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ABSTRACT 

Software Product Line (SPL) is extensively used in industry for quick development with reusability of 

resources from domain engineering to application engineering. For testing the products from domain 

engineering to application engineering traceability of requirements are important. In sequential product 

development, it is easy to create the links between software artifacts. However, in SPL traceability links are 

difficult to create where multiple products from same domain with some variation point according to 

stakeholder. This paper proposes framework for traceability links in SPL processes i.e. domain engineering 

to application engineering artifacts by using goal base modeling. First step is to identify the variation points 

from domain feature model and trace the link at implementation level of SPL platform. Second step is to 

trace the links from each artifact of domain to application engineering for the development of final products. 

We have applied our approach on general SPL feature model and get the results of final products with zero 

constraint violation.  

Keywords: Software Product Line, Feature Model, Requirement Traceability. 

 

1. INTRODUCTION 

Software Product Line (SPL) is an approach to 

develop the products with reusability of resources 

and development with less cost, time to market and 

increase the productivity. SPL consists two main 

engineering processes: first, Domain Engineering 

(DE) defines the complete scope of SPL with 

common and variable features that can be part of 

different products. Second, Application 

Engineering (AE) comprises of specific 

requirements from end user and develop the 

product by adopting resources from DE. Features 

from DE can be reusable in different products 

during AE with some variation points of each 

product [1-3]. Feature model is used to manage the 

common and variable features with cardinality 

relationship such as mandatory, alternative, 

optional and OR group [4-5]. Feature Model is a 

tree structure with parent and leaf nodes. The 

parent nodes are the compacted representation of 

functionality, however, leaf node represents the 

functionality of each feature in context of end user 

requirements [6]. Requirement traceability between 

artifacts of the development improves the 

consistency and help out to maintain the future 

developments and changes.  

Requirement traceability is important for the 

maintenance in future testing and impact analysis 

of products. Moreover, it enhances the reusability 

of features and functionalities for further 

development [7]. Testing and maintenance of 

single product is easy to manage through 

requirement traceability because it requires only 

single product artifacts without considering 

variation points of the other projects. However, in 

multiple products, that shares common resources 

from DE to AE is difficult task because every 

product with different features require different 

traceability links and related information [8]. AE 

artifacts correspond to DE artifacts because of 

reusability of common and variable resources. 

Requirement traceability of SPL has two main 

process: 1) well managed variability in each 

product with variation points between every 

product, 2) binding of variability and common 

features in AE should be managed according to end 

user requirements (prioritization of requirement) 

[9]. Development of multiple products from SPL 

feature model fails due to improper requirement 

elicitations and week traceability links between 

artifact of DE and AE. Furthermore, the 

requirement traceability between variable features 

and variation points of each product is a complex 

task because of complex bindings and relationship 

of features. New variation seeds of features in 
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feature model according to change the 

requirements is cause of delay, high cost and low 

productivity. 

In this paper we have proposed a method to 

present the requirements traceability from DE 

artifacts to AE artifacts in a systematic way. 

Proposed approach is a goal-based modeling where 

features of SPL from DE can be priorities 

according to end user requirements. Furthermore, 

the seeds according to end user requirements are 

mapped in goal base modeling to add new 

rationales in feature model. Features in DE have 

different to functionality priorities because of 

variation points in each product. Traceability link 

of DE artifacts to AE artifacts is based on the 

traceability relationships of each product. This 

relationship can be created on the basis of common 

goals of each product as SPL shares common 

features. Goal-Oriented requirement engineering is 

an appropriate method for requirement elicitation 

which automatically generates traceability links in 

each artifact of software development. Goal-base 

modeling is comprehensive method for traceability 

of goal for each requirement from different 

stakeholders, preference of goals from multiple 

stakeholders, core and optional features modeling 

and domain assumption representation. 

The contribution of our work is to create the 

requirement traceability links between artifacts of 

SPL processes such as DE and AE. Our aim to find 

the final product configurations of SPL without any 

constraints violation with goal-base requirement 

traceability links.   

The rest of paper is organized as: section 2 is 

comprises of feature model background, section 3 

is related to work, section 4 is based on 

requirement traceability in sequential software 

development life cycle, section 5 SPL goal-base 

modeling, section 6 requirement traceability of 

SPL processes and finally section 7 is conclusion. 

2. Feature Model Background 

Leaf nodes of feature model present the 

functionality for developers and stakeholders. Kyo 

C. Kang proposed Feature-Oriented Domain 

Analysis (FODA) in 1990 for development of 

family of products that shares common resources 

for all products and differentiate with variability of 

features. The main objective of FODA is to 

represent the family of products according to 

common and variable features of SPL domain [10]. 

Feature-Oriented Reuse Method (FORM) is 

proposed by Kyo C. Kang in 1998 for reusability 

of features from domain repository of SPL. FORM 

is a module base approach i.e. remove the 

dependency between features and develop the 

domain engineering with independent modules to 

enhance the reusability of features in different 

products [11]. Fig. 1 depicts the simple example of 

mobile feature model [12]. 

Fig. 1 (a) depicts the complete scope of mobile 

phone SPL feature model. Fig. 1 (b) shows the 

different relationships between features. The 

feature orientation approach performed four main 

process as given below [13,14]. 

a) Domain Analysis: This process defines all 

resources (common and variable) and 

relationships (include and exclude) of core 

assets presented by feature model. 

b) Domain Implementation: Implementation is 

performed in this process for all common and 

variable features for products derivation. 

c) Requirement Analysis: Requirements from 

stakeholders are analyzed according to the 

scope of feature model and select suitable 

features for further product derivation 

according to end user requirements. 

 

Figure 1. Mobile Phone Feature Model and Relationships 
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d) Product Derivation: All resources are already 

existing with proper functionality and also 

have the requirements according to end user. 

Combine all features with respect to 

relationships and constraints between them 

and final product derivation. 

3. RELATED WORK 

Yguarata et. al. proposed method for variants 

traceability of SPL feature model. UML notations 

are used to define the relationship between features 

and define the constraints at meta-model level. 

Meta-model is based on core assets of SPL and 

organized by UML model. Requirement 

traceability in each product with variants are need 

to be linked because common features are 

necessary to be the part of every product. Meta-

model variant traceability approach is enable to 

trace the variation of products and enhance the 

testability of all products in one SPL scope by 

tracking the variation points [15]. 

Nicolas et. al. proposed the model-driven 

based AMPLET Traceability Framework (ATF) of 

SPL development process artifacts. ATF 

traceability management framework enhances the 

development in way to modify, import and export 

of features, query to find the variations of products 

and visualization of links between artifacts. Mata-

model implementation such as DE of SPL, 

information of traceability links stored in data base 

repository that can be access by query to find the 

variation points [16]. 

Pourya et. al. presented Feature-Oriented 

Formal Language (FORMAL) for modeling the 

requirements of SPL. FORMAL modeling enables 

to model the existing and new requirements if 

added by end user. It supports the modularity of 

features to remove the dependency between 

features to increase the reusability. Decompose the 

features into unite modules to independent small 

features and enhance the reusability in different 

product derivations of SPL. Goals of FORMAL 

modeling are feature modularity, ease of 

development, modeling differences, features 

interaction modeling associative and commutative 

composition and precision [17]. 

Vikas et. al. proposed the method for 

requirement engineering with goal-oriented 

approach of SPL. Early stage of requirement 

engineering is critical because of understanding 

with requirements of stakeholder particularly when 

multiple stakeholders are involved in project. 

Author proposed Goal-Orient Requirement 

Engineering (GORE) for requirement elicitation 

from end user. Proposed method is called 

Comprehensive Modeling Language (CReML). 

Core and optional goals are important to priorities 

the requirements according to environmental 

features selection [9]. 

Dhungana et. al. proposed DOPLER approach 

to customize requirements of SPL domain. 

Customization is based on variability modeling of 

feature model. DOPLER is used to priorities the 

requirements of variability features, as common 

features are necessary in every product [18]. 

Lukas et. al. proposed method to incremental 

traceability of requirements of SPL. Variability 

modeling create variation in each product of SPL 

but always have reusability. Therefore, variability 

feature presents the same requirements but in 

different scenario with other related functionalities. 

Traceability links between artifacts of product 

development are based on same functionality 

descriptions [19]. 

Aforementioned studies are limited to 

traceability of requirements without considering 

complete development of SPL process i.e. DE to 

AE product derivations. Moreover, if requirements 

are changed and new features are required to add at 

the level of DE, it effects on complete SPL product 

family due to the inclusion of new variations and 

exclusion of some features. Therefore, traceability 

links and related information needs to change with 

respect to relationships and constraints between 

features. This study proposes the goal-base 

modeling for requirement traceability of complete 

development life cycle process of SPL i.e. domain 

engineering to application engineering, also handle 

traceability of new seeds (include new features) 

according to rationales of each feature. 

4. REQUIREMENT TRACEABILITY IN 

SEQUENTIAL LIFE CYCLE: 

Multiple tools and methods are used to 

traceability requirements and links. Caliber 

requirement management consist on repository of 

requirements that provides entire information of 

project with respect to requirements. Caliber 

enables the end-to-end requirements, impact 

analysis of requirements, traceability, priorities 

requirements, flexibility, integration of life cycle 

and security. Furthermore, Caliber enables to login 

from single account on multiple servers from 

different location to map the requirements from 

end user on single project [20]. 
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Rational RequisitePro enable the features to 

navigate the trace links, maintaining, establishing 

and trace information in trace slice or matrices 

formats of project. The environment of project that 

enables the semi-automated method to retrieve 

information to generate dynamically trace links 

[21]. 

IBM has generated tool DOOR for 

requirement management. Requirements are stored 

in database in form of objects with hierarchal 

structure. Hierarchal structure allows the individual 

project versioning and enable to retrieve   

traceability link information [22]. 

Table 1. Analysis Of Requirement Traceability Of 

Existing Tools. 

Traceability Caliber-RM 
Rational 

RequisitePro 
DOORS 

Links 

Management 

Manual 

Requirements 

Development 

life cycle 

Manual 

development 

life cycle 

Manual and 

import 

development 

life cycle 

Views 

Traceability 

reports, 

diagrams and 

matrix 

Traceability 

matrix and 

tree 

Traceability 

tree and 

matrix 

Queries 

Traceability 

Links and 

requirements 

Query 
identifies the 

functionalities 

on 

requirement 

attributes 

Complete 
information 

including 

links and 

specific 

requirements 

Extensibility Not supported Not supported 

Create new 

links if 

change the 

requirements 

Reusable 
Requirements 

No Yes Yes 

Catalog 

Evolution 
No Yes No 

SPL (DE and 

AE) 
Not supported Not supported 

Not 

supported 

Table 1 depicts the analysis of requirement 

traceability of existing tools about functionalities 

and limitations. Three requirement traceability 

tools has compared Caliber-RM, Rational 

RequisitePro and DOORS, traceability of SPL 

processes (DE and AE) are not supported by any of 

given tools. 

 

5. SPL GOAL-BASE MODELING 

SPL product derivation change the artifacts of 

development when requirement priorities has 

changed. Goals represent the stakeholder 

requirements that needs to achieve from system. 

System characterize the goals into primary and 

secondary goals. Stakeholder needs to fix on single 

point with project manager. Rationales needs to be 

clear from stakeholder that why the given goals are 

so important and need to achieve on priority basis. 

These rationales are linked with various 

responsibilities that required by end user, what 

system needs to do to achieve these goals. [9]. Goal 

based modeling successfully enables the reason 

and capture the requirements in different forms that 

can be functional, non-functional or any other 

agreements between holder and organization [23].  

Fig. 2 describes the complete process for SPL 

goal modeling with new requirements and common 

functions that are used in every product. At initial 

stage of development goal model is structured for 

end user understanding, add new entities according 

to end user requirements. Identify the similar goals 

(functional and non-functional) in each SPL 

product, priorities each goals and find primary 

system requirements. Control loop handle the 

variability in product development if new variables 

are added in SPL DE. Finally, goal model is 

constructed that completely specifies the end user 

requirements. 

 
Figure 1. Goal Modeling of SPL Commonalities and 

Variability 

6. REQUIREMENT TRACEABILITY OF 

SPL PROCESSES 

Traceability of requirements from DE to AE 

artifacts, it is important to model the goals and 

strategy with clear primary and secondary 

requirements from stakeholders. If new goals 

introduced from stakeholders the rationales of 

system will be changed. Multiple stakeholders have 

different viewpoints as SPL is family of products 

and each product is varied on variation points and 

objectives. Developers need to trace the links of 

each variability point with respect to constraints.  
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Table 2. Dimensions Of Traceability With Respect To SPL Processes. 

Dimensions      Processes of SPL Engineering 

Similarity     Both in Domain Engineering or Application 

Engineering 

Variability Identification   Only in Application Engineering 

Reuse of Variability    Application to Domain Engineering 

Refinement     Both in Domain Engineering or Application 

Engineering 

       Versioning     Both in Domain Engineering or Application 

Engineerin

6.1. Spl Traceability Dimensions 

We have considered five dimensions for 

traceability of SPL artifacts: Similarity of products 

(common features), variability realization (identify 

the variation points), variability reuse (enhance the 

variability with respect to relationships and 

constraints), refinement (new seeds add) and 

versioning (derivation of new products in scope of 

SPL). Table 2. Shows the traceability dimensions 

for SPL processes. 

In Table 2 traceability dimensions has discussed 

for SPL DE and AE. Similarity identifies the 

common goals in complete SPL family and reuse 

as it is in all products from DE to AE. Variability 

identification point out all variation points 

(alternative, optional and OR group features) to 

differentiate products. Identification of variation 

points make easier to reuse these variability 

features in different products according to end user 

requirements. If end user requirements are changed 

during development of DE and AE, refinement is 

required in both SPL processes. At last versioning 

of products has developed when complete and 

precise requirements have received from end user. 

6.2. Spl Feature Model New Goals:  

New goals and variabilities are introduced in 

SPL product derivation and rationales of these 

goals also needs to change. Developers get the 

viewpoints and objectives of complete system from 

end user to find the commonalities and variabilities 

of SPL. Commonalities (mandatory) and variability 

(alternatives, optional, OR groups) are the features 

property that constructed at DE level. Identify the 

constraints (include and exclude) relationships 

between features and limitations of the system that 

is required to develop the AE. Stakeholder is 

involved in this complete process. Fig. 3 shows the 

complete framework of requirement traceability 

links of SPL process.  

Figure 3. New Seeds Traceability Framework 
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Fig. 4 describes the complete model of 

requirment traceability of DE and AE artifacts. DE 

artifact are consisted of features platform (core 

assets of SPL) transform to requirements, design 

and implementation of all features for reusability. 

In AE feature platfrom, specific SPL domain 

features are binding into product derivation, 

selection of features are based on end user 

requirements to develop specific ith product (pi) 

feature model.  Tracebility links are developed 

between DE requirements and AE requirements 

and construct the design of pi. Implementation of 

features in pi is the reusability of already 

implemented features in domain (platform) of SPL. 

Fig. 5 is a general feature model that have 

one common feature (F4), three variation points 

(vpf1, vpf2 and vpf3) and every leaf node have 

specific goals with relationships between each goal 

(alternative, optional and OR group).  

 
Figure 2. Goal-based feature model 

Fig. 5 shows the platform of SPL with three 

variation points vpf1, vpf2 and vpf3, where each 

leaf node has goals that can be selected according 

to end user requirements. Multiple products can be 

derived from given feature model with vpf1 

(variation point at F1), vpf2, vpf3 and F4. F4 is a 

common feature that must be part of each product 

therefore, we consider only variation points for 

traceability of goals in each product. Two 

constraints are given at vpf1 and vpf3 (mandatory 

OR group) in Fig. 5 as given below.  

• Product 1: [vpf1\F1], where g1 excludes 

g2. 

• Product 2: [vpf1\F1], where g2 excludes 

g1. 

• Product 3: [vpf1\g1, vpf3\g4\g5], g1 

exclude g2, g4 and g5 (one-to-many 

relationship). 

• Product 5: [vpf1\g2, vpf3\g5\g4], g1 

exclude g2, g4 and g5 (one-to-many 

relationship). 

• Product 6: [vpf1\g2, vpf2\null, 

vpf3\g5\g4], g1 exclude g2, vpf2 

(optional), g4 and g5 (one-to-many 

relationship).  

• Product 7: [vpf1\g1, vpf2\null, 

vpf3\g5\g4], g1 exclude g2, vpf2 

(optional), g4 and g5 (one-to-many 

relationship).  

Table 3 shows all configuration of feature model in 

Fig. 5 that are defined by requirement traceability 

with given goals corresponding to five traceability 

dimensions given in Table 1. In all products 1 is 

presented selected features and 0 presented non-

selected features 

.  

 

Figure 4. Traceability between SPL Artifacts 
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Table 3. SPL configurations by traceability of variation 

points 

Software Product Line SPL configurations goal traceability  

Variable features F1-1 F1-2 F2 F3-1 F3-2 

Products 

Binding 

of 

Features 

P1 1 0 0 0 1 

P2 0 1 0 1 0 

P3 1 0 0 1 1 

P4 1 0 1 0 1 

P5 0 1 1 1 0 

P6 1 0 1 1 1 

P7 1 0 0 0 1 

P8 0 1 0 1 0 

P9 1 0 0 1 1 

P10 1 0 1 0 1 

P11 0 1 1 1 0 

P12 1 0 1 1 1 

SPL 

Design 

DE vpf1, vpf2, vpf3, F2, F4(common and always 1) 

Variation 

points 

vpf1: F1-1, F1-2 (alternative) 

vpf2: F2 (optional) 

vpf3: F3-1, F3-2 (OR group) 

We have found with goal base requirement 

traceability; no constraint violation occurs in final 

product derivations of SPL during feature 

selections. Traceability of variation points and 

relationships between features are important for 

correct product derivations. 

7. CONCLUSION 

Requirement traceability is important to make 

and track the future changes in software 

development. Traceability of the requirements is an 

easy task in a single product, however in SPL, it is 

difficult to create traceability links in SPL artifacts 

because of change in requirements and variation 

points in each product. In this paper we have 

proposed a goal-based model for requirement 

traceability in SPL. Proposed framework provides 

flexibility to consider the multiple stakeholders and 

requirements changing in application engineering. 

Traceability link is from domain engineering to 

application engineering artifacts with new goals, 

rationales, objectives and constraint relationships 

in features of SPL. With our proposed approach, 

selected and non-selected features for final product 

derivations has identified with zero constraint 

violations.  
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