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Abstract: Storage Space Allocation Problem (SSAP) is defined as 
the temporary assignment of unloading/loading containers to 
the storage blocks during a planning period with the aim of 
balancing the workload between the blocks. Despite the 
widespread literature on this topic, several previous studies 
neglected the practical and implementation aspect of their 
solutions. The aim of this paper is to formulate and solve the 
real-life SSAP at the Sfax seaport situated in Tunisia. A Weighted 
Goal Programming (WGP) based-methodology is proposed as a 
multi-objective resolution approach. In this proposed approach, 
three objectives have been accorded including: (i) the balance 
between the containers unloaded in the blocks, (ii) the balance 
between the containers unloaded and loaded simultaneously, 
and (iii) the minimization of the storage cost of the 
loading/unloading containers for each period. Experimental 
results show that the proposed approach provides good results 
and can be effective and practical for the studied Sfax seaport 
case study. 

Keywords: Storage Space Allocation Problem, Weighed Goal 
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1. Introduction 

The temporary storage of incoming and outgoing containers is one of the most important 
services to the container terminal. Storage Space Allocation Problem (SSAP) refers to the temporary 
allocation of incoming containers to the storage blocks in order to balance the workload between 
blocks (Bazzazi et al., 2009; Dahlin et al., 2014).  

The rapid storage and recovery of containers in the blocks is essential for the economic 
performance of container terminals as well as shipping companies. Therefore, it is necessary to 
manage the traffic of handling equipment’s and consequently the stay and execution time of the ships. 
The procedure of storing or retrieving a container includes setting time, pickup, moving to the 
container allocation place and unloading the containers. A container must be assigned to a certain 
place in the block, it may be necessary to move one or more other containers to access this container 
which causes increased running time and cost adjustment. Thus, it can be said that the balance 
between the workload between the blocks is a critical element of the efficiency of the container 
terminal and it is important to reduce transport costs and shipping time. 

A container terminal is composed of three sides: the waterside where vessel operations take 
place, the yard side for container storage, and the landside where gate operations take place. A 
simplified layout of a marine container terminal is presented in Figure 1. 

 
Figure 1: A schematic diagram of container terminal 

 

 
Source: Sharif and Huynh (2013). 

 
Inbound and outbound container operations are different. Inbound containers arrive predictably 

in large batches at the yard, but depart one by one in an unpredictable order when they are claimed. 
Outbound containers depart predictably but arrive in a random order. They must be loaded according 
to a rigid ship storage plan, in order to maintain the stability of the ship and satisfy the loading 
requirement that is specified by destination and size of containers (Chen and Lu, 2012). 

The storage area in the terminal is divided into several blocks of containers. Each block (as 
shown in Figure 2) consists of a number of bays and each bay includes a number of stacks 
characterized each one by a certain number of tiers which represent the height of the stack (Zhang et 
al., 2003). 

The aim of this paper is to provide a decision making tool to aid port authorities and terminal 
operators in addressing the storage space allocation problem (SSAP). The main contribution is to 
propose a Weighted Goal Programming (WGP) formulation for the SSAP, in order to minimize the 
workload imbalance and the container transport distance. 
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Figure 2: Stacking containers in bays and container blocks 
 

 
Source: Ting and Wu (2017) 

 
The rest of this paper is organized as follows: a description of the SSAP and related literature is 

presented in section 2. Section 3 gives a brief overview of Goal Programming and the Sfax seaport case 
study. The problem is described and formulated in section 4. Implementation and computational 
results are reported in Section 5 and finally Section 6 covers the conclusion. 

2. Literature review 

Nowadays, marine container terminals play an important role in the international trade. With 
the continuous development of ports, various types of problems have emerged and attracted 
increasing attention in recent research including resource allocation problem (Imai et al., 2001), Quay 
crane scheduling (Lee and Chen, 2010), berth allocation problem (Legato and Mazza, 2001), Human 
resources management (Legato and Monaco, 2004), stowage and load planning (Imai et al., 2006) and 
sequencing delivery and receiving operations for storage space cranes (Zhang et al., 2003). Container 
Terminal Management (CTM) has a significant impact on the performance of the maritime transport 
systems. The research in this field is very active and has been the focus of many researchers (Vis and 
Koster, 2003; Steenken and Stahlbock, 2004; Youssef et al., 2005; Sharif and Huynh, 2013; Henesey, 
2020). Capacity constraints, lack of adequate decision making tools, congestion, and environmental 
concerns are some of the major issues facing terminals today.  

In container yards (a container yard refers to the storage area in a container terminal), two 
issues need to be considered by the terminal operators: the design issue and the operational issue. In 
the design stage, the yard is designed in order to determine the storage space capacity (Zhang et al., 
2003). This stage includes the Material Handling Equipment (MHE) selection and the storage yard 
layout design (Hu et al., 2014).The operational issue concerns the operations that take place in the 
yard after the design stage. It includes various problems as for example problems related to the 
storage space assignment to containers (Yan et al., 2011; Hu et al., 2014; Rekik et al., 2015; Hu et al., 
2016; Luo & Mendes, 2016; Woo et al., 2016; Jiang & Jin, 2017; Tan et al., 2017; Galle et al., 2018; Rekik 
et al., 2018; Maretto, 2020) and the reshuffling of containers (Ku & Arthanari, 2016; Covic, 2019).   

One of the most important problems, and which is the focus of our study, is related to the 
storage space allocation (Bazzazi et al., 2009; Yue et al., 2014).  In this problem, storage space is 
allocated to incoming containers. 

SSAP is widely used in the literature. For example, Zhang et al. (2003) have decomposed the 
problem into two levels for each planning horizon. The first level consists on determining the number 
of containers that can be assigned to each block; while the second level consists on allocating the 
containers related to each vessel to their dedicated blocks. The objective was to minimize the 
storage/retrieval time. Bazzazi et al. (2009) have extended the above problem by considering different 
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types of containers in the allocation decision such as empty and refrigerated containers. They have 
solved this problem using Genetic Algorithm. Woo and Kim, (2011) have developed various space 
reservation strategies and discussed then their impact on the loading operations for outbound 
containers. In these strategies, containers of the same group must be loaded in the same bay or in 
adjacent bays. Jiang et al. (2012) have treated the storage yard space allocation for container 
transshipment movements between mother and feeder vessels within a terminal as well as between 
terminals. In the reservation of storage space is determined from a dynamic way for different vessels 
during different shifts (Jiang et al., 2012). Sharif and Huynh (2013) have modeled the SSAP as a bi-
directional network constituted by a set of gates, yard blocks and berths. They have proposed also an 
ant-based control method in order to determine the route for each incoming container. Zhen (2014) 
has also studied the dynamic SSAP by considering the uncertain demand for freight transportation and 
the random number of containers that will be loaded onto vessels. Halim et al. (2018) have proposed a 
bi-level storage pricing model allowing the interaction between a dry port and multiple shippers 
(seaport). This study is the first that address the problems of dry port’s storage pricing. Recently, Luo 
and Mendes (2016) have proposed a formulation model for the integrated SSAP and the MHE 
scheduling. This study is the first that combines these two problems. The objective was to minimize 
ship’s berth time. A Genetic Algorithm has been presented for solving large-sized instances.  

In sea port logistic field, GP methods are intended to manage container terminal operations. For 
example, Choirunnisa et al. (2018) have used GP for the optimization of Forecasted Port Container 
Terminal Performance. Their goals consist on determining the number of documents imported goods 
letters issued by the customs, minimizing the processing time and the operating costs. Yang et al. 
(2011) have presented an intermodal transportation network model in order to determine the routing 
between China and Indian Ocean. They have proposed the application of GP in order to minimize the 
transportation cost and time. Martel and Aouni (1998) has developed a chance-constrained Goal 
Programming model to determine the transportation mode (truck, airplane or ocean-ship) and route 
in order to distribute cargoes. 

We observe that the Goal Programming has not been used to solve the SSAP problem. In this 
research, we propose a WGP formulation to take into account the manager's preferences of Sfax 
Seaport to fix the goals associated with the objectives. 

3. Goal programming (GP) 

GP is the most widely used approach in the field of multiple criteria decision making that enables 
the decision maker to incorporate numerous variations of constraints and goals. The first idea of GP 
technique is initiated in 1955 by Charnes, Copper and Ferguson. According to (Romero, 1986), goal 
programming is an extension of the linear programming formulation in order to develop mathematical 
programming models with multiple objectives. 

In the scientific literature, GP has been widely used in different fields such as agriculture (Poux & 
Aubert, 2018), industry (Jamalnia & Soukhakian, 2009; Huang et al., 2017; Mokhtari & Hasani, 2017; 
Zhuang & Hocine, 2018), medicine (Oddoye et al., 2009) and logistic (Hildenbrandt et al., 2018; 
Mirzaee et al., 2018). Regarding methodological development, we note many extensions to the GP 
model such as: interactive GP, stochastic GP, weighted GP, lexicographical GP, and GP with intervals.  

In this paper, we will be concentrated to the weighted GP because the decision maker is more 
interested to associate priorities to his objectives. In the weighted GP, the weighting of deviational 
variables at the same priority level shows the relative importance of each deviation. 

In its weighted version, the GP model can be written in the following form (Charnes & Cooper, 
1977): 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑍 = ∑ (𝑊+
𝑖𝛿+

𝑖 +  𝑊−
𝑖𝛿−

𝑖)
𝑝

𝑖=1
 

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑖𝑛𝑒𝑎𝑟 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠: 

∑ 𝑎𝑖𝑗𝑋𝑗

𝑛

𝑗=1
−  𝛿+

𝑖 + 𝛿−
𝑖 =  𝑔𝑖, 𝑖 = 1, … , 𝑝 

 x c      

     
0jx  nj ,...,2,1



ISSN 2520-2979                           Journal of Sustainable Development of Transport and Logistics, 5(2), 2020 

 

‹ 10 › 

 piand ii ...,,2,10  
 

Where: 

ig
 : The goal associated to the objective i; 

jx
 : Decision variable j; 

ija
 : Technological parameters related to the system’s constraints; 

  : The coefficient related to the system’s constraints; 
c : The available resources; 



i and


i  : Positive and negative deviations from the goal i ;  

iw
: Relative importance of the goal i. 

4. Model formulation 

We present in this section a multi-objective mathematical modeling to solve the SSAP. The WGP 
will be used to minimize the positive and negative deviations from the goals set by the decision maker 
of the Sfax sea port. 

The sea port of Sfax is founded in 1894. He is one of the major poles for the Tunisian economy 
thanks to its openness to international trade. This indicates the importance of this port and shows the 
position of the city of Sfax as a commercial and industrial pole. With its versatile berthing, the port has 
13 stations and can actually accommodate 11 ships simultaneously depending on the ship size. The 
length of the Sfax port quays varies from 110 to 584 meters with drafts of 10.5 meters. 

The Sfax seaport has an area of 28 hectares divided between two physically separate shores:  the 
North shore containing various goods and the South shore responsible for the treatment and the 
storage of containers. The southern shore is composed of an import and an export area. The import 
area contains 30 non homogeneous blocks. Each block is constituted of 5 bays and each bay contains 4 
stacks (the maximum stack height is 3). The logistic currently used for the loading / unloading 
operations of import/export containers at the port of Sfax consists on assigning machinery (Reach 
stacker, forklift, Ro-Ro Trucks, Ro- Ro Trailers). The Ro-Ro Trucks with the Ro-Ro Trailers are used to 
transfer the containers to the storage areas. The reach stackers are then used to manipulate the 
containers (stacking or retrieval). In this context, the Sfax seaport features 17 forklift, 5 Reach stackers 
and 4 Ro-Ro Trucks.  

Figure 3 shows the current map of the Sfax sea port, the map indicates the allocation of the 
storage space by specialty logged areas (priority containers, refrigerated containers, goods (TP), goods 
(shed), etc. ...). 

 
Figure 3: Software Lingo execution solution 
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4.1. Notations 

The definitions were based on the works of Zhang et al. (2003) and Bazzazi et al. (2009):  
There are four types of containers: 

- Unloading containers: IB containers on ships before they are unloaded and allocated to 

the storage space (C1). 

- Container collection container fleet: IB containers already in the storage space waiting 

to be picked up by customers (C2). 

- Sorting earth containers: OB containers before they are carried inside and stored in the 

storage space (C3). 

- Ship loading containers: OB containers already in storage space waiting for ship 

loading (C4). 
 
Container’s flows in a terminal are triggered by the process of arrival of the ship. In other words, 

the distribution of the berth where the ship is docked, the stowage plan and the sequences for 
unloading and loading of the ship's containers are clearly determined before the vessel’s arrival.   

4.2. Assumptions 

The SSAP is formulated as a mathematical programming model based on the following 
hypotheses:  

1. Only C1 and C2 IB containers are considered.  
2. There are sufficient resources (YC, QC, XT and IT) to manage the workload considered in the 

container terminal. 
3. The containers are of different types and sizes. Thus, the workload related to each type of 

container is determined by the number of these types of containers. 
4. Specific blocks are reserved in advance for specific types of containers. 
5. Loading and unloading containers are not mixed in the same block and in the same period. 
6. Containers are stored respecting the constraint of the compatibility of the size. All containers 

stored in the same block must have the same dimension. 

4.3. Setting parameters 

𝐵: The total number of blocks in the storage space with 𝑖 ∈ ⦋1,2 … , 𝐵⦌. 

𝑇: The total number of planning periods in the planning horizon,  𝑇 = 3. 
𝑅: The types of containers. 
𝐶i : The capacity of the storage block i, 1 ≤ 𝑖 ≤ 𝐵. 
𝐶s The storage cost of containers. 
𝑀: Large arbitrary positive number. 
𝐷tkr : The expected number of containers (C1) of type r discharged from vessels in the period t to 

be picked up by customers in period𝑡 + 𝑘, 1 ≤ 𝑡 ≤ 𝑇, 0 ≤ 𝐾 ≤ 𝑇 − 𝑡. 
𝛽itr : The expected number of containers (C1) of type r discharged from ships in period t, allocated  

to block 𝑖, with an unknown pickup time or a pickup time beyond the planning horizon, 1 ≤
𝑡 ≤ 𝑇, 1 ≤ 𝑖 ≤ 𝐵.                                                                                                                                                      

P0
itr : The total number of containers (C2) of type r arriving at the container terminal in period t 

and to be loaded on ships in the period 𝑡 + 𝑘, 1 ≤ 𝑡 ≤ 𝑇, 0 ≤ 𝑘 ≤ 𝑇 − 𝑡. 
𝑉ir : The initial inventory of containers of type r in block 𝑖, ie the number of r-type of containers in 

the block i at the beginning of the planning horizon, 1≤ 𝑖 ≤ 𝐵. 

4.4. Decision variables 

𝐷itkr : The number of containers (C1) of type r with full information stored in the block𝑖, unloaded 
from ships in period t and be picked up in period 𝑡 + 𝑘, 1 ≤ 𝑖 ≤ 𝐵, 0 ≤ 𝑘 ≤ 𝑇 − 𝑡. 

𝐷itr : The total number of containers (C1) of type r with a full or partial information stored in the 
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block 𝑖, unloaded in period t,1 ≤ 𝑖 ≤ 𝐵, 1 ≤ 𝑡 ≤ 𝑇. 
𝑃itr : The total number of containers (C2) of type r stored in the block 𝑖, to be picked up by the 

customer in period t, 1 ≤ 𝑖 ≤ 𝐵, 1 ≤ 𝑡 ≤ 𝑇. 
𝑉itr : The number of containers (C1 and C2) of type r in the block 𝑖 at the end of period t,                       

1 ≤ 𝑖 ≤ 𝐵, 1 ≤ 𝑡 ≤ 𝑇. 

4.5. Proposed mathematical model 

By making attention to the notations and the explanations mentioned above, the multi-objective 
mathematical model proposed, comprises the system’s constraints and some constraints associated 
with each objective expressed in the form of equality using positive and negative deviations,  is written 
as follows: 

𝑀𝑖𝑛 𝑍 = 𝑊1(𝛿1
+ + 𝛿1

−) + 𝑊2(𝛿2
+ + 𝛿2

−) + 𝑊3𝛿3
+ 

 
Subject to: 

∑ [max{𝐷𝑖𝑡𝑟} − min {𝐷𝑖𝑡𝑟}]3
𝑡=1 + 𝛿1

− − 𝛿1
+ = 1g      (1) 

 

∑ [max{𝐷𝑖𝑡𝑟 + 𝑃𝑖𝑡𝑟} − min {𝐷𝑖𝑡𝑟 + 𝑃𝑖𝑡𝑟}]3
𝑡=1 + 𝛿2

− − 𝛿2
+ = 2g    (2) 

 

𝐶𝑠 × ∑ 𝑉𝑖𝑡𝑟 − 𝛿3
+3

𝑡=1 = 3g
       (3) 

 
∑ 𝐷𝑖𝑡𝑟𝑘

𝐵
𝑖=1 = 𝐷𝑡𝑟𝑘, 𝑟 = 1, 2, … , 𝑅; 𝑘 = 1, 2, … , 𝑇 − 𝑡; 𝑡 = 1, 2, … , 𝑇    (4) 

 
𝐷𝑖𝑡𝑟 = 𝛽𝑖𝑡𝑟 + ∑ 𝐷𝑖𝑡𝑟𝑘

𝑇−𝑡
𝑘=0 , 𝑟 = 1,2, … , 𝑅; 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇    (5) 

 
𝑃𝑖𝑡𝑟 =  ∑ 𝐷𝑖(𝑡−𝑘)𝑟𝑘

𝑡−1
𝑘=0 + 𝑃𝑖𝑡𝑟

0 , 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇; 𝑟 = 1,2, … , 𝑅     (6) 

 
𝑉𝑖𝑡𝑟 = 𝑉𝑖(𝑡−1)𝑟 + 𝐷𝑖𝑡𝑟 − 𝑃𝑖𝑡𝑟, 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇; 𝑟 = 1,2, … , 𝑅    (7) 

 
 
Containers are uniformly distributed between the blocks. Therefore, the first two constraints are 

used to measure the imbalances in load / unload containers and the total number of containers in the 
blocks in each planning period, respectively. For example, in constraint (2), the terms "max (.) - min 
(.)" involves the imbalance between the workload allocation to blocks. The third constraint is used to 
measure the storage costs of containers for each planning period. 

Constraint (4) ensures that the total number of containers (C1) of type r with complete 
information waiting for the award is the sum of these containers assigned to all blocks. 

Constraint (5) ensures that the total number of containers (C1) of type r allocated in block i in 
period t, is the sum of the total number of containers (C1) with complete information, and these 
containers with unknown start time in the planning horizon. 

Constraint (6) indicates that the number of containers (C2) of type r treated in the block i in 
period t, consists of two parts. The first part is related to containers that are transferred during the 
planning horizon. The second part is that the containers (C2) initially stored in the block i, can be 
loaded on ships during the period t of the current planning horizon. 

Constraint (7) provides that the inventory of blocks in each planning period must not exceed the 
authorized capacity of the blocks. 

4.6. Conservation in a linear model 

All decision variables are non-negative integer values. The proposed model is non-linear due to 
the use of function max and min within the constraints associated with the purposes. It can be 
converted to a linear model used by Zhang et al. (2003). 
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𝐴𝑡 = 𝑚𝑎𝑥{𝐷𝑖𝑡𝑟}; 𝐵𝑡 = 𝑚𝑖𝑛{𝐷𝑖𝑡𝑟} 

𝐶𝑡 = 𝑚𝑎𝑥{𝐷𝑖𝑡𝑟 + 𝑃𝑖𝑡𝑟}; 𝐷𝑡 = min{𝐷𝑖𝑡𝑟 + 𝑃𝑖𝑡𝑟} 
 
Then the model can be rewritten as the linear integer programming model below: 

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ [𝑊1(𝐴𝑡 − 𝐵𝑡) + 𝑊2(𝐶𝑡 − 𝐷𝑡]𝑇
𝑡=1      (8) 

 
Subject to (2)−(7) 
 

𝐷𝑖𝑡𝑟 ≤ 𝐴𝑡 , 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇.      (9) 
𝐷𝑖𝑡𝑟 ≥ 𝐵𝑡 , 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇.      (10) 
𝐷𝑖𝑡𝑟 + 𝑃𝑖𝑡𝑟 ≤ 𝐶𝑡, 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇.     (11) 
𝐷𝑖𝑡𝑟 + 𝑃𝑖𝑡𝑟 ≥ 𝐷𝑡, 𝑖 = 1,2, … , 𝐵; 𝑡 = 1,2, … , 𝑇.     (12) 

 
The additional constraints (9) − (12) reflect the new definitions of variables A, B, C and Din this 

linear integer programming model.  

5. Implementation and results 

5.1. Input data 

In this experiment, the container storage area in the port of Sfax has: 56 blocks with different 
capacities which managed by RTGCs of type r, 52 blocks for priority containers (CP) and 4 blocks for 
refrigerated containers (CF). Each block is constituted of 5 bays and each bay is of 6 rows constituted 
each one by 2 levels. To simplify the work, we have considered only 10 blocks where the first six 
blocks contain CP and the rest of blocks contain CF.  

Table 1shows the real storage capacity for each of the 10 blocks where the number of stored 
containers is less than or equal to Ci with 

 
𝑀 = ∑ 𝐶𝑖

10
𝑖=1        (14) 

 
Table 1: Capacity of each block 
Block (i) 1 2 3 4 5 6 7 8 9 10 
Ci 48 60 72 96 120 72 60 120 132 96 
M 876 

 
Table 2: Importance coefficients and goals  
Objective (i) 1 2 3 
Importance of Coefficient Wi 0.5 0.3 0.2 
Goal gi 45 80 2500 

 
Data related to the following container flows are required for each planning horizon: 

𝐷𝑡𝑘𝑟, 𝛽𝑖𝑡𝑟, 𝑃𝑖𝑡𝑟
0 , 𝑉𝑖𝑟 (as shown in Tables 3, 4, 5 and 6). In this experiment, the data are generated based 

on the distributions of real container flows of Sfax container terminal. 

∑ 𝐶𝑃 = 468

6

𝑖=1

 

∑ 𝐶𝐹 = 408

4

𝑖=1

 

 
– C1 containers can be stored in 6 blocks (i = 1,2, ..., 6), of which 3 are reserved for CP containers 

and 3 for CF containers. 
– C2 containers can be stored in 4 blocks (i = 1,2, ..., 4), of which 2 for CP and 2 for CF. 
 
 
 



ISSN 2520-2979                           Journal of Sustainable Development of Transport and Logistics, 5(2), 2020 

 

‹ 14 › 

Table 3: Values of 𝑫𝒕𝒌𝒓 
Period (t) 1 2 3 

Dtkr 
400 225 335 
450 440 414 
375 460 299 

 
Table 4: Values of 𝜷𝒊𝒕𝒓 
Block (i) 1 2 3 4 5 6 

βitr 
30 35 44 65 79 43 
33 40 42 50 90 55 
29 39 50 55 77 59 

 
Table 5: Number of initial containers C2 
Block (i) 7 8 9 10 

P0itr 
25 41 44 30 
13 39 32 26 
28 24 53 45 

 
Table 6: Values of the inventory 𝑽𝒊𝒓 
Block 
(i) 

1 2 3 4 5 6 7 8 9 10 

Vir 
18 25 28 31 41 29 35 79 88 66 
15 20 30 46 30 17 47 81 100 70 
19 21 22 41 43 13 32 96 79 51 

 
In order to minimize the positive and negative deviations from the goals set by the manager of 

the port of Sfax, we developed a Goal Programming model to find the optimal solution. The manager 
focuses on: (1) balancing between the containers unloaded in the blocks; (2) balancing between the 
containers unloaded and loaded simultaneously; (3) minimizing the cost of storing the loading and 
unloading containers in each period t. 

For each of these objectives, the decision maker has fixed the goals  𝑔𝑖 (𝑖 = 1,2,3)  and the 
importance coefficients 𝑊𝑖(𝑖 = 1,2,3) for each goal (Table 2). 

5.2. Results and discussion 

The developed model was solved using Lingo software to find the adopted solution. Lingo is a 
comprehensive tool designed to make building and solving linear, nonlinear and integer optimization 
models. It is faster, easier and more efficient. It provides a completely integrated package that includes 
a powerful language for expressing optimization models, a complete environment for building and 
editing problems, and a set of integrated fast solvers. Due to the large size of the integer programming 
model, the value of the objective function after 38 iterations is 1682,400 (as shown in Figure 3). 

To compare the efficiencies and know the limits of the proposed model, we performed several 
experiments taking into account the two types of containers used C1 and C2 and we varied then the 
number of blocks (see appendix). 

According to Table 7, the number of loading and unloading containers varies only in blocks 1 
and 2 for the CP containers type, and in the block 4 for CF containers type during the three periods. 
The other blocks are empty. 
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Table 7: Number of C1 and C2 containers in 10 blocks at the end of the period (t) 
Period (t) Bloc i Vitr 

1 

1 23 
2 19 
3 0 
4 66 
5 0 
6 0 
7 0 
8 0 
9 0 

10 0 

2 

1 35 
2 21 
3 0 
4 70 
5 0 
6 0 
7 0 
8 0 
9 0 

10 0 

3 

1 20 
2 36 
3 0 
4 51 
5 0 
6 0 
7 0 
8 0 
9 0 

10 0 

 
In Table 8, the total number of containers unloaded from two kinds r stored in the blocks varies 

only in the block 6 for the type of containers CF during the three periods t, k = 1,2,3 (k is the number of 
shift work) and the rest are empty. 

 
Table 8: Number of C1 container in 6 blocks during the period (T-t) 
Period (t) K Bloc i Ditrk 

1 

1 

1 0 
2 0 
3 0 
4 0 
5 0 
6 400 

2 

1 0 
2 0 
3 0 
4 0 
5 0 
6 225 

3 

1 0 
2 0 
3 0 
4 0 
5 0 
6 335 

2 1 
1 0 
2 0 
3 0 
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4 0 
5 0 
6 450 

2 

1 0 
2 0 
3 0 
4 0 
5 0 
6 440 

3 

1 0 
2 0 
3 0 
4 0 
5 0 
6 414 

3 

1 

1 0 
2 0 
3 0 
4 0 
5 0 
6 375 

2 

1 0 
2 0 
3 0 
4 0 
5 0 
6 460 

3 

1 0 
2 0 
3 0 
4 0 
5 0 
6 299 

 
In Table 9, it is noted that the number of loaded containers by customers and that are stored in 

the blocks 7, 8, 9 and 10 varies from one block to another during the three planning periods. 
 

Table 9: Number of C2 containers in 4 blocks during the period (t) 

Period (t) Bloc i Pitr 
1 

 
35 

2 7 47 
3 

 
32 

1 
 

79 
2 8 81 
3 

 
96 

1 
 

88 
2 9 100 
3 

 
79 

1 
 

66 
2 10 70 
3 

 
51 

 
We note that when we increase or decrease the number of blocks, or also the values C1 and C2 

related to the types of containers, the value of the objective function changes. This result indicates that 
the model is sensitive to the blocks number. Figures 4, 5 and 6 indicate respectively the evolution of 
the variables found in the number of blocks (10, 6 and 4 blocks respectively). 
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Figure 4: The evolution of variables of containers C1 and C2 for 10 blocks 
 

 
 

Figure 5: The evolution of variables of containers C1 in the case of 6 blocks 
 

 
 

Figure 6: The evolution of variables of containers C2 in the case of blocks 4 
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6. Conclusion 

In this work, we considered the Storage Space Allocation Problem. A brief literature review 
shows that several models were proposed in order to solve this problem. Nevertheless, these models 
neglect the decision maker’s preferences. We applied the WGP method in order to minimize the 
positive and negative deviations from the goals set by the manager of the port of Sfax. By using the 
software Lingo package, the solution determines the total number of containers to be placed in each 
storage block in each time period so as to balance the workloads among blocks in each period, the 
unloaded containers in the blocks, and the unloaded and loaded containers simultaneously in order to 
minimize the cost of storage of unloaded and loaded containers in the blocks during each period t. 

As a future study, we may try different hierarchical breakdowns related to the Storage Space 
Allocation Problem so as to improve the solution procedure. With this problem solved, we will start to 
study the location assignment problem of containers. 
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