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An improved whale swarm algorithm for flexible job-shop
scheduling problem
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(School of Mechanical Science & Engineering, Huazhong Univrsity of Science & Technology,
Wuhan 430074, P. R. China)

Abstract: An improved whale swarm algorithm is proposed for solving flexible job shop schedule problem
(FJSP) with the objective to minimize makespan based on whale swarm algorithm(WSA). First of all, the
position representation and distance calculation method of individuals were well-designed based on
processing sequence so that the WSA could solve discrete problem such as FJSP directly. Secondly,
cooperating search was introduced to develop “better and near” whale swarm with quality and quantity,
expanding the moving region of individuals. Finally, variable neighborhood search(VNS) based on critical
path was embedded to enhance the local exploitation ability. Numerical experiments and comparisons were
conducted against the best performing algorithms reported in the literature. The results validate the
effectiveness and efficiency of proposed algorithm.
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Table 1 Example of partial FJSP
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Fig. 1 The general frame of Whale Swarm Algorithm
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Fig. 2 Flow chart of improved Whale Swarm Algorithm
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Fig. 3 Encoding of individual Whales
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Fig. 4 examples of individual whales
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12) end for;
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19 end if

20) end for
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Fig. 7 The pseudo code of finding a whale’s “better and nearest” whale

i R) 24 R It EL St Y i £ SR8 W B 408 A 2800E S R A A R R R A L 4R i Bk i 2 R R ik
3.6 MERIHHN

AEE B R A LT AU BRI 0 IBX 28 sl BT TP b B sh 4 /E o AR BENL S g 2 A 43, T
PEEE 1T AT PREE 20 DN H A il f0 8 rp 08 R — 2% H o figt 42 ) 135 A% 2 figt 0 36 (] 20 SCARAN AR Py Py s RIS AE I 2
F5 A MAE R S5 0 75 6a Co L Co o SRJEH PN TR 1T TP XA B 2 T C ) HoAR
W A TAFAE P, RN BT MU BUSE s 8 P /MR AR 2 B & 05 0 L AR BE 28 Tl f C, oy, HRfe I
PR TAFAE Py A1 A B8 AR IS

BETHLAS 2 0 B8 Bl R A . - figt i O B 0T 07 A AR Bt 01 ) AL 4% 20 8 950 20, ik T M AR R A7 728 S, RIVBB AL A= AU
A A0.5, W Ay 55— SCARHL A 2 B0+ B 60 2 AL 4% 5 705 DU PR 45 AR AL . Hedp, C it fn HUOX AR 4R 2 ey T



8 TR K FFHK % 43 %

PP g SEATBE R e 9, TR 1 B & TR 9N AL A P4 AN A 5 C, i f FOW TARAR 1 T8 T i BLAS F
MR TEHE TR 2 Jr s TP A THLER R 3 A 22

4 TREIERRE

TE bR OU AT 5 ) BE Al b Rl R T O B B A 10 28 AR B R Ak, Y SR B £ B S IR 0 R IR R ) . S
A SUARH < 75 R AR R BN R G A R 22 A AR IR . DA A it O i RO () B SR A R AR O R L
B4 B T G 1) i ok AU R R 2 1k R AT
4.1 MEE&RE

PFrEUEIRRS G= (N, A, E)H Balas™™ 42 1, Hr N 2 b 805 B0m) B 19 208 B A1 2009 BUE D g
AR RN AL A b B0 TR ) 5 AR 3 4 R] — T AR AR AR TR B A 1) IR L T A T 22 (8] B T
A E TR — B TS EARA8 T R Z [ A M BOIRAE . E o B S X, H i 4 5 Plds b 59 O
SILRM A, X T HLAR TR — I B T5 58 55 T D A BROIER v X B2 94 X 1) SICE # — 7 1) . — S B2 A
— AT I R B TR 2R R B AR 1R 5 UNT BOICHE D9 BT A A SOOI DT 1) 9 308 56 I 4 i IR PRI AE 28 v O 35
AEATA 1) 3, ELP A e %35 R ARPE 3R WIFR 2 9 — A al A7

Sy HE SRR JBE 7 58 68 IO BRI AT 9 BE sl S A IR AT v A A T B it S A AR T A5 R P A B A
RURA S & 42 B Re 1 32 3l A% I 454 5 AL A% B B0 I AT 55 W 3 458 8 17 7 SBCIR 7 15 A st 40 30 A5 1) 11
e 8 M IE 4 vhith B ASPRE AT IR, <07« 7 AR R TIT AR T ORI ZE O AL, IR S Bt B H
R [ LA I T AL AN TAR S5 46 . BLAs 1 B TAL 55 M {000 b Hlds 2 ERINTAL S B{Ow ). Hlds 3 1
BN TAE 55 (O b LA 4 BRI AR S5 25 0L 5 BRI TAES H{0 .00 ). WAEEHLE 5 L TAL
G HER BB £ R O 0 19 AR AR 18] O o, 3 iR BT O, 45 38 [] H 4R 1 AR 68 B2 B9 A 1] 1, AN 8T 9 e

E N PO
011)_’}2 @g)—@/u
O // 4 O / i
L 3 4y 5 ® B 3 4 5 K
- O—0—@
B8 fxfa BIEKRE B9 & BHEAE
Fig. 8 Disjunctive graph model of whale B Fig. 9 The oriented graph of whale B with direction
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