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A Study on Container Packing Problem

Hae, Min Ju

Department of Logistics Engineering,

Graduate School of Korea Maritime University

Abstract

Using of a container broug/ht to reducing landling time and Iincreasing
rotation rate of s/p service. Also, it improved efficiency of traditional
ships and felped a /figh level of industrial structure by distribution system
which 1s changed Into the mass production—consumption.

Zhroug/ the influence of suc/ containers, minimized total logistics cost
and attainment of multimodal transport will be acfieved.

Specially, 7he container makes possible door-to-door services and /as
some advantages suc/r as damage protection and lost reduction of freig/its,
but it needs the capital of large scale and reguires an expert knowledge
and /igh level tec/mology. Conseguently, we need special tec/migues which
consider the total logistics cost for container.

/n this paper, we propose a new AHeuristic solution jfor 3/ container
packing problem jor the variable sizes and types of freig/it.

First of all we consider the total cost of container charge 1.e. Aandling,



loading and transportation, where each jfreight will be specifically
identified. 77e types of containers and its number to be loaded can be
selected automatically by minimizing the total cost of container charge.
Maximization of loading space can be achieved efficiently by operating the
palletizing and or depalletizing of freig/ht. By considering these jactors we
can determine the position of freight in the container and the loading
sequence to be pacing Into the container.

/n container packing simulation, we can verlfy that the proposed
heuristic algorithm indicate more efficiency space utilization and show the

possibility of using on commercial business.
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US = wl, P_sS = (W—2a)X(L—2a), P_mS = (W+ 2a)X(L+ 2a),
@ ZYE AT o2 5 e AW & MeE I

count = int { P_mS,/U_S)
@ count = 0

geaAldAeE 2R =53 AAEHA ASE5Yd A5 = Ao
c}.
@ @AM FF countgt= st FAAAT|HA otHof GO-OFEHS WHET
=3
® (W—a)< countXw+1 <(W=a) or (W—a)<countxXl+w <(W-a«)
® v (L—a)< countXw+1 <(L—a) or (L—a)<countxXl+w <(L— )
@ 9 o] w=H = 3= il de) AHEES Aatsto] A g
eff_sBL=U_S X (count)/P_sS, eff mBL=U_SX (count)/P_mS

D if - then?) olelel 21 WEHFEA GAEhe], BEE A BES
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3315 471= 671 =3 R 9 71=e

<" 35> @eEse] A9

@ If - then sentence

I (W—a)<3w+I1<(W—-a) or (W—=a)<3l+w=(W-—a), then 3block

I (W—a)=2u+2=<(W—-a) or (W—a)=< 20+ 2w=<(W- ), then 4block
F (W—a)<3w+20<(W—a) or (W—a)<3l+2w=<(W-— «), then 6block
IF (W—a)<dw+20<(W—=a) or (W—a)=<4l+2w<(W—a«), then 8block
IF (W—a)<3w+3l<(W—a) or (W=a)<3w+3l<(W—«), then 9block

3 BEAAYMA S %
teel 2Ad 43E e

D if - thenol obele] AL WEHEA PAde], WEAE B¢ LEL
A7 gk,

@ If - then sentence

F(W-—a) < 4w < (W—a) and (L—a) < 21+w < (L— «), then (A)
I (W—a)
I (W—a)
I (W—a)
¥ (W—a)
¥ (W—a)
I (W—a)

IA

5w < (W—a) and (L—a) < 21+w < (L—a), then (B)

IA

5w < (W—a) and (L—a) < 3l+w < (L—a), then (C)
3l < (W—a) and (L—a) < [+3w < (L—a«), then (D)
4 < (W—a) and (L—a) < l+4w < (L—a«), then (E)
20 < (W—a) and (L—a) < I+3w < (L—«), then (F)
dw < (W—a) and (L—a) < 204w < (L—a), then (G)

AN A
A

IA
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IF (W—a) < 3w < (W—a) and
¥ (W—a) < bw <

I (W—ao)
I (W—a)
I (W—a)
I (W—a)

IA

IA

IA

IA

3l < (W—a) and
< (W—a) and (L—a) < 3l4+w < (L—a), then (K)

4w

4]
6l

A

(W—a) and
(W—a) and

(L—a) < 204w < (L—a), then (H)

(W—a) and (L—a) < 204w < (L—a), then ()

(L—a) < l+4w < (L—a), then ()

(L—a) < 1+3w < (L—a), then (L)
(L—a) < 3l4+w < (L—a), then (M)

(A

(cy (D) (E}

(F

(G)

<aHE 3-6> SE7HR 7w A e B4 5
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35 ZAHYUAA 2 d
B odo e 2044 oA dojx ARz Aoy HA FE L 5

AT T2 7H (A12)dd 9@ AA =T, stE tole NE¥ BE
o2 yHH, sEWY AFel oAM= g3 REoE YUy F 4558
2 BERAGKE 3-2>3%).

<E 32> A eH 2

R 32 W Ha=s z 29
= T1-01F212
2 3
= To-212
E T3~ =
2 s
= T4-2 =

2 A Aoy dA Rdd S sl xvest Rd2 <a9 3-7>

o =

3 g sgEd we S
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YES
NO
YES
NO
S22 A =& 2 AX BN
A s sle g 2 -
Y
AHOIH HRPH ME
£ E2 ¢ 2 U S22 WHHX
NO
2 HE
B NE
I st N
END
R AT,

<9 3-7> Aol YyAA L F
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<19 3-8> ZE oYU AAMAA B A ANYE

2) N947194

2= e deEely W A4 7Z2dH2 AdEY FHEE3 A7 Aol
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D Zp el el tejM 7he

D29 S B A, AEelY 2717
D EE Aol HA sES

D 39AE

4702 g

g, o2 wEeA @t A9 f4127) PHES g,

Lehgo AA $7 2 FRY BEE $AHoR WS YA 37
M ATE Bl AR FES NAFES FNR/19H 48)
o, U4 g3kl A 299 ¥37k 2 SRR Avka Hw el g
B9 Zizte] gol unlA el b 2R BTES AYHES At
(o] A5 e AA g wAel g Aol AR nT Bat

g WA F1HR 5ol

AE e vRdeeld ¢ = Aery
oJuel MA G E AAE B wrld we
Adolde] dal $u7t 2 gds
yoll WA gk olm fApa 2719
, AHoly Fgko) ol AL

A

=3

o
15 =

ANA A 24 g gais s
AA 97 olF, 2% 2 0F AAe 5ol vl 19 wgel
oa) oA el el A4S RS @ olu, @A 164
Z AAE B P daA s fA Eold] o WX AT ds
2 opg .

e 4

JEs A4 Fa.

AelES gk

o
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D
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“" Dy
i

AN Dy o Dpe iF7el jiA Adol o] WHE 42 Ax T o

d
X

%% AdelUe HA FE T2 Lk
3

wg, Aoy $& A4 2 we AL 7Aoo §& Ax F
of UE B A4 T usS JEU AowA Ay (2R A
Avoldsl fE A4 FF UE Wy ST 2ol Add

w. = Wy 9)

eij
Ti

AN Wy, & Wi id7 A Zeelded wiAd & A4 FF

2 iEH Aoy fE AA FTHE YEd
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& AolM= Heoly stw ZXo ek #d 3 Bl #d Aowx §-4
stEo] AA =4 2 HA AAd B dFES

A &M R AANEA S AMM s AEely AAEE 2 s wjA el o3
2t Zeojdel mAdHE szl WM stz FA Tl 38 WA Wl
AetEE =& AwiAely, =] HAE 2ASE

ojell gk 7] A2 ofef o} it

<9H1> 7 Adoluo] MAH HE el A AMAS B,
<9H2> ARAE B3 AE G Fae AAY BE 52
AP =S gk,

tlo
of

s =) oal AuA BAE Ge 2o EFHL,
3

<19 - Aoy AAES R v s e e 3

)
ol
o>
=
o
S
31‘4
oo
iE
Ho
=
B
2
o
N
S
O
_EL
uy)
Ao
—Li
e

s 67 SEAlelA R EE, HeHely e BE deo HA fAE uAATL
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<941> 7 Aeolue] RAFAL T valAu e Hh
<9#2> 7 2o TAFAL S8 FANAZ B,
<9H3> 7§89 oo W Avoly BHE: weshA @i

l

e ol e AA & @9 MFE molet Ak 714 @9 AFE FH
gl E 2 g wastE BF2 Ui,

)

AHolY FAAAE ZIsoz 25 Wkl AT kA F=74A9 A
% 4t e 2o RAS wel dA olm A AHolye] FW 2AE
g ME vhes ol Ad@T.

M; = idkwk (10)

k=1

A7IAM dii= ZEloly #g el wet Barh A d
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A 477 Mgl 2
4.1 A& olA

o e R R I S B o TR THe7] #ste], Matlab S/W=
2aWE ol &5t AEHAE FHsAT AlEIA AL s H ]
Y dlolH = <3 4-1>°] yEd bkét o] SOxTE tAS WER
oA7ld ned AHeY HFHEL AH AdA BR FFHE, AnE

AHolY #2ug 55 FasE= Aow 1FE4

% 39

28ft Container 48ft Container
Length{mm) CBOA 12858
Width 23408 2348
Height 2378 2378
Weight({kg) 28328 Jausa
HandlingCost{won) 12660880 25888608
Capacity{cbm) 32.66 66.83

=
W, FRE B89 FTRE 074 @Atk BB S$He w3 A4
% o

9] 75%, 20%, 5% % WA LAYAF

= Tl W vez ZPFs A <E

Aoz AEd dHoly H5ou. 2 =golA Add fFesYy dags
of AlEHolAS M=, FEE e 559 EE dES AAs] A
2o Aeely Meddy Azt Zastd o= HEAAdE F& M A
A HEely MeE AEstes g Algdolded wE Aoy e A

o
Ny
i3
e
AN
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i
w
V
2,
iy
o
L
=
o
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Priority Dim_rate Length Width Height Weight Capacity Ho.of Order
{mm} {mm?) {mm} {kg) {cbm)
3 5.92 2131 [ rars 582 55 a.72 71
1 4.86 2367 679 3un 1 8.55 73
1 3.33 2007 su8 364 uy e_u0 80
2 3.29 513 507 361 Ly 0.09 79
1 2.83 269 5G8 378 Ly a.za 68
1 2.75 1135 535 317 1 8.19 77
3 2.38 1562 533 486 u7 e_u0 as
2 2.32 772 566 313 40 e_14 65
1 2.31 977 uug 323 42 a.14 81
1 2.28 1378 nyQ 291 1 a.19 73
3 1.71 1948 537 183 u7 8.19 82
1 1.58 691 682 294 43 o_14 a8
1 1.55 681 u53 294 43 a.89 62
1 1.48 2238 641 311 Lo a.45 31
z 1.38 648 396 265 1 .07 55
1 1.26 1299 675 167 42 8._15 53
] 1.23 1328 u1s asoQ u7 0.21 37
2 1.17 1116 Ly 292 43 a.14 47
2 1.86 2146 637 368 42 8.58 19
1 8.55 327 294 133 43 0._02 65
1 8._47 1579 296 187 42 08.085 72
1 a.48 1598 G697 154 L6 a.17 18
3 8.38 2835 271 76 uz 8.84 95
-] 8.36 2327 291 288 6 8.20 23
1 8.33 1368 212 131 45 a._04 66
2 8.31 348 220 72 45 a.e1 99
1 a.18 318 272 51 ns a.8a 1]
1 8.085 390 340 78 46 0.0 -]
1 0._064 545 298 269 41 0_04 2
1 8.82 668 288 276 ] a.85 1
— o o=
<E 4-3> ¥ & wE HHoYNF A4 =9
Select Container
Rank Total Cost Hum.4B8ft Hum.Z2Bft Rate. Rate.
{won}) eff-space{%) eff-weight(%)

1 138080000 ] 2 91.7é 44 19

2 14480080 5 1 83.22 41.59

3 151800808 3 4 92.18 41.59

L 157080000 ] 3 83.56 39.28

5 1638808808 5 2 7é. 1 37.21

[i] 16480000 2 [i] 92.68 39.28

7 169080000 [ 1 7B8.39 35.35

8 17080000 3 5 83.908 37.21

o 17680080 4 4 7678 35.35%

18 177080000 1 8 93.82 37.21

Rate.eff-space = capacity of Total loading freight/capacity of Total container

Loss cost
{won)

Rate.eff-weight = weight of Total loading freight/weight of Total container

-
T

g MA SR vt F 223

<E 4-4>° vEr lv
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Ho. Length Efficient Weight 11 Ho. Length  Efficient Weight

{mm} space(%) (kqg) 11 {mm) space(%) {kqg)

________________________________________ I I______________________________________________

1 18655 .88 94 18441 11 14 2238.88 92 1271
2 o468 .88 9% 1689208 11 15 1299.488 o8 1856
2 6621.88 98 6845 11 16 1328.88 94 1586
L 1539.88 94 3579 11 17 1116.88 93 1728
5 1938.88 96 3833 11 18 2131.88 86 o43
6 2278.88 94 3114 11 19 2146.88 84 10897
7 3124 .88 93 2949 11 28 969 .88 80 1888
g8 154488 97 4897 11 21 1135.88 1 1332
9 1954 .88 92 3975 11 22 2238.488 57 1491
18 1378.88 93 1395 11 23 681.88 1 1653
1 1948.88 94 2489 11 24 15908.88 Lé 1268
12 691.88 95 1116 11 25 513.88 18 132
13 681.88 94 1728 11

=29 A=, Folx AHolY AE, Fo] FAo LFo IFAHY, JIZ
= 40t Aol e rt2delE WA e Ao At oo wEl 40/t7 |

ool A" =55 EAISetH <9 4-1>3 Zo
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mprlEto g 2 A B oA AE <F 4-5>9 o AA FE EE9
dol= oA AdEEexl AH oY R el A A Foljolof g
oomEbd 7EE 1 Aol RS AAsta, 2 o] dolol AFE &
25 Zol AAs) Uzt ol¥F WA oeR <F 4-5>0 B2 AFES A4
a vz 2 AlEE el AR AE, Actd FeliY Lo A A
gloly A zgele] HEo%s S8
F 4-5> 7} Aoyl AAE EF555] =F
T Loating contatner Reswie
Ctype  Efficient  Efficient _ (1| | mock bon.
Space(%) Weight (%)

et 09 w9 o1 s1
Hoft 95 39 1 18]

uoft 93 16 [2 6 1

uBFt 91 a7 [3 a4 R

LBFt 77 u7 [22 19 18 24 s a2 ]

uBFt 55 36 [16mmils. 24w =97 28 13 23 ]
42 AXE o 2o jjut

Matlab T2 HE o] §sto] HAAE dugse EHZ APkl &80
7hsgk Al AZESo] 229l Container Loaders 71 ek Sith Sy
ol A e TR WL PCIANA olg 753 EE Microsoft Visual C++
T8-S ol gsto] iEE A

B EZeade dAeelyet ZHE AR oty HAE sEdolE Y f
A& 99 F JdE 949 BE, ZHE HARE, ZdEHY AARE, FYR
R R e

AHEEEAA= AH Y, U E, stz JEE JHste] DBE 752
QA sHATE oW, dHE e Tl AAl = HojFo AFgAS] A
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AAREe BBl F BUAE A4 T Aol AAE AYT 5 9
% 2747 deew RRadon, BAE A4 5 BegelA B FBe B
deteld ® Wt FEAREA AFHEE Gk

zeuEL AdE A% 2 HEARE Zda AA4Q4 dg® &
A= gk,

ESZMH)
T 1am|r]2]

(FigEs—— * DB Bt izt

Raz [ ;f;‘u" WO
PatlNo. i [ v Jree HErT 1
g [ ‘E’hﬂp Her sy 1

_HhA NG
MRy [ T MRy [ 000 B3 (ke
0y [ 07 S () [ 0

S| et S k) | RS Jt=tm) | OFd W (m) | R 201(m)
0,000

FE-16EEA
PB-HOB3EA | 0,488
PB-HIBES 04%
0,429
0,280
0,280

PDY-AT... |
PH-35IE |
PH-400E
PM-D52PE |
PU-S400E |
PA-T114
PT

<1¥ 4-2> Container Loader®] ¢l 3}#
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FPALLET

1 JSPAFERART ¥1 (MOTOR}
7 PALLET
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7 PALLET
3)SPAFEPART ¥3 (MOTOR}
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GPALLET =BUE M=
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PU032EA 1 JSPAFERART 111
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43 PC-4ME (150EA)
Sy PI-4ME (100EA)
) PU-1S00E (20EA)
Ty PI-1S00EA (SEA)
&) PY-1500E {1DEA}

PWEI2IEA i
ER 93 FO-ZS1E (1064}

PULADIE
(100ER)

PE-035EA
(BOEL)

PURLSOOE
(10E4)

PILISOOE
(20EX)

P LS00EA.

asiE  OEY xpoleo 1933t AT S: 68%

(10EA)

<a¥ 4-5> A719 AA 2 A WA dH el Y

B Aol &4 EHE FHAs = AZIYe A" Y HAUASs 2 o
TF-ol A 71eE Container Loader &3S o] £35lo] o2 Aol v ualo]
BHokth Ao ojg® A7 dHolHiE <I¥ 4-3>~<Y 4-5>0 vERE 7]
deol AAl HolHE = o] &8} AT,

Container Loaders o]-§sto] A2 A4 Ai= <29 4-6>3 <29 4-7>
I o]l et 71 dAe AAA S dEely ARdel B2
TS T, B AAEES Holx vk ey B ATolA siRd

N
Container Loader T Z 1 # oAM= ZAH oY AAa&o] 98% Estar 3t}

e, AHlY Wi RFTNS ARRFOoRA AFHE AU A
g FgaAAL 71E g AAPANA he] AU g w, B
ZzadelAds 2708 AU Agdte] M EET YoNE T AAE
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6> Container Loader
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=
=

2 4-7> Container Loader
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4.4 1%

199 @ Adeld AAgYAsst ¥ AT FuelHe] mE T2
AAGQANE vae) B A, FREe] BEAS ¥ QoA AALE
H o Eoldes ¢+ Atk £ AARE o] FAAFE Zzay

= s
Aytghol A detds AS & F Ad9dd. AAEEL A4 AHolY A
T

!

Container Loader”’} 3% <Fol ¥4 8
A HLS Zol+=d H 7]= AAl= A A planning A< 747
A

3 WAse 2 AAY 30~608 AEEZ BL S 2aFS 4 F 9

<E 4-6> BEFo 2o mE AR v @

se=I Container Loader AJl
=S S
(HH) BZ¥MaE | HHOIUMNs | BZAMEE | HHOIUHNM=
(%) (9H) (%) (9H)
1 92.5 2 60.5 3
2 90.5 4 61.2 6
3 93.5 6 62.0 10
4 93.6 8 65.1 12
5 92.7 10 64.4 14
6 93.0 12 65.0 17
7 91.2 14 59.8 20
8 89.5 16 60.2 23
9 92.0 18 63.5 25
10 91.5 20 65.8 27
SHE 92 - 62.8 -
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T 3

o

<E 47> AR A ARE A

fus

ZAeoly 7H7 2 A zko] ofefol Zuw, HH oY 7 A A€

2 Alzke] A7] ]9

< Container Loader9]

0|

fud

il

=
b Ao gbe.

ZAAAEG g 2" Aew
ettt webs] AAEE ® AA planning AZF, AFAAFES nHE = oo

B oape Ade ¢4

20ft 40ft
PLT3lI= olAsg=2 PLT3} oG 2
X THE S A2 30 120 60 210
HTH Planning &4 Al2t 30~60
<H 4-8> HAn]g9 wal
Container Loader Al
Hl 2 X4
AHOIUM=| =HMUIE |AHEOUM=| &AIHIS (&)
(OH) (&) (oK) (&)
1 2 406,840 3 610,260 203,420
2 4 813,680 6 1,220,520 406,840
3 6 1,220,520 10 2,034,200 813,680
4 8 1,627,360 12 2,441,040 813,680
5 10 2,034,200 14 2,847,880 813,680
6 12 2,441,040 17 3,458,140 1,017,100
7 14 2,847,880 20 4,068,400 1,220,520
8 16 3,254,720 23 4,678,660 1,423,940
9 18 3,661,560 25 5,085,500 1,423,940
10 20 4,068,400 27 5,492,340 1,423,940

- 42 -




Wk obyE AV AAAd R A AdS ddvha AT wf, 275l
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T BAEE AFHFE g A EEvra & w Container Loadert
A71d e AAAEN DL Aoz HE ZH7bo] AH oy ol wE vl &4
ol FH o 1,423,9404 o2 e

A7199 AAd=EFS MEY FEs=24, FAYAAN HEY TANCR

,_

b
)
_t
hind
H

T AAFTL T2 379 SHA ] LA ER EIAASHAA
a1 shA e

THE: 3E #AE X 151,000 + 10% F7FHA (7] £13,200)

3l &< 1,200(USD/A0ft)

THC: 202,000(% /40f1)

7"l o] | Al 40,0000 /40ft)

R EALE E6,720( 40ft)

S
rJ
=l

ol
o>‘
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<E 4-9> F EFv LY ¥u

Container Loader AdldY
HI = X+oH
ZHOIHIN=| & SFHIE ZHO0IUHM+| 5 SFHIS (&)

(9H) (&) (1) (&)
1 2 3,719,048 3 5,578,572 1,859,524
2 4 7,438,096 6 11,157,144 3,719,048
3 6 11,157,144 10 18,595,240 7,438,096
4 8 14,876,192 12 22,314,288 7,438,096
5 10 18,595,240 14 26,033,336 7,438,096
6 12 22,314,288 17 31,611,908 9,297,620
7 14 26,038,336 20 37,190,480 11,157,144
8 16 29,752,384 23 42,769,052 13,016,668
9 18 33,471,432 25 46,488,100 13,016,668
10 20 37,190,480 27 50,207,148 13,016,668

o) Asz e,

=

= ZRugo glojA= A 1301666899 holsl WAy

stk AElely o EkrE vl g sl

G 9 e A

Ao Ane Fo
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