46 % 6 B 3 ft % & Vol. 46, No. 6
2020 4F 6 H ACTA AUTOMATICA SINICA June, 2020
do 7 — Y AE 55 151 E = = I
K= LA NN ZEMBREE
;rlJ %1.2,3 %j{% 4 %—%# 1,2,3 ﬁél’é;{ 1,2,3 %ﬁ*& 1,2,3 E%Eﬁ 1,2,3

B OF AR T RORME YRR R ) 2 2 WA R L, R EER I T Bk R SR I AR R T R, T
FHIARLOR. ZSE W 3 R BRI 5 129 =S, B A 3 S92 SR B0 R A SEAR RN XY T CTAT R
XZ VAT E YZHAT I 55 2 J208 =3RRI 5 a5 P A 20 323 5008 82 i J2 A BP0 LT ELR e L 2% 26 3 )2
VUSR5 R R 22 AN A8 1 AR B 7E (R 2 $R T80T 17 20 ORI 58 4 SCHE LR IK T3, i 58355K % BR12~BR15 3
B K TE R T I R 5%

KR —YERH, G, ARG, RN

SIS XURE, PR 5, 7T, B, Htky, £ RER. SR =Z4EeM i BN 2 R R BL. A3 bk, 2020, 46(6):
1178—-1187

DOI 10.16383/j.aas.c180795

A Multi-level Tree Search Algorithm for Three Dimensional Container Loading Problem
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DONG Xi-Song"*? WANG Fei-Yue">?

Abstract This paper presents a multiple-level tree search algorithm for the three dimensional container loading
problem. This algorithm generates a loading plan in the box-piece-strip-layer-entity sequence. Hereby an entity de-
notes a loading plan. This algorithm consists of three levels of search tree. The first level is a ternary tree. In this
tree the three branches of each node correspond to filling three layers which are parallel to the X Y-plane, the XZ-
plane, and the YZ-plane, respectively. The second level is a binary tree. In this tree the two branches of each node
correspond to loading two orthogonal strips into a layer, respectively. The third level is a quad tree to search the
best piece. In this tree the boxes of the same kind are integrated into a piece. The proposed algorithm achieves bet-
ter filling rate for BR12~BR15 than the existing algorithms when the orientation constraint and the full-support
constraint are satisfied.
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loading problem, 3D-CLP) W 5 4 il it itk T4
PRIBOCRAR & B AR R A 3, N = 4ERe A8 R A
AT PR B iz S A, 38 W] LA /b i i T BAE
i R R, BRI A 5 RS
AR I R T U 5 A0 )R 19 & (Cutting
and packing, CP)", #HICHE 7T 7] LUIE ] 2 20 t42
80 AR 42 MESCHR (3] A7 2K i 447, = 4ELEAH )
T LA AR S 3/V /18 3/B /O [ CP [ fl.
FRIRSCHER (4] @R 7 K A4k, =4 A i) @
N =Y — B A @ (Three-dimensional single
knapsack problem, 3D-SKP) 8 =4k . — KR 2
JZ A @ (Three-dimensional single large object
placement problem, 3DSLOPP). ##s 3CHk [5] H
5E X, A SCHIEFTIR & 2% B FR TG M2 (C1) A58
LR (C2) M =4EREM H) . 72 H ATt =



6 3 MRS SRR = SRR U 2 SR A R B 1179

PR ) ) STk T, X 228 FR RV P AN 2T

ARSCEERGQUR 5 1 ] 2 [0 o5 — 4 A [
MO FEdt g 28 2 T PRANRUR AR SCHR ) = e A
SERISRBUP YR, 5 3 g A SRR Is AT
BIRIEE R, JRRas RS H AT o S s 47 45 1A
PUBR. B Jm B 4 TR G5 T A SCHEIE IR R PR E
TN B T

1 xRS

3D-CLP 281y NP M7, AAEAE 2 ik
N 1) 52 2% B2 A e SR AR B0 P A% G RS Wl B oK
X, 2 kA “HAEBRIE PR, RiE&
RFEF P REEBD ISR H 8, Fekete 25 25
T PSR AR AZ 0] R RS B 7. 6T SR N o
AL LU A R ) 2R A 10 L, R A 7 2 0 DUAE T 422 52 I (1)
WRF AL, 8 R TIERR R E k. ITF kKA
KB SCHRIRE R fiF 3D-CLP ()3 Rk, %y
ERAR Sy X BIE AT LA ALLT 3 Fi

1) 87 kAT, ERTED RPRE, —
KR MIE, A= DT BRED AR — A 584
(R TT 5, SCHR [9-13] 42 H 177 k] U A 26
Jrik, SCHER (14] M H Z HAE R T, BERT T
HE, SCHR [15] B ATE SRR KBRS S
WA VARG RO ROCR 55— KRR THE, BIE Ak
— N EERRETT R, NEA RS TT &,

2) s kAR5 e KA iE A
LB R R BGR K AR AL B IE B SE Tk,
ITAERAER M 3D-CLP H 52 2 BT SCHR [15-17)
FI 8% 592K i 3D-CLP. SCRik [18-19] 435145
H T — MR g 3D-CLP B2 2 R 71k, STk [15,
18, 20-21] R AR K B N H T 5K i 3D-CLP,
iR [22] 45 H T 3T Nelder-Mead J7 920 & 544
E7ik, HUA$ETE 3D-CLP WM & . STk
[23-24] 45 Hi 3R R 3D-CLP Hon 2B H & P %R
J7% (Greedy randomized adaptive search proced-
ure, GRASP).

3) MR R, MR B R ER TR iR =
YEREAR 0 R, TR T — RS RO SRR SR, SCHR [25]
P T KM 3D-CLP 15 B &%, STk [26] ¥
E A ER i 3D-CLP &E VL. STHR (7,
27-34] # e B T HHE R I FI.

IR TT R E T ok gy, X m K
ERTRAZ AT 6 i

1) BiMit vk (Wall building approach). H4F
fERRER T R — B EHE Y mBs” Ak,
B RTOBNE RS, BT AR AETT TN J7 1R
s G2 A R R A A L DL R B A R, T “hi”

4N BEIEDE - PMIESEEIES. E
Y7 SCHR [17, 29, 32-33].

2) & HEVE (Stack building approach). HAFFE
SR A i T S AR EE KT K
CHE?, PRIXLE M E RIS 5EIIEEA
[F] (1) 02, HERK) 4 > e BT AN 0 M 45 1) B8 ELTHT
R HME R bR K- T 06 200 R0 25 28 1) b TR 7K P T B
G, SCHR [9] FASCHR [16] 1E &2 TIX M7

3) /KFJEH &% (Horizontal layer building
approach). HAFIEE I E T R # T HOKFRK T
PRY) it JZ2 AR, T2 R 4 A4 15 T AN A 0 s L B
& ARERMETT VAT SR [10] FASCHR [26].

4) Yeti&ik (Block building approach). HAF
fE s s B a TAKIE <P Wk, s
“Hor i RSPAHTRD (BT ) BLARIBOT 1) AH 5] 47
RN, K2 B XM E 7 . sCik (7,
19-20, 27, 31, 34] H TR T

5) e YI#IVE (Guillotine cutting approach).
ZITEN 58 VRN K B 5 0 vt F AN TT
Pz (8], DRI 125 RAR YD Y. TR [25) 1E
e BTN TT .

6) &= TIRER 2 R (Caving-degree-
based global building approach). % 5% M4 /%5
&, RN A AR 2 F R E N
R NWPIRER S G = Y QAR ALY E W = €S 54
B B B RO B, TR S ek 37 %=
SCHR [11-13] Y& VAT TIRA R FL, S T
—RIIR.

K2 B B /2 FRTBTT F) 2 ORI SCHE 2R
BRUCEAAL, i — eSOk Y 1 W 2 A 20 R 55
2. SCHR [34-35] SR 1A A s S e AR
. SCHR [30] AISTHR [36] 43 il 52 Hh iy A 3h A e 2
A 2 R SRk, SR [37] SV R i 2 s e
Se M FE RIS A . ANEA K ESCHRAT S 3D-
CLP MR G AL i REHEAT T HIFFE. SCHR [38] £
XA A B AWM SR O ZE R AT R 1) R, 45 1 T A
B B ORI B, STk [39] #15 ike f U1 i)
PR T — M S 2 AR SOk [40) $RH T LB
RZERIRA LSRG, SCHR [41) $2 0 7 —Fh i 280
3D fTEN AL S,

AR 2 SR R S SR S R A AR P
EiE G E MR AL, 530k [32-33) R A
1 EHERERARR S, AR 3 2 ER, 3
R [32-33] FE A MBI EE (BD <857 ), A SCH
A EL3E B B SRR 2 AR SO iR H SRR AR
N2 JEWRZREE W (Multi-level tree search, MLTTS).
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2 ZENEREZ ZHT, E s e =g RSP G, U piece ANRERE

W AZIA T, Mz = 48 RS 30 50 B < 7 1Rk 2
2.1  FZinRRE piece FIBEKTTE). 435I LL XS (piece) « Y'S (piece)

3D-CLP @b LR e — K.
TN L, W, HEEKTERERSC FMn M
TRFET b1, bay oo, by, HES BRRIXLF T,
1o (=12, n)AKAN LN wis BN Ry,
FTb (=12, ,n) FEBN v = Liwh; . F 0-1
W& 2l 2wy~ zhy RARFET b (1=1,2,--- ,n) K
T A SR R (0 RARA Y, 1 B

), 4

e
R

C=(L,W,H) (1)
B:{b17b27"' 7bn} (2)
by = (Li, ws, hy, uly, uvw;, uh;) (3)
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ARBR R NG A AT RS AR IO 1) 7R 2
Examples of coordination, size, and orientations
of container and box

WFHNBW—"T4E, EXF TrAMETHR
M Vi, W H bR SR B B — T F 8
13 Ve R, JF B2 LU R 5640 XHMEIFE T b € F
TERAR C N N — NN & BT F s 1%
MAEMEELEC T, F AR ANETE C hAR
Sy F HRFET b WTRCE 7 ) D6 20036 L 7 AR &l
uw; , wh; PER. € ST F XIS C IER
RN FRp =Vp/(LWH) . W15 = 4255 5 i Bt 45
FEASCHELIH, WA a8 1 IR L A5
A B SR T IO e A . S TR T
WL, HATINR E X

ENX 1. Fr (piece) . MK TR T %A B B
e A A [F 0 2 A48 AT IR, BERAE o By
iz B=ANJ7 R R — AN Tr B R, B
FITA M FAEZ 7 1) B ABRTEORGT M ], D)X 2846 1 1)
BRI B — A piece . € L piece B =4EA- IR 5 R~
FE BT R 1) = 4E AR BR 5 RS (4R 1 piece

- Z8 (piece) Ko piece [ =4E R, LAV B (piece)
IR piece FRTHF T, € X piece MIHTH
Fr (piece) NV B (piece) i LA piece B4 A 7 4R 44
LR piece fEx B 77 )RR — 2, WFRA
x_piece, [FEEAI1E y piecel 2 piece, Bl 24 x_piece,
y piece M =z piecell]7~iE K.

y
Z,I

)

y_ piece

Z_piece
T piece
2 FHPREE
Fig.2 Examples of pieces

SEMX 2. % (strip). 4hE—H = _piece (y_piece,
z_piece), }AEPiﬁ?%*&%;%, TEI 2 58 0T 1)
ZIRHTHR T, W Bl (y b, 2 Bh) S8R — 5, TERK
% strip . 7€ X strip I = 4EAL bR 5 RS E R
TI R B ZHEAANR 5 RSF (TEAE R strip Z BT, H R4
SE = HERSTIT, A i strip ASREEE IS Z I 5, W
2 = Y R 10 50 A 7 R 2 strip B BRI T
). 435I BL XS (strip) ~ Y'S (strip) F ZS (strip) 3R
N strip B =48 RsF, LAV B (strip) R strip WA
ARTARM, 2 strip BIIHIEF Fr (strip) 91
BV B (strip) B B strip (/MK TT AT B
x_piece Wi x FHAR B — B LT strip FR AN 2_strip |
[FIHEAAF o strip F1 z_strip, Bl 3N x_strip, y_strip
2 strip P~ EE.

1

\
z_ strip
3 FinEE
Fig.3 Examples of strips

B X 3. JZ (layer) . 455€ —Ha_strip 5 —4H
y_strip , NRAFIEFE—A T8, £ L T1RIK
T MZIRIIRTEE N, W5 oy T0PAT T HES 55 R
K strip , BT A BEIE strip 1)z 2R A E, T EZE
layer . & X layer ) =4 PR 5 RSP AR T
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K 4

yz_layer

xz_layer

JERREE

Fig.4  Examples of layers

PRI = e 5 RS (FEAE K layer Z T, H %64 €
YRS T, AR layer A RERE I I AL, W%
S RT3 A B A T AR layer BB TT
&Y. 4 L XS (layer) ~ Y'S (layer) F1ZS (layer)
RN layer =4k R~ LAV B (layer) 37K layer H
o #6 TARFRN, 58 X layer WIIEFE K Fr (layer)
N VB (layer) BRUEA layer W f5 /N B 7 AR R
H x_strip My_strip W5 zy 10-FAT B 5 TE %
HlayertiN zy layer. [FEHAITG yz layerfil zz_layer,
K 4 Ny layer, yz layerfl zz_layer B~ .

BN 4. B SLAE (entity) . AR C T
& B, NES BTER—ADTH Q, QP T
EEHFNESR C, Q P ITAHIXLEFE 1 R A B A
FRITT 1) BE AR B — A B BLAK entity , — D
entity Bl & —NRAETT R, BT &4 C
(8 K B2 A 7 8. — A entity W BA RN —
H layer , T—"> layer W] L3N —H strip , T—
N strip A LA N — 2 piece , TEAS piece W A7 T
A SEEMEMFE TR, € X VB (entity) N entity
T FETARARN, 8 S entity FIHFER Fr (entity)
9 VB (entity) BrUAZE s C AR B 54 entity
R
2.2 EEmRE

MLTrS Hika 4 3 R R, 581 ZMEER
TrS_Entity »& — XH, 2 FERN £, HTHZR
wfl entity ; 55 2 MR R TrS_Layer (7% TrS_XY_
Layer+ TrS_XZ Layerfll TrS_YZ Layer) 52— XA, H
T REA layer ; 5 3 EM I R TrS_Piece (L7
TrS_X Piece~ TrS_ Y Piece fll TrS_Z Piece ) &Y XM,
T R B piece.

MLTrS 5%+ 1 72 TrS_Entity ()£ 488 0 55
11 o, S8 best_entity M entity 53 5 7~ 5 U
(10 25 8 S AR R 22 T ) R RS AR, S8 yr Al

xz_layer
/K

xy_layer

yz_layer|
yz_layer|
yz_ layer|

xy_layer

yz_layer
yz_layer

y_ layer

o

zy_layer

5 R SROREE
Fig.5 Example of entity
IR IR A C FIRK IR MK 5w, 28 B
RN THEA. TrS_Entity B4 4 N5 (LA
K¥E5500), 5 150008 6 N EM layer , LA
a5 2 By RAERI AR KT RS I N A —A
ALK zy_layer ; % 3 Ty AL R K IT 750 Y
HAN—NERMH 22 layer ; 56 4 30 RERRKTT
PR AN — DAL y2_layer.
&% 1. TrS_Entity {H1XH5
TrS_Entity (best_entity, entity, xr, yr, zr, B)
B M2y layer, best_xy layer, xz_layer,
{ best_xz layer,yz layerFlbest yz layer

for each feasible z_size for zy layer
TrS_XY Layer(best xy layer,xzy layer, zr, yr,
z_size, B)
if (F'r (zy_layer) > Fr (best_xy_layer))
best_xy layer = xy layer
zy entity = entity U best_xy layer
if (VB (zy_entity) > V B (best_entity))
best_entity = xy_entity
xy B = B — best_zy layer FHIHET
TrS_Entity(xzy_entity, xr, yr, zr—
ZS (best_zxy layer) ,zy B)
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for each feasible y_size for xz_layer
TrS_XZ Layer(best_xzz_layer,zz_layer, xr,
y size, zr, B)
if (Fr (zz_layer) > Fr (best_zz_layer))
best_xz layer = xz_layer
zz_entity = entity U best_xz layer
if (V B (zz_entity) > V B (best_entity))
best_entity = xz_entity
22 B = B — best_xz_layer PRI T
TrS_Entity(zz_entity, xr, yr—
Y S (best_zz_layer) , zr,xz_B)

for each feasible x_size for yz_layer
TrS_YZ_Layer(best_yz_layer,
yz_layer,z_size,yr, zr, B)

if (Fr (yz_layer) > Fr (best_yz_layer))
best_yz layer = yz_layer

yz_entity = entity U best_yz_layer

if (VB (yz_entity) > V B (best_entity))
best_entity = yz_entity

yz_ B = B — best_yz_layer+t A F

TrS_Entity(yz_entity, zr—

XS (best_yz layer) ,yr, zr,yz B)

UL zy_layer A, B 2 fhim R AT y Sl R
SR NEE T wr Myr, T 2 il RO AT RESE T A6
TAE 2 7 A RERI RS, IXRE 2y _layer HITTBERY
2 Bl RSP BOE AR 2, 9 7S, JATER
STRUE BRI 5 AN RS RSPBUE THR R E SCanTR
YHE N 0, X TR RN, Wiz
KE&ETIZRS, T HAZLAT S 2 -FATCE, R
SPRUE N E 52 E AR TR A, 22_layer
M yz_layer FATAT RATIESFETNET LS 2y _layer .

TrS_XY Layer, TrS XZ Layerfll TrS_YZ Layer
A KRR zy layer , xz layer Mlyz layer , BT
SRR DT AR, IRT R, PO Tes_
XY_Layer 3Kfi# xy_layer NI EIFEUR, tnsk 2 fir
I~. ZH best_xy layer M xy layer 53 MACE H AL
xy_layer F12907 xy_layer , S8 xr , yr M zr 535
SR RTINS &, 28 B ZoRfr AW
A, TrS_XY Layer B4EM /N (BLKFES
Iy0R), B 1R R AER R AT AR [ AN — A i
PR z_strip , 55 2 FR70 JEAE R A K T7 4 42 18] A 3H
A=A Yy _strip .

B% 2.TrS_XY Layer {553
TrS_XY Layer(best xy layer,zy layer,xr,yr, zr, B)

best_x_strip= CreateBest X Strip For XY Layer
(zr, yr, zr, B)
z_zy_layer = xy_layer U best_x_strip
if (VB (z_zy layer) > V B (best_xy_layer))
best zy layer = x_zy layer
x_B = B — best_z_strip TIIFET
TrS XY Layer(best xy layer,x xy layer, xr,yr—
Y S (best_x_strip) , zr,x_B)

best_y_strip = CreateBest Y _Strip For_ XY Layer
(zr,yr, zr, B)
y xy layer = xy layer Ubest y_strip
if (VB (y_zy layer) > VB (best_xy layer))
best xy layer =y xy layer
y B = B —best_y_strip THIFET
TrS_XY_Layer(best_xy_layer,y_zy_layer, xr—

XS (best_y_strip) ,yr, zr,y_B)

Create Best X Strip For XY Layer A Create
Best Y Strip For XY Layer 73 AN zy layer Kf#
best_x_stripFl best_y_strip. L), Create Best X
Strip_For_XZ Layer Il Create Best Z Strip For XZ
Layer 704N xz layer 3KRf# best_x_strip F best
z_strip, Create Best Y Strip For YZ Layer fl Create_
Best Z Strip For YZ Layer 0N yz_layer 3K il
best_ y strip F best_ z_strip . 1X 6 FhR L F2 2
KAL), X BLit #2 Create Best X Strip For XY
Layer 3Kfi# best_x_strip NBIEFRGE, WH L 3 B
. B ar, yr Moz 735 R R AT R K
Wi, S BFIONFRARIFE TG, R, best_
x_strip 3] Y LHIETP NG ﬁjﬂiﬁﬁi, RS T EANE T
FE y 75 [ R] BE TR, X FE best_x_strip HIT] RE
(g Bl e ROF BOE AR 2, O 7 g Sk, 3141
IIAER K (UKD ATRE AT y HUSE) T
H IR B K 5 AR, SREE R 5 AR,
R 5 AN a_strip , M IE BRI 7R 0 i 1Y)
VE NI 24455 L3R [l

&% 3. Create Best X Strip {A{XHD

Create Best X Strip XY Layer (xr, yr, zr, B)

Bl x_strip M best_x_strip
for each feasible y_size for x_strip
x_strip=Create_X Strip (zr,y size, zr, B)
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if (Fr (z_strip) > Fr (best_x_strip))
best_x_strip = x_strip
return best_x_strip
Create_X_Strip, Create Y _Stripfll Create Z Strip
A RK o strip |,y strip Fz_strip. HT =Fh
SKARTT IR, BT RE, LU FE Create_X_Strip
KA _strip FIGIITRGR, WEE 4 PR, S8 ar
yr Ml zr 735 R TR KT E K%, 28 B
FORTFRARIFE TG, KT, e BT
T HE R 2 piece , Fllar AEBEAEE, D
XS (x_piece) NP E R, LLV B (v_piece) N i
Wrfl, P Bh AR 777 R — 475 0 1) @, 15 3
z_strip FFIR A, FE B — P AE T K il z_piece I,
3 LAFE T K 58 N a_piece 1) o A R~F, TR
fith 3 NI, kR IH AR R, RE
RO ANFE T, EIATH — 50 o_piece £
B, BEENZMA TR, X BB LA T KTk
LS PR «_piece ITE L.
&% 4. Create X Strip {A/XH5
Create X Strip (zr,yr, zr, B)
B2 o piece list
for each box type b; and its number num,; in B
while (num > 0)
x_piece_a =10
TrS_X Piece(x_piece_a,l;, yr, zr, b, num)
x_piece_ b= 10
TrS_X Piece(r piece b, w;,yr, zr,b, num)
x_piece c =10
TrS_X Piece(x_piece c, h;,yr, zr, b, num)
x_piece=the one with highest Fr among
piece_a,z_piece_bfllx_piece c

¥ x_piece N x_piece_list

num = num — x_piece ' b FEHE
x_strip = —4EFH (vr as HHEEE, ©_piece list

as Y 5114K)

return x_strip

TrS_X Piece « TrS_Y Piece fll TrS_Z Piece r& —
/I\*Xﬁﬁi%:ﬂfi 3R i T_pieces y_pieceﬂzﬂ Z_piece.
AR R, FRTRIE, A LU AE TrS_X_ Piece
KA x_piece NBIETF, WK 6 Froa~. RIEFEIE 4 7]
FIEIEFE TrS_ X Piece F1H8 T 1E z 1A R~ L& [
SE, T CAIGIN #2228 JR PR IROT 1), 43 il BR N T
o] 1 AT ) 2. 6 TR R, FL3E 1 A7 Rk
R LLTTI) 1 W g Bl 38— 58 2 DT AR
BT AT 1 WS 2 Bl R 58 3 AT A
MR LTI 2 Wy Bl S 4 AN
ROZKAR T LA ) 2 9 2 Sl i — 4. B A
FIRORAA T FAER 12 JLEFRTE RN M B piece .
SEFRR AL R, — BARBIH AR TN 11 piece S
HIEEY B e N TP 17 3% o = T4

2.3 BEMR

HT MLTrS HiEA & = EHEN, HIbi&
HIAEE K, N TINREVEIBITEE, ACRA T U
N PAAIEAL .

1) g % Z A AT, T2
BT SR EE, AEANEE AT %k BT, BAE
i s A TEEAIE . WA, B %
TCSRORT B R4 H AT 1 20 K 2 v N E] . LAY 2
— A a_strip A, BB T = 4E S R T
DNz s, y sz s, fTFEENB, IMREE
() 3 S BE R AR AE — 4% o_strip B0, HA A
=g K EE T NET 2 s, vy sz s, Hia
N FE T A2 9N B, Mo strip, , WE B; 2

=== === ,_.|,_.|,_.
===

Bl 6 TrS_X_piece # &M
Fig.6  The searching tree of TrS_X piece
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By I T4, Ha strip, & B; BT, MiZidF &K
LIE %, LU EAEUL o strip, 1E AR RSE R

2) B% K TrS_Entity 7E4% R 5L entity B, M
= m R ZHET, BT AT entity A AT
FIH 23 (8] (RIZR A8 T AT layer BIBERK 5 AR AN
ERB/FYIAH layer F A TR G2
AR E T, B 1A 9 HAR B 2 1
SRR REER R LR fr UB. R fr UB
INTF R BB R A entity FIEFTE, WA FH %A
SRR AR, T IED TSR ).

T E IERALIE

FEREES 2.2 5 I VRS SR R 0T S
BT AW (C1). N TR e a4 R
(C2), 7524 MLTrS FIEAREAT a0 N .

1) fEANEF (piece) I, AN REHFE TR FRSE T i
AN DT R IE DL, B piece ¥4 i — > 58
TR, AAEFEGRA . fe /N K OT R AT BE T
X AE T BT R AE piece B 2 T 45 €
K TTARIL T, piece [R5/ 7 AR AR R /N T
T H B DT IR AA A

2) W4EZ TrS_Entity fEA R HAR entity B, (LAY
Hyz layer M zz_layer PR layer, NI zy_layer,
PK L TrS_Entity £ 7% J8 56 4 SCHE I il = XAl 1
—XH

3) TEANE = strip (y_strip ) B, AFTER 15
x_strip (y_strip ) BEK 7R 1 SR 1042 i () e K
B WK T (A i p i 5, H& 81
T T RSN AKFLRERE RO KITE, BN
x_strip (y_strip ) I KNFTKITIE) AR B K ik
PeknifE, TAE L Fr(z_strip) (Fr (y_strip) ) Nk
bR, 2 2 strip (y_strip ) JAAM L zz_ layer (
yz_layer ) B, A x_strip (y_strip ) B FIKTT
JEAE EJ7 B2 A A] DA T2 0 R 46 1

4) FEAVEE 2_strip I, BRix T J7 1 piece 4F,
it piece 1) T R W15 FH'E T piece F L3R 5
SPEfu. EATA piece H A£G 2 strip B
(ARl XTI piece, % X S (piece)> Y S (piece)),
S BT A piece &M X S (piece) 1H P HED, X F
X S (piece) M IFI ) % > piece , 1Y S (piece) 1HF#
FFHES, TTAF 2] — N HT I piece 5132, FEF B3
RN SR A — - BB 5k v LURCA 25 ) i 50 o AN i
B TEAE SR LI RV A

3 HELLW

A MLTrS Bk CH#1E = 2T, SR 7
IZATHHEHNLA CPU N Intel Xeon E5 2660@2.20 GHz,
WAF N 16 GB, #:1E R4 N 64 fif Windows 7 Ulti-

24

mate i, SLIFEFFAUE A CPU 1 8 M I —H#.
AR ST A B SRR T SCHR (9], 2 AR
% BR1~BR15, 3t 15 M 74E, 74U E 100 4
S, R — A RN A ELE RS T A SR B R,
BR1~BR15 1 T HIFEE 7 3, 5, 8, 10, 12,
15, 20, 30, 40, 50, 60, 70, 80, 90, 100, [t 557
P B i S A B U, RE S AR S b IR VA AE AN )
2% REAH In) i R RE. FRATTAEH MLTrS 3847
SIS, AN [F) 52 2% 2 1 S48 465 58 AN [R) ) ok SR
() R, B SE I TE) T f v SO 495 RO
[ 2 (C1) B, XF T 55 #4954 BRI~BR7, T =
600 , XF T30 A H B BR8~BR15, T = 150 x v/N |
2 [F] I F S AR TEOT M AR (C1) R 584 SCHE LR
(C2) B}, XT3 74454 BRI~BR7, T = 500, Xf
F iR M EH BR8~BR15, T =100 x VN , Hrh
N NEGIHIFE T AL

2O FE e 7 BR1~BR15. M
H2H A e ke W5 (Combinational heuristics, CH)!.
H B(Heuristics of Bischoff) &% ik T
BR1~BR7; A2(Algorithm 2) k02 ik 1
BR8~BR15; GA GB(Genetic algorithm of
gehring and bortfeldt) 5%, DLOBENL H & N
R 5% (Greedy random adaptive search proced-
ure, GRASP)™ . VB & LR K 5% (Hybrid simu-
lated annealing, HSA)P'\ maximal-space &%=,
BT BRI 48 R 5% (Container loading
tree search, CLTRS)", FDA &% (Fit degree al-
gorithm)", £ 25 & X4 R H % (Multiple layer
heuristic algorithm, MLHS)®! i 7 BR1 ~
BR15 4 #5471

R BEEAT A CL 2R, Mo C2 4y
W, FOARTHRAS R BHOR B TN SCER. 3% 181
T X e E 5 AT MLTrS 8% BR1~BRT i
THRER, &1 iy Bl Ros A FIEE R — 2%
S A B P I A AR

M 1 AT LLE Y, 4% BR1I~BR7 X 7 4153 5%
FEAF], MLTrS JoIR7EW & C1 2 WL 2 7E [F] I
/& C1 Fl C2 ZRIMTTHE T, A T HET Block
building #4i& 77 UM 532, @ CLTRS™ MLHSPY,
MICHR [32-33] FIAS SCI S 45 SRk, 2T
Wall-building #4177 2 i) 535 06F 55 57 44 0] 22 5K
it tEBESS T 5T Block building #id J5 A H2%.

FE N R 5% AR SRV K i S ) SR A PR K
R.R25H T EANHIEXN BR8~BR15 1T H 4
R, 2R 2 h e BlE R A FR X — 2R 5
(EENIUR S OIS S

MF 2 FTLUE ) FE RN 2 C1 M C2 2931
FIRTHR T, 2 TR 2R EE 60 MDA LI, T 78 258
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# 1 SPEIEX BRI~BRT RS
Table 1  Comparison of filling rates of BR1I~BR7 by various algorithms
i HARE (%)
Bk 2R
BR1 BR2 BR3 BR4 BR5 BR6 BR7 *F-34)
GA_GBM™ C1&C2 85.80 87.26 88.10 88.04 87.86 87.85 87.68 87.5
GRASP® C1 93.52 93.77 93.58 93.05 92.34 91.72 90.55 92.65
FDAM C1 92.92 93.93 93.71 93.68 93.73 93.63 93.14 93.53
HSA™ C1&C2 93.81 93.94 93.86 93.57 93.22 92.72 91.99 93.30
Maximal-space® C1 93.85 94.22 94.25 94.09 93.87 93.52 92.94 93.82
A2l C1 - - - — - — - —
C1 95.05 95.43 95.47 95.18 95.00 94.79 94.24 95.02
CLTRS"
C1&C2 94.51 94.73 94.74 94.41 94.13 93.85 93.20 94.22
C1 94.92 95.48 95.69 95.53 95.44 95.38 94.95 95.34
MLHSP!
C1&C2 94.49 94.89 95.20 94.94 94.78 94.55 93.95 94.69
C1 93.81 93.83 93.80 93.98 93.97 93.83 93.91 93.88
MLTrS
C1&C2 93.48 93.41 93.79 93.85 93.43 93.65 93.63 93.61
# 2 HFEER BR8~BRI5 (37 % LK
Table 2 Comparison of filling rates of BR8~BR15 by various algorithms
HRE (%)
HE EAPN
BR8 BRY9 BR10 BR11 BR12 BR13 BR14 BR15 RE%)]
GA_GBY C1&C2 87.52 86.46 85.53 84.82 84.25 83.67 82.99 82.47 84.71
GRASP™ C1 90.26 89.50 88.73 87.87 87.18 86.70 85.81 85.48 87.69
FDAM C1 92.92 92.49 92.24 91.91 91.83 91.56 91.30 91.02 91.9
HSA® C1&C2 90.56 89.7 89.06 88.18 87.73 86.97 86.16 85.44 87.98
Maximal-space®” C1 91.02 90.46 89.87 89.36 89.03 88.56 88.46 88.36 89.39
A2l C1 88.41 88.14 87.9 87.88 87.92 87.92 87.82 87.73 87.97
C1 93.70 93.44 93.09 92.81 92.73 92.46 92.40 92.40 92.88
CLTRS"
C1&C2 92.26 91.48 90.86 90.11 89.51 88.98 88.26 87.57 89.88
C1 94.54 94.14 93.95 93.61 93.38 93.14 93.06 92.90 93.59
MLHSH
C1&C2 93.12 92.48 91.83 91.23 90.59 89.99 89.34 88.54 90.89
MLTES C1 93.98 93.97 93.78 93.75 93.63 93.43 93.25 93.12 93.61
I
C1&C2 91.82 91.69 91.55 91.24 91.21 91.03 90.78 90.59 91.24

HTHBICHMPTA Sk EREHE C1 A
C2 ZIRIMATHE F, 5 CLTRS. MLHSP &2 [ %}
Fban e 446 7R 8%0N 70 i), MLTrS R 5
BPER 1.7% A1 0.62%; 458 F M ZRECH 80 I,
MLTrS 78R 5 A3 & 2.05% 1 1.04%; 46T
FhZEH0h 90 I, MLTrS 78R 7 Ml & 2.52% Al
1.44%; 256 T FEHCN 100 B, MLTrS 37T K 5
AL 3.02% 1 2.05%. H4N, &% BR8~BR15 &
SEYIME, MLTrS 43 348 & 1.36% 1 0.35%. 15 &
C1 ZH AT T, MLTrS b CLTRS" 427 0.73%,
W& =T MLHSP!.

FHULAT L, A SCHEIEER T RBRTET
70, HZR I AR TBOT 17 20 9N 58 4= S LRI
AR e TEAE R, W CLTRS™, MLHSEY

&, M H S5 TR E ) A SCHEVERB IR
RO EREZRENHEARSEEE . T
FETAREUNT 70 HISRB), ASCHEIVEZESS T CLTRS™
AT MLHSEY 3 HAR TP R0 D> ) AR R TS
AT R LA M RGE R R LA E .
ERWEMN TFIUE EREL, @0 CLTRS!,
MLHSPY, A S8y &G AR A T R R £ 1
SR R 5 ) A
4 HEFRIE

ASCHEH T =SS 0 S 2 2 R FE,
KBS R K JE MG VAR S5 A 138 307 21
A ZERARE 3 EEEN, B 1 EERMD
RRIZHRZN, HTHREMEE T E, EZWA
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S 46 1

=R, BN R =00 X3 0 B A BT AT
T XY IR ERCPAT T XZ 08 )ZE BT AT
T YZHMZ; % 2 RHERMA T 1 ERKE
R RN Z, 2 =3O, RS R
TP A 7 73 0T I A2 B PR A A LT LK 2% 5 5R
3R TR A T A, eI 3
B, BT AR RO I B 2 ) L, [ 2RB 46 1
O ARSI, DU SO R BE AT AR 52 A SO
12 R WS R BEA R HUARUK, A DLE T 3232 I
(] PN 56 B BN 2 38 7, ISR T s 5
W, I HLIR € S as 47 I IR). R L 3E 0 32
TR B IRACRFERA — 54 7). BlifEiz
AT FRI BRI — 8 e, 5] 4 2 T PR AR AR X
TR A BRI, A R IR BRI TR
HUB, A B AN RELE PRI TR N AR R — A e
HIRRTT 58, PRI A SR IS A 2 — 0 Ut i R b
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