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Abstract

This paper presents a scheduling method that uses Petri net modeling and heuristic search to

handle the tool setup. In manufacturing systems, a tool is attached to a particular machine to

process a particular operation. The activity to attach a tool to a particular machine and detach

the tool from the machine requires time. The processing time of operations varies according to

the attached tool and the machine used. The method proposed in this paper uses Petri net to model

these characteristics and applies a search algorithm to the reachability graph of the Petri net

model to generate an optimal or near-optimal schedule. New heuristic functions are developed for

efficient search. The experimental resuits that show the effectiveness of the proposed method are

presented.
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Fig. 2 The Petri net model of Example 1.
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Fig. 3 The Petri net model for the combination of
tool and machine in table 3.
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ol 4o} Zol, melm Aol £95E 7S
A ASAERZ o)A, A AR =
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o danl qlolel, ALATE % Fale
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A Zko] e},

whalo] glojdel ol A% T WriAel =
x| H33le5 ‘/}EP‘:H_DP. ez e A 3ol
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ol #] 2¢| Table 33} 4ol 214 <l il
Table 59} 63} zch, Table 5= FTANAZLE
el Table 62 54375 423 el
dl=t operation®] FHAIE ebdch, 7]
ejalof 3 —‘ﬂr%&} M, & BEAZ]= 7 jobvt
o} 10e]ct, & HAzejdl mde4] 2z jobrhct 1074
9 2% 7],11 w A zFslA] El o}
Table 75} 82 hl, hl+h2% o &8 A&
S 488 AE o] Frh, Table 731 gel4]
“Depth”, “MS"& ztz} AlAFA]

“Time", “ITER",
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98 9 A Ao R
o o), aelx T Al =442 (makespan) stoich, 2AEEL jobel 2Eav|sk 59 A}
< uepgieh Table 79 ol wrb Aba®4E 103l A5l Hal sAe
iteration} 2] 748 Z)slm Fal Al A 2] x| 7b Tables 9, 10, 11 hl3 h2% o]&s)A 7 job
€ zbagheh, Table 8¢ ZAsbs v hiubs o} & o 2Ea7]7F 53 759 100l 7ol sl 27
3 Al AlabAzbe] el Al HAL AAl A4l #8S 33 AaE 2o Foh Table 9, 10,
A7 v A}, 11e] 4 “Time”, *“ITER”, “Depth”, “MS”&
talo] glojAe] Zlol: wrk Wale Aol 32 Table 7olre} 72 ou]2 Ab-gxlcl, Table 70
A o 4 oleh Fig. 4o} 5ol 10708 Eol sk zte] wrb A @4 iterationst A2He F
g EHolag o|Fdty] ez 20mle] izl sbska FalAl A AR AIZE Ab4ghe, Tables
A e dasie wepad Adepl ghale] Zle) 47 9, 10, 1104 wrt 54 &% ]Zi 7R 7rahE Al
ol 4] 20& wjn] 27dle] EalA Mol sl oA ARA|Zke] Al Frlekr] oA A AR A 2k
B olAel waelsd shabeb shgel ot ghadeh WAl wrb A% tast g we A
FA s Ak A ol dbek ARA 7S 23k, ol Ee] Table 92 10004
w7t 05702 A4k zke|l 2A FobskAl @ATE
42 AT 2 0.47} 5" =LAl Z7bsbch, zela hlsh h2E o
Alellol ¢ 2% Table 37 4ol 4o} ke Halg &3 #afgl Table 1104 Table 102 o F
&}, &, Table 3ollA 9} & wlajoz 679
BT A ade) JAlel ARk ST Table 7 The results with heuristic h 1.
s} ANAe z3re] wel AzAZE whEb A 7ke] w7 = =
chalch  ae)m Table 4ol Alek b9 npalow 7t w Time ITER Depth MS
7y 470 e] d4-Aql operationd 7}A|+= 5709] job 1.0 0.25 89 47 132
o] Hzsleh 7 operation- 3ell4] 57H71%] 9 0.9 1.48 468 47 131
Z1-71 A el A7k sloll4 3 5 o} A
2171 A 8] Ag sloll A Fdrhssiel, of Aol 0.8 131 200 7 129
ek sleel 2l Figs 3, 4, 5oF & Ao
% 4 TaE - goul Az wEle ek 0.7 | 9.86 1416 49 121
Table 5 The combination of machine and tools in Table 8 The results with heuristic h1+h 2.
Example 2. w dw Time | ITER | Depth MS
T, T2 Ts T, 1.0 0.03 1.74 562 47 118
M, 7/3 10/6 X 5/9 0.9 ).03 31.67 2611 47 119
M. X 12/6 X 8/10 0.8 0.03 31.67 2611 47 119
M; 3/7 6/9 10/5 X 0.7 0.03 |362.46 | 9609 49 113
Table 6 Job requirements of Example 2.
i Je
1st operation M, M M, M.
T, T, T, T, T, T, T, T,
8 4 10 15 15 6 9 3
2st operation M, M M. M:
T T, T, T T. T, T, T;
7 5 10 12 4 12 3 5
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Alelled - 32024 Example E1& Ea}2d 43
Z g & (plastic forming plant)ol] gl AlA] o of
o] ZREE 4 el FetaE HYI|A 9
o] Z|Ale| Aatste] B4 gabeo| FepsE AFE
te = ¢ %‘-%—9] o] deon 2 FEeict A
b AalA o, AAbEE SefadE AEe &
107} olw], 7t }ﬂ?/! ool AaA et ofd
gt A Table 120 A=l gk, 54 &

2o 4 mlo ks s

el ALA 2H o 27 F 99

Po =X A wel e A7k "k
|7ko] =helAlch, elo] oid AHw= Table 130
AA o] ek, e EA7 A ol F¥e] A
25|l =rtel wel Y SRS Esb detAl, of
of tjg A=t Table 140] Al45]o] glch, Table
126 4] E.3zo] o] ofl 4]+ Table 33 Table 42 o
Aol 4] 7+ jobo] 3}t operationut Zhzl= H$-

ojct,

Tamaki et al. @& o] A5 AFsslr] el
58 2;}24 A 21 8] (mixed quadratic integer pro-
gramming) § o]&-gic}, shAIub Aol Sk A&

27} 0] 347H1+ Heb, e T Al AR o
31.8] & (genetic algorithm) 3 2 2] old & (simulated
annealing) & ol &stslct, A stuelwelvt &
o odu e Agar eME EAlel AE odn
gl 5ol g gz sdslop geh, Tamaki et

al®o] el ALALYEAS duelE

Table 9 The results when the lot size of each job ol =3t Hel 2 wlEE= 214 (coding) o] wl|S-
is 5 using hl. Batsbet, 2| FalA sE oh) AAFE ub
X AT o H 2l3)¢
w | Time | ITER | Depth | MS R R C A
o] stAlE otoll4] Table 33 4ol 4 =28 A
1.0 0.62 30 106 543 Za)g Faolvd, webd] Fg Aoz Eo
0.7 1.26 177 106 498 A 2 oldh, mela I F@sE Holql oA
0.5 | 1.64 208 108 469 (coding) l Ao glow, TFafa =azde] A3t
TAE avlE AAEe] o
0.4 72.99 1807 112 440
o] FAE £ ol AAH W oR Fi= o
Table 10 The results when the lost size of each ~ © L&k & Apdke] gleh F o] LAlelA 57
job is 10 using h1. 2 s Ao AR ALY Halsls 2L 304 12
w Time ITER Depth MS Table 12 Job requirements of Example E1.
1.0 2.25 221 206 1011 Job {Available machine] Lot size | Die type
0.9 2.16 236 206 1006 i M, / M / M, 3 1
0.7 3.28 342 208 971 /s M,/ Ms/ M, 4 1
0.5 3.46 340 208 860 s M. / Ms/ M, 5 1
Table 11 The results when the lost size of each Ja M./ Ms 6 2
job is 10 using h1+h 2. Js M./ M, 3 2
w dw Time | ITER | Depth | MS Js M./ M, 10 2
1.0 0.01 2.42 235 206 1004 I M,/ M. 7 3
0.9 0.01 2.10 227 206 995 Js M,/ M. 6 3
0.7 0.01 2.85 298 208 949 Je M,/ M. 12 3
0.5 0.01 4.76 399 210 854 Jio M,/ Ms 3 4
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Table 13 The combination of machines and dies in Example El.

Attaching time / Detaching time
Die type The number of dies
Ml M2 MB M4
1 2 6/4 8/6 4/9 5/3
2 1 3/3 9/7 1/2 2/6
3 3 4/10 2/3 8/6 3/9
4 1 1/5 10/4 5/1 4/6
Table 14 The processing times of machines Ul melof 4] o] A2 estimate cost: 2% (O
according to attached die type. 2 eioch -ielw Fig 49} 501418k 2o] jobe] A
) Attached die type g4 ndlelsl dEe]d mdefale] Zulo] )
Machine 1 o 3 4 estimate costulg sredélr] & 3k}
- : Table 153 Zehael AgZaeo] gfs] 2%
! 30 < 3 28 gl Axk xWo] =k Table 15004 “Time”,
2 X 20 e x “ITER”, “Depth”, “MS"i: Table 7ol|l42} 7o
3 40 60 X 67 ofu] 2 Apg-slch, Tamaki et al. @9} Azpell s A
4 60 < % " Al Aol A1 7Ee 9590w, AlAEA 2R 116004 269 =
7} Ao xlch oo wlE] £ Aol A AlAg W
. . .. o8 AE ’5*“1_ o A A #ke] A7) 959 TBke
Table 15 The results with heuristic hl+h2. l AARAZES 2% o|ul® £ e slch gheba] ¥ o
w dw | Time | ITER | Depth | MS Aol A 4]4@ EX ]fr%momo] 7] &0 A 2eA 2w
1.0 | 0.05 | 0.89 | 255 | 87 | 1130 o sukak Wl o F& s AFES <
g deh
0.9 0.05 4.56 1290 92 1168
0.8 0.05 1.18 365 102 1019 5.4 =2
0.7 0.05 1.54 444 104 959
Bl FFAYAILE weld FMS 2
Wro) Azkeksld aTael aelm el 3 AFYRNE Ak Fold EAE T
ghael S AFgshe iz 25004 60 Aol A7kl v li]—,f Z%-3laL jobe] operatione| 77} A-abE
A s ol AR we Figdelds DA R0 es et slens
Bol F A AGe maeh sEelul w4 gfe] el bt slEwyl wde F4e
Hoj A estimate costy &zl wpZel A cf3 v} o}, a5 o]le)gk dEEY welg sidle 2 dlof
B4R bl A Ssi Heol gk gk 2 Aol ak A SABE T SNl A
ofch, ShAuk of FAlolAlst o] zatel £ A7 A whal obmelhg o gakgleh, ¥ oA A4
s Be) A A el A Aok e AT 1 e A4S Bk HEAe welhs 4
FoAe] AR meleahe dee waeld ol A4 488 & ek E Eold ALY A
estimate cost+ 7%“’39] T8 maleehys dlee S A ok gl Al Al gabE]l . oy A A
9 el 4] estimate costoll 4o} whalol -zl Abelol4 jobel operatione] A= AL
o} 3k8 n] x|z &b}, uwlela] estimate costin o] walelgc) ole} RAldl Apzle]l aAd|FE FAE
gahe A%A 24 hlo] ¢ malE wadA £ £ g gen wdel Aushn 6% T 4
ahA Eleh oledl EAlel dlA 3yl Sfal Fig. 3l A5 Zlelct
Aol ke F A AE wddsie vEe] el GRS o]y gl dlEeiyl wdl Ao
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