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An Intercell Scheduling Approach Using Shuffled Frog Leaping Algorithm and

Genetic Programming

JIA Ling-Yun' LI Dong-Ni* TIAN Yun-Nal?

Abstract
algorithm-based hyperheuristic approach with genetic programming is developed in this paper. The proposed approach

To deal with the intercell scheduling problem with limited transportation capabilities, a shuffled frog leaping

develops an improved shuffled frog leaping algorithm to search the combinations of heuristic rules for the addressed
problem. Meanwhile, genetic programming is also introduced into the proposed algorithm to generate well-performing
heuristic rules as an extension to the predefined candidate heuristic rules. Experimental results show that the improved
shuffled frog leaping algorithm is efficient to search the outperforming combinations of the heuristic rules, and that the
heuristic rules generated via genetic programming can obviously improve the quality of the candidate rule set, therefore

providing better performance.
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d) GP1: FIJH GP 7RG NS 1 I 8] &
HE;

e) GP2: FIH GP 7 AR5 NV B2 2 (1IN 8] &
VAR

f) GP3: FIH GP f=AER5&E N LSS 3 (1IN a] 2
R

2.3.3 MR F0FHEER] 5

VL TEUR N BE LB 26 10 5 s 1) 7 ik, BEBE AL
Az RS i 1) R AT [ R ) — A, RN
AR TR R ).

FEH L) SFLA Sk 7290 5 g e 3 1 5 33k
ATHER, LIRR € (80 53 B W EAT Rl . A9 el b
B 3, WM EHAESE 1 AT R AR5 1 A Fb
B, 28 2 ALIRE RS 2 ANFIRE, 5 3 A7 A o 7158
3 ANFPHEE, B 4 AR IR AR ST 1 ANEI . DA
HE, KA 10 75 e B A S5 43 31 3 AR .

% Teekeng Hl Thammanol®! $& H1 ), MR ¥
AR HoF R AFVARLFEE T/ ok o AT PR A7 5 1 AR I R, AR
SCHEH G SFLA B3, R 7 bk 0 A AL, B2 134T
RRRERI 23, A ST ARABLRE 1 B AR SR D56t B i ) fi
B AMLE BRSO, G R, WAL D 1.
Wi 9 Pros P A R AHALEE A 3.

K9 HHUZE G

Fig.9 Example of the similarity of two solutions

Xl T (1 AR

PR 1. BRI, TR EAG AR
FHABURE, FARBLEE A BIMIREE R n AN, Tl 73 e — A
T, Jo n = Fdd i 8/ AR L

TR 2. AR BN S M, FUAD R
L B RBAT ORI 3, BRI 70 450K



944 H | 1k

F {4

41 %

2.3.4 IR FAFNEER] 5

7t SFLA &kh, BpASH B AR AT (5 B
A, BUENEAEA R R T7 ) B TR, T A
FEH 1 o3k 5 1 SFLA S92 AHACUSE 6 Fp ek 47
TRy, T HEERAEAFAER Tm EIR R,
VER T R ) PR P B 22 T M REAT OO VR 2 00
FUAE S PPRE PN HEAT SR, R R WS AN B R ) it et
I ZE R HEAT BB 2T 3031 R, A S ) HAR S A
X EEAEAN Tl P g 30 B D0 AT ey S8 R A A, it SEAH [R]
PrE A A EROU, AL & BT id sk, T %
A7 F P RUNAR AT 8 A R 1385 0 & B B 1), B
R T BER, By DO FRoRE N B 22 i (R A B
AT . AR 10 Pros.

3 4 1 3 21 4
329 1 P29 3 23 11 4 1
(641123 [S5[2[6[1[4]1747]1]

(6121112 [3[4[2[3[1]14[3[1][1]

K10 Bl
Fig. 10 Example of offspring generation

XS i A REAT PR, SR N R B o T
By n AR, A R BERLAR S A AR R A 2
fift.

2.3.5 FEHLILBNFA Path-relinking

h T E SR BN R e R, U SFLA
SEFAE T AR G B SE B3 T b SR e, BB
WL sh #l Path-relinking.

BENL RN A2 04 JRy dse DU AR ) 350 e DG At BE L7
B RN EAT RN L . XA AT TR,
YOO T 7= A P g v JR0 3  F5E, n SRAT SE AL I e e
TR, D) FH G e i A

Path-relinking 1 Glover %5032 21, &—Fhn]
DA i 48 22 o B2 RS 8 R 2 e VR0 T, el
PR 122 P A v oL S A 11°) % A0 2 20 T R e, T
DL e 4 P A s et Al (R A0 1R P EAT TR 5

A CH ) Path-relinking &8 72, #8425 & AL fift
VER T MR, SRR I aa . @ wI4h
il 160) S AR R KA, R S-SRI, 3K FRAL ] — Mk
IEARSEAF RO R T = AR (. ek R A

P kAN REERE, LA SR
ST I REN A B B AR SR AN R ) A s
EA0A

IR 2. (EERE MRS AL E T, BEALIE T
AL B BT ) LA R T A

$IB 3. HEIDE 2, HIEHHRMMS ARk
DAt 56 A AR ], R 120 B8 b ™= A2 (1) 38 Y. B A v 1) e
TN AR .

PB4, R AR E g E R D, A
A Je i e A Ak B, DR 5.

IR 5. AL AR T AR S A R AR,
S T i D) S
3 X5
3.1 gt

A A BOSE K iE 47 48 2.2GHz CPU, 2GB
RAM () PC HL L.

SEBGRA T 12 PSR i A 461, T A4k
AL [4,80] Z [HIBEHLIAE, HLAREELE [17,25] Z 1A
BEALA =, BOCEURAE [4,6] Z BENL 4. FAT
PRI TR BN 5~ 19 Z [0 B HE 5 0 A, otz
) PR 2 B I TR) IR AN 6 ~ 50 22 1) 55 B8 A0 40 AT, T2 %
THMZERN 20, BA TAFIBEEMN 1~ 12 Z 1]/~
A A TR TR (22) 15

K
j = dl ijk (22)
k=1

Forr, dl AT 1, s A B KA S, £
RIS TN 130 py R T AR TR
kBT T ALAS L e /N I ) F) s R

AT 1) RS LR RO ML 8 £ 578 N 23 A a3k 6
P,

H T A SCH e A YT A 7 SE s, i B R Y
i) L, X DL 1) 20 g S0 o0l A ) il i ) A
2 IR 12 Fofril s 8] 1 2 Rk A ST e 2
M. BF80 benchmark, A T 56 iF 5 vk M G,
AN T 5 CPLEX (F0F L. AMES TR 5
A A2 S a0 ) AT TSRS, BB
BILA 52 4 J R A i B 4E S 73 7)) 5 CPLEX #E4T
TR, S SRR, A SRR AR I
G R R RV E S
3.2 BHLS

ASCHR M) SHAG S5 B A% 0 58 53 o B5e e 1Y)
SFLA $03%, Sk AR 2 Z80n] fe ) 1 Rt B s
Wiy, JT AAS SCSEAE BT A T BE R 3R A A 2 Bioy) 22 T
25087 (Analysis of variance, ANOVA). FExf I

X SRR REAT 5 W (1) 2 B AT HERA 1) 7 = 0 i, 3R
TR HILS AL

T4, ST S 2 (Population) . Fh £ =
(Group). Ja# RN (Localtime) JailiH R
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Table 6

Information about machines located in cells

LA 5 /HLEs m/B8IT ¢ G 1

&
=
ci

[N}

=

&
=
ci

w
&
=
ci

N

§4/m17/cA
j8/m17/cA
j11/m21/c5
j20/m21/c5
j28/m21/ch
j36/m21/c5
j40/m25/c6
j48/m25/c6
j56,/m25/c6
j64/m25/c6
j72/m25/c6
j80/m25/c6

NN NN NN R R R R W
[=2 N> BN e I e e S S S N R N

S N S N NN S I <
AR A R A R W oW W W o Wt
S SO NS (S SRS S S
ot ot ot ot ot ot |

7% (Localratio) Path-relinking 4% %% (Pathra-
tio)« EARKEL (Maxloop) 1X 6 MHIESHL, #HiT—
ML RA 2 MKEER 6 NS E0 7 220 HT s
5. MSEES I S ORI R 3 X A
SO FRAE R LA (P > 0.05). PrLA{E
DU )5, 43 0 BOEE 100 A 5.

BJm, HIERME AR . R R A R % Path-
relinking A8 5%, EACREX 4 MEIESH, Wit
T A NZH3 A KBTI 1525

R4, 8 T E/AMEE SR TWT (Total
weight tardness), &2 8 BUAE 7350 4 IR
# Maxloop = 200, F#if ¥ Group = 20, Ja &
AR 57 % Localratio = 0.25, Path-relinking 7% 7 %
Pathratio = 0.01.

3.3 lMEEEXTLE

h T WU ER A S, ARSCSEELT AN L
Bk, SARSCEEATH ESEL:, S 5 REx T =
AR

1) GBA (GP-based approach): W H % 2.3.2
PR IR R, A DL )RR GP A B R
M), A A ST PUAS - 1) (BP TP 2r IR AL HE
1&g T R AL AR R] ) BEATL 3 ORI, AT
R, PRIk S . IX B T TR B, AR B
H5 SHAG #[H, HY 200 X.

2) SBA (SFLA-based approach): FHASSCHEH
Uk SFLA S50 H WA rp g AT 4 2, R ik
KO A G GP A R

3) SHAG: AL 5.

X7 GAP HiX (23) tHEAGH:
ref; — SHAG;

GAP = SHAG,

x100%  (23)

L, ref, A4 GBA 5 SBA 453 H br pR i {H,
SHAG,; Jj SHAG Fif5 H by sk 5.

GBA 5 SHAG #tb, GAP {HIJEH N 4.73 %
~23.05 %, “FIME A 15.89 %. AT E K, GBA
KH T 5 SHAG A A 1 ik B 4, X ui i T
SHAG 1 [ 53k 1) VR B ek Wk 57k vl DA R it 48 &%
WAL R 4. 3F H SHAG sk, fEH K
FUBL T s AT i Ak 39.362 s.

FIL I 3 6 A 48 8 36 FH o5 b 1 R G ek Bk B vk
SHAG #1 SBA AL, ik MWLM & GP /=4
(PRI SHAG 7634V fig b 58 Ll Ak 32 g JU) 4
WU MU SBA & 37 %, XFe 0t iH T
I\ GP =N ] AFEAR R B o8 328 00 )
£, M THEL I PERE.

3.4 mIRESH

5 G R FE TR B  RAE PE E  h F, 54
SR JSE 100 AR L i RS2 5T R 5 A, ELASK AR R AR,
DR b o 2% 1 e DA 2 S8R AT B 08 23 AT A7 A6 AR K TR A
N T RAESERSARE, AT 5 CPLEX (1
X L.

T 1) L A A 2%, CPLEX A6k 05 43Ik 1)
BAERRE I TR (3h) TR, KL, 1EH SN
TS 2 AN EL 3 AN IT NI ) L A
8 LU H, XTI R j6/m6/c2, CPLEX
(Vi LU AR SO 12,58 %o; Ak i) 808 i 1 AN T
£ (7/m6/c2), CPLEX [FZ47 I [H)32 2 i i) _F B
(3h), ACHAER 0.339s, H.Eb CPLEX &I
AATARAL 36.99 %. XF T 51K il @A, CPLEX
TCVEAEIZAT I ) 1 B 4R B AT AT i

H T CPLEX X -4 K 2 #ol k) i, Hk L7
RN ) Y SRAF R AT R, A T R B E R S
RE, AR SO It o] 53 At Ay L st R 2 0 PSR 3 A 4
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#7 GBA. SBA Fl SHAG %kt

Table 7 Comparison between GBA, SBA and SHAG

i AL GBA SBA SHAG  SHAG #f GBA {1 GAP (%) SHAG % SBA f1 GAP (%) SHAG [Z47iii (s)
j4/ml7/c4 9156.4 10771.0 8742.4 4.73 23.20 1.348
78/ml7/c4 14 394.8 18314.4 13655.4 9.36 34.11 2.642
j11/m21/c5 38648.6 43434.8 34004.4 13.65 27.73 4.172
j20/m21/c5 95821.8 114757.4 82043.8 16.79 39.87 7.471
j28/m21/c5 164684.6 190316.8 143412.8 14.83 32.70 9.381
j36/m21/c5 377139.0 427002.8 315435.2 19.56 35.36 13.510
j40/m25/c6 158113.0 190436.6 128492.4 23.05 48.20 16.421
j48/m25/c6 251846.0 300007.4 208558.4 20.75 48.20 22.003
j56/m25/c6 407283.2 499743.0 339499.0 19.96 47.20 25.572
j64/m25/c6 33831.6 402733.6 295323.2 14.73 36.37 31.922
j72/m25/c6 467445.6 557942.8 402147.0 16.23 38.74 37.140
j80/m25/c6 464694.6 550884.6 397006.0 17.04 38.75 39.362

R 232383.2 275528.7 197360.0 15.89 37.17 17.579
# 8 GBA. SBA 1 SHAG X}t
Table 8 Comparison between GBA, SBA and SHAG
i) RASE 7Y SHAG #% SHAG HJizf7 CPLEX CPLEX [igf7 SHAG % CPLEX SHAG %} CPLEX
I (s) NS 1 GAP (%) BT GAP

j6/mb6/c2 218.6 0.201 191.1 443.3 —12.58 2109.95

J7/m6/c2 257.4 0.339 352.6 10800.0 36.99 31857.41

77/m8/c3 539.66 0.373 — — — —

FE, 7y A CPLEX Kfi#, I 5 ASCHEIVERATLIE
B
TEEE R HLAS W BE XS L, PR R e T A
Ay az i B2, DO BLAs T EEEAT P s, AR 9 T
LB, FERBHEA j4/m17/cd B j40/m25/c6
RO HLESMEIR E
Comparison between CPLEX and SFLA with

respect to part sequencing

Table 9

i) R 1Y CPLEX SHAG SHAG X%} CPLEX
ik 11 GAP (%)

j4/m17/c4 21564.0 30029.2 —39.26
J8/m17/c4 32356.0 43937.4 —35.79
j11/m21/c5  55675.0 70673.2 —26.94
j20/m21/c5  142648.0 162373.0 —13.83
j28/m21/c5  208672.0 226 267.8 —8.43
j36/m21/c5  333709.0 350 057.4 —4.90
j40/m25/c6  438285.0 458 490.4 —4.61
j48/m25/c6 556 850.0 542 891.6 2.51
j56/m25/c6  851285.0 762 744.6 10.40
j64/m25/c6  1445203.0 1044731.0 27.71
j72/m25/c6  1819874.0 1177098.0 35.32
j80/m25/c6  2098906.0 1300024.0 38.06

gl 514109.9 514109.9 22.93

i, SHAG % ik1Efe % % T CPLEX, GAP 4
—4.61 % ~ —39.26 %. AHAE [ E A j48/m25/
c6 F| 780/m25/c6 i, SHAG Sik1G 2 i fil B 4,
GAP Jy 2.51 % ~28.06 %. SHAG #iEx% CPLEX
(171 GAP  22.93 %.

FEAL I i B I e AR SRR R T M
F) FRTATL #% T, SR I8 o 5 B AT w3 ISR 10
A LA, CPLEX 78U E I (] iy A 2] 7 —A
S R, 2T SHAG &3, GAP
1.08 %. 1 SHAG 1 LAF3 3 fir A Uk 491 11 k.

S A5 RN, LA R ) AR SCE
FERE /N B AR 1) AN 40 CPLEX, {H B )
R R, A SCEARR RN &, Bt B
ey RIS B ), AR SCEEAE AN B )
AT CPLEX, Fifis i) @l BB K, CPLEX
TCIEAERT (] L PR 2 N SR A3 ATAT AR
3.5 WS

TEWCSIPE 7 i, AR S FE AR & ik B BV AT
TR B, ARSI FE AR A ek R SR A R K 43
R P T SR B EAT T, JERE N T BEALEE
g Fl Path-relinking PP 5ng. M 11 7] DAE H,
FEAVR A i B SVEAE 103 Yol TR e, L TWT
K214 1475000, SHAG 5348 137 & TRGE,
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Table 10  Comparison between CPLEX and SFLA with
respect to vehicle routing
i) AR 1Y CPLEX SHAG SHAG xf CPLEX
AT ) GAP (%)
j4/m17/c4 30365.0 30029.2 1.08
§8/m17/cd - 43937.4 -
§11/m21/ch - 70673.2 -
§20/m21/ch - 162373.0 -
j28/m21/c5 - 226 267.8 -
§36/m21/c5 - 350057.4 -
§40/m25/c6 - 458 490.4 -
j48/m25/c6 - 542891.6 -
j56/m25/c6 - 762 744.6 -
j64/m25/c6 - 1044 731.0 -
372/m25/c6 - 1177098.0 -
780/m25/c6 - 1300024.0 -

T - 514109.9 -
1600000 —
1550000 [-4==-=- e - Sy

= 1500000 k e B e e
&
1450000
e Y L F ke
ik
Kl 11 SHAG HHEARMRASGHEBRIIXT L

Fig.11 Comparison between SHAG and basic SFLA

TWT {2k 1425000 4. SHAG Hik AR S
Sk Wk e W S AR A

XFLE SIS 1) S A E AR 3.2 W T W R, SE
KA 80 AN LA, 25 G L. 6 AN ICHIE A
HEL DA FH 451

Sh RN, AR SCEF SO B BRI AR RS
BB, HERefs B LM

4 g

A SCAETG 18 T B 2R IR 5 B TG R 1R R [ I
2 B T3 Al K A S B, R s e 70 52 BRIV 18 Hn
YRS RO T 15 0 R BE I B R rp ) R T
i E 7 52 BRI 255 BP0 YR E ] AR RS B x i A
WL RSO T e VR B ek b L o A Rl )
JA
He R, W Te R kUL SFLA 0w )2 4
2, R IR ZE R K O, I GP ™ AR
R FE e NG, 296 R W], SHAG A (1 cicidt
(R VE A ek R SV W] LA b4 2 AR S R R U 4 5
HAIN GP AR AT PAAEAR KRR S b el s i iz R

WA, BETHE TR R BE.

EEXRPASCIIBEFE A 2, 38R AR R LA J7 1
ReTFE— IS, — R ALHEER CMS W ITH
BLES I A AL L, RO AL BE— AN T N2
(RRIF 7 Hh m] DL R Ak S 2R IR 45 A, 491 4n o v [] B
AbFR 22 AN T AR LA LA 32 f i R b 7 A R
TCHARSRCT AT, DRSS A r= s by R B AR B
IR Bl sesE, Il an{E Path-relinking I %
B A2 5T, B AR AN [F] I TR] 2 AR slobl 4% 16
BRI A R AR EE, DL — S miae ). ik
b, TATTRF ] R 225 2% il A b REAT AT, A3
TES A7 S IS BT AR ) B T AR SR s s X
ZAh, AT S — R, Rlig i T H 243t
= AR ITHNE REM G — I T o] LUZIE A 3
TG A FRATTHREAE AR 1) AR rhos b e iz i 4 =X
HHATHEST.
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