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Abstract. This paper proposes a multiobjective optimization model of a
three dimensional  container loading problem(3D-CLP) considering the
distribution plan and designs its hybrid quantum genetic algorithm (HQGA). The
purpose of the model is to maximize the rate of space utilization and to adjust the
loading structure through simple parameter initialization. A hybrid algorithm is
put forward based on a quantum genetic algorithm, and spaces depict strategy
based on the surfaces. For this reason, the algorithm introduced in this paper
proposed a new quantum coding pattern. Compared to the traditional evolutionary
algorithm, the quantum genetic algorithm has more powerful capacity in traversal
search. Finally, an actual numerical experiment and a comparison test were
illustrated to verify the efficient and stable performance of the proposed algorithm.
The results have shown that the solution has a satisfactory, stable, compact effect
and an adjustable loading structure.
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1. Introduction

The loading problem is a complicated combination optimization. Research
on the loading problem mainly focuses on its solution algorithm[1]. This mainly
relates to the changes of packing constraints in the real world. Until now, there
have been many research efforts devoted to it. Iwasawa et al proposed a heuristic
algorithm based on a greedy strategy for the container loading problem with
complex loading constraints[2]. Based on the concept of 'Block', Fanslau et al
designed an orientated tree algorithm of efficient paths by stimulating the growth
of the trees, which belongs to the heuristic algorithm[3]. Gongalves et al designed a
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multigroup parallel and adaptive genetic algorithm based on the empty maximal-
spaces[4]. Liang et al proposed a hybrid meta-heuristic based on a two-phased
method focusing on the improvement of the efficiency and on the reduction of the
loading problem size[5].

Computing the complexity of traditional algorithms presents exponential
growth with the growth of unloaded item quantity[6]. 3D-CLP is one of the most
complicated loading problems. Currently, more and more researchers pay attention
to 3D-CLP, with the increasing number and various shapes of items. Toffolo et al
presented a decomposition approach embedded in a multiphase heuristic for the
multiple container loading problem introduced by the Renault company in France.
This approach requires a large number of different items to be packed into
containers of different types and sizes[7]. Zhao et al built a multiobjective mixed
integer programming model of the three-dimensional packing problem for solving
3D-CLP with eight kinds of practical constraints[8]. Leonardo et al presented
heuristic algorithms based on the combination of two classic heuristics from
vehicle routing and container loading problems to solve a three-dimensional
loading capacitated vehicle routing problem[9]. Wu et al developed three-stage
heuristic algorithms to solve a new practical three-dimensional packing problem
that can be decomposed into three subproblems: three-dimensional irregular
packing with variable-size cartons problem, three-dimensional variable-size bin
packing problem, and the single container loading problem[10]. Lin et al
established a model for the two-door 3D-CLP under home delivery service, which
predetermines cargo delivery ordering and aims to reach maximal utilization ratio
of the container space[l11]. Zhao et al provided an extensive comparison of
algorithm performance across the benchmark literature and focused on some of the
critical algorithmic design issues[12]. Célia et al developed MIP-based constructive
heuristics to quickly provide good initial and feasible solutions for the three-
dimensional multiple bin size bin packing problem[13]. Turky et al presented
iterated local search heuristics with guided perturbation for the heterogeneous fleet
vehicle routing problem with time windows and three-dimensional loading
constraints that must be solved within one hour[14]. In addition, a genetic
algorithm-applied multipopulation strategy and fuzzy logic controller (FLC) were
proposed to improve the efficiency and effectiveness of the 3D container loading
problem[15].

The above recent research on 3D-CLP has mainly focused on the simplex
optimization method of the loading rate. The real logistic operation will adopt
different loading plans to items due to different needs and simultaneously consider
the safety of distribution. This approach demands that the total center of gravity of
loaded items cannot be excessively offset in the axial direction. Thus, 3D-CLP
modeling and solving become challenging operations in reality. There are
substantially fewer correlation research efforts. Therefore, a 3D-CLP concerned
with the distribution plan is proposed in this paper. First, the distribution plan for
goods is ascertained, and then an adjustable loading structure plan is designed by
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dividing the load space to make the solution plan satisfy the real needs. Next, an
HQGA is designed, which combines QGA with the spatial description strategy
based on planar considerations. Finally, the excellent global searching ability of
QGA is used to avoid the local optimum. This paper is organized as follows. In
Section 2, we describe the questions addressed. Section 3 presents the model of
3D-CLP with the distribution plan. The detailed algorithm is introduced in Section
4. Section 5 reports the computational results of the practical test instances. Finally,
the last section summarizes the work.

2. Question Description

This paper primarily considers maximizing the space utilization. So the 3D-
CLP studied in this paper can be described as follows: given an ex-warehouse item
sequence C, loading space R and distribution plan, the objective of the solution is
to load as many items as possible in a given loading space and to satisfy the
requirements of the loading-unloading sequence and adjustable loading structure in
terms of multi-destination distribution. Loading structure refers to the loading
scheme formed by different occupancy sequences of items. Loading structure is
represented by S, S=[1,2,3], which means that goods are filled from bottom to top,
from inside to outside and from side to side, respectively. Loading structure
corresponds to placing flatwise, placing nearest the inside and placing by one side
in the actual loading process. Assuming that a certain task needs to distribute N
items from M species, these items need to be distributed to P destinations. The
problem statements are as follows:

(1) R=[L,W,H,T,LB] denotes the loading space of the item. L , W, H, T and
LB represent length, width, height, maximum load and the space load-bearing level
on the bottom, respectively.

(2) C=[c1,62,.-.5¢i. . .,cn] denotes the sequence of items, storing all items to be
loaded. The attributes of each item ¢; in the listing C are represented by
¢ =[vilywyhit,lbyx,yi,z,e,d,g;]. The symbols in ci denote whether the item is
loaded or not. They also denote the length, width, height, weight of the item, the
load-bearing level, the coordinate position of the left rear point of the item,
placement mode, the destination code of the item and the center of gravity of the
item after loading, in which:

(1) The parameter v; fetches a 0 or 1 value, which indicate that the item is
unloaded or loaded, respectively.

(2) The load-bearing parameter /b; is expressed by a positive integer. The
larger the 1b values, the greater the load-bearing level of the item is.

(3) Destination code d; denotes the distribution location of items. The
destination data are needed to solve the loading problems arising from the results
of vehicle routing planning in the early stage of the logistics center. In this paper, P
destinations to be delivered are represented by destination set D=[1,2,3... P], d;€D.
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The size of d; indicates the priority level of distribution. The bigger the d; is, the
higher priority the item distribution will be. Correspondingly, the smaller the d; is,
the lower priority the current item loading is. Thus, this can meet the needs of
loading-unloading operation. Therefore, d; can also indicate the priority of item
loading. The smaller the d; is, the lower priority the loading will be.

(@) In this paper, we assume that the center of gravity of each item to be
loaded is its geometric center, and the center of gravity of the item loaded is
expressed by g; , g=(x";,)"1,2°0)-

The placement mode parameter e; fetches the value ranging from 1 to 6.
The placement mode represents the relationship between the unilateral dimension
of the item and the coordinate axis, which is shown in Table 1 below.

Table 1. Mapping table of placement method ei

¢; | Parallel Relation of Item Unilateral Dimension and Axis | Placement Method
1| /X, w//Y, h//Z Standing

2\ LY, wi/X, h//Z Standing-Rotating
3| I/X, w//Z, h//Y Lying

4 | 1Y, wi/Z, h//X Lying-Rotating
51172, w/Y, h//X Side Lying

6 |l/Z, wiX, hs/Y Side Lying-Rotating

At the same time, this paper designs a description strategy of loading space
based on a plane[6]. The plane refers to the bottom of the loading space and the
surfaces of other objects. The paper describes the loading space by defining a plane
list. The plane list is expressed as P=[p;.p,,...p.], where u is the number of planes,
Pi€P. The attributes of each plane pi are represented by p; =[pl,, pwi, phi, Ibi, Lw, x;,
Wi, zil, and the coordinate axis is shown in Figure 1, in which:

(1) pl; represents the length of the plane along the X direction in the coordinate
axis. (2) pw; represents the length of the plane along the X direction in the coordinate
axis. (3) ph;represents the length of the plane along the Z direction in the coordinate
axis. (4) Ib; represents the load-bearing level of the plane, which is determined by the
type of plane. (5) x;, ;, z; represent the coordinates of the left rear point of the plane,
which are in the same coordinate axis as the loaded items.(6) Lw; represents the
maximum load limit of the plane. The maximum load of each plane in the loading
process is updated in real time according to the loading situation. Thus, when the
maximum load of a plane needs to be calculated, the maximum load of the loading
space is used to subtract the total load of the loaded items. The loaded items can be
determined according to the item sequence C.
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Figure 1. 3D-CLP problem schematic diagram

Plane list P is at the bottom of the space in the initial situation. In the process of
continuously placing items, the list is updated dynamically in real time. In this paper,
the plane list records the plane of the items that have not been placed. After placing
items on a certain plane, the original plane will be removed from the list and added to
the new plane.

As shown in Figure 1, we set up a coordinate system to represent the loading of
items. We describe the meaning of the parameters with the loaded items c,, ¢, in
which:

(1) Loading label v,=vy=1 indicated that two items c,, ¢, are loaded into the
loading space R; (2) Items c,, ¢, satisfy [b,<Iby, that is, the load-bearing level of item
b is greater than or equal to the load-bearing level of item «, so item ca can be placed
on item cp. (3) The length, width, height and weight of items c,, ¢, are marked in
Figure 1. (4) The left rear coordinates of item ¢, are (0, 0, 0), and the left rear
coordinates of item ¢, are (0, 0, z,).(5) The placement mode of item ¢, is e, =1, which
means that the item is placed vertically; the placement mode of item ¢ is e, =3,
which means that the item is placed flatwise.

3. Model Construction

In this paper, the description of the objective function with 3D-CLP is as
follows:

obj.

max F, =Zil(v,xliXWixhi)/(LxWxH) 1)
min F, = (" - W 12) +(*~H/2) @)
where,
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V= xyxa [ 3 X, (3-1)
8= Zlei X2; Xti/levi Xt (3-2)

zzl(vixlixm.xhi)SLxWxH (4)
Y vxt <T (5)
e=Lx+l<Ly+w<W,z+h<H 1)
e=2,x+w <Ly +l<W,z+h<H 6-2)
e=3,x+[ <L y+h<W,z+w<H 6-3)
e=4x+h<Ly+[<W,z+w <H (6-4)
e=5x+h<Ly+w<W,z+[ <H (6-5)
e=06x+w<Ly+h<W,z+[<H (6-6)

z,+h, e, e{l,2},lb<Ib,
L z;+1, e e{3,4},b,<Ib, jeije[LN] )
Lozt w, eje{5,6},lb,.Slbj

0 else

Lw=T- thixni and Lw>0 (®)

The objective function (1) shows that the optimization goal is maximizing the
utilization of loading space. The objective function (2) presents the items’ center
weighted and minimum offset of loading space in the YZ directions; formulas (3-1)
and (3-2) refer to the center weighted items in the YZ directions. When considering
the general encasement problems, the objective function (2) is used first in this paper.
While considering the loading problems, the high efficiency of truck loading should
be required, and the axial distance migration of the center weight after loading the
items should not be too large.

Formulas (4) to (8) are the constraint conditions of 3D-CLP. Constraint
condition (4) refers to the situation that the sum of the loading item total volume is
less than the loading space; constraint condition (5) shows that the sum of item
weight is less than the maximum load of the loading space; in the constraint
condition (6), at least one can be guaranteed to ensure that the item ci to be placed
does not exceed the limitations of the length, width and height of the loading space;
constraint condition (7) states that the cargo in the upper layer must be supported by
the cargo in the lower layer: the cargo cannot be hung and must satisfy the load-
bearing level constraints of items when stacked; constraint condition (8) is the
maximum load solution of the single plane in its list and must be greater than zero, in
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which case the symbols refers to k kinds of loaded items at some moment, n quantity
of each loaded item, and ti weight of the item itself.

4. Algorithm Design

In this paper, a heuristic strategy is used as a decoding mapping function to
calculate fitness. As a new arithmetical method, QGA has more powerful capacity in
traversal searching, and it does not readily fall into local optimum and fast
convergence to the global optimum solution with small population size compared
with traditional GA. At present, there are few studies on quantum coding methods for
3D-CLP. A new quantum chromosome coding method is proposed, and the
corresponding population initialization method is introduced.

4.1. Quantum Coding Design
We use quantum bit chromosomes to code the three-dimensional packing
problem space and propose a combined coding design method, as shown in Figure 2
below. Each chromosome Gen consists of IFLoaded, Mode, and Put, which are
described below.

IFLoaded Mode Put
1 1 1 1 1 1 M M M
|:a1 a, aN:H:ml m, mM} DPi>PrsP35PssPssPs -+ Py 5Ps > D¢
1 1 1 1 1 1 M M M
b b, ... by LM My e My || G159259359459559 -+ 94 595 59
IFLoaded 'seq;ence length:N Mode'seque;ce length: M Put'sequenge length:6M

Figure 2. Structure of quantum bits code chromosome

(1) Whether the item is loaded in the sequence, IFLoaded=[ifload,,
ifload,,...,ifloady]. In ifloadi=[a;,b;]T, natural number 1,2,...,N denotes the number
of items to be loaded, a; denotes the probability that item 7 is loaded, and b; denotes
the probability that item i is unloaded.

(2) Placement sequence Mode=[model,mode2,...,modeM]. In modei=[nm;,n;]",
natural number 1, 2,...M denotes the number of items to be loaded.

(3) The sequence of placement of items: Put=[put,,put,,...,puty]. In this paper,
there are six ways to place objects, including standing lay, standing and spin lay,
lying, lying & spin, side lay, side & spin lay, and the placement direction of items h
parallel or vertically to the x, y, z axis. In addition, put=[p', ¢'1", p'=[p1,p2.P3-PaPs:P6] "
is the probability of the first item’s permissible placement mode.
7=[91,92,q3:94.q5,95]" is the probability of the first item’s unallowed placement mode.

Thus, any loading of the items to be loaded can be represented by chromosome
Gen={IFLoaded, Mode, Put}. The data structure of the encoding space is shown in
Figure 3. Each chromosome describes whether each item in the list is loaded, paved
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or stacked, as well as the placement allowed. According to the method of loading and
the property of the item determined by the chromosome, the decoding strategy is
designed to map the decoding of the chromosome structure to the loading space to
determine the loading scheme.

Data Structure Of Data Structure Of
Quantum Chromosomes Item Sequence
3-dimensional size: [,w,h
IFLoadedSequence
Weight and grade: ¢,/b
ModeSequence Sp.atlfil coordinates of left-back
point: Xx,y,z
Loading number: Ns
PutSequence

List of enabled placing ways: A[6]

Figure 3. Data structure of a chromosome and item sequence

4.2. Initialization

Initialization of quantum chromosomes adopts the method of placing the
probabilistic amplitude of the locus at 1/42.. This method indicates that in the
primary chromosomes, each locus of each chromosome is observed with the same
probability of 1/2, that is, each locus represents an equal probability superposition of
all possible states.

The population Q(t) must be observed after the initialization of the quantum
population. The paper uses the random numbers generating method to measure the
population, and the results are shown as a binary solution P(t). The observation
process of quantum chromosomes for a three-dimensional packing problem is shown
in Figure 4, including two kinds of item' number 2.

o Ve Ve Ve Vel e Vel e Ve
VAR AR AN AA VA A VA

ooy [0.6 03075 0.56][033  0.68][0.53 0.13

]SS:S:a;_\éjolution [1 0 1 1] [ 0 1 ] [ 1 0 .. ]

Figure 4. Observation process of quantum chromosomes

4.3. Decoding Strategy
The decoding strategy is based on the plane in the loading space. The paper
gives more attributes to the plane. The above strategy can track the loading
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sequence well and record the loading situation of the space. The core idea of the

decoding strategy is to describe the space loading situation with the use of a flat

list. According to P(t), a list of items to be loaded can be determined. The attributes

of each item in the list are determined by the data structure shown in Figure 3.
4.3.1. Plane choice and item filling

When filling an item, first select the plane in the list of planes. The plane
selection strategy determines the structure of the loading scheme. According to the
properties of the plane, three loading structures are designed in this paper: flat,
inward and sideward.

For the selected current plane, P(t) determines the object placement and
placement attributes for filling items. For the placing mode of flat pavement, the
method of occupancy rate of the flat area is used to select the goods with the
greatest occupancy rate of the current flat area. For the stacking mode, the goods
with the greatest occupancy rate are selected, as shown in formula (9):

min H%/!’ ©9)
in which /” indicates the height of an object in a certain placing mode.

4.3.2. Initialization and update of plane list

(1) Initialization of plane list

Initially, the unloaded loading space contains only one plane, P=[p], where
p=IL,W,H,LB,T,0,0,0]. In this paper, the loading space is initialized by dividing the
bottom G of the loading space equally, G=P, that is, the partition parameter of the
loading space is the number of distribution destinations. This paper adopt two
methods of division:

(1) Horizontal division. Division according to the X-axis direction of loading
space. Assume that there are 3 distribution destinations in the plane. P=[p;,p,,p;] is
the flat list of loading space, where p, =[L/3,W,HLB,7,,0,0,0] , p,
=[L/3,W,H,LB,T,, L/3,0,0], and p;=[L,W,H,LB,T, 2L/3,0, 0].

(2) Vertical division. Division according to the Y-axis direction of loading
space. The flat list of loading space is initialized to P=[p;,p,], where pl = p,
=[L,W/2,H,LB,T,0,0,0], and p2 =[L,W/2,H,LB,T>, 0, W/2,0].

(2) Update of plane list

For the current plane, the current operating plane is divided into four parts as
shown in Figure 2. In this paper, the principle of keeping as large a plane as
possible, that is, satisfying the situation of area S(A)+S(B)>S(B)+S(C), is adopted.
Therefore, the current plane is divided into three planes: the upper surface of the
object, Plane A and Plane(B+C). The updating strategy of the plane list is as
follows: after a plane in the list is determined to be able to be placed in the items to
be loaded, the current plane is deleted from the plane list, and the newly generated
three planes are added to the plane list.
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4.3.3. Decoding process

Take two kinds of items as examples, each containing two quantum
chromosomes. Assume that A={[1,0,1,1][0,1][1,0,1,1,1,1,1,1,1,0,0,0]} is the binary
solution of quantum chromosomes, and the corresponding decode forward of A is
shown as follows.

(1) Place the flat item of the 1st kind of items, no standing-rotating.

(2) Stack two of the 2nd kind of items: no lying-rotating, no side lying, no side
lying-rotating.

(3) As shown in Figure 5(a), place the 1st kind of item flat, while the current
flat list is initialized, and the standing space can reach maximum occupancy. Also
shown in Figure 5(b), stack the 2nd kind of items, and the lying method can reach
maximum height. Choose PlaneB for lying once PlaneA and PlaneC cannot be
placed. Arrows represent the directions of items.

A Z‘ A
3" item /
Lying
H Plgne €
Plarte C 1" item
T Standing 4" item / -
» M ite !
> iten Lying >
X Standing X
Y\ Plane A Plane B Y|/ Plane A Plane B
(a) (b)

Figure 5. Decoding of chromosomes A

4.4. Correction Strategy

There may be chromosomes that do not meet the constraints after decoding
into a binary solution, such as when the sum volume of items exceeds the total
volume of load-space or the sum weight of items exceeds the total weight of load-
space. This will cause the chromosomes to be unable to reach a feasible solution.
This paper used the following correction strategy.

(1) IFLoaded list correction. When the sum volume of items exceeds the total
volume of load-space, the paper uses a correction strategy: the strategy randomly
selects a location in the IFLoaded list and sets the value to "0". Furthermore, for
fear of overloading the items, the strategy randomly selects a location in the
IFLoaded list and sets the value to "1", while the sum volume of items does not
exceed the total volume of load-space. If the constraints are met, keep the results; if
unsatisfied, then revert the value to "0". The core concept of the correction strategy
is to help to select items as much as possible on the condition that the sum weight
and volume of items do not exceed the limit.
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(2) Put array correction. The decoding results of the Put array stipulate the
place method for an item. To gain as much lying mode as possible, a gene value of
0 gain decoding from the binary solution P(t) mutates into 1 by using random
mutation in the paper.

4.5. Fitness Function Design
The design of a fitness function is based on the objective function of the
paper's model, just as shown in formula (10)

max F" =& XF +& XF, (10)
where, the weight coefficient & and & are assigned due to the object's importance.
This converts F+ F, to maximum F;’. F,’ individually and uses [0,1] to
standardize F,’.In addition, & + &=1.

Fnl =K (11)

2 2 2
Fz':l—Fz/ [L +W4+H "

Formula (11) is expressed as the maximum utilization rate of loading space.
Formula (12) is represented as the shift extent of the weighted center after loading.
The distance from geometric center to the distal apex in loading space is the
maximum shift extent. The smaller the shift extent of the weighted center F3 is, the
greater F’3. The paper designed different fitness functions to match with and solve
two kinds of problems, including items and truck loading problems of the logistics
center.

(1) The maximum utilization rate is the main objective of the item loading
problem. It has no special demand for the core of the loading plan.

(2) In addition to the maximum utilization rate, the distribution between many
destinations is also involved. Thus, two targets must be considered simultaneously:
note that the shift extent between the weighted center of the loading plan and the
central axis of the transport volume is not too large.

4.6. Updating Mechanism
The quantum rotation gate can rotate the phase of single-qubit to an angle to
update the quantum chromosomes. The updating mechanism idea of the quantum
rotation gate is to make the current solution converge quickly to a chromosome
with better fitness. The updating process of (o, 5r), with the kth qubit located in the
quantum chromosomes, is shown as formula (13) and formula (14).

F:k:l _ {cos 6, —si nek:H:ak} (13)
B, sing  cosé6, ||B,
6, = s(a,p,)A6, (14)
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whereA 6 is the rotation angle of the quantum rotation gate, and S(af:)
decides the direction that converges to the global optimization result. The choice of
S(oyfr) and A6 is a convergence strategy, and their values are as shown in Table 2.
by and xi represent the optimal solution of current population and the kth value of
the current solution set, respectively. f{x) and f{b) are the corresponding objective
functions. The convergence strategy used in the paper is shown as follows: in any
case, the current solution with better fitness is an optimum solution. Furthermore,
to avoid the premature convergence, one strategy was to adopt a slower
convergence speed when the current solution equals the kth value of the current
solution set; in contrast, a faster convergence speed is used, while the two are not

equal.
Table 2. Lookup table of AG;
s(ouBx
i | bic| fx) 2 /b) B> 0 abe<0 ] ox=0] fe=0 A6
00 False -1 +1 +1 0 0.051
0]0 True -1 +1 +1 0 0.05n
0] 1 False +1 -1 0 +1 0.2m
0] 1 True -1 +1 +1 0 0.4n
110 False -1 +1 +1 0 0.2m
110 True +1 -1 0 +1 0.4m
1|1 False +1 -1 0 +1 | 0.05%
1] 1 True +1 -1 0 +1 | 0.05%

5. Experimental study
The experimental environment of the algorithm is as follows: CPU: Intel(R)
Core(TM)2 Duo E7400@2.80 GHz; memory: 2.00 GB; algorithm achieved using
C#. The basic parameter selection of the algorithm is shown as follows: population
size NIND = 10, iterative times MAXGEN =300.

5.1 Testing the adjustable characteristic of loading structure
In this paper, we propose that the loading structure plan must satisfy the
requirement of loading structure to adapt to real encasement needs. The data
resulting from testing 6 kinds of 600 encasement item problems, when the weight
coefficients are set to &£, =0.8 and &=0.2 , are shown in Table 3.

Table 3. Example test data

Length | Width | Height . Load ltemAllowed Weight/Maximum
Item (mm) | (mm) | (mm) Quantity Level Ple.lcen}ent Load (kg)
Direction
Container | 12912 | 2340 | 3100 1 - - 28280
Cargol 1500 500 500 100 1 6 95
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Cargo2 720 310 560 100 1 6 12
Cargo3 550 440 660 100 1 6 28
Cargo4 430 410 450 100 2 6 36
Cargo5 720 310 560 100 2 6 15
Cargob 610 350 500 100 3 6 24

There are 3 types of loading structures acquired by calculating the data in
Table 3.

(1) S=I1 Flush system. This refers to the situation in which items occupy the
loading space in the bottom preferentially, and items are loaded from the bottom to
the top, layer upon layer.

(2) S=2 Place inside. This refers to the situation in which items occupy the
loading space in the inside preferentially, and items are loaded from the inside to
the outside, with priority assigned to the high place.

(3) S=3 Place in the side of space. This refers to the situation in which items
are placed in the side of the space and occupy the side space preferentially.

5.2 Distribution Plan Testing

The truck in the problem is adapted to the 3D container loading problem,
which is concerned with the distribution plan, in which items are delivered to
various destinations according to the distribution plan, not only considering
satisfying the maximization of the loading spatial utilization but also ensuring the
gross center of gravity to be in the transport vehicle shaft. Table 3 is also used in
testing data. It is convenient to analyze the loading plan results by changing the
quantity of each item into 60 and loading items using all of the loading space. At
this time, the weight coefficient £ has no influence on the result. Then, we test the
weight coefficient & with different values. The loading results under different
parameters are shown in Figure 6, in which the dotted line represents the separation
of the loading space, G is the number of delivery destination-initialization
parameters of the loading space, and S is the loading structure:

(1) Setting &=0.5 and S=1, spatial initialization is a lateral division. The
algorithm optimizes the loading in each section. Although the weighted center of
loading result is around the loading space geometric center, and the number of
sections increases with the growth of G value due to the larger weight of the target
center of gravity offset, the effectiveness of loading results in this plan can still be
guaranteed.

(2) Setting &=0 and S=3, spatial initialization is a vertical division. Due to not
considering the weight of the target center of gravity offset, the weighted center of
the loading result can be biased toward one side of the space so that items can be
loaded from one side of the space, and at the same time, items in different sections
will not superimposed on each other after adopting spatial initialization.
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Section No. | ) , ] i 1,2,3,4.56.7.82910

Figure 6. The Plan of 3D Container Loading Problem Considering the
Distribution Plan and Load Configuration

5.3 Loading Rate Testing
The paper also used the data of references[16] and references[17] for testing.

The testing results were shown in Table 4.

Table 4. Comparison of tests of loading rate

Ttem Total Loadl?f Rate Loading Rate
Number Example Number I Obtained
Type Original . .
of Items . in This Paper
Literature
1 Literature[16] 8 709 91.9% 92.39%
2 . 5 1728 97.46% 98.33%
3| Lterawrel 7] 637 92.40% 93.45%

From the analysis of the test results, the loading rate of this algorithm is better
for the packing problem of a large number of items. For fewer items and diverse
types, the space utilization rate of this algorithm is not good, especially for the
strong heterogeneous packing problem, which requires further optimization.
Because of the distribution plan of the logistics center, this algorithm can
effectively solve the actual packing problem.

6. Conclusion and discussion
In this paper, considering the distribution scheduling for the 3D container

loading problem, the adjustable structure and its hybrid quantum genetic algorithm
are proposed, and the main conclusions are as follows. (1) For the needs closely
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related to “loading” and “distribution” in real operation, in this paper, we construct
a multiobjective optimization model of the container loading problem, which
considers the distribution plan; based on the distribution scheduling to design the
loading plan, we make the loading plan satisfy various constraints and multi-
destination requirements, as well as adjustable characteristics of loading structure.
(2) In the algorithm design, the hybrid quantum genetic algorithm is put forward in
this paper. Moreover, for the 3D container loading problem, a quantum coding
pattern, decoding strategy and space depiction strategy based on the surfaces are
designed. This algorithm achieves the adjustable characteristics of loading structure
and excellent loading rate. (3)The results tested with instances show that this mode
and algorithm can achieve the adjustable characteristics of the loading structure of
the solution. Furthermore, the loading plan can satisfy the item partitioning when
we consider the multi-destination distribution, and it has a better operation effect
for the large-scale loading problems, which is able to maximize the rate of space
utilization. This research provides new thought and an effective path to solve the
3D container loading optimization problem and encasement and loading problems
in the logistics center.
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