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Introduction

Product configuration is a key activity in Software Product Line Engineering (SPLE) that refers to choosing a set of characteristics from a product line model [START_REF] Clements | Software Product Lines: Practices and Patterns[END_REF]. Selected characteristics must comply with product line model constraints and user requirements [START_REF] Salinesi | Using integer constraint solving in reuse based requirements engineering[END_REF].

When the product line model is large, the number of possible configurations can be large too. Configuring this kind of models can be a hard, error-prone and time-consuming activity [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF], which makes it a challenging activity for practitioners. Furthermore, it is hard to think of a single user solely responsible of a large number of configuration decisions [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF].

Rather, teamwork is highly desirable in order to cope with the general complexity of the configuration process.

Feature models (FMs) are widely used to represent product lines [START_REF] Kang | Feature-oriented domain analysis (foda) feasibility study[END_REF]. They commonly span over several technical and non-technical knowledge domains, which requires the participation of multiple stakeholders with different knowledge and background (e.g. customer, product manager, software engineer, database administrator). Sharing the different configuration decisions by stakeholders is referred to as collaborative configuration process. It consists in three main activities (1) configuration role assignment, (2) the configuration itself and (3) conflicting situations management during the configuration [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF].

Collaborative configuration of product lines has appealed to several researchers that addressed this topic differently where each approach focuses on a specific collaborative configuration aspect. In fact, some approaches such as [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF][START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF][START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF][START_REF] Rabiser | Three-level customization of software products using a product line approach[END_REF][START_REF] Hubaux | Towards multiview feature-based configuration[END_REF] are interested in ensuring coordination of configuration activities through providing a pre-designed process. For some others such as [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF][START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF][START_REF] Ochoa | Program synthesis for configuring collaborative solutions in feature models[END_REF] the goal is to allow a free-order configuration process where stakeholders can freely express their requirements. Other ones focus on proposing state-sharing mechanism to increase stakeholders awareness and ensure global state consistency of distributed configuration. Finally, few approaches make a step forward to help stakeholders find a product that better meets their preferences by using recommendation techniques e.g. [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF][START_REF] Pereira | Runtime collaborative-based configuration of software product lines[END_REF]. This variety of approaches may indicate that collaborative configuration can be carried out in different ways. Although quick overviews of collaborative configuration approaches are given in earlier papers, no extensive study has been reported so far for comparing collaborative configuration approaches within SPLE in a systematic way. We have little understanding of the different approaches, their salient characteristics and the differences between them.

The goal of this paper is to elaborate a classification framework to help understand existing approaches related to product line collaborative configuration through the identification of their current characteristics, shortcomings and challenges. To reach this overall goal, we defined three research questions:

• RQ1: What are the main characteristics of state-of-the-art approaches on the field of collaborative product line configuration? Rationale: By answering this RQ, we extract, classify and structure the characteristics of existing product line collaborative configuration approaches. This helps researchers in better understanding the state-of-the-art and have a comprehensive overview of the research area.

• RQ2: What are the strengths and weaknesses revealed from the comparative analysis of the existing collaborative configuration approaches? Rationale: by answering this RQ, we provide researchers with a strong and effective means to position an existing approach or their own one with respect to other existing ones, and to identify strengths and weaknesses of one approach against other ones. Furthermore, the full analysis of existing state-of-the-art approaches allows researchers and practitioners to understand the difference between these approaches and to choose the one that meets their needs.

• RQ3: What are the major challenges of collaborative configuration in the field of SPLE? Rationale: by answering this RQ, we identify the open issues related to the area which helps researchers focus their future efforts in the challenging directions.

To deal with these research questions, a framework called PL2C capturing the main characteristics of product line collaborative configuration approaches is elaborated. Some reports on comparative frameworks are published; e.g. to classify software product lines construction approaches [START_REF] Ouali | Framework for evolving software product line[END_REF], to identify issues in scenario based approaches in requirements engineering [START_REF] Rolland | A proposal for a scenario classification framework[END_REF], and to give a classification and a comprehensive overview of collaboration approaches in e-learning [START_REF] Al-Abri | Comprehensive classification of collaboration approaches in e-learning[END_REF]. The structure of the framework is inspired from these proposals. As for its enclosed information, it is obtained by carrying out a Systematic Mapping Study (SMS) according to the guidelines recommended by Peterson et al. [START_REF] Petersen | Guidelines for conducting systematic mapping studies in software engineering: An update[END_REF].

The rest of this paper is organized as follows: Section 2 gives a background of product line collaborative configuration process. Section 3 presents the process followed in the systematic mapping study for PL2C framework elaboration.

Section 4 is devoted to the mapping study results, while Section 5 presents the framework proposed in this paper. Section 6 reports the framework-based analysis of the identified primary studies. Section 7 presents a description of the identified challenges. Section 8 analyzes some comparative frameworks found in literature and Section 9 discusses the threats to validity. Finally, Section 10 concludes the paper.

Background

Configuration of product line models can be achieved in many different ways.

Configuration can be progressive where the variability of the product line model is eliminated on several specialization steps [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF], or staged where the configuration is conducted in several stages in order to adhere to a change of constraints in each of these stages, such as the development cost per year [START_REF] Rabiser | Three-level customization of software products using a product line approach[END_REF][START_REF] Hubaux | Towards multiview feature-based configuration[END_REF]. Configuration can also be carried in one shot where elements of the product line model, i.e. features, that meet the user's requirements are simply selected in a single step from the product line model [START_REF] Djebbi | L'ingnierie des exigences par et pour les lignes de produits[END_REF]. The selection of features is quite straightforward when it relies on an individual interaction with product line model presented as tree-like structure where single user selects or deselects features [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF]. However, it is observed that in real projects, product lines can contain up to 10,000 features [START_REF] Batory | Automated analysis of feature models: Challenges ahead[END_REF]. In such a case, the configuration process becomes an arduous task. Potentially, the larger the size of the feature model, the higher the number of constraints. These constraints define dependencies between features that should be carefully respected to efficiently derive the desired product. Moreover, features have to be compatible with each other.

Otherwise, feature interaction issues could arise and affect the product, leading to unexpected behaviour. According to [START_REF] Apel | Exploring feature interactions in the wild: The new feature-interaction challenge[END_REF], the feature interaction occurs when a feature behaviour is influenced by the presence of another features. Feature interaction may be classified according to the order reflecting the number of features involved in the interaction, and the visibility characterizing the interaction as external if the impact is visible by the user or internal if it is at system level. For a recent compilation on how feature interaction in SPLE is dealt with, the reader may refer to [START_REF] Soares | Feature interaction in software product line engineering: A systematic mapping study[END_REF].

Therefore, handling the configuration process collaboratively is of major interest to enhance configuration within SPLE. Collaboration is defined by [START_REF] Roschelle | The construction of shared knowledge in collaborative problem solving[END_REF] as "a coordinated, synchronous activity that is the result of a continued attempt to construct and maintain a shared conception of a prob- lem". Similarly, within SPLE, collaborative configuration can be defined as a coordinated, synchronous activity where a set of stakeholders share the configuration activities based on their domain of expertise to decide about the set of features of the desired product. As highlighted in [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF], a collaborative configuration process consists mainly of three sub-processes, depicted in Fig. 1: role assignment, configuration and conflict management.

1. Configuration role assignment: it consists in specifying, for each stakeholder, the aspect he/she supposed to configure. The assignment strategy is generally handled in clusters representing a particular functionality of the problem domain.

2. Configuration: it consists in selecting the features of the desired product by the involved stakeholders. Stakeholders can share the configuration process according to the role assignment: they can either decide about the selection of the same set of features or each stakeholder decide about a specific set of features.

3. Conflict management: it can be carried out iteratively with the configuration step as conflicts may occur during configuration and have to be managed the time they happen. Another possible alternative is to manage conflicts at the end of the configuration after the stakeholders decide about desired characteristics. This still depends on the collaboration mode.

In the context of a collaborative configuration process, conflict management is of paramount importance. [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF] indicate that, when configuring a FM, conflicts may occur when two or more features contain explicit or implicit dependencies that make them rely on each other's decision state. This issue was also discussed by [START_REF] Osman | Investigating inconsistency detection as a validation operation in software product line[END_REF] who outlined the fact that a conflict occurs when two or more configuration decisions assigned to different configuration actors cannot be true at the same time. In practice, collaborative configuration comes up with serious challenges including finding effective means to coordinate configuration tasks and make compromise between all stakeholders requirements in conflict situations. The coordination problem presents a critical issue when configuring FMs with large sizes and complex networks of constraints dependencies. Potentially, the higher the number of constraints, the higher the effort required to put in place effective strategies for conflicts resolution is. Also, some technical issues can make collaborative configuration particularly challenging when involved people are distributed across different space and time dimensions. Therefore, aspects such as communication and group awareness become relevant in order to minimize decisions conflicts and facilitate work coordination.

Review approach

In order to elaborate PL2C framework, we carried out a SMS with the identified research questions. The purpose of a SMS is to investigate the literature on a field of particular interest to determine the nature, scope and number of published primary studies [START_REF] Petersen | Systematic mapping studies in software engineering[END_REF]. It facilitates to obtain a broader view of wide and often poorly-defined research areas [START_REF] Petersen | Systematic mapping studies in software engineering[END_REF] .

The PL2C framework elaboration process, depicted in Fig. 2, consists of seven sub-processes: (1) manual search, (2) search terms and strings, (3) automated search, (4) study selection, (5) categorizing papers, (6) framework construction, and (7) framework validation. The process was carried out with respect to [START_REF] Petersen | Guidelines for conducting systematic mapping studies in software engineering: An update[END_REF].

Manual search

Manual search sub-process consists in applying a snowballing process to a start set of studies composed of papers describing the first different approaches proposed by some known authors in the field, namely [S1, S3, S4, S11]. It was conducted in two steps: (i) exploratory search in which a forward snowballing was applied. An initial collection of 14 publications was obtained in this step after following references and links to citing publications. (ii) extension by related 170 work in which a backward snowballing was applied on the initial collection of publications by scanning their references and picking out publications relevant to this study. This resulted in additional 8 publications [S9, S10, S20, S21, S22, S23, S25, S31]. In order to avoid redundancy, non-peer reviewed publications, such as technical reports, books and workshop descriptions were not included in 175 the set of retained studies. The results from manual search were used for establishing a quasi-gold standard (QGS), which is a set of known studies representing the main contributions carried in the research domain [START_REF] Zhang | Adopting systematic reviews in software engi-1120 neering: An evidence-based report[END_REF].

The QGS was then used to elicit the search strings for automated search.

Search terms and strings

To make sure that all works related to collaborative configuration of product lines were explored, we conducted an automated search based on terms and strings objectively elicited from the set of QGS. In the literature, search terms is a crucial step in the process of systematic mapping study. It consists on eliciting domain relative terms to retrieve relevant studies [START_REF] Zhang | Adopting systematic reviews in software engi-1120 neering: An evidence-based report[END_REF].

We applied search terms process on the set of QGS to identify the most frequently occurring words or phrases in relation with collaborative configuration.

Search terms elicitation is done using text mining to statistically analyze the most frequently occurring words. To do so, we imported the title-abstractkeyword segment of each paper under QDA Miner and WordStat1 which are analysis tools that can not only determine the most frequent terms but also reveal the underlying relationship among these terms. We chose the term frequency (TF) and inverse document frequency (IDF) using WordStat. The Jaccards similarity coefficient allows to determine the terms importance by comparing the similarity and diversity of the imported segments of QGS. Fig. 3 shows clusters of terms that were derived with high frequency and high Jaccard's coefficient. Colors represent the set of terms strongly linked to each other.

Generally, we can divide these terms into several groups which have a definite subject (c.f. Table 1). However, despite their low frequency, some words are closely related to collaborative configuration of product lines, e.g coordination, resolution and detection. To expand the coverage of search results, we added these terms to the set of elicited terms as complement. Moreover, synonyms of the elicited terms, e.g. stakeholders and users, decision or decisions, model or models were considered in the final search strings. Finally, each group of terms defining the different subjects has been used to derive one or more of the search strings presented in Table 2. In fact, the group of terms presenting the application domain has been considered in all the derived search strings, the second group of terms has been used to formulate the first search string (S1), first author performed a search based on the derived search strings (c.f. Table 2) using search engines provided by these resources. Results were then checked by the second author.

After eliminating disagreement about considering or not some papers, results

of automated search are recorded as depicted in Table 3. Column 2 gives the

Study selection

Study selection sub-process aims at identifying the most relevant studies to product line collaborative configuration domain. Thus, the studies resulted from the automated search were subject to close scrutiny. ). However, we note that when the criteria is not certainly satisfied, the research work was considered in order to not miss a relevant study. The final decision of its inclusion was postponed while assessing it against quality criteria.

Furthermore, papers that are not written in English (EC1) or duplicated from different databases (EC2) or non peer-reviewed (EC3) were excluded. As for extended studies, they were included as they may contain additional information characterizing the collaborative configuration of product lines.

At the last step, the set of papers retrieved from the previous one (50 papers)

was checked against quality assessment criteria presented in Table 5. For each quality question, three answers were assigned: "yes", "partially", and "no".

Each study was checked against these criteria. If a study has "yes"as answer, then 1 is assigned to it, if it has "partially", 0.5 is assigned to it, and a 0 is given to a study that received "no"as answer. Criterion Q1 ensures that the paper deals with any subject related to collaborative configuration of product lines and thus has a suitable context. On top of that, criterion Q2 ensures that the paper potentially answers at least one of the research questions (e.g papers presenting quick overviews, comparative analysis approaches). Criterion Q3 demands that concrete collaborative configuration practices have been fully

or partly described. The combination of criteria Q2 and Q3 guarantees that works answering RQ1 actually propose collaborative configuration approaches or deal with one of collaborative configuration steps. Through criterion Q6, we include in our study extended works if they are presenting novelty compared to the original ones.

The quality assessment was carried by the first author by precisely studying the title, abstracts, and contents of each paper. Then, the obtained quality scores results have been reviewed by the other authors. To make sure of quality assessment findings reliability, only studies with a score equal or greater than 3

were included, which is half of the total points corresponding to the 6 quality criteria. As result, 41 2 out of 238 research studies were selected as final retrieved studies to the research domain.

2 The result of the quality score for each selected study is available at: https://bit.ly/ 31TfgE2 (Sheet 2) 

Q2

Does the study include the potential answers to research questions?

Q3 Does the study refer to concrete collaborative configuration practices and not just deal broadly with it?

Q4

Is the objective of the study clear?

Q5 Does the study illustrate some collaborative configuration main characteristics ?

Q6

Does the study report original results that have not been published elsewhere?

In this SMS, data were extracted based on the RQs of this work. Each identified study was carefully analyzed to obtain suitable information that can be 270 used to answer the defined RQ. The research studies that highlight information characterizing collaborative configuration of product lines were collected and carefully studied to answer RQ1. Then, the collected studies have been studied

in depth to elicit concepts by following a systematic process called "keywording".

Details about this process are given in the next section. Afterward, the PL2C 275 framework has been built upon the extracted concepts. To answer RQ2, the different collected primary studies have been analyzed through positioning in the framework. RQ3 has been answered based on the research studies analysis, where the challenges and current issues of the domain have been identified.

Categorizing papers

To efficiently elicit concepts related to PL2C framework, we followed a systematic "keywording " [START_REF] Petersen | Systematic mapping studies in software engineering[END_REF] which is a concept study process that helps define classification framework so that it takes all the concepts of retrieved studies into account. This process has been adopted in several papers

proposing classification frameworks such as [START_REF] Franzago | Collaborative model-driven software engineering: A classification framework and a research map[END_REF]. Generally, during this process, studies are screened in order to retrieve an overview of the area; in particular, frequently discussed challenges, commonly used classifications and important keywords. As shown in Fig. 2, the keywording process consists of two steps:

1. Collect keywords and concepts: keywords and concepts have been identified by reading each primary study with a special core to sections containing terms identified during the search terms process. When all primary studies have been analyzed, all keywords and concepts were combined to clearly identify the context, nature, and contribution of the research. This step output is the set of concepts deduced from the primary studies. 

Framework construction

The structuring of PL2C framework was performed by two authors, and the results were double-checked by the two others. The output of this sub-process is the finalized classification framework containing all the concepts that were identified earlier and criteria categorized into dimensions and facets representing a specific aspect of collaborative configuration of product lines. Several iterations over intermediate versions of PL2C framework were required to provide a framework that is as well-defined and as comprehensive as possible. During each iteration, PL2C framework was reviewed by two of the authors who have more than ten years of experience on SPLE, and each disagreement was discussed and resolved. At the end of PL2C framework construction process only sufficiently discriminating concerns and criteria were kept.

Framework validation

The validation of the PL2C framework is assessed in two steps. 1) Conduction of systematic mapping study to collect information characterizing the collaborative configuration in SPLE domain. The set of keywords and concepts extracted from primary studies have been used to construct the framework and evidence his completeness. 2) Classification of all found primary studies using the framework to illustrate its usefulness. During this step, the first author of this paper read the full text of each paper and extracted its data according to the classification framework with the support of the other co-authors. Details of the full analysis are given in Section 6.

Mapping results

As aforementioned, 413 research papers were selected as primary studies to be within the scope of this work. Fig. 5 shows that 10 research papers among the primary studies were published in journals; 29 research papers were presented in conferences and 2 research papers were presented in workshops. Studies are summarized according to their venues and the research step in which they were collected in Table 6. We notice that around one third of conference papers was published in SPLC which is specialized on SPLE domain. For the research type, we adopted the classification approach described by [START_REF] Wieringa | Requirements engineering paper classification and evaluation criteria: a proposal and a discussion[END_REF]. This classification has been also used by [START_REF] Petersen | Systematic mapping studies in software engineering[END_REF]. Research type is categorized as follows:

- Some articles involve more than one contribution type. For example, [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF] involves both method and tool contribution types and hence is considered in each one of them. However, each paper is classified under only one research type: the one to which we feel the study belongs the most. With re- gard to research type, the majority of the articles are of the evaluation research type (43.9%) and solution proposal (43.9%) compared with the small number of studies that were philosophical (7.3%), experience articles (2.4%) and validation research (2.4%). A large majority of papers (75.6%) were about methods (46.3%) and processes (29.3%), and only 1/4 of studies is about metrics (17.1%) and tools (7.3%). Activities coordination (50%) was the largest research focus area, followed by requirements satisfaction (29.5%).

A very small number of the studies focused on conflict management (11.4%), and process flexibility (9.1%), with a combined total of 20.5%.

Overall, the proposal and evaluation of activities coordination methods and processes currently dominate the body of the literature on collaborative configuration of product lines.

The different research focus have been studied in depth and considered in our framework elaboration, this is discussed in more detail in the following section.

The PL2C framework

The main objective of this paper is the elaboration of framework to provide a generic and conceptual artifact containing knowledge about collaborative configuration within SPLE domain. This framework will provide support for classifying and analyzing existing and future approaches that address product line collaborative configuration. This should help researchers and practitioners in better scoping their own contributions or understanding existing ones.

To elaborate this framework, we defined the three research questions highlighted at the beginning of the paper which are:

• RQ1: What are the main characteristics of state-of-the-art approaches on the field of collaborative product line configuration? PL2C framework is composed of four dimensions as illustrated in Fig. 8. Features extracted from the retrieved primary studies have been clustered according to these dimensions. We have chosen these dimensions as they cover the set of needed information to characterize collaborative configuration within SPLE. The four dimensions are:

-Purpose dimension: This dimension discusses the "why"angle of the collaborative configuration approach. In other words, it explains the objectives of collaborative configuration approaches. -Process dimension: This dimension discusses how the configuration process is carried out.

-Tool dimension: A tool, or a combination of tools, is considered to be the instrument which is necessary to complete the purpose of the task based on the method applied.

Dimensions are characterized by sets of facets that help understand and classify different aspects of collaborative configuration. As pointed in [START_REF] Al-Abri | Comprehensive classification of collaboration approaches in e-learning[END_REF], faceted classification is based on defining attribute classes that can be instantiated with different terms. Facets are considered as viewpoints suitable to characterize configuration approach through a set of relevant attributes. These attributes are described by a set of values for measuring and positioning the observed aspect based on the extracted data. Some facets may depend on other facets belonging to the same dimension across values that an attribute may have.

• RQ2: What are the strengths and weaknesses revealed from the comparative analysis of the existing collaborative configuration approaches? As dimensions are defined with multiple facets, the characteristics of each approach, including strengths and weaknesses can be identified through the positioning of existing approaches in the framework.

• RQ3: What are the major challenges of collaborative configuration in the field of SPLE? Likewise, shortcomings and challenges can be identified through the positioning analysis of the different approaches. 

Purpose dimension 450

Purposes can be discussed based on varied facets (c.f. Fig. 9) which are classified according to the role the collaborative configuration aims to play. 

Principle facet

The studied approaches show that decision making during configuration can be: either shared between two or more stakeholders [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF] 455 where the selection of feature is decided by more than one stakeholder, or each set of decisions is assigned to a single stakeholder according to his/her expertise [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF][START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF][START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF][START_REF] Hubaux | Towards multiview feature-based configuration[END_REF]. The principle facet is presented with a decision-making attribute as follows:

Decision making: ENUM {Shared decision, Individual decision, Mix}.

Collaboration scenario facet

Collaborative configuration can be carried out in different scenarios according to the involved team category (end users and/or domain experts). In fact, a collaborative configuration approach can be designed to allow a group of users collaboratively expressing their requirements towards a desired product (e.g. a group of friends want to buy a tablet [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF]). Moreover, a collaborative configuration approach can be designed to be adopted in a real industrial project (e.g. car manufacturing) where configuration process is carried out by a group of domain-experts. The different scenarios are presented as following:

• User group: The collaborative configuration approach is designed to allow end users who do not have a background in SPLE domain (not expert) in expressing their requirements towards the desired product such as the approach proposed by [START_REF] Dou | Customer-oriented product collaborative customization based on design iteration for tablet personal computer configuration[END_REF].

• Product manager and domain-experts: collaborative configuration may be shared between a product manager who decides about product features at a high-level and domain-experts who decide about product features at a technical level, as it is the case in industrial context [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF].

• Domain-expert group: in this collaboration scenario, there is no role hierarchy, where configuration activities are fairly shared between stakeholders according to expertise level as it is the case in the approach proposed by [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF].

In some cases, we can find approaches that are designed to support both user group and domain-expert group where end users express their requirements and domain-experts consider these choices in configuring the desired product (e.g. [START_REF] Bingliang | Study on product collaborative configuration design platform for mass customization[END_REF]).

The different collaboration scenarios presented above are captured by the following three Boolean attributes: User group, Product manager and domain-experts, and Domain-expert group.

Stakeholder satisfaction facet

Stakeholder satisfaction is of paramount importance when collaboratively configuring a product within SPLE. It can be ensured by considering preferences of stakeholders in deriving the desired product. Therefore, preferences have been differently considered in the existing collaborative configuration approaches. For example, preferences can be expressed in terms of hard and soft requirements as proposed by [START_REF] Bagheri | Configuring software product line feature models based on stakeholders' soft and hard requirements[END_REF] , or in terms of functional and non-functional requirements as proposed by [START_REF] Soltani | Automated planning for feature model configuration based on functional and nonfunctional requirements[END_REF] . Satisfaction can also be ensured during conflict resolution by finding the good compromise between the different requirements of stakeholders as proposed by [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF][START_REF] Ochoa | Using decision rules for solving conflicts in extended feature models[END_REF].

The satisfaction measurement is captured by the Boolean Satisfaction measurement attribute, and by the Method attribute:

Method: ENUM {Available, Not available}.

Collaboration dimension

This dimension discusses the "what"aspect in the framework. Defining what is collaboration in product line configuration and what it is all about (e.g. collaboration mode, interaction and collaboration level). An overview of collaboration facets is depicted in Fig. 10.

Collaboration level facet

According to the studied approaches, collaboration can be present at two different moments: (1) during configuration, where stakeholders actively share the configuration activities [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF]. They can either decide about the selection of the same set of features or each stakeholder decide about a specific set of features according to role assignment process. ( 2 tive filtering [START_REF] Schafer | Collaborative filtering recommender systems[END_REF]) are used to guide stakeholders in making the good configuration decision by recommending features for example [START_REF] Pereira | Runtime collaborative-based configuration of software product lines[END_REF]. It is possible that a configuration approach encompasses the two collaboration levels such as [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF][START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF]. The collaboration level facet is characterized with a type attribute as follows:

Type: ENUM {During configuration, During decision-support, Mix}.

Collaboration Mode facet

Collaboration requires a collaboration space as an environment to facilitate the collaborative process. The characteristics and nature of this space depend on the form of collaboration. There are two forms of collaboration based on the space: (1) collocated that occurs in the same place as the case in the approaches proposed by [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF][START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF] and ( 2) distributed that occurs in different places. Several approaches proposed different methods to improve awareness and ensure global consistency when the configuration is geographically distributed such as [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF][START_REF] Holl | Supporting awareness during collaborative and distributed configuration of multi product lines[END_REF]. There are also two forms of collaboration based on the time. It can be either carried out in real time (synchronous) where stakeholders configure the product at the same time (e.g. [START_REF] Bingliang | Study on product collaborative configuration design platform for mass customization[END_REF]) or in different times (asynchronous) (e.g. [START_REF] Hubaux | Towards multiview feature-based configuration[END_REF]) where the configuration states are communicated to ensure global consistency [START_REF] Al-Abri | Comprehensive classification of collaboration approaches in e-learning[END_REF]Camarinha-Matos and Afsar-manesh, 2008).

Time: ENUM {Synchronous, Asynchronous}.

Space: ENUM {Distributed, Collocated}.

Interaction facet

During the configuration process, interaction is mainly required between stakeholders. Stakeholders share configuration information to improve awareness and ensure global state coherence during configuration. Awareness improvement has been mainly addressed in the context of Multi Product Line configuration where some approaches such as (Rabiser et al., 2010b;[START_REF] Holl | Supporting awareness during collaborative and distributed configuration of multi product lines[END_REF] proposed a shared repository that allows stakeholders to share their decisions in order to be aware about the decisions of other stakeholders. In some cases, stakeholders also need to communicate when a conflict arises [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF]. The interaction can be ensured with different means as characterized with the following attribute:

Mode: SET (ENUM { Direct communication, State-sharing }).

Process dimension

This dimension discusses how the configuration process is carried out. It addresses seven facets as depicted in Fig. 11: configuration type, level, flexibility, guidance, role assignment, conflict management and decision-support.

Configuration type facet

In the studied approaches, different configuration types have been outlined: the partial configuration, the total configuration and the staged one. In partial configuration, each stakeholder configures a part of the product such as in [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF]. In total configuration, each stakeholder configures the whole product then the different configurations are checked and merged according to stakeholders' requirements [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF]. In staged configuration, as pointed by [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF], the configuration is refined from stage to another through a set of specializations progressively applied on the feature model. The configuration type facet is characterized with a Type attribute as follows:

Type: ENUM {partial, total, staged}.

Requirement-based facet

The configuration process can mainly be carried out at two different levels:

the intentional and the operational level. At the intentional level, stakeholders express their requirements regarding the desired product without being constrained to a model structure (e.g. feature model). At the intentional level, the configuration is non-model based. One of the first works proposing a nonmodel based configuration is [START_REF] Djebbi | Red-pl, a method for deriving product requirements from a product line requirements model[END_REF] where stakeholders' requirements are matched with product line requirements to derive a consistent configuration with respect to stakeholders' priorities and company's constraints.

Different collaborative configuration approaches have adopted the non-model based configuration principle such as [START_REF] Chen | Product configuration via negotiation for mass customization: An interactive goal programming approach[END_REF][START_REF] Dou | Customer-oriented product collaborative customization based on design iteration for tablet personal computer configuration[END_REF]. As for the operational level, the configuration is model-based where requirements are mapped with the corresponding FM to see which features meet them. At this level, requirements are translated and directly considered as decisions of selecting/deselecting features from the FM. Most of the proposals found in the literature such as [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF][START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF][START_REF] Rabiser | Three-level customization of software products using a product line approach[END_REF][START_REF] Hubaux | Towards multiview feature-based configuration[END_REF][START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF][START_REF] Holl | Supporting awareness during collaborative and distributed configuration of multi product lines[END_REF][START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF][START_REF] Pereira | Runtime collaborative-based configuration of software product lines[END_REF] have proposed model-based configuration approach.

The requirement-based facet is characterized with a Type attribute as follows:

Type: (ENUM {Non-model based, Model-based}).

Selection order facet

Flexibility is widely recognized as one of the most important dimensions of a successful manufacturing strategy. As pointed by (de Groote, 1994) "A particular technology is said to be more flexible than another if an increase in the diversity of the environment yields a more desirable change in performance (i.e. higher increase or lower decrease) than the change that would obtain with the other technology under the same conditions". In a flexible configuration process (e.g. [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF][START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF]), stakeholders can freely express their requirements without being constrained to prior decisions when making new choices. When the configuration relies on pre-designed process with a predefined order (e.g. [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF][START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF]), decisions made by some stakeholders constrain posterior ones made by other stakeholders. In such a case, backtracking may be occasionally required to cope with constrained decisions, which makes it difficult to reach a valid configuration agreed by all stakeholders.

Selection order: ENUM {Free order, Predefined order}.

Guidance facet

The configuration process can be guided differently depending on the product line model, and on the requirements of the stakeholders. Usually, configuration is driven by the feature model as it is broken down into different insulated modules (also called views) and each stakeholder deals with the configuration of a module based on his/her expertise domain while respecting the domain constraints [START_REF] Hubaux | Towards multiview feature-based configuration[END_REF]. In some cases, the configuration can also be driven by a process model describing the configuration process that means role assignment, configuration order, priority schema [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF].

Moreover, configuration processes can be driven by stakeholder requirements independently of the FM hierarchy by scheduling the different configuration activities according to the importance of requirements. The guidance facet is characterized by the guidance attribute defined as follows:

Guidance: SET (ENUM {Feature model, Process model, User requirements}).

Role assignment facet

The assignment process takes into consideration two criteria: authority and knowledge of the domain [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF][START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF]. Thus, the leader of the process (e.g. the product manager) configures the product at high-level then other roles are assigned according to the expertise of stakeholders [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF]. A random assignment is also possible in some cases [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF], according to the nature of persons involved (e.g. an academic prototype tested by a group of students, or a commercial online configuration tool used by a group of customers). The Role assignment facet is characterized by an attribute called Role:

Role: ENUM {Expertise-based, Authority-based, Random}.

Conflict Management facet

Conflict can arise in any situation involving more than one person. During collaborative configuration, causes of conflict range from heterogeneous requirements to divergent points of view regarding how the desired product should be.

According to [START_REF] Roschelle | The construction of shared knowledge in collaborative problem solving[END_REF], an agreed definition of conflict is that it results from a situation where two or more decisions cannot be taken into account at the same time during the ongoing decision-making process.

During collaborative configuration, conflicts are managed through different res-olution methods and policies. The conflict management facet gives an understanding on how the resolution process is carried out. It addresses the following attributes: Preference-based, Decidability, Resolution method and Resolution policies.

A conflict resolution strategy cannot be considered effective if it does not take into account preferences of the different stakeholders and try to find a compromise between the most of them [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF]. Moreover, resolution strategy should also be decidable in the sense that it must guarantee a finite state where conflicts are always resolved [START_REF] Ochoa | Using decision rules for solving conflicts in extended feature models[END_REF]. The nature of resolution strategy is characterized through the following attributes:

Preference-based: BOOLEAN.

Decidability: BOOLEAN.

Different resolution methods have been proposed for collaborative configuration of product lines. Some works such as [START_REF] Chen | Product configuration via negotiation for mass customization: An interactive goal programming approach[END_REF] resolve conflicts by inviting stakeholders to negotiate. Some workflow-based approaches such as [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF] proposed a merging sessions method to resolve decision conflicts. During the merge, domain-experts in charge of related configuration decisions reason about potential solutions to the conflict. The merge is required if two or more parallel interdependent configuration sessions contain decisions that together violate global configuration constraints. Otherwise, conflicts are resolved by giving the priority to the feature placed first in the configuration workflow. Other works such in [START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF], propose a predefined priority scheme where conflicts are resolved according to stakeholders role importance or decision importance. Moreover, we find other resolution methods where a set of correction values called Range Fixes are either directly suggested to stakeholders [START_REF] Rabiser | Three-level customization of software products using a product line approach[END_REF][START_REF] Xiong | Generating range fixes for software configuration[END_REF] or recommended using a personal assistant metaphor [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF].

Some other approaches were interested in increasing stakeholders satisfaction by proposing preference-based conflict resolution methods. In these methods, preferences are considered in different manners. (1)expressed through soft and hard constraints [START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF], during the resolution, hard constraints are mitigated by assigning preference degrees and maintaining the decision with the highest degree of preference expressed, (2) by using language-based criteria to consider stakeholders preferences expressed in terms of non-functional properties [START_REF] Ochoa | Using decision rules for solving conflicts in extended feature models[END_REF].

The different collaborative resolution methods presented above are captured by a set of values characterizing the resolution method as follows:

Resolution method: SET (ENUM {Negotiation, Predefined priority schemes, Merging sessions, Range fixes, Personal assistant metaphor, Mitigating hard constraint, Language-based criteria resolution}).

These resolution methods can be executed according to different policies: (1) conflicts are manually resolved where stakeholders are involved in the resolution process either by revising their requirements or by expressing their preferences towards the conflicting ones, (2) conflicts are automatically resolved considering a set of criteria such as stakeholders role importance and requirements importance. In some cases, it is possible to combine both policies where stakeholders express their preferences toward conflicting requirements, then a preferencebased resolution process is automatically launched.

The resolution policies is characterized with the following attribute:

Resolution policies: ENUM {Automatic, Manual, Mix}.

Decision-support facet

When configuring large feature models, guidance can be useful to support users in decision-making at different levels. Guidance can be ensured by different methods. For example, [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF] propose an assisted user-guidance method provided by software agents to guide users during configuration process. Moreover, recommendation techniques also represent an effective guidance mean: either during configuration, where features can be recommended to help stakeholders meeting their requirements [START_REF] Pereira | Runtime collaborative-based configuration of software product lines[END_REF], or during conflict situations, where alternative feature-selection scenarios can be recommended to stakeholders to guide them in conflict resolution [START_REF] Xiong | Generating range fixes for software configuration[END_REF]. The Decision-support facet is characterized by the following attributes:

Approaches analysis

According to framework-based positioning of the 41 retrieved studies4 , works can be categorized as follows:

• In terms of main results, the focus was generally on analyzing stakeholder' requirements to derive consistent configuration, or on ensuring coordination during the configuration process. The collaboration was more aligned with the two first steps of the collaborative configuration process (role assignment, configuration) than the conflict management (e.g. resolution method or policy).

Challenges

According to the full analysis of the 41 retrieved studies, three challenges can be highlighted:

1. Configuration process coordination: the coordination represents one of the main challenges of collaborative configuration. The coordination issue can be addressed in two different ways: (1) by following a pre-designed configuration process specifying the role and the intervention time of each stakeholder. However, such a method constraint decisions of some stakeholders, hence it limits the configuration process flexibility. (2) by allowing free order configuration process where stakeholders express their requirements separately, then a mapping process is in charge of finding a compromise between the different requirements. Here, more effort is required to ensure the global state consistency. Therefore, awareness and state sharing means have to be set up between the distributed stakeholders. (3) manual resolution through negotiation of possible alternatives. ( 4)

preference-based resolution by considering hard/soft and functional/nonfunctional requirements in the resolution process.

However, conflict resolution is still challenging whatever the adopted strategy is as it depends on how the found compromise between heterogeneous requirements satisfy the stakeholders in question.

Stakeholders' satisfaction:

It is important to highlight that stakeholders satisfaction should be considered as a key criteria to measure the effectiveness of a collaborative configuration process and a purpose that a collaborative configuration has to reach at first. The satisfaction is quite challenging in front of finding a good compromise between stakeholders' decisions as in the case of total intersection of their hard constraints or when stakeholders share all the configuration decisions space in a orderfree process.

Related work

The current state-of-the-art research work is limited to elaborating various collaborative configuration approaches without presenting a comprehensive framework that permits understanding the collaborative configuration process, its main characteristics the effectiveness and the limitation of the current dedi-cated approaches. Thus, there is still little understanding about how collaborative configuration process should be carried out and its steps remain ambiguous.

To the best of our knowledge, we are the first to propose a framework capturing the main characteristics of collaborative configuration approaches. The framework gives a"big picture"of the collaboration in product line configuration research area and helps understanding the configuration challenges treated in currently developed product line collaborative configuration approaches in the literature.

The different attributes captured in PL2C framework are inspired from characteristics of both collaborative process and configuration of product lines identified in different previous studies. In fact, several works propose different frameworks. Some of them such as [START_REF] Rolland | A comprehensive view of process engineering[END_REF][START_REF] Nurcan | A conceptual framework for intention driven flexible workflow modeling[END_REF] address process engineering and workflow flexibility which give an overview to understand and classify characteristics and issues in the field. Other studies such as [START_REF] Al-Abri | Comprehensive classification of collaboration approaches in e-learning[END_REF][START_REF] Franzago | Collaborative model-driven software engineering: A classification framework and a research map[END_REF] indirectly address collaborative process through adopting their characteristics to elaborate a comparative framework classifying approaches in different fields. These studies give an overview of the main attributes characterizing a collaborative process regardless the application domain. Another framework has been proposed by [START_REF] Gacita | Fm-cf: A framework for classifying feature model building approaches[END_REF] for the classification of FMs construction approaches. To evidence the framework completeness and assess its usefulness, the different works cited above use the framework to classify approaches identified in the field.

In the context of software product lines engineering, a lot of work was devoted to presenting the most common characteristics of the configuration process and the related challenges especially when facing large-scale product lines such as configuration consistency checking, performance concerns and scalability. These challenges have been identified in different surveys and systematic reviews carried in the field such as [START_REF] Sabin | Product configuration frameworks-a survey[END_REF][START_REF] Hubaux | On the evaluation and improvement of featurebased configuration techniques in software product lines[END_REF]Rabiser et al., 2010a;[START_REF] Afzal | Intelligent software product line configurations[END_REF][START_REF] Ochoa | A survey on scalability and performance concerns in extended product lines configuration[END_REF].

Mainly, much work has been carried out in the context of feature model analysis and decision support during configuration. Various approaches have been devel-oped to help reduce the complexity of the configuration process by automating the feature model configuration activity [START_REF] Benavides | Automated reasoning on feature models[END_REF][START_REF] Batory | Automated analysis of feature models: Challenges ahead[END_REF] and proposing effective support to manage constraints among features [START_REF] Pillat | Ensuring consistency of feature-based decisions with a business rule system[END_REF][START_REF] Martinez | Feature relations graphs: A visualisation paradigm for feature constraints in software product lines[END_REF]. Some other approaches proposed using recommendation techniques to guide the user during the configuration process [START_REF] Mazo | Recommendation heuristics for improving product line configuration processes[END_REF][START_REF] Triki | Combining configuration and recommendation to enable an interactive guidance of product line configuration[END_REF][START_REF] Pereira | Visual guidance for product line configuration using recommendations and nonfunctional properties[END_REF]. However, these studies do not take into consideration the collaborative aspect of this process that can be more challenging when involving more than one stakeholder.

Threats to validity

In this paper, a comparative framework for characterizing collaborative configuration within SPLE is presented. In our study, we achieved such a high level of quality by (i) formalizing our study design into a research protocol (ii) conducting our study by carefully following well-accepted and updated guidelines of SMS [START_REF] Petersen | Guidelines for conducting systematic mapping studies in software engineering: An update[END_REF] and (iii) analyzing and discussing the results of the approaches positioning against the framework.

In the sequel, we detail the main threats to validity related to this work.

• Research questions. The goal of this study is to give an overview of product line collaborative configuration field. Therefore, our research questions are relatively general. However, possible more specific questions may be identified to explore in depth the research domain.

• External validity. This threat related to external validity consists in having a set of primary studies that is not representative of the whole research on collaborative configuration of product lines. We mitigated this potential threat by following a systematic search process with respect to Peterson et al.' s [START_REF] Petersen | Guidelines for conducting systematic mapping studies in software engineering: An update[END_REF] guidelines. The selected studies have been explored in depth. Moreover, defining, iteratively refining and validating the set of the selected criteria contributed to reinforce the external validity of our study.

A further threat related to external validity is associated with gray literature (e.g. white papers, non-reviewed publications or books, etc.) which is not included in our research since we want to focus exclusively on the state of the art presented in high-quality scientific studies.

• Internal validity. It refers to the influence of extraneous variables on the design of the study. This potential threat to validity has been mitigated by defining and validating our classification framework by carefully following a well-structured elaboration process (see Section 2). Regarding the validity of the synthesis of collected data, we structured both vertical and horizontal analysis according to collaborative configuration challenges defined through attributes combination so the threats were minimal.

• Construct validity. It concerns the validity of extracted data with respect to the research questions. To mitigate this source of threats, we performed an automated search on multiple electronic databases to avoid potential biases due to publishers policies and business concerns. Also, we applied the framework on all the 41 primary studies to give an understanding of how collaborative configuration can be carried out in SPLE. Thus, it allows answering the research questions highlighted in the introduction and making us reasonably confident about our search strategy.

• Conclusion validity. It concerns the relationship between the extracted data and the obtained results. Threats to conclusion validity have been mitigated by applying well-assessed research protocol throughout our study.

The corresponding process has been formalized and documented, so this study can be replicated by other researchers interested in collaborative configuration of product lines. Moreover, other researchers may identify facets and attributes different from the ones captured in our framework.

We mitigated this potential threat by iteratively validating the framework with SPLE experts. During each iteration, the framework was reviewed by two of the authors who have more than ten years of experience on SPLE, and each disagreement was discussed and resolved.

We also performed an evaluation with others researchers who were not involved during the elaboration of the framework. We also avoided to discuss analysis results that may not be directly related to collaborative configuration challenges that we have identified. Therefore, we avoided including any concepts that, since solely extracted from research papers, may not be representative of the product lines collaborative configuration process. Finally, we claim that our framework is extensible and open as it can encompass new concepts (facets and attributes) characterizing new aspects that may be proposed by future collaborative configuration approaches.

Conclusion

Our study has shown that no extensive study has been reported so far for comparing and understanding collaborative configuration approaches within SPLE. Hence, this motivated us to explore further the domain by conducting a systematic mapping study. The result of this study has been used to conceptualize an analysis framework for work in the area of product line collaborative configuration, and capture the current state of this area through the notion of dimensions and facets.

Through this study, we arrived at answering the three research questions addressed in the introduction as follows:

RQ1 What are the main characteristics of state-of-the-art approaches on the field of collaborative product line configuration?

We followed a well-defined process to retrieve the most relevant studies in the literature. Then, we adopted a keywording process to identify the main features characterizing existing product line collaborative configuration approaches. These RQ2 What are the strength and weakness revealed from the comparative analysis of the existing approaches?

The outcome of this review demonstrated the potential of all approaches in performing collaborative configuration by differently ensuring the global state coherence and the consistency of the configuration at the end. However, most of current approaches do not rely on preference-based resolution process thus do not consider stakeholders satisfaction as an end-goal. Also, it was noticeable that few satisfaction measurement methods have been set up to evaluate to which extent the final product specification conforms with stakeholders requirements, especially for collaborative approaches proposing a configuration solution for a group of end-users.

RQ3 What are the major identified challenges of collaborative configuration in the field of SPLE?

The main challenges are basically related to configuration decisions coordination among stakeholders and finding the good compromise between their configuration decisions in case of conflicts. In fact, collaboration mechanisms are extremely rigid: the resulting lack of flexibility poses several obstacles for interactive negotiation of the different requirements and in many cases, choices made in earlier stages overlay those in later one. The big challenge is therefore to define in-between approaches that provide enough structure to really guide the process, while offering enough flexibility at the same time to handle all the difficulties that are met in reality.

Finally, these results present a strong reason to research the product line collaborative configuration domain further, and there is a need to develop a new configuration approaches that can provide solutions to the aforementioned challenges.
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  Fig. 4 illustrates the study retrievement process of this SMS, which consists of four steps: At the first step, we collected 238 probable research. During the second step, duplicated papers per search engine and studies that do not address our research domain were discarded. 66 out of 238 papers have been selected in this step. During the third step, studies were filtered according to identified inclusion and exclusion criteria presented in Table 4. The considered studies are those that were published between 2005 and 2018 (IC1). Actually, we collected papers from 2005 as the first approach in the field has been proposed by Czarnecki in 2005. Obviously, any retained study had to have a clear focus on collaborative configuration of product lines, determined at this stage based on title, abstract and keywords (IC2
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  Cluster keywords and concepts: once keywords and concepts extracted, a clustering operation has been performed on them in order to have a set of representative clusters of keywords. We identified the clusters according to four dimensions: collaboration, purpose, process and tool. These dimensions were chosen as they cover the set of needed information to characterize collaborative configuration within SPLE. Each dimension is further characterized by facets that help understanding and classifying different aspects of collaborative configuration. Faceted classification is based on defining attribute classes that can be instantiated with different terms, as initially proposed by[START_REF] Prieto-Diaz | Classifying software for reusability[END_REF] to classify reusable components. Therefore, each cluster represents one of the facets under a specific dimension of our classification. After the clusterization step, keywords and concepts within a cluster were structured in terms of facets and attributes.
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 7 Fig. 7 depicts a map of publications over our defined classification criteria. The size of each bubble represents the number of publications in the corresponding category pair. Research focus is shown on the Y axis, contribution type is shown on the right X axis, and research type is shown on the left X axis.
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  Conflict management: this challenge is about providing an effective support for decision conflict resolution. Different methods can be set up to resolve conflicts. (1) systematic resolution by prioritizing choices made at early stage. (2) automatic resolution by analyzing all stakeholders choices and deriving a consistent configuration regardless of expressed preferences.

  features have been clustered according to four dimensions: collaboration, purpose, process and tool. Each dimension addresses a particular question to help understanding the different aspects of collaborative configuration. The obtained information has been captured within a classification framework which allows characterizing the collaborative configuration process within SPLE.

Quasi-gold-standard Retrieved studies

  

	Exploratory search		
	Extend by related		
	work		
	Evaluate		
	Complement	
	Collect keywords and concepts	Cluster keywords and concepts	(6) Construct framework
			(7) Validate framework
			with SPLE experts

Table 1 :

 1 ). Group of terms.

	210			
		Group	Term	Subject
		1	Product line(s)/software product line(s), multi product	Application domain
			line(s)	
		2	Feature model(s), collaborative, configuration, derivation,	Specific process
			business, process	
		3	Stakeholders/users, multi	Collaboration context
		4	Approach, awareness, decision(s), support, conflicts	Conflict	resolution
				mechanism
		3.3. Automated search	
		To conduct the automated search, a set of resources was selected among
		well known and most common digital libraries and scientific databases used in
		published SMSs according to (Petersen et al., 2015) guidelines namely, IEEE
	215	Xplore, ACM DL, Science Direct, Springer, Scopus and Web of science. The

Table 2 :

 2 Derived search strings.

	No	Configuration	Search String
		process	
	S1	Process nature	((software product line OR multiple product line) AND (config-
			uration OR derivation)) AND (collaborative process OR col-
			laboration process OR process collaboration).
	S2	Multi user in-	((software product line OR multiple product line) AND (config-
		volvement	uration OR derivation)) AND (stakeholders OR users OR mul-
			tiple stakeholders OR multiple users).
	S3	Conflict resolu-	((software product line OR multiple product line) AND (con-
		tion	figuration OR derivation)) AND(conflict resolution OR conflict
			detection OR resolution of conflicts OR detection of conflicts).
	S4	Process coordi-	((software product line OR multiple product line) AND (con-
		nation	figuration OR derivation)) AND (coordination of decisions OR
			decision coordination OR supporting awareness OR awareness
			support OR support of awareness).

:

Table 3 :

 3 Results of automated search.

	Search engine	Number of found papers S1 S2 S3 S4	Total	First round of papers selection
	IEEE Xplore	29	10	0	1	40	14
	ACM DL	41	15	23	9	88	14
	Science Direct	5	5	0	3	13	3
	Springer	15	10	4	8	37	5
	Scopus	9	14	5	14	42	19
	Web of Science	6	8	0	4	18	11

Table 4 :

 4 List of inclusion and exclusion criteria.

	Inclusion criteria	Exclusion criteria
	IC1. Research papers from 2005 to 2018	EC1. All research studies that are not
		written in English
	IC2. All research works focusing on col-	EC2. Duplicate papers from different
	laborative configuration of product lines	scientific databases: excluding multiple
	based on the title, keywords and abstract	copies of the same study
	of the papers	
		EC3. All papers which are not peer re-
		viewed (abstract, poster, proposal, tech-
		nical report, thesis)

Table 5 :

 5 Quality assessment criteria.

Criteria

Question Q1 Does the study focus on collaborative configuration of SPLE domain?

Table 6 :

 6 Primary studies venues and identification step.

	Venue

http://provalisresearch.com/products

number of studies returned for each search string. Column 3 shows the total number of papers per search engine. Column 4 represents the number of retained studies after eliminating the duplication per search engine.

The list of included studies is available at: http://bit.ly/30vmtsh (Sheet 1)

The full analysis is available at: https://bit.ly/31TfgE2 (Sheet 3)
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Recommendation: BOOLEAN. Guidance: BOOLEAN. Support-level: ENUM {During configuration, During conflict, mix, not avail-able}.

Tool dimension

The final view in PL2C framework is the tool dimension (c.f. Fig. 12).

A tool, or a combination of tools, is considered to be the instrument which is necessary to complete the purpose of the task based on the method applied.

According to the studied approaches, some proposals are not supported by a configuration tool [START_REF] Czarnecki | Staged configuration through specialization and multilevel configuration of feature models[END_REF][START_REF] Mendonca | Process-centric approach for coordinating product configuration decisions[END_REF]. Some others propose a tool that supports a step of the collaborative configuration (e.g. a tool for FM decomposition and role assignment [START_REF] Mendonca | Decision-making coordination in collaborative product configuration[END_REF]). Actually, the most of the developed tools mainly support the configuration step [START_REF] Holl | Supporting awareness during collaborative and distributed configuration of multi product lines[END_REF][START_REF] Soltani | Automated planning for feature model configuration based on functional and nonfunctional requirements[END_REF]. Some tools are still in experimentation level [START_REF] Junior | Assisted user-guidance in collaborative and dynamic software product line configuration[END_REF][START_REF] Stein | Preference-based feature model configuration with multiple stakeholders[END_REF], other ones are validated within industrial case studies and already deployed in some companies [START_REF] Hubaux | Towards multiview feature-based configuration[END_REF]Rabiser et al., 2010b).

The Tooling facet is characterized with the three following attributes:

Tool Support: BOOLEAN.