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Abstract

The purpose of this paper is to describe an effective cell scheduling system for flexible
manufacturing cells. Based on the FMC characteristics, cell scheduling can be defined as a dynamic
modified flow shop working in a real-time system.

This paper attempt to find the optimal cell scheduling when minimizing the mean flow time for
n-job/m-machine problems in static and dynamic environments. Real-time scheduling in an FMC
environment requires rapid computation of the schedule.
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1. 3 x2d (Static model)
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ghel ol7]M 4 (14)% 4 (15)9] (Qa = 0)o] BEHT, 4 (5 4 6) AF 2dz gopArh

UutAel FPFEAL A FHRIY Fed e Pygoez pId HAW, B AFdME 40
o AAAAT Ariesic getA, 7| 3ol 71A, 4l S A B dwget YehfanA ¢
o

F‘m(ij) = Zs.m + T‘m s (16)



68 Ay ol de

o714
T'n = [max(Am + Pim-2 - S'm) + Pion-1y Pim)  eeoveeeeeene an

A2 =0
As = max(Py, Q)
As = max[max(Py, Qa) + Pi, max(Pz, Qa), Pal
B: = max(Qu, Qa)
B; = max[max(Qz, Qa), max(Qs, Qa) + Qs2]

IvVv. ARI4|a+

L AR A4 934 o
4719 A4, 4 A EAE n2istA. 2te) H2AzkE Table 13 2.

Table 1. 4719] /49 Z1AZA ] A AL

machine
job
1 2 3 4
1 22 11 19 21
2 9 14 16 2
3 20 19 4 2
4 10 18 6 7

A & ©M4E FAEEANTE F8H Table 29t 2o
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Table 2. €A% 3 &= FHEEAL

pairwise Pz

1-2:2-1 125 ; 100
1-3:3-1 125 : 115
1-4:4-1 125 ¢ 96
2-3:3-2 91 ; 112
2-4:4-2 86 : 92
3-4:4-3 106 : 87

, A1 - 28 4 (9)F ol&ste P g A

Flaaz = 2(22) + (11 + 19) + 51 = 125

o7|M, AHA 3 Ppoln FHA F-& Pz + Pizoli, AlAA

max {Rs, 51}

max {16 + max[Rz, 30], 51}

max {16 + max[14 + max(9, 11), 30], 51}
max {16 + max[(14 + 11), 30], 51}

max {(16 + 30), 51}
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Table 3. ZE3FAIZt0E2 BH ¢AMZEA

pairwise F#
1-2:2-1 2% - 1
1-3:3-1 3% -1
1-4:4-1 4= - 1
2-3:3-2 2% - 3
2-4,4-2 2% - 4

CEE ¥sid 29 2= 370, =AY 470 270, =Y 30] 1, &Y 1e 0o} ‘9 Mo w@eE A=
2-4-3-10]31, BFZEAIZHAH)L 69.757} &)

of Ao wreF Z1Ald] g AYEe] RE D& ANTTA 24719 sl ATt wata,
ol THA A4 TYE o] &3E BA 679 2Pz 7¥ £ gith
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7. AF A 9F A

A4S HAAANE Hotstr] dal TR WS ol 8¢ AAE RE VAL M8 dAEE &
F &} Wi A H¥AZon, FYT Hrle B ARAM RMAG LuZe] ARG
e ¥F YudEEY Hasge FAAE A diA M2 gE RERFEXNLL ZE WA 523
Aol HEFAA Bkt

aegla o] F7HA By Ee AABFANES Fie dwygS nesly, AHREZYMWKR ;
most work remaining)¥} HAZEZAR](LWKR ; Least work remaining)® & dutz QA Y Q4
3} Bl st}

YL & BrlEr] 8 A A, AQdF, ZAdEd e 4 1LY 2PEAN AgHolH =
4& AHE3tglon, ol2lg RAES Codedl &) FORTRAN 772 43 stgrt.

azia 2YxA L AAFE A APGAAM oA AR oW, Z1AFE 4N SuiztA I Aoz
stlon, YHEBLE 508 AA YL

A FHXE Figure 48 ol &4 BEAY Frx ¥ ZE2FAYPe AFTL FUAL
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Figure 4. 4 3§ 74 ¥4

olst Z& =AM HYF AAE, AA At ¥uAFL Gupta ¥2ZEF Campbell T2
ot £3¥%7 80 (Table 4), 24 AAE AL A4t L vzd5rt 43 Fge2 ¢ 4+ U
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(Table 5), 1A Figure 4¢] Type 1o] Type I, lich AHZEA HgRIH S48 38 AT 2
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Table 4. ¥ FE T F3Yx Bl (6]

Proposed Gupta’ Campbell”
(n) (m)  algorithm algorithm algorithm
(R) (R) (R)

3 4 0.993

3 6 0.996

3 8 0.996

4 4 0.990 0.980 0.940

4 6 0.990 0.960 0.940

4 8 0.990 0.970 0.960

5 4 0.980 0.960 0.940

5 6 0.980 0.950 0.930

5 8 0.980 0.960 0.930

6 4 0.990 0.950 0.910

6 6 0.970 0.950 0.920

6 8 0.980 0.950 0.930

*n = A m = 7|AW+ R ; #HAY|E(optimal/actual)

Table 5. n-%-F, m-7|A 2 Ao AP35

Number Proposed Complete Ratio
of parts method enumeration of
(n) (A) B) A/B
2 1 2 2
3 3 6 2
4 6 24 4
5 10 120 12
6 15 720 48
7 21 5040 240
8 28 40320 1440
9 36 362880 10080
10 45 3628880 80640

Table 6. 4 74 Fefoll & HFJIFAN vl&

Configuation Rate of
n m type optimality
3 4 1 0.993
3 4 11 0.981
3 4 111 0.990
4 4 1 0.987
4 4 11 0.965
4 4 111 0.971
5 4 1 0.982
5 4 11 0.956
5 4 111 0.928
6 4 1 0.986
6 4 11 0.938
6 4 111 0.936
*n = ZYe m = 7|Ad$ HHE3lE = 50

L 53 4 934 Y

T3 A dBAY £z ZAdgEs LWKRZ7IHFA H2ddS o o $+4+3 dnzFes B3N
¥, LWKR71& MWKR7I¥elu SPT7 ¥ Eot +43 ¢n2Fo2 4214 o

223 Table 72 2 21zEE 33 ¢xn2d7 LWKRZ|Y 2 vad Zgott
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Table 7. 33 2 $3 Q43 LWKREAIZLY va

Static Dynamic LWKR
n m algorithm algorithm algorithm
F U F U F U
3 2 1493 0.87 143.7 0.88 1516 0.86
1612 084 153.3 0.86 162.1 0.84
4 2 1671 086 1576 051 1744 085
1769 087 168.7 090 183.7 0.85
5 2 179.8 0.86 1717 0.89 1878 0.85
1883 0.87 1755 050 1923 086
3 3 2050 0.78 195.1 0.78 2082 0.78
220.1 0.76 196.7 0.77 2186 0.75
4 3 230.0 0.78 2185 0.79 23%.0 0.77
2213 078 203.7 0.79 2254 077
5 3 2507 0.77 2445 0.79 264.1 0.77
2194 078 2074 079 2240 0.77
3 4 2741 0.77 261.7 0.78 2639 0.78
268.1 0.76 2519 0.7 2560 0.76
4 4 3022 0.78 2849 078 2938 0.78
2517 0.76 2451 0.76 256 0.75
5 4 3227 077 3039 0.77 3140 0.77

3035 077 2849 077 2908 0.76
*F = BFESAT U= 7|A0)8A12t n = S m = 7|Ad+
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B A7 Ae gnelze AF 4 AMAY 21IA Guptart Campbell LeiFs} vz ste
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W o) vla He Aoz etk matM, AA FMCYAA Y] HE37I7t $olsin Bn A3
ot}
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