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RESUMO

Fornecer suporte a interoperabilidade apenas considerando a forma e o significado (i.e.

sintaxe e semântica) na troca de dados não é suficiente para se atingir uma colaboração efe-

tiva e significativa. Neste sentido, a interoperabilidade pragmática tem se destacado como

um requisito fundamental para garantir a colaboração em sistemas distribúıdos. Entre-

tanto, preencher este requisito não é uma tarefa trivial. O objetivo deste estudo é propor

e avaliar uma solução para apoiar implementação da interoperabilidade pragmática em

um sistema colaborativo. Assim, a solução proposta foi implementada e avaliada em um

ecossistema de software baseado na web capaz de apoiar o desenvolvimento colaborativo

de workflows cient́ıficos chamado ECOS Collaborative PL-Science.

Palavras-chave: Interoperabilidade Pragmática, Workflows Cient́ıficos, Sistemas

Colaborativos.



ABSTRACT

Providing interoperability support only considering the format and meaning (i.e. syn-

tax and semantic) in data exchange is not enough to achieve effective and meaningful

collaboration. Pragmatic interoperability has been identified as a key requirement to fos-

ter collaboration in a distributed environment. However, fulfilling this requirement is not

a trivial task. The aim of this study is to propose and evaluate a solution to support

pragmatic interoperability implementation in a collaborative system. The proposed solu-

tion was implemented and evaluated in an open source web-based software ecosystem to

support collaborative development of scientific workflows.

Keywords: Pragmatic Interoperability, Scientific Workflows, Collaborative Systems.



LIST OF FIGURES

1.1 Dissertation Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.1 MQ4 - Application Domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.2 MQ1 - Number of Papers X Year . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.1 ECOS Collaborative PL-Science life cycle (adapted from (Belloum et al., 2011)) 37

3.2 ECOS Collaborative PL-Science Architecture (adapted from (PEREIRA et al.,

2014)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.3 Generic Workflow for Multiple Sequence Alignment . . . . . . . . . . . . . . . 42

3.4 PRIME use case diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.5 PRIME Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

3.6 Services Description Ontology Graph Representation . . . . . . . . . . . . . . 49

3.7 Property Chains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.8 Similarity Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.9 Pragmatic Web Service Components . . . . . . . . . . . . . . . . . . . . . . . 52

3.10 Experiment prototyping step in ECOS Collaborative PL-Science . . . . . . . . 53

3.11 Service Discovery in ECOS Collaborative PL-Science . . . . . . . . . . . . . . 53

3.12 Services Ranking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

3.13 Summary of the steps followed by PRIME . . . . . . . . . . . . . . . . . . . . 54

3.14 Service Registration in ECOS Collaborative PL-Science . . . . . . . . . . . . . 55

4.1 Blood group inheritance activities . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.2 Blood type inheritance workflow . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.3 Outlier Identification - Percentage of Correctness - PRIME non-use . . . . . . 66

4.4 Outlier Identification - Percentage of Correctness - PRIME use . . . . . . . . . 66

4.5 Normality test - Percentage of Correctness - PRIME non-use . . . . . . . . . . 67

4.6 Normality - Percentage of Correctness - PRIME use . . . . . . . . . . . . . . . 68

4.7 Normality test - Time Spent - PRIME non-use . . . . . . . . . . . . . . . . . . 68

4.8 Normality test - Time Spent - PRIME use . . . . . . . . . . . . . . . . . . . . 69

4.9 Homoscedasticity test - Percentage of Correctness . . . . . . . . . . . . . . . . 69

4.10 Histogram - Q1 - Group 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71



4.11 Histogram - Q1 - Group 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

4.12 Histogram - Q2 - Group 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

4.13 Histogram - Q2 - Group 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

4.14 Histogram - Q3 - Group 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

4.15 Histogram - Q3 - Group 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

4.16 Histogram - Q4 - Group 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

A.1 Paper Selection Process - Round 1 . . . . . . . . . . . . . . . . . . . . . . . . 92

A.2 Paper Selection Process - Round 2 . . . . . . . . . . . . . . . . . . . . . . . . 93

A.3 Paper Selection Process - Round Both Rounds . . . . . . . . . . . . . . . . . . 93

A.4 Database Schema to Support Data Extraction . . . . . . . . . . . . . . . . . . 96

A.5 MQ1 - Number of Papers X Year . . . . . . . . . . . . . . . . . . . . . . . . . 97

A.6 MQ3 - Publication Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

A.7 MQ4 - Application Domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

A.8 MQ5 - Type of Computational Support . . . . . . . . . . . . . . . . . . . . . . 101

A.9 Summary of Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

B.1 Extended Waterfall Process Model . . . . . . . . . . . . . . . . . . . . . . . . 118



LIST OF TABLES

2.1 RQ1 - Solutions to Promote Pragmatic Interoperability . . . . . . . . . . . . . 27

3.1 Service Description Specification . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.1 Expert Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.2 Experimental study summary results . . . . . . . . . . . . . . . . . . . . . . . 77

A.1 Quality Assessment Checklist Adapted From Muhammad et al. (2014) and

Kitchenham (2007) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

A.2 Authors’ Names and Number of Publications . . . . . . . . . . . . . . . . . . 97

A.3 MQ3 - Publication Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

A.4 Pragmatic Interoperability Definitions . . . . . . . . . . . . . . . . . . . . . . 101

A.5 Validation Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

A.6 RQ1 - Solutions to Promote Pragmatic Interoperability . . . . . . . . . . . . . 105

B.1 Extended PI Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119



LIST OF ACRONYMS

DSD Distributed Software Development

PI Pragmatic Interoperability

SM2PIA Support Model to Pragmatic Interoperability Achievement

PRIME PRagmatic Interoperability to MEaningful collaboration

SOA Service Oriented Architecture



CONTENTS

1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.1 RESEARCH QUESTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.2 GOALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.3 RESEARCH METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.4 OUTLINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2 PRAGMATIC INTEROPERABILITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2 INTEROPERABILITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.3 SCIENTIFIC WORKFLOWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.4 PRAGMATIC INTEROPERABILITY: A SYSTEMATIC REVIEW AND MAP-

PING OF THE LITERATURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.4.1 Systematic Review and Mapping of the Literature . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.4.2 Pragmatic Interoperability Proposed Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.5 ANALYSIS OF PROPOSED SOLUTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2.6 FINAL CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3 PRAGMATIC INTEROPERABILITY DEVELOPMENT IN ECOS

COLLABORATIVE PL-SCIENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.1 ECOS-COLLABORATIVE PL-SCIENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.2 PRIME - PRAGMATIC INTEROPERABILITY TO MEANINGFUL COL-

LABORATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

3.2.1 Requirements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

3.2.2 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

3.2.2.1 Service Description. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

3.2.2.2 Ranking Algorithm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.2.2.3 Pragmatic Web Service. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.2.3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.3 FINAL CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55



4 PRIME EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4.1 EXPERIMENTAL STUDY DEFINITION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4.2 EXPERIMENTAL STUDY PLANNING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.3 EXPERIMENTAL STUDY OPERATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.3.1 Pilot Experimental Study. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.3.1.1 Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.3.1.2 Subjects Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.3.1.3 Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.3.1.4 Lessons Learned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.3.2 Experimental Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.3.2.1 Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.3.2.2 Subjects Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.3.2.3 Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.3.2.4 Lessons Learned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.4 ANALYSIS AND INTERPRETATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.4.1 Quantitative Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.4.2 Qualitative Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

4.5 THREATS TO VALIDITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.6 FINAL CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5 CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

5.0.1 Research Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

5.0.2 Future Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

A.1 REVIEW PLANNING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

A.2 REVIEW AND MAPPING CONDUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

A.3 SYSTEMATIC MAPPING REPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

A.4 SYSTEMATIC REVIEW REPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .103

A.4.1 Pragmatic Interoperability Proposed Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104

A.5 ANALYSIS OF PROPOSED SOLUTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .110

A.6 THREATS TO VALIDITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .113



B.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .115

B.2 MODEL TO SUPPORT PI ACHIEVEMENT (SM2PIA) . . . . . . . . . . . . . . . . . .115

B.3 EXTENSION OF SOFTWARE DEVELOPMENT PROCESS TO SUPPORT

SM2PIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .117

B.4 FINAL CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .118



16

1 INTRODUCTION

This chapter presents the work context that motivated this research and the research ques-

tions. The goals, research methodology and how this text is structured are also presented.

Software plays an important role in society. The dissemination of software use for

different purposes and our dependency on it to perform daily tasks has generated a need

for solutions to increase productivity and quality and to reduce costs in development

processes. In order to fulfill these needs, companies geographically distributed their ac-

tivities. However, this scenario has brought new challenges because collaborative systems

have complex requirements which are not easy to fulfill. This complexity is partially

related to the diversity of interactions and process types that these systems support,

imposing a need for flexible rules and policies. For example, suppose that a discussion

forum is used to support decision making in a meeting. In this scenario, at the moment

when decisions are made, roles can be modified and new activities and policies need to be

redefined. Besides these challenges, the dynamism of the components used to represent

the interaction context also increase the complexity of the collaborative systems. When

a decision is made, modifications in the context occur during the interaction, generat-

ing additional requirements and interest objects for the participants (DAVID; MACIEL,

2009).

In order to support collaborative systems analysis, Ellis et al. (1991) established the

3C collaboration model. This model defines collaboration as the combination of three

dimensions: (i) Communication - related with the message exchanges generated from user

interactions; (ii) Cooperation - management of people, their activities and resources and;

(iii) Coordination - activities performed in a shared workspace.

A study conducted by Steinmacher et al. (2013) revealed that tools to support the com-

munication dimension during collaboration in a distributed software development (DSD)

environment were very poorly explored. Furthermore, communication issues are usually

identified as one of the main difficulties in a distributed environment, which can be con-

sidered a gap and a good opportunity for research.
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The communication process is explored in semiotics, the study of meaning- making,

the philosophical theory of signs and symbols in the field of linguistics. Semiotics is

divided into three dimensions: syntactic, semantics and pragmatics. Syntax acts as a

sign, semantics is related with which the sign refers to, and pragmatics is related to

the effect of the sign on the interpreter. This effect can be noticed depending on the

context where the sign is used (MORRIS, 1938). These three aspects are important in

the communication process.

Using semiotics, we can also explain a key requirement that arises with the DSD sce-

nario, interoperability across collaborative systems. In DSD, the systems are distributed

and they need to communicate accordingly. In other words, they need to interoperate in

order to reach specified goals. Therefore, interoperability can be considered a fundamental

requirement to enable collaboration in this application domain.

In this research context, interoperability can be defined as the ability of different

systems to use each other’s services effectively (ASUNCION; SINDEREN, 2011). These

systems can share functionalities and information at different levels. In a syntactic level,

the exchanged data acts as a sign and, to achieve this interoperability level, the syntax

of this sign must be previously established as a standard. Semantic interoperability is

concerned with ensuring that the meaning of the data across the considered system is

the same and shared in an unambiguous way. Finally, pragmatic interoperability (PI) is

concerned with ensuring that the message sender and receiver share the same expectations

about the effect of the exchanged messages and the context where this exchange occurs

(TOLK; MUGUIRA, 2003).

Interoperability across collaborative systems is not a trivial requirement. Each system

has its own particularities and needs. As a result, each system requires that different

interoperability levels be achieved.

Many researchers have argued that providing interoperability support only consider-

ing the format and meaning (i.e. syntax and semantic) in data exchange is not enough

to achieve complete, effective and meaningful collaboration (ASUNCION; SINDEREN,

2010), (RUOKOLAINEN, 2009). In this vein, PI support has been seen as a key re-

quirement to meet the desired effects during message exchange and different authors have

discussed this, including Bravo and Alvarado (2008) and Schoop et al. (2006).

Considering the e-science domain, scientists usually expect that services address their
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research needs. However, in most cases they have to specify experiments composed

of different services executed in pipeline. These services act as a scientific workflow

(LUDÄSCHER et al., 2006). To illustrate the pragmatic interoperability requirement

in e-science, let us suppose a collaborative system designed to support experiments in bi-

ology. Scientists working in this system need to compose services which are geographically

dispersed. In order to fulfill this requirement, they must know the context in which the

components are inserted, the constraints on their use, the concepts that they represent,

the nonfunctional requirements that they have to fulfill, among others. In this scenario,

providing pragmatic interoperability support can improve collaborative activities among

the scientists taking into account tacit and non-formalized context factors such as compo-

nents reliability, which scientist used which components and for what purpose they were

selected, among others. Another example is supposing a scenario where services must

interoperate. A syntactic level covers data exchange. If service A sends a string, service B

has to expect a string. But, what is this string about? At the semantic level this question

can be answered. If service A sends a string that represents a DNA sequence and service B

expected a RNA sequence, there is no semantic interoperability. However, even if service

A sent a DNA sequence while service B expected the same, is service B the best service?

Do they meet the expectations? We answer these questions based on pragmatic aspects

such as user context, service context, business rules, policies, restrictions, among others.

Although pragmatic interoperability support has been mentioned as a key issue in

literature, this field is still in its infancy as can be seen in (ASUNCION; SINDEREN,

2010). This study found at least 44 unique pragmatic interoperability definitions. Besides

revealing the lack of consensus, the authors found that each definition is associated with

a particular research domain.

1.1 RESEARCH QUESTIONS

In this context, it is important to carry out research in order to investigate PI as this is a

fundamental requirement to enhance collaboration in the DSD context. As illustrated by

the examples previously discussed in this section, the e-science domain has the potential to

improve activities with PI. In particular activities that involve the development of scientific

workflows. Thus, this work proposes and evaluates a solution to address pragmatic inter-

operability in order to support collaborative development of scientific workflows. To tackle
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this, PI was investigated considering an open source web-based software ecosystem to sup-

port collaborative development of scientific workflows (http://pgcc.github.io/plscience/).

The following questions were formulated to guide the research:

� Q1:Which strategies have been proposed to implement PI in software systems (e.g.Ontology)?

� Q2:How to create an architecture to implement PI to support the collaborative

development of scientific workflows?

� Q3:What is the feasibility of the resulting architecture?

� Q4: What are the benefits that this architecture provides considering the develop-

ment of scientific workflows?

1.2 GOALS

The main goal of this work is to propose an architecture to support PI during the devel-

opment of scientific workflows. This goal can be divided into specific goals, based on the

research questions. The specific goals are:

� G1: To establish a systematic mechanism to capture the strategies used to achieve

PI.

� G2: To develop an architecture to achieve PI in a collaborative system that supports

the development of scientific workflows, based on the strategies captured in G1.

� G3: To evaluate the benefits of the developed architecture in order to support the

development of scientific workflows.

1.3 RESEARCH METHODOLOGY

This methodology is divided into proposal definition and proposal refinement as suggested

by Mafra et al. (2006). The proposal definition involved doing systematic reviews and

mapping studies in order to generate knowledge about the topic of research. Based on

this knowledge, the proposal was elaborated. Proposal refinement involved carrying out

experimental studies in order to refine the proposal and increase comprehension. The

experimental studies followed the methodology proposed by Wohlin et al. (2012) and

statistical methods were used to perform quantitative analysis (WILCOX, 2003).
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1.4 OUTLINE

The remainder of this work is organized as follows (see Figure 1.1): in Chapter 2 theoret-

ical foundations and a systematic review and mapping of the literature about pragmatic

interoperability computational solutions are presented. Based on this systematic review

and mapping, the main strategies to implement PI were captured. Based on the strategies

captured, an architecture to support PI during the development of scientific workflows is

proposed in Chapter 3. Chapter 4 presents an evaluation of the proposed architecture

when applied in an open source web-based software ecosystem to support collaborative

development of scientific workflows. Final considerations and future works are discussed

in Chapter 5.

Figure 1.1: Dissertation Structure
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2 PRAGMATIC INTEROPERABILITY

This chapter presents a theoretical foundation containing important concepts for the scope

of this work and some results of a systematic review and mapping of the literature. The

aim is to help the comprehension of the state of art about computational solutions to

support pragmatic interoperability (PI).

2.1 INTRODUCTION

This work presents an architecture to achieve PI in order to support the collaborative

development of scientific workflows. Before presenting some results obtained through

the systematic review and mapping about PI computational solutions, it is important

to examine the background to the interoperability concept and the concept of scientific

workflow.

This systematic review and mapping was not restricted only to PI computational solu-

tions related to the development of scientific workflows. It aims to help the comprehension

of the state of art about pragmatic interoperability (PI) computational solutions and then,

to provide support to the proposed work. These include ideas about what can be reused

and/or adapted to support the development of scientific workflows.

The following two subsections provide the background on interoperability and on sci-

entific workflow concepts, respectively.

2.2 INTEROPERABILITY

As reported in (ASUNCION; SINDEREN, 2011), there are several definitions for in-

teroperability. IEEE defined interoperability as ”the ability of two or more systems or

components to exchange information and to use the information that has been exchanged”

(GERACI et al., 1991). While, ISO defined interoperability as ”the capability to commu-

nicate, execute programs, or transfer data among various functional units in a manner

that requires the user to have little or no knowledge of the unique characteristics of those

units” (ISO, 1993). The Open Group defines it as ”the ability of systems to provide and

receive services from other systems and to use the services so interchanged to enable them
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to operate effectively together” (JOSEY, 2011). Researchers in the enterprise interoper-

ability area defined interoperability as: ”the ability for two systems to understand one

another and to use functionality of one another” (CHEN et al., 2008). Finally, in the

context of Service Oriented Architectures, interoperability is understood as ”the ability of

the software systems to use each other’s software services effectively” (POKRAEV, 2009).

In summary, interoperability allows two or more systems to interact and exchange data,

based on standardized methods and to achieve some goal without having to know the

uniqueness of the interacting systems (POKRAEV, 2009).

Interoperability can be categorized into levels. These levels are defined in this work

scope based on the study of semiotics. They are divided into three dimensions related to

the communication process: syntactic, semantics and pragmatics.

To achieve syntactic interoperability support some technologies have appeared in or-

der to propose an standardized structure for data exchange, such as eXtensible Markup

Language (XML), HLA Object Model Template (HLA OMT), Interface Description Lan-

guage, Common Object Request Broker Architecture (CORBA) and Simple Object Access

Protocol (SOAP) (WANG et al., 2009).

However, sometimes the interoperated data does not achieve effective interoperability,

especially in collaborative systems contexts. As a result, it is necessary to transform data

in information in order to address interoperability in a semantic level. The semantic level

can be understood as the ability of systems to exchange information whose meaning can be

inferred, interpreted and classified, without the need of human involvement (POLLOCK;

HODGSON, 2004). To achieve this interoperability level, metadata associated with a

certain data set are provided. To accomplish semantic support, some technologies, such

as, Web Ontology Language (OWL), Unified Modeling Language (UML) and Resource

Description Framework (RDF) (LI; LI, 2004) are used.

Pragmatic interoperability support goes beyond the semantic level. It aims to ensure

that individuals involved in the message exchange have the same understanding about

the data meaning and the same expectations about the effects caused by the exchange.

Therefore, the sent messages always have an intention, in other words, they intend to cause

some effect on the receiver. However, the desired effect is not always reflected in the effect

caused. Pragmatic interoperability is designed to solve this sort of conflict (POKRAEV

et al., 2005). In this work scope, the adopted definition of pragmatic interoperability
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is the compatibility between the intended versus the actual use of a service involved in

a communication process within a relevant shared context (adapted from ((ASUNCION;

SINDEREN, 2011)).

2.3 SCIENTIFIC WORKFLOWS

A Scientific Workflow is a paradigm used to describe, manage and share complex sci-

entific analysis. These workflows are usually used to run in silico experimental studies

supported by computer simulations. The scientific workflows concept is a strategy used

in an attempt to minimize the complexity of scientific experiments by focusing on what

needs to be done and abstracting how it should be done (ROURE et al., 2009). Despite

this, scientific workflows have particularities that increase their complexity, such as (i)

a great number of steps, (ii) dynamicity, as scientific workflows frequently change, and

(iii) the need for parameterization for many tasks (Costa et al., 2012) (Silva et al., 2011).

Furthermore, these workflows usually involve a huge number of heterogeneous datasets

and different scientists working in the process (Matos et al., 2008). Datasets and scientists

are frequently geographically dispersed.

Scientific workflows are usually composed of external and local services. These ser-

vices are self-contained and independent and they are responsible for performing a specific

task. In order to solve a specific problem, the linkage of these services comprises a scientific

workflow. Regarding scientific workflow development, the need of collaboration increases,

once the resources/services can be shared in order to reduce workflow development time

and cost (ROURE et al., 2009). Scientists must work collaboratively and services must

interoperate in order to compose the best services to fulfill scientific workflow require-

ments. Collaborative systems designed to support scientific workflow development can

take advantage of pragmatic interoperability support services.

The following subsection presents systematic review and mapping about PI computa-

tional solutions.

2.4 PRAGMATIC INTEROPERABILITY: A SYSTEMATIC REVIEW

AND MAPPING OF THE LITERATURE

Kitchenham (2004) emphasizes that an evidence-based approach to software engineering
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is an important research issue. Evidence-based software engineering (EBSE) highlights

the need to find evidence on a specific topic using secondary studies, such as systematic

literature reviews and mapping studies as a methodological framework for identifying and

aggregating evidences.

The main purpose of a systematic review is to identity, evaluate and interpret studies

in literature considering the research questions. Through systematic reviews, it is possible

to gather evidence to identify gaps and research opportunities in the targeted area. Sys-

tematic mapping is a form of systematic literature review that provides an overview by

identifying and categorizing the available research on a broad topic based on the guidelines

proposed by Kitchenham (2007).

To the best of our knowledge, there is no systematic review and/or mapping which

maps and analyses the existing proposed solutions in literature for providing support to

pragmatic interoperability.

2.4.1 SYSTEMATIC REVIEW AND MAPPING OF THE LITERATURE

Through the systematic review, we answered (i) which strategies have been used to en-

hance pragmatic interoperability and (ii) how the proposed solutions address pragmatic

interoperability? Through this review we obtained evidence to build our proposed solu-

tion.

This systematic review was organized based on the main activities proposed by Kitchen-

ham (2007): planning, conducting and reporting the study. As a matter of objectivity,

we do not focus on the description and detailing of the protocol and activities performed

during this review, however, more details can be found in Appendix A. In this section, we

present some results and conclusions that were reached to improve the understanding of

this research field. This section provides an overview of the proposed solutions to address

pragmatic interoperability that were included in our final set of papers.

From 1691 papers (without duplicated ones) collected from electronic databases, only

13 remained at the end of our rigorous analysis, including a quality assessment check-

list. This reduction in studies can be justified by: (i) The huge number of false positive

studies captured in the electronic bases caused by the use of the word ”pragmatic” and

its variations in our search string. The word and its variations were frequently used as

a synonym of practical, operative or realistic in abstracts and titles. However, we could
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not remove these words from the search string because they are essential and therefore we

had to deal with a huge number of false positives. (ii) The absence of solution proposals

to support pragmatic interoperability. Many studies discussed the relevance of pragmatic

interoperability without presenting a solution to achieve it. (iii) Finally, the low score in

the quality evaluation.

The solutions proposed in these works are associated to different domains (Figure 2.1).

Pragmatic interoperability solutions were frequently applied in e-business (46.1%). The

set of selected papers also presented pragmatic interoperability solutions to support World

Wide Web (15.4%), e-health domain (15.4%), intelligent systems (7.7%), grid computing

(7.7%) and geosciences (7.7%). In spite of the fact that the range of years was not limited

in this systematic mapping, the selected papers were published from 2004 onwards (Figure

2.2). This was probably due to the fact that the semantic web concept was conceived in

2001 and it was only after this year that the challenges it faced started to be discussed

(BERNERS-LEE et al., 2001). The first conceptual model to deal with interoperability

issues was proposed in 2003 by (TOLK; MUGUIRA, 2003), motivated by the research

agenda of USA Department of Defense Net-Centric Data Strategy. Finally, the term

Web 2.0 became widespread in 2004 by O’Reilly Media enterprise increasing interest in

interoperability challenges.

Figure 2.1: MQ4 - Application Domain

In order to answer the question ”Which solutions have been used to promote pragmatic
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Figure 2.2: MQ1 - Number of Papers X Year

interoperability?” the aspects that were used to promote pragmatic interoperability in the

proposed solutions were identified. Most of the selected papers considered service com-

position, discovery and/or selection (69.2%) and ontologies (69.2%) as essential aspects

to achieve pragmatic interoperability support. The remainder of the solutions proposed

metamodels (38.5%), software agents (30.8%), pragmatic web services (15.4%) and a

pragmatic grid (7.7%).

The high number of papers considering service composition, discovery and/or selection

may be explained by the nonfunctional requirements of collaborative systems. The diver-

sity of interactions and the process types where these systems execute imposes flexible

rules and policies. In order to deal with this dynamicity, the proposed solutions were usu-

ally built using Service Oriented Architecture (SOA) concepts. To reuse and compose with

services from different infrastructures, interoperability is a key requirement to be fulfilled.

Therefore, these non-functional requirements are important to achieve meaningful collab-

oration support, and to fulfill them, pragmatic interoperability support is necessary. To

achieve pragmatic interoperability across geographically distributed services, techniques
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Table 2.1: RQ1 - Solutions to Promote Pragmatic Interoperability

related to discovering, selecting and composing services that meet user expectations have

been developed.

The high number of papers which consider ontologies may be because ontology has

been widely explored to represent concepts in the World Wide Web, especially after the

beginning of the semantic web in 2001 (BERNERS-LEE et al., 2001). Thus, the use

of ontology seems appropriate to represent semantic and pragmatic aspects to tackle

pragmatic interoperability issues.

For a better understanding of ”How the proposed solutions address pragmatic inter-
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operability”, these solutions are described in the following subsection.

2.4.2 PRAGMATIC INTEROPERABILITY PROPOSED SOLUTIONS

This subsection discusses how each proposed solution, presented in the 13 papers, address

the issue of pragmatic interoperability.

(FERREIRA et al., 2012)

In (FERREIRA et al., 2012), pragmatic interoperability is used as a way to support

tourism business activities. In this domain there is a huge number of heterogeneous

variables and resources, such as schedules, accommodation, food, tours and others. This

set of variables and resources are usually available as services in the tourism information

systems and factors that constrain and impose changes to the initial plan frequently occur.

Considering this, tourism services must be pragmatically interoperable in order to assure

better alignment between service providers and client expectations and must be able to

adapt dynamically to new scenarios without disturbing the clients.

To achieve this support, Ferreira et al. (2012) presented the Open Tourism Initiative

(OTI). OTI is an architecture that handles dynamic tourism packages under a Virtual

Enterprises organizational model. This architecture was designed to quickly react to ex-

ternal changes behaving as an adaptive information system. In order to meet clients’

expectations, an architecture component, named Tourism Pragmatic Engine (TPE), en-

ables pragmatic aspects of the communication to allow tourist involvement as a co creator

of the tourism activity. The pragmatic aspects are designed to capture context, prefer-

ences, humor and other requirements related to tourists.

OTI services must be described and registered through a domain ontology. As a

result, and based on pragmatic aspects, a brokering mechanism must discover, select and

compose with the most appropriate services according to clients’ expectations.

(TAMANI; EVRIPIDOU, 2006)

Tamani and Evripidou (2006) argued that businesses that adopt service-oriented tech-

nology tend to expand their markets and improve quality through interoperation across

other businesses. However, in order to fully exploit this potential, business discovery must

be effectively implemented. To do this the authors present a methodology for web services

discovery that considers pragmatic aspects during the process. As a result, business ser-

vices can interoperate according to the intended expectations. The proposed methodology
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defines that the context of web services’ usage can be determined considering the context

of the collaborators themselves. The contexts of the collaborators are described using a

XML standard and, as a result, the context is exchanged and interpreted identically by

all collaborators.

(MINGXIN, 2009)

According to Mingxin (2009) enterprise information systems (EIS) are essential to

dealing with changing requirements and services in the enterprise domain. However,

dynamicity is a complex requirement to be fulfilled by EIS. In this work, pragmatic inter-

operability was used to address this requirement. The authors proposed an architecture,

named Enterprise Isomorphic Architecture (EIA) which supports syntactic, semantic and

pragmatic interoperability across EIS. Relying on the core of EIA is Enterprise Isomorphic

Mapping Mechanism (EIMM) which is designed to support the pragmatic interoperabil-

ity level. EIMM is the architecture component that deals with requirements change and

transforms these requirements from business to IT systems through mechanisms based on

ontologies that keep the transformation isomorphic. This transformation must keep the

coherence of concept structures to avoid transaction loss. In order to perform ontology

mapping during the transformation process different aspects of EIS must be connected

through a precise representation.

(LEE et al., 2007)

Lee et al. (2007) state that geospatial information sources are heterogeneous and ge-

ographically distributed. This scenario makes interoperability among different organiza-

tions a complex task. In this paper, the authors investigate the integration of real-time

water quality assurance data with geographic data. They propose a context-aware geospa-

tial data and service integration framework that includes a syntactic, a semantic and a

pragmatic model based on Semantic Web technologies. The framework allows the analy-

sis of existing dependencies, predicting causes and providing context-aware services. The

pragmatic model which is necessary to enable pragmatic interoperability captures the

context where a service is used and meets user expectations. Based on pragmatic knowl-

edge, services are discovered, selected and composed. As a proof of concept, a Web-based

system, named HIS-KCWater (Hydrologic Information System for Kansas City metro WA-

TERsheds) was developed where the proposed framework was deployed. HIS-KCWater is

an automated real time analysis and forecasting system for water quality in the watersheds
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covering the Kansas City metropolitan area.

(LIANG et al., 2007)

In this paper, a pragmatic web service framework was proposed to introduce pragmatic

aspects into web service technologies. In this proposed solution, intelligent agents play

a key role in managing users’ intention, service context, information communication and

negotiation between service consumers and service providers. Furthermore, agents must

analyze users’ requirements to define and rank the semantic equivalent services. Ontologies

are used to represent and manipulate web resources.

In order to build the framework, a knowledge frame was designed to store pragmatic

information. Pragmatic information is used to capture the intention and the context of

each web service in the workflow. The pragmatic frame can be used to find and select the

right web service in the web in order to solve a particular task.

(KUTVONEN, 2008),(KUTVONEN et al., 2007)

In Kutvonen (2008) and Kutvonen et al. (2007), the Web Pilarcos project is discussed.

Web Pilarcos is a B2B middleware designed to reduce the cost of collaboration and to fa-

cilitate management and maintenance of networks. This project was an effort to improve

participation in electronic business networks as a key for success. The web-Pilarcos archi-

tecture and middleware address the syntactic, semantic and pragmatic interoperability of

autonomous business services in an inter-organizational context.

Pragmatic interoperability was used to support meaningful collaboration between en-

terprises. In this study, pragmatic interoperability was achieved if the participants in the

message exchange had compatible business intentions, rules and organizational policies to

perform digital business transactions. In order to reach these goals, a business network

model and ontologies were used to define an e-Contract (collaboration contract). A B2B

middleware, called Web Pilarcos, implemented the e-Contract where facilities for service

discovery, selection and composition were provided.

(LEENHEER; CHRISTIAENS, 2007)

In this paper the authors argue that the aim of knowledge sharing in the World Wide

Web is to collaborate and integrate communities. Contemporary knowledge engineering

methods consider only the non-human system parts, investigating only technical and

syntactical aspects in the concept modeling. However, the semantic (elicitation) and

pragmatic (application context) must not be neglected.
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In order to bridge this gap between ”reality” and its modeling concepts, a framework

represented through an ontology, called DOGMA, is proposed. The DOGMA ontology

aims to provide extension points for engineering methods by covering semantic and prag-

matic aspects. The pragmatic aspects were considered to improve the interoperability

and therefore collaboration on the web.

(TOLK et al., 2006)

In order to support complex and dynamic environments, and decision challenges, in-

teroperability in modeling and simulation (M&S) field have been considered a key issue for

operational research. The authors discuss how various layered composability approaches

contribute to the definition of the Levels of Conceptual Interoperability Model (LCIM).

Moreover, they discuss how the results can be used to derive implications and require-

ments for ontologies to describe the universe of discourse. In this universe, intelligent

agents serve to mediate communication between agile applications in order to compose

individual systems into a meaningful system of systems. LCIM is a framework defined in

a previous work which is designed to determine interoperability, including pragmatic in-

teroperability, in the early phases of software engineering process, considering conceptual

models.

Furthermore, the paper presents an example of pragmatic interoperability where an

Ontology Driven Service-Oriented Architecture was designed. Based on the example, the

authors conclude that ontologies are a potential contributor to support the pragmatic

interoperability level, and also that this level is relevant to achieve meaningful interoper-

ability.

(GAO et al., 2008)

In Gao et al. (2008), a pragmatic grid architecture (PGA) which extends the semantic

Grid is proposed in order to include pragmatic aspects such as context elements and their

purpose. As well as this, the authors also propose a pragmatic information framework,

architecture of interoperation to support resource management, and a pragmatic-aware

discovery service to locate a suitable resource. PGA is a middleware which encompasses

pragmatic capabilities. It was extended to provide pragmatic-aware Grid services (PGS),

pragmatic provisioning services (PPS), agent services, and pragmatic information service

(PIS). In PGA, agents receive inputs related to the state of their environment and act

on the environment change, record the usage history, analyze the historical data to learn
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their behavior and process negotiation between agents.

The proposed solution provides flexible and personalization-awareness resources pro-

vision by managing the pragmatic information. Query rules are automatically and dy-

namically generated, and real requirements are inferred.

(RUKANOVA et al., 2006)

According to (RUKANOVA et al., 2006), to achieve pragmatic interoperability it is

necessary to express and compare the requirements at a pragmatic level. To do this,

the authors identify the pragmatic interoperability problems that can occur if companies

decide to do business transactions electronically by using standards. They propose a meta-

model for describing conversations and represent interoperability aspects on a pragmatic

level.

In order to describe conversations, it is necessary to define what is communicated

and the intention behind the communicated information. The authors use the notions of

elementary message (e-message) and action elementary message (ae-message) for this.

The use of the proposed metamodel was illustrated through an example to identify if

pragmatic interoperability could be achieved using HL7 standards.

The main benefit of the metamodel is that it can be used to describe the communi-

cation requirements of a business transaction and the capabilities of the standard in the

same terms and then it can be easily compared. A mismatch between communication

requirements of a business transaction and the capabilities of the standard means that

some pragmatic interoperability problem has occurred.

(LEE et al., 2004)

Lee et al. (2004) argued that the main goal of the semantic web is to reduce manual

discovery and usage of web resources. Software agents are frequently used to automatically

discover resources in order to meet user expectations. However, current studies of web

services are not wide enough to provide automatic composition.

In this paper the authors propose an architecture of the knowledge processing that is

necessary to compose individual services in service flows. Service description knowledge for

Web service discovery and composition was divided into syntactic, semantic and pragmatic

rules which enable the building of intelligent (pragmatic) web services for automating

service compositions.

The models used to describe rules with service concepts allowed the system to identify
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the relevant rules in a certain domain and to identify and select appropriate Web services

for composition. Furthermore, an ontological integration methodology that deals with

heterogeneous semantics existing in web service composition was introduced. As a proof

of concept, the proposed solution was applied in the cardiovascular domain which required

advanced service discovery and composition across heterogeneous platforms of multiple

organizations.

(LIU et al., 2014)

In the smart healthcare domain, huge numbers of heterogeneous data sources and

humans and the technical factors involved make systems interoperability requirement a

complex task. Many challenges such as information collision, heterogeneous data sources,

policy obstacles, and procedure mismanagement during the interoperability process must

be faced.

This paper presents a pragmatic interoperability analysis of systems integration in

an on-going project of a radiology department at a local hospital. The project aims to

achieve data sharing and interoperability across Radiology Information Systems (RIS),

Electronic Patient Record (EPR), and Picture Archiving and Communication Systems

(PACS). Based on the results of the analysis, a pragmatic interoperability framework

was proposed. It summarizes the empirical findings and guides the integration process in

the radiology context. The framework defined EAI (Enterprise Application Integration)

methodology and the HL7 standards, as technologies to address interoperability barriers

(http://www.hl7.org/).

2.5 ANALYSIS OF PROPOSED SOLUTIONS

Previously proposed solutions use different approaches in order to achieve pragmatic in-

teroperability in their contexts. However, there are similarities between them.

From the analysis of the selected papers, it was possible to notice that pragmatic in-

teroperability was treated as a key issue to meet user expectations in information systems,

as in Ferreira et al. (2012) and Lee et al. (2007). The fulfillment of these expectations

was constantly linked to the discovery, selection and composition of the best services.

Ontologies, or other metamodels, were frequently used to represent the syntactic, seman-

tic and pragmatic services aspects, according to Lee et al. (2004), Kutvonen (2008) and

Kutvonen et al. (2007). Scenarios where pragmatic interoperability support is required,
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frequently involved heterogeneous, distinct and very large data sources, according to Liu

et al. (2014). Pragmatic interoperability usually acts in order to improve communica-

tion between services, systems and even institutions. Adding pragmatic aspects to the

communication/interoperation process could enhance collaboration activities.

In order to achieve pragmatic interoperability support, pragmatic information must

be captured and stored. Pragmatic information can be enriched by context, awareness

and historical information, as mentioned by Tamani and Evripidou (2006), Ferreira et al.

(2012) and Gao et al. (2008).

In the e-business domain, pragmatic interoperability support often exceeds the system

level and reaches the business level, considering business rules, business contracts, and

policies, according to Mingxin (2009), Kutvonen (2008) and Kutvonen et al. (2007). We

also noticed that the HL7 standards have been used as a base to achieve pragmatic

interoperability by adding pragmatic aspects, as in Liu et al. (2014) and Rukanova et al.

(2006).

In this vein, the knowledge obtained from this review found that pragmatic inter-

operability support is achieved when a desired effect is in accordance with the actual

effect, considering a message exchange in a relevant and shared context. In other words,

pragmatic interoperability support aims to meet users expectations in the collaborative

processes. Pragmatic interoperability was commonly associated with a service oriented

architecture (SOA). This association can be explained because SOA was proposed as a

solution to enable distributed applications development which is an important factor to

enhance collaborative systems design. Furthermore, a pragmatic interoperability level can

only be reached if syntactic and semantic interoperability support have previously been

achieved.

In order to implement pragmatic interoperability across collaborative systems, some

common strategies were adopted by the selected papers. Despite the importance of prag-

matic interoperability support to reach meaningful collaboration, the set of selected papers

in this systematic review and mapping of the literature did not identify empirical studies

to evaluate its achievement, thus threatening the validity of the proposals. Therefore, it is

important to highlight that presenting a proposal which describes an experimental study

seems to be a good contribution to this area.

In addition, none of the aforementioned papers reported presented a pragmatic in-
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teroperability solution to support collaborative development of scientific workflows. To

improve the development of scientific workflows, there is a need for collaboration consid-

ering different systems from different institutions involving tacit knowledge.

In order to implement pragmatic interoperability in collaborative systems, some com-

mon strategies were adopted by the selected papers. Based on these strategies, a generic

approach to implement pragmatic interoperability can (i) adopt oriented service architec-

ture principles in the collaborative system; (ii) establish and share standards built using

ontologies to represent syntactic, semantic and pragmatic aspects of a service, where the

pragmatic aspects include context information (e.g. business rules, historical data); (iii)

provide mechanisms to enable service composition, discovery and selection based on the

syntactic, semantic and pragmatic service aspects stored in the ontologies. An ontology

which represents these aspects in conjunction with service composition, discovery and

selection mechanisms aim to address users expectations by matching the desired and the

actual effect in the collaboration processes. From this generic approach, the proposed

solution presented in the next chapter was developed.

Depending on the collaborative system planning and context, other strategies can be

included as software agents, for example. In order to obtain more information about this

systematic review and mapping of the literature, check Appendix A.

2.6 FINAL CONSIDERATIONS

This chapter has attempted to answer the research question Q1 - Which strategies have

been proposed to implement PI in software systems? - by accomplishing the goal G1 - To

establish a systematic mechanism to capture the strategies used to achieve PI.

In this chapter, theoretical foundations and some results of a systematic review and

mapping about pragmatic interoperability computational solutions were presented. A

range of publications related to the area of interest was examined in an unbiased way.

As a sub product of the systematic review and mapping performed in this chapter, a

generic model to guide PI implementation in collaborative systems was produced. This

model can be checked in Appendix B.

During the systematic literature review and mapping process, it was found that many

studies focused on pragmatic interoperability motivation, in other words, they discussed

its relevance, features and requirements. However, few studies focused on developing and
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evaluating a concrete proposal. Through the quality assessment checklist, it is important

to highlight that all the selected papers had a low score, very close to the cutoff point

(NEIVA et al., 2015a). One reason for this was that none of them presented a rigorous

pragmatic interoperability evaluation. For example there were no experiments or case

studies in which hypotheses, method, statistical analysis were clearly defined and de-

scribed. Such findings generate evidence that, despite the fact that many studies indicate

the need for pragmatic interoperability support, there are few proposals that have been

implemented and evaluated through experimental studies.

Based on the evidence found in this systematic and mapping review of literature, the

research was conducted in order to develop and evaluate the proposed solution related

to the pragmatic interoperability support during the development of scientific workflows.

The next chapter presents the proposed solution.
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3 PRAGMATIC INTEROPERABILITY

DEVELOPMENT IN ECOS COLLABORATIVE

PL-SCIENCE

This chapter presents an architecture for PI (Pragmatic Interoperability) in a collabora-

tive ecosystem named ECOS Collaborative PL-Science. ECOS Collaborative PL-Science

infrastructure is also introduced.

3.1 ECOS-COLLABORATIVE PL-SCIENCE

This section introduces ECOS Collaborative PL-Science (FREITAS et al., 2015) environ-

ment where pragmatic interoperability has been investigated.

ECOS Collaborative PL-Science is a web-based software ecosystem designed to support

researchers activities during the overall scientific workflow life cycle (PEREIRA et al.,

2014). Belloum et al. (2011) describe a collaborative life cycle of a scientific workflow

as an iterative process divided into four steps: (i) problem investigation, (ii) experiment

prototyping, (iii) experiment execution, and (iv) results publication.

Figure 3.1: ECOS Collaborative PL-Science life cycle (adapted from (Belloum et al.,
2011))

Based on this scientific experiment life cycle, an adapted life cycle considering ECOS

Collaborative PL-Science context was created (Figure 3.1). During the problem investi-

gation step, the scientist looks for similar experiments, interacts with other researchers,
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defines his/her goals and breaks down the experiment into smaller steps. In this step,

a systematic review can be a tool to support scientists to understand, for example, the

problem scope before planning and building his/her experiment. As part of ECOS Collab-

orative PL-Science ecosystem, a web tool named Parsifal (http://parsif.al) was developed

to support systematic review process, where geographically distributed scientists can col-

laborate. Moreover, to support systematic review process, provenance data are used

(ORNELAS et al., 2014) (GASPAR et al., 2015).

In the experiment prototyping step, scientists build an experiment prototype by de-

signing workflows and reusing available components (i) in ECOS Collaborative PL-Science

Software Product Line (SPL) or (ii) in open repositories, such as myExperiment Roure et

al. (2009), or (iii) developing new components.

Through ECOS Collaborative PL-Science SPL, researchers can explore the core assets

and reuse their components in order to produce new products and to contribute with new

artifacts during the experiment prototype step. The systematic literature review that can

be produced in first step can be linked with the experiment prototype through Parsifal

API.

The output of the experiment prototype step is a workflow description file. This

output comprises the input of the next life cycle step, named experiment execution. The

workflow description file is generated in an intermediate language (BASTOS et al., 2014)

which can be converted to different scientific workflow management systems as Taverna,

Kepler, Vistrails, among others (WOLSTENCROFT et al., 2013).

In the last step, the researcher analyzes and publishes his/her results and contributions.

However, publishing the results only in a scientific paper format can hinder the experiment

validation, as well as its reuse and adaptation. In this step, ECOS Collaborative PL-

Science enables the storage of information about the experiment process in a detailed

way, including experiment steps, execution conditions, input and output data, iterations,

results analysis, among other information. Moreover, the generated artifacts are used by

data provenance (DALPRA et al., 2015) tasks. As a result, this guarantees experiment

quality and enhances reuse. Data provenance also helps in the problem investigation step

by providing strategic data to perform a new iteration of a scientific workflow life cycle.

As can be seen in Figure 3.2, ECOS Development environment is a web component

where ECOS Collaborative PL-Science code is available, as open source (https://github.com/
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pgcc/plscience-ecos)(http://pgcc.github.io/plscience/). As a result, the developer com-

munity can contribute through software maintenance and evolution. ECOS Collaborative

PL-Science Architecture relies on a Peer-to-Peer Network where different ECOS Collab-

orative PL-Science instances can communicate. This Peer-to-Peer Network provides a

Client Layer Peer that allows Peer Search, Lookup Peer Reference, Artifacts Search and

Artifacts Download. Artifacts include services, scientific workflows, systematic literature

review documents, datasets, models, among others. The ecosystem is made up of arti-

facts provided by different instances situated in different institutions, APIs that help the

scientific workflow development in its different steps and the open source development

environment. Through the APIs, users consume resources to create products and arti-

facts that add value to the platform. Through the open source development environment,

the developer community can extend, adapt and use ECOS Collaborative PL-Science

functionalities connected with other applications and applied in different domains. The

ecosystem architecture connects services from different sources that must be able to in-

teroperate at a high level in order to achieve meaningful collaboration to support the

development of scientific workflows.

ECOS Collaborative PL-Science Architecture is a collaborative environment to sup-

port the development and execution of scientific workflows. As mentioned before, PI is

considered a key requirement to reach meaningful collaboration. Therefore, this work aims

to enhance collaboration in ECOS Collaborative PL-Science. The next section presents

a solution to fulfill the interoperability requirement in ECOS Collaborative PL-Science

infrastructure.
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Figure 3.2: ECOS Collaborative PL-Science Architecture (adapted from (PEREIRA et
al., 2014))
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3.2 PRIME - PRAGMATIC INTEROPERABILITY TO MEANINGFUL

COLLABORATION

In this section an approach to achieve PI in ECOS Collaborative PL-Science, named

PRIME (PRagmatic Interoperability to MEaningful collaboration) (NEIVA et al., 2015b),

is presented.

The strategies adopted in PRIME to achieve PI were defined based on the systematic

review and mapping results discussed in Chapter 2 (NEIVA et al., 2015a).

The first step to create PRIME was to analyze the viability of achieving PI sup-

port. To accomplish this, the scientists who develop or use functionalities in ECOS

Collaborative PL-Science were identified and through meetings, their needs and expec-

tations related with the collaboration process were discussed. The ECOS Collaborative

PL-Science environment, including technologies, business rules and policies, architecture

issues, among others were also investigated. This investigation revealed that PI would

benefit the collaboration process, and technological and organizational aspects would not

hinder it achievement.

Using the knowledge obtained when performing viability analysis and the systematic

review and mapping, the defined strategies were (i) service composition, discovery and/or

selection, (ii) syntactic, semantic and pragmatic aspects representation by the use of

ontologies, and (iii) pragmatic web service development to support item (i). The use of

these strategies in PRIME is explained in this section.

PRIME was designed to improve collaboration among scientists in scientific workflow

development. It focused on experiment prototyping step. This step refers to the con-

struction of the experiment prototype and to the moment when the collaboration must

be intense in order to maximize service reuse, discovery, selection and composition.

Before PRIME, experiment prototype in ECOS Collaborative PL-Science context was

related to the construction of a generic workflow based on a domain ontology and features

model. For example, the scientist could build a scientific workflow related with multiple

sequence alignment (COSTA et al., 2013). Based on a sequence alignment ontology and

sequence alignment features models, scientists could develop a generic workflow where

the tasks to perform multiple sequence alignment were provided considering rules and

restrictions defined by the ontology and feature model. In Figure 3.3, for example, ”A”
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represents possible paths to perform multiple sequence alignment and ”B” represents a

workflow instance to perform multiple sequence alignment. In this way, scientists can build

different products (generic workflow instances) related to multiple sequence alignment

domain in ECOS Collaborative PL-Science SPL.

Figure 3.3: Generic Workflow for Multiple Sequence Alignment

This experiment prototype only indicated which tasks should be performed in the de-

veloped workflow and the collaboration was supported by services such as Chats. For each

task, many services could be used and they must be interoperable in order to compose an

executable workflow. However, it was important that services met scientists’ expectations.

As a result, the existing infrastructure tools (e.g. Chat) were not enough, considering that

scientists have to discover services that best fit their desired tasks.

Based on the identified limitations, the PRIME solution was designed to enhance col-

laborative activities among scientists taking into account tacit and non-formalize context

factors, as well as sharing scientists’ intentions through semantic and pragmatic interop-

erability support.

3.2.1 REQUIREMENTS

In this section, functional and non functional requirements are presented. The elicita-

tion process was performed through meetings with the members of ECOS Collaborative

PL-Science project. In these meetings the general proposal was presented and the require-

ments were defined. These requirements were refined using prototyping techniques.
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In this way, to address pragmatic interoperability support in ECOS Collaborative PL-

Science the following functional requirements (FR) were elicited:

� FR1- Offer to scientists mechanisms to support service discovery: scientists must be

able to discover services that meet their expectations.

� FR2 - Offer to scientists mechanisms to support service selection: scientists must be

able to select the best service when more than one service meets their expectations.

To reach this goal, services ranking based on parameters such as reputation, risk,

among others, must be provided.

� FR3 - Offer to scientists mechanisms to support service composition: scientists

must be able to perform services composition assuring that they are syntactically,

semantically and pragmatically interoperable.

� FR4 - Offer to scientists mechanisms to support the registration of new services:

scientists must be able to register new services to be discovered, selected and com-

posed. These services can be located either in ECOS Collaborative PL-Science or

in other infrastructures.

� FR5 - Offer to scientists mechanisms to generate an executable scientific workflow

as the experiment prototyping output.

In addition, the following nonfunctional requirements (NFR) were elicited as high

priority:

� NRF1 - Pragmatic Interoperability: this requirement must be achieved in ECOS

Collaborative PL-Science experiment prototyping.

It is important to state that there are other requirements that PRIME must fulfill

regarding its integration with ECOS Collaborative PL-Science environment. The

others non functional requirements considered during the development of ECOS Col-

laborative PL-Science were flexibility, extensibility and scalability. The flexibility

requirement is important because this architecture depends on outsourced platforms

and services that are constantly evolving. Furthermore, as the open source approach

was adopted, the architecture has to support future integrations with other software

platforms and the development of new features. ECOS Collaborative PL-Science
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Figure 3.4: PRIME use case diagram

must allow the developer community to extend its features and connect to its ar-

chitecture. Therefore, extensibility is a key requirement. Finally, the scalability

requirement must be fulfilled in order to support the increase in resources.

Flexibility, extensibility and scalability have already been discussed and evaluated

in (FREITAS et al., 2015). In order to focus on the goals of this work and also

for evaluation purposes (Chapter 4), the pragmatic interoperability nonfunctional

requirement was highlighted. In other words, this work considered pragmatic inter-

operability as its target nonfunctional requirement to be achieved and evaluated.
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3.2.2 DESIGN

The PRIME solution brought some changes to the ECOS Collaborative PL-Science Archi-

tecture. The changes are highlighted in Figure 3.5, where new components that comprise

the proposed solution and their relations are presented. As well as this, in Figure 3.5,

some architecture components were omitted and/or simplified in order to focus in the

architecture changes.

Figure 3.5: PRIME Architecture

The Pragmatic Web Service concept has been used to address pragmatic interoper-

ability issues in different research projects such as (LEE et al., 2004). PRIME Pragmatic

Web Service comprises pragmatic, semantic and syntactic interoperability modules. These

modules are mainly responsible for indicating if two or more services may interoperate at

a certain interoperability level or not. It is worth mentioning that all the communication

events that occur in ECOS Collaborative PL-Science pass through the interoperability

layer. However, different activities demand the support of different interoperability types.

For example if a scientist wants to download an artifact ’A’ from ECOS Collaborative

PL-Science instance ’B’ and he/she is situated in ECOS Collaborative PL-Science ’C’,

he/she can use only the syntactic interoperability services because this scenario only re-
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quires information related with data syntax/format to perform the interoperation process.

However, if a scientist wants to discover a service that best fits his/her needs to compose

with another service in order to produce a scientific workflow prototype, he/she must use

pragmatic interoperability services.

To answer if two or more services may interoperate, the pragmatic web service accesses

the Service Description file situated in P2P Network, the group memory and the artifacts

in the Data Store. This Service Description file was proposed in this scope solution.

The Service Description is an OWL file where registered services are described. Through

this file, pragmatic, semantic and/or syntactic information about a certain service can

be checked. In addition, the Service Description links the service description to group

memory information (e.g. where the service is used, when, who, etc.), to domain ontolo-

gies, their mapping files and feature models in product line repository, as well as to the

artifact (service) itself. All this connected information enriches pragmatic, semantic and

syntactic service aspects in order to support service interoperability. As stated before,

the Service Description file is distributed throughout the peer to peer (P2P) network. In

this network, each super node contains a set of nodes (ECOS Collaborative PL-Science

instances) that includes the services related to a same domain. For example, a super node

related to multiple sequence alignment contains nodes related to this domain (CLASSE

et al., 2013). This organization is important to avoid that non-related information is con-

sidered as a target domain. In order to locate services descriptions, ECOS Collaborative

PL-Science instances search for the right super nodes based on this semantic distribution.

The Service Description ontology is detailed in subsection 3.2.2.1.

Through the Pragmatic Web Service and Service Description file, and their relation-

ships, we aimed to address NRF1. The architectural changes were designed to promote

interoperability considering the services that comprise a scientific workflow prototype.

3.2.2.1 Service Description

The Service Description file was inspired by the work of Kutvonen et al. (2007). This on-

tology describes a shared standard to represent syntactic, semantic and pragmatic aspects

related to a certain service. In addition, OWL-S and SAWSDL (Semantic Annotation for

WSDL)were also investigated as a standard to describe services. However, both stan-

dards present limitations. OWL-S only supports WSDL. It does not support WADL
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(Web Application Description Language) and JSON (Java Script Object Notation). Fur-

thermore, extensions to connect OWL-S with domain ontologies must be built, in advance.

SAWSDL does not support WADL nor JSON. Besides, SAWSDL has less semantic power

than OWL-S to describe services.

As mentioned earlier, we created the Service Description file which is an ontology

stored in the P2P network where all services are registered in super nodes according to

their related domain and are available to be accessed by ECOS Collaborative PL-Science

instances.

This ontology is able to connect with other ontologies, such as domain ontologies,

enriching its semantic information without the need for extensions.

Services registered in ECOS Collaborative PL-Science are described as individuals in

the Service Description ontology. This ontology concept was inspired by (ASUNCION;

SINDEREN, 2010). Their study presented an analysis of a set of studies included in

a systematic literature review about published definitions of pragmatic interoperability.

The ontology file can be downloaded at http://goo.gl/KoqYtH. This ontology concept

was first designed in a DL Specification format ( see Table 3.1). For a textual description,

check Appendix C.

In order to describe context domain, an ontology domain can be linked. Other ontolo-

gies can be used to describe, for example, the concept represented by semantic output or

semantic input. Based on this design, we identified classes, data properties, object prop-

erties, restrictions, property chains, etc. Figure 3.6 presents an overview of this ontology

through a graph representation.

Furthermore, by using property chains, it was possible to determine which services

were syntactically, semantically or pragmatically equivalent. In order to build these prop-

erty chains, object properties named includesSyntactic, includesSemantic and include-

sPragmatic and inverse properties, named syntacticIsIncludedBy, semanticIsIncludedBy

and pragmaticIsIncludedBy, respectively, were defined. Based on these properties, it was

possible to define relations, such as: ”Service A includesSyntactic Syntactic B” and by in-

ference ”Syntactic B syntacticIsIncludedBy Service A”. The property chains stated that if

”Service A includesSyntactic Syntactic B” and ”Syntactic B syntacticIsIncludedBy Service

C”, then ”Service A is syntacticallyEquivalent to Service C”. Through the presented prop-

erty chain, the syntactic equivalence among services can be checked. The same idea of the
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Table 3.1: Service Description Specification

presented property chain was established to define semantic and pragmatic equivalences,

as can be seen in Figure 3.7.

Although the defined property chains help to answer if two or more services may inter-

operate, they are not enough. The defined property chains are able to identify if different

services are linked to the same syntactic, semantic or pragmatic description. However,

they are not able to identify similar syntactic, semantic or pragmatic descriptions. In or-

der to reach this goal a ranking algorithm was developed to determine how similar service

descriptions are. This ranking algorithm is presented in the next subsection.
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Figure 3.6: Services Description Ontology Graph Representation

Figure 3.7: Property Chains

3.2.2.2 Ranking Algorithm

The ranking algorithm was developed in ECOS Collaborative PL-Science in order to

determine how similar service descriptions are and then, to support service discovery

strategy. This ranking algorithm is explained along this subsection.

The Service Description ontology data properties were divided into four categories and

analyzed individually:

� Strings

� Sentences

� Texts

� Concepts
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Furthermore, three categories of data properties similarity analysis were defined:

� Syntactic

� Semantic

� Pragmatic

Strings, sentences and texts were submitted to syntactic and semantic analysis, while

concepts were submitted to semantic and pragmatic analysis.

The syntactic analysis was performed by applying the ”levenshtein distance”, that is

an algorithm for measuring the difference between two sequences (SCHEPENS et al.,

2012). This algorithm was adapted to strings, sentences and text similarity measurement

by a project named HultigLib (http://www.di.ubi.pt/ jpaulo/hultiglib/). The HultigLib

is a free and open source library with a set of text processing tools, written in Java

language that has already been used in different research projects such as bioinformatics

(CORDEIRO et al., 2007), (BURROWS et al., 2013).

It is important to state that the purpose of this dissertation is not to investigate the

best algorithm to perform the similarity calculations in ECOS Collaborative PL-Science

environment. The techniques were chosen because they were available and are well known

but they can be replaced by others. Replacement can be easily performed. The HultgLib

library provides other algorithm options, so it is only necessary to change the called

method related to ”levenshtein distance” in the code to another method. Other options

are to extend the HultgLib library by including new algorithms or even swap the library.

The aim of this work is to propose, to implement and to evaluate an architecture to

achieve PI.

The semantic analysis was performed verifying the matching of synonyms and het-

eronyms of different descriptions based on queries to a lexical database, named WordNet

(MILLER, 1995).

The pragmatic analysis was performed based on complex networks. Complex networks

are graphs that present non-trivial topological features. These features not occur in

simple networks such as random graphs, but often occur in graphs modeling real systems

(GANGULY et al., 2009). ECOS Collaborative PL-Science was linked to a Human Disease

Network proposed in Goh et al. (2007). This network was used because we decided to

conduct experiments related to this domain and also, because the network is reliable,
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available and was used in relevant published research, such as (BARABÁSI et al., 2011).

The Service Description ontology data properties were linked to concepts in the complex

network, for example, if the service domain is described as anemia, this concept will

be related with the same complex network concept, in which close concepts are also

considered in the service similarity analysis. The similarity between the two concepts is

calculated based on the distance between them in the complex network graph.

In this way, the ranking similarity compares different services based on the standard

established by Service Description ontology. This comparison can be described as a func-

tion that sums syntactic analysis (SYA) plus semantic analysis (SEA) plus pragmatic

analysis (PRA) (Figure 3.8). The comparisons that obtain the lowest results are consid-

ered more similar than those that obtain the highest results. Based on this criterion the

services are ranked.

Figure 3.8: Similarity Function

3.2.2.3 Pragmatic Web Service

The engine to enable service selection, discovery and composition relies on the pragmatic

web service. This strategy is crucial to allow ECOS Collaborative PL-Science users to

meet their expectations in the collaboration process. As can be seen in Figure 3.9, the

pragmatic web service is organized in different components. The components were inspired

in the work developed by Liang et al. (2007) which was discovered in the systematic review

and mapping presented in Chapter 2.

The communication component is responsible for (i) getting the user request from the

user interface; (ii) translating the request into Service Description Ontology Standard;

(iii) sending the request to the negotiation component for further analysis; (iv) contacting

the web service component to proceed with the service invocation.

The negotiation component searches for historical information, service description on-

tology, complex networks, among others in the knowledge repository.

The web service component is responsible for (i) performing the similarity calculations

among services; (ii) ranking the services based on the similarity calculations; and (iii)
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Figure 3.9: Pragmatic Web Service Components

considering information such as the reputation of services and developers.

Finally, the business process component analyzes the dependency relationship between

services based on the information provided by the negotiation component in order to

recommend, or not, a certain service composition.

3.2.3 IMPLEMENTATION

PRIME solution has been iteratively developed. In order to demonstrate the scientists’

view considering the steps usually followed by them and the implemented functionalities,

an example was created. Let’s suppose a scientist wants to develop a scientific workflow

prototype through ECOS Collaborative PL-Science. The scientist designs the workflow

prototype and chooses the best services to perform each task defined. In Figure 3.10, the

user interface that the scientists use to inform the number of scientific workflow stages and

which services will be related to each stage, can be seen. In this way, FR3 was achieved.

By clicking on the search button at the end of the stages, the user interface, as illus-

trated in Figure 3.11, is displayed. To help in the service definition activity, the scientist

uses the service discovery functionality offered by PRIME solution. This functionality

allows the inclusion of desired parameters related to the service searched. These param-

eters cover syntactic (e.g. name and return), semantic (e.g. functional requirement) and

pragmatic aspects (e.g. context). Figure 3.11 shows a part of the user interface where the

search parameters can be inserted by the scientist. In this way, FR1 was achieved.
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Figure 3.10: Experiment prototyping step in ECOS Collaborative PL-Science

Figure 3.11: Service Discovery in ECOS Collaborative PL-Science

Sending the search information in the user interface, as illustrated in Figure 3.11,

PRIME architecture processes the search as follows:

1) It finds the right node in the semantic peer-to-peer super nodes that organize ECOS

Collaborative PL-Science environment.

2) It processes the data provided by the scientist based on the service description

ontology standard. In other words, PRIME converts the scientist search request to the

stored services standard in ECOS Collaborative PL-Science instances.

3) It analyzes the Service Description ontology file associated to the related node in

the semantic peer-to-peer network.

4) It performs the similarity calculation among the recovered services and the search
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parameters inserted by the scientist.

5) It orders and presents the potential interoperable services to the scientist in a

ranking. The ranking is generated based on the similarity calculation. In this way, FR2

was achieved.

Based on the ranking provided through PRIME, the scientist analyzes the returned

services and defines if one of them is suitable or not for the task 3.12. At this moment,

if necessary the scientist can get in touch with who created or used the service to ask

questions and get more information.

Figure 3.12: Services Ranking

It is important to highlight that the whole PRIME process is transparent to the

scientist. The scientist is limited to provide the service desired requirements and choose

the best service based on the generated ranking services. A summary of the steps followed

by PRIME solution can be found in Figure 3.13.

Figure 3.13: Summary of the steps followed by PRIME

The search must be performed for each task defined in the scientific workflow proto-

typing. If the scientist does not find any suitable service for the task, he/she can develop

it and register it in ECOS Collaborative PL-Science. New service registration occurs in a
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similar interface to the one presented in Figure 3.14. As illustrated in this figure, the infor-

mation about the new service is inserted and then, the scientist clicks on a register button

in order to finish the registration process. Based on the inserted service information, the

Service Description ontology is updated with a new individual (service) addressing FR4.

Figure 3.14: Service Registration in ECOS Collaborative PL-Science

On finishing the experiment prototype step, the scientist can export an executable

workflow file, addressing FR5. The export process uses an intermediate language proposed

in (BASTOS et al., 2014). This intermediate language allows that workflow prototypes

can be translated to different scientific workflow management systems and be executed by

them. This executable file can also be linked to Taverna (http://www.taverna.org.uk/),

Kepler (https://kepler-project.org/) or Vistrails (http://www.vistrails.org/) - scientific

workflow management systems - enriching the ecosystem in ECOS Collaborative PL-

Science.

At the end of the implementation process, the ECOS Collaborative PL-Science mem-

bers attended a meeting where the functional requirements were validated. They consid-

ered that the functional requirements were implemented properly. The interface proto-

types developed during the implementation process supported the requirements validation.

3.3 FINAL CONSIDERATIONS

In this chapter an architecture to support PI was proposed and implemented in a software

ecosystem named ECOS Collaborative PL-Science. The proposed solution considered the

knowledge obtained through the systematic review and mapping presented in Chapter 2.
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This chapter attempted to answer the research question Q2 ”How to create an architecture

to implement PI to support the collaborative development of scientific workflows?” and

Q3 ” What is the feasibility of the resulting architecture?” by accomplishing the goal G2

” To develop an architecture to achieve PI in a collaborative system that supports the

development of scientific workflows, based on the strategies captured.”

Despite the fact that the implementation of the proposed architecture in ECOS Collab-

orative PL-Science has provided evidence about its feasibility, it is necessary to conduct

experimental studies in order to evaluate the defined non functional requirement. The

next chapter presents an evaluation of PRIME.
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4 PRIME EVALUATION

This chapter presents an evaluation of PRIME architecture that was implemented in

ECOS Collaborative PL-Science. It presents the methodology used to evaluate the hy-

potheses, and finally, the results of these evaluations.

4.1 EXPERIMENTAL STUDY DEFINITION

In order to evaluate the functional requirements mentioned in subsection 3.2.1 a range

of test cases were defined. The obtained results were positives and generated evidence

that functional requirements were fulfilled. On the other hand, the defined nonfunctional

requirements were evaluated through an experimental study.

The evaluation scope was defined based on GQM method (SOLINGEN et al., 2002)

as following:

Analyze PRIME for the purpose of evaluation with respect to pragmatic inter-

operability from the point of view of users when developing scientific workflows in the

context of ECOS Collaborative PL-Science.

From the defined scope, the research questions were derived as:

� Q1. Does PRIME architecture implies in a better PI support if compared with its

non-use?

Based on this question it was investigated if PRIME increases pragmatic interoperability

support.

Related with the research question, other three secondary questions were also contin-

ually under evaluation focus:

� Does PRIME architecture implies in a better efficiency to develop scientific work-

flows if compared with its non-use?

� Does PRIME architecture implies in a better workflow prototyping experience if

compared with its non-use?

In this vein, an experiment that was planned in order to answer these questions is

presented in the next section.



58

4.2 EXPERIMENTAL STUDY PLANNING

According to Wohlin et al. (2012), the experiment planning is a process that defines how

the study will be conducted. The author divides the planning phase in seven steps: (i)

context selection - can be categorized in four dimensions as, offline vs. online, students

vs. professionals, real vs. toy, specific vs. generalized; (ii) hypotheses definition, which

can be categorized as null or alternative. Usually, the null hypotheses are those we want

to reject, while the alternative hypotheses are those we want to accept; (iii) variables

selection, in which the variables are categorized as dependents and independents. The

independent variables are those ones we can control and modify, while the dependents are

affected by changes in the independent variables; (iv) subjects selection, that comprises

the strategies used to define the population sample that will participate in the study;

(v) experiment design, that defines how the tests will be organized and performed in the

study; (vi) instrumentation, that aims to provide mechanisms to perform and monitor the

study and (vii) validity evaluation, in order to develop strategies (whenever possible) to

mitigate the validity threats.

The execution of each planning step in PRIME context is presented below:

Context Selection. It was defined that the experiment would be performed on-line.

The selected subjects were defined as students and bioinformatics experts that worked in

problems specially modeled to this study (toy problems).

The toy problem was modeled considering the study of inheritance of blood types in

biology field. The problem consisted in calculate the probability of child inherits a certain

blood type from his/her parents.

This inheritance problem can be divided into three activities: (1) the decoding of

parental blood type phenotypes in genotypes, (2) the combination of parental genotypes

and finally, (3) the calculation of child blood type probability (see Figure 4.1)

Regarding the aforementioned problem and its activities, the related workflow was

prototyped in ECOS Collaborative PL-Science context (Figure 4.2). As can be seen in

Figure 4.2, the workflow contained one stage for each defined activity. ECOS Collaborative

PL-Science provided 15 registered services related to blood type domain. The blood type

domain is a concept in the Human Disease network that was presented in Section 3. From

these 15 services, 5 services were related to activity 1, 5 services related to activity 2, and

the remained 5 services related to activity 3. The best services to perform the activities
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Figure 4.1: Blood group inheritance activities

should be found considering this set of 15 services available in the ecosystem.

Figure 4.2: Blood type inheritance workflow

Considering the workflow detailed in Figure 4.2, we defined our hypotheses that will

be presented in the following paragraphs.

Hypotheses Formulation. It was defined 3 null hypotheses and 3 alternative hy-

potheses as follow:

The null hypotheses were:



60

� (H0a) PRIME does not enhance pragmatic interoperability during scientific work-

flow prototyping in ECOS Collaborative PL-Science.

� (H0b) PRIME does not enhance efficiency during scientific workflow prototyping in

ECOS Collaborative PL-Science.

� (H0c) PRIME does not enhance a better scientific workflow prototyping experience

in ECOS Collaborative PL-Science.

The alternative hypotheses were defined as follow:

� (H1a) PRIME enhances pragmatic interoperability during scientific workflow pro-

totyping in ECOS Collaborative PL-Science;

� (H1b) PRIME enhances efficiency during scientific workflow prototyping in ECOS

Collaborative PL-Science;

� (H1c) PRIME enhances a better scientific workflow prototyping experience in ECOS

Collaborative PL-Science;

Variables Formulation.This experiment was conducted using the following depen-

dent variable: pragmatic interoperability, efficiency and user satisfaction. All dependent

variables were analyzed independently between them. As independent variable, we can

mention: the use of PRIME. In other words, the dependent variables were analyzed con-

sidering a task performed ad hoc and a task supported by PRIME architecture in ECOS

Collaborative PL-Science. In the task performed ad-hoc, the PRIME functionalities were

disabled in ECOS Collaborative PL-Science.

Pragmatic interoperability was measured as the percentage of correctness in the work-

flow prototyping task. Efficiency was measured as the time spent (minutes) in the workflow

prototyping task. Finally, satisfaction in use was investigated using qualitative data and

direct observations.

Selection of Subjects. It was selected subjects that were at least attending college.

Experiment Design.The design type of this experiment was one factor with two

treatments for each hypothesis.

(FO)The factor was the percentage of correctness in the workflow prototyping task

and the treatments were the use and non use of PRIME.
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In this vein, two different tests were performed:

T1: The percentage of correctness in the workflow prototyping task considering the

use of PRIME.

T2: The percentage of correctness in the workflow prototyping task considering the

non use of PRIME.

(F1)The factor was the time spent in the workflow prototyping task and the treatments

were the use and non use of PRIME.

In this vein, two different tests were performed:

T1: The time spent in the workflow prototyping task considering the use of PRIME.

T2: The time spent in the workflow prototyping task considering the non use of

PRIME.

(F2)The factor was the satisfaction in the workflow prototyping task and the treat-

ments were the use and non use of PRIME.

In order to investigate user satisfaction in the workflow prototyping task considering

the use and non use of PRIME, the subjects opinions expressed in questionnaires were

analyzed .

Instrumentation.In order to perform this experimental study, the following instru-

ments were selected:

- Consent to the subject, in order to allow the publication of the collected data in this

work (see Appendix D).

- Subject characterization questionnaire.

- Training material, in order to support the training session performed with the sub-

jects before the experiment beginning.

- Document containing the explanation of the task that was proposed to the subjects

(see Appendix E).

- Follow-up questionnaire, in order to collect data after the end of the subjects accom-

plishment of the proposed task (see Appendix F).

- ECOS Collaborative PL-Science environment was available online (http://nenc.ufjf.br/

plscience/), in order to subjects accomplish the proposed task.
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4.3 EXPERIMENTAL STUDY OPERATION

4.3.1 PILOT EXPERIMENTAL STUDY

4.3.1.1 Goals

The goal of this pilot experiment was to reveal improvements that could be done and

eventual flaws that must be corrected before the experiment conduction. The experiment

aims to evaluate PRIME with respect to pragmatic interoperability, efficiency and user

satisfaction, during the workflow prototyping in ECOS Collaborative PL-Science context

considering its use and non-use.

4.3.1.2 Subjects Characterization

Three subjects attended in this pilot study. These subjects were selected because they

were master students in Computer Science that worked in ECOS Collaborative PL-Science

project. In this way, they could contribute to discover flaws and improvements and be

more comprehensive with technical problems that could appear.

4.3.1.3 Scenario

Firstly, the subjects were asked to read and sign the consent and next to answer the

characterization questionnaire. Then, they attended a training session. This training

presented the ECOS Collaborative PL-Science project, in order to discuss its goals and

briefly its infrastructure. Once the experiment was performed in ECOS Collaborative

PL-Science, it was important to provide some context information. Also, this training

presented information related with the proposed tasks. In the proposed tasks the subjects

should prototype a workflow to find the inheritance probability of a baby blood type

regarding the parental blood types. In this way, the training discussed concepts related

to blood type inheritance, the number of workflow stages needed to perform the proposed

tasks and what each stage was responsible to perform. The information provided during

the training can be considered equivalent to the information found during the problem

investigation step of the workflow life cycle.

After accomplished the training session, the experiment study started. The tasks that

were performed by the subjects was provided in tutorial form. In this way, the steps to



63

perform the tasks were completely explained to the subjects, in order to reduce, as much

as possible, interferences during tasks performance. The first task was performed ad-hoc

(without PRIME use) and the second task was performed with PRIME support. The

tutorials to perform the tasks can be checked in Appendix E.

Based on the information presented in the training session, in both tasks, the subjects

were asked to develop a workflow prototype with 3 stages. Each stage should perform

the following activities: (1) the decoding of parental blood type phenotypes in genotypes,

(2) the combination of parental genotypes and (3) the calculation of child blood type

probability.

In the first task the subjects discovered, selected and composed the services registered

in ECOS Collaborative PL-Science using an ad-hoc method. Basically, the subjects read

the description of registered services in order to choose those ones considered as best ser-

vices to compose the proposed workflow prototype. There were 15 services registered in

ECOS Collaborative PL-Science. For some tasks in bioinformatics domain, the number of

available services can be potentially higher. However, considering the blood type inher-

itance modeled task and aiming to avoid an experiment too exhaustive to the subjects,

the amount of 15 services was selected.

In the second task, the subjects were supported by PRIME (see Chapter 3, specially

section 3.2.3). Once again, the subjects were instructed to choose those services that they

considered as best services to compose the proposed workflow prototype.

4.3.1.4 Lessons Learned

The direct observations and the answers to the questions ’Which technical problems oc-

curred during the task?’ and ’Were the training session and the instruction provided

enough to perform the proposed task? Justify.’ in the follow-up questionnaires were used

to provide lessons, in order to improve the experimental study.

Based on this source of evidences some improvements were made:

- Small adjustments in the questionnaires to improve accuracy.

- Technical problems in the application caused by Java libraries conflicts were identified

and fixed.

- The following affirmative was added in the follow-up questionnaire: ”PRIME supports

service discovery, selection and composition considering the experiment prototyping step”.
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- The training was adapted to include a better explanation about workflow concept.

A tour through ECOS Collaborative PL-Science web application and its functionalities

was also included.

4.3.2 EXPERIMENTAL STUDY

4.3.2.1 Goals

This experiment aims to evaluate PRIME with respect to pragmatic interoperability,

efficiency and satisfaction during the workflow prototyping in ECOS Collaborative PL-

Science by considering its use and non-use. The improvements and flaws revealed in the

pilot experiment were considered and fixed to this experiment.

4.3.2.2 Subjects Characterization

Thirty five subjects attended to this experiment. From these subjects, 31 were non-

professionals mostly from Computer Science or related areas and 3 subjects were bioinfor-

matics experts. Among these subjects, the academic degree was divided into (i) 2 doctors,

(ii) 24 master students, (iii) 1 graduated and (iv) 8 undergraduate students. All of them

were over 18 years. In order to select the subjects no specific knowledge was demanded.

The only requirements were to be over 18 years and be at least attending college.

4.3.2.3 Scenario

The scenario of this experiment was the same of the pilot experiment. As in the pilot

experiment, the subjects accomplished the first task, and then answered to the first follow-

up questionnaire. After, the subjects accomplished the second task and answered the

second and last follow-up questionnaire.

4.3.2.4 Lessons Learned

As in pilot study, this experiment used the direct observations and the answers to the

questions ’Which technical problems occurred during the task?’ and ’Were the training

session and the instruction provided enough to perform the proposed task? Justify.’ in

the follow-up questionnaires to identify lessons learned.
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Through this source of evidence, it was noticed that the adjustments performed to

this experiment had worked. The technical problem occurred in the pilot study was fixed.

However, some minors usability issues that can be improve in the next version of ECOS

Collaborative PL-Science web application were identified. The issues were about button

names and disposition in the screen. Auto-complete facilities during the insertion of search

parameters were also considered as improvement to the next version. Other suggestions

presented by the subjects must be discussed and analyzed with all ECOS Collaborative

PL-Science project members.

4.4 ANALYSIS AND INTERPRETATION

As aforementioned, this experimental study aimed to investigate the following alternative

hypotheses:

� (H1a) PRIME enhances pragmatic interoperability during scientific workflow pro-

totyping in ECOS Collaborative PL-Science;

� (H1b) PRIME enhances efficiency during scientific workflow prototyping in ECOS

Collaborative PL-Science;

� (H1c) PRIME enhances a better scientific workflow prototyping experience in ECOS

Collaborative PL-Science;

In order to measure pragmatic interoperability mentioned in H1a, the percentage of

correctness in the workflow prototyping task was analyzed. The efficiency mentioned in

H1b was measured considering the time spent to perform the workflow prototyping task.

Finally, the scientific workflow prototyping experience mentioned in H1c was analyzed

based on qualitative data.

4.4.1 QUANTITATIVE ANALYSIS

This quantitative analysis aims to investigate the H1a and H1b hypotheses. The first step

was to identify the outliers. To perform this activity, Grubbs test was used with 5% of

significance.

For the variable ’percentual of correctness’ considering the sample to group 1 (PRIME

non use) and group 2 (PRIME use), the Grubbs tests were:
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Figure 4.3: Outlier Identification - Percentage of Correctness - PRIME non-use

Figure 4.4: Outlier Identification - Percentage of Correctness - PRIME use

The outliers (painted in red) were analyzed, but no reasons were found to eliminate

these subjects.

For the variable ’time spent’, no outliers were found, for both group 1 and group 2

samples.

The next activity was to discover if the obtained samples presented a normal distribu-

tion. Once the samples were less than 50, the Shapiro-Wilk test was performed considering

the following hypotheses:
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- H0(Null hypothesis): The samples presented normal distribution;

- H1 (Alternative hypothesis): The samples did not presented normal distribution.

For the variable ’percentage of correctness’ considering the sample to group 1, that is

related to the first task where PRIME was not used, the Shapiro-Wilk test was presented

in Figure 4.5:

Figure 4.5: Normality test - Percentage of Correctness - PRIME non-use

For the variable ’percentage of correctness’ considering the sample to group 2, that is

related to the first task where PRIME was used, the Shapiro-Wilk test was presented in

Figure 4.6

As can be seen in Figure 4.5 and Figure 4.6, considering a significance level of 5%, the

samples were not normal because they presented p-value less than 0,05. In this way, the

alternative hypothesis was accepted.

For the variable ’time spent’ considering the sample to group 1, the Shapiro-Wilk test

was presented in Figure 4.7.

For the variable ’time spent’ considering the sample to group 2, the Shapiro-Wilk test

was presented in Figure 4.8.

As can be seen in Figure 4.7 and Figure 4.8, considering a significance level of 5%, the

samples were normal because they presented p-value superior than 0,05. In this way, the

null hypothesis was accepted.

Once the samples related to ”time spent” variable presented a normal distribution, the
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Figure 4.6: Normality - Percentage of Correctness - PRIME use

Figure 4.7: Normality test - Time Spent - PRIME non-use

homoscedasticity test was performed considering the following hyphoteses:

- H0(Null hypothesis): The data were homoscedastics;

- H1 (Alternative hypothesis): The data were not homoscedastics.

In order to perform this activity, it was used the Levene test with significance level of

5%. For the variable ’time spent’ versus group (PRIME use and non-use) the Levene test

was presented in Figure 4.9. In this case, the resulting p-value was superior to 0,05. In

this way, the null hypothesis was accepted.
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Figure 4.8: Normality test - Time Spent - PRIME use

Figure 4.9: Homoscedasticity test - Percentage of Correctness

The samples related to the ’percentage of correctness’ did not present a normal dis-

tribution, then a non parametric test was used. Considering that the same subjects

participated in both groups and two treatments was used in the experiment,the Paired

Wilcoxon test was used.

The Paired Wilcoxon test was performed considering the following hypoteses:

- H0(Null hypothesis): There is no difference between the means;

- H1 (Alternative hypothesis): There is difference between the means;
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The resulting p-value was less than 0,05. Then, considering a significance level of

5%, the alternative hypothesis was accepted. The mean of the percentage of correctness

without using PRIME solution (group 1) was 74% while using PRIME (group 2) was

98%. Then, group 1 mean is smaller than group 2 mean. Through this analysis, it

was possible to conclude that the percentage of correctness to perform the experiment

prototyping task not using PRIME (group 1) was statistically smaller than the percentage

of correctness using PRIME (group 2). In this way, there are evidences that alternative

hypothesis ’(H1a) PRIME enhances pragmatic interoperability during scientific workflow

prototyping in ECOS Collaborative PL-Science’ investigated by this experimental study

can be accepted.

Samples related to the ’spent time’ were normal and homoscedastics, then a parametric

test was used. Considering that the same subjects participated in both groups and two

treatments was used in the experiment, the Paired T-Test was used. The Paired T-Test

was performed considering the following hypoteses:

- H0(Null hypothesis): There is no difference between the means;

- H1 (Alternative hypothesis): There is difference between the means;

The resulting p-value was 0,027. Then, considering a significance level of 5%, the

alternative hypothesis was accepted. The mean of the time spent without using PRIME

was 15 minutes while using PRIME was 13 minutes. In this way, the use of PRIME made

the workflow prototyping about 22% more efficient. We believe that this gain in time spent

will increase according with the number of tasks in the workflow prototype. Moreover, it

is possible to conclude that the time spent to perform the experiment prototyping task

using PRIME (group 2) was statistically shorter than the time spent not using PRIME

(group 1). This result generated evidence that the alternative hypothesis ”(H1b) PRIME

enhances efficiency during scientific workflow prototyping in ECOS Collaborative PL-

Science” can be accepted.

4.4.2 QUALITATIVE ANALYSIS

This qualitative analysis aims to investigate the H1c hypothesis ”PRIME enhances sci-

entific workflow prototyping experienced in ECOS Collaborative PL-Science”. In order

to do this, the follow-up questionnaires contained questions related to the prototyping

experience (Appendix F). In this experimental study, after accomplishing the first task
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(PRIME non-use), the subjects answered questions related to H1c hypothesis. In the

follow-up questionnaires the answers were provided in a five level Likert Scale, contain-

ing an intermediate level as suggested by Laitenberger and Dreyer (LAITENBERGER;

DREYER, 1998).

Figures 4.10 and 4.11 illustrate the subjects answer to ”Q1- In your opinion, the

difficulty level of the proposed task performance was:” considering PRIME non-use and

PRIME use respectively. In the first case (PRIME non-use) most frequent answers were

’low’ and ’median’ to describe the task difficulty level. With PRIME non-use, most

frequent answers were ’low’ and ’very low’. The obtained results evidenced that there is

a tendency of PRIME to decrease the level of difficulty in workflow prototyping step.

Difficulties reported in group 1 was mainly related to the used search strategy. For

example, one subject said to justify his/her answer ”The search for services is a little diffi-

cult, reading each description in order to find the desired service is tiring”. Similar answers

usually appeared. Also, subjects reported that the difficulty would increase according to

the number of services registered in ECOS Collaborative PL-Science.

Low difficulty reported in group 2 was mainly related to the PRIME strategies. As

stated by a subject, the second task provided ”A more automatic way to find what you

are looking for.”

Figure 4.10: Histogram - Q1 - Group 1

The second question was about the ability of the subjects to create the scientific work-
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Figure 4.11: Histogram - Q1 - Group 2

flow prototype properly - ”Q2- Were you able to create the scientific workflow prototype

properly”. As can be seen in figure 4.12, considering PRIME non-use, most frequent

answers were ’agree’ followed by ’neither agree nor disagree’. Considering PRIME use

(Figure 4.13), most frequent answers were ’agree’ and ’strongly agree’. According to this

result, it is possible to realize a tendency of PRIME to increase the subjects confidence

about their workflow prototype.

As reported by subjects ”...the tools gave me more confidence about my choices” and

”With search tool the confidence that I created the correct workflow prototype is higher”.

Similar answers were provided, which can support the understanding of Q2 results.

In figures 4.14 and 4.15 the answers were related to ”Q3- You could easily discover

which service to use at each workflow prototype stage.” In the first case (PRIME non-use)

the most frequent answer was ’disagree’ to describe if they could easily discover which

service to use. With PRIME, the more frequent answer was ’agree’. The results evidenced

that there is a tendency of PRIME to decrease the level of difficulty to discover which

service to use at each workflow prototype stage.

In taks 1, many subjects did not agree that they could easily discover which service

to use because they considered that reading each service description was painful and

tiring. With PRIME support and its strategies, the task was considered lighter. Some

answers that illustrated theses arguments were: ”To search the descriptions of each service
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Figure 4.12: Histogram - Q2 - Group 1

Figure 4.13: Histogram - Q2 - Group 2

is tiring” and ”With a more specific search, it is easier to choose the services because a

considerable part can be eliminated.”

From direct observations, it was possible to notice that in the first task (group 1) when

subjects had to read the services description, they could be divided into two categories.

The first category was formed by those subjects that read very carefully each service

description. The second category was formed by those subjects that were very influenced

by the service name, only reading the description of the services with intuitive names in
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their opinions. However, this last strategy can hinder the discovery of the best services.

Each research institution has its standard to define services name. This standard may

not be intuitive for scientists from other institutions.

Figure 4.14: Histogram - Q3 - Group 1

Figure 4.15: Histogram - Q3 - Group 2

The fourth question investigated was ”Q4- PRIME supports service discovery, selection

and composition considering the experiment prototyping step”. This question was asked

only in the second task (group 2). As can be seen in Figure 4.16, most frequent answer
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was ’agree’. The results evidenced that PRIME supported service discovery, selection and

composition activities.

Figure 4.16: Histogram - Q4 - Group 2

The results obtained through these questions evidenced that PRIME made the ex-

perience of workflow prototyping easier and simpler. Also, the subjects revealed more

confidence in their prototypes using PRIME. In this way, it was not found evidences to

reject H1c hypothesis ”PRIME enhances a better scientific workflow prototyping experi-

ence in ECOS Collaborative PL-Science”.

In this qualitative analysis is also important to highlight the collected data only con-

sidering the bioinformatics experts (Table 4.1). Through the collected data analysis, it is

possible to notice that in experts’ opinion, PRIME use supported the workflow prototyp-

ing process. In their opinion, PRIME use decreased the difficult level and increased the

confidence of the prototyping task. They also consider that PRIME use made the best

services discovery easier.

According to these experts, the difficulty to find a web service that works fine is a big

problem during workflows development. It is difficult to clearly know the purpose of the

services found in the web and most times, basic information related to input parameters

and services outputs are not available. This situation discourages the use of services de-

veloped by other scientists and the experts usually choose to develop their own services.

In this vein, the experts stated that PRIME supports service search, discovery and selec-
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tion and encourages the collaboration with other scientists and institutions. Also, they

highlighted that in comparison with the systems that they normally use, PRIME made

the development of scientific workflows easier.

Table 4.1: Expert Analysis

Besides, considering the importance of experts evaluation, an additional evaluation

with bioinformatics experts working in a real problem is planned. This evaluation is in

planning with a partner institution of UFJF (Federal University of Juiz de Fora) that

works with bioinformatics domain, specifically, the cattle tick problem.

4.5 THREATS TO VALIDITY

This experimental study presented some threats of validity. The threat to internal validity

was related with the subject knowledge of the ECOS Collaborative PL-Science environ-

ment. This is due to the fact that an inadequate knowledge may influence the results.

To reduce this threat, before the study, the subjects received a training to learn about

ECOS Collaborative PL-Science purpose and functionalities. However, we understand

that training is not the same of experience and then, in some way this lack of subjects ex-

perience can influence the results. The results obtained could not be generalized, in other

words, the evidences are only relevant to ECOS Collaborative PL-Science context, threat-

ening the external validity. Even in ECOS Collaborative PL-Science context, additional

experiment must be done. It is necessary to consider experiments within its real-world
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context and professionals working in real problems (not toys).

4.6 FINAL CONSIDERATIONS

In this chapter PRIME was evaluated through experimental studies. PRIME evaluation

evidenced that the non functional requirements were addressed. The evidences suggested

that PRIME supported pragmatic interoperability and also increased efficiency and im-

prove the user experience during scientific workflows prototyping in ECOS Collaborative

PL-Science. Table 4.2 presents a summary of the experimental study results.

Table 4.2: Experimental study summary results

Despite the evidences, additional experimental studies must be conducted, for exam-

ple, experiments considering real-world context. This chapter attempted to answer the

research question RQ4 ” What are the benefits that this architecture provides considering

the development of scientific workflows?” by accomplishing the goal G3 ” To evaluate the

benefits of the developed architecture in order to support the development of scientific

workflows”.
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5 CONCLUSION

Pragmatic interoperability has been considered a key requirement to support collabora-

tion. To reach this goal, systems that support scientific experiment development must be

highly interoperable.

In this work, we proposed an architecture to support pragmatic interoperability in an

open source web-based software ecosystem during the collaborative development of scien-

tific workflows. Collaboration among scientists is crucial to support complex experiments,

such as those that occur in Bioinformatics application domain during the development of

scientific workflows.

To support collaborative development of scientific workflows and investigate prag-

matic interoperability issues we introduced ECOS Collaborative PL-Science project. It

is an environment that aims to support collaborative development of scientific workflows.

Through this environment, pragmatic interoperability was investigated. As a result,

PRIME service was proposed. It is based on pragmatic web service component in which

interoperability solution relies to support service discovery, selection and composition. In

addition, an ontology named Services Description was developed, in which the candidate

services to compose an experiment are registered.

PRIME evaluation contributed to investigate pragmatic interoperability design deci-

sions. The evaluation results generated evidences that PRIME is efficient and able to

support pragmatic interoperability. Moreover, the adopted strategies in PRIME can be

improved and reused in other domains. E-business domain applications, for example,

generally adopt distributed solutions based on SOA concepts. As this work contributes

to address pragmatic interoperability among services in a workflow, PRIME architecture

has potential contributions to support business workflows and processes based on services

compositions.

5.0.1 RESEARCH LIMITATIONS

The following limitations were identified:

- The experimental study performed was not enough to conclude that pragmatic in-

teroperability was completely achieved and improved the collaboration process. Despite
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the positive evidences, it is necessary to perform additional and different experiments.

For example, considering real problems to investigate the effect of pragmatic interoper-

ability in the collaboration process when developing and executing scientific workflows in

real-world contexts. In this vein, an evaluation in a bioinformatics research institution is

planned.

- PRIME evaluation was performed considering 15 services registered in ECOS Collab-

orative PL-Science. In real scenarios this number can be potentially higher. In this way,

this research cannot guarantee a good PRIME performance considering a high number of

registered services. PRIME performance evaluation is necessary.

- The user interface of workflow prototyping does not allow the development of non-

linear workflows. This is a limitation, once many experiments have non-linear designs. It

is important to improve this interface, for example, by including drag and drop tools to

support flexible and complex workflows designs.

5.0.2 FUTURE WORKS

The following future works were identified:

-It is important to evaluate the ranking equation used in PRIME architecture. This

research did not focus in defining the best equation. In this vein, it is possible that

other algorithms present a better performance or accuracy than the Levenshtein distance

algorithm used in this work, for example.

- PRIME usability issues need to be evaluated in ECOS Collaborative PL-Science. The

experimental study conducted to evaluate PRIME in ECOS Collaborative PL-Science

context revealed that some buttons positions and tools can be improved to provide a

better user experience. However, these suggestions collected in the experimental study

must be discussed with the members of the ECOS Collaborative PL-Science project.

- Pragmatic interoperability is an important requirement to support collaboration.

However, only pragmatic interoperability does not guarantee that collaboration will be

effective in a system. There is a need of other tools to support collaboration process,

for example, forums, among others. In this vein, these tools must be develop in ECOS

Collaborative PL-Science.

- The intermediate language used to produce executable files of the workflow pro-

totypes was not fully integrated with ECOS Collaborative PL-Science. The integration
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addressed PRIME needs, however a complete integration must be performed.

- Information about the reputation of a service or a scientist needs to be investigated

in depth. This data was used as manual input during service registration. However, how

to derive and calculate this variable is an interesting question to be explored.

- The information about the domain, in Service Description ontology, can be enriched

using, for example, linked data. In PRIME, the domain of a service was linked to a

complex network and other ontologies. It would be important to investigate if the linked

data can be used to support the discovery of the best services to interoperate. Linked

data can be used as an additional way to capture and infer user context and expectations

and then, to improve pragmatic interoperability process.
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Appendix A - PRAGMATIC

INTEROPERABILITY: A SYSTEMATIC REVIEW

AND MAPPING OF THE LITERATURE

This appendix presents a systematic review and mapping of the literature that aims to help

the comprehension of the state of art about pragmatic interoperability (PI) computational

solutions. This review was organized based on the main activities proposed by Kitchenham

(2007): planning, conducting and reporting the study.

A.1 REVIEW PLANNING

The planning activity identifies the objectives and defines a protocol. The protocol spec-

ifies the method to be used in the systematic review and mapping in order to reduce

researcher bias (STEINMACHER et al., 2013). Moreover, the systematic review and

mapping must be reproducible and the protocol has an important role to fulfill in this

requirement. This section summarizes the protocol.

Research Questions. The systematic mapping aims to answer the questions below:

MQ1: How many studies were published over the years?

MQ2: Who are the most active authors in the area?

MQ3: Which publication vehicles are the main targets for research production in the

area?

MQ4: In which domains has pragmatic interoperability been applied? (e.g. Bioinfor-

matics, Telemedicine, Business)

MQ5: Which type of computational support has pragmatic interoperability technique

provided (e.g. framework, software architecture, etc.)?

MQ6: Which definitions of pragmatic interoperability have been used?

MQ7: Which methods were used to validate the proposed pragmatic interoperability

solutions?

The systematic review aims to answer the questions below:

RQ1: Which solutions have been used to enhance pragmatic interoperability?

RQ2: How did the proposed solutions address pragmatic interoperability?
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Based on the research questions, the aspects proposed by Petticrew and Roberts (2008)

were taken into account to define our scope:

Population (P): Solutions that implement interoperability.

Intervention (I): Pragmatic interoperability solution.

Comparison (C): No comparison intervention.

Outcomes (O): Solution.

Context(C): Computational solutions.

To select the papers to be analyzed in order to answer the research questions some

criteria were defined.

Inclusion and Exclusion Criteria. The process used to include and exclude a paper

was organized in four inclusion criteria (IC) and four exclusion criteria (EC), presented

below:

IC1: The papers reports the pragmatic interoperability solution (method, technique,

model, tool, framework) AND

IC2: The proposed solution are applied on software OR system OR application OR

service OR infrastructure AND

IC3: The papers are described in English language AND

IC4: The papers are reported in peer reviewed Workshop or Conference or Journal

or Technical Reports.

The following exclusion criteria were established:

EC1: The papers do not propose a pragmatic interoperability solution AND

EC2: The proposed solution are not applied on software OR system OR application

OR service OR infrastructure AND

EC3: The papers are not described in English AND

EC4: The papers are not published in a peer reviewed conference or journal.

After the definition of the research questions and the paper inclusion and exclusion

criteria, the following steps were (i) to define the sources of the papers and (ii) the search

string that was performed in these sources. We chose the databases according to the

following requirements, based on Costa and Murta (2013):

�They are capable of using logical expressions or a similar mechanism.

�They allow full-length searches or searches only in specific fields of the works.
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�They are available in the researcher’s institution.

�They cover the research area of interest in this mapping: computer science.

Sources: The search was done in six electronic databases namely:

�Scopus (www.scopus.com).

�IEEExplore (ieeexplore.ieee.org).

�ScienceDirect (www.sciencedirect.com).

�Compendex (www.engineeringvillage.com).

�Web of Science (apps.webofknowledge.com).

Query String. Initially, to create the search string, the major terms from the defined

research questions and PICOC and their alternate spelling and synonyms were identified.

Based on the above terms, we formed an initial string using Boolean OR/AND oper-

ators. Synonyms and alternate spellings were concatenated using Boolean OR and then

these terms were concatenated using Boolean AND to form one string. We also defined

a set of potential primary studies, as suggested in Zhang and Babar (2010), to verify

the search string accuracy in the selected databases and if the search retrieved relevant

studies. The keywords from the potential interest studies and from newly fetched ones

were analyzed in order to find new relevant terms to be included as part of the search

string.

The final search string was described as follows:

(pragmatic OR pragmatics OR pragmatism) AND (interoperability OR interoperate

OR interoperable OR interoperation OR similarity OR integrate OR integration) AND

(solution OR method OR technique OR model OR tool OR framework OR architecture

OR infrastructure OR approach) AND (computational OR system OR application OR

software)

Tolk et al. (2006) and Kutvonen (2008) were known potential interest studies that

were used to control if the search string was finding relevant studies.

The mapping was carried out and the details for this step are presented in the following

section.
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A.2 REVIEW AND MAPPING CONDUCTION

The first step in this phase was to execute the search string considering the selected

sources. Afterwards, the study selection process was performed. The process comprised

the following steps:

1. The results from all databases were merged in JabRef (http://jabref.sourceforge.net/)

and duplicates were removed.

2. The papers were analyzed based on their titles and abstracts, considering the

inclusion/exclusion criteria. Those papers considered clearly irrelevant were excluded.

The introduction, background and conclusion sections of the papers considered doubtful

were read. Finally, papers considered included were analyzed in the next step.

3. Included papers were fully read and analyzed considering the research questions.

The selected papers were submitted to a quality assessment checklist and information

was extracted and put on a form. A snowballing process was also performed in the set

of papers, which was approved in the quality assessment, by reviewing their references

in order to find other potential primary studies. The papers not obtained initially were

requested to the authors by e-mail.

This process was performed in two rounds. The first round was performed in Decem-

ber, 2013 and this process is illustrated in Figure A.1.

Figure A.1: Paper Selection Process - Round 1

The second round was performed in September, 2014 and this process is illustrated in

Figure A.2

For analysis purposes, both rounds were integrated in one single process (Figure A.3).
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Figure A.2: Paper Selection Process - Round 2

Figure A.3: Paper Selection Process - Round Both Rounds

Based on both rounds, the following results were obtained. In Step1, from 2542 papers

returned by the query, 1691 (66.52%) remained after removing duplicates. Step 2 involved

title and abstract analysis. From 1691 papers, 1542 (91.2%) were excluded and 149 (8.8%)

were included or considered doubtful. The doubtful papers were analyzed based on the

introduction, background and conclusion sections. At the end of this step 49 papers

remained, which represent a reduction (97.1%) compared with the initial set of 1691

papers. Throughout this process, it was possible to notice that a huge number of false

positive papers were captured. This occurred because of the word ”pragmatic”, and its

variations, in our search string. The word and its variations were frequently used as a

synonym of practical, operative or realistic in abstracts and titles. However, it was not

possible to remove these words from the string because they are essential and therefore
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it was necessary to deal with a huge number of false positives. Finally, in Step 3, the

papers were read and their quality was evaluated using a quality assessment checklist

(Table A.1). Each one of the 13 questions could score 1 point if the answer was ”Yes”, 0.5

point if the answer was ”Partial” or 0 point if the answer was ”No”. Using this system,

each paper could obtain a score from 0 to 13 points. The first quartile (13/4= 3.25) was

used as the cutoff point for a paper to be included. If a paper scored less than 3.25, it was

excluded it from our final list to avoid low quality works. In this step we also performed

data extraction.

Table A.1: Quality Assessment Checklist Adapted From Muhammad et al. (2014) and
Kitchenham (2007)

A database schema (Figure A.4) supported the data extraction task. In order to build

the schema, PgAdminIII tool for PostgreSQL was used. As illustrated in Figure 2, the

data were extracted from papers in order to answer the defined research questions. Gen-

eral information about the papers’ authors (name, email and affiliation) was extracted
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and linked to the published papers (publication). Thus, it was avoided inserting repeated

information about authors and it was possible to easily identify the authors that pub-

lished more than one paper in the set of papers. Information about published papers was

extracted such as title, publication year, publication type (conference, journal, workshop,

etc.), publication channel (e.g. conference or journal name), status (excluded or included),

status report (e.g. A justification of a paper exclusion), etc. Specific information about

pragmatic interoperability content was also extracted, such as the type of pragmatic inter-

operability technique used (e.g. ontology, thesaurus, pragmatics web service, intelligent

agents, etc.), the name of pragmatic interoperability technique investigated (e.g. FIPA

ACL), the domain where pragmatic interoperability technique was applied (e.g bioinfor-

matics, telemedicine, business, etc.), the type of computational support the pragmatic

interoperability technique had provided (e.g. framework, software architecture, etc.) and

the main findings reported by the papers. When the published paper presented some

experimental study, the data was also extracted, such as type of study (e.g. case study,

experiment, survey etc.), study participants (e.g. students, practitioners, both), data

collection method (e.g. interview, questionnaire) and others. Information about quality

assessment process was also stored in the database schema.

At the end of Step 3, from 49 papers, 13 (26.5%) were included. Briefly, from 1691

papers at the end of Step 1, only 0.8% remained at the end of Step 3. This dramatic reduc-

tion in studies can be justified by: (i) The huge number of false positives studies captured

in the electronic bases caused by the use of the word ”pragmatic” and its variations in our

search string. (ii) Absence of solution proposals to support pragmatic interoperability.

Many studies discussed the relevance of pragmatic interoperability without introducing a

solution to its achievement. (iii) Finally, the low score in the quality assessment checklist.

A.3 SYSTEMATIC MAPPING REPORT

The 13 selected papers were analyzed and the information to answer the mapping ques-

tions (MQ) was extracted.

Figure A.5 represents the answer to MQ1 (How many studies were published over

the years?) graphically. Despite the fact that the range of years was not limited in this

systematic mapping, the selected papers were published from 2004 onwards. This may

have happened because the semantic web concept was conceived in 2001 and it was only
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Figure A.4: Database Schema to Support Data Extraction

after this that the challenges it faced started to be discussed Berners-Lee et al. (2001). The

first conceptual model to deal with interoperability issues was proposed in 2003 by Tolk

and Muguira (2003), motivated by the research agenda of USA Department of Defense

Net-Centric Data Strategy. Finally, the Web 2.0 term became widespread in 2004 by

O’Reilly Media enterprise increasing interest in interoperability challenges.

To answer MQ2, the authors from the selected papers were identified. Only the re-

searchers Kecheng Liu, James Geller, Yugyung Lee and Lea Kutnoven appeared more

than once in our results. The authors’ name and the total number of related publications

are illustrated in Table A.2.

Regarding MQ3 (Which publication vehicles are the main targets for research pro-

duction in the area?), Figure A.3 shows where the selected papers were published. Most

papers, 8 from a set of 13, were published at Conferences (61.5%) and the other 5 (38.5%)

papers were published in Journals (15.4%) and at Workshops (23.1%). In Computer

Science, the number of Conferences is significantly higher compared with the number of

Journals, which explains why most papers were published through this channel.
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Figure A.5: MQ1 - Number of Papers X Year

Table A.2: Authors’ Names and Number of Publications

The channel of the published papers is also important information to understand the

main targets in the area of pragmatic interoperability, according with Table A.3. The

h-index value was also included for a better understanding about the productivity and

impact of the published works in a certain publication channel.
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Figure A.6: MQ3 - Publication Channel

The selected papers were also classified according to the domain, where the pragmatic

interoperability solution was applied, in order to answer MQ4 (In which domain has

pragmatic interoperability been applied?). As can be seen in Figure A.7, pragmatic inter-

operability solutions were applied in e-business (46.1%). The set of selected papers also

presented pragmatic interoperability solutions to support World Wide Web (15.4%), e-

health domain (15.4%), intelligent systems (7.7%), grid computing (7.7%) and geosciences

(7.7%).

Regarding MQ5 (Which type of computational support has the pragmatic interop-

erability technique provided?), Figure A.8 presents the type of computational support

proposed by the selected papers. Pragmatic interoperability solutions mostly involved dif-

ferent approaches, such as: architecture model, other models, framework and/or method-

ology. Most of selected papers (53.8%) proposed an architecture to support pragmatic

interoperability issues, followed by 38.5% that proposed a framework, 38.5% other mod-

els and 15.4% that proposed a method to address pragmatic interoperability research

questions.

The classification of the papers in order to answer MQ5 was performed based on the

explicit mention in the paper of the type of computer support. For example, if the authors

mentioned that a framework was used, the computational support was classified as a

”framework”. However, sometimes it was possible to notice that the concepts of framework
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Table A.3: MQ3 - Publication Channel

and model were mixed and merged. The architecture concept was usually used to represent

systems components and their relationships (GAO et al., 2008), (KUTVONEN, 2008),

(LEE et al., 2004), (TOLK et al., 2006), (KUTVONEN et al., 2007), (FERREIRA et al.,

2012) and (MINGXIN, 2009). The framework concept was used to represent different

issues. In (LIU et al., 2014) the term ”framework” was used to describe a table that

summarizes empirical findings (best practices, recommendations, among others) in order

to guide the integration process in the context of radiology. In (LEE et al., 2007), a

combination of models and semantic web technologies was termed as a framework. Liang

et al. (2007) called a framework as a set of ideas and structures to enable the operation
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Figure A.7: MQ4 - Application Domain

of a pragmatic web service. In (LEENHEER; CHRISTIAENS, 2007) the framework was

considered as an ontology that represents aspects of semiotics engineering aspects. Finally,

Gao et al. (2008) proposed a structure to store pragmatic information and called it a

framework. Sometimes model and framework were used as synonyms. Model concept was

used to represent a structure or a description that supports how to describe something

in (LEE et al., 2007), (KUTVONEN et al., 2007), (KUTVONEN, 2008), (RUKANOVA

et al., 2006) and (LEE et al., 2004). In (LEENHEER; CHRISTIAENS, 2007) and (GAO

et al., 2008) the same representation was called as a framework instead of a model. The

concept of methodology was used to represent a sequence of procedures in (TAMANI;

EVRIPIDOU, 2006) and (LEE et al., 2004)

Regarding MQ6 (Which definition of pragmatic interoperability has been used?), Table

A.4 presents the definitions used in our set of selected papers. Most papers (76.9%) did not

explicitly state the pragmatic interoperability definition. As a result, there were differences

about what requirements need to be fulfilled to achieve pragmatic interoperability.

In addition, Tolk et al. (2006) followed the definition proposed by Tolk and Muguira

(2003) and the 2 remaining papers (14.3%) presented distinct but very close definitions

of pragmatic interoperability.

In order to answer MQ7, the methods used to validate the proposed pragmatic in-

teroperability solutions were identified. Table A.5 presents the reference of the papers
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Figure A.8: MQ5 - Type of Computational Support

Table A.4: Pragmatic Interoperability Definitions

with the corresponding identified validation method. The classification was based on the

explicit mention of the validation method that was presented. For example, if the paper

authors mentioned that a case study was presented, the validation method was classified
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as a case study. From the 13 papers, 5 papers (38.5%) did not use any validation method

at all to evaluate the proposed pragmatic interoperability solution, which threatens the

validity of the proposals. The most commonly used validation method in the set of select

studies was illustration (30.8%), wherein the illustration includes examples and scenarios

as well. However, the evidence generated from this method does not have the same rigor

as empirical studies have, which threatens its reliability. Among the remaining papers, 2

of them identified the validation method as a case study and the other 2 papers as proof

of concepts.

According to Runeson et al. (2012): case study in software engineering is an empirical

enquiry that draws on multiple sources of evidence to investigate one instance (or a small

number of instances) of a contemporary software engineering phenomenon within its real-

life context, especially when the boundary between phenomenon and context cannot be

clearly specified.

Regarding the definition above, it was possible to notice that although (LEENHEER;

CHRISTIAENS, 2007) and (GAO et al., 2008) classified their validation method as a case

study, the applied method does not fit in with the definition of a case study in software

engineering context. In both papers, the evaluation was performed through a defined

scenario where the use of the pragmatic interoperability solution was illustrated.

Proof of concepts is usually applied in software engineering at the initial stages of

a project to demonstrate whether an idea has the potential to be used and is feasible

(MONTERO et al., 2008), (YANG, 2005). In (LEE et al., 2007) and (LEE et al., 2004),

the validation method was defined as a proof of concepts by the authors. In both cases,

the authors developed a system where the pragmatic interoperability solution could be

applied in order to demonstrate its feasibility. In (LEE et al., 2007) a web based system

was developed and in (LEE et al., 2004) the system was under development.

Once the pragmatic interoperability field was mapped it was necessary to do a deeper

analysis in order to identity, evaluate and interpret the included studies to answer the

systematic review research questions. The next section presents the systematic review

report.
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Table A.5: Validation Methods

A.4 SYSTEMATIC REVIEW REPORT

In order to answer RQ1 (Which solutions have been used to promote pragmatic inter-

operability?) the aspects that were used to promote pragmatic interoperability in the

proposed solutions were identified. A summary of the identified aspects and their use by

the selected papers are presented in Table 6. Generally, these aspects were used more

than once by different papers.

From the results summarized in Table A.6, it is possible to see that most of the selected

papers considered service composition, discovery and/or selection (69.2%) and ontologies

(69.2%) as essential aspects to achieve pragmatic interoperability support. The remainder

of the solutions proposed meta models (38.5%), software agents (30.8%), pragmatic web

services (15.4%) and a pragmatic grid (7.7%) respectively.

The high number of papers considering service composition, discovery and/or selection

may be explained by the nonfunctional requirements of collaborative systems. The diver-

sity of interactions and the process types where these systems occur imposes flexible rules

and policies. In order to deal with this dynamicity the proposed solutions were usually

built using Service Oriented Architecture (SOA) concepts. In order to reuse and compose

with services from different infrastructures, interoperability is a key requirement to be
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fulfilled. Therefore these nonfunctional requirements are important to enable collabora-

tion and to achieve meaningful collaboration, and to do this pragmatic interoperability

is necessary. To achieve pragmatic interoperability across geographically distributed ser-

vices, techniques related to discovering, selecting and composing services that meet user

expectations have been developed.

The high number of papers considering ontologies may have been found because of

ontology - explicit formal specifications of the terms in the domain and relations among

them (GRUBER, 1993) - has been widely explored to represent concepts in World Wide

Web, especially after the conception of the semantic web in 2001 (BERNERS-LEE et al.,

2001). Thus, the use of ontologies seems appropriate to represent semantic and pragmatic

aspects to tackle pragmatic interoperability issues.

In order to answer RQ2 (How solutions addressed pragmatic interoperability?), the

following subsection discusses the pragmatic interoperability solutions.

A.4.1 PRAGMATIC INTEROPERABILITY PROPOSED SOLUTIONS

This subsection discusses how each proposed solution, presented in the 13 papers, ad-

dressed the issue of pragmatic interoperability.

(FERREIRA et al., 2012)

In (FERREIRA et al., 2012), pragmatic interoperability was used as a way to support

tourism business activities. In this domain there is a huge number of heterogeneous

variables and resources, such as schedules, accommodation, food, tours and others. This

set of variables and resources are usually available as services in the tourism information

systems and frequently factors that constrain and impose changes in the initial plan

appear. Considering this set, tourism services must be pragmatically interoperable in

order to assure better alignment between service providers and client expectations and be

able to dynamically adapt to new scenarios without disturbing the clients.

To achieve this, this paper presented the Open Tourism Initiative (OTI). OTI is an

architecture that handles dynamic tourism packages under a Virtual Enterprises orga-

nizational model. This architecture was designed to quickly react to external changes

behaving as an adaptive information system. In order to meet clients’ expectations, an

architecture component, named Tourism Pragmatic Engine (TPE), enables pragmatic as-

pects of the communication to allow tourist involvement as a co creator of the tourism
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Table A.6: RQ1 - Solutions to Promote Pragmatic Interoperability

activity. The pragmatic aspects are designed to capture context, preferences, humor and

other requirements related to tourists.

OTI services must be described and registered through a domain ontology and as

a result, based on pragmatic aspects, a brokering mechanism must discover, select and

compose with the most appropriate services according to clients’ expectations.

(TAMANI; EVRIPIDOU, 2006)

Tamani and Evripidou (2006) argued that businesses that adopt service-oriented tech-

nology tend to expand their markets and improve quality through interoperation with
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other businesses. However, in order to fully exploit this potential scenario, business

discovery must be effectively implemented. To reach this goal, the authors proposed

a methodology for web services discovery that considers pragmatic aspects during the

process. In this way, business services can interoperate according to the intended expec-

tations. The proposed methodology states that the context of web services’ usage can

be determined considering the context of the collaborators themselves. The contexts of

the collaborators are described using a XML standard and, as a result, the context is

exchanged and interpreted identically by all collaborators.

(MINGXIN, 2009)

According to Mingxin (2009) enterprise information systems (EIS) are essential to deal

with changing requirements and services in the enterprise domain. However, dynamicity

is a complex requirement to be fulfilled by EIS. In this work, pragmatic interoperability

was used in order to address this requirement. The authors proposed an architecture,

named Enterprise Isomorphic Architecture (EIA), that supports syntactic, semantic and

pragmatic interoperability across EIS. Relying on the core of EIA is Enterprise Isomorphic

Mapping Mechanism (EIMM) which is designed to support the pragmatic interoperability

level. EIMM is the architecture component that deals with requirements change and

transforms these requirements from business to IT systems through mechanisms based on

ontologies that keeps the transformation isomorphic. This transformation must keep the

coherence of concept structures to avoid transaction loss. In order to perform ontology

mapping during the transformation process, the different aspects of EIS must be connected

through a precise representation.

(LEE et al., 2007)

Lee et al. (2007) state that geospatial information sources are heterogeneous and ge-

ographically distributed. This scenario makes interoperability among different organiza-

tions a complex task. In this paper, the authors aim to investigate the integration of

real-time water quality assurance data with geographic data. In this vein, they proposed

a context-aware geospatial data and service integration framework that includes a syn-

tactic, a semantic and a pragmatic model based on Semantic Web technologies. The

framework allows the analysis of existing dependencies, predicting causes and provid-

ing context-aware services. The pragmatic model that is necessary to enable pragmatic

interoperability aims to capture the context where a service is used and meets user expec-
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tations. Based on pragmatic knowledge, services are discovered, selected and composed.

As a proof of concept, a Web-based system, named HIS-KCWater (Hydrologic Informa-

tion System for Kansas City metro WATERsheds) was developed where the proposed

framework as applied. HIS-KCWater is an automated real time analysis and forecasting

system for water quality in the watersheds covering the Kansas City metropolitan area.

(LIANG et al., 2007)

In this paper, a pragmatic web service framework was proposed in order to introduce

pragmatic aspects in web service technologies. In this proposed solution, intelligent agents

play a vital role in managing users’ intention, service context, information communication

and negotiation between service consumers and service providers. Furthermore, agents

must analyze users’ requirements to define and rank the semantic equivalent services.

Ontologies are used to represent and manipulate web resources.

In order to build the pragmatic web service framework, a pragmatic frame, a knowl-

edge frame, was designed to store pragmatic information. Pragmatic information is used

aiming to capture the intention and the context of each web service in the workflow. The

pragmatic frame can be used to find and select the right web service in the web in order

to solve a particular task.

(KUTVONEN, 2008),(KUTVONEN et al., 2007)

In Kutvonen (2008) and Kutvonen et al. (2007), the Web Pilarcos project are dis-

cussed. Web Pilarcos is a B2B middleware designed to reduce the cost of collaboration

establishment and to facilitate management and maintenance of networks. This project

was a joint effort with VTT, Elisa, SysOpen, Tellabs and TEKES in order to improve

participation in electronic business networks as a key for success. The web-Pilarcos archi-

tecture and middleware addresses the syntactic, semantic and pragmatic interoperability

of autonomous business services in an inter-organizational context.

Pragmatic interoperability was used to support meaningful collaboration between en-

terprises. In this study, pragmatic interoperability was achieved if the participants in the

message exchange had compatible business intentions, rules and organizational policies to

perform digital business transactions. In order to reach these goals, a business network

model and ontologies were used to define an e-Contract (collaboration contract). A B2B

middleware, called Web Pilarcos, implemented the eContract where facilities for service

discovery, selection and composition were provided.
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(LEENHEER; CHRISTIAENS, 2007)

In this paper the authors argued that the aim of knowledge sharing in the World Wide

Web is to collaborate and integrate within and between communities. Contemporary

knowledge engineering methods consider only the non-human system parts, investigating

only technical and syntactical aspects in the concept modelling. However, the semantic

(elicitation) and pragmatic (application context) must not be neglected.

In order to bridge this gap between ”reality” and its modelling concepts, a framework

represented through an ontology, named DOGMA was proposed. The DOGMA ontology

aims to provide extension points to engineering methods by covering semantic and prag-

matic aspects. The pragmatic aspects were considered to improve the interoperability

and therefore collaboration on the web.

(TOLK et al., 2006)

In order to support complex and dynamic environments, and decision challenges, in-

teroperability in modeling and simulation (M&S) field have been considered a key issue for

operational research. The authors discuss how various layered composability approaches

contributed to the definition of the Levels of Conceptual Interoperability Model (LCIM).

Moreover, they discuss how the results can be used to derive implications and require-

ments for ontologies to describe the universe of discourse. In this universe, intelligent

agents serve to mediate the communication between agile applications in order to com-

pose the individual systems into a meaningful system of systems. LCIM is a framework

defined in previous work which is designed to determine interoperability, including prag-

matic interoperability, in the early phases of software engineering process, considering

conceptual models.

Furthermore, the paper presents an example of pragmatic interoperability where an

Ontology Driven Service-Oriented Architecture was designed. Based on the example, the

authors concluded that ontologies are a potential contributor to support the pragmatic

interoperability level, and also that this level is relevant to achieve meaningful interoper-

ability.

(GAO et al., 2008)

In Gao et al. (2008), a pragmatic grid architecture (PGA) that extends the semantic

Grid is proposed in order to include pragmatic aspects such as context elements and

their purpose. As well as this, the authors propose a pragmatic information framework,
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architecture of interoperation for resource management, and a pragmatic-aware discovery

service to locate a suitable resource. PGA is a middleware which encompasses pragmatic

capabilities. It was extended to provide pragmatic-aware Grid services (PGS), pragmatic

provisioning services (PPS), agent services, and pragmatic information service (PIS). In

PGA, agents receive inputs related to the state of their environment and act on the

environment change, record the usage history, analyze the historical data to learn their

behavior and process negotiation between agents.

The proposed solution benefits the flexible and personalization-awareness resources

provision by managing the pragmatic information. Query rules are automatically and

dynamically generated, and real requirements are inferred.

(RUKANOVA et al., 2006)

According to (RUKANOVA et al., 2006), to achieve pragmatic interoperability it is

necessary to express and compare the requirements on a pragmatic level. To do this,

the authors identify the pragmatic interoperability problems that can occur if compa-

nies decide to do business transactions electronically by using standards. They propose

a metamodel for describing conversations and, as a result to represent interoperability

aspects on a pragmatic level.

In order to describe conversations, it was necessary to define what is communicated

and the intention behind the communicated information. In this way, the authors used the

notions of elementary message (e-message) and action elementary message (ae-message).

The proposed metamodel use was illustrated through an example to identify if prag-

matic interoperability could be achieved using HL7 standard .

The main benefit of the metamodel is that it can be used to describe the communi-

cation requirements of a business transaction and the capabilities of the standard in the

same terms and then it can be easily compared. A mismatch between communication

requirements of a business transaction and the capabilities of the standard means that

some pragmatic interoperability problem has occurred.

(LEE et al., 2004)

Lee et al. (2004) argued that the main goal of the semantic web is to reduce manual

discovery and usage of web resources. Software agents are frequently used to automatically

discover resources in order to meet user expectations. However, current studies of web

services are not big enough to provide automatic composition.
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In this paper the authors propose an architecture of the knowledge processing that is

necessary for composing individual services in service flows. Service description knowl-

edge for Web service discovery and composition was divided into syntactic, semantic and

pragmatic rules which enables the building of intelligent (pragmatic) web services for

automating service compositions.

The models used to describe rules with service concepts allowed the system to identify

the relevant rules in a certain domain and to identify and select appropriate Web services

for composition. Furthermore, an ontological integration methodology that deals with

heterogeneous semantics existing in web service composition was introduced. As a proof

of concept, the proposed solution was applied in the cardiovascular domain which required

advanced service discovery and composition across heterogeneous platforms of multiple

organizations.

(LIU et al., 2014)

In the smart healthcare domain huge numbers of heterogeneous data sources and

humans and the technical factors involved make systems interoperability requirement a

complex task. Many challenges such as information collision, heterogeneous data sources,

policy obstacles, and procedure mismanagement during the interoperability process must

be faced.

This paper presented a pragmatic interoperability analysis of systems integration in

an on-going project of a radiology department at a local hospital. The project aims to

achieve data sharing and interoperability among Radiology Information Systems (RIS),

Electronic Patient Record (EPR), and Picture Archiving and Communication Systems

(PACS). Based on the results of the analysis, a pragmatic interoperability framework

that summarizes the empirical findings and guides the integration process in the radiology

context was proposed.

As for the technologies to be used to address interoperability barriers, the framework

recommended EAI (Enterprise Application Integration) methodology and the HL7 stan-

dards (http://www.hl7.org/).

A.5 ANALYSIS OF PROPOSED SOLUTIONS

These 13 proposed solutions presented different approaches in order to achieve pragmatic

interoperability in their contexts. However, similarities that were reinforced in Figure 7
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can be noticed. In order to provide a different perspective on the systematic review and

mapping results, Figure 7 presents a bubble chart where different combined results can

be verified.

Combining MQ1 and MQ5 results, it is possible to notice that papers that proposed

frameworks in 2007, followed by models in 2007 and architectures in 2008, were more

frequent. In general, most papers proposed architecture, framework and/or model be-

tween 2006 and 2008. Combining MQ1 and RQ1, the papers are mainly proposals that

use service composition, discovery and/or selection and ontologies to achieve pragmatic

interoperability in 2007.

Architecture proposals considering the e-business domain had the highest frequency

when MQ4 and MQ5 were combined, followed by other models considering the same do-

main. Also in the e-business domain, only service composition, discovery and/or selection

and ontologies were used to achieve pragmatic interoperability, while in other domains

additional techniques were included, for example software agents.

From the analysis of the selected papers, it is possible to notice that pragmatic inter-

operability was treated as a key issue to meet user expectations in information systems, as

Ferreira et al. (2012) and Lee et al. (2007). The satisfaction of these expectations was con-

stantly linked to the discovery, selection and composition of the best services. Ontologies,

or other metamodels were frequently associated to representing the syntactic, semantic

and pragmatic services aspects, as Lee et al. (2004), Kutvonen (2008) and Kutvonen et al.

(2007). Scenarios where pragmatic interoperability is mainly required, frequently involved

heterogeneous, distinct and very large data sources, as Liu et al. (2014). Pragmatic inter-

operability usually acts in order to improve communication between services, systems and

even institutions. Communication is a crucial element for collaboration. Adding prag-

matic aspects to the communication/interoperation process could enhance collaboration

activities.

In order to achieve pragmatic interoperability, pragmatic information must be cap-

tured and stored. Ontologies and other metamodels were frequently used for storage, as

Rukanova et al. (2006), Kutvonen (2008) and Kutvonen et al. (2007). Pragmatic infor-

mation was enriched by context, awareness and historical information, as Tamani and

Evripidou (2006), Ferreira et al. (2012) and Gao et al. (2008).

In the e-business domain, pragmatic interoperability often exceeds the system level and
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Figure A.9: Summary of Results

starts to act at a business level, considering business rules, business contracts, policies,

etc, as Mingxin (2009), Kutvonen (2008) and Kutvonen et al. (2007). We also noticed
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that the HL7 standard has been used as a base to achieve pragmatic interoperability by

adding pragmatic aspects, as Liu et al. (2014) and Rukanova et al. (2006).

In this vein, the knowledge obtained through this study evidenced that pragmatic

interoperability is achieved when a desired effect is in accordance with the actual ef-

fect considering a message exchange in a relevant and shared context. In other words,

pragmatic interoperability aims to meet users expectations in the collaborative processes.

Pragmatic interoperability was commonly associated with a service oriented architecture

(SOA) (NEIVA et al., 2014). This association can be explained because (SOA) was pro-

posed as solution to enable distributed applications development that is an important

factor to enhance collaborative systems design (PAPAZOGLOU et al., 2007). Also, prag-

matic interoperability only can be reach if syntactic and semantic interoperability were

established.

In order to implement pragmatic interoperability in collaborative systems, some com-

mon strategies were adopted by the selected papers (as answered by RQ1). Despite of the

importance of pragmatic interoperability in meaningful collaboration, the set of selected

papers in this sistematic review and mapping of the literature did not present empiri-

cal studies to evaluate its achievement, thus threatening the validity of the proposals.

Therefore, it is important to highlight that presenting a proposal which describes an ex-

perimental study seems to be a good contribution to this area. Furthermore, a clear and

well define requirements to achieve pragmatic interoperability in collaborative systems

could be proposed.

A.6 THREATS TO VALIDITY

This systematic literature review and mapping aimed to identify, categorize and ana-

lyze pragmatic interoperability solutions in the computational domain. However, as any

method, there are threats to its validity and limitations. The results of this study may

have been influenced by certain uncontrollable limitations. First of all, there might be

bias regarding the number of researchers selecting the papers. In spite of reviewing the

overall process, and aiming to mitigate this threat to validity, more than one researcher

was able to reproduce this process to reduce the possibility of bias.

Additionally, errors can be inserted in the protocol definition and the search string may

not contain all the relevant keywords, causing loss of some valuable studies. To mitigate
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this, other researchers reviewed the planning presented. The search string was evaluated

using papers to control the results. The papers appeared in the results generating evidence

about the search string correctness. Furthermore, it was not considered all the relevant

electronic databases such as the ACM Digital Library (http://dl.acm.org/) and Springer

Link (http://link.springer.com/) excluded by the criteria already explained in section 1,

so it is possible that relevant studies were not indexed by our selection. However, it was

considered that the selected electronic databases were enough to obtain a big picture

of the pragmatic interoperability research area. (KITCHENHAM, 2010) for example,

conducted a systematic mapping only using the SCOPUS database. The author argued

that SCOPUS indexes IEEE, ACM and Elsevier publications, which means that it indexes

many of the leading publications. SCOPUS was in our set of selected databases.
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Appendix B - MODEL TO SUPPORT PI

ACHIEVEMENT (SM2PIA)

This appendix presents a model to support Pragmatic Interoperability (PI) implementa-

tion .

B.1 INTRODUCTION

Despite of the need to achieve PI support in order to enhance collaboration, few researches

have been made to investigate how PI can be implemented in software projects. In this

vein, based on knowledge acquired from the systematic literature review performed in

this work and on study performed by Asuncion and Sinderen (2010), a model to support

PI achievement was developed. From the aforementioned researches it was possible to

establish requirements to achieve PI. These requirements were organized in a model to PI

achievement which was described below.

B.2 MODEL TO SUPPORT PI ACHIEVEMENT (SM2PIA)

This model is divided into two processes. Each process has a purpose and expected results.

Process: Establishment of Pragmatic Interoperability in a System Level

(SL)

Purpose: The interaction between systems / services must be in accordance with the

intended purpose by the involved parties.

Expected Results:

SL1: The message exchanged in the interaction between systems / services contains

the use intention for the receiver;

SL2: The message intention is clearly, and explicitly, defined;

SL3: The message is sent automatically, via a communication channel established

between the parties;

SL4: A standard to represent the message intention is unambiguously established;

SL5: The standard to represent the message intention is understood and shared by

the involved parties in the interaction;
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SL6: Message effect is compatible with its intention;

SL7: The context in which the exchanged message is inserted is clearly and explicitly

defined;

SL8: A standard to represent the context in which the exchanged message is inserted

is unambiguously established;

SL9: The standard to represent the context in which the exchanged message is inserted

is understood and shared by the parties involved in the interaction;

Process: Establishment of Pragmatic Interoperability in Business Level

(BL)

Purpose: The collaboration between organizations and / or processes and / or human

actors must meet the expectations of the involved parties.

Expected Results:

BL1: Organizational intentions such as business rules and organizational policies are

clearly and explicitly defined;

BL2: A standard to represent organizational intent is unambiguously established;

BL3: The standard to represent organizational intentions is understood and shared by

the involved parties in collaboration;

BL4: A continuous channel of communication between the involved parties is estab-

lished;

BL5: Responsibilities and agreements are established among the involved parties;

BL6: Responsibilities and agreements are performed, negotiated and monitored by the

involved parties;

BL7: Information about services use (who, how, where, when) are stored and shared;

BL8: The collaborators context (social, cultural, workspace, and so on) is clearly and

explicitly defined;

BL9: A standard to represent the collaborators context is unambiguously established;

BL10: The standard to represent the collaborators context is understood and shared

by the involved parties in the collaboration;

BL11: Mechanisms to support the establishment of trust among the involved parties

are established;

BL12: Organizational intentions are enriched with historical information about the

use of shared resources and about the collaborators context in order to better meet the
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expectations of the involved parties;

SM2PIA provides a guide to implement PI in software projects by compiling require-

ments to achieve PI. Despite the fact that it establishes ”what” must be done, the model

does not define ”how” to be done. ”How” to accomplish the suggested process and their

expected results depends of particularities of each system and domain. In this way, an

extension of software development process that considers SM2PIA is also discussed in the

next section.

B.3 EXTENSION OF SOFTWARE DEVELOPMENT PROCESS TO

SUPPORT SM2PIA

As stated by Tolk and Muguira (2003), interoperability must be considered in early stages

of software development process. In this way, in order to consider SM2PIA to achieve PI,

the main stages of software development processes were extended. Regardless of the soft-

ware development model adopted (e.g. waterfall, iterative, spiral) the main stages of

most software development process are: Requirements, Design, Implementation, Verifica-

tion and Validation, Maintenance (SOMMERVILLE, 2010).

To illustrate the proposed extension, the waterfall model was taken as example. How-

ever, we can extrapolate the proposal of extension in order to be considered in other

models (Fig B.1).

As can be seen in Fig B.1, the main differences to consider SM2PIA in software

process development occur in Requirement and Design stages, where new artifacts must

be generated. A more detailed explanation about these differences is presented in Table

B.1.

In this way, the extended process proposed in this section suggests to add the genera-

tion of new artifacts in Requirements and Design stages to support SM2PIA in software

development process. The artifacts generated in the extended process help to achieve the

expected results defined in the SM2PIA.

After these initial stages, the software development process proceeds to implementation

stage. In this stage, the Requirements Document, PI Requirements Document, Design

Document and PI Design Document are used to enable the code writing. The Verification

and Validation and Maintenance stages also considerer these documents to perform their
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Figure B.1: Extended Waterfall Process Model

activities.

B.4 FINAL CONSIDERATIONS

In this appendix it was presented a support model to guide PI achievement in software

projects. In conjunction with the model, it was presented an extended software develop-

ment process where new activities were proposed in order to consider the support model

recommendations.

However, in order to verify and validate the model support and the extended software

development process feasibility, it is necessary to implement them in a real software project

context.
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Table B.1: Extended PI Process
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Appendix C - SERVICE DESCRIPTION

ONTOLOGY

This appendix presents the Service Description Ontology in a textual format as follows:

- Service has syntactic, semantic and pragmatic aspects.

- Syntactic has name, parameters and return.

- Parameter has type and value.

- Semantic has semantic output, semantic input, semantic representation and func-

tional requirements.

- Pragmatic includes hardware and context information and has non functional re-

quirements

- Context is described by what, how, when and who (Scientists), domain, license,

reputation and restrictions

- Hardware has an operational system, RAM, CPU and ROM.

- Scientist has a name, email and institution.
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Appendix D - EXPERIMENTAL STUDY -

CONSENT

TERMS OF CONSENT

Research:

”Proposed solution to support pragmatic interoperability in a software ecosystem in-

frastructure ”

Dear Madam/ Sir,

Providing interoperability support only considering the format and meaning (i.e. syn-

tax and semantic) in data exchange is not enough to achieve effective and meaningful

collaboration. Pragmatic interoperability has been identified as a key requirement to fos-

ter collaboration in a distributed environment. However, fulfilling this requirement is not

a trivial task. The aim of this study is to analyze a solution proposed to support prag-

matic interoperability from the point of view of users when developing scientific workflows

prototypes in the context of ECOS Collaborative PL-Science.

1) Procedure

The ECOS Collaborative PL-Science environment will be used for the development

of a scientific workflow prototype. To participate in this study we asked you a special

collaboration to: (1) allow the study of the data resulting from this evaluation, (2) attend

an interview and / or a questionnaire. When data is collected, your name will be removed

and will not be used at any time during the results analysis or presentation.

2) Treatment of Possible Risks

All the arrangements will be made to ensure your privacy and anonymity. The data

collected during the study are intended strictly to research activities, not being used in

any form of professional or personal assessment.

3) Benefits and Costs

It is expected that as a result of this study, you can increase your knowledge about

collaborative systems. This study will also contribute to the development of collaborative

systems and pragmatic interoperability research areas.

You will have no expense or burden on your participation in this study and will not

receive any kind of refund or bonus.
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4) Research Confidentiality

All information collected in this study is confidential and your name and your orga-

nization will not be identified in any way, except in case of express authorization for this

purpose.

5) Participation

Your participation in this study is very important and voluntary. You have the right

to leave this study at any time without penalty. If you decide to withdraw from this

study, please notify a responsible researcher.

The responsible researchers for this study will provide any explanation, just contact

the following emails:

Researcher: Frâncila Weidt Neiva fran.weidt@gmail.com

Advisor: José Maria David Nazar - jmndavid@gmail.com

Co-Advisor: Regina Braga regina@acessa.com

6) Declaration of Consent

I read or someone read to me the information in this document before I sign this

consent form. I declare that all the technical language used in describing this research

study was explained adequately and I received answers to all my questions. I also confirm

that I received a copy of these Terms of Consent. I understand that I am free to withdraw

from the study at any time without penalty. I declare to be older than 18 years old and

I give my consent to participate in this study.

Place e Date:

Organization:

Name:

Signature:

Name: Frâncila Weidt Neiva

Signature:
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Appendix E - EXPERIMENTAL STUDY - TASKS

This appendix presents the tasks proposed in the experimental study.

The presented tasks to the subjects were:

Task 1

Group 1 - Ad-Hoc Method

NOTE 1: Please note the time when you start this task and also the time when you

finish it. This information will be requested in the follow-up questionnaire that will be

answered after this task accomplishment.

Goal: To develop the prototype of a scientific workflow on blood heritage domain.

Instructions:

1) Go to the address: http://www.nenc.ufjf.br/plscience/

2) In ECOS Collaborative PL-Science environment click in ”+ New Experiment”

3) In title field type: ”Inheritance of blood types” + your name. In description field

type: ”Participation in PRIME evaluation” + date of participation + Group. Then, click

in ’Save’ button.

4) Select Experiments -> My Experiments

5) Click in ’edit’ button in the experiment that you created.

6) Select the tab ”Experiment Prototyping”.

7) Now it’s time to discover services:

7.1) Select the best services to perform the following activities:

Step 0: the decoding of parental blood type phenotypes in genotypes.

Step 1: the combination of parental genotypes.

Step 2: the calculation of child blood type probability.

8) Answer the Group 1 - Follow-up questionnaire.

Task 2

Group 2 - PRIME

In this task, PRIME architecture was activated. In this way, subjects followed the

same instructions that was presented in task 1, but in this case, they accessed PRIME

functionalities.

By finishing this task, subjects answered the Group 2 - Follow-up questionnaire.
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After the subjects have accomplished the tasks and have answered the questionnaires,

they were asked to expose suggestions and claims in order to improve the experiment.



125

Appendix F - FOLLOW-UP QUESTIONNAIRE

This appendix presents the follow-up questionnaire.

In the experimental study, after to accomplish the first task (PRIME non-use), the

subjects answered the following questions:

Q1- In you opinion, the difficulty level of the proposed task performance was:

[ ] very low

[ ] low

[ ] median

[ ] high

[ ] very high

Justify:

Q2- Were you able to create the scientific workflow prototype properly.

[ ] strongly disagree

[ ] disagree

[ ] neither agree nor disagree

[ ] agree

[ ] strongly agree

Justify:

Q3- You could easily discover which service to use at each workflow prototype stage.

[ ] strongly disagree

[ ] disagree

[ ] neither agree nor disagree

[ ] agree

[ ] strongly agree

Justify:

The same three questions were made after the subjects have accomplished the second

task (PRIME use). However, a fourth question was added:

Q4- PRIME supports service discovery, selection and composition considering the ex-

periment prototyping step.

[ ] strongly disagree
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[ ] disagree

[ ] neither agree nor disagree

[ ] agree

[ ] strongly agree

Justify:
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