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Abstract
Human resources play a critical role in the success of software projects. Ensuring the correct assignment of them to a specific
project is, therefore, an immediate requirement for Software development organizations. Within this context, this work explores
the use of ontologies in the building of a decision support system that will help human resources managers or project leaders to
select those employees who are best suited to participating in a new software development project. Ontologies allow the system to
discover semantic relatedness among new and previous software projects by means of its requirements specification. The system
can, therefore, suggest those people who have participated on similar projects. We have proved the effectiveness of our approach
by conducting an evaluation in a software development organization. Our findings confirm the success of our approach and reveal
that it may bring considerable benefits to the software development process.

Keywords
Software project; ontologies; semantic indexing; assigning human resources

1. Introduction
The need for software development process improvement has always existed in the industry, but it has become even
more pressing within the current economic context since software development organizations are increasingly
demanding better practices that consider not only factors such as budget and time, but also the competencies of its
personnel. The term competence refers to the state or quality of being adequately or well qualified [1]. Human resources
play a critical role in software project success [2,3]. Hence ensuring the correct assignment of them to a specific
software project is an immediate requirement in which software development organizations must put special attention.
Nowadays, software development teams are formed on the basis of human resources manager’s experience about
people, constraints (e.g. availability), and skill requirements, but this experience is not systematically recorded [4]. This
practice becomes more complex and even impossible in big organizations and SMEs (Small and Medium-sized
Enterprises) because of the number of available employees.
A software development process can be defined as an environment of capable interrelated resources managing a
sequence of activities using appropriate methods and practices to develop a software product that conforms to
customer’s requirements [5]. Software development process involves several activities such as requirement analysis,
software design, implementation, testing, integration, deployment, and maintenance. Software requirements
specification (SRS) is one of the keys to success in software development. An SRS is a description of a software product
to be developed. It establishes the basis for an agreement between customers and suppliers on what the software product
will, and, if necessary, will not do [6]. The SRS document enlists enough and necessary requirements that are required
for the project development [7]. Hence, based on this document it is possible to determine what are the technological
knowledge and skills that a person must have to be integrated into the development team in charge of a project.
Semantic Web aims to provide to Web information with a well-defined meaning and make it understandable not only
by humans but also by computers [8]. In the Semantic Web, the ontologies are the fundamental technology for domain
modelling. An ontology is a formal and explicit specification of a shared conceptualization [9], i.e. it provides a formal,
structured knowledge representation, with the advantage of being reusable and shareable. This knowledge is mainly
formalized through five kinds of components, namely classes, relations, attributes, axioms, and instances. The

ontologies have been successfully applied to numerous domains, including finances [10], question and answering [11],
human perception [12], and cloud services [13], among others.
This work presents an ontology-based decision support system capable of automatically suggesting the human
resources who are best suited for participating in a new software development project. This system uses ontologies to
model the domain where it will be implemented, thus allowing to formalize both the software requirements specification
and the personnel competencies. In this way, the proposed system is able to recommend personnel that best fit with the
software requirements specification, based on the semantic relatedness among them.
The remainder of this paper is organized as follows. Section 2 outlines the state of the art of technologies involved in
this work. The components that take part in the system proposed and its overall architecture are described in Section 3.
In section 4, a use case scenario in the software development domain is presented. Finally, conclusions are forward in
Section 5.

2. Related work
Nowadays, there are prominent efforts to provide systems that assist the process of assignment of human resources to
software projects. For instance, in [4] presents a formal model for assigning human resources to software projects based
on the Delphi method, an expert consultation method whose essence is to organize an anonymous dialogue among
experts consulted individually by means of questionnaires. This method was applied to determine the criteria for
selecting experts and to draft a proposal of fixed roles and competences required to tackle software projects. The work
presented in [14] proposes a methodology to assign resources to tasks when optimum skill sets are not available. This
methodology considers existing capabilities of candidates, required levels of expertise, and priorities of requires skills
for the task. In [15], the authors present a release planning method for developing software incrementally. This method
assigns human resources based on their productivity executing different kinds of tasks. However, this method is only
applicable in mature software organizations that have well-defined and measured processes. Another work [16]
proposes a flexible and effective model for software project planning, this model is based on an event-based scheduler
(EBS) and an ant colony optimization (ACO) algorithm. The proposed model represents a plan by a plan list and a
planned employee allocation matrix to consider task scheduling and employee allocation. The work presented in [17]
propose a methodology based on dynamic programming, to assign human resources to software development projects.
This methodology considers the complexity of each project, the existing capabilities of staff and the skills required for
the project. In [18] the authors present an optimisation model to address the problem of assigning project work to multiskilled internal and external human resources while considering learning, depreciation of knowledge and company skill
level targets. In [19] authors developed a method to select the proper set of human resources to form a software
development team to complete the project at minimum cost and cycle time. The proposed method uses Taguchi’s
parameter design approach and the critical resource diagram (CRD), which focuses on resource rather than activity
scheduling. The method considers the technical skills (these were estimated as average numbers of software lines of
code per day) and the salary of the candidates. On the other hand, there are works focused on the topic of roles. For
example, in [20] the authors stated the importance or roles in human resources assignment. They propose a role-based
software engineering process using primitive roles. Furthermore, they developed a prototype tool to dynamically add,
specify and modify roles. In the same context, in [21] the author proposed a human resources management process for
software development projects based on the reuse of organizational knowledge of competences and previous role
assignments. According to this process, the project leaders assign people to each project task considering the defined
profile.
The works above propose a variety of solutions to the human resources assignment problem. All these works have in
common that they somehow consider the employees’ competencies in the human resources assignment. However, none
of them take into account the previous participation of the employees in similar software projects. The research effort
presented in this work provides a decision support system that aims to assists human resources managers to assign the
workers who are best suited for participating in a new software development project. This system has been designed to
take advantage of well-known XML vocabularies to describe the personnel competences as well as their experience on
previous software projects. Furthermore, our approach integrates semantic technologies, more specifically ontologies, to
relate the information resources used by the system (personnel profile and SRS documents) and then be able to suggest
personnel based on their previous participation in similar projects. In the following sections, the architecture design and
component functionality of the present approach are described in detail.

3. System architecture
The main goal of the decision support system proposed here is to assists in the human resources assignment to new
software development projects. The architecture of this system relies on four main elements: information resources
(SRS documents and employees’ profile), ontologies repository, semantic indexing module, and the decision support
module. Figure 1 shows the complete architecture of the system.
In a nutshell, the system works as follows. Firstly, a semantic profile of each employee of the organization is
generated. This profile includes, among other things, information about the employee’s experience in previous software
development projects. Then, SRS documents of previous projects are semantically annotated by the semantic annotation
module. For this purpose, the ontological model describing the ICT domain is used. Based on the annotations generated,
the semantic indexing module creates a semantic index by using the vector space model. This semantic index is stored in
a database. Once the information resources have been processed, the system is able of automatically suggesting the
human resources who are best suited for participating in a new software development project.
When a new project is generated and its corresponding SRS document is created, this last annotated by the semantic
annotation module. Then, the projects similarity module generates a vector representation of the SRS document from the
resulting annotations. This vector is compared to the ones stored in the database by using the cosine metric. The
previous task aims to obtain the most similar software projects to the new one. Once these projects have been selected,
the HR suggesting module obtains all employees that have participated in those projects. Finally, this module ranks the
employees obtained and suggests those ones that best fit with the software requirements specification provided.
Next sections provide a description in detail of each component of the architecture, as well as its main contribution.

Figure 1. System architecture.

3.1. Information resources
The information resources used by our system are the SRS documents and the semantic profile of each person that could
has the responsibility to execute work units along software development process. The SRS documents used in this work
are based on requirements specification standards, specifically IEEE [22,23]. Regarding the employees’ profile, we
established a semantic profile for describing it, stressing the knowledge and skills of employees on software
development technologies as well as their experience on previous software projects. The SRS document and the
employees' semantic profile are described in detail below.
3.1.1. SRS documents
The SRS are represented textually through documents organised according to the IEEE Recommended Practice for
Software Requirements Specifications [22] and the IEEE Guide for Developing System Requirements Specifications
[23]. The SRS document used in this work consists of several sections with its corresponding subsections. However,
next we present a general description of five main sections:

(1) Introduction. This section should provide an overview of the entire SRS. Also, it must identify the software
product by name, explain what the software product will, and, if necessary, will not do, describe the benefits,
objectives and goals, among other issues.
(2) Overall description. It should describe the general factors that affect the product and its requirements. It
provides a background regarding product perspective, functions, user classes and characteristics, operating
environment, design and implementation constraints, and assumptions and dependencies.
(3) External interface requirements. It should provide information related to user interfaces, hardware interfaces,
software interfaces, and communication interfaces.
(4) System features. It should contain all software requirement to a level of detail sufficient to enable designers to
design a system to satisfy those requirements, and tester to test that the system satisfies those requirements.
This section can be organized by use case, mode of operation, user class, object class, functional hierarchy, or
combinations of these.
(5) Other non-functional requirements. This section describes performance requirements for the product under
various circumstances. This section includes information regarding security requirements, software quality
attributes, and business roles.
The SRS document should be produced such way that all the participants can understand it. Furthermore, it is the
basis for all other activities of development and its quality is fundamental for the project success [24]. On the basis of
this understanding, we believe that this document is crucial for determining the human resources who are the best suited
for participating in a specific software development project since it describes all requirements through concepts that
make reference to technologies and markets in which the organization employees must be competent.
3.1.2. Employees’ profile
The semantic employees’ profile aims to describe the competencies of the organization personnel emphasizing in their
knowledge and skills regarding software development technologies as well as their experience on previous software
projects. Nowadays there are RDF schemas and XML vocabularies that helps to describe curriculum vitae. For instance,
the ResumeRDF [25] is an ontology developed to express information contained in a personal resume or curriculum
vitae on the Semantic Web. This ontology allows describing the courses, education, language skills, work history,
among other things. Another example is FOAF (Friend of a Friend) [26], a widely accepted standard vocabulary for
information about people and their social connections. FOAF contains terms for describing personal information,
membership in groups, and social connections.
Although these approaches represent a great effort to address the competencies description issue, the vocabulary
proposed by them is insufficient for the objectives of this work. For example, these vocabularies do not consider
technological skills, business markets skills, or the experience in previous software projects within a specific
organization. Because of this understanding, an RDF schema has been proposed by extending the vocabulary provided
by the XML vocabularies above presented. The main objective of this RDF schema is to improve the semantic
description of employees’ competences within the context of software development. In Figure 3, an example of
employee’s competencies description by using the RDF schema proposed in this study is shown. In summary, the
semantic employees’ profile describes the language, technology and markets skills, the education, courses, and the
projects in which he/she has been involved.

Figure 2. Excerpt of the employees’ profile.

3.2. Ontologies repository
The decision support system proposed in this work requires a formal representation of the domain where it will be
implemented. In this sense, the ontologies repository stores all ontological models that will be used by the semantic
annotation module to perform its corresponding tasks. To achieve the main goal of this work, an ontology describing
Information and Communications Technology (ICT) has been designed and implemented using the OWL 2 Web
Ontology Language [27] and the Protégé software [28]. Next, this ontology is described.
3.2.1. ICT’s ontology
This ontology offers a common vocabulary for the ICT domain. The ICT is a term that includes any communication
device, application, as well as the services associated with them that enable users to access, store, transmit, and
manipulate information in a digital form. The design and development of this ontology are based on the work presented
in [29] which involves the use of the Wikipedia website as the main information source. Wikipedia is a multilingual,
web-based, free-content encyclopaedia project based on a model of openly edit content, i.e., it is written collaboratively
by the people who use it. We have performed a concepts’ extraction process taking advantage of the categorization
function in Wikipedia. This process results in an ontology consisting of 2134 concepts that form a hierarchy that can be
used by different kind of applications or tasks. Furthermore, this ontology contains 155 object properties and 39
datatype properties. The terms contained in this ontology enable to describe software development industry-needed
skills through different areas such as software engineering, web programming, databases, mobile development, to
mention but a few. Figure 3 shows an excerpt of the ICT’s ontology with some of the generic terms contained within it.

3.3. Semantic indexing module
3.3.1. Semantic annotation
The information resources on which relies the semantic indexing module are the SRS documents and the personnel
semantic profiles. Firstly, the SRS documents are processed by means of natural language processing (NLP) techniques
to obtain a set of semantic annotations in accordance with the ontologies stored in the ontologies repository. The goal of
this process is to align a resource, in this case the SRS document, with a description of some of its properties and
characteristics with respect to a formal conceptual model [30], in this case, the ICT’s ontology. This alignment will

allow the decision support module to found semantic similarities between the software projects and between these
projects and the personnel’s profile. The semantic annotation process is performed using the GATE framework [31], an
infrastructure for developing and deploying software components that process human language.

Figure 3. Excerpt of the ICT’s ontology.

3.3.2. Semantic indexing
Once information resources have been semantically annotated, this module assigns a weight to the annotations aiming to
reflect how relevant the ontological entity is for the SRS document meaning. The weight assignment is fundamental to
computing semantic relatedness among the information resources involved in this work, thus allowing the decision
support module to suggest personnel selection that best fit with a specific software project. This process is based on the
work presented in [32] which provides an adaptation of the classic vector-space model [33]. In this approach, weights
are computed automatically by an adaptation of the TF-IDF algorithm [33], based on the frequency of occurrence of the
ontological entity in each SRS document. More specifically, the weight of each ontological entity is computed by using
equation 1.
(𝑡𝑓 − 𝑖𝑑𝑓)𝑖,𝑝 = ∑

𝑛𝑖,𝑝
𝑘 𝑛𝑘,𝑝

∗ log

|𝑃|
𝑁𝑖

(1)

where ni,p is the number of occurrences on the ontological entity i in the SRS document p, ∑k nk,p is the sum of the
occurrences of all the ontological entities identified in the SRS document p, |P| is the set of all SRS documents, and Ni is
the number of all SRS documents annotated with i.
The annotations weighting process used until now considers only those ontological entities that explicitly appear in
the SRS documents. To enrich the semantic meaning of these documents, we use an extension of the algorithm above to
consider not only those entities that explicitly appear in the text description but also those ontological entities that have a
taxonomic relation with the first ones. This extension has been implemented using the Dijkstra's algorithm [34] which
allows finding the shortest paths between nodes in a graph. In this case, Dijkstra's algorithm is used to determine the
distance between two classes of the ontology based on the taxonomic relations of them. Therefore, this module also
assigns a weight to those ontological concepts whose distance with respect to the annotated concept is less than 2. More
specifically, the weight of this kind of annotations is computing through equation 2.
𝑣𝑖 = ∑𝑛𝑗=1

𝑡𝑓−𝑖𝑑𝑓𝑗,𝑝
𝑒 𝑑𝑖𝑠𝑡(𝑖,𝑗)

(2)

where dist(i,j) is the semantic distance between concept i and concept j in the domain ontology. As has been
mentioned earlier, the distance is calculated considering the taxonomic relations between concepts, i.e., the relations of
type subclass of. Thus, the distance between a concept and itself is 0, the distance between a concept and its taxonomic
parent or child is 1, and so on and so forth.

3.4. Decision support module
The decision support module benefits from the vector representations of information sources used in this work to
suggest the personnel selection to a new software project considering the semantic relatedness among them. In this way,
when a new software project is created, it is necessary to establish its requirements by means of the SRS document.
Once this resource is created, the semantic indexing module process the SRS document to obtain a vector representation
of it by means of equation 2. From such vector, this module suggests human resources for participating in that project.
To this end, this module needs to rank all employees existing in the knowledge base for finding the most appropriate
ones, considering their participation in similar software projects. This process consists of two main tasks: measuring the
similarity between software projects and obtaining personnel suggestions. Next, these tasks are explained in detail.
3.4.1. Projects similarity
It is possible that a great number of software projects within an organization might be focused on the same topics, hence
they can have certain similarity degree. Based on this fact, the aim of this module is to compute the similarity level of
the new project with previous projects. In this work, the evaluation of the correlation between software projects
considers both the semantic information and annotations previously retrieved by the semantic indexing module and the
vector representation of the SRS document of the new project. Therefore, the semantic similarity of software projects is
calculated comparing their vectors in the space by using the cosine metric [35] which is commonly used to determine
the similarity of documents in the vector space model approach.
The cosine metric calculates the similarity value between the vectors representing the new project and each previous
project. It should be remembered that these vectors are calculated by using equation 2. Having said this, semantic
similarity is computed using equation 3.
𝑠𝑖𝑚(𝑃, 𝑃′ ) = 𝑐𝑜𝑠𝜃 =

𝑃 𝑥 𝑃′
|𝑃| 𝑥 |𝑃′ |

(3)

where P is the vector representation of the new software project, and P’ is the vector representation of a software
project already stored in the system. The θ symbol is the angle separating both vectors and it represents the degree of
similarity between them. In this case, the cosine similarity between two software projects ranges from 0 to 1, since the
term frequencies (tf-idf weights assigned to each ontological entity by the semantic indexing module) cannot be
negative. When two software projects are very similar their vectors overlap, and when they have less similarity, their
vectors start to diverge, i.e., there is a bigger angle between them.
As we can see, equation 3 helps to determine the similarity between two software projects. However, it is necessary
to obtain the similarity level between all projects stored in the system. To achieve this aim, the present module obtains
all these similarities rates and stored them in a matrix called Project2Project matrix. Figure 4 provides a representation
of this matrix, where each simi,j is a float number that represents the similarity between the projects i and j.

Figure 4. Software projects similarity matrix.

3.4.2. HR suggesting
The second task performed by the decision support module consists in suggesting people that can be involved in the new
software project in accordance with their experience in previous projects. With this aim, this module obtains, from the
Project2Project matrix, the most similar projects to the new one based on a threshold. To calculate this threshold, we use
the statistical method of percentile (deciles, quartiles, etc.). The percentile indicates the value of a variable (in this case,
the similarity rate) below which a given percentage of observations in a group of observations fall. In this case, this
module estimates the threshold value as the similarity rate that separates 80% of the levels of similarity, represented by

P80, i.e. the similarity rate that cuts apart 80% of the software projects, leaving the other 20%, which represents
meaningful similar projects. Percentile is calculated by using equation 4, which was presented in [36].
𝑘=

𝑝𝑥𝑛
100

(4)

where k is the position corresponding to the similarity rate that separates the sample (in which the similarity rates are
sorted in ascending order) in p percentile, p represents the percentile we are looking for, and n represents the sample
size.
Once the set of similar software projects has been obtained, it is necessary to obtain all participants of these projects.
This module obtains such data from the ontology repository by means of SPARQL queries. Having obtained this
information, the system needs to associate a score with each person aiming to determine the personnel that best fit with
the new software project. Hence, the score of each person is obtained by summing the similarity rates of the most
similar projects in which he/she has participated, which were previously obtained by means of the percentile measure.
This algorithm is shown in equation 5.
𝑝𝑒𝑜𝑝𝑙𝑒𝑆𝑐𝑜𝑟𝑒(𝐴, 𝑃) = ∑𝑤𝑜𝑟𝑘𝑒𝑑𝐼𝑛(𝐴,𝑃𝑖 ) 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑆𝑖𝑚(𝑃, 𝑃𝑖 )

(5)

where projectSim(P,Pi) refers to the similarity rate between the new project (P) and one of the most similar projects
(Pi).
Finally, all employees are sorted by their score. Furthermore, for each person, the system provides information
concerning the projects he/she has worked on, as well as the roles that he/she has played in those projects. To prove the
effectiveness of the approach presented in this work, we conducted an evaluation, which will be explained in the next
section.

4. Case study
4.1. Method
In this work, we have evaluated our proposal aiming to measure its effectiveness regarding software project similarity
measurement and assignment human resources to Software projects. To this end, our system was implemented in a
software development SME which offers solutions and services for different markets such as public administration,
healthcare, finance, among others. This organization is characterized by the use of agile methodologies attached to
international software development standards such as the IEEE recommendations mentioned in previous sections. The
overall evaluation process is described below.
To obtain the semantic meaning of all information resources to be used by the system, it is necessary to have a formal
representation of the domain where it will be implemented. Considering that a great number of software projects
developed by the SME under consideration relies on the domain of ICT, we have used the ontology presented in section
3.2.1.
The software development processes followed by the organization are attached to international standards which allow
the organization to provide their clients high-quality software products and services. Among the standards used by this
organization are the IEEE recommendations for requirements specification. Therefore, the SRS of each project follows
the document template presented in section 3.1.1, a practice that the organization has used for many years. As was
explained in that section, this template includes all information related to different kinds of requirements such as
functional requirements, software system attributes, external interfaces requirements, to mention but a few. Around 50
SRS documents within the ICT’s domain were processed by the semantic indexing module in order to represent each of
them through vectors, as well as to create the Project2Project matrix, which contains the similarity rates between all
projects.
Personnel information related to their experience on previous software projects within the organization was
represented by means of the semantic profile presented in section 3.1.2. Also, this information was stored in the
ontology repository, which was implemented using Virtuoso [37], an SQL-ORDBMS and Web Application Server that
provides SQL, XML, and RDF data management. A total of 38 profiles were introduced into the system. It should be
mentioned that an average of 7 people was involved in each project.
Once all information resources have been introduced, the experiment took place. Then, 10 new software projects
within the context of ICT were proposed and described by means of the SRS document template. Then, human

resources managers of the organization manually selected, by each new project, the most related projects as well as the
personnel that best fit with the project. Finally, the set of selected projects and the personnel suggested by the experts of
the organization were compared to the results obtained automatically by our system. In this evaluation, we used the
primary metric precision, recall and their harmonic mean, known as the F-measure. These alternative metrics of interrater agreement have been applied by researchers in the context of information retrieval [38].
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑟𝑒𝑐𝑎𝑙𝑙 =

𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑠𝑢𝑔𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝑠

(6)

𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑔𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝑠

𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑠𝑢𝑔𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝑠

(7)

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑖𝑡𝑒𝑚𝑠

𝐹 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 = 2 ∗

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛∗𝑟𝑒𝑐𝑎𝑙𝑙

(8)

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛+𝑟𝑒𝑐𝑎𝑙𝑙

The precision metric refers to the proportion of suggested items (software projects or personnel) that the system
classified as relevant. This score was obtained by dividing the number of correct suggestions obtained by the system by
the total suggestions obtained by the system. The recall metric refers to the proportion of relevant items retrieved by the
system. This score was obtained by dividing the number of correct suggestions retrieved by the system by the total
number of items suggested by the experts of the organizations. Finally, the F-measure score is the weighted average of
the precision and recall. It represents twice the product of precision and recall divided by the sum of precision and
recall; F-measure score reaches its best value at 1 and the worst score at 0.

4.2. Discussion of the evaluation results
The global experiment results for software projects similarity and assignment human resources to Software projects are
reported in Table 1. Regarding project similarity, the present approach obtained an average rate of 0.7940 for the
precision metric, 0.8182 for the recall metric, and 0.8037 for the F-measure metric. The best result was obtained for
project 6, with an F-measure value of 0.8571. Meanwhile, the worst result was obtained for the project 10, with an Fmeasure score of 0.7059. With regards to personnel suggestions, the system got an average of 0.7541 for the precision
metric, 0.7464 for the recall metric, and 0.7456 for the F-measure metric. The best result was obtained for project 3,
with an F-measure score of 0.8421. Meanwhile, the worst result was obtained for the project 10 again, with an Fmeasure score of 0.5455.
Table 1. Evaluation results for projects similarity and human resources suggestions.

Projects

Human resources

Project

Precision

Recall

F-measure

Precision

Recall

F-measure

1
2
3
4
5
6
7
8
9
10
Avg.

0.8000
0.8333
0.7778
0.8182
0.8000
0.8400
0.7500
0.8889
0.8000
0.6316
0.7940

0.8000
0.8333
0.8750
0.8571
0.8571
0.8750
0.8182
0.8000
0.6667
0.8000
0.8182

0.8000
0.8333
0.8235
0.8372
0.8276
0.8571
0.7826
0.8421
0.7273
0.7059
0.8037

0.8000
0.8889
0.8000
0.7143
0.8571
0.8333
0.6667
0.7143
0.6667
0.6000
0.7541

0.6667
0.7273
0.8889
0.8333
0.7500
0.7143
0.7500
0.8333
0.8000
0.5000
0.7464

0.7273
0.8000
0.8421
0.7692
0.8000
0.7692
0.7059
0.7692
0.7273
0.5455
0.7456

The results obtained by our approach seem promising. Furthermore, as can be observed in Table 1, there is no a big
difference between the F-measure scores obtained for all software projects. However, based on a detailed analysis of all
software projects (the old and new ones) and the profile of each employee, we ascribe these variations to next main
reasons: software projects focused on out-of-context topics and short experience of personnel in some technology
domains.
Concerning out-of-context topics, even though our approach has an ontology that model the ICT domain, a domain in
which most organization projects fall, the SRS documents contains several concepts that are not described by this

ontology. This is mainly because of the organization includes several new markets within its catalogue of products and
services, which were not considered by the ontology above. For instance, projects 7 and 10 obtained a low precision
(0.7500 and 0.6316, respectively) for projects similarity suggestion because these works are focused in the development
of solutions on e-health, a domain that was not described in depth by the ontology. This last fact caused that their
corresponding SRS documents were not correctly described, i.e. the number of annotations generated for each one was a
little bit low. Also, there are not similar projects in the system because this domain has been recently adopted by the
organization. In this sense, it is necessary to improve the support for projects whose topics might be different from the
domain described in the ontology. From this perspective, we are convinced that our approach can be extended to provide
a more robust behaviour with respect to out-of-context domain projects by incorporating new ontologies that model the
corresponding contexts. Furthermore, the ontologies already available in this repository can evolve by means of
ontology evolution techniques such as the presented in [29].
Regarding second reason given above, we perceive that personnel suggestions results were lower than those obtained
for software projects similarity. This fact is mainly due to the employees have not enough experience in the domains
that organization has recently adopted such as e-health. Again, this last fact results in a small number of projects related
to those domains. Regarding personnel suggestion, human resources managers provided suggestions about the global
functionality of the system. One of the most outstanding observation regards to the inclusion of employees that have low
experience to non-critical software projects. In this sense, we are convinced that our approach can be enhanced through
the incorporation of new weighting mechanisms that consider variables such as the critical level of the project or any
other variable that can emerge along the software development process of the organization.

5. Conclusions
In this piece of research, we have presented a semantic-based system able to suggest which personnel could be
incorporated into a new software project considering their experience in previous projects. Our proposal obtained
encouraging results with an average F-measure score of 0.8037 for similarity projects and 0.7456 for personnel
suggestion. The main contribution of our research effort is twofold. First, we propose a semantic-based profile focused
on describing the competences and experience of personnel within an organization. This profile integrates well-known
XML vocabularies within the context. Second, the integration of semantic techniques to the personnel assignment
process within a software development organization can help human resource manager to speed up this task, and even,
make it completely automated. All this, with a high level of confidence that the personnel selected by the system is the
most appropriate for the project. Also, the method here proposed can be applied to current software development
process of the organization without requiring any changes to it. Furthermore, our approach has been designed to be
domain-independent, i.e. our system can be implemented in different organizations with the only requirement of
providing the system with an ontology that models the corresponding context. The effectiveness of our approach will be
evaluated by means of the implementation of it in other software development SMEs whose business markets do not fall
into the ICT domain. Finally, it is important to remark that the incorporation of semantic technologies within the project,
helps to improve data quality and consistency, thus allowing this information to be used for other purposes, since one of
the main goals of semantic web, and more specifically of the ontologies, is to serve as a reference for communication
not only among humans but also among computers.
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