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The classical Job Shop Scheduling Problem (JSSP) is NP-hard problem in the
strong sense. For this reason, different metaheuristic algorithms have been
developed for solving the JSSP in recent years. The Particle Svarm Optimization
(PS0O), as a new metaheuristic algorithm, has applied to a few special classes of
the problem. In this paper, a new PSO algorithm is developed for JSSP. First, a
preference list of the generated solutions is prepared to obtain the feasibility.
Then, a new method using factorial base numeral system, called factoradic
approach, is developed to satisfy the validity of the generated solutions. This
approach permits a one to one mapping of a solution in discrete space to a PSO
particle position in continuous space. Snce PSO is an evolutionary approach,
some modifications are implemented to the algorithm. For examples, a simple
greedy algorithm is developed to generate relatively good initial population or
every solution obtained by PSO is also improved by a local search operator. To
avoid trapping into local optima, a new velocity updating equation is considered.
Furthermore, a Smulated Annealing (SA) approach is applied to the final
solution obtained by PSO to improveit. Finally, the proposed hybrid algorithmis
tested by some job shop benchmark problems. The results indicate the efficiency
of the proposed hybrid PSO with respect to other algorithms exist in the
literature for the considered problem.
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Bagin
STEP I:
STEP 2:
STEF 3

Get all data and parameter values.

Generale initial solutions with GRASP algorithm.

in base of 10 and create first position vector { X} ={x,..
STEP 4:
fo—xb(n1)- .1-_,,.] . Then go to STEP 6.

STEP 5: Update V. for particle » in iteration & with v}, =

the mtenah O—xk (n1)—x :l :
If v} < (0—xk ]
Lf_: = rand = I::D— \Jl " 5
If vt = (({n—1)—x%)
v =rand = ((n-1)—xh )
Then go to STEP 6.
STEP 6:
STEP 7

transform it an active schedule and Calculate

(Local Search: Intensification and Dviversification .
For v, iteration of this step do:
Reverse a randomly selected disjunctive arc that
corresponded o S,

STEFP 8

Transform obtained S Lo an active schedule

If €. (5, _ )= Cuul5,)
S, 5 __
End if
End for

Generate first velocity vectors. For particle r select ele

Flwvy ' Fanipy, — )+ enipy — a0, @i such that v,

and calculate C,

For each generated solution convert job order on each machine § via factorial base transformation into a number

.x}, | 3 for each particle r.

ments of vectorV,' = (1},.....v}, | randomly from interval

be in

Update X, for particle » in iteration & with "' = |_x*. + v J .
7: Convert X}™to a solution with preference list-based re pr‘cwnt‘ltlon via factorial base transformation and then
of it. Then Save # active schedule in §, and S,

located on the critical path of the disjunctive graph

e [ 5.,

J):

STEP 9: Update X", %r according to 8, via factorial base transformation.

STEP 10: Update
STEP 1 1: Check the termination conditions.
If conditions is satisfied
Get the active schedule corresponded to P,
Else go back to STEP 5

STEP 12: Intensify §° with procedure of STEP 8 and repeat it N,

STEP 13 (SA procedure):

"+ call it 5

F, foreach particle r. Also update P, for all particles.

and calculate C, (57) . Then return 57 and Cp (57) ¢

otlimes. Thendo 8"« 5", §" «— 8" . T« T,.

While (repetition number of this procedure is not greater than L)

Transform §° to ST with local search of STEP

i:=cmnl:s:ew:l_cmu[s']

IF Com ()< G [ 57 )
5 .
End if
Else generate » a random number in [0,1]
s
Fr<e T
5
Else §7 «
End else
End while
T al. 0<@x=<1;
STEP 14: While (T =T, )
Go back to STEP 13;
End while
Return S as the best obtained solution by HPSO

— 5
5

End

HPSO rg.';g.)gi" Sl oS al F ISl
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W 33 33 33 33 33 33 33 33
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Wmax
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T, 0.1 0.1 0.05 0.05 05 0.2 0.05 0.1
a 0.983 0.985 0.985 0.99 0.983 0.983 0.983 0.983
L 100 120 140 200 100 100 160 110
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FT06 6 6| 55 68.6 24.73 82.6 50.18
FT10 10 10| 930 1244 33.76 1326.2 42.60
ABZ6 10 10| 943 1181.2 25.26 1322.4 40.23
ABZ7 20 15| 656 857.8 30.76 1083.4 65.15
ORB2 10 10| 888 1096.6 23.49 1278.8 44,01
ORB9 10 10| 934 1236.6 32.40 1443.4 54,54
YN2 20 20| 909 1198 31.79 1493.6 64.31
YN4 20 20| 970 1328.2 36.93 1522.6 56.97
LAO5 10 5| 593 662.2 11.67 782.8 32.01
LA10 15 5| 958 1083.8 13.13 1315.2 37.29
LA15 20 5| 1207 1464.6 21.34 1523.6 26.23
LA21 15 10| 1046 1395 33.37 1571.6 50.25
LA29 20 10| 1157 1529.4 32.19 1781.4 53.97
LA40 15 15| 1222 1495.4 22.37 1769 44.76
70.00 —— GRASP
60.00 e Random
50.00
¥ 40.00
&
& 30.00
20.00
10.00
0.00
W O W~ NN S DO nm O O
PCcaalezszxIIIII
: : L T O O — _ d d d d Jd

olai clils> 9 GRASP iy oIl 1 Jolo geylis dunny i .5 S
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Particle Swarm Optimization

PSO-SA

HPSO

Size |BKS| pezzella&
Prob. -
(Opt.) Merelli (2000)

Xia&Wu (2006)

Time| p | BeS |Average

Gap

(%) Cmax | Time

n xm Cmax

Cmax | Time G G
Gep oAl OO | (o) | e

(%)

ORB1 |10 x 10| 1059 | 1064 0.47 | 1059 334
ORB2 |10 x 10| 888 | 890 0.23 | 889 182
ORB3 |10 x 10| 1005 | 1013 0.80 | 1020 297
ORB4 |10 x 10| 1005 | 1013 0.80 | 1006 141
ORBS5 |10 x 10| 887 | 887 0.00 | 887 404

0.00 [ 1059 43 11 23 000 128
011 | 888 24 2 43 000 230
149 | 1013 49 16 64 080 320
0.10 | 1006 42 5 31 010 142
0.00 | 887 37 8 52 000 045

ORB6 |10 x 10|1010| - 1010 337 0.00 | 1010 51 3 15 000 031
ORB7 |10 x 10| 397 - 397 336 0.00| 397 73 18 73 000 022
ORB8 |10 x 10| 899 - 899 340 0.00| 899 56 9 12 0.00 0.56
ORB9 |10 x 10| 934 - 934 365 000 | 934 68 16 37 000 037
ORB10|10 x 10| 944 - 944 351 0.00| 944 79 13 26 000 042
Average Gap (%) 0.4579 0.1705 0.0896 1.0530
No. of Instance 5 10 10
No. of BKS Obtained 1 7 8
1.60 —4—TS5-5B
3 140 —~@—PSO-SA
g 120 HPSO
O 1.00
0.80
0.60
0.40
0.20
0.00 s mm  mm e ww e
oqg’goqﬁ'@

ORB bl gl p aouge ylaie LHPSO ¢ PSO-SA TS-SB

ok FUgaz 0 ABZ o FT Ll aiws o bgy e mls cul
TS SB vu,sl bz 5l Jols polie (s aslie.canl ools
ABZ 4 FT Jiluw sl BKS ,0lie LHPSO 4 PSO-SA .SB
5 HPSO 5,631 o ,Slos .ol oas ools ylas A S ,0 58
oo 03,51 V Jgaz ,0 LA Jluwe atws slp a6l L
B HPSO o,551 a5 sims o oylid sael sy mlis .l
5 lo dged blawo 5l e0b; ao 0 sl |y BKS jlade a5 col
Ol sl 1885 1 65zl S v 3l 58 blee ples gl
A a el s i oSl plo b anslae ;o Bl as o
JLIR I VY ECOPR VR P PSR & SR S BRVWSS E W
kS o a3 iy e 5 et i S sl
Dlae J> ooy ol Jle 55 ggamme 50 sl Cawas slaols>
, [Vl PSO-SA 5,651 & s HPSO o,681 Lawsgs

5951 A ool Caway y0lio VS duwns Lo .Y S

Sloz cp e 4 aS) 61, PSO wnl 3 sl oY Gla,l S5 as o
Jade e O ahold Lol ool 00 4] Pt OFw )0 dus 355
O Aols men g BKS Jlaie § HPSO Liwgs sowl cawss
e g 1zl L Ve o HPSOLuwgs eswl cawss polie (nSile
odw] Cawds @l .l sdel Jglax oleiil e g 0 BKS
ol el oals ool las F Jgaz ;0 ORB Lilewe atws (sl
Dl Jo ooy o dmolio londs annlio & U 0 gl
ool 03,51 O Jgaz ;0 YN blue g1y ol Cowsy mlis .ol
oads all ¥ UKo 0 blee cpl slp BKS olie L HPSO

! Percent of needed Iterationsin PSO procedure to reach to the best
solution of PSO
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E 400
— 350
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€ 300
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100
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Size Yamada & ;
Time Best |Average
Praob. BKLB | BKS| Nakano (1G922F), Cmax | Time!  of ((I;(I)) GAP GAP
n xm Cmax SA (%) (%)
(%)
YN1 |20 x 20| 826 886 967 9.14 886 123 45 65 0.00 2.15
YN2 |20 x 20| 861 909 945 3.96 945 117 51 58 3.96 4.36
YN3 |20 x 20| 827 893 951 6.49 893 151 57 72 0.00 1.25
YN4 |20 x 20| 918 968 1052 8.68 968 148 43 438 0.00 472
Average GAP (%) 7.0688 0.9901 3.1200
No. of Instance 4 4
No. of BKS Obtained 0 3
10
— 8
S ==GA-G&T
2 6
o =-HPS0
0 4
2
0 i
YN1 YN2 YN3 YN4

YN Jslano 515 BK'S y3olin LHPSO g GA-G& T i 19531 55 31 ol 0o G331 dunn lin A JSCis
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fr Particle Swarm Optimization
bott?:rlgtl:lllg(SB) TSSB  |HGA-Param
PSO-G&T PSO-SA HPSO
Size Pezzella &
Prob. BKLB| BKS - | Gongalves et | Sha&Hsu ;
Adams et al. (1988) Merelli . (2005) (2000) | Xia&Wu (2006) Time Best |Average
(2000) ' P
Cmax Time of | .1 Gap | Gap
5 Cmax | Cmax | Gap(%) | Gap | Gap | Gap | ime| G sa | %) | ()
n m Bl s | san max ) max @) max| ) max| Time %)
FT06 6 |x| 6 55 55 55 0.00 55 000| 55 000| 55 0.00| 55 1 0.00 | 55 1 0 5 0.00 0.00
FT10 10 | x| 10 930 | 1015 930 0.00 930 0.00 | 930 0.00 | 930 0.00 | 930 142 0.00 | 930 28 4 57 0.00 246
FT20 20 | x| 5 1165 | 1290 1178 112 | 1165 0.00 | 1165 0.00 (1165 0.00 |1178 21 1.12 | 1165 25 3 43 000 261
ABZ5 10 | x| 10 1234 | 1306 1329 7.70 | 1234 0.00 - - 1234 330 0.00 | 1234 41 8 14 000 0.74
ABZ6 10 | x| 10 943 962 943 0.00 943 0.00 - - 943 158 0.00 | 943 31 5 23 000 053
ABZ7 20 | x| 15 656 730 710 8.23 666 1.52 - - 666 4332 152 | 666 121 35 46 152 4.23
ABZ8 20 |x| 15 | 645 | 669 774 716 7.03 678 135 - - 681 4356 1.79 | 681 105 24 74 179 364
ABZ9 20 |x| 15 | 656 | 679 751 735 8.25 693 2.06 - - 694 4374 221 | 694 117 18 63 221 357
Average GAP (%) 4.0399 0.6164 0.0000 0.0000| 0.8304 0.6909 2.2225
No. of Instance 8 8 3 3 8 8
No. of BKS Obtained 3 5 3 3 4 5
10
8
——5SB
X 6 —8—TS-SB
o
S 4 PSO-SA
2 i HPS O
-
0 = S
FTO6 FT10 FT20 ABZ5 ABZ6 ABZ7 ABZ8 ABZ9

ABZ §FT Jsluo 51y BKS polic LHPSO 4 PSO-SA TS-SB SB ot 651 sl 51 ool 9 dlie S dun Lo N0 Sl

LA A g0d &Lm.c LS‘)'! sdwl Cowdy C.vl.o A Jg.\a

Shifting bottleneck TssB HGA-Param ACO Particle Swarm Optimization
(SB) Best PSO-G&T PSO-SA HPSO
i Pezzella & : - .
oo, Size (gﬁts.) Adams et al. (1988) |2/|Zgoe(|)|)| e?glr.‘célc\)’o?) RO»‘E O%?I)Dml Q"I(E;gcogw x(;az)%\é\;u . i et vered
nxm énBaIx Srg?lx Ggg(lf’) Cmax ((3;3 Cmax ((";S Cmax ((3;3 Cmax ((353 Cmax| Time ((355

LAO1|10x 5| 666 | 666 666 0 666 0 666 0 666 0 666 0 666 2 0 666 3 0 5 0 0
LAO2|10x 5| 655 | 720 669 2.14 | 655 0 655 0 665 153 | 655 0 655 3 0 655 3 0 47 0 0.45
LAO3|10x 5| 597 | 623 605 1.34 | 597 0 597 0 597 0 597 0 597 5 0 597 4 0 13 0 0.25
LAO4{10 x 5[ 590 | 597 593 0.51 | 590 0 590 0 598 1.36 | 590 0 590 3 0 590 5 0 15 0 0.1
LAO5[10 x 5 593 | 593 593 0 593 0 593 0 593 0 593 0 593 2 0 593 1 0 11 0 0
LAO6|15x 5| 926 | 926 926 0 926 0 926 0 926 0 926 0 926 5 0 926 2 0 19 0 0.24
LAO7|15x 5| 890 | 890 890 0 890 0 890 0 890 0 890 0 890 5 0 890 5 0 12 0 0
LAO8|15x 5| 863 | 868 863 0 863 0 863 0 863 0 863 0 863 5 0 863 9 0 15 0 0
LAO9|15x 5| 951 | 951 951 0 951 0 951 0 951 0 951 0 951 5 0 951 2 0 23 0 0
LA10{15x 5[ 958 | 959 959 0.1 958 0 958 0 958 0 958 0 958 1 0 958 1 0 25 0 0
LA11|20 x 5| 1222 | 1222 1222 0 1222 0 | 1222 0 1222 0 1222 0 1222 4 0 1222 6 0 21 0 0.32
LA12|20 x 5| 1039 | 1039 1039 1039 O | 1039 0 1039 0 1039 0 [1039 12 0 1039 7 0 32 0 0
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Shifting bottleneck T8 HGA-Param ACO Particle Swarm Optimization
(SB) Best PSO-G&T PSO-SA HPSO
i Pezzella & . - .
orop. Size (BOE f) Adams et al. (1988) 'E/lz 30% |) i e?;’jiglggg) Rogoﬁﬁlnl Sh(a2 gogw X (| ;gz)\é\;u - | e o
Cmax | Time of GAP | GAP
Cmax |Cmax|Gap(%6) Gap Gap Gap Gap ) Gap SA 0 (%) | (%)
n xm SBI | SBII | SBII Cmax %) Cmax %) Cmax %) Cmax %) Cmax| Time %)
LA13]20x 5| 1150 | 1150 1150 O 1150 O | 1150 0 1150 0 1150 O (1150 4 0 1150 5 0 22 0 0.73
LA14(20 x 5| 1292 | 1292 1292 0 1292 0 1292 0 1292 0 1292 0 1292 2 0 1292 4 0 41 0 0.38
LA15(20 x 5| 1207 | 1207 1207 0 1207 0 1207 0 1212 0.41 | 1207 0 1207 11 0 1207 10 0 35 0 0.32
LA16{10 x 10| 945 | 1021 978 349 | 945 0 945 0 961 169 | 945 0 945 127 0 945 17 1 33 0 0.24
LA17/10x 10| 784 | 796 787 0.38 | 784 0 784 0 787 038 | 784 0 784 127 0 784 23 2 29 0 0
LA18{10x 10| 848 | 891 859 13 848 0 848 0 848 0 848 0 848 127 0 848 22 1 34 0 0.17
LA19{10x 10| 842 | 875 860 214 | 842 0 842 0 850 0.95 | 842 0 842 127 0 842 21 4 43 0 0
LA20{10x 10{ 902 | 924 914 1.33 | 902 0 907 055 | 907 055 | 902 0 907 127 055 907 19 2 36 055 124
LA21|15 x 10| 1046 | 1172 1084 363 | 1046 0O | 1046 0 1088 4.02 | 1046 0 [1047 387 01 1046 31 4 69 0 0.56
LA22|15x 10| 927 | 1040 944 1.83 | 927 0 935 086 | 986 6.36 | 927 0 927 863 0 927 45 6 54 0 0.35
LA23/15x 10| 1032 | 1061 1032 O 1032 0 | 1032 0 1032 0 1032 0 [1032 92 0 1032 18 1 71 0 0.43
LA24/15x 10| 935 | 1000 976 4.39 | 938 032 | 953 193 | 970 3.74 | 935 0 938 766 0.32 935 57 8 37 0 0.89
LA25/15x 10| 977 | 1048 1017 4.09 | 979 0.2 | 986 0.92 | 1003 266 | 977 0 977 95 0 977 12 0 28 0 0.51
LA26/20 x 10| 1218 | 1304 1224 049 | 1218 0 | 1218 0 1252 279 | 1218 0 [1218 89 0 1218 15 0 74 0 0.62
LA27|20 x 10| 1235 | 1325 1291 453 | 1235 0 |125 1.7 | 1299 518 | 1235 0 [1236 1415 0.08 | 1236 87 14 65 008 21
LA28/20 x 10| 1216 | 1256 1250 28 | 1216 O | 1232 1.32 | 1289 6 1216 0 |[1216 476 0 1216 61 17 49 0 13
LA29|20 x 10| 1157 | 1294 1239 7.09 | 1168 0095 | 1196 3.37 | 1241 7.26 | 1163 052 | 1164 1442 061 | 1168 98 34 7 095 246
LA30/20 x 10| 1355 | 1403 1355 O 1355 0 | 1355 0 1358 0.22 | 1355 0 [1355 94 0 1355 16 1 82 0 0.26
LA31/30 x 10| 1784 | 1784 1784 0 1784 0 1784 0 1784 0 1784 0 1784 56 0 1784 112 73 37 0 0.16
LA32/30 x 10| 1850 | 1850 1850 O 1850 O | 1850 0 1850 0 1850 O |[1850 56 0 1850 96 61 51 0 0.54
LA33(30 x 10 1719 | 1719 1719 0 1719 0 1719 0 1719 0 1719 0 1719 62 0 1719 123 85 48 0 0.22
LA34(30 x 10| 1721 | 1721 1721 0 1721 0 1721 0 1721 0 1721 0 1721 73 0 1721 164 99 39 0 0.67
LA35/30 x 10| 1888 | 1888 1888 0 1888 0 1888 0 1888 0 1888 0 1888 100 0 1888 181 113 40 0 0.76
LA36(15 x 15| 1268 | 1351 1305 292 | 1268 0 | 1279 0.87 | 1314 3.63 | 1268 0 [1269 2473 0.08 | 1268 91 21 43 0 12
LA37(15 x 15| 1397 | 1485 1423 1.86 | 1411 1 1408 0.79 | 1466 4.94 | 1397 0 1401 2512 0.29 | 1397 102 32 35 0 0.45
LA38(15 x 15[ 1196 | 1280 1255 493 | 1201 042 | 1219 192 | 1284 7.36 | 1201 0.42 | 1208 2586 1 1201 85 14 28 042 095
LA39(15 x 15 1233 | 1321 1273 324 | 1240 057 | 1246 1.05 | 1291 4.7 | 1233 0 1240 2492 057 | 1233 83 19 57 0 114
LA40(15 x 15| 1222 | 1326 1269 3.85 | 1233 0.9 | 1241 155 | 1273 4.17 | 1224 0.16 | 1226 2534 033 | 1224 114 43 52 016 236
Average GAP (%) 1.4597 0.1091 0.4209 1.7481 0.0275 0.0980 0.0542 0.5593
No. of Instance 40 40 40 40 40 40 40

No. of BKS Obtained 13 33 30 19 37 30 35
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