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ABSTRACT - The feature business component of a software product line in its solution part 
shows services provided by that software product line in a feature model which is an AND/OR 
graph. To be implemented, these services can require Commercial Off-The-Shelf Products 
(COTS). Therefore, evaluate the cost of a system in Software Product Line (SPL) is difficult 
since many COTS are evolved in features at different levels of the feature model. Currently, 
many approaches had been proposed to evaluate software project cost such as algorithmic 
methods (e.g.: Constructive Cost Model (COCOMO), Software Life-Cycle Management 
(SLIM), Functional Point Analysis (FPA), etc.) and non-algorithmic Methods (e.g.: Delphi, rule-
based, learning, etc.). However, COTS are independent of the project and their costs are 
dynamic. In this work, we suggest a methodology and propose algorithms to approximate cost 
of a product belonging to a given software product line, the minimal cost and the maximal cost. 
The novelty of this work lies in the fact that we enrich feature business components by adding 
new knowledge when analyzing business in a given domain, like required COTS and their 
costs for each feature at different levels of the feature model. The new model of feature 
business components allows proposing algorithms for system cost estimation. 
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1.0 INTRODUCTION 

In software engineering, master resources, effort and time needed as well as the cost of the software product is not 

easy for the project manager. To tackle this concern, software product line engineering [1] has been proposed in order to 

construct applications more easily, more quickly and with a better quality. In [2], a Software Product Line (SPL) is defined 

by authors as “a set of software-intensive systems sharing a common, managed set of features that satisfy the specific 

needs of a particular market segment or mission and that are developed from a common set of core assets in a prescribed 

way”. However, software cost estimation is a very challenging activity in the project management of software because 

predicting the cost is a difficult process at the early stage of the software’s development [3, 4]. Moreover, the estimation 

of the software’s cost is impacted by many factors, including the implementation’s efficiency, and the number of reviews 

and studies done prior to the development stage cost. There is clearly a strong relationship that exists between the 

estimation of software effort and software cost, as it can be said that the effort is the primary driving factor for the 

software’s cost [5-8]. 

Most existing techniques are used to estimate cost, effort, and duration. These techniques are also easy to understand 

and apply to software projects, but their failure can lead to inaccurate and wrong estimates [9].  Estimation techniques 

can be enhanced by using hybrid and combined two and more techniques to improve the accuracy. Therefore, the accuracy 

of cost estimation techniques is a major challenge. For a system in a software product line, cost estimation faces more 

challenges than traditional systems. The first reason is that multiples COTS can be involved to perform features at 

different levels and secondly COTS are independent for the current project and their costs are dynamic. In this work, the 

base is featuring models [10] which are hierarchical models that capture the commonality and variability of a Product 

Line (PL) by defining its feature, their dependencies and constraint between them. An example of a feature model with 

constraints associated to a Smart Home PL is shown in Figure 1. This example is interesting since it shows all sorts of 

features such as mandatory features, optional features, alternative features and or group features. 

The elaboration of the Feature-Oriented Reuse Method with Business Component Semantics (FORM/BCS) [11-16] 

allowed us to extend feature models. Each system belonging to the product line is derived from a selection of a valid 

combination of features [17], product configuration is the name of this process [18, 19]. To estimate SPL-Based system 

cost, we propose a coupled methodology. Activities of our research method involve enriching formally the concept of 

feature business components in the FORM/BCS method, to add new knowledge when analyzing a domain. Additional 

knowledge includes required COTS and their costs for each feature at different levels of the feature business component 

solution part which is a feature model. The added new information allows propose algorithms to estimate the cost for a 

system belonging to a software product line and to determine the system with the minimal cost and the product with the 

maximal cost. 
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Figure 1. Extract of Smart home feature model with constraints 

The article is organized as follows. We review, in section 2 current approaches to software cost estimation. Section 3 

exposes our proposal. A case study is presented in Section 4 and finally section 5 is devoted for the conclusion and 

perspectives of this research. 

2.0 RELATED WORKS 

In Software Cost Estimation, techniques can be divided in two principal broad groups. These are those that use the 

source lines of codes (SLOC) as their input and others that do not. In [20], the author describes the mechanisms and 

features of five approaches. This very important technique employs an algorithmic formula in order to estimate the 

software’s cost [21]. Organizations use COCOMO, as indicated in references [22-25] to estimate cost, effort, and schedule 

when planning new software development activities. The approach which is called the feed-forward neural network with 

Principal Component Analysis (PCA) is a reduction technique proposed by authors in [26]. The main objective of authors 

is to use this technique in order to measure the accuracy of the software cost estimation model. The proposed approach is 

based on both algorithmic and non-algorithmic methods. So, to estimate the software project’s costs, authors used a 

combination of algorithmic method (COCOMO) and non-algorithmic one (Artificial Neural networks).  

The SLIM approach, developed by Larry Putnam of Quantitative Software Management in the late 1970s is considered 

as an experimental software effort testing model. Details for this approach are given in [27-30]. This technique elaborates 

the effort and time that is supposed to be applied for a project of specified size. Software life-cycle management (SLIM) 

is closely related in software parametric to COCOMO model. Advantages and drawbacks of SLIM are given in [20]. This 

method allows measuring complexity and size of software, in terms of which functions it is able to provide to the user. 

This approach was developed by Allan Albrecht at IBM and was proposed to the scientific community the first time in 

the year 1976 [31, 32]. Two steps are necessitated in counting the Function Points [28], which are counting the various 

user functions and making adjustments for processing the complexity. FPA has many advantages which can be find in 

[33, 34]. 

To make an estimation of the software development effort, authors employed Wavelet Neural Network (WNN) in 

[35]. Experiments were made on two variants of WNN, the Morlet wavelet function [36], the Gaussian function, and a 

threshold acceptance training algorithm for wavelet neural network (TAWNN) that had been proposed. The results of 

these were compared with other computational intelligent methods, such as the Multilayer Perceptron (MLP) [37], the 

Radial Basis Function Network (RBFN) [38], the Multiple Linear Regression (MLR) [39], the Dynamic Evolving Neuro-

Fuzzy Inference System (DENFIS) [40] and the Support Vector Machine (SVM) [41]. All of these comparisons were 

computed in terms of the Mean Magnitude Relative Error “MMRE” applied on both the Canadian Financial “CF” dataset 

and the IBM Data Processing Services “IBMDPS” dataset. 

Recent efforts are made to propose hybrid approaches for software project cost estimation notably in [42], a hybrid 

cost estimation method for planning software projects using fuzzy logic and machine learning is suggested, in [43], a 

hybrid machine learning method for estimating software project cost is proposed, and in [44], a software cost estimation 

in global software development using hybrid approach is presented. All these approaches have the potential to have a 

substantial impact on software cost estimation. However, their implementation is deferred to future works. 

A first comparison of the previous approaches was done in [20] following certain criteria such as: Ease of Use, 

Adaptability, Accuracy, Consistency, Interpretable, Automatable, Tool Supported Supportability, Empirical Validation, 
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Sensitivity and Handling Imprecision and Uncertainty. The author classifies these methods from the most important to 

the least important one as follows: COCOMO Model, Hybrid approach this is based on both algorithmic and non-

algorithmic methods, Putman Model, Function Point Analysis and Wavelet Neural Network. Another comparison study 

of software estimation techniques is done in [9]. For this second comparison, if we consider the accuracy criteria, 

COCOMO, SLIM and Robust approaches are good. A general observation for all these approaches is that none of them 

takes into account the existence of COTS. 

3.0 SPL-BASED SYSTEM COST ESTIMATION USING FEATURE-ORIENTED APPROACH 

Software product line engineering is a software reuse paradigm that aims to develop a family of products with reduced 

time to market and improved quality [45]. Within the SPLE field, dynamic software product lines (DSPLs) have emerged 

as a promising means to develop reusable and dynamically reconfigurable core assets. Service-oriented dynamic software 

product lines (SO-DSPL) represent a class of DSPLs that are built on services and service-oriented architectures (SOAs) 

[45]. SO-DSPL support user needs and expectations in a continuously changing environment. SO-DSPL combine services 

in various configurations and contexts, simplifying the deployment of product variants that are mostly based on the same 

core services but tailored to meet different customers’ needs. Feature modeling is the main activity to represent and 

manage PL requirements as reusable assets by allowing users to derive customized product configurations. Product 

configuration refers to the decision-making process of selecting an optimal set of features from the PL that comply with 

the feature model (FM) constraints. 

To estimate cost in SPL-Based system using feature-oriented approach, we propose to implement scrupulously a 

coupled methodology with COCOMO approach, which is a very important technique to evaluate a software cost estimate. 

Our choice is sustained by the fact that no single one of the proposed approaches in the scientific community gives a 

hundred percent accuracy and none of them takes into account the existence of COTS while the cost of these components 

depends on many attributes and is not mastered.  The methodology we suggest is composed of five steps: 

Step 1: Perform detailed business analysis of the target domain; 

Step 2: Identify all COTS in feature business components; 

Step 3: Evaluate the cost of each identified COTS; 

Step 4: Evaluate the cost of each feature using COCOMO approach; 

Step 5: Estimate the cost of the system by adding the costs of the different COTS involved in the system with the costs 

of each feature. 

To understand the previous steps, it is necessary to understand what feature business components are, how COTS can 

be integrated in feature business components and how to estimate the cost of SPL-Based systems. The following 

subsections give more details to better understand the suggested methodology. It is recommended that the authors provide 

adequate information to enable the work to be replicated. Methods that have previously been published should be 

referenced, and only relevant modifications should be mentioned 

3.1 Features Business Components 

A feature business component is a kind of software asset in which the body part is a feature realization [11]. It has an 

identifier, a description and a body. It can be decomposed in sub feature business components and uses other feature 

business components such as Table 1. 

Table 1. Feature business component’s structure 

Name A simple text 

Is_composed_of A finite set of sub feature business components 

Uses A finite set of used feature business components 

Description A composition of the intention, the engineering activity, the target business and the environment  

Body The realization part of the feature business component 

Hence, we capture features business components by the following schema; 

 

 

 

 

FeatureBusinessComponent = = [ name: TEXT; 

                                                        is_composed_of: 𝔽 FeatureBusinessComponent 

                                                        uses: 𝔽 FeatureBusinessComponent 

                                                        description: Description 

                                                        body: FeatureRealization  ] 
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Description: The description part of a feature business component is composed of its intention, the engineering 

activity the descriptor plans to perform, its target, the target business and the environment that is the context. Table 2 

below is given for a better understanding. 

Table 2. Feature business component description’s structure 

Intention The engineering activity that is planned to perform 

Target The target business 

Environment The context 

 

Feature business component descriptions are specified by the following Z notation schema: 

 

 
Further specification for the following concepts: Domain, Process, Business Activity, Context & Context-awareness 

can be found in [15]. 

Feature realization: A set of effectively reusable software products constitute the realization part of a feature business 

component. These reusable software products are business analysis models, and it is composed by a solution which is a 

feature and a sequence of adaptation points. An adaptation point is a couple formed of a feature and a sequence of features 

which implement it. To improve the understanding of feature realization we give table 3. 

Table 3. Feature Business Component Realizations structure 

Solution A feature model of a domain 

Adaptation_points A finite set of couples. For each couple, the first element is a feature in the solution and the 

second element is the finite set of features that implement the first element.  

 

We model feature realizations by the following schema. 

 

 

In FORM/BCS, a feature is a property visible by users and application developers of the domain. Features are 

classified in two groups: generic features (or services) and contextual features. Generic features are those of the capacity 

level of the domain. This means that a generic feature literally marks a distinct service, operation or function. Contextual 

features however are those of the operating environment, the domain technology and the implementation techniques. 

Performances of a system are non-functional features which are also classified in that second group. 

A feature model of a domain gives the “intention” of that domain. This is why feature models are made only with 

generic features. In order to formalize this concept, we consider that a generic feature is an activity caused by an event 

which is applied to a target objects set. Features have generalization and decomposition. A feature’s decomposition has 

three kinds of disjoint subcomponents: 

1. The set of common features which indicate reuse opportunity,  

2. The set of optional features; 

3. The set of groups of alternate features. 
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Hence, we capture features by the schema below: 

Feature = =[ name: TEXT; 

                               activity: BusinessActivity ; 

                               objects: BusinessObjects ; 

                              decomposition:[mandatory: 𝔽 Feature; 

                              optional: 𝔽 Feature;  

                              alternative: 𝔽 𝔽 Feature] 

                              generalization: 𝔽 Feature 

     f : Feature, optional(decomposition(f))  mandatory(decomposition(f)) =  

     f : Feature, ( (A  alternative(decomposition(f)))  

    mandatory(decomposition(f)) =  

     f: Feature, optional(decomposition(f))  ((A 

    alternative(decomposition(f)))) =  

     f : Feature , A1, A2  alternative(decomposition(f)), A1 A2 =  

     f : Feature , (mandatory(decomposition(f))  optional(decomposition(f))  

    ( (A  alternative(decomposition(f)))))  generalization(f) =  ] 

 

With a no ambiguous context, we establish the following correspondences: 

 

mandatory (f) corresponds to mandatory (decomposition(f)) 

optional(f) corresponds to optional(decomposition(f)) 

alternative(f) corresponds to alternative(decomposition(f)) 

or(f) corresponds to or(decomposition(f)) 

decomposition (f) corresponds to mandatory (f)  optional (f)  ( (A  alternative(f))) 
 
We say that a feature f is abstract if decomposition (f) = . 

We define the set 

Abstract_Feature  = {f:Feature • decomposition (f) = } 

 

A business activity has a set of "mandatory" tasks, a set of "optional" tasks, a set of "alternative" tasks, a set of "or" 

tasks and a set of "clashing" tasks. It can be primitive or not. The following schema specifies business activities for the 

management of evolutions. 

 

BusinessActivity == [name: Name;  

                                             decomposition: [mandatory: 𝔽 BusinessTask ; 

                                             optional: 𝔽 BusinessTask;  

                                             alternative: 𝔽 𝔽 BusinessTask;  

                                             or: 𝔽 𝔽 BusinessTask]; 

                                             clashing: 𝔽 BusinessTask; 

                                             primitive: Logic] 

BusinessActivity == [name: Name;  

                                             decomposition: [mandatory: 𝔽 BusinessTask ; 

                                             optional: 𝔽 BusinessTask;  

                                             alternative: 𝔽 𝔽 BusinessTask;  

                                             or: 𝔽 𝔽 BusinessTask]; 

                                             clashing: 𝔽 BusinessTask; 

                                             primitive: Logic] 

 

With a no ambiguous context, we write: 

 

mandatory (ba) for mandatory (decomposition(ba)) 

optional(ba) for optional(decomposition(ba)) 

alternative(ba) for alternative(decomposition(ba)) 

or(ba) for or(decomposition(ba)) 

decomposition (ba) for mandatory (ba)  optional (ba)  ( (A  alternative(ba))) 

We say that a business activity ba is abstract if decomposition (ba) = . 

We define the set 

Abstract_Business_Activity  = {ba:Business_Activity • decomposition (ba) = } 
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A business task has a set of "mandatory “operations, a set of "optional" operations, a set of "alternative" operations, 

a set of "or" operations and a set of "clashing" operations. It can be primitive or not. The following schema specifies 

business tasks for the management of evolutions. 

 

BusinessTask == [name: Name;  

                                        decomposition: [mandatory: 𝔽 BusinessOperation ; 

                                        optional: 𝔽 BusinessOperation;  

                                        alternative: 𝔽 𝔽 BusinessOperation;  

                                        or: 𝔽 𝔽 BusinessOpeartion]; 

                                        clashing: 𝔽 BusinessOperation; 

                                        primitive: Logic] 

 

In a similar manner, with a no ambiguous context, we establish following correspondences: 

 

mandatory (bt) corresponds to mandatory (decomposition(bt)) 

optional(bt) corresponds to optional(decomposition(bt)) 

alternative(bt) corresponds to alternative(decomposition(bt)) 

or(bt) corresponds to or(decomposition(bt)) 

decomposition (bt) corresponds to mandatory (bt)  optional (bt)  ( (A  alternative(bt))) 

We say that a business task bt is abstract if decomposition (bt) = . 

We define the set 

Abstract_Business_Task  = {bt:Business_Task • decomposition (bt) = } 

 

BusinessObjects = 𝔽  Class 

 

A class is characterized by his name, attributes and operations: 

 

Class = = [name : Text 

                           attributs : 𝔽 Attribut 

                           operations : 𝔽 Operation| ] 

In previous Z schema, we use Unified Modeling Language types Attribut, Operation and well-known types like 

Boolean and Text which are basic. 

3.2 Feature Business Component with COTS 

3.2.1 COTS Classification and evaluation 

Each COTS product can be distinguished by evaluation attributes. By help of these attributes and their values it will be 

possible to compare items belonging to the same class. While several of these attributes are common across the classes, 

some attributes are specific of a single class. Examples of common attributes are: price, market share, license type, 

compatibility issues, etc. Examples of attributes for Data Base Management Systems (DBMS) are transaction speed, 

scalability issue, etc. For each attribute, we must define its measurement scale, which can be: nominal, ordinal, ratio, and 

absolute. Examples of evaluation attributes, which can be applied to several classes, are presented in the following Table 

4. 

Table 4. COTS évaluation attribut 

Attribute  Scale 

Acquisition cost  Ratio 

Ownership cost  Ratio 

Market size  Ratio 

Market share  Ratio 

License type  Nominal 

The cost of a software product can be split into two parts: the cost of acquisition of the product or of its license and 

the cost derived from its support, maintenance, and setup. The diffusion of a COTS product can be defined in terms of 

market size and market share. The market size is an absolute number representing the number of people that use items 

similar for the given one. For instance, the market size for Google Chrome is the number of user web browsers. Market 

share is the fraction of the market that uses the specific product. For instance, the market share for Internet explorer is the 

number of users of Internet Explorer itself. Another interesting attribute for evaluating a software product is the type of 

license under which it is sold, e.g. single user, open source, or GNU. We formalize COTS with the following Z schema 

in which, for simplification reasons, we consider ratio attributes as integer. 
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COTS = = [name : TEXT 

                            acquisition_cost : INTEGER 

                            ownership_cost: INTEGER 

              market_size: INTEGER 

              market_share: INTEGER 

             licence_type: TEXT| ] 

 

With a no ambiguous context we write: 

cost(c) for acquisition_cost(c) + ownership_cost(c) 

 

For further explicit explanations on how COTS costs are identified and updated, look in [46] 

3.2.2 COTS in Feature Business Component 

COTS can be essential for the implementation of features of a feature business component or for their running time.  

That why for a clear specification of feature, we must show COTS involved in features inside the solution part of feature 

realizations. Thus, we improve feature’s specification with the Z schema below. 

 

Feature = = [name: TEXT 

             verb: Activity ; 

             objects: Target 

                           decomposition:[common: 𝔽 Feature; 

                                                      optional: 𝔽 Feature;  

                                                   variabilities: 𝔽 𝔽 Feature] 

             generalization: 𝔽 Feature 

            cots: 𝔽 COTS] 

 

When the context is understandable, for a feature f, we establish the following correspondence: 

 

cost(f) corresponds to direct_cost(f) + cost(decomposition(f)) 

with 

direct_cost(f) = ∑ 𝑐𝑜𝑠𝑡(𝑐)𝑐∈𝑐𝑜𝑡𝑠(𝑓)  + COCOMO (activity(f)) 

and 

cost(decomposition(f)) = ∑ 𝑐𝑜𝑠𝑡(𝑔)𝑔 ∈𝑑𝑒𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛(𝑓)  

 

COCOMO (activity (f)) represents software cost estimate using COCOMO approach for the direct activity of 

feature f. 

 

Example: The following feature business component skeleton defines the Computerized System for the Integrated 

Management of State Personnel and Salaries (MSPS) of a country. 

 
Name : Feature Business Component of a Computerized System for the Integrated Management of State Personnel and 

Salaries of a country 

Iscomposedof : {civil servant career management feature business component, salaries management feature business 
component, training management feature business component, attributions management feature 
business component, mail management feature business component} 

Uses : {Database Management System feature business component, Reports delivery system feature business component} 
Description : 

Intention : Analyze 

Target :  
          Domain : C = (manage)ACTION(State personals and salaries)TARGET 

Process : C1 = (manage)ACTION(civil servants career)TARGET 
   C2 = (manage)ACTION(salaries)TARGET 
   C3 = (manage)ACTION(training)TARGET 
   C4 = (manage)ACTION( attributions)TARGET 
   C5 = (manage)ACTION(mail)TARGET 
    /* sub-process of C1 */ 

           C11 = (manage)ACTION(decisions, personnels governed by the general status or the labor code)TARGET 
   C12 = (manage)ACTION(decisions, magistrates)TARGET 
   C13 = (manage)ACTION(decisions, university lecturers)TARGET 
   C14 = (manage)ACTION(decisions, police officers)TARGET 
   C15 = (transfer)ACTION(decisions)TARGET 
    /* sub-process of C2 */ 
   C21 = (transfer)ACTION(decisions)TARGET 
   C22 = (calculate)ACTION(salaries)TARGET 
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   C23 = (manage)ACTION(workstation)TARGET 
   C24 = (manage)ACTION( profiles, workstations)TARGET 
   C25 = (manage)ACTION( connections, workstations)TARGET 
    /* sub-process of C4 */ 
   C41 = (manage)ACTION(workstations)TARGET 
   C42 = (manage)ACTION( profiles, workstations)TARGET 
   C43 = (manage)ACTION( connections, workstations)TARGET 
   C44 = (manage)ACTION( transactions, workstations)TARGET 

Context : All the country's regulatory texts governing the management of state personnel and their salaries 
 

Body : 
Solution : 

c

c
1

c
3 c

5

c
11

c
12 c

13

c
41 c

42 c
43

c
2

c
4

c
44

c
21 c

22 c
23 c

24c
14

c
15 c

25

 
Adaptation points : { 

(c, {{c1, c3, c4, c5}, {c1, c2, c3, c4, c5}}), 
 (c1, {{c11, c15}, {c11, c15, c12}, {c11, c15,  c13}, {c11, c15, c14}, {c11, c12, c13, c15}, {c11, c13, c14, c15}, {c11, c12, c14, 
c15}, {c11, c12, c13, c14, c15}}),  
(c2, {{c21, c22, c23, c24}, {c21, c22, c23, c24, c25}}),  
(c4, {{c41, c42}, {c41, c42, c43},{c41, c42, c44},{c41, c42, c43, c44}}) 

        } 

Figure 2. Feature business component skeleton for the Management of State Personnel and Salaries of a country 

3.3 SPL-Based System Cost Estimation 

System cost  

Given a system, system, belonging to a software product line, SPL, we estimate the cost to 
implement this system, CE, by using the following algorithm called System Cost Estimation. In this 
algorithm, the variable CEC is an intermediate variable used to contain every time the cost of the 
current system. 

Algorithm: System Cost Estimation 

Result: CE: REAL 

system: FeatureBusinessComponent ; 

f: Feature; 

CEC : REAL 

CEC := direct_cost(solution(realization(system))) 

If decomposition(solution(realization(system))) != Ø then 

     For each f  in decomposition(solution(realization(system))) 

           CEC := CEC + direct_cost(f) + cost(decomposition(f)) 

     end 

end 

CE := CEC 

 

Minimal cost for SPL-Based system 

Given a software product line, SPL, for which the feature business component is fbc, we call minimal cost of SPL, the 

minimal cost to implement a system, system belonging to SPL. To estimate this cost, we estimate the cost for every 

software system in SPL and we choice the minimal cost of all these costs. To do this we use the following algorithm. In 

this algorithm, the variable MCC is an intermediate variable used to contain every time the minimal current cost and the 

variable MC contain at the end of the algorithm the minimal cost. 

 
Algorithm: Minimal Cost Estimation 

Result: MC: REAL 

fbc: FeatureBusinessComponent ; 

system: FeatureBusinssComponent; 

MCC: REAL 

MCC := cost (solution(realization(s ∈ systems(fbc)))) 

For each system  in systems (fbc) \ {s} 

       MC := cost (solution(realization(system))) 

       If MC < MCC then 
                  MCC := MC 

       end 

end 

MC := MCC 
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Maximal cost for SPL-Based system 

Given a software product line, SPL, for which the feature business component is fbc, we call maximal cost of SPL, 

the maximal cost to implement a system, system belonging to SPL. To estimate this cost, we estimate the cost for every 

software system in SPL and we choice the maximal cost of all these costs. To do this we use the following algorithm. In 

this algorithm, the variable MCC is an intermediate variable used to contain every time the maximal current cost and the 

variable MC contain at the end of the algorithm the maximal cost. 

 

 

 

 

 

 

 

 

 

4.0 APPLICATION CASE STUDIES 

      The first case study is an organism software for tertiary institutions of an undesignated country. The product line, 

referred to as National Educational Management Product Line (NatEduMgtPl), was initiated by the Ministry of Higher 

Education in that country. The vision of the product line is to supply software products to state universities, other higher 

institutions, and Enterprise Resource Planning (ERP) vendors. The educational institutions in the country implement the 

BMP (Bachelor, Master and PhD) system - which makes their core operations largely the same- hence a product line. Let 

us notice that to develop and deploy such a system, we need many COTS, such as the Domain Name System (DNS) 

server, the Network Time Protocol (NTP) server, the Network File System (NFS) server, Automount File System 

(AutoFS), etc. Certain of them are free and open-source software like AutoFS but many have a cost of acquisition or its 

license and the cost for its support, maintenance, and setup.  

Figure 3 shows the solution part of the realization for the feature business component of this product line. Executing 

the minimal cost estimation algorithm and the maximal cost estimation algorithm, we can observe that the system with 

the minimal cost for this software product line is the system without pre-admission and academy features and the maximal 

cost system includes one of the two mutually exclusive features along with all mandatory and optional features. 

 

Figure 3. Partial feature model of the National Educational Management Product Line 

      The second case study here is the Computerized System for the Integrated Management of State Personnel and Salaries 

(MSPS) of a country. To develop and deploy this system, we need COTS notably a Database Management System 

(DBMS) and Reports Delivery System (RDS). Also, certain COTS like the DBMS PostgreSQL are free and open source 

but many like the RDS SAP Crystal Reports have a cost of acquisition or its license and the cost for its support, 

maintenance, and setup. Figure 4 shows the solution part of the realization for the feature business component of the 

Integrated Management of State Personnel and Salaries product line. Running the minimal cost estimation algorithm and 

the maximal cost estimation algorithm, we can observe that the system with the minimal cost for this software product 

line is the system without salaries management feature and the maximal cost system includes this feature along with all 

mandatory and optional features. 

Algorithm: Maximal Cost Estimation 

Result: MC: REAL 

fbc: FeatureBusinessComponent ; 

system: FeatureBusinssComponent; 

MCC: REAL 

MCC := 0 

For each system  in systems (fbc) 

       MC := cost (solution(realization(system))) 

       If MC > MCC then 
                   MCC := MC 

       end 

 end 

MC := MCC 



N. Amougou and M. Fouda │ International Journal of Software Engineering and Computer Systems │ Vol. 12, Issue 1 (2026) 

 
journal.ump.edu.my/ijsecs                                                                                                                                                                                          36 

 

Figure 4. Partial feature model of the Integrated Management of State Personnel and Salaries Product Line 

5.0 CONCLUSIONS AND FUTURE RESEARCH 

     Software Cost Estimation is an unavoidable and a vital aspect in software development projects and particularly in 

SPL-Based system. Many approaches have been proposed, but no single one gives a hundred percent accuracy.  That is 

why one technique and model should not be preferred over all others. Between approaches that use the source lines of 

codes (SLOC) as their input and others that do not, in this paper, we propose to take into account another variable that is 

Commercial Off-The-Shelf Products (COTS) and we suggested a methodology composed of five steps to approximate 

the cost of SPL-Based systems. To estimate the cost of COTS, in software product lines, we put them within the solution 

part inside the realization section of feature business components. This integration allows propose an algorithm that takes 

as input a system belonging to a SPL and estimate the cost of this system. We can also estimate the minimal cost for a 

system in that SPL and the maximal cost. The novelty is that we enriched feature business components by adding new 

knowledge like required COTS and their costs for each feature. The new model allows practical system cost estimation 

in SPL. We have applied the new approach to the National Educational Management Product Line and plan to extend to 

others SPL. It is also beneficial to estimate software cost by combining our approach with other approaches different to 

COCOMO. However, our approach still faces limitations such as scalability and reliance on accurate COTS data. 

Combining our method with machine learning approaches would allow further development. This is our further 

investigation. 
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