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Abstract
ary algorithm for the permutation flow-shop scheduling problem
(PFSP) considering the total tardiness minimization criterion.
The algorithm includes the tardiness rank based learning scheme
to generate high quality solution by using the specific knowledge
of the related problem. We also develop and integrate the prob-
ability acceptance model into the proposed algorithm to evolve
the whole agent lattice network. A complete calibration of the
different parameters of the proposed algorithm by means of a
design of experiment approach is given. Using the 540 bench-
mark problems, a comparative evaluation with other heuristic
methods in the literature have been carried out. The results
show that the proposed algorithm is effective and competitive.

In this research, we propose a multi-agent evolution-
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T AH R (MR 3 SR ASE TR RAH O (W A A B BIL A, A SR00 A 4y
RS R AR A4 R 2 (A B & B P, 4 T 3RS AT
BAESH, W S ¥t Jr AN MAEA SVEIN EES K
BT B (Design of experiments, DOE) 73 #7. A,
BEXF Vallada $ H AR HEMNA ST 05 B0t 5, Hoh 24N
) R TR I B AR, RS2 TSR A .

1 [E)ERiRE

JEAHE S IS ) /N A PR A 7K 24 1) 8 3 I s ) g P57 5
TSRS N BN w0 = (m, o, - -+, mn) SRR,
B AR A MR, T(r) ZPrH n A TR



3 3] FRGESE: SRR IR TB) 55 /M 0 7K 2 T R 5 Tm) 7L ) 22 8 e A dE AL BTk 549

FETT & N RGN 1], SRS B2 T7 SR A8 H bn e £ T ()
I/ANAHES 7, B

T(x") = min () (1)

Horp, () AT
T(m) = z": max(Cr,m — dx;,0) (2)
j=1

TAF 7y AENLES @ 58 TR Oy AT T 2 50K
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IFH
Cri1 =P (4)
Crj1 = Cr; 11+ trj1 (5)
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Fig.1 Agent lattice
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TRBL R AT B skms B UardiaT & S M ge el
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5T I <19 O 1 Yl 1 O 2 R O L P 2 o
158 T (A R AZ SR i (). RN BRI Se 4 4 ST 1S
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RE A 2 ) R A A5 B e AR L. % LG ey
RN TSN TTT = {mmy s Mg -+ oy} (B < m). ff
[17 T TR REAR Ly ZE, WA TR E
[1. BB, et [I0 T T R — A S 4 []),
W I B AR R R I TR S b, e R S T,
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2SRRI AR, FHEE A 20 AN LAE 5 S pLEs s
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B8 24 A UE 46 347 TRBL 22 X 8 e Lo =
{6,16,4,12,5,15,13,1,10,8,19, 14, 18,11, 17,9, 20,2, 7, 3},
gt v B A LR K B (R 7113 R AL R R
TRBL 773U A7 2% 3 I, JLARIR A 9 [ Lagisbbourhood _
{L12, Lo1, Las, L2}, W LYy = Loy, W3 1. ABEREAR A A1
Loy JrRh B8 T AR B3 T ke 2 7.

BHeAR Loo KA TRBL #4742 I I, S fa) /> T
PHES RN k= 4, W TT5s = {18,6,15,19}, [[5, = {16,
4,12,5,13,1,10,8,14,11,17,9,20,2,7,3}. B HEIR Loo 7E5E
THMBBE AR S [15 TSN LG, S HrBUIT N
fEan R

LY ={16,4,12,5,13,1,10,8, 14, 11,17,9, 20, 2, 18, 7,
3}, Total tardiness = 4483,;

L) = {6,16,4,12,5,13,1,10,8, 14,11, 17,9, 20, 2, 18,
7,3}, Total tardiness = 4954,

L) = {15,6,16,4,12,5,13,1,10,8, 14,11, 17,9, 20, 2,
18,7, 3}, Total tardiness = 5125;

LY = {15,19,6,16,4,12,5,13,1, 10,8, 14, 11,17, 9, 20,
2,18,7,3}, Total tardiness = 6 053;
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Table 1

1 Loy (4850
Neighbourhood of agent Lao

BEEMAR (Lij)

Total tardiness

L1z = {12,20,13,1,15,6,9,8,18,3,4,10,14,19,7,5,17,11, 2} 7824
Ly1 = {19,6,8,2,12,10,18,14,7,15,1,16,11,5,9, 17,20, 13, 3,4} 6088
Las = {12,20,13,1,15,6,9,8,18,3,4,10,14,19,7,5,17,11, 2} 6582
Lsy = {6,13,17,9,5,18,2,3,11,4, 14, 10,19, 12,7, 1,20, 8,16, 15} 6760

#2 PBEAR Loy H& TAFRIEIIIN )

Table 2  Tardiness values of jobs according to agent Lo
Job (7) Completion time (C;) Due date (d;) Tardiness (C; — dj)
19 269 334 —65
345 690 —345
410 289 121
483 325 158
12 555 268 287
10 621 342 279
18 746 1205 —459
14 818 646 172
7 876 602 274
15 976 1111 —135
1 1053 468 585
16 1140 965 175
11 1226 764 462
1279 1070 209
9 1348 873 475
17 1406 703 703
20 1434 1111 323
13 1442 1158 284
1462 923 539
1555 513 1042

1.3 EreAMEHREHRI

MAEA S0 iok M ¢ S0 37 M st 2 5 5 52 4 5
TRBL % 31 Ji 7k (B8 RE 0. b T 7 L B 4 1 8 R it
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A 2 H 8 R A LA 5 M I A (0 ek
Z AN BRI AR 10 RE. MAEA SR 1M 50 4
AL F MR LR A BEIE A SR 12 Ok B 2 3
Fy 346 I S e 2 AR ) £ o T B R, R B 2 5
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i=1j
nxm x 10 ®)
Hp, T 2B XWATSH G986k L; &
TRBL % ) Ja §i " £ MR G tA 4 L;;, WK TotalTardi-
ness (L;/]) > TotalTardiness(L;;), J H Bfi #l.41 Random

c (07 1) < e(TotalTardiness(Lij)—TotalTardiness(Li/j’))/Temp7 I)\”J)EH

LY, B EOR MR L. MAEA S0 051 0RS WL 5%
2 (FEMNRE LIRS
21 EESEEE
ARSCH M MAEA B354 3 MS3TH B RE: WK
N Lize, MBS 5o/ TSR G KN b FRESH T, H

Pij
1

Temp =

THIEAERSE, TAIFIH Taillard FrvfE R4 T 25
n = 50, PLAE m = 10 FIH5H] (Taillard 041) K FH S5
B 757 (DOE) M) 118 2 Mo SvL vERE (K S . Sk
RFSHE FMALIZT 10 R, S50 4 FoKF, W 3.
BB EIERIZATRTA (n - m/2 - 100) ms 1F R 1E44F. 10
UGEAT M AVG (Average) 1E O iFH bR, S HME .
L16(4%) BIIEAS LS, AR AR P AVG W3k 4 B
IR HILSEORE Ko R SRR 5, Hh &S H
BRI 2 13 R,

K3 ZHUKT

Table 3  Parameter levels
- K
1 2 3 4
Lsize 5 10 15 20
k 2 4 6 8
T 0.1 0.2 0.4 0.8

MFE 5 AT, SBH kX MAEA S0 50milg K, mikES
BT MmN, W RER NS E E # e R B
e N %, SEIELVETERER S — B BUE MM KN Lage. EBRH
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Table 4  Orthogonal table and average statistical value
KA
S5
Lsize k T SFEE
1 1 1 1 11730.6
2 1 2 2 11327.6
3 1 3 3 11015.9
4 1 4 4 11008.3
5 2 1 2 11 369.2
6 2 2 1 11020.9
7 2 3 4 10 888.0
8 2 4 3 10840.2
9 3 1 3 11310.7
10 3 2 4 10 888.0
11 3 3 1 10653.1
12 3 4 2 10807.1
13 4 1 4 11314.4
14 4 2 3 10865.2
15 4 3 2 10755.6
16 4 4 1 10923.5
X5 BHMERm AL
Table 5 Response values
274 Lsize k T
1 11271 11431 11082
2 11030 11025 11065
3 10915 10828 11008
4 10965 10895 11025
4 356 603 74
Rank 2 1 3
L :
11 400 N
N
11 250 ~ \\
N
11 100 ~ .,
- LN
10950 —— .
10 800 i
5 10 15 20 2 4 6
T
11 400
11 250
1100} o
—_— ,
10950
10 800
0.1 0.2 0.4 0.8

Fig.2 Main effect plots of analysis of variance (ANOVA) analysis
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Fig.3 Interaction plots of analysis of variance (ANOVA) analysis

THE TG, KK Lege 25 SR RIEACREK b 1
RICIREFL R IRE ST, 1/ WUAS BE ORAE XS i RER A 2 ] (A7
MRR. L5 BN, W8 MAEA SIAMSEN: L. = 15,
k=6,T=0.4.

2.2 TLHHERILEK

T A A SCR A MAEA 803, %L T Vallada 2532
HE PR AR, ) A T . X SRR v AR ) AU R T A
B 50 224k 3] 350 (n = {50,150, 250, 350}), HLEEEM 10
ABAF] 50 (m = {10,30,50}) — 3 12 AL IR i 8, JF:
FAEA ) AR PSR 240 HIE T T (Tardiness
factor) FIAZ 1 JEWINVEH R (Due date range) FEALARL 5 4
AR AR S, HIHR 7 T BEEHE T = {0.2,0.4,0.6},
M R MY N R = {0.2,0.6,1.0}. 41 40 3k ¢ 44
“1.0, 2.0, 6.50-10_3" LKI/REHIAK T T = 0.2, 25
Bl R = 0.6 &4, TAHCN 50, HLIECH 10 =4
DR E . B AR () DR Ak AR RN S 2 4 ] LA Y i
http://soa.iti.es/problem-instances T #:f5 #]. MAEA #i
LR C++ W5, DR ST IS 4T 5 K, 18T ER
1% 4: Core 2 Duo 2.66 GHz CPU, 2GB RAM, {5 1l #E N
WE N KIBITIE: (n-m/2-90)ms. HIH LR AR
6~8.

h T MAEA 8355 A 5L 1 1 68, 2 il 4
‘5T Ruiz 5 H IR A S5 5L (Hybrid genetic algo-
rithm, HGA)™ | Parthasarathy 251 Hasija 25372 H (145
LB K53 (SAH, SAP)57101 ) Vallada 253 A4 path-
relinking [FistfE 515 (Genetic algorithm with path relink-
ing, GAPR)[U], Ruiz ZF 3 1 10 &R 202 5 7%k (Tterated
greedy, IG)[IS] AT XL, VPN RV PR e 4R HE K Zemel
A Kim 00721 38 0 M 2 45 5L (Relative deviation
index, RDI), Hol 820 F:

Methods,; — Best

RDI =
Worst — Best

x 100 (9)
Horpr, Methodaor 2K RN SVE L UGB AT T T 431K 1 1)
{H, Best M1 Worst & LKA HH e DU AN o SR e rh i 2
fift. B, FEEAS noxom AL 45 DFSEGURIBOS M, Fit
HARIAE 9.

H1%% 6~ 3K 8 WML, ACHEH K MAEA SARIH T
BUFH S OURE, Rl ZE 1 T = 0.2 I, el 532
AP o) B3R SR A, TRBL 112 20 3 AR AR H 478 A\ 20 43k A2 ke
PRV, AEL 15 5 20 6 0 e DAL R A o 348 300 Ik 1) e /N FR A0
TR BEARHEAT R AR, se A7 A BE 8 LU/ 1 T AR
A PRIEA T &I 2 T SRAT i TR T A

F 6 HHFEF T = 0.2 IR &

Table 6  Average computation results for tardiness factor 7" = 0.2
R =10.2 R =10.6 R=1.0
i) 1

SRR Izl MAEA I tRAf el MAEA I tRAl 7l MAEA
050 X 10 2424.60 19165.8 2650.08 0 14 453.2 0 0 17321.0 0
050 X 30 19 356.8 50290.8 20134.88 16011.4 44673 16724.77 13985.8 45397.4 14 305.32
050 X 50 35620.5 70388.4 36519.44 36 863.2 72768.2 37788.88 35591.6 71118.2 36238.16
150 X 10 11763.4 95980 16 501.24 0 84216.2 142 0 108 932 0
150 X 30 48 447.8 187 340.6 70 860.92 1742.8 170785.6 8 887.64 0 206203.6 355.72
150 X 50 99818.4 263938.8 118900.3 52574.4 290 669 69 325.08 21133.4 299704.8 28660.12
250 X 10 23649.8 200 645 40297.72 0 209435.8 0 0 287 589.2 0
250 X 30 85109.4 368 803.4 152116.44 0 391810.8 16 555.0 0 446 483.2 0
250 X 50 177736.2 518253.6 275253.72 40064.8 570420.8 113873.08 0 633137.2 4056.28
350 X 10 43420.8 382 878.6 82262.96 0 358 705.4 0 0 503 362.4 0
350 X 30 135042.2 636 625.2 282848.12 0 620397.8 17095.36 0 760121.8 0
350 X 50 256 322.4 861901.4 400 706.0 17048 836437 90292.6 0 1002993.8 0.08
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Table 7 Average computation results for tardiness factor 7' = 0.4
- R =02 R =06 R=10
Il E fe el MAEA B EIRIEN I MAEA FEIRIEN e LE MAEA
050 X 10 13430.8 37860.8 13876.28  10587.2 33207 10982.36 9149.2 35233.4 9448.28
050 X 30  46117.6 78935.8 47060.0 43702.6 75257.2 44458.44 488114 80504.2 49490.84
050 X 50  76495.4  117107.2 77672.08  79209.6 114860 80268.24  78640.6  114670.8  79723.68
150 X 10 74675.4 221543 89.806.04 24822 179540.8  35057.12  10821.6  225849.6  17462.12
150 X 30 172459.6  355068.6  208632.8  139950.4 334417 172561.8  135110.8  373024.4  168580.0
150 X 50  280478.2  493484.6  317623.4  261557.8 471899 200444.12  240930.2  477893.2  268781.8
250 X 10 183950.8  520188.8  243565.56  61664.8 4632122  98671.68 97.4 550258.8 1820.88
250 X 30 356729 732248.4  466283.56  233337.8  766904.8  344285.36  122649.8  794561.2  214326.6
250 X 50  561873.2  971524.4  702226.24  458275.8  1012587.2  598246.2 4111752  1044721.8  569355.2
350 X 10 353194 968476.6  481778.48  98941.8  871273.6  183710.48 339.2 1093749 9584.64
350 X 30 637846  1286920.2  880560.84  332286.4  1278054.6  547167.2 134553  1456916.8  331849.76
350 X 50 923234.2  1660820.8 1146019.6 6539458  1705427.4  862954.8  448715.2  1748009.4  666831.44
£ 8 MWK T T = 0.6 I in) 55y #4948
Table 8 Average computation results for tardiness factor T' = 0.6
- R =02 R =0.6 R=1.0
St TZEH MAEA TR e IE MAEA St fi FrE MAEA
050 X 10 32483.2 62234.4 33162.6 34097.2 61448.6 34684.40 229344 477358  23500.76
050 X 30  78954.6 116744 80057.48 80781 116435.8  81621.32  71503.4  104610.2  72377.32
050 X 50 124722 169730.6  1259018.04  129228.2 170632 130231.48  107246.8  144350.8  108103.04
150 X 10 199752.2 377114 227961.36 173233 349482.6 202699.5  101358.2  301255.8  120240.8
150 X 30 356107.2  552072.6  395332.56  358446.2 552319.6  308417.72 305508  512570.4  348691.12
150 X 50  526596.4  751100.6  557232.8  519977.6 733149 551237.56 471871  683044.8 503 445.72
250 X 10 504065.2  953667.8  626758.96 366 193.8 850445.4  460823.08 233115.6  802915.6  319723.28
250 X 30  825683.2  1289114.8  994550.32 815991 1303602.4  985848.92 599164 11368248  753695.8
250 X 50 1109572.6 1591398.2 1207100.6 1114187.4 1588867  1296731.4 888260.6 1384607.6  1065384.8
350 X 10 967597.6  1718083.6 12000599.6  744426.8  1661490.25 1014083.7 474323 1597448  711886.72
350 X 30 1436852.8 2201877.8 1770826.8 1381130.6 2254002.2 1729635.4 992405  2019712.6 1323750.4
350 X 50 1909906.6 2730538.8  2226762.6 1850051  2714659.8 2158717.4 1424312 2435983  1704504.4
RO AMUHENT R RERY L AR A R T AL . MABA SRR 250 T
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regarding the RDI value
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050 X 10, T = 0.6 R=0.2 R=10.6 R=1.0
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GAPR-IG + - -
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050 X 50, T"=0.2 R =0.2 R =0.6 R=1.0
MAEA-GAPR s+ s+ s+
GAPR-IG + s+ +
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050 X 50, T'=0.6 R=0.2 R=10.6 R=1.0
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350 X 10, T =0.2 R=0.2 R=0.6 R=1.0
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GAPR-IG — — +
MAEA-IG s+ s+ +
350 X 10, T'=0.6 R=0.2 R =0.6 R=1.0
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350 X 50, T = 0.2 R=0.2 R=10.6 R=1.0
MAEA-GAPR + + -
GAPR-IG s+ s+ +
MAEA-IG — +
350 X 50, T = 0.6 R=0.2 R =0.6 R=1.0
MAEA-GAPR — — s—
GAPR-IG s+ s+ +
MAEA-IG + + +
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Fig.4 The convergence curves of instance '1.0,2.0,2_50_10_1"
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Fig.5 The convergence curves of instance '1_0,6_-1_350_30_1"
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New best solutions for Vallada benchmark instances
1. New best solution for '7_0,2.0,2_50.10_1’
n = 50, m = 10, Total tardiness = 1865
2. New best solution for '1.0,4.0,2_.50_10_1
n = 50, m = 10, Total tardiness = 12 338
3. New best solution for '7_0,4.0,2_50_50_1'
n = 50, m = 50, Total tardiness = 78475
4. New best solution for '7_0,6.0,6_50_30_3’
n = 50, m = 30, Total tardiness = 80975
5. New best solution for '7.0,4.0,2.150_.10_1
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n = 150, m = 10, Total tardiness = 74 597

6. New best solution for '7.0,4.0,2.150_10_2’
n = 150, m = 10, Total tardiness = 68 040

7. New best solution for '7.0,4.0,2.150_.10_4
n = 150, m = 10, Total tardiness = 83 737

8. New best solution for '7_0,4.0,6.150_.10_2
n = 150, m = 10, Total tardiness = 23 344

9. New best solution for '7-0,4.1_.150_10_1"
n = 150, m = 10, Total tardiness = 3748

10. New best solution for '1_0,4_1_150_10_2’
n = 150, m = 10, Total tardiness = 11513
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