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Abstract. Project management is a key process for software projects. Nowadays, there are
several tools that support project management activities. However, the existence of such tools
did not eliminate the use of documents for documenting the outcomes of the project management
process. Text documents and spreadsheets are used to support communication between
stakeholders and understanding about the project. These documents are generally developed to
be understood by humans and not by computers. Thus, the access to the document content
typically depends on human intervention. Retrieving information from documents can be not
trivial, especially when it is distributed in several documents. A Semantic Documentation
approach can be used to deal with this issue. Combining ontologies and documents by adding
semantic annotations to documents makes the document content interpretable by computers and
can help diminish the burden of gathering information later on. In this paper, we present a
semantic documentation approach for supporting software project management, providing a
way to get useful information from data recorded in documents and spreadsheets related to
scope, time and cost management. For this, we developed the first version of a Software Project
Management Ontology, which is integrated into the Software Engineering Ontology Network.
This ontology is used to annotate documents and spreadsheets and to develop features to support
scope, time and cost management activities. These features were implemented in the
Infrastructure for Managing Semantic Documents in Software Project Management, which was
evaluated through an experimental study.
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scope, time and cost management activities. These features were implemented in the
Infrastructure for Managing Semantic Documents in Software Project Management, which was
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1. Introduction

Effective project management helps organizations succeed in businesses (Hillson 2003). It is a critical
competency for meeting strategic goals and implementing innovation initiatives (Anantatmula and Rad
2013). In the last decades, several project management techniques have been proposed and supporting tools
have been developed (Jessen 2011). However, although there are several tools to support project
management, they are not used by all organizations and often do not eliminate the need of using documents,
such as text documents and spreadsheets (Villalobos et al. 2011).

In the context of software projects, documents hold a considerable amount of information that is
mainly interpreted by humans (Lethbridge et al. 2003). One disadvantage of using documents is the
difficulty of obtaining consolidated information from them, especially when information is spread in several
documents. Accessing, recovering and managing information recorded in documents usually depend on
human intervention and can be laborious and error-prone. Besides, gathering relevant information from
different documents can be so wearing that people may tend not to do so (Arantes and Falbo 2010).

Semantic Web deals with a similar issue by providing a way that both humans and computers can
interpret the content of web pages. To reach this goal, web pages are annotated with metadata that describe
fragments of the page content so that they become available for computer interpretation (Berners-Lee et al.
2001). Since ontologies represent a conceptualization about the domain of interest and establish a common
vocabulary to be shared, they are of great value to describe metadata, providing a rich formal semantic
structure for their interpretation. Therefore, ontologies are often used as a basis for semantic annotation
(Sicilia 2006).

Semantic Web principles can also be applied to documents (e.g., documents produced in desktop
text editors, electronic spreadsheets), giving rise to Semantic Documentation. Semantic Documentation
combines documents and ontologies in the same way that Semantic Web, i.e., ontology-based metadata are
created and then attached to the document content, resulting in a semantic document (Eriksson 2007). By
doing that, syntactic information resources are turned into semantic information resources, which can be
interpreted by computers. Once information recorded in the documents is automatically retrieved by
computers, it is possible to develop tools to provide consolidated and integrated information for end users,
decreasing the human effort necessary to obtain such information. Moreover, semantic annotation approach
allows relating annotated contents and using the relationships to extract information from several
documents, providing a general view that probably could not be gotten without the annotations (Arantes
and Falbo 2010).



During a software project, information regarding planning, execution, progress monitoring and
control is recorded in text documents and spreadsheets (e.g., project plan and status reports). Due to the
importance of these documents for a project, project members should share them in a common environment
and be able to access their content in an easy and efficient way (Talas et al. 2011). Once documents are
annotated, it is possible to build repositories containing semantic documents produced in the projects and
develop semantic documentation tools able to retrieve consolidated information from them. Besides,
semantic documentation helps store and retrieve knowledge acquired during a project and reuse it in other
projects.

Tools providing general features' to support semantic documentation have been proposed in the
literature. They are domain-independent and use ontologies to provide a set of features to manage semantic
documents, such as document annotation, storage, indexing and retrieval. Some examples are the
Infrastructure for Managing Semantic Documents (IMSD) (Arantes and Falbo 2010), which manages
OpenOffice text documents, the PDFTab (Eriksson 2007), which deals with PDF documents, and SDArch
(Nesic 2010), which treats MSWord documents.

Project management involves planning, monitoring and controlling aspects related to ten
knowledge areas (PMI 2013). Scope, time and cost are considered core areas. They compose the “iron
triangle” and represent the main constraints of a project. The use of semantic documentation in these areas
can help extract and integrate data recorded in documents, providing an integrated view useful for project
managers to make decisions. For instance, by semantically annotating text documents and spreadsheets,
information about project schedule recorded in a spreadsheet could be integrated to information about costs
of the project resources recorded in a document to provide information about the impact of a delayed
schedule on the project costs. Besides, the deliverables of the Work Breakdown Structure (WBS) recorded
in a document could be related to the project schedule activities recorded in a spreadsheet, so that it would
be possible to get information about the deliverables impacted by the schedule delay. Integrating these
pieces of information spread in different documents could help the manager to decide about the actions to
be taken due to the schedule delay (e.g., apply some technique to catch schedule delay, renegotiate deadlines
or even cancel the project). Semantic annotations could also help keep consistency between project
management artifacts. For example, semantic annotations could be used to relate project deliverables to
project schedule activities. This would allow verifying if all the project deliverables are associated with
activities to produce them, helping keep consistency between WBS and schedule.

In the view of the above, in this paper we explore the use of semantic documentation to support
software project management, particularly in aspects related to scope, time and cost. We extended IMSD
(Arantes and Falbo 2010) to support project management activities. IMSD is an environment able to
manage desktop semantic documents and, different from other proposals (e.g., (Eriksson 2007); (Nesic
2010)), it allows annotating document templates. Thus, documents produced by using the annotated
templates are automatically annotated, easing end users work, since they can use the annotated templates
to create semantic documents without concern with the annotations to be made.

Since IMSD is domain-independent, only general semantic documentation features are provided.
To provide a more effective support to domain tasks, we advocate that it is useful to explore the
conceptualization provided by a domain ontology. In other words, it is useful to explore the ontology
elements (concepts, relations and properties) and use them to develop domain-specific features. In this
sense, to make IMSD able to support semantic documentation in the software project management domain,
the conceptualization of a software project management domain ontology should be explored to develop
domain-specific features.

The research endeavor discussed in this paper started with an investigation of the state-of-art
through a systematic literature review about the use of semantic documentation in project management
(Bastos et al. 2015). Six digital libraries were investigated and five proposals were found. The results
showed us that this research topic is recent and still not much explored. Besides, from the results, we noticed
some gaps: cost and time management has not been explored; only manual annotation mechanisms have
been used, and; spreadsheets have not been annotated to support project management.

After the literature review, we analyzed IMSD aiming to identify features to support software
project management aspects. Until the beginning of this work, IMSD provided general features to
semantically annotate text documents, control versions of semantic content extracted from semantic
documents, and search the content of semantic document. There was also an extension of IMSD, called

! In this paper, we use the “feature” term to denote functionalities or other computational resources provided by tools
to their users.



IMSD-Req (Falbo et al. 2014), which explores the conceptualization established by a Software
Requirements Reference Ontology to provide features to support some activities of the Requirement
Engineering process. From this analysis, we decided to extend IMSD to support scope, cost and time
management. Furthermore, considering that in the context of software project management spreadsheets
are useful to record information such as budgets and schedules, we extended IMSD to make it able to
annotate spreadsheets.

Next, to establish the domain conceptualization to be used as a basis for semantic annotations and
for developing domain-specific features for ISDM to support scope, time and cost management, we built
the initial version of the Software Project Management Ontology (SPMO), covering these aspects of
software project management. SPMO has been developed integrated into the Software Engineering
Ontology Network (SEON) (Ruy et al. 2016). SPMO extends SEON’s core ontology on Software Processes
(SPO). Like all the core and domain ontologies of SEON, SPMO is grounded in the Unified Foundational
Ontology (UFO) (Guizzardi 2005; Guizzardi et al. 2008).

Then, taking SPMO as a basis, we developed the Infrastructure for Managing Semantic
Documents for Software Project Management (IMSD-SPM), an extension of IMSD with specific features
to support project management aspects. From data recorded in semantic documents and spreadsheets related
to scope, time and cost produced along projects, IMSD-SPM features provide to managers: (i) a
consolidated view of project planning regarding scope, time and cost; (ii) dependency matrices, showing
dependency relations among project elements; (iii) consolidated information about project execution,
pointing out the differences between planning and execution values; (iv) project performance indicators;
(v) estimates for project conclusion; (vi) a global view of the performance of several projects, allowing for
comparisons among them; and (vii) non-conformities detected in the semantic documents and spreadsheets
content. After extending IMSD, we conducted an experimental study where eight students with theoretical
knowledge and practical experience in project management used IMSD-SPM and evaluated it. The results
showed that the use of IMSD-SPM as a way to support software project time, scope and cost management
activities is feasible and useful.

Our initial ideas about the use of semantic documentation in the project management domain were
published in (Bastos et al. 2015). Later, an overview of our work was published in (Bastos et al. 2016).
Now, in this paper, we extend the last publication by providing more details about the IMSD extension and
presenting the experimental study carried out to evaluate it. Moreover, as an important contribution of this
paper, we present SPMO in details and discuss aspects related to its development as a networked ontology
of SEON. Aspects concerning SPMO evaluation and implementation are also discussed in this paper.

This paper is organized as follows: Section 2 provides the background for the paper talking briefly
about project management and semantic documentation. This section also introduces IMSD and SABiO
(Systematic Approach for Building Ontologies) (Falbo 2014), the ontology engineering method we
followed to develop SPMO. Section 3 presents SPMO. Section 4 introduces IMSD-SPM and discusses how
we used SPMO to develop it. Section 5 regards the experimental study carried out to evaluate IMSD-SPM.
Section 6 concerns related works, and Section 7 presents our final considerations.

2. Background

Project management involves the application of knowledge, skills, tools and techniques to project activities
aiming to meet project requirements (PMI 2013). According to the PMBOK (Project Management Body of
Knowledge) (PMI 2013), there are ten knowledge areas (KAs) to be managed in a project, namely:
Integration, Scope, Stakeholder, Human Resource, Time, Cost, Risk, Quality, Communication, and
Procurement. In this work, we explore aspects related to Scope, Time and Cost.

Scope management aims to ensure that the project includes all the required work, and only the
required work, to be successfully concluded. It is concerned with defining and controlling what is and what
is not included in the project (PMI 2013). The Work Breakdown Structure (WBS) is a key artifact produced
during scope planning and represents the project scope. It is a hierarchical organization driven by
deliverables to be produced to accomplish the project goals and complete the work established to the project
(PMI 2013).

Time management focuses on managing the project deadlines and duration. Its main goal is to
finish the project on time (PMI 2013). The main artifact of time management is the project schedule,
containing the required activities to produce the WBS items, dependencies among the activities, their
durations, dates, resources to be used, and human resources responsible for performing the activities.



Cost management, in turn, addresses cost estimates, budgets and cost control. It aims at finishing
the project in accordance with the approved budget (PMI 2013). The main artifact is the project budget, in
which project costs are defined and distributed over time.

The software project management process involves project planning and project monitoring and
control (ISO/IEC 2008; CMMI 2010). During project planning, a plan for the project is established,
including the project scope, team, schedule, and budget, among others. Monitoring and control aims to
compare the plans with the project execution, identify problems and present solutions.

During monitoring and control, performance indicators can help the project manager. Earned
Value Analysis (Fleming and Koppelman 1999) and its indicators, namely Schedule Performance Index
(SPI) and Cost Performance Index (CPI), can be used to provide information about project progress and
performance. These indicators consider three dimensions (scope, time and cost) to indicate schedule (SPI)
and budget (CPI) compliance. They can also be used to compute cost and time estimations for project
conclusion. Three types of estimation can be calculated: optimistic, realistic and pessimistic. Optimistic
estimation considers that deviations occurred in the project until now are not a pattern of behavior and will
not happen anymore. Realistic estimation considers that the current deviation rate will continue during all
the project. Finally, pessimistic estimation considers that even being late, the project will be delivered on
time, but the cost will be much higher than the initially established, because more people or overtime will
be necessary to catch up on the project work.

Project managers work with several pieces of information, which are captured from different
artifacts, such as WBS, project schedule and budget, generally put together in a project plan. For properly
monitoring and controlling a software project, the project manager has to handle diverse pieces of
information extracted from those artifacts. Moreover, the information must be communicated to customers
and other stakeholders. There are several available project management software tools that support project
management activities, such as MS Project and Teamwork. However, many software organizations (in
particular, very small, small and medium organizations) do not use such tools or use them combined with
documents. Spreadsheets, for instance, are widely used by organizations that have limited access to
sophisticated project management tools (Villalobos et al. 2011). However, dealing with those documents
(text documents and spreadsheets) is not an easy task, since it is hard to properly extract information spread
in several documents. Accessing, recovering and managing information recorded in documents depend
heavily on human intervention and can be a time-consuming task (Arantes and Falbo 2010). A semantic
documentation approach can be useful in this context.

Semantic Documentation refers to the use of semantic annotation to make the semantics of the
information inside the documents explicit. By doing that, the document content becomes interpretable by
computers. Metadata, which in general concern “data about data”, are the main mechanism used for
expressing the semantics of the information (Sicilia 2006). By adding semantic annotations to documents,
we can reach “intelligent” documents. A semantic document knows about its own content so that automated
processes can know what to do with it (Uren et al. 2006). Semantic documents allow providing services
such as advanced search, reasoning using document metadata, and knowledge management services, like
document repositories and document management.

For semantically annotating documents, we need shared representations of knowledge to establish
the basic vocabulary from which metadata statements can be asserted (Sicilia 2006). Since ontologies aim
at capturing the intended meaning of a portion of shared knowledge, many researchers defend their use to
semantically annotate information resources (Arantes and Falbo 2010; Sicilia 2006; Eriksson 2007; Nesic
2010; Uren et al. 2006; Graaf et al. 2012).

Successful use of semantic documents strongly depends on the effort required to manipulate them,
since document authors cannot daily suffer the overhead associated with annotating the documents. The
task of manually adding metadata can consume a considerable amount of time (Eriksson and Bang 2006)
and be susceptible to errors (Uren et al. 2006). Thus, it is necessary to provide tools to reduce the effort
needed to semantically annotate the documents (Uren et al. 2006; Tallis 2003).

Figure 1 illustrates the semantic annotation process for generating a semantic document. The
person responsible for adding metadata to documents uses a supporting tool to semantically enrich the
document. For each annotation, the tool creates semantic metadata relating a fragment of the document
(referring to general information or document content) to an element of the ontology. Usually, metadata
are kept in the semantic document.
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Figure 1 — Creating semantic documents (adapted from (Eriksson and Bang 2006),
(Eriksson 2007) and (Arantes and Falbo 2010)).

Once documents are annotated, it is possible to extract knowledge and link contents from different
documents according to the shared ontology. By integrating content extracted from several documents, it
is possible to achieve a more holistic view of the available knowledge (Arantes and Falbo 2010).

Several tools have been developed intending to support semantic document management (Arantes
and Falbo 2010; Eriksson 2007; Popov et al. 2003). As discussed in the Introduction of this paper, this work
uses the Infrastructure for Managing Semantic Document (IMSD) (Arantes and Falbo 2010). The main
reason that led us to select ISMD is that it semantically annotates document templates instead of documents.
Adding semantic annotations to templates can be a simple approach to diminish the overhead users may
found related to document annotation. Once templates are annotated, users can create documents by using
the semantic templates. By doing that, the resulting documents are semantic documents that carry the
annotations made in the used template. Another reason that contributed to our choice is that we have got
access to the ISMD source code.

IMSD is a domain-independent tool which provides the following features to support semantic
documentation: (i) a way to semantically annotate document templates; (ii) a mechanism for controlling
versions of semantic content extracted from semantic document versions, and therefore providing a way
for tracking the evolution of the data embedded inside a semantic document; and (iii) data visibility to end-
users allowing for searches and data change notification subscription for aiding developers to get up-to-
date information about something they are interested in.

Figure 2 shows an overview of the IMSD architecture, comprising two main elements: the
Semantic Document Repository, which is responsible for storing semantic documents, and the Main
Module, which is composed of three sub-modules:

e Semantic Annotation Module: responsible for allowing document engineers to semantically
enrich document templates.

e Data Extraction and Versioning Module: responsible for extracting the semantic content from
an annotated document whenever a new version of that document is checked in the Semantic
Document Repository. After extraction, the semantic content is stored, along with version
information in another repository, called Data Repository, which is also part of this module.

e Search and Traceability Interface Module: responsible for providing an API (Application
Programming Interface) that allows users and other systems to perform ontology-based
searches and data traceability towards the Data Repository.
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In a nutshell, document engineers annotate document templates using the Semantic Annotation
Module. Later, developers may instantiate a template (i.e., use it to create a document), generating a
semantic document. This semantic document can be checked in the Semantic Document Repository. When
a new version of a semantic document is available at the Semantic Document Repository, the Data
Extraction and Versioning Module unwraps the semantic content of that version and stores it into the Data
Repository, making the information of that semantic content available. At this point, it is possible to further
enhance the integration of information scattered throughout various semantic documents stored in the
Semantic Document Repository. Finally, users and other systems may interact with the Search and
Traceability Interface Module to perform searches and queries about the evolution of a particular semantic
content stored in the Data Repository.

In this work, we extended IMSD to support software project management. Aiming at annotating
documents related to scope, time and cost management and developing domain-specific features, we
developed the Software Project Management Ontology (SPMO). SPMO development followed SABiO, a
Systematic Approach for Building Ontologies (Falbo 2014).

SABIO has been used and improved for more than ten years and prescribes an iterative process
for ontology engineering. Its development process comprises five main phases: (i) purpose identification
and requirements elicitation, which involves identifying the ontology purpose and its intended uses,
eliciting its requirements, and modularizing the ontology (when necessary); (ii) ontology capture and
formalization, which regards capturing the ontology concepts, relations, properties and constraints, and
creating conceptual models, dictionary of terms and formal axioms; (iii) design, dealing with technological
aspects needed to implement the ontology in a particular machine-readable ontology language (e.g., OWL);
(iv) implementation, consisting of implementing the ontology in the chosen operational language; and (v)
test, referring to dynamic verification and validation of the operational ontology. As the result of the two
first phases, a reference ontology (i.e., a solution-independent conceptual model making the best possible
description of the domain (Guizzardi 2007)) is produced. The three other phases produce an operational
ontology (i.e., a machine-readable implementation version of the ontology (Guizzardi 2007)).

3. The Software Project Management Ontology (SPMO)

By following SABiO, we started by defining SPMO purpose and intended uses. The purpose of SPMO is
to establish a common conceptualization about the software project management domain, initially focusing
on scope, time and costs planning and monitoring. Regarding costs, at first, only costs associated with
human resources are considered. SPMO is intended to be used as a reference model for: (i) supporting
human learning on the software project management domain; (ii) integrating project management
supporting tools; (iii) structuring and representing knowledge related to software project management; and
(iv) annotating project management related resources in a semantic documentation approach. This last
intended use is the one addressed in this work. Briefly, here, SPMO is used to assign semantics to



documents and spreadsheets content, and also to help develop features to support software project
management using a semantic documentation approach. Thus, in this work, concepts related to techniques
or methods applied to project management (e.g., Gantt and PERT charts) are out of the ontology scope.

Considering its purpose and intended uses, as functional requirements, we defined the following
set of competency questions to be answered by SPMO:

CQIl1. Which are the processes and activities defined for a given project?

CQ2. How is a project process structured in terms of sub-processes and activities?

CQ3. Which is the software organization that commits to perform a given project process and
its activities?

CQ4. Which other project activities does a project activity depend on?

CQS5. Which stakeholders are allocated to perform a project activity?

CQ6. What are the estimated schedule, duration and cost for a project process?

CQ7. What are the estimated schedule, duration and cost for a project activity?

CQS8. What are the deliverables to be produced in the context of a project?

CQ9. What are the deliverables to be produced by a project activity?

CQ10. What are the estimated schedule, duration and cost of a stakeholder allocation?

CQI11. Which were the processes and activities performed in a given project?

CQI12. How was a performed process structured in terms of sub-processes and activities?

CQI13. Which other performed activity did a given performed activity depend on?

CQ14. Which stakeholders participated in a performed activity?

CQI15. What was the actual time frame, duration and cost of a performed process?

CQ16. What was the actual time frame, duration and cost of a performed activity?

CQ17. What was the actual time frame, duration and cost of a stakeholder participation?

CQI18. Which intended process caused a given performed process?

CQI19. Which intended activity caused a given performed activity?

CQ20. On which stakeholder allocation is a stakeholder participation based?

CQ21. Regarding time frame, duration and cost, was a performed process executed according to
the intended process that caused it?

CQ22. Regarding time frame, duration and cost, was a performed activity executed according to
the intended activity that caused it?

CQ23. Regarding time frame, duration and cost, was a stakeholder participation performed
according to the stakeholder allocation to which it is based on?

Besides the functional requirements, posed as competency questions, we also elicit non-functional
requirements for SPMO, namely:

NFR1. SPMO should take the main standards of project management into account, in particular,
PMBoK (PMI 2013). This non-functional requirement is aligned to the characteristic of
beautiful ontologies of being based on international standards (d'Aquin and Gangemi
2011).

NFR2. SPMO should be grounded in a foundational ontology. This non-functional requirement
is aligned to the characteristic of beautiful ontologies of reusing foundational ontologies
(d'Aquin and Gangemi 2011).

NFR3. Since the software project management domain is very complex, SPMO should be
extensible, modular and should reuse already existing related ontologies. This non-
functional requirement is aligned to the characteristic of beautiful ontologies of being
modular or embedded in a modular framework (d'Aquin and Gangemi 2011).

To address both NFR2 and NFR3, we decided to develop SPMO as a networked ontology of the
Software Engineering Ontology Network (SEON) (Ruy et al. 2016). An ontology network is a collection
of ontologies related together through a variety of relationships, such as alignment, modularization, and
dependency. A networked ontology, in turn, is an ontology included in such a network, sharing concepts
and relations with other ontologies (Suarez-Figueroa et al. 2012). SEON is designed seeking to: (i) take
advantage of well-founded ontologies (all its ontologies are ultimately grounded in the Unified
Foundational Ontology — UFO (Guizzardi 2005; Guizzardi et al. 2008)); (ii) provide ontology reusability
and productivity, supported by core ontologies organized as Ontology Pattern Languages (OPLs) (Falbo et
al. 2013); and (iii) solve ontology integration problems by providing integration mechanisms, as well as
favoring an incremental ontology development through reuse and extension. In its current version, SEON
includes a core ontology for software processes, as well as domain ontologies for the main technical



software engineering subdomains, namely requirements, design, coding and testing, and for some
management subdomains, namely configuration management, measurement and quality assurance.

Managing projects requires the effective management of suitable processes (PMI 2013). During
software project planning, knowledge about software processes is useful in several situations, such as
software process definition (including defining sub-processes and activities, as well as artifacts and required
resources), scheduling of activities, and allocation of people to these activities (Bringuente et al. 2011).
Thus, SPMO was developed by extending the SEON’s core ontology on Software Processes (SPO)
(Bringuente et al. 2011). Fragments of two parts of SPO were reused: the Intended Software Process
Definition sub-ontology and the Software Process Execution sub-ontology. The first deals with the
processes defined for specific projects. These processes are intended processes in the sense that they are
only planned, i.e., they are commitments to perform actions. The last is about processes that were already
performed, i.e., performed processes are actions performed to meet the commitments. Besides, both SPO
and SPMO are grounded in the Unified Foundational Ontology (UFO) (Guizzardi 2005; Guizzardi et al.
2008). Since SPMO extends SPO, SPO competency questions relevant to the domain of interest were
reused. Moreover, SPMO was modularized based on the SPO sub-ontologies. As Figure 3 shows, in its
current version, SPMO is divided into two sub-ontologies: Estimated Process and Tracked Process.

]
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1 ]
Intended Software Process Definition S Software Process Execution
N N
! |
1 1
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L I :
i SPMO !
1 I
Estimated Process F Tracked Process

Figure 3 - SPMO Modularization.

The Estimated Process sub-ontology addresses scope, time and costs estimation. Estimated
processes and activities are processes and activities not yet accomplished, and thus they refer to intentions
(in terms of UFO) to perform actions. This sub-ontology extends concepts and relations from SPO’s
Intended Software Process Definition sub-ontology. The Tracked Process sub-ontology, in turn, deals with
already performed activities and, thus, refer to actions (in terms of UFQO). This sub-ontology extends
concepts and relations from SPO’s Software Process Execution sub-ontology.

For each sub-ontology, we accomplished the ontology capture and formalization phase of SABiO.
By extending SPO and considering the established competency questions, we produced conceptual models,
descriptions for each concept in natural language, and First Order Logic axioms for capturing constraints
not captured by the conceptual models. The conceptual models are developed using the Unified Modeling
Language (UML), with the concepts grounded in concepts of UFO. For sake of simplicity, in this paper we
do not discuss in detail this grounding nor present UFO concepts in the diagrams. For details on this, see
SEON Specification available at http://nemo.inf.ufes.br/seon.

Next, for each SPMO sub-ontology, we present its conceptual model, descriptions and some
axioms. Since SPMO extends SPO, first we present the fragments of SPO that were reused. SPO has been
developed in successive refinements, and the current version is an extension of the one presented in
(Bringuente et al. 2011).

3.1 Software Process Ontology

In its current version, SPO is organized in four main sub-ontologies: (i) the Standard Software Process
Definition sub-ontology deals with generic processes (types of processes, in fact) defined by an
organization, establishing the basic requirements for processes to be performed in that organization; (ii) the
Intended Software Process Definition sub-ontology addresses the definition of intended processes to be
accomplished in the scope of a specific software project; (iii) the Software Process Execution sub-ontology
is about processes already performed and their activities, and the stakeholders, resources, artifacts and



procedures involved in their executions; (iv) the Process Assets sub-ontology talks about the elements
(planned to be) used or handled by the activities during a software process. These sub-ontologies are further
split into smaller sub-ontologies. Here, we address only the SPO fragment relevant for this paper. For
details, see the SEON Specification.

As Figure 3 shows, SPMO extends parts of two SPO sub-ontologies: Intended Software Process
Definition sub-ontology and Software Process Execution sub-ontology. The first addresses competency
questions CQI1 to CQS5, which relate to core aspects of planned processes and their activities. The last
addresses competency questions CQ11 to CQ19, which regard to the execution of processes and activities.

Figure 4 shows the SPO view used in this paper, containing the concepts and relations that are later reused
or extended in SPMO.
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Figure 4 — A View of SPO.

An Organization can be involved in Projects, and it may commit to performing actions in the
context of these projects. Before performing actions effectively, an organization establishes commitments
to perform them. These commitments are established during project planning, more precisely when the
project manager defines a Project Process for the project. At this moment, an internal commitment (an
Intention in UFO) of the organization is created: the commitment of performing the activities defined in
the project process. Thus, Project Processes/Activities are Intended Processes/Activities. Both intended
processes and activities are intentions to perform actions; what changes is the granularity level of the actions
to be performed.

There are two types of Intended Processes: General Intended Process and Specific Intended
Process. The constraint {disjoint, complete} shown in the model represents that there are only these two
types of intended processes and that an intended process is either a general intended process or a specific
intended process (never both at the same time). The first one is the global process defined for a project (for
instance, the general process defined for the project P). It is composed of specific processes, allowing
defining sub-processes. For instance, the general process defined for the project P could be composed of
the following specific project processes: Software Development, Project Management and Quality
Assurance. Specific Project Processes, in turn, are composed of Project Activities, which can be Simple
Project Activities or Composite Project Activities (not shown in Figure 4 for sake of simplicity). For
instance, the Project Management process could be composed of the composite project activities Project
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Planning and Project Monitoring and Control. Project Planning, in turn, could be composed of other
activities, such as the simple project activity Project Plan Elaboration. Finally, Stakeholders may be
allocated to Intended Activities, giving rise to Stakeholder Allocations.

According to UFO, intentions cause actions, i.e., actions are intentional events. Thus, Intended
Processes can cause the occurrence of actions named here Performed Processes. Similarly, an Intended
Activity can cause the occurrence of Performed Activities. As events, Performed Processes and Activities
have a time frame (start/end dates). Analogously to the Intended Processes that cause them, Performed
Processes can be General Performed Processes or Specific Performed Process. Specific Performed
Processes are composed of Performed Activities, which can be Simple Performed Activities or Composite
Performed Activities (again not shown in Figure 4 for sake of simplicity). Moreover, processes and
activities performed in the context of a Project are said to be Performed Project Processes and Activities,
respectively.

Several stakeholders can participate in a Performed Activity. A Stakeholder Participation refers
to the participation of a Stakeholder in a Performed Activity. A Stakeholder Participation may refer to a
Stakeholder Allocation. For instance, the stakeholder participation of John in the Project Plan Elaboration
performed activity would refer to the stakeholder allocation of John to the Project Plan Elaboration project
activity.

When an Intended Activity is planned, the project manager may indicate types of artifacts (Artifact
Type) that this activity aims to produce. When a Performed Activity is accomplished, if it is caused by an
Intended Activity that aims at producing an artifact of such type, then it is expected that the Performed
Activity creates an Artfifact that is an instance of the corresponding Artifact Type.

There are constraints involving concepts and relations of SPO that cannot be captured by the
conceptual model. Thus, to make them explicit we defined axioms and formalized them in First Order
Logic.

Table 2 presents three of these axioms. It is important to say that some of the axioms defined in SPO give
rise to derived relations in the conceptual model (relations shown in the figure preceded by /). For
instance, (A1) gives rise to the relation “/defined for” between Project Activity and Project in Figure 4.

Table 1 - Some SPO Axioms.
Id Axiom

(A1) | If an Intended Process ip is both a General Intended Process and a Project Process, then ip is
a General Project Process.

V'ip: Intended Process GenerallntendedProcess(ip) A ProjectProcess(ip) —
GeneralProjectProcess(ip)

(A2) | If an Intended Process ip is both a Specific Intended Process and a Project Process, then ip is
a Specific Project Process.

V'ip: IntendedProcess SpecificlntendedProcess(ip) A ProjectProcess(ip) —
SpecificProjectProcess(ip)

(A3) | If a Project Activity pa is part of a Specific Project Process spp defined for a Project p, then
pa is also defined for p.

Vpa: Project Activity, spp: Specific Project Process, p: Project
partOfipa, spp) » definedFor(spp, p) — definedFor(pa, p)

(A4) | If a Project Activity pa is part of a Specific Project Process spp which is part of a General
Project Process gpp, then pa is also part of gpp.

Vpa: Project Activity, spp: Specific Project Process, gpp: General Project Process
partOfipa, spp) A partOfispp, gpp) = partOfipa, gpp)

(AS) | If a Performed Project Process ppp is caused by a Project Process pp defined for a Project p,
then ppp should be performed in the context of p.

Vppp: PeformedProjectProcess, pp: ProjectProcess, p: Project
causedBy(ppp, pp) » definedFor(pp, p) — performedIn(ppp, p)
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3.2 Estimated Process Sub-Ontology

The focus of the Estimated Process Sub-ontology is on scope, time and costs estimation. This sub-ontology
addresses competency questions CQ6 to CQ10, which refer toErro! Fonte de referéncia nao encontrada.
estimates. Figure 5 shows the conceptual model of this sub-ontology. Concepts reused from SPO are shown
in white, while concepts introduced in SPMO are shown in grey.

Once a General Intended Process is defined for a Project, it is possible to plan duration, start and
end dates, and cost of the process, their sub-processes and activities. The definition of dates to an Infended
Process gives rise to a Scheduled Process. Similarly, the planning of dates of an Intended Activity gives
rise to a Scheduled Activity. A Scheduled Process, when estimated in terms of duration and costs, becomes
an Estimated Process. Analogously, a Scheduled Activity, when estimated in terms of duration and costs,
but also in terms of the Planned Work Packages that it should deliver (scope planning), becomes an
Estimated Activity. It is important to say that the estimated duration and cost of an Estimated Process is
given by the estimates for duration and cost of the Estimated Activities that composes the Estimated
Process, as captured by axiom (A7) in Table 2. For this reason, the properties estimatedDuration and
estimatedCost are derived properties, as shown in Figure 5 (properties shown preceded by “/”).
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Figure 5 - Estimated Process sub-ontology.

A Project is performed to produce Planned Deliverables. These deliverables can be of two types:
Planned Practical Results or Planned Work Packages. Planned Practical Results are composed of other
Planned Deliverables. Planned Work Packages, in turn, are the smallest planned deliverables to which the
work to be done in the project is associated. Thus, a planned work package must have at least one Estimated
Activity related to it. Moreover, if a Planned Work Package refers to the production of an artifact of a
certain type, then the Estimated Activity related to it aims to create an artifact of the same Artifact Type.
For instance, the information system IS could be a planned practical result to be produced in a project and
the User’s Manual (which refers to the production of an artifact of the User’s Manual type) could be one
of the planned work packages that compose that practical result. The estimated activity Elaborate User’s
Manual could be the project activity defined to produce the User’s Manual. Thus, the estimated activity
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Elaborate User’s Manual must be an Intended Activity that aims to create an artifact of the User’s Manual
type.

Stakeholders are allocated to perform Intended Activities. As discussed before, Stakeholder
Allocation is the assignment of an Intended Activity to a Stakeholder. A Stakeholder Allocation can also
be estimated, giving rise to an Estimated Stakeholder Allocation.

Several constraints involving SPMO concepts and relations cannot be captured by the conceptual
model. Thus, to make them explicit we defined axioms and formalized them in First Order Logic.

Table 2 presents two axioms defined for SPMO.
Table 2 - Some SPMO Axioms of the Estimated Process Sub-Ontology.

Id Axiom

(A6) | If an Estimated Activity ea is to produce a Planned Work Package pwp, and ea is defined for
a Project p, then p should also produce wp.

Vea: Estimated Activity, pwp: Planned Work Package, p: Project
isToProduce(ea, pwp) » definedFor(ea, p) — isToProduce(p, pwp)

(A7) | The estimated duration of an Estimated Process ep is the sum of the estimated duration of the
Estimated Activities ea; that compose ep.
V' ep: Estimated Process, eai, ea, ..., ean: Estimated Activity
(eai.estimatedDuration = di) N (eaz.estimatedDuration = dz) N ... A
(ean. estimatedDuration = dn) N partOffeai,ep) N partOf(eazep) N ... A partOf{eanep) —
(ep.estimatedDuration = di+d>+...+d)

3.2 Tracked Process Sub-Ontology

The Tracked Process Sub-ontology is about already (at least partially) performed actions, and aims to
answer competency questions CQ20 to CQ23, addressing aspects related to tracking estimated and actual
values. Figure 6 shows its conceptual model. Concepts reused/extended from SPO are shown in white,
while concepts introduced in SPMO are shown in grey. Those introduced in this sub-ontology are shown
in dark grey.

Processes and activities performed in the context of a Project are said to be Performed Project
Processes and Activities. Performed Processes /Activities in general (and not only those performed in the
context of a project) have a time frame (start/end dates). When actual data regarding their cost and duration
are collected, we call them Tracked Processes and Activities. A Tracked Process is caused by an Estimated
Process, while a Tracked Activity is caused by an Estimated Activity. Thus, the actual cost and duration of
a Tracked Process/Activity can be compared with the corresponding estimated values of the Estimated
Process/Activity that caused it. In Tracked Process/Activity, the progress index indicates the
process/activity progress (e.g., 80%, 100%) in relation to the Estimated Process/Activity that caused it.
Again, it is worthwhile to point out that the actual duration and cost of a Tracked Process is given by the
actual duration and cost of the Tracked Activities that composes the Tracked Process, as captured by axiom
(A8) in Table 3. For this reason, the properties duration and cost (as well as progressIndex) are derived
properties, as shown in Figure 6 (properties shown preceded by “/”).

For Tracked Activities, we need to take information regarding the Planned Work Packages that
they actually contribute to produce, in order to contrast them with the planned scope. When a Tracked
Activity produces an artifact that meets the Planned Work Package to which the Tracked Activity
contributes for, we say that this artifact is a Deliverable Artifact. We should highlight, however, that some
work packages may refer to services to be done, instead of artifacts to be produced. As a consequence, it is
not always the case that a Tracked Activity produces an artifact as a deliverable. In these cases, it is enough
to link the Tracked Activity to the Planned Work Package it contributes for.

Several stakeholders can participate in a Performed Activity. A Stakeholder Participation refers
to the participation of a Stakeholder in a Performed Activity. A Stakeholder Participation may refer to a
Stakeholder Allocation. For instance, the stakeholder participation of John in the Project Plan Elaboration
performed activity would refer to the stakeholder allocation of John to the Project Plan Elaboration project
activity. Again, when data regarding the cost and duration of a Stakeholder Participation are collected, we
call it a Tracked Stakeholder Participation.
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As in the case of the Estimated Process Sub-ontology, in the Tracked Process Sub-ontology, there
are constraints involving its concepts and relations that cannot be captured by the conceptual model. Thus,
to make them explicit we defined axioms and formalized them in First Order Logic. Table 3 presents three
axioms defined for SPMO.
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Figure 6 - Tracked Process sub-ontology.

Table 3 - Some SPMO Axioms of the Tracked Process Sub-Ontology.

Id Axiom
(AB) The actual duration of a Tracked Process #p is the sum of the actual duration of the
Tracked Activities ta: that compose #p.
Vip: Tracked Process; tai, tas, ..., tan: Tracked Activity
(tar.duration = di) N (taz.duration = dz) N ... A (tan.duration = dn) N partOf(tas,tp) A
partOf{taz,tp) A ... N partOfftantp) — (tp.duration = di+dz+...+d)
(A9) If a Tracked Process #p was caused by an Estimated Process ep and the duration of #p
is equal to the estimated duration of ep, then, regarding duration, tp was performed
in conformance to ep.
Vip: Tracked_Process, ep: Estimated_Process
causedBy(tp, ep) » (tp.duration = ep .estimatedDuration(pp, p) —
durationConformance(ep, tp)
(A10) Ifa Trac.ked Process tp was cgused by an Estimated Process ep qnd the dl.lration of tp
is shorter than the estimated duration of ep, then, regarding duration,
ep was overestimated.
Vip: TrackedProcess, ep: EstimatedProcess
causedBy(tp, ep) A (tp.duration<ep .estimatedDuration(pp, p) =
overestimatedDuration(ep, tp)
(A1) If a Tracked Process #p was caused by an Estimated Process ep and the duration of #p

is longer than the estimated duration of ep, then, regarding duration,
ep was underestimated.
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Vip: TrackedProcess, ep: EstimatedProcess
causedBy(tp, ep) A (tp.duration>ep .estimatedDuration(pp, p) =
underestimatedDuration(ep, tp)
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3.3 SPMO Evaluation

Once SPMO was developed, we needed to evaluate it. Following SABiO, which suggests that ontologies
should be evaluated by verifying and validating them, we verified SPMO by evaluating if it contains the
concepts, relations and axioms necessary (and only the necessary ones) to answer the competency
questions, and we validated SPMO by instantiating its concepts to evaluate if it is able to represent elements
extracted from the real world.

For verifying SPMO, for each competency question, we created an entry in a table showing the
concepts, relations and axioms used to answer it. During verification, some competency questions were
decomposed, and the vocabulary was adjusted to be aligned to the SPMO terminology. Table 4 presents,
as example, a fragment of the table created to verify SPMO.

Table 4 - SPMO Verification.

CQ Concepts, Relations and Properties Axioms

CQ6.1 - What is the estimated EsItlmatgddPlioc.es.s 1s.sublype (;f Intf(:incclieg Process Ad, A7
Juration of an estimated ntended Activity is part of Intende rocess
o Estimated Activity is subtype of Intended Activity
process: Estimated Activity has estimatedDuration
CQ22.1 - Regarding duration, Tracked Activity is caused by Estimated Activity A9, A10,
was a tracked activity executed Estimated Activity has estimatedDuration All
according to the estimated Tracked Activity has duration
activity that caused it?

For validating SPMO, for each concept, we created an entry in a table showing elements extracted
from the real world and that instantiate the concept. Table 5 presents, as examples, instances of some SPMO

concepts.
Table 5 - SPMO Validation.

Concept Instance

Project Sys-Game Project

Project Process Development Process defined for the Sys-Game Project.

Project Activity Develop System Documentation activity, which is part of the
Development Process defined for the Project Sys-Game.

Scheduled Activity Develop System Documentation, with planned start date = 05/22/2017
and planned end date = 05/25/2017

Estimated Activity Develop System Documentation, with estimated duration = 32 hours;
estimated cost = U$ 320; and related to the work package System
Documentation

Estimated Stakeholder The allocation of the stakeholder John to perform the Develop System

Allocation Documentation activity, with planned start date = 05/22/2017;

planned end date = 05/25/2017; estimated duration = 32 hours;
estimated cost = U$ 320.

Deliverable Sys-Game

Practical Result Sys-Game

Work Package System Documentation

Tracked Activity Develop System Documentation activity, performed in the Sys-Game

Project, with start date = 05/22/2017; end date 05/26/2017; duration =
36 hours; cost = U$360; progress index = 100%; and related to the
work package System Documentation.

Tracked Stakeholder The participation of the stakeholder John in the Develop System

Participation Documentation performed activity, with start date = 05/22/2017; end
date 05/26/2017; duration = 36 hours; cost = U$360.

Deliverable Artifact System Documentation of the Sys-Game Project that meets the

System Documentation work package.

The ontology produced by accomplishing the two first SABiO phases is a reference ontology, i.e.,
it is a solution-independent conceptual model and it is not implemented in a machine-readable ontology
language. In the context of this work, we also need an operational version of the ontology to be used to
annotate documents and spreadsheets content. Thus, by following the three last phases of SABIO, an
operational version of SPMO was produced. In the next subsection, some aspects of the design,
implementation and test of the resulting operational ontology are discussed.
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3.3 SPMO Operational Version: SPMO-OWL

SPMO operational version (SPMO-OWL) was implemented in OWL as a lightweight ontology, i.e., some
axioms of the reference version were not implemented in the operational version. In general, since the
reference ontology conceptual model is modeled in UML, we performed transformations from UML
constructs to OWL constructs. Table 6 shows the main types of mappings we performed.

Table 6 — Designing the operational version of SPMO: Mapping UML to OWL.

UML OWL
Class <owl:Class>, with id got from the name of the class, without spaces;
Add <rdfs:subClassOf> in the case of subclasses.
E.g.

<owl:Class rdf:about="http://localhost/ontologies/SPMO/spmo.owl#Estimated Activity ">
<rdfs:label rdf:datatype="&xsd;string">Estimated Activity</rdfs:label>
<rdfs:subClassOf
rdf:resource="http://localhost/ontologies/SEON/spmo.owl#Scheduled Activity"/>
</owl:Class>
Property <owl:DatatypeProperty>, with id got from the name of the property plus the name of
the class, without spaces.
E.g.
<owl:DatatypeProperty rdf:about="&xsd;estimatedDurationEstimated Activity">
<rdfs:domain rdf:resource="#Estimated Activity"/>
<rdfs:range rdf:resource="&xsd;nonNegativelnteger"/>
</owl:DatatypeProperty>
Association | <owl:ObjectProperty>, with id got from the name of the association plus the name of
the classes involved, without spaces.
E.g.
<owl:ObjectProperty
rdf:about="http://localhost/ontologies/SPMO/spmo.owl#definedForProjectProcessProject">
<rdfs:label rdf:datatype="4&xsd;string">defined for</rdfs:label>
<rdfs:domain rdf:resource="http://localhost/ontologies/SPMO/spmo.owl#ProjectProcess"/>
<rdfs:range rdf:resource="http://localhost/ontologies/SPMO/spmo.owl#Project"/>
</owl:ObjectProperty>

For implementing SPMO-OWL, we used Protégé, and the resulting OWL file (spmo.owl) was
used to annotate the templates of documents and spreadsheets. For testing SPMO-OWL, we adopted an
application-based approach (Brank et al., 2005), i.e., we tested SPMO-OWL in the context of the
application for which it was developed. This application is presented in the next section.

4. IMSD-SPM: Infrastructure for Managing Semantic Documents in Software Project Management

For applying semantic documentation in the project management domain, both general and domain-specific
features are needed. Semantic documentation general features support activities such as document
annotation and version control and can be applied to any domain. Domain-specific features, in turn, support
project management activities. As previously said, for implementing our approach for semantic
documentation in the project management domain, we extended IMSD (see Section 2). In order to identify
the extensions to be made, we analyzed IMSD considering the general and domain-specific perspectives.

Regarding the general perspective, we noticed that IMSD supported semantic documentation only
in documents in text format. Since spreadsheets are very useful for recording data regarding projects (e.g.,
schedules and budgets), we identified as an improvement opportunity to extend IMSD to work with
spreadsheets, expanding the types of files that can be used as sources for it. Concerning the domain-specific
perspective, we decided to support project time, scope and cost management activities, and then we defined
six requirements for IMSD-SPM:

(R1) Data regarding project planning may be recorded in different documents. Thus, IMSD-SPM
shall provide a consolidated view of these data, helping managers to have a global view of the
project planning.

(R2) It is important to know the dependencies between project activities, and between them and
project deliverables. Thus, IMSD-SPM shall provide dependency matrices to represent these
dependencies, allowing visualizing dependencies (in particular, indirect and transitive
dependencies) and analyzing the impact of changes in a project.

(R3) Project monitoring and control depend on information about progress, allowing comparing
planned and actual data. Performance indicators can be useful in this context because they
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quantitatively represent the project performance, and also can be used to calculate estimates for
the project conclusion. Thus, IMSD-SPM shall provide performance indicators, helping managers
to understand the project performance and identify situations that need corrective actions. Besides,
IMSD-SPM shall derive estimations for project conclusion, providing a view on the implications
of the current project performance, and allowing the manager to make decisions about project
continuation or interruption.

(R4) As a project progresses, the amount of information to be managed increases. IMSD-SPM
shall provide graphical views containing consolidated information about the project, including the
project performance over time.

(RS) Several projects are developed in a software organization. It is important to analyze them
together to verify discrepancies and investigate their causes. Thus, IMSD-SPM shall present
performance indicators of several projects, providing a global view of the projects and allowing
for comparisons among them.

(R6) Templates are useful mechanisms to improve project management documentation, and they
should be consistently applied. In this sense, IMSD-SPM shall support identifying non-
conformities in project management documents. Checklists shall be provided to automatically
check the quality of those documents.

The identified improvement opportunity and requirements were implemented by extending and
specializing IMSD, as discussed in the next two subsections.

4.1 Supporting Software Project Management with Semantic Annotations in Spreadsheets

To treat the identified improvement opportunity, we extended IMSD to work with spreadsheets and then
we used SPMO as a basis to annotate spreadsheet and document templates related to the project
management domain. In IMSD, annotations are added to templates resulting in semantic templates that
when instantiated (i.c., when used to create documents and spreadsheets) give rise to semantic documents.
Once the templates are annotated, the documents produced using them are also annotated and can be used
as data sources to IMSD. Spreadsheet templates were developed using the Open Document Format (OASIS
2017), since it is an open format, with great span. Annotations for cells were produced using Open
Document Spreadsheet (ODS) in LibreOffice Calc?.

For spreadsheets annotation, the instructions for annotating text originally defined in IMSD are
used to capture the cell content. These instructions allow creating instances of concepts and establishing
relations between them, as defined in an ontology implemented in OWL and available in a URL.

A semantic annotation expression used to annotate cells has two parts: a tag, and the instruction
itself. The expression must begin with the tag [[completeText]], when the content of the annotated cell is
to be considered as a whole, or with the tag [[break with ‘<separator>’]], when fragments of the content,
separated by <separator> (e.g.,comma), are to be considered.

The syntax of the instruction for creating an instance of a concept is:
instance (source, concept, variable).

This instruction creates, from the source, an instance of a concept and sets in variable a reference to the
created instance for later use. The first argument of the instruction (source) can be of two types: {content},
when the instruction begins with the tag [[completeText]], or {slice}, when the instruction begins with the
tag [[break with ‘<separator>’]].{content} and {slice} are keywords of IMSD. The former means that the
instruction must be executed once for the whole content of the annotated cell, while the last means that the
instruction must be executed as many times as there are content fragments (slices) separated by the
separator. As the second argument of the instruction (concept), the path of the domain ontology used for
annotation must be included followed by ‘#’ and the name of the concept to be used to set semantics to the
cell content. Last, the variable that will refer to the instance created in IMSD must be added preceded by
‘$’. For example, the semantic annotation expression

[[completeText]]; instance ({content}, http://localhost/ontologies/SEON/spmo.owl#Project, $p)

creates an instance of Project, whose value is the data stored in the {content} of the cell, and sets a reference
to this instance on $p for later use by IMSD.

Zwww libreoffice.org
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The syntax of the instruction for setting a value to a property of an instance is:

property (argl, prop, arg2).
This instruction can also be used to establish a relation prop between two instances argl and arg2.

For setting a value to a property, arg2 must be {content} or {slice}, indicating the source from
which the value of the property prop will be obtained. argl must be the variable ($var) that refers to the
instance to which the property value will be set. prop refers to the property, and it must include the ontology
path. For example, the semantic annotation expression

[[completeText]]; property ($ea, http.//localhost/ontologies/SEON/spmo .owl#testimatedCost, {content})

sets the {content} of the cell as the value of the estimatedCost property of the instance of Estimated Activity
referenced by the variable $ea.

For annotating spreadsheet templates in the LibreOffice Calc, we used its custom properties (they
can be defined by accessing the Custom Properties option) to record annotations and styles (they can be
defined through the Styles and Formatting option) to apply annotations to cells. When creating a semantic
template, a custom property named Semantic Document must be created and its value must be set to True,
as Figure 7 shows. In this way, IMSD identifies that a spreadsheet is a semantic document and searches for
semantic annotations.

| General IDescription | Custom Properties | Internet lSecurity lStatistics |

Properties

Name |Type lValue l l

Semantic Document B Text E True =

m

Add

[ oKk |[ Cancel |[ Help |[ Reset ]

Figure 7 - Setting a semantic spreadsheet.

Each annotation must be recorded in a new custom property whose value is the annotation
expression. For each annotation, a style must be created and related to the custom property in which the
annotation is recorded. Thus, when a style is applied to a cell, the cell is annotated according to the
annotation expression recorded in the corresponding custom property. For IMSD to be able to identify the
relationship between a style and a custom property, it is necessary to create a custom property whose value
is the semantic annotation expression and a style, whose name follows the following pattern:

SemanticAnnotation-ref-<CustomPropertyName>

where <CustomPropertyName> is the name of the custom property to be associated with the style. Figure
8 illustrates how a style is created, and Figure 9 shows examples of custom properties and styles created to
annotate spreadsheets. As highlighted in Figure 9, by following the pattern presented above, it is possible
to identify the style a custom property is related to.
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Cell Style: SemanticAnnotation-ref-EA_DURATION X

' Numbers Font Font Effects Alignment Borders Background Cell Protection

Style

Name:  SemanticAnnotation-ref-EA_DURATION
Edit Style
Inheitfrom: [Default V] | Ediesyte

Category: ‘Custom Styles 7‘

Contains

ot | [ | [

Figure 8 — Creating a Style.

- - i . . .
0 of “Pro : Semantic annotation expression
General Description Custom Properties CMIS Properties Security Font Statistics /
Name ‘Type A‘—’—'-ﬁ o
EA_DURATION l v [Text completeText]];property(Sactivity, http:/, A | Stles
EA_ENDDATE vilText  |v||lcompleteText]]:property(Sactivity,http:/localt | 3¢ = @ & 1z B
EA_STARTDATE vlffet v |tcompleteTextilproperty(Sactivity,http://locall (sementicAnnotationre-£,buraon ) "
— {[comp property( tyhttp X SemanticAnnotation-ref-EA_ENDDATE
PA_DURATION v | |Text [[completeText]];property(Sactivity, http://locall | 3§ SemanticAnnotation-ref-EA_STARTDATE
SemanticAnnotation-ref-PA_DURATION
PA_ENDDATE v | |Text [[completeText]];property(Sactivity, http://localk x SemanticAnnotation-ref-PA_ENDDATE
SemanticAnnotation-ref-PA_STARTDATE
PA_STARTDATE | Text v | | l[completeText]];property(Sactivity, http://localt | 3 SemanticAnnotation-ref-PREDECESSORACTIVITY
- 8 - SemanticAnnotation-ref-PROGRESSINDEX
PREDECESSORACTIVITY v | |Text [[break with ', l:instance({slice}, http://localhost | 3¢ SemanticAnnotation-ref-STAKEHOLDER
i ion-ref- v
PROGRESSINDEX Vet V] icompleteText)lproperty (Sactivity http://locall | 3¢ SemanticAnnotation-ref-WBS
[ Show Previews
STAKEHOLDER v | |Text v || [[break with ',']];instance({slice}, http://localhost x o [AIIStyles -
Add Property
Help [o]'¢ Cancel Reset

Figure 9 - Examples of Custom Properties and Styles to annotate spreadsheets.

Semantic documents managed by IMSD are created from semantic templates. This allows for
partial automation of annotation and reduces the amount of work that users need to do to create semantic
documents. For instance, for the specific features provided by IMSD-SPM, we created three semantic
templates related to project management, namely: Work Breakdown Structure (WBS), a text document that
presents the project WBS, containing the project deliverables; Project Status Report (PSR), a spreadsheet
that contains information regarding planned and accomplished schedules; and Human Resources Costs
(HRC), a spreadsheet that contains information about costs of human resources.

Figure 10 illustrates a fragment of the template of the Project Status Report spreadsheet, which
contains information about project activities, dependencies between them, stakeholders allocated to them
and those that actually participated in their execution, related work packages, and planned and actual dates
and duration. As examples, annotations related to the cells of the Planned Duration and Performed Start
Date columns are shown. In both annotations, the [/completeText]] tag indicates that the instruction refers
to the complete text stored in the cell. The first expression means that the cell content will be set as the
value of the estimatedDuration property of an instance of Estimated Activity. The second means that the
cell content will be set as the value of the startDate property of an instance of Performed Activity.
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[[completeText]];property($pa,htip
:/ocalhost/ontologies/SE/spmo.owl

[[completeText]];property($ea,
http://localhost/ontologies/SE/spmo.owl

#estimatedDuration, {content}); #startDate { content});
Project Status Report
Project: <<project name>> Datd; <<Status Report date>> ResponsibleN\<<person who created/updated the report=>
\ Planned \ Performed
.. .. \ Related N
ld | Activity Sub-activity Start End Duration | Stakeholder Prede.cgssor Work  [Start Date|End Date| Duration | Stakeholder | % Done
date date Activity
Package
11

Figure 10 - Project Status Report template (a semantic template).

When the project manager uses the semantic templates to create a WBS, PSR or HRC, the created
text documents or spreadsheets become semantic documents. Then, they can be submitted to IMSD, which
extracts data from them and stores in OWL files, allowing for search and retrieval, and also performs
version control. It is important to notice that, although we have created semantic templates related to the
project management domain, spreadsheets annotation is a general feature, since by using it one can create
semantic templates related to any domain.

4.2 Supporting Software Project Scope, Time and Costs Management

To address R1 to R6, we explored SPMO conceptualization for developing domain-specific features that
were implemented to support scope, time and costs management activities. These features were
implemented in a specialization of IMSD called Infrastructure for Managing Semantic Documents in
Software Project Management (IMSD-SPM). Table 7 presents the specific features of IMSD-SPM and the
requirements addressed by them. In each feature, some SPMO concepts, relations and properties were
explored.

Table 7 — IMSD-SPM Features and Addressed Requirements.

At Address
Feature Short Description : ed
Requirement
N . Presents consolidated information about project sc tim
Simplified Project Plan CSCNES CONso .d ed info on about project scope, time R1
and costs planning.
Presents dependency matrices containing dependencies
Dependency Matrices | between project activities and between project activities and R2
project deliverables.
. oo Presents consolidated information about project execution,
Project Monitoring o .
Pancl pointing out the differences between planned and actual R3
values.
Performance Indicators | Presents the current performance indicators of a project. R3
. . Presents the optimistic, realistic and pessimistic estimates
Estimates for Project . . S
. for project conclusion, considering the current performance R3
Conclusion o
indicators.
Project Performance Presents in a chart the project performance indicators and R4
History estimations over time.
Presents in charts performance indicators and estimations
Projects Comparison for conclusion related to several projects, allowing RS
comparing the values of different projects.
. Automatically evaluates the quality of semanti ment
Quality Assurance 1o cary evaluates the q Y Of semantic documents R6
and spreadsheets considering a set of criteria.

The first step to use the specific features provided by IMSD-SPM is to create a Semantic
Document Repository to store semantic documents. This repository is, in fact, a repository in Subversion,
a version control system. The repository will store the semantic documents produced from the semantic
templates. When starting a project, the project manager creates the WBS, PSR and HRC semantic
documents, containing information regarding the project planning and checks them in the repository. Data
contained in the semantic documents are extracted by the Data Extraction and Versioning Module and
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stored in the IMSD-SPM data repository. From this moment, the Simplified Project Plan and Dependency
Matrices features, which are related to project planning, can be used by the project manager.

Along the project, the manager may update the semantic documents by adding data about the
project execution and checks the new versions of the semantic documents in the document repository. For
example, periodically, the manager should check in new versions of the Project Status Report spreadsheet,
containing data regarding the project execution until that moment. Data recorded in the new versions of the
semantic documents are extracted and stored in the data repository. Once data about the project execution
is stored, the manager can use the IMSD-SPM features related to project monitoring and control (Project
Monitoring Panel, Performance Indicators, Estimates for Project Conclusion and Project Performance
History).

When data regarding execution of more than one project are stored in the data repository, managers
can use the Projects Comparison feature to compare performance indicators of different projects. The
Quality Assurance feature can be used at any time to automatically verify the semantic documents stored
in the document repository.

Next, we present some of the IMSD-SPM features and make some discussions about the use of
SPMO in their context.

4.2.1 The Simplified Project Plan and the Project Monitoring Panel

A Simplified Project Plan integrates data recorded in different semantic documents. Its first version is
generated when the first versions of the WBS, PSR and HRC are submitted to IMSD-SPM. New versions
can be generated when data regarding planning are updated and new versions of the documents are
submitted. The Simplified Project Plan presents information extracted from semantic documents and also
data generated by IMSD-SPM. For instance, planned start and end dates of some activities can be
determined by IMSD-SPM considering the planned duration of other activities, activities dependencies,
and the start date of the first activity. Besides, the composition relations between project activities and
processes, and axioms that address planned costs in these relations (the planned cost of an activity is the
sum of the planned costs of the activities that compose it, and the planned cost of a process is the sum of
the planned costs of its activities) allow inferring that the total planned cost of the general process defined
to the project is the sum of planned costs of all activities that compose the process. Figure 11 shows
fragments of WBS, PSR and HRC semantic documents submitted to IMSD-SPM. Ellipses and arrows are
used to highlight examples of related information.

Project: ProjSoft (a) (b)
1 Project management Id | Human Resource | Cost (per hour)
Project plan 1 Ioha 100
1.2 Project status report 2 C Mary D 20
3 Lessons learned 3 Toseph, 60
2 Requirements specification 1 Peter| 60
2L ——Requisements-pealiziingy record 5 Magdaldne 100
2.2 Requirements specification 3 Marl] 120
3 . - 2
31 Class model
32 Behavioral model
4 Project
41 Architectural design
42 Interface design
3 Data design
5 Implementation and unit testing
()
N Planned
Id Activity Subactivity Start | End Durh Staleholder Pred.ec.e-ssor Related work
date | date Ny activities packages
1 [Etaborate project plan 04122/15 40 Tohd N\ 1.1
2 |Specify system requirements 30 l \ 1
b1 Pgrfpﬂp requirements g M l“ \ b1
elicitation '
b2 Dev e.:lop requirements 40 < Mary ) 2.1 ﬂ
specification b
23 Evaluate requirements 16 Mark 2.2 2.2
specification

Figure 11- Semantic documents fragments: (a) WBS, (b) HRC, (c) PSR.

A fragment of the Simplified Project Plan generated based on the documents shown in Figure 11
is depicted in Figure 12. Data inside solid red ellipses are examples of data extracted from semantic
documents. Data inside dotted blue ellipses are examples of data calculated by IMSD-SPM by exploring
the SPMO conceptualization. To ease the plan visualization, a Gantt Graph is also provided (not shown in
Figure 12).
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Simplified Project Plan | Gantt Graph
Simplified Project Plan

Project Planned
Activity / Subactivity Start date End date Duration Stakeholder | Predecessor activities WBS items related Cost
1 Elaborate project plan 04/22/15 04/28/15 40 John - 11 4000,00
2 Specify system requirements 04/29/15 05/12/15 =80 - 7040,00
21 Perform requirements elicitation 04/29/15_ 05/01/15 Mary 120,00
2.2_Develop requirements specifica 0—4;1-5 gs,o-gﬁg- - - @ IS .350..1 oo )
2.3 Evaluate requirements specification 05/11/15 0512115 16 Mark 121,22 1920,00

Figure 12 - Simplified Project Plan fragment.

During the project, the manager submits new versions of the semantic documents containing data
regarding project execution. Based on their content and considering SPMO conceptualization, IMSD-SPM
provides a Project Monitoring Panel presenting planned and actual values and the differences between
them. A Gantt Graph showing planned and performed values is also shown. Figure 13 presents a Project
Monitoring Panel fragment. For sake of legibility, some columns were omitted. The variations between
planned and performed values are presented in the last columns.

Project Status Report Indicators | Estimates | Gantt Graph
Project Status Report
Project Planned Performed Variations
Activity / Subactivity Start date End date Duration Stakeholder =Cost  Startdate  Enddate  Duration Allocated HR Cost Cost | Start date (days) | End date (d) Duration (d)

1 Elaborate project plan 04/22/15 04/28/15 40 John 4000.00 04722/15 04/28/15 40 John 400000 0.00 0 0 0
2 Specify system requirements 04/29/15 05/12/15 80 - 7040.00 04/29/15 05/18/15 112 - 9920.00 2880.00

21 Pperform requirements elicitation | 04/2915  05/01/15 24 Mary 1920.00 04129115 05/04/15 32 Mary 2560.00  640.00 0
22 Develop requirements specification 05/04/15 05/08/15 40 Mary 3200.00 05/05/15 05/13/15 56 Mary 4480.00 1280.00 1
2.3 Evaluate requirements specification 05/11/15 05/12/15 16 Mark 1920.00 05/14/15 05/18/15 24 Mark 2880.00 960.00 3

Bow = B
AN s

Figure 13 — Project Monitoring Panel fragment.

For calculating deviations between planned and actual values, the traceability between estimated
processes and their executions and between estimated activities and their executions is explored in SPMO.
The traceability is established by the relationships caused by between Intended Process and Performed
Process, and between Intended Activity and Performed Activity. These relationships allow identifying start
and end planned dates for processes and activities (estimatedStartDate and estimatedEndDate of Scheduled
Process and Scheduled Activity), their planned duration and cost (estimatedDuration and estimatedCost of
Estimated Process and Estimated Activity); their actual start and end date (startDate and endDate of
Performed Process and Performed Activity); and their actual duration and cost (duration and cost of
Tracked Process and Tracked Activity).

Since planned and actual costs of activities are related to, respectively, stakeholders’ allocations
and stakeholders’ participations, the 