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Chain-like agent genetic algorithm for

multi-stage multi-product scheduling problem
WU Ya-li, ZHANG Wan-liang, ZHANG Li-xiang

(Automation and Information Engineering School, Xi’an University of Technology, Xi’an Shaanxi 710048, China)

Abstract: Combined the coding characteristic of the genetic algorithm with the evolution structure in the multi-agent
system, a chain-like agent genetic algorithm is proposed to solve the multi-stage multi-product scheduling problem. The
order-sequences-based encoding means is adopted, and the one-to-one correspondence between the encoding and feasible
scheduling is achieved by new post-assignment rules. The population evolution is implemented by the operators of agent
such as competition and cooperation with the dynamic neighboring environment and self-learning operator with its own
knowledge. The simulation results of multi-stage multi-product scheduling problem show that the combination of chain-
like agent genetic algorithm with the new heuristic rule not only increases the diversity of the population but also improves

the convergent performance. It is effective in solving the multi-stage multi-product scheduling problem.
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1 5|5 (Introduction)

Z B B2 77 b JE ) 8 (multi-stage multi-product
scheduling problem, MMSP)/ iZ {¢ {£ T 1k T ¥
Bk 25 SRR Tk, J2 — 2R U NP SE 4 ) 7L
FURR IR 2 25 B B A AR IFAT N TR Ja, H AR 2 i
FE T A VT R 0 HE P S A5 0 B TG ) Ao T DA RS
Redibnak Bl . 1AL BEAE b — M TR 9
R4 R MR R EE, AL R B 5 BE A
SR A A AN TSR R ik, AT AR R ) A N 3 Y,
PE, 7552 2% 0 B 1) ) SR Al A4S 30 T 2 M. 3
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U I AR S SCHR (2182 H o (1 g A% 0 4 i
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e HHT: 2009—07—03; & ek H 11 2010—02—25.
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(SR 8 0 A 45 & B 18 78 70 R 5 SR A NP-hard [1) 8
(ORI ). SCRR (81 th AL & ik 2 B e AR S0%
X T R A5 At I TR S B R BSFT A R PR S
FR [OKF A8 e A4 X B4 FR) SR 1 A S A T #E E g B 2t
e SE R R T MG &, 1R T —Fh 2 2 GE 1R
15t A% 57 1) (multi-agent genetic algorithm, MAGA); %
= B MOV 2 A BV IR IR B0 BV 7 I N 2 4 g
s S, S T AR MR R SCER (1105
X John Holland 5z % 5.5~ (EEUB AL AL O AN 5 B,
Pt 7 HARA SO T I 2 R BRI AL S X
Wk (12, 13100 B BE AR ) SRR B HEAT 5k, $R 0 T —
YR BE AR AR B, b T A A LA T
YW T TRS 2 SR & (il 3a o

SR B K AEMMSP R 5 i) 780 1) 4 s, K g
Al BVE R 2 1 7 3 B R RE AR 2R G G M
AL AR G5 T, He T30 00 5 1) 48 YR ) 3t — Fef
SR APEMMS P 7 FF) i 3R B 4 380 4% 57 % (chain-like
agent genetic algorithm, CAGA). 3CHVE X H i pf 41
KT R IS 1) R IR SRR T BR e 51 IR 21 AH B
T HA TG, NI S 4 i R ] AT AR AR G 3R 5 Tk I
TR FH A 3 R A 1 Do 28 2 by, I 5 4 B A
MET R A A ) B S A ik AT X
AR S, B MR R T ARE 22 R4, bk T SR
SAHRE . TH X MM Pl 85 1) 47 BCSIZ G, 45 R
TR T SRR AR 45 45 1) TE R 1 RO AT 250k
2 MMSP | @ iR (Description of MMSP)

Z W B2 i ) AR R B AE LI R
BIEAE My NI T TT, #5 Z N TN, BT
BN N2 i, RS IT AR A TG R A AL
PeWd;, HAabZuze i MAS I TR Be. B0 i Bty
A2 A IHAT I LSRRI LT AT 5. AR B
N BEIE I BT EE T N L, BB
JITA AT IN T o3 A 2w By Bofy 24, AR B B
N T8 e BA AN H s .

FEREAS I TR R, AN LRI HAAAE LT b
eIt 18], B R R IRAE N AN RV S AR v,
T it S VR A% N ). A7 28T B AR AR — 28 5T [N
T, RREeAT L (A AR i, AR A B AN AR 1 AR
e 8 R A CPY . T JEE ) R ) I bl 5 >R P T
IS I¥) FR) e R . AR SR FH R s PR o I T Rk )
HEIE I 5] H AR T

N
min PT = Y (d; — H;), (1
j=1
N
min7T = ) T3, (2)
j=1

Hre T, = max{C; — d;,0} 4 1T H.51¥ $i L I 7],
C; AT B IR 58 MU ), o 3T B i A2 B3, H; A

VI 5 R T A6 N 1)
MMSPI{HCE R UL SCHR [14]. B TMMSP2 —
A e BE 2% O AL I e, JLRE A0 I 1) A B AT 29 R
FAFARE 2, 0 T/ RURE ) L, HIMILP T v W] LAAE
LTI IN [ SRAS B DA, 1T AT ) R RIS PR 38, A6
RAAG R Z) R AR 208G 1, MILP 7 VR AR M A v 2
RIS ) A SRAF L. PRI, 2 R A el Al SRk
AN B MIUIAR S5 5 A SR Al X AEMMS P i
3 MMSP ) &3 i 8% X 8 6 1k B4 5k
(Chain-like agent genetic algorithm for
MMSP)
3.1 AgentZw i5 L & 0 #f 7= 4 (Agent coding and
population generating)
AN BERR AT e SR S AR A4, H
P = (P,P,--- ,Ps), 1P, = (Py, Pra,- -+,
Poy)(k=1,2,--- | SYABTBEL, Poh P Ea(i =

KT A5 % 10(S = 5, N = 10)I4MA.
BrE BB M3 BB B Bts

[19265847310 65738291104 | 10394857261] 74859310261 [93716210548 |

Bl 1 5x 10(S = 5, N = 10)[AIANEIH Gt 45 1)
Fig. 1 Coding structure of chromosome with 5 stages
and 10 orders

XA B A NA T S By Be FIMMSPIH]
S LRPHE R = A2 s IS LA I BT AR, X RN B,
BEML™=2E 12N FINASAS R BEHLEL, 1 A B B
WHHET, EEISAEY BT S 38 r= A2 5, MG
FITANAMA. LU Ty 75 7= 4 PopSize /NN, 1444 21 H.
A PopSize M MAIFIHE.
3.2 Agent %5 # F H AR 48 I 35 (Structure and

neighbor environment of agent)

EX 1 Agent4iH) [ HE .

BB e R B AR B4 MR8 N a =(body,
place, local), 2:H1: body A4 — 1% fif 78 B LA AL A, )
R T PR )3 NAH; place kB BE A a fE BR85S Hh 1) 47
& localohy & BE R a ) 2 3klocal(a) = (Npres Mnext)s
FE N o TN e 73 0 7 R R AR Q) /T — N 3 e A4
Mg — N8 aek; ne = (place(c), trust(c)),c =
pre, next; place(c)fltrust(c) 5 7 & 7~ B BE AR it Ak 1)
IACRYY AR

BReRBE R XN E(a) =1/ f(a)Ha € 5,
o S7 24 1) B = A= 8], f (a) A B/ ME R H AR
BRI HICMEL, AR BT s AR S0k T IS Y B R . T DU,
[P NS INA I

EMX 2 I
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Fig. 2 Chain-like network structure of agent

BN REAR AR AEAF AR BE A BT LA, R L 4 g
PR, LB T X Laige(Liize I BEHD. B3 BEIK
A R ANRE ), e HREL SRI A i) J LA RE
AHEAEH.

EX 3 AgentZl.

1 RIE AR 408 110 BB R Y SCRIR (1217 iy . B
BB Ly A T AR A (1, ) R REAR, @ = 1,2, -,
Lsizc, L1)¢H@T‘Bﬁﬁ/’l}|§iEijM%EZ%XjJNLi == {Ll,iu

Ly, }, Horf:
i—1,4i#1,
I = (3)
' { Lsizey 1= 17
. /L + 17 /L 7& Lsize,
= 4
. {1, = L @

H FIRE AT LU, 5 2 R e R IG AL S ) 1Y
FEIRBEAH L, 0 BEAA ) A AMA A B 2D, 7E—
SEREJE ERRAG T SRR R e ), (kb T 5k
BN SR ARAL R JL %, [) I 550 Y A PRI,

3.3 Agentf# 5 X it & I 5 (Agent decoding and
energy calculating)

EMMSP ], B TR B A7 A 2 A AT
InC AT, T HLA BT RN T AR 1T R AN [
AN AL DR, K — A48 1T 5741, 3 AN TR
JrEARIRBIFFAT I L5 TC, 7 AR FE 45 RAN . 3
R R DI 25 T 4 5 i Rk (P WAL S50 B AN AR g
7. SCHR [SVAR AR 0 I I T A6 Ak 3 I 1) 22 R /), 42
TR R ORI, (R ) R T FR i T
V) R 4 I [ T A Ak, A DAL IRl — AT oy
ANFHAR N O R ) 2 PRI )L F AR ST T — A
BRI R AR 1 CRAEAN VT B A 25 B B 52 B 56
JS IS TR T e A0 AR A% B B 1R F0UH1 76 I ) S
AT e £ 5T 1) PR EEE B T I SE B

BOA AT E IR A P (i = 1,2, -+ | N), &
FRIRII BENE(E = 1,2,---,9), oG Am(m =
1,2, , M), My AW Bekh fAT ook, %) =
P, WA T 50 Py AR Bk b U 58 B ) R d 4, )

Ja R AR B AR S R R

Step 1 #7i = 1, WK AT H P 3R IR 25 B Bek
I0 AT 5 Py Ft FH IS 8] S5 /N I N T 88 oG, 5 W) 4% 21
Step 2;

Step2 AMEEHIHILM = 1;

Step 3 # th HoTm¥ P A3 A4 2R & IR, A
ikt Sd; S SEAT 1) RO BN, R T 5P A
AN EZ IR b HAS A48 A 1 58 BN TR ] e
T d; g, WA AT 5 15 21 1) 58 BN ) ORAFAE— 3L
A,

Step 4 #'m = M, W 2|Step 5, 50 Sm =
m + 1, #3Step 3;

Step 5 MStep 315 2 (¥4 bt B K IEL,
FEAT 5 Py 8RB 5 12 50 6 B RN TG,

R SCHR 5T P D0 R A SR, 7 AH R 29
ORI AN A AR R R BRI 23l A I3 ()
Aib). M AT LLE th, A ST JE & AR AT B
SLFA, R s D TR v ) PR B ).
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Fig. 3 Gantt chart of scheduling sequences based on
different rules
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Step 1 HUH 4R MAP, IE2 Bk = S, m =
1,1=1;

Step2 NP Py, ) = Py

Step 3 WIRk=2S5, W4Ad,, =d;, FWAd;, =
HE HMYUT ek + 1B T I
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Step 4 HRAfEATSCHE 1 E A U, K P FRR
S Bk N T em b

Step 5 /?\ij =d; — (X1 +Djkm)s Horr: 331]7"7
VT BT 58 5 (R R BN 0], pj e A VT BRLGAERY B R
m IR TCH R0 N TR]

Step 6 #ii = N, ¥ %|Step 7, 540 = i + 1,
#:31|Step 2;

Step 7 FHEkAETL, 2k =k —1,i = 153
Step 2, 15 WJ%% £Step 8;

Step 8 & H; = H!, it 5 Hisff(P) =

N
S (dy — Hy) S 2qd 51k P,
j=1
Step9 HIEAEIKRERE(P) = 1/£(P).

3.4 Agenti# L5 F (Agent evolution operator)

R RS 22 B B At 1 FEE R A, et T a4 A5
T A X R 2 ) RSB B AR AT R, 3L
PR R NS O R R Rk S fig
W m e g 5 AR, A% SRR Rek B 5
RINTROR B T g B

EEE T BOERAEA T R E (L, ) I e AR
L1,i - (li71, l@g, e ,li,n), Llﬁﬂiﬂi ljil ﬁlé%%j(ﬁq%él]
ﬁéf¢ﬁM1z, HMM = (mi,h Mo, 7mi,n)a Hrbn
MRS, Hn=S x N. Rl: M, ; € Neibors, ;,
Va € Neibors, ;, E(a) < E(M,;)#8A7. 47 Ly ;3
RAXE (L ;) > E(M;), WAk SA7 75 70 e 44 0
ggrh, M ZIBET, 2 W RIS RCRERBORT (1) 4 e AAAR
(I TR N RSa SN = R Ry b

BN AR BE R B K I R RE A

Mu = (mi,la 2 T 7mi,n);

fth: AT SEF 2R AR B C i, B

Cl,i = (0@1,02‘72, T 7ci,n);

Step 1 HILHHLC ,, ¥ My G C s

Step 2 {E(1,S) [a] Bt AL ik % — > % Mk,
FE(1L, N)Z I BEHLIE F2 450, (i # 5), 5 Cy
Ko B T IR B AN R0 35 5 AN B0 ) o S P HE 9l

Step3 WIRE(C.,;) > E(Ly,), WM E
NAH, % %Step 4, 75 M 455

Step4 FEHTFI AR kS 58 REARRE I, 45

RAXHET ARtk MR P, 5 S48 (1% fig
PRBEAT A AR R ¥ea/, b/ 43 3k a RIbit i 58 X
B W E(a) > E(a), Pla’ K5 Ra. 50, fR
FEEAT IaANAS. [RIRE, 2B (V) > B(b), LAY AR,
50, PR S IIDANAR . A8 X7 R S B A

N 2558 WA B tRa, b3t Ha = (a1, as,

), b= (by, by, by), K XMER AP,

B AT X Z G R ek ha', b

Step1 #liHtha', V', %a’ =a,b =b k=1,

Step2  7E(1, N)Z [MBHHLIE PP, 5 (i #
7). Fa’, b5 KB AN R g AN 2 TR (P B oy
DERCAS S A

Step3  HEAETS, WAk = k+1, #FStep 2,
17 )% 21 Step 4;

Step4 v Ea’, b HERCAE;

Step 5 HUFTRIREAR A B R RRARRE R, 45

HEJH Y A EFEHE S8R 6
RGN 2 FEEAR 22, I, et 72 Be AR H 2%
SIAT R RSP R BRI 2R, [ I G I 28 A o (1) 2 4
PEUST Sy an R

BN AT A 2E S BAE R e fRa, B IR
N P
i PAT B2 R R e AR ¢

Step 1 #liithe, Kralikshe, &k = 1;

Step 2 7i(1, N)Z A FEHLIZ 284, j (0 #
7), KRB S AN TS 5 H 2 1) 1 B
41);

Step3 FHEAETS, WAk = k+1, ¥ 3Step 2,
753 ) %% 3 Step 4;

Step 4 T H clIIERLE;

Step 5 HUHI R REIR NG 5 R BRARRE R, 450
3.5 SKAFMMSP n) &5 (1) % 2 e bt 4% 51k 5

I 2P B (Chain-like agent genetic algorithm for
solving MMSP)

WL 3 7R AR B AR R B, local, A 5502 fig
P IR R AR A B, LERIL2 9 LA Ly 120 Th
) # 8, B ~{Lo, L1, -+, L; } g & 5wy (1) 4
ek, BEL; ™ fie & f o I B Be AR, PP, 53 il
AT AR AT SR AE A 2 ) R P R R,
U(0,1)4(0, 1) [ i REHLEL. R — 45 Refh i A%
SRV SR AEMMISP i) 2 ) HAR 2 3R 4n

Step 1 % & B B A B < FE Lo, B0 RIEARIK
HMAX, VU6 e it Lo, J5) &8 28 17 7 Blocal,
BB By, %1+ 0.

Step 2 X fig (R HE P 1 AE R — DR AR AT
AT 57, 13311

Step 3 X L; BRI GEAE, WRU(0,1) <
P, WIFRAT 28 SCHERAE, 19212, (W) i 58557 8 Re A4 1) J
AR e i local;

Stepd XL ARk, WU (0,1) < Py, M
PAT B A, 133D 15

Step 5 ML, iR aeiABL |,
®BL,FB;, WMAE(BL,) > E(B;), WH¥BL %



F2 W

SNV A 2 B B 7 A R i) 1 e U e A A% K

219

B¢+1, %:qu%Biﬁj\%Ué{i\Bi+1$uB}+1;

Step 6 KA 759 & 2 1045 AF, A0 2 WA I,
I B, 5044 — i + 15 2Step 2.

3.6 H kS H% B (Parameters of Dynamic chain-
like agent genetic algorithm)

FR T H IR RN S A g R K EL B
FEF A PopSize . 2 XMEH P, . 2 7% P, UL S 11
HEN).

Gt B K RE ML AT R RO T 3k R g i,
MRS A K EAL = N x S.

PR O (58 T A SCHR P0ORHEAT X L, [ i
Joi e 3 AT I T BRI 2%, AR SRS Tl /) /0N o oRH DR AR
53 SVURE A4 £ 4200, 30081600, iff 21N B ) 85 4
WLCPUI [A) AN L 10's, T RIS 1) 1A B 1 1 min,
T R [ 5 ) AN 5 min.

AXEANZRE  ASCR B &N AT
RS 5K, PRI, 65 BIAE I 1 2) 21,
PR P, 40 F:

. ™ fmax _fl ’
P = {/ﬁ Sm(gm)y f/ > faves 5)
k27 f <favgv
. 7T fmax _f
P, = {k?’ G e Fua 7 )
k4) f < favg-

J—ZtEP kl = 10, k‘g = 10, kg = 05, k4 = 05,
Frmax B A B K IIE NS fag A2 BEAUREAAR P

AT N R AT SRS AR v A K R N T
[T BEAR S (R A AR (R Y. R AL

5 IR HE N A SR A I HE W) R i 822048
AR 18) 38 B B 1) 22 2N 1-0.01.

4 SERIMEES 45 R 53 Hr(Simulation and anal-
ysis)

Shy B IE AR ST A e R R A R R AR SR AT
B, AR SO FE T AN 2 B B2 R i) AT
5 ELSL
41 BARBEAKRMZH B Z ™ o[k #3

i B I 45 B 43 $1(Simulation and analysis for
MMSP with resource constraints)

AT GIRL I 2 B B2 7= b R BE il iy Ry 54
BB, BAR 12T s 124N C e, Hh SR B
BTGNS BRI AR ) L 3T AT B . ST Tt

G TAD S T B ] ) o B ) 2 25 P gt U 240 R WL 2
SR 17].

AT I A X R A B A SR I A Ak, R
PAS(2) 4 H b R L, 430055 FEAS 20 DRAT P
AR VIDAA N B AR UDEAG A Ty F )
PIRLI R IV RN T A S 2 ). il
IEMILP, GAFICAGAZE3F J7 14 %5 AN 1] £ o i) i 3
7 R A LU AR, 3 B0 1 % Bl Ik RE e it 4 AR (w4
5 I {HBest. 3 7 {H Worst. ~F- %) {fiMean. J7 ZSDLA
JCPUIN[A]) W& 1.

A1 FRAGREAGG AR

Table 1 Results of experiment for MMSP with resource constraints

MILPI!7! GA CAGA
ASITEAEN
Best CPU/s Worst Mean Best SD CPU/s Worst Mean Best SD CPU/s

I 93 69.73 779 7.8 7.5 0.03 13 691 664 631 003 15

II 119 7041 107 979 9.02 024 17 98 95 9.12 004 18

11 183 1193 18.69 17.87 17.08 023 26 181 162 142 129 32

v 31.6 114 3045 29.85 28.03 073 28  33.6 275 263 378 29

MGETh 25 K] LG i, 5MILPS VA AH L, st 1% 80

A2 R A 2R A Tt A AR A SR AR 3k B2 R SR A 2K —CAGA
H AR ORRE B 4 = CAGATE I 2R M 1) ot i of 77 s
LT AL S H B T CAGAZ X 5% 5 E
VR — b ek, B R e A AR RV TR I 4% 4 R 3
bl 0 38 bt AL SR S %, P A9 SR RE A 1 T st A%
Sk, SRk T S tE e R HdR e R
W], CAGASLIEAG BN e A8 e 2218 I (E I L7
TGARLE, BE—1 R WICAGAR 1: FLAT o I 114 % % lo0 200 300 400 500
PERE. Bl4(a)~(d)% T 4R % J5 29 KN GARICAGA BAYOH
VRSB AT 30U A 1 T3 (E AL i 2k, (a) FLyH
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Fig. 4 Average curve of MMSP with different resource

N E IR R PR i S Uit £ RPRIUE e ST
JE SRR R T AL L, TR AEH B
JILI RN e A LRI 1K 3% B e X D 4 25 40 1)
NBE i 1SRRI R 4 2R e 0 R 4 JR) I W SIoH
4.2 KRBLZ B B 7 i i BE 1) A 4 5S4

K45 43 Hr(Simulation and analysis for large-
scale MMSP)

T L I UECAGATE K FLBEMMSP ) @ |
(A7 280 DA B AR ST L 1R i 1) i R ) R i 12k,
AR SR BATSA B B 244817 B K 254N I TG
O EAREMMSP i), e rb 2% B (R 570 70 i BAA
TN AR R T) L 3T B A8 B 301 J2 1T B 22 ) e 45 I )
W25 3R [5).

X B i, BLaR() 2 K f# H AR, 8 I EMILP,
OR-+GACCHRISTH Y JA A 2 D) M3t A4 B35 AH 4
), NR+HGACA 3CH I AT ST iR[5]H 8t 4% 555 AH &5
), NR+CAGA(HE T 8 M I 1 2l 2 4 5 % g 44
19 At BL)ARN 5 1 0 AN TR) RS 1) R 1 AT 5K il T
BRI IZATI0, £ TP e 4R bR (LA
If{tiBest. 1 7 {5 Worst. %) {tiMean. J5 ZSDLA f
CPUIN [H) ) Ze vt 45 SR Uk 27k

M2 [ E s 7T LUE h: GASIEFHICAGA S
(R 2R 1 BE I L T MILPSLVE, IX R W R e Ab 5k
T SR AR DR FIASE U F5E ) 3880 IS A B 2502 F R Ty 3 B o
T B85 kT3 R DU 0 g ot A S0 SR AR 45 2R 1)
B SCHR P AR A 0N, 1 W D SR 3 4R H
PRIIE R, RS m FE I SR RE s AER R,
B 1T A3 N, CAGASTLVLAS BN B U iRt - fe 2=
fift S I8 i LA % 25 ¥ L GASE VR U, & WICAGAST.
VRAE SRR RRUASE I 80 It FL AT S8 A 1) 98 R 1k e, (HLBE
R T S v S TR A, ] B A A 1R 5
NI T BL R AR . TERARS, 8FI104N 1T HL i)

FEUN, AT EERAE30 IS AT I B4R B T Bl i

constraints
A2 RSN Z ol L P At AR
Table 2 Results of experiment for large-scale MMSP
MILPY! OR+GAP! NR+GA NR+CAGA
Order PopSize

Best CPU/s Best CPU/s Worst Mean Best SD CPU/s Worst Mean Best SD CPU/s
5 200 4994 043 4994 1 499.4 4994 4994 0 1 499.4 499.4 4994 0 1
8 200 7369 99.56 7329 1 730.9 7309 7309 0 5 730.9 730.9 730.9 0 9
10 300 909.3 119.5 876.4 5 863.9 8639 8639 0 11 8639 863.9 863.9 0 19
12 300 1184.7 125.02 1038.9 6 1036.9 1030.8 1022.4 22.19 20 1031.9 1028.6 1022.4 12.16 24
16 600 2048.6 202.5 1788.8 14 1791.2 1781 1774.3 3234 40 1762.3 1759.3 1751.3 7.91 88
20 600 2982.5 227.17 2456.8 26 2410.3 2402 2399.5 18.46 87 2402.2 2391.4 2377.1 11421 144
24 600 3912 374.72 32393 40 3066.7 3050.3 3036.5 90.9 132 3059.8 3046.8 3030.4 120.32 218
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Fig. 5 Average curve of MMSP with different scale

5 45 (Conclusion)
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