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KDVEHHQFRQVLGHUHGDVDVRXUFHRISURGXFWLYL
W\*HQHUDOO\WKH
PDLQSXUSRVHRIPDLQWHQDQFHLVWRHQVXUHWKH
DYDLODELOLW\WKH
UHOLDELOLW\RISURGXFWLRQHTXLSPHQWVDQGDO
OLWVUHODWHGDVVHWYV
LQRUGHUWRPDLQWDLQDVDWLVIDFWRU\OHYHORI
WKHSURGXFWLRQ
VHUYLFHWKDWQHFHVVDULO\UHTXLUHVDMXGJPH
QWIRUDWLPHJLYHQWR LQWHUYHQH
$JHQWEDVHGPRGHOLQJLVDFRPSXWDWLRQDOPHW
KRGRORJ\WKDW
HQDEOHVRQHWRPRGHOFRPSOH[V\VWHPV$JHQWEDV
HGPRGHOV
DUHFRPSRVHGRIDJHQWVZKLFKDUHFRPSXWDWLRQ
DOHQWLWLHVWKDW
KDYHSURSHUWLHVRUVWDWHYDULDEOHVDQGYDO
XHVHIJSRVLWLRQ YHORFLW\ DJH ZHDOWK HWF $Q
DJHQW FDQ UHSUHVHQW DQ\
HOHPHQWRIDV\VWHP7KHIJRDORIDJHQWEDVHGPRGH
OLQJLVWR
FUHDWHDJHQWVDQGUXOHVWKDWZLOOJHQHUDWH
DWDUJHWEHKDYLRU

0DU\DP*DOODELVD3K'VWXGHQWLQLQGXVWULDOHQJLQHH
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ORKDPPDGLD6FKRRO(0,8QLYHUVLW\ORKDPPHG95DEDWORURFF
R SKRQHHPDLOPHU\DP#JPDLOFRP
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FHDQG7HFKQRORJ\RI (QILQHHULQJ DQG ODQDJHPHQW +(67.0
&DVDEODQFD 0RURFFRHPDLO \FKDWHU#KHVWLPPD

ORKDPHG 7NLRXDW LV 3URIHVVRU DW (QILQHHUV
ORKDPPDGLD  G6FKRRO  ,QGXVWULDO  (QILQHHULQJ
'"HSDUWPHQW 8QLYHUVLW\ 0RKDPPHG 9 SDEDW
ORURFFRHPDLOWNLRXDW#HPLDFPD
7KH\FDQEHXVHGWRXQGHUVWDQGDSKHQRPHQRQW
KURXIJIK
H[SHULPHQWDWLRQZLWKUXOHVDQGSURSHUWLHV

7KHDLPRIWKLVSDSHULVWRPDQDJHWKHFRPSOH[L
WARI
PDLQWHQDQFHDFWLYLWLHVLQRUGHUWRHQVXUH
WKHDYDLODELOLW\DQG UHOLDELOLW\ RI WKH
PDFKLQHV ZLWK MXVW UHTXLUHG UHVRXUFHV

RSHUDWRUV DQG WRROV WR SHUIRUP D
PDLQWHQDQFH WDVN E\
VLPXODWLQJYDULRXVVFHQDULRVRIWKHVHDVVLIJ
QHGUHVRXUFHV

7KH SUHVHQW ZRUN LV RUJDQLJHG DV IROORZV
VHFWLRQ .
SUHVHQWVWKHSUREOHPSRVLWLRQ,QVHFWLRQ,,,DJ
HQWEDVHG
PRGHOLQJLVSUHVHQWHG6HFWLRQ,9SUHVHQWVWK
HSHUIRUPDQFH LQGLFDWRUV WKDW FDQ EH
REWDLQHG IURP WKH PXOWLDJHQW VLPXODWLRQ
6HFWLRQV 9 DQG 9, DUH GHGLFDWHG WR WKH
LPSOHPHQWDWLRQ DQG H[SHULPHQWDWLRQ RI

WKH PRGHO RQ
$QVRILFVLPXODWLRQSODWIRUP)LQDOO\FRQFOXGL
QJUHPDUNV

DUHSURYLGHG
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7KHPDLQWHQDQFHWDVNLVQRWDVLPSOHWDVNS

HUIRUPHGE\DQ

RSHUDWRUEXWLWLVDFRPSOH[RQHIRUPDQ\UHDVRQ

\%

1 7KH LQWHUDFWLRQV EHWZHHQ RSHUDWRUV
HTXLSPHQW
RUJDQL]DWLRQDQGZRUNLQJHQYLURQPHQWDU
HGHQRWHGE\
WKHLQWHUYHQWLRQRIVHYHUDODFWRUVLQW
KHV\VWHP

" 7KH LQWHJUDWLRQ RI YDULRXV HOHPHQWV
FRQVWLWXWHYV WKH
PDLQWHQDQFHIXQFWLRQWRDFKLHYHDFRPPRQREM
HFWLYH

7KHFRHYROXWLRQLVPDQLIHVWHGLQ
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¥7KHGHSOHWLRQDQGWKHGLYHUVLW\RIVWDWHVR
IDV\VWHP
QRUPDOVWDWHGHJUDGHGVWDWHIDLOHGVWDW
H
¥7KHGXUDWLRQRIPDLQWHQDQFHWDVNVWKDWFD
QEHYDULHGDQG
XQSODQQHG
¥7KHXUJHQWQDWXUHRIFHUWDLQPDLQWHQDQFHW
DVNV
¥7KHXQFHUWDLQW\DQGWKHOHDUQLQJUHODWHG
WRWKHKXPDQ
IDFWRU
¥JKH  DYDLODELOLW\
UHVRXUFHV DQG
GLVWXUEDQFHVWKDWPDQDJHUVKDYHWRRYH
UFRPH
,QWKLVSDSHUZHSUHVHQWDPDLQWHQDQFHPRGH
OEDVHGRQ
PXOWLDJHQWV\VWHPVWRIDFLOLWDWHWKHVLPXO
DWLRQRIWKHV\VWHP
DQGWRPDQDJHWKHLQWHUDFWLRQVEHWZHHQLWYV
GLIIHUHQWHOHPHQWYV
7KHPRGHOLQJRIPDLQWHQDQFHDFWLYLWLHVLVDFU
LWLFDODQG
QHFHVVDU\VWHSIRUWKHRSWLPL]DWLRQRIUHVRX
UFHVWRHQVXUHWKHLU UHOLDELOLW\ DQG
DYDLODELOLW\ DQG ILQDOO\ WR SHUIRUP D
PDLQWHQDQFHWDVNLQWKHEHVWFRQGLWLRQV
$VLPXODWRULVGHYHORSHGZLWKS$QVRILFSODWI
RUPDQG
SUHOLPLQDU\UHVXOWVZKLFKVKRZHGWKHSHUIRU
PDQFHRIWKHSDUN PDFKLQH ZLWK PLQLPDO
UHVRXUFHV XVLQJ WKH PRGHO DUH
SUHVHQWHG

RU RWKHUZLVH  RI

7KHOSLGHQWLILHVWKHEHKDYLRUDQGVWDWHRI
WKHPDFKLQH
DQGLWVRSHUDWLRQPRGHIRUPDO)XQFWLRQ)XQFW
LRQGHJUDGHG
UHTXLULQISUHYHQWLYHPDLQWHQDQFHRUIDLOXU
H,WGHILQHVWKH
QDWXUHRIWKHPDFKLQH(OHFWULFDOOHFKDQLFDO
3QHXPDWLFDQG
-\GUDXOLFORUHRYHUWKHUHOLDELOLW\WKHDYDL
ODELOLW\DQGWKH
QXPEHURIIDLOXUHRIHDFKPDFKLQHDUHFDOFXODW
HG
7KH DJHQW PDFKLQH DOORZV XV WR KDYH WKH
IROORZLQJ
SHUIRUPDQFHLQGLFDWRUV
" 7KHSHOLDELOLW\FKDUDFWHUL]JHGE\07%)
" 7KHODLQWDLQDELOLW\FKDUDFWHULJHGE\0775
1 7KHSYDLODELOLW\

C.Planner Agent (PA)

7KH3$DOORZVRUJDQL]LQIWKHSURFHVVRIDPDLQ
WHQDQFHWDVN DFFRUGLQJ WR DQ RUGHU RI

LQWHUYHQWLRQ IRU WKH FRUUHFWLYH
PDLQWHQDQFHRUDVFKHGXOHIRUWKHSUHYHQWLY
HPDLQWHQDQFH
7KLVDJHQWFDQSHUIRUPWKHIROORZLQJWDVNV
C7KHGHILQLWLRQRIWKHQXPEHURIUHVRXUFHVQHH
GHGWR
SHUIRUPWKHPDLQWHQDQFHWDVN
C7KHGHILQLWLRQIRUWKHGXUDWLRQRIWKHLQWH
UYHQWLRQIRU
PDLQWHQDQFH
C7KHVFKHGXOLQJSULRULW\RIDWDVNRUDPDLQWH
QDQFH
RSHUDWLRQZLWKUHVSHFWWRDQRWKHUWDVNLQ
WKHHYHQWRIWKH
XQDYDLODELOLW\RIVRPHUHVRXUFHV
D.Operator Agent (AOp)
7KH$2SGHVFULEHVWKHEHKDYLRUZKLFKPRYHVW
RDPDFKLQH
UHTXLULQJDWDVN7KLVWDVNFDQEHDQLQWHUYHQ
WLRQRUGHURUD
VFKHGXOH/DWHUDIWHUUHSDLULQJRUH[HFXWLQJ
WKHPDLQWHQDQFH
WDVNLWUHWXUQVWRWKHVKRS
7KH$2SFDQVHHWKHDYDLODELOLW\RIRSHUDWRU
VWKHQXPEHU
QHHGHGIRUWKHIXOILOOPHQWRIDWDVNDQGWKHU
LIKWVNLOOV,W
VLPXODWHVWKHFKRLFHDQGLQWHUHVWRIFRPSHW
HQF\EDVHGRQWKH
QDWXUHRIWKHPDLQWHQDQFHWDVN)RUH[DPSOHPD
LQWHQDQFHRI
DQHOHFWULFDOPDFKLQHUHTXLUHVWKHLQWHUY
HQWLRQRIDQRSHUDWRU
ZLWKH[SHUWLVHLQWKHHOHFWULFDOILHOG
7KH$2SDOORZVFDOFXODWLQJWKHIROORZLQJSHU
IRUPDQFH
LQGLFDWRUV
TISDWHRIDYDLODELOLW\
SWLOL]DWLRQ5DWH
2FFXSDQF\SDWH
JOHDQ7LPHRIORYLQJWRWKHPDFKLQHWKDWZHFDO
OHG
0'7
E.Tools Agent (TA)
7$FRQWDLQVWKHQHFHVVDU\WRROVWRSHUIRUP
DPDLQWHQDQFH
WDVN7KLVDJHQWGHWHUPLQHV
0 7JHFKQLFDOUHVRXUFHVXWLOL|DWLRQUDWH
2FFXSDQF\UDWHSHUWHFKQLFDOUHVRXUFH
7RIRUPDOLJHFRRUGLQDWLRQLQWKHEHKDYLRXU
RIGLITHUHQW
DJHQWVZHDGRSWHGWKH80/DFWLYLW\GLDJUDP7KL
VGLDJUDP
UHSUHVHQWVWKHVHTXHQFHVRIRSHUDWLRQVPDF
URVFRSLFDOO\DQG PLFURVFRSLFDOO\ DQG
GHVFULEHV WKH LQWHUQDO EHKDYLRXU
DOJRULWKPRIHDFKDJHQWDVVKRZQLQ)LJ(DFKRIWK
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HVH DJHQWV WKDW FRPSRVHV WKH SUHVHQWHG
V\VWHP GHILQHV WKHLU
VSHFLILFSHUIRUPDQFHLQGLFDWRUVUHODWHGWRP
DLQWHQDQFH

,9 08,17(181&(3(5)25081&(,1,&$7256

O0DLQWHQDQFH SHUIRUPDQFH LQGLFDWRUV
WKDW WKH SUHVHQWHG
PXOWLDJHQWV\VWHPZLOOGLVSOD\DVDGDVKERDU
GDUHDVIROORZV

A.MTBF

,W LV DQ LQGLFDWRU WR PHDVXUH WKH
IXQFWLRQLQJ WLPH ,W
FKDUDFWHULJHVWKHUHOLDELOLW\RIDQHQWLW\
[RINEIS e
07%)
R LIResY o4
9$1</2*,&6,08/$7,21

$ VLPXODWLRQ LV D VFLHQWLILF DSSURDFK

WKDW FRQVLVWYV RI
DFKLHYLQJDQDUWLILFLDOUHSURGXFWLRQFDOOH
GPRGHORIDUHDO
SKHQRPHQRQWKDWZRXOGEHVWXGLHG,WLVWRREV
HUYHWKH
EHKDYLRURIWKLVUHSURGXFWLRQZKHQFHUWDLQS
DUDPHWHUVYDU\
H[SHULPHQWDOO\DQGWRLQGXFHZKDWZRXOGKDSS
HQLQUHDOLW\
XQGHUWKHLQIOXHQFHRIVLPLODUYDULDWLRQV

$VLPXODWLRQPRGHOLVDQH[HFXWDEOHPRGHOZ

KHQLWUXQVLW
EXLOGVDWUDMHFWRU\RIWKHFKDQJHVRIV\VWHP
VVWDWH,WLVDVHWRI
UXOHVWKDWWHOOXVHUVKRZWRPRYHIURPDV\VW
HPYVFXUUHQWVWDWH
WRDIXWXUHVWDWH7KHUXOHVFDQWDNHPDQ\IRUP
VLQFOXGLQJ GLIIHUHQWLDO HTXDWLRQV
VWDWHFKDUWYV SURFHVV IORZFKDUWYV DQG
7KHUHDUHVHYHUDOSODWIRUPVIRUPXOWLDJHQ

WVLPXODWLRQ2XU
FKRLFHIHOOVRQWKHSODWIRUP$QVRIJLFEHFDXVHL
WLVDEOHWR
PRGHOLQGXVWULDOSUREOHPVDQGWKHSUREDELO
LW\GLVWULEXWLRQV
FRPELQHV WKHVH WKUHH GLIIHUHQW
DSSURDFKHV WR PRGHOLQJ
VLPXODWLRQ6\VWHP\QDPLFV'LVFUHWH(YHQWDQG
0XOWL
$JHQW6\WWHPV0$6, WLVDWRROEDVHGRQWKHREMHF

WRULHQWHG
DSSURDFK$OOLWVHOHPHQWVRIVLPXODWLRQDQGD
QLPDWLRQ' DUHGHYHORSHGLQ-

DYDSURJUDPPLQJODQJXDJH

9, &86(678'<5(68/76$1",6&866,216

‘HFRQVLGHUWKHFDVHRIDILVKFDQQLQJFRPSDQ\7
KLV FRPSDQ\ KDV IRXU W\SHV RI PDFKLQHV FRRNHUV
ZDVKLQJ
PDFKLQHV6WHULIORZVHDPHUV7KHPRVWFULWLFDO
PDFKLQHIRU
WKHSURGXFWLRQLVWKHFRRNHU7KHKRXUO\ORDGI
RURSHUDWRUVLV
KGD\7KHFRPSDQ\SHUIRUPVWKHSUHYHQWLYHPDLQ
WHQDQFH DFFRUGLQJ WR D VFKHGXOH SUHGHILQHG
E\ WKH PDLQWHQDQFH
UHVSRQVLEOHZKLOHJLYLQJSULRULW\WRWKHFRUU
HFWLYHPDLQWHQDQFH
LILWFRPHV7KLVFRPSDQ\LVHQUROOHGLQDQLPSURY
HPHQW
SURFHVVRIPDLQWHQDQFHPDQDJHPHQW,WVSXUSRV
HLVWREULQJ LPSURYHPHQWYV WR WKH
PDLQWHQDQFH  VHUYLFH DQG  PDLQWDLQ
HTXLSPHQW,WVHHNVWRJHWDEHWWHUPDFKLQHDY
DLODELOLW\ZLWK
WKHRSWLPDOUHVRXUFHVRSHUDWRUVDQGWRROV

7KHFRPSDQ\ZDQWVWRNQRZWKHQHFHVVDU\QXPE
HURI
RSHUDWRUVWRHQVXUHEHWWHUDYDLODELOLW\RI
WKHVHPDFKLQHVLQ
RUGHUWRJXDUDQWHHSURGXFWLRQXQGHUIDYRUD
EOHFRQGLWLRQV,Q
WKLVDVSHFWWKHGHYHORSHGVLPXODWRULQ$QVR
JLFDOORZV
VHHLQJWKHEHKDYLRURIPDFKLQHVRSHUDWRUVDQ
GWKHH[HFXWLRQ RI WKH PDLQWHQDQFH WDVN ,W
DOVR DOORZV WHVWLQJ VHYHUDO
VFHQDULRVE\FKDQILQIWKHQXPEHURIUHVRXUFHV
DQGFRPSDUHV
WKHSHUIRUPDQFHLQGLFDWRUVRYHUDORQJSHULR
GRIWLPH

Maintenance

Run

NumberOperator

NumberMachine

AmounntTools

0 3 10

) LISQ\ORJLF5XQWLPH,QWHUIDFH

,QDILUVWVWHSZHIL[WKHQXPEHURIPDFKLQHVRS
HUDWRUV
DQGWKHDPRXQWRIWRROVDVVKRZQLQ)LI7TKHQZHD
UH
ORRNLQIDWWKHEHKDYLRURIWKHDJHQWVRIRXUV\
VWHPZLWKWKH
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LQVWDQWFDOFXODWLRQRISUHGHILQHGSHUIRUPD

QFHLQGLFDWRUVDV SUHVHQWHGLQ)LJ

:HVHWQXPEHURIPDFKLQH QXPEHURIRSHUDWRUV

DPRXQWRIWRROV

DQGZHREWDLQWKHIROORZLQJSHUIRUPDQFH
LQGLFDWRUVDWWLPH 8§78QLW7LPH

)LJ6LPXODWRUUHSUHVHQWDWLRQRQWKHS$QVRILFSODWIRU
P

T7 : ResourceVariation 1

0.8

Run 064~

teration: 4 041

numOperator 10 0

Parameters {17725 i e iy | e 1 i

numMaching 4 0 10
StarfTime 10
StartRepair 3
StatMDT 2
numTools 3

—MNOp=l —NOp=4 —MNOp=7 —NOp=10

1
]
i
M0 0 60 W & 0 10

)LISHSUHVHQWDWLRQRIWKHPDFKLQHDYDLODELOLW\DFFRUGLQJWRWKHY

DULDWLRQRIRSHUDWRUYVQXPEHU

T$%/(,
3(5)25081&(,1',&$7256 & $/&8/$7('%<7+(6,08/$7,21

$THQW 2SHUDWRUSJHQW  7RROV$JHQW
ODFKLQHSJHQW
$YDLODELOLW\ $YDLODEOH2S
8QDYDLODEOH
3HUIRUPDQFH 28 SWLOL]DWLRQ
077587 SWLOLIDWLRQSDWH  5DWH
,QGLFDWRUV 2FFXSDQF\SDWH 0'7

07%) 87

7KLVVLPXODWRUSURYLGHVWKHRSWLPXPQXPEH
URIRSHUDWRUV
WRHQVXUHEHWWHUPDFKLQHDYDLODELOLW\E\VLP
XODWLQJGLIIHUHQW
VFHQDULRVVHOHFWLQIRSHUDWRUVYQXPEHUDQGV
HWWLQIWKHQXPEHU
RIPDFKLQHDQGWRROV:HYDU\WKHQXPEHURIRSHUD
WRUVI12S
WRVHHLWVLQIOXHQFHRQPDFKLQHDYDLODELOLW\)
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LI%\VHWWLQJ
WKHLQSXWSDUDPHWHUVDQGYDU\LQJWKHQXPEHU
RIRSHUDWRUZH REVHUYH WKHEHKDYLRURI
WKHVHRSHUDWRUV RQ WKH PDFKLQH

DYDLODELOLW\:HVHHWKDWZHFDQDFKLHYHDXSWL
PHZLWK
IRXURUWHQRSHUDWRUV,WLVFRQFOXGHGWKDWIRU
WKHLQFUHDVHG
DYDLODELOLW\RIIRXUPDFKLQHVZHFDQSHUIRUPWK
HPDLQWHQDQFH
WDVNZLWKMXVWWKHQHFHVVDU\UHVRXUFHV

9,,821&/86,21

7KLVSDSHUSUHVHQWVDQDJHQWEDVHGPRGHOWR
PDQDJHWKH PDLQWHQDQFH DFWLYLWLHV W
DGGUHVVHV ~ WKH SUREOHP RI  WKH
DYDLODELOLW\DQGUHOLDELOLW\RIWKHPDFKLQHV
MXVWZLWKUHTXLUHG
UHVRXUFHVRSHUDWRUVDQGWRROVWRSHUIRUPDP
DLQWHQDQFHWDVN
7KHDLPLVWRFRPSDUHGLITHUHQWVFHQDULRVWRPR
QLWRUWKH
EHKDYLRURIWKHDJHQWVFRQVWLWXWLQIWKHSUH
VHQWHGV\VWHPDW
HDFKLQVWDQWE\LQWHJUDWLQIWKHFRQVWUDLQ
WVRISULRULWLHVZLWKWKH
JRDOWRRSWLPL]JHWKHVHUHVRXUFHVRSHUDWRUV
DQGWRROV
,QLWLDOO\ZHSUHVHQWHGWKHDUFKLWHFWXUHR
IWKHPXOWLDJHQW
V\VWHP7KHQZHJDYHWKHSHUIRUPDQFHLQGLFDWR
UVGHILQHGIRU
HDFKDJHQW6XEVHTXHQWO\ZHGHYHORSHGDVLPXO
DWRUZKHUHZH
LPSOHPHQWHGRXUPRGHO$QVRILFSODWIRUPZDVXV
HGIRUWKH
GHYHORSPHQWRIWKLVVLPXODWRU:HGLVFXVVHGD
WWKHHQGWKH
UHVXOWVWKURXJKDFDVHVWXG\7KH\VKRZHGWKD
WIRUKLJKHU
DYDLODELOLW\RIWKHPDFKLQHZHGLGQRWQHHGDO
RWRIUHVRXUFHV
6HYHUDORWKHULPSURYHPHQWVFDQEHPDGHWR
WKHPRGHODQG
VLPXODWRUVXFKDVHQVXULQJWKHVDIHW\RIPDLQ
WHQDQFHE\
SURYLGLQJDGHFLVLRQVXSSRUWV\VWHPIRURFFXSD
WLRQDOKDIDUG
DQDO\VLVLQPDLQWHQDQFHWDVNVZKLFKZLOODOO
RZRULHQWLQIJWKH
DFWRUVWRWKHEHVWGHFLVLRQVLQRUGHUWRPLQ
LPL]HKD]DUGVWKDW
PD\DULVH,WLVDPRGHOIRUULVNPDQDJHPHQWIRUDV
VHVVLQIDQG
VLPXODWLQJULVNVFHQDULRVUHODWHGWRWKHPD
LQWHQDQFHDFWLYLWLHV
$GDWDEDVHZLOOEHLQWHJUDWHGLQWRWKLVPXO
WLDJHQWV\VWHPWR
UHFRUGYDULRXVLQIRUPDWLRQDQGWKHUHVXOWV

REWDLQHGE\WKHVH
DJHQWVWKDWZLOOVHUYHDVDQH[DPSOH

$&.12:/(*0(176

7KLV UHVHDUFK ZDV VXSSRUWHG E\ SHVHDUFK
&HQWHU IRU
,QQRYDWLRQDQG4XDOLW\&(5,4+(67,00RURFFR

50(5(1&(6
*UXVHQPH\HU&*%LEOLRJUDSKLFVWXG\RQDFFLGHQWVUHOD
WHGWR
PDLQWHQDQFHLQWKHFRQWH[WRIDVWXG\RQPDLQWHQDQFH
DFWLYLWLHV
HYDOXDWLRQRIWKHLUFULWLFDOLW\DQGDQDO\VLVRIWKHL
UUHODWLRQVKLSVZLWKWKH
RSHUDWLRQ'6FLHQWLILFDQGWHFKQLFDOQRWHYV, 156
SLVVDQL1%HOGMLODOL%7UHQWHVDX[*\QDPLFVFKHGXOLQJ
RI PDLQWHQDQFH WDVNV LQ WKH SHWUROHXP LQGXVWU\ $
UHLQIRUFHPHQW
DSSURDFK'(QILQHHULQJ$SSOLFDWLRQVRISUWLILFLDO,QWHO
OLJHQFHSS
6DEDU0*$QDSSURDFKEDVHGDJHQWIRUWKHSODQQLQIDQG
VFKHGXOLQILQUHDOWLPHVWDIILQDIOH[LEOHDVVHPEO\OLQ
HFRQWH[W'/DYDO
8QLYHUVLW\)DFXOW\RI%XVLQHVV$SGPLQLVWUDWLRQ4XHEH
F&DQDGD
7DOLES05XVOLS$5RGILDKSODVUDKS$]ULIDKS0
30$6.600XOWLSIHQW%DVHG.QRZOHGIHODQDIHPHQWG6\VWHPW
R
6XSSRUW.QRZOHGIH6KDULQJRI6RTWZDUHODLQWHQDQFH &RP
SXWHUDQG
,QIRUPDWLRQ6FLHQFHIROXPH1 10D\SS
=KRX5)R[%/HH+3 1 HH$<&*%XVPDLQWHQDQFH
VFKHGXOLQJXVLQIPXOWLDJHQWV\VWHPV'(QILQHHULQJ$SSO
LFDWLRQVRI
SUWLILFLDO,QWHOOLJHQFHSS+
%UDKD'DQG<5HLFK*7RSRORJLFDO6WUXFWXUHVIRUORGHOLQJ
&RPSOH[ (QILQHHULQJ 'HVLIQ 3URFHVVHV’' SHVHDUFK LQ
(QILQHHULQJ 'HVLIQSS
%UDKD'%DU<DP<$0LQDL$*&RPSOH[(QILQHHUHG
6\WVWHPV",6%16SULQIHU%HUOLQ+HLGHOEHUJ1HZ <RUN

*ULJRU\HY,*$Q\ORJLFLQWKUHHGD\V$TXLFNFRXUVHLQ
VLPXODWLRQPRGHOLQJ",6%]1

%RUVKFKHY $ *7KH %LJ %RRN RI 6LPXODWLRQ ORGHOLQJ
0XOWLPHWKRGORGHOLQJZLWKS$Q\ORJLF$QVRILFIRUWK$PHUL
FD’ ,6%]1
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