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Abstract  This paper presents an efficient hybrid simulated annealing algorithm for three dimen-
sional container loading problem (3D-CLP). The 3D-CLP is the problem of loading a subset of a
given set of rectangular boxes into a rectangular container so that the stowed volume is maxi-
mized. The algorithm introduced in this paper is based on three important algorithms. First,
complex block generating, complex block can contain any number boxes of different types, which
differs from the traditional algorithm. Second, basic heuristic, which is a new construction heu-
ristic algorithm used to generate a feasible packing solution from a packing sequence. Third, sim-
ulated annealing algorithm, based on the complex block and basic heuristic, it encodes a feasible
packing solution as a packing sequence, and searches in the encoding space to find an approxima-
ted optimal solution. 1500 benchmark instances with weakly and strongly heterogeneous boxes
are considered in this paper. The computational results show that the volume utilization of hybrid

algorithm outperforms current excellent algorithms for the considered problem.

Keywords three-dimensional container loading; heuristic algorithm; simulated annealing algorithm

Wehe H 391 :2007-12-05; Fe AAE BORG CE) H 1 :2009-10-14. 3R ABE . 55, 1971 4F A4 i+, @l 382, = RHF 5807 v 0 3 H 558 6E L 4 b Ui 42
. E-mail. dfzhang@xmu. edu. cn. 8 98,55 1984 4F 7k WL B 50 4  E BRI 7 1k T 1 S0 RE. SRS, L 1968 4R, SRR L 12k
SO, 3 B S AR LA S LA DA [P ACRE ] 5L 1936 4 k- S0 o B TR B B WA R A TR B



2148 it =N HL % EiNd 2009 4F
G R TR R AN BUSE Y, PR e & =K A T 1k R
1 51 = Ry FRASAIE 5T RN S5 B W A9 R AR OR L TR I IR 2

S ) FUAE 90 500 Tl A as gl b A i £
. R FE 238 0% 1) <81 R 2R T A 24 A 24 R A AR
— A P 2R ] SR fifp B 1 A 0D PR L Y 2 R AR
R T A B E LA A . S B g R ) 2R A ) A
A AR R B bR fRE R 2 0, X 5 80T A [ Fh
426 44 7] 831, Dyckhoff Fl Finke " #E3& 1 7~ [a] 2 #
(18 25 4 i) R0 % A S 11 B1) ) i) JBE. A S Joip Ak L 11 = 4
A ) R B A ) A b i — 2, AT DAUJE S qk e X
.

95 — A GLIRF R V) Rl — FR 50 5 2 2011
T T A2 R T I ARAR A2 K Oy k. [m] By H A2
B — S PIAT RS 0 7 S AR A R 4 e A
BARMBEIT AR/ PSR 7SR S Ry
RE Y, BB 70 R R 0T B A9 K, X L R R AR Y 2
S/V %100 %. Al 47 HCE 7 S ERCE W R T 3 4
A

(D AR T 00058 2 & R 2 .

(2) A T A B 206 3 B A 1 AS BB B A L &

(3) AT e B 46 1 LA 5 28 28 P47 1 5 2Lk
. RN AR R

FE SR N R B A ) R AR 2 Y A
AL R AT A2

(CDH FIm4H

TEVE 2 N H - BB 30 5 ) 29 . a2
o, BT RAE M 1 ULk DL B R
VB Ay B T I 2 R T R T L 7 B b R O T
AAET I 3 4500 A Jy i i

(C2) REHEL R

FEVE 22 N R R ) A 38 3 3 Al v s 28 0
S R ARE M . X B R R A T
RS B 25 4 IS TP s HE Al 700 SO At R U AR
SR 2 A Bk R A T RS

e R U AR SC I T S A AR A A
Yy AT

JRRAT 3 250 HH [R) 5 HLJ 1) 249 ot A ] 1) 46 7 Bk
Wy ) — 2 AL LA — 4 28 780 1) 2he G ) R0
Sk [F) Ky 25 465 1) B A D B LR A 7 28 R L 4 o 288 7
B 2 1) A ) R R M 55 S 4 2 A ) L o8 S
A 2R [0 0 00 A 1/ 22 A 1 2 R L g 28 AR B L A
RS0 AR A B R 2R A ] L

A ) 8L NP-Hard o] 00, SR F 206 4 ] f 1)

il DB A B X T AR ) L —
SRR I I & ORI B R X = YR A A e R
Ngoi'™ LA J¢ Bischoff"*! 4 # Hy T — b )5 & U5k
I T He = YR S T R R 5
W LIS % SOk 10-11]. Gehring! "™ 48 4R 75 T 35t 1%
B4V TR 2 A R) b i . Bortfeld el 48 43 il 41
AR I R DL R A AL R i 1k IR AT A Y it
&M Gehring™™ 2542 14, Bortfeldt!® 25 35 1y
THATAMEE B RE D Lim SF48E T — N80
Ja &L Moura S48 T —ANBEAL A 35 R
kB P GRASPM Y, BischoffH" 3t T — 4~ -3k &%
MSBBE RN 4 T —DF i a &5
7. Bortfeldt™ #2115 F 43 3 REE M — A3
IR ] PR 2 3 X0 = A A ) R Y o AR
TSR 25 R R R B S AT AR AR R
TN RO R A — SRR ) B B 3 R
SCHR AT WFFE 23 B TR0 03 e 2X0R0 12 0 M the = 426
6 W) R0 B0 A 80 9 i EL A B )R AT R
R Fi 1o 2hE A 0] 80 ik 1) Jo 1L SOk 24 R A T
BN T A A ) 8 SR i SR B L BB e AR
— MR E R B B R E R BLUR &
L XS O A 17820 B U T AR ROR.
—SERIF SR R 3 R S U SRR KR
VRGBT ROR A R A ) LA L 2 — T AR
SCH SR N Z4ERA M R POk AR T TR S
PRy ME& e 25t — Ak T U s ik B )3 R
A IR E R Z 8 R AU AR UL R SR A 4
B AR A O = AR Tn) RO R 5 SRR
XF T 1500 A 55 55 44 F1 5 53 44 1Y 2 A48 0] 28 I 3 fr) 1
AR R R A ST A A R X T A S
T TR) R T B B 12 o i A DN A 3] ) L 5 A 0
SUNEIS RIS SO /g e

2 ETREHFMEMBENXTTE

Sl a3 e 07 ik 2 T B BB AR R R ORI A
B ADLIR KA Y ke S e 5 T IR R A B B
Y«

(D BB R . AR T B A 5 % A
SR 8 BRAASCAS I o To) — 98 1) ) ] Ao 46 14 A1)
iy B, b A h 2 AP AE TR A A L AU
B — PP e FRE T A8 T RO WA e AT LAAS TR R R



11 TR B 4 SRR = AR B ) ALY R S AR K Bk 2149

N T REAMAIRFZE WA 5, 5 HnT DL & b
AN 2 A 25 B S5 B g L A A g O AT
TEHE B P H 1 22, o folf B 008 R BB A TR AR
FIEE I IR T % 3000 B WA KR T T A

(D B RAERT . R EEZ - REF
Sk A LG 5 2 B30 e v A R 4 R AU
B e — AT B R B S T8 3R N I R R B —
A VEHE. B UG F A R A A A A A B B
2 B0 TR 4% S [R5 2 A 1 R BRI HE 81 A T
FrHa) 3 L 0K T 4 B 280 91) Ok 0B R T A 266 80k
SRR R B 78 25 ) HE T U0 LAE R — 2P AR 3. i
A 5 S, FATT AT LA 37 2 3 9 FCE D SR 2 1]
IRy 555 T Ao P R 00RO AT R T R
ftk.

2.1 HEEN

RO R SCHE R e A — TR A SR AT 45
Bl 1.

2. 1.1 BEACHIEE Ry s 1] AR 1 LA B ) RS 43 4 ik

TE AR )T, 1 7 BT AT 0 ) R 3R J2 15 A b b
AT R IT R AT AR AR g S % A A
HERE ERARKORAEE. ITIH S f 2 — ik
ZE)a T AW oy 2 BB/ AR

A SR 11 2 R A R A ) T AT YL R AR A
) 2 v B R R T IR A ] Herp sy 2 fl3A
TERSE G e, Ly [z iR T ETE 3 MY B
K.

T R e A A AT L Ly s L=
SANBORHAE 3 KM, a5 A A 6] /Y
AH IR AR 18 AR AS TR AR 1Ak BEL A6 5 — A8 2y pe
F8E T AT I H LKA,

PRAEFE AT W] LA 25 s [n) 80 52 451 %) il ik . = oo A
(container sboxListsnum) iR T —> = 455 54 [n] 51
S Horp container WG 4x 25 18], boxList S —
ANAE T 1) 4 E TR A AR T nem W —
AR R AR TR AR TR TR ECH .
2.1.2 Pk

P2 Jik T P B 3 e U0 1 rh A AR B/ B
BBl S 1V 248 T IR 7K. g i b i B A48
TR PR AR R 2R CLL T BLBR T Ik &8 48 14
W C2. REFM I Loy Ly Iz IR =R K
volume HHi3E 3 R 10 5 PR, 98 50 R require
TR T Yow) £ Fh 28 BUAE 7 1 5 SR 2

T HR A A R T A — o aTRE T

R L SCPE TN Re 4k 2L CE LB P, JRATE i T ATk
BT SR i R B ) THU S T LA 4k 252 0 L B A A
D 3 B, AN SR AR R AR 2 5 b A i vl 47
BT . ARG IR ax ay Fem HAK 5.

Pk block Table J& T 56 A 7 1) 42 e 1A B % 7
HEZ ) BT A v] Re B v 3 2% L F 0 oA R E TR A
23 [ R A5 B 2. R, B R0l B A Ak S 3k
LAY T L A T e M Al RS AR A S
2. 1.3 Fgas AL HERR TR R AE T

SEnh g & 2 T xR gl 40 20 R AR . Bk Sk
A 5o B AT Sy IR TR — > ) 3 25 [, 5 R AT
B, e BOCHE 307 9 3 B — A MOl 7R 1% 28 ) R R 3
7825 (8] 970 8B A ) 4% 25 1) Jin A HE AR 25 6 U4l 55
I W R 52 H B AR O A TR B L space-
Stack Fe/m 4323 M HERR B0 i avail 05k % P
PR T HECH.

2. 1.4 BERFH

BTN — A B A oo R xR %
R B — e HR UL B 2 A R F A pss
psLRIFIRTESS b BERR P BN % £R B 5. A ) 3%
UK EL AT B 23 8 2o 2 207 5 1 B AR X R B0 T
FAT AT LAKE K 2 35 5 5, B3 0 A 2 8y 8 A I S
WS ZE 0 J7 ok i U
2.1.5 W} &

— N TR R — S Ay A TR R e AL
(space, block) & 75 ¥ Bt block i B 7€ o 4% 25 [H]
space . JHCE 3 10K B R S % 00 R A A LY
Z% MEAREIN. BT RAT L CRIE T A 25 (A
SR S i e R T ORERAE L A AR TR
R LR CL A C2, 7 LA i AR 2 0 2 29 ) C
1 C2 1.

2.1.6 JHETE

JICE Ty 2R T R 2 AR R R A B A —
AN volume , 371 4 %58 B T 19 SR B I r 1
2R TR R T T 58 B N 23 AR b o€ A B
S UL 7 28 2 R R Y — A RT AT . SRk s & U3k
R IR — > DA 3 5 38 T R 0 — A LR
2.2 REREE
2.2.1 fAi YR AR

fia] B RS2 p ] — 8 i Y () S R ) 6 - M
LI A6 F RIAR T Z A 28 Bt & 1 45 A 20 IE
W — K k. B 1 SR T W64 faf SR (4 491 1
Hrh nxony nz RORTEFGAYEE A F5 nxe X
ny X nz W2 fA] BRI 7 2 1) AR 12



2150 it =

Hl

i 2009 4F

L
£

/ [

|Z|_|_|_|/\/

Yo

nx

\/

ny

J

v
(b)

BT fi ek
] BRI 2R BRI O B A Ak AL G (s
ny ) o HF R HX LAY ] O A SRS B 2 fi ik
TRk
2.2.2 HEBEN
A2 A% BRI T AN i A2 A B BRI A 2 B, AT

algorithm GenSimpleBlock
input (container, boxList, num)
blockTable :={}
for each box in boxList do
for nx := 1 to num[box. type] do
for ny := 1 to num[box. type]/nzx do
for nz = 1 to num[ box. typel/nx/ny do
if (box. lx * nx=container. lx
and box. ly x ny=container. ly
and box. [z * nz=_container. [z) then
add block which have nx,ny,nz box on three dimension
respectively to blockTable.
endif
endfor
endfor
endfor
endfor

sort blockTable into nonincreasing order by volume of blocks.
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algorithm GenComplexBlock

input (container, boxList, num)
GenSimpleBlock(container, boxList, num)
for level := 1 to MaxLevel do
newBlockTable = {}
for each a, b in blockTable do
if a. level = level or b. level = level then
if @ and b satisfied the constrain in x-direction then
add the block combined by a and & in a-direction to
newBlockTable
endif
if @ and b satisfied the constrain in y-direction then
add the block combined by a and 6 in y-direction to
newBlock Table
endif
if @ and b satisfied the constrain in z-direction then
add the block combined by a and & in z-direction to
newBlock Table
endif
endif
endfor
blockTable := blockTable-+newBlockTable
reduce duplicated block in blockTable
endfor
sort blockTable into nonincreasing order by volume of blocks.
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algorithm BasicHeuristic

input (ps, container, num)

avail 1= num
plan = {}
plan. volume = 0

spaceStack =1}
spaceStack. push(container)

index 1= 0
while spaceStack # {} do
space = spaceStack. pop()

blockList := genBlockList(space, avail)
if blockList # {} then

block = blockList[ ps[index]]

index = index + 1

avail = avail — block.require
plan = plan+ (space, block)
plan. volume = plan. volume + block.volume
spaceStack. push(genResidulSpace(space, block))
else then
trans ferSpace(space, spaceStack)
endif
endwhile

return plan
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algorithm SA
input (zs, tf, dt. length, isLinear, isComplex)

if isComplex then
genSimpleBlock()
else then
genComplexBlock()
endif
ps = zero vector with size MaxSeq
plan = basicHeuristic(ps)
best = plan
Lt =15
while t>7f do
for i := 1 to length do
k = random[ 0, ps. size—1]
ps’ = ps
ps' (k] := random[0,MaxSelect—1]
plan” := basicHeuristic(ps’)
if plan’. volume= plan. volume then
ps 1= ps’, plan = plan’
else if random(0,1)<<
exp((plan’. volume— plan. volume) /t) then
ps 1= ps’, plan = plan’

endif
if plan. volume=best. volume then
best= plan
endif
endfor
if isLinear then
t = dtxt
else then
t = —txdt) *t
endif
endwhile

return best
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1 0.01 0. 95 200 True False
1 0.01 0. 96 200 True False
1 0.01 0.97 200 True False
1 0.01 0. 98 200 True False
1 0.01 0.99 200 True False
1 0.01 0. 40 200 False False
1 0.02 0. 40 200 False False
1 0.01 0. 20 200 False False
1 0.02 0. 20 200 False False
1 0.03 0. 20 200 False False
1 0.01 0. 95 200 True True
1 0.01 0.96 200 True True
1 0.01 0.97 200 True True
1 0.01 0.98 200 True True
1 0.01 0.99 200 True True
1 0.01 0. 40 200 False True
1 0.02 0. 40 200 False True
1 0.01 0. 20 200 False True
1 0.02 0. 20 200 False True
1 0.03 0. 20 200 False True
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Gehring S5 7E SCHRL 12 J42 i 19 GA_GB 535 fl Bort-
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H_BR! Cl 1 C2 83.79 84, 44 83. 94 83. 71 83. 80 82. 44 82.01 83. 50
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L % L] Cl1 82. 89 83. 64 83. 46 83. 40 83.57 83. 33 82. 74 83. 29
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RS5 EMEEMNERMOTNIETRILE
S 3% 0,
i 51 3k kg
BRS BRY BR10 BR11 BR12 BR13 BR14 BR15 1y
FiF I 28 30 40 50 60 70 80 90 100
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Minimum Maximum Average Minimum Maximum Average
BR1 3 6.02 74.39 20. 33 86. 62 97.57 93. 80
BR2 5 12.13 99. 97 35. 68 88.03 97.28 93.94
BR3 8 17.67 209. 63 59. 00 90. 45 96.52 93. 86
BR4 10 20. 64 224. 39 75.05 90. 74 95.72 93.57
BR5 12 30. 28 216. 25 80. 63 90. 95 95.02 93.22
BR6 15 26. 45 244.53 88. 89 90. 86 95.19 92.72
BR7 20 42. 56 267.58 101. 52 89.93 93.78 91.99
BRS 30 144.51 448. 41 261. 87 88.61 92. 34 90. 56
BR9 40 142. 50 608. 34 276.12 86. 62 91.51 89. 70
BR10 50 160. 65 640. 53 288. 90 85. 50 90. 68 89. 06
BR11 60 171. 81 536. 10 287. 25 85.08 90. 54 88.18
BR12 70 184. 23 596. 34 306. 36 85. 06 90. 17 87.73
BR13 80 206. 16 549. 75 307. 68 84. 04 88.72 86. 97
BR14 90 206. 28 471. 36 305. 82 83.78 88. 43 86. 16
BR15 100 202.08 486. 84 301. 26 82.71 87. 25 85. 44
Mean 39.53 104. 93 378.29 186. 42 87.27 92.71 90. 46
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lem, which are the most important part of automated packing
and timetabling software. The project team has designed
some efficient algorithms for SAT problem, the circle pack-
ing problem, the rectangle packing problem, three-dimen-
sional packing problem and Timtabling problem, some re-
sults have been published. The fundamental aim of this paper
was to investigate three-dimensional packing problem and to
develop state-of-the-art algorithms that could be used in an
industrial field. The paper belongs to one of the key parts of

the project.



