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Abstract With the increased competitiveness of the global 
market, the use of logistics services in Morocco has become an 
urgent necessity in order to optimize costs and the quality of 
services. As a result, an adoption of the logistics outsourcing 
strategy is in high demand. To succeed in this strategy, we 
propose guidelines for the support of Decision Makers (DM). 
One of the fundamental pillars of this strategy is based on the 
choice of an efficient Logistics Service Provider. The main 
challenge is to always seek the effectiveness and sustainability of 
the relationship at the level of a network, often very complex of 
potential partners.  To this end, an eminent need to model this 
relationship between the actors of this network is required. The 
study conducted consists of modeling the problem of the choice 
of the provider as well as the assignment of the service to be 
outsourced to the appropriate LSP as part of the success of the 
logistics outsourcing strategy of a DM. The linear model 
developed takes into account qualitative and quantitative criteria 
to be complementary to our previous work. These criteria are 
expressed in the constrained part of the model. 
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1 Introduction 
 
The emergence of business networks from the 90s concretizes the strategic alliances 
that companies must forge in order to solidarize and share financial risks as well as 
to find the industrial and technological complementarities necessary for their 
development.  However, with the volatility of markets and the evolving requirements 
of competitiveness, several companies have found themselves forced to take into 
account the logistics dimension as a competitive weapon, allowing them to optimize 
costs and improve the quality of their services [1].  
 
As a result, and for reasons of rationalization and optimization, DMs tend to 
gradually outsource their logistics activities to qualified service providers [2] and [3], 
so optimization has been at the center of any decision-making problem. 
 
Currently, the major problem of supply chain management is to want to control all 
the activities involved in the creation of a finished product [4]. Hence the need to 
use a wide range of Logistics Service Providers (LSPs).  
 
As a result, ordering companies are in contact with a large number of LSPs, among 
which they must choose the most suitable for their requests. The sustainability and 
efficiency of this relationship positively influences supply chain management by 
making it easier to maintain a competitive advantage [5] and [6]. 
 
Given that the analytical capacity of a human being is limited to consider 
simultaneously the possible compensation and substitution effects related to 
thousands of interdependent choices [7], as well as the lack of certain methods such 
as MCDMs in terms of expression of needs in the form of constraints , especially 
since these methods are based on human judgment which often has an instinctive 
non-objective character. Asa result, we have opted for mathematical modeling that 
will allow us to overcome this deficiency. 
 
Our modeling approach is part of the application of Operational Research Methods 
for the improvement and support of decision support processes.  Our situation is a 
matter of mathematical modelling, making it possible to formally evaluate different 
alternatives and anticipate their impacts [8]. 
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2 Literature Review 
 
2.1 Modelling 
 
The literature aimed at studying the logistics outsourcing of Moroccan companies as 
well as the management of relations between actors in a supply chain contributing 
to the success of this strategy is almost absent [9].  Indeed, the resulting supply chains 
involve a large and growing number of logistics players, subsequently requiring 
robust methods for the selection of the latter. Their roles are therefore becoming 
increasingly important [10]. The model developed will be supported by Ods in order 
to opt for this strategy without hesitation regarding fears about the choice of LSPs.  
 
However, the literature review shows the need for an integral system of 
measurement indicators to assess the performance of actors that derive from the 
supply chain as a whole [12]. 
 
Indeed, mathematical programming models are the most used for modeling in 
logistics network planning as well as for the evaluation of 3PL providers [12]. 
 
An optimization model for the selection of LSPs in the field of transport has been 
developed by [15], for the case of »Reynolds Metal Company«, opting for the method 
(Mixed Integer Programming) for the selection and deployment of carriers.  
 
In the same vein, a mathematical programming model for the selection of a 3PL 
type LSP for storage outsourcing was established by [13]. However [14] have opted 
for a multi-objective programming model for the problem of choosing LSPs 
involving a set of often contradictory multi-objective criteria. 
 
Other researchers have developed approaches to solve the problem of selecting 
providers for the transport service. It is a multi-objective mathematical programming 
model, acting on the minimization of the total cost [15]. 
 
In addition, [16] addressed the problem of selecting carrier-type LSPs with the 
reliability of the transportation network in order to find the best choice using 
(Optimal Carrier Selection problem based on Network Reliability). 
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For the outsourcing of part of the production and to model the fixed and variable 
costs related to purchase and production, [17] used binary functions. 
 
In addition, a mathematical model of optimization with several suppliers over several 
planning periods was developed by [18], using mathematical programming and Total 
Cost of Ownership (TCO) for the supplier choice problem. [19] has developed a 
multi-objective model of supplier selection. 
 
[20] proved the value of using several claimants through mathematical modelling. 
 
2.2 Mathematical optimization methods 
 
Many academic works focus on the problem of choosing the best provider by opting 
for mathematical models which are in turn numerous depending on the problem 
posed, the type of data concerned and the structure studied [21]. 
 
In addition, at the level of modelling, operations research is one of the popular 
analytical methods within the scientific community [22], based on optimization 
theories, game theory, statistics and algorithmics.  
 
These methods are often formalized in the form of one or more objective functions 
in order to minimize it or maximize a set of constraints. The models developed are 
linear, or non-linear with the presence of integer, real, mixed or binary variables, ... 
[23].  
 
Among the resolution techniques of this type of modeling are linear programming 
[30], mixed integer programming [24], and multi-objective mathematical 
programming [18] and [25]. 
 
3 Elaborate model 
 
3.1 Context of study 
 
Although the choice of LSPs can be made according to several criteria, focusing only 
on an evaluation that takes into account only quantitative criteria devalues the 
importance of qualitative criteria. The latter provide a long-term benefit [26].  



J. Arif , K. Azzouz , F. Jawab: Selecting the Logistics Service Providers: Towards a 
Mathematical Modeling Approach 63. 

 

 

Our problem, therefore, is to model the choice of LSPs based on two types of data 
that are qualitative illustrated by traceability, technological level, level of services 
offered, range of transport and type of LSP and others that are quantitative 
illustrated by the fixed cost of choice of LSP and the cost associated with the service 
offered. 
 
The approach can be summarized in figue 1. 
 

 
 

Figure 1: The approach of context study. 
Source: own. 

 
3.2 Scenario adopted 
 
At the level of the problem of choosing the LSP, we assume that we have i logistics 
service providers to choose from among them to provide S services. 
 
The scenario adopted is to consider a predetermined number of services, each LSP 
providing a single service, as well as a service cannot be supported by only one LSP. 
 
However, the cost of outsourcing is subdivided into 4 categories: a cost associated 
with the choice of LSP, a cost associated with the performance of service S by 
provider i, a cost of risk associated with the choice of PLS i and a cost of risk 
associated with the wrong choice of PLS i for service S. 
 
Overall, we are thus on the side of DM which seeks to minimize the total cost 
resulting from the choice of better LSP as well as the assignment of service to be 
outsourced to the right LSP, while seeking in the meantime to maximize criteria. 
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Our contribution concerns the application of mathematical modelling to combine 
between qualitative and quantitative variables to fill the gap due to the use of one 
type of variable without taking into account other types. So our study consists not 
only in the evaluation of the costs of service encompassing the cost of carrying out 
the service and the cost generated by the risk that may take place, but we will also 
take into account, the qualitative aspect associated with the few criteria considered 
interesting according to previous studies carried out [27], for the choice of LSP. This 
aspect will be illustrated as a constraint in the developed model. 
 
3.3 Mathematical formulation 
 
We will present the elaborated model as well as the details concerning it, as well as 
the appropriate method of resolution is explained. 
 
3.3.1 Data 
 
I: the number of the panel of LSPs 
S: the number of services to be outsourced 
J: Criterion index 
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖= Cost of outsourcing the service s by the PLS i 
𝐶𝐶𝐶𝐶𝑖𝑖= Cost of carrying out an internal service 
𝐶𝐶𝐶𝐶𝑖𝑖 : fixed cost of choosing a LSP i 
𝑄𝑄3: Third quartile of the distribution of LSP scores 
𝑊𝑊𝑗𝑗 : weighting of criterion j 
𝑆𝑆𝑖𝑖𝑗𝑗 = the score (score) of for criterion j 𝑃𝑃𝑆𝑆𝑃𝑃𝑖𝑖 
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖= the risk-related cost of a service provided by a PLS i 
𝐶𝐶𝐶𝐶𝑖𝑖= the cost related to the risk of poor choice of a PLS i 
𝜉𝜉 : a margin of tolerance 
𝑝𝑝𝑖𝑖  : multiplying the score by weighting criterion j for all services𝑆𝑆𝑖𝑖𝑗𝑗𝑊𝑊𝑗𝑗 
 
3.3.2  Decision Variables  
 
𝒀𝒀𝒊𝒊𝒊𝒊= 1 if the LSP i supported service s. 
𝒀𝒀𝒊𝒊𝒊𝒊= 0 Otherwise. 
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𝑿𝑿𝒊𝒊= 1 if the LSP (i) is retained  
𝑿𝑿𝒊𝒊= 0 otherwise 
 
3.3.3 The objective function 

The objective considered is to minimize the costs related to the choice of suitable 
LSP as well as the assignment of service (s) to the right LSP then the cost of risk 
assessment incurred whether it is the risk related to the wrong choice of PLS as a 
whole or the non-compatibility of the assignment made between the service and the 
chosen LSP. 
 
At the level of the model cited, the optimized criterion in principle and which is 
illustrated in the objective function is the cost, but in addition we have explained 
qualitative criteria that we will point out later in the constraint part. 
The objective function is written as follows: 
 
Minimize Z= +∑ ∑ (𝑪𝑪𝑪𝑪𝒊𝒊𝒊𝒊 + 𝑪𝑪𝑪𝑪𝒊𝒊𝒊𝒊) ∗ 𝒀𝒀𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 ∑ (𝑪𝑪𝑪𝑪𝒊𝒊 + 𝑪𝑪𝑪𝑪𝒊𝒊)𝒊𝒊 ∗ 𝑿𝑿𝒊𝒊 
 
3.3.4  Constraints 
 
∑ 𝑋𝑋𝑖𝑖𝑖𝑖 =S (3.1) 
𝑌𝑌𝑖𝑖𝑖𝑖   <= s S , i I (3.2)𝑋𝑋𝑖𝑖∀∈ ∀∈ 
∑ 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 <= i I (3.3)𝑋𝑋𝑖𝑖∀∈ 
∑ 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 1 s S (3.4)∀∈ 
𝐶𝐶𝐶𝐶𝑖𝑖 ∗ 𝑋𝑋𝑖𝑖 + 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 ∗ 𝑌𝑌𝑖𝑖𝑖𝑖<= s+*(s S , i I (3.5)                 𝐶𝐶𝑡𝑡𝜉𝜉𝐶𝐶𝑡𝑡𝑠𝑠)           ∀∈ ∀∈ 
𝑄𝑄3 ≤ ∑ (𝑆𝑆𝑖𝑖𝑗𝑗 ∗ 𝑊𝑊𝑗𝑗)𝑗𝑗 ∗ 𝑋𝑋𝑖𝑖∀                                  i I (3.6)    ∈ 
𝑋𝑋𝑖𝑖 ∈ {0,1}, i I (3.7)∀∈ 
𝑌𝑌𝑖𝑖𝑖𝑖 ∈ {0,1}, i I, s S (3.8)∀∈ ∀∈ 
 
The objective function minimizes the total cost associated with choosing the best 
LSP and assigns it to the most suitable service, this cost includes two terms, the first 
is associated with the choice of LSP and the performance of a service(s) and the 
second is associated with the cost of the risk that may occur due to a bad choice of 
LSP or the cost related to the non-homogeneity of PLS for such a service. The 
constraint (3.1) ensures that there will be (S) LSP chosen that will correspond exactly 
to the number of services to be outsourced. Constraint (3.2) ensures that a service 



66 XVI. INTERNATIONAL CONFERENCE ON LOGISTICS IN AGRICULTURE 2022 
CONFERENCE PROCEEDINGS 

 
cannot be outsourced unless a LSP is retained. The constraint (3.3) dictates that a 
LSP cannot support at most one service (0 or 1).  Constraint (3.4) ensures that a 
service must be supported by a single LSP. For the constraint (3.5) admits that 
outsourcing can only take place if the cost of outsourcing is less or just exceeding 
with a small tolerance the cost of internalization of such service.  The constraint 
(3.6) achieves a limitation of the LSP that will be the subject of the study by taking 
just the third quartile in our case and it depends on the size of the sample used, in 
the case of large sample size, we can go up to the second quartile. This quartile will 
be compared with the product of the LSP score calculated by combining the 5 
criteria already previously reported which are (traceability, technology, type of PL, 
range of service and transport modalities), and the weighting of each criterion 
according to the opinion of the Ods. The two constraints (3.7) and (3.8) relate to the 
binary nature of the decision variables associated with the selected LSP and the 
assignment of each service to the correct LSP. 
 
This model is a linear program with binary variables. 
 
4 Conclusion 

In this article, we have focused on the problem of deciding on the choice of the best 
LSP as well as the allocation of services to be outsourced. We have taken a view 
based on LSP modeling and services in the supply chain. Thus, we studied the design 
models of the latter in a supply chain in order to be able to establish a mathematical 
modeling of the decision problem based on the cost criterion as well as other 
qualitative criteria that we explained in the model. 
 
Elsewhere, the costs relating to each situation of outsourcing each service to a given 
LSP by making a comparison with the cost of developing the same service internally. 
 
The purpose of this mathematical modeling is to allow the company to choose, for 
part of its activities between the option of doing it internally or do-it-yourself by 
choosing the LSP that will be solicited between a candidate panel. We thus place 
ourselves on the side of the DM company which seeks to minimize the total cost 
relative to the two options, as well as maximize the quality criteria existing in the 
LSP and minimization of the risk that can be generated due to the choice of either 
bad service to outsource or the wrong choice of LSP for this mission.  The 
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constraints are related to the cost of carrying out services internally, also to the 
respect of a certain threshold of some qualitative criteria such as traceability, the 
technology used ..., other constraints imposed to avoid the monopoly of a single 
LSP for the outsourcing of all services ... 
 
So, we tested the scenario we chose according to the accessibility to the data tested 
with CPLEX. The model developed has certain limitations. Apart from the 
difficulties of resolution in some cases where the data are important, the model 
developed has certain limitations, in the event that some information is not available 
or rather is not accessible given its confidentiality for some LSP.  In addition, the 
information concerning the sharing of service between several LSPs in the multi-
sourcing strategy pushed us to limit ourselves to a very specific scenario. 
 
 This is why it would be interesting, in perspective, to develop another scenario by 
taking the case of service sharing between several LSP and the fact that a LSP can 
provide more than a service or the taking into account of the cost associated with the 
different types of risks, are all possible study situations. 
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