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A Hyper-heuristic Approach with Dynamic Decision Blocks for
Inter-cell Scheduling
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Abstract In this paper, the inter-cell scheduling problem with a transportation capacity constraint is analyzed. An
ant colony optimization (ACO)-based hyper-heuristic with dynamic decision blocks is proposed, which selects appropriate
heuristic rules for production and transportation simultaneously. On the basis of traditional hyper-heuristics, a dynamic
decision block strategy is proposed, in which several entities are grouped into a decision block under the guidance of
pheromones, and appropriate heuristic rules are selected for each decision block. Comparisons between the proposed
method and other hyper-heuristics with different decision block strategies are conducted. Computational results show a

satisfying performance of the proposed method in minimizing total weighted tardiness with less computational costs.
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P11, FHPPER 9 il xR, 4 (1)
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3 KB5S

b T % E DABH SE AU PERERTTT S 80%,
ARICHAT T Z AR L SE S, (B S8 R A JAVA &
=S, i84T7E 3.10 GHz Core i5-2400 CPU, 4GB
RAM 1 PC HLE.

3.1 SRERIt
FEI i RE 1 52 IR A5 B0 T B ) AU g, H
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N A IR B PERE PR SR AR D0 H
PR EUE TWT, #2800 (1) tHE A4, 5 TWT A
KM TAFZ B d; 1%5K (26) BEAT AT
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Hodr oy J& LA 4 W RATR], B A S n) @i 152 B
HTAEFN L 2L, Nt r, =05 37 piy 2T
TERTIEALAS RN TR p; BSAT, ko As 67
WA 7, RTINS SR, BRARUE 6.

SEEG LR 20 AANFR /NP FARE, HLESFN T AR AH
KIBYEMBUEMLR 1 o, BB MRIEL 1 11
ZHBENL A 10 ARG, X BEASAS R )
A BIEAT 5 UOMSZ I B, BRI ) R
H pnimmngens B8, Rz i)l b 5 n,y
AT no EIE 2! ns /I\$ﬁ

R AR H RV

Table 1 Attributes for generating test problems
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T U5, 450]

IR u[6, 120]
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AT LA AL U[2, 6]
AN U[2, 10]

TAE U(0, 1]
TR IR T ) U1, 30]
TR I ) u[s, 50]

AT IR SR AT R, S5 AR A ] il i
FUBL R IR AT U B H AR ek 2 TWT (172
fe, 3L DABH JyvA 5 HAl Ik 2 1] 1) Gap {H i
ATREE T

3.2 BELSR

AT T R A B vk kR A
ANOVA (Analysis of variance) J5 1% MK 1200
XL -2 AR TP AN J7 T EAT 23 4, W 22 A K]
FX VARG H b TWT 152, AT A 2 5092 5
e it e

tHT DABH KH ACO Sk 2, s
BEFEKHET p A ERFREHEEZWE T Q AfE &
FIRPEI KA Tonax 5B RN SRIARAEREAT T
. T ERRER RS Q HEMK, 4 TIX
IEACHE R 5 UL B A E RS R BRIR KA B 7,
IR Q/Tinax TE RN SEIZEL, o Tax BN 5,
p M Q) Tmax WSEIE ST 4 NN, 3L 2 i,
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% 2 DABH 3

Table 2  Parameters in DABH
e pieA ]
p (0.01, 0.05, 0.2, 0.8)
Q/Tmax (0.01, 0.05, 0.2, 0.8)

AU /ME TWT R4k HARE, Kl 4
7N T LR Nl T e A R R A A
+, PlIE T LT 2 A BAEH, K5 &
N TR FIAS B, K 4 R 5 v F H, Y
p = 0.01, Q/Tmax = 0.05 I}, DABH #}E A i
PERe.

100 000
98 000}
96 000}

~ 94000F \
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90 000}

88 000

86 000, L L L L L L L
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K4 B/METWT Hbs T A 7 RN

Fig.4 Influence of each factor with respect to

minimizing TWT
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O,
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Fig.5 Influence of 2-factor interaction with respect to

minimizing TWT
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h = SR H

3.3 SEFESRERMAEILE

T RS DABH 83 rh 3l 2 g s k)] 4 S m
AR, AT SR AL TR A DABH [ 5H5AE
2, A PR PR 5y s S = MO [ (R A R
PR 53 SEMS AT LA, h T ORUE SB[ AP, =20
XoF Lb S 6 SR UM [R] (R)38 4T I TR 4k 6045 1F

1) BN PSR LR TR BE T i — AN Sk

0 BE AR PSR B & — A Sk, K1y
%10 4 DABH-ONE.

S 4% 80 (27) 115 DABH 5 DABH-ONE
Z i) Gap 18, 4 Gapone. HI T H LR,
T 5 SE 0 sz b, DABH 5L E 82 1A 1)
Gap MHIIMH LY 5% (27).

SCOIr€oNE — SCOreépaBH

GapONE = (27)

SCOT€pABH

M, scoreony M scorepapn 73 ML T th SN
¥ 1 69770 DABH ) H ki el 25041

SIS S RN 3 N, LEAS [RRRARE A 3K 1) 85
~, DABH #tF DABH-ONE [tk fig, Gap
SPRME N 11.5 %. IR AL SEU0 0, Bl n) @0 R0 A 1
K, SEARREER 2 DABH-ONE [1)## 4 i K & th
B, R8RS a4 k. 1 DABH AR ¥ ) R
BT SRR 20 45 TS e B AN s B i b
AL — AN SR, s BB N T AR TSR £
5, AH PR G A BEDR D, NS b6/ T %R
2516). ttkal W, DABH-ONE B4R g eyt 84> se ik
PPRAS, (B TR ALK, A LEAH F 44 T
HTHERE S T, LA kAR GE )5 DABH A
L 2.

2) BEAS SRR R U R 0 — 2 sk

TEV B R AR A e SR 5 — RSk, KX Aoy
75184 DABH-ALL. A SCH ) fUE 6 T A4 Hlgs
FINZE=25524k&. DABH 5 DABH-ALL 2 [8] /)
Gap fiich Gapar. W# 3 Fr~, DABH ML+
DABH-ALL 7E°F¥MRE L3ETH T 26.8%. SLH R
B, DABH-ALL &t B4/ T 48 R 25 ), AR 16 2 #F
PERZ BRI, AT g (1) . 1 DABH i id 3
ARG PRI 07 %, MR T2
PE, SARAF ISR TR) A 75 B ) 3

3) BEAHRTEH I L R B ) 2 AN SE A

h T B RS KB AN, ARTTERRT 1) 1 2)
PE ISR BRI o 7 &, R SR L K/ S T
S ERE BUE I R 8] 48, id 8 DABH-AVG. DABH
5 DABH-AVG Z [{]1f) Gap 1Hid K Gapavg. W
3 s, DABH #tt T DABH-AVG 7E Mg L
BT T 14.2%. K 7 HMHBEAT XL, K DABH 5
RS LI Gap HZH T K, Wik 6 Fros.
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Fig.6 Gap values between DABH and
different decision block strategies
ut A

itk 3 5K 6 4RI, NGRS,
DABH-AVG kT [d] (147 &, X F %5 DABH-
AVG s g R/ IE A L. WKL 6 T LUE H,
2 fn] A /NI, DABH-ALL [RIAH % 12k 8 5 22,

He
2 o) R KN, DABH-ONE [ g B 22, 1fiy
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34 E5EFHERRRMA LR

A T H, Vazquez-Rodriguez 251161 5%
HET ISR GA 1 &7k (Dy-
namic decision block GA-based hyper-heuristic),
UM TR A b 29 ) 3 32 1) e, AR S8 LAk 4F DGBH.
DGBH 1 i B2 b i g 3, 5 Brfy s st o0 o+
ANKANANEE ek sfete. 10 DABH &K T sE k%4>
HEAYPER. K747 DABH 5 DGBH (%)
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Table 3  Comparison between DABH and static decision block strategies
S TWT BATHI Gapong  Gaparn,  Gapave

DABH DABH-ONE DABH-ALL DABH-AVG (s) (%) (%) (%)

pdmbe3 0.0 0.0 0.0 0.0 1.8 — — —
plbm8c3 0.0 0.0 10.5 0.0 4.5 - - -

p20m1lc3 0.0 0.0 15.5 0.0 5.6 — — —
p40m13ch 1317.5 1320.3 3363.7 22249 28.2 0.2 155.3 68.9
p50m15cd 4463.4 4717.4 7292.8 5750.6 38.6 5.7 63.4 28.8
p60m16¢5 7853.8 8183.2 10594.3 9416.9 48.9 4.2 34.9 19.9
p70m20c7 7966.6 9736.6 11216.2 9798.4 74.5 22.2 40.8 23.0
p80m21c7 16 504.9 19385.3 19653.9 19137.8 84.1 17.5 19.1 16.0
p90m21c7 8312.6 9853.9 11981.9 9554.0 98.9 18.5 44.1 14.9
p100m25c9 21774.8 26 339.4 25924.7 25197.7 93.3 21.0 19.1 15.7
p120m30c9 41 868.6 45104.2 47292.2 44 605.0 145.2 7.7 13.0 6.5
p140m35cll 43 255.4 47 646.4 47523.0 47284.2 199.0 10.2 9.9 9.3
p160m40cll 53375.9 61 828.7 56 588.8 56 262.8 232.0 15.8 6.0 5.4
p180m45cl3 78761.0 86 352.7 89622.8 83336.1 299.5 9.6 13.8 5.8
p200m50cl5 110299.3 119319.6 119545.3 115330.3 323.3 8.2 8.4 4.6
p250m65c15 155422.9 167271.9 164 193.1 164 003.1 447.5 7.6 5.6 5.5
p300m75cl5 232254.5 255936.0 247079.6 243052.9 514.5 10.2 6.4 4.6
p350m90cl5 303144.1 334 527.3 316 700.5 314 547.5 692.0 10.4 4.5 3.8
p400m100cl5 378489.1 421 689.9 406 151.6 397148.0 798.5 11.4 7.3 4.9
p450m120clb 466 779.7 535080.7 489769.7 486 647.2 1187.9 14.6 4.9 4.3
T 11.5 26.8 14.2
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T ARAE S5 ) o8 PP, S b sz 56 SR AR 1A )
I AR TR R B B ) B FREESCH A 100, 280k 4k
i DGBH 53253247 200 45T 2 (1) i ).

As:¥ DABH 5 DGBH 2 [i] Gap flid A
Gappgpu. LWL R WIR 4 Fron, 46 A A w8
R, DABH £ TWT PERETTTH 39487 T 5.0 %.
EWCSA M T T, B 7 REOR T AE MUERE pd0m25 T
PR 384T 200 ARG .

# 4 DABH 5 DGBH HyM:REEL%E:

Table 4 Comparison between DABH and DGBH
ST WY i Gapoasn
DABH DGBH Il (s) (%)
plOm10 6865.0 7048.0 1.9 2.7
p20m10 26176.0 26 686.8 4.0 2.0
p20m15 37625.0 39070.2 6.4 3.8
p20m20 23791.8 25214.8 9.3 6.0
p25m20 41136.7 44152.3 14.3 7.3
p25m24 62536.8 67871.5 18.9 8.5
p28m25 118 555.2 123994.3 18.9 4.6
p32m25 147 814.5 155273.5 25.8 5.0
p30m30 100600.2 105 500.0 29.4 4.9
p40m25 207 853.8 219031.5 32.2 5.4
FHME 5.0
240 000
235 000 DABH
--------- DGBH

2300001

2250001
= | ™.
= 220 000 -
2

215000

210 000

205 000

200000y L
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IEARIEL
Kl 7 DABH ‘5 DGBH ({8l f2 Lh i
Fig.7 Evolutionary processes of DABH and DGBH
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A EVE. FERRIGE LR, FrT i ORI £ B
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DAL, R A% G 53 b D REAS SE AR BT AT S 1A ik
P AT AL O D RS e SR — R
W, AT SRAG SR AL RE ) 2 B R~ 4. S5
ZERRY], LS RARBAILE, shA R B AE
A TGRS, BT TSR], SR TS
W2 AR ST Bl RN R K T VEA
tt, ACO tb GA HAT A PERE. XM 2 7 1 S I
FET, WGBSR S O B SR A L, RESE A kb 2
B A PPN AN E P, i st 2 Ak I o
FIBE 2 B AR AL BEREAL R R P AT AT .
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