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A Heuristic Algorithm for FMS Scheduling Using the Petri Net

Jae-Hong Ahn* - In-Kyu Ro*

Abstract

The main purpose of this study is to develop an algorithm to solve the scheduling problems of
FMS using Petrinet which describes exactly featurcs of discrete event system. Petrinet is well
suited to model the dynamics of FMS and Petri-net is an ideal tool to formulate scheduling problems
with routing flexibility and shared resources. By using the marking of Petri-net, We can model
features of discrete event system, such as concurrency, asynchronous, conflict and non-determinism.
The proposed algorithm in this paper can handle back-tracking using the marking of Petri-net. The
results of the experiment show that marking is one of the best ways that describe exactly movement
of the discrete event system. To show the effectiveness of the algorithm suggested here, we compare

it with L1 algorithm using the Petri-net through the test on randomly generated test problems.

LA £ He2 adst) A AzdAdE A4
sEe] ZEAI fAAY o] FeAEHL
slom, E&Ae]l Hold sFHiHEA (Flow

25d AlzPL o=izbA oegol A shop) F fadAde] Held FEAAPEA (Job

I gleh olEid e g-E A 897} o} shop) o AAL ¥ zZ5a Qle FAAAHA]

A3, AF FHFEI|7} Folxd, A x7|E 2~e (Flexible Manufacturing System, FMS)

o] FHldle Aoz FE sl o]#3 of o] TAJo] RolxA L glr}.

* grefoita AtedEEst
** ghofo st AkglE s



112 FAE - wF BRI

olz]gt FMS & Alojsln ~AZEH37] ¢ A)7kAbeF slEg|YlE  (Timed Petri-net):
A= AFAHYRL gAY R A2y 19743 =33, Dubois 9} Stecke [10]
o] FA<l W3E U7 2% 5 e W = AR A EVEE AR A"
e "dg o] FolAlz ). old 87 7VEE, 1A AHEE B e 5L Hu)
223 4 9le FMS 2A1E8 by S A3 3412w, Jothishankar ¢} Wang [7] & 4]
22k jhet 7ty AEUES A3l 3A RedE
¥ AT Y 54E A Ak A AR FAE  sAstedcl. Ciardo ¢
He B dEUES AAsted 87 Lindemann [12]. Boucherie [13], Lin =
oA =975 2 Z (reachability graph) Marinescu [15]& A|7rAle} HEzvEe 2
E FEHoR Az Holxm, T =3 A A #FEHQ A==V E (Stochastic
< FAdSAALE Hastsr] 8 AR Petri-net) & FMS 293¢ 243}sic)
v (optimal resource allocation)ol tjgh 1981\ d o] Jensen [11}o] Aa}el sleEgivE
EEAQ 2AEY S Adste Aol (Colored Petri-net)E Nw3lgdsl, Huang
HAEZUES ol&3le] 2AFE st nuh Chang (6], Cossins 3} Ferreira [16]=
<> FdAel w& U FAHE OF 43 Colored | EZUEE AL8s]4 FMS & Ao)
ZAEE Aol dehdes o]AMAES A sl up S slasbele)
A JEdshz Zo] shssln, dAEdEs 19921d o] Dicesare 2} Lee [3]& A=W E
54 A|2=BAA] (dead-lock) o TN’ ofju} £ FMS 2#l%¥d A4 Ll algorithm
S BAsle g BAo) Lo)slc) =3 HEE £ 7)ds}el i, Rodammer ©F White [5]& &
v e v}7]& Al&3sle] back trackingg ¥} AZe] #AF} FyERdi AEezidyes o
= el 97t Ak F3lgem, Matsuura et al. [2]= A|EH¢]
AEUEL 19620 Carl A. Petri [1] Ao} AEeivE 2 2llrWs 2AF
of o3 MFo FAAAE ndysly ) 2l FAo) o]&sl: 7ol B} HgAL A

Matrl 98 AR o] ATE WEs s

] (asynchronous) EAZZANR L v]Zr|H

A A=Al e Zjue] Hglew, o F

19608 el MITelH sEsjuze =7 2. A EgUE
2 v Er|Ade Ay} ATE Fslglen, ©

qe) 45e Brs) slated sEdEe] )

7kl AdE =8is] *]3}5}%15} HEWEE o] SA4L 713 A2we w2

Commoner et al. [18] &+ HEZ|WEE o] A8 4 gl ol FEgUEE: 1w
B3t} A A" A (deadlock) o s A3} g 71 A fg45HES sRa gleH
Rqom, FHTo= FMS & 293t 7)s) EZ 555 Fate] A"l Exsh=s A
= ET& HEHUEE de ol4slz gt Ao BES I1¥eE e 4 9l

[4][6](8](9][14][17]. Markov chain & AF&3sl4 7|Ale] 5%, &



H2UE H2AR

HEAIEE o] 43 FMSAAZ dig 3= sy

113

i) o], HFr|AzE, F2]EA
3} e P 59 7}7]F(performance measu-
re}& 7% 5 Ao} [19][20][21].

Al&dg 2d3stE g degs Qu-
eueing networks ¢} X]E-#o]Ao] ¢l&=dl, Qu-
eueing networks = A|¥-2al A& 2 &
2717 4R A A 2dl o] =w
T #Ae] WEgst, AlEHe|H-E vl
2 293 77k A2 A A4S s
H e pYAE g2 i)

AEUEE A2 W E ¥z
vebll7] wiol) olalslr] i, AT Edeln
Mibshs Zlo] 7hgshe, AlEdHolAdel wls)
B AR 8781 9o, o]AMFAA A
H& RAYY + glev, HA vHarlg 4
Ak ATt HEITAHE A A4S =2
FMS 2#A&3] FAld o-¢ f434 A4
<+ vk

o] Al HAEeulEY nlg Algsl
back tracking & 3l A€W dneES
AAE AL Jhe) 30 1deMe gaelEe] A}
4= 715E A3, 3. 2deME @
&S AABEY. =8 3. 383 30 4404
= dlE Eol AAE dslsrh

e

31 71534

I(pj, tj)=0, pi oA t; 2 AZAL ot=arst ¢
= A5
L pi oA tj & 9AR elart
= A
(P, T) : JH T
O(P, T) : &=
P:Zdo| e AA A
T:ENMxAe] AA A
O(pi, tj)=0, tj o1 pi & dAH °t=7} 9l
= A
L, tj oA p; 2 QAR ofzr} o
= 4%
M(0) : 27]v}7d
M(k) : kA AL =]
M(f) : Z8r}H7
M :&43tsl v FolA sHd 22 sREAE
<= 7 =M
ma: 714 a (a 71A19 W3)
Seta [ 1:843t3e ojsiA 7[Al a7} A
95 499 vpg 71238} 93 wid
T [ ]33 715317 9% wid

3.2 2AEY €12|F

FMS & £A295te A9 A48T 4 3l
= AAZ G A% Al AdAAE A
o] Esbdolety ¥ 4 glvh olef¥ Htel
AAE A4 5 QEF olhY WA A%
o g 2AZE WANA A Ade
R O L
FARPIpIzeR sgon, daEe FA
Aol Axe chgst 2,

AL 275 M(0)E dAmes e
o,



114 A F - el

BEEEN 2

A2, dAutFle] s¥elr] ol FAsbd w)
7de] A=A A jo)

A3 3-1. #Astd whr)o] glew IR

b Fell A Zhg e ALFAIZES
7 e RS M2 Al
3-2. #AskE vhile] glow (¥A43ty
A &) BE FFubA) oA Ha
o 7FEAEE 7HAE EdlA A
AHEEE Z1Al miE H3le], Seti9
upx| e} wl7)-e M2 A gl

A4 el i3t B3I &7}
+ T

A5, WEAZES wld T o AAstz uy
4 T 15 LE5xsoz ALdgr)

FA6. AHgske Z1AZE mi olW dArL
Set; o] Q&=t}

A7 Mol i A3t mHlo] o EA)3)
=2 Ak, EAshd HA39 3-1%
e A il=g

A8 AIZE t7F wid T[ 19 A Yol

o, wEE Wy FReb] M(f)

B - bEd epls Fseprlo)

daeEFS TR}y, o2d g

A2E ok

—_

STy

)

O U

a

.

3. 3 oflx|

3. 28X AAF Az gt Fte
A& GHEe] Fa]FPXNE ElA Al
WEEAE P RAl dAE g3 2o

m], m2, m32 3de] 7|1AE stA= FMS
T 2AEFRH I ek o] Aamle g, I
9 2elE ook J12 011, 012, 0139
ARe] FAHLRE o)Folx glom, Joo 091,
022, 0238] Afe] FA oz o]Folx glch

B3, 1& 7Pzt gAe] ol FAlel <l sk
ol & lEA vhehia glem, #3. 2 77t
o] gl Aigt ZIAS) TFgAZRE depdc.
zellel A 54 (011) o 24"
e 71AlE ml, mp FHGE E3 14 &
T AL miE AHSE AR TREAZEE 30]
3, mpE AR A9 FhEAIRE 49 R

328 44 ¢ 5 A

(E3. 1) 2ol BHI AIB7ISS 7|

pawe A A A A A
+2(051) | #4(052) | TH(0i3)

J1 m], m? m3 mg, mj

J2 m], m3 m2, m3 |ml, m2, m3

FA (AHE-71A]) 7HEA1 7
011(m]) 3
011(m2) 4
012(mg2) 3
013(m2) 3
013(m3) 2
021(m1) 4
021(m3) 2
022(m2) 4
022(m3) 5
023(m}) 3
023(m2) 4
023(m3) 4




F2AE FUR HEUEE o] 43 FMS2AZ digt #7234 sy

5

3.4 Oide HEZ|HE 24

o] Nadlel A slEevE mde 293,
1ol ekt sli, AEeuEe] A4¥ 7zte)
ool 2o oigt A& 3. 3¢ hert 9ok

(3E 3. 1) oM FMsol st HERHE 24

3. 3 Z#|0|A0] EHEt Adod

Jry

Zeolx 4

Po zkql1 )

P1 011 & mpellA 7
P2 011 & maellA 7+
P3 4 011 &=
P4 012 & meolA 7k3
Ps 4 012 &5
Pe 013 & maellA 7H
P7 013 & m3elA] 7}&
Pg zpe]l S8

Pg 2ted2 Eul

P10 021 € m1ollA 7+
P11 021 & m3ellA 7+
P12 A4 021 €8
P13 022 & moellA 7}
P14 022 & m3elA 7+
P15 T4 02 48
P16 023 & m]elA 7+
P17 023 & mellA 7%
P18 023 & m3ellA 713
P19 zke]2 8kg

P20 7141 ol 4715
P21 71412 o147} 5
P22 71A13 o] 87}




116 QA& - 2l

WA

Aol o3t JHFSE 23 29 2o 7
& Feo)|2~F vehlie, 7 d& ElxA
< viepdo)h A 9 EdQAA 0T 9]
s, Al do) A @a) 20AA ol 1
o & 7HAEd o]Z& FHo]x post ¥
o] pppel EWAA tpo] P FHo]29)E
oju)Fie}

110000000000000000000000
001000000000000000000000
000100000000000000000000
000010000000000000000000
000001000000000000000000
000000110000000000000000
000000001000000000000000
000000000100000000000000
000000000000000000000000
000000000011000000000000
000000000000100000000000
000000000000010000000000
000000000000001100000000
000000000000000010000000
000000000000000001000000
0000000000000000001110600
000000000000000000000100
000000000000000000000010
000000000000000000000001
000000000000000000000000
100000000010000000100000
010010100000001000010000
000000010001000100001000

2243 2 CiHol thE 2liEe
23 3 oAl dE FAFSS el

Eel, AHDE AWIAS 2 g E

2% oujalnl, 2 9 EaAMS o

A Ao 2uA gt 19 g ﬂxltrﬂ °]
A EQAA (o7 B2 BESAS A9l

o] proll EFe] ¥ E |t

poooo0000000000000000000
100000000000000000000000
010000000000000000000000
001100000000000000000000
0000100000000000000000060
000001000000000000000000
000000100000000000000000
000000010000000000000000
000000001100000000000000
000000000000000000000000
000000000010000000000000
000000000001000000000000
000000000000110000000000
000000000000001000000000
000000000000000100000000
0oo0o00000000000011000000
0oo00000000000COO0Q0OQ1I0000O0
000000000000000000010000
000000000000000000001000
000000000000000000000111
001000000000100000000100
000101001000000010000010
000000000100010001000001

23 3 oMol tHet Eaighr

& AellAz 3. 3" AXF A E 2
dAE R pdste] dae]EE B A48 A4
H Bz},

3. 5 OjHfe| =3

dAE GAEZ e ohgd Aok £ 9

M€ iteration® @ o] Fo]x] ¢low, Zzkq]S
P A|7He- 100]ct



;2%

R

HEUEE o]48 FMSAAZSY Uzt 27 117

iteration 1.

A 0.
A L

oA 2.

A3,

A4,

A5,

<A 6.

A7,

A 3.

A4,

t=0

M(0) 10000000010000000000111 & &)
vtl oz A}

438l vpile} =R A
M(1)01000000010000000000011 3

M (2)00100000010000000000101 4
M(3)10000000001000000000011 4
M(4)10000000000100000000110 2

71 AL ZFAPRE e MWE M
2 Adgic

g3}t 217k t=0

WE AzE:2

WE AZEE wid T gt

Tl 1={2

m3e AHESIEE set3 o FAePAE
et

setl { }

set2 { }

set3 {M(0)10000000010000000000111}
M(4)& dAvpplez ddgste], & A
3te whdel A=Al 2%k
M(5)01000000000100000000010 3
M(6)00100000000100000000100 4

7V 2L 7FEAIME e M(O)E M
2 Adgich

243}t 217k t=0

W& Aj7k:3

e e

. W E AIZES el Tell Yt

T[ 1=12, 3}

m]e AHE3IRE set] of FHAupA S
ek

setl {M(4)10000000000100000000110}
set2 { }

set3 {M(0)10000000010000000000111}

iteration 2.

<HAI0. t=2

=41, M(7)01000000000010000000011 & &)
vhr e 2 Aot

A2, BAzkE vl leA AR
M (8)01000000000001000000001 4
M(9)01000000000000100000010 5

A3 M 22 7RIS Zde M(8)E M
2 g

A4, BAE AL t=2
W& Azk:4

GAS, WE AIZHE vl Tl ¥erh
T[ 1={3, 6}

A6, m2E ARSIEER set2 o AAvlFlS
gt
setl {M(4) 10000000000100000000110}
set2 {M(7) 01000000000010000000011}
set3 {M(0) 10000000010000000000111}

iteration 3.

A0, t=3

Al 1. M(10)00010000000001000000101 & & =)
vp e e A=t

A2, 43k vhAo] gl=A AR

SA13. BAEE obAe] AR mort AHEUHE
stobd 2HlE A AAIFIA] ot ot
setp9] whA|%}; mpE @Aupgeoezw A
gate] oA AR & mo AdE
T Wk

iteration 4.

A0, t=2

A1, M(7)01000000000010000000011 & &)
Ll EARRERG L



118

PAE - el

BEASERR

A 2.

A3,

A4,

A5,

A 6.

4318 viFle] adw=A AR

M (8)01000000000001000000001 4

M(9)01000000000000100000010 5

M(8)E A 7H 2L 7FEAE

2= M(9)E M2 A3

g3t A7 t=2

W A5

e A1 il Tell ¥eth

T[ 1={3, 7}

m3S ARESIE R set3 o AWIE

gerh

setl {M(4)10000000000100000000110}

set2 { }

set3 {M(0)10000000010000000000111,
M(7)01000000000010000000011}

iteration 5.

A0
A 1.

A 2.

oA 3.

A4,

A5,

A 6.

t=3

M (10)00010000000000100000110 & A
sh7) o2 Al=gicy.

2454 viFdo] gleA A

M (11)00001000000000100000100 4

74 AL 7RIS Ze MUIDE
M2 A3}

A3} A7 t=3

A7k 3

A7 e vl Tel Yt

[ ]1=6, 7

AHEEER setp o xRS

|

set]l {M{4)10000000000100000000110}

set2 {M(10)00010000000000100000110}

set3 {M(0)10000000010000000000111,
M(7)01000000000010000000011}

(g

3. 4) iteration 50|Ae| EEZI=TIHE

iteration 6.

A 0.
AL

Al 2.

A3,

A4,

A5,

A6

t=6
M(12)00000100000000100000110 & &1 ]
B ZA RIS Lo L=
2431 vprle] e A%}
M(13)00000010000000100000100 3
71 A SFEAIRE e M(13) &
M'Z Al gt}
A5t A7F:t=6
W& AIZF:3
Wz AIZHS wld Tell ¥
T[ 1={7, 9
mgE AHESIER setp o A"
gk
setl {M(4)10000000000100000000110}
set2 {M(10)00010000000000100000110,

M (13)00000010000000100000100}
set3 {M(0)10000000010000000000111,

M (7)01000000000010000000011}



B2 FE2HR

HJEU ES 0|45 FMSAASo] ulg w34 sy 119

iteration 7.

A0 t=7

gHAl1. M(14)00000010000000001000101 & &)
ahrez Adgch

SAl2. GA3HE o] leA A,
M (15)0000001000000000100001 3
M (16)0000001000000000001100 4

A3 A e RIS Zbe M(15)E

M2 A3l

A4, BAF A7 =7
WwE A3

A5, WE AIZHE vl Tl Yectk
T[ 1={9, 10}

A6 me AHEIIEZ set] o WAL

‘%‘ =}
setl {M(4)10000000000100000000110,
M (16)0000001000000000001100}
set2 {M(10)00010000000000100000110,
M(13) 00000010000000100000100}
set3 {M(0)10000000010000000000111,
M (7)01000000000010000000011}

iteration 8.

A0, t=9, 2tgile] wixl7 FA o] BubA o
o4 A4l 1 aHelA golE Hu.

A L. M(17) 00000000100000010000110] &)
o m}gole},

iteration 9,

A0, =10, zgd2e] mpx|ut o] Tta
ol #qi2w sEElA] glolx Hch

A1 M(18)0000000010000000001111] &2 ]
utrdeltl o714 M(18)0] FEmlzlm}
FTUI}R G EHE T8

Iteration 9e|A] <ire}Eo] ZE®=d, iter-
ation 97H7] $8F Ty gdg=g a9
%3, 53 )

3 3.5 odoll theh =evts Jd=

3. 6Hele dxHFe] YA I B
v} FAH ) A} AAFe] gl

3. 6 OH &1t

s}

A1(M)2 v}7)& Ab838lo] back tracking
e dmEgela, A(M)2  back

racking & 314 9w daE|Foth ¥ oA

- F7EA Wl R i A 834,

3. 5ol et glch

B3 4ellA]l 7 daeFel dg HHAE

T FAleRARRE 4 o sled, Al(M) Y

“ln
tlo

g

et

75



120 A F - =]l BEEEPHEERE

A x5E AME depie, yE

_)‘J_L
n
mlm
_?L

FAQ5AALE 100] T Ag(M)S] ExHeida

AZE 1lelth a9 ¥3. 5elMe 7 dme 0 & *}%El% AAE vehith 71718 o) &
Z9] iterationF$} EWMR|A2 wrEeaAlE: oF 2 60%, 71A129] o] &8L 60%, ~]A139] o]&
4 sleh, & T0% J& ¥ & sl Al RAHT
3 (01D€ 7ALel ¢4 shgEsl, T
CE 3. 4 OiFlol Ch3t A% A 24 (019& 712 84 sEsige

o, A9 A (013)2 A3 o4 71
A1(M) A2(M) & ¢ T sk

HAeA | AFBAR | AAeA | ez

021 m3 2 021 m3 2 Z1A|1 &

011 m] 3 011 m1 3 714]2
022 m3 5 022 m2 4 71413
Oizmy | 3 |onm | b
013 m2 3 013 m3 2 _ 05 10
] 3 X
Omm | 3 |omm | 3 (T2 3. 6) MO CHEH AYM)S} ZERIE
P33 z
AN IR DU BAAE 29 5 78 Az O
- B -
< Al A2(M)9] ZFEAREE dehye, AAle ol &
%8 54%, 714129 o1 8-&-& 63%, 1A o
_E 3 5> Oﬂxﬂ—o—l ’JT\_E}:)HQEI' %_.g_% 36 c%_ o oa} 9\1‘4‘
iteration Z2}1¢] EWAA
F | #aan | wEed
A1(M) 9 10 t11 to t13
t15 t2 t4
t5 t7 t17
t18 19 t21 L\%}11%11
| [ [
Az2(M) 7 11 t11 to t13 05
t15 t2 t4 (3 3. 7) ofHMZTo) ChEt Ap(M)Q ZtEXE
t17 t20 t5
'6 t23 ' SEUES o) Aegozn Al

=4 AU =%t e el Ay
33, 6% ARl oI AJM)Y e B s FeA bR e lRAz



A E|UEE o] 4% FMS2AZEH g 34 sy

121

+ ERAAS Azl galez g
&S A FEste Afol zgle x<do)
AR Fx dded, ol2ld At dAessvE
o] u}FlE& Al4-38lE back tracking g o] =
glo] AAHA YEE 2AFE HAYsluz @
o} dlAl2] 484 E3le] back tracking &
sk 797} back tracking& A = AL
Br} z}]FedAzle] Fojiye S & F
Asdet Bl g2 Aol dis] 47belx] AY
#H BEZ sz

4, A 4
B A= T Y AY-E staAt gl

A AP 4 104 FPstden, back
trackingoll ¥ HQoAde] ofs] Lol 93}
Aot FAZE 10009 Aol dhs] back
trackingS ¥H= d2e]l&3} back trackinge
A e TR dxEEs A gsided,
back trackingg 3}9l-& A-Fel HAZzS
FAde]l FlENSFES & T Uk 4 2004
i+ Lee®} Dicesare’} gt L1 dze8)&L
aAstgl e, 4. 3ellMe FU7 300709 FA
of sl £ AFelA AA GaelEd} Ll
S ES A48 Byl

4. 1 Back trackingO| sHol] D|X|= &t

gl AAA A slERUES] v}F]E AbE
Bho] Alzwle] EAJ Ao Folz 5 ¢
+ back trackingg AFE-SlE Ao FHAZz}
g Ate] 2olmd 4 5 Addt Aj(M)
< v} AM4-3te] back tracking ¥ g

Zo]31, Ao(M)& back tracking 3}A & o
arE]Folut

CE 41) 4" 4 19) gt

ALM)S [ A2(M)Y | AL(M) Y | A2(M)9

FHaoFaq (Aadsdd| A 7 35El

FYAZY | FHAZL | YA | Az
10 11 0.000000 | 0.000000
10 12 0.054945 | 0.054945
11 14 0.054945 | 0.054945
10 12 0.054945 | 0.000000
10 12 0.054945 | 0.000000
12 13 0.054945 | 0.000000
12 16 0.054945 | 0.000000
11 13 0.000000 | 0.054945
11 13 0.000000 | 0.054945
12 14 0.054945 | 0.000000
10 12 0.054945 | 0.000000
119 142 - -

A4 12 AEQBE At T, 7FEAITE
1o 4] 5abole] g aAyleo g FEalo] zhzte)
Efz A e Agsiged,a Ade
E4. 1o vehdt gich

% 100 AYPE /‘1331‘?} A3} #Hagagd

T o] FAE A £ 11Wolslew,
FH oz as]i%a}o,gfagx]ol 16.19% Z°1&4
o 7o) dme]Eel Ui WHE TS
back tracking®] -+ F33HE& o4 5 9l

4.2 L1 ¢toe[ZEnte| Him

olA 7R = HEsES} FMS AAlEE &
Aol FakalA AES A kel AEUES



122 obAl & - it

BRI RE aE

o] 43 2AEY dneF FAA 7 Fon
Az = L1 Sxe|Es) vlws) 2ax g
¥4, 20 L1 <wejEse] wag AgAFs}
Yeht glew, L1 ¢3eEFe SAAFHNA
- EflxAe] 2F FAFR Aol A
olw, Faazte] wlwA o Hch:s @A

o] slet

I 4.2 ME 4 29 Z3

A1(M)9 L19l A1(M)2] L1
Axsad|asea9] AFd | 2w
SR | 4 | F9A2 | S
10 | 0054945 1 0.43956
1 0.054945 9 0.43956
8 | 0054945 6 0.43956

7 0.054945 5 | 04395

10| 0054945 8 0.49450
8 | 0.000000 6 0.43956
11 0.054945 9 0.43056
0.000000 10 043956

9 | 0054945 11 0.43956

9 | 0.000000 13 0.49450
10 | 0054945 13 0.43956
10 | 0054945 11 0.43956
10 | 0.000000 13 0.43956
10 | 0054945 13 0.43956
0.000000 1 0.49450

0.054945 8 043956

10 | 0054945 1 0.43956
1 0.000000 13 0.43956
8 | 0054945 6 0.43956
178 - 187 -

¥4 2& TFEAIZEE 1414 5Abeld] ghem
gy FZste] zhzbe] EdlA A &d3te] Al
3 Adfolrt. & 300el AYPS A P37 A
I AIM) daE|Fe] #HoFAe]ga A te]
Ll ¢xe}Ee] HagAgdsd i Fo)E
A% 1We] qglen, L1 daelFidg &
oyt A= 8ule] gk AANHoR HAF
zreleef A 7ko] 5% kel A(M) o
215 By A FYAE 0037594 ofn
Ll <xeEe] Ha A X7 0.

448235601t}
5. 24 &
ATl AT e B

F9) shiel sEelv=g Agstalrh ol
SEUEE ol 4AE Afe] w
7hsste, g
dre wastmz Aol golsths Aol
o7 wEel, FMS o 2sEe) £Alo) A 3te}
o}

RESEER

B QAFAe AlM) S3eEE AABk
ALANES olgsje] A29E w3
£ At AAselsts muvle 1HEE
FEHer AP T vk SAH ol&E
T = A gl ASel A" zbgo
Aalsls A& wr)elEl olde] AR s Eo}
74 2A1ES W7 E= back tracking FHoh
= Exlo] gt} o]zt back tracking?| &
galslad ). back
tracking-& 3} 7497} back trackings 1A
v AR HaFAiggA) el 160 19%
593, Dicesare?} Lee [3]e] 2] ft

i}

E.U\}l
s



214 UK

AU ES o]43 FMSAAIZH g A4 &y 123

2 L1 SueEa vag A5} FHadzgededy
A)zko) 5% FEch

gz AI(M) dxEE A o
2148 g7 B Al dEAxs ALsE
da7} odvkar AyzbEw, back tracking Sk
Al71$} back tracking HolAE Al gt
QA77t Fasichy A74Lch £, FMS 2
%2 EA% Simulated Annealing % <=
7HA ASE HERoE ezl s A4S

s % @ast ok Az,

o Ed

[1] Petri, C. A, “Communication for Au-
tomation “, Doctoral Dissertion, Uni-
versity of Bonn, Bonn, West Germany,
1962

[2] Matsuura, H., H. Tsubone, and M.
Kanezashi, “Sequencing, dispatching, a-
nd switching in a dynamic manufactur-
ing environment,” Int. J. of Prod. Res.,
Vol. 31, No. 7, pp. 1671-1688, 1993

[3] Dicesare, F. and D. Y. Lee, “FMS
scheduling using Petri nets and heuris-
tic search,” Proceedings of the 1992
IEEE International Conference on Ro-
botics and Automation, Nice, France,
May 1992, pp. 1057-1062, 1992

(4] Chan, C. C. and H. P. Wang, “Design
and development of a stochastic
high-level Petri net system for FMS
performance evaluation,” Int. J. of Pr-

od. Res., Vol. 31, No. 10, pp. 24152439,

1993

[5] Rodammer, F. and J. K. White, “A
Recent Survey of Production Schedul-
ing,” IEEE Trans. Syst. Man Cybern,
Vol. 18, No. 6, pp. 841851, 1988

[6] Huang, H. P. and P. C. Chang, “Speci-
fication, modelling and control of a
flexible manufacturing cell,” Int. J. of
Prod. Res., Vol. 30, No. 11, pp.
2515-2543, 1992

[7] Jothishankar, M. C. and H. P. Wang,
“Determination of Optimal Number of
Kanbans Using Stochastic Petri Nets,”
Journal of Manufacturing Systems, Vol.
11, No. 6, pp. 449461, 1991

[8] Benarieh, D. and 1. Miron, “Concur-
rent Modeling and Simulation of Reac-
tive Manufacturing Systems Using P-
etri Nets,” Computers ind. Engng,
Vol. 20, No. 1, pp. 4558, 1991

[9] Viswandham, N. and Y. Narahari,
“Stochastic Petri net models for per-
formance evaluation of automated ma-
nufacturing systems,” Information and
Decision Technologies, Vol. 14, pp
125-142, 1988

[10] Dubois, D. and Stecke, K. E., “Using
Petri nets to represent production pr-
ocesses,” Proceedings of IEEE Confer-
ence on Decision ans Control, pp.
1062-1067, 1983

[11] Jensen, K. “Colored Petri Nets and
the Invariant Method,” Theoretical Co-
mputer Science 14, pp. 317-336, 1981

{12] Ciardo, C. and C. Lindemann, “A Ch-



124

LAE - mdir

RSB it

[13]

(14]

[15]

(16]

(17]

[18]

[19]

aracterization of the Stochastic Process
Underlying a Stochastic Petri Net,”
IEEE Transactions on software engin-
eering, Vol. 20, No. 7, pp. 506515, 1994
Boucherie, R. J., “A Characterization
of Independence for Competing Markov
Chains with Applications to Stochastic
Petri Nets,” IEEE Transactions on
software engineering, Vol. 20, No. 7,
pp. 536-544, 1994

Teng, S. H. and J. Zhang, “A Petri
net-based decomposition approach in
modeling of manufacturing systems,”
Int. J. of Prod. Res.,, Vol. 31, No. 6,
pp. 1423-1439, 1993

Lin, C. and D. C. Marinescu, “Stochas-
tic High-Level Petri Nets and Applica-
tions,” IEEE Transactions on comput-
ers, Vol. 37, No. 7, pp. 815-825, 1988
Cossins, R. and P. Ferreira, “Celeritas
:a coloured Petri net approach to si-
mulation and control of flexible manu-
facturing systems,” Int. J. of Prod.
Res., Vol. 30, No. 8, pp. 1925-1956, 1992
Reddy, C. E, O. V. Krishnaiah, and
D. Chaudhuri, “A Petri net based ap-
proach for analysing tool management
issues in FMS,” Int. J. of Prod. Res,
Vol. 30, No. 6, pp. 1427-1446, 1992
Commoner, F., A. W. Holf, S. Even
and A. Pnueli, “Marked Directed Gra-
phs," J. Comp. Syst. Sci, Vol. 5, 1971
Baker, K. R., Introduction to Seque-
ncing and Scheduling, John Wiley &
Sons, New York, 1974

[20] Viswandham, N. and Y. Narahari, Per-

formance Modeling of Automated Manu-

facturing Systems, Prentice-Hall, 1992

[21] Peterson, d. L., Petri Net Theory and

The Modeling of System, Prentice-Hall,
1981



