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Abstract— In software industry, expertise is fundamental to the
timely ending of projects, since tasks are solved in a more
efficient manner. The expertise of an organization exists in
people or artifacts and it is not easy to identify when required
because this information does not reside in a repository to
facilitate its management in terms of storage, consultation and
distribution. This causes uncertainty among members of the
organization to determine the appropriate expertise to solve a
project activity. The aim of this paper is to present a multiagent system that supports the expertise location in software
development. Using a knowledge flow methodology the
barriers that prevent the flow of knowledge and interaction in
software development activities were identified and using this
information the requirements were elicited. The architecture
provides information concerning the location of the
appropriate expertise to solve a problem posed by a user
making use of the artifacts and experts available in the
organization.
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INTRODUCTION

Today, organizations have a special interest in treating
knowledge as an organizational resource. This type of
resource represents a change regarding how to manage
information that generates different processes inside the
organizations. Using this information, organizations promote
the exchange of knowledge among its members, so that
through the current knowledge, it will increase and improve
their work practices in order to create organizational
knowledge. For this, organizations need to promote internal
support among members to generate and transfer knowledge
that will later help with better decision making [1].
According to [2], knowledge can be found in persons
(individual or group) and artifacts (e.g., business practices
and daily routines, technologies, physical or digital
documents repositories, such as books, manuals, videos, and
so on) by which it can produce wealth, multiply the
production of physical goods, and create competitive
advantage [3][4]. New knowledge always stems from an
individual in the organization, so that knowledge passed
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from individual to organizational. This means, an
organization cannot create knowledge without an individual
initiative and the interaction that occurs within teams.
Knowledge can increase or consolidate in the group through
dialogue, discussion, exchange of experience and
observation. So the members of an organization generate
new points of view through dialogue and discussion. This
dialogue can include considerable conflicts and
disagreements, but it is precisely such conflict that pushes
employees to question existing premises and give new
meaning to their experiences [5].
In many situations, when developers encounter
difficulties with an activity, they usually searches for
knowledge. This is because the goal is to find the expertise
(better quality knowledge) to solve the problem or the
difficulty, demanding a greater degree of knowledge [6].
This article addresses the problem to locate the appropriate
expertise to solve problems in an organization, particularly in
software development. This is, because the software industry
generates different type of artifacts during the development
process (e.g., system requirements, modules, components
software, manuals, etc.) and such artifacts are connected or
related to the creator/s (programmer, software architect,
analyst, etc.) [7]. During the activities of software
development, project activities are distributed to members of
the working group and they work individually, at a certain
times come together to integrate their products to achieve the
project deliverables or artifacts. For this, they require
existing expertise in the organization so they turn to their
colleagues to share knowledge in order to solve obstacles.
So, the challenge for these organizations is to obtain
adequate expertise in a timely manner in order to maintain
the competition level of the company to win more contracts
and fulfill their commitments on time with customers, and
for this the organization requires its members to be effective
in generating artifacts [8].
In software development, a lot of knowledge can be
shared among members of development either between
analysts and programmers or between programmers and
testers, but much of this knowledge remains tacit and
depends heavily on the interaction between members to
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obtain or share that knowledge. This, combined with the
global trend of the software industry [9] placing the different
team members working in different geographical locations,
limited to communication [10] and activities coordination
[11], which is reflected in misunderstandings, errors and
waste of resources [12]. Therefore, the main objective of this
article is to design and model an agent based system to
support the localization of expertise in the development of
software architecture, which makes use of existing
knowledge and experience, so that, in this way, they can
anticipate problems, innovate and generate new knowledge
between the working groups and could potentially help these
organizations to improve their development process. The
remainder of the paper is organized as follows Section II
outlines the related work, after which, in Section III, the
phases of the methodology used in this work are described.
Section IV explains the multi-agent architectural propposal
and describes the process of expertise location. Finally,
Section V presents our concluding remarks and the
directions of our future work.
II.

RELATED WORK

The location of expertise in software development is a
complex and little discussed issue, since there is a tacit
knowledge in people. In order to acess that knowledge,
software engineers generally interact with each other to find
out who is the best person to answer any questions or help
with a project task. For this, efforts have been made to
manage the location of expertise by using an agent-oriented
approach, as in [13], where a multi-agent architecture
designed to manage information and knowledge generated
during maintenance of software is presented, using Web
technologies to support interaction between players using
different reasoning techniques to generate new knowledge
from prior information and learning from their own
experience. This reasoning is based on the different cases
that happened in a previous project or previously in the same
project, as well as the experience documented by the
stakeholders. Another proposal that works with the agentoriented paradigm [14] presents an initial implementation of
a system that works with agents that help localization
expertise (experts) under the theme ‘Java programming
language’, where agents are responsible for scheduling
appointments for the exchange of knowledge, proactively
detecting when help is needed, providing additional
information during the interaction and adjusting their own
mechanisms of profiles according to user feedback.
Systems that focus to a particular kind of knowledge
(artifacts) have also been developed, such as BluePrint [15],
which describes the design, implementation and evaluation
of a web search interface integrated with the development
environment Adobe Flex Builder that helps users locate code
examples of previous projects using keywords (e.g.,
programming language, framework, class name and/ or
method). SNIFF [16] works with the location of artifacts,
which facilitates the search for existing libraries through a
plugin for the Eclipse development environment for Java
programming language. It is based on the premise that
libraries are fine match documented facilitating the search
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for the library with the available domain Java programming.
Similarly, Exemplar [17] is a tool for searching software
projects of great importance for source code reuse. It uses the
keywords and the words in the description of the project to
infer on the needs of the user.
Finally, there are many works about locating the
knowledge of the people (experts), such as QuME [18],
which is a prototype of a personalized Web interface for
users of online communities requiring help with Java
programming language. It has a mechanism to infer the level
of knowledge of a java programming language user,
calculated using parameters such as the questions being
asked in the forum, the response frequency, the keywords in
the user profile and other aspects that help determine the
level of expertise of person. Expertise Recommender [19] is
an experts recommendation system using a general
recommendation architecture based on a study of location
field experience, which is adjusted according to the needs of
the user and the field of the related experts. This work has
led to locate the level of knowledge of people based on
specific parameters and the history of knowledge that has
been shared in a specialized forum.
This section shows how researchers have made many
efforts to locate the expertise in software development
environments. These studies have suggested reasoning to
generate new knowledge from a knowledge base. They have
also proposed software platforms to locate artifacts in
development projects and systems to allow the location of
experts on specific topics. However, none of the works we
studied has integrated artifacts and experts. These works are
limited to collecting the knowledge for use at a particular
time, without sharing it, so that no one else can access it later
or find out who is the supplier. The most cited papers collect
the individual expertise of users but do not integrate and
share it to make it accessible to all developers in an
organization. This is a key element, since software
development experience is an important factor for on-time
deliveries, as highlighted in [2]. It is important to support the
reuse of organizational knowledge [6].
III.

KNOWLEDGE FLOW IDENTIFICATION

To identify barriers to the flow of knowledge and
interaction in software development activities KoFI
Methodology (Knowledge Flow Identification) [20][21] was
used. This methodology consists of four phases. Phase 1
consists in the identification of different sources that
generated or stored knowledge; Phase 2 identifies the types
of knowledge used and generated in the main processes of
the organization, while Phase 3 identifies how knowledge
flows within the organization. Finally, Phase 4 consists in
identifying the main problems that hinder the flow of this
knowledge.
This methodology identified the sources of knowledge,
knowledge entities that are used in the activities of these
organizations, how knowledge is distributed and the
problems that arise during the activities of the members in
order to solve their doubts or complete their deliverables.
This methodology helps the elicitation of the requirements
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A. Phase 1: Knowledge Sources
The sources of knowledge that exist in software
development organizations were validated through a focus
group. This focus group was aimed at knowing how workers
of software development perform expertise search and how
they manage their knowledge, in order to validate whether
the sources of knowledge that are listed in the software
engineering literature are consistent with the daily developer
activity. The focus group was held on the premises of the
software company UXLAB [22] and lasted 90 minutes. The
group involved 11 members of the organization, 7
developers and 4 designers. The focus group subjects were
asked how they obtain knowledge individually, where they
stored it, how they transfer it and how they infer the level of
expertise of a colleague. The result of this phase is
summarized in Table I.
TABLE I.
Sources
Artifacts

Persons

activity. Once a developer finds an expert, they exchange
Knowledge Exchange.
TABLE II.
Scenario

KNOWLEDGE REPRESENTATION

Characteristics

Knowledge necessity

Individual
Knowledge
Transition (tacit to
explicit)

Direct
Knowledge
Exchange

Indirect

SOURCE KNOWLEDGE

Description
Bookmarks: When developers find a place of interest or it
helped them to solve a problem, they usually save the
address in the browser.
Projects: Developers usually save previous projects source
code for reuse in some cases.
Manuals: In some cases the acquired knowledge is stored as
a user manual.
Official documentation: In some cases, developers often
visit the official site of some technology to obtain
information about it.
Developers often seek experts, people with some degree of
knowledge of a specific topic or area that could be
particularly useful to solve some problems presented by
development activities, so it involves all people within the
organization represent a source of knowledge.

Expert Search

Expertise Level

Representation
Forums
Official Documentation
Video Tutorials
Bookmarks
Projects
Format
Author
Thema
Folder name
Notes
Language
Source
Training courses
Advisery
Keywords
Bookmarks
Web sites
Manuals
Experience
Work area
Availability
Programming
languages
Recommendations
Contributions

C. Phase 3: Knowledge Flow
The flow of knowledge to locate expertise starts with a
developer that needs to acquire new knowledge to solve any
difficulties in an activity. Then he/she choose between doing
a search in artifacts or search for an expert.

B. Phase 2: Knowledge Topics
In order to categorize and organize knowledge identified
in software development organizations a plot showing the
three scenarios in which the expertise is involved (see Table
II) was performed.
The scenario of Individual Knowledge is characterized by
a knowledge necessity, this consists of a developer looking
for information on forums, official documentation and in his
own bookmarks. Once the developer finds useful
information, the transition (tacit to explicit) starts. This
happens when the developer stores this information.
The scenario Knowledge Exchange is characterized by
the way knowledge is transfered, which can be obtained
through training directly with an expert (e.g., advice and/or
training) or indirectly performed by using some explicit
action recommended by experts (e.g., manuals, specialized
forums, etc.).
Finally, the scenario Expert Search relates to the
identification of the experience and knowledge that
colleagues have about a particular query to acquire new
knowledge or solve an obstacle concerning any work
Figure 1. Knowledge Flow Activity Diagram.
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In the case of choosing a search of artifacts, searches
should be performed in all available artifacts (pages,
manuals, videos, reused code). When an artifact is found it
is checked whether this helped achieve the objective or still
need to find more artifacts. If not necessary to search for
more artifacts then the objective was met, otherwise, the
search for more artifacts continues. An artifact may suggest
to seek expert help. In the case of choosing an expert search,
start looking for experts with the degree of knowledge to
solve the difficulty presented in the activity. Once an expert
is found, one needs to check their availability to start an
interaction with the expert. Later, one must check if expert
consultation was sufficient or if there is a need to
consult another expert. It may also happen that an expert
suggests the consultation of an artifact. If the objective was
fulfilled, the process ends (see Figure 1).
D. Phase 4: Problems in the Knowledge Flow
With the information obtained from the focus group, it
was possible to identify the problems that prevent the
distribution of knowledge in the activities of support
software localization expertise. These are:
1)

2)

3)
4)

Administration of the artifacts (individual or
group): In some cases, the knowledge supplier is
known, but one does not have access to its artifacts
(e.g., blogs, manuals, reused code).
Management Experts: Sometimes it is difficult to
find the person with the appropriate level of
expertise to consult if there is any doubt on how to
solve a problem or to perform an activity.
Availability of the Experts: In some cases, it is not
known if the expertise or expert is available to the
person who needs them.
Timely resolution of difficulties: In some cases, a
lot of time is wasted in finding expertise that does
not have the knowledge needed to solve an issue.
IV.

SUPPORTING EXPERTISE LOCATION

With the information obtained from KoFI methodology,
it was possible to elicit the system requirements for the
expertise location (see Table III). With these requirements, a
model of a multi-agent architecture is needed. This multiagent system is composed of virtual modules each dedicated
to managing artifacts and experts within the organization.
TABLE III.

EXPERTISE LOCATION REQUIREMENTS

Requirements
R1. The system will have an interface where an information query can
be performed and also new knowledge can be registered.
R2. The system is responsible for capturing new knowledge repositories
and will perform searches of users.
R3. The system is responsible for making decisions to find the best
resources for the user according to their needs.
R4. The system is responsible for making the calculation of potential
experts that have the knowledge and availability to provide knowledge
to the user.
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The purpose of ExLoc (Expertise Location) system is to
provide appropriate resources to the users needs, collect all
the knowledge that is available within the organization,
provide contact information with experts who can help solve
some problems. There are 4 basic ExLoc agents: User Agent
(UA), Central Search Agent (CSA) and Fuzzy Expert Agent
(FEA). Working together for expertise location, either to
capture or search (see Figure 2).

Figure 2. ExLoc Architecture.

The CSA Agent receives the search parameters sent by
the UA Agent. For example, when a user needs to know Web
backend programming, in PHP language to make a database
connection in MYSQL, this parameters trigger a set of rules
to identify artifacts or experts who have knowledge related to
the search. Later the results of this process are sent to the UA
agent presented as a list of reources to the user. The CSA
Agent sends a series of actions that the user can perform to
satisfy their need for knowledge. At the end of this process
the systems ask the user if such knowledge was useful for
him, using a ranking score to mark the usefulness of the
resource in the case of those who have been helpful to the
user. The results of this questions are used to update the
knowledge repositories.
A. User Agent (UA)
The main objective of User Agent (UA) is to provide the
user an interface that allows to search expertise, as well as
to capture new knowledge.
Task (R1)
• Receive data capture of the new knowledge
• Perform Search of expertise
• Send the information to the Central Search Agent
(CSA)
• Update repositories
There is an UA which interacts with each user allowing
customization of searches through the interest or the history
of users. Each UA communicates with the CSA, so that, it
sends alerts or actions performed by the user and also
receives the information obtained as a result of these actions
and later shows it to the user.
B. Central Search Agent (CSA)
The main objective of CSA is to act as an expert in
expertise location strategies in software development.
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Task (R3)
• Decision making
• Run the search or capture
• Distribute knowledge
There is a CSA around the multi-agent system
responsible for processing all actions and inferring what is
the best option according to user needs.
The CSA Agent receives as input the user query.
According to the need of the user, the CSA Agent creates a
strategy to search in the knowledge base (KB) of artifacts
and experts for the right tools to support the user. The CSA
has an inference engine that interacts with the artifacts and
experts KB. Next we describe the inference engine.
The knowledge base (KB) contains all the knowledge of
the artifacts and the experts respectively. The system starts
with the knowledge provided by the registered users.
Through the use of such knowledge, this will increment. The
semantic network of Figure 3 represents the knowledge. The
expert system can search the expertise in any of two
knowledge repositories: the artifacts contain knowledge from
a number of tutorials, papers, web sites and forums. Such
knowledge is classified as in the previous example where the
platform was web, type backend, language PHP and the
subject was a database connection in MYSQL. Then, the
classification of the expert knowledge includes the project
where the expert is currently working, experience of topics
the expert has been working on (e.g., Android Projects, Web
pages etc.), the schedule of the user to know if the expert is
available and the personal data.

the CSA. The inference engine uses the expertise stored in
the knowledge base to support in the decision making
process.

Figure 4. Inference Engine

C. Fuzzy Expert Agent (FEA)
FEA has the main objective to make the calculation of
available experts who could help the user based on the
requirements of the problem.
Task (R4)
• Finding the right persons according the user needs
There is a FEA responsible for calculations of the experts
using the repository with information from members of the
company. Later, candidates found are sent to CSA.
V.

This article addresses the issue of expertise location in
the software development with a multi-agent system that
makes use of the experts and artifacts available in the
organization. Because of that, both artifacts and experts play
an important role, since, in some cases, there is not enough
knowledge stored in the system, but some expert may be able
to help and an artifact can lead to such an expert. The
requirements of the system were elicited with the
information obtained from the KoFI methodology. This
methodology was used to know the sources that are located
in the software development software, and the topics or the
way they store and transfer. Then, with this information, the
knowledge flow was built, to identify the problems that the
developer currently faces.
As future work, we intend to work in the semantic
network presented as the basis of a language through wich
the agents will comunicate. Also, we intend to extend the
functionality of CSA and FEA to interact with a wider range
of knowledge and perform the validation of ExLoc in the
work context of software development.
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