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1 Introduction

Architecture represents the backbone of any system and what may appear as
a small aspect in the architectural design process may decide the success or
failure of a project(software related or otherwise), proving to be of significant
value at a later moment.

As opposed to other phases of a project’s or systems’ life cycle, architecting is
significantly dependant on the collaboration and communication between the
parties involved. This communication represents the transfer and sharing of
knowledge between architects, stakeholders and developers and is essential for
a thorough understanding of the system to be built. In software architecture,
this knowledge is also referred to as architectural knowledge.

According to [56], software architecture entails that a large amount of knowl-
edge is being continuously produced and consumed. The work of [49] helps
introduce a distinction between two types of knowledge: implicit and ex-
plicit. Implicit (or tacit) knowledge is the knowledge residing in people’s
heads, whereas explicit knowledge is the knowledge which has been codified
in certain form, such as documents or models([56]). Best practices in soft-
ware architecture often rely more on explicit knowledge rather than implicit
knowledge and over the last decade there has been an increasing trend in
trying to recover and/or capture implicit knowledge into explicit formats[11].

[39] define architectural knowledge as "the integrated representation of the
software architecture of a software-intensive system (or a family of systems),
the architectural design decisions, and the external context/environment”.
The CORE model suggests that architectural knowledge is a set of relation-
ships between decisions, people, architectural design, and processes([19]). As
this model tries to explain, architectural knowledge and the architecting pro-
cess are a set of intricate and complex relationships between different entities.
In order for this process to succeed and for the knowledge to get across from
one entity to another, a good communication tactic is needed. A collection
of such tactics used for sharing, capturing and understanding architectural
knowledge is referred to as architectural knowledge management.

It has been estimated that communication with stakeholders can amount up
to 50% of an architect’s time effort ([36]). A thorough management of archi-
tecting knowledge can significantly decrease the effort needed for evaluating
and maintaining a system by introducing traceability between architectural
aspects and the actual implementation of the system, preventing knowledge
vaporization and architectural drift, discovering new tactics and patterns for
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architecture and most importantly, help communication between interested
parties responsible for different domains(e.g. stakeholders, architects, devel-
opers). Additionally, capturing design aspects and architectural knowledge
can help architects reuse successful experiences further on in other projects
or even for solving of similar problems in the same project.

However, in practical scenarios, ”architects are not likely to document their
decisions and rationale, despite the well-established benefits of doing so” ([11]).
The most important aspect contributing to this lack of thorough and com-
plete architectural documents is related to the costly nature of the process.
Since little or no functionality is attributed to the documentation besides
its value in architectural knowledge(AK) sharing and architectural issues in
general, the value of AK management tends to be overlooked and the time
attributed to the project tends to be used for more practical and concrete
processes([11]).

As stated in [11] and [58], many approaches and tools for AK sharing and
management have been proposed over the last decade, aiming to decrease the
amount of time needed for the capturing of AK aspects and to facilitate the
work of software architects. This new attention towards this research topic is
linked to a change in the way of perceiving software architects and their work.
As described by [11], "at the core of Architecture Knowledge Management,
lies the principle of considering the architect as a decision maker instead of
someone ‘drawing boxes and lines”. When taking this into consideration,
the high dimensionality and complexity of the architecting process become
more clear, which in turn explains the need for more detailed research in the
field.

A great majority of the approaches proposed so far present the disadvantage
of being conceived or tested for a specific context or environment. This
introduces the need for classifying and synthesizing these approaches in a
format which facilitates their reuse and application in similar contexts to the
ones they were designed for.

This thesis aims to analyse a wide range of approaches used in architectural
knowledge sharing and summarize existing research in this field by performing
a Systematic Mapping Study(SMS).

This type of study may help researchers in the field understand the state of
research, obtain an overview of past research and to plan future research on
areas which are not yet covered or which may need more detailed attention.
Its main goals are to provide a detailed review on the topics covered by
the primary studies analysed and also a qualitative analysis of each primary
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study.

[51] describe SMSs as providing a structure of the type of research reports
and results that have been published by categorizing them and often giving a
visual summary, the map, of its results. According to [33], any secondary lit-
erature study needs to be conducted according to a well-defined methodology
such that it is auditable and repeatable. [51] also states that while system-
atic reviews are frequent in medical research, they were quite neglected in
the context of software engineering and up to the year 2008 when they pub-
lished their paper, only one clear example of such a study was evident in
research([4]). This points out the need for new research of this type in the
domain of software engineering and more specifically, software architecture.

The SMS described in this thesis represents a preliminary research for a
Secondary Literature Review(SLR) conducted in the context of a project
aiming to synthesize existing approaches for AKS into a pattern language.

Patterns are considered to be a valid format for capturing and sharing knowl-
edge, easy to use and understand([9]). As stated in multiple papers relevant
for the field of software architecture([30], [26], [14], [11]), software architec-
ture can be neatly described by common architectural patterns or styles, and
the application of those patterns constitutes some of the most important ar-
chitectural decisions([30]). By using patterns for synthesizing a particular
type of problem-solution context, architects are able to reuse knowledge that
proved to be of use in a previous similar situation.

While the initial plan was to directly conduct an SLR for the purpose of
selecting and extracting information related to AKS from primary studies
and then synthesizing this information into a pattern language, the topic
proved to be broader than expected. As suggested by [32], considering these
observations, a systematic mapping study proved to be a more appropriate
exercise than a systematic review.
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2 State of the art

[44] introduces knowledge as ”an essential property for companies in con-
temporary economies” and stresses its importance especially for the case of
software-development companies due to the knowledge-intensive nature of the
products they sell. In order to exploit and develop this asset, they argue that
it is important for companies to both acquire new knowledge and maintain,
share and reuse the one already obtained. This need for knowledge manage-
ment and more specifically knowledge sharing within a company has led to
the birth of new technologies such as ’social software’. ”Social software is a
term for software systems that support human communication, collaboration
and interaction in large communities” [34]. Social software helps workers deal
with information overload, integration of new knowledge and reuse of existing
practices by simplifying the organization of diverse content sources|44].

Researchers have split this knowledge into two main types: tacit and explicit[16].
Tacit knowledge, as opposed to formal or explicit knowledge, refers to a cat-
egory of knowledge that is difficult to transfer to another person by means of
writing it down or verbalising it([55]). The concept of tacit knowledge was
introduced by Polanyi ([53]) who described it as knowledge that cannot be
articulated, or the fact that “we can know more than we can tell”. Over
the last years, with the growth of software engineering and more specifically
software architecture practices, it has become more evident that dealing with
tacit knowledge for large projects as opposed to explicit knowledge brings
many problems related to knowledge vaporisation and technical debt[11].

Architectural knowledge refers to knowledge related to software architecting
practices, rationale regarding design decisions and design alternatives([39]).
As stressed upon by many researchers in the field([11], [12], [25]), architectural
knowledge needs to be managed in a well defined manner in order to facilitate
reuse, project and system maintenance and evolution processes, etc.

According to researchers([3], [2], [29]), one can define two main practices for
knowledge management, namely codification and personalization. While the
codification process involves mostly storing knowledge in an explicit format
such as a type of information repository, personalization focusses more on
knowledge sharing and acts more similar to a set of connections between peo-
ple and the knowledge they have(”a list of who knows what”, [3]). Thus,
while both personalization and codification are mechanisms which enable
knowledge sharing, the first one relies more on experts which retain the
knowledge ’in their heads’ and are able to transmit the knowledge through
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verbal communication and the second focuses more on capturing the knowl-
edge in specific formats and making it available to all members of the team.
Each strategy brings its own benefits, codification helping with knowledge
management on a long term basis and capturing knowledge in an easy un-
derstandable and easy to use format, while personalization enables a fast
transfer of information[29]. Given their different areas of action, experts
suggest that a combination of both strategies will bring a better results for
organizations([29]).

Architectural knowledge sharing, a smaller part of knowledge management, is
relevant in the sense of supporting architects in communicating with different
stakeholders with different backgrounds and helping them to understand the
requirements of a system in the same manner. ”AKS makes architectural
knowledge available to others”([39]). [46] distinguish between two types of
knowledge sharing:

e Passive sharing: the retrieval and reviewing of codified knowledge (e.g.:
in the form of books, web pages, documentation)

e Active sharing: meetings between stakeholders, publisher-subscriber
strategies(e.g., RSS, contents for distributed teams) under a collabo-
rative environment, direct transfer of information through verbal com-
munication or practical examples in the form of prototypes.

The next section presents the state of the art regarding current approaches
in architectural knowledge sharing.

2.1 Existing approaches for architectural knowledge shar-
ing

According to [13], the various techniques proposed for aiding the software
architect in managing architectural knowledge may be categorized as:

e theoretical: centred towards proving a specific theory, argumentation
regarding the usage of a particular technology, providing rationale be-
hind certain architectural decisions

e experimental: focusing on practical demonstrations, experiments which
alm to measure or prove that the response of the system in a specific
context related to particular quality attributes is as expected or desired

[11] give a short summary and comparison of several theoretical approaches
proposed in the last decades. The common elements of architectural knowl-
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edge captured with the help of these models were design issues, design al-
ternatives, and a justification for the decisions taken. They argue that these
models, including gIBIS ([18]), DRL ([40]), QOC ([43]) were "not widely ac-
cepted by practitioners”. They later strenghten this viewpoint by introducing
an explanation given by Conklin and Burgess-Yakemovic which describe ar-
chitecture models as "unwieldy of loosely organized textual information that
is difficult to use” ([17]).

The limitations of textual documentation have been thoroughly investigated
over the last years. [69] describe textual documentation as ”error prone thus
often inconsistent and ambiguous, difficult to analyse and verify, inefficient
in presenting complex concepts”. They introduce a scheme for the catego-
rization of documents according to the level of formality used:

e textual (informal)
e semi-formal (diagrammatical)
e formal (mathematical)

According to [69], an increase in the level of formality of a textual document
helps resolve some of the drawbacks, however, they also stress on the fact
that "increasing the level of formality of the models of architectural decisions
seems to be an important research challenge”.

Various scientific studies have tried to present alternative approaches which
address the drawbacks of textual documentation. [20] address the limitations
of "file-based documents such as text files, diagrams, source code, and meeting
notes” and introduce an ontology-based documentation which enables AK
to be described "unambiguously and comprehensively for all of its different
uses” while also making it ”explicit and unambiguous by applying a semantic
structure”.

[61] suggest that most companies prefer a different, less formal approach for
architectural knowledge sharing, namely the concept of 'walking architec-
ture’. This relies on one person or a group of persons which are responsible
for maintaining and updating the architecture of a product, are always a
part of discussions regarding that product and help introduce new employ-
ees to the existing architecture at a specific point in time. Although the
usage of this concept results in "representations of the architecture thus are
temporary and partial, e.g., sketches on whiteboard and scrap paper used in
a specific situation”, this practice is extensively used and the authors sug-
gest that future research should ”focus not only on documentation and tools
when improving architectural practices, but also on the development of social
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protocols around such methods and tools”.

Several surveys and qualitative studies are also present in the literature which

aim to compare and analyse approaches for different aspects of AKM, includ-
ing AKS.

[64] present an expert survey aiming to gain insights into the different kinds,
influence factors, and sources for design decisions while also analysing the
way in which ADDs are captured in practice. Some of the results presented
include the fact that architects seem to be heavily structure- and technology-
minded when thinking about and documenting architecture, while "nonex-
istence” decisions(bans) are rarely documented. These results also apply to
the case of AKS in the sense that the knowledge transfers related to design
decisions revolve mostly on decisions which were taken and less on the de-
cisions that were discarded. An important observation made in the study
which confirms previous findings is that ”documenting decisions makes sense
even in smaller teams because knowledge vaporization is also present at the
level of individuals”. While mainly revolving on documentation and the cap-
turing aspects of AKM with regards to design decisions and their rationale,
the study also offers some information about the AKS related functionalities
of the analysed approaches. However, the focus on AKS remains of little
standing next to AK capturing.

[54] present a survey that analyses the suitability of existing SA decision-
making methods to support group decision making. In this context, the au-
thors also analyse the support of the selected approaches with regard to AKS
and present several methods for group decision-making which also present
functionalities for AKS. The study focusses on ADD related tools since the
process of taking decisions within the scope of SA is highly collaborative and
involves different stakeholders. While the study presents interesting results
with regards to the ability of the evaluated methods to cope with different
GDM problems, it also outlines liabilities and alternatives for each approach.
The main difference between this study and the one presented in this thesis
revolves around the differences between GDM and AKS. GDM is concen-
trated on the decision making process and might involve knowledge sharing
activities, it’s main goal is to produce a set of ADDs which best represent the
needs of all stakeholders involved, while AKS focuses on knowledge sharing
as a main purpose and has a value on a longer term.
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2.2 Challenges and motivation

Many problems have been attributed to a lack of explicitly documented
knowledge regarding the software architecture of different projects[57]. Re-
searchers agree that a thorough management of architectural knowledge greatly
decreases the amount of effort needed in understanding the architecture of
a system when the experts or the creators of the architecture are no longer
available([11], [10], [19]). [31] draws the attention on two major problems in
missing or incomplete AK sharing: ”awareness is often missing of which AK
is relevant to share and the multi-disciplinary context, creating an obstacle
to sharing this knowledge”.

Numerous works provide solutions for capturing and representing knowledge
in order to help facilitate the process of AKM: [35] [60] use list of attributes for
characterizing important AK elements like design decisions, [12] lean towards
more flexible models defined as lists of mandatory and optional attributes
easy to personalize according to the users’ needs, etc.

However, not many of these papers focus on bringing a concrete solution for
sharing knowledge in particular and the ones that do are usually limited at
addressing a project-wide context and do not cover a general view on the
domain. Also, while the work presented in recent years presents numerous
approaches for AKS, there is no evaluation of the quality of these works
and no research which summarizes aspects related to validity. Given the
amount of studies published in recent years which seem to follow this new
interest for AKM and AKS practices([11]), a need for collecting, analysing
and summarizing this research is evident.

Towards this purpose, the aim of the SMS presented in this thesis is to gather
and select a list of primary studies specifically related to AKS practices with
the help of several inclusion and exclusion criteria, to extract quality infor-
mation from these studies and to obtain an overview map which is able to
answer specific points of interest (presented in the research questions).

2.3 Related studies

The state of the art in the domain of AKM and more specifically AKS presents
several secondary literature studies focussed mainly on AKM aspects in gen-
eral or on different tools and approaches for supporting AKM processes.
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[44] present a survey conducted in a group of Brazilian software development
companies in order to assess the usage of new tools and technologies and
in what way these tools and technologies help knowledge-sharing. This sur-
vey is backed up by a previously conducted systematic literature study([45]).
The results of the study were validated against data from the literature and
three knowledge-sharing and learning theories: the double-loop learning the-
ory proposed by Argyris and Schén([27]), Wenger’s communities of practice
theory([65]) and Nonaka and Takeuchi’s theory of knowledge creation([48]).
The findings presented by [44] suggest that most tools used by the compa-
nies analysed do not follow the concepts described by these theories although
the article, with evidence from [45] considers them to be the most used in
software engineering related studies. While this study presents important
findings with regard to knowledge sharing in practical scenarios, its focus is
on knowledge sharing in general and the tools presented have little function-
ality related to AKS in particular.

[22] presents a systematic literature review exploring different knowledge-
based approaches for software documentation, their impact on the quality of
such documents and the benefits and cost of using them. After analysing
60 finally selected studies with regards to twelve quality attributes of soft-
ware documents, the authors extracted four cost categories, and nine benefit
categories of using knowledge-based approaches in software documentation.
Finally, the study points out important research gaps and suggests future
research directions on the topic. One of the points they propose for fur-
ther research focusses on using textual documentation for more than just
capturing knowledge and to expand its purpose to other AKM aspects such
as knowledge reuse, retrieval and sharing. While this study is similar in
purpose and scope to the one presented in this thesis, the focus remains
pointed at a small range of approaches in AKS related to documentation and
knowledge capturing. Although the article mentions the quality of the anal-
ysed approaches with regards to knowledge sharing, a more detailed analysis
pointed in this direction is missing and the study selection revolves solely
on approaches related to textual documentation disregarding other types of
knowledge sharing.

[28] presents results from an SLR focused on model-based AKM approaches
and their support for variability management of SA documentation. Their
results include a list of the main elements of SAKM models which, as the
authors argue, can serve as a first step towards a commonly agreed approach
for documenting architecture knowledge. Similar to [22], this study also fo-
cusses on documentation and knowledge capturing while only presenting little
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information with regards to AKS.

The literature is also abundant in studies focussed on AKM approaches in
general. [63] and [58] are such examples which analyse and compare dif-
ferent approaches and, respectively, tools for AKM activities. [63] analyses
approaches based on the quality they present in performing the main AKM
activities i.e., capturing, using, maintaining, sharing, and reuse of architec-
tural knowledge and the quality of the evidence provided for each approach.
[58] compare five different tools designed for helping architects with AKM
activities with the help of an evaluation framework based on ten criteria(one
of which refers to sharing knowledge and decision-making activities within
distributed teams). Both studies present relevant findings with regards to
AKM activities in general, but are different from the study on which this
thesis is focused since they are applied to the more general scope of AKM
and do not focus in great detail on AKS.

[59] present a systematic mapping study around software architectural deci-
sions. The study reports on existing methods for capturing ADDs, the way
in which ADDs are viewed with respect to other related SA entities such
as requirements and quality attributes, provides a list of domains in which
ADDs are researched the most and extract information related to how un-
certainty in ADDs and sharing of group decisions are handled. The study
gives a valuable overview of 10 years of research with focus on ADDs and
helps researchers and stakeholders understand what existing papers propose
and what future research might focus on. While this study presents a similar
research methodology and protocol to the study presented in this thesis, they
differ in the scope of research: [59] only focus on ADDs as SA entities and
present results on every aspect concerning them and the currently described
SMS focuses on AKS approaches and AKS related studies.

[41] also discuss he findings of a SMS which revolves around the practice of
knowledge-based approaches. The study aims to identify, analyse the appli-
cation of knowledge-based approaches such as knowledge recovery and knowl-
edge capturing. The study reports that an increased interest in the applica-
tion of knowledge-based approaches in software architecture is to be observed
in recent years and that knowledge-based approaches, including knowledge
capture and representation, reuse, sharing, recovery, and reasoning, have been
employed in a spectrum of architecting activities and different domains.

A number of other systematic mapping studies are present in the literature
which present results within the domain of software design and software test-
ing: [47] and [24] describe their findings with regard to software product line
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testing processes and [4] presents a study reporting on evidence in Object-
Oriented software design.

While the study described in this thesis follows similar guidelines to the SLRs
presented above and is related to the domain of AKM, all the approaches
selected for the data extraction and synthesis phases of this study present
functionalities for AKS in particular.
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3 Systematic mapping study

In the context of the project " Towards a Pattern Language for Architectural
Knowledge Sharing”, a systematic mapping study(SMS) has been conducted.
The main steps in the SMS can be defined as: search, selection, data extrac-
tion and data synthesis. My personal contribution revolved on the last three
phases.

The following sections will describe the research methodology used for per-
forming the SMS and outline the main steps for each phase(search, selection,
data extraction, data synthesis) while detailing the research questions of main
interest for the study.

3.1 Research Methodology

[32] define an SMS as ” A broad review of primary studies in a specific topic
area that aims to identify what evidence is available on the topic.” In this
article, they also identify three main reasons for performing such a study
which can be shortly described as:

e Identification of evidence clusters and evidence deserts
e Directing the focus of future systematic reviews
e [dentifying areas for more primary studies to be conducted

Three main types of studies can be observed, including an SMS. The two
other types on this list complementary to SMSs are systematic literature
reviews(similar to an SMS, but mostly conducted when the topic of research
is very narrow or when a lot of evidence has been presented in that field)
and tertiary reviews(”a systematic review of systematic reviews, in order to
answer wider research questions”[32]).

Given the nature of the topic of this thesis and the existing research focused
on it, it can be stated that the number of SLRs conducted with respect to this
topic does not justify the application of the domain on the performance of a
tertiary review(see subsection 2.3). However, since SMS and SLR method-
ologies are often similar and the boundary separating one from the other
is usually ambiguous, the differences between the two types of study have
been taken into consideration in a more thorough manner. Both [5] and [32]
provide a list of essential differences between the two approaches:
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e how a research question is formed( [32] states that Mapping studies
generally have broader and more numerous research questions)

e how the publication corpus is explored(according to [32], search terms
for SMSs are less focused and provide a larger number of publications
for reviewing),

e what is the reviewing style(a broader data extraction process for an
SMS than for an SLR, which tends towards categorization)

e what is the principal objective of review outcome(while an SMS focuses
on summarizing the data analysed in the purpose of answering the
research questions, the results will be more limited than those of an
SLR[32])

In the context of these differences, both [5] and [32] agree that while an SMS
methodology focuses on a very general topic and covers a broad collection of
primary studies, aiming for classification of publications for a better under-
standing of the topic, an SLR produces more precise results and is conducted
over a smaller number of publications.

Although the initial planning for this thesis was to perform an SLR study
focused on extracting a pattern language for approaches in AKS, the amount
of publications and their nature(many publications proposed new approaches
with a relatively low level of evidence and very few of them compared or
analysed the state of the art in general - see section 3.3 for a detailed expla-
nation) demanded for a more general, broader type of study to be conducted
in advance. For the reasons described above, an SMS proved to be more
appropriate in this context.

The SMS described in this paper follows the guidelines introduced by [32].

3.1.1 Research questions

The following table presents the research questions marking the main interest
points of the SMS conducted for this thesis:
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RQ-1 | What approaches for sharing AK have been proposed in the liter-
ature?
RQ-2 | What is the intended project context(domain, system type, size) of
the approach?
RQ-3 | Which knowledge management strategy does the approach sup-
port?(personalization, codification, hybrid)
RQ-4 | What are the mechanisms of the approach to support sharing of
AK?
RQ-5 | What type of architectural knowledge does the approach support?
RQ-5.1. What type of AK is the approach intended for?(design,
reasoning)
RQ-5.2. Which architectural knowledge entities are captured by
the approach?(ADDs, quality attributes, requirements, etc.)
RQ-6 | How prescriptive or descriptive is the approach?
RQ-7 | What level of evidence is provided for each approach?
RQ-8 | How many studies focus on a specific approach and how many
compare or present an overview of existing approaches?

Table 4: Research questions

Research question RQ-1 aims to collect a list of proposed approaches in the
context of AK sharing. This list is useful for understanding what types
of approaches have been proposed, whether one type of approach has been
focussed upon more than others and for obtaining a general overview of the
current state of the art.

Questions RQ-2 to RQ-7 attempt to further classify the approaches listed with
the help of RQ-1 by taking into account the context for which the approaches
were designed or certain characteristics.

RQ-2 aims at documenting the environmental specificities for which an ap-
proach has been proposed or tested(reported as industrial practice or docu-
mented as part of a case study). The project context related to a specific
approach is documented using an abbreviated version of the model proposed
by [37] which focuses only on domain and system type(agile, software inten-
sive systems, etc.). The purpose of understanding the project context behind
a certain approach is to be able to get an overview on how many approaches
focus on specific types of projects, what approaches are more general and
can be used for a variety of contexts and also what types of contexts have
received little or no attention from researchers in the domain.
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RQ-3 is used for classifying the approaches analysed with regard to the man-
agement strategy they cover. According to researchers in AKM ([29], [25]),
there are two types of management strategies: personalization and codifi-
cation. The codification strategy revolves around knowledge being carefully
stored in a certain type of knowledge repository(e.g. databases, documents)
to which company employees are granted access, while personalization en-
ables knowledge sharing activities mainly through person-to-person contacts
and knowledge is closely tied to the person who developed it([29]). Due to the
importance that this strategy has on AKM and more specifically AKS ([25]
consider a hybrid strategy to be the most efficient), this research question
will help categorize the approaches accordingly.

Question RQ-4 aims to cover the way in which each approach functionally
achieves its purpose for AK sharing(e.g. using a central knowledge repository,
yellow pages linking people to specific sub-parts of the companies knowledge,
tools for helping collaborating teams to share knowledge regarding design
decisions or other AK elements).

Question RQ-5 with sub-questions RQ-5.1 and RQ-5.2 focus on the AK ele-
ments and the type of AK that are being captured or shared using the ap-
proach. The AK entities taken into consideration correspond to the ISO/IEC/IEEE
42010 standard for architecture descriptions with three extensions: the de-
cision documentation framework proposed by [62], the technical debt docu-
mentation framework proposed by [42] and architectural assumptions ([68]).

The reason for adding these extensions is the increasing attention they have
received over the last years([42], [68], [38], [50]).

RQ-6 classifies approaches into prescriptive or descriptive. An approach with
a prescriptive nature is used for capturing AK in a normative way, describing
"how things should work”, while a descriptive approach is used to document
AK in a more flexible way, focusing only on "how things actually work”[6].
This question helps understand the preferences of architects regarding the
nature of the approaches used for AKS and also helps obtain an overview on
how many approaches of each type have been proposed.

As a continuation for question RQ-2, RQ-7 aims to document the type of em-
pirical evidence given for an approach. The classification of obtained evidence
is made according to [66] into five categories:

e no evidence,

e first or second party claim(any information published by anyone with
a vested interest),
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e third party claim(evidence published as an experience report, lessons
learned, single company survey by someone without a vested interest),

e circumstantial evidence(well-documented controlled experiment by some-
one with a vested interest),

e evidence(well-documented controlled experiment by an independent re-
searcher, series of case studies within a company),

e strong evidence(evidence from industrial practice).

Finally, RQ-8 aims to collect and synthesize all the information obtained from
and classify the studies selected between three main types: studies that focus
on, evaluate and/or present a specific approach; studies which compare two
or more approaches according to a set of criteria or through case studies;
studies which present an overview of the state of the art with regard to AKS
practices and approaches. These classes of studies correspond to the three
inclusion criteria used for the selection process(see section 3.2.2) and allow for
a separation of studies which present approaches from studies which compare
and evaluate the state of the art.

3.1.2 Quality assessment

In order to assess the quality of the finally selected studies, a quality assess-
ment was performed on all studies. Table 6 presents the quality assessment
form composed of nine questions, seven questions for which the answers can
be determined by a numerical attribute between 0 and 1. QA-8 is a free text
description of the study and finally, QA-9 helps better distinguish studies
focusing on a particular approach from the others.
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1d Question Answer type
QA-1 | Is there a rationale for why the | 0 = no evidence; 1 = ev-
study was undertaken? idence from demonstration
or toy examples; 2= ev-
idence from expert opin-
ions or observations; 3= ev-
idence from academic stud-
ies (e.g., controlled lab ex-
periments); 4= evidence
from industrial studies (e.g.,
causal case studies); 5 = ev-
idence from industrial prac-
tice.
QA-2 | Is there an adequate description | 0=no; 0.5=to some extent;
of the context (e.g. industry, | 1=yes
laboratory setting, products used,
etc.) in which the research was
carried out?
QA-3 | Is there a justification and de- | 0=no; 0.5=to some extent;
scription for the research design? | 1=yes
QA-4 | Has the researcher explained how | 0=no; 0.5=to some extent;
the study sample (participants | 1=yes
or cases) were identified and se-
lected, and what was the justifi-
cation for such selection?
QA-5 | Is it clear how the data was col- | 0=no; 0.5=to some extent;
lected (e.g. through interviews, | 1=yes
forms, observation, tools, etc.)?
QA-6 | Did the researcher critically ex- | 0=no; 0.5=to some extent;
amine their own role, potential | 1=yes
bias and influence during the for-
mulation of research questions,
sample recruitment, data collec-
tion, and analysis and selection
of data for presentation? (limi-
tations and threats to validity)
QA-7 | Do the authors discuss the valid- | 0=no; 0.5=to some extent;
ity and limitations of their find- | 1=yes
ings?
QA-8 | Reason for inclusion (1 sentence | free text
about why the study was in-
cluded, .e.g, how is it related to
AKS)
QA-9 | Does the study presentor discuss | (yes/no/to some extent)

an approach for AKS?

Table 6: Quality assessment form
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3.1.3 Planning

During the period of time needed for conducting this study, several major
modifications have been performed on the original planning due to relatively
large differences between the initial expectations and the real effort needed.

The initial planning was designed for a period of six months and was divided
between nine work packages(WP):

WP 1: Choosing between different proposed projects, discussing potential
collaborations with project supervisors

WP 2: Defining project scope, structure and planning

WP 3: Writing the deliverable document

WP 4: Studying of existing literature in the domain area of interest

WP 5: Selection of relevant articles

WP 6: Extraction of relevant information from the studies selected in the
previous step

WP 7: Organization of results and findings in the form of a pattern language
for architectural knowledge sharing

WP 8: Data analysis and coding of a case study regarding a plug-in for
architecture decision sharing

WP 9: Review of the written deliverable

Figure 1 shows a time line representing the initial planning constructed before
the study was initiated.
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The main modifications brought to this planning were:
e a one month extension brought to the final deadline

e a change in the type of the study performed from SLR(secondary litera-
ture review) to SMS(systematic mapping study) with a transformation
of the data synthesis format

e removal of case study

These modifications were determined by several external and internal fac-
tors described in more detail in section 3.2.5 along with several measures of
prevention which could improve the time effort of similar future studies.

3.2 Selection

This section outlines the methods used for the selection process, the sources
used for the retrieval of publications relevant for the scope of the SLR, as well
as the inclusion and exclusion criteria used. Finally, subsection 3.2.5 gives
insight on some observations made during the performing of the selection
phase which might be of use to researchers interested in the same type of
study.

3.2.1 Sources selection

The scope of the search process of the SLR described in this thesis revolves
around the two main types of search performed: manual and automated selec-
tion(see section 3.2.3 for a more detailed description of each search process).

The manual search has been performed on a list of venues. This list has been
derived in concordance with the list presented by Zhang et al.([70]), which
investigates venues mostly used for manual search processes in the context of
secondary studies related to Software Engineering. Excepting several small
additions to the list proposed by Zhang et al. which were considered for per-
forming a more detailed search, table 8 shows the list of venues and journals
presented by [70] which were used in the manual search process for this SLR.

The selection of the databases used for the automated search process was
made according to the lists proposed by [70] and [7] which present them as
commonly used for search processes in secondary studies related to software
engineering. Table 10 presents a complete list of the databases used in this
study.
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Name Abbreviation | Type Database
Catalogue

Journal of Systems and Software | JSS journal ScienceDirect

International Journal on Software | JSEKE journal WorldScientific

Engineering and Knowledge En-

gineering

Working IEEE/IFIP Conference | WICSA conference IEEE Xplore

on Software Architecture

International Conference on SEKE conference DBLP

Software Engineering & Knowl-

edge Engineering

European Conference on ECSA conference SpringerLink

Software Architecture LNCS

CompArch CompArch conference ACM

Information System Technology | IST journal ScienceDirect
IEEE

International Conference QoSA conference ACM

Series on the Quality of Software

Architectures

Table 8: Journals and venues selected for the manual search process

The study selection process was also validated against a time frame corre-
sponding to the period between 2004 and July 2016. The rationale behind
the choice of these boundaries is as follows:

e the lower boundary roughly corresponds to the year presented by [11] as
the year of emergence of AKM as a research area, which gives reason to
believe that the majority of studies related to AKS have been published
after this moment in time and

e the upper boundary for reliability issues regarding the repeatability of
the search process

The selected studies had to be written in English.

3.2.2 Inclusion and exclusion criteria

This section lists and describes the rationale behind the inclusion and exclu-
sion criteria used for the selection of studies relevant to the domain of this

SMS.
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Name Type Rationale for
inclusion

IEEE Xplore Database (7]

ACM Digital Library Database 7]

ScienceDirect Database 7]

SpringerLink Database 7]

Web of Science Database [70]

Wiley InterScience Database [70]

Table 10: Databases selected for the automated search process

IC-1 | A study presents an approach for sharing architectural knowledge.
IC-2 | A study evaluates/compares one or multiple approaches for sharing
architectural knowledge.
IC-3 | A study is about the state of the art of AK sharing or industrial
practices with regard to AK sharing.

Table 12: Inclusion criteria

Table 12 presents the list of three inclusion criteria. These criteria helped
categorise the selected studies between studies which present new approaches
for AKS(IC1), studies which aim to validate the quality of existing approaches
by comparing them to one another using a set of quality criteria(IC2) and
studies which aim to gain an overview of the state of the art within the

domain(IC3).
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EC-1 | A study is not written in English.
EC-2 | A study is about knowledge sharing in general and not specifically
about architectural knowledge.
EC-3 | A study has been published before 2004 or after July 2016.
EC-4 | The study is an editorial, position paper, abstract, keynote, opin-
ion, tutorial summary, panel discussion, or technical report.
EC-5 | A study is a duplicate of an already selected primary study.
EC-6 | The full text of the study cannot be obtained.
EC-7 | A study only focusses on capturing AK and does not discuss or
support an AK Sharing process, e.g., the study only presents a
specific architectural viewpoint.

Table 14: Exclusion criteria

Table 14 presents a list of seven exclusion criteria used in the selection pro-
cess of the SMS. With the exception of EC-2 and EC-7, all exclusion criteria
were designed to limit the search process to a scope range previously estab-
lished (limits related to time span, language, duplicate studies, etc.) or to
disregard studies for which the full text could not be obtained.

EC-2 aims to help exclude studies related to sharing of other types of knowl-
edge not related to architectural knowledge.

Lastly, EC-7 was added at a later stage in order to decrease the large amount
of studies selected by excluding the studies which specifically focused on cap-
turing knowledge and presented no information related to sharing in partic-
ular.

3.2.3 Search process

The main methods used during the search process for the SMS conducted
during this thesis consist of two types of search strategies: manual and auto-
mated search.

The manual search process consisted in several members of the team scanning
the selected venues for relevant publications within a given timespan. This
type of search process enables researchers to perform a high-quality selection
of papers and ensures that the issues found are indeed relevant for the scope
of the search. However, the manual search needs a high amount of time-effort,
given that the amount of publications which need to be verified is significantly
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larger than the number of publications which present a real interest for the
research.

The second strategy used, the automated search helps speed up the search
process and is conducted using specific search strings for every database se-
lected in conformity with their sets of rules. A general search string containing
a combination of terms specific to the scope of the research is first determined,
and then it is tailored for each search engine. For a list of the search strings
used for each database, see appendix(section A). While this type of search
has the benefit of automatically sorting out most publications which are irrel-
evant for the scope of the SLR, its performance is bound to certain variable
aspects such as the quality of search string, capability of search engine, and
diversity of the subject([70]).

The process of search string construction followed the guidelines suggested by
Petticrew and Roberts in [52]. The PICOC criteria([52]) consist of five differ-
ent aspects which help define the main focus points of a search: population,

intervention, comparison, outcome and context. Figure 2 gives an overview
of these criteria applied to the scope of the search conducted for this SMS.

Research related to AK

C  Approaches for AKS

0O An overview on AKS

Figure 2: PICOC criteria with respect to the SMS search process conducted
within the project ” A pattern-language for AKS”
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Table ?? presents the way in which the PICOC criteria were applied in order

to obtain the terms constructing the search strings.

PICOC Derived Term

Synonyms and
Alternatives

Population | Architecture knowledge

Architectural knowl-
edge, architecture design,
architectural design, archi-
tectural design decision,
architecture design deci-
sion, architecture decision,
architectural decision,
design rationale, design
decision, architecture as-
sumption, architectural
assumption, technical
debt,quality  requirement,
non-functional requirement,
architecturally relevant
requirement,  architecture
requirement, architectural
requirement, architec-
tural concern, architecture
concern

Intervention | Share

Capture,Communicate,
Document, Documenta-
tion, Exchange, Transfer,
Understand

Comparison | Approach

Strategy,Mechanism, Tool,
Process

Outcome AKS body of knowledge

Context Software architecture

Table 16: Search terms derived using PICOC criteria

The search string resulting from these terms was used for the automated
search for all selected databases with only minor adjustments implied by the
specificities of each database. In the case where a database would not allow
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a search string composed by as many search terms, the search string was
split between the optional terms(e.g. for a search string such as ”architecture
knowledge sharing OR architectural knowledge sharing”, the search process
would be performed two times, for ”architecture knowledge sharing” and
"architectural knowledge sharing” separately and then the results would be
collected in the same repository).

The final search string used for the automated search process was the follow-
ing:

((7architectural knowledge” OR ”architecture knowledge” OR ”
architecture design” OR ”architectural design” OR ”
architectural design decision” OR ”architecture design
decision” OR ”architecture decision” OR ”architectural
decision” OR ”design rationale” OR ”design decision” OR ”
architecture assumption” OR ”architectural assumption” OR 7
technical debt” OR ”quality requirement” OR "non—functional
requirement” OR ”architecturally relevant requirement” OR ”
architecture requirement” OR ”architectural requirement” OR ”
architectural concern” OR ”architecture concern”)

AND

(”share” OR ”capture” OR ”communicate” OR ”document” OR ”
documentation” OR ”exchange” OR ”transfer” OR ”understand”)

AND

(”approach” OR ”strategy” OR ”"mechanism” OR ”tool” OR ”process”
)

AND

("software architecture”))

If supported by the database, the search string was applied to the full text
of the publications.

[70] suggest using a combination of both types of search for a better perfor-
mance and also refer to the quasi-gold standard(QGS) concept as a means
to assess the quality of the search queries. According to these instructions,
the manual search process helps both refine the automated search process
and establish the quasi-gold standard as a subset of primary studies relevant
for the SMS. The QGS is defined for each database using only the venues
indexed by that particular database. By verifying that the subset of articles
which compose the QGS for a specific database are present in the results
of the automated search process for that database, the quality of the search
string is determined. This verification is measured using formula 1 based on
the sensitivity and precision metrics.
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*100

Quasi bivit Numbero frelevantstudiesretrievedbyautomatedsearch
uasi—sensitivity =
4 Numbero farticlesinQuasi — goldStandard

(1)

For the purpose of this SMS, sensitivity is defined as the ability of the search
to find all relevant studies present in a database, while precision corresponds
to the number of relevant studies found with regard to all found studies.
[70] defines the threshold for quasi-sensitivity between 70% and 80%. The
limits chosen for this study, as suggested by [21] for the optimum strategy
are between 80-99% for sensitivity and between 20-25% for precision.

3.2.4 Selection process

Using the inclusion and exclusion criteria presented in section 3.2.2, the stud-
ies retrieved through the search process from each database or venue were
selected or discarded for the data extraction phase during the selection pro-
cess. This process was performed in two phases(1st round and 2nd round
selection) by two different researchers in order to increase reliability.

The agreement between the two researchers was measured using the Co-
hen Kappa statistic suitable for nominal data having the advantage that it
takes into consideration not only the number of studies on which the two
researchers agreed or disagreed upon, but also the number of studies selected
by chance([15]). Formulas 2 and 3 describe the mathematical model used for
assessing this agreement:

— Do 1 —
kEpo p —1_ Do 2)
1_pe 1_pe
1
Pe = ﬁ Z NE1ME2 (3)
k

The two-round selection process was performed as follows:

e 1st round selection: The list of studies retrieved through the manual and
automated search processes was stored in different .bib files according
to the database/venue through which they were found. The details of
each study included a minimal set of attributes comprised by: title,
authors, year, abstract and keywords, URL to fulltext.

The selection at this point was based only on the review of the title,
abstract and keywords, and not on the full text. In the case when
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the abstract provided too little information and a verdict could not be
drawn only from it, the conclusions were also consulted, according to the
suggestions made by Brereton et al.([7]). The selection was performed
in a rather inclusive manner, helping minimise the loss of potentially
interesting studies.

e 2nd round selection: All studies selected by at least one reviewer in the
first round were reevaluated during the second round. This reevalua-
tion was based on the full text of the articles and was also performed
by two different researchers. In the case of conflicts between the two re-
searchers, the differences were discussed together with a third researcher
until an agreement was defined.

3.2.5 Lessons learned

Several major modifications were made to the planning throughout the im-
plementation of the project. This section presents the lessons learned from
the project implementation, discusses why the planning modifications were
necessary and points out suggestions on how they could have been avoided
as advice for similar future research.

Existing guidelines

The SMS described in this thesis was performed following the guidelines pre-
sented by [7], [32] and [70]. These guidelines were applied for the following
steps in performing the SMS:

e selecting the sources consisting in different venues and databases pre-
sented as most commonly used for secondary studies related to the
domain of Software Engineering

e performing two types of search: manual and automated in combination
with the use of QGS in order to verify the sensitivity and precision of
the databases

e defining the main phases as the study as search, selection, data extrac-
tion and data synthesis

e defining the research questions, quality assessment form and data ex-
traction form

Review of publications

The venues and databases used for the search process presented in 10 and
8 were selected according to [70]. A collection of publications from each
database and venue was saved in a separate .b:b file for easily tracing articles
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back to the venue or database through which they were found. Each file was
then analysed by two reviewers within two rounds for the selection process.
Overall, a set of 13796 publications(13327 after the removal of duplicates
within each file) were reviewed during the first round selection out of which
730 articles were approved for the second round. However, during the second
round selection, it became more evident that many publications were present
in two and sometimes even more files. This led to the same article being
reviewed multiple times(many articles were present in three different files and
were reviewed up to six times for the first round only) for the same selection
round. Ultimately, the effect of this type of organisation of the publications
produced a major time deficit which could have been prevented earlier on.

As a solution to this problem, all publications were collected within a sin-
gle .bib file and with the help of the Jabref tool, duplicates were removed.
A tracing mechanism was implemented helping to identify all venues and
databases in which the article was initially found. Unfortunately, this so-
lution was adopted later on in the selection phase, after the second round
selection had already been completed for 5 venues and databases. Despite
this fact, however, it allowed the removal of 200 duplicate studies which rep-
resented more than a quarter of all studies selected during the first round.
The fact remains, however, that a lot of effort could have been spared by a
more detailed examination of the files before starting the selection phase and
by a better file management system.

Figures 3, 4 and 5 display Venn and chord diagrams which show the over-
lapping between the finally selected studies from all databases. As can be
observed, multiple studies were found from the search performed on two or
even three databases. If the selection process would have been finalised using
the first approach, these articles, passing through both rounds of selection
would have been reviewed 12 times(as opposed to four times in the ideal
situation, two times by each reviewer in each round).
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Figure 3: Chord diagram representing overlap between finally selected studies
from all databases
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Figure 4: Venn diagram representing overlap between finally selected studies
from ACM, IEEEXplore and Web of Science
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erLink

Figure 5: Venn diagram representing overlap between finally selected studies
from ACM, ScienceDirect, Web of Science, Wiley and SpringerLink

Search strings

Another aspect which significantly slowed down the performance for the sec-
ondary study was present during the automated search process. As detailed
in section 3.2.3, the search string was constructed before the beginning of the
search process and then used for all databases without any major changes(the
search terms were kept the same for all databases).

This tactic was useful in terms of database comparison(since all databases
were searched using the same search string, comparisons can be made in order
to assess the sensitivity and precision of the search string, etc.), however it
had certain drawbacks related to the amount of effort spent on performing
the search process. One such drawback was inflicted by the application of
the QGS.
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A lot of effort was spent for tailoring and iterating through different versions
of the search string which would be able to satisfy the QGS for all selected
databases. When a search for a certain database would fail to produce the
subset of studies included in the QGS of that particular database, the search
string would be tweaked in order to include all or most studies(within the
limits of precision and sensitivity decided upon). These minor tweaks would
then be tested again for all other databases in order to make sure that the
changes did not affect the QGS.

This aspect along with the different specificities of each database(regarding
number of allowed search terms, possibility of search throughout the full
text, possibility of search using more than one term at a time, etc.) required
for a lot of time and effort to be spent on the search process alone, which
introduced a delay in the planning of the next phases as well.

3.3 Data extraction

This section will present the data extraction process. The first sub-section
will describe the data extraction form and how each entry relates to one
or more research questions as well as the way in which the process was per-
formed. The second sub-section will describe preliminary findings and discuss
preliminary observations which can be noted as immediate consequences of
the data extraction process(e.g. number of studies analysed).

3.3.1 Extraction form

The data extraction process was performed using a data extraction form
presented in table 18. The table shows the name of each entry column in
the table, its type and the research question or questions to which it relates.
The form was completed using the Jabref tool([1]) by setting up the specific
preferences and then transferring the results to an excel file through a custom
export for a better visualization.
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3.3.1

Field Type RQ Notes
Citekey Identification of studies
Title Free text
Authors Lastnamel, Firstnamel;
Lastname2, Firstname?2
Year of publica- | YYYY
tion
Source Free text Name of venue or journal
Abstract Free text
Search type Multiple choice[MS; AS] How was the study found?
Inclusion criteria | Multiple RQ8
choice[IC1;1C2;IC3]
Quality score Number between 0 and 7 RQ2
Does the study | Yes xor no RQ1, | From QA question 9
present ap- RQ8
proaches for
AKS?
Description  of | Free text RQ1 | From QA question 8
approach
KM strategy Multiple RQ3
choice[personalisation;
codification;hybrid]
Sharing mecha- | Free text RQ4
nisms
Type of AK Multiple choice[design; rea- | RQ5.1
soning]
AK entities List of entities RQ5.2
Domain Free text RQ2 | Domain for which the approach
has been tested
System type Free text RQ2 | Type of system for which the ap-
proach has been tested(agile, soft-
ware intensive, etc.)
Pprescriptive Prescriptive xor descriptive | RQ6
Descriptive
What type of | 0 = no evidence; 1 = ev- | RQ7 | From QA question 1

evidence is pre-
sented?

idence from demonstration
or toy examples; 2= ev-
idence from expert opin-
ions or observations; 3= ev-
idence from academic stud-
ies (e.g., controlled lab ex-
periments); 4= evidence
from industrial studies (e.g.,
causal case studies); 5 = ev-
idence from industrial prac-
tice.

Table 18: Data extraction form
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3.4 Preliminary results

The data extraction form was applied to the finally selected papers resulted
from the two selection rounds. A list of 13796 papers was initially retrieved
from the two types of selection applied to the set of venues and databases
listed in section 3.2.1, out of which 469 papers were discarded as duplicates
within the same database or venue. The resulting list of 13327 papers was
further submitted to the first round of selection performed by two different
researchers and resulted in a list of 730 papers(5,48%) which were further

B containing 135 studies(234 with duplicates).

Table 6 presents an overview of the selection process per venue for the two
selection rounds:

SHARK. [ 70 70 0,60 39 0,56 0 0,00
R vanual 2307 2307 0,78 % 0,01 7 0,00
bsexe [ 712 712 016 pE) 0,03 0 0,00
EZ vanusl 1653 1653 [NG5E 17 0,01 6 0,00
IR vanual 169 169 0,69 28 017 17 0,10
IST Manual 1462 1462 0,29 29 0,02 5 0,00
wicsa [T as0 aso [NGE 67 0,15 36 0,08
FEE N vanusl 170 170 NG5 25 0,15 0 0,00
[ Automated 1164 276 0,82 101 012 a3 0,04
T e B A utomated 264 257 G 146 0,57 s 0,19
T B A utomated 118 118 0,33 58 0,49 15 013
[Springertink  [OaEn 4517 4313 0,65 57 0,01 1 0,00
I Automated 50 50 0,67 54 0,60 a3 0,28
[T A utomated 650 650 0,22 60 0,09 3 0,00
T I I I I R I R S

Figure 6: Overview of the selection process per venue

Figures 7 to 9 show an overview of the most ”interesting” venues for the
topic of this study with regards to the number of selected articles for each
step(search process, 1st round selection, 2nd round selection).
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Figure 9: Most interesting venues 2nd round selection

As can be observed from figure 9, only four of the venues used for the SMS
contributed to most of the finally selected studies: ACM Digital Library, IEE-
EXplore, Web Of Science and WICSA. Also, from table 6, we can determine
that ACM, ScienceDirect, ECSA and Web Of Science had the best precision
among the selected venues and databases(more than 0,1% of selected stud-
ies made it to the final selection). By contrast, the databases and venues
with the lowest precision were SpringerLink and JSS(see table 10 for a list of
precision values for all sources with regards to the number of finally selected
studies).
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Venue/Database ___|Studies ___[Final selection |Precision |
SHARK | 70 0 0,000
N 2307 7 0,003
seke | 712 0 0,000
seke 1653 5 0,004
Ecsa 169 17 [ oi0s
1462 5 0,003
=T 450 3 0,080
Qosa 170 0 0,000
IEEEXplore | 876 43 0,049
257 s o
118 15 e
4343 1 0,003
% 43 0,478
650 3 0,005

Figure 10: Precision values for all sources calculated between initial and final
number of selected studies

3.5 Data synthesis

RQ-1. What approaches for sharing AK have been proposed in the literature?
RQ-2. What is the intended project context(domain, system type, size) of the
approach?

The list of finally selected studies describing the name and project context of
each approach is made available in the appendix, section B.

RQ-3. Which knowledge management strategy does the approach support?(personalization,
codification, hybrid)

Two main types of knowledge management strategies have been described
by current research: codification and personalization with a third possibil-
ity being represented by a hybrid model which uses the two main types
together([29], [25]). According to the type of strategy preferred by the stake-
holders, the approaches used for AKM and AKS will differ as well, therefore
it is important for the nature of this study to be able to assess how many
approaches currently exist for each type and what they consist of.

After performing the data extraction process on the list of finally selected



3.5 Alexandra Catalina Matreata

studies which propose approaches for AKS, the following results were made
available:

e 91 studies presented approaches related to the codification strategy
e 2 studies presented approaches related to personalization
e and only one approach supported a hybrid strategy

As can be observed from the results, the large majority of studies were ori-
ented towards codification and only a very small number provided information
related to a personalization strategy or to a hybrid approach.

Since current findings related to knowledge management strategies suggest
that a hybrid strategy would bring more efficient results than any of the
other two strategies used by themselves([25]), it would be interesting for
future research to focus on AKS approaches which would support this type
of strategy.

RQ-4. What are the mechanisms of the approach to support sharing of AK?
The studies proposing approaches selected during the final selection round
used different sharing mechanisms for the support of AKS. A complete list

of the approaches and the mechanisms they use can be found in B.

Table 20 shows a list of most commonly used types of mechanisms for a better
visualization:

Type of sharing mechanism Number of approaches
model-based frameworks and grids 54

ontologies and semantic wikis 11

knowledge repositories 7
architectural documents and adnotated tex- 6

tual information

patterns and reference architectures 4
architectural prototypes 2

Table 20: Sharing mechanisms used by the selected approaches
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Model-based mechanisms
for AKS
(51)

Perspective View-point
oriented oriented

(1) (11)

User-defined,
specific models
(25)

Grids
(3)

Figure 11: Model-based mechanisms for AKS

As can be observed from both table 20, the most popular types of AKS
mechanisms are conceptual models and ontologies or semantic wikis. Model-
based mechanisms for knowledge capturing and sharing can be further split
into different categories as shown in figure 11.

RQ-5.1. What type of AK is the approach intended for?(design, rationale)

The finally selected studies which presented an approach for AKS were also
analysed in terms of the type of knowledge for which they were intended(oriented
towards design, rationale or both). The following Venn diagram displays the
distribution of the finally selected studies corresponding to the first inclusion
criteria between the two types of knowledge.
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design design * rationale

Figure 12: Venn diagram for approaches used in management of knowledge
related to design or rationale

As can be observed from figure 12, both types of knowledge are well-represented
by the existing approaches, although rationale-oriented knowledge seems to
be of more interest.

Figure 13 helps gain more insight on the evolution of approaches with respect
to the type of knowledge they were designed for by displaying the number of
studies focussing on each knowledge type per year.
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Figure 13: Number of approaches used in management of knowledge related
to design or rationale per year

It can be observed that in early years of research(2004 and 2005), approaches
were slightly more focussed on design knowledge, while starting from 2007, a
continuously increasing number of approaches started focussing on rationale
related knowledge. This shift can be attributed to the change in the general
perception towards the job of a software architect which slowly moved from
being solely design-oriented to a network of interconnected elements linked
by rationale([11]).

RQ-5.2. Which architectural knowledge entities are captured by the approach?(ADD:s,
quality attributes, requirements, etc.)

Table 22 presents a list of architectural knowledge entities which were the
focus of at least one approach presented in the finally selected articles.
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AK entity name Number of approaches
architectural design decisions 57
requirements

tactics

architectural design rules
architectural solutions
assumptions

forces

quality attributes
technical debt

not specified

=N N W

DO
[@p)

Table 22: AK entities

As can be observed from table 22, the AK entity on which most of the selected
approaches focussed on is represented by architectural design decisions. This
finding confirms existing statements which suggest design decisions to be the
most important elements in the field of software architecture and that they
represent the core part of a system’s architecture with all other elements
depending on them([12], [10], [8]). While these statements are backed up by
several studies in the field, most studies also stress on the fact that all software
entities are highly correlated and present numerous interdependencies which
also need to be shared and maintained([8], [10]).

Although most approaches follow the guidelines presented by findings which
present ADDs as being the most important part of the architecture, not all
take into consideration the reverse side of the matter related to their depen-
dencies and relationships with other elements and fail to mention ways in
which these aspects will be shared or maintained. Out of the 57 approaches
which focused on sharing knowledge related to ADDs only 11 mentioned
sharing and maintaining knowledge related to other entities and to their re-
lationships.

RQ-6. How prescriptive or descriptive is the approach?
Using the data extraction form, the finally selected studies corresponding to

the first inclusion criteria(which proposed an approach for AKS) were divided
into two categories: prescriptive and descriptive(see section 3.1.1).
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W descriptive

M prescriptive

Figure 14: Distribution of finally selected approaches for AKS between pre-
scriptive and descriptive

As can be observed from figure 14, this distribution of proposed approaches
is highly uneven, with 85% descriptive and only 15% prescriptive approaches.

RQ-7. What level of evidence is provided for each approach?

In order to assess the level of evidence provided in the finally selected studies,
six categories of evidence were applied in conformity with the list proposed
in [66](see section 3.1.1 for the detailed list and explanations). The levels
range from 0 to 5, with 0 representing no evidence at all and 5 representing
the highest degree of evidence(evidence from industrial practice).

Figure 15 displays a pie chart representing the distribution of studies with
regards to these levels of evidence.
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Figure 15: Distribution of finally selected studies with regards to the evidence
level

As can be observed from figure 15, approximately one third of the finally
selected studies presented no evidence for the approaches they proposed, while
only 8% of the studies were attributed to the maximum evidence level.

Although some of the approaches were later validated in a different study
and evidence was given to support their quality(28 studies), the number of
studies which remain without any type of evidence which may support their
findings is still relatively large. In addition, if we take into consideration the
cumulation of studies with a very low level of evidence(0 or 1), we can observe
that they amount to 45% of all selected studies, representing almost one half.

Considering these numbers, it would appear that research regarding ap-
proaches for AKS is still in an initial phase and that a large amount of
new research should be focussed on evaluating and confirming or disproving
currently existing findings without a high level of evidence.

RQ-8. How many studies focus on a specific approach and how many compare
or present an overview of existing approaches?

A list of three inclusion criteria was used for the selection process of the
SMS(see section 3.2.2). These criteria helped group the studies selected as
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relevant for the purpose of the SMS into three main categories:
e studies that introduce new approaches for AKS

e comparison studies between two or more previously proposed approaches
for AKS

e studies which assess the state of the art for the domain related to
AKS(surveys, qualitative studies, etc.)

Figure 16 presents a pie chart distribution of the finally selected articles with
respect to the above mentioned categories.

HICl
mICc2
mIC3

Figure 16: Distribution of finally selected studies with regards to the inclusion
criteria

By analysing the amount of currently available research in all three groups,
several interesting aspects can be observed. The first aspect relates to the
highly uneven distribution of the studies: 67% of the studies correspond to
the first inclusion criteria(IC1), while only 8% are attributed to the second
inclusion criteria(IC2). The high amount of studies corresponding to the
first inclusion criteria(almost two times more than the other two criteria
combined) suggests that the increased interest in the domain of AKS has
pushed researchers into building many solutions for different AKS problems.
However, the lack of studies which compare and evaluate these solutions
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against each other suggests that the field of AKS has not yet reached a
mature phase and is in need of research that aims to confirm and validate
the quality of present findings.

Figure 17 analyses the distribution of the selected studies grouped into each
category over time for a better visualization of the evolution of research in
the field of AKS.

14

12

10

IC1

WIC2

Mo of studies

- — IC3

2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2015 2016

Year

Figure 17: Distribution of finally selected studies with regards to the inclusion
criteria

As can be observed, studies corresponding to the first inclusion criteria have
been published in slowly increasing numbers from 2004 until 2014, at which
point they started to decrease slowly. Studies related to the state of the art
or industrial practice(IC3) have also steadily increased in numbers and have
reached their peak in the last two years which shows an increasing interest in
understanding the state of research in this field. Lastly, studies corresponding
to the second inclusion criteria can be seen forming two distinct patches in the
graph: one between 2008 and 2012 and one in the past three years. Although
the popularity of such studies appears to have dropped for a period of three
years in 2010, it seems to have recently regained interest and remains at a
steady value.

The trend of research seems therefore to tend towards a maturity of the field
due to a slight but steady decrease in the number of proposed approaches
and an increase in the number of studies which compare them or analyse the
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state of the art of AKS. However, the gap between the two types of studies is
still significant and future research is still needed for a better understanding
of the field.

4 Threats to validity

Secondary studies are often subject to validity threats due to the nature of the
research. The following subsections analyse and describe the measures taken
in order to maximise four types of validity important for the SMS described
in this paper: construct, internal, external and conclusion validity). The four
validity types are analysed conforming to the definitions proposed in [23],
[67].

4.1 Construct validity

Construct validity refers to the degree to which the operationalization of the
measures in a study actually represents the constructs in the real world([23]).
In order to ensure or maximise this type of validity, several measures were
taken:

e the search terms used in the construction of the search strings were de-
rived systematically using the PICOC criteria(population, intervention,
comparison, outcome and context - section 3.2.3)

e in the construction of the search strings, different terms which could
represent the same aspect related to AKS were taken into consider-
ation and added to the string using the boolean operator ”OR”(e.g.
”approach” OR "strategy” OR ”mechanism” OR "tool” OR ”process”)

e the search process was conducted in two main phases: manual and
automated. The resulting sets of studies obtained through the manual
search process represented the QGS against which the results obtained
from the automated search were verified(see section 3.2.3)

4.2 Internal validity

Internal validity refers to the extent to which the treatment or independent
variable(s) were actually responsible for the effects seen to the dependent

variable([23], [67]).
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The type of statistics used for conducting the SMS described in this paper
was basic, descriptive, with a minimal risk of damaging the internal validity
of the results produced.

4.3 External validity

External validity refers to the degree to which the findings of the study can
be generalized to other participant populations or settings([23]).

The threats to external validity for the SMS described in this paper have been
minimized with the help of a thorough description of the protocol used(with
details related to the venues and databases used for the search process - sec-
tion 3.2.3, a set of inclusion and exclusion criteria - section 3.2.2, a description
of the data extraction form - section 3.3) which can be easily reconstructed
and extended by other researchers. Extensions which can be added to the pro-
tocol may include a larger time frame, a different set of venues and databases
used in the search process, etc.

However, the SMS conducted for the purpose of this study revolves around the
topic of approaches related to AKS. All papers taken into consideration for
this study were selected or discarded based on their relevance for this domain.
With this in mind, the results obtained from the study and presented in this
paper are strictly dependant to the domain of AKS and cannot be extended
to a larger scope.

4.4 Conclusion validity

Conclusion validity refers to whether the conclusions reached in a study are
correct and is directly related to the application of statistical tests to the data
in the case of controlled experiments([23], [67]).

The conclusions presented in this paper with regards to the SMS have been
reached using a set of 135 studies, selected through a broad search range(both
time range and set of sources used for the search process were relatively
large) and can be expected to provide general results. Also, two different
researchers were involved in the selection process of each paper for each round
and maintained an inclusive rather than exclusive approach which minimized
the overlooking of important papers.
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5 Conclusions

This thesis revolves around the conducting of a Systematic Mapping Study
for analysing approaches in Architectural Knowledge Sharing. This type of
secondary study helps understand the state of the art and obtain a general
overview of existing research in a particular domain.

Through the search process of the SMS, 14 venues and databases were searched,
resulting in an initial list of 13796 studies. After two rounds of selection, 135
studies were finally selected based and analysed during the data extraction
phase.

After performing the data synthesis on the finally selected studies, several
conclusions emerged:

e A constantly increasing number of studies related to AKS have been
performed starting with the year 2004 until the present day

e There has been an increase in studies related to the state of the art
and industrial practices and a slight decrease in studies presenting new
approaches over the last three years which would suggest that the re-
search in the field is tending towards a more mature stage aiming to
analyse and validate current approaches

e The level of evidence presented for existing approaches is still very low,
with more than half of the approaches having a level of evidence less
than or equal to 2 and one third of approaches presenting no level of
evidence

e Studies tend to focus on descriptive approaches rather than prescriptive
ones

e Approaches are highly oriented towards the management of architec-
tural design decisions and tend to overlook other AK entities and the
relationships between them

e Studies seem to be slightly shifting their orientation from AKM and
AKS of design knowledge to rationale

e Approaches are strongly oriented towards a codification KM approach
and neglect suggested benefits of hybrid approaches

With these results in mind, the suggestions for future research would consist

of:
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e performing more studies aiming to validate and analyse existing ap-
proaches with a higher level of evidence

e including a larger diversity of AK entities in the approaches or focusing
on a singular entity but keeping in mind the relationships between that
entity and other elements

e focussing more on hybrid approaches rather than approaches which
solely reside on codification
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Appendices

A Search strings

A.1 IEEEXplore:

1 (" Abstract” :” share” OR ”capture” OR ”communicate” OR ”
documentation” OR ”document” OR ”exchange” OR ”transfer” OR 7
understand” AND ” Abstract” :” approach” OR ”strategy” OR ”
mechanism” OR ”tool” OR ”process” AND ”software architecture”
) AND ”architectural knowledge” OR ”architecture knowledge”
OR 7 architecture design” OR ”architectural design” OR ”
technical debt” OR ”architecture decision” OR ”architectural
decision” OR ”design rationale” OR ”design decision” OR ”
architecture assumption” OR ”architectural assumption” OR 7
architecture requirement” OR ”quality requirement” OR ”non—
functional requirement” OR ”architecturally relevant
requirement” OR ”architectural requirement” OR ”architectural
concern” OR 7architecture requirement”

A.2 ACM Digital Library:

1| 7 (recordAbstract:(””architectural knowledge”” , ”?”architecture
knowledge”” , ””architecture design architectural
design”” "7architectural design decision”” "7architecture

)
design decision”” , ””architecture decision”” ”

)

M 9
)

architectural decision”” ””design rationale”” 77 design
decision”” , ””architecture assumption”” , 7”7 architectural
assumption”” | 7”"technical debt”” , ”?”architecture

” ”

architectural
quality requirement””
architecturally relevant

requirement”” architectural requirement””
concern””, ””7architecture concern””, "7

"?non—functional requirement”” |
requirement””)

9

2  OR acmdlTitle:(”” architectural knowledge”” , ”7”architecture
knowledge”” |

3 ?7architecture design”” "7architectural design”” , 77
architectural design decision”” , ””architecture design
decision”” , ””architecture decision””

4 ?7architectural decision”” , 7”design rationale”” | ”7”design
decision”” |, ?”7architecture assumption”” , ””architectural

assumption”” | 77 technical debt””

)




~
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-

V]

2 ” N

architectural concern”” ,
quality requirements”” | ””non—

?7architecturally relevant

"7 architecture requirement””
architecture concern””, 77
functional requirement”” ,

requirement”” , ””architectural requirement””)) AND (
recordAbstract :(””share”” | ””capture”” | ””communicate”” | 7
”document”” | 7”documentation”” "7 exchange”” "7 transfer””
, 77understand””))

AND (recordAbstract:(””approach”” | 7”strategy”” , ””mechanism”
7 ?7%00l”” |, 7?7 process””))

AND (acmdlTitle:(”” architectural knowledge”” , ””architecture
knowledge”” ?7architecture design”” ”7architectural

design”” |
"?architectural design decision”” | 77

architecture design

decision”” "7architecture decision”” , 7”architectural
decision”” 7”7 design rationale”” 77 design decision”” | 77
architecture assumption”” , "”architectural assumption”” ”
technical debt”” |, ””architecture requirement”” v
architectural concern””, ”"”architecture concern””, 77 quality
requirement”” , ””non—functional requirement””, 77

9

architecturally relevant requirement”” architectural

requirement””) OR acmdlTitle:(””share”” , ?”capture”” , 77
communicate”” | 7”document”” , ””documentation”” ”?”exchange
” N ” N ” N ” ”
transfer”” | understand””)
OR acmdlTitle:(””approach”” | ”?strategy”” ””mechanism”” | 77
toolﬂﬂ , 7777process7777))

AND (7”7 software architecture””)”

A.3 ScienceDirect:

"pub—date > 2003 and pub—date < 2017 and tak((”architectural
knowledge” OR ”architecture knowledge” OR ”architecture
design” OR ”architectural design” OR ”architectural design
decision” OR ”technical debt” OR ”architecture design
decision” OR ”architecture decision” OR ”architectural
decision” OR ”design rationale” OR ”"design decision” OR ”
architecture assumption” OR ”architectural assumption” OR ”
architecture concern” OR ”architectural concern” OR " quality
requirements” OR "non—functional requirements” OR 7
architecturally relevant requirements” OR ”architecture
requirements” OR ”architectural requirements”) AND (”share”
OR 7capture” OR ”communicate” OR ”"documentation” OR ”document
7 OR 7exchange” OR ”transfer” OR ”understand”) AND (”approach
7 OR "strategy” OR ”"mechanism” OR ”"tool” OR ”process”)) AND (
"software architecture”) ”
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A.4 SpringerLink:

7((””architectural knowledge”” OR ”” architecture knowledge”” OR
"7 architecture design”” OR ””architectural design”” OR 77
architectural design decision”” OR ””architecture design
decision”” OR ”” architecture decision”” OR ””architectural
decision”” OR 7”7 design rationale”” OR ”” design decision”” OR
"7architecture assumption”” OR ”” architectural assumption””
OR 7”7 technical debt”” OR ”” quality requirement”” OR ””non—
functional requirement”” OR 7”7 architecturally relevant
requirement”” OR ”” architecture requirement”” OR 77
architectural requirement”” OR ””architectural concern”” OR ”
7architecture concern””) AND (””share”” OR ””capture”” OR ””
communicate”” OR ””document”” OR ””documentation”” OR 77
exchange”” OR ””transfer”” OR ””understand””) AND (””approach
77 OR 77 strategy”” OR ””mechanism”” OR ””too0l”” OR ””process”
7) AND (””software architecture””))

within English 2004 — 2016”7

A.5 Web Of Science:

TOPIC: ((”architectural knowledge” OR ”architecture knowledge”
OR 7 architecture design” OR ”architectural design” OR 7
architectural design decision” OR ”architecture design
decision” OR ”architecture decision” OR ”architectural
decision” OR ”design rationale” OR ”design decision” O
architecture assumption” OR ”architectural assumption” OR 7
technical debt” OR ” quality requirement” OR "non—functional
requirement” OR ”architecturally relevant requirement” OR 7
architecture requirement” OR ”architectural requirement” O
architectural concern” OR ”architecture concern”) AND (”share
7 OR 7capture” OR ”communicate” OR ”document” OR 7
documentation” OR ”exchange” OR ”transfer” OR ”understand”)
AND (”approach” OR ”strategy” OR ”mechanism” OR ”tool” OR 7
process”) AND (”software architecture”)) AND YEAR PUBLISHED:
(2004 —2016)

b2

”

A.6 Wiley InterScience:
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(”architectural knowledge” OR ”architecture knowledge” OR 7
architecture design” OR ”architectural design” OR ”
architectural design decision” OR ”architecture design
decision” OR ”architecture decision” OR ”architectural
decision” OR ”design rationale” OR ”design decision” OR ”
architecture assumption” OR ”architectural assumption” OR 7
technical debt” OR ”quality requirement” OR "non—functional
requirement” OR ”architecturally relevant requirement” OR ”
architecture requirement” OR ”architectural requirement” O]
architectural concern” OR ”architecture concern”) in All
Fields AND (”share” OR ”capture” OR ”communicate” OR ”
document” OR ”documentation” OR ”exchange” OR ”transfer” OR 7
understand”) in All Fields AND (”approach” OR ”strategy” OR 7
mechanism” OR ”tool” OR ”process”) in All Fields AND (”
software architecture”) in All Fields between years 2004 and
2016

b2

B Studies in final selection

Title Authors Year | Ratio-| Approach | Domain System Related

nale | name type | Ap-
proaches

capturing | ali babar, | 2005 | icl PAKME built on

and using | muham- top of

software mad and Hipergate

archi- gorton, ian (group-

tecture and jeffery, ware

knowl- ross platform)

edge  for

architecture;

based

software

develop-

ment
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pakme: a | babar, 2005 | icl Process-

tool for | muham- based

capturing | mad ali Archi-

and wusing | and wang, tecture

architec- xiaowen Knowledge

ture design | and  gor- Man-

knowledge | ton, ian agement
Envi-
ronment
(PAKME)

capturing | babar, 2008 | icl PAKME security large

and using | muham- scale

quality mad

attributes | ali and

knowledge | capilla,

in software | rafael

archi-

tecture

evaluation

process

architecture| baroni, 2014 | icl

description | alessan-

leveraging | dro  and

model muccini,

driven henry and

engineer- malavolta,

ing and | ivano and

semantic woods,

wikis eoin

crafting beecham, 2010 | icl Global

a  global | sarah Teaming

teaming and  noll, Model

model john and (GTM)

for archi- | richardson,

tectural ita and ali,

knowledge | nour
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ontology- de  boer, | 2009 | icl

driven remco  C.

visual- and lago,

ization patricia

of  archi- | and telea,

tectural alexandru

design and  van

decisions vliet, hans

experiences | boer, 2011 | icl e- distributed,
with  se- | remco c. government | large
mantic de and scale
wikis  for | vliet, hans

archi- van

tectural

knowledge

manage-

ment

embedded | capilla, 2009 | ic2

design rafael

rationale

in software

architec-

ture

intelligent | chanda, 2015 | icl ISARCS

analysis of | na- (intelligent

software gaprashanth software

archi- and liu, archi-

tecture xiaoqing tecture

rationale rationale

for col- capture

laborative system)

software
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scenario- che, meiru | 2011 | icl TVM monitoring | large-
based and perry, (triple- scale,
archi- dewayne e. view com-
tectural model) plex
design
decisions
documen-
tation and
evolution
towards cicchetti, 2016 | icl ORION
software antonio
assets and borg,
origin markus
selection and  sen-
supported | tilles,
by a | severine
knowledge | and wnuk,
repository | krzysztof
and carl-
son, jan
and  pap-
atheocharoug,
efi
the  wuse- | clerc, vik- | 2009 | ic3
fulness tor and
of  archi- | lago, pa-
tectural tricia and
knowledge | vliet, hans
man- van
agement
practices
in gsd




hans van

B Alexandra Catalina Matreata

systematic | dragomir, | 2014 | icl

archi- ana  and

tectural lichter,

decision horst and

manage- budau,

ment, a | tiberiu

process-

based

approach

topdocs: eloranta, 2012 | icl TopDocs education | small | the ap-

using v. p. and size proach

software hylli, 0. Sys- was tested

archi- and  vep- tem on top of

tecture salainen, Polarion

knowledge | t. and (appli-

base  for | koskimies, cation

generating | k. lifecycle

topical man-

documents agement
platform)

prerequisites farenhorst, | 2007 | ic3

for suc- | rik and

cessful lago, pa-

archi- tricia and

tectural vliet, hans

knowledge | van

sharing

a just- | farenhorst, | 2008 | ic2,

in-time rik and ic3

archi- izaks,

tectural ronald

knowledge | and lago,

sharing patricia

portal and vliet,
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dpmtool: garrido, 2012 | icl DPMTool
a tool for | pedro (dis-
decisions jose  and tributed
manage- vizcaino, project
ment  in | aurora and manage-
distributed | andrada, ment t0ol)
software juan  and
projects monasor,
miguel
j. and
piattini,
mario
ontology- graaf, k.| 2012 | icl ArchiMind | management large | implementaf]
based a. de and scale | of  previ-
software tang, a. ously
archi- and liang, discussed
tecture p. and Lightweight
documen- | vliet, h. Software
tation van Ontology,
uses  On-
toWiki
tool
open henttonen, | 2009 | ic2
source katja and
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