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Optimization on Job-shop Scheduling Problem with Multiple Purpose Evaluation
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The Job-shop Scheduling Problem is a classical, but yet modern problem. Because it belongs to the NP-hard
problem and it is almost impossible to find out the exact solution, many heuristic methods have been proposed.
Recently, Genetic Algorithm (GA), Local Clustering Organization (LCO) and so on have been proposed as a
powerful tool to solve the problem. The optimal schedule becomes very important from a viewpoint of cost reduction
in the manufacturing industry. This study optimizes the job-shop scheduling with multiple purpose functions by using
evolutional computation. Numerical experiments verify that the evolutional computation obtains (quasi-) optimal

schedule with multiple purpose functions.
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Bl LRI & X, SRS 7 3 #PEN < B B o i
K (B/IMiE) & & D 30 BRERGEIERARET HREDZ &
Thsd. LL, Floxtg L2 RO BB B
ThH%E, T DOE R E RO D 2 L IXIEE IR
ML 5. 2O X ICHERMEDLIOIZY a7 a v
Al 2— 7R (Job-shop Scheduling Problem,
JSP) 3d%.

VadvavFArYa—Y U SRERR, BRotLEET
ERB 5 2 BTz & X DIEFAHTHAGERETH L. =
OB, fEERM, WEa X MRS ICERS T 5700, &
FEAFREOFREIER 2 & bR o T KRERFEL 2o T D, L
ML, ATV a—ER T, AT/ 5 EHE
R BIZR E 72 D72, BHETHLLZRRMEMEEL TV
DONRBRTH 5.

AT, MAEEEELMEOP CHREEESH Z &
BREEE SNTWAERNOY a Ty a v T A Va— v
J B A O & B L7238 B 7 v 2 U X L (Genetic
Algorithm, GA)Z 3 ] L TR B & D W I3 Fiifig ko 5 2 &
EEHET S, £, ZRMBEENED LS IRk LI
DO H Ak L~ > 7' (Self Organizing Map, SOM)% flv»C
ARy D K HICT S,

ZOBEBHTNTY XA THWLBETOMETL, 10
LU L2 EBE T EZHRAT . BEER T, EEO
RGO AEFERREOZUICRHE S 572912, o Bk
¥, HIRGETCAr Y 2—) U EREITD, BEFED
B ZRAET 5.

2. advavIrRyTa—Y JHE

(Job-shop Scheduling Problem, JSP)
TaTlvay SR a— ) oV EBEITEROLE &
WEZ BN & X, B E TR BOIERIEF 2R3 =
ETHY, TRTOMEFICET LM ZR/MNIT D L9 A
FYa— R EARL LTS, 2O, FFEEMIT
LM DNER, B E oM LRHEIZBEFTh 5.
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F 7, HALFEOBM L ToOMTERIZ T EOBURER 2 &
DOBERY A2 EAFFRE LTRYH Y. Zo5EE2EE
L72 B¢, UTORREEEZ B OZENAT Y a—I U7
EThHD.

2.1 BMERO®EE
A a— Y T ERICB W TEETNE AL, 73To
HEHEICES A2 R/NIT A2 ETHY, HRMREIEHO
BMEERD Z EBNRDEND. LavL, AT Y a—AERKD
g, SERICL->TRRA TH Y, £< o BB T
EATOMERD D, AL THE, MBIESEH-oFHE L a0
NI RARBERICES, FHEEE~OINSEITITZODR YT
Ta—Y 7T 5D EEO BB E L TICRET S.
1) HRRIERR : FL
2)  CERIWERER : F2
3)  FEASGERIER : F3
4)  HEHENKER : Fa
5 ISR : Fs

2.2 gy
ZEHMRT D 1— 1) VU HBEOHNERE UTOESY
Thas.
— (EEOMBYER T E SN 1EED B 72 5 (B AINER)
— EF O oM TEMIZEEMTH S
— U RRFICEROEE L LIS 5 Z L X TE e
- BTN TR TOHFEEL PRrETILE T 5
- RE L BRI LR EH ShGE, AT
S DBFET D
2.3 X1k
AN, A me L7z, (EFESIRI=(Jiti=
1,2...,n) 720 BWESOEHEIEIEM=(Mj:j=12...,m) &
5. LRICE2BEMi TSN o TREEMTIE, T=
(Tij:i=12...,n,j=12...,q), HHWMOFITE»HKTIE~
OFHLEFMWIEL, W=(Wij:i=12...,n,j=12...,q) t75.
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Z DRF ORI ARIE, (L) DOFIEZERFRIFLZ B B, BT AT AL THD. BRI, K22R4 & 9124k

B/MEZRD HRIE L 22 5. [ D {E A Tk (selection), A8 X (crossover) °Z2sR7E 7
a (mutation), {7 (inverse) 78 & DBIRA R L —F T Ko TR
= max (Z Ty +Z e ROEFEED RSN S. =0k 5 (o o T 0 K

SNDZEITE- T, REMOREMIROOND.
SRR R F2i

F:a:_z{(ZTu-l“ZWu)Km} @ P
i=1 j=1 = /
L%, B RFaE @ x|
Qi qi " '; Y § ‘:1:‘ .
=2 )Wy 3 o - g) > PSS
L%, WEIRRE T, ﬂ’iﬂiﬁ%ZJk L7 BE, SRR, A N = ’
WRBFIILL T D4), (5) TR Fig2. Mechanism of genetic operators
R =max () Ty + Z W) = @ 31 smEETOBR
. . BN, A EOBIET 2k L [ U2 e L, T
Fo=2 — min (3 Ty+Y wy) ) NEFE O A FE o T 2 G 7 L 5. RIS E

FREHTEEEZRESYE, IBFERBUC L 2B TFE2IFKT 5.
Z DR, FEMBIEEIE ZONEFRIUNC L D BAE T L HIRIEF 2 TP 3 TRs+
(Job Genes) & {EFK T 5. ZN 5D FIEZXIITRT.

F = F,W, + W, + F;W; + F,P; + F5P, (6) AR 2 ERETOTIEL, PIEETOE Yy NMITH
%0~n-1 ETOESr ZHEL, ZOr ZHOBBTFZEY
brE, WHERTEE~ED D, B, EFREGE 0K
IZELEr 2 AND. ZOTFIEEEYIET. Va TBRETIT
WIIEET LIEFRBER TN OIFR S LS.

Lind, 22, Wi, We, Wald&itftio v =+ ~, P11,
Pol3 &3 i CORF AT 4 R LTV 5.

Table 1 Technical order of JSP

QOrder Processing Processing Processing Original List
Job in the first in the second | in the third [n]n[n[r]r]r] ,I,‘;.f"c,'i,“,j‘z’z,';fie, b Gars
Job[1] (M1,4) (M2,5) (Ms,3) T — > [r]n]r]r[n]n]
Job[2] (M2,3) (M1,6) (Ms,4) [a]1]s][3a[o]2 |1nrnmmﬂuf Joh Genes (genotype)
Job[3] (M2,2) (Ms,4) (M1,2) Genss (genotype) o [1]o]1]1]0]0]
[a]1]3]2]0]0]
UL, FFEOHFEZEMINEFIC L 0 B CRLBES 2
ERLTWAD. iz iﬁ%[z]@%é.\ FPM T3S A Fig3. Multiple Genes
WUER U 7= 1%, M1 CeRFEfEF 208 L, MsTARFfH L 2 e
+%. 4. BEC##fE{t< v F(Self Organizing Map)
T.Kohonen |2 & ¥ 2" & 1729 B &kt~ » 7 (Self
Organizing Map, SOM) & 1%, ==—F /L%y hU—J D—F
M; +I BCH 2 BN AEROBPUE 4~ v 7 LT OB X
THETNLTHD.
e I SOMOD T /T Y X AE, MM RT L IICETBRRY hv
M I [0 P MBIERE T X LITERL, BRESNEZBEAT MG
L a—27 Uy RN RED =2—ua 2 /RO 5. Ao
9 = 19 13 ® KEO=a—v rOERBELTORICL Y EHT5. 2

DEE, WiT==a—u rOfE/RE, XIT@ERSNIBH~T

Figl. Gantt chart of three jobs and three machines R .

XL, Fl1xFITHEICEB OB, e L, &

PR CAAL AT 2 AL ERBRAARER > O ALER IS T HE & C W(t +1) = W(t) + a(x(t) —W(t)) (7
DA NFv— R ThD. ZOPITIE, MspMEFEEET Lz o
RERCIEEMTET L, SRR L 725, EEO =2 —a AZHFEBROEH AT, fa RS Ixd

LTEHEEEITH. 0%, FHRH, TFEREERS L
DMV L TV ZETANNRY — VR Z OEBE IR T

3. EEM7ILT Y X L(Genetic Algorithm, GA) L

BT LT Y X AL, BRROEY O 2 R U 7o i
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Fig4. Principle of SOM

JSPIZSOMZ T 5 Z L2k » T, IkEfbEn-2rv=
— U7 EOLBRRHMIIETE L TV DO HRREMICE S
2D ENFRELRD.

5. B Fix(Random Expert Method, REM)
B0fi =15 (Random Expert Method, REM)IZ, 2RsIC AR A 2
rVa—Y P ERERTDBRICEET D b0 ISt L
THRELET VA LATETHD. BONCHKESELEEDH
BB O E 2455100 ERI S - EREEE L, Mis e &7

5 TW5. REMIZGA L 32 72 DICHEFI A EZER TH W 5.

6. WIEFTHRER
4.1 BUERBREH
el IR OBEAREL, (E38, I TIER, GAIZEET 2 &I,
AT O XD IZRE LTz

+ abz5
R34 - 10, ik - 10
JNTNER : abzbD T — & Z FRITRE
BB AR < 1234
fE A% - 20, %L - 5000, = U — METE

7 =4 FMW1,W2,W3) :(1,1,0.5)
~FLF 1 (PL,P2) :(05,0)
(B4 —%]
RXA 0.6, JEREHEA 02, W04
+ abz9

=% 20, HEE : 15

AR - 679

fE A% - 100, 4% : 10000, = U — METF

7 =4 MW1,W2,W3) : (1, 1,0.5)

~F 7 4 (P1,P2) :(05,0)
[EfEA L —#]

RXE 09, ERERFE 0.1, W : 04

FEERAERIL, 10 FEIT LR EHEZ R L TW5, F-
EBRFF]_EIR A 30012 E L TV D.

Y x4 FOEEREIZOWTIE, FHLEOEN T =4 T
Ko THITRBEIITHREL TS, SHEOKIEFHER T,
B/MEEBHIE LTS8, BRI bDRVPATEE0E E
DTG,

XI5/%abz5 TOBGA L — F BEILERE R TH 5. #WIEIC
G951, BEARL—F OEMEEEE LA 51000 FEST
L= OEHE 2R, # 2B RIS BV E R4
NRU—FERIRT AL ICRELIEHERTHS.
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® Evaluation function for abr$
o8 18 Crossover value

Fig.5 Convergence status of the solution

4.2 BUEREBROFER

X6 1Akt 2 F1oO FEAME & Rl 2 & R U, 41032805
1H:7C1T > T72abzE O M E DU AR TH 5 . HARE 3D 7o g
1, GADFFTH DHEERIRIZIRE LTV 5. F7=, 100011
HZADNSITHE0MICINE L, 500048 TiiFIELE LT
WHDT, MBIMNESNTWEEEZXS. £, abzs b b
[FIREDRE RGBT,

—Evaluation function
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Fig6. Convergence status of the solution

X 7ixAtdh i C FOREAME & AR R 2R L, 410 EBRE(
TIT - 72abz9DGA L REM T D Ll R Tdh 5. #HHEAH 5300
METOMTIE, GAIXFHMEL 4000 TULHT 2 DITxt L,
GEMDZHEIZAIT000 L 72 o 7=, T OFEEN B, R
OEEZFHA ST THELFHEZIT o FMISPTII R 72
i R CEE T Z ENAETH DL Z BN o7, £
72, SHICHMEREL Lt OB R S FREOR R & 72

>7.

Evaluation
value

=—abz8 for GA

==ahz9 for REM

100 150 200 300 Time{s)

Fig7. Time comparisons using abz9

# 21%, GA OFMIfE F1 DR B, A, T, FY
AN AZRIORLEZLOTHD. oK, BEAMIEY =
W1 DEZE 1L,ZOMO T = A K, NPT 2120 EEREL,
ZHMIEY =4 FREEZEREHOBMETHEHLTWS. =
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OFEFR Y 10 [BIEST LZREOMOEHEEFH LT\ 5.
RK2OMENOIL, HEMLEZHM L T L4, abzb
TIEHAMEZBTIIERDE D RSN hoTz. L
L, abz9 CIEFHHEIFREAK 135 %12 >TCLEI>T A Y v b
Xd D0, ZANTEREITSZFNETO F1LOMMEETE
IFRRERNEHEND Z LR otz F7z, abz5 DX H T
R, FEE HIT 10 ThEWEAITHE BT L IRiEfRIc
B EMTRETH D, L, X EMECREEMEDY
BlE, ZEMBEBEZEA L TAY Y a—Y v 7 Oi#Eb 51T
IMENHS.

Table 2 Experimental result GA and REM

Problem Best | Worst | Average | computation time
abz5(Single) 1273 1322 1301.8 4.55(s)
abz5(multiple) | 1266 | 1387 | 13202 6.08(s)
abz9(Single) 831 871 850.4 177.61(s)
abz9(multiple) | 786 853 821.6 241.20(s)

#* 31X, GA & REM OFHME F O RfR, iR, F5HE,
il FHFHERERARIORLE D THS. ZOREDL
[RIAELZ 10 BIFEAT L7 OEOSEBE S LT 5.

# 3 DR BIE, abzb, abz9 FH BB REM LD GA
DO NBRIFREERELN TS Z ER ST, 7=, abzb
XY abz9 A GA &£ REM % il L 7= icEmn k& <
LER L I oo, ZHUT abz9 5 A KK 20, ik 15 &
KHFEE L 2o TWD Z EMBETHDL EEZBND. L
7235 T GA TIEF DMORKHUEA & ¥ = — VIEIZ & 3
TXD5Z PR T,

—7J7, REM TlZ GA & N THMENME S M ZEE LTV
B5HO0, FEEREERN ERTH 5 300 B F CCTIHERE LI
FRE & R KA o T

A EOBEERTIZ, GA, REME & (Zabz5Ri8, abzoR9
DO CREMAR T 5 2 i3k o7, #ilme LT
WX, BEARE CEIREIT > DS RFTIC > T LE -2 & T
WAL —F BN TERMNMES o T Lt o/t L&
ZAobhb. FDD, BhAL—F0WE, TxA MOk
B EOKENRKLETHL EEILND.

Table 3 Experimental result GA and REM

Problem Best | Worst | Average | Variance computation
time
abz5(GA) 4316 5005 4627.4 132.25 4.55(s)
abz5(REM) | 4929 5671 5252.1 107.39 14.31(s)
abz9(GA) 3673 4473 3920.2 91.45 241.20(s)
abz9(REM) | 6750 7468 7168.1 72.50 300.00(s)
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Fig.8 Gantt chart has generated the solution to random
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Fig.9 Gantt chart has generated the solution to GA
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AR, MAERECEEO R T RERNES Z &N
Wt SN TWEYaTvay 2y Pa—) v IiEOS
HABBOREEITo 2. FOMESR, ke L TEEEET
WCEDBEBENT NI ZLEZFRHAL, ATFTOENE L.
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e % RRRE L 7.

2) AlaliZabz5, abz9D Y a 7y g v AV a—1 /M
RO, ZOMOKHEA Y ¥ 2 — VRIREIC BT
EXH L EMER L.

3) R R D B/ MBI 2 TR BRI IR D HK S 2
TATVa— Y T E{TomME, BRI TmA TV
—VAERRMNTATRECTH D Z L AR LT,

LSBOBEL LTIE, SOMIZL DA Y a— LiE RO A
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EREET A EThD. i, TEARABERFETHHILZXR
TR ROBEA R —F WHEEROB D TETHS.
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