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Quantification of Loading Efficiency of Various Type Loads in a
20 FT Container with Post Selecting Process after Applying
Conventional Loading Algorithms

Kisang RyuT, Junseon Park'”’

ABSTRACT

Container load problems are conventional issues in history. Loading cylindrical or rectangle packages

in restricted space is required to be efficient to minimize remaining area. Many people have depended

on experience or known simple algorithms for a long time. Recently systematic algorithms are published

over the world with developed computer technology. Maximal rectangles algorithm is well known to

load arbitrary rectangles in a larger rectangle container with the organized manners. However, this
algorithm has significant drawbacks, which are influenced by orientation of input load. We propose
post—selective method to complement these orientation effects, which is found out to improve the loading

efficiency.

Key words: Maximal Rectangles Algorithm, Post-selective Method, Container Loading Problems
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* Single Stock-Size Cutting Stock Problem
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* Residual Cutting Stock Problem (RCSP): ¢Fzt
g2 geo JES, A 943 g2 g8 A
HolHol dAst= A

« Single Bin-Size Bin Packing Problem (SBSBPP):
HAs g2 FeH o FEES, HAaTe 22 FH 9
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e Multiple Bin-Size Bin Packing Problem
(MBSBPP): &43] o2 dH < e, H4ade
k2 ThE FEjo AH oY HAA st A

 Residual Bin Packing Problem (RBPP): £+
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A=

+ Open Dimension Problem (ODP): & &l &l
€ el AH oY 25 Y] {3, sl A o]
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Hete 24, Adgste 24 e 3 2tk

« Identical Item Packing Problem (IIPP): &}1}9]
AeolHel] Hge] Y A7 JES HAst=
A

* Single Large Object Placement Problem
(SLOPP): &trte] ool ozt thg Fejo] A
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e Multiple Identical Large Object Placement
Problem (MILOPP): ¢zt o+ & dejo] &, & T/
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e Multiple Heterogeneous Large Object Place—
ment Problem (MHLOPP): <7t th2 e 9] A5,
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« Single Knapsack Problem (SKP): 342 ]
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Fig. 1. Best known packings for 21=n=50 [3].
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Fig. 2. Densities of best known packings [3].
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Fig. 3. Optimal layouts for 50 items in: (a) a circle; (b) a rectangle,minimizing its area; (c) a rectangle, minimizing
its perimeter; (d) a square; (e) a strip,with fixed length L=9:5; and (f) an equilateral triangle [4].
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Fig. 4. The densest packings found of 49 disks [6].
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(a) (b)

Fig. 5. Two lattice packings: (a) square arrangement; and (b) hexagonal arrangement [10].

Vertical split

Placing a new rectangle The two possible split axes

Horizantal split

Fig. 6. The guillotine split placement process. After placing a rectangle, there are two ways to store the remaining
free area [7].

Placing a new rectangle The two possible split axes Perform both splits

Fig. 7. The rectangle placement rule for the MAXRECTS data structure, Both the rectangles on the right are store
in F [7].
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Arrange in ascending order of load volume

Is there remaining
load?

Exclude the load
from the list

Is there enough space
to put the load in the
empty space?

Cut the space near the put load
and remove the space of the
input load

Does the calculated
space hold? (Out of the
container or
overlapping other

loads)

Add the new space
as an empty space

Does the input load
intrude other load
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Separate the intruded
space and calculate the
space

Does the
calculated
space hold?

Remove the intruded
space and add the newly
generated space

]

Remove the
included space

Is the newly added
space included in
the prior space?

Fig. 8. Flowchart for Maximal Rectangles algorithm,



o] wj AA Aeole WA S5 &1, o] A
A= WA SE 7 F A

S=axy (1)

29
n B
Lo
ofd
[~
toll
o
s
rlr
0
o
A=)
)
o
)
R
%
ni

=

_5p
n="" @3

= WA, 87 ajld o A$ Fig. 5(b)¢t o] z+zt

leg]d a7 A zel7E & ¢ loh H=
g9 A4S Aoz APste] FAZ ujd
_?_9]. AN R AE(y), FEFHL & o,
E3te A A5 ng A SR
ol ¥ AFW)LE AAHE Ao
FAlol A E o] F7] Wl AHS

o]% ﬁpo]

o_]o] 2017}_—7 =
012 = 4 23 22 At

Lo
f©

N
o

o]

Al

% o
A o -
o e

2w
£ Ay
&L fo
ﬁ«(o r‘r’

il

o
X
o
ok
r{o
N,
AC)
lo
-0,
o)
m
i,

i
dlo

o $8
‘Qrﬂm o
'fEJEHFEN

rlo
oo T,
21
—.~rUR
_L
=
N
o

£
O
o
&
e
ﬁ
?i

& 25l 8] A7 U A0 58 )
pool A o) wrek Al4ko] Seix A |
wEsts Ao 447} A

8
rlo
1>
=
m\m J

<z (4)

8, = (2n—1) 2 T0% 5)

m-+1 m—1)\rD?
= —-1)—|—
Sp=In 5 +(n—1) 3 1 (6)
— [y m—1)\rD?
2 4

£ 53 T BE E A QS T ALE =+ Ak

3.2 MaxRects AlS TI| 2Da|E

=1
oF A M Zol| A =3 ul9} o] AH AE &g
Zo| opd, ThoFal whake] 90| 2 mE AL
Z g §FHE0) B2 AnE AYss AozA,
3IE A4 288 =Y F Atk 53] EEY FH

N 20 FT 2{HOILI0) Ciget SEl0) o2 5T 58 Z¥st 519

Input box
parameters

MaxRects
algorithm

Change
directions

Fig. 9. Flowchart for Post Selecting Maximal Rectangles
algorithm,

S
>
92
N
L

H
0

Kl
ll

41 1IPP 22X &

o A A3 Hkel o] =A] 4] 20" HeElold
of TheF3H 37]9/] AEE AAT o, Az W
‘ﬁ of wet HAgoll 2to]E Hol

Aol o] HLE= Aol o}
Helq —:’-7]9} A A7]el wet B PE A2
= 7<]-0]7]- 7] w ol Fig. 10(a)oll A<} 2] A&
o5 W, F /MR HA Be] B I AE&S
EABIA T 207 Aol AASAS Al AF
100 mm ©]3tY 7% §7F vl € (Hexagonal array)©]
A7+ ¥ d (Square array) Bt} oF 10% o)A &=A] 5
100 mmoJ/dell A= Fig. 10(b)oll A&} o] L &

(ZFol:0%) o) AW 33% Bl -7% 7HA] ThdF’E &
wolg},

A& 1205mm ¢ w2} 1145 mm<l FH A
ZE A9 RY Fig 113 2o A &9 Ao]E 10%
WA AR AA B&0] Afol= 40% o)/ Aol

glo| #
24

A A AT, 2

i
=
=

x

r-{m
mlm L m\m

fi Ae



520 ZEIDICIoES =2 M213 M45(2018.4)

100%
80% N e L
o s lngel
£ ]
> Pl
g % b O
= i mm
an
£ ao% - -
5 .
E = Hexagonal array
“ 20% - + Square array
0%
01 1 10 100 1000 10000
Diameter / mm
(a)
Fig

20%

Efficiency difference f %
1
§
o\

-20%

01 1 10 100 1000 10000

Diameter / mm

(b)

. 10. (a) Spacial efficiencies of square array and hexagonal array as a function of various circle diameter in

a 20FT container and (b) the difference of the spacial efficiency of square and hexagonal arrays,
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with hexagonal array, (c) of 1145 mm diameter cylinders with rectangle array and (d) of 1145 mm diameter
cylinders with hexagonal array in a 20FT container,



JIE X LI2ES st £ A= ME Al 20 FT ZIH0ILI0N CHust &Elol 812 21 =2 st 521

(c) (d)

(e) €3]

(g)

Fig. 12. Packing pattern in a 20FT container by MaxRects algorithm with (a) 4 longitudinal, (b) 4 lateral, (c) 8 longi—
tudinal, (d) 8 lateral, (e) 16 longitudinal, (f) 16 lateral, (g) 20 longitudinal and (h) 20 lateral identical rectangles,

(a) (b)

Fig. 13. Packing order in a 20FT container by MaxRects algorithm with (a) 20 longitudinal and (b) 20 lateral identical
items,

(h)
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Table 1. The efficiencies for conventional algorithms

Identical Longitudinal Lateral
items Efficiency [%] Efficiency [%]
4 100 0
8 100 62.5
16 93.75 100
20 75 100
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Table 2, The combination of 3 different directions of rectangular cuboid

Pattern x dimension (mm) y dimension (mm) z dimension (mm) Efficiency (%)
(a) 589 234 237 100
(b) 589 237 234 90
(c) 234 589 237 75
(d) 234 237 589 90
(e) 237 589 234 72
() 237 234 589 96




JIE BN 2102152 HEst = A= MEY AL 20 FT ZIH0IL{0) Crst &EfOl sig Al

FOl
1o
0x
oy
0h

523

(e) ()

Fig. 14, Packing pattern in a 20FT container by MaxRects algorithm according to the Table 2,

(a) (b)

(c) (d)

Fig. 15. Packing pattern in a 20FT container by MaxRects algorithm with (a) 2 longitudinal 1/2 size + 4 longitudinal
1/4 size, (b) 2 longitudinal 1/2 size + 4 lateral 1/4 size, (c) 2 lateral 1/2 size + 4 longitudinal 1/4 size, (d)
2 lateral 1/2 size + 4 lateral 1/4 size rectangles,
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(a) (b)

(c)

(e)

(g) (h)

Fig. 16. Packing pattern in a 20FT container by MaxRects algorithm with 3 different dimensions and 2 different direc—
tions of rectangles as Table 2,

Table 3. The combination of 3 different dimensions and 2 different directions of rectangles

Pattorn 1/2 size load 1/4 size load 1/8 size load
(2948mmx1174mm) (1474mmx1174mm) (1174mmx737mm)
(a) longitudinal longitudinal longitudinal
(b) longitudinal lateral longitudinal
(c) longitudinal longitudinal lateral
(d) longitudinal lateral lateral
(e) lateral longitudinal longitudinal
(f) lateral lateral longitudinal
(g) lateral longitudinal lateral
(h) lateral lateral lateral
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Fig. 17. Packing efficiency in a 20FT container by Max—
Rects algorithm with 3 different dimensions and
2 different directions of rectangles as Table 2,
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