
Volume 2 Issue 10, 2021 

DOI: 10.6981/FEM.202110_2(10).0034 

263 

Frontiers in Economics and Management 

ISSN: 2692-7608 

A New Binary Formulation of Import Containers Relocation 
Problem with the Goal of Minimizing the Crane Working Time 

Linxiao Yu1,* 

1School of management, Shanghai University, Shanghai, 201800, China. 

*Corresponding Author 

Abstract 

In order to improve the efficiency of the retrieval operation of import container, 
researchers mostly study the block relocation problem with the goal of minimizing the 
number of relocations. Considering that the number of relocations and the crane 
working time are not completely positively correlated, this paper takes minimizing the 
crane working time as the objective function to study the container relocation problem. 
Based on the previous research, combined with the characteristics of container storage 
in the yard, the container storage status is represented by a binary matrix, and an integer 
programming model is established considering the legality of container storage layout 
and the continuity of container relocation operations. Finally, the article uses the CPLEX 
technology to solve the model, and verifies the validity of the model through the 
instances. In addition, the results show that the model has a higher efficiency in solving 
small and medium-scale container relocation problems, and analyzes the impact of 
restricted variants on the quality of solution and cost time. 
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1. Introduction 

It is of great significance to build world-class smart and green ports, improve modern Marine 
industrial system and maintain green and sustainable Marine ecological environment to 
accelerate China's maritime development and transportation construction. Among them, most 
of the goods in the maritime industry use container transportation, which compared with other 
transportation, has the advantages of low cost, low cargo damage, high efficiency, large loading 
capacity. However, with the construction trend of smart ports, the container transportation 
industry is also facing the difficult problem of transformation. How to comprehensively 
improve the efficiency of container transportation in the context of high and new technologies 
has become a problem that needs to be solved by Chinese ports at present.  

One of the main reasons affecting the efficiency of container transportation is the low efficiency 
of container yard loading and unloading. Container yards are responsible for transferring 
containers between different types of transport equipment (trains, ships and trucks) and for 
storing containers. In the past decades, improving the efficiency of container yard has become 
an important issue in scientific research. In previous studies, scholars mainly focused on 
reducing transportation costs and improving resource utilization of container yards to solve 
the problem. Due to the uncertain time of customer's container picking up and the lack of 
container picking up information at the dock, it is difficult for the yard to orderly stack 
containers according to the order of container picking up, and the situation that the order of 
container picking up is inconsistent with the storage state may occur. The target container to 
be removed first is pressed under the target container. To retrieve the target container, it is 
necessary to move the container on the upper layer (block container) to another stack. This 
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process is called relocation. Once the located position of the block container is improperly 
selected, it will lead to the second move of the subsequent containers. Given the order of 
container retrieval, how to choose the appropriate location to reduce the number of container 
relocations is called container relocation problem(CRP/BRP).  

Unnecessary container relocation in the yard will increase the operating costs of the terminal, 
reduce the operating efficiency of the yard, damage the quality of customer service, and 
significantly reduce customer satisfaction, thereby affecting the comprehensive 
competitiveness of the terminal. Studies [1] have found that there is a direct link between the 
efficiency of carrying cases and customer satisfaction. Specifically, the lower the efficiency of 
container retrieval, the longer the crane working time, the longer the customer's waiting time, 
and the lower the satisfaction level. Customer satisfaction is difficult to measure directly, and 
the waiting time can be calculated by the operating time of the crane. Therefore, this article 
takes the waiting time of the container as an important measure of the efficiency of the yard to 
pick up the containers, and conducts a research on the container relocation problem that 
minimizes the working time of the crane. 

This paper introduces the container relocation problem with the goal of minimizing the crane 
working time. The rest of this paper is organized as follows. Section 2 classifies and reviews the 
existing research literature. Section 3 defines the research problem in detail, introduces the 
binary coding rules and proposes the translation that minimizes the crane time. Mathematical 
model of the box problem. Section 4 conducts the numerical experiments to prove the validity 
of the model and compared it with the data of several other models. Finally, Section 5 concludes 
the paper. 

2. Literature Review 

In recent years, more and more scholars have begun to pay attention to the container relocation 
problem. Kim and Hong [2] proposed the concept of BRP for the first time, determined a 
number of problem assumptions and proposed a B&B method to solve the problem. Caserta et 
al. [3] proved that BRP is an NP-hard optimization problem. According to the containers that 
can be turned over during the lifting process, Zhu et al. [4] identified two main variants of BRP: 
restricted Container Relocation Problem (R-BRP) and unrestricted Container Relocation 
Problem (U-BRP). The former is only allowed to move the blocked container on the target 
container, while the latter is not restricted. Galle et al. [5] proposed a new variant in their article, 
which relaxes the restricted container relocation problem, allowing all other containers present 
to be turned at most once during each retrieval for a container, and proposed a mathematical 
model to solve this problem. Jin [6] improved the model in subsequent research. This 
hypothesis will be applied in this study. 

At present, many algorithms have been applied to solve the container relocation problem or 
related variants, which can be divided into extract algorithms and heuristic algorithms. Among 
them, the extract algorithm can ensure the optimal solution, but it will consume more 
calculation time. Unluyurt et al. [7], Zehendner et al. [8] successively proposed a branch and 
bound algorithm (B&B) to deal with the container relocation problem, and achieved good 
results. In the extract method, part of the research based on mathematical formulas also 
ensures that the optimal solution to the problem can be obtained. For example, Caserta et al. [9] 
and Petering et al. [10] both proposed integer linear programming (ILP) formulas for solving 
CRP. Another method commonly used to solve CRP is a heuristic algorithm, which can obtain a 
near-optimal solution in a short time. Wu et al. [11] proposed a beam search algorithm (BS) to 
solve restricted CRP with unique priority. Forster et al. [12] proposed a heuristic algorithm 
based on tree search. Finally, Jovanovic et al. [13] proposed a new chain heuristic algorithm to 
solve the container relocation problem. 



Volume 2 Issue 10, 2021 

DOI: 10.6981/FEM.202110_2(10).0034 

265 

Frontiers in Economics and Management 

ISSN: 2692-7608 

So far, most studies on CRP have focused on minimizing the number of relocation or the number 
of crane movements. Some scholars believe that this is not practical in reality, and the smallest 
number of cases does not mean the lowest cost. Therefore, more and more scholars have 
focused their research on determining the objective function. Stefan [14] studied the 
relationship between different objective functions in BRP for the first time and found that the 
crane working time would be better than the number of relocations to be as the objective 
function. So far, Lee et al. [15] has studied the minimization of the weighted sum of the number 
of box turnovers and the total working time of the crane in the block. Bian et al. [16] researched 
how to retrieve containers with known weights from two-dimensional storage facilities to 
minimize energy consumption. In addition, Firmino et al. [17] and Azari et al. [18] all carried 
out studies with the crane movement trajectory as the objective function. 

In summary, there are fewer researches on the container relocation problem with the goal of 
minimizing the crane working time (CPRIRCT), and fewer researches on the loosely restricted 
container relocation problem. Relaxing this restriction can improve the quality of the solution 
to a certain extent, and greatly reduce the time to obtain the solution, which may have strong 
applicability in future research. 

3. New binary IP formulation 

3.1. Problem description 

This article focuses on the container relocation problem with the goal of minimizing the crane 
working time. In reality, due to limited storage space, containers are usually stacked in the yard. 
The storage yard consists of several parallel bays. A bay is composed of a row of stacks. Bay, 
stack and tier determine the location of each container slot, as shown in Figure 1. The operation 
of the container yard is usually completed by the crane, so the number of container relocations 
will affect the number of crane movements and working time. 

 

 
Figure 1. Stacks of containers in a storage yard [19]. 

 

Under normal circumstances, the customer sends a request to retrieve the container, and then 
the yard crane will pick up the target container. The container relocation problem with the goal 
of minimizing the crane working time is defined as follows: Given the initial layout of the bay 
and the sequence of container retrieval, it is vital to find the optimal location of block container 
to minimize the crane working time in the whole process. In the problem, it is assumed that the 
order of all containers is determined and unique. Therefore, the given hypothesis is as follows: 
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(1) Containers stacked on the stack do not exceed the limited height, and there are enough 
empty slots for relocation.   

(2) No other containers enter during the retrieval of container. 

(3) Containers are of the same size and cannot be placed in the air. 

(4) The crane can only move one container at a time. 

(5) Each container is extracted for a period of time, and other containers on site are allowed to 
move at most once in each period.  

3.2. Binary encoding 

The mathematical model in this paper combines the new constraints of the research problem 
and is improved on the basis of the binary coding model of Caserta et al. [9]. Most integer 
program formulations use the matrix representation of a configuration, i.e., they introduce 
binary variables of the type 𝑦𝑡𝑠𝑐𝑛  which indicates if container c is in tier t of stack s before the 
nth move is performed. 
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Figure 2. Configuration including artificial containers 

 

Research of Galle et al. [5] define 𝑆  artificial containers identified by integers from 𝐶 +
1, . . . , 𝐶 + 𝑆, where artificial container 𝑐 is under all containers in stack 𝑐 − 𝐶 (see Figure 2). 
These artificial containers are used to keep track of which containers are in which stacks. Using 
these containers, they encode the classical matrix representation of the configuration into a 
binary matrix denoted by 𝐴 of size (𝐶 + 𝑆) × 𝐶 . Rows indexed from 1, . . . , 𝐶 and columns of 𝐴 
represent the 𝐶 real containers, while rows indexed from 𝐶 + 1, . . . , 𝐶 + 𝑆 correspond to the 𝑆 
artificial containers. Formally, the binary encoding 𝐴 ∈  {0, 1}(𝐶 + 𝑆) × 𝐶 is defined such that 

∀ 𝑐 ∈ {1, … , 𝐶 + 𝑆}, 𝑑 ∈ {1,… , 𝐶}, 

𝐴𝑐,𝑑 = {
1     𝑖𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑐 𝑖𝑠 𝑏𝑒𝑙𝑜𝑤 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑑,
0     otherwise                                                    

 

The binary encoding of the configuration in Figure 2 is 

𝐴 =

[
 
 
 
 
 
 
 
 
 
0 0 0 0 1 1 0
0 0 0 0 0 0 1
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 0 1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 0 0 0 1 1 0
0 0 1 1 0 0 0
0 1 0 0 0 0 1]
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Through the application of the matrix, we can quickly obtain and use information. Take the 
container 1 in Figure 2 as an example. The first row of the matrix shows that container 5 and 
container 6 are placed above the container 1. The first column indicates that container 1 is 
placed above the artificial container 8, that is, container 1 is placed in Stack 1. 

3.3. Binary IP model 

Jin [6] established mathematical models for the container relocation problem and related 
variant problems. They took each container extracted as a time period. The modeling ideas of 
this article are similar to them, considering the state changes before and after retrieving a 
container, and improving on the basis of their model, and establishing a mathematical model 
suitable for the research problem of this article. 

The parameters and indicators involved in the mathematical model are explained as follows: 

 

Table 1. Parameters Table 
Parameters Description 

𝑛 time period,𝑛 = 1,… ,𝑁 
𝑐 container number(including artificial container),𝑐 = 1,… , 𝐶 + 𝑆 
𝑠 stack number,s=1, …, S; 
𝑆 the number of stacks 
𝑇 the limited height per stack 
𝐶 the number of containers to retrieve, 0 ≤ 𝐶 ≤ 𝑆𝑇 − (𝑇 − 1) 
𝑁 the number of time period,𝑁 = 𝐶 

𝑡𝑠,𝑟
(1)  the cost time to move the container from stack 𝑠 to stack 𝑟 

𝑡𝑠
(2)  the cost time to retrieve from stack 𝑠 

 

The CRPIRCT model considers the situation where the containers in the layout are 
exhausted,defining 𝑁 = 𝐶 ,the CRPIRCT model uses five sets of binary decision variables: 

1) Support relation variables: For  𝑛 ∈ {1, … ,𝑁}, 𝑐 ∈ {𝑛,… , 𝐶 + 𝑆}, 𝑑 ∈ {𝑛, … , 𝐶} 

𝑎𝑛,𝑐,𝑑 = {
 1, 𝑖𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑐 𝑖𝑠 𝑝𝑙𝑎𝑐𝑒 𝑏𝑙𝑒𝑜𝑤 𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑛,
 0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;                                                           

 

2) Relocation indicator variables: For 𝑛 ∈ {1, … ,𝑁 − 1}, 𝑐 ∈ {𝑛,… , 𝐶}, 

𝑥𝑛,𝑐 = {
1 , 𝑖𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑐 𝑖𝑠 𝑟𝑒𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑖𝑛 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑛,
0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;                                                                  

 

3) Relocation move variables: For 𝑛 ∈ {1, … ,𝑁 − 1}, 𝑐 ∈ {𝑛 + 1, 𝐶}, 𝑠 ∈ {1,… , 𝑆}, 𝑟 ∈ {1, … , 𝑆} 

𝑧𝑛,𝑐,𝑠,𝑟 = {
1 , 𝑖𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑐 moves from stack s to stack r when n is target container,
 0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑒𝑖𝑠𝑒;                                                                                                                  

 

4) Precedence relation variables: For  𝑛 ∈ {1, … , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1,… , 𝐶}\{𝑐} 

𝑦𝑛,𝑐,𝑑 = {
1 , 𝑖𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑐 ℎ𝑎𝑠 𝑡𝑜 𝑏𝑒 𝑟𝑒𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑 𝑖𝑛 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑛,
0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                    

 

5) Relocation order variables: For  𝑛 ∈ {1, … , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶} 

𝑧𝑛,𝑐 ∈ {1,… , 𝐶 − 𝑛}, representing the relative order of relocating container c in time period n. 

Note that 𝑧𝑛,𝑐,𝑠,𝑠 = 1 means that container c is not relocated when container n is the target 

container, hence for the sake of clarity, we define 𝑡𝑠,𝑠
(1)

= 0. Given the binary encoding A of the 

initial configuration at time 1, the formulation of CRPIRCT is as follows:  

𝑚𝑖𝑛(∑ ∑ ∑∑𝑡𝑠,𝑟
(1)

𝑧𝑛,𝑐,𝑠,𝑟 +

𝑆

𝑟=1

𝑆

𝑠=1

𝐶

𝑐=𝑛+1

𝑁−1

𝑛=1

∑ ∑𝑡𝑠
(2)

𝑎𝑛,𝐶+𝑠,𝑛

𝑆

𝑠=1

𝑁

𝑛=1

) 

s.t. 
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𝑎1,𝑐,𝑑 = 𝐴𝑐,𝑑
(1)

, 𝑐 ∈ {1, … , 𝐶 + 𝑆}, 𝑑 ∈ {1, … , 𝐶}                                           (1) 

∑ 𝑎𝑛,𝐶+𝑠,𝑐 = 1𝑆
𝑠=1 , 𝑛 ∈ {2, … ,𝑁}, 𝑐 ∈ {𝑛,… , 𝐶}                                          (2) 

𝑎𝑛,𝑐,𝑐 = 0, 𝑛 ∈ {2,… , 𝑁}, 𝑐 ∈ {𝑛, … , 𝐶}                                                  (3) 

𝑎𝑛,𝑐,𝑑 + 𝑎𝑛,𝑑,𝑐 ≥ 𝑎𝑛,𝐶+𝑠,𝑐 + 𝑎𝑛,𝐶+𝑠,𝑑 − 1, 

𝑛 ∈ {2,… , 𝑁}, 𝑠 ∈ {1,… , 𝑆}, 𝑐 ∈ {𝑛, … , 𝐶 − 1}, 𝑑 ∈ {𝑐 + 1,… , 𝐶}                          (4) 

𝑎𝑛,𝑐,𝑑 + 𝑎𝑛,𝑑,𝑐 ≤ 𝑎𝑛,𝐶+𝑠,𝑐 − 𝑎𝑛,𝐶+𝑠,𝑑 + 1, 

𝑛 ∈ {2,… , 𝑁}, 𝑠 ∈ {1,… , 𝑆}, 𝑐 ∈ {𝑛, … , 𝐶 − 1}, 𝑑 ∈ {𝑐 + 1,… , 𝐶}                          (5) 

∑ 𝑎𝑛,𝐶+𝑠,𝑑 ≤ 𝑇,𝐶
𝑑=𝑛  𝑛 ∈ {2, … ,𝑁}, 𝑠 ∈ {1, … , 𝑆}                                          (6) 

𝑥𝑛,𝑐 ≥ 𝑎𝑛,𝑛,𝑐 , 𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}                                       (7) 

𝑧𝑛,𝑐 + 1 ≤ 𝑧𝑛,𝑑 + (𝐶 − 𝑛)(1 − 𝑦𝑛,𝑐,𝑑), 

𝑛 ∈ {1,… , 𝑁 − 2}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1, … , 𝐶}\{𝑐}                             (8) 

𝑎𝑛+1,𝑑,𝑐 ≤ 𝑎𝑛,𝑑,𝑐 + 𝑥𝑛,𝑐 , 𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1,… , 𝐶 + 𝑆}\{𝑐}        (9) 

𝑎𝑛+1,𝑑,𝑐 ≥ 𝑎𝑛,𝑑,𝑐 − 𝑥𝑛,𝑐 , 𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1,… , 𝐶 + 𝑆}\{𝑐}     (10) 

𝑥𝑛,𝑐 + 𝑎𝑛,𝐶+𝑠,𝑐 + 𝑎𝑛+1,𝐶+𝑠,𝑐 ≤ 2, 𝑛 ∈ {1, … , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑠 ∈ {1, … , 𝑆}         (11) 

𝑦𝑛,𝑐,𝑑 ≥ 𝑎𝑛,𝑑,𝑐 + 𝑥𝑛,𝑐 + 𝑥𝑛,𝑑 − 2, 𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1, … , 𝐶}\{𝑐}  (12) 

𝑦𝑛,𝑐,𝑑 ≥ 𝑎𝑛+1,𝑐,𝑑 + 𝑥𝑛,𝑐 + 𝑥𝑛,𝑑 − 2 

𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1, … , 𝐶}\{𝑐}                              (13) 

𝑦𝑛,𝑐,𝑑 ≥ 𝑎𝑛,𝐶+𝑠,𝑐 + 𝑎𝑛+1,𝐶+𝑠,𝑑 + 𝑥𝑛,𝑐 + 𝑥𝑛,𝑑 − 3 

𝑛 ∈ {1,… , 𝑁 − 1}, 𝑠 ∈ {1,… , 𝑆}, 𝑐 ∈ {𝑛 + 1, … , 𝐶}, 𝑑 ∈ {𝑛 + 1,… , 𝐶}\{𝑐}             (14) 

∑ 𝑧𝑛,𝑐,𝑠,𝑟
𝑆
𝑟=1 = 𝑎𝑛,𝐶+𝑠,𝑐 , 𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑠 ∈ {1,… , 𝑆}             (15) 

∑ 𝑧𝑛,𝑐,𝑟,𝑠
𝑆
𝑟=1 = 𝑎𝑛+1,𝐶+𝑠,𝑐 , 𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑠 ∈ {1,… , 𝑆}          (16) 

𝑎𝑛,𝑐,𝑑 ∈ {0,1}, 𝑛 ∈ {1,… , 𝑁}, 𝑐 ∈ {𝑛 + 1,… , 𝐶 + 𝑆}, 𝑑 ∈ {𝑛, … , 𝐶}                     (17) 

𝑥𝑛,𝑐 ∈ {0,1},  𝑛 ∈ {1, … ,𝑁 − 1}, 𝑐 ∈ {𝑛 + 1, … , 𝐶}                                    (18) 

𝑧𝑛,𝑐,𝑠,𝑟 ∈ {0,1}, 𝑛 ∈ {1, … ,𝑁 − 1}, 𝑐 ∈ {𝑛 + 1, … , 𝐶}, 𝑠 ∈ {1, … , 𝑆}, 𝑟 ∈ {1,… , 𝑆}        (19) 

𝑦𝑛,𝑐,𝑑 ∈ {0,1},  𝑛 ∈ {1,… , 𝑁 − 1}, 𝑐 ∈ {𝑛 + 1,… , 𝐶}, 𝑑 ∈ {𝑛 + 1, … , 𝐶}\{𝑐}            (20) 

𝑧𝑛,𝑐 ∈ {1,… , 𝐶 − 𝑛}, 𝑛 ∈ {1, … ,𝑁 − 1}, 𝑐 ∈ {𝑛 + 1, … , 𝐶}                            (21) 

The model takes each extracted container as the time period index, and sets the target container 
n at time n under the condition that the pick-up sequence is known. Only one container is 
allowed to be picked up between the layouts of adjacent time periods, and the other containers 
on the scene are only allowed to relocation once, that is, the restriction is relaxed. This condition 
is not directly embodied by constraints, but is restricted by constraints (9) (10) (11). Containers 
that have been relocated in adjacent layouts cannot be located in the same stack and have 
different support relationships with the same container. In addition, the model guarantees that 
only containers with priority lower than the target container can be moved through the domain 
of decision variables 𝑥𝑛,𝑐 . 

The first type of constraint is the input of the initial state and the end state of the storage yard. 
Constraint (1) means obtaining the container layout at 𝑛 = 1 and transforming it into a two-
dimensional matrix. The second type of constraint is the constraint condition of the storage 
yard during the 𝑛𝑡ℎ  time to retrieve the container. Constraint (2) means that the container in 
the yard must be placed on a certain stack per time period. Constraint (3) means that each 
container cannot support or block itself. Constraints (4) and (5) jointly force two containers in 
the same stack to have one and only one support relationship, and there is no support 
relationship between two containers in different stacks. Constraint (6) means that the number 
of layers in each stack container cannot exceed the height limit T.  
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The third type of constraint specifies the relationship between different variables. Constraint 
(7) indicates that the block container located above the target container must move to another 
stack. Constraint (8) ensures that each container has a certain and unique pick up sequence at 
each time period. The fourth type of constraints stipulates the legal conditions and the 
continuity of the layout state of the movement operation in adjacent periods. Constraints (9) 
and (10) limit the legal relationship between whether the container is relocated and the layout 
changes in adjacent periods when the restrictions are relaxed. Constraint (11) means that 
under the relaxed restricted condition, it is impossible for containers that have been relocated 
in adjacent periods to be stacked on the same stack. Constraint (12) means the priority rule for 
different containers to be removed from the same stack. Constraint (13) indicates the priority 
rule for moving different containers into the same stack. Constraint (14) indicates the 
replacement priority rule for moving in and out of containers in the same stack. Constraint (15) 
means that in each period, the stack of containers moved out of the stack is consistent with the 
stack in that period. Constraint (16) means that the stack placed after the current period of the 
container ends is consistent with the stack where the next period starts. 

4. Numerical experiment 

4.1. Experiment setting 

This paper tested the integer programming model CRPIRCT through the datasets from Caserta 
et al. [3]. The instance is classified according to two values (T, S), where T represents the 
number of containers in each stack, and S is the number stacks in the initial configuration. The 
dataset of each scale consists of 40 instances, and each instance contains a different initial 
configuration, with a total of 𝐶 = 𝑇 × 𝑆 containers. The original data does not specify the limit 
height of each stack. This article uses the common setting 𝑇𝑙 = 𝑇 + 2  in the literature. In 
addition, the objective function of the model in this paper is the crane working time. Two sets 

of constants 𝑡𝑠,𝑟
(1)

  and 𝑡𝑠
(2)

 are defined. The former is the time required for moving the container 

from stack s to the stack r, the latter is used to calculate the time to pick up the container from 
the stack s. For the two sets of constants, the article refers to the crane operating time 
parameter ratio of Cifuentes et al. [20] to set the retrieval time and the relocation time 
calculation as follows: 

𝑡𝑠,𝑟
(1)

= |𝑠 − 𝑟| × 𝑡𝑟 + 𝑡𝑝𝑝                                                         (22) 

𝑡𝑠
(2)

= 𝑠 × 𝑡𝑟 + 𝑡𝑝𝑝                                                               (23) 

Where, 𝑡𝑟  represents the unit time consumed for each stack span, given as 1s, and 𝑡𝑝𝑝 

represents the time the crane starts, given as 25 s. Note that 𝑡𝑠,𝑠
(1)

= 0 means that container c is 

not relocated. In addition, the model can be extended to the multibays scenario because both 
the relocation time from one stack to another stack and the retrieval time from one stack are 
known. Two groups of constants were generated according to the above formula, and the 
original data files were rewritten to add the container retrieval time and relocation time 
constants for model testing. 

The model is solved by IBM ILOG CPLEX 12.8.0 on a server running Tomcat 9.0 with Intel(R) 
Core (TM) I7-8750h CPU and 16G memory. The programs are written in Eclipse and run with 
Java 8. The article uses a time limit, 3600 seconds per instance. 

4.2. Results of CRPIRCT 

Table 2 lists the size of the test datasets, each of which contains 40 instances. The average crane 
operating time is the average value of the objective function of the instances of the same size. It 
can be seen that as the scale of instances increases, the number of instances that can be run by 
the model in a specified time decreases significantly. However, in general, the model can solve 
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small and medium-sized problem instances within a reasonable time, so as to obtain the 
optimal solution. 

 

Table 2. Size of model size and result of model of CRPIRCT 
instance the number of instances 

to find best solution 
the number of 

variables 
the number of 

constraints 
average crane 
working time (T,S) 

(3,3) 40 2,132 5,596 235.275 
(3,4) 40 5,703 17,220 313.725 
(3,5) 40 12,354 40,886 391.925 
(3,6) 39 23,399 83,290 470.375 
(3,7) 26 40,368 151,668 560.225 
(3,8) 8 65,007 255,056 675.275 
(4,4) 40 9,455 44,480 417.275 
(4,5) 28 26,264 104,202 523.225 
(4,6) 11 49,043 209,284 654.925 
(4,7) 6 83,600 378,062 793.225 
(5,4) 37 22,615 91,452 521.850 
(5,5) 13 47,574 212,142 675.225 
(5,6) 1 87,935 423,262 866.275 
(5,7) 0 148,584 760,962 n/a 
(5,8) 0 235,023 1,267,392 n/a 
(5,9) 0 320,418 1,990,702 n/a 
(6,6) 0 142,667 748,552 n/a 

 

In addition, Table 2 shows the number of variables and constraints of the model, and the model 
running scale of CRPIRCT is 𝐶3𝑆 . The result of experiment shows that as the number of 
containers increases, the variable scale and constraint scale of the model increase significantly, 
and the computational complexity of the model increases significantly. In addition, Table 2 
shows the experimental results of the model taking the crane working time as the objective 
function. It can be seen that with the increase of stack size and stack fill rate, the average time 
of relocation begins to decrease, indicating that the stack storage rate reaches a certain level is 
conducive to improving the efficiency of relocation. 

4.3. Analysis and comparison of performance 

Most existing models take the number of relocations as the objective function. In order to 
analyze the influence of "relax restricted constraint" on solution quality and solution time, the 
objective function of the model is changed to the number of relocations for experiment. Table 
3 lists the results of the experiment and compares them with those of Jin [6] and Zhu [4]. 
Experimental results show that the optimal solution is within the range of constrained and 
unconstrained problems, but the elasped time is greatly reduced. 

 

Table 3. Comparison of optimal solutions for the three CRP variants 
Instance CRPIRCT 

IRC IDA-R IDA-U 
(T,S) Relocations Elasped time (s) 
(3,3) 199 6.470 199 200 199 
(3,4) 241 64.539 241 247 241 
(3,5) 274 615.144 274 281 274 
(3,6) 331 8581.214 331 336 331 
(3,7) 351 10834.117 351 357 351 
(3,8) 340 19262.139 340 350 340 
(4,4) 391 2719.828 391 408 389 
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In summary, the model is effective and can solve small and medium-scale examples within a 
reasonable time, but it still cannot solve large-scale examples. Secondly, through comparison 
with other variant problems, the results show that the relaxed restricted variant has strong 
adaptability to the box turning problem and improves the quality of the solution. Finally, 
compared with other models, it is found that the quality of the solution has been improved to a 
certain extent. 

5. Conclusion 

In this paper, the optimization goal is to minimize the crane working time during the operation 
of import container retrieval. The mathematical model of the operation of cases is established, 
and the model is solved by CPLEX technology. Compared with similar articles that only study 
the container relocation problem with the number of relocations as the objective function, this 
article positions the objective function as the crane running time, and optimizes the business of 
container retrieval more intuitively, and is closer to the time. And based on the summary of the 
previous research, further research has been done in the application of the model application 
of the container relocation problem. This enables the model to solve as many large-scale 
examples as possible in a more reasonable time, and proves the effectiveness and strong 
competitiveness of the model. 
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