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Abstract

This paper describe an approximation method for solving the minimum makespan problem of job
shop scheduling with fuzzy processing time. We consider the multi-part production scheduling
problem in a job shop scheduling. The job shop scheduling problem is a complex system and a
NP-hard problem. The problem is more complex if the processing time is imprecision. The Fuzzy set
theory can be useful in modeling and solving scheduling problems with uncertain processing times.
Lee-Li fuzzy number comparison method will be used to compare processing times that evaluated
under fuzziness. This study propose heuristic algorithm solving the job shop scheduling problem
under fuzzy environment. In This study the proposed algorithm is designed to treat opinions of
experts, also can be used to solve a job shop environment under the existence of alternate operations.
On the basis of the proposed method, an example is presented.
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job shoptlA 4RAY EAE BE AL 98 23 (operation)ZHel &4 Al %K precedence constr- aint)
7} 2} 917 K (capacity constraint)g #1719 7]Ald 7}1EE S AZ(loading), ¥R (unloading)st= A4
AYste AoltH2l £MAFL 7k RITSo FHEL A Ml we dBTAY S8
A4d o 717 $§ FAH UAAYH 4 fte Aotk EF AYA L JIAVE ofF AHAA F
A ojate] 7+E FAL FA #F £ g EEtn dE Fo e 3L AR & F five Aol
. YAAY EAE ANEgei Zby] e 2dg el olE udd Rde FAE s A
od Azt ol AT Ded AAAY ByolMel EAT FHHE T dnYFol AT B,
AA dold & QU= job shop, FF A Al2®I e EFH Aade dAAEY EAE AT HH3)
dpg=e s 251 Utk job shopd A-$E n job, m machineel A 7Hed AAEA7E ()Y
NP-complete =424 &2} (optimal solution)d] 7}7+E 7Hasl€ wEA T & 4 AT job shop
AR A G BEAE ARES Bt 28R ns dBALS Pote FA2HYINE
o] ArEx UrH16l

3 7129 dAAY dFME GRE dAAYAA Y Fag HEATE FHAA %E Hon
AR AY oY BAVY £ /HEAE FE WYE ol &d AU FulA, FHLY o FAZ,
d7]1x & Ao AF AAAZHE FFEAZ ] T A FAHQ oz FHH IBFAGs 2
th azEu AA @36 olAE olF REE IFA HBAE FAHH ATAZ YBdtE Ao
HAAAY AS7 Bt B3] AEgle] ojFojAE A, F2 FAYLR o]RoAE AU, LA~
do] AUz Z#FolAA] B AN E YR B& BFEo] EA3ty] g ol&d SRAY &
o2 FHIGE AL HFHHoY oA o)d BHS HEs] At BAAIF opd 7
(interva) 2.2 UEHJolR 713AZHE HAFjo] &9 Kaufmann & Gupta®] #4173Hinterval of
confidence)?] NE[10] o] &3 W2 E&H3SY AdeME Astur @

AR A G HAPFoIEL HEAY AFE AA o BE BN Z3dE T job shopolM B
o ojA7tAE 27 ¥ 2% flow shopdl e UE AFolth dlFEAY =FLE Dubois &
Prade [7)& Erschler ¢l AT FAA dRAAYEA HANTAE =AML, Dumitru &
Luban[8]¢ Z&]A#(mathe- matical programming)ZAE2 AAstd AJEMEAE HA FAES
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A tH15,16).
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2. A5} HA 5 6@
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Abzbs 21 4(Triangular Fuzzy Number @ TEN)E APle] oz mdET AAy: AE (g b, 02
Uebd 4 o, TENS 7He4(possibility)e] 191 He] & Foz yehfolztl o] 7HaA|zte] &4
Aol oz THY g9 ol ddstes golth AldelE W A4(Trapezoidal Fuzzy Number ‘TrFN)
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= g:z b<x<c
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22 A% WY
(1) Lee-Li A4 vlarH[11]

m(A)Ee AR5 A9 GMVs(Generalized Mean Value)g Welz s(A)e HAF A9 H$(spread)
£ vhehdch
()= Jun 12 - AP

Sy ) - Al

o a0 -
T

—[m(A))?
R C - AR)dx

A): A9 FEIEd
TFNY 7Z$ GMVs(Generalized Mean Value)t
m(A) = %(a-i— b+¢)
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s(ﬁ)=%(a2+ B+ ¢t — ab— ac— be)

Ze GMVsE 7H4E HA4E (A) goz2 HAFE vagd
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(2) 9 E4(dominance property) 71222 & vl (9]

F9he o 1%

(D/ﬁ — (d+%1b+6)

@ Oz vnE + 9 4% A4 18 presumption)& 7H) HA4E Hu(a, b, ¢ B Fe
H2%)

3O =2 v F g 45, 7 BHY At 7ike A Add

3. B 7} 71&(performance criteria)

3171z
]
n @ ®E&EF
m 7] A%
Iz F9] #d(operation)F
r EEFY E5EA
P, 5F iolA A A9 mx AR (=1, 2, .y n, 57 2, e, D

C,  ¥E oA A A9 Hx &8 A ZHcompletion time)
gy - FF 1A jAA A HA gir|Azt
BE 0A A A9 A gi7IA S 2Eg HA 8 AL
S, 1 HE A jHA Ade) M olg Az s Al
M A makespan
(+) ¥=x gA
(=) ] @y

(+) ¢ HAZ (fuzzy summation)

32 3% A4t (performance calculation)
(1) HA makespan

M= max Cp,

4714, Cri diagrapholM finish =Eo Eshs 2+ BF io] 714 ol& =2 Al
@ 37 7] AZkg 22l @ Z$2 HA makespan

MQ = rfn\adx CQFx

l
A7), Cgm= (+)( 5;‘,‘(‘1") i)
=1



LREBEE 5 208 & A8 1974 28 235

2 ;9 HA 7| A 2H(fuzzy waiting time)&
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5. ]

51 2%

B d7dA dFe 2¥E 3d A, ) FF 10 AYez FAHO gley oy HAFAAE
<figure 1>3 Zt},

<figure 1> The network for a problem with 12 operations{on four jobs)

and three machines

7} BEol Aelgo] zt 7ANA A" wo] FFEAE HEIFY ojAc] waE AR 4y, b, ¢)
2 Yehfold ot HA] 7HFAIZHE <Table 1>3 Zt}

<Table 1> The expert’'s TFN for each processing time

m operation
g [ I m v
1
n 1 2 3 4 5 6 7 8 9 10 11 12
(36,10) (23,4 (34,5 (56,7
Ml | (57,10 ' (2,34) (34,5 (56,7)
(46,11) (2.35) (24.5) (4.67)
(34,7 (6,79) (456) | (245) (34,5
M2 240 ©89) @5 | 234 345
(246) (5,7,10) (45,6) | (2.35) (34,5
(35,6) 4638 (79,10
M3 (24,6) (5,78) (7,10,11)
(456) (5.79) (89,10)
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<Table 2> The expert's TFN ranked for each processing time

g’ operation
b I I il v
I 1 2 3 4 5 6 7 8 9 10 11 12
(36,108 (2,347 (345" (567"
M1 (5,7.10)' 2,347 (345 G667
(46,117 235 (245 (46,77
347 (6,797 (456)1(2,4,5) (34,5
M2 247" 689" “@5n'234° (345
(2,46)° (57,108 (45,6)*}(2,35) (345)
(35,67 (4,68)° (7,9,10°
M3 (246° (5,7,8)° (7,10,11)!
(456)" (579" (89,10)
204 Ao ¢ugE 1,0 A&
GAO) n =4, 12 [9AE 3 OolNe 4, MedAME 3, VollAE 20]t.
A 7t S-93 Hx)¢ ME MdE 5 X4 <Table 3>3 2t}
<Table 3> The processing time of operations taken for each job
m operation
h I i m v
el 1 2 3 4 5 6 71 8 9 10 11 12
M1 {(5,7,10) (2,35 (3,4,5) (56,7
M2 (3.4,7) (6,89) 4,5,1](2,4,5) (3,4,5)
M3 (45,6) (5,79 (7,10,11)

GA)EE o tid T A=

<Table 4> %t}

GA3) Tl met ddxeez FEsd, 0 - 1 —» I — N7t €k

9A4) 55 O A9

GAL) r=2
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<Table 4> The computational example of an each route by step 2

Part route T, m( T;)
I (1,1)—(2,2)—(3,3) (12, 16, 23) 17
o (4,1)—(52)—(6,1)—(72) (15, 20, 26) 20.33
m (8,2)—(9,1)—(10,3) (12, 17, 21) 16.67
v (11,2)—~(12,3) (10, 14, 16) 13.33

GAe) FF O UHA A &S A= =93 A3 <Table 5> 2t} o|9 YEHIE <Figure
2>9% 2o}

<Table 5> The computational example of an each route at r=2

route M mC 2
(1 0+ 1 [@DH-(D]5 20, 28)| 21
' 0+ 1 [(LDH-@D]EL 28 38 29
(I, m I+ I (15, 21, 26)) 2067
{m, v} n+ N (16,21, 26)| 21

<figure 2> The network after retracting part I

(2 5} (8,11,14)

- L
° 12,3.5)

@A7) <Table 5>e1A 21, 2067, 21 A<
DA DATNN 212 A F Fe K FE 1E FHA B FEoR 4%
@A9) ©Al6e ik r=3

GAG) {I+ o] YolA] F F&FE sty =Y4T Zde <Table 6> €. o9 UEH A= <Figure
3>

<Table 6> The computational example of an each route at r=3

route n m( M

(o0, 1, M0+ 1 +« I|(2,236) | 28

(o, I, VMo« 1 + V{62128 | 2167
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<figure 3> The network after retracting part I

(0.0.0) (7,10,13) (13.21,27)

{(11,16.21

(15.20.27)

QA7) <Table 6>MA 28, 21.67 A H
gAg) F-F ME Al =9 HEos FA
@A) SA6LE Tt r=4

DAB) A £ EELR VE YT 23E <Table 7>3 2t
ol8] HEYAE <Figure 4> 2t}

<Table 7> The computational example of an each route at r=4

route M m( 3D

{0, 1,|0+1+M+NV [B2-01121](21,3036)| 29
m, M|+ 1+M+WV [(12)-@82)1] (21,2837) | 2867

<figure 4> The network after retracting part IV

(3.4.5)

A7) <Table 7>o1A] 2867 A€
A8 g0 7k

9A10) AheA O-1-TM-VS M=(21, 28302 A9, o] HEYALE <Figure 4>8 2
AYder I-1-M-V [(11,2—(82)]8 A+ = FAF,
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<Table 8> Fuzzy Parameters of the sequence -1 -II-IV

i| 1 I il v
ga | @35 | ©00 | G4p | 000
P, | G100 | @235 | @49 | 345
Cqy | 1015 | 235 | G810 | (345

dg | 0612 | 058 | 0210 | ©00
Py | GaD | 689 | 68D | (71011
Cygp 1102030 (81622) | (10,1627) | (10,1416)

gz | 032D | 001D | (006)
Py | 1459 | G459 | 679
Cyg (142861 (11,2041 | (152342)

du (000)
p, @57
Cqa (15,2548)

e O-1-M—Ve th7]A2He 28 d HA| makespan©] (14, 28, 61)2 249
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& AR @& M=(21,3036) BTt 2 & T 5 Uodth
Haje]2& o] &dte] YoM HEIEY JAE FHdY wgPgo=y Hrt LAY dRAYE o]
7 UL, FEoly FAVNEE o188 B¢ A8E 713}57_ 43t GEREE Tt JHAY
S AL A 43 279 JHede €Y F USE Bt oA TE HA e 2
A 71EY AR Y 7ReR YehlelAEz 44%%2}7} a2 AA R 48R 3
A B F da, E 7beAolER HAHEE o8 Z ARHA vind JteAE defges
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