D
DOO MREV KDYH EHHQ VFKHGXOHG

$IWHU VFKHGXOLQJ DOO MREV LQ DQ LQWHUYDO WKHKVYHKDUH FR
FDQ EH DOWHUHG LQ WKH I[UHH DQG SRVWSRQHPHQW PRGHOV L
WLRQHG HDUOLHU DOO MREV KDYLQJ D VWDUWLQJ WLPH EHIRUEL
]JRQ PXVW EH IUR]JHQ )XUWKHUPRUH LW LV LPSRUWDQW WR QRYV
DSSHDU WR EH HYHQO\ GLVWULEXWHG WKH\ RQO\ LOOXVWUDWH
RXV MREV KDYH GLITHUHQW MRE GXUDWLRQV

Rescheduling points= R, _,

Replanning frequency=r

Max due datefor jobsin schedulinginterval= D ..,
Earliest starting time for jobs= A;

Time units in days=tg

tg, |r31+1 |:R1+2 |tR1+3 |zkl+4- | tg, +5 | tp, +6 | tatm

= Rli l | | | | | | '; Dimax
|
Jobs i, in orders O € [0, Ry] Roll to next horizon R,=R;+r
tp, tg,+1 |ty +2  t5 +3 |ty +4 | tg+5  tyg,+6  tp +mn
A =R,! | 52 | | 9 | | T2 | 2 | e | D.
S | | | | | | | | Yimax
\ )
Jobs i, inorders O € [Ry, R,] Roll to next horizon Rz =R, +r
tr, tg,+1 g, +2 tp, +3 itz +4 g +5 tz,+6 ity +n
e | = | | | | | i |
A=l | | | | | | | | Dimax
\ )
Jobs i, in orders O € [Ry, R4] Roll to next horizon R'—" = R"_l 22 ]
tg, tg +1  tp +2  tp +3  tp +4 tp +5 tg +6 tp +n
4; = Rﬂl | | “H | B | = [ e | | i | D.
l | [ [ | | [ | |J imax

!

Jobs i, inorders O € [R3, R, ]

)LIXUH 5ROOLQJ KRUL]JRQ GHVLJQ IRU G\QDPLF VFKHGXOLQJ

toXe}



JRUZDUG DQG EDFNZDUG SODQQLQJ

7KH REMHFWLYH LQ HTXDWLRQ GHILQHG LQ WKH VWDWLF PRGH
H[SHULPHQWY 7KH REMHFWLYH LV DOWHUHG VR WKDW D ZHLJK'
EDFENZDUG

QL SADRQ O B@& E B P EXC O

/IEJEIEVABEQUI % S X
Ep EU

IEJEIEVARFQUI 9% 'Sy,
Ep EU

(TXDWLRQ LV WKH REMHFWLYH IXQFWLRQ XVHG IRU IRUZDUG S
HDUOLHU (TXDWLRQ RQ WKH RWKHU KDQG VWULYHV WR VFKHC
XVHG 7KH H[SHULPHQWYV FRQGXFWHG LQ WKLV WKHVLV XVHV D z
IRUFH WKH MREV DV HDUO\ RU ODWH DV SRVVLEOH VR WKDW WK
KRXJK LI WKH VFKHGXOH DOORZV LW WKH MREV DUH VFKHGXOH (
EDFNZDUG SODQQLQJ LV XVHG

$00 FRPELQDWLRQV RI PRGHO SDUDPHWHU DQG DOJRULWKP YD
SODQQLQJ 8VLQJ EDFNZDUG SODQQLQJ WRIJHWKHU ZLWK WKH SF
LPSUDFWLFDO EXW LV H[DPLQHG DQ\ZD\ GXH WR WKH FRQYHQLH

JOH[LEOH DQG IL[HG WLPH WHPSODWHV

SBUHFHGHQFH FRQVWUDLQWY DUH XVHG WR UHDOL]H WKH VHTXHC(
GHU 7KH FRQVWUDLQW PDNHV VXUH WKDW WKH ODVW MRE LQ W
WKH RUGHU )XUWKHUPRUY%W RE KWH R ¥ D)XGHIRDN \WIWEHE\R b3

MREV PD\ RYHUODS DQG DOO SUHFHGLQJ MREMIRE WW(B URMNG H/K H
ObDVW MRE LQ WKH RUGHU PLJKW EH FRQVLGHUHG DV DQ DVVHPE

7TKHVH SUHFHGHQFH FRQVWUDLQWY KDYH WZR GLIITHUHQW YDULL
PRGHO )OH[LEOH WLPH WHPSODWH PHDQV WKDW WKH MREV PLJI
SUHFHGHQFHV RI MREV DUH PDLQWDLQHG LQ HDFK RUGHU )L[HG
WZHHQ MREV 7KLV PHDQV WKDW D MRE VXFFHHGLQJ DQRWKHU N
FRPSDUHG WR WKH SUHFHGLQJ MREV ILQLVKLQJ GDWH $Q H[DPS
WHPSODWH FDQ EH VHHQ LQ ILJXUH UHVSHFWLYHO\ IL[HG WLP/|
GLIIHUHQFH EHWZHHQ WZR WHPSODWHY FDQ EH VHHQ IURP MRE

ODWKHPDWLFDO IRUPXODWLRQV RI WKHVH SUHFHGHQFH FRQVWU
JERADAPKN @ AN GKA &K=
"= DK?KIP=£Q@KE-K>Q €& ai@=
JOH[LEOH WLPLQJ WHPSODWH
%Q%-F 25-cEERAMIFKEEARAJ B +P1 'Sz
%Q%.-F 2-sEERAIFKEER@@ B +Db1 's{;



Flexible timing template

Day
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25 P F —

JLIXUH JOH[LEOH WLPLQJ WHPSODWH *DQWW FKDUW RI RUGH!

JL[HG WLPLQJ WHPSODWH
%L %-F 21-CERASFFKEEAR A B +Db1 tr;
%L %.-F 2-sCEERAIFKEBER@@ B +Db1 ‘ts;

90



Fixed timing template

(S}

n

13

lab

17

)LIXUH J)LIHG WLPLQJ WHPSODWH *DQWW FKDUW RI RUGHUV

7KH GLITHUHQFH EHWZHHQ IOH[LEOH WLPLQJ WHPSODWH HTXDW
WLRQV LV WKDW WKH LQHTXDOLWLHYV LQ IOH[LEOH WLPLQJ W
SODWH IRUFHV WKH VXFFHHGLQJ MREV WR EH VWDUWHG LPPHGL

/IRIJLFDOO\ IOH[LEOH WLPLQJ WHPSODWH KDV VOLJKWO\ EHWWH!
PRGHO PRUH IUHHGRP &RPSXWDWLRQ ZLVH WKH PRGHO JHWYV K
ELOLWLHYV

JUR]JHQ PRGHO

7KH VLPSOHVW G\QDPLF PRGHO LV ZKHUH DOO MREV DUH IUR]JHQ
PRGHO LV QRW VR HIIHFWLYH ZKHQ FRQVLGHULQJ FKDQJHV KDSS
HQVXUHV WKDW UHVFKHGXOLQJ LV QRW DOORZHG $OWKRXJK Wk
GXFHV WKH DPRXQW RI QHUYRXVQHVV WKDW UHVFKHGXOLQJ PLJ

$ IORZFKDUW RI WKH IUR]JHQ PRGHO FDQ EH VHHQ LQ ILJXUH :
ILQHG ZKLFK WHOOV DW ZKLFK SDFH RUGHUV DUH VFKHGXOHG
ORZHU OLPLW DQG DQ XSSHU OLPLW )XUWKHUPRUH DOO MREV I
WKH MREV KDYH EHHQ VFKHGXOHG WKH\ DUH LPPHGLDWHO\ IUR’
EHHQ VFKHGXOHG WKH QH[W VHW RI RUGHUV DUH UHFHLYHG DW
WRWDO MRE DPRXQW KDV EHHQ VFKHGXOHG

NL NALH=JBERAMQAJI?U
OL OP=NREKEEB QNNREPARA@ QHA
ALAJ@BXEBEB QNNREPARPA@ QHA
36



+L BKPEK=>IKQJP
EL ?QNNRKEDARJ@E | A NE\OFA

Q Input value forr )

r

Define s and e.

[

Mo

/" All jobs scheduled >

= stop model

Schedule all jobs i,
within bounds s and e.

Freeze all scheduled
jobs i, within bounds s
and e.

No

> T = Yprepious T Vinput

i=i+1

YLIXUH JUR]JHQ G\QDPLF PRGHO

3RVWSRQHPHQW PRGHO

7KH LGHD EHKLQG SRVWSRQLQJ MREV LQ WKH VFKHGXOH LV WKD
LQ SURGXFWLRQ ,Q RWKHU ZRUGV SRVWSRQLQJ MREV FORVHU '
PHHW WKH FXVWRPHU VSHFLILFDWLRQ DQG GHPDQGV VXFK DV R

7KH LQLWLDOL]DWLRQ VWHS RI DOO PRGHOV LV WKH VDPH DV GF
DUH VFKHGXOHG DFFRUGLQJ WR WKH UHSODQQLQJ IUHTXHQF\ $
EH VHHQ LQ ILJXUH | WKH GLITHUHQFH EHWZHHQ GXH GDWH |
ORZV MREV WR EH SRVWSRQHG WKH\ DUH PRYHG E\ FORVHU \
WKH GHDGOLQH LV VPDOO WKH\ PLIKW QRW EH PRYHG DW DOO \
WLDOO\ WKH SRVWSRQHRWRIWH RIWVFEHOMR VOEKRWYDOXHV IRU (
PDGH WKH PRGHO LQIHDVLEOH GXH WR WKH SUHFHGHQFH FRQVW
PDNHV WKH WLPH KRUL]JRQ WRR WLJKW EHFDXVH RI WKH SUHFH(
IHUHQW VODFN YDOXHV 7KH LGHD EHKLQG LQLWLDO SRVWSRQHI
HDUO\ UHVXOWLQJ LQ IUHH]LQJ MREV WKDW PLJKW EH VLWXDWF

'KHQ MREV KDYH EHHQ SRVWSRQHG DQG NHHSLQJ LQ PLQG WKDV
FRUUHVSRQGLQJ DUULYDO GDWH FRPSDULVRQ WR SUHYLRXV MR

00



Dv bOO MREV EHIRUH WKH FXUUHQW MRE ,I| WKH VWDUWLQJ WLF
WKDQ RU HTXDO WR DUULYDO RI FXUUHQW MRE WKH SUHYLRXYV
LWHUDWLRQ FRQWLQXHV XQWLO DOO MREV KDYH EHHQ VFKHGXO
LI WKH VWDUWLQJ WLPH RI D SUHYLRXV MRE LV VPDOOHU WKDQ
WKHUPRUH WKH IUR]JHQ MRE LV QR ORQJHU FRQVLGHUHG LQ IXU

7KH PRGHO VWRSV ZKHQ WKH WRWDO MRE DPRXQW KDV EHHQ VF
NL NALH=JBEAMQAJ?U
OL OP=NREEEPR QNNREPADA@ QHA
ALAJ@BXEBBR QNNREPARA@ QHA
+L 6KPEK=IKQJP
EL ?QNNAKEDARJ@E | AXNE\ORA
FL LNAREKK}NG JCEBINK t s &
&L &Q M =BKNKE
5L ,K3@ QN=BERKE
=L =N N EIRREEIK E
56L 5P =NPEBDIRE KB



 nputvaeforr )
'

| Define s and e. |«

All jobs scheduled
-= stop model

Schedule all jobs i,
within bounds s and e.

T = Tprevious T Vinput |_

Postpone job by 20% in
relation to deadline

Job i mustbe scheduled
at earliest on its arrival
date.

.| Comparej with i, over
"] scheduling interval s-e. |

i=i+1 |

Is 5T; = 0 and 5T; = a;? Freezej

¥

Reschedulej by Lock frozen j from
postponement. further iteration
— =1+ 1 =i+1 —
JLIXUH SBRVWSRQHPHQW G\QDPLF PRGHO

JUHH PRGHO

JUHH UHVFKHGXOLQJ PRGHO UHVHPEOHVY WKH SRVWSRQHPHQW P
WKH EHIJLQQLQJ ORUHRYHU WKH UHVFKHGXOLQJ SDUW RI WKH L
UXVKHG LI WKH\ VWD\ ZLWKLQ WKH ERXQGV RI FXUUHQW MREV D
TXHVWLRQ

7KLV PRGHO LV TXLWH KHDY\ DQG WKH PRVW WLPH FRQVXPLQJ R
WKH PXOWLSOH UHVFKHGXOLQJ SRVVLELOLWLHV )LJXUH VKRZ
ULWKP

NL NALH=JBRNAMQAJI?U
OL OP=NREKEEBQNNREPADA@QHA



ALAJ@BXEBEBR QNNREPARA@ QHA
+L BKPEK>IKQJP
EL?QNNRKEDARJ@E | &N E\ORA
FL LNAREKKNG JCBBINK t s &
56L 5P =N PEBI®REF KB

C Input value forr >

Define s and e. +
No
All jobs scheduled
-= stop model
Yes

Schedule all jobs i,
within bounds s and e.

No
¢ "= Tprevieus T Vinput [

Yes

Compare j with i, over

"| scheduling interval s-e. |

i=i+1

Is 5T, = 0 and 5T, = a;7 Freezej

l

Lock frozen j from
further iteration

!

i=i+1 i=j+1 —

Reschedule j freely but
at earlieston the arrival
date of current job

)LIXUH JUHH UHVFKHGXOLQJ DOJRULWKP



5HDGLQJ DQG DQDO\VLQJ GDWD

7KH GDWD LV UHDG IURP DQ ([FHO ILOH ZKHUH DOO SDUDPHWHUV
ZLWK UHDGLQJ WKH GDWD IURP DQ ([FHO ILOH LV WKDW WKH GDV
WKH XVH RI HTXDWLRQV LV VLPSOH DQG DSSOLFDEOH WR DOO FR
RI WKH GDWD XVHG IRU WKH VFKHGXOLQJ PRGHO $V PHQWLRQH
([FHO IXQFWLRQV RQ WKH SDUDPHWHUV )XUWKHUPRUH WKH HDL
EHFDXVH WKH RUGHU DUULYDOV DUH XQNQRZQ DQG DUULYH G\Q
WLPH SRLQW SULRU WR LWV DUULYDO

7DEOH ([DPSOH GDWD LQ DQ ([FHO ILOH

lob Order Earliest start Due date lobduration Resourcel Resource2 Resource3  Resource 4 Order Arrival

1 1 1 10 2 223757413 i} 0 0 1

2 1 1 10 3 0 358,798691 0 i} 1

3 1 1 10 2 0 0 147327912 0 1

4 1 1 10 1 0 0 0 119,873295 1

5 2 2 13 1 134,132543 o 0 0 2

B 2 2 13 2 0 275917216 o 0 2

7 2 2 13 1 0 0 78,4009329 0 2

B 2 2 13 3 1] 0 0 406,915322 2

9 3 4 15 2 108720314 i i} 0 4
10 3 4 15 1 0 62,0540379 1] i} 4
11 3 4 15 1 1] 0 714270616 0 4
12 3 4 15 2 1] i 0 173227928 4
13 4 5 43 2 32792611 i i} 0 5
14 4 5 43 1 0 B8B,0431987 1} 0 5
15 4 5 43 2 a 0 234,107019 0 5
16 4 5 43 2 i} 0 0 169829976 5
17 5 5 30 2 160,065972 0 o 0 5
18 5 5 30 2 0 B63,9455258 o 0 5
15 5 5 k4] 2 i} 0 160,72929 0 5
20 5 5 Eld] 1 i} ] 0 55,6073347 5
21 6 5 14 2 71,1780501 i 0 0 5
22 6 5 14 2 0 B8,35408511 1] 0 5
23 & 5 14 2 0 0 143,610155 o 5
24 1 5 14 2 i} i 0 109,148365 5
25 7 B 23 3 319,931481 1] o 0 6
26 7 B 23 3 0 229817918 o i} B
27 7 B 23 2 0 0 89,4838975 0 B
28 7 B 23 2 0 i} 0 101,889306 B
29 -1 B 14 2 854870118 i} o i} 3
30 ] B 14 2 0 972108437 i} i} 8
31 ] 8 14 2 0 0 115527615 o 8
32 -] 8 14 1 0 i} 0 470089783 8
33 | 8 14 3 238577218 i V] o 8
34 9 8 14 2 0 733009783 1] 0 g
35 9 8 14 3 0 0 Z03,258225 1] B
36 | B 14 1 ] il 0 50,3303378 B
37 10 9 20 1 35,2386465 il i} o 9
38 10 9 20 2 0 103,744834 1] o0 9
39 10 9 20 1 0 0 24,2098576 0 £l
40 10 9 20 2 i} i 0 119,224573 £l

7KH GDWD LV UHDG IURP ([FHO WR WKH 3\WKRQ FRGH ZKHUH D
SDUDPHWHUV LQWR WKH ULJKW IRUP $00 SDUDPHWHUV DUH GH:

'DWD JHQHUDWLRQ IRU WKH RSWLPL]DWLRQ UXQV DV ZHOO DV |
OLFURVRIW ([FHO ZLWK 9LVXDO %DVLF SURJUDPPLQJ ODQJXDJH
IRU PDNLQJ GDWD VHWYV DV LQSXW IRU WKH RSWLPL]DWLRQ P

it



PDGH WR VRUW WKH RXWSXW UHVRXUFH ZLVH VR WKDW FKDUWYV
)LQDOO\ D PDFUR IRU FDOFXODWLQJ WKH PHDQ UHVRXUFH ORD
MHFWLYH UHVXOWY IRU HDFK UHVRXUFH RYHU GDWDVHWYV DQ

*XUREL RSWLPL]DWLRQ

*XUREL RSWLPL]JHU LV D VWDWH RI WKH DUW PDWKHPDWLFDO SU
UDWLF 3URJUDPPLQJ 0,3 0,/3 0,43 OL[HG ,QWHJHU 4XDGUDW
OL[HG ,QWHJHU 4XDGUDWLFDOO\ &4RQVWUDLQHG 3URJUDP SURJ
PDWKHPDWLFDO RSWLPL]IDWLRQ VROYHU RQ WKH PDUNHW ORUH
VXFK DV /3 DOJRULWKPV LQFOXGLQJ VLPSOH[ SDUDOOHO EDUUI
DOJRULWKPV LQFOXGLQJ VLPSOH[ DQG SDUDOOHO EDUULHU 4&3
ULWKPV DQG SDUDOOHO EDUULHU 62&3 6HFRQG 2UGHU &RQH 3U
WHUPLQLVWLF SDUDOOHO QRQ WUDGLWLRQDO VHDUFK KHXULV\
PHWU\ EUHDNLQJ *XUREL RSWLPL]DWLRQ $

'KHQ VROYLQJ D 0,3 PRGHO LQ *XUREL WKH EXLOGLQJ EORFNYV X'

SUHVROYH

6ROYH FRQWLQXRXV UHOD[DWLRQV
&EXWWLQJ 3ODQHV

%UDQFKLQJ YDULDEOH VHOHFWLRQ
SULPDO KHXULVWLEFV

X X X X X

0,3 SUHVROYH LV XVHG IRU UHGXFLQJ WKH SUREOHP VL]H DQG V
WR VWUHQJIJWKHQ WKH /3 UHOD[DWLRQ DQG LGHQWLI\ SUREOHP
JRULWKP IRU VROYLQJ 0,3 PRGHOV 7KH DUFKLWHFWXUH RI WKH
RSWLPL]DWLRQ &

Presolving : - Node Selection J-'—

Node Presolve J

| | LP Relé\xation J

| Cutting Planes J

Heuristics J

!

Branching J—

JLIXUH %UDQFK DQG FXW LQ *XUREL *XUREL RSWLPL]L

$Q H[DPSOH RI KRZ WKH *XUREL RXWSXW ORRNVY OLNH ZKHQ VRO

ar



, QLWLDOO\ WKH PRGHO JRHV WKURXJK SUHVROYLQJ IROORZHG
RSHQ QRGH LQ WKH EUDQFKLQJ SURFHVVY VKRXOG EH SURFHVVH
SURSDJDWLRQ LV DSSOLHG DW HDFK QRGH Rl WKH VHDUFK WUHF

'RPDLQ SURSDJDWLRQ LQ 0,3 XVXDOO\ PHDQV WKDW D UHVWULF'
LV XVHG WR VLPSOLI\ WKH SUREOHP LQVWDQFH ,Q DGGLWLRQ W
OLQHDU FRQVWUDLQWY ZKLFK OLPLWYVY WKH DPRXQW RI SURSDJI
PRVW VLIQLILFDQW DOJRULWKP LV ERXQG VWUHQJIJWKHQLQJ RQ C
DIJDWLRQ PHDQV WU\LQJ WR UHGXFH WKH ORZHU DQG XSSHU ERX

7KH QH[W VWHS LQ WKH DOJRULWKP LV WR VROYH WKH /3 UHOD
UHOD[DWLRQ LV FRQVWUXFWHG E\ UHPRYLQJ WKH LQWHJUDOLW\

ORYLQJ GRZQ WKH IORZFKDUW RI WKH EUDQFK DQG FXW DOJRUL
VWUHQJIJWKHQHG E\ FXWWLQJ SODQHV RU PRYHG GRZQ WR WKH K

7TKH FXWWLQJ SODQHV XVH LQIRUPDWLRQ IURP WKH /3 ZLWK LQW]
WKDW UHGXFH WKH VROXWLRQ VSDFH FXWWLQJ SODQHV RI WKF
VROXWLRQV ORUHRYHU WKH REMHFWLYH YDOXH RI WKH /3 UHOI
WUHH ,I WKLY ORZHU ERXQG LV ODUJHU WKDQ WKH FXUUHQW R
ZLWK LWV QRGH FDQ EH DEDQGRQHG $FKWHUEHUJ S

7KH SULPDO KHXULVWLFV ILQG LQWHJHU IHDVLEOH VROXWLRQV
FUXFLDO IRU OLPLWLQJ WKH VHDUFK WUHH VLIH 7KHVH VWHSYV
RSWLPDO VROXWLRQ KDV EHHQ IRXQG *XUREL RSWLPL]DWLRQ &



Presolve —

Root relaxation ——

Cutting planes ———

Heuristics =

Branching el

Solution count 18: 289.883 280.803 289.883 ... 317.123

J)LIXUH ([DPSOH RI *XUREL RSWLPL]DWLRQ RXWSXW IR
ZLWK VWDJH' DQG FXW DOJRULWKP

KHQ DQDO\WLQJ WKH RXWSXW LW LV LPSRUWDQW WR QRWH WHK
ERXQGV LV |JHUR DQ RSWLPDO VROXWLRQ LV IRXQG *XUREL RS

JRU RXU PDWKHPDWLFDO RSWLPL]DWLRQ PRGHO *XUREL S\WKRGC
DQG LPSOHPHQWHG ZLWK -XS\WHU 1RWHERRNV RU -XS\WHU /DE

o
=1



'HVLIQ RI HISHULPHQWYV

([SHULPHQWYV LQFOXGH GLIIHUHQW YDULDWLRQV Rl WKH G\QDPLI
VFKHGXOLQJ VWUDWHJILHYV )XUWKHUPRUH JDWKHULQJ GDWD U]
UDPHWHU YDOXHV IRU YDU\LQJ VFHQDULRV ,Q 072 FRPSDQLHV
RSWLPDOLW\ ZKLFK LV ZK\ DGMXVWLQJ SDUDPHWHUV DQG DUFK

ODLQ REMHFWLYH

&KRRVLQJ WKH RSWLPDO UHSODQQLQJ IUHTXHQF\ LV LPSRUWDQ\
RI RUGHUV UHFHLYHG FDQ KDYH VLJQLILFDQW YDULDWLRQ 072 1
WKH UHDVRQV ZK\ GLITHUHQW UHSODQQLQJ VWUDWHJILHYV DUH D
GLITHUHQW VWUDWHIJLHY DQG UHSODQQLQJ IUHTXHQFLHV PXVW
WKDW GLITHUHQW RSWLPDO VFHQDULRY FDQ EH IRXQG )XUWKHU
WRPL]DWLRQ DQG PDUNHW EHKDYLRXU PLJKW YDU\ EHWZHHQ RU
O\WVHG

+RZHYHU VRPH SDUDPHWHUVY PXVW UHPDLQ IL[HG VLQFH IURP LC
PLIJKW JHW WRR KHDY\ WR UXQ ,I WKH PRGHO JHWV WRR FRPSOL
FRPH WRR ODUJH

SHSODQQLQJ VWUDWHILHV

$V PHQWLRQHG HDUOLHU WKH UHSODQQLQJ VWUDWHJILHYV DUH I
VWUDWHILHY DUH DOZD\V FRPSDUHG ZLWK DQRWKHU LQ WKLV H
XOLQJ VWUDWHI\ ZDV LQWHQGHG WR SRVWSRQH WKH MREV E\
WLPH KRUL]JRQ WRR WLJKW 7KLV UHVXOWHG LQ VRPH GDWD VHW
SUHFHGHQFH FRQVWUDLQWY FRXOG QRW EH IXOILOOHG %HFDXV
WR

SDUDPHWHUYV

8VXDOO\ FRPSDQLHVY KDYH D VHOHFWLRQ RI SURGXFWV ZKLFK F
IRU 072 SURGXFWLRQ ZKHUH FXVWRPHUV PLIJIKW QHHG WDLORUH
SRVH VRPH SDUDPHWHUV PXVW EH DGMXVWHG LQ WKH H[SHULPI
KDYH VRPH VWDWLVWLFDO GLVWULEXWLRQ WR VLPXODWH WKH X
GHVLUDEOH WR DGMXVW DOO SDUDPHWHUV EXW LW ZRXOG EHFF
RWKHU YDULDWLRQV LQYROYHG LQ WKHVH H[SHULPHQWYV

-RE ZRUN FRQWHQW YDULDELOLW\ -:&9 RU SURGXFW FXVWRPL]I
WKH DQDO\VLV RI DJJUHJDWH SODQQLQJ LQ 072 SURGXFWLRQ $°

Xx RUN FRQWHQWV IRU HDFK MRE DUH JDPPD GLVWULEXWHG
x $00 IRXU MREV LQ HDFK RUGHU KDYH WKH VDPH DYHUDJH
Xx 7TKH GHIDXOW VWDQGDUG GHYLDWLRQ LV RI PHDQ EXW W

7KH SODQ ZDV WR LQFOXGH WKUHH GLITHUHQW &9 &RHIILFLHQW
ODWHG DV WKH VWDQGDUG GHYLDWLRQ GLYLGHG E\ WKH PHDQ Y
GLVWULEXWLRQ DUH GHSHQGHQW RQ &9 YDULDWLRQ 7KH VPDOC
LV 2Q WKH FRQWUDU\ D ODUJHU &9 YDOXH HTXDOV PRUH YDULTL
&9 YDOXHV DUH IRXQG LQ WDEOH 'XH WR D PLVWDNH LQ WKH G
QRW XVHG 7KHUHIRUH UHVXOWY RQO\ LQFOXGH -:&9 SDUDPHWH



YXUWKHUPRUH SURGXFWV WHQG WR FRPH LQ GLIIHUHQW VL]HV
LI DQ RUGHU RI ODUJHU SURGXFWV LV PDGH 2Q WKH FRQWUDU\
IDFWXUH 7KLV SURGXFW YDULDELOLW\ PXVW DOVR EH LQFOXGH
WLRQV

x (DFK RUGHUV ZRUN FRQWHQW LV XQDDRE®Q\LQMAMUIEXWHG |
X 7KLV PHDQ YDOXH LV XVHG DV LQSXW IRU HDFK MRE LQ WKH

7KH H[SHULPHQWY LQFOXGH WZR GLIITHUHQW YDULDWLRQV IRU W
LQ WDEOH 7KH VHFRQG VFHQDULR GRHV QRW KDYH SURGXFW Y
WKHUPRUH WKLV PHDQV WKDW WKH PHDQ YDOXH DQG VWDQGDU

2UGHU LQWHUDUULYDO WLPH 2,7 LV WKH SDFH DW ZKLFK RUGH!
WKH VWXG\ ,I| WZR RUGHUV DUULYH IRU RQH GD\ WKH LQWHUDU
SHQGHQW RQ PDUNHW EHKDYLRXU 7KH LQWHUDUULYDO WLPHV L
WLDO GLVWULEXWLRQ 7KH GHIDXOW YDOXH XVHG IRU WKH PHDAQC
GHU DUULYHV )XUWKHUPRUH WKH VWDQGDUG GHYLDWLRQ YDO>
WLYH HI[SRQHQWLDO GLVWULEXWLRQ )RU FODULW\ WKH GHIDXO
PDWHO\ WZR RUGHUYV DUULYH GDLO\

'XH GDWH WLIJKWQHVYV "7 ZKLFK LV DOVR GHSHQGHQW RQ PDUN
DQG GHSHQGHQW RQ RWKHU FKDQJHV PDGH $ PLQLPXP SURGXF)
7KLV FULWLFDO SDWK LV DGGHG WR D QHJDWLYH H[SRQHQWLDO«
GHIDXOW YDOXH IRU WKH OHQJWK RI WKH FULWLFDO SDWK 7KH
WLRQV RI DOO MREV EHORQJLQJ WR WKH RUGHU ORUHRYHU WK
WKRXJKW RI DV WKH VWDUWLQJ SRLQW 7KH "7 YDOXHV XVHG LQ

7KH SURGXFW DQG SURFHVV VWUXFWXUH UHPDLQV WKH VDPH Wk
RUGHUV LQFOXGH GLITHUHQW MREV ZKLFK DUH DOzZD\V GRQH L

X 6WDJH 6WDJH 6WDJH
X 6WDJH 6WDJH

6WDJH DQG DUH SUHGHFHVVRU MREV DQG VWDJH LV D VXFFF
EO\ VWHS ZKHUH DOO RWKHU VWDJHV KDYH EHHQ ILQLVKHG DQG
LQJ VWDJIHV

-RE GXUDWLRQ FDQ EH VHHQ DV D IL[HG SDUDPHWHU EXW LQ UH
7KH MRE GXUDWLRQ LV GLYLGHG E\ WKH DYHUDJH ZRUN FRQWHQ
URXQGHG ZLWK DGGLWLRQ RI DQ H[WUD GD\ 7KLV VHFXUHV WKI
VXPPDUL]H LI WKH RUGHU LV ODUJH LW PXVW EH GLYLGHG RYH

$PRXQW RI UXQV

7KH QXPEHU Rl UXQV XVHG LQ WKH H[SHULPHQW FDQ EH VHHQ L¢
HYHQ PRUH UXQV E\ YDU\LQJ WKH RUGHU LQWHUDUULYDO WLPH
EDFNZDUG SODQQLQJ 6RPH FXWV KDG WR EH PDGH VLQFH HVSH
JHWKHU ZLWK IOH[LEOH WLPLQJ WHPSODWH PDNHV WKH PRGHO °
UHVFKHGXOLQJ VWUDWHJ\ WRJHWKHU ZLWK IUHH GLVWULEXWLR



7TDEOH 7RWDO DPRXQW RI UXQV XVHG LQ WKH H[SHULPHQWYV

-:&9 309 2,777 )R %Dl | (YHQUHH )L]D®G [L[EZH
ZDUG ZDUG SOoD|Q

I+

THLIKW:HLJIKW

7RWDO FRPELQDWLR | 7ZR GLIIHUH | '"LVWULE| 7LPLQJ Wt | 6FKI
HWHUV WLYH  VKLIWLQ WY VYR M XoLqQJ
JLHV ZLWK ZHLIJKWYV lUH
TXHQF\

7TRWDO DPRXQW RI UXQV
5HVFKHGXOLQJ VWUDWHILHYV
'DWD VHWYV UXQ

7TRWDO DPRXQW RI VFKHGXOHYV

YXUWKHUPRUH WR NHHS WKH UXQ WLPH RI WKH H[SHULPHQWYV D
WLRQ KDG WR EH OLPLWHG WLPHZLVH EXW VWLOO DW D VXIILFL
DUH PDGH ZLWK D FDOO EDFN IXQFWLRQ ZKLFK KDV WKH IROOR.:

JAJANRHIKWEIBRKLPEIEV=IPEKJA?KI@ O tt;
+BPEIRTabDA?KF@@+2C=10w " IOPKILPEIEVEJC :tu;
e F\,

9DANA2C=L ‘tv;

$QG
VL2NEIKHFA?PERXK@MMLLAKQBAENJIEIEV=PREK3HAIO
V,L&Q=XKHPFA?PERAMMHKSAKQB&ENJIEIEV=PEK3HAIO
+BE£L V,L r8DAJDAC=-IEVANK @BDAK>FA?RERB®LPEI=H
*XUREL 0,3*DS

,Q RWKHU ZRUGV WKH JHQHUDO WLPH OLPLW LQ HTXDWLRQ L\
HIFHHGHG LQ WKH RSWLPL]DWLRQ UXQ WKH PRGHO VWRSV DW L

0,3 JDS (TXDWLRQV DQG PDNH VXUH WKDW LI DQ RSWLPD
WKH PRGHO VWRSV RSWLPL]LQJ EXW RWKHUZLVH LW VHWWOHYV
ZKLFK LV WKH OLPLW IRU WKH PRGHO 7KLV LV DQ DJUHHPHQW E
VXOWYV ZKLFK PXVW EH PDGH IRU VXFK D ODUJH DPRXQW RI UXQ

7KH PRGHO LV UHRSWLPL]J]HG HDFK WLPH WKH G\QDPLF FRQVWUD
PHQW DQG IUHH UHVFKHGXOLQJ VWUDWHILHYVY WKLV PHDQV WKD
VLQFH WKH PRGHO LV UHRSWLPL]J]HG HDFK WLPH LW FRPSDUHV S

=t
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RU UHVFKHGXOLQJ VKRXOG EH DSSOLHG 7KLV DOVR PHDQV WKD
DFw 0,3 JDSV LV YHU\ KDUG VLQFH HDFK WLPH WKH PRGHO LV U}
VROXWLRQ LV UHFRUGHG

7KH PD[LPXP QXPEHU RI FRPSDULVRQV IRU MREV FDQ EH FDOFXC
a?5s
%KIL=NEOKJBD tw
ves

JRU SRVWSRQHPHQW DQG IUHH UHVFKHGXOLQJ VWUDWHJILHV D¢
6<?5

%KIL=NEOKJ@EL uyz X,
Ues
7KH FRPSDULVRQV FDOFXODWHG ZLWK HTXDWLRQ DQG LV Wi

PD\ RFFXU LQ H[SHULPHQWYV ZKHQ D UHVFKHGXOLQJ DOJRULWKP
VHULHVY RI FRPSDULVRQV EHWZHHQ SUHYLRXV DQG FXUUHQW MR

JURIJHQ VWUDWHJI\ KDV D VLIJQLILFDQWO\ IDVWHU SURFHVVLQJ W
WKHP 7KH UHVSHFWLYH QXPEHU RI RSWLPL]DWLRQV IRU IUR]JHQ

I1LPEIEV=PHENALH=JLIKEQPO 1y,

(TXDWLRQ SUHVHQWY WKH QXPEHU RI RSWLPL]DWLRQV UHTXLL
UHVXOWY LQ DSSUR[LPDWHQLV WISHV WVPR\MDWLBRR X @QWHRIHMREV U]
PHQW ZKLFK LV HTXDO WR ORUHRYHU UHSODQQLQJ SRLQWYV
DUH VFKHGXOHG IRU HDFK GDWDVHW 7KH PLQLPXP DPRXQW RI1 L
WR D VWDWLF VFHQDULR 7KH PD[LPXP QXPEHU RI UHSODQQLQJ
WKDW HYHU\ RUGHU LV VFKHGXOHG RQ D GLIIHUHQW RFFDVLRQ

6LPXODWLRQ VHWXS

7KH WRWDO DPRXQW RI VFKHGXOHY JHQHUDWHG LV ZKLFK L
PXVW EH RUJDQL]HG WKRURXJKO\ (YHU\ UXQ RI WKH FRGH FRQW

,QLWLDOL]JH LQSXW YDOXHV 3DUDPHWHU YDULDWLRQ ORGH
,PSRUW GDWD IURP GDWDVHW

5XQ RSWLPL]DWLRQ RI PRGHO )UR]JHQ 3RVWSRQHPHQW )UH
'ULWH UHVXOWV WR ([FHO ILOH VFKHGXOH UHVRXUFH ORDC
GXUDWLRQV

5HSHDW VWHSV IRU QH[W PRGHO 7KH RUGHU LV IURJHQ ¢
'KHQ DOO PRGHOV KDYH EHHQ UXQ WKH VFKHGXOHV DUH DX
\WLV RI UHVRXUFH ORDG OHYHOOLQJ

&DOFXODWH WKH PQDRR®QWGRS GIDNMWDRHWY 'HIDXOW IRU
6XP UHVRXUFH ORDG SHDNV IRU HDVLHU FRPSDULVRQ EHWZ

7KH FRGH RI WKH SURFHVYVY FDQ EH VHHQ LQ DSSHQGL[ %

$QDO\WLQJ DQG RUJDQL]JLQJ UHVXOWYV LV GRQH ZLWK WKH KHOS
PDFURV 7KHVH PDFURV FDQ EH VHHQ LQ DSSHQGL][ &

o
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&UHGLELOLW\ RI WKH GDWD

7KH LQWHQGHG QXPEHU RI UXQV VKRZQ LQ WDEOH ZHUH DOO
VLPXODWLRQV 7KH GDWDVHWYVY JHQHUDWHG ZLWK WKH LQWHQW
ZHUH QRW JHQHUDWHG LQ D VXFFHVVIXO PDQQHU 7KH GDWDVH!
RUGHU 7KLV PHDQV WKDW DOO VL[ UHPDLQLQJ RUGHUV KDG D &
ZHUH FRPELQHG ZLWK WKH UXQV GRQH ULJKW ZLWK D -:&9 RI

KDYLQJ UHVXOWV IURP GDWDVHWYV 7KLV PLIJKW KDYH D VPDOO
UXQV IRU DOO SDUDPHWHU YDULDWLRQV LV VR KLJK WKH UHVXC

JXUWKHUPRUH VRPH PLQRU LVVXHV ZHUH GHWHFWHG LQ WKH EH
VFKHGXOLQJ WUDLW ZDV JXDUDQWHHG IRU DOO RUGHUV H[FHSW
RYHU D PLQRU LVVXH UHJDUGLQJ WKH OHQJWK RI WKH WLPH KR
"7 YDOXHV RI 7KH LVVXH ZzDV UDWKHU WKDW WKH RXWSXW HI[F
EHWZHHQ GD\V DQG 7KLV ZDV IL[HG DOPRVW LPPHGLDWHO\

RQ WKH REMHFWLYH UHVXOWYV

oi



5HVXOWY DQG DQDO\VHYV

,Q WKLV FKDSWHU WKH UHVXOWY DQG DQDO\WVHV DUH SUHVHQV
UHVRXUFH ORDG SHDNV ZLWK PRGHO YDULDWLRQV DV ZHOO DV (
HYDOXDWLRQ RI UXQ WLPH EHWZHHQ GLIITHUHQW PRGHOV DQG Y
D JHQHUDO OHYHO )XUWKHUPRUH UHVRXUFH ORDG OHYHOOLQ.
XQLYDULDWH DQG PXOWLYDULDWH IDFWRU DQDO\VLV RQ WKH DC

7R FKHFN LI D 0$129%$ DQG IDFWRU DQDO\VLV LV ZRUWKZKLOH IR
LV FRQGXFWHG ZLWK ,%0 6366 6WDWLVWLFYV VRIWZDUH ,I WK
DQDO\VLY DQG 0$129% LV DSSOLFDEOH 7KH UHVXOWYV LQ WDEOH

ZKLFK ZRXOG LQGLFDWH WKDW WKH YDULDEOHVY DUH UHODW

7TDEOH %DUWOHWW V 7THVW RI 6SKHULFLW\ IRU WKH Y

Bartlett's Test of
S|::-hneri-:it5\ra
Likelihood Ratio .ooo
Approx. Chi-Sguare 950.8588
df g
5ig, .0oo

JXUWKHUPRUH D 0$129% LV HIHFXWHG ZKHUH REMHFWLYH UHVX(
FRQVLGHUHG DV GHSHQGHQW YDULDEOHVY DQG DOO SDUDPHWH
IDFWRUV OHDQ YDOXHV DUH DOVR FRPSDUHG ZLWK DOO PRGHO
KRZ SDUDPHWHU DQG PRGHO YDULDWLRQV DIIHFW WKH REMHFWI

$00 WKH FRPSXWDWLRQV LQ WKLV ZRUN ZHUH H[HFXWHG RQ D 3
SUREOHP ZDV VROYHG XVLQJ *XUREL RSWLPL]DWLRQ VROYHU LQ

5XQ WLPH UHVXOWYV

7TKH WRWDO UXQ WLPH IRU UXQV ZDV KRXUV 7KH UXQ WL
SDUDPHWHU YDULDWLRQ :KLFK PHDQV WKDW UXQ WLPHV IRU IU}
HILHV ZHUH VXPPHG WRIJHWKHU 'XULQJ WKH UXQV LW ZDV QRWH
LFDQWO\ IDVWHU WKDQ WKH RWKHU WZR 3RVWSRQHPHQW VWUL
VWUDWHJI\ ZDV WKH VORZHVW 7KLV LV EHFDXVH SRVWSRQHPHQW

DQG UHSODQQLQJ )LJIXUH VKRZV WKH LPSDFW Rl GLITHUHQW ¢
UXQ WLPH

of
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JLIXUH 3DUDPHWHU DQG PRGHO YDULDWLRQV LPSDFW RQ PHD

5XQ WLPH DQDO\VLYV

5XQ WLPHV ZHUH QRW UHFRUGHG VHSDUDWHO\ IRU WKH DOJRUL)
HDFK H[SHULPHQW VLQFH LW ZDV PRUH FRQYHQLHQW WR DUUDQ
WLPHV EHWZHHQ DOJRULWKPV DUH EDVHG RQ REVHUYDWLRQV G

,Q JHQHUDO IUR]J]HQ DOJRULWKP KDG WKH IDVWHVW UXQ WLPH (
DOJRULWKPV ZHUH VLIJQLILFDQWO\ VORZHU GXH WR WKHLU FRPS
FOHDUO\ WKH VORZHVW RQH GXH WR LWV DELOLW\ WR UHVFKHG:
XOH

7KH EHKDYLRXU RI GLITHUHQW SDUDPHWHUYV RQ UXQWLPHYV FDQ

Of



7TDEOH ORGHO YDULDWLRQV LQIOXHQFH RQ UXQ WLPHYV

3DUDPHWHU PRG[HO 6HWWLQJV 5KQ WLPH
"7 ! ,QFUHDVH

"7 ! '"HFUHDVH

39 ! "HEFUHDVH
'"LVWULEXWLRQ (YHQ [I|)UHH ,QFUHDVH VI
7LPLQJ WHPSODWH JL[HG | ! )OH[LEOH ,QFUHDV
2EMHFWLYH %DFNZDUG ! )RUZDUG QFUHDVH
5HSODQQLQJ LQWHUYDO ! '"HFUHDVH V
5HSODQQLQJ LQWHUYDO ! '"HEUHDVH V

"7 39 WLPLQJ WHPSODWH DQG REMHFWLYH KDG TXLWH VPDOO F
IUHTXHQF\ KDG D VXEVWDQWLDO GHFUHDVH RI PHDQ UXQ WLPH -
SODQQELQJ HYHU\ WZR GD\V 7KH ODUJHVW GLIIHUHQFH ZDV EHW.
VZLWFKLQJ ITURP HYHQ GLVWULEXWLRQ WR IUHH GLVWULEXWLRQ
VHFRQGV 7KLV PHDQV WKDW WKH I[UHH GLVWULEXWLRQ LV FRPS
VSOLWWLQJ MRE ZRUNORDGY LQWR DQ HYHQ GLVWULEXWLRQ LV
FRQVXPLQJ VHWWLQJ DFFRUGLQJ WR REVHUYDWLRQV ZDV KDYL
WHPSODWH 5XQQLQJ WKLV FRPELQDWLRQ XVXDOO\ UHVXOWHG 1
QLQJ WLPH zZzDV IRU VRPH GDWDVHWYVY H[FHVVLYHO\ WLPH FRQVXF
OLPLW

7KH VXEVWDQWLDO GHFUHDVH IURP UHSODQQLQJ GDLO\ WR UHS
VLQFH LW PLIJKW QRW EH VR WUXVWZRUWK\ 5XQQLQJ GDWDVHW
ZLWKRXW GLVUXSWLRQV WR PDS SRWHQWLDO ERWWOHQHFENV I
GDWDVHWY ZHUH QHJOHFWHG IURP UHSODQQLQJ LQWHUYDO DQC
FKDQJH LQ UXQ WLPH EHWZHHQ DQG LV VR VPDOO

*HQHUDO FRPSDULVRQ UHVXOWYV

7KLV VHFWLRQ VKRZV UHVXOWV Rl WKH VXP Rl UHVRXUFH ORDG
ELQDWLRQV 7KH SDUDPHWHU VHWWLQJY FDQ EH VHHQ DV WKH F
IRU DOO UHVRXUFHV DUH VLWXDWHG RQ WKH < D[LV 7KH PRGHC
WKH QXPEHUV H[SODLQLQJ WKH FRPELQDWLRQV LQ WDEOH  7KF
$ DUH PDGH ZLWK OLFURVRIW ([FHO

i



7TDEOH $00 PRGHO YDULDWLRQV XVHG LQ WKH H[SHULPHQWYV

ORGHO YDULDWLRQ [LVWULEXW|LREM H F W/LLYPH5® B RIS DPIN HU H
LQJ TXHQF\
(Yt JL[I JRUZ
(Yt JL[I %D F N
)U L[l JRUZ
)U JL[I %D F N
(Yt YOH] JRUZ
(Yt YOH] %D F N
)U JOH] JRUZ
)U JOH] %D F N
(Yt )L JRUZ
(Yt YL[I %D F N
)U JL[I YRUZ
)U JL[I %D F N
(Yt JOH] JRUZ
(Yt JOH] %D F N
)U JOH] JRUZ
)U JOH] %D F N
(Yt YL[| YRUZ
(Yt YL[I %D F N
)U JL[I JRUZ
YU YL[I %DFN
(Yt JOH] JRUZ
(Yt JOH] %D F N
)U JOH] JRUZ
)U JOH] %D F N
JRU SURGXFW YDULDELOLW\ RI EHWZHHQ DQG DQG WKH

UHVXOWY VHHQ LQ ILJXUH $

7KH FKDUW ZLWK SURGXFW YDULDELOLW\ FRQVWDQW DW
UHVXOWY VKRZQ LQ ILIJXUH $

JLIXUH $ VKRZV WKH UHVXOWYV IRU D SURGXFW YDULDELOL
WLPLQJ VODFEN RI

YXUWKHUPRUH ILJXUH $ VKRZV WKH FRQVWDQW SURGXFW Y
VODFN RI

JLIXUH $ VKRZV WKH LQLWLDO SURGXFW YDULDELOLW\ VHW\
WLPH VODFEN RI

7KH ODVW ([FHO FKDUW RI WKLV FDWHJRU\ $ VKRZV WKH UH
D FRQVWDQW SURGXFW YDULDELOLW\ RI

*HQHUDO FRPSDULVRQ DQDO\VLV

JLIXUHV $¢ DQG $ KDYH ERWK D "'7 VODFN RI ZLWK YDU\LQJ 3¢
ZRUVH ZLWK PRUH SURGXFW YDULDELOLW\ FRPSDUHG WR WKDW
SURGXFW YDULDWLRQ ZKLFK DSSDUHQWO\ UHVXOWYV LQ VOLJKW
XFW YDULDELOLW\ RI 7TKH SDWWHUQV EHWZHHQ GLIITHUHQYV
OoDU

00



JXUWKHUPRUH WKH VPDOO VODFN YDOXH UHVXOWLQJ LQ WLJKW
WLYH UHVXOWYV EHWZHHQ PRGHO YDULDWLRQV 7KH GLIIHUHQFH
YDULDWLRQV LV DSSUR[LPDWHO\ IRU ILJXUH $ DQG $

JRU VPDOO UHSODQQLQJ IUHTXHQFLHYVY IUHH DQG IUR]JHQ DOJRUI
VXOWYV KHQ UHSODQQLQJ IUHTXHQF\ LV DEDWHG L H QXPEHU |
PRGHO EHFRPHV WKH EHVW UHVXOW ZLVH 3RVWSRQHPHQW DOJF
WLRQV EXW WKH JDS WR I UHH DOJRULWKP LV QDUURZHG GRZQ ¢
EDFNZDUG SODQQLQJ YDULDWLRQV FOHDUO\ DOZD\V JLYH WKH Z
VWDQWO\ SRVWSRQLQJ MREV ZLWK D ZHLJKW VKLIWLQJ WKHP EI
DFKLHYH JRRG ZRUNORDG OHYHOOLQJ 2Q WKH RWKHU KDQG IR
FRPSOHPHQW HDFK RWKHU E\ ILUVW SRVWSRQLQJ WKH MREV DQ

7KH PRVW VLJQLILFDQW PRGHO YDULDWLRQ DIIHEFWLQJ WKH REM
EXWLRQ 7KH VHFRQG PRVW VLJQLILFDQW PRGHO YDULDWLRQ DI
WZHHQ IL[HG DQG IOH[LEOH WLPLQJ WHPSODWHVY 6KLIWLQJ WKH
VLIJQLILFDQW LPSDFW RQ IURJHQ RU IUHH DOJRULWKPV )XUWKH L
RQO\ RQH LPSURYHG E\ UHSODQQLQJ OHVV IUHTXHQWO\

JLIXUHV $ DQG $ VKRZ WKH UHVXOWYV IRU XVLQJ "'7 VODFN 'K
PHGLDWHO\ PHQWLRQ WKDW WKH GLIITHUHQFH EHWZHHQ WKH PR(
WLIJKW GXH GDWHV )XUWKHUPRUH WKH GLITHUHQFH LQ 39 VWL
ELOLW\ JLYHV VOLJKWO\ ZRUVH UHVXOWY FRPSDUHG WR KDYLQ.

39 DQG VODFN VHHPV WR JLYH EHVW UHVXOWYV IRU WKH
SRVWSRQHPHQW DQG IRUZDUG SODQQLQJ FRPELQDWLRQ VHHPV

ULWKP LQ VRPH PRGHO YDULDWLRQV 7KH IUR]JHQ DOJRULWKP LF
TXHQWO\ DV PHQWLRQHG LQ WKH FDVH ZKHUH WKH VODFN ZDV

VPDOO EHWZHHQ WKH WKUHH DOJRULWKPV 7KH RQO\ YDULDWLR
DQG EDFNZDUG SODQQLQJ FRPELQDWLRQ

KHQ WKHUH LV QR SURGXFW YDULDELOLW\ WKH GLITHUHQFHV DL
WKH EHVW REMHFWLYH YDOXH ZKHQ UHSODQQLQJ LV VFDUFHU )
YDULDWLRQV EHFRPH VOLJKWO\ FOHDUHU ZKHQ 39 LV QRW FRQV

KHQ FRPSDULQJ VODFN WR WKH UDQJH EHWZHHQ PRGHO YL
UHGXFHG IURP DSSUR[LPDWHO\ WR 7KLV LV SUREDEO\ GXH
WKH GXH GDWHV JLYHV WKH VFKHGXOH PRUH IUHHGRP WR OHYH
KDYLQJ WLIJKW VFKHGXOHV LQWHQVLILHVY RWKHU PRGHO YDULDW
SODWHYV

SHVXOWYV ZLWK "'7 VODFN RI DUH SUHVHQWHG LQ ILIJXUHV $ D
UHVFKHGXOLQJ DOJRULWKPYV VHHP WR SHUIRUP EHWWHU WKDQ V
ZKHQ LQFOXGLQJ SURGXFW YDULDELOLW\ DOWKRXJK LW FDQ DO
DQG VDPH VL]HG SURGXFWV ,Q JHQHUDO WKH SURGXFW YDULDE
EHWZHHQ REMHFWLYH YDOXHV HYHQ WKRXJK '"'7 VODFN LQFUHD'
WR UHGXFLQJ WKH UHVRXUFH ORDG SHDN GLIITHUHQFHV EHWZHH
RI DSSUR[LPDWHO\ DQG VODEN KDG VODFEN VHHPV WR
LQJ WKH VODFN VHHPV WR LPSURYH WKH DOJRULWKPV ZLWK UHYV
GLITHUHQFHYVY EHWZHHQ PRGHOV IXUWKHU DQDO\VLV LV PDGH ZL
FRQFOXVLRQ WLIJKWHQLQJ WKH GXH GDWHYV PDJQLILHV WKH GLI



([DPSOHV RI UHVRXUFH ORDG OHYHOOLQJ

$V PHQWLRQHG HDUOLHU WKH DPRXQW RI RXWSXW VFKHGXOHV
LV ZzK\ RQO\ VFKHGXOHV IRU WKH GXH GDWH WLPLQJ VODFN SDI
G\QDPLF DOJRULWKPV )XUWKHUPRUH WKH UHVRXUFH ORDG SU
ZKLFK LV FKDUDFWHUL]HG E\ KDYLQJ D IUHH GLVWULEXWLRQ 10
D GDLO\ UHSODQQLQJ LQWHUYDO 7KH UHVRXUFH SURILOHYV DUH

JLIXUH $ VKRZV WKH UHVRXUFH ORDGV UHVRXUFH ZLVH IRU

-1&9 2,7 39 " DQG PRGHO FRPELQDWLR
JLIXUH $ VKRZV WKH UHVSHFWLYH UHVRXUFH ORDG IRU SRV
JLIXUH $ FRQFOXGHV WKH UHVRXUFH ORDG IRU "'7 ZKF

DOJRULWKP LV SUHVHQWHG

JLIXUH $ VKRZV WKH UHVRXUFH ORDG SHDNV DQG OHYHOO
VSHFLILFDWLRQV DV HDUOLHU H[FHSW KHUH WKH '"'7

JLIXUH $ VKRZV WKH UHVRXUFH ORDGV IRU SRVWSRQHPHQ\
JLIXUH $ VKRZV WKH UHVXOWYVY RI WKH IUHH DOJRULWKP ZL
J)LIXUH $ VKRZV WKH UHVXOWYVY RI WKH IUR]JHQ DOJRULWKP
KLIKHVW GXH GDWH WLPLQJ VODFN XVHG LQ WKH H[SHULPHC
J)LIXUH $ VKRZV WKH UHVSHFWLYH UHVXOWY IRU WKH SRVW
JLIXUH $ FRQFOXGHV WKH FRPSDULVRQV EHWZHHQ UHVRXLU

DQG IUHH DOJRULWKP

5SHVRXUFH ORDG OHYHOOLQJ DQDO\VLV

'XH WR WKH IDFW WKDW VFKHGXOHV ZHUH JHQHUDWHG WKF
OLQJ ZDV RQO\ GRQH WR RQH PRGHO YDULDWLRQ )XUWKHUPRUF
YDULDWLRQ VLQFH WKH SRVWSRQHPHQW EDFNZDUG SODQQLQJ
VLV PDGH LQ WKH JHQHUDO FRPSDULVRQ ORGHO YDULDWLRQ K
SODWH IRUZDUG SODQQLQJ REMHFWLYH DQG D GDLO\ UHSODQQ

SDUHG KDG '"'7 VODFNYV DQG DQG DOO KDG 39 *
JLIXUHV $ $ VKRZ WKH UHVRXUFH ORDG SURILOHV IRU HDFK UH
ZKHQ '"'7 VODFN ZDV 7KH GLITHUHQFH ZDV VPDOO ZKLFK FRXO

ZKLFK LV WKH JHQHUDO FRPSDULVRQ ILJXUH WKHVH SURILOHYV II
ORDG SURILOHY DUH TXLWH VPDOO EHWZHHQ WKH PRGHOV IRU I
TXLUHG ZLWK WKH IUR]JHQ DOJRULWKP DOWKRXJK WKH REMHFW.L
SRQHPHQW DOJRULWKPV $00 LQ DOO HDFK PRGHO KDV TXLWH
SRQHPHQW UHVFKHGXOLQJ PRGHOV VXFFHHG WR VFDWWHU WKH
I[URJHQ PRGHO 7KH IUR]JHQ PRGHO KDV PRUH GDLO\ RYHUODSV E
VFKHGXOHYV 7KLV PLJKW EH EHFDXVH RI D WLJKW WLPH KRUL]JRQ
RQFH WKH\ PD\ QRW EH PRYHG DQ\ ORQJHU 7KLV UHVXOWYV LQ O
WKDW DUH QRW RFFXSLHG E\ RWKHU MREV ,Q RWKHU ZRUGV Wk
VLWXDWLRQV ZKHUH UHVRXUFHV KDYH D OLPLWHG FDSDFLW\

JLIXUHV $ $ VKRZ WKH UHVRXUFH ORDG SURILOHV IRU TV
KDV WKH ORZHVW VXP RI UHVRXUFH ORDG SHDNV 7KH RQO\ UHV
WKDQ WKH IUR]J]HQ DOJRULWKP LV UHVRXUFH IRU SRVWSRQHPH(
PHQW PRGHOV KDYH TXLWH VLPLODU SURILOHVY 7KH UHDVRQ ZK\
ORZ SURILOHV IRU UHVRXUFH DQG LV WKDW WKH ZRUN FRQW

00



DPSOH UHVRXUFH KDV ZRUNLQJ GD\V ZLWK WKH IUR]JHQ PRGH
VFKHGXOLQJ PRGHOV $ PRUH FRPSDFW VFKHGXOH UHVXOWYV LQ
ZRUNLQJ GD\V UHVXOWYV LQ OHVV GDLO\ ZRUN FRQWHQW $OWKR
VODFN KDG TXLWH VLPLODU UHVXOWY IRU DOO DOJRULWKPV Z
FRQFOXVLRQ DOO UHVRXUFH ORDG SHDN SURILOHV DUH TXLWH C
XVHG

JLIXUHV $ $ VKRZ WKH UHVRXUFH ORDG SURILOHV IRU WKH KL
ORDG SHDNV DUH WKH VDPH IRU UHVRXUFHYV IRU DOO DOJRUL!
PDQDIJHG WR DFKLHYH WKH EHVW REMHFWLYH YDOXH 7KLV LV D
MREV DUH VFDWWHUHG RYHU :KHQ WKLQNLQJ RI UHVRXUFH ORD
KDYH WKH EHVW UHVXOWYV

7KH UHVXOWV ZKHQ XVLQJ IUHH GLVWULEXWLRQ IOH[LEOH WLPL
JRRG RYHUDOO &KDQJLQJ WKH '"'7 VODFN SDUDPHWHU GRHV QRYV
JLYHV WKH UHVFKHGXOLQJ DOJRULWKPV PRUH IUHHGRP WR OHY|
PRGHO YDULDWLRQ VHWWLQJY DUH QRW VKRZQ KHUH LW FDQ El
VLPLODU KHLJKWV Rl WKH UHVRXUFH ORDG SHDNV EXW GRHVQTYV
IUHH GLVWULEXWLRQ VWUDWHJ\ )XUWKHUPRUH IL[HG WLPLQJ W
RQH FDQ FRQFOXGH WKDW LW VKRXOG RQO\ PDNH WKH UHVRXUF
QLQJ GRHV QRW QHFHVVDULO\ ZRUVHQ WKH UHVXOWYV EXW PDNH
SOH EH MREV ZLWK GXH GDWHV DW WKH YHU\ HQG RI WKH WLPH
GDWH 7KLV PDNHV WKH SURILOHV PRUH VSUHDG RXW EXW WKH
FLHQWO\

7KH RWKHU PRGHO YDULDQWY DQG SDUDPHWHUYV YDULDQWY DUH
WKH PHDQ VXP RI WKH REMHFWLYH YDOXHV $OVR WKH 0$129% J
WRUV DQG WKHLU FRPELQDWLRQV DIITHFWLQJ WKH GLIITHUHQW DC

0$129%
,Q WDEOH ZH FDQ VHH WKH WHVWYV RI EHWZHHQ VXEMHFWYV HI
WKH VLIQLILFDQFH EHWZHHQ WKH VRXUFHV || WKH YDOXH LV VI

HITHFW RQ WKH GHSHQGHQW YDULDEOH 7KH 0$129% LV FRQGXFW
JRU FODULILFDWLRQ WKH IDFWRU FDOOHG REMHFWLYH LQ WKH \
VKLIWLQJ VWUDWHJI\ ZKLFK LV HLWKHU IRUZDUG RU EDFNZDUG ¢

00



7TDEOH

6LQJOH

Tests of Between-Subjects Effects

IDFWRU HIITHFWV RQ GHSHQGHQW YDULDEOH

Type llI'Sum
Source DependentVariable of Squares df Mean Sguare F Sig.
Corrected Mode| Frozen 4687660.417 143 32780.842 16.369 000
Postponement §722571.34" 143 47010.988 17.101 .0oo
Free 5355210.83° 143 37449027 14.668 .0oo
Intercept Frozen 223661385.0 1 2236613850 111682516 000
Postponement 250640534.2 1 2506405342 91175.368 .0oo
Free 226910761.7 1 226910761.7 88874.488 .00o
PV Frozen 512763586 1 512763586 256.042 .0oo
Postponsment 401855.976 1 401855.976 146.183 .0oo
Free 279245262 1 2792452682 109.372 .000
ooT Frozen 1517552409 2 TEBTTE.204 378.885 .00o
Fostponement 2994593972 2 1497296986 544671 .0oo
Free 2643467.202 2 1321733601 517.685 .0oo
Distribution Frozen 2063198770 1 2063198770 1030.233 .000
Fostponement 2573388568 1 2573388.568 936.120 .0oo
Free 1826058124 1 1826058124 715.215 .0oo
Objective Frozen 14592.800 1 14592.800 7.287 0oy
Postponement 92246.077 1 92246.077 33.556 .000
Free 4332 1 4332 .0o2 87
Timingtemplate Frozen TE5446.739 1 TE446.7349 37673 .0oo
F'Dstponement 101 692.908 1 1016582 908 36.993 000
Fres 122850.255 1 122850.255 48117 .000
Replanninafreguency Frozen 145817122 2 72908.561 36.408 .0oo
Postponement 32354 276 2 16177.138 5885 .0o3
Free 418.797 2 209.399 .0B2 821

7TDEOH
ULWKPV

VKRZV WKH FRPELQDWRULDO HIIHFWV RI WZR IDFWRUYV F

o
(@)}



7TDEOH &RPELQHG IDFWRU HIIHFWYV RQ GHSHQGHQW YDULDEOH
PV *DDT Frozen 13110.279 2 £555.139 3,273 039
Postponement 51955871 2 25977.936 9.450 000
Free 56840.743 2 28420371 11131 000
PV * Distributian Frozen 140.019 1 140.019 070 792
Eostpunemelnt Sq.fidﬁ 1 50.445 018 Be2
Free 9238.036 1 9238.036 3618 058
PV * Objective Frozen 1723.450 1 1723.450 861 354
Postponement 1037.842 1 1037.842 378 539
Free 38,048 1 38.048 015 a03
PV * Timinatemplate Frozen 171.000 1 171.000 .0Bs A70
Fostponement 543,552 il 543,592 a8 65T
Free 350,111 1 350111 137 71
Py * Frozen 2182444 2 1081,222 545 581
Replanaingiegyency Postponement 77.767 2 38,883 014 986
Free 1378 2 689 000 000
DDT * Distribution Frozen 210046.228 2 105023114 52,442 000
Postponement 363562597 2 181781.209 66.126 000
Free 340524843 2 170262.422 £6.687 000
DDT * Objective Frozen 11644.248 2 5822124 2.907 056
Postponement 1714417 2 857.209 312 732
Free 3,600 2 1.800 001 999
DDT * Timingtemplate Frozen 4171.602 2 2085801 1.042 354
Postponement 10859.030 2 5429.515 1.975 41
Free 15918.377 2 7959.188 3117 046
DDT * Frozen 4816.798 4 1204.200 601 662
Replanaingtegyency Postponement 5571.089 4 1392.772 507 731
Free 179.356 4 44.839 018 999
Distribution * Chjective Frozen 2015357 1 2015 357 1.006 a7
Postponement 10084479 1 10084.479 3,668 056
Free 345 1 345 000 991
Distribution * Frozen 20344 361 1 20344 361 10.159 002
\UTIEgIEmpiate Postponement 29294923 1 29294923 10.657 001
Free 39239.326 1 38239.326 14,977 000
Distribution * Frozen 28300.178 2 14150.089 7.066 001
Brepianiinghaatency Postponement 8288.981 2 4144.490 1.508 223
Free 444,940 2 222,470 087 a7
Objective * Frozen 342,514 1 342514 171 680
Lilialirfy L Buslporament 4145 529 1 4145 529 1508 220
Free 346 1 346 000 991
Objective * Frozen 9330,054 2 4665 477 2,330 099
Repndinakeylensy Postponement 8662 594 2 4331.267 1576 209
Free 21,670 2 10.835 004 996

o
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7KH FRPELQDWLRQV ZLWK WKUHH RU PRUH IDFWRUV KDYH QR V
DQG WKH VLJQLILFDQFH YDOXH FORVHV XS RQ YDOXH WKH PRL
JLJIXUHV $ + $ VKRZ JUDSKV RI DOO FRPELQHG IDFWRU HIITHFW
,Q RWKHU ZRUGV DOO FRPELQDWLRQV KDYLQJ D VLIJQLILFDQFH

J)DFWRULDO FRPSDULVRQV RQ WKH DOJRULWKPV

7KH WHVWYV LI EHWZHHQ VXEMHFW HIIHFWV FDQ EH VHHQ LQ WDE
QLQJ IUHTXHQF\ DQG REMHFWLYH DUH WKH RQO\ SDUDPHWHUV W
R IRU DOO DOJRULWKPV 7KHVH PXVW EH IXUWKHU DQDO\VH

9DOXHV ZLWK TXLWH ORZ ) YDOXHV ZKLFK LV DOVR D PHDVXUH R
ZLWK RQH ZD\ $129%$V )XUWKHUPRUH SDUDPHWHU RU PRGHO YD
DUH IXUWKHU DQDO\WVHG ZLWK SRVW KRF WHVWV ZKLFK FDQ SL
SDUDPHWHU FRPELQDWLRQV DQG WKH GHSHQGHQW YDULDEOH 0
DQDO\VHG ZLWK RQH ZD\ $129%V DQG WKH UHSODQQLQJ IUHTXH
+6' +RQHVWO\ 6LIJQLILFDQW 'LITHUHQFH WHVW

7TDEOH VKRZV WKH UHVXOWYV RI WKH RQH ZD\ $129% WHVW IRU W
WLYH 7KH RQO\ GHSHQGHQW YDULDEOH WKDW KDV VWDWLVWLFI
LV WKH SRVWSRQHPHQW PRGHO 7KH IUHH PRGHO LV QRW DIIHF
VPDOO HIIHFW DQG FDQQRW EH FDWHJRUL]HG DV VWDWLVWLFD
FDQ EH VHHQ PRUH DV D PHDQV WR VKLIW WKH MREV ZLWKRXW
PRGHOV 7KH SRVWSRQHPHQW PRGHO ZLWK EDFNZDUG SODQQLQ.
WLRQ ZKLFK LV I[IURP ZKHUH WKH VWDWLVWLFDO VLJQLILFDQFH
ZHLJKW FRXOG KDYH PRUH LPSDFW RQ WKH REMHFWLYH YDOXHYV
IRUZDUG

7TDEOH 2QH zZD\ $129% IRU WKH REMHFWLYH

ANOVA

Sum of
Squares df Mean Square E Sig.

Frozen Between Graups 14592 800 1 14552 800 1.185 2Th
Within Groups 5248831.828 430 12208.911
Total 5264424 6528 43

Postponement  Between Groups 92246.077 1 92246.077 5.344 021
Within Graups 7422035516 430 17260.548
Total 7514281.593 431

Fres Between Groups 4 332 1 4332 000 886
Within Groups G080516.490 430 14163.8992
Total 6080520822 431
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7TDEOH VKRZV WKH RQH ZD\ $129% IRU WKH WLPLQJ WHPSODWH
KDV D VWDWLVWLFDO VLIQLILFDQFH YDOXH XQGHU RQ DOO D!
QLQJ PHWKRG LV LPSDFWHG E\ WKH FKDQJH EHWZHHQ IOH[LEOH
HGHQFH FRQVWUDLQWYV IRU RUGHUV 7KH IUHH PRGHO VHHPV WR

7TDEOH 2QH ZD\ $129% IRU WKH WLPLQJ WHPSODWHYV

ANOVA

Sum of
Squares df Mean Square F Sig.

Frozen Between Groups 7H446.7349 1 75446 7349 6.252 013
Within Groups 51B88977.8BO 430 12067.390
Tatal 5264424 628 431

Postponement  Between Groups 101682908 1 101692.8908 5.8499 016
Within Groups 7412588.685 430 17238.578
Total 7514281.593 431

Free Between Groups 122850.255 1 122850.255 8.852 .003
Within Groups S967670.568 430 13878.304
Total B0590520.822 431

7DEOH VKRZV WKH SRVW KRF WHVW IRU WKH UHSODQQLQJ IUH
DEOHV ZKLFK DUH WKH GLIIHUHQW G\QDPLF SODQQLQJ PRGHOV
WKH UHSODQQLQJ IUHTXHQF\ IURP ZKLFK WKH UHVXOWV VKRZHG
YDOXH XQGHU 7KH VDPH SKHQRPHQRQ LV VHHQ LQ WKH 7XN
VLIJQLILFDQW FRPELQDWLRQV DUH EHWZHHQ UHSODQQLQJ LQWH
SRQHPHQW PRGHO VHHPV WR KDYH D VPDOO HIIHFW RQ WKH FKI
VWDWLVWLFDOO\ VLIQLILEDQW 7KH IUHH PRGHO LV QRW DIIHFW|
ZK\ WKH IUR]JHQ PRGHO LV RQO\ DIIHFWHG FRXOG EH WKDW ZKt
SRLQWVY D VFHQDULR ZKHUH DOO MREV RU DW OHDVW DOPRVW |
VFKHGXOLQJ VFHQDULR FORVH WR VWDWLF ZKLFK PHDQV WKDW
WKHP )XUWKHUPRUH KDYLQJ DQ 2,7 YDOXH RI PHDQV WKDW V
RQ WZR RUGHUV DUULYLQJ LQ D GD\ 7KLV FDQ HDVLO\ UHVXOW
RQFH VLQFH WKH PRGHO RQO\ FRQVLGHUV VHYHQ RUGHUV LQ HI
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7TDEOH S3RVW KRF WHVW IRU UHSODQQLQJ IUHTXHQF\

Multiple Comparisons

Tukey HSD
_ Mean a5% Confidence Interval
Difference {I-
DependentVariable () Replanning frequency  (J) Replanning frequency J) Stel. Error Sig. LowerBound  Upper Bound
Frozen 1 2 23412288594 12.87303708 65 -6.86348771 5368807559
3 449901782 12.87303708 .00z 14.71439159 75.26596489
2 1 -23.4122889 1287303708 165 -53.6880756 6863487708
3 21.57788929 12.87303708 218 -8.697809736 51.85367594
3 1 -44.8901782 12.87303708 .0o2 -75.2659649 -14.7143916
2 -21.5778893 12.87303708 216 -51.8536759 8.697897356
Fostponement 1 2 ¥.212131954 1556366406 888 -29.3916757 43815593956
3 20.86910670 1556366406 Aa73 -15.7347009 57.47291431
2 1 =7.21213195 1556366406 .88 -43.8158396 28.39167566
3 13.65697475 15.56366406 655 -22.9468329 50.26078236
3 1 -20.8691067 15.56366406 373 -57.4728143 15.73470091
2 -13.6569747 1556366406 655 -50.2607824 2294683286
Free 1 2 -2.2031780 14.04162563 987 -35.2273400 30.82098357
2 -1.85128104 1404162563 Rel=de] -34.9754430 31.07288093
2 1 2.203178006 14.04162563 987 -30.8208840 3522733888
3 2518969650 14.04162563 1.000 -32.7722650 33.27605894
1} 1 1.951281041 1404162563 Rel=de] -31.0728808 3497544301
2 -. 251896965 14.04162563 1.000 -33.2760589 3277226501

* The mean difference is significant atthe 0.05 level.

$ SRVW KRF WHVW ZDV DOVR FRQGXFWHG IRU WKH GXH GDWH W
"7 VKLIWV IURP WR RU YLFH YHUVD LV QRW VWDWLVWLEFEDC
WKH FRPELQDWLRQV ZLWK GHSHQGHQW YDULDEOHV WKRXJK ZHU

7DEOH VKRZV WKH FRPELQDWLRQ Rl WZR SDUDPHWHUV DQG W
DOJRULWKPV 7KH FRPELQDWLRQV RI IDEFWRUV ZKLFK KDYH D VWI
LQ WKH WDEOH ZLWK D ; DQG WKH FRPELQDWLRQ WKDW H[FHHG
FRPELQDWLRQV Rl WKUHH RU PRUH IDEFWRUV DUH QRW VWDWLVW
FRPELQDWLRQV DUH DOVR SUHVHQWHG LQ ILJXUHV $ + $ LQ D
LQ ILJXUHV $ + $ UHSUHVHQWYV 39 + DQG WKH JUHHQ C
$ +$ WKHEOXH OLQH UHSUHVHQWY DQ HYHQ GLVWULEXWLRQ
WLRQ ,0$ +*+$ DQG $ WKH EOXH OLQH UHSUHVHQWYV D IL[HC
LOOXVWUDWHY D IOH[LEOH WLPLQJ WHPSODWH )LQDOO\ LQ $

UHSODQQLQJ WZLFH D GD\ DQG WKH UHG OLQH UHSUHVHQWYV D

7DEOH &RPELOQDWLRQV ZLWK VWDWLVWLFDO VLJQLILFDQFH

39 "'7 "7 "LVWUL7 7LPLQI'LVWULEX'LVWULEX
EXWLRQ | WHPSODWWLRQ 7LPWQRQ 5H
WHPSODWSIODQQLQJ

I[UHT X
JUR ; : 2 ; :
3RVWSRIQH X 2 :
PH
)u ; ; ; ;
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7KH UHDVRQ zZK\ 39 DQG "'7 DUH WRJHWKHU VWDWLVWLFDOO\ VL.
WKH PRGHO LQ WKHLU RZQ ZD\ DQG WKHLU LQGLYLGXDO LPSDF\
7KH UHDVRQ ZK\ WKH VWDWLVWLFDO VLJQLILFDQFH LV ZRUVH IF

$ ZKHUH 39 * DQG DQ LQFUHDVH LQ "'7 VODFN IURP %
YDOXH JXUWKHUPRUH LQFUHDVLQJ '"'7 VODFN IURP * KDV |
ERWK 39 YDULDWLRQV FRPSDUHG WR VKLIWLQJ IURP "7 VODFN
REMHFWLYH YDOXH LV JUHDWHU ZKHQ KDYLQJ 39 * EHWZH
WR KDYLQJ 39 * +RZHYHU LQ "'7 VODFN LQWHUYDO *

RSSRVLWH UHDFWLRQ

"7 DQG GLVWULEXWLRQ FRPELQDWLRQ SURYLGH WKH ODUJHVW
DIITIHFWV WKH G\QDPLF DOJRULWKPV WKH PRVW 7KH UHDVRQ ZK
FRPELQDWLRQV WKDW VXFFHHG WR EH RI VWDWLVWLFDO VLJQLI
WKH DOJRULWKPV WKH PRVW 7KH FKDUWV RI WKLV FRPELQDWL
$ =3 ,QFUHDVLQJ "7 VODFN IRU IUHH GLVWULEXWLRQ PRGHO
WLYH YDOXH FRPSDUHG WR HYHQ GLVWULEXWLRQ )XUWKHUPRU
VPDOOHU HIIHFW IRU ERWK GLVWULEXWLRQ YDULDWLRQV FRPSI
PRGHO YDULDWLRQV ZLWK FRPELQDWLRQV LQFOXGLQJ VWDWLVW

7KH ILIXUHV IRU "'LVWULEXWLRQ 7LPLQJ WHPSODWH LQ ILIXUHYV
I[UHH GLVWULEXWLRQ QDUURZVY GRZQ WKH REMHFWLYH YDOXH GL
SODWHV IRU DOO DOJRULWKPV

JLIXUH $ UHSUHVHQWY WKH GLVWULEXWLRQ DQG UHSODQQLQJ
7KLV LV WKH RQO\ DOJRULWKP WKDW KDV FOHDU GLIIHUHQFHV LC
LQWHUYDO 7KH ILJXUH VKRZV WKDW WKH HIITHFW RQ REMHEWLYH
7KH GLIIHUHQFH LQ REMHFWLYH YDOXH IRU WKH IUHH GLVWULEX
LQWHUYDOV

7KH UHDVRQ ZK\ "7 bQG WKH WLPLQJ WHPSODWH FRPELQDWLRQ
LV KDUG WR GHWHUPLQH $OWKRXJK WKH VLJQLILFDQFH YDOXH
EHLQJ QRQ VLIQLILFDQW ORUHRYHU DOO JUDSKV IRU WKLV FRF
DOJRULWKP ZLWK RQO\ VPDOO GLIIHUHQFHYVY LQ WKH PHDQ REM
DOJRULWKP LV SUHVHQWHG LQ ILIJXUH $ 7TKHUH DUH QR FOHDL
WKDW ZRXOG VXJIJHVW WKDW WKH FRPELQDWLRQ LV VWDWLVWL
'LVWULEXWLRQ 7LPLQJ WHPSODWH IRU WKH I[UHH DOJRULWKP L

YXUWKHUPRUH WKHUH DUH RWKHU FRPELQDWLRQV ZKLFK ZHUH |
EXWLRQ IRU IUHH PRGHO DW "7 2EMHFWLYH IRU IUR]JHQ PR
IRU SRVWSRQHPHQW PRGHO DW DQG 2EMHFWLYH B5HSODQQL
FRPELQDWLRQV ZHUH TXLWH VWURQJO\ DIIHFWHG E\ WKH FKDQJ
LV ZK\ WKH\ DUH FORVH WR EHLQJ VLJQLILFDQW ZKHQ FRPELQL
QRW UHDOO\ DQ\ ODUJH VXUSULVHV WKDW VWLFN RXW LQ WKH 0
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9DULDWLRQ HIITHFWV RQ DOJRULWKPV

,Q WKLV VHFWLRQ WKH HIIHFWV RI SDUDPHWHU DQG PRGHO YDU
DWHO\ SUHVHQWHG 7KH FKDUWYV DUH SUHVHQWHG LQ ILIJXUHV $

JLIXUH $ VKRZV WKH HIIHFWV E\ XVLQJ GLIITHUHQW UHSODC
YDOXH )RU FODULW\ UHSODQQLQJ LQWHUYDO GHVFULEHV VW
JLIXUH $ VKRZV WKH SURGXFW YDULDELOLW\ HIIHFW RQ WK
JLIXUH $ VKRZV WKH GXH GDWH WLPLQJ VODFNV HIIHFW RQ
ORDG SHDNYV

JLIXUH $ VKRZV WKH GLVWULEXWLRQ HIIHFW EHWZHHQ ZR
SHDNYV

JLIXUH $ VKRZV WKH HIIHFW RI WKH WLPLQJ WHPSODWH E
VXP RI UHVRXUFH ORDG SHDNYV

)LQDOO\ ILJXUH $ VKRZV WKH HIIHFW RI WKH REMHFWLYH
ZHLJKW RI RQ WKH VXP RI UHVRXUFH ORDG SHDNYV

$QDO\WVLYV RI YDULDWLRQ HIITHFWV RQ DOJRULWKPV

7KLV VHFWLRQ UHSUHVHQWY DQ DQDO\VLVY RI KRZ VLQJOH SDUDI
Rl ORDG SHDNYV

JLIXUH $ VKRZV WKH PHDQ VXP RI ORDG SHDNV DV D IXQFWLRQ
VHH IURP WKH JUDSK IUR]JHQ DOJRULWKP FKDQJHV WKH PRVW S
FKDQJH LQ IUHH DOJRULWKP LV VR PLQLPDO LW FDQ EH FRQVLGH
ZDV DOUHDG\ DQDO\VHG LQ VHFWLRQ $V D UHPLQGHU WKH Il
WLFDO VLIJQLILFDQFH E\ WKH UHSODQQLQJ IUHTXHQF\ FKDQJH IU
ULWKP LPSURYHV E\ GHFUHDVLQJ WKH DPRXQW RI UHVFKHGXOLGC
RSWLPLIDWLRQ L H DOO MREV LQ WKH VFKHGXOH DUH RSWLPL]J
DOJRULWKP KDV QR FKDQJH DW DOO FRXOG EH EHFDXVH HYHQ V
DOJRULWKP PDQDJHV WR FRPSDUH DOO MREV ZLWK HDFK RWKHU
DV LI WKH UHVFKHGXOLQJ SRLQWV ZHUH PRUH IUHTXHQW 7KH S
FRXOG EH LPSURYHG VOLJKWO\ E\ UHVFKHGXOLQJ OHVV IUHTXHC
LQDELOLW\ WR DGYDQFH WKH MREV E\ UHVFKHGXOLQJ

J)LIXUH $ VKRZV WKH FRPSDULVRQ EHWZHHQ KDYLQJ SURGXFW
XFWV LQ UHODWLRQ WR WKH PHDQ VXP RI ORDG SHDNV $00O DO
SURGXFWV )J)UR]JHQ DOJRULWKP LPSURYHV WKH PRVW IROORZHG
ULWKP LPSURYHV WKH OHDVW EXW WKH LPSURYHPHQW LV VWLO
WKH VDPH IRU DOO DOJRULWKPV

JLIXUH $ VKRZV WKH EHKDYLRXU LQ REMHFWLYH UHVXOWV E\ L
WZHHQ DQG ''7 VODFN LPSURYHV DOO DOJRULWKPV VLJQLILF
WKH RWKHU KDQG KDV D PXFK VPDOOHU LPSURYHPHQW )URP W
VODFN FUHDWHY UHODWLYHO\ WLJKW WLPLQJ KRUL]JRQV 7KH SR
FDO ZKLFK PHDQV WKDW LQ UHODWLRQ WR "7 UHVFKHGXOLQJ L
WKRXJK WKH UHVFKHGXOLQJ VWUDWHJ\ FKDQJHV 7KH IURJHQ DC
WR WKH UHVFKHGXOLQJ VWUDWHJILHY LPSURYHPHQW ,Q IDFW V
FRQGXFWHG DQG WKDW WKH VWDWLVWLFDO VLJQLILFDQFH EHW

7KLV PLQRU LPSURYHPHQW FDQ DOVR EH VHHQ LQ ILJXUH $
FRPHVY EHWWHU LQ UHODWLRQ WR WKH IUR]JHQ DOJRULWKP DIWH
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WKH VODFN IXUWKHU WKH SRVWSRQHPHQW DOJRULWKP ZRXOG 1
DOJRULWKP

J)LIXUH $ VKRZV WKDW DOO DOJRULWKPV LPSURYH ZKHQ FKDQJ!
SRVWSRQHPHQW LPSURYHV WKH PRVW ZKLOH IUHH DOJRULWKP |
I[UR]JHQ DQG IUHH DOJRULWKP VHHP WR KDYH WKH VDPH PHDQ RE
FOHDU GLIIHUHQFHV RI ZK\ VRPH DOJRULWKP FRXOG LPSURYH P
PRGHOV JHW EHWWHU UHVRXUFH ORDG OHYHOOLQJ ZKHQ WKH Z}

J)LIXUH $ VKRZV WKH FKDQJH LQ VFKHGXOLQJ WHFKQLTXH EHW?Z
WKH MREV WR KDYH JDSV EXW VWLOO PDLQWDLQLQJ WKH ULJKW
7KH LPSURYHPHQW LV PRVW FOHDU IRU WKH IUHH UHVFKHGXOLQ
]JHQ DOJRULWKP KDV WKH OHDVW DPRXQW RI LPSURYHPHQW EXYV
LQJ DOJRULWKP DQG WKH IUR]HQ DOJRULWKP DUH DSSUR[LPDWH
WLRQ 7KH IL[HG WLPLQJ VHWWLQJ UHVWULFWV WKH RUGHUV PD
ORQJHU MRE RI DQG VXPPHG WRJHWKHU 7KLV JLYHV WKH PRC
ULWKPV WR SURYLGH DV JRRG UHVXOWYV DV LQ WKH IOH[LEOH VL
WLPLQJ KRUL]JRQ LI SUHFHGHQFH FRQVWUDLQWY DUH FRPSOLHG

JLIXUH $ VKRZV WKH FKDQJH LQ WKH PHDQ REMHFWLYH YDOXH
ZDUG SODQQLQJ ZLWK D FRQVWDQW ZHLJKW FRHIILFLHQW RI

LQ UHODWLRQ WR PHDQ REMHFWLYH YDOXH LV WKH SRVWSRQHP
IRUPDQFH Rl WKH EDFNZDUG SODQQLQJ DQG SRVWSRQHPHQW FF
VKLIWLQJ PHFKDQLVP RI MREV ,W GRHV QRW TXLWH FKDQJH WK
ORJLFDO WKDW WKH RWKHU DOJRULWKPY GR QRW KDYH ODUJH C
YDOXHV 7KH ILJXUH VKRZV WKDW IUHH UHVFKHGXOLQJ DOJRULW
YDOXH 7KLV FRXOG EH VLQFH IUHH UHVFKHGXOLQJ KDV WKH WL
UHVFKHGXOLQJ IRUZDUG DV ZHOO DV EDFNZDUG 7KH IURJHQ VW
IRU IRUZDUG SODQQLQJ ZKLFK FRXOG EH EHFDXVH LW UHFHLY!
RSWLPDO ZD\ HVSHFLDOO\ ZKHQ WKH '"'7 VODEN LV WLJKW 7KLV
WR WKH $129$ WKH REMHFWLYH GRHV QRW KDYH VWDWLVWLFEDO



&RQFOXVLRQV

7KLV FKDSWHU FRQFOXGHV WKH H[SHULPHQWYV ZLWK UHOHYDQW
YDULDWLRQV 7KH UHVHDUFK TXHVWLRQV SUHVHQWHG LQ VHFWL
)Y XUWKHUPRUH GLVFXVVLRQ DERXW SUDFWLFDO LPSOLFDWLRQV
IXUWKHU UHVHDUFK LV LOWURGXFHG

7KH PDWKHPDWLFDO SURJUDPPLQJ EDVHG 0,3 PRGHO ZDV TXLWH
H[SHFWHG WKH IURJHQ DOJRULWKP SHUIRUPHG EHVW UHJDUGLQ
WKH UHVFKHGXOLQJ DOJRULWKPYV DUH HIILFLHQW SODQQLQJ PH'
WKH UROOLQJ WLPH KRUL]JRQ LV VPDOO HQRXJK VR WKDW WKH
DQG FXUUHQW MREV VWD\V DW D UHDVRQDEOH OHYHO 7KH UHVI
HISHULPHQWYV ZKLFK LV ZK\ WKH H[SHULPHQWY ZHUH RQO\ FRQC
,Q RWKHU ZRUGY ZKHQ RUGHUV DUULYH DW D UDSLG SDFH DQ
UHVFKHGXOLQJ DOJRULWKPV EHFRPH TXLWH KHDY\ )XUWKHUPRL
ORDG GLVWULEXWLRQ DQG IOH[LEOH WLPLQJ EHWZHHQ SUHFHGH
WLRQ ZKHQ RSWLPL]JLQJ WKH VFKHGXOHY $OWKRXJK ZKHQ RUC
WLIKW WKH UHVFKHGXOLQJ DOJRULWKPV FDQ SHUIRUP DW D T.
DFKLHYHG E\ LQWURGXFLQJ FDSDFLW\ FRQVWUDLQWY DQG RUGH
WLRQ EHFRPLQJ RYHUORDGHG

7KH PRGHO YDULDWLRQV XVHG LQ WKH H[SHULPHQWY PLJKW KDY
VRPH RI WKH YDULDWLRQV SHUIRUP ZRUVH REMHFWLYH ZLVH W]
LQJ VAIVWHPV )RU H[DPSOH IL[HG SURFHVV VWHSV GR QRW DOOF
WLRQ 7KLV PLIJKW EH UHTXLUHG LQ VLWXDWLRQV ZKHUH :,3 LV
SOHWHG MXVW LQ WLPH IRU WKH VXFFHHGLQJ VWDJH LQ WKH RU
SUHFHGHQFH FRQVWUDLQWY ZKLFK UHVXOWY LQ SRRUHU REMH
IOH[LEOH VWUDWHJ\ DOORZV MREV ZLWKLQ SUHFHGHQFH FRQVW
OHYHOOLQJ RI WKH UHVRXUFH ORDGYV $OWKRXJK WKLV PLJKW
GHVLUHG WR EH VWULFW 6RPH SDUWV LQ WKH DVVHPEO\ PLJK
1,3 DQG SRWHQWLDO VWRUDJH RI WKHVH 2Q WKH RWKHU KDQG

IOH[LELOLW\ WR WKH SURFHVV DQG DOORZV EHWWHU UHFRYHUL
SURFHVV 7KH I[UHH GLVWULEXWLRQ RI ZRUNORDG DOORFDWLRQ
VLIQLILFDQW LPSURYHPHQW WR WKH REMHFWLYH YDOXH RXW RI
VFKHGXOH WKH MREV W LV VHOGRP MREV DUH GLVWULEXWHG

PLQLPL]DWLRQ RI VXP RI UHVRXUFH ORDG SHDNV LV GHVLUHG 2
ZRUNORDG DOORFDWLRQ DOORZV WKH VFKHGXOH WR EH RSWLP
VDPH GD\ WKH ZRUN FRQWHQW FDQ EH HYHQHG RXW )RU H[DP
RQO\ D VPDOO SRUWLRQ RI WKH WRWDO ZRUNORDG RQ WKDW G|
WRWDO ZRUNORDG &RPSXWDWLRQ ZLVH HYHQ GLVWULEXWLRQ |
ZKHUH WKH SURGXFWY ODFN YDULDWLRQ ,Q RWKHU ZRUGV HYH
IORZ VKRS ZKHUH ZRUN FRQWHQW DQG MRE GXUDWLRQV RI SURC

&KDQJH LQ SURGXFW DQG SURFHVV SDUDPHWHUV DOVR KDG VLJ¢
LQJ WKH SURGXFW YDULDELOLW\ PDGH WKH UHVXOWV ZRUVH 7K
SURGXFWYV QDWXUDOO\ KDYH OHVV YDULDWLRQ $Q LQFUHDVH LC
RI VFKHGXOLQJ E\ PLQLPL]LQJ UHVRXUFH ORDG SHDNV 7KLV PDG
WKH MREV PRUH RSWLRQV WR EH VFKHGXOHG WR DQ RSWLPDO O
'LWK ORZ VODFN YDOXH WKH UHVXOWY ZHUH NLQG RI SRRU GXH
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WKH PHDQ RUGHU LQWHUDUULYDO WLPH ZDV DOVR VXSSRVHG W
WRR ODUJH ZKLFK LV ZK\ RQO\ RQH YDOXH ZDV XVHG $OWKRX]J
LOQWHUDUULYDO WLPH RI RUGHUV ZRXOG PDNH WKH PRGHO SHUI
LQ OHVV RUGHUV DUULYLQJ ZKLFK ZRXOG DOORZ WKH PRGHO W
GHUV DUULYLQJ UDSLGO\ ZLWK VPDOO VODFN ZRXOG FDXVH OR\
ODUJH VODFN DQG UDSLG DUULYDO RI RUGHUV WKH REMHFWLYH
DW OHDVW IRU WKH UHVFKHGXOLQJ DOJRULWKPV 'LITHUHQW FRF
MRE ZRUN FRQWHQW YDULDWLRQ ZHUH VXSSRVHG WR EH LQFOX(
WKH GDWD JHQHUDWLRQ 2QO\ &9 YDOXH ZDV XVHG ZKLFK JL\Y
YDULDWLRQ ZLWKLQ HDFK RUGHU 7KH SXUSRVH ZDV WR H[DPLQ}
EHKDYHG VRPHZKDW VLPLODU WR WKH SURGXFW YDULDWLRQ L\
WKH REMHFWLYH YDOXH ZRUVH ZKHUHDV VPDOO YDULDWLRQ ZR

7KH REMHFWLYH VKLIWLQJ GLG QRW TXLWH LPSDFW WKH REMHEF\
KDQG WKLV NLQG RI VKLIWLQJ PLIKW EH XVHIXO LQ VFHQDULRYV
HDUO\ DV SRVVLEOH WR LQFUHDVH WKH DELOLW\ WR UHFHLYH P
WLPH ZKLFK ZRXOG VDWLVI\ WKH FXVWRPHUV 6KLIWLQJ MREV E
LQFUHDVHVY WKH SRVVLELOLW\ IRU FXVWRPHUV WR PDNH SRWH
ZRUGV WKLV DOORZV RUGHUV WR EH UHVFKHGXOHG PXOWLSOH
DUH VFKHGXOHG WRR FORVH WR WKH GHDGOLQH XQH[SHFWHG H
VLGH RI IRUFLQJ MREV WR EH VWDUWHG DV HDUO\ RU ODWH DV
FHHGHG )RU WKLV UHDVRQ D ZHLIJKW IDFWRU ZDV XVHG IRl
VKLIWLQJ RQO\ RFFXUV LI SRVVLEOH )XUWKHUPRUH D KLJKHU Z
WKH REMHFWLYH RI UHVRXUFH ORDG OHYHOOLQJ ZKLFK ZRXOG
PXOWLSOH RYHUODSV RI RUGHUV 7KLV ZRXOG KDYH D ODUJHU |
VWDUWLQJ GDWH LV GHSHQGHQW RQ WKH DUULYDO GDWH RI WK}
DQG SUHFHGHQFH FRQVWUDLQWY PXVW EH FRPSOLHG ZLWK

7KH LPSDFW RI FKDQJLQJ UHSODQQLQJ IUHTXHQF\ ZDV RQH RI Wk
VFKHGXOLQJ IUHTXHQFLHYVY ZHUH XVHG VFKHGXOLQJ GDLO\ VFKH}
WKLUG GD\ 7KH UHVXOWYVY VKRZHG WKDW IRU UHVFKHGXOLQJ VYV
QRW KDYH DQ\ VLIQLILFDQW LPSDFW RQ WKH REMHFWLYH YDOXt}
6RPH VPDOO LPSURYHPHQW ZDV VHHQ IRU SRVWSRQHPHQW DOJF
VFKHGXOLQJ DOJRULWKPYVY DOORZ UHVFKHGXOLQJ RI VFKHGXOHG
LPSDFW WKHP 7KH IUR]JHQ DOJRULWKP RQ WKH RWKHU KDQG ZD
LQFOXGH PRUH RUGHUV LQ HDFK RSWLPL]DWLRQ RI WKH VFKHGX
ZKHUH DOO RUGHUV ZHUH VFKHGXOHG RQFH ZKLFK LV ZK\ WKH

7KH DOJRULWKPV PD\ EH DSSOLFDEOH LQ GLIIHUHQW FLUFXPVW
FRXOG EH DSSOLHG DW OHDVW SDUWO\ LQ SURFHVVHV ZKHUH G
QHIJDWLYH VLGH RI WKH DOJRULWKP LV WKDW LW LV QRW FDSDEC
ERWK UHVFKHGXOLQJ DOJRULWKPV LV WKDW WKH\ PD\ DFFRXQW
EDVHG RQ SHULRGLF UHVFKHGXOLQJ +RZHYHU WKH FKDQJHV P
SURFHVVLQJ \HW $00 DOJRULWKPV ODFN WKH SRVVLELOLW\ IRU
EHIXQ SURFHVVLQJ PXVW EH ILQLVKHG 7KLV FRXOG EH D SUREO
D VLWXDWLRQ ZKHUH D UXVK RUGHU QHHGV WR EH WDNHQ WR |
WKH XQILQLVKHG RUGHU ZRXOG QHHG WR EH SURFHVVHG ODWH
ZRXOG EUHDN GRZQ ZKLFK ZRXOG DIIHFW WKH VFKHGXOH 7KLYV
VKRXOG EH XVHG IRU SURFHVVLQJ MREV DQG WKHQ ZKHQ WKH
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RUGHUV VKRXOG EH SURFHVVHG 2WKHUZLVH WKH SURGXFWLRQ
GRZQV 7KLV ZRXOG SDUWO\ ZRUN E\ LPSOHPHQWLQJ WKH IOHJ[LE
WZHHQ WKH MREV LQ WKH RUGHUYV

7TKH SRVWSRQHPHQW DQG IUHH UHVFKHGXOLQJ VWUDWHJ\ ZRXO!
PDQXIDFWXULQJ GXH WR WKH DPRXQW RI XQFHUWDLQW\ 7KH VF
WR IRUHFDVW LQFRPLQJ RUGHUV SURGXFW YDULDWLRQV DQG S
ULWKPV DOORZLQJ UHVFKHGXOLQJ FDQ EH KHOG DV PRUH SUDEF\
PRUH ITUHH UHVFKHGXOLQJ DOJRULWKP DOORZV PRUH IUHHGRP
VFKHGXOH 3RVWSRQHPHQW DOJRULWKP FRXOG EH XVHG IRU UH
WHP DQG DPRQJVW WKH ZRUNHUV LQ WKH VKRS FRPSDUHG WR X
RQO\ EH SXVKHG WR D ODWHU VWDJH LI SURFHVVLQJ KDV QRW V

&RPSXWDWLRQ ZLVH UHVFKHGXOLQJ DOJRULWKPV FRXOG EH LQW
RI UXQWLPH HVSHFLDOO\ ZKHQ WKHUH DUH ORWV RI RUGHUV LQ

SUDFWLFDO LPSOLFDWLRQV

,Q D UHDO 072 HQYLURQPHQW IUHH UHVFKHGXOLQJ FRXOG EH X\
HYHQWYV FRXOG KDYH LPSDFW RQ WKH PDFKLQHU\ ,Q VXFK HYHC
EH LQFOXGHG LQWR WKH SHULRGLF UHVFKHGXOLQJ VWUDWHJ\ 7
WKH VKRS IORRU GXH WR QXPHURXVY FKDQJHV LQ WKH VFKHGXOH
LQJ RSHUDWLRQV FRXOG EH LOQWURGXFHG LQFOXGLQJ SHQDOWL
ZRXOG OLPLW WKH QHUYRXVQHVYVY DV ZHOO DV UHGXFH WKH WR)

7TKH SRVWSRQHPHQW DOJRULWKP FRXOG EH D JRRG RSWLRQ WR
DUH DOZD\V VWULYHG WR SXVK WR D ODWHU WLPH SRLQW +RZF
WRR FORVH WR WKH GHDGOLQH DQG UDQGRP HYHQWY DIIHFWLQ
PLIKW QRW EH PHW ZKLFK LV XVXDOO\ RQH RI WKH PDLQ REMHF

, ] WKH V\VWHP LV UREXVW DQG GHSHQGDEOH VRPH YDULDWLRQ
SUREOHP ZLWK IUHH]LQJ DOO VFKHGXOHG MREV LV WKDW :,3 M
RFFXUV VRPH VXGGHQ SUREOHPV LQ PDQXIDFWXULQJ ZKLFK UHYV
MREV FDQQRW EH UHVFKHGXOHG WKH VFKHGXOH EHFRPHV LQIH
SOHPHQWHG WR :,3 DIITHFWHG E\ HYHQWYV

7KH ITUDPHZRUN LQ JHQHUDO VKRXOG EH XVHIXO IRU 072 HQYLU
QDWXUH ZKLFK FRUUHVSRQGV WR WKH XQFHUWDLQW\ W\SLFDO
FRXOG EH LQWHJUDWHG LQWR WKH (53 RU $36 VI\VWHPV VRIWZDL
WKH PDQXIDFWXULQJ IORRU LQ UHDO WLPH 7KLV ZD\ WKH DOJRI
UHSODQQLQJ SKLORVRSK\

I[ILPLWDWLRQV RI WKH VWXG\

$ K\EULG UHVFKHGXOLQJ SROLF\ PLJKW LQFUHDVH WKH FUHGLEL
ERWK SHULRGLF DQG HYHQW GULYHQ (YHQWY KDSSHQLQJ LQ W}
DQG WKXV WKH VFKHGXOHV VKRXOG EH UHVFKHGXOHG DV VRRQ
UHVFKHGXOLQJ LV FRQVLGHUHG LW FRXOG EH SUREOHPDWLF D
QH[W UHVFKHGXOLQJ SRLQW (VSHFLDOO\ LI WKH VFKHGXOH LV
'DLO\ SHULRGLF UHVFKHGXOLQJ VWUDWHJ\ ZRXOG SHUKDSV VWL
VLGHULQJ DJJUHJDWH SODQQLQJ RQ WKH PLG OHYHOV LQ WKH
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SXUH SHULRGLF UHVFKHGXOLQJ PLJKW VXIILFH %XW WKH VKRUV
VFKHGXOHYVY ZRXOG GHILQLWHO\ KDYH WR EH UHVFKHGXOHG LQ |

7KH PRGHO LQ WKLV WKHVLVY GLG QRW XVH DQ\ VRIW FRQVWUDLC
SDSHUV ,QVWHDG DOO FRQVWUDLQWY ZHUH UHTXLUHG WR EH V
LW\ FRQVWUDLQWY VRPH KDUG FRQVWUDLQWY ZRXOG KDYH EHH

)YXUWKHUPRUH WKH IDFW WKDW HYHU\ RUGHU LV DFFHSWHG FRC
RQ WKH 072 LQGXVWU\ VLQFH XVXDOO\ WKH PDQXIDFWXULQJ IDF
WKHUH FRXOG EH VHYHUDO ODUJH RUGHUV DUULYLQJ DW RQFH .
KDYH WR EH QHJOHFWHG RU UHVXOW LQ EHLQJ ODWH ,I ODWH
LOQWURGXFHG ZKHUH WKH PRVW SURILWDEOH RUGHUYV DUH VHOH
UHVXOWLQJ LQ VRPH MREV EHLQJ ODWH 7KLV LV D IDU EHWWHU
072 FRPSDQ\

2Q WKH RWKHU KDQG E\ DGGLQJ PRUH FRQVWUDLQWY DQG PDNL
WLPH LQFUHDVHV VLQFH WKH 0,3 PRGHO ZRXOG EHFRPH PRUH FI
SDULQJ GLIIHUHQW G\QDPLF VFKHGXOLQJ VWUDWHJLHV XQGHU
UHDVRQV WKH PRGHO ZDV QRW WRR FRPSOH[ *HQHUDOO\ WDNH
DQG DOWHUDEOH WR EHFRPH PRUH SUHFLVH ,Q RWKHU ZRUGV L
DQG SHUKDSV LQWURGXFLQJ PXOWL REMHFWLYH RSWLPL]DWLRQ

(YHQ WKRXJK WKH 0,3 VROYHUV KDYH EHFRPH PRUH HIIHFWLYH I
OHPV FRXOG XVH VRPH UXOHV 7KH IUHH DQG SRVWSRQHPHQW
RI FRPSXWDWLRQ SRZHU HVSHFLDOO\ ZKHQ WKH QXPEHU RI RUC
7KLV LQFUHDVHG WKH QXPEHU RI FRPSDUDEOH MREV WR WKH G\C
EHFRPLQJ KHDYLHU FRPSXWDWLRQ ZLVH 7KLV FRXOG KDYH EHH
HIDPSOH RI KRZ PDQ\ WLPHVY DQ RUGHU PD\ EH UHVFKHGXOHG :K
MRE LV H[FHHGHG WKH RUGHU ZRXOG EH IUR]JHQ LQ SODFH 7KL
SRVWSRQHPHQW UHVFKHGXOLQJ VWUDWHJILHVY WR WKH IUR]JHQ V

6RPH HUURUV PHQWLRQHG HDUOLHU LQ WKLV WKHVLV RFFXUUHC
LDWLRQV KDG WR EH GURSSHG RXW GXH WR D KXPDQ HUURU LQ
VRPH PLQRU HUURUV KDG WR EH IL[HG LQ WKH FRGH DW HDUO\
KDYH LPSDFWHG WKH REMHFWLYH UHVXOWYV

6 XJJHVWLRQV IRU IXUWKHU UHVHDUFK

YXUWKHU UHVHDUFK FRXOG LQFOXGH VRPH PRUH SDUDPHWHU V
DOJRULWKPV 7KH SRVWSRQHPHQW DOJRULWKP GLG QRW SHUIRL
WR VRPH OLPLWDWLRQV WKDW KDG WR EH PDGH IRU LW 7KH SF
VOLJKWO\ RU UHSODFHG E\ DQRWKHU NLQG RI UHSODQQLQJ DO.
UXOHV $OWHUQDWLYHO\ WKH DPRXQW RI LQLWLDO SRVWSRQH
ZHLIJKWV RU UHPRYHG FRPSOHWHO\ WR VHH LI LW ZRXOG KDYH
DQG -:&9 YDULDWLRQV FRXOG KDYH JLYHQ D ELW PRUH LQVLJK!
GLITHUHQW DOJRULWKPV ,W ZDV RULJLQDOO\ LQWHQGHG WR LQ
DPRXQW RI PRGHO YDULDWLRQV LQFUHDVHG WKH FRPELQDWLRQ
ZHLIJKWYV ZHUH VXSSRVHG WR EH XVHG IRU WKH IRUZDUG DQG E
FUHDVHG WKH FRPELQDWLRQV VLIQLILFDQWO\



,Q IXUWKHU H[SHULPHQWY VRPH PRGHO YDULDWLRQV FRXOG EH }
EH LQFOXGHG )RU HIDPSOH GLVWULEXWLRQV DQG WLPLQJ WHP
EHWZHHQ WKH DOJRULWKPV ZKLFK FRXOG PHDQ WKDW WKH EHW
RI RWKHU SDUDPHWHUV RU UHOHYDQW VHWWLQJV

Y XUWKHUPRUH WKH DOJRULWKPV FRXOG EH LQWURGXFHG ZLWK
LV SRVVLEOH HYHQ WKRXJK WKH HDUOLHVW VWDUWLQJ WLPH ZF
RUGHUV FRXOG EH LQFOXGHG )XUWKHUPRUH WKLV ZRXOG DOVF

7KLV UHVHDUFK DVVXPHG WKDW SURFHVVLQJ DQG SURGXFW VHW
UHDO 072 MRE VKRSV WKH SURGXFWV ZLWK LWV VWDJHV YDU\ D
XVXDOO\ DOORZ MREV WR EH SURFHVVHG RQ DQ\ PDFKLQH LQ Wtk

$00 LQ DOO WKLV ZzDV D UHODWLYHO\ EDVLF PRGHO WR UHSOL
WXULQJ ZLWK GLITHUHQW DOJRULWKPV ORUH FRQVWUDLQWYV F
PHQWYV PRUH UHDOLVWLF VXFK DV LOQWURGXFWLRQ RI FDSDFLW)
LPSRVVLEOH WR DVVXPH WKDW HYHU\ RUGHU LV GHOLYHUHG DQ
PHURXVY UHDVRQV WKDW DIIHFW WKH SURFHVYV



6 XPPDU\
7KLV FKDSWHU VXPPDUL]J]HV WKH ZRUN GRQH DQG WKH PDMRU IL

7KH REMHFWLYH LQ WKLV WKHVLV ZDV WR GHYHORS D PDWKHPDYV
XOHV DSSOLFDEOH WR WKH 072 LQGXVWU\ $ 0,3 PRGHO ZDV GH
G\QDPLF SODQQLQJ DOJRULWKPV )XUWKHUPRUH WKH PRGHO Z|
SDUDPHWHUV DOJRULWKPV DQG PRGHO VWUXFWXUHYV ZRXOG DI|
WLRQ RI UHVRXUFH ORDG SHDNYV

7KH WKHRUHWLFDO SDUW RI WKH WKHVLVY LQFOXGHG UHYLHZLQ
SURFHVV )XUWKHUPRUH SUHYLRXV UHVHDUFK RQ WKH WRSLF Z
VLPLODU VWXGLHV

,Q WKH UHVHDUFK SDUW D 0,3 PRGHO ZDV FRGHG LQ D 3\WKRQ H(
LV D FRPPHUFLDO RSWLPL]DWLRQ VRIWZDUH 3DUDPHWHUV VXFK
DUULYDO WLPH SURGXFW YDULDELOLW\ DQG GXH GDWH WLPLQJ
GLVWULEXWLRQV LQ OLFURVRIW ([FHO 7KH PDQXIDFWXULQJ V\VYV
VKRS ZLWK D VHW RI SUHFHGHQFH FRQVWUDLQWY 7KH SURFHV\
H[SHULPHQWYVY ,QLWLDOO\ D VWDWLF PRGHO ZDV EXLOW ZKLFK .
G\QDPLF PRGHO zZzDV EDVHG RQ WLPH GHSHQGHQW SHULRGLF VFK
RI RUGHUV ZDV XQNQRZQ ,Q RWKHU ZRUGV D UROOLQJ KRUL]RQ
PRGHO LQFOXGHG PRGHO YDULDWLRQV VXFK DV DOWHUQDWLYH
QLQJ LOQWHUYDOV DQG REMHFWLYH VKLIWLQJ ORUHRYHU WKUH
LQ WKH H[SHULPHQWYV 7KH IUHH UHVFKHGXOLQJ DOJRULWKP DQ
LQJ ZKHUHDV WKH IUR]JHQ DOJRULWKP LPPHGLDWHO\ IUR]JH MRE"

5XQQLQJ WKH H[SHULPHQWY EHJXQ E\ LQLWLDOO\ FRQILJXULQJ
$IWHU WKLY WKH LQSXW SDUDPHWHUV ZHUH LPSRUWHG IURP DQ
FRQILIJIXUHG WKH VEKHGXOHV ZHUH RSWLPL]HG G\QDPLFDOO\ FR
ZHUH DFTXLUHG E\ LPSRUWLQJ WKH RXWSXW WR GDWD KDQGOLC
6FKHGXOHYV ZHUH VRUWHG UHVRXUFH ZLVH WR DQDO\VH WKH UH
WKHUPRUH REMHFWLYH YDOXHV ZHUH VXPPHG WRJHWKHU WR D
PRGHO VHWWLQJY ORUHRYHU VWDWLVWLFDO DQDO\VHV ZHUH F

7KH UHVXOWYV VKRZHG WKDW UHVFKHGXOLQJ OHVV IUHTXHQWO\
EHFDXVH LW UHVXOWHG LQ D VFHQDULR ZKHUH DOPRVW DOO M
UHVFKHGXOLQJ DOJRULWKPV LW GLG QRW UHDOO\ KDYH DQ\ VL.
LPSURYH DW DOO DQG SRVWSRQHPHQW DOJRULWKP RQO\ LPSUF
PDGH WKH REMHFWLYH YDOXHV IRU DOO DOJRULWKPV ZRUVH Zk
RI GLITHUHQW SURGXFWV UHTXLUH D ORW RI DGDSWLQJ LQ PDQ?>
SURGXFWYV 7KH "'7 KDG VLIJQLILFDQW LPSURYHPHQW ZKHQ LQFU
VXOWHG LQ TXLWH SRRU UHVXOWY VLQFH LW IRUFHG MREV WR R
LQJ WKH VODFN WKH UHVFKHGXOLQJ DOJRULWKPV LPSURYHG D
WKDQ WKH IUR]J]HQ DOJRULWKP &KDQJLQJ WKH ZRUNORDG GLVW
SURYHPHQW RI DOO PRGHO DQG SDUDPHWHU YDULDWLRQV IRU
IL[HG WR IOH[LEOH DOVR JDYH TXLWH ODUJH LPSURYHPHQWYV E
FKDQJH 7KH REMHFWLYH GLG QRW TXLWH DIITHFW WKH REMHFWL
ZDUG RU EDFNZDUG 7KH SRVWSRQHPHQW DOJRULWKP ZDV WKH

Of



FKDQJLQJ IURP EDFNZDUG WR IRUZDUG SODQQLQJ 7KLV ZDV RQ
SRQHPHQW DOJRULWKP LV D SRRU FRPELQDWLRQ DQG QRW UHD

$v D VXPPDU\ LW FDQ EH VDLG WKDW IRU IUHTXHQW UHSODQQL
FLDOO\ IUHH UHVFKHGXOLQJ ,Q D VFHQDULR ZKHUH UHVFKHGXC
IRUPVY EHWWHU 7KH SRVWSRQHPHQW DOJRULWKP LV GHFHQW L!
ZRUVW RXW RI DOO WKUHH VWUDWHJILHYV

&RPSXWDWLRQ ZLVH LW FRXOG EH FRQFOXGHG WKDW WKH IUR]JH¢
RFFXUUHG )XUWKHUPRUH SRVWSRQHPHQW ZDV WKH QH[W IDVW
DEOH WR UHVFKHGXOH MREV E\ DGYDQFLQJ WKHP 7KH IUHH UH)
LWV FRPSOH[LW\ ORUHRYHU GLVWULEXWLRQ YDULDWLRQ KDG W
EXWLRQ DQG IOH[LEOH WLPLQJ WHPSODWH UHVXOWHG LQ VLJQL
KDYLQJ WR FXW RIl VRPH GDWD VHWYV WR OLPLW WKH UXQWLPH R
ZDV XVHG IRU H[SHULPHQWYV ZKHUH UHSODQQLQJ RFFXUUHG GDL
UXQWLPH 7KH PRGLILFDWLRQV RU FXW RIIV ZHUH PDGH IRU UHSH
WKH GLIITIHUHQFH EHWZHHQ WKHVH UXQ WLPHV ZHUH PLQLPDO

7R VXPPDUL]H D 0,3 EDVHG RSWLPL]DWLRQ PRGHO ZDV EXLOW
ZKLFK LV DSSOLFDEOH WR YDULRXV 072 LQGXVWULHYV 7KH PRGH(
UHVHDUFK RQ WKH WRSLF
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*XUREL RSWLPL]DWLRQ 0,3*DS YLHZHG §
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$SSHOGL[ $ )LIJXUHV DQG FKDUWV RI UHVXOWYV
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Resource 1, Frozen, DDT = 0.5, Model 7 Resource 2, Frozen, DDT = 0.5, Model 7
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Resource 1, Postponement, DDT = 0.5, Model 7 Resource 2, Postponement, DDT = 0.5, Model 7
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Resource 1, Free, DDT = 0.5, Model 7 Resource 2, Free, DDT = 0.5, Model 7
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Resource 1, Frozen, DDT = 1, Model 7 Resource 2, Frozen, DDT = 1, Model 7
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Resource 1, Postponement, DDT =1, Model 7 Resource 2, Postponement, DDT = 1, Model 7
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Resource 1, Free, DDT =1, Model 7 Resource 2, Free, DDT =1, Model 7
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