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ABSTRACT: With the rapid development of e-commerce and logistics technology, the three dimension packing problem
(3DPP) has attracted extensive attention from the academic community. The implementation of three dimension packing
and distribution of goods has become one of the important ways to achieve cost reduction and efficiency increase in the
logistics industry. The literature analysis method was used to review the 3DPP model and algorithm. Firstly, the
quantitative graph analysis of 3DPP was carried out. Secondly, the basic model of 3DPP was clarified, the four constraints
such as load bearing, supporting surface, rotation of goods and center of gravity of goods were expounded, and the four
different three dimension packing methods such as hierarchy, block generation, space division and stack building method
were summarized. Then, the various optimization algorithms of 3DPP model were described, and the performance of some
classical algorithms was compared and analyzed by BR dataset and LN example. The future logistics 3DPP can be studied
from the aspects of standardized packaging, two-stage three dimension packing, and distribution path cost.
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Fig.2 Key word map of research related to "packing"



<218 -

(N

2024 49 A

simulategBnnealing

8! y
automated container MI
L ]

toad baancing
mmﬂm&"""}g —

. automated mwmh "'"".""

@

tabu mvlgornhm

n-x.ung
[ ] L p‘l
m—dlmndot'onhlm loading -

geneéti ofithm h S
e

3 dimensional pagking cutting and pging problega =" i
» ntai oading= =-sugos
i OfficiongBPProach  cyvogpeue ' g-cuumwwm-&q';"w
mixed Immmnmmwm Crane adaptive ga P'-‘lliwm Cotamneanon m S e
N\ decision l"‘lm
mixed-integer programyungy Crane i3 AN W= co'ur
semlicaiin £ omblnllo'pﬁmizauon —o—
o= ek - S Je
el ) = = o @ contain Wn problem
automated stacking cranes 3 nugor ~ L
ldlpﬁ.goﬂ 'm"‘” < h'ls [
simuiation container drayage|
gantryranes
cl
conm%nrminai"“"'“""“'""’
20l
i et @ o
o I rpondihe ‘
el
i - e e
2010
N L 2
&l 3 “container loading”#H S Aiff 5% 1% 5 4 1) 1] ik

Fig.3 Key word map of research related to "container loading"

LR LR [E AN SCHR AT, 48 T2 2 R A 52 0%
PERZAEE, HOCHAE TR BARN 5, wta
M A 2, A A T R A R R SR A Bk

2 ZHESREEE
2.1 iE@EX

= 4k % 3% 7] @ ( Three-dimensional packing
problem, 3DPP) JE7E =4z, XF P il T
FOU A RS SHERR, DRI AR O,
iRz [ A RN, 3DPP J& T EI AR sy n) i,
J& NP XEBIP, 1971 4F, Eilon, Christofides” 1 ¥4 H
BERAML , BRI 5E AR AR % B AR,
RT3 | SRSy T T EAIFST o Pisinger' M52
RO o IR . EE L ST TR L DRI
K, H, SxTmikn o2 B8 RiRZ,
George, Robinson® el f i iIk% %, % e 254
I, BRIGHAT AR RIS, DLk s [RR 3%
Ifi)5 , Bortfeldt, Gehring*¥f 43250 2% i A By i a8
POASAPIA TR . Liv S T 2y 2,
PRV T RSB R PR X — B 24 @ o f2, IF 5
B 7 A g R iz B R . R, 732073k
B o W ) = DR 1 et o e I P & R ) = e
IFREA—DEER Y, AR T2 [ FE A . 3
ks TR I, RIES 5 e la)

BT S IO R A, fE T A mYIE S A0
Peo VOtIE . A IR TR Ay s 6] i A A

al {5 8, JFiEfr34 4, El-ashmawi. Elminaam'® }%
Santos %5 F 6T e e B AS  iclk TR AR
J720. Kang %M XK EEDR T 6 R o XA
[ A2 [ A T R, SR T etk i 42 e a0 i 1y
Ty (B O A Ll I EA T E S @ R i
TRAAT RS T o BEAE DT 2 ALY 2 4% B FE
TP IN, £ 2K R R BROR B Z RS, AR
LT B R T R T Pk

MR, AR A ) R AT AR BUE AT AR B4y B
Frfi, {EAESE BRI 5 A7 AE—SE RE . 5] 4n Sz bR
PRGBS X E R, DR S
T W AKA I B S A i 2 ),

2.2 [a@4eaE
221 FERRERE

LSRR E B A ORI, AR = 4Rk 580y
A GEARAR — Y 3R R I [) RU ) — 2 3

1) RGAERA = S . MR — 4R 4
SR JEUAR BT ) D i i 3 R O H AR HEAT S840 1 4 R
PR ALGARBER 4R B AT R A R
ToAG S B 25 P A, %0 AR B 4
o XA IS TRz, #n2 e i
SRR s [ B 5 AR, e AR L DR A%
1 PP REAS D /D 1 28 53 W01 R Y AN 6 LR R FE. AT ST
WNERF , LG AR — AEE 3 i) o A S 2 A3 3807
SN S UN D NS § X Ry TT)ESH B Y DL s

2) FERCIK M) = A, SIS =
Y M RIUAN ] , 2% JEC 26 [ ) — e 3R AR 1L 2%



a5t F17i

PUPI R P 2 3 (N SRS R PRS0 219 -

PR R 2 Binilfl, TELEA e Ry RAE
P e NER R EIZR AR, S8 TE2F P miikis
o 2 RS L6 U () = 4 255 30 A A A < e AR )
JEOU, LUK SR S O RN IS R SR R N Ty, A
PEIXFRRE BN T2 Pk . 28 Pt El ik i is
i, 2006 4F, Gendreau Z£!"IYE 3DPP W] i) KL I,
R T Wk AR AL R, BRI T 3LCVRP (3D
loading container-VRP ) %1, Bfif5, —4E2ez0 0T
FEIFUREE A VRP ik 42 i fb. Chen 258 & % &
T &N IRSS B A ER, R TR B TR R
Bortfeldt, Yil'"*1 2% & T = 2 5 4 24 o R 42 4 9 43 i £
I R G A X el N IR TR I S W B 2 N e A S
8 P 1) LA HE B L AU X = g
W 4 FhoeHdens, R/ TR 4wy
F, IS p)E L& R BRI T T ME
BRI G . EABREEHMLERNERE, 5
3LCVRP A 5[] & i T 55 K 23 2B A 3 5 22 07 1), anqIk
Wizt . BRAECE . LRIACi% %, 3LCVRP B n
BEEE 4 iR

N
> ¥
[T -
“r R
040, OB O, N e
\ "‘; 7P
7 N
NP e—

FRB R SRR L2 TS

4 3LCVRP [n]/8iji fe
Fig.4 3LCVRP problem flow chart

BEXE A BT R, M DR,
TR B T, B 5 R B 4 2
Fg. B, AETEER KIS, KRR T
HEATHE O T AR, A% I S B RSO 5 7 S0 5
RO | RSB SR Bl 42 M S8 A TR, T %
) H AR RS R | R B
21 A
222 HMABFRWAE

MR I AT, BB B S
R, AR R4y B A [ E 25
A 24

1) B R 2 BRI RO [
ELX S O B TR B, DU A B A
T T2 A R 7 A ), B
HIURE O T A, [ S 36 e 2 M o e
Hllg

2) TELAL VY, ok AT SR 5 8,
AT — 5 R 0 6 U S 1 2 A
RS R U 22 7 P T AR 7 . T i 3 5
e,

3) AELBAT AR, AR AR ) BB T
BELCER L, T LIRAE A SR ne s 5, B
AL TAELRRER [P, 5 2 IR W ) B W i A
P HETE XL M B, B %
SESE A BERR G o T 2 A A

I H AR AR BRIV, AR AR
AR RTAR R, RV, fELRAAE I R
H AR A

3 3DPPRIEMBER 54T LM

3.1 EHahEE

3DPP 3H A3 X N ER O W () 3 B ik, SIS () )
AR IR AL o ST () FEAB B, . 42 18] M hs
ey R A 22 0], BN SR JCIE )y 1) 5 A
JB5T 5 1) 5 oK B B/ IN T B A R 5 SRR AR bR
HER TR, HNERE S HILRBA L (1) ~
(6), X (1) FrR LG BRI KA R H bR R K
3 (2) Fom I e 2 02 W I AR R 2 FIAS 8 1 42 R
BAREM, X (3)~(5) BRE | MEVALTN
Jo, HACHE | SERE | B Y AR BR A AN A A IR R A AR o
K (6) FrRpefAr &,

n u. -v.
F=y il !
; % (D
s.t. iui AN 4 2)
i=1
Osx+l <L (3)
0=y +w W 4
0z +h<H (5)
u, €{0,1} (6)

Kb w WPRAR R, MARY i B AR
1, 0K 05 v B5E i EOR I RER s vV R ERRE
Xiv Viv z NFHBNAE R, FORBGE i MR, TR
ZEFMEAE xo yo oz B BRI ARER; Ly owis BORES
PEOEIRK B . SEE . m B L. w. H AERMEK

JE. GERE. WE.
3.2 YREH

TEFTIRHG 4 3DPP BRI Bl [, F AR 52
RHLSBRP W TIRHE, MATZHAREMN, B
HRBBA @RS RP AN RSN, ’
&P R . IR BRI R 2R
FAFIR

1) FIERBURE WA R, BHORE AR, H
R L H B H, AR ALY
ZRUAN M R e R ORI DL T S R
A0, R T HRCE AR EESR, WAL (7).

Zn:ui-giéG @)

i=1



- 220 - fu, 2 TR 2024 49 A
Kb g WM i FRMIINE R, G HEW 0<x<I" -1
Eg%kﬁi%o ) O\y \I/Vl 1_‘4}[ (10)
2) ZELPEE AR, N TIRIES YR T 0<z<H' i
HUE T R IR S R & A, AR R h ik S e | At
B R L TR W0 S, IS 2 2R A Loy W0 M, ﬁﬁ'Jﬁm%@” I+x
W, ﬁf%ﬁiﬁﬁ@@OWEMQmewa#m Yi)a, LiasialNE 4% ﬂk%ﬁ%% SERINKE. %
Bb, LR ST SR e e A
26— mﬁozﬁfxw¥ﬁkiﬁéf%mmu
EE 5 s “
YA - E
yitw; Y xm%% JM%%
J
yitw;
Vi it x-ZAHIERE -2

>
>

Bl s 2 PFLE x. p Bl A E 2 B A i AL P

Fig.5 Top view of two overlapping goods on x and y axes

wmiE s pras, KA (8) ik 2 Y ES
X3 .

d :max{o min{x, +1,x,+1,}

max )g,x }}
d; =max {0 mln{yl ®

max{y,.7,}}

A d o &N ETRASY i j IR
P B 8 5 34319 x K fn y flin ke o 2R
AR R S RIS T 70% 84 R]
0 (9), X (9) Fr LEERY i 5TZEZR
Z R A2 fu T R D SR B AR 70%, RIR
2GR TE AR 70%.

>odid)=0Tlw, icy, ©)

JEYy

K o A B PE A EERYES

3) FHEAS %m%%%%ok%fﬁ%W%%é
WRIFAEEME, B E— %Txéﬂﬁﬁ%ﬁ
BB A0 Y2 m] AR 2D RERS AR E 3 4%
m&ka%Swﬂkﬁ E%ﬁf%ﬁ(m)?‘
6 AR, DTS ) A AT T A A RE D) 22
Eas ﬁ%6ﬁ%%ﬁf“mm56%motﬁ6
Py 2R T BT AR G AR R AR I BT RO
1), FLRE &% 7 A A2 A RE A T 43t R P 4 R 9 1) A 2
2 ] o

,yj+wj}—

Bl 6 ZEFAN 6 FhER:

Fig.6 Six kinds of rotation methods for packing

4) FZESYE.OZR . RS YR GE R T
REAFTEHELE A JR 25 ], ANREPRIIE b R 524 Z A A7 R4
AR, Rl ORI B Z [ RS E 1, PRI
BH B HEONAR, X (11) HELAR, Hrp
Xa~ Xp~ Ya~ Vb~ Za~ Zp A ERC B X (8] i ] s J\%E: N
TEIX A BN AT ARG E ik, Ao A iidt o, (R bt
PIeR T N ) Al R AT

X, \Z(x +—)/n\x,,

Ww.
¥, <Z(y[+7')/n<y,, (11)

z, \Z(Z +h?)/n\zb

4 3DPP #HEIRFEFH TN

TERTSE 3DPP FERL FR 2 27 U, i i o
“SERPGL B ARy EHEA S B AT
BT S. THE T T LR R AR 307 50

1) “JR R ETr BTR PSR BT
& TR R S ke sl . %07 IR A 2 ARAR
N, B ST R EAR R —2 , MR
PLAEHIBrI%E Bk —HEZS DR R L ST |
FER IR, BB GHIWri Re HOr E P il
B G, M ORE AR R B B AT AR,

+h SH , ARBEWEN T A58 Hik, &
AR AR, ARy +w, SW, AT
By AebR, B E— BTG RE, AR A
e LR, ARSI BT A R R TR RE A Y T x



a5t F17i

PUPI R P 2 3 (N SRS R PRS0 221 -

B, W0 x 4L SL, ABEWEE x bR, mJE—2
PEATRERG a, A AN ARSHREE, A HT AR
BAGEYY, IR X, yo z BhA bR, <2 AR 7
Fise W% g T oA ) or )2 B, (iR
IR B2 WA ST, 2 R KR N R A G —
T 2 2 T AE LA Y 25 B

Az

I

|

1

I

I

| A

; | oEmE

; R

G e B >
.7 0

/

K7 “J="H R
Fig.7 Display of "layers"

2) “HerE o, “He A O AR R 2 3
5 WA TR ReHoR i, AR i RSE AT Y
YIshALR, T ST R, S a0 2h R A
EHI R — DK IR, s 8 Fras, R T 4 AN
B HTHER BT, b ne, n,. n FOREEANERE B
AR T B0 o AR TR 2 7R A G2 O 2E R A < B 5 Aty
“HOUriTHER, AR OO R A, — BN
T, EAPMERBURTH N f B R B2 A,
9 prr. B ARSI DL RIS FLI] Y e 4x 25 (]
()R, kb R 52 % ) G2 e il S B e ) 1
B it e BB SR ORI EN , <He R A R T
Mz BB ok, RIS AR A 3K

K8 T E A e
Fig.8 Stack of simple blocks

AZ AZ

X 3 X
> 5 >
L
y y

Ko ZaiEIF
Fig.9 Merging of composite blocks

3) AR 537k o A %4y T e T od e vl #],
WM AR TR A 5 R I AN W TR ) e R R
SEITIRZS (A B R /N o fie Kl 4% 28 [B]( Allowable packing
area, APA ) $8 A #8248k AT Ay I KR 22 487 k43 ],
FERBA BT RAFE T L A A8 3 A 2
B2 2E 3 A4 APAL 254 R BURTEAR T I KB R =
B 4% B — 2 FUN R T, APA A9 Z1 i 2 G R B 4%
A ECE RS A NEE ), X TASNREE R CE
B AR AERAG 1 AP, H 3 AT RERY
K2 ] B30 43 7R AN 10 iR o J 432 () 4l
3] DAE 3 AN W7 Hb Sk 90 4 2 (0] DG A 38 1 5 P kAT
B, (HEME R 1Y), wids ZHT Y 25 (6]
AT, IR A IE MY, XRS5 )
BT 2RI R, 1507 bl DT 1 2 AR 1
KR A .

y

25 (Bl N T B 4
z z z
...
y¥ y y
LrEsEsRk P oN gy Zs ik

K10 Faxas il il o

Fig.10 Residual space division

4) mEvk, AU U pr i AL G o T
N5 B S, PR RS KA E T A
o SEIEREALE, SRR AR 4 4% B
A5G ARI V T A

b AR BT AR X IO 37 5 e A v R A F
G IR BACR o BEAE BT R B e 2SR )
Z, (BRI TR AR AR T 2 B
SRR RO TR AR, W EE xR st S
IS I 2 30 3 A D R R R = R Ty
AW

5 3DPP #AIKREE L

5.1 HXEHEE

SR = AR FIR A URFT R 7 3, L B BT
FIE BRI B LI B R B P BUE
DAL RR U, 1T 2 AR AR 33, EAb e



22y % TR

2024 49 A

22 PP 0T W B e S B TR) AL b, SR RS 0 B8k P e R ¢
Ko #RZHEM R E K XBESITRE, ©F
EAC T I B v AT X BT W 2 I iR AT T HE A
VIIRAG A Fe e it o AR i 0 2L RS, 1T 43 Dy B
Mool kXA 2l R RRA R &
KB

1) Bgiook AA k. Bk AXFREE
KRR TR AR, AR WRRE
oL REALR AR R Y B S OT e A A L ik
L U Wang PR FIBLHIR K Bk R T = 4k
Bea ok i, Bortfeldt, Gehring ZEPO U H T —FhAk
SAEREVE, DACI/D A A e n 8, 7RI
FEA AT SO T B AR, R T AR IR
(=R7

2) Zrigth KXF, ook kB LX)
AR IR TR, BRI L BT
P4 M P Gehring . Bortfeldt™ B H T 47
WARE:, JeXT R AR T WAL, P AR SR X
M &, DSRMER TR, REEPIR
SR RS L, A T A i B Al e
At tE, REZ 5008 kAR T R £
FERL SR TR, (B R A AL BE B3 T R AT
ERUy T

3) AR B AT, RAUE kUH g2t
Af H 2R &R SR A = A e R R R T ik o T
TN BB TR ATk, DR =i gE
BERRBERA N8, Ui T 2 HiR . 22825 )
=Y oA Il L TR R &R R B B TS

KAL) R A R ee M2 S &k
(42 SR e 8 R e 100,
5.2 EiEKMEIERESHT

IR 8 B9 2 L5345 3 224045 Loh . Nee 45t
BB (R SCfAifR LN, 3k 15 ANZH]), Bischoff Al
Ratcliff fbs R 4P (F3Cfiifx BR, 3k 15 A%
% ). HH, BRI—BR7 N5 FFHZEH|, BR&—BRIS
FynE SR EER, T 2 Mk http:/people.brunel.ac.uk/~
mastjjb/jeb/orlib/thpackinfo.html, Hi T =4k 45 19 2
FORE, FEFFIZATHRIARTR], HH b ek 5500 ) 2 5
TETE 2252, X AN 58 25 R 4 A S Bk LU IR
SR, 2 1 4t T85> = 4R 0 8t o3 bk
FAAS TR SR A k3t bR g B B AT 2 B A 225 21

T VHURS R ER, T BR B, KRR
B i i9 & Fanslau. Bortfeidt® %3ty 2Rk, H
BEH I 93.87%; 1E LN e, RMACR RIS
A2 Su ZEPSRIFR AL A, HEEER
T1.71%, T B, 7638 1 RS S5 R
PR A FRARL, H R FRER B E T b Bk
AR ALE], RS B A S5 R R .

SRR R M RE L 5 = g Ay 0 B R A
Ko LN BHRET, RMFCR IR AL Bk
SR F HOR RO 12 S R R I 22 /N, X
T BR E#i4E, SFORMBLMTEREZE 70D, HE
B R 0 S R o b nT W, AR A
PERE ALK IR T B i v i SR i 3k 5 = iR 4807 0
WA R Y L . H AT, Fanslau. Bortfeidt!®”!
UL LNELSSyE SEx R VR i

x1 TREEEHN 2 BEEHBFREBEL

Tab.1 Comparison of volumetric loading rate of two datasets by different algorithms

P Rk FEMEH B8 1T S BHE /%
1 Z A BRI pUiiE BR1—BRI15 93.75
2 T BB 1 R B Fanslau. Bortfeldt™" BR1—BRI5 93.87
3 RA R R Zhu, Leil” BR1—BRI15 86.45
4 HERE U LR Su 1% BR1—BR15 88.61
5 A AL He. Huang*” BR1—BRI15 92.72
6 AL Moura, Oliveira!*”! BR1—BRI15 90.17
7 TRAHE Kk g i 21 BR1—BRI15 90.46
8 RE R &F % Gehring. Bortfeldt™ LN1—LN15 69.90
9 WERW R Bischoff, Ratcliff®®) LNI1—LN15 68.60
10 RABEE L Bortfeldt, Gehring!® LN1—LN15 70.10
11 BRI RA L Bortfeldt, Gehring” LN1—LN15 70.90
12 TR BB Su 1% LN1—LNS8 71.71




a5t F17i

]

PUPI R P 2 3 (N SRS R PRS0 +223 -

6 Z5iE

SRR AT K SRR S, WA bR AL
Hahfb . B 2T N & RS, X =4 iR
MIF5E 32 B2 K o A SR H SCHR 5 BT %) 3DPP
MR SRR AT T B, B 5t 3DPP ifF 5T 55 N 40
BT TR ALK RSB s FORAZ T 3DPP SEAil A
UM W2 a4k S B 8075 WifS, XT 3DPP
TSI (%) 25 FEAUAL SR Al B 04T T % LU AT o A ST
MR TR AR DT T R G X 3DPP #EAT T 4R
HNT, EEE AT AR AR N2, Kok
AL LA 7 i RS o

1) A ERAE bR L . RS SR PR O 2 2= 1E
25 P e 2y SCAh BB S 0 B W I R 4 H BIME BE R B
4 ) AL, Q] 5 S S 2 Ry 55 S O RS A e L [ ALY
A o AL T LSR5 S T A R A o 5
T = AR, M BE R g .

2) T BETEEREER . R B = AR sk AR
JETEI 2 DM BCAE R, 2R 1 B BRI AR 1
AFEA, 5 2 BrBOR R RS R R A 1R
— R, PEATE 2 M BER RS AR A O 9T AT L
BT X W By BEAS [R) 2 3 BB AE O 75 22, SR AN R A 2 280
KORFEBET, IR E Z PR & & .

3) EHEBEAYFBIEAT, GEARETHEREE
R PSR R AR R FE H AR, — 1,
R AE S iy b 2 BRI B s S R R B8 E 11,
AR R AR, s R R IRE . 4
W ARG — 5, 4Rk % R A
Yo, i DUAR R B MRk G 6T ) B R 3 AR B 6T 4
Bo WAMIZERER . TRk 45,

&% 3Lk -

[1] ERBAYRAK S, OZKIR V, MAHIR YILDIRIM U. Mul-
ti-Objective 3D Bin Packing Problem with Load Bal-
ance and Product Family Concerns[J]. Computers &
Industrial Engineering, 2021, 159: 107518.

[2] ZHU X, LEI D Y. Bi-Level Hybrid Local Search Ap-
proach for Three-Dimensional Loading Problem with
Balancing Constraints[J]. Journal of Central South
University, 2018, 25(4): 903-918.

[3] EILON S, CHRISTOFIDES N. The Loading Prob-
lem[J]. Management Science, 1971, 17(5): 259-268.

[4] PISINGER D. Heuristics for the Container Loading

Problem[J]. European Journal of Operational Research,

(8]

[10]

[13]

2002, 141(2): 382-392.

GEORGE J A, ROBINSON D F. A Heuristic for Packing
Boxes into a Container[J]. Computers & Operations
Research, 1980, 7(3): 147-156.

BORTFELDT A, GEHRING H. A Hybrid Genetic Algo-
rithm for the Container Loading Problem[J]. European
Journal of Operational Research, 2001, 131(1): 143-161.
LIUY, YUE Z C, WANG Y, et al. Logistics Distribution
Vehicle Routing Problem with Time Window under Pal-
let 3D Loading Constraint[J].
15(4): 3594.

{4 e ST e o ) €l i L RES T 3 S
[RIAE[T]. ARAR B TR 2224l (A AR BRI, 2007, 33(3):
425-428.

Sustainability, 2023,

XU G N, YU J S. An Improved Genetic Algorithm for
Three-Dimension Container Loading Problem[J]. Jour-
nal of East China University of Science and Technology
(Natural Science Edition), 2007, 33(3): 425-428.
EL-ASHMAWI W H, ELMINAAM D S A. A Modified
Squirrel Search Algorithm Based on Improved Best Fit
Heuristic and Operator Strategy for Bin Packing Prob-
lem[J]. Applied Soft Computing, 2019, 82: 105565.
SANTOS L F O M, IWAYAMA R S, CAVALCANTI L
B, et al. A Variable Neighborhood Search Algorithm for
the Bin Packing Problem with Compatible Catego-
ries[J]. Expert Systems with Applications, 2019, 124:
209-225.

KANG K, MOON I, WANG H F. A Hybrid Genetic
Algorithm with a New Packing Strategy for the Three-
Dimensional Bin Packing Problem[J]. Applied Mathemat-
ics and Computation, 2012, 219(3): 1287-1299.

XKk, BB, T 5. FEAREFA T Al I A 7 A A
KA. ashm Rz TREFER,
2023, 23(6): 262-273.

LIU Y, YUE Z C, WANG Y. Distribution Routing Problem
with Time Window under Constraint of Pallet Loading[J].
Journal of Transportation Systems Engineering and Infor-
mation Technology, 2023, 23(6): 262-273.

GENDREAU M, IORI M, LAPORTE G, et al. A Tabu
Search Algorithm for a Routing and Container Loading
Problem[J]. Transportation Science, 2006, 40(3): 342-350.
CHEN Z Y, YANG M K, GUO Y J, et al. The Split Deli-

very Vehicle Routing Problem with Three-Dimensional



£ 224 -

(-

2024 49 A

[15]

[17]

[18]

[19]

(21]

[22]

Loading and Time Windows Constraints[J]. Sustainability,
2020, 12(17): 6987.

BORTFELDT A, YI J M. The Split Delivery Vehicle
Routing Problem with Three-Dimensional Loading
Constraints[J]. European Journal of Operational Re-
search, 2020, 282(2): 545-558.

FH, BLEhs, ¥, % SRR RAR TR TS
BEURIL S (0 G AR R ). TR ) R A,
2023, 29(9): 3153-3170.

WANG Y, WEI Y H, JIANG Q, et al. Vehicle Routing
Problem Based on Transportation Resource Sharing un-
der Three-Dimensional Loading Constraints[J]. Com-
puter Integrated Manufacturing Systems, 2023, 29(9):
3153-3170.

SRTEE, WA, RSO, SF. SRR = AR AR R R
AR KO (0] T A AL, 2009, 32(11):
2147-2156.

ZHANG D F, PENG Y, ZHU W X, et al. A Hybrid Si-
mulated Annealing Algorithm for the Three-Dimensional
Packing Problem[]].
2009, 32(11): 2147-2156.

XIME, WWRH, RFH, % SR =4 m £
EW R A LI B3k R, 2020, 46(6):
1178-1187.

LIU S, SHEN D Y, SHANG X Q, et al. A Multi-Level

Chinese Journal of Computers,

Tree Search Algorithm for Three Dimensional Container
Loading Problem[J]. Acta Automatica Sinica, 2020,
46(6): 1178-1187.

LINBC,LIJW, CUIT X, et al. A Pattern-Based Algo-
rithm with Fuzzy Logic Bin Selector for Online Bin
Packing Problem[J]. Expert Systems with Applications,
2024, 249: 123515.

ALI S, RAMOS A G, CARRAVILLA M A, et al. Heu-
ristics for Online Three-Dimensional Packing Problems
and Algorithm Selection Framework for Semi-Online
with Full Look-Ahead[J].
2024, 151: 111168.

WANG Y, WEI Y H, WANG X W, et al. A Cluster-
ing-Based Extended Genetic Algorithm for the Multi-

Applied Soft Computing,

depot Vehicle Routing Problem with Time Windows and
Three-Dimensional Loading Constraints[J]. Applied
Soft Computing, 2023, 133: 109922.

JUNQUEIRA L, MORABITO R, YAMASHITA D S.

Three-Dimensional Container Loading Models with

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[33]

Cargo Stability and Load Bearing Constraints[J]. Com-
puters & Operations Research, 2012, 39(1): 74-85.
GZARA F, ELHEDHLI S, YILDIZ B C. The Pallet
Loading Problem: Three-Dimensional Bin Packing with
Practical Constraints[J]. European Journal of Opera-
tional Research, 2020, 287(3): 1062-1074.
TERNO J, SCHEITHAUER G, SOMMERWEIR U, et al.
An Efficient Approach for the Multi-Pallet Loading
Problem[J]. European Journal of Operational Research,
2000, 123(2): 372-381.
FANSLAU T, BORTFELDT A. A Tree Search Algo-
rithm for Solving the Container Loading Problem[J].
Informs Journal on Computing, 2010, 22(2): 222-235.
BISCHOFF E E, RATCLIFF M S W. Issues in the De-
velopment of Approaches to Container Loading[J].
Omega, 1995, 23(4): 377-390.
CHRISTOFIDES N, WHITLOCK C. An Algorithm for
Two-Dimensional Cutting Problems[J]. Operations Re-
search, 1977, 25(1): 30-44.
GALIEV S I, LISAFINA M S. Numerical optimization
method for packing regular convex polygons[J]. Com-
putational Mathematics and Mathematical Physics,
2016, 56(8): 1402-1413.
WANG H T, WANG Z J, LUO J. A Simulated Annealing
Algorithm for Single Container Loading Problem[C]//
International Conference on Service Systems and Ser-
vice Management. Shanghai: IEEE, 2012: 551-556.
BORTFELDT A, GEHRING H. A Tabu Search Algo-
rithm for Weakly Heterogeneous Container Loading
Problems[J]. OR Spectrum, 1998, 20: 237-250.
BORTFELDT A, GEHRING H, MACK D. A Parallel
Tabu Search Algorithm for Solving the Container
Loading Problem[J]. Parallel Computing, 2003, 29(5):
641-662.
WRICSC. T UIE Sl R 415 SR s 3t 12 B0 0 1) — A S A ) Rt
[7]. f235 T/, 2021, 42(15): 211-218
CHEN Y W. Three-Dimensional Container Loading
Problem Based on Genetic Algorithm with Priority
Retention Strategy[J]. Packaging Engineering, 2021,
42(15): 211-218.
GEHRING H, BORTFELDT A. A Genetic Algorithm for
Solving the Container Loading Problem[J]. Interna-

tional Transactions in Operational Research, 1997,



a5t F17i

PUPI R P 2 3 (N SRS R PRS0

]

+ 225 -

[34]

[35]

[36]

4(5/6): 401-418.

R, TOCE, FREAE, S5 BT A H S
BERILIE VR e 22 AR L — 2 A6 [ ). TH LR i if]
& R4, 2020, 26(11): 3084-3093.

WU B, DING W Y, DU Y H, et al. Adaptive Random
Algorithm Based on Gravity Loading to Solve
3D-MBSBPP[J]. Computer Integrated Manufacturing
Systems, 2020, 26(11): 3084-3093.

TLFEN, BEANE. — MR A = 4R RARRAR M TR
BHERE]. HEAHLTRE SN, 2007, 43(26): 200-202.
JIANG B C, XIONG W Q. Hybrid Genetic Algorithm
Solving for Three-Dimensional Container Loading
Problem[J]. Computer Engineering and Applications,
2007, 43(26): 200-202.

BORGULYA I. A Hybrid Evolutionary Algorithm for

[37]

[38]

[39]

[40]

the Offline Bin Packing Problem[J]. Central European
Journal of Operations Research, 2021, 29(2): 425-445.
LOH T H. NEE A Y C. A Packing Algorithm for Hex-
ahedral Boxes[C]// Proceedings of the Conference of
Industrial Automation. Singapore, 1992, 115-126.
SU YR, YE YM, CHEN S H, et al. A Hybrid Chemical
Reaction Optimisation Algorithm for Solving 3D Pack-
ing Problem[J]. International Journal of Autonomous and
Adaptive Communications Systems, 2021, 14(1/2): 117.
HE K, HUANG W Q. An Efficient Placement Heuristic
for Three-Dimensional Rectangular Packing[J]. Com-
puters & Operations Research, 2011, 38(1): 227-233.
MOURA A, OLIVEIRA J F. A GRASP Approach to the
Container-Loading Problem[J]. IEEE Intelligent Sys-
tems, 2005, 20(4): 50-57.



