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Genetic Algorithm with Constraint Model for Sequencing
Workingsteps on Machining Center

HAO Jianbo, LI Zongbin, ZHAO Liping

(State Key Laboratory for Manufacturing Systems Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; Aiming at the sequencing workingsteps on machining center, by taking the assistant
machining time as the optimization object, a constraint model is established based on polychro-
matic sets theory, where the contour matrix is used to formalize the conditioned restrictions visu-
ally and comprehensively. A genetic algorithm combined with the constraint model is designed to
sequence workingsteps on machining center, and the process of encoding, mutation and variation
are described. The searching is among the valid solutions by searching the contour matrix, thus
the searching range is reduced to ensure the solution validity, and the convergency rate is im-
proved. An example demonstrates the efficiency of this algorithm for sequencing workingsteps on
machining center.

Keywords: constraint model; polychromatic sets theory; genetic algorithm; sequencing working-

steps
hYIERAE T A AN RER AR ESR TR B

O TGH R R 1 A Sl JTREE LR 720 T
O BN TTARMR  FE AR SF R A B ZEAF I o 3 hn T
OHA TAEGHALA A sh# J] 8 Dh6e . FFE—IK
PR T T AARCHS L AiE . TR .
P MRS BRI o DR b B 20 6 e LA A 30 e I B9 1 7 O
. AEWTFE T AP R OC AT T IR sl T4 B s
(] 6 T4 R T A A= R0 B o LR

ks BB . 2007-11-25.
e P 24 B R ¢ B3 E (2006 K05-G20).,

AR oAb b TR LR, SCBRE T 1R
P T RAPR k- SCHR [ 2-4 45 0 1 i R s A5 3Rk
SCHRLS TR FH Y 2 A5 DLIR A R iE A% 350325 STk 6 ] )
R T R A 2 W 28 BEORL, AR SCHE AT TR
JEUN Bl At R 2 G A BAE e b 1
AL T T HER DA 2 AR L B0 4 1 i ik
T R 25 A 200 AR R Y BE Al oR FH g2 A%

PEH A P (1982—) . i, Bl ks BB UKAR N B 882, RS, T .



57 AP 5 TAHY

) S By 24y SRR TR R L it A 1 SRR A 861

SR T TAPHEY  BRARIIE T 15
SR Fi vy WAT S0 e I i ) 38

1 TAHER ARG R A

NN T AL B TR, T A 22
ZAL I OFE R — &m0 i TR, Ry #e et
I RN T S e RS N T 0k 7 647 s O BR A
B T SCA PRI FL 0 A o 4 SE BRI 5 LBk
BhAL U HE AT 0 T 25 0 T B S TR A A L
Y WV TAEIN T 5L T34 T4 10 56 J5 IR P 25K 5 457
IS AR AL e, W T 5 F00m T4 4%
B 51 I U P A o8 SR  RI S Jn T ) in T AL.
THHET *%EE%%Q@WT Elﬁ O*¢ 1A
— I BRI T A fE—, L WD TAE
Z"E/]?Flz‘fiﬁﬂﬂw\ﬁpﬁ{ijﬂiﬁ:f X Y Z’iﬂaﬂiﬁi
13 6 A5 1) s @ A AH ) 70 5L 0 T2 iy 4 w22 HE
FE—i , US04 ] 5[]
B S= {51505 us, ) EHTHEMT PO F—
YCEJEH) n(n> DM T THNES X n M TH

H B AT A %

*ﬁ”&% ﬁ‘TJ?J”ﬁJ?J - 01 502" 90” . EnMTﬂ}
or TG B TP o, G, AL HAR 2 — iy

MR ™ STl R SR RS | SE T L AR 2 A B
PEN AR TR AR 65 B 0 1) B B o 18] e . DALk H
b RN

f(x) = filx) 4+ f2(x) (D
n—1
fi(x) = Eg(Di_Dm)ti (2)
=1
1 DiiDz‘\l
g(D; — D) = { (3)
0 D—D
fola) = Z((A /907" 4)

Krp: iRz Eﬁ%ﬁéﬂﬁj‘lﬁﬂ'ﬁiﬂ ()R T
YEG LB RLEFN; D; o o, B JIH D,
K o BT s, AR TR 2N
TAEGHAL 90°FFZEMIBTE ;A e hi Fli+12Z

[ TAE 5 2 3 )

A 2O A AR, gL /1 (o) BB, T)
FUBRAE rp 5 i ORI, BREL > (o) B9AE RN, 7
AR . KL TABHEP M BCE AR R

f(x*) = min{ f(2)} )

2 T HER )R 24 AR T

53 A FH AR -T2 (613 A R 6 B B Rk - T L
e P PR A R R R DR A T 25 HE b 0 e kL S A
%H%EFE‘LE’J FALR. %9314:75 15 NMFAE, B
FRER N T T8 Ryl fL 1.2.5.8, 11 CHH 48 - K5
B ST 4.7.10.13.,15 CHL%E- **%E),mj%éxﬂ/% 3.
6.9.12. 14 (4.
WE 1 FrR T B LT i B E L3S
Bl OHLBE RS B RS B RLES RS BC . T2 ML FORS
B AR SRR A0 T T 25 8 , 15 20 R AE - T 25 [l
A IR FE .

Fy

[T ]

ag [ [e] [e]

las] [ [ Je[ | Jef [ o] [ e [e]

ar~ao SN T T Az S35 gl A s a A a e ASEL.

Yooz M B Fi~Fis 88 1~5 15 AN TARE ; @ 45 fiE A2
B 1 REE-T 25 FE A R A RS B

XA T AR 247 5 (W3R DL 7ER 1
L RS X BLAFAE 2 » AT AR XS L T2 44 B 22 h AR
FICRER N TG . ke AR T % 5 BT 7E s
B IV AT AR X IO ) 6 i 2 5 RO T 77 3% » H 4
SR AR AR A4 TR AL P L AT LAAS B4R AL -
EE‘LE I BT A1 7R 48 s B CIL 20 R 81 2 v
....... R AR RL T AU MRREE B AR L 0 AR (L3 2).

21 IZHHBIRIEE

T I TARE

- F, F, F, F, F; F; F; Fy F, Fy, Fy F, Fi; Fy, Fi;
a 0 0 5 0 0 1 0 0 15 0 0 20 0 23 0
as 1 3 0 0 8 0 0 13 0 0 18 0 0 0 0
as 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a; 2 4 0 0 9 0 0 14 0 0 19 0 0 0 0
as 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
as 0 0 0 6 0 0 11 0 0 16 0 0 21 0 24
as 0 0 0 7 0 0 12 0 0 17 0 0 22 0 25




%42

A

by T 302 : fL
B 2 FRAE- T LR P R AR 2R

R 2 m T AFAERT 64 @ 3L R P

Jin T ASAE
7F8 F‘JFIOFIIFIZFMFHFIS
0O o0 1 0 0 1 0 1
1 1 01 1 0 1 0

THI£L

B ki

b 0 0
1

Fs F
0 1
1 0

3 RBIZRT B Rk R i

e AEE T, IR (5) FrzR sR B B 507E i
07 JEE PRV s SRASHE IO JEE e R B4R, BV 67 A0 T L f
LR RAR. BT AR, H I 4 58 X,
A SRR N T — e Ak
3.1 HEARTHHRED

K B IR AS 04 77 2 A n AN T2 IR R E
NAE 1~n Z [ BENLICE , H 845 E AR, ik
A u AFEE o BT I78 CRERIER 1 v i 5l A7
AT al o)Ll IR 2 Py BER A
ARl oL 2 ]Lu AR R AT
FERI1 I o PR35 1A R0/
TCE AEA—YEEA o[ 1 ¥R TR e R 5]
FRAE B dl 1 ATFRAEAEUA e I s 3804 o ]
h—EH (<SP ILE.
FB,2 N O~ G—DMEF BRI A 5
2 IR x| T [ |BrES 1l dlx ] 47
Pk el x].
B3I #Hol01ldlx ] 1, T2 e[ %R 14
TE AT e[ BRI FEIE K al el 2 ][ d[ 2 ] CER &
0547 bLOJLd [ ] 18 0, W T2 [ 1% R i FRAE g
FL B T2 e[ o [0 R A i I 7 T B R TR S 5 R s
AR a LSS v BB IT A JCEER R 0, BVEREE
B FFA TAHARSERL T T, W e[ B Ay K RAE ¥
ale[x]][dlx]]CEE 04 6[0][d[x]]H 0, T.
A e[ IR RRAE T AR TR B RRAE 25 R v A
al 156 v BIAITCE AR 0, RIRHE v i A T A%
AINT5E P58 1AL RR 1.2.3, HEFEH A%
J T AL
3.2 ZXNBRIE

BT B AT ARVER 2 A SRR 51 R

AR A, EMR X Z T HENFAUIMMAS B, 22X
BRAEL RO,
FBL ML 2 P XANE e ver s 1 e <lew.
FB,2 WA e Me MEZHAIEREBN
m[ ;A H O il ey — 1 (B Z A FER B al ],
B3I LB A, P E m R RE
PRI B R BT A TR IR Bl
SoEERANLE N f s SR ) LA Bl
w[ .0 f s—1 B2 B FRRB 2l ], f R EZ
JE R B R v .
FB4 NG 2 [ P 5 R B E AR
Ay HIALE A B . X ol AR ) B — A
(B, 5 JESE S5 T AN & m [ ] AE n ] iy 5
FUE . FA B IR E 2 [ 12 )5 A& Fml ],
WATE n[ IR ZERIE A A B N B y [ 201
FEBS ¥ ml P EEERILIF A B 128 3 B
7 B
3.3 LTRIBIE

AR UEEAT AR 5 I AR SR Tl S SRS N
Sel G FLI AR A8 SR S R N A S 1k
AR SRR LA 3, W] A IR BT IR AR - ARG AR 5
7 B

8 AL 32 B TR o

3.4 BHWIEE

MZE AR R AT LR L A R R
BERR I Y R AN AR B BE AT 28 SR AE T LA 38 SUA
AT /N (0. 5~0. 85 Z 7]~ FL) » LU itk fk 3k
JEE TR T A R b B A R P U SR A 7 S M R 4
TP AR E B N ZR RN 27 A8 A
R R I 35 A5 53 b R BE ML 2. P ARG L Y AR
SEEVE EAG ARG L W R AR R B A A AT BT DA
75 S AN E UK /N AE 0. 4~0. 95 Z AN H. 4 T



57 4]

TR+ S5« 2D HE T 1) L 0 249 SRR B HL g A Sk K fi 863

AR F D I 58 SUME AR AR S M R OB L s
Z U/ IME.

4 ST
SR FHABETRU LA T 1938 5k X P14 9 /% 2

B4 S sEik

(N T T HATHEY . Z BT 2N T 15 AN FEE,
25 AT BRRAE T AT AL AN 3 B, Bl 4
w8 S T 22 T T A TR T 1T 43310 Sk 7 T 1~
5,45 T PR A AE ABT F ) AN 4 iR,

BUBME AR BT S BN BER /N 101, 22 X
WEZ K 0. 75, A8 S A R Sl 0. 85, Fe Rt AL AR K
80. FEYKHIIWFE] Ny 5 . TAEG AL 90° BTk it e)
2 s,3847 5 W BUSERAR i Oin TR [E] Sy 65 ). &l
5 A HL AN TREE] R 65 s B S5 S 2 T
HHEF 2 B0 S 20, BN SRS RS e m s 1L, B
BB DL A5 A2 B 1) HE Y 465 . il g 45 KR J3E Ml 5
B LA R ) AR .

23 BRUHIERF AT @

FHIE S5 RHIEA B JIAE DT (ST RS 5 FHIE 2 B JIAE T SL T

1 $35 il fL 1 9 M4 fLF 3

2 $48 il fL 1 10 i 1T 3

3 M4 fLE 1 1 $40 L 4

4 S T 1 12 M4 fLZ 4

5 $40 JBFL 2 13 i AT 4

6 M4 L& 2 14 M6 fL& 5

7 i Tl 2 15 Totim 5

8 $35 i fL 3

R4 TP BAFAER TR 7] B
S 41 FHIE JIAS S FHIE JIAS

1 1 391. 68A-2-038 13 CO6A 14 8 (3-391. 38A-1-024 086A
2 1 (3-391. 38A-1-024 086A 15 9 R415. 5-0350-30-8CD
3 2 391. 68A-3-047 16 T11A 16 10 R390-020A2011L
4 2 C3-391. 38A-1-024 086A 17 10 R390-020A20111L
5 3 R415. 5-0350-30-8CD 18 11 391. 68A-3-047 16 T11A
6 4 R390-020A2011L 19 11 (3-391. 38A-1-024 086A
7 4 R390-020A2011L 20 12 R415. 5-0350-30-8CD
8 5 391. 68A-3-047 16 T11A 21 13 R390-020A2011L
9 5 (3-391. 38A-1-024 086A 22 13 R390-020A2011L
10 6 R415. 5-0350-30-8CD 23 14 R415. 5-0550-30-8CD
11 7 R390-020A2011L. 24 15 R390-020A20111L
12 7 R390-020A2011L 25 15 R390-020A2011L
13 8 391. 68A-2-038 13 CO6A




864 (LT 7 S R N S SR 5542 8
T — rithm-based optimization method for sequencing ma-
FERINEANS L . chining steps on a machining center[ J]. China Me-
i = T chanical Engineering, 2003, 13(18):1531-1535.
: f (3] K5t AL At 45, SEPAR R T AL
'} Jrig [ T RIS 3RS 2005, 11(2) : 242-246.
i i i ZHANG Guanwei, ZHAQO Xiangsong, LI Jia, et al.
‘; E t Method of operation optimization sequencing using ge-
_ ,E : %‘% netic algorithm [J]. Computer Integrated Manufactur-
’s _ 'EE ing Systems, 2005, 11(2):242-246.
—— (4] RMET, 15 BHAE., BRI 5T 55000 T 2 B
wFgE [0, AR K241 . 2006, 36(3) : 50-53.
5 TAAHT AR ZHU Haiping, XIAO Shiwang, HUANG Gang. Re-
search on operation sequencing based on genetic algo-
5 é:':tf ]\,/t\‘ rithm [J]. Journal of Huazhong University of Science
SEF I T g T HE ) 8. e 25 T 468 and Technology, 2006, 36(3):50-53.
H e % e HE T R BAR IR T HE A (5] XL W mesk, BR AR 5. ool 1R FREIGR &
X - o i 1999,10(11) : 1223-1227.
I B T HR Tl R 2 5B 122@;4’?*% LIU Min, PAN Xiaohong, CHENG Yaodong. et al.
RIS T MV A A EEE. 05 Bt TR Research on operation optimization oriented machining
BRZY AU B A ROR I Tl L T center based on simulated annealing &. genetic algo-
[RJ, HETEA T T 4h5 . 38 A8 5 S5 5] A2 rithms [ J7]. China Mechanical Engineering, 1999, 10
BRRATT 7 A YRR A SR A i e SRR o folf A (11):1223-1227.
PRI B G SR N Tl AT TR HEE . (6] ot XML, bhe 2 1 FAE R T4 T4 11 3)
HCGE R SR 2 B SR B A HEFFH 78 [T, L HLAR 2 4 5 2006, 37 (2) ; 124-
SEYH. 126,
(17 S, Toeis, 5Pk, 2 T2 90%0 b (0 412 Ak ) B GUO Zhanbin, LIU Haijun. Study on artificial neural
(1], T4 ,1997,37(8) :69-71. network method in automatic sequencing of box-type
PU Jian, WANG Xiankui. WU Dan, et al. Combina- parts [J]. Transactions of the Chinese Society of Ag-
torial optimization problems in process planning[ J]. ricultural Machinery, 2006, 37(2):124-126.
[7] LI Zongbin, XU Lida. Polychromatic sets and its ap-

Journal of Tsinghua University, 1997, 37(8):69-71.
ZFEAETE BT T TR HT
e [, EPLK T #.2003,13(18) :1531-1535.
QIN Baorong, WANG Ningsheng. A genetic algo-

[2]

plication in simulating complex objects and systems
[J]. Computers &. Operations Research, 2003,30(6) .

851-860. (Uil B okA)

2007 AFEFRASHRE E K B AR R L& BWH 153 1
2007 FBRFEABDRORAF AL KRB LT 153 R, FHL% 1876 T4, L@ ERA 144 7,
FTERASAA I RAEXRAFRSMERARD) BEAEFFEALTAB 3A AN FF-EMALLTR 1
FLRBHAEEABDSRBLSE 112 AR —ROL. BRABEFFALENR 10 F)5, LA T HtE,
B A RILT R R RFE A B FE RS T o0 AP B R A 130 5 TR LA
B S B A A HAL 5 R AR I A S AR S F ST AR KR E AR B RS
©AF F B B8R A IR BIL A B F AT ML LB F B R MR M F R E R KA TR

FREAE AR A .

EEHARAFRBAZEERA G PVIR, 2007 FHARVYRERLARAFTEAL KL 879 A(HE+ | L
RE80RA.ETERAR 23R BREAEFFALTAR ISR AINBRAAOMEMRTELTAR 8H), R 153 A

EAEK B, @ LB KRk 17.2%.

AHEA F T



