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Optimal Allocation Technology for Buffer Capacity of Large-scale Hybrid Production Lines
LIU Jun' REN Jian-Hua' FENG Shuo'

Abstract For large-scale production lines, hierarchical decomposition modeling parallel optimizing technique
of large-scale production lines (HDMPOT) is proposed here to deal with the buffer allocation problem (BAP), which
is intractable for traditional techniques. The technique, which combines the technique philosophy of the aggrega-
tion method and that of the decomposition method of hybrid production lines and takes into account both produc-
tion line balance and system scale, decomposes the original production system into n 4+ 1 pseudo-production sub-
systems to set up a hierarchical analysis model and obtains the near-optimal solution of original production system
by the optimal solutions of pseudo-production subsystems. A fuzzy clustering method is adopted for machines in the
system to help the technique setting up the hierarchical analysis model. Meanwhile, the initial solution is obtained
by a new method utilizing the aggregation method of hybrid production lines. In addition, an improved simple tuba
searching (STS) algorithm, in which a dynamical searching step length is used to build the neighboring structure of
solutions, is proposed to search the optimal solutions of subsystems synchronously. At last, the convergence of the
algorithm about the technique is proved. The technique to some extent is of generality and can be utilized to deal
with other system optimizing problems of large-scale production lines disturbed by breakdowns of machines or oth-
er stochastic events.
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Fig.1 Example of production lines
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Fig.2  Hierarchical decomposition modeling process of large scale production lines



5 RZE A —FiAG IR 2% A 7 R G2 i X A B AL 7 BUBeR 1077

S (ei/max(e;)) (B FHEFLHRAEH M), ¢) b
ARG S, d) T RAR B IEST 20
BAE Y, R SO IT B 46 (L& AT PR 2)
FRR S n + LN RBIVE T RA L), ), AT JE A
X & T RGIAT FIF, MU A B LRAE &% T R 5t
(1 FOEET BT, AR = R G Rk TR,

ERERRZ, MU ESCFEET T RS
R 3 B ST R SR o AT A AN, RO 2 R
BRA: AFRBEMX AR, TRETTFHE
72 )15 K B & LA 72 ) 5P 2R IR A DL 7 &R
G054 7 ) B AR R AR PR D3 AN N T A
RET A R E &, URTRETFR. BN
HoRMX AR RNLR, EHMFM—EN, R54E
FE IR R G A R AR IR A R, T SEBR
DR IX FEAT RN TR, FREEAE T
RERNrEIET AR, BT FR. SR MR
oAt 3000 10) R P A, SR A 7 30 R R a8k 4
NETFREG, a6 LR RN RGEH 50T
PR A AR — B, ASCA IR,

2) Wl 2 i, FIFR APk R G548 ik
¥ Ly, Lo, -, L, F&5E L MG — 6 R
SN B MY, My, -, M!S (AR FEAE S 4 7
HBIUA), FER RIS M), M, - M 5 RA
PR ARG Ly, Ly, -+, Ly 5 F REZ A ZITIX
Wb, G EMA L L.

3) HA 7%k Ly, Ly, -+, L, A S L], R
n+ 1M TEPLRGERE R RS, 8 BAEES
XA ERME DL, DALHR 1) Friid i Az r= 26 ~F iy
R RGP D) febr (2T AP s 2
Am, RECEHAF I8 min{e; = Siri/(ri + i),
i=1,2, -, m} BHALTT R E), MRS R AR
R T B E Ly, Lo, -+, Ly, ML, (T REA
(IBT IR b, $4 5 RGBT A8, LR T 5 2% F
KRG, EM RGE P2 P R B R G A7 )
B, K RE TR B ARGV A7 T N,
AT AR LA SO 10 R PR A, SR At U U
T RGEMMIK, H4k ST 5 SRR AE.

4) e LIRS R TR Ly, Lo, -+, Ly, LA
KL S+ LN EMAL RGNS 1 6i& L
IR LAFIER I TR MR, G — B &AM T
TR X R RN TIR, X5 A= T R it AT
HATIF, BES T RAN RGEFaS AT — 8
BB VPR ZE (S 2 At R G SR i YA 4R
PRE RS 1.

gk, BRI AL A 72 28 1) R G T 1) R
e xF n+ 1A EBIT AR KRG AT AT TR
IR, AH TP SR, (AT R, X%

AP RGHAT R XA B BT TN, 2
PRI PSSO a) T 2R G R 200 AL i G2 b [X 4%
EKIFER, I HIN, hmbr R4 7
T R GARET RGRI R G4 TR T &R Gt
TR X RS EMR. b) F RGN HHAHLT R4
FHABKRE 5 i B i Ja AR <R B % AL O e %% A 7 2k Jm
AP IR R G X, TR AR B DU B e
FLAH PRV 28 257 2 i A 7 RN AR 0 v X gk
TR RCHIR. R SRR, WRAEAS R A7
TR OK R, BEESTRGA T EOKE mE
—E k. SiAh, AR R RS I R
ANERIFIUP K, X2 R BOR K EEAT oK T FL 1 B
BRI PR A, 0 272 e /N B AT (o e B
MEK.

ARSI 7 s e o il AR AT T8
AREA — ek, xb Az = 2 H R AL A = 2 A 5%
PR AL B 8 R R Gz il i 2, BB
M2 FUE S ANE. X T ZBORIIEE 181 R Gtk
Or, ARSCEEE R T B S IR, T — AR
RKHTTIE, T HE AN,

3 IRMIRKBHEE

N R AT i) R 4 5 AR R RS A A 7 A AL AL ]
R, B2 TR T PR A R A A A R 3 O
BRIAT FREAR. ZEARE 1 8547 — € R WPk
JR R G5 A n BEKI 9 e AT RS, DEiE @b
SIMTARAY. BT AR 7 T A IR A A BL I B e AR
RS, AL F R, R T — R
PR S S 1) T v, HARHE W & PR RE S B i v A it
ATRERI 43 28, a3 T P 445 6 e % AERURE B2 Bl AR 7 21
755 B SCHTRAH SR, AT 1 R SR 53 R i
B o3 BT A AL

AEARAZRY B AR AR AR AR P 2 2 4 I R 4 h i % B
KA 772 B AH R BT 647 X 43, A 7% RS
LR, RI3SA 25 B il 2, 4EfE R 5
FHORBENLIR 2. EARATIIR AT DA% IR AR 45 Jd ST~ 3 A=
FEER e; = Siry /(s + pi) X B £ AB AU BE4T X ) IRk
T 25 A 7= P i 1 55 JE K Oy 1 R 4, (HZ2E T
B BEML IR, BEATLEAS I (B S8 52, PRt A
S — PRRORI 3R 2R ) e A A AL BE A i 7, R R
GEE P A A R JE N, HEAT T R G R o IR
B IEB  ATRL.

1) WA L

AR i RN LR ) S, « PR p, « 4ERE R
VERFHEB I S W& FAT . M = {My, M, -+,
My} NIRRT B 5oy K&, 2 M; = [Mir, Mo,



1078 H 3

M;s), i=1,2, -, N, et My« Moy Mz 73 54K
KW M, BRI THE TS ~ R p; - B,
DA 7= R A% FR B S BUE R N
My Mo
My Mas

M3

Ma3
M =

My1 My Mnys
GRS Mig~ Mios Mz = A5 K48 £ 78
[0, 1] XaJNFHATPRMEWIS— A0 EE, 44K (2) #iE 1
% M M; WAL R L, @SBRI RE T =
[£i;]-

]-a Z:]a
L= 1¢ i j=1,2--, N
! {QZMm‘MJm i # g
= @)
2

HH, Q = max;y; (Zi_l My - Mjk)-

S8 SRR BN LA R R G e
B 1 5 AR &P A R I 2 R A L, T
TR FLIN R 18 38038 L [0, 1] 32K 43 R a AN XA
(), HANBIR MR RN, 2, -, a. XIEEH
R, RN TR N B 1AL A AL RS B . B = A T
BR H A DAy X T SR 8 52 R B, oh i % SR X TR (55 2)
BEAT FISE I, K& H SR B B2 KT 0.5 [ IX 8] (55
). LAE 4 684 SOOI T B, (B KPS
M1 Mo Mz RFEAER, I3 AU RE QR

1.0000 0.5926 0.6914 0.9877
0.5926 1.0000 0.5185 0.7407
0.6914 0.5185 1.0000 0.8642
0.9877 0.7407 0.8642 1.0000

B, AR TFIAE I ERE, KR
WG [0, 1385%15 8 3 AN X (A (%)), B =M%
BRI X JR) SR J P R . R LR My BT AL X 3 (55
PN 3ER, MHTEME Moy Msy My AL X 55
(S50 B, Ip = 0.5926 X 87 (1) [X [8] 35 J P A 43 il
790.81 1 0.19, Bk My J8 T 56 2 X[A]. I3 =
0.6914 X S [ X 1] 5 J& 4B 7 514 0.62 1 0.38, [Hl
M JB T4 2 XI]. T4 = 0.9877 XS 1) [X 8] 35 &
PEAE 5398 0.97 F1°0.03, Rk My J& T2 3 X 1A
(), 5 M, B THR—%% (W 3 FiR).

2) A PR LRI o AT A

EO A R R R, WAL E 1 &
BTG, 1 018 X AH AR 2% [ 2R 22 147 0501,
NGB R R AH AR T % B IR 22 /N T AN RAE 0 (1 A7

0 128 1 IX ]

0 |
0.5 05926 0.6914 0.98771 ()
FAALLEE
3 BB RN
Fig.3  Example of fuzzy clustering

BAERNT RS L, VIR, BPHE Ly, -, Ly,
ST ARG, HILATIIE & F RGE AR 3
B M B, DRI T 5 22 947 SO i S0 07 1) &
AP R AR 0 I, g4 LU JE )

a) W5 2 FFTIR, T R4 B RO A
JI e, HA =) 5= & Pl 3 1R, DA
T RGP IR A 5, S/
TIRA =2 & G b B AR = J

b) HEINVAEFZ2E Ly, Lo, -+, L, L5610 B 5E
Wr BB AN MY, MY, -, M/ BT LR R 0L A 7= 2
L, WL, 5Ly, Ly, -, L, LS.

T FOR SNl b, BE 0 8RN, PR
FRGE 1T 2 A S R vy, DU 2 e X2 R )
RGBARR LT, AR T )52 X 75 2= F110.
[, 7EBR I b) Fefit b, &R T RS H
2, &1 Z G0 & & U EORBAC, REIF1T
AR BE R

4 W

DA 22 DX B A 7 P ) Al R P34 B
BEHL TS SCRA E WA, 1205 SR X I R 4
M, BRI A0 e o RAEAL R G2 -0 R A R R
ST, ASCRRM T M E SRR TR ARG G
TIVEB L € WG 77 1% I VER AT G T X
B L L SRR P R R G LR B TR B SCHE
FORA, BUR R 48P i I AT 34277 F o 2% A

FES 2 WPTR R A P22 Ly, Lo, -, Ly, B %5
GRS A A M, MY, -, M TS I 5 B

I3 WA Y () ik R rp ) 308 ) SR OO0 % UL AR 7 2k vh
M MMIX HE, HFERY RIS RG, Bl R
G E MR A M X A REE N RGF R IVIE.

PL Ly NB, 26 2 T TR R ARG A6
SRR R Bk, B Ly PR My b IX
By F%5 2 % & My 58 N— G I & MY 5%
J&, BN R My SR X By ML My F4 i —
SRR, BB A AR MBS MYy LIk
e, AW fE4R G, &K BIVEFL L, L5668 —
ANEROR N M. SRR 4 R,



5 RZE A —FiAG IR 2% A 7 R G2 i X A B AL 7 BUBeR 1079

stwal| (}

4 e ER

Fig.4  Aggregation process of production lines
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®3% 1. HDMPOT {1

{ER. BB AT I BOR.

HIN. N. U p~7~ S~ Maxgen~ Z ~ e~ H\ p;.

1) a « fuzzyclustering (p, r, S, N); % P H FIETH K&
REN a MXH;

2) 0 «+ threshold(a, N); % A TFE i 2 H1H o;

3) (n, h) < hicrarchical-modeling(a, N, 0); % i H TFEF
W€ T RGHE n LLES JIB IR b

4) Cj + aggregation-method (p™, r™, S™, n, h, U); %
R G G55 T7 1 I

5) for i=1 to N;

6) (' (4), p’ (i), S’ (i)) < homogeneous (r, p, S); % i FH
AR 07 A5 PP R AT AR AU 452

7) end for;

8) while e <dertf(C) or H <dertfg(C) or gen <
Maxgen; % AMEE E— BT RS L HERZEIER
PFRZEW, BUABIBE IEAREL

9) parfor j<1 to n + 1;

10) while i <max ii;

11) Chrom < neighbourhood(Cy, d); % Wi F FF2 /5 45 ik
L)

12) for i=1 to Z;

13) C; « Chrom (4, :);

14) (fi(C), C) + decomposition(r’ %), p (), Ci, S (1),
Uj), S RJT T RE Rt AT EREVEANY

15) end for;
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17) Chrom(C”) + mut(C); % W FREFHATE R ERAE. 31) end while;
18) (fi(C"), C') + decomposition(r’ (i) , p'(i), C', S'(3), 32) Output f(C), C
Uj); sete
19) end if; 8 ﬁ;i
20) tt «= sart (Z - (2 = 1)); ENES TN A LI
21) TL < Tabulist (C, maxf (C)); HIB 1. WG4k, BINBAE 2L S
22) ii<ii + 1 L2 ELSHUEE M, X H AP =R
23) end while; Rintaal (2) BEMIAREL 1, @STARUERE 1; 14
24) end parfor; IR SRR TR, KB X 70 o XA
25) dertf (C) + max (f; (C))-min (f; (C)); % AT & BYR 3. ARKHAEEE 3 FTHY A LR B R o
Gtk L JEIU, W€ BME 0, BB AR 7 A n By, IS
26) for i1 ton + 1; min {e; = S;ri/(ri +pi),i=1,2, ---, m} T 5 B IR
27) dertfpr (C)arrowmax(f;(Ci) = f;_,(Ci)); % 5 E— h, FESLAE PR A I S T AR
RUAET REE 1% 57 B 4. KIE (3) ~ (11), IR Co.

28) end for;

29) gen<~(gen + 1); % ERREUN 1;

HIR 5. P A U BB AR 257 R Gt AT A
U, FRAT 7 py S SRR I A P 2R B i 7

30) U;" + Hierarchy—control (f; (C), h); % JAHFFEFH ZHL
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FL2), S = Sy = Ss. TAFZH pi (4), i € {u, d},
je {1, 2y AMEER v (j), i€ {u,d}, je{1,2} 7

YB3, Thsu fld 9 BRRAE =26 L) I B
FEAL LA AN R U R AR 4%, R VR R ED IR R

B LA, 2 pu(1)=p1, ru(1)=r1, pa(2) =
p3, 1q(2) =713, pa (1) =pa, 74 (1) =72

HB 2. HE M, (2) MR, (2) « 4E1B X%
ro (2) AR L(1) « L(2) HIPERE S5 AR P2 28 1 A
—FE.

HB 3R M, (1)« M, (2)~ My (2) ZHitH5H
My (1) ZH FFREDEER 2 3T 1HE, HZ RS
SRS

2 HRY T 0] S50k (8] [ERERMEZ,
T Gershwin 7 i HAR & T Ab BEAH AL A 7 2
R, 1A AN GONAEFL R AR P2 28 ) R A
FIF Gershwin 73 f#H R3F % F KRG RET RS
VEAN AT, 75 ZKE JE AR AU A 7= 2R 5 6 R AR AL 2R A 7
2z, MHORFABART] 225 3R [27).

10 {AELL
10.1 1HEFERGR

AT ERTE BB W T BN Intel(R)
Core(TM)i3-3240 CPU@3.40 GHz, (Optiplex
3010) Windows7 JEM AR 32 A #4E R4, Matlab
2012a B AF.

RNITTEX L, AR 1K 2. K3 HH
H50 5,80 6. 120 B WAMELK L1+ Ly~ Ly
NG, WAL G AR B R AL HENA R R AL
(Adaptive tabu search, ATS) A H A HDM-
POT AT X UM, 22 0h X S 28 5 70 i E N 250,
400+ 1150, ZEM X ARSI R INFE 4. K 5. K 6
PR, RGFaASEF" 715 FARK R iR 7 Fros.
ASCHAT KB LS, DR 1. R 20 R 34774
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RN BIREAT M T e o ®, fkiw s
ey JHA R UL Rz By 5, ik 1 S
HEATRIGE1-2-1"RAH 1B H28. 83 HR
R At DL E.

10.2 DHE5ETE

1) 4 Boks B

HE 7AW, URSEME 5N 50 6.80 &
5% 120 G, B SCH AR 2 12 b X 25 B E
BRGFEEF I E. X L, 5, HDM-
POT M X ERIG RG A= 111 ATS $#25
T 4.84%, 8 STS &% T 5.78%; %f Ly 1M &, HDM-
POT AN X FRIG RGAE T 1 ATS $#25

T 7.11%, # STS #8177 10.78%; X Ly 1M &, STS
FTATS BRI R TSE. R 7 B BHEKE L
AL 1000 B I EE, seah et AR, 23 KaE R
B 1500 fAF, STS A1 ATS KR KU 8. HDM-
POT SN X E®IG RGAE = 115 ATS $#25
T 14.57%, 8 STS #&= 1 21.83%. I H., i HIL &
KW, B ELMBIEE K, HDMPOT IH AR
PR R . I R O A 7 2R 22 o X R LA 20 i
] A B Sy — AN A AL ), B A AR T 2R R
WK, HAU A A 7 50 (B0 S () 258 5y
K, AR TEARN FRBA R G en + 1 NF
ARG WX RGN IE IR 4G R S I B
M. T REWSFBAL, X RGBT

®1OEPE L RESH

Table 1  Machine parameters of production line L
BHRA &S
pi (107%) 1-2-1-1.5-3-4-1-1-2-3-2-2-1-2.5-3-2-1-3-10-15-1-2-1-1.5-3-4-1-1-2-3-2-2-1-2.5-3-2-1-3-10-15-15-3-4-12-20-20-5-10-6-10
ri (107°) 5-6-10-4-6-8-8-4-6-1-10-4-6-8-4-6-1-10-20-3-5-6-10-4-6-8-8-4-6-1-10-4-6-8-4-6-1-10-20-3-2-4-6-2-8-7-5-4-6-8
S; 8-6-7-10-5-12-14-12-10-6-8-7-11-10-10-9-4-12-11-9-8-6-7-10-5-12-14-12-10-6-8-7-11-10-10-9-4-12-11-9-7-12-12-9-12-10-15-12-13-6
x2 AR LBH/SH
Table 2  Machine parameters of production line Lo
SRR WS
pi (10-%) 1.5-2.5-1-3-2-1-2-3-2-2-1-2-1-1-2-1-2-2-2-1-1-2-1-1.5-3-4-1-1-2-3-2-2-1-2. 5-3-2-1-3-10-15-50-20-10-14-16-2-
3-20-3-5-15-3-4-12-20-20-5-10-6-10-2-1-4-3-4-3-2-2-3-1-5-3-5-6-4-3-2-5-3-4
ri (1072) 2-2-1-2.5-3-2-1-3-10-15-1-2-1-1.5-3-4-1-1-2-3-5-6-10-4-6-8-8-4-6-1-10-4-6-8-4-6-1-10-20-3-4-6-1-10-15-3-4-
12-20-8-2-4-6-2-8-7-5-4-6-8-5-6-10-4-6-8-7-7-5-4-5-4-20-6-7-8-5-15-6-2
s 8-7-11-10-10-9-4-12-11-9-8-6-7-10-5-12-14-12-10-6-8-6-7-10-5-12-14-12-10-6-8-7-11-10-10-9-4-12-11-9-15-11-

10-3-13-9-8-11-8-7-7-12-12-9-12-10-15-12-13-6-8-12-12-13-14-10-10-14-12-11-9-14-11-8-10-7-8-10-9-7

R3O L WERSH

Table 3

Machine parameters of production line L3

W
5
%
i

BHSH

2-1-4-3-4-3-2-2-3-1-5-3-5-6-4-3-2-5-3-4-50-20-10-14-16-2-3-20-3-5-15-3-4-12-20-20-5-10-6-10-1-2-1-

pi (107%)

1.5-3-4-1-1-2-3-2-2-1-2.5-3-2-1-3-10-15-1.5-2.5-1-3-2-1-2-3-2-2-1-2-1-1-2-1-2-2-2-1-2-1-4-3-4-

3-2-2-3-1-5-3-5-6-4-3-2-5-3-4-1-2-1-1-2-1-2-2-2-1-1-2-1-1.5-3-4-1-1-2-3
5-6-10-4-6-8-7-7-5-4-5-4-20-6-7-8-5-15-6-2-4-6-1-10-15-3-4-15-20-8-2-4-6-2-8-7-5-4-6-8-5-6-10-4-6-8-

Ti (1073)

8-4-6-1-10-4-6-8-4-6-1-10-20-3-2-2-1-2.5-3-2-1-3-10-15-1-2-1-1.5-3-4-1-1-2-3-4-6-1-10-15-3-4-

12-20-8-2-4-6-2-8-7-5-4-6-8-1-2-1-1.5-3-4-1-1-2-3-4-6-1-10-15-3-4-12-20-8
8-12-12-13-14-10-10-14-12-11-9-14-11-8-10-7-8-10-9-7-15-11-10-3-13-9-8-11-8-7-7-12-12-9-12-10-15-12-13-6-8-
Si 6-7-10-5-12-14-12-10-6-8-7-11-10-10-9-4-12-11-8-7-11-10-10-9-4-12-11-9-8-6-7-10-5-12-14-12-10-6-7-12-12-9-
12-10-15-12-13-6-15-11-10-3-13-9-8-11-8-7-7-12-12-9-12-10-15-12-13-6-8-7-11-10-10-9-4-12-11-9

R4 A L G X BCEE R

Table 4  Buffer allocation for production line L
Bk Ge XA B IAS
STS 7-1-10-13-6-10-10-7-4-2-10-2-5-1-13-7-8-1-2-6-3-1-5-2-10-9-5-1-2-4-4-1-2-2-2-2-7-6-1-2-1-2-4-4-5-1-7-8
ATS 2-1-2-11-15-11-11-4-4-1-1-7-1-10-2-4-3-3-3-1-6-1-3-1-1-3-11-1-7-2-1-2-13-7-3-4-8-1-1-1-6-3-4-5-2-1-5-1-2

HDMPOT

5-1-2-11-14-8-10-8-6-3-1-8-1-7-1-8-5-5-2-1-6-2-2-1-1-7-10-4-4-1-1-2-5-4-2-3-5-4-2-2-4-2-3-4-4-1-2-1-7
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Table 5  Buffer allocation for production line Lo
A7 ZIMX ARSI R
- 1-1-1-7-3-6-12-2-6-1-3-4-1-2-6-3-1-1-6-1-1-4-1-1-1-1-1-3-2-1-1-4-1-1-1-1-1-1-1-4-4-2-6-9-3-2-4-1-3-4-6-
1-1-1-6-1-6-1-2-1-1-1-1-1-1-1-1-2-1-2-2-1-1-2-1-1-2-1-6
ATS 1-1-2-3-7-13-10-4-4-6-1-7-1-1-5-1-2-8-2-3-2-3-1-2-5-5-1-5-4-1-2-4-1-5-1-1-3-3-2-2-6-3-4-2-2-14-5-2-7-1-
1-2-6-4-3-2-1-3-3-2-1-4-10-1-6-6-5-3-1-2-5-1-2-2-1-1-1-1-1
HDMPOT 1-1-1-13-4-13-10-4-4-6-1-9-1-1-6-2-2-1-3-3-2-2-1-2-6-4-6-4-4-2-2-4-1-4-1-2-3-3-2-6-3-3-2-3-13-5-2-7-1-2-
2-1-8-1-1-3-3-3-1-4-10-1-6-6-5-4-3-1-2-4-2-2-1-2-1-1-1
F 6  AFRL Ly BMX AR
Table 6  Buffer allocation for production line Ls
ik P IX o le A R
12-4-5-7-13-12-11-2-7-1-1-4-5-5-1-1-11-7-2-5-2-2-2-1-1-2-2-3-8-10-3-2-3-5-3-1-1-1-2-5-5-11-2-4-2-6-4-4-2-
STS 11-4-3-8-4-1-8-5-2-2-1-2-1-10-2-1-1-2-4-11-4-7-4-2-1-1-2-3-10-3-1-1-2-11-2-1-1-2-2-2-3-3-4-4-2-12-2-
1-12-1-1-2-2-1-7-2-2-1-2-2-2-1-1-5-1-1-1-1-4-5 (GEFIEACHE L EL 1000 1X)
12-2-2-15-17-12-31-26-17-11-2-4-22-1-1-6-2-2-1-7-10-24-16-2-3-12-2-28-10-13-1-5-12-13-1-1-1-4-12-3-2-11-
ATS 1-8-18-1-8-2-17-24-13-10-4-4-15-12-3-1-1-4-11-11-1-1-2-3-2-1-2-1-1-1-5-8-7-4-4-4-7-6-1-1-2-5-5-1-2-
4-2-6-4-4-2-1-4-3-8-4-1-8-1-3-10-10-1-3-6-6-2-1-1-7-1-1-1-6-9-3-8-2 (iL FIiEAC# 1L k% 1000 18)
17-8-9-10-13-13-23-10-1-7-3-3-2-3-1-12-2-9-1-1-4-1-5-1-1-5-2-12-1-4-1-7-10-10-1-1-3-18-1-3-10-10-1-3-6-6-
HDMPOT 2-1-1-7-1-1-1-6-9-3-8-2-2-6-2-3-1-4-2-9-1-2-2-6-5-3-2-1-6-2-13-1-7-1-2-2-2-21-9-1-10-5-1-3-3- 1-
1-10-3-11-1-3-3-2-1-3-1-3-1-2-2-1-11-10-3-6-22-16-1-8-3-1-5
£ T IR R G S STS Al ATS {EA B fie KA ACKR Rfless (£ 7
Table 7 Simulation time and system productivity IS B fe KA A E EKJWEHTIEU) i FSL IR 45
— IRERCE PN IR v e l
BEM(B) MENRAER  NE BERI () AP w0, é‘&ﬁéﬁéﬂtﬁiﬁi;f (ﬁiEE 1000 i@q? ;500
wuror oo U, BETROTK R 52 kb
50 250 ATS 699.17 01235 H?,‘ﬁiiﬁYiINW:ﬁﬁﬁ%ﬂHEIﬂL, L5 135
s ror oams UL, BT, RFAEN IR, SR, B A
28 R B B B Y 6 2 1] i E S B L A i
owpor otz o SOUBHRBISARAIR MK, 5 TR
“ 0 ars tsmas oame Bh ACCHORGRIHAI R, FHACEME. HRA
a5 vorer owee  RPEET, ASOX RGEAT RS GBI 4 b
YT N2l S N N2 y ) yal S |
HDMPOT  1022.41 0.1250 %7'(2?‘] J'JFQ =4 ﬁ\_ﬁ i EUI‘ 73:5& R/ ) 5! ? T‘))Jjﬁ#?fj: 53
120 1150 ATS 621072 0.1001 1‘%1{6%‘\éﬁmfﬂrﬁjiﬁﬁ,_ﬁiﬁ{ﬁﬁﬁ?iiﬁ%ﬂﬁm&ﬁT

0 CBRRE A0, DRI RS FE AR G . 7R B
A&, IEEE 2 5 RGBT @B R, i & 1 &R
G FRE, £ RGBT BB, % T RAN
FEE R A R ST, 746, BT ATS @it —4
BENLAR 5 PR 42 il 22 2 A1 R AT DA S — A5 b SR B
AR R AUk (A], KSR STS Sk 2Ok i 22
&, (BT AEARSCEE, S IF 3.

2) AR ]

B 7w, NEANEAER) Ly« Lo« Ly, A3
FOARM TR (8] A BRI X)Ly 1 &, HDM-
POT T K kL ATS 7> 270.96 s, FALEF IR
7 38.75%; tt STS /b 341.70 s, FMMHEFIRE T
44.38%. X} Lo i &, HDMPOT S Kb ATS
742,16 s, FREEIEE T 56.94%; L STS /b
866.39 s, FIMIELLI S T 60.69%. XI Ly 1M &,

K. B 78 STS. ATS FIASTHE A FOILFE. N
Kl 7(a) fizn, HDMPOT £ 50 fR 2 A S R L,
WSk, T STS Al ATS 448 50 AR J5 77 3 2 st
R, i 7(b) Fras, HDMPOT 7E 110 /82 Bl
O B Ly WS, T STS Al ATS $47E 125 82
J& 77 3 B SOEAR g Wil 7(c) Fiax, HDM-
POT 7 135 AR}, R 3| L YS#, i STS
ATS P15 kAR & i R E AR S 1000 ARES A7)
AreUs. mE 7 AT LLE R, MLy Ly Ly T &,
AL R I m T H AR R EOR . AR
ARAF Ly~ Lo~ Ly 34T RGUEB MY RS, 7 B4 i
T 7.9 11 AN T RS, B 1 R HE I A
K, BN REEARFRBI AR B LE KR, X — 0]
IR 7 B H. X Ly Lo Ly 105, 2445 ) A
M 2504 3] 40070 8 11501 T /5 £ PA_E SR
HDMPOT X} Ly « Ly SHCHE B WA 7 5K T
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Fig.7  Optimizing process of production lines
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