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Seru production system formation considering cooperation of workers

WANG Ye, TANG Jia-fu'

(College of Management Science and Engineering, Dongbei University of Finance and Economics, Dalian 116025,
China)

Abstract: Considering cooperation of workers, this paper develops a multi-objective optimization model of a line-Seru
conversion problem to minimize the make span (MS) and the total labor hours (TLH), and applies the NSGA-II-based
algorithm to solve the model. Numerical experiments are conducted to testify the necessity of considering cooperation
relations. At the same time, this paper evaluates how the variation of the mean and variance of cooperation coefficient
influence the system performance. The results show that the performance of line-Seru conversion is improved by the
higher mean value and higher variance of cooperation coefficients.
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Bk B AR P IRAE.

Step 1: BEALAE I A N FIWI UG RO EE Py, 4%
PoitATAESC L HE T

Step 2: JHIL %4 GA fia 5, 4= A N 15
AWt Qo:

Step3: H4 Py Fl Qo & FF A FBL A 2N 1)
P U Qo;

Step4: 5l K& Py |J Qo H ) 2 #8570 75 ZE A [A] B9 A
S, R R REAT S HE Y, % P I B R B N A
AMEAE R HTIISARFIEE Py

Step 5: #.& Step 2 2| Step 4, BL %= 2|1k fe KiERIK
EAE

Step 6: % H e & AE STHCHE P i
3 BESERST

BT Rl B A AR vk, o B S5 )
T 53 IR A4 5% 2206 SPS FA 1) 280 AT )5
DL SCHR [14] 57 B Benchmark BOHE 4y JEm, &1 X4 58 1
SRR AR AT AE L. 2 RS R T2 1] A AR
TAERCR AR, IO T 5% )& E R B0 A G 4L
18, BARAE B2 1 L 2 firas. Hiobbatch size IR &
EEEAH, F AR 5 (AR OG0 2 AL 3 O min. 7R
J7 FH NSGA-TT S35 1 3k 72 v 8 5 da 5 450w R ARk
9100 FIEEFHIRE S 100, 58 X HEZE 4 0.8 28 T A%



458 ¥ % 5 & K %35%
J90.2. 38X 926 45 51 G4 i, 15 31 SPS R Si R3 EEAEXREMSZRIRK-BAT
B FOAS A HURR, A2 7 B BRI 1) B4 3 5 A FRAIIARTRTA
o . MS TLH A TARIR
. _ s W 2 924.68 14515.74 {5,4}{2}{3,1}
otV y =
FT1 RK-BRECENEXSH 2978.33 14 466.99 (5,4,32}{1}
BHNE ST 2983.10 14466.71 {5,4}{3,1}{2}
2997.02 14451.70 {3H{2}{1}{4,5}
product t}/pes 5 3036.83 14428.39 {2}{3,1}{5.4}
batch size N(50: 5) 3179.68 14 402.46 {1}H{3}{2}{5.4}
SL,, 22
SCP,, 1 1.47
o N OLS 01 - ﬂ_imﬁ
i (0,0.01) = 146 . BSR
F2 AIS5FRMNEFREKTESH S, = i
) o
P R B =
1 N(1,0.05) 144 . ; ,
2 N(1.05,0.05) 2.9 3.0 3.1 3.2 3.3
i xﬁi%ooogé) make span/ 10’
s N(1.2,0.05) 2 BRANSCANFAREEEEXRNSZ

BT UL EEE R R TN S MR G is
1T NSGA-I 53, 15 B A 225 T an 2 3 F1 1 2 fr
. B2« RORIEARE A FREN 1 BT A T AT
fife, B fe 24 fifg; “ 007 2R Mk A I 3E SCRC i, B 2R
FEHT WS, HHSCEe 45 R el 1500 RATATVA 5 6 MR, &
I B 2924.68 31 3 179.68. & L AT LLAR 5 4>
b B st AR R SN B T I R IR ) B i
G T Z AT SPS I . R X T EE R R
B A T, 2 A e B — S oo, Bl an T
4153 TS5, 9 i FIT A HA 5 9206 AR A 2R SR AAE 1 A
PE, 8 I S B0 X 5 44 L TR K- B e i gk AT 55 26,
Fir A A AT AN R RT3 s, B3 e 407
FEoRFIAE PN B SO AR, B e BT ATy HAh % R
IR A B RTAT A

XT G B 2 AP 3 AT s A SC R TR e R
HIVT5 93 28050 — B R T AR SRR AL SR A 1)
BRAEMZREE.

RIRK- BRI R A RE

1.48
- =

° .
E 1.46¢
=

1.45} =

1.44 > >

2.90 3.05 3.20 3.35

make span/ 10’
B3 EREMEXRNSBALRK-RITEFRNTZERE

A IRT 1044 51T 2044 51 TLA K 5044 572 T
19 7K - B o e e A SR FH 22 DB AT B, 19 31 e 2R
FORTUS. BT RS 0E A R, Ak FUBR BT 06 20 44 B2 T %%
WEBNEAT 10 K5 BITHH 25 R 2 IAER 4. FR Y5 2E A
A RFEER, A= P RN D3 AT AR S s AR 7= B 1 4
R e SR AS A A 2o T F SR 3 T A B ) 3R AT
e ) B T T SRR B, TV N AE A HEN AR
BET ZR0AR LT 5, BRI 2 A P I I S PR R oK.

£ 4 10RIEITNSGA-TIHT 20 & R T4k )8 a0 2458158

MS TLH LR

2996.55 58881.63 {7,10}{15,20}{1,6,18}{12,14}{5,9}{2,8,11, 13,16, 17,19}{3, 4}
3008.12 58751.04 {12,15}{1,7}{4,9,10}{3,6}{5,11}{2, 14, 18,20}{8, 13,16, 17, 19}
3009.45 58593.51 {12,15}{1,7}{4,9,10}{3,6}{5,11}{2, 14,16,20}{8,13,17, 18,19}
3018.01 58471.45 {18,20}{13,19}{7, 17}{8,11,12,14}{5,15}{4,16}{9,10}{2,6}{1, 3}
3023.63 58394.98 {3,11,13,18}{6,8,10,16,17,19}{2,9, 14,20} {4, 7}{1,12}{5, 15}
3025.38 58139.24 {7,8,17}{4,9,15,20}{1, 14}{3,6}{2, 11}{5, 12}{10, 13, 16, 18, 19}
3040.93 58071.48 {2,4,7,9,15,17}{12,14}{3,6}{8, 20} {5, 11}{10, 16, 19} {18} {1} {13}
3143.50 58044.16 {7,8,17}{12,15}{9, 20}{3, 4, 14}{2,6}{10, 19} {5, 11, 16} {1} {13, 18}
3148.08 58044.13 {2,6}{5,11}{4,9,12,15}{8, 18}{16,20}{3, 13} {1, 14} {10, 19}{7, 17}
3175.21 57878.85 {10,19}{2,6}{5,11}{12,15}{1}{3, 13} {4, 9}{7, 8,16, 17,20} {14, 18}
3380.24 57845.46 {7,17}{8,18}{2, 6}{5,11}{10,19}{12,15,16,20}{3, 13} {4, 9} {1, 14}
3416.24 57820.15 {2,4,5,15}{13,14}{12,20}{1,3,6,7,9,17}{10, 11}{8, 16, 18,19}
3697.76 57672.84 {5,15}{12,14}{1,7}{17,20}{2, 3,4,6,8,9,10,11, 13,16, 18,19}
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I oM EERIAMARANELRR R AME S & 459

RS 25 8 B A A 9% A0 IR S SPS T REF
SR, A SO 50 44 B3 T2 B8 A A RBCRAS % 8 51 T
VB R B K- 50 $9 17 03l 3EAT SR AR, 40 P
4FT7R, 50 % B T35t % 8 0 LA E R 50 e R 4T
RV 5 0T A% 18 03 T & 1F R B RITATIS. 45
KL, H I8 A TEER RN PG A 27 A B
c o JYTR 53 T T AR B TR O T A A B T S R 4
R, R 8 5% AR 5% AR BRI 7K - B 6 e 4B AR T LA
R R AR

1.44
1.43 ¢
1.42 ¢
1.41
1.40 |
1.39}
1.38}

1.37 : :
4.2 4.5 4.8 5.1

make span/ 10°

B4 REEZERTLEEXRASPSHEILL (W = 50)
BT Ak S, BTS2 B0R FR I DL 51 T
SCAUME LTS 555 07 TH HIAN ], 53 1] S AR i R
G AE R RWAELEAIE. W] & 3R R TR @) &4
R F I SPS IRAF B iy PRI USC S0 A A = A B 3 5 2
RVER I . 53 IR S AR R A vy IAE AT 2 57
AR T — N H R P BAR G AE R R I RE TR A
B EVERER Z . 9T i R TEERRIAL
Xt SPS 1A BERZ A, AR 07 TRAR GRS RINIR S
GRS ZR I 22 S R FE AN [B], AR SCIRE TR L 2504 5
55, 40 B 2 TR B AE R o BIXE AN 2 1 A8 4K

X AL 7 SPS 20K (1) 52 M.
T 56, 0 R A G 22 e 1 LR ) 2R G 1 RE TR R
FE kAT SR 5. HoAth 5256 2 B0 AR, DL SO N i 7K -
TCHE R S I0 R, E BUEAE R E o HIIIE A OB,
77 2243 BIEL0.014 0.02. 0.05. 0.1, /83 2 T &1 2
R, 0.01 R E1EE R BN 0.1 KR E1FEE R
K. EL &5 AN 5 s, 85 SRR W B E S 1E R 807
ZEIHE R, T ie) 4 SPS e 2 1 F BA AN 53 T AR
V) S AH L9/ . gl A2 U, SR 2 (R AAF OR RR 22
1.45

TLH/ 10

‘::';"'LH
SRR Jpe—

E —=— 0.01

[l 115' —a—():()z

—— 0.05

"N—o—.\.\. —— 0.10

1.00 . .

2.5 3.5 4.5 5.5

make span/ 10’

5 BERBFETUNRMBHRME (W = 50)

BRI, 5 18 5% T & 1E R A1) SPS M 15 2 4 1
g,

[ B LA 50 44 53 T B e i i i Ay SZ 56 0 R, e A
S 2 BN, A A R B 0y 77 20801, B{H
AN —0.1. 04 0.1, AAREBAR G /EKP, 0.1
NS R EIRELE, 0. LRI SR KPR . X
ELAE R U 6 Flro, 45 R AR W, B A A 1 R EUAE Y
N, SPS 1424 2B T JE SRR 573 T e AR B[R] A S 93¢
/b, BV TR S VR P BRI, it K- B e 5 48 I A
g SR ONBLAR, PRI, 0 T AP A BB T NPT
N LRI SR EIR, IF o vF i L2 R A ERE A
FEZE 5, LUK BIERTHE AR 1 H .

16
14t 20 R
— 0.1
P 12
Z 10 |
=
= 6t
.
2 1 1 1 T
1.0 1.9 2.8 3.7 46 55
make span/ 10’
Ee6 AMERBMHIETHIRMAENZM(W = 50)
4 4 w

A SCARE H AT e i & 4 1AL DL K &
T 35, 25 18 0 L) 5 A 9% 2 0 AR 7 R [ R i, LA &R
2 Sl B0 A A AN B3 R AR I () D H bR, @25 T H
AHTURRC R G 2 HAER 5 T AR AR
ZFRIEE T, R TR DL R TR 7 A
T AR R SR I FE R, I8 M T 24T NSGA-TTIY
JA R EVE AT 2 H b i) AL AN SR . X T/
RS, 55 55 280 AT EUAE AR B 1 T $R SR 0 A
RUSRAR AT R, S KRR S, 8 0 2 s AT 5
V210 7 AT DLAE B A I 1) P B i 45 2R T i
5 FFEIAEE T ANE 8 A T A1 % RITKZ R B0
EC AR G e A0 ) R BB SRS B, B T B R A T
(] K45 5% Z 0 R I o AN B3 T A [ A
R AL X T 03 A 1 50 R 22 5 0 B 0 2 BiE 2R
Gk BE A 5 i, AR ALY AP 5 T AT T b —
BT AL R R AR RIS T, & 1F R EO0T Z A2
(A& 1 2R B i) 22 7 V) X BT 3R G AR SIS S8
R, A 1F R 2 PR BRI, 2[RI PR A A 1
S T A A O3 TR AR N (R PR H AR, e M AE
HAR R AR T, G178 R AUE EPRAE A 1F
SRVFRL AR KN o) B TR 3R G 2R GE ORI S R B, A A
REBEARIRTT 2 (2 5T R G ERE I SR TT. BfE
S0 N PR B B AE 2 R INL R R 2R R
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K- F T R BN BRI R T
BEKEEEIR ISR TS EAEER.

BE— 2B I TR SN SRTE BT RS 2 A, AS
JE PR T3 [l 2 T R A4, 72 50 B SURRTT RGN
KB TT RGP R TEIER AN S %
PRI 2R, 3 B 58 3 R K- PR e e #0773
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