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Abstract 

The dynamic environment of the globalized business market, where market 

constraints are changing recurrently, forces organizations to rethink the way they 

operate, their software services and business services to new challenges such as: 

shortening product cycles, quickly changing customer needs and requirements, and 

the need to reduce operational costs. 

Collaborative Network environments provide a basis for competitiveness, 

agility in turbulent market conditions, and are suitable to effectively achieve 

strategic objectives with a high expected level of quality standards and service 

delivery. Nevertheless, the challenge for partners involved in a collaborative 

network is high as they must promote innovative and complex customer-oriented 

solutions in dynamic services environments aligned by a common collaborative 

strategy. Services must be provided according to customer criteria and preferences 

with a high level of quality, in a time- and cost-effective manner. Having prior 

information on the performance of specific collaborative networks of services 

allows companies to provide customers with services tailored to their specific 

requests. Service-oriented computing and cross-organizational business processes 

provide the means to build and run dynamic business environments addressing the 

constantly evolving customer’s requirements.  

The main objective of this research work is to present a business service 

solution that is customized according to the criteria and preferences defined by 

the customers and ensure a degree of estimation for collaborative network 

behavior of the services (offering a set with the most suitable services of the 
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partners in the network), taking into consideration business constraints and 

characteristics of the execution environment. 

Resulting from a design science research paradigm, a conceptual adaptive 

framework is advanced in this research work. The proposed framework is 

supported by a set of functional elements that allows to execute a method of 

services selection and ranking to offer to the customer a set of services adjusted 

to the desired choices. The proposed framework is based on a hierarchical control 

model, which integrates cycles of data flows that allow to feed historical databases 

with the performance of the software services.  

The proposed framework comprises four main modules that interact with two 

levels of repositories:  

• the Basic Application Setup module contains elements that depend on the 

customer criteria and preferences, allowing him to enter the data required 

to specify the characteristics of the business services;  

• Core module elements support the definition of the business and scoring 

rules for the service provider, the identification of the software services 

that will be executed, the pools where all the software services with 

similar functions will compete, and the definition of metrics to evaluate 

the performance of the software services;  

• Choreography Engine Setup module contains elements that assemble and 

instantiate the software service choreography;  

• Monitoring and Assessment System module whose elements support the 

instantiation of the monitoring and assessment mechanism;  

• Production Repository which stores daily productive information; and  

• Knowledge repository which stores historical information from metrics 

assessments and choreography execution results. 

 

A software prototype targeting the aftermarket automotive sector is 

implemented, following the specifications of a subset of framework elements. The 

validation of this subset and of the method of service selection and ranking was 

submitted to the analysis of a business focal group to evaluate the functionality 

and usability in the field of application, collecting their validation thereafter in 

personal semi-structured interviews. Two paths for the data analysis were 

followed: quantitative and qualitative data analysis. The combination of both 

approaches gives substance to the conclusions presented at the end of Chapter 9. 

This research work contributes to the state-of-the-art by advancing a 

conceptual adaptive framework of software services that allows a business service 
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to be tailored as much as possible to customer criteria and preferences. In 

addition, the proposed solution offers an estimation of the business service level 

at a proposal stage. 

The main contributions of this research work can be summarized as follows: 

• Conceptual adaptive framework: It consists of a control model and a 

metrics system and processes a method of selection and ranking of 

services. The proposed framework is composed of several modules and 

elements that allow to offer to the customer a set of services adjusted to 

their choices. 

• Hierarchical control model: It is defined by levels with different 

hierarchical roles. It allows to allocate the framework elements to the 

levels according to their roles. The proposed control model is based on 

closed life cycles that feed historic collections of results of past service 

requests to estimate the future results of a collaborative network.  

• Metrics tree model: It is defined by a structure based on dimensions or 

scopes of the metrics and the levels at which they can be measured. The 

proposed model identifies the types of metrics dealt with at each level.  

• Method for services selection and ranking: The method aims to present 

a list of the suitable services according to customer criteria and 

preferences. It defines the processing business service data entered by 

customer by a multi-criteria approach, the parameterization of the scoring 

rules by the provider (according to its business strategy), and the pools 

(and matrices) that support the calculations needed for the execution of 

the method. 
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Chapter 1  

Introduction 

This introductory Chapter presents the context and motivation of this thesis, the 

goal and main research questions that guided this work, and the research 

methodology. Firstly, the problem is framed. Next, the research design, global and 

specific objectives, research questions and methodology are described. The 

outline of this thesis is also introduced. 

1.1- Context and Motivation 

Globalization, economic trends, business specialization, changing customer 

demands, and advancements in information and communication technologies (ICT) 

are changing the way businesses operate. New models of cross-organizational 

collaborations [1] have emerged in different industry sectors (e.g., aerospace 

industry, automotive industry), where the development of a product (e.g., plane 

or car) is managed by a consortium of companies that jointly contribute to its 

development, sharing costs and risks [158].  

Cross-organizational Business Processes (CBPs) [127] cover the full scope of 

activities related to a business goal. In a CBP, different parts of a business process 

are performed by different organizations. This means that different organizations 

can outsource certain processes that need to be monitored and assessed, enabling 

those organizations to focus on their core business areas [131]. Such partnerships 
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emerged both in the manufacturing and service industry [159]. A rigorous 

monitoring and assessment [18] of each part of a CBP is, thus, of utmost 

importance to evaluate the quality and performance of the service provided by 

each of the partners involved in the collaboration. According to [164], 

“participation in an inter-organizational network enhances the role of digitalized 

B2B transactions on the relationship between digitalized core services and 

performance”. 
Each step of a CBP may be executed by a different organization in a 

Collaborative Network (CN) [128] that is formed by highly autonomous, physically 

distributed and heterogeneous business entities. Organizations in a CN aim to 

achieve common goals “that would not be possible or would have a higher cost if 

attempted by them individually” [128]. Participation in a CN also gives 

organizations access to external resources [132]. An efficient implementation of a 

CBP collaborations is crucial for companies to respond to emerging market 

opportunities [158]. 

The challenge for organizations involved in a CN is high as they must promote 

new and innovative customer-oriented solutions (generating value [25][27]) from 

dynamic environments aligned by a common collaborative strategy. In a highly 

competitive market, innovative solutions are dimensioned according to customer 

expectations to ensure that they have the necessary functionality and quality to 

satisfy the business service request of the customers, according to their criteria 

and preferences.  

Organizations that are involved in CNs need to exchange and handle increasing 

amounts of data in their information systems while executing different software 

services. Collecting information about the behavior of the software services and 

reusing it to obtain prior knowledge of the behavior of the services requested by 

customers, allows to offer specifically tailored services to their business service 

requests – benefiting all involved.  

This research work addresses such challenges. 

1.2- Framing the Problem 

Globalization can be described as a dynamic practice in which regional economies 

become integrated, supported by an exponential globe-spanning network of 

communication. The spread of ICT leverages this global process and provides 

support for an economy format in which business tends to adopt practices for 

enhanced collaboration as response to new challenges. Traditional business 
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schemes cannot guarantee the necessary survival in the globalized and highly 

competitive market. Furthermore, organizations have been “facing the challenge 

of cutting costs and maximizing the utilization of existing technology, at the same 

time, they must continuously strive to serve customers better, be more 

competitive, and be more responsive to the business’s strategic priorities” [32]. 

The fierce competition which characterizes globalization leads also to 

shortening product cycles, as companies aim to gain advantage over their 

competitors. Customer needs and requirements change quickly, e.g., often driven 

by competitive offerings and wealth of product information available. In response, 

the cycle of competitive improvements in products and services further 

accelerates. Business must rapidly adapt to survive, and organizations must enable 

the businesses’ abilities to adapt. These facts strongly emphasize the added value 

of the implementation of collaborative business models with all the synergetic 

effects and benefits of their implementation [24][25]. CBPs provide a basis for 

competitiveness, world excellence, and agility in turbulent market conditions [26]. 

 

1.2.1 -  Business environment 

Facing these challenges, to survive and achieve their business goals, organizations 

need to collaborate by joining their most valuable skills and resources. Within this 

dynamic context, where market constraints are changing recurrently, 

collaboration environments are suitable to effectively achieve strategic objectives 

with a high expected level of quality standards and service delivery [27]. 

As emphasized in [28], products and services are nowadays composed of 

several nested parts that need to be obtained from collaborating enterprises across 

multiple supply-chain tiers that are geographically distributed [16]. This implies a 

decentralization of the business activities of an organization: “business services 

need to be componentized and distributed” [32]. These changes in market 

conditions and new ways to perform business are complemented by advances in 

ICT (e.g., Internet, modelling languages, workflows, Web-services, XML-based 

standards for service discovery and service orchestration). To collaborate, 

networked organizations need to agree on the coordination of their inter-

organizational business processes, which involves an agreement of product or 

service conditions, common syntax and a common semantics of the business 

processes they want to integrate and execute. 

Successful enterprises must be able to cope with quickly changing market 

requirements and keep pace with the accelerated speed of economic change in 

areas such as e-commerce, e-procurement, and supply chain management. It is 
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common that enterprises must continually seek for new suppliers, which provide 

better products or services, or must be willing to cooperate with new partners to 

develop better performing supply chains. Each new partnership implies the 

creation or adaptation of business processes that span across organizational 

boundaries [29]. A CBP environment requires a constant redefinition of the 

partnership schemes which implies the addition and/or elimination of enterprises 

from the partnership. As a result, a growing number of collaborative-networked 

organization forms are emerging, taking advantage of ICT advances, market and 

societal needs, and the progress achieved in a large number of international 

research and development projects. 

 

1.2.2 -  Technical environment 

Several enterprises today use diverse systems and applications of different types, 

with different underlying technologies and with different architectures. This 

heterogeneity represents a serious impediment to integration and interoperability 

[132][133][129]. To overcome these constraints, there is strong orientation to 

create new organizational forms in order to induce innovation, combine resources 

and technologies, and create synergies [128][134][135]. The way business was 

conducted even a decade ago is no longer acceptable if a business intends to 

remain competitive. The changes are reflected in the way companies interact with 

customers, how goods are manufactured, and how companies are organized and 

managed. ICT has evolved, in parallel, with the evolution of business developing 

architectures that aim at responding to these new challenges [2]. 

To mitigate the constraints imposed by heterogeneity, interoperability and 

permanent volatility of requirements, architectures should be the basis to provide 

a platform to build services with the following characteristics [32]: weakly 

coupled, transparent location, and protocol-independent. Service computing 

seems to provide support for current needs and challenges of business in this 

context [30][134]. 

A Service-Oriented Architecture (SOA) represents “an approach for building 

distributed systems that deliver application functionality as services to either 

end-user applications or other services” [33]. SOA fills the gap between Business 

and Information Technologies (IT) enabling “a set of business-aligned IT services 

using a set of design principles, patterns, and techniques” [77]. IT systems enable 

interfaces to these services without dependencies on their implementation 

mechanism or location. These aspects of the architecture provide the alignment 
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of business resources with IT functions covering rapidly changing business needs 

[32]. 

The adoption of Business Process (BP) automation technologies (i.e., standards 

for BP orchestration and BP choreography) is the answer to meet these goals [130]. 

CBPs integrates different parts of the process where responsibility for execution is 

allocated to different enterprises that are part of the collaborative network.  

Service computing links CBPs and IT services so that BPs can be seamlessly 

automated using software services. Examples of service computing technologies 

include Web services. “BPEL4WS provides a language for the formal specification 

of BPs and interaction protocols. It extends Web Services interaction model, 

enabling it to support business transactions” [58].  
Several languages, methods and tools supporting Business Process 

choreography exist. However, most research focuses on technical aspects and most 

existing solutions are technology-dependent [143], thus, more research work need 

to be done on business process assessment [18][131]. Research on metrics 

supporting CBP monitoring and assessment is scarce, e.g., cost, time and quality 

metrics are not sufficient. As emphasized in [131], existing techniques and 

methods for monitoring and controlling processes are not adequate, more research 

in this area is needed, e.g.: combining “monitoring information from business 

process execution as well as service execution into aggregate information” [143], 

as well as exploring new monitoring techniques [144] that make sense from a 

business concept point of view. Assessment and monitoring of CBP are fundamental 

to realize the real value added by each part of the process (or entity). Results 

obtained from the assessment and monitoring could be useful to adapt, correct or 

adjust the business process.  

 

This research project aims to advance research in this area (involving both the 

business and technology perspectives), having as main objective the development 

of a conceptual adaptive framework to support CBP monitoring and assessment to 

select and rank the most suitable set of software services for a customer business 

request, using a service-oriented approach. 

1.3- Overall Research Design 

This research work proposes a solution that offers customers support to estimate 

the behavior of a business service request as a result of a CN of engaged entities. 

The business service, componentized and distributed by a CBP, is targeted for 
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monitoring and assessment of non-functional qualities1 (such as time, cost and 

quality) in order to manage the Quality of Service2 (QoS) offered to customer as it 

fits to their criteria and preferences. 

The research work proposes a conceptual adaptive framework that supports a 

method of service selection and ranking relying on a set of software services that 

satisfies what the customer requests, taking into consideration business process 

constraints and the execution environment. 

The main research question that guides this research work is the following: 

 

How to select and rank the most suitable set of software 

services, ensuring a degree of estimation for the collaborative 

network behavior of services, that best answer criteria and 

preferences of the customer, taking into consideration business 

constraints and characteristics from the execution 

environment? 

 

In short, this research work proposes a conceptual framework describing all 

the elements that contribute to provide the response of a business service 

requested by the customer as close to the desired performance, anticipating its 

behavior through mechanisms that the framework should provide.  

To achieve this objective, this research work covers a large number of existing 

approaches, concepts and fundamentals that are described in the glossary of 

Appendix H. As will be described later, the framework has mechanisms that allow 

identifying and referencing software services (web-services) of business partners 

of the collaborative network. This collaborative network is designed dynamically 

by a business process depending on each customer's business request. The 

collaborative network is triggered when it is invoked by the customer so that the 

business service is satisfied. 

In summary, this research work is about dynamic composition of services of 

predefined services pools with similar functional behavior, to obtain a composition 

with optimal non-functional characteristics (such as price or quality). These pools 

store data about the behavior of services and contain a structure for processing 

                                                 
1 According to [146], a non-functional quality is “a system requirement that describes not 
what the system will do, but how the system will do it”. 
2 According to [3], the QoS concept is used to measure the IT characteristics of the involved 
systems (e.g., availability and response time). 



31 

the method of service selection and ranking. As a result, the service that collects 

the best score of the pool is elected for the dynamic composition of services. 

 

The global and specific objectives, as well as the list of research questions are 

listed in the following sections.  

 

1.3.1- Global and Specific Objectives 

The global main objective of this study is to provide a well-founded basis for an 

adaptive service system that supports dynamic composition of services [4] based 

on functional and non-functional requirements to services specified by customers, 

and past performance data of candidate services that allows to select the best 

services in terms of non-functional characteristics within pools of functionally 

equivalent services. Consequently, the detailed objectives and sub-objectives of 

this research work are the following: 

 

• To develop a conceptual adaptive framework to support a method for 

service selection and ranking: 

• Developing the structure and contents of a framework (modules 

and elements) that offer the most suitable set of software services 

according to a customer business service request.  

• Defining a control model and functional roles to assign to each of 

the elements of the framework so that each element contributes 

to the purpose of the framework. The provider business strategy is 

based on the configuration of the elements of the framework, 

according to their roles and contribution at each level of the 

control model. Each level addresses different roles, so it is 

effectively possible to control the overall behavior of the 

framework. 

 

• To develop a method based on prediction of future services invocation 

results according to estimates derived on the behavior of previously 

executed service instances: 

• Define and depict a method for selecting and ranking software 

services that deliver the best performance considering customer's 

criteria and preferences. 
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• To elaborate an information cycle-based flow to support the 

adaptability of a framework providing adequate results to customer 

requests: 

• Identifying metrics dimensions so that software services may be 

assessed and this information about the behavior of the services 

serves to improve the knowledge of the system - providing a better 

response the next time it is invoked. 

• Identifying the most relevant service data collection levels that 

can be read by a monitoring and assessment module to give the 

framework the adaptability in future customer requests. 

 

To achieve this research objectives, the following research questions guide this 

research work. 

 

1.3.2- Specific Research Questions 

The research questions are grouped in a hierarchic structure such that the focus 

of the research work is explicit. In the first group of questions (Framework Basis), 

the questions address the level of the framework basis for an adaptive service 

system, that is, this group of questions seeks answers to the definition of the 

fundaments for the framework. The second group of questions (Framework 

Elaboration) is related to the elaboration of the framework. The third group 

(Framework Evaluation) focus on the evaluation of the framework. 

 

• RQ A.1 .. RQ A.3: Framework Basis 

 

RQ A.1: What is a reliable control model for an adaptive service 

system? 

a. Which control levels are needed to reduce the system complexity 

and enable a greater degree of predictability of its behavior? 

b. Which feedback loops are required in this system? 

c. Which control models do already exist that can be used in the 

construction of the proposed model? 

d. How can those approaches be integrated in the proposed control 

model? 
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RQ A.2: What is a suitable3 metrics model to be used in the control 

model? 

a. Which levels of metrics need to be addressed by the metrics 

model? 

b. Which metrics dimensions need to be measured? 

 

RQ A.3: What is a suitable4 architecture to operationalize the control 

model and metrics model? 

a. What is the architecture approach that is going to be used? 

b. How does this map to the control model and metrics model? 

c. What are the layers and high-level modules in this architecture? 

 

After answering these questions, a framework consisting of a control model 

and a metrics model are realized as an elaboration of the established basis. This 

leads to the following three research questions: 

 

• RQ B.1 .. RQ B.3: Framework Elaboration 

 

RQ B.1: How are the framework elements positioned in the control 

model? 

a. What specific roles are assigned to each module and each 

framework element? 

b. What elements participate at which level of the control model and 

how do they behave in the life cycle? 

 

RQ B.2: How is the selection and ranking of software services 

obtained? Which are the steps followed for the selection and 

ranking of software services? 

a. What are, step by step, the stages pursued to obtain the selection 

and ranking of services? 

 

                                                 
3 A suitable metrics model means that the metrics model must encompass all aspects of 
measuring the behavior of a service so that it is possible to evaluate the overall service 
behavior. 
4 A suitable architecture means that it must be flexible in order to admit different criteria 
and preferences of customer’s requests, and adaptive in order to adjust the responses to 
new requests learning from the results obtained over time. 
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RQ B.3: What is a proper subset of the framework elements for further 

elaboration which highlights the relevant functionalities of 

the framework? 

a. Which elements of the framework are selected to support an 

adequate evaluation of the framework evaluation, and what can 

be evaluated in this research context? 

 

After the elaboration of the framework, it should be evaluated: 

 

• RQ C.1: Framework Evaluation 

 

RQ C.1: How can the selected subset of the framework elements be 

evaluated? 

a. What is the evaluation approach? 

b. How can the validation of the method of service selection and 

ranking be performed in practice? 

c. What are the evaluation results and what can be learned from 

these? 

 

The next section is dedicated to how the methodology of this research work is 

structured and how the different scopes are addressed in the methodology. 

 

1.3.3- Design Science Research 

To ensure that this research project is recognized as a solid and relevant research 

work, we must demonstrate both in the academic field and for the society in 

general that the results have been developed with rigor and is subject to discussion 

and verification. It is in this context that a method of robust research becomes 

essential for conducting a scientific research project. 

As described by Hevner et al. [69], there are two paradigms that support most 

of the research in the Information System (IS) discipline: Behavioral science and 

Design science. The conceptual framework resulting from [69] depicts how to 

understand, execute, and evaluate IS research combining behavioral-science and 

design science, as they consider that IS research occurs at the confluence of 

people, organizations and technology and these paradigms should co-exist 

alongside and even complement one another. The two paradigms are described as 

follows [69]: 
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“The behavioral-science paradigm has its roots in natural 

science research methods. It seeks to develop and justify 

theories (i.e., principles and laws) that explain or predict 

organizational and human phenomena surrounding the analysis, 

design, implementation, management, and use of information 

systems.” 

 

“The design-science paradigm has its roots in engineering and 

the sciences of the artifact. It is fundamentally a problem-

solving paradigm. It seeks to create innovations that define the 

ideas, practices, technical capabilities, and products through 

which the analysis, design, implementation, and use of 

information systems can be effectively and efficiently 

accomplished.” 

 

Hevner et al. [69], March et al. [91], and Nunamaker et al. [92] further describe 

the definition of IT artifacts that are essential outputs of IS research. These 

artifacts consist of four general outputs [69][95] for Design Science Research (DSR): 

Constructs (form the vocabulary and symbols of a domain); Models (are a set of 

propositions or statements expressing relationships between constructs [93]); 

Methods (are a set of steps used to perform a task to define solution processes 

through formal algorithms or step-by-step procedures); Instantiations (provide the 

realization of an artifact in the working or prototype system - demonstrate the 

viability and effectiveness of models and methods). 

The artifact should be subject to validation to ensure its utility for the 

specified problem. To form a novel research contribution, it must either solve a 

problem that has not yet been solved or provide a more effective solution [69]. 

Both the construction and validation of the artifact must be done rigorously, and 

the results of the research presented effectively both to technology-oriented and 

management-oriented audiences [69]. 

Van Aken [94] argues that “the mission of a design science research is to 

develop knowledge that the professionals of the discipline in question can use to 

design solutions for their field problems” [94]. For Hevner et al [69], the main 
purpose of Design-Science Research is achieving knowledge and understanding of 

a problem domain by construction and application of a designed artifact. Both 

views of Design-Science Research of these authors coincide in that the research 
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generates knowledge and it produces solutions or artifacts in order to overcome 

problems of the domain. 

Hevner describes a cycle of interconnected activities [95] that must be present 

and clearly identified in a Design Science Research project, as well as set of 

guidelines with general instructions for managing and validating Design Science 

Research [69]. 

In Figure 1.1, the Environment block represents the problem space in which 

phenomena of interest reside. Design Science Research achieves relevance by 

building artifacts that address the business needs evolving from the environment. 

The Knowledge Base block provides Foundations and Methodologies from and 

through which IS research is achieved. Scientific rigor is accomplished by applying 

Knowledge (foundations) in the Develop/Build step and Methodologies during the 

Justify/Evaluate step. The developed artifact is assessed with respect to the 

business need in the respective environment and must contribute to the knowledge 

base to enable future research. 

 

The three cycles of Hevner [95], shown in Figure 1.1, are a combination of 

several activities: 

 

• The Relevance cycle: begins the research with an application domain / 

environment (People, Organizational systems, Technical systems) that 

provides the input of requirements for research (Problems & Potential 

opportunities), as well as defines the acceptance criteria for the validation 

of research results. The resulting artifact should be returned to the 

environment for study and validation against its utility, quality, and 

Figure 1.1 Design Science Research Cycles [95] 



37 

efficacy. Results from tests behave as feedback and determine whether 

additional iterations of the relevance cycle are needed. The next iteration 

considers the restatement requirements as discovered from actual 

experience and supports artifact adjustment. 

 

• The Rigor cycle: provides the scientific knowledge to the research project 

to ensure proper scientific groundings. The execution of this cycle requires 

the researcher to realize an investigation as complete as possible in the 

knowledge base, making references to related work. The aim is to ensure 

that the artifacts produced are effective research contributions. 

 

• The Design cycle: contains the main effort of Design Science Research work 

since requirements are received from the relevance cycle and groundings 

and knowledge are received from rigor cycle. The artifact is conceived and 

evaluated before it is submitted to the cycle of relevance and prior to its 

knowledge contribution for the cycle of rigor. 

 

To follow a Design-Science Research, Hevner et al. [69] list guidelines that 

should be considered in the actual research work: Design as an artifact; Problem 

relevance; Design validation; Research contributions; Research rigor; Design as a 

research process; and Communication of research. These guidelines are resumed 

as follows: the research project produces artifacts; problems should be potentially 

relevant and are dependent on the organizational context; the proposed solutions 

must be validated and should produce theories that enhance the practices, and 

these should be validated with scientific methods; research should iterate, in the 

design cycle, from design to validation; and finally, the results should be reported 

(published in referenced knowledge bases). 

According to Hevner et al. [69], “the utility, quality, and efficacy of a design 

artifact must be rigorously demonstrated via well-executed evaluation methods”. 

The work proposes some methods that can be used for the design artifact 

evaluation: Observational (e.g.: via a case study or via monitoring the use of the 

artifact); Analytical (e.g.: Static analysis; Architecture analysis; Optimization; 

Dynamic analysis); Experimental (e.g.: Controlled experiment;  Simulation); 

Testing (e.g.: Functional testing / Black box; Structural test / White box); and 

Descriptive (e.g.: Informed argument; Scenarios). 

Livari et al. [98] argue that a validation phase can be executed through the use 

of: a) computer simulation; b) laboratory experiments; c) and/or field 
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experiments. The choice of the validation method may depend on both the artifact 

developed as well on the requirements to the artifact. Consequently, the 

validation method must be aligned directly with the artifact and its applicability.  

Bruseberg et al. [96] suggest the assessment of the artifacts developed using 

focus group as a validation method for Design Science Research. A focus group acts 

as a guarantee for a deeper and more collaborative discussion regarding the 

artifacts developed by research. According to the authors, focus groups can be 

combined with other techniques to: a) support the discussions of stakeholders; b) 

facilitate the triangulation of data; and c) assist in the emergence of new ideas 

about a problem. Focus groups help also in achieving the critical analysis of the 

results obtained during the research and can open new possibilities to find better 

solutions to problems under study. 

Tremblay et al. [97] address two types of focus groups: Focus Group 

Exploratory (aims to provide information that can be used for any changes in both 

the artifact, as in the script of the focus group); and Focus Group Confirmatory 

(demonstrates the utility of artifacts developed in the field of application; the 

script of interviews should not be changed over time to ensure the comparison 

between each focus group participant). 

These approaches of the evaluation phase will later be the basis for developing 

the evaluation approach for the artifact resulting from the research work described 

in this thesis. 

As a conclusion, Hevner et al., [69] argue that the selection of validation 

methods must be matched appropriately with the designed artifact and the 

selected validation metrics. 
 

1.3.4- Description of the Research Methodology 

The current research work approach follows a design science paradigm [69] 

described above, which is based on the creation and validation of IT artifacts that 

are intended to solve organizational problems. The conceptual framework 

proposed in this PhD research project represents the actual artifact, supporting a 

method for the selection and ranking of the most suitable set of services available 

at a given time to answer customer requirements and preferences, taking into 

consideration business process constraints, and the characteristics of the 

execution environment. In Hevner [69], as described above, three components of 

design-science and behavioral science that interact with each other are identified: 

the environment, IS research, and knowledge base. These three components are 

used as a basis for the structure of this research work.  
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Table 1.1 shows the methodology used in this research work based on 4 main 

steps: A) Identification/Definition of the theme and environment research; B) 

Literature review/Related work; C) Framework development; D) Validation; and a 

last activity that is aimed at completing the writing of the PhD thesis. The research 

questions answered in each step are also indicated. 

The table places each step of the used methodology in the Design Science 

Research framework of Hevner et al. [69]. It also shows which chapters of the 

thesis are related to which steps of methodology. The last column on the right side 

of the table is dedicated to the research questions that are answered in each 

chapter. Figure 1.2 shows at the end of this section the alignment of the 

methodology steps with the Hevner et al. [95] framework in a graphical image. 

Firstly, the environment is established (Step A). An in-depth literature review 

is performed (Step B) to build the proposed framework (Step C). Additionally, the 

knowledge base is used as a foundation to build the artifact, which is the 

conceptual framework. This process is repeated several times to improve the 

conceptual framework. The knowledge base is also used to provide methodologies 

for the validation step (Step D). The research methodology steps followed in this 

thesis are described in the paragraphs below. The guidelines of the framework of 

Hevner et al. [69] are addressed in each step of the defined methodology: 
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Table 1.1 Addressing used methodology to Hevner et al. [69] DSR framework 
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• Step A) Identification / Definition of the research theme and environment 

 

Since the last outbreak of the economic and financial crisis at a global scale, 

practically all sectors of activity worldwide have been facing enormous challenges 

to overcome the obstacles resulting from this crisis. More than ever, it is important 

to establish and maintain a lasting relationship with the customer, always ensuring 

at each moment that the company is offering the best service globally available in 

the market and the one that fits the profile of preferences of the customer. The 

time to market is critical for any company to remain competitive. Focusing on the 

core of the business and having other activities executed by third parties seems to 

be the current paradigm to face turbulent markets [26]. As mentioned in Section 

1.2, CBPs provide a basis for competitiveness [26] and collaborative networks 

potentially answer to these new challenges [135] [31]. 

The resulting artifact of this research work is a conceptual framework with a 

considerable level of abstraction. Its purpose is to cover different business sectors 

involving the composition of different components of a global business service that 

do not necessarily have to be interdependent. The framework is business sector 

independent, so it is not exclusively applicable to a specific business sector. In 

short, regardless the business sector, the proposed artifact is to gather a set of 

partners in a collaborative network to offer a global customer business service, 

considering customer criteria and preferences. 

 

To describe and better support the proposed framework, the after-sales 

automotive retail sector is used as an example business domain. The following is a 

list of topics resulting from an analysis applied to the automotive sector that 

illustrates this domain. The business environment used as an example is fully 

described in Appendix A. 

Nowadays, there are many challenges in the automotive industry [156]: on one 

hand it is not yet clear what is the future of combustion engines. Ecological 

footprint and CO2 emissions are on the global agenda motivated by environmental 

impacts, but there are very strong lobbies of companies and countries that base 

their economy on the production of fossil fuel. On the other hand the research of 

new energy sources accelerates the investigation of new solutions for e-mobility 

(term for the development of electric-powered drivetrains designed to shift away 

vehicle design from the use of fossil fuels and carbon gas emissions). The Autonomy 
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readiness (Autonomous driving) is also a challenge that will disrupt mobility 

patterns, social aspects and fundamentally change the paradigm about mobility as 

we know it today [157]. 

The conclusions of the KPMG report [157] are that there will be not just one 

single retail concept in the future. It is necessary to find the way for an 

evolutionary, revolutionary and disruptive retail concept to co-exist. This includes 

the optimization and industrialization of current retail outlets (for example with 

quality, customer experience, response time, etc.), enhancement using digital 

services and in the long run: the creation of an entirely new retail platform where 

customers can log-on in their own ecosystem with their individual ID. This will 

certainly require completely new structures, sales channels, customer 

touchpoints and mindsets [157]. Customer value will become the core focus (based 

on customer-centric service provider strategies). The relationship with customers 

is a critical aspect for a company. From the early 90’s, Customer Relationship 
Management (CRM) has gained more and more interest and companies developed 

strategies to integrate and centralize customers at the top of their attention. The 

automotive business sector is no exception.  

According to [156], future expectations of the automotive retail reside in a 

service-oriented, real-time and transaction-dominated ecosystem. There is a 

status of “Coompetition”: Strategic alliances and cooperations with players from 
converging industries will be the fundamental driving force.  

In this context of cooperation and integration of different players, the offer of 

dynamic service-orientation seems to be a way to move from product to dynamic 

product / service combinations, which requires dynamic service compositions - 

hence why automotive market is a good example application domain for the work 

in this thesis. 

Manufacturers share experiences and parts like the critical one: the engine. 

There are many examples in the market:  

• The Volkswagen manufacturer builds engines not only for their own 

models, but also for other manufacturers of the group like the models: 

Seat Ibiza, Skoda Fabia and Skoda Roomster; 

• Renault engines are fitted to models of Mercedes as the Class A and C, and 

in particular the Nissan Qashqai model; 

• The PSA (Peugeot Société Anonyme) is a consortium composed by Peugeot, 

Citroen, and DS Automobiles and builds engines that equip some models of 

Volvo, Ford and Mazda. 
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Collaboration between manufacturers is a fact. An automotive vehicle is not a 

black box anymore and technologies help new business opportunities based on 

collaborative networks (even in a complex sector as the automotive sector). Even 

with parts, in some cases, manufacturers share parts that are built by the same 

third party (mechanical and electronic parts). 

All the automotive manufacturers provide information access to the 

specifications of their models and allow mechanisms to simulate the right model 

version to the customer needs. This allows the customer to choose between 

standard and optional equipment for the chosen model, thereby differentiating 

the model that each customer want to purchase. This supports mass-customization 

of cars.  

Although it is important to offer the customer multiple choices of vehicle 

configuration at the level of vehicle acquisition, this approach, at the after-sales 

(maintenance) level, does not exist. 

In the after-sales sector, an European Regulation (namely: 461/2010, of 27/05) 

exists that assigns the customer the freedom to choose the garage 

(brand/manufacturer independent) where repairs or maintenance operations 

recommended by the manufacturer (factory maintenance plan) of the vehicle can 

be performed, without losing the original manufacturer guarantee. However, it is 

necessary to safeguard that all the manufacturer's recommendations are followed, 

not to compromise the guarantee of the vehicle, such as the additional technical 

checks and recommended replacement parts. 

The current procedures of the car brands maintenance don't include asking the 

customer for selection of brands and prices of parts to apply at a car maintenance 

operation. In fact, the parts recommended by brands, with which car brands often 

have lucrative supply contracts (for both parties), are directly applied. However, 

there are other brands on the market, equally with high quality and accepted / 

approved by car brands that are more cost-friendly for the customer side, but not 

applied by car brands. 

 

In resume: the perception of a high level of customer importance for the 

Automotive Industry, the collaboration between manufacturers, the sharing of 

parts among manufacturers and among third parties, and the legal regulation of 

the market, are strong stimuli to promote and diversify business models in this 

sector.  

Creating a specific business service at the after-sales level, according to 

customer needs, allowing the customer to be autonomous in the choices that 
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he/she makes, is one of the perspectives that emerge from these potential new 

opportunities.  

The application of the research work in this thesis covers the automotive after-

sales sector where it can be most directly applied. 

  

• Step B) Literature review / Related Work 

 

To perform research work it is fundamental to execute a literature review, as 

it will provide elements to avoid replication of research on the same topic of focus. 

Research rigor is needed to apply rigorous methods, both in construction as in the 

validation of artifacts.  

 

In Table 1.1, the sub-step “B.1 Services theory and services monitoring 

frameworks” covers the state-of-the-art oriented study of methodologies and 

frameworks supporting monitoring and assessment of Cross-organizational Business 

Processes; languages for modeling and executing business processes (e.g., BPMN, 

BPEL4WS, XPDL, BPEL4Chor, WS-CDL); tools supporting business process 

orchestration and choreographies; service-oriented computing, SOA, and Web-

services. Chapter 2 focuses on Cross-organizational Business Processes, 

representing a state-of-the-art review. 

 

The sub-step “B.2 Approach to adaptive service systems” discusses the 

definition of the control requirements necessary for the development of a 

conceptual adaptive framework of services according to the overall research 

question of this work. As a result, the design of a suitable control model for the 

adaptive framework is part of Chapter 3 as well as the identification of feedback 

control loops necessary for the model.  

 

Sub-step “B.3 Metrics types and scopes for adaptive control systems” defines 
the concept of Service-Level Agreement, which is specified by a set of metrics that 

should be measured, representing the common understanding of the parties 

involved, both at the level of the request provider's relationship with the customer, 

as between the partners that make up the overall service and the provider. In 

addition to the state-of-the-art, Chapter 4 discusses the definition of the required 

metrics for the development of the conceptual adaptive framework of services. 
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• Step C) Framework development  

 

This thesis proposes a framework [60] [61] that represents a workable artifact 

(resulting as the Design as an artifact guideline [69]) and will be relied on a 

mechanism of monitoring different metrics. These metrics will be measured at 

different levels of the choreography of services, considering the prospect of 

satisfaction of the customer and provider.  

The framework will include a control mechanism based on closed life cycles, 

following the approach in [71], derived towards productive responses. This 

mechanism will enrich the historical collection of results of past events to 

estimate, through decisional elements, the behavior of the choreography. The 

control mechanism will follow a hierarchical model that will consist of three 

different levels of control responsibility: the strategic, tactical and operational 

levels, considering the functional scope of each framework element [41]. This work 

will contribute to provide a conceptual adaptive framework of services that will 

ensure a high degree of predictability for the service choreography, following the 

approach in [46]. Thus, the work pursued will be concerned with the elaboration 

of a conceptual adaptive framework for service selection and ranking using services 

choreography, the description of its elements and functionalities, the definition of 

suitable metrics to support Cross-organizational Business Processes monitoring and 

assessment based on a service-oriented approach. 

 

The framework artifact represents the main Research contribution and the sub-

steps: “C.1 Artifact design” and “C.2 Framework contribution” are the core of this 

research work. 

 

• Step D) Validation  

 

This step (“D.1 Artifact validation”) aims to assess (Design validation) 

developments and results achieved by the objectives set before. The conceptual 

adaptive framework will be validated and tested against the automotive business 

sector, emphasizing its added value. 

 

Given the large size and complexity of the artifact to be developed (conceptual 

framework), a subset of the framework elements will be selected for further 

development. This subset of elements will be implemented in a software prototype 
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that will be able to execute the method of selection and ranking of services that 

meets the criteria and preferences set by the customer in each service business 

request. The software prototype will act as a proof-of-concept to demonstrate 

behavior aspects of the subset of the framework elements. Chapter 8 describes 

this software prototype in detail. 

 

Given the nature of the conceptual framework, focus groups will be used for 

the validation - following Bruseberg et al. [96]. Groups of professionals of the 

Automotive Industry, involved with the business needs, will be interviewed in the 

validation process and validate the suitability and utility of the artifact. Individual 

interviews will be conducted and a survey with questions directed to the 

perception of the subset of framework elements and the method of service 

selection and ranking will be designed. To set the stage for the interviews, a 

presentation of the whole framework and respective objectives is performed. A 

demonstration based on a software prototype, running simulation data, will be 

presented as an implementation of the method. 

 

For a better view of the set of steps of the methodology, Figure 1.2 shows the 

position of each of the research steps in the Hevner et al. [95] framework. The 

labels of Figure 1.2 (A1 to D.1) refer to Table 1.1. 

 

 

The next section identifies how the chapters of this thesis are structured and 

organized as shown in Figure 1.3 

Figure 1.2 Alignment of the methodology steps with the framework of Hevner et al. [95] 
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1.4- Structure of the Thesis 

This thesis is composed of 10 chapters, including Introduction (Chapter 1) and 

Conclusion (Chapter 10). Figure 1.3 illustrates how the chapters build on each 

other to create a comprehensive and structured description of research. 

In a quick glance, Chapter 5 is supported by Chapters 2, 3, and 4. That is, the 

development of the conceptual framework (the artifact) presented in Chapter 5 

has its groundings in those chapters. Chapter 5 provides the basis for Chapter 6 

which details the addressing of responsibilities and functionalities of the elements 

of the framework relative to the adopted control model. On the other hand, based 

on Chapter 5, Chapter 7 discusses the selection of a subset of the framework 

elements.  Based on all these chapters, Chapter 8 demonstrates the validation of 

the subset of elements and the method, and Chapter 9 considers the obtained 

results and the needed analysis. 

The detailed contents of the chapters are discussed below. 

 

In Chapter 2 the related work with the main guidelines of this research work is 

analysed. Several approaches for service monitoring and assessment and the main 

principles on which this work is based are also discussed. 

In Chapter 3 the definition of the control requirements is discussed that are 

necessary for the development of a conceptual adaptive framework of services 

according to customer preferences that ensures a degree of predictability of 

behavior of a choreography of services. 

Chapter 4 is devoted to the development of metrics. The approach to the 

elements, types and scope areas covered by metrics is detailed, to support this 

Figure 1.3 Chapters of the thesis 
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research work and the developed framework. This chapter discusses the definition 

of the needed metrics scope for the development of the conceptual adaptive 

framework of services. 

Chapter 5 conceptually discusses the architecture underpinning an adaptive 

framework of services according to customer requirements that ensures a degree 

of predictability of the behavior of a choreography of services. The structure levels 

at which the framework is supported are described, as well as the elements of 

each level and the functional interactions of each of the elements. 

In Chapter 6 the elements of the framework are allocated to the levels of the 

control structure in accordance with their roles. Roles of responsibility in which 

each element is integrated, given its functionality and contribution to the overall 

performance of the framework, are identified in this chapter.  

Chapter 7 describes the Method for Service Selection and Ranking. It also 

identifies and fully details the elements that are most relevant to the study of this 

research work. Since the core of the current study is the areas of Services, 

Monitoring and Assessment, and Metrics, the elements identified for detailed 

description are those that address the topics of: method for service selection and 

ranking; relevant metrics requirements for measuring the performance of services; 

and monitoring and assessment of services contribution to enhance predictability. 

In Chapter 8 a subset of elements from the framework and the method are 

validated. 

In Chapter 9 an interpretation of the data collected from the validation step is 

discussed. 

In Chapter 10, the conclusions of the thesis are presented, as well as directions 

for future research work. 
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Chapter 2  

Literature Review 

This Chapter presents the most relevant definitions and state-of-the-art of the 

research work core topics. 

Section 1.3.1 refers to the global main and sub-objectives to be achieved with 

this research work. These objectives include the development of a conceptual 

framework to support a method of selection and ranking of services that best 

responds to a customer business request. To answer to the customer’s request, the 

business process is dynamically assembled from this collection of services and is 

supported by a collaborative network of partners. 

The proposed framework offers functionalities that allow learning over time 

with the behavior of the services and adapt the offer according to previous 

experiences. In this sense, the framework foresees a cycle of information control 

that allows to feed the system to better respond to the next request. The flow of 

this information is supported by a system of monitoring and assessment of metrics 

that allows to read the services behavior. This information is crucial to process the 

next interaction.  

Thus, following sections carry out the state-of-the-art of the most relevant 

topics, including processes and services (as general background – to contribute with 

fundamentals to develop this research work), and detailing frameworks for services 

monitoring and assessment (with explicit features analysis – since this is the area 

this work will be focused in). 
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Regarding control models and metric systems, these two topics have specific 

chapters (3 and 4, respectively). They will be covered in detail by the new concrete 

models created specifically for this research work. 

The way the scientific literature survey was conducted is detailed in Appendix 

I.  

2.1- Basics of Processes and Services 

This section covers the definitions and concepts of business processes. It also 

focuses on the paradigm and architecture that are addressed in this research work: 

SOC and SOA. These paradigms can be implemented in two ways: service 

orchestration and service choreography - definition and comparison described 

further on. 

 

 

2.1.1- Business Process and Business Process Management 

According to Davenport [104] a Business Process is an interrelated, structured, 

measured collection of tasks (smaller parts of work) designed to achieve a specific 

output: something of value to the customer. It implies a specific step order of work 

activities through time and space, with a clear beginning and an end, well defined 

inputs and outputs, as well as clearly defined boundaries too. This definition 

emphasizes the logical of how work is done within an organization. 

Rummler and Brache [105] invoke the model of the Porter’s value chain in 

which they distinguish two types of processes: primary and support processes, 

depending on whether a process is directly involved in the creation of customer 

value, or concerned with the organization’s internal activities. The authors 
considerer that most processes are cross-functional (it ranges over several business 

functions), resulting in a product or service that is delivered to an organization's 

external customer. These processes are called primary processes. Other processes 

which produce products that are invisible to the external customer but essential 

to the effective management of the business, are identified by support processes. 

According to these authors, a Business Process “is a series of steps designed to 

produce a product or service in which the most important premise of a successful 

process-based organization is the absence of secondary activities in the primary 

value flow that is created in the customer oriented primary processes”. This 
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definition clearly encompasses the focus on primarily activities that deals with the 

organization’s external customers. 
Johansson et al. [106] define a Business Process “as a set of linked activities 

that take an input and transform it to create an output”. “The changes that occur 

during the process should add value to the input and create an output that is more 

useful and effective to the recipient either upstream or downstream”. Johansson 

et al. [106] also “include the upstream part of the value chain as a possible 

recipient of the process output”. This definition also emphasizes the constitution 

of links between activities and the transformation that takes place within the 

process. 

According to van der Aalst [107] a Business Process is a “description of tasks 

with clearly defined inputs and outputs that are associated with a business 

activity across time and place”. In addition, each task of the business process (a 

logical unit of work that cannot be further decomposed) has a specific start and 

end; has its own goals; an owner; and must add value to the global process. 

Summarizing these definitions, we may conclude that a business process must 

have the following features (adapted and extended from [137]): 

 

• Definability (clearly defined set of tasks / activities with clearly 

boundaries, input and output); 

• Consistency (results from task activities leads to a consistent state);  

• Repeatability (unlike a project, a process is repeated whenever it is 

invoked by a business need);  

• Predictability (provide predictable and desirable outcome under all 

circumstances);  

• Orderability (a linear, logical sequence or flow of activities that are 

ordered according to its position in time and space);  

• Customer orientability (customer is the recipient of the process' 

outcome); 

• Value-adding (each task / activity adds value to the to the recipient, either 

upstream or downstream);  

• Cross-functionality (a business may span several functions within an 

organization or organizations).  

 

Business Process Management (BPM) is a discipline that gives answers to adapt 

to changes in an ever-changing global environment and make an organization’s 
workflow more efficiently [64]. When BPM is layered over a Service Oriented 
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Architecture (SOA), services are used for implementing activities of business 

processes [5]. 

According to [66], BPM is defined as “supporting business processes using 

methods, techniques and software to design, enact, control and analyze 

operational processes involving humans, organizations, applications, documents 

and other sources of information”.  
Commonly, top-down and bottom-up approaches are used to assure a proper 

Business Process design [138]: 

 

• “Using the top-down approach, business analysts define business processes 

based on customers' requirements. To optimize the business process for 

better IT implementation, it is componentized as a reusable service that 

can be modeled, analyzed, and optimized based on business requirements 

such as quality of service, flow preference, price, time of delivery, and 

customer preferences.” 

• “Using a bottom-up approach, after creating a set of assets, the 

enterprise would try to leverage them in a meaningful business context to 

satisfy customer requirements. The flexibility and extensibility of services 

composition guided by business requirements and composition rules help 

make business process into an on-demand entity for addressing different 

types of customer pain points by reusing services assets.” 

 

Business processes which involve the distribution of the process between many 

organizations in its execution are named: Cross-organizational Business Process 

[111][127]. These Business processes are characterized by having a shared 

implementation by the various participants and therefore a distribution of its 

execution. Two organizations that want to collaborate cross-organizationally need 

to agree on the coordination of their respective processes, which involves an 

agreement of common syntax and a common semantics of the business process 

they want to link. 

There are several examples in the market of industrial groups that have chosen 

to use a consortium of vertical standards to develop their cross-company business 

process standards such as: papiNet5 in the paper and forest industry; RosettaNet6 

                                                 
5 papiNet is a global communication XML standard for the paper and forest products industries which 
facilitates the automation of the business processes within the industry (source: 
http://www.papinet.org/) 
6 RosettaNet is a consortium of major Computer and Consumer Electronics, Electronic Components, 
Semiconductor Manufacturing, Telecommunications and Logistics companies aimed at establishing 

http://www.papinet.org/
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in the semi-conductor industry; CIDX7 in the chemical industry; PIDX8 from the 

petroleum industry; RAPID9 for the agriculture sector; TexWeave10 from the textile 

industry; AIAG/STAR/JAPIA/Odette/JAMA11 in the automotive industry, and many 

others. 

Recent research projects discuss how business can be engineered in a service-

dominant paradigm. The BASE/X12 framework [120] provides a business engineering 

framework for service-dominant business, i.e., business that puts service 

management at the forefront of its design and operations, covering the entire 

spectrum from high-level business strategy definition to business information 

system architecture design, including elements like business model conception, 

business service specification and business process modeling. 

 

2.1.2- Services and SOC / SOA 

Web Services represent a model that allows the publishing of business functions on 

the Web and enables universal access to these functions. This model simplifies the 

business application development and interoperability, and it also serves end-user 

needs by enabling them to choose, configure and assemble their own Web Services 

[1].  

Following the W3C’s Web Services Architecture Working Group a possible 
definition of a Web Service is as follows: “Software application identified by a 

URI13, whose interfaces and bindings are capable of being defined, described, and 

discovered as XML artefacts. A Web Service supports direct interactions with other 

                                                 
standard processes, working to create and implement industry-wide, open e-business process standards 
(source: http://www.rosettanet.org/) 
7 CDIX were a consortium of chemical companies which aimed to develop standards focused on building 
cross-industry standards (http://www.cidx.org/); at the end of 2008 CDIX transitioned its standards 
and operations to OAGi (http://www.oagi.org/) and ChemITC (http://www.americanchemistry.com/) 
8 PIDX vision is to develop Global Energy Business Standards for the oil and natural gas industry and its 
trading partners (source: http://www.pidx.org/) 
9 RAPID, Inc (Responsible Agricultural Product and Information Distribution) was a not-for-profit agency 
that enabled agriculture businesses in achieving the economic and stewardship benefits of e-commerce, 
which developed commonly supported electronic standards, procedures and databases in order to meet 
its member's supply chain; after 2003  AGIIS (AG Industry Identification System) began operations and 
took the guidelines from RAPID  (source: http://www.aggateway.org) 
10 TextWeave (Standardisation and Interoperability in the Textile Supply Chain Integrated Networks) 
aims to provide the Textile/Clothing sector with a framework of for interoperability based on 
standardised electronic document exchange based on XML Schemas and Internet and to foster its 
adoption in the real business communities (source: http://www.texweave.org/) 
11 AIAG: http://www.aiag.org / JAMA: http://www.jama.org/ / JAPIA: http://www.japia.or.jp/ / 
Odette: www.odette.org/ 
12 BASE/X is the acronym for Business Agility through Service Engineering in a Cross-Organizational 
Setting 
13 URI – Unified Resource Identifier 

http://www.rosettanet.org/
http://www.cidx.org/
http://www.oagi.org/
http://www.americanchemistry.com/
http://www.pidx.org/
http://www.aggateway.org/
http://www.texweave.org/
http://www.aiag.org/
http://www.jama.org/
http://www.japia.or.jp/
http://www.odette.org/
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software agents using XML-based messages exchanged via Internet-based 

protocols.” 

According to Barry [81] a computing Service is a discoverable software resource 

which has a service description that “is available for searching, binding and 

invocation by a service consumer”. The author resumes a service as a “function 

that is well-defined, self-contained, and does not depend on the context or state 

of other services”.  

According to Allen et al. [83], “services are cohesive collections of related 

functionality, accessed through a consistent interface that encapsulates the 

implementation”. It consists of a set of message exchange end-points, which 

contain abstract descriptions of a service interface and implementation binding. 

“Each service has a published specification of interface and behavior” and can be 

“discoverable as a software entity”. It “interacts with applications and other 

services through a loosely coupled, message-based communication model”.  

As synthesized by Talevski et al. [84], service is a “unit of work done by a 

service provider to achieve desired end results for a service consumer”. 

 

 

 

 

 

 

 

 

 

 

Considering the Web Services model (Figure 2.1), it is expected that a service-

oriented environment can support several basic roles (Service Provider; Service 

Broker; Service Requester) and activities (Publish / Unpublish / Update; Discover; 

Invoke / Bond) [32]: 

 

• Service Provider: provide a service description using WSDL which explains 

the interface and the operations it provides along with the input / output 

messages for each operation. Service providers publish, unpublish and 

update their services. “From a business perspective, this is the owner of 

the service, and, from an architectural perspective, this is the platform 

that holds the implementation of the service” [85]. 

Figure 2.1 Web Service Model [85][32] 
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• Service Broker: “provides a searchable repository (directory agency) of 

service descriptions where service providers publish their services and 

service requesters find services and obtain binding information for these 

services (such as UDDI)” [85]. 

 

• Service Requester: is a requester who needs a service available on the 

Internet. Once the intended service is discovered, the requester uses the 

information obtained from the Service Broker to use the service available 

by the service provider. From a business point of view, the requester needs 

a function to fill in the business. From the architecture point of view, it is 

the application that is looking for and calling a service [85]. 

 

Resuming [32], the service providers publish their service descriptions and 

provide related technical and business support so that it can be discovered and 

invoked by a service requester. Service descriptions are used to announce the 

service functionalities, interface, behavior, so that a service requester discover a 

service by querying the service registry for a service that meets its criteria. Based 

on these advertised sets of information, service requester proceeds to invoke / 

bind the service accordingly. 

Web Services can be considered as a “logical evolution from the object-

oriented systems to systems of services” [85]. Some of the characteristics of 

object-oriented systems like encapsulation, message passing and dynamic binding, 

are also shared on Web Services. According to Tsalgatidou et al. [85], the Web 

Service approach can also be considered also as the evolution of the component 

paradigm as they “are lightweight, loosely coupled, platform and language 

independent components”. 

Service-Oriented Architecture (SOA) is an abstract architecture for managing 

services. Papazoglou et al. [1] define SOA as a key to the concept of cooperating 

services “where application components are assembled with little effort into a 

network of services that can be loosely coupled to create dynamic business 

processes and agile applications that span organizations and computing 

platforms”. 

A Service-Oriented Architecture is an IT architecture for linking resources on 

demand - “these resources are represented as business-aligned services which can 

participate and be composed in a value-net, enterprise, or line of business to 

fulfill business needs” [81].  
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Following van der Aalst et al. [82], a Service-Oriented Architecture is 

essentially a collection of services which communicate with each other in some 

meaningful way. 

Figure 2.2 presents a Service-Oriented Architecture stack of elements: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Technologies such as eXtensible Markup Language (XML14), Simple Object 

Access Protocol (SOAP15), Web Services Description Language (WSDL16), Universal 

Description Discovery and Integration (UDDI17), and other application programming 

interfaces (APIs) contributed to the integration of CBP standards with information 

technology and are generally considered the key components of web-services 

[112].  

Benefits from a Service-Oriented Architecture can be referred as responses to 

main concerns of a dynamic business, namely: the ability to change quickly 

                                                 
14 XML consists on a set of rules for encoding documents in a machine-readable form and allows the 
representation of data in a standard and structured format. XML’s design goals emphasize on simplicity, 
generality, and usability over the Internet. (W3C source: http://www.w3.org/standards/xml/) 
15 SOAP is the communication protocol for XML web services. It consists of three parts: an envelope 
which defines a framework for describing what is a message and how to process it, a set of encoding 
rules (a header) for expressing instances of application-defined data types, and a convention (a body) 
for representing remote procedure calls and responses. (W3C source: 
http://www.w3.org/standards/techs/soap#w3c_all) 
16 WSDL is required to publish the interface description contract for other services to invoke upon. 
However, the WSDL document does not provide some of the information a potential user may require, 
such as: “Who provides the service?”; “What kind of business provides the service?”; “What the other 
services are available from this provider?”; “What quality of service should be expected from this 
provider?”; “Is the service free or fee-based?”, etc. (W3C source: 
http://www.w3.org/standards/techs/wsdl#w3c_all) 
17 UDDI is a registry mechanism that can be used to look up Web service descriptions (OASIS source: 
http://uddi.xml.org/) 

Figure 2.2 Elements of a Service-Oriented Architecture [32] 

http://www.w3.org/standards/xml/
http://www.w3.org/standards/techs/soap#w3c_all
http://www.w3.org/standards/techs/wsdl#w3c_all
http://uddi.xml.org/


57 

following the market demands and the need to reduce costs. In this way, SOA may 

realize several benefits to support organizations in a dynamic business 

environment [32]: “leverage existing IT assets; easier to integrate and manage 

complexity; more responsive and faster time-to-market; service and assembly / 

reduce cost and increase reuse; and allows businesses be ready for the future”. 
Service-Oriented Computing (SOC) is a computing paradigm that is supported 

by services as the fundamental elements for developing rapid, low-cost, 

interoperable, evolvable, and massively distributed applications [78][79].  

According to Bichier et al. [80], SOC based on Web Services is currently one of 

the main drivers for the software industry (strong support from major computer 

companies including IBM, Microsoft, Hewlett-Packard, Oracle, and SAP has 

accelerated the acceptance and adoption of SOC using Web Services). 

A main goal of Service-Oriented Computing is to gather a collection of software 

services, make them available/accessible via Internet (or Intranet) over 

standardized (XML-based) languages and protocols, and be implemented via a self-

describing interface based on open standards [1]. Their functionalities can be 

“automatically discovered and integrated into applications or composed to form 

more complex services” [80], and “they can perform functions which can be from 

answering simple requests, to executing sophisticated business processes 

requiring peer-to-peer relationships among multiple layers of service consumers 

and providers” [1]. 

Service-Oriented Computing relies on the Service-Oriented Architecture to 

build the service model [78]. “Services are autonomous, platform-independent 

entities that can be self-described, published, discovered, and loosely coupled” 

[79]. “Services are offered by different enterprises and communicate over the 

Internet and they provide a distributed computing infrastructure for both intra 

and cross-enterprise application integration and collaboration” [78].  

 

Summarizing: Web services are a paradigm for developing business 

collaborations in and across organizations. The software components are described 

at semantical level and can be invoked by applications or by other services through 

a stack of Internet standards (which includes HTTP, XML, SOAP, WSDL, and UDDI – 
Figure 2.2). In a Web Service environment, where various organizations deploy 

their Web Services, they can be inter-connected to reach business collaboration, 

leading to composite Web Services. 
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2.1.3- Service Orchestration and Choreography 

Service Orchestration and Service Choreography deal with business processes 

design and specification and describes two aspects of creating business processes 

from composite Web Services [55]. In orchestration, “a central process (which can 

be another web service) takes control over the involved web services and 

coordinates the execution of different operations on the web services involved in 

the operation“ [139]. Each of the services involved in the orchestration is not 

aware that it participates in a composition of services or that it integrates a 

business process. This responsibility is of the central coordinator that operates and 

invokes each of the involved services in a defined order. In opposition, 

choreography is not dependent on a central coordinator. In a choreography, what 

to do, when to do and with whom to interact, should be knowledgeable of each 

service involved. The choreography represents a collaborative alignment focused 

on the exchange of messages in public business processes. In a choreography, “all 

participants of the choreography need to be aware of the business process, 

operations to execute, messages to exchange, and the timing of message 

exchanges” [139]. 
According to [54] and [55], Orchestration refers to composition of a given 

business process usually private to a business partner - the composition is 

considered from the perspective of one of the business parties since it deals with 

reserved information of the way the process is carried out. According to Peltz [55], 

“this differs from Choreography which is more collaborative and allows each 

involved party to describe its part in the interaction” in public business processes. 

Figure 2.3 illustrates the workflow in the WS orchestration. The orchestrator 

takes control of all the implicated WS and coordinates the execution of their 

various operations involved in the process: 
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Benatallah et al. [56] refers that an orchestration describes the behavior that 

a service provider implements to realize a service - it focuses on a particular 

service, and the control logic is centralized on the service provider of which the 

behavior is implemented. It typically implies the existence of a single coordinating 

force [57]. Moreover, to design an orchestration, the interactions between the 

service provider and the other parties, and the actions the service provider 

performs internally to realize the service, should be described in detailed so that 

can be interpreted and executed by an orchestration engine – as an executable 

process. 

In opposition, choreography is usually public as it refers to the definition of the 

common set of rules which regulates a valid global composition (in terms of valid 

conversations or protocols among the different parties) of the distributed 

processes in the business domain [140]. 

In detail, choreography describes the flow relations of / between tasks and 

interactions of a global business process that involves communication between the 

parties gathered on the business domain. “The flow control logic is distributed 

over the involved services and the choreography emerges as the services interact 

with each other” [56]. It specifies which services to use, in which order, and under 

which conditions [33]. Moreover, “choreography describes an interaction between 

Web Services, whereby each participating service behaves as a peer - there is no 

center of control like in an Orchestration” [59]. Several processes are 

interconnected, and their interaction behavior is described from a global 

perspective [52]. The collaboration in WS choreography can be represented as 

shown in Figure 2.4: 

Figure 2.3 WS Orchestration [99] 
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Other definition for service choreographies are “service compositions that 

implement distributed business processes without the need for a centralized 

coordinator, thus reducing the number of exchanged control messages and 

simplifying the distribution logic” [89]. 

According to Dijkman et al. [141], “choreography does not describe the tasks 

that service providers perform internally / privately to realize a service that they 

perform for others – the other business partners don't care about the way (how) 

the others realize its service, just in that they perform their service”. 

To design a choreography [15], the interactions between services should be 

captured from a global perspective. In opposition to orchestration, choreography 

languages are descriptive not executable languages. “The refinement of the 

specification to executable languages like Orchestration languages should be 

supported by appropriate mappings and transformations between both kinds of 

languages” [53]. 

According to [49] the most credited proposals referring to Web Services 

technology are WS-CDL18 [51] and, more recently, BPEL4Chor19 [52] about Service 

Choreography languages, and BPEL about Service Orchestration languages, 

although other authors [34] or projects (as the VISP20 project) can enunciate other 

languages and technologies about Service Orchestration and Service Choreography. 

                                                 
18 WS-CDL: Web Service-Choreography Description (source W3C: http://www.w3.org/TR/ws-cdl-10/)  
19 Business Process Execution Language for Choreography: http://www.bpel4chor.org/   
20 Virtual Internet Service Provider Project - Workflow Technologies - Functional Analysis and 
Comparison, Deliverable - D2.1 of project FP6-027178 VISP, funded by the European Commission, 2006 
- http://www.visp-project.org/docs/IST-2004-027178-WP2-D2.1-R1.0.pdf 

Figure 2.4 WS Choreography [99] 

http://www.w3.org/TR/ws-cdl-10/
http://www.bpel4chor.org/
http://www.visp-project.org/docs/IST-2004-027178-WP2-D2.1-R1.0.pdf
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2.2- Service Monitoring and Assessment 

This section presents a state-of-the-art on monitoring and assessment frameworks 

and concludes by electing their characteristics and the contribution they have 

brought to research in this area. At the end, the highlighted characteristics are 

addressed to a table where all contributions can be compared and conclusions for 

the present research work can be applied. 

 

2.2.1- Concepts and Approaches: State-of-the-art Analysis 

The management of organization critical business applications requires the 

existence of monitoring and assessment performance resources. Any constraint 

(e.g.: downtime) that occurs in critical applications has serious consequences for 

businesses with strong impacts on market competitiveness indices. According to 

[142], to mitigate these situations, organizations “need to constantly monitor the 

health of their applications. The performance should be in tune, always and under 

all load conditions”. 
Some of monitoring targets rely on non-functional systems aspects as duration, 

quality, cost, security, compliance, and usability (monitoring accurately the QoS 

of Web services in dynamic environments represents a challenging task [161]); and 

others rely on functional systems aspects like correctness of the execution, 

behavioral properties, assertions, or the state of the application instance [145]. 

The monitoring results are then used to perceive what actually happens with the 

various activities, whether they are performed correctly or not, what durations do 

they have, what data is passed, and whether the pre-set ranges for various 

parameters are exceeded or not [143]. 

Following [145], in the BPM and SOA domains, there are different monitoring 

approaches for several objectives:  

• process tracking: monitoring of instances of running processes in order to 

(e.g.) provide information to the customer about a certain state of the 

process situation (e.g.: order delivery). 

• process controlling: monitoring for periodic evaluation of (e.g.) financial 

KPIs (Key Performance Indicators) with real-time results delivery, so that 

the organization can take an immediately action accordingly. 

• system monitoring: monitoring of the behavior of infrastructure resources. 

• SLA monitoring: monitoring of service levels agreed between the various 

parties involved in the service contract, either by the process 
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performance, availability of resources, for the detection of violations of 

the levels of service. 

• monitoring for audit purposes: to control user access to information; to 

assess the compliance of rules and procedures; to analyse historical 

behavior of processes; etc. 

• run-time correctness analysis: to verify conformity between the execution 

of the process and the designed process model. 

 

A status based on a comparison of about ten years of scientific development 

related to service monitoring and assessment is done below. There are several 

approaches, they differ mostly in monitoring goals, i.e., what is monitored, and 

the monitoring mechanisms. 

This chapter ends with a set of considerations and conclusions based on the 

state-of-the-art that support the development of the current research work. 

Appendix C presents this state-of-the-art in a detailed manner. 

 
• [86] Baresi et al., (2005): “Towards Dynamic Monitoring of WS-BPEL 

Processes” 

 

Baresi et al. [86] deal with monitoring of WS-BPEL processes focusing on 

runtime validation. The goal is thereby not to monitor process performance 

metrics, but to detect partner services which deliver unexpected results 

concerning functional expectations. The approach includes the specification of 

monitoring rules that are addressed dynamically into the process they belong to; 

a proxy-based solution to support the dynamic selection and execution of 

monitoring rules at run-time controlling by the Monitoring Manager element; and 

a user-oriented language to integrate data acquisition and analysis into monitoring 

rules. Monitoring rules are created simultaneously with the business process and 

are related with specific elements of the business process.  

 
Table 2.1 Summarizing the Article [86] 

 

Topic Findings 

Contributions Monitoring and early fault detections. 

Functionalities -Monitoring rules that are addressed dynamically into the process. 

-Proxy-based solution to support the dynamic selection and execution 

of monitoring rules at run-time. 
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-User-oriented language to integrate data acquisition and analysis 

into monitoring rules. 

Considerations -The framework supports reactive monitoring since erroneous 

situations can be found only after they occur, but it is less intrusive 

since it proceeds in parallel with the execution of the business 

process which leads to a lesser impact on performance. 

 
• [87] Barbon et al., (2006): “Run-Time Monitoring of Instances and 

Classes of Web Service Compositions” 

 

Barbon et al. [87] describes a monitoring approach for WS-BPEL processes 

which supports run-time checking and supports collecting statistical and timing 

information and concentrates only on monitoring of business processes - do not 

deal with QoS metrics integration and dependency analysis. One relevant aspect is 

that this approach designs an architecture that distinguishes and separates the 

business logic of a web service from its monitoring functionality. In other words, 

this architecture allows that the monitor engine and the BPEL execution engine 

are executed in parallel. As this approach relies on the same application server, it 

allows an integration of the two engines where the two run-time environments are 

kept distinct (keeping the monitors clearly separated from the BPEL processes). 

Other relevant aspect from this approach is that provides a language for the 

specification of both instance and class monitors. 

 
Table 2.2 Summarizing the Article [87] 

 

Topic Findings 

Contributions Web Services monitoring as BPEL processes with an approach of a 

separation of what is service business logic from the monitoring 

functionality. 

Functionalities -Separation of the service business logic from the monitoring 

functionality. 

-Monitoring both the behaviors of single instances of BPEL processes, 

as well as behaviors of a class of instances. 

-Provides a language for Run-Time Monitor specification. 

Considerations -The framework does not provide techniques that allow failure-

handling or repairing and adaptation according to information 

provided by monitors. 
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• [72] Ardissono et al., (2007): “Monitoring choreographed services” 

 

Ardissono et al. [72] described a framework supporting the monitoring progress 

of a choreographed service, the early detection of faults and the notification of 

the web services affected by the faults. When a failure occurs, the framework 

element called Monitor analyzes the choreography specification to decide whether 

it is still possible to continue the respective service and notifies the service 

providers which cannot continue their execution, allowing them to take 

appropriate decisions. The Monitor element tracks the execution of the 

cooperating Web Services by analyzing their conversational behavior. While 

running the choreography, the monitor element gets information about the 

messages that are being sent and received by the Cooperating element and about 

their execution state. Based on this information, the Monitor element verifies if 

the service evolves in line and is consistent with the choreography, i.e., Monitor 

element proactively checks the progress of the choreographed service and 

propagates the coordination information. If a discrepancy occurs, the monitoring 

element assesses and informs the coordination service towards to take a decision 

about the fault occurred.  

 
Table 2.3 Summarizing the Article [72] 

 

Topic Findings 

Contributions -The framework builds on the WSCoordination standard for the 

management of the coordination context between a set of 

cooperating Web Services. The Monitor element composes the local 

views on the choreography held by the Web Services into a unified 

one and analyzes the evolution of the choreography to assess its 

progress state and notify the cooperating Web Services about 

execution problems. 

-The framework follows the approach of the standard in 

WSBusinessActivity but in addition creates new message types to 

inform the Monitor element about which choreography paths are 

traversed during the execution of the overall service. 

-Monitor element uses the choreography specification to evaluate 

the possibility of success of the overall service, depending on the 
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execution state of the cooperating Web Services and on which 

portion of the choreography has been completed. 

Functionalities -Early detection of faults. 

-Notification of the Services affected by the faults. 

-Framework relies on the analysis of messages. 

Considerations -A monitoring tool is essential to assess behavior of each of the 

services that make up the choreography to influence its composition. 

-The activities to determine the early faults in anticipation and 

decision-making process of the monitoring element is not projected 

in the time, being ambiguous to understand if it becomes a time-

consuming activity, and on what decision criteria are taken to 

proceed with the choreography services or that define its 

termination. 

 
• [18] Wetzstein et al., (2009): “Towards Monitoring of Key Performance 

Indicators Across Partners in Service Networks” 

 

Wetzstein et al. [18] describes an approach to model and monitor KPIs across 

partners in a service network. Based on the monitoring information collected by 

each partner, KPI are calculated so that the service network is evaluated. The 

service network is mapped to service choreography descriptions and according to 

the choreography description, KPIs are decomposed to events that each partner 

should provide for the overall KPIs to be calculated. Each partner must follow a 

monitoring agreement that defines the monitoring events each partner must 

provide. Monitoring agreements play a central role on this approach in that 

includes partner descriptions, the events which each partner must provide, and 

how these events are aggregated to calculate the overall KPIs of the service 

network. 
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Table 2.4 Summarizing the Article [18] 

 

Topic Findings 

Contributions Monitoring of KPIs across partners in service network. 

Functionalities -Service network defines the interactions between partners. 

-Service network is transformed to a service choreography where 

message exchanges between partners are described; At the 

orchestration level, each partner in the choreography performs its 

action. 

-A Monitoring agreement with each partner is conceived so that 

monitoring events each partner has to provide. 

Considerations -The approach assumes that, at the lower layer (service 

orchestration) each partner has an internal BAM implementation. 

-According to the Monitoring agreement, partners must make sure 

that they provide events to the outside. 

 
• [3] Wetzstein et al., (2009): “Monitoring and Analyzing Influential 

Factors of Business Process Performance” 

 

Wetzstein, et al. [3] provide a framework for performance monitoring and 

analysis of WS-BPEL processes, which consolidates process events and Quality of 

Service measurements with the ultimate goal of discovering the main factors of 

influence of process performance. The framework uses machine learning 

techniques to build tree structures representing the dependencies of a KPI in the 

process and metrics of QoS. The purpose of the dependency trees is to allow 

business analysts to analyze how the process KPIs depends on lower-level process 

metrics and QoS characteristics of the IT infrastructure. The main objective is to 

allow business analysts to learn about the factors that influence the performance 

of business processes and most often contribute to the violation of KPI target 

values, and how they relate to each other. The framework is based on the principle 

of the BPM lifecycle which is the continuous supervision of business goals and 

timely measurement of business process performance. 
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Table 2.5 Summarizing the Article [3] 

 

Topic Findings 

Contributions -Monitoring and discovering the main factors of influence of process 

performance. 

-A framework for dependency analysis, using machine learning based 

analysis of PPMs and QoS metrics, with the ultimate goal of 

discovering the main factors that influence process performance. 

Functionalities -A framework that performs monitoring of both PPMs and QoS 

metrics of business processes running on top of a Service-Oriented 

Architecture. 

-Provides an analysis of the main factors that influence the business 

process and make it violate its performance targets. 

Considerations -After discovering underperformances through dashboards analysis 

(KPI dependencies trees), corrective or optimization actions can be 

made by the business analyst. A more automated feedback 

mechanism was desirable just to provide an autonomous framework 

regarding feeding and correct / optimize scope. 

-Service selection would also be an added value to the framework to 

provide the replacement of services that will eventually be pointed 

out by factors degenerating performance 

 
• [119] Leitner et al., (2010): “Monitoring, Prediction and Prevention of 

SLA Violations in Composite Services” 

 

Leitner et al. [119] propose the PREvent framework, which is a system that 

integrates event-based monitoring, prediction of SLA violations using machine 

learning techniques, and automated runtime prevention of those violations by 

triggering adaptation actions in service compositions. PREvent framework is based 

on the VRESCO runtime environment, which provides facilities used for monitoring 

and adaptation (VRESCO is a system that was developed by these authors in a 

previous research work under S-Cube consortium). The main role of the framework 

resides at the prevention level where three main components are responsible for: 

(1) monitoring of runtime data, (2) prediction of violations, and finally (3) the 

identification of possible preventative adaptation actions and application of these 

actions. 
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Table 2.6 Summarizing the Article [119] 

 

Topic Findings 

Contributions Definition of a framework based on event-based monitoring, 

prediction of SLA violations, and adaptation actions in service 

compositions 

Functionalities -PREvent framework is based on the principle of monitoring and 

analyzing runtime data to trigger adaptation actions in endangered 

composition instances. 

Considerations -While most current research in the area considers the explanation 

of violations after they have happened, this paper proposes the 

PREvent system, a framework for runtime prediction and subsequent 

prevention of violations. 

-As the authors confirm, they do not consider the costs of 

adaptations. 

 
• [70] Wetzstein et al., (2010): “Cross-organizational process monitoring 

based on service choreographies”  
 

With this framework [70], Wetzstein et al. put the focus on service 

choreography. Highlight the need for companies to collaborate with each other (in 

a CBP perspective) and the need to measure the performance of each of the 

services of each partner involved. The authors describe an event-based monitoring 

approach based on BPEL4Chor21 service choreography descriptions and show how 

to define monitoring agreements specifying events each partner in the 

choreography must provide. They use complex event processing (CEP) technology 

for calculation of process metrics.  

They introduce a monitoring agreement which is an XML-based document 

specifying monitoring aspects between partners based on the choreography 

description. The monitoring agreement consists of a set of resource event 

definitions and complex event definitions. Resource events are defined based on 

abstract BPEL processes in the choreography by specifying at which BPEL resource 

and for which state of that resource an event is to publish, which data it should 

contain, and where it should be published.  

 

                                                 
21 BPEL4Chor is a BPEL extension for modeling service choreographies [52]. 
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Table 2.7 Summarizing the Article [70]  

 

Topic Findings 

Contributions -Definition of an event-based monitoring approach based on 

BPEL4Chor service choreography descriptions. 

-Establishment of monitoring agreements specifying events each 

partner in the choreography has to provide. 

Functionalities -Measure the performance of each of the services of each partner 

involved in a choreography. 

-Introduction of a monitoring agreement (XML document) specifying 

monitoring aspects between partners based on the choreography 

description. 

Considerations -Service Level Agreements (SLA) are similar to this approach in that 

SLA involve monitoring in a cross-organizational setting. In a SLA 

contract consumer and provider agree on a set of a service QoS 

(almost technical characteristics).  

-This framework approach focus is on event-based monitoring of 

process metrics across participants in a choreography which is not 

being dealt with in frameworks such as WSLA focusing on QoS 

measurements. 

-This approach takes corrective actions only after the completion of 

execution of the composite service which incurs an additional 

overhead of executing a wrong service. 

 
• [88] Wetzstein et al., (2012): “Preventing KPI violations in business 

processes based on decision tree learning and proactive runtime 
adaptation” 

 

Wetzstein, et al. [88] builds on the work presented in [3] a monitoring, 

predicting and adaptation approach for preventing KPI violations of business 

process instances. A decision tree learning to construct classification models 

(which are then used to predict the KPI value of an instance while it is still running) 

is also discussed. The base reason for his research is that if the KPI targets are 

violated, the underlying causes should be known, and actions must be taken to 

adapt the process considering such violations. Therefore, if a KPI violation is 

predicted, then a whole of adaptation requirements and adaptation actions can be 

taken preventing the violation while the instance is still running. An important part 

of the approach is the metrics model. It includes KPIs and underlying KPIs metrics 
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(time, cost and quality dimensions of the process). In addition, also includes lower-

metrics which KPIs potentially depends on from the metrics model. Other relevant 

aspect of the approach is the concept of a checkpoint. When a running process 

instance reaches a checkpoint, it halts its execution. At a checkpoint, a KPI class 

of the running process instance is predicted. 

 
Table 2.8 Summarizing the Article [88] 

Topic Findings 

Contributions Integrated monitoring, prediction and adaptation approach for 

preventing KPI violations in service compositions. 

Functionalities -Definition of metrics model with KPIs (key metrics reflecting the 

time, cost, and quality dimensions of the process) and lower level 

metrics used during KPI dependency analysis and prediction. 

-Definition of adaptation requirements from decision trees that lead 

to identify adaptation strategies and the consequently adaptation 

actions. 

-Definition of the constraints and preferences model that lead to 

select an adaptation strategy based on conditions that never be 

violated and preferences which are specified as weights on different 

KPIs and metrics and lead to a strategy score number. 

Considerations -KPIs are monitored continuously while the process is executed and 

if the monitoring results show that the KPI targets are violated, the 

underlying reasons must be identified, and the process should be 

adapted accordingly to address the violations. 

-Decision tree learning is used to construct classification models that 

are used to predict the KPI value of an instance.  

-In case of a KPI violation is predicted, there is placing to identify 

adaptation requirements and adaptation strategies (and actions) to 

prevent the violation to occur in fact. 

 
• [73] Garg et al., (2013): “A framework for ranking of cloud computing 

services” 

 

The work presented in [73] addresses the issue of monitoring and evaluating 

cloud service providers through a framework that supports SMI attributes (Service 

index measurement). Several market players including IBM, Microsoft, Google, and 

Amazon have started to offer different Cloud services to their customers and from 
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the customer’s point of view, it has become difficult to decide whose services they 
should use and what is the basis for their selection. Garg et al. [73] describe the 

SMICloud framework (Service Measurement Index Cloud) based on the CSMIC (Cloud 

Service Measurement Index Consortium22) that can compare different Cloud 

providers based on user requirements. SMI consists of a set of business-relevant 

KPIs that provide a standardized method for measuring and comparing business 

services. SMI framework provides a holistic view of QoS needed by the customers 

for selecting a Cloud service provider based on: Accountability, Agility, Assurance 

of Service, Cost, Performance, Security and Privacy, and Usability. 

The framework [73] would let customers compare different Cloud offerings 

according to their priorities and select the solution that is appropriate to their 

needs. To provide information about needs, customers provide two categories of 

application requirements: essential and non-essential requirements. It is 

understood by an essential requirement that all SMI attributes levels should be in 

conformance with the required by the customer – if one of these attributes is not 

in conformity that cloud provider no longer interest. 

 
Table 2.9 Summarizing the Article [73] 

Topic Findings 

Contributions Monitoring and evaluating cloud service providers through a 

framework that supports SMI attributes. 

Functionalities -Compare different Cloud providers based on customer requirements 

(two categories of application requirements: essential and non-

essential).  

-SMI framework consists of a set of business-relevant KPIs that 

provide a standardized method for measuring and comparing 

business services. 

-SMICloud framework provides service selection based on QoS 

requirements and ranking of services based on previous user 

experiences and performance of services. 

-Definition of all key performance metrics for QoS attributes in the 

SMI framework and apply AHP-based ranking in Cloud computing. 

Considerations -The framework target is to evaluate Cloud Service Providers. 

 

                                                 
22 http://www.cloudcommons.com/web/cc/SMIintro - Cloud Services Measurement Initiative 
Consortium (CSMIC) was launched by Carnegie Mellon University (USA) and CA Technologies (founding 
member) to develop the Service Measurement Index (SMI).   
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• [90] Rajaram et al., (2015): “Monitoring Flow of Web Services in 
Dynamic Composition Using Event Calculus Rules”  

 

Rajaram et al. [90] developed a runtime monitoring framework that monitors 

dynamic composition of services and validates it according to predefined service 

flow rules. If the service being composed violates any of the service flow rules, the 

user is notified and allowed to correct its requirements. The web services and the 

rules for composition flow are expressed as event calculus axioms that are useful 

in validating the service composition. This approach is based on a framework that 

monitors the composition of services at runtime and validates the service flow 

according to the service flow rules. In case of violations from the rules, it is 

notified, and the user can change the input requirements. 

 
Table 2.10 Summarizing the Article [90]  

Topic Findings 

Contributions A runtime monitoring framework that monitors dynamic composition 

of services and validates it according to predefined service flow 

rules. 

Functionalities -Monitoring of a composition of services at runtime and validates the 

service flow according to a service flow rules. 

-Design of a formal specification of service flow rules from user, 

business, and security point of view using event calculus and the 

availability of corrective actions in case of violations. 

Considerations -In case of violations from the rules, the user is notified and he or 

she can change the input requirements. 

 

 

2.2.2- Service Monitoring and Assessment: Conclusions 

Tables 2.11 and 2.12 (at the end of this section) organize and summarize the state-

of-the-art discussed in the previous section. In the past decade, Web Services 

composition has been an active area of research and development endeavors for 

application integration and interoperation.  

Several approaches for service monitoring and business process monitoring 

exist, differing mostly in monitoring goals. Supported by the analysis of about ten 

years of research in the monitoring area, several are the strands that, based on 

monitoring, diversify the topics of interest. Most of the existing works on service 
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monitoring focused on QoS parameters and KPIs that were agreed during execution 

of services that are composed.  

There are several research chains based on service monitoring: 

 

• Identifying erroneous situations after they occur [86] and early detection 

of faults [72] [88][119]; 

• Monitoring with separation of what is service business logic from the 

monitoring functionality [87]; 

• Creating agreements based on KPIs across partners in service network 

[18][70]; 

• Discovering the main factors of influence of process performance [3]; 

• Monitoring of choreographies in a cross-organizational setting 

[70][18][72][88][90][119]; 

• Monitoring of Service Orchestrations [86][87][3]; 

• Monitoring / Predicting / Adaptation / Correction of service violations 

[88][90][119]; 

 

These topics will be used to support, comparison or expanding the framework 

developed in this research work. 

An approach for analyzing and assessing collaborative business processes in a 

SOA environment towards maintaining their performance is described in [162]. 

Trade-offs between service diagnosis improvement through increased monitoring 

granularity are analyzed in [160]. 

Ardissono et al. [72] described a framework supporting the monitoring progress 

of a choreographed service, the early detection of faults and the notification of 

the web services affected by the faults. When a failure occurs, the framework 

component called Monitor analyzes the choreography specification to decide 

whether it is still possible to continue the respective service and notifies the 

service providers that cannot continue their execution, allowing them to take 

appropriate decisions. 

The research work being pursued within the scope of this research work 

similarly includes a framework with elements that allow the monitoring and 

assessment module to gather information from services behavior. This information 

is used to feed the historical knowledge of the services behavior and will help to 

anticipate its behavior in future instances. Different from [72], no correction 

actions take place at service run-time, in this way avoiding delays in service 

execution. The service selection process is done to choreographed service 
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instantiations using customer preferences, reflected in specific weights assigned 

based on customer criteria and preferences, and ranking algorithms. As such, it is 

assumed the services being executed represent the most adequate set of services 

tailored to customer request. Unlike [72], this approach allows a faster execution 

at run-time. However, it does not solve issues of behavior with lower results than 

expected. If that is the case, this information will be used to penalize the service 

and this perspective will be reflected by scoring algorithms when the service will 

be evaluated in a next customer request.  

Similarly, the work pursued in [73], this research project also focuses on 

offering customers an adequate response to a service request. However, the scope 

of the work is different. The current work address metrics based on [3] where the 

authors describe a framework that uses machine learning techniques to construct 

tree structures, which represent the dependencies of a KPI on process and QoS 

metrics. An approach for KPI assessment in manufacturing organizations is 

advanced in [163].  

Similarly, to [3], in this work a set of metrics is used, comprising four 

dimensions which will cover all the aspects regarding the business process: a) 

Technology elements; b) Process and product or service elements; c) Customer 

elements; and d) Supplier (side) of (choreography) service.  

The work of [73] describes the SMI framework that provides a holistic view of 

QoS needed by the customers for selecting a Cloud service provider based on: 

Accountability, Agility, Assurance of Service, Cost, Performance, Security and 

Privacy, and Usability. In this work, functional and non-functional QoS 

requirements are considered, as well as QoBiz, QoI and QoE attributes [7]. 

Additionally, the work pursued in this research project describes services where 

ranking processes calculate the most adequate set of services to be selected for 

the collaborative network integration. In [73], the scope for selection of services 

is based on the whole of the cloud and there is no distinction between service 

characteristics. 

Another aspect that differentiates this research project from other works in 

this area is the focus on assessing not only the services performances, but also, 

globally, the choreography of services. The services, which are part of the 

choreography, are monitored and assessed, and the choreography itself is targeted 

for evaluation, e.g., by analyzing its expected behavior and the values of the 

metrics returned from instantiation. 

Different from previous approaches, the monitoring and assessment approach 

described in this work focuses on service ranking rules related to service 
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choreography. The scientific contribution of this research lies on the conceptual 

framework23 that supports the selection of the most suitable set of services 

available at a given time to answer customers’ requirements and preferences, 

taking into consideration business process constraints, and the characteristics of 

the execution environment. Featuring a high level of learning acquired based on 

historical data, solutions with a high degree of predictability of the behavior of 

the overall service in terms of time, cost and quality may be developed. 

 

                                                 
23 A first draft of the framework was published in [60]. A revised framework is presented and discussed 
in [61].   
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[86] 
Baresi et 
al., 2005 

Web service 
monitoring with 
the goal of 
discovering 
erroneous 
situations 
during the 
execution of 
services 

-Monitoring rules that are 
addressed dynamically into the 
process. 
-Proxy-based solution to support 
the dynamic selection and 
execution of monitoring rules at 
run-time. 
-User-oriented language to 
integrate data acquisition and 
analysis into monitoring rules 

Monitoring 
and analysis 

BPEL Service 
Orchestration 

-Monitoring 
Manager 
-Monitoring Rules 
Definition 
-WS-BPEL process 
-Instrumented 
WS-BPEL process -QoS parameters - 

[87] 
Barbon et 
al., 2006 

Web services 
monitoring as 
BPEL processes 
with an 
approach of a 
separation of 
what is service 
business logic 
from the 
monitoring 
functionality  

-Separation of the service business 
logic from the monitoring 
functionality 
-Monitoring both the behaviors of 
single instances of BPEL processes, 
as well as 
behaviors of a class of instances 
-Provides a language for Run-Time 
Monitor specification 

Monitoring 
and analysis 
(e-
commerce) 

BPEL Service 
Orchestration 

-Active BPEL 
Admin Console 
-Extended Admin 
Console 
-Active BPEL 
Engine 
-Runtime monitor 

-Collection of 
temporal, 
boolean, time 
related, and 
statistic 
properties - 
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[72] 
Ardissono 

et al., 
2007 

Monitoring and 
fault detection 

-Early detection of faults; 
-Notification of the Services 
affected by the faults; 
-Framework relies on the analysis 
of messages. e-commerce 

Service 
Choreography 

-Monitoring Web 
Services 
-Cooperating 
Web Services 

The configuration 
of tokens using a 
Petri Net 
describes the 
progress state of 
the 
choreographed 
service, from the 
conversational 
point of view. 

-Monitoring 
-
Cooperatin
g 

[18] 
Wetzstein 

et al., 
2009 

Monitoring of 
KPIs across 
partners in 
service network 

-Service network defines the 
interactions between partners; 
Service network is transformed to 
a service choreography where 
message exchanges between 
partners are described; At the 
orchestration level, each partner 
in the choreography performs its 
action. 
-A Monitoring agreement with each 
partner is conceived so that 
monitoring events each partner 
has to provide 

Monitoring 
and analysis 

Service 
Choreography 

-KPI Modeling 
-Monitoring 
agreement 
-Monitoring 
model KPI 

-Service 
Network 
-Service 
Choreograp
hy 
-Service 
Orchestrati
on 

[3] 
Wetzstein 

et al., 
2009 

Performance 
monitoring and 
analysis of WS-
BPEL processes 

-Discover the main factors of 
influence of process performance 

Monitoring 
and analysis 

WS-BPEL 
Service 
Orchestration 

-WS-BPEL Engine 
-Metrics 
Database 
-Monitoring tool 
-BAM dashboard 
-QoS Monitor 
-Process analyzer KPI, PPM & QoS 

-Process 
Run-time 
-Monitoring 
-Analysis 

[119] 
Leitner et 
al., 2010 

Event-based 
monitoring, 
prediction of 
SLA violations, 
and adaptation 
actions in 

-PREvent framework is based on 
the principle of monitoring and 
analyzing runtime data to trigger 
adaptation actions in endangered 
composition instances. 

Monitoring,  
analysis, 
prediction, 
preventing, 
adaptation 

Service 
Orchestration 
/ Service 
Choreography 

-Composition 
Monitor -SLO 
Predictor  
-Composition 
Adaptor 

-Composition and 
external metrics 

-
Compositio
n view 
-Prevention 
view 
-
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service 
compositions.  

Configurati
on view 

[70] 
Wetzstein 

et al., 
2010 

-Monitoring of 
choreographies 
in a cross-
organizational 
setting 

-Definition of an event-based 
monitoring approach based on 
BPEL4Chor service choreography 
descriptions. 
-Distinction between resource and 
complex events. 
-Measure the performance of each 
of the services of each partner 
involved in a choreography. 
-Introduction of a monitoring 
agreement (XML document) 
specifying monitoring aspects 
between partners based on the 
choreography description. - 

BPEL4Chor 
Service 
Choreography  

KPI (Resource 
events and 
Complex events) 

-Monitoring 
agreement  
-
Deploymen
t  
-Monitoring 
instantiatio
n 

[88] 
Wetzstein 

et al., 
2012 

-Monitoring, 
predicting and 
adaptation 
approach for 
preventing KPI 
violations of 
business 
process 
instances 

-Based on KPI measurements of 
historical process instances the 
approach use decision tree 
learning to construct classification 
models which are then used to 
predict the KPI value of an 
instance while it is still running. 
-Use of ranking to select 
Adaptation Strategies 

Monitoring,  
analysis, 
prediction, 
preventing, 
adaptation 

Service 
Choreography 

-Adaptation 
enactor 
-Strategy 
Identifier and 
Selector 
-Classifier 
(Decision tree) 
-Database 
Analyzer 
-Classification 
Model Learner 
-CEP Engine 
-Metrics 
Database 
Analyzer 
-QoS Monitor 
-BPEL Engine KPI 

-Monitoring 
-Prediction 
-Adaptation 
-Process 
instance 
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[73] 
Garg et al., 

2013 

-Monitoring and 
evaluating 
cloud service 
providers 
through a 
framework that 
supports SMI 
attributes  

-Compare different Cloud 
providers based on customer 
requirements (two categories 
of application requirements: 
essential and non-essential).  
-SMI framework consists of a set of 
business-relevant KPIs that provide 
a standardized method for 
measuring and comparing business 
services. 
-SMICloud framework provides 
service selection based on QoS 
requirements and ranking of 
services based on previous user 
experiences and performance of 
services. 
-Definition of all key performance 
metrics for QoS attributes in the 
SMI framework and apply AHP-
based ranking in Cloud computing. 

Cloud 
Services 
Providers - 

-SMICloud Broker 
(SLA Management 
[14]; SMI 
Calculator; 
Ranking System) 
-Monitoring 
(Qualitative 
measures; 
Quantitative 
measures; 
Service filter) 
-Service 
Catalogue Cloud KPIs - 

[90] 
Rajaram et 
al., 2015 

-A runtime 
monitoring 
framework that 
monitors 
dynamic 
composition of 
services and 
validates it 
according to 
predefined 
service flow 
rules.  

-Monitors the composition of 
services at runtime and validates 
the service flow according to the 
service flow rules. 
-Design of a formal specification of 
service flow rules from user, 
business, and security point of 
view using event calculus and the 
availability of corrective actions in 
case of violations.  

Monitoring,  
analysis and 
correction 

Service 
Choreography 

-Dynamic 
Composer 
-Service Flow 
Rules 
-Interceptor 
-User context 
-Rules parser 
-SF Rules 
Resolver 
-Portal - 

-
Middleware 
-Service 
FlowMonito
ring 
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Table 2.12 Service Monitoring and Assessment (resuming state-of-the-art) – 2 
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[86] 
Baresi et 
al., 2005 

Yes No No No No No Yes - 

-The framework supports reactive monitoring since erroneous 
situations can be found only after they occur, but it is less 
intrusive since it proceeds in parallel with the execution of 
the business process which leads to a lesser impact on 
performance. 

[87] 
Barbon et 
al., 2006 

Yes No No No No No No - 

-The approach designs an architecture that distinguishes and 
separates the business logic of a web service from its 
monitoring functionality (the monitor engine and the BPEL 
execution engine are executed in parallel) 
-The framework does not provide techniques that allow 
failure-handling or repairing and adaptation according to 
information provided by monitors 

[72] 
Ardissono 

et al., 
2007 

Yes No No No No No Yes No 

-A monitoring tool is essential to assess behavior of each of 
the services that make up the choreography to influence its 
composition; 
-The activities to determine the early faults in anticipation 
and decision-making process of the monitoring element is not 
projected in the time, being ambiguous to understand if it 
becomes a time-consuming activity, and on what decision 
criteria are taken to proceed with the choreography services 
or that define its termination 

[18] 
Wetzstein 

et al., 
2009 

Yes No No No No 
KPI 
aggregation No No 

-The approach assumes that, at the lower layer (service 
orchestration), each partner has an internal BAM 
implementation.  
-According to the Monitoring agreement, partners have to 
make sure that they provide events to the outside. 
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[3] 
Wetzstein 

et al., 
2009 

Yes Yes Yes No No Yes No No 

-After discovering underperformances through dashboards 
analysis (KPI dependencies trees), corrective or optimization 
actions can be made by the business analyst. A more 
automated feedback mechanism was desirable just to 
provide an autonomous framework regarding feeding and 
correct / optimize scope. 
-Service selection would also be an added value to the 
framework in order to provide the replacement of services 
that will eventually be pointed out by factors degenerating 
performance. 

[119] 
Leitner et 
al., 2010 

Yes Yes Yes No No No No No 

-While most current research in the area considers the 
explanation of violations after they have happened, this 
paper propose the PREVENT system, a framework for runtime 
prediction and subsequent prevention of violations. 
-As the authors confirm, they do not take into account the 
costs of adaptations. 

[70] 
Wetzstein 

et al., 
2010 

Yes - No No No No No No 

-Service Level Agreements (SLA) are similar to this approach 
in that SLA involve monitoring in a cross-organizational 
setting. 
In a SLA contract consumer and provider agree on a set of a 
service QoS (almost technical characteristics). 
This framework approach focus is on event-based monitoring 
of process metrics across participants in a choreography 
which is not being dealt with in frameworks such as WSLA 
focusing on QoS measurements. 
-This approach takes corrective actions only after the 
completion of execution of the composite service which 
incurs an additional overhead of executing a wrong service. 

[88] 
Wetzstein 

et al., 
2012 

Yes Yes 

Yes 
(and 
Data 
Mining) No No Yes Yes No 

-KPIs are monitored continuously while the process is 
executed and if the monitoring results show that the KPI 
targets are violated, the underlying reasons have to be 
identified and the process should be adapted accordingly to 
address the violations. 
-Decision tree learning is used to construct classification 
models that are used to predict the KPI value of an instance.  
-In case of a KPI violation is predicted, there is place to 
identify adaptation requirements and adaptation strategies 
(and actions) in order to prevent the violation to occur in 
fact. 
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[73] 
Garg et al., 

2013 - Yes No Yes Yes No No No 

-The framework target is to evaluate Cloud Service Providers 
through a framework that supports SMI attributes - which 
differs from the goal of the actual research work. 

[90] 
Rajaram et 
al., 2015 Yes No No No No - Yes No 

-In case of violations from the rules, the user is notified and 
he or she is allowed to change the input requirements 
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Chapter 3  

Control Model for Adaptive Service 
System 

This Chapter discusses the control requirements needed to develop a conceptual 

adaptive framework of services according to customer criteria and preferences 

ensuring a predictability degree of behavior of a collaborative network. Designing 

a suitable control model24 for the adaptive framework is also part of this Chapter 

as well as the identification of feedback control loops needed to support the 

model.  

This Chapter provides answers to the following research questions:  

 

• RQ A.1: What is a reliable control model for an adaptive service system? 

a. Which control levels are needed to reduce the system complexity 

and enable a greater degree of predictability of its behavior? 

b. Which feedback loops are required in this system? 

c. Which control models do already exist that can be used in the 

construction of the proposed model? 

                                                 
24 The sections 3.1, 3.2 and 3.3 address the theory on which the definition of the control 
model was based. The concepts and terms used are described in the glossary of appendix 
H. 
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d. How can those approaches be integrated in the proposed control 

model? 

 

The fundamentals of adaptive systems and control mechanisms are discussed 

in this Chapter. 

3.1- Approaches to Adaptive Systems 

Complex Adaptive Systems (CAS) share a common behavior: they change over time 

and reorganize their component parts to adapt themselves to the vicissitudes 

posed by their surroundings [42]. Considering a CAS, there are three main 

characteristics that become evident [43]: 

 

• Internal mechanism: consists of the entities that populate the system and 

interact with each other. These entities share interpretative and 

behavioral rules which allow working together and affecting their 

behaviors according to the level of inter-relationships they establish;  

• Environment: exists external to the CAS and it comprises entities and their 

interconnections that are not part of the given CAS. It can impose new 

rules and norms and may influence changes in the goal state;  

• Co-evolution: results from CAS and its environment interactions, and 

creates dynamic, new realities. There is feedback among the systems and 

the environment that forces change in the entities that reside within it, 

which in turn affects the environment. 

 

In addition, Holland [47] reflects about other features equally important in this 

matter:  

 

• Parallelism: in a CAS a large number of entities that interact with each 

other coexist and are influenced by those interactions;  

• Conditional action: entities actions usually depend on the information they 

receive; 

• Modularity: functionalities can be decomposed into several components 

that may be mixed and matched in a variety of configurations and 

interactions; 

• Adaptation and evolution: entities change over time.  
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In general, an adaptive system is a system with the ability to change over time 

based on input received through internal mechanisms that cause the system to 

change. An adaptive system produces its own adjustments based on the feedback 

it receives from the environment. In a feedback loop, the output generated is 

directed backward, as input to the system. This feedback loop allows, thus, to be 

used by the system to make self-adaptations. 

After an overview about adaptive systems and its main characteristics, it is 

important to address an issue related with the control of the behavior of the 

system, which may be a contradiction regarding to the essence of the type of 

system under consideration. By definition, Holland [44] refers CAS as a system that 

emerges over time into a coherent form and adapts and organizes itself without 

any singular entity deliberately managing or controlling it – which reveals a high 

degree of freedom that entities have within the system enact their behavior in an 

autonomous fashion [45]. But, to achieve and maintain a certain level of system 

performance, when parameters dynamically change, an approach of adaptive 

control must be considered to occur [46]. Controls such as rules and regulations 

act as a form of negative feedback, effectively reducing the degree of freedom 

whereby entities promote their behavior, while allows reducing the complexity of 

aggregate behavior and helping the CAS to behave more predictably [45]. 

A CAS is a dynamic system capable of adapting and evolving with a changing 

environment. An Adaptive Control Systems (focused in the next section) must 

continuously maintain the state of the process, that is, must level the performance 

of the system with the considered desirable state. 

3.2- Control Levels to Reduce Complexity and 

Enabling Predictability 

Several models of Adaptive Control Systems (ACS) exist. The authors of [46] and 

[48] explore this topic with approaches of different techniques that achieve or 

maintain a desired level of the system control when variables change in time 

dynamically. 
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Focusing on a generic ACS (Figure 3.1), three main requirements must be 

considered in its development [46]:  

 

• Specifying the desired levels of performance for the control loops;  

• Identifying in detail the dynamic model of the artifact to be controlled;  

• Developing an appropriate control method to be able to achieve the 

desired artifact performance. 

 

A closed-loop control system (or feedback control system) [71] is a control 

system which uses some portion of the output information as a return back to the 

input to form part of the system. Closed-loop systems are designed to 

automatically achieve and maintain the desired output performance by gathering 

and comparing values resulting from execution phases with values that are stored 

in mechanisms of controlling. Thus, in other words, a closed-loop system is a 

control system in which its control action is being dependent on the output of the 

system.  

According to Golnaraghi et al. [147], a feedback control system “is used to 

reduce the error between the reference input and the system output”. Following 
[147], the main characteristics (among others) of Closed-loop Control System can 

be identified as follows (these characteristics are important for supporting the 

control model that will be built in this research work):  

 

• Reducing of system error; 

• Reducing the performance gaps by calibrating the systems input and 

ensure levels of performance; 

• Improving stability; 

• Increasing or decreasing system sensitivity levels; 

• Generating a sense of immunity to external factors. 

Figure 3.1 An Adaptive Control System Schema [46] 
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Different to a closed-loop system, an open-loop based system is a system in 

which the output has no effect upon the input to the control process. An open-

loop system is a continuous control system in which the output has no influence or 

effect on the control action of the input, thus, the output is neither measured nor 

feedback is given for comparison with the input. As a result, there is no comparison 

between current values and those that would be desirable and therefore, cannot 

self-correct any deviations it could make when the present value drifts. Open-loop 

systems are also known as non-feedback systems - they don’t use feedback to 

determine if its required output was achieved. Open-loop systems assume that the 

desired goal of the input was successful and can’t correct any deviations, so they 

can’t compensate for any external disturbances to the system. 

3.3- Description of the Hierarchical Control Model  

At the construction base of the proposed control model are the groundings 

discussed in the two previous sections of this Chapter:  

 

• the characteristics of a Complex Adaptive System are a contribution to the 

development of the control model for this work, namely, the ability to self-

adapt over time [42][44][47] and the ability to enact their behavior in an 

autonomous fashion [45]. Other important characteristic is the ability of 

internal elements to interpret rules in order to affect the behavior of the 

system [43]. 

• The approach of [71] configures an important contribution as it considers 

a feedback control system as a closed-loop control system that reuse the 

output information as a return back to the input to form part of the system. 

• A generic ACS (Figure 3.1) is developed in [46] and takes into consideration, 

among others, the levels of performance for the control loops. 

• According to [147], a feedback control system is considered a mechanism 

to improve system stability (increasing or decreasing system sensitivity 

levels). 

 

The model to be constructed should allow different levels of the system 

control, that is, the elements of the framework should fit the control model 

according to their role. This approach allows to properly identify and position each 

element of the framework at their level of the system control. 
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Starting from the generic model of an ACS [46] (and the groundings resumed 

at the beginning of this section), the control model that we propose to build is 

based on a hierarchy control flow at different levels of control: Strategic, Tactical 

and Operational, supported by closed loops.  

This section discusses the assumptions that underlie the hierarchical model and 

the foundations that have been chosen to build the control model to follow in this 

work. The using of the hierarchical model foundations was based on the study of 

the work of Kaplan and Norton. These authors transformed the concept of Balanced 

Scorecard (BSC) to promote and measure the performance of business [39] and also 

the contribution of a closed loop for strategy execution management system that 

would provide the balanced scorecard linking to strategy [40] [41]. BSC model is 

an example of a closed-loop controller applied to the management of a strategy 

implementation. Basically, a closed-loop control is where actual performance is 

measured, the measured value is compared to an expected value and based on the 

difference between the two actions are taken as required [71].  

According to the authors Kaplan and Norton (who framed the BSC with 

perspectives adapted to a new reality and needs of organizations resulting from 

the Information Age), it was no longer "only" necessary to analyze financial 

performance metrics to define strategies for the organization. It was also essential 

to obtain and analyze the customer perspective, internal process and especially 

the perspective of learning and growth to count with the potential that is 

generated in the organization and feedback obtained from their activities to 

support new guidelines. Those new perspectives were proposed as the drivers for 

creating long-term shareholder value to maintain the sustainable development of 

the organization. 

Learning and growth perspective identifies the infra-structure that the 

organization must build to create long-term growth and improvement, and 

encourages the identification of measures that answer the question "How can the 

organization continue to evolve and grow, creating value?”. Unlike the 
perspectives of the customer and internal business process which identify the most 

critical factors for current and future success. The topic of learning (and learning 

to collaborate) is constantly addressed in recent research works, i.e., [165], [166]. 

Although, by definition, learning and growth perspective is based on three key 

categories indexed to existing resources in the organization (employees, systems 

and organizational procedures), for this research work we will focus on the 

concepts and principles underpinning this approach and convert them into 

structural basis to the framework model which will be described later. The 
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methodology in which is based this perspective (learning and growth) is supported 

on Objectives (what the strategy is to achieve), Measures (how progress for that 

objective will be measured), Targets (refer to the target value that the 

organization seeks to obtain for each measure) and Initiatives (what will be done 

to facilitate the reaching of the target). 

The purpose of the control model to be built is to ensure a high degree of 

control at each level of the hierarchical model (Figure 3.2), in order to guarantee 

the stability of the best possible performance. That will allow the system to self-

adapt by obtaining information for a learning process to correct deviations issues. 

 

 

The most suitable model for ensuring this type of control is using a closed-loop 

control system approach based on the characteristics previously listed since its 

essence is based on measuring, monitoring, and controlling. 

The articulation and sequencing of outputs from this perspective and the other 

BSC in general, and the way they influence the strategic directions of the 

organization and its practical application [41] are indicated by a closed life-cycle 

illustrated in the Figure 3.3. 
  

Figure 3.2 Adaptation of the Hierarchical Model to an Adaptive Control System 
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The model does not have a tactical level, unlike the model being built, 

nevertheless, the control feedback mechanisms remain the same without this 

level. 

Based on the above model, it is possible to identify the central hierarchical 

structure that is favored by a closed-circuit of interactions between policy 

development and practical implementation. Isolating the central core, we define 

the scope to evolve this research work, creating an analogy with complementary 

layers of responsibility in a pyramidal shape, allowing to compare the reference 

model with the one we intend to adopt for this work.  

Figure 3.4 identifies the core of layers of the hierarchical pyramid. 

  

Figure 3.3 Closed Loop Management System Links Strategy and Operations (source [41]) 
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The basic maintenance of this hierarchical structure is supported by a closed 

cycle of life in which the definitions of strategies are translated into operational 

orientations and action output results contribute to this dynamic. 

Reducing the complexity of the framework model and to quickly visualize the 

dynamics of the hierarchical model adopted for supporting the conceptual 

framework, at a helicopter view, the functionality of the framework can be 

described in general by the Figure 3.6, based on the approach of the hierarchical 

model we have done so far and on a high-level life cycle that adds knowledge and 

autonomy whenever a service choreography is invoked.  

The life cycle is based on two steps of greater relevance in which, on one hand, 

by virtue of the operational elements (residing over the operational level), the 

framework gives productive response to customer requirements with the 

performance expected by customer; on the other hand, by the historical collection 

of results of past events that can be used to estimate, through decisional elements 

Figure 3.4 Identification of the Core of the Hierarchical Pyramid (adopting and adapting the 
Hierarchical Model for the proposed Framework [61]) 
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(residing over the strategic and tactical levels), the behavior of the service 

choreography. 

This dynamic is closely linked to the fact that both parts (Operational and 

Decisional elements) receive feedback information to influence the behavior of 

these blocks of elements aggregated in "Productive Performance - Operational 

elements" and "Behavior predictability - Decisional elements" (Figure 3.6). 

The block that integrates the operational elements receive information of all 

aspects of the structure of the choreography, monitoring and assessment of the 

instantiation. The structure and configuration of this information is provided by 

the decisional block, which is based on collecting and processing the information 

it receives from multiple instances of the operational block. This allows to enhance 

the ability of the structure optimization in the future to provide customer 

requests, making possible to anticipate the behavior of the choreography. 

3.4- Roles definition of the Control Levels 

This section identifies the roles of responsibility of each control level in which each 

element of the purposed framework is integrated, given its functionality and 

contribution to the overall performance of the framework. The alignment chosen 

to be able to address the roles of responsibility was the model hierarchical 

(pyramidal) segmentation with the performance of each distributed levels of 

Strategic, Tactical and Operational contribution as mentioned before. This way, 

the type of environment and contribution of each of the elements in the framework 

can be better identified. 

The Table 3.1 listed below shows, in a summarized shape, how hierarchical 

levels differentiate from each other regarding the dimensions Content (level of 

detail of information), Time extension (decision influence in time) and Scope 

(impact of the decision): 
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dimensions 

  Content level Time extension Scope 

h
ie

ra
rc

h
ic

a
l 

le
v
e
ls

 

Strategical generic and synthetic long-term the company as a whole 

Tactical 
less generic and more 

detailed 
medium-term 

addresses each business 
unit or each set of 
features separately 

Operational detailed and analytical short-term each task individually 

 

The information of this matrix table is converted in the Figure 3.5 in which is 

shown how Strategic (block: S), Tactical (T) and Operational (O) levels of the 

Hierarchical pyramid behave in a graphical space in relation to these dimensions 

(Content level, Time extension and Scope): 
 

Table 3.1 Strategic, Tactical and Operational Levels according to Content, Time and scope 
dimensions 
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These blocks represent the three hierarchical levels and their projections in 

space according to the dimensions outlined before. Elements belonging to the 

block S - Strategic, have greater range both in terms of scope of influence as in 

terms of duration of that impact. To prepare structures and guidelines for future 

implementation (for the O block), elements of block T (Tactical), are focused in a 

more detailed information to identify in the module or specific area of competence 

what and how will be necessary to implement. Finally, the elements of the block 

O (Operational), require a critical level of information detail to run what 

corresponds exactly to what the customer wants to be obtained. 

Regarding the approach to the hierarchical model we adopted, the next table 

includes in addition, a line to each of the hierarchical levels to address the role of 

each elements in the chosen model. The following Table 3.2 shows the comparison 

between the reference hierarchical model and the purposed framework model 

under construction:  
  

Figure 3.5 Strategic (S), Tactical (T) and Operational (O) Levels according to Content, Time and 
Scope 
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dimensions 

 

  Content level 
Time 

extension 
Scope 

h
ie

ra
rc

h
ic

a
l 

le
v
e
ls

 

Strategical 

reference 
generic and 
synthetic 

long-term 
the company as a 

whole 

framework 
high-level 

configurations 
long-term 

the framework as a 
whole (all elements) 

Tactical 

reference 
less generic and 
more detailed 

medium-term 

addresses each 
business unit or each 

set of features 
separately 

framework 
local configurations 

and setups 
medium-term 

each module or each 
system 

Operational 

reference 
detailed and 

analytical 
short-term each task individually 

framework 
specific structures 

to deploy 
short-term each instantiation 

 

To conclude this Chapter, we will move down the abstraction dimension [36] 

in the description level of this table keeping the comparison between the 

hierarchical model - under study, and the model to be adopted for the proposed 

framework. In Table 3.3 the objectives and main roles of each level are added and 

detailed to better identify and segment their responsibility. 

With this comparison matrix it is intended to show the characteristics of the 

purposed framework control model that should exist in its construction. Supported 

by this schema, later in this research work (Chapter 6), we intend to address the 

functional elements (that are to be joined to the framework) to each of these 

layers according to their functionalities. 

3.5- Conclusions 

This Chapter presents the theoretical foundations that support the definition of 

adaptive control model for the purposed framework. Following the theory of 

adaptive control systems with approaches described in [46] (in Figure 3.1) and 

[71], and based on the hierarchical model of [40] and [41] (in Figure 3.3), we built 

an hierarchical control model (Figure 3.4) that allows a perspective of system self-

Table 3.2 Adding Framework dimensions to the Hierarchical Model 
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adaptation by obtaining information for a learning process to ensure its evolution 

and to correct deviation problems.  

The model built to be applied to this research work is listed on Figure 3.2 and 

implements ACS control flows: 

 

• providing feedback information to ensure the needed adjustment and 

control procedures - by the information received via these flows, it is 

possible to adjust and optimize control policies of the entire system (Flow 

of Control adjustment);  

• providing feedback information to ensure the needed adaptation 

procedures - by the information received via these flows, it is possible to 

adapt, correct and improve the operational elements behaviors (Flow of 

Schemas adaptation). 

• Figure 3.4 and Table 3.3 lists responsibility roles according to hierarchical 

model strategic, tactical and operational levels - Chapter 6 describes the 

scope of responsibilities of each element in the control model. 

 

Resuming: Figure 3.6 presents, in an abstract way, the control model that 

supports the framework dynamical cycles and allows the addressing of each 

element responsibilities of the purposed framework (Table 3.3). 
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Figure 3.6 General framework life cycle 
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Table 3.3 Roles comparison between Hierarchical Model according to dimensions 



 

 

99 

 

Chapter 4  

Metrics Systems for Adaptive 
Control System 

This Chapter discusses the definition of a metrics model to support the proposed 

framework. This requires the collection of the needed elements to provide 

substance to the metrics model, such as: the definition of the metrics structure, 

the discussions of the different types of metrics, the identification of the levels to 

address the metrics, and the metrics dimensions. This Chapter answers these 

topics and provides answers to the following research questions:  

 

• RQ A.2 - What is a suitable metrics model to be used in the control 

model?  

 

a. Which levels of metrics need to be addressed by the metrics 

model? 

 

The first section starts with the discussion about the metrics basic elements 

based on the state-of-the-art. 
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4.1- Metrics Elements 

As discussed in Section 2.1.1, one of the BPM methodology steps of most interest 

to this research work is the control phase which corresponds to monitoring and 

assessment activities. The control phase is where the process instances are being 

monitored and inspected. In this phase data is collected for the next iteration of 

the BPM lifecycle. According to [3], one of the most important aspects of the BPM 

lifecycle is the continuous monitoring of business goals and timely measurement 

of business process performance. This set of activities is done by a Business Activity 

Monitoring (BAM) technology [3] as proposed in a BAM decision lifecycle [65]. The 

authors of [65] propose a framework for BAM which supports the decision cycle 

based on five processes: Sense > Detect > Analyze > Decide > Effect, as summarized 

below:  

 

• Sense: Process monitoring and collection of data. Based on metrics / key 

performance indicators; 

• Detect: Highlighting of new business situations;  

• Analyze: Determination of the root causes of the identified business 

situations; 

• Decide: Identifies the suitable action to interact with the business 

environment; 

• Effect: Executes the adequate business actions according to the decision 

that has been made. 

 

The scope of this framework [65] is important for the present study because it 

deals with the definition of specific metrics that allows to obtain information on 

the business process activities and enabling support to activities that processes 

improvement in future interactions. Therefore, so that the mechanism can foster 

continuous improvement of business performance there is a need to identify which 

metrics should be defined to monitor and measure the system. 

According to [88], a metric definition includes the elements: “a data domain; 

an entity characterized by the metric; and a measurement definition which 

specifies how the metric value is to be obtained”.  

Metrics establish bridges between the strategy definition and objectives to be 

achieved; the execution of business processes; and the creation of the 

organization's value [62]. By definition [50], “a metric is a measurement of a 

process or a process element that is used to assess business performance and it 
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can be used alone or in combination with other metrics to define the calculation 

for a Key Performance Indicator (KPI), which measures performance against a 

business objective”. In other words, a metric is a verifiable measure that highlights 

a quantitative or qualitative value that is linked to a point of reference of the 

business process. In a certain way, metrics are in line with a strategy of value 

creation that enables and aims better relationships with customer and business 

continuity. 

Following [62]:  

 

• Metrics must be verifiable and should be based on a well-defined values 

domain and in a well understood / documented process to convert the data 

to a measure. 

• Metrics are measures that allow to obtain the characteristics or results in 

a numerical or nominal form. The measured value of a metric must be 

interpreted against to a base of comparison (point of reference) to realize 

its meaning.  

• Metrics are to be effective and consistent in the sense of being closely 

linked to the delivery of value to customers.  

• Metrics report data from different domains, e.g.: financial, technological 

or operational.  

• Metrics can be used both to assess the current performance and to predict 

future performance. The study of the behavior of the results of a metric 

over time allows through learning mechanisms that problems occurred in 

the past will not occur in current situations. That means, by studying the 

past, present can be improved. 

 

The purpose of most measurement systems is to drive continuous improvement 

and enhance operational performance [63]. To provide a measurement system that 

ensures a permanent improvement mechanism, the authors of [62] proposed three 

basic functions for metrics: 

 

• Control: metrics allow to evaluate and control the performance of the 

resources that are the subject of a monitoring strategy. 

• Communication: metrics allow communication performance of resources 

at various levels for analysis and monitoring purposes. It is essential that 

the development, scope and meaning are clear so that it can reflect the 

actual performance of what is being measured. 
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• Improvement: metrics provide information to identify gaps between 

performance and expectation. The analysis of these gaps and their depth 

(positive or negative) may point out to process adjustments. 

 

The dynamics proposed by these functions allow metrics to be adjusted in 

response to new strategic priorities, creating a life cycle and allowing continuous 

database feeding, for future comparisons. 

4.2- Metrics Types and Scopes 

This section details the different existing metrics types and the scopes in which 

they operate [5][62]. 

Based on [3][5][21][64][65], BAM concept and Key Performance Indicators (KPI) 

help an organization define and measure progress towards organizational goals 

through quantifiable measurements agreed to beforehand. As illustrated on Figure 

4.1, KPIs are specified over a numerous set of Process Performance Metrics (PPM) 

[3][5] and Quality of Service (QoS) metrics [3][6]. According to [3], the authors 

distinguish between PPMs and QoS metrics claiming that this separation is due to 

what is monitored and the different underlying monitoring mechanisms in which 

they are supported. 

 

 

 

PPMs are specified based on process events. QoS metrics are related to 

technical characteristics measurement of the service infrastructure (e.g.: 

availability). The results presented on the S-Cube consortium [8] and the study of 

[22] classifies a baseline (Table 4.1) where Service Based Applications (SBA) are 

distributed in three functional layers, namely: Business Process Management 

Figure 4.1 KPI, PPM and QoS Metrics (adaptation from [3]) 
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(BPM), Service Composition and Coordination (SCC) and Service Infrastructure (SI). 

The BPM layer concerns to the business level aspects and it focuses mostly on 

monitoring business activities and manages the performance of the business. The 

SCC layer focuses mostly on both run-time verification and testing of the service 

behavior (PPM), and monitoring the QoS of the individual or the composed services. 

The bottom SI layer is concerned to the software (e.g. service middleware, service 

registry) and the hardware (e.g. compute, storage, bandwidth) resources used in 

an SBA. According to this study, different types of metrics can be applied to these 

layers: KPIs on BPM layer, PPMs on service composition layer, and QoS on service 

infrastructure layer (as listed on Table 4.1).  

 

Layer Description Subject Events 

BPM 

Business 
Process 
Monitoring 

business process model; 
transaction protocol; data and 
control flow 

violation of correctness properties of 
instance executions; correspondence to 
the process model; violation of 
transactional properties 

KPI 
monitoring 

KPI KPI violations 

SCC 

Monitoring 
functional 
properties of 
SC 

service composition; data and 
control flow 

violation of functional properties of a 
composition; violation of functional 
properties of a constituent service 

Monitoring 
nonfunctional 
properties of 
SC 

composition PPMs, utility 
functions, QoS properties of 
constituent services 

violations of expected values/thresholds, 
SLA violations 

SI 

Grid 
monitoring 

grid infrastructure (site, virtual 
organization, whole grid); grid 
applications (application state, 
application progress) 

wide range of infrastructural and 
application events 

Monitoring of 
component-
based 
systems 

components (state, bindings, 
messages, internal data), 
component platform 
(performance, dependability, 
state/use of resources) 

component- and middleware-related 
events 

 

Due to correlation between metrics of different layers, the measurement 

results of one layer may have impact on the results of another layer if they are 

dependent. Illustrating an example of this dependency is the “Customer 
Satisfaction” KPI defined on BPM layer, which is influenced by PPM metrics such as 
“Order Delivery Time”, which is in turn affected by the technical QoS metrics such 
as the “Availability” of the Web service used by the customer for placing the order. 
It is essential to design a tree of dependencies between correlated metrics of 

different levels to monitor the KPIs within the cross-layer setting based. 

Table 4.1 Layers of SBA (source [8]) 
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Other contributions on this area, although with a less explicit segmentation 

(without detailed layers or domains of metrics application) was elaborated by [7]. 

Different kinds of quality characteristics are important for metrics applied to 

monitoring service based applications. The study conducted in [7] fits metrics 

according to three perspectives of quality: the one that takes care about of the 

service itself (without the customer or the business point of view), which is related 

to the Quality of Service (QoS) - attributes like availability and service performance 

are important to measure;  other attribute is related to the Quality of Experience 

(QoE) that involves metrics which helps to measure the customer interactivity 

(which could reflect subjective results under different occasions or customers) – 
usability and trust are relevant to be measured; the last one is Quality of Business 

(QoBiz) which is related to metrics that measure the business activity – e.g., 

revenue, profit.  

The S-Cube consortium [19] also details different kinds of quality attributes 

that are important to SBAs like Quality of Service (QoS), Quality of Experience 

(QoE), Quality of Information (QoI), and Quality of Process (QoP) [67]. 

When specifying the calculation of metrics different scopes of calculation can 

be applied through the definition of atomic [3] or instance [5] metrics; cross-

process [5] metrics; composite [3] or aggregate [5] metrics. A brief definition of 

these types of metrics is then presented: 

 

• Atomic [3] or Instance [5] metrics: the definition of an atomic / instance 

metric is based on a set of predefined functions that can measure the 

duration of activities, obtain the status of an activity or process, or access 

the value of a variable associated with a process. General atomic / 

instance metrics function categories can be found in [5], e.g.: “duration”, 
“count”, “state”, “time” and “processVariableValue”. Based on one of 
these categories, a function represents a single atomic / instance metric, 

e.g.: the function “duration” returns the time duration of the whole of the 
process instance, or a process fragment, or an activity depending on the 

parameter that was passed to the function. Atomic / instance metrics are 

specified based on events that are published by a WS-BPEL engine. 

• Cross-process [5] metrics: when the definition of metrics is based on two 

process instances from two different process models is called cross-process 

metrics, which is a special case of instance metrics. In order to correlate 

the two process instances belonging to the same process, a correlation key 

needs to be specified.  
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• Composite [3] or Aggregate [5] metrics: are defined through the 

composition of instance metrics producing new metrics using arithmetic, 

logical and relational functions. Moreover, composite metrics aggregate 

values of instance metrics for several process instances by using 

aggregation functions. These metrics are calculated across multiple runs 

(or instances) of the process [9] recurring to aggregation functions. The 

process is monitored by applying aggregations over its process instances. 

Typical composite / aggregate metrics functions categories can be listed 

as: “Summation”, “Average”, “Maximum”, “Minimum” and “Quantity”. 
This type of metrics aggregate values from instance metrics using functions 

like: “sum”, “avg”, “max”, “min”, “count” and “qty”.  
 

4.2.1- Definition of Process Performance Metrics (PPM) 

According to [3] and [5], PPMs evaluate the efficiency and effectiveness of business 

processes since its measurement is based on business objects (which are related 

with business process data). PPM metrics are measured within an analysis in a time-

period and have a target value to be reached or preserved during its analysis 

period. They can be directly derived and computed based on the runtime data of 

service compositions and captures only a single fact of the process.  

PPM monitoring has three steps that must be observed previously [3]: 

modeling, deployment and monitoring phases. The modeling phase is responsible 

for PPM definitions in the Process Metrics Definition Model (PMDM) scope. PPM 

structure mentioned next, is specified in a XML file as part of the PMDM ([3] and 

[5] define a PPM structure based on the following attributes): “name”, 
“description”, “data type”, “unit”, “target value”, “analysis period”, “deviation 
value range” and corresponding “alerts”, and finally the “calculation formula”. 
The “calculation formula” is the main important attribute of the PPM definition as 

it specifies how a PPM metric is measured. The deployment step is when the PMDM 

is processed by a monitoring tool based on an event engine generator.  

In a graphical vision, each PPM can be seen as a tree. Leaves of this tree are 

the functions which define simple instance metrics, from which can be defined 

new metrics based on aggregations or compositions. Monitoring of PPMs at process 

execution time implies the definition of “information that must be generated for 

the process engine about which events need to be published for measurement of 

the PPMs” [3]. Additionally, the specification of the PPM model (where each metric 

is depicted) should be deployed to a monitoring mechanism so that metrics can be 

measured when events are triggered. The PPM model and the definition of the WS-
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BPEL business process must be thereby integrated so that events denote a state 

change of a process entity as the process instance is executed. Determining only 

those required events to publish in accordance with the instance metrics in the 

PPM model to be measured is a matter of saving of performance process execution 

infrastructure [10]. Therefore, mapping the instance metrics of the PPM model to 

the events that are really needed for the calculation is important to ensure the 

least possible impact to the system. Only the instance metrics used for the 

calculation of a PPM are calculated based on runtime events. Functions that read 

the number of periods of time of processing need a start and an ending event, e.g., 

the function “Duration” (a mapping based on the event metamodel of the Apache 

Ode BPEL Engine [11]) which is calculated by subtracting the timestamps of the 

two events: 

 
Table 4.2 Example of Function “Duration” [5] 

Function Events 

duration (Process) ProcessInstanceStartedEvent, ProcessCompletionEvent 

duration (Activity) ActivityExecStartEvent, ActivityExecEndEvent 

 

Generally, to define an event to be published must consider several attributes 

like: creation timestamp, process instance ID, process model ID, and activity ID 

(for activity related events). 

 

4.2.2- Definition of Quality-of-Service (QoS) Metrics 

The QoS concept emerges from the fact that service providers need to characterize 

their services defining both the offered functionalities and the offered quality. On 

the other hand, customers define their requirements by listing the desired 

functionalities, and define a minimum level of quality that the service must 

ensure. 

From the service provider point of view, the quality of a service may be tightly 

different than the quality presumed to the customer point of view. Likewise, the 

same quality level may be sufficient for a given customer and not enough for 

another customer. Taking these issues into account, an effective quality of service 

characterization must be defined to establish the required objectiveness. 

According to [21], to achieve assertiveness, the quality dimensions and their 

characterizations were framed as shown on Figure 4.2 that outlines all the aspects 

relevant for defining the quality of service: 
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Figure 4.2 shows how the definition of the QoS (based on grouping a set of 

Dimensions or Quality attributes) is structured, how customers and providers agree 

on the quality of service (defined by agreed Policies), and which are the 

mechanisms for managing quality dimensions and policies (Management). In the 

present work, we are interested in highlighting and decompose the characteristics 

of the Quality Dimensions. By grouping a set of relevant quality dimensions (which 

can also be known as quality attributes that express capabilities or requirements), 

a service can be defined by its quality that states how the service works or should 

work. In the S-Cube consortium approach [21], quality dimensions are focused on 

two main issues: technical and domain dependent quality dimensions: “Technical 

quality dimensions include all the quality dimensions that characterize the service 

provisioning and that are relevant regardless of the kind of service”. We might 

considerer the ISO/IEC 912625 (used in [23]) quality model to address the general 

technical dimensions attributes: 

 

                                                 
25 http://www.iso.org/iso/home.html (Oct., 2011) 

Figure 4.2 QoS relevant aspects [21] 

http://www.iso.org/iso/home.html
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Characteristics Functionality Reliability Usability Efficiency Maintainability Portability 

Sub-characteristics 

suitability maturity understandability time behavior analyzability adaptability 

accuracy fault tolerance learnability 
resource 
utilization changeability installability 

interoperability recoverability operability 
efficiency 
compliance stability co-existence 

security 
reliability 
compliance attractiveness   testability replaceability 

functionality 
compliance   usability compliance   

maintainability 
compliance 

portability 
compliance 

 

The ISO/IEC 9126 quality model is defined by means of general characteristics of software, further refined into sub-

characteristics, which in turn are decomposed into attributes whose values are computed by using some instance metric. The 

ISO/IEC 9126 standard has been conceived as a basis for the construction of quality models oriented to the evaluation of the 

technical factors (functional and non-functional) of a quality scope. Non-technical factors (domain dependent quality: e.g. 

about service, about provider, managerial, economic or political) has not been considered by the standard (examples of Table 

4.4).  

Table 4.3 The ISO/IEC 9126 Quality Model (Technical Attributes) 
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Despite this fact, following the ISO/IEC 9126 standard: “in many situations 

these factors are also significant, therefore, not considering them could 

compromise the success of the undertaken activity”. A QoS model should 

encompass a rich set of domain-dependent and global quality dimensions and 

should be extensible to allow the addition of new quality dimensions when needed. 

Just like PPMs, QoS metrics are defined in the PMDM. 

 

4.2.3- Definition of Key Performance Indicators (KPI) 

In a generic and independent domain, according to the S-Cube consortium26, “KPIs 

are metrics used to help an organization define and measure progress toward 

organizational goals – it relates to business metrics which are used for measuring 

the performance of underlying business processes of the Service Network” [18].  

According to [88] a definition of a KPI includes the following elements:  

 

• the underlying KPI metric; 

• a set of nominal values representing KPI classes; 

• a target value function which maps values of the KPI metric to KPI classes. 

 

A KPI is a quantifiable metric with a target and/or a range values that is used 

to measure performance in terms of meeting its strategic and operational 

objectives (related with the business goals and critical success factors). So, KPIs 

are oriented to measure business objectives (a business objective is a high-level 

goal that is quantifiable, measurable, and results-oriented). A classification of KPIs 

is presented in [20] - it is segmented upon four perspectives: financial, customer-

facing, operational, and specific to “learning and growth”. This approach was 
based on the four dimensions used in the business world by a popular and strategic 

performance management tool: Balanced Scorecard (already depicted in Chapter 

                                                 
26 http://s-cube-network.eu/about-s-cube (Oct., 2011) 

Table 4.4 Examples of Non-technical Attributes 

http://s-cube-network.eu/about-s-cube
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3) - which helps managers to keep tracking of the execution of activities within 

their control and to monitor the consequences arising from these actions. 

According to Kaplan and Norton [39], these four dimensions are meant to answer 

to the following questions: financial - "How do we look to shareholders?"; customer 

- "How do customers see us?"; operational - "What must we excel at?"; and learning 

and growth - "Can we continue to improve and create value?". 

The schema of Figure 4.3 shows the potential of creating KPIs in different 

dimensions: 

 

 

 

KPIs measure quality attributes on the business level and some examples based 

on these Quality attributes (Figure 4.3) can be defined as (adapted from [5]): 

 

revenue  f(t)= Sum(selling price – cost price) 

cost price  f(t) = Sum(cost(supplies; services; labour; equipment; …)) 

product quality = performance of the Product 

f(t)= reliabilty(failure rate; mean time between failures; ...) + 

serviceability(mean time to repair; availability; ...) +  

conformance(customer’s expectations) 

product variety = degree of flexibility offered to the customer 

process cycle time = duration (business processes) 

process cost = cost (business processes) 

investment rate = rate (new investments) 

innovation rate = (revenue with new or improved goods or services) / (total revenue) 

 

Figure 4.3 A KPI classification with a few Quality Attributes 
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According to the S-Cube Quality Reference Model of [20] a general Quality 

attributes catalog is listed on a set of categories that are not specific of projects 

or domains. Each category (performance; dependability; security; data-related 

quality; configuration-related quality; network-and-infrastructure-related quality; 

usability; quality of use context; cost; and other) includes an extensive list of the 

most representative quality attributes regarding not only atomic but also 

composite quality attributes (produced from atomic ones like response time, 

failure semantics and robustness). 

4.3- Definition of the Metrics Tree Model 

As exposed in Section 4.2 (Figure 4.1) KPIs depend on a numerous set of Process 

Performance Metrics and Quality of Service metrics. In the same section, SBA is 

segmented on 3 layers (Table 4.1) where different types of metrics and scopes can 

be applied to these layers: KPIs on BPM layer, PPMs on service composition layer, 

and QoS on service infrastructure layer. In Sections 4.2.1, 4.2.2 and 4.2.3, KPIs, 

PPMs and QoS metrics were discussed as well as the different types of metrics: 

instance metrics, atomic metrics, composite metrics, aggregate metrics and cross-

process metrics. KPIs are defined on a set of PPMs which are specified based on 

process events, whereas QoS metrics are measuring technical characteristics of 

the underlying service infrastructure.  

Based on these theories, the following model (Figure 4.4) is developed to 

define the metrics trees that will be used to measure the behavior of the target 

artifact of this research work. This model is distributed by levels (A to C). It bases 

its interactivity (between levels) in a structure with active flows between levels - 

namely, at the level of the composition of tree structures (flows from A to C) and 

at the level of processing / reading the values obtained for each level (flows from 

C to A). 

The model is structured in several dimensions (DIM-1 to DIM-4), in which sets 

of metrics according to the nature of what is to be measured are aggregated. This 

explains the flexibility of the model that can be adapted with more or less 

dimensions in accordance with the purpose of the monitoring system (and 

according to what is going to be evaluated). 

Figure 4.4 shows the model through the division of the metrics levels as 

measuring scope / nature (dimension). It consists of a top level of the tree: KPIs 

that adds intermediate (PPM) and lower level (QoS) metrics.  
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The top structure of the model defines aspects related to the business process. At an intermediate level, the composition 

of services gives answers when invoked by the business process. At a lower level, metrics are applied to measure the quality 

of the technological infrastructure that supports the services. 

 

 

Figure 4.4 Metrics Tree Model definition 
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In Figure 4.5 a possible example of definition of the metrics tree structure 

involving different levels is shown (the different types of metrics described in 

Section 4.2, are used by the model). In each level of the model resides metrics 

that are defined for the respective level and dimension, so that the composition 

of the metrics tree shall be established based on metrics available for each 

different level of the respective dimension. 

 

 

 

 

 

 

 

 

 

 

 

In Section 7.3, metrics trees examples as well as an approach to the dimensions 

applied to the monitoring and assessment system for this research work are 

presented. Figure 4.6 shows an example to support a formal definition for this 

model: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Example of a Metrics Tree definition 

Figure 4.6 Example of a Metrics Tree to support a formal definition 
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Each KPI belongs to a domain / dimension and contains a set of metrics trees 

that can be used for assessments under this domain or dimension. Taking as an 

example the Figure 4.6, based on dimension “DIM-1”: 
 

 (i) KPI1  = { kpi1m1; kpi1m2; kpi1m3; ... } 

 

 where: KPI1 ϵ KPI = {set of the metrics trees of the Business process layer} 

and represents the set of metrics trees (kpi1mn) of dimension “DIM-1”;  
 

 (ii) kpi1m1 = ppm1m1 θ ppm1m2 

 

 where: kpi1m1 ϵ KPI1 and represents a tree of metrics which is composed 

of a type of metrics (Section 4.2) of an intermediate level (service composition) or 

even lower (technological infrastructure level): 

 

 (iii)  ppm1m1= (qos1m1 β qos1m2) 

 (iv) ppm1m2 = (e ω f) 

 

 where: ppm1m1 it is in this case a tree branch for two metrics of a 

technological level (qos1m1 e qos1m2) and ppm1m2 is metric that measures the 

behavior at the service composition. The β operator processes the value collected 
by metrics at the technological infrastructure level and ω is an operator that 
processes the collected values "e" and "f". 

 

 (v) qos1m1 = (a α b) 

 (vi) qos1m2 = (c δ d) 

 

 where: at last, kpi1m1 returns a value from the expression: 

  

 (vii) kpi1m1 = [(a α b) β (c δ d)] θ (e ω f) 

 (viii) KPI1  = { [(a α b) β (c δ d)] θ (e ω f); kpi1m2; kpi1m3;   

      ... } 

 

As previously referred, Section 7.3 applies the model here specifically designed 

to the proposed framework.  
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4.4- Conclusion 

As mentioned in Section 1.4 in Figure 1.3, the proposed framework relies on three 

main groundings: Literature review (Chapter 2), Control model (Chapter 3) and the 

Metrics model (actual Chapter). This Chapter discussed the definition of a metrics 

model to support the proposed framework. 

The new designed metrics model (Figure 4.4) proposes a set of dimensions that 

allows to cover the business defined strategy, and levels for the integral metrics 

measurement of the services performance.  

Sections 4.1 and 4.2 present the state-of-the-art about "Metrics elements” and 
“Metrics Types and Scopes”. The proposed metrics model is based on this analysis. 
Section 4.3 and Figure 4.4 present and describe the proposed metrics model. 

Chapter 7 (Section 7.3) will concretize the model (Figure 7.7), identifying 

dimensions (Figure 7.6) and providing metrics to support the proposed framework. 
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Chapter 5  

Adaptive Conceptual Framework 
for Service Selection and Ranking 

This Chapter discusses the architecture underpinning the conceptual adaptive 

framework for service selection and ranking. Modules and elements of the 

framework are fully described. Functional interactions, the main roles of each 

module, and elements are also focused. 

This Chapter provides answers to the following research questions:  

 

• RQ A.3 - What is a proper architecture to operationalize the control model 

and metrics model? 

▪ What is the architecture approach that is going to be used? 

▪ How does this map to control model and metrics model? 

▪ What are the layers and high-level modules in this architecture? 

 

Next section introduces the addressing to the scientific references on which 

the most relevant points of the framework are based. Then, an approach to the 

architecture used is made, followed by the definition of the applied methodology. 

Next, the description of the framework with references to each module / element 

that composes it is done. At the end, a summary is made of what this artifact 

contributed to the state-of-the-art. 
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5.1- Framework Groundings 

The proposed conceptual framework, presented in this Chapter, has its groundings 

in the chapters (Figure 5.1): 

 

• Service Monitoring and Assessment Frameworks literature reviews: 

About a decade of scientific research papers were reviewed to obtain 

perception of the different approaches, methodologies, architectures and 

involved components. This step was fundamental to this research work to 

create innovative approaches and address gaps from the environment 

analysis. The state-of-the-art of Service Monitoring and Assessment 

Frameworks was produced at Chapter 2 which concludes with comparisons 

(Appendix C) representing a contribution to the state-of-the-art.  

 

• Control Model for Adaptive Service Systems: The control model in which 

the framework is supported was built upon Complex Adaptive Systems that 

may change over time and upon Adaptive Control Systems that may 

achieve or maintain a desired level of control when variables change 

dynamically in time (discussed on Chapter 3). Based on this theory and 

according to a hierarchical control model where a different role is 

addressed regarding the level at the pyramid to which belongs, a closed-

loop control system was defined so that the framework may automatically 

achieve and maintain the desired output performance. Table 3.3 is a 

contribution based on the defined control model approach (Chapter 3).  

 

• Metrics Systems for Adaptive Control systems: Systems of metrics as a 

way of evaluating the quality and behavior of the service, and as a mean 

to answer to SLA contracts, is approached in Chapter 4. Here, a 

comprehensive study of the state-of-the-art is done with the intention of 

Figure 5.1 Chapters for Grounding the Proposed Framework 
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verifying the level of depth and scope that will be applied to the 

framework to obtain a 360º evaluation on the service provided to the 

customer. Chapter 4 culminates with the definition of a model to be used 

by the framework that combines the type of metric, its level of 

application, and the dimensions to apply to the proposed framework. 

 

To achieve the objectives and research questions outlined in Chapter 1, and 

presented above the main groundings on which the framework is supported, it is 

important to address the most important topics collected from the state-of-the-

art (from Chapter 2, 3 and 4) involved in its construction. 

In addition to the bases described above, the framework also relies on other 

areas that are important to focus on. The framework allows to offer a solution 

oriented to the expectations of the customer providing the integral selection of 

criteria and preferences allowing to personalize the business service. The provision 

of the business service with these characteristics implies that the rules of the 

business process are articulated according to the required dynamics. This forces 

the service provider to define the business strategy as the market evolves. The 

system of monitoring and assessment of the behavior of services is one of the 

fundamental parts of the framework, however, the offer of the proposed solution 

requires a mechanism of selection and ranking of the services most appropriate to 

the customer request. This is also an important topic to focus on in this work. In 

order to allow the framework to respond overtime, improving the quality of the 

response to future requests, a learning process is required, in this case, based on 

the characteristics of the control model (Chapter 3) adopted in this work. All these 

topics are listed below in a synthesized way: 

 

• Customer value aspects: Aspects focused on customer-oriented 

management [100] are considered in this work, namely the customer SLA 

contract [68] and the customization [102] of the service requested by the 

customer. The value that the provider can offer the customer and the 

value the company can receive from its customers [101] are relevant in 

today's market. The proposed framework considers this perspective and 

provides high flexibility and customer-oriented service customization so 

that customer defines all criteria and preferences for each part of the 

global service. An interface (front-end) for customer to fully choose 

criteria and preferences for the service request will be made available to 

the customer. The framework also considers that whenever the customer 
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uses the system, the provider global service offer is in accordance with the 

customer’s profile to highlight the customer's integration (based on 

customer centric principles [102]). This feature enables competitive 

advantages to the provider (customer retention, loyalty, trust, etc.). 

 

• Business Process and Business rules: As mentioned before, the proposed 

framework provides the customer with a structure for selection of global 

service options that allows customer to configure exactly the business 

service that she / he wants to obtain. The business process that is created 

to respond to this customer’s request must be dynamic because it must be 

adjusted to the customer's request. Each customer can choose a set of 

business services and criteria, and the requirements of the business 

process must be adequate for each of the customer’s request. Business 
rules play an important role to decide, according to the generic business 

process, which are the service aspects needed to compose the business 

process that respond to customer’s request. According to the Business 
Rules Group27, a business rule is a statement that defines or constrains 

some aspects of the business - it is intended to assert business structure, 

or control or influence the behavior of the business. The market main 

players have proposals for business rules: IBM [108], ORACLE [109] and 

Microsoft [110], and there are several scientific approaches for business 

rules applied in business processes used in networked business, namely: to 

make the management of the business process flexible [114]; supported by 

decision tables [103]; or addressed to web services [113]. Given the 

extensive research in this area, this theme will not be targeted as 

development in this work. Although the proposed framework is 

independent of the business domain (the scenario used in Appendix A is 

the Automotive sector) - the request provider must ensure that business 

rules must address the specificity and strategy of business activity with the 

correct services.  

 

• Service oriented aspects: Measuring the services behavior plays a decisive 

role for the proposed framework functionality. In this case, behavior 

information of services running is collected by a monitoring and assessment 

system and gathered to feed the service performance database. Chapter 

                                                 
27 www.businessrulesgroup.org 
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2, namely the Service Monitoring and Assessment Frameworks literature 

reviews section, form one of the reference basis for the present Chapter. 

In addition to monitoring and assessment aspect, other relevant aspects 

need to be considered like service selection and ranking to identify the 

most adequate service to answer a customer request. Service selection is 

essential to provide customers with proper results according to their 

preferences [117]. As of dynamic environmental contexts and evolving 

implementations of services, the quality and functionality of a service may 

change over time. In [118], service selection is considered as a prerequisite 

requirement and the main problem to be addressed for successful 

processing of a service composition. The building of service composition 

involves selecting a component service from the collection of candidate 

services [116] (pool of services [61]) and service ranking is crucial to 

support selection of services [115]. There are several proposals to solve 

the service selection problem: methods based on service popularity 

according to service binding information [115]; based on the weighted QoS 

parameters [60][61][118]; and based on methods and algorithms 

[116][121]. The proposed framework also uses calculation matrices [61] to 

present the prioritization of services to the service’s composition that best 
respond to the customer's request. 

 

• Learning process: Supported by a hierarchical model (Chapter 3), where 

specific roles are addressed to framework components, the closed-loop 

control system feeds the services pools so that the scoring rules for 

service’s ranking may provide more adjusted responses to the customer 

requests.  

 

The proposed framework is designed according to the whole aspects shown in 

Figure 5.2 and described above. The assessments results (of execution service 

request), allow qualifying and quantifying the services performance (based on 

service evaluation / calculus matrices [60][61]), and contribute to enrich pools of 

services, increasing the ability to improve framework responses in future requests. 
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5.2- Approach to the Framework Architecture 

The description of the framework is complex. To reduce complexity, the proposed 

framework will not be described in a single model. An analysis framed in the theory 

of architecture as a system based on the approach developed by Grefen [36] will 

be used to describe the proposed framework. 

In terms of systems theory, the architecture is the view of the system and can 

be broken down into sub-systems and aspect systems. We may derive that the 

decomposition in subsystems and aspect systems are a way to reduce the 

complexity of architectures. 

The notion of architecture we adopt to describe the framework is the one 

refined by [36] from [37] and [38]: 

 

“The architecture of a (corporate) information system defines 

that system in terms of functional components and interactions 

between those components, from the viewpoint of specific 

aspects of that system, possibly organized into multiple levels, 

and based on specific structuring principles.” 

 

Figure 5.2 Groundings of the proposed Framework 
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The framework will be described without using low-level details. Following [36] 

to perform the design of the architecture we start at an abstract, highly 

aggregated, business-oriented architecture specification, to describe the whole 

main purposes of the framework. Hence, the undertaken dimensions of the study 

are listed to support a better comprehensive description of the framework. Thus, 

to organize the architecture descriptions in a structured way, we will address the 

dimensions in which this description will be accomplished. Four dimensions are 

listed [36]: 

 

• The aspect dimension:  

-Relates to the various aspects from which we can view an architecture. 

An aspect is oriented to a specific view of an architecture as it can be 

based on a specific characteristic such as data structures or data process 

flows. 

-Following [36], “functional components can be of different natures: for 

example, they can be components that perform business functions 

(software components), components that hold business data (data storage 

components), or (parts of) business processes”.  
-In the case of the present research work, three aspects dimensions are 

selected:  

i)  the software aspect: covers the functionalities of the proposed 

framework. In the beginning of Section 5.4 the main framework 

functionalities (grouped in modules) are described. Sections 

5.4.1, 5.4.2, 5.4.3 and 5.4.4 describes the functionalities of 

each element that compose a module. 

 

ii) the data aspect: covers the data structures of the framework 

elements. These data structures are listed in Section A.3 of 

Appendix A.  

 

iii) the process aspect: covers the data flow between framework 

elements and between the modules of the proposed framework 

(Sections 5.4.1, 5.4.2, 5.4.3 and 5.4.4). 
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• The aggregation dimension:  

-Determines how detailed an architecture model description is with 

respect to the number of elements that are identified, ranging from very 

coarse (few elements) to very detailed (many elements).  

-According to [36], “we use several aggregation levels to describe things 

from a global, overall picture to a detailed picture”.  
-In the case of this research work a very coarse view is chosen (with few 

elements of the proposed framework: Figure 5.5 of Section 5.4).  

 

• The abstraction dimension:  

-Determines the abstraction levels at which the architecture is described. 

The field variation of this dimension goes from the very abstract (where 

little details are described) to a very strict detailed description [36].  

-The value chosen for the abstraction dimension is abstract functional 

component since information system components are described indicating 

their functionality. 

 

• The realization dimension:  

-Outlines the range from very business-oriented descriptions (no attention 

for IT elements) to very IT-oriented descriptions (no attention for business 

elements) [36]. 

-The development of this research work follows a conceptual approach. 

The realization dimension is up to the Architecture (A) level. The 

functional elements of the framework are described in a conceptual 

perspective. 

-The software prototype (for proof of concept reasons) is technically 

implemented (based on the functional elements), and in this case the 

realization dimension is addressed to the Technology (T) level. 

 

Next section introduces the description of how the proposed framework 

operates, what happens in each step and who is responsible for what in a generic 

approach. 
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5.3- Description of the Framework operational flow 

The framework operational flow is based on 5 main steps listed below in Figure 

5.3: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3 shows, at a very high level of abstraction, the operation flow of the 

proposed framework. The following steps sequence suggests an activity chaining 

circuit and, in the case of steps 1, 2 and 3, these activities can be re-invoked 

during a customer’s request. 
 

5.3.1- Pre-selection 

Step 1: this first step is focused, based on the information entered via customer 

request, on the preparation of the whole system to work properly and respond to 

the request. 

 
Table 5.1 Operational flow - Step 1 (Pre-selection) 

Customer Provider 

• The whole specification of the 

business service needs to be defined: 

the business service itself (what 

customer wants to be performed) and 

• Provides a high service customization 

supported by an interface for customer 

to fully choose preferences and criteria 

for each service to be achieved. 

Figure 5.3 The Framework operational flow (based in 5 steps) 
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how customer wants business service 

to be achieved (the definition of the 

preferences and criteria to execute 

the service). 

▪ Once the customer request is 

defined, services requirements are 

identified based on what was 

chosen by the customer, and what 

metrics needs to be mapped 

according to preferences and 

criteria that was selected by 

customer. 

 

The pre-selection step is responsible to prepare the setup for the whole system 

to work. Structures of meta-data based on the inter-dependencies between the 

preferences and criteria chosen, the services required to support the business 

process rules and its requirements, and a set of metrics requirements are 

“initialized” at this point.  
Based on the input data from customer and the definitions from the databases, 

the system will be able to produce the basis for all components dynamically 

interact. 

The setup information built on this step will be used in the next step. 

 

5.3.2- Selection 

Step 2: the second step is related with the identification and selection of the 

services and metrics that are going to be used to fully answer to the customer 

request at the moment at the choreography is instantiated.  

 
Table 5.2 Operational flow – Step 2 (Selection) 

Customer Provider 

• None activity. • Once the customer’s request specification is received, a 

set of actions are produced by the system: 

▪ The generic metrics that were mapped over 

preferences and criteria chosen upon the list of 

services are converted to the metrics tree model, 

according to the model adopted in Chapter 4. As a 

result, the information structures according to 

customer request to support the monitoring and 

assessment system are prepared at this step. 

▪ The pools of services are activated by the generic list 

of services chosen by customer.  
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▪ Based on calculus matrices, a service ranking method 

[121] runs over the pools which services were chosen 

by customer, and the selection of the services that will 

integrate the choreography is found. 

▪ An estimative of the results for each service and 

choreography is achieved. 

 

Step 2 is responsible to find and select the instances for services and metrics 

to fulfill the generic structures layouts received from the previous step. 

 

5.3.3- Pre-execution 

Step 3: the third step is responsible to launch an estimate / proposal based on the 

knowledge stored in the historical database according to the customer 

requirements. Customer may not accept the proposal and may change some 

services, preferences or criteria and submit the request again. 

 
Table 5.3 Operational flow – Step 3 (Pre-execution) 

Customer Provider 

• Need to take a decision upon the 

estimative returned by the system. 

Customer may accept the proposal or 

change some variables and may submit 

again or cancel the request. 

• System provides a proposal for 

customer approval.  

 

5.3.4- Execution 

Step 4: Execution - the global service requested by the customer is executed: the 

choreography is assembled and runs, and the monitoring and assessment system is 

instantiated and runs.  

 
Table 5.4 Operational flow – Step 4 (Execution) 

Customer Provider 

• Will receive the information about the 

service request submitted. 

• The services choreography and the 

monitoring and assessment system are 

launched. 
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After all the setup activities are concluded, and gathered all the needed 

inputs, the choreography is launched and, at the same time, the monitoring and 

assessment mechanism will be triggered to collect values from the metric’s trees.  

 

5.3.5- Post-execution 

Step 5: the last step of the operational flow is to collect and aggregate the service 

behavior / performance data resulting from the monitoring and assessment system.  

 

The post-execution step is related with final activities of the run. This step is 

related to the collection and analysis of data resulting from the evaluation of 

metrics so they can be confronted to SLA contracts done with each business partner 

involved in the process, and with a learning process which is fundamental to enrich 

the system for future interactions. 

 
Table 5.5 Operational flow – Step 5 (Post-execution) 

Customer Provider 

• None activity. • Procedures related with learning processes are at the final 

of the operational flow which is fundamental to enrich the 

framework for future interactions. 

 

In resume, after obtaining the services considered the most suitable, the 

elements of the monitoring system trigger mechanisms to measure the metrics of 

each service activity. The values obtained for each metric are stored in pools of 

each service and thereafter allow the choreography assessment.  

Next sections will describe and detail the proposed framework. 

5.4- Description of the Framework Architecture 

This section presents and describes the composition of the proposed framework, 

build based on the fundamentals already mentioned in Section 5.1 (Figure 5.2). 

Firstly, the modules that compose the proposed framework are presented through 

the objectives and functionalities. Then, each module is developed in detail and 

decomposed in several elements (according to Figure 5.5). Subsections of Section 

5.4 detail in particular each element functionalities and the interactions with the 

other elements of the framework module. 

Next points describe the proposed framework modules: 
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• Basic Application Setup module: this module is responsible to prepare 

and define the basic structure of the information inputted by customer to 

be used by the other modules of the framework. The interpretation of the 

criteria and preferences parameters chosen by the customer, the 

identification of the needed services and metrics requirements are 

initially mapped to be worked by other elements of the framework. Step 

1 of the operational flow comprises this module. 

 

• Core module: the module centralizes a set of core elements for handling 

the information collected by customer input and conjugates it with 

existing knowledge to subsequently trigger actions for the requested 

service implementation. It consists of four sub-modules that process 

guidelines for each of the most relevant areas of the framework: 

Customer, Services, SLA and Metrics areas (steps 2, 3 and 5 of the 

operational flow comprises this Core module): 

 

▪ Customer oriented sub-module: customer aspects are 

fundamental for the system. Elements of this sub-module manage 

customer behavior and profile to maintain a lasting commercial 

relationship.  

▪ Metrics oriented sub-module: the appropriate metrics for 

correct measurement of the service’s choreography performance 

is a central theme of this work. 

▪ Services oriented sub-module: the identification and selection 

of the best ranked services to promote the request to customer is 

the goal of this investigation work.  

▪ SLA oriented sub-module: leveling the service between provider 

and customer, and provider and partners, is crucial to assure that 

the service is done according to expectations.  

 

• Choreography Engine Setup module: after identification and selection 

of the better positioned services in the ranking matrix, this module will 

gather the needed orientation to assemble and instantiate the 

choreography. Step 4 of the operational flow comprises this module. 
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• Monitoring and Assessment System module: the definition and mounting 

of the dynamic event-based monitoring and assessment mechanism, to 

measure the elected metrics upon the service acquired by the customer, 

is instantiated by the elements of this module. Step 4 of the operational 

flow comprises this module. Elements of this module, in addition to 

collecting service performance information, also update the databases 

with this data (step 5). 

 

Figure 5.4 presents an alignment with the framework modules with the 5 steps 

from the operational flow. The proposed framework relies on collecting data from 

a service request from the customer (Basic Application Setup Module), which 

serves as the input to a sub-modules group of core elements responsible for 

preparing the appropriate response to customer. The customer's request is 

executed (Choreography Engine Setup module) with a monitoring and assessment 

mechanism in parallel (Monitoring and assessment System module) that collects 

services performance data. Finally, this data is stored in the assessment databases. 

Figure 5.2 is the basis for the determination of the modules that build up the 

framework. These modules are described above.  

Figure 5.4 is related to the framework operational flow of Figure 5.3 and 

addresses the modules identified above in the operational process flow: 

 

 

There are 2 types of information repositories that will ensure the storage of 

system activity with different objectives. 

 

• Production Repository: stores information that allows the daily 

management of all the framework modules, such as: customer data 

Figure 5.4 Framework modules addressed to the operational flow 
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management (e.g., criteria and preferences), service metrics mapping for 

a specific customer request, and the data structure composition for 

monitoring and assessment system assembly. 

 

• Knowledge Repository (Collector of historical data): stores information 

reflecting results from various runs from customer requests, e.g., metrics 

assessments and services choreography execution results. This data is 

collected and organized to enrich the knowledge of the framework. 

  

Each of the following sections will detail specifically the Application Modules 

from the framework. Modules will be introduced based on a scenario (Appendix A) 

which will support a better understanding about of the framework functionality. 

The description of each Module will be presented in two major categories as 

follows: 

 

• Main objectives: a global description of the module main functionalities 

and objectives are written. Presentations about the whole elements that 

compose the module are also considered and an interaction schema about 

how these elements interact with each other is high leveled described. 

Further, in this document, the most relevant modules will be depicted on 

detail. 

 

• Functional description of the elements: each element of the Module is 

then globally described: which are the main objectives, interactions with 

other elements, which data structures will be used and what outputs will 

be produced. 
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Figure 5.5 Framework Schema [61] 
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5.4.1- Basic Application Setup Module 

 

 

 

 

 

 

 

 

 

Main Objectives 

 

Prepare and define the basic structure of the information entered by customer 

to be used by other modules. This Module is about the way the business process is 

going to be built (according to options that were selected by the customer). The 

customer criteria information is parsed so that other elements should use it, as 

well as the services and metrics are initially identified. The schema of Figure 5.7 

shows the main elements of the module; the interactions with data shared with 

elements of other modules; and input and output data. 

Figure 5.6 Basic Application Setup Module 
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• Target repository: 

 

▪ SLA Directory:  based on customer criteria requirement 

parameters, a SLA applied to the global service is automatically 

calculated according to orientations from this repository.  

▪ Business Process Rules: based on the customized service designed 

by customer, according to business process rules collected on this 

database, the whole business process is set up. 

▪ Services Directory: services requirements, chosen by customer, 

are subject of scrutiny and services are elected to include the 

target service list of selected candidates (via service ranking 

method [121]). 

▪ Customer Criteria & Preferences and CRM data: customer profile 

is gathered and managed to maintain a close relationship with the 

customer. 

Figure 5.7 Basic Application Setup Module Schema 
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▪ Metrics Directory: metric’s structure is designed according to the 

requirements aligned by the customer and the services involved. 

 

Functional description of the elements 

 

• Criteria Requirement Parameters Identification 

 

▪ The data entered by the customer is collected, parsed and 

transformed into structured criteria parameters so that can be 

used by other elements to understand what, how and when do the 

customer want the service to be done. The transformation process 

of the collected data is supported by directives from the Criteria 

and Preferences Parameters Management (from the Core module) 

and the data which will feed the CRM database is managed by the 

element: Customer Profile Management (from the Core module) - 

if the customer is already known on the system, this element will 

help in advance to fulfill the customer data screen with a purpose 

based on the customer profile and decisions taken in previous 

interactions. If the customer is new, based on the customer profile 

database, a standard purpose for the global service is 

automatically presented. 

▪ The SLA conception approach is also based on the collected data 

with the guidelines of the element Customer SLA Definition (from 

the Core module). 

▪ The structured data returned from this element (Criteria 

Requirements Parameters Identification) is needed for Services 

Requirements Identification to list the principal characteristics of 

the service chosen by the customer and to map the needed metrics 

according to the list of service characteristics. 

 

• Services Requirements Identification 

 

▪ Based on the Business Process Rules (from the Core module) and 

the available Generic Services Directory (from the Core module) 

this element is responsible to create a Generic Services 

Requirements List Identification that is needed for the sub-module 

Services Oriented module (from the Core module) to identify the 
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set of services that is going to be confronted on the matrix to 

select the best ranked services with those characteristics. These 

service characteristics allow the organization of different pools 

where services with the same characteristics resides and therefore 

can be confronted (this aspect will be further detailed ahead). 

 

• Metrics Needs Mapping 

▪ The definition of the Generic Metrics Tree is an output from this 

element. Its definition is constructed based on the structured data 

returned by the element: Criteria Requirements Parameters 

Identification and by the list of characteristics of the service. 

Gathering these two outputs with the directives of the Metrics 

Tree: dependencies and Metrics Tree: definition elements (from 

the Core module) it’s possible to map a Generic Metrics Tree to 

be assembled by the sub-module Metrics Oriented in the Core 

module. 

5.4.2- Core Module 

 

This module concentrates the main information of the whole system and 

process the flow of actions for all the elements of the other modules based on: 

Figure 5.8 Core Module 



137 

 

• the collection of data-structures that are received from the Basic 

Application Setup; 

• the results returned from various instantiations and multiple runs; 

• the knowledge acquired over time.  

 

A set of core elements, covering relevant areas of the framework, are 

gathered on this module: Customer, Services, SLA and Metrics oriented sub-

modules. 

 

5.4.2.1- Customer Oriented sub-module 

 
Figure 5.9 Customer Oriented sub-module 

 

Main Objectives 

 

The sub-module works the information related to the customer profile. The 

elements that are part of it have distinct but complementary roles. Allow to collect 

and process data to support knowledge of customer profiles to help to define the 

frames of criteria and preferences and / or offering the customer additional 

services. 
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• Target repository: 

 

▪ DW CRM: customer criteria and preferences data feeds a CRM data 

warehouse for understanding customer behavior. 

▪ Customer Criteria & Preferences and CRM data: customer profile 

is managed to maintain a close relationship with the customer. 

 

Functional description of the elements 

 

• Criteria and Preferences Parameters Management 

 

▪ This element manages all the parameters of the criteria and 

preferences available for customer selection.  

▪ The element allows to receive the customer's personalized 

business service request with all the information that enables a 

proper request processing. 

▪ Any strategy decision with respect to these parameters is defined 

in this element. 
  

Figure 5.10 Customer Oriented sub-module schema 



139 

 

• Customer Profile Management 

 

▪ The element is responsible for the organization and management 

of customer data with the objective of maintaining a personalized 

relationship with the customer, which is acquired through the 

analysis of its behavior. It covers the definition of profiles and 

their customer segmentation to implement marketing campaigns 

and customer support. 

 

5.4.2.2- Metrics Oriented sub-module 

 

 

 

 

 

 

 

 

Main Objectives 

 

The responsibility of this module is to define and characterize a list of metrics 

to be used in the framework. This list of metrics is closely linked with the client's 

request regarding the criteria and preferences that he/she sets, so that it is 

possible to measure and evaluate the performance of service and confront with 

the customer request.  

The list of metrics therefore depends on the definition of criteria of the client 

request and the specific services that are requested. In the end, this sub-module 

produces a list of metrics to be able to monitor each service, distributed by each 

of the dimensions that are necessary to evaluate. The results of this module will 

be used to setup the module of the monitoring and evaluation mechanism to trigger 

instantiation of the measurement system. 

Figure 5.11 Metrics Oriented sub-module 
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• Target repository: 

 

▪ Business Process Rules: based on the customized service designed 

by customer, according to business process rules collected on this 

database, the whole process is built. 

▪ Customer Criteria & Preferences and CRM data: customer profile 

is gathered and managed to maintain a close relationship with the 

customer. 

▪ Services Directory: services requirements, chosen by customer, 

are subject of scrutiny and services are elected to belong to the 

target service list of selected candidates (via ranking services). 

▪ Metrics Directory: metric’s structure is designed according to the 

requirements aligned by the customer and the services involved. 

▪ DW Services Metrics collection and DW Monitoring and Assessment 

data: repositories of data collected from each service performance 

in a choreography instance. 
  

Figure 5.12 Metrics Oriented sub-module schema 
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Functional description of the elements 

 

• Metrics tree: dependencies 

 

▪ The definition of the available list of metrics, each characteristic 

and generic dependencies tree is managed by this element. All the 

configuration of the list of metrics is dependent: 

 

a) on the existing rules of the business process;  

b) on the criteria defined to be parameterized by the 

client; 

c) on the generic services, which, in turn, depend on the 

standard business process. 

 

▪ This element also defines a set of metrics dependencies (metric 

tree) that can be provided to the monitoring system, according to 

the service requested by the client. 

 

• Metrics tree: Definition & Assembly 

 

▪ The responsibility of this element is based on the definition of the 

structure of the list of metrics to assess the requirements of 

service chosen by the customer, their characteristics and 

dependencies, and the necessary guidance for its assembly. 

▪ While the element Metrics Tree: dependencies define in a generic 

context the dimension (characteristics) of each of the metrics, the 

possible settings of each one to perform and fits the real customer 

need (according to the services, criteria and levels of relevance 

chosen by the client), this element appropriates the structure of 

metrics to respond to the request. 
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5.4.2.3- Services Oriented sub-module 

 

 

 

 

 

 

 

 

 

Main Objectives 

 

This sub-module compiles the most relevant elements present in the 

framework to decide the composition of services to integrate the choreography: 

 

• compiling the list with generic services necessary to compose what the 

customer wants; 

• maintenance / management of services through a calculated ranking 

matrix, based on pools which collects features and services with identical 

functionalities; 

• identification and location of services that match the needs of the 

choreography requested by the client - this function of procurement is 

crucial to match the characteristics of the services to be integrated in 

choreography; 

• identification and selection of services whose indices ranking are better 

positioned to integrate the choreography as potentially giving the best 

response to the request. 

 

Figure 5.13 Services Oriented sub-module 
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The results of this module will be used to setup the choreography module to 

trigger instantiation. 

• Target repository: 

 

▪ Business Process Rules: based on the customized service designed 

by customer, according to business process rules collected on this 

database, the whole process is mounted. 

▪ DW Services assessment logging and DW Monitoring and assessment 

data and DW Services metrics collection: repositories of data 

collected from each service performance in a choreography 

instance. 

▪ Services pool: database used to target services with the same 

functionality in pool. 

▪ Services ranking: database for ranking services in the same pool. 

Figure 5.14 Services Oriented schema [61] 
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▪ Services Directory: services requirements, chosen by customer, 

are subject of scrutiny and services are elected to belong to the 

target service list of selected candidates (via ranking services). 

 

Functional description of the elements 

 

• Business Process Rules:  

 

▪ This element is responsible for maintaining information about the 

business process. All the information needed to define the flow of 

the business process, features and functionalities are managed in 

this element. The structure and information flow defined here will 

fit the needs of the leveling of service requested. Through the 

knowledge of business rules and their requirements, the needed 

services will be identified. The functional scope of each set of 

services will receive instructions from the business rule to be 

organized in pools so that they can "compete" based on their 

functional behavior. 

 

• Generic Services Manager 

 

▪ The list of generic services is managed by this element. Generic 

Services Manager identifies the needed characteristics of each of 

the services according to the definitions and requirements of the 

business process rules, and will create a specific pool for services 

which share the same characteristics. 

 

• Services Procurement 

 

▪ The search for and identification of services needed to meet the 

objective outlined by the client is made on this element. The list 

of requirements for generic services and information of the rules 

of the business process are inputs for this element to identify and 

obtain services in databases - if previously registered services exist 

in DB with the characteristics listed. In case of a needed service is 

not recorded at the database, or the service last interaction is 

outdated, or its ranking classification is below the required service 
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level, services in the cloud will be procured by a benchmarking 

approach to fulfill the global and appropriate service to be 

provided. 

 

• Services Selection and Ranking Matrix  

 

▪ According to the business rules to the choreography definition, the 

functional scope of each service is defined to be collected in the 

same pool so that they can "compete" in terms of performance 

within the same type. For each pool of services, a matrix (Table 

7.1) is defined to store the ranking of services. The matrix stores 

the assessment results for all iterations resulting from their use in 

choreographies. The weights assigned to the evaluation criteria 

reflect the client’s requirements and importance assigned to each 

item. The values of each service evaluation matrix are 

recalculated considering the values characterizing the services in 

the customer's SLA.  

 

▪ The services with the best performance indicators for a particular 

customer request are chosen from the ranked databases pools. The 

method to classify services performances in previously interactions 

support the service choreography engine so that can dynamically 

mount the services better ranked of the database. 

 

▪ The whole mechanism for service selection and ranking is fully 

described on Chapter 7 (more precisely in Section 7.1.2).  
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5.4.2.4- SLA Oriented sub-module 

 

 

 

 

 

 

 

Main Objectives 

 

SLA is a contract between parties that defines the services provided, the 

indicators associated with these services, acceptable and unacceptable service 

levels, liabilities on the part of the request provider and the customer, and actions 

to be taken in specific circumstances.  

In case of this research work, the SLA contract composition comprises two 

strands: one that is customer oriented and defined between the request provider 

and the customer; and the other that is drawn between the request provider and 

each of the partners that provides a part of the overall service. Each of the 

contract strands typically consists of: 

 

• An introduction to the SLA - what does the agreement propose; 

• A Service description - what service this SLA supports and details of the 

service. In the case of the SLA between provider and customer, the SLA 

contract should reflect what customer has chosen; 

• Mutual responsibilities – who is responsible for what part of the service. In 

the case of the SLA between provider and partner, this section is very 

important to formally identify who’s responsible for what; 
• Scope of SLA - an escape clauses or constraints, and circumstances under 

which the level of service promised does not apply;  

• Consequences for not meeting service obligations - may include credit or 

reimbursement to customers (or service partners), or enabling the 

customer to terminate the relationship; 

Figure 5.15 SLA Oriented sub-module 
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• In the case of the SLA between provider and partner, service availability 

is very important to define; 

• Reliability; 

• Customer support arrangements and contact points for escalation (and a 

communication matrix); 

• Service performance; 

• Security; 

• Service Monitoring and which metrics are going to be used, what data will 

be collected; 

• Costs and charging method used; etc. 

 

The key criteria for any information to be contained within a SLA is that it must 

be measurable, with all language used being clear and concise to aid 

understanding. To guarantee the compliance with the agreed parameters, SLAs 

also define the consequences associated with failures or violations. 

The basic objectives of an SLA are as follows [68]:  

 

• Better communication - it facilitates two-way communication between the 

parties. This communication starts at the beginning of the process to 

establish an SLA and continues throughout the life of the arrangement. The 

parties involved come together to understand each other’s needs, 
priorities and concerns, and to gain an insight into the problems which may 

be faced by each party through the failure of each party to fulfill their 

obligations. 

• Guards against expectation creep - it is not uncommon for one party’s 
expectations of another to be higher than that which may be considered 

reasonable. Discussing these expectations and the resource commitments 

necessary to meet them is one activity undertaken in the establishment of 

an SLA. The process facilitates the identification and discussion of 

expectations. As a result, it helps identify service levels that are 

considered acceptable by each party and which are attainable and 

achievable. 

• Mutually agreed standard - it sets an agreed standard against which 

performance may be measured. It identifies customer expectations, 

defines the boundaries of the service provision and clarifies 

responsibilities. In the absence of a shared understanding about needs and 

priorities, it is easy for conflicts to arise between parties. An SLA and the 
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communication process involved in establishing it help to minimize the 

conflicts between the parties and provides a means for conflict resolution 

should a problem arise. 

• A process for gauging service effectiveness - as the SLA defines standards 

against which the service may be measured and evaluated, it provides the 

basis for performing an assessment of the effectiveness of the service. 

 

The approach defined in [68] is to solve an issue that in practice the SLAs are 

specified at the top-level interface between the request provider and the customer 

service only. In a technological world increasingly service oriented (where the 

global service is based on various services from other partners), there is a need for 

the services that are integrated into the supply to the customer (whether at a 

business level or infrastructure level) to be assessed to obtain an overall 

assessment of the quality of all services. The proposed framework [68], adopted 

for this work, provides “SLAs that will be associated with multiple elements of the 

stack at multiple layers, e.g. SLAs for elements of the physical/virtual 

infrastructure, middleware, application and process-level”. This theme is detailed 

and aligned in the metrics approach of Chapter 4. 
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• Target repository: 

 

▪ Business Process Rules: based on the customized service designed 

by customer, according to business process rules collected on this 

database, the whole process is mounted. 

Figure 5.16 SLA Oriented schema 
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▪ SLA Directory:  based on customer criteria requirements 

parameters, an SLA applied to the global service is automatically 

calculated according to orientations from this repository.  

▪ Customer Criteria & Preferences and CRM data: customer profile 

is gathered and managed to maintain a close relationship with the 

customer. 

▪ Metrics Directory: metric’s structure is designed according to the 

requirements aligned by the customer and the services involved. 

▪ Services Directory: services requirements, chosen by customer, 

are subject of scrutiny and services are elected to belong to the 

target service list of selected candidates (via ranking services). 

▪ Monitor and Assess data: is a repository of data that is collected 

operationally after each choreography run. Data from monitoring 

and assessment system is then verified and compared to customer 

SLA contract: Potential deviations are marked up and 

consequences of both parties should then be assumed.  

 

Functional description of the elements 

 

• SLA management 

 

▪ This element hosts structures of templates to apply between main 

request provider and both customer and service partners 

providers. 

▪ The definition of possible SLAs is associated with the business 

process and the criteria and parameters with potential to be 

selected by the customer.  

This element is responsible for the management of possible 

settings for selection in order of the development of SLA can be 

achieved automatically. 

 

• Customer & Provider & Partners SLA Definition 

 

▪ Provider should build an electronic SLA upon the parameters of the 

criteria entered by the client to define the level of service to be 

provided – one of the objectives of this approach is to achieve 100% 

SLA success.  
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• SLA Verification & Reporting 

 

▪ At the end of each run (customer request) this element is invoked 

and based on the monitor and assessment database will check and 

report deviations from the SLA's developed between each business 

partner involved in the choreography. Penalties or bonuses should 

be as a result of the output produced by this element. 

 

5.4.3- Choreography Engine Setup Module 

 

 

 

 

 

 

 

 

 

Main Objectives 

 

After defining the flow of specific business process to meet the requirements 

defined by the customer, and after services of different pools better positioned in 

their rankings had been selected, this module allows to manage information for 

the assembly and startup phase of the choreography. 

Figure 5.17 Choreography Engine Setup Module 
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Functional description of the elements 

 

• Dynamic Choreography Setup 

 

▪ Each customer sets a request for intervention according to his/her 

criteria and preferences. The request characteristics are worked 

to ensure that the business service to be provided is in accordance 

with his/her expectations. For this, dynamically, the framework 

ensures that the services selected are the suitable services that 

meet the customer's request and are setup to be assembled so that 

they can meet the objective in a choreography. This element is 

responsible to prepare this dynamic. 

 

• Choreography Composition Engine Setup 

 

▪ After the choreography is defined and prepared by the element 

Dynamic Choreography Setup, it should be mounted and therefore 

instantiated (next element). At the same time, the monitoring and 

assessment system is triggered to activate the measurement of the 

metrics tree previously defined. 

Figure 5.18 Choreography Engine Setup schema 
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• Choreography Instantiation 

 

▪ As a result of the preparation and assembly of the services in the 

choreography, this element is responsible for instantiating and 

launching the choreography. All services referenced in service 

pools as best suited to answer to the customer's request are 

invoked from the cloud to perform the functions for which they 

were selected to integrate the choreography. 

 

5.4.4- Monitoring and Assessment System Module 

 

 

 

 

 

 

 

 

 

 

Main Objectives 

 

The main objective of the Monitoring and Assessment Module is to define and 

mount a dynamic event-based monitoring and assessment mechanism to measure 

the metrics trees upon the service acquired by the customer. This is the module 

that puts the whole system (the remaining framework modules) in constant 

dynamics. The information collected by this module will be used to improve and 

adjust the other modules of the framework. This module works, therefore, as an 

integrator of assessed information promoting the measurement of services 

behavior and the improvement of the framework. 

 

Figure 5.19 Monitoring and Assessment System Module 
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Figure 5.20 Monitoring and Assessment System Schema 

 

Functional description of the elements 

 

• Assess mechanism Support 

 

▪ This element prepares and adapts the data structures received 

from the service-oriented metrics and other modules, to make 

the creation of the evaluation mechanism possible. Based on 

the data structures from the list of services and list of metrics, 

this element provides the basis for the following elements can 

build the evaluation mechanism. 
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• Event Based Configurator 

 

▪ The metrics monitor system is supported on a set of events 

that will trigger according to the metrics tree and the services 

chosen. This element is responsible for setting up events that 

will be triggered when implementing the choreography. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.21 Assess Mechanism Support elements schema 

Figure 5.22 Event Based Configurator elements schema 
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• Monitor & Assess data collector 

 

▪ The information derived from the various runs of the 

monitoring and evaluation system is stored in the database to 

promote and boost knowledge of the behavior of the services 

involved. This information is essential for analysis so that can 

be possible to gauge the quality of the selection of services 

based on a ranking that evaluates their performance. 

 

 

 

 

 

 

 

 

 

 

• Metrics Monitor Builder 

 

▪ This element receives the outputs from the elements Assess 

mechanism support and Event based configurator, and 

articulates the launch of the Monitor and Assessment system 

for the next element. 

 

• Monitor and Assess System Instantiation 

 

▪ This element is responsible to instantiate the whole system to 

monitor and assess the services of the choreography. 

Figure 5.23 Monitor and Assess Data Collector element schema 
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5.5- Contributions of the proposed framework 

The frameworks studied in Chapter 2 are based on systems for services monitoring 

and assessment, differ from the framework described in this research work in 

several ways.  

There are several approaches and a significant part of the analyzed papers 

contemplates the identification of anomalous situations and the trigger of 

corrective actions to mitigate the anomalous situation [72] [88] [90] [119]. The 

support for this approach passes through the focus on the analysis of the violation 

of SLA contracts with the mission to try to avoid this violation. 

In the case of the proposed framework, it does not address the theme of 

prevention and correction during runtime. The focus is the management of 

information retrieved from the monitoring system to empower the framework to 

properly respond to customer requests. The proposed framework follows a "pro-

active" approach where the other approaches follow a "reactive" approach. 

Based on an information feed cycle, which derives from the monitoring and 

assessment system, the framework configured according to the strategy defined 

by the request provider automatically evaluates the results of each service, 

awarding or penalizes according to the respective behavior. 

The feeding mechanism is based on a control model (described in Chapter 3), 

structured by a hierarchy in which the elements of the framework are distributed 

according to their roles (described in Chapter 6). The framework anticipates the 

proper service delivery to the customer and presents a proposal according to the 

Figure 5.24 Monitor and Assess System Instantiation element schema 
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customer's preferences that can be adjusted if the proposal results do not coincide 

with what customer wants to achieve. 

The focus of this research work is therefore to immediately present to 

customer a service proposal based on the recent services behavior and not to wait 

for corrective actions at runtime. As described in [119], possible side effects (e.g.: 

time consuming) about the trigger of corrective actions are not considered but may 

impact the performance of the whole global service. 

Other contribution of the proposed framework is the selection of the services 

based on:  

 

• the involvement of the customer in the definition of weights that can 

better reflect their preferences in relation to the criteria defined for the 

service;  

• the scoring rules that are triggered to evaluate the behavior of service 

according to strategy of the request provider;  

• the matrix (that supports the method [121]) of calculation the services 

selection and ranking (described in Chapter 7). 

 

The ranking topic is addressed in [73]. The perspective of ranking is related to 

the selection of the cloud service provider that best responds to what the customer 

intends. Although it is not related to the topic treated in this work, it is a research 

work in which it approaches ranking concepts. 

The ranking perspective in this work is applied in pools of services that 

compete at the level of the best results of their performance assessment. 

Therefore, the presented framework stimulates the competition of service 

partners by creating market transparency. In this competition the dimensions of 

the metrics that evaluate the services contemplate different levels by which they 

are implemented by dependency trees (described in Chapter 4). The adopted 

model of tree metrics to be applied in the evaluation of each service provides a 

potential measurement at the level of technology infrastructure, product, 

customer, and supplier and service composition partners aspects (described in 

Chapter 7). 

In addition to the ranking performed in each service pool, service choreography 

is also evaluated based on the individual and global performance of each service 

that composed it. This choreography rating (by the composition of the services 

results) also influences the ranking of the services that benefit from the 

performance of the choreography. 
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Chapters 6 and 7 describe in detail how framework elements are addressed to 

the hierarchical control model (Chapter 6), the method used for service selection 

and ranking (Chapter 7), and the relevant metrics dimensions for measuring 

performance (Chapter 7). 
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Chapter 6  

Positioning Framework Elements in 
the Control Model 

This chapter establishes a connection between chapters 3 and 5 insofar as it allows 

to position the elements of the framework in the levels of the control structure in 

accordance with their responsibilities providing answers to the following research 

questions: 

 

• RQ B.1: How are the framework elements positioned in the control 

model? 

 

▪ What specific roles are assigned to each module and each 

framework element? 

▪ What elements participate at which level of the control model and 

how do they behave in the life cycle? 

 

Next sections will present the link between Figure 3.4 (Hierarchical model), 

Table 3.3 (Roles of the Hierarchical model) and Figure 5.5 (Framework elements). 

Roles of responsibility in which each element of the framework is integrated, given 

its functionality and contribution to the overall performance of the framework, 

are identified in this Chapter.  
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6.1- Populating the Hierarchical Control Model with 

Framework Elements 

The following Table 6.1 presents a matrix of responsibilities where framework 

elements are distributed according to their role in the framework. The model on 

which we base our approach is fully described in Chapter 3 in particular: in Figure 

3.4, and Table 3.3, and Figure 5.5 from Chapter 5. Table 6.1 presents each element 

of the framework (Figure 5.5) organized according to their features in a 

hierarchical model (Chapter 3). 

In the following sections, we describe the characteristics of responsibility of 

each layer and the roles of each of these elements concerning their contribution 

and utility. 

Each level of the pyramid (Figure 3.4) is described below, where common 

features to all the elements in each level are provided. 

 

6.1.1- Decisional - Strategic Level 

 

According to [35], strategic directives tend to flow from the top-down and are 

concerned with long-range objectives. The way of pursuing those directives affects 

the behavior of the system. The strategy formulation requires examining where 

and how the status is now, determining where we want to go, and then determining 

how to get there.  

The way the framework is designed allows to certain elements to trigger 

actions that lead, by reading the current position (which is built on growth over 

the time) and due to provider definitions for the business strategy, to formulate 

the best options in response. 

The definition of global objectives, rules and basic principles (policies) that 

translates the strategy of the provider will pursue the aim of getting the best 

answers to the customer. The focus of strategic configurations is to define 

guidelines to growth that enriches the proposed framework to meet the provider’s 
needs. 
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Table 6.1 Framework Elements according to a Hierarchical Roles Matrix 
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All the elements of the Table 6.2 share in their fields of action, the roles of 

greater responsibility to produce higher level configurations that affect the entire 

behavior of the framework. The principles of defining how the framework will 

operate are defined by configuration of these elements. Every element that allows 

configurations that affect the behavior of the whole framework should belong to 

this level. Each of the sub-modules of Core module addresses each of the most 

relevant area of the framework: Customer, Metrics, Services and SLA. These areas 

of competence are crucial in managing configurations that influence the 

performance of the framework. 

 

 

Summarizing the most important characteristics (see Table 3.3) shared by all 

the elements that belong to the strategic component:  

 

• all the elements are target for settings from the request provider so that 

the system behavior reveals the intended strategy (definition of global 

rules, policies and basis configurations of framework core competences); 

• these settings affect the behavior of other system elements of the pyramid 

(Figure 3.4) components at lower levels; 

• the settings designed by these elements do not end in a run or are linked 

to a single customer request, by contrast, they are settings that determine 

the constant learning process and improvement of the system in time 

(based on a constant learning process supported on historical data from all 

runs and provider's decisions); 

 

The functionality of each of these elements was described in the previous 

Chapter, however, their role will be described in the context of their strategic 

contribution: 

 

• Customer Profile Management (strategic CRM): is supported on analytical 

CRM and on business strategy, the element allows to identify each segment 

Table 6.2 Decisional - Strategic Elements 
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of customer profile so that services can reflect a range of proposals 

appropriate to profile. One of the premises of CRM is to integrate the 

customer in the organization. The strategic definition of customer profile 

segments is very important so that the rules of business can influence 

decisions that positively affect the framework behavior. 

• Metrics Tree Dependencies: the provider strategy should be reflected on 

the way framework behaves.  This element should trace the main 

principles according to Business Process Rules (service needs and historical 

data) so that structures of metrics dependencies can be designed 

depending on parameters that are configured to each tree (Chapter 4). 

This element is responsible to support the main structure that can be used 

to implement metrics trees by lower levels. 

• Business Process Rules: the rules in which business is based and is 

developed (business model - described in Appendix A), represent 

guidelines which obviously affect the behavior of all elements of the 

framework giving them guidance on how to behave and consequently they 

must be set at a strategic level. 

• SLA Strategic Planning: as described in Chapter 5, the definition of SLA 

strategy is oriented to two strands: one which comprises the service 

alignment between the customer and the request provider; and the one 

that includes the compromise between the global request provider and 

each of the partners that provides a part of the overall service. The 

definitions of what in each contract be included will have to be part of a 

strategic direction and must be made at this level. 

 

As noted above, the elements that belong to this guidance level of strategies 

receive high-level settings and cause impact, through their orientations, in all 

framework elements, and so their behavior reflects the intentions of the provider 

overall. 

 

6.1.2- Decisional - Tactical Level 

 

Based on the considerations of [35] and adapting those principles to this approach, 

the tactical segment is concerned with shorter-run goals and means for reaching 

them that generally affect only a part of the framework. In other words, tactics 

involve the intermediary steps needed to achieve the strategy vision.  
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In this case, the role of these elements is focused on converting the strategic 

settings (at the highest level) in each of the areas of the framework, either at the 

level of the services modules (choreography), as at the level of the metrics 

modules (monitoring and assessment). 

All elements which enable the setups and settings oriented to customer 

requests based on the configurations of the elements of strategic level should 

belong to this level. The influence of these elements is confined to their area of 

competence and is oriented to the definition of guidelines for operational 

implementation. 

The elements of the table below share the roles described above - affecting a 

part of the framework, and are related to the preparation of the conditions (based 

on the strategic definitions) to be implemented by the Operational segment:  

 

 

Summarizing the most important characteristics (see Table 3.3) shared by all 

the elements that belong to the tactical component: 

 

• all elements support settings / guidelines for the operational elements 

trigger actions in accordance with the strategies defined; 

• all settings from this level are specific and targeted to each competency 

module in accordance with the overall strategy defined at the top level; 

• the settings are adjusted and adapted (from a learning process 

perspective) depending on the information received by the respective 

elements of the operational components, to evolve the system and provide 

a behavior according to the information received at this level (both at the 

strategic and operational level); 

 

The role of each element in the context of its tactical contribution is then 

described: 

 

Table 6.3 Decisional - Tactical Elements 
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• Criteria and Preferences Parameters Management: the parameters 

available for customer’s option for a certain request, are framed at this 

tactical level according to the defined strategy of Customer oriented 

module.  

• Metrics Tree Definition: according to the strategic structures of metrics 

dependencies (defined in pyramidal level) covering the business rules, the 

services involved, the criteria and preferences, and the needed metrics, 

different trees are defined so that way can be used by the monitoring 

system driven by a client request. 

• Services Selection and Ranking Matrix: according to the business rules 

(which identifies and lists the required services for the business process), 

various pools of services exist to allow services to compete in terms of 

ranking. Each pool of services has a matrix that stores the historical data 

of services. For each customer's request (in accordance with the criteria 

set for the request), the matrix is recalculated allowing to provide a list 

of the best placed services in the ranking. This list is obtained by the 

element Service Selection. The Services Ranking Matrix and Selection 

element belongs to a tactical level as it provides the calculation conditions 

for the best services selection. 

• SLA Management: holds structures of templates ready to apply at 

operational level since it receives information about customer needs, both 

at external and internal bounds, to apply to service partner’s providers.  
• Dynamic Choreography Setup: this element belongs almost to an 

operational level. However, it is supported on the information it received 

from the customer request and on historical information. The goal is to 

create a dynamic setup between what is known to the system (acquired by 

n iterations) that can help to optimize new runs, and the new structure of 

customer request information. 

• Event Based Setup: as the Dynamic Choreography Setup element also, this 

element is almost at operational level. However, the element has a 

tactical profile because it receives a set of structures (metrics, services 

and information about the monitoring system) and identifies the events 

that can be triggered in each service according to the metrics associated 

to it (service). The Metrics Monitor Builder then uses this event data to 

build the appropriate monitoring system. 
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6.1.3- Operational Level 

 

Following the author of [35], the last level of the hierarchical pyramid is related 

to the operational segment. It focuses on the systems and procedures to provide 

the immediate response to the definitions and configurations previously aligned 

and become operational in this segment of the pyramid.  

All the elements linked with interactions with customer (e.g., data input) or 

the instantiation / activation of actions involving the implementation of a specific 

customer request, at the level of each service itself, as the evaluation metric of 

each service, as well as the instantiation of a choreography, are layered at this 

level. 

The duration of the activity of each framework element is sized for 

instantiating the service or choreography and ends when they complete these 

activities, contrary to what happens in the previous levels where action is lasting. 

Converting the principles associated with this segment of the pyramid to the 

alignment of the framework, it is at this level that elements are instantiated in 

response to the specific customer requirements. 

 

 

Summarizing the most important characteristics (see Table 3.3) shared by all 

the elements that belong to the operational component: 

 

Table 6.4 Operational Elements 
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• the actions scope of operational elements are related to immediate runs 

and with very defined and restrictive targets to be achieved for the 

customer request; 

• all elements perform actions based on information from the tactical level 

(e.g.: pools of services) and from the operation level (e.g.: information 

they receive from the customer's specific request); 

• the level of information in use for each element is as detailed as possible 

in order to meet the objective of the run / instance. 

 

The role of each element in the context of its operational contribution is then 

described: 

 

• Services Requirements Identification: based on each run (customer 

request) and depending on the customer configurations (criteria and 

preferences), this element is enabled to identify the requirements of the 

services to be invoked. Service Pools are identified and therefore the 

process of recalculating the matrices starts for the selection of services to 

integrate the choreography. 

• Criteria and Preferences Parameters Identification: this represents a 

typical operational action of customer data collection from a specific 

request criteria and preferences parameters.  The collected data is then 

analyzed and processed in accordance with strategic and tactical settings 

of the upper levels of the pyramid (Figure 3.4) and is important to feed 

databases enriching the system (as described in Chapter 5).  

• Metrics Needs Mapping: after the customer has selected the desired 

services and fulfilled criteria and preferences for each of them, this 

element processes the needed actions to map the needed metrics for each 

service. As a result, a generic mapping of the needed metrics will be 

available for other elements to process the relevant trees. 

• Operational CRM: this is related to the collection and processing of 

customer behavior profile data. In each customer request, information is 

gathered to enrich the segment in which the customer profile is set. 

• Metrics Tree Assembly: this element is essentially operational as it 

receives tactical orientations (Generic Metrics Tree structures) of how to 

assemble these metric structures, creating metrics trees and make them 

available to the monitoring system. 
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• Services Procurement: this operating element is activated when the 

request provider is ready to start / add a new operation to the global 

service supply and need to search for new services in the market that 

respond to the new business strategy requirements. The rules of the 

business process are changed so that this new service can be included and, 

from this element, a new SLA contract is started with new partners, a new 

pool / matrix is created and the registration of the new services (that 

answer to the new requirements) in that new pool. 

• Generic Services Directory: for each run (customer request), it is 

necessary to identify the requirements of each service. These 

requirements are validated by the element "Generic Services Directory" 

that contains information structures to validate what services pools must 

be used. 

• Customer & Provider & Partners SLA Definition: for each new customer 

order is created a new SLA contract between the supplier and the customer 

with the conditions under which the service will be provided. In the case 

of new operations (new services are required) a new SLA contract between 

the supplier and the partner is created. 

• SLA Verification & Reporting: is an operational element which uses data 

collected from monitoring and assessment system and verifies and 

compares assessed data with SLA contracts. 

• Choreography Composition Engine: a new customer request originates a 

new service’s composition that is tailored to the criteria and customer 

preferences. This element receives the structure of services needed and 

implements the new choreography collecting those services that answer to 

the specific request. This information is then worked at a level of 

instantiation. All these elements are related to each iteration with 

customer, for which are positioned at the operational level. 

• Choreography Instantiation: after defining the pools of services; after 

completion of the recalculation of the matrices and defined the service’s 
ranking for each pool; after selected the best service of each pool, the 

choreography based on these services is dynamically structured, composed 

and instantiated. 

• Metrics Monitor Builder: like the Choreography Composition Engine, this 

element receives structures of information to prepare the monitoring 

system for a specific choreography. That is, the nature of this element is 
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at operational level as it operates in accordance with the customer's 

specific request. 

• Assess Mechanism Support: this element is operational because it must 

handle structures for supporting the assessment engine for a specific 

choreography and to prepare events to measure services that are triggered 

to monitor the choreography. 

• Monitor and Assess System Instantiation: for each of the client requests 

the monitoring and assessment system is instantiated and is responsible 

for activating the elements needed for the evaluation of choreography 

services. 

• Monitor & Assess data Collector: this operational element is responsible 

for collecting data from the monitoring system. Whenever a choreography 

is instantiated, so does the monitoring system and, in parallel, the 

performance of each service is registered by this element, processing and 

storing the information in their databases. The collection of information 

about the services is fundamental to the system and aims to contribute to 

enrich the knowledge of the system. 

6.2- Generic Hierarchical Life Cycle Model 

The scheme of Figure 6.1 represents an abstract control architecture of the 

hierarchical control model of Figure 3.4. The life cycles and data flows between 

and internal blocks are described below: 
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• As mentioned before, the generic model is divided in two main areas: 

 

▪ Decisional blocks which are populated with elements which can 

affect with its configurations and setups the whole or part of the 

framework behavior. 

▪ Operational block that includes operational elements of the 

framework which are related to specific actions directly regarding 

each of the customer requests. 

 

• Each block (1.a; 1.b; 2.) is composed of four sections corresponding 

to: 

 

▪ Input data: in general, as referred on the framework description 

in preview sections, all elements receive information to be 

processed internally (at each element). This data is received by 

two types of cycles: internal and external. The internal data flows 

are those between elements belonging to the same block, which 

allow to feed different competences. The external life cycles 

derive from processing between blocks. They allow the results of 

the elements of the blocks positioned hierarchically below, 

contribute to the development of new processing at the higher 

adjacent blocks. 

Figure 6.1 Framework Dynamics Generic Model [61] 
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▪ 1.a (Strategic elements); 1.b (Tactical elements); 2. (Operational 

elements): correspond to the elements that popularize the block 

according to their role and responsibility in the framework. The 

hierarchical level to which these elements belong was previously 

identified. 

▪ Decisions => Target actions: are specific operations, resulting from 

internal processing of each block, performed by different 

competences of the elements that compose it, hierarchically 

positioned above, serving the adjacent and below blocks and will 

influence their behavior. Briefly, Strategic level (1.a) produces 

high-level configurations that are used by the Tactical level (1.b): 

flow c; that produces Setups at each one of the competences that 

are used by the Operating level (2.): flow f; that transforms / 

converts into instantiations / runs: flow i. 

▪ Output results: each block receive output results as input from the 

lower block and in addition to the information they produce 

(internal output results), serves to create new information at 

internal (own block): flow a, flow d, and flow g, and external 

(above) block: flow b, flow e, and flow h. 

 

• Flows: c, f, i: as mentioned above, they represent specific actions 

which derive from the scope of functions of each block:  

 

▪ 1a: high-level configurations that affect the framework behavior. 

▪ 1.b: setups for each of the competences / modules of the 

framework. 

▪ 2.: instantiations of choreography, services and metrics 

assessment systems. 

 

• Flows: a, d, and g: represent the internal cycle of each block for the 

contribution of the results of the actions undertaken by the block 

itself, which are: design of high-level configurations (flow a), Setups 

(flow d) and instantiations (flow g). 

 

• Flows: b, e, and h: each block receives, as input, the output results 

from a block one level down of the hierarchy. This information helps 

to ensure that each block can meet the practical results of the 
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structures that are produced in the block itself and that can enrich the 

behavior of the elements of the block to better respond according to 

its scope.  

6.3- Description of the Hierarchical Life Cycle Model 

Table 6.1 groups together all the elements of the framework in a single table, 

according to the role of responsibility in hierarchical pyramid (Fig. 3.2 and Fig. 

3.4). These elements are sub-divided in two major groups: Decisional and 

Operational elements (as presented before in Table 6.1): 

 

• The first functional group (Decisional) integrates elements whose 

responsibility lies in defining and setting strategic and tactical approaches.  

• The second group of elements (Operational) is related to the operational 

level, responsible for the instantiation of systems / choreographies that 

answer to the specific instance requested by the customer preferences. 

 

Figure 6.2 is the concretization of the Generic Hierarchical Life Cycle Model 

(Figure 6.1) with the proposed framework elements (Figure 5.5) distributed as 

illustrated in Table 6.1. That is, Figure 6.2 puts the abstract control architecture 

in the context of the proposed framework (Chapter 5). 
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Figure 6.2 Framework Dynamical Cycles 
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Figure 6.2 shows the information dynamics between the different elements of 

the framework and are composed by internal and external life-cycles: 

 

• Internal cycle A and B:  

 

▪ A and B are internal cycles in decisional and operational blocks. 

▪ These internal cycles aim to distribute the information through the 

elements of each block so that each of these elements that receive 

it can behave accordingly. 

 

• Internal cycle A:  

 

▪ In the case of decisional block, the cycle A enables to continuously 

flow the most relevant information of the system and allows 

providing knowledge towards a permanent optimization of their 

strategic decisions and tactical settings. 

▪ The information cycle that flows between 1.a and 1.b is clearly of 

influence in the strategic direction that the tactical elements (1.b) 

should follow, and as a contribution by the accumulation of 

summarized results of various runs from the operating elements, 

the tactical elements may provide information to help refine 

strategic decisions (from 1.b to 1.a). 

▪ It is also essential the information they receive (in block 1) from 

the C cycle (global) as it will complement the learning and 

knowledge process based on the operational behavior of the 

application in practice of its (decisional and tactical) guidelines. 

▪ Knowledge databases supports these cycles.  

 

• Internal cycle B:  

 

▪ The cycle B has the objective of flow the information through 

elements so that it can contribute to improve the performance of 

each element in their runs. 

▪ Operational databases support this cycle.  
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• External cycle C:  

 

▪ Cycle C globally affects the system (all blocks / all elements) 

because it allows information to flow through the system in a 360-

degree perspective. 

▪ It contributes, on the one hand, to block 1 receive synthetic 

information feedback about the behavior of element’s runs 
triggered in block 2 (Operational) and, on the other hand, it allows 

to affect the behavior of the operational elements by feedback of 

tactical guidelines. 

▪ Datalog databases (with synthetic data) and databases with 

guidelines (about configurations and settings) supports this cycle.  

6.4- Conclusions 

The theoretical hierarchical model is fully described in Chapter 3. In Chapter 6 the 

framework elements are addressed to the hierarchical model and control life-

cycles are described.  

To finish this chapter, we refine the proposed control model (Figure 6.1) with 

the approach of Figure 3.2 in which the main approach is based in [46]. Figure 6.3 

presents then the two main information flows of control: 

 

• Flow of Control adjustment: flows h and e are responsible for 

providing feedback to ensure by the target elements the needed 

adjustment and control procedures already described above in this 

chapter. Through information received via these flows, it is possible 

to adjust and optimize control policies of the entire system. 

 

• Flow of Schemas adaptation: flows c and f are responsible for 

providing feedback to ensure by the target elements the needed 

adaptation procedures already described above in this chapter. 

Through information received via these flows, it is possible to adapt, 

correct and improve the behaviors of lower levels of the framework 

elements. 
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Figure 6.3 Framework Dynamics Generic Model with references for adjustment and adaptation 



179 

 

Chapter 7  

Method for Software Service 
Selection and Ranking 

In this chapter it is presented and described the method for selection and ranking 

of software services [121]. The elements of the framework that intervene directly 

in this method are described in detail. An algorithm allowing a better 

understanding of its functionality is also described. 

This chapter provides answers to the following research questions:  

 

• RQ B.2: How is the selection and ranking of software services obtained? 

Which are the steps followed for the selection and ranking of software 

services? 

▪ What are, step by step, the stages pursued to obtain the selection 

and ranking of services? 

 

The specific objectives to be achieved in this chapter are listed below: 

 

(7.1) To describe how software services are selected to integrate a 

Collaborative Network based on a principle of anticipating its behavior; 

(7.2) To define how monitoring and assessment of software services 

contribute to predict the behavior of a Collaborative Network; 



180 

(7.3) To identify what are the most relevant metrics requirements for 

measuring the performance of services that contribute to predict the 

software service Collaborative Network behavior; 

(7.4) To define which are the framework elements and aspects needed to 

be validated for supporting Collaborative Network predictability; 

(7.5) To describe the algorithm that operationalizes the selection and 

ranking of software services. 

 

The method we are going to describe aims to evaluate and solve a problem 

related to a decision making based on multiple criteria and preferences. Typically, 

this is an approach to a Multiple-Criterion Decision-Making (MCDM) discipline aimed 

at solving problems of multi-criteria conflicts. At the heart of such problems lies 

the fact that there is no single optimal solution to such problems and it is necessary 

to use the preferences of the decision maker to differentiate the solutions [153]. 

Following [73], exist three fundamental approaches to solving MCDM problems: 

Multiple Attribute Utility Theory (MAUT), outranking and Analytic Hierarchy 

Process (AHP). MAUT is the simplest approach that integrates diverse preferences 

arranged in multiple attribute utility functions. In MAUT, “utility functions for 

each criterion are combined with weighting functions of criteria” [73]. 
One of the steps of the MCDM methodology is the selection of methods (there 

is a great diversity in MCDM methods [152]).  Particularly, the Weighted Sum 

Method (WSM) is often chosen as the most suitable MCDM method “considering its 

simplicity and wide generic applicability” [151].  
The WSM method allows to collect criteria values for each alternative and to 

apply individual criteria weights, depending on the importance of each [151].  The 

WSM method compares the alternatives by assigning scores, and then by using 

these scores, generate values for the alternatives under consideration. MCDM is 

often used for selection, ranking and evaluation [152][153]. 

The proposed method for service selection and ranking of this research work is 

based on the WSM method of the MCDM approach, because it is able to translate 

customer multi-criteria (through the use of distributed weights) into direct 

allocation of the service rankings results. 

7.1- Description of the Software Service Selection and 

Ranking Method 

This section describes: 
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• … how software services are organized in individual pools (answering to 

specific objective: 7.1);  

• … the method to select software services that belong to those pools 

(specific objective 7.1);  

• … the process of how software services are ranked to integrate the 

Collaborative Network (specific objective 7.1); 

• … and finally, the main framework elements that operate the method 

(specific objective 7.4). 

 

7.1.1- The Core Calculation Elements of the Method 

The Services Oriented sub-module (widely described in Section 5.4.2.3) framework 

elements most relevant to decide the composition and selection of software 

services to integrate the Collaborative Network. Although all the other element 

modules are important, the Service Oriented sub module contains an element that 

supports the matrix for processing the selection and ranking of software services. 

The "Services Ranking matrix and Selection" element processes the service data in 

the matrix (Table 7.1) whose activity roles (Table 6.1) derive from the hierarchical 

model implemented (Figure 3.5). 
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The functionality of each sub-module has been described in Section 5.4.2.3 

and is illustrated in Figure 7.1. 

 

• Generic Services Manager 

 

▪ Compiles the list with generic services to compose the global 

business service that answers to customer request, according to 

the Generic Services Requirements List Identification input. 

▪ Generic services characteristics are addressed to a specific pool of 

services. 

 

Figure 7.1 Services Oriented schema (sub-module) – referenced elements 
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• Services Procurement 

 

▪ Searches and identifies services needs that meet the objective 

outlined by the customer.  

▪ Software services with similar characteristics and functionalities 

are collected on the same pools. 

▪ The framework setup process (initial stage), must consider the 

scope and business process attributes that will be mounted. Based 

on the specifics of the business, the setup for the creation of pools, 

service integration and metrics definition, must meet the 

requirements set by the Provider’s strategy for the global service. 

The procurement of services is, at an initial stage, essential to 

identify in the business market which services corresponds to that 

business process specifications.  

 

 

• Services Selection and Ranking Matrix 

 

▪ Services gathered in the same pool (matching the same 

characteristics) compete against each other, basing this 

competition on values resulting from their performance. 

Figure 7.2 Generic Services Manager: Main functionalities 

Figure 7.3 Services Procurement: Main functionalities 
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▪ Identifies, selects and ranks software services that are better 

positioned to integrate the Collaborative Network as potentially 

giving the best response to the customer’s request.  

▪ Each pool of services is assigned to a calculation matrix that stores 

the ranking of services of each run.  

▪ Scoring algorithms are then run to calculate the rating for each 

software service, according to customer criteria and preferences. 

▪ Services with the best performance indicators are chosen from the 

ranked pools databases. 

 

 

At the Basic Application Module, described on Section 5.4.1 (Basic application 

Setup Module), where the basic structure of the information inserted by customer 

is prepared and defined to be used by other modules (such as the way the business 

process is going to be mounted according to options selected by the customer), 

the software services requirements which will support answers to customer’s 
business service are also identified. 

Based on the Business Process Rules (from the Core module) and the available 

Generic Services Directory (from the Core module), the element Services 

Requirements Identification is responsible to create a Generic Services 

Requirements List Identification. This list will be used to identify the set of services 

that is going to be confronted on the matrix to select the best ranked services with 

those characteristics.  

Each step of the business process corresponds to an activity or sub-process and 

has a set of attributes or requirements. Whenever the customer triggers a request, 

the business process rules build the global business process with all sub-processes 

needed and identifies the set of requirements to list the requested services. 

The Generic Services Manager element deals with the requirements / 

characteristics of generic services and is aligned with each sub-process of the 

cross-organizational business process, so that, when a new offer (a new service for 

Figure 7.4 Services Ranking Matrix and Selection: Main functionalities 
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the customer to choose) is created, a new entry should be created by Generic 

Services Manager with the new characteristics to be linked to the new sub-process. 

These software service characteristics allow to organize different pools where 

services with the same characteristics reside and therefore can be confronted 

together. 

 

7.1.2- Matrix for Processing the Method of Service Selection and 

Ranking 

According to the business rules for each sub-process, the functional scope of each 

service is defined to gather each service in the same pool so that they can 

"compete" in terms of performance within the same type of functions they run. 

Each service pool is supported by a matrix (Table 7.1) that is broken down into 

small sections for better description on the following pages. 

A new pool of services is defined whenever the customer requests a new 

service. Whenever this happens, the business process must include a new sub-

process that defines the requirements of the new service that will respond to the 

customer’s request. In addition to the characteristics of the service, the pool of 

services identifies a matrix that will hold all services which offer the same 

functionality from different business partners of the collaborative network. Thus, 

for each pool of services, a matrix is defined to store the ranking of software 

services. The matrix stores the calculous of assessment results for all iterations 

resulting from their use in choreographies. Each pool has a corresponding matrix 

that is built to determine the ranking of the services for a kind of a specific 

function. 
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Table 7.1 Matrix structure partial overview (pool of a service type) [60][61] 
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The matrix accumulates over time the result of measurement of the metrics of 

all iterations resulting from their use in service choreographies and is managed so 

it can be adapted to the customer request by assigning weights that reflect 

customer's preferences. Each software service has a set of metrics to assess its 

performance. The weights allow these assessments to be measured at a given time 

(for each request) so that the matrix rank can be oriented to what the customer is 

looking for. Thus, the matrix adapts and presents a ranking guided by what the 

customer invokes in the request.  

The weights assigned to the evaluations of each metric, varies from customer 

to customer as they must reflect the needs of each customer, according to the 

criteria and requirements of the level of service to be provided. Each of these 

evaluation service matrices is thus recalculated considering the level of services 

in the customer's SLA, however, the scoring algorithm for measuring the rating for 

each service is always the same though is based on the new values resulting from 

the distribution of the new weights assigned. 

Based on these rankings from the evaluation matrices the better positioned 

services are selected.  

In the following pages a description of the matrix will be detailed and 

segmented by three sections (Basis section – Table 7.2; Accounting section – Table 

7.3; and Calculus section – Table 7.4), as also the method for service selection and 

ranking [121]. 

 

A) Basis section of the structure of the Matrix: 

 

The Basis section allows to prepare the calculations for a new customer 

request. These calculations involve service performance data (from previous 

interactions) and synthesize them to process the new customer criteria and 

preferences. In addition to the services performance data, the calculous involve 

the weights that the customer defined for each criterion / preference. This data 

serves as a basis for processing the calculations in section C). 
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▪ Pool for Service type (at the top left of the Table 7.2): as mentioned 

above, services are identified by its characteristics and functionalities, 

and are segmented (grouped) in a pool identified by a given type (this 

is an identification to distinguish pools of services according to 

functionalities they offer) so they can be confronted on their 

performance. To achieve this, all services that can be run in 

choreographies are registered and its metrics evaluation too. On top 

of this matrix, some calculation operations are carried out to get the 

most suitable solution considering the customer request; 

▪ Services Identification (below Service Type): the services ID column 

identifies the software services from partners that belong to the pool. 

All these services, residing in the same pool, share the same 

objectives. Table 7.2 shows an example of three services: A, B and R. 

Addressed to each service there are many variables to be detailed in 

the next topics; 

▪ Metrics Identification (2nd line from the top): metrics ID (range values) 

refers to a set of metrics (and the domain of possible values) 

associated to each pool of services. The matrix of Table 7.1 presents 

an example of 4 metrics: m1, m2, m3 and mp that serve the purpose 

Table 7.2 Matrix structure overview (Basis section) 
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of measuring performance of each service. Depending on the provider 

strategy, each matrix can contain the number of metrics that are 

idealized to assess a particular service. The number of metrics in each 

matrix may be different, depending on the monitoring and assessment 

strategy. 

▪ Domains (range values) (2nd line from the top): each metric supports 

a set of possible values which represents the domain of values that can 

result from the evaluation of a service at a given time: m represents 

the minimum value and M the maximum of the range; 

▪ Weighted Customer Preferences (1nst line from the top): for each 

metric is offered the customer the possibility to define a percentage 

of preference (weight) to adjust the service performance of that 

metric. Each customer can set the weights that best fit the request, 

and the same customer, can set different levels of preferences for new 

applications. The matrix recalculates and presents results in 

accordance to new data inputs it receives. These levels of preferences 

are presented (as an example) in the above figure by the weights w1%, 

w2%, w3% and wp%. 

 

In section C) the formulas for calculating the performance of each service are 

presented in detail. 

 
B) Accounting section of the structure of the Matrix: 

 

The three columns of section B) allow to store data according to the evaluation 

resulting from the customer's requests. They are updated with the feedback 

information of the request assessment and enter into the calculation process of 

the service selection and ranking of the customer's next request. 
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▪ Iterations: whenever a software service is executed, the metrics lines 

(Table 7.2) are filled up with the values obtained for its performance. 

These values are recorded and stored so that they will be used in 

future, when new requests from customers are submitted. The column 

iterations (nSI) (Table 7.3) register the number of times a service run, 

i.e., the number of times that a service was selected to integrate the 

collaborative network. The above table presents the variables: n, u 

and v representing the total number of times that the service was 

invoked to participate in the collaborative network; 

▪ Penalty / Benefit (pb): each service has an expected behavior based 

on the performance of the last executions. If performance of the last 

service run is below its expected performance coefficient, a penalty 

value is assigned, otherwise, a benefit value is awarded. Assigned 

values are defined by the Provider according to business strategy so 

that Provider can manage the performance of the whole system; 

▪ Best Choreographies (nBPC / High Performed Choreography): 

represents the number of times that the service is invoked by a 

choreography of high performance. A high performed choreography 

means that its performance was higher than expected, i.e., service run 

results exceeded what was predicted. 
  

Table 7.3 Matrix structure overview (Accounting section) 
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C) Calculus section of the structure of the Matrix: 

 

The matrix calculation section uses the data from section A (Basis) and B 

(Accounting) to process, according to a set of formulas, the selection and ranking 

of software services. The formulas are described in section C.1). The last column 

from Table 7.4 indicates the service position in the ranking of the pool, after all 

calculation have been concluded. 

 

 

▪ Performance Coefficient (pc): each service has a performance 

coefficient that corresponds to the average of each metric assessment 

regarding its maximum possible value of domain; 

▪ Weighted Performance Averaging (wAct): this value results from a 

weighted leveling directly affected by customer preferences when 

completing the request. In addition, Provider can adjust the capacity 

the customer must influence the calculation of the matrix. Customer 

defines weights to adjust what is more important regarding its 

preferences and the Provider assigns more or less impact of those 

influences in the whole system; 

Table 7.4 Matrix structure overview (Calculus section) 
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▪ Scoring Algorithms (SC): allows the Provider to add other variables 

that may be important to provider’s strategy to calculate the service 

ranking. All scoring algorithms are supported on configurable tables 

that are managed by the Provider. The Provider can activate or 

deactivate an algorithm and include it or not in the service selection 

and ranking strategy. This topic is extensively detailed in section C.3) 

where it is supported by examples that are intended to explain the 

scope of its application. 

▪ Ranking of software Services: this column shows the ranking position 

of each service of the pool as a result of calculations of the matrix. 

The service better ranked is selected to integrate the choreography.   

 

The detailed description of this section, responsible for calculations of the 

matrix, will follow in the next pages. It is divided into sub-sections to better 

address the objectives of each part of the matrix and is illustrated by an example 

with simulation data that will populate each section. 

 

C.1) Performance Coefficient (pc): 

 

▪ For each metric an average of values from previous executions of each 

software service is obtained. In Table 7.5 this value is represented by 

S(Am1), S(Am2), S(Am3), S(Amp), S(Bm1), S(Bm2), S(Bm3), S(Bmp), and S(Rm1), 

S(Rm2), S(Rm3), S(Rmp), where, for example, S(Am1) gives the average of 

the performance assessments (of previously runs) of service A for 

metric m1; 

The performance coefficient uses the average value obtained by previous runs 

of each service - e.g.: S(Am1), and calculates a percentage relatively to the 

maximum value that is possible to achieve by a metric - e.g.: pc[S(Am1)]. The 

performance coefficient of a service (column pc) it is then an arithmetical average 

performance of each metric considering the maximum values that are set for the 

domain of each metric; 
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▪  

▪  

 

Table 7.5 Sub-section - Performance Coefficient 
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For demonstration purposes, the matrix was populated by simulation data in 

order to better interpret the results of the calculations. Values were generated for 

three services, four metrics were created in abstraction with randomly assigned 

ranges of values, as well as weights were assigned to these metrics. The 

performance coefficient is shown in the penultimate column to the right of Table 

7.6. 

 

 

Demonstration description: 

 

▪ For a pool of software services of type  (with services: A, B and R) 

there are four metrics (m1 to mp) whose range of possible values to be 

measured is indicated in parentheses; 

▪ Below each metric, identified by iter1, iter2, is an array of values 

resulting from past runs of the service and represents its performance 

that was measured for each metric; 

▪ Service B (one of the three existing in the pool of the example) is what 

has been invoked more often to participate in choreographies (column 

Iterations nSI with 4.536 times); 

▪ The arithmetical average value obtained for each software service 

regarding each metric, e.g.: Service A, metric 1: [S(Am1)] = 1,189 is 

given by the expression: 

 

Table 7.6 Performance Coefficient – matrix populated with simulation data 
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Example for:  

S(Am1): Arithmetical Average of Service A for metric 1 - the value of each 

individual run (iter.Value(i)) is summed and divided by the total number of 

runs (n). 

▪ n: number of runs of service in choreographies. 

▪ iter.Value(i): is the assessment value measured on each past run of 

service A. 

 

▪ The performance coefficient value obtained for each software service 

regarding each metric, e. g.: pc[S(Am1)], considering its minimum and 

maximum possible value (metric: range value), is given by the 

expression: 
 

 

 

▪ The global performance coefficient of each software service 

(considering all the assessments of all metrics) is obtained by the 

expression: 
  

Example for:  

pc[S(Am1)]: Performance Coefficient of Service A for metric 1 – value 

obtained from the average value of previous runs in the range of possible 

limits of the metric assessments. 

▪ Max1: maximum value of the domain of values that can be reached by 

an assessment of metric m1. 

▪ min1: minimum value of the domain of values that can be reached by 

an assessment of metric m1. 

▪ S(Am1): average of service A of metric 1 (m1). 
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▪ The example of Table 7.6 shows service R which presents the best 

performance coefficient: 0,549 (service R provides the best 

performance in two of the assessed metrics: m1 and m2, despite being 

the one that has less runs: 75).  

 

C.2) Weighted Performance Averaging (wAct): 

 

This sub-section is related to the weighted leveling of customer 

preferences when completing the request and the adjustment made by the 

Provider to manage those weighted preferences. Table 7.8 shows the sub-section 

of weighted performance averaging: 

 

▪ Weighted preferences: each metric is associated with a leveling 

preferences field which the customer assigns according to level of 

demand for each service. The matrix example shows four metrics 

which means that four weights to level will be needed. In the example, 

w1%, w2%, w3% and wp% are the parameters to manage by customer;  

 

▪ Weighted Performance Averaging (or Weighted averaging activity) 

(wAct): given that each customer has a level of demand that differs 

from customer to customer, assigning different weights by different 

customers will imply that the values obtained by this section will differ 

between customers (although the values resulting from measurements 

of the software services remain unchanged in the historical database). 

This means that the matrix will produce different results according to 

different customer preferences;  

 

Example for:  

pcA: Performance Coefficient for service A - the average value of each 

metric of each service based on S(Am1 to p). 

▪ p: number of metrics associated to the service pool. 

▪ S(Amj): average of service A of metric j (mj) regarding metric’s range 

limits. 
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▪ Provider can influence positively the customer preferences given such 

an empowerment to those weighted attributions to guide internally 

customer preferences to the strategy that was built for the system 

performance. The table 7.7 shows an example of factors according to 

Customer weighted preferences ranges: 

 

 

▪ In the table 7.8, wActA, wActB and wActR represent the weighted 

averaging for each service: 

 

Table 7.7 Example of a table of the Customer weight factor 
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Table 7.8 Sub-section - Weighted Customer Preferences / wAct 
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▪ The weighted averaging activity (wAct) for each software service is 

obtained by the expression: 

 

 

 

Example for:  

wActA: Weighted Averaging Activity for service A 

▪ p: number of metrics in the pool. 

▪ S(Amj): average of values of service A of metric j (mj) 

▪ W(j): weight for each metric defined by customer. 

▪ fc m(j): this factor is defined by the provider (table 7.7) and is 

automatically assigned according to the weight that the customer has 

chosen for certain criteria (W(j)). Thus, the provider has the possibility to 

control the behavior of the system to allow or not a greater ability of the 

client to influence the results of the system.  

 

Using the example and data from the previous simulation, next table will show 

the weighted values: 

 

Example description: 

 

▪ The weighted averaging activity is applied by assigning weights to 

leveling the customer preferences. By simulation, in this example, the 

weights defined by customer are: 10% for the first metric (m1): which 

corresponds to a factor (table 7.7) of 2; 30% to the second (m2): factor 

= 3,5; 5% to the third (m3): factor = 2; and 55% for the forth (mp): 

factor = 4.  

 

Table 7.9 Sub-section – Weight Averaging Activity populated with data 
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▪ Table 7.9 identifies the service R corresponds to the most appropriate 

preferences selected by the customer with the ranked value of 0,711. 

This result is obtained because service R has the best performance in 

two of the four metrics assessments (m1 and m2) – one of which (m2) 

the client has assigned a higher weight and the difference to the other 

two services metrics results are high. 

 

▪ Provider can adjust the capacity that customer have to influence the 

calculation of the matrix. Customer defines weights to adjust what is 

more important regarding its preferences and the Provider assigns 

more or less impact of those influences regarding the defined strategy. 

 

C.3) Scoring algorithms: 

 

This section is related to scoring algorithms that allows creating a rating for 

each software service by adding other variables that are important beyond its 

assessments, such as the “Oriented Coefficient Performance” (described in C.3.1). 
All scoring algorithms are supported on configurable tables of values that are 

defined and managed by the request provider. Next Table 7.10 shows this sub-

section. 
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Table 7.10 Sub-section – Scoring algorithms 
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C.3.1) Scoring algorithm – rule 1 (SC1) - Oriented Coefficient of 

Performance: 

 

▪ This rule uses the penalty / benefit parameter to determine the 

Oriented Coefficient of Performance.  

 

▪ The "penalty / benefit" column of the matrix (illustrated in Table 7.12) 

shows the value that characterizes the software service behavior of 

the last execution and superimposes a factor, according to a table 

(that is configured by the Provider) which aims to penalize – if the 

behavior was below the expected performance of the service, or 

benefit – if it was above, adjusting the ranking of each service. The 

positive or negative deviation (comparing to its last behavior value) is 

classified by ranges therefore with a corresponding factor which allows 

to benefit or to penalize the classification of the service ranking (Table 

7.11 shows an example).  

 

 

▪ The Oriented Coefficient of Performance is then based on the 

calculated value of Weighted Performance Averaging (wAct) and 

adjusted with characterization of its behavior on the last run. The 

calculation expression is given by (example for: SC1A: Oriented 

Coefficient of Performance for service A): 

 

Table 7.11 Scoring algorithm – rule 1 – Example of a table of values for penalties and benefits 
assignments to Oriented Coefficient of Performance 
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Example for: 

SC1A: Oriented Coefficient of Performance for service A 

▪ wActA: Weighted Performance Averaging. 

▪ factSC1A: penalizing or benefit factor. Depends of the percentage of deviation (negative or positive) regarding the 

range of values in the table (table 7.11). 

 

Example description: 

 

▪ Continuing with the previous example, the values for column penalty / benefit are randomly obtained and are 

shown in table 7.12:  

  

Table 7.12 Scoring algorithm – rule 1 – SC1: Oriented Coefficient of Performance populated with data 
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▪ This example shows that service A was benefited by a factor of 1 

(according to Table 7.11) because last run was globally performed with 

a value between 3 and 6 percent above the expected behavior. In 

opposite, service B was penalized with a factor of -0,75 which means 

that its performance was below the expectation in a range between 3 

and 6 percent. Service C was benefited by a factor of 2,5 because last 

run was performed with 7% above the expected behavior.  

 

▪ The value of the oriented coefficient of performance for service R is 

1,778 (resulting from de expression: wActR * factSC1R) which contribute 

to the service ranked value to be 2,489 (that allows service R to be 

placed on the first position of the pool ). 

 

C.3.2) Scoring algorithm – rule 2 (SC2) - Service Utility: 

 

▪ The number of times that the service is called in choreographies is 

relevant and the SC2 scoring algorithm uses a factor that enhances the 

ranking according to the number of times the service is used.  

 

▪ In addition to calculating the performance coefficient and the 

weighted average of each metric, evaluating the importance degree in 

terms of the utility of the software service for the various 

choreographies instantiations is addressed by this rule. The utility 

factor table which supports this rule is parameterized according to the 

strategy of the request provider. The values of the factors presented 

by the next table are merely illustrative of an exemplary use: 

 

 

▪ SC2 is given by the expression (using an example for service A): 

Table 7.13 Scoring algorithm – Service Utility 
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▪  

 

 

Example for:  

SC2A: Service Utility for service A 

▪ SC1A: Oriented Coefficient of Performance for service A. 

▪ factSC2A: by the number of times the service integrates choreographies 

a factor is returned from a table that is parameterized by provider 

(table 7.13). 

 

▪ Continuing with the previous example, Table 7.14 shows the column 

of the Service Utility Scoring Algorithm:   

 



 

 

206 

 

 

 

▪ The number of times that service R was called to participate in choreographies is 75 and the utility 

factor is 0,1 (as addressed by table 7.13) which correspond to a value of 0,249 (SC1A multiplied per 

service utility factor). After calculation of the rule of SC2 the value of 2,737 guarantees (at this stage) 

the ranking 1 for service B (as shown by table 7.14). 

 

C.3.3) Scoring algorithm – rule 3 (SC3): Service Participation in High Performed Choreographies: 

 

▪ The number of times that the software service is called in a high ranked choreography (this approach 

is detailed in the Section 7.1.3) is also important to add that contribution to the calculation process, 

which is relevant in determining a suitable solution for the customer’s request.  
 

▪ The factors presented by the next table are merely illustrative of an exemplary use and are 

parameterized by the provider. 

Table 7.14 Scoring algorithm – rule 2 – SC2:  Service Utility populated with data 
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▪ SC3 follows the same principle of the previous rule and is 

given by the expression (using an example for service A): 

 

 

 

Example for:  

SC3A: service participation in high performed choreographies 

for service A 

▪ SC2A: Service Utility for Service A 

▪ factSC3A: factor that depends on the number of times the 

service integrates high performed choreographies (a factor 

is returned from Table 7.15). 

 

▪ Continuing with the previous example, Table 7.16 shows 

the column of the SC3:   

Table 7.15 Scoring algorithm – Service Participation in High Performed Choreographies 



 

 

208 

 

 

 

 

▪ Service A was called 3598 times in choreographies which were ranked as high performed choreography. 

Its relevance in this case was a factor of 0,4 (according to Table 7.15) which corresponds to the value 

0,751 and influence its position in the second place in the pool (with 2,628). 

Table 7.16 Scoring algorithm – rule 3 – SC3: Service Participation in High Performance Choreographies (populated with data) 
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C.3.4) Scoring algorithm – rule 4 (SC4) - Ratio 

between Service Participation in High Performance 

Choreographies and Service Utility: 

 

▪ This rule depends on a ratio between the number of times 

the software service was called by a high performed 

choreography and the total number of times a service was 

called to participate on choreography.  

 

▪ Again, next table is also managed by the request provider 

according to a defined strategy. The values presented are 

merely illustrative of an exemplary use. 

 

▪ SC4 follows the same principle of the previous rule and is 

given by the expression (using an example for service A): 

 

 

Example for:  

SC4A: ratio between Service Participation in High 

Performance Choreographies and in standard Choreographies 

▪ SC3A: Service Participation in High Performed 

Choreographies. 

▪ factSC3A: is the factor that results from the ratio value 

between service participation in high performance 

choreographies and in standard choreographies (Table 

7.17). 

 

Table 7.17 Scoring algorithm – Service nBPC / nSI 
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▪ Continuing with the previous example, Table 7.18 shows the column of the SC4:   

 

 

▪ Finally, service A is ranked firstly as its ratio results is 84,86% which corresponds to a factor 0,4 which corresponds 

to a value of 1,051 that gives the final result of 3,679. This example shows that, the service A is chosen to integrate 

the choreography as it is the best classified service in the pool ranking. The following chart summarizes all the 

calculous of the scoring algorithms for the software services ranking. 

Table 7.18 Scoring algorithm – rule 4 – SC4: Service nBPC / nSI populated with data 
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Figure 7.5 Calculus Section – Graphic with final results (simulation) 

 

The graph of Figure 7.5 shows that scoring rule SC1 is responsible for a 

distribution of values. In case of service B, clearly penalized by the poor 

performance of the last performance, goes down vehemently and stays away from 

the competition in the pool. Regarding the service R, benefited by its performance 

in the last run, it maintains the leadership practically in all the rankings except for 

the last one. Service A, also valued by rule SC1, was approaching the ranking of 

the service R gaining in the end due to the good relation between its involvement 

in choreographies quoted as of high performed. 

This method of services selection and ranking, by analyzing best performances, 

aims to provide a choreography that best meets customer requirements 

considering provider strategy. Each request from a customer produces different 

results according to the criteria and preferences that have been selected by the 

customer. This method also produces different results from request provider to 

request provider since it is based on a matrix that allows the provider to implement 

its strategy by filling the factor tables of the scoring algorithms that best meet the 

mounted strategy. Even in terms of the applicability of the scoring algorithms 

presented here, the request provider can disable any existing algorithm rule 

thereby adjusting the matrix to its strategy response. 

 

7.1.3- Collaborative Network Evaluation 

Previous sections described the matrix calculation mechanism through an example, 

and its result is a list of the best ranked services that will integrate the 

collaborative network. Each software service in each pool is individually evaluated 

to gauge its position in the ranking. 
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This section will demonstrate that, in addition to the individual evaluation of 

each service, also evaluating the collaborative network, in its overall performance, 

it is important for the system to obtain evaluation information from a global 

perspective. 

The selection and ranking of each service is performed prior to instantiation, 

i.e., at a design stage of the collaborative network. The collaborative network will 

be evaluated after the execution of all the services that comprise it, therefore, 

the completion of the services provided to the customer. 

These two moments of evaluation are therefore complementary and enrich the 

evaluation information of the system in order to provide a more rigorous selection 

of services at the next customer request. 

Table 7.19 presents a matrix to evaluate the collaborative network 

performance. The matrix distributes all the software services that compose the 

business service and compares performance expectations of each service, with the 

ones resulting from instantiation. In order to evaluate the collaborative network, 

the average of the expectations is compared to the average of the service 

instantiation. If the average performance of services is higher than the average of 

expectations, the collaborative network is evaluated as exceeding expectations. 

In this case, all the services that contributed positively to the best performance of 

the collaborative network are benefited by an increase in the respective column 

"in best chor" of the individual service evaluation matrix. 

The Performance Coefficient (prediction) - 3rd line from the top of the Table 

7.19, described in the previous section, is used to obtain an expectation of each 

service behavior of the collaborative network of services (based on the estimative 

of each individual service behavior). The line performance coefficient (execution) 

– 4th line of Table 7.19, represents the individual values of each service execution. 
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The column Avg Performance stores the global average performances of services expectations and executions. Column 

Performance degree compares the averages and determine the evaluation of the collaborative network of software services. 

 

 

▪ The expression for pc.predSERVICE is given by the expression of the performance coefficient for each software service 

(Section 7.1.2 C.1): 

 

 

Example for:  

pcA: Performance Coefficient for service A - the average value of each metric of each service is addressed to the minimum 

and maximum possible values and therefore it’s obtained a coefficient of performance (Section 7.1.2 C1). 

 

Table 7.19 Matrix for Collaborative Network Evaluation 
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▪ The expression for pc.exeSERVICE is given by: 
 

 

 

 

Example for: pc.exeA: Performance Coefficient from execution time for 

service A - the average value of assessed metrics from service A. 

▪ p: number of metrics associated to the service A. 

▪ S’(Amj): assessed metric j (mj) for service A at run time 

(choreography instance). 

 

▪ The expression for ΔSERVICE is given by: 

 

 

 

Example for: ΔA: Difference between performances from service A. 

▪ pc.exeA: performance coefficient from execution time for service A 

(run time performance). 

▪ pc.predA: performance coefficient for service A (expected 

performance). 

 

▪ The expression for chor_pc.pred is given by: 

 

 

 

 

Example for: chor_pc.pred: Average of Performance Coefficient from 

historical database of services (past executions) 

▪ n: number of services that compose the choreography. 

▪ pc.preds(j): performance coefficient for each service. 

 

▪ The expression for chor_pc.exe is given by: 
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Example for: chor_pc.exe: Average of Performance Coefficient from 

execution time of services 

▪ n: number of services that compose the choreography. 

▪ pc.exes(j): performance coefficient for each service at run time. 

 

▪ The expression for determining performance degree pd of the 

choreography is given by: 

 

 

 

Example for: pd: Choreography Performance degree 

▪ chor_pc.exe: Average of Performance Coefficient from execution 

time of services. 

▪ chor_pc.pred: Average of Performance Coefficient from historical 

database of services. 

 

▪ ΔSERVICE allows to determine the difference in the performance of a 

service execution – reflecting the difference between the service 

behavior prediction and the performance value that was obtained 

during its execution. This difference will be used to benefit or penalize 

the service performance according to the respective table addressed 

in the first scoring rule (SC1) described above to obtain the Oriented 

Coefficient of Performance.  

 

▪ The Performance Degree (pd) is calculated based on the difference 

between the Average Performance of the services obtained by 

historical data (estimative performance) and the actual service 

performance measured at run time of the choreography. Based on pd 

value the provider can set a certain level from which, if the value 

obtained is equal or higher (or suffices that the pd is positive), the 

choreography can be considered a High Performed Choreography and 

potentially benefit all the services (with positive Δ) that were involved 

in its composition (as is detailed in the Scoring Algorithm 3 – SC3). 

 

Table 7.20 (with simulated data) shows the matrix choreography evaluation  

where the two estimative and execution service performances are listed: 
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This table presents an example of a choreography (identified by α); based on 

8 services (identified here from A to H). In five of them (A, B, D, G and H), the 

performance coefficients at run-time (pc.exeA, pc.exeB, pc.exeD, pc.exeG and 

pc.exeH) were higher than estimative values. The performance at run time of three 

services (C, E and F) was lower than the values that were expected (pc.predC, 

pc.predE and pc.predF); and 1 service (A) had a performance that exceeded 10% 

the estimated values.  

In this example, the performance degree (pd) of the choreography is about 

3,008% which means that the overall service performance provided by the 

choreography is higher than expected. The choreography α is characterized as a 

High Performance Choreography. 

As a consequence of the results of this example: 

 

▪ the assessed values obtained by each software service in each metric 

will be added to the pool as historical data so that can contribute to 

further define future estimative of behavior of the service; 

▪ services A (16,964%), B (0,168%), D (5,936%), G (5,109%) and H (3,326%) 

will receive a positive factor because their performance was higher 

than expected – according to SC1 and to table 7.11: A (factor: 3,5), B 

(0,5), D (1), G(1) and H(1); 

▪ in opposite, services C (-3,163%), E (-2,066%) and F (-2,213%) will 

receive a negative factor because their performance was below than 

the expected – according to SC1 and to table 7.11: C (factor: -0,75), E 

(-0,25) and F (-0,25);  

▪ regarding SC2 (Service Utility), these services (A to H) will be 

incremented by one in the column of number of times that the 

software service was invoked by a choreography; 

▪ regarding the column of “in best chor (nBPC)”, only the services which 

execution were above the estimative (A, B, D, G and H) will be 

Table 7.20 Example of Matrix for Choreography Evaluation with Simulation data 
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incremented by one in this column (number of times that the service 

was invoked by a high performed choreography - this has impact on 

the SC3 rule). 

7.2- Algorithm to support the Method for Software 

Service Selection and Ranking 

Previous section presented the sub-module elements responsible for processing the 

matrix calculations. Each part of the matrix was described in detail and an example 

of its calculation was presented. 

After the discussion of each part of the matrix, the operationalization of the 

proposed method is presented in this section. The way to describe the 

operationalization of the selection and ranking mechanism is through an algorithm 

that is fully detailed in pseudo-language in Appendix F. 

This section answers to specific objective 7.5 listed at the beginning of this 

chapter. 

The algorithm comprises three main parts: 

 

 1.) Preparation / Collection of data for the business service request 

 

1.1) Collect all customer criteria and preferences 

1.2) Prepare the system to answer with services and metrics that 

should be targeted for the business service request 

1.3) Obtain and convert the criteria and preferences into metrics 

dimensions 

1.4) Collect the ranges of possible values according to the customer's 

request 

1.5) Obtain the weights for each metric according to the customer's 

criteria and preferences 

1.6) Assign a preference order factor to the (three) criteria chosen by 

the client 

 

 2.) Selection of possible services for the business service request 

 

2.1) List the services of each pool to verify if service performance 

values match expected values for customer’s criteria and 

preferences 
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2.2) List the metrics of each pool 

2.3) Validate if the service performance values per metric are within 

the expected values 

2.4) Select the services that are within the expected values 

 

 3.)  Ranking of software services for the business service request 

 

 3.1) List all selected services 

3.2) List the order of criteria defined by the customer and associate the 

factors to be assigned in that order 

3.3) Select, in order of criteria, all services whose values are within the 

possible ranges for response according to the service request 

3.4) Rank the software services 

3.5) Get the final list of selected and ranked services (get the first 

classified service by each pool selecting them to participate in the 

service request) 

 

The following paragraphs of this sub-section describe a simple example 

introduced to illustrate the use in practice of the proposed approach. 

Illustrating Step 1 (Preparation) of the above procedure with the use of data 

tables, the criteria selected by the customer is converted into metrics dimensions, 

and the ranges of possible values are defined. In the following Table 7.21, the 

example of a customer who selected "cB" as the first criterion, "cC" as second and 

"cA" as the third is illustrated. To influence this preferential choice, factors are 

associated with each of the customer criteria. 

 

 

 

 

 

Step 2 (Selection) is illustrated in the following Table 7.22. On the left, the 

table represents a pool of services with performance values. In the right side, the 

services are selected if performances are included in the possible value ranges. 

Example for ServiceID 5 and 8: 

 

Table 7.21 Example of customer-defined order of criteria 
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• Assessment of metric B (mB) of ServiceID 5 (19) is compliant with the 

range of possible values [15 .. 20]. However, assessment of metric C 

(mC) is 20 which is out of range [5 .. 15]. ServiceID 5 is not selected 

for ranking steps because it does not meet the conditions for all the 

metrics. 

• All the assessments of metric B (mB) of ServiceID 8 were compliant 

with the range values (mB=18 in [15 .. 20]; mC=10 in [5 .. 5]; mA=15 in 

[10 .. 20]; mD=7 in [5 .. 10]; …). For that reason, the serviceID 8 is 
selected for the next steps (ranking). 

 

If all values registered in the software service pools fall within the range of 

possible values, these services are selected for ranking (Table 7.23).  

To obtain the ranking position of the overall performance of the service (step 

3 – Ranking), the weights associated to each metric are considered, as well as the 

factors on the preferred criteria selected by the customer. 
  

Table 7.22 Example of: Pools of services (left table) / Analyzing and selection of services (right 
table) 



220 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the end, for each pool, the software services sorted first to respond to the 

customer's request are selected to integrate the collaborative network. 

7.3- Metrics dimensions for Performance Measuring 

The first two sections of this chapter addressed the description of the calculation 

matrix for the software services selection and ranking (Section 7.1), and then the 

operationalization of the proposed method (Section 7.2). In both the first and 

second sections of this chapter, metrics for monitoring and assessing the service’s 
performance were identified as essential factors for the processing of the proposed 

method. 

One of the strands of the proposed method is the customer assignment of 

weights to the metrics related to their criteria and preferences. The reading of 

the software services performances, resulting from the assessment of these 

metrics is other strand of the method. 

Defining which are the dimensions and how the metrics are identified are the 

basis of this section. 

Table 7.23 Example of table of ranking of services 
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Based on the study of Chapter 4, this section identifies the dimensions that can 

best contribute to the performance evaluation of a service choreography based on 

the business model described on Appendix A.  

The objective of this section is to cover a 360-degree view of all relevant 

aspects to the execution of a choreography of software services for the evaluation 

of its performance, to answer to specific objectives (7.2) and (7.3) listed at the 

beginning of this chapter, and to answer the sub-research question: 

 

▪ (RQ A.2) - Which metrics dimensions need to be measured? 

The model described in Chapter 4 is instantiated according to the list of 

dimensions described below and shown in Figure 7.6. The aspects addressed, 

identified for this research work are: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Technology dimension which is related to QoS characteristics, 

such as: elements of the infrastructure - on service infrastructure 

layer regarding provider and partners): Service availability; 

Service response; Operation Latency; Time between failures; etc. 

Technology aspects need to be applied to the monitoring and 

assessment mechanism of all the intervenient from the request 

provider side (the owner of the choreography and each partner 

involved). 

Figure 7.6 The four dimensions for metrics development 
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b) Process and product dimension (related to PPM: elements of the 

process and the product or service that is the target of the interest 

of customer; QoI Quality of Information): Product or service 

availability; Product or Service cost; Level of quality and quantity; 

Cost of delivery; Delivery time; Service delivery; Process cycle 

time; Process cost; etc.  

c) Customer dimension (related to QoE – Quality of Experience, and 

customer satisfaction, preferences, expectations, …): Delivery 

time performance; Brand awareness; Product quality; Product 

variety; Level of satisfaction; Level of trust; Usability; 

Learnability; Understandability; Operability; … 

d) Provider of customer service dimension (related to QoBiz – 
Quality of Business; QoI - Quality of Information; …): Cost of 
choreography; Revenue; Rate of return; Accuracy; Cost of goods; 

Completeness; Relevancy; etc. 

 

Figure 7.7 shows the concretization of the model of metrics tree (Figure 4.4), 

filled with metrics in its dimensions. Its foundations are discussed in Chapter 4. 
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An example of available metrics of the model is listed in Appendix B. 

At the end of this section, Figure 7.11 will show an example of how the different layers of metrics will be aligned so that 

a metric tree will process an assessment. 

 

Figure 7.7 The metrics tree model filled in its dimensions 
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The following sections show some examples of alignment metric trees 

according to its levels and dimensions. 

 

7.3.1- Definition of KPI’s Metrics 

Below, there is a set of KPIs examples that illustrates the articulation and 

composition about KPI metrics, firstly in a table description format and then in a 

tree graphical mode. 

 
Table 7.24 Example of KPI’s Metrics 

Description Dimensio

n 

Calculation expression Observation 

1. Calculation 

of the 

“revenue” 

of human 

resources 

involved 

DIM-4 Sum(Sale_of_labor – 

Cost_of_labor) 

• Sale_of_labor is obtained by an 

instance PPM metric which 

counts the number of hours 

times the cost of each involved 

human resource 

• Cost _of_labor is a KPI which 

points to aggregate PPM metrics 

of the different resources 

involved costs 

2. Calculation 

of the 

degree of 

the 

customer’s 

expectatio

ns 

DIM-3 Average of (Rate of(service 

reliability); Rate of(service 

availability); Rate 

of(Service failure); Rate 

of(Product according 

customer expectations)) 

• Software service reliability, 

availability and failure are QoS 

metrics 

• Product according customer 

expectations is a PPM cross-

process metric 

 

Some simple examples of metrics tree are shown below: 

 

▪ This tree refers to Service provider / Partner business aspects (DIM-4) 

and calculates the revenue of a business process, where Selling prices 

is obtained by an instance PPM metric; Cost price is a KPI which points 

to aggregate PPM metrics of the different involved costs: 
  



225 

 

 

▪ This tree refers to Customer related dimension (DIM-3) and calculates 

the degree of the customer’s expectations, upon Service reliability; 

Service availability; Service failure; etc.: 

 

 

7.3.2- Definition of PPM’s Metrics 

The definition of an instance metric requires the use of predefined functions such 

as: “duration”, “count”, “state” and “time”. Based on one of these categories, 

two examples of a PPM instance metrics are listed below: 

 
Table 7.25 Example of instance’s metrics 

Description Calculation expression 

1. Calculation of the duration of the 

activity: “Duration of OPER 

Validation task” 

Duration(”OPER_Validation”) 

2. Calculation of the number of the 

items included in a OPER single 

Operation 

processVariableValue(“CheckStockAvailability”, 

“OPER_OperID.NumberOfItems”) 

 

Figure 7.8 Revenue = Sum(selling prices) – Sum(Cost) 

Figure 7.9 Customer’s Expectations (%) = Average of (Rate of(service reliability); Rate of(service 
availability); Rate of(Service failure); Rate of(Product according customer expectations)) 
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Composite metrics are defined through the composition of instance metrics 

producing new metrics using arithmetic, logical and relational functions. Examples 

of a PPM composite metrics can be defined as: 

 
Table 7.26 Example of composite’s metrics 

Description Calculation expression 

3. Calculation of the duration of the 

OPER_OperID processing from the 

Supplier side (using arithmetic 

operators) 

duration(”ReceiveShipmentconfirmation”) - 

duration(“ReceiveOPER_OperID”) 

4. Verification: 

• if the OPER (validation) is OK 

(returns a Boolean value) 

• and if the number of used packs 

(for the OPER_OperID packing) 

is less or equal then 5 (returns a 

Boolean value) 

• and the duration of the delivery 

service (obtained through 

timestamps) is less to 6 hours 

(also returns a Boolean value) 

 

-the result will be expressed as a 

Boolean value that will verify the 

veracity of the expression (which use 

arithmetic, logical and relational 

operators) 

processVariableValue(“OPER_Validation”, 

“OPER_OperID.Status.Validation”) = “OK” AND 

processVariableValue(“Packing”, 

“OPER_OperID.Packing.numberOfPacks”) <= 5 AND  

((time(“receiveShipmentConfirmation”) - 

time(“sendShipCMORequest”))  < 6) 

 

Aggregate metrics are calculated across multiple runs of the business process 

recurring to aggregation functions as the ones as: “Summation”, “Average”, 
“Maximum”, “Minimum” and “Quantity” - “sum”, “avg”, “max”, “min” and “qty”. 
Using the example of an instance metric listed above: duration of the 

“OPER_Validation” task, it is possible to define an aggregated metric that 
calculates the average of the “OPER_Validation” task duration.  

Examples of a PPM aggregate metrics can be defined as: 
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Table 7.27 Example of aggregate’s metrics 

Description Calculation expression 

5. Calculation of the average of the 

duration of the activity: 

“OPER_Validation” 

avg(duration(”OPER_Validation”)) 

6. Calculation of the percentage of 

OPER components that are 

delivered in time 

qty(processVariableValue(“OPER_OperID.ReceiveShip

mentConfirmation”, 

“OPER_OperID.Shipment.receiptDate”) <= 

processVariableValue(“OPER_OperID 

ReceiveShipmentConfirmation”, 

“OPER_OperID.Shipment.deadLineDate”)) / 

qty(state(“OPER_OperID 

.ReceiveShipmentConfirmation”) = “Completed”) x 

100 % 

 

 

To illustrate the assignment of PPM metrics to a business process, a typical 

scenario of a Purchase Order (PO) was created (Figure 7.10). Four lanes are 

represented: Customer (starts the PO request), Provider (supplies the PO), Delivery 

(distributes the PO) and Manufacturer (produces the PO). 

The scenario starts at the customer side with the PO request sent to the 

provider. In the provider's lane, the PO is validated and if it is correctly filled, its 

content is verified if it exists in stock. If there is stock, the customer is invoked to 

pay and the packing and shipping request (deliver lane) is sent to the deliverer. If 

there is no stock, a request is sent to the manufacturer (production lane) to 

produce the PO. 

Figure 7.10 lists the different metrics that monitor and evaluate the business 

process. 
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Legends of PPM metrics applied on this scenario: 

 
1 duration(”OPER_Validation”) 
2 processVariableValue(“CheckStockAvailability”,“OPER_OperID.NumberOfItems”) 
3.a duration(“ReceiveOPER”) 
3.b duration(”ReceiveShipmentconfirmation”) 
4.a processVariableValue(“OPER_Validation”, “OPER_OperID.Status.Validation”) 
4.b processVariableValue(“Packing”,“OPER_OperID.Packing.numberOfPacks”) 
4.c time(“receiveShipmentConfirmation”) 
4.d time(“sendShipOPER_Request”) 
5 duration(”OPER_Validation”) 
6 processVariableValue(“OPER_Validation”, “OPER_OperID.Status.Validation”) 
7.a processVariableValue(“CheckStockAvailability”, “OPER_OperID.StockItems.Available”) 
7.b state(“ReceiveShipmentConfirmation”) 
8.a processVariableValue(“ReceiveShipmentConfirmation”,  

Figure 7.10 Scenario of a general Purchase Order with PPM applied metrics 
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   “OPER_OperID.Shipment.receiptDate”) 
8.b processVariableValue(“ReceiveShipmentConfirmation”,  
   “OPER_OperID.Shipment.deadLineDate”) 
8.c state(“ReceiveShipmentConfirmation”)  
9.a, 9.b duration(”ReceiveOPER”, “PaymentNotification”) 

 

The detailed list of the different types / categories of metrics, the functions 

used and required events to measure each of them are listed below on Table 7.28: 
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Table 7.28 Detailed applied metrics on the presented scenario 



 

 

231 

 

 

7.3.3- Definition of QoS’s Metrics 

Below, there is a set of QoS generic metrics that are useful (as an example) to 

illustrate the composition about PPM metrics shown on Figure 7.10: 

 
Table 7.29 Example of QoS metrics 

Description Calculation expression Observation 

1. Calculation of the 

service reliability rate 

Rate of(service reliability) • Service reliability, 

availability and 

failure are QoS 

aggregate metrics 

2. Calculation of the 

service availability rate 

Rate of(service availability) 

3. Calculation of the 

service failure rate 

Rate of(Service failure) 

 

7.3.4- Consolidation Scenario 

This section aims to gather and consolidate the application of different types of 

metrics and layers of monitoring discussed on Section 7.3, based on the 

foundations addressed in Chapter 4. 

Figure 7.11 uses the business scenario described in Section 7.3.2 (Figure 7.10) 

and, based on this scenario, overlaps different layers of monitoring and assessment 

metrics in the Service Composition and Coordination (SCC) and System 

Infrastructure (SI), as addressed in Section 4.2 (Table 4.1). The consolidation 

scenario of Figure 7.11 also includes the assignment of metrics described on 

Section 7.3.2 (Figure 7.10) at SCC layer. 

Collecting all the approach developed on Chapter 4 and Section 7.3, the 

following schema (Figure 7.11) will present two KPI metrics defined on Section 

7.3.1: “Revenue” and “Customers expectation”, at the BPM (Business Process 
Management) layer.  

Figure 7.11 follows the concretization of the metrics tree model (Figure 7.7), 

resulting from this research work (Figure 4.4). 

 



232 

 

 

In this scenario, KPI "Revenue" has the function of invoking a PPM (Selling 

prices) subtracting the return of another KPI whose function is to add costs of two 

PPMs in the SCC layer (Figure 7.8). The KPI “Customer Satisfaction” collects several 
QoS metric at the SI layer and a PPM metric at SCC layer (Figure 7.9). 

Figure 7.11 Consolidated scenario of a Purchase Order with KPI applied metrics 
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7.4- Conclusions 

In this chapter, several topics related to the software services selection and 

ranking were addressed: 

 

• the matrix that serves as the basis for the selection and ranking 

processing was detailed and each part explained as the objectives of 

each of the parts of the matrix. The specific objective (7.1) of the 

Chapter was fulfilled in Section 7.1; 

• the most relevant sub-module (and its elements) of the proposed 

framework, that deal directly with the matrix processing, were 

presented (specific objective 7.4) in Section 7.1; 

• the algorithm that allows to operate the mechanism of selection and 

ranking was addressed (specific objective 7.5) in Section 7.2; 

• metrics, respective dimensions and layers for monitoring and 

assessment were also addressed (specific objectives 7.2 and 7.3) in 

Section 7.3. 

 

In conclusion, this chapter discusses and consolidates three essential parts of 

the proposed framework: 

 

• the matrix to support the processing of the selection and ranking 

method. 

• the algorithm that operationalizes the selection and ranking method; 

• and the "raw material" for data processing: the performance data of 

metrics assessments. 

 

The integration of these three parts is fundamental to answer the main 

research question (Section 1.3). The matrix structure allows as a support the 

calculations of the proposed method to be processed through an algorithm that is 

based on the data processing of metrics assessments. 

The metrics model based on four dimensions covers several areas of interest 

(Figure 7.6) and the implementation of this model, with distribution of metrics by 

the collaborative network levels (Figure 7.7), gives the needed consistency so that 

the services performance data have the desired reliability. 

Next two Chapters are related to the Validation process and Results analysis. 
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Chapter 8  

Validation of the Proposed Solution 

This chapter is dedicated to the validation of the artifact resulting from this 

research work, restricted to a subset of elements (by the reasons identified in 

Section 8.1). The subset of elements supports the method for software service 

selection and ranking that is also targeted for validation. 

This chapter provides answers to the following research questions:  

 

RQ B.3: What is a proper subset of the framework elements for further 

elaboration which highlights the relevant functionalities of the framework? 

a. Which elements of the framework are selected to support an 

adequate evaluation of the framework and what can be evaluated 

in this research context? 

 

RQ C.1: How can the selected subset of the framework elements be evaluated? 

a. What is the validation approach? 

b. How can the validation of the method of service selection and 

ranking be performed in practice? 

 

An experimental run of this subset of elements was proposed based on the 

development of a software prototype for the proof of concept. A business scenario 

and a controlled environment was defined for the software prototype development 
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and random / simulation data was generated to demonstrate the functionality and 

usability from the chosen elements.  

Following Tremblay et al. [97], the validation of the subset of framework 

elements and of the method of service selection and ranking was submitted to the 

analysis of a business focal group to gauge the functionality and usability in the 

field of application, collecting their validation thereafter in personal semi-

structured (face-to-face) interviews. 

Next sections justify the selection of the subset of framework elements; 

describe the approach followed for the validation process; present the software 

quality model characteristics applied for the validation; describes and 

demonstrates the software prototype; and finally, the survey elaboration, to 

collect data from market specialists, is presented. 

8.1- Identification of the Subset of framework 

elements 

To validate the method of software service selection and ranking [121], a subset 

of elements of the framework, will be chosen and implemented into a software 

prototype (proof of concept). In order to remove complexity from the 

implementation of the prototype, ensuring that the proof of concept clearly 

focuses on the potential of the proposed method, only the fundamental elements 

were selected. In this section, the selection of the subset of elements for 

implementation purposes will be justified.  

The aspects considered to choose the subset of elements were based on the 

needed main entities and the minimum functionalities to operate the proposed 

method. 

Briefly follows the description of the main entities: 

 

• Customer: the customer needs to input the criteria and preferences so that 

the system identifies what it needs to do with the customer's service 

request (which involves elements from the module: Basic Application 

Setup); 

• Provider: needs to define the business strategy environment constrains 

(elements from the Core module); 

• Software service: the service data performance collected by the 

Monitoring and Assessment System elements is fundamental to support the 

customer request proposal. 
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Figure 8.1 shows the selection of the subset elements that present 

functionalities needed to implement the proof of concept (software prototype) of 

the proposed method. The functionalities are then described grouped by entities 

(Provider, Customer and Service): 

 

A) Provider (strategy definition) - It is up to the request provider of the global 

business service to define the business strategy and, therefore, to set up 

the related elements of the framework in such a way that will affect its 

behavior and responds to the defined strategy. The request provider 

defines the services that are part of its offer to the market and the 

respective requirements. The business process rules and scoring algorithm 

tables are examples for provider's attention that should be set according 

to the strategy that has been set for business. Depending on the strategy, 

provider can increase the factors of the configuration tables and assign the 

values that better respond to the defined strategy – provider can manage 

the ranges of values, the factors to be allocated, etc. Everything is 

configurable to the best approach that provider wants to set. 

 

B) Customer (criteria and preferences input) - Customer affects the behavior 

of the elements of the framework to better adjust the response to the 

request. The customer selects the services according to his / her criteria 

and preferences and assigns weights to the service requirements - the 

answer of the framework is linked to the parameters that have been 

chosen. 

 

C) Software services (performance evaluation) - Services performance’s 
registration is a key component of the framework because it creates a 

knowledge history of the services behavior with previous runs data (this 

data is obtained from the evaluation of metrics trees by the Monitoring 

and Assessment system). The data is stored in pools and used by the 

calculation matrix to process new service proposals.  
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Figure 8.2 presents three main blocks where the chosen elements are addressed: Input data (to provide information to the 

system); Process data (to operate the method to select and rank the services); and the Output of results. These blocks are 

basic to any system.  

 

Next points describe the functionalities of each element framed in the respective block of Figure 8.2: 

 

• Input block: The addressed elements of the input column are responsible to load information and enable the basic 

configuration of the system - are oriented to Customer and Provider perspectives. 
 

Figure 8.1 Mapping of the subset of selected elements by entities 



 

 

239 

 

 

 

 

▪ Customer side: 

▪ It is required that the service request characteristics be 

defined by the fulfillment of all the criteria and preferences; 

▪ The data entered by the customer is collected, parsed and 

transformed into structured criteria parameters so that can 

be used by other elements of the framework to operate the 

proposed method; 

▪ Selected element: Criteria and Preferences Parameters 

Identification (Section 5.4.1). 

 

▪ Provider side: 

▪ On the part of the provider several basis definitions of the 

business are needed: a) Identification of the business rules; 

b) identification of the services, characteristics and pools 

that are going to be provided; c) scoring tables to adjust the 

business strategy; d) and the definition of metrics and 

Figure 8.2 Mapping of the subset of selected elements by functionalities 
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dependencies that will assess the performance of the 

services;  

▪ Selected elements: Business Process rules (Section 5.4.2.3); 

Generic Services Directory (Section 5.4.2.3); Metrics Tree 

dependencies (Section 5.4.2.2). 

 

• Process block: The element responsible for processing all information 

to operate the proposed method is: 

▪ Selected element: Services Ranking Matrix and Selection (Section 

5.4.2.3). 

 

• Output block: The proposal obtained by the customer in response to 

the request is submitted to the market (through the instantiation of 

the services choreography) as well as the instantiation of the 

performance monitoring of the software services to be measured. At 

the end the performance data collection is stored to enrich the 

system's data history. 

▪ Selected elements: Choreography Instantiation (Section 5.4.3); 

Monitor and Assessment System Instantiation (Section 5.4.4); 

Monitor and Assessment data collector (Section 5.4.4).  

 

In summary: the provider defines the services that proposes to offer to the 

customer as needed for the input data. The customer selects and sizes them in 

terms of criteria and preferences. The capability of offered choices is adjusted by 

the provider so that can control the strategy defined for the business. Service 

performance measurement metrics are weighted by the customer according to her 

/ his criteria and preferences options. After the processing of the service request 

proposal, the customer submits to the market the service proposal returned by the 

element that operates the method, as well as the monitoring system that allows 

to read and then collect the information on the performance of the services. 

The elements in Figures 8.1 and e.8.2 are considered the basic elements that 

meet the objective of validating the approach. 

 

A workflow diagram (Figure 8.3) is presented to illustrate the main process 

flow segregated by three lanes (Customer / Provider / Partners). This is the process 

that is going to be implemented by the software prototype (except the last 

activity: “8. Service Request Payment”). 
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A brief description of each of the activities of Figure 8.3: 

 
Table 8.1 Brief description of each sub-process of Figure 8.3 

ID Activity Lane Description 

1.) 

Service 

Request 

Invocation Customer 

Filling out customer choices and preferences. Preparation 

/ Collection of data for the service request 

2.) 

Proposal 

Preparation Provider 

Preparation of the proposal based on the historical data of 

the service pools considering the preferences selected by 

the customer and the strategy mounted by the provider. 

The most suitable services are proposed to respond to 

customer request 

3.) 

Proposal 

Analysis Customer 

Analysis of the proposal presented if it is in accordance 

with what the customer intends. If not, return to the initial 

form (1.) to change the order. If so, proceed to market 

submission. 

4.) 

Proposal 

Submission to 

Market Customer 

After customer favorable evaluation, approval is given to 

submit the proposal to the market 

Figure 8.3 Workflow diagram with the main processes flow 
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5.) 

Get Service 

Request 

Partners: 

members of 

the CN 

The business partners (which are members of the CN) 

respond to the customer request 

6.) 

Service 

Request 

Analysis Customer 

Service Request analysis - if it is in accordance with what 

the customer intends, then the process workflow follows to 

the payment of the service request. If not, return to the 

initial form (1.) to change the order 

7.) Data Analysis Provider 

Provider analysis data and adjust business strategy if 

necessary 

8.) 

Service 

Payment Customer 

The workflow ends with the payment of the service request 

by the customer 

8.2- Standard Software Quality Model for Conceptual 

Validation 

The model ISO 9126-1 Software Quality Model [122] is used to support a conceptual 

validation of the functionality and usability of the subset of framework elements 

(Section 8.1) and of the method for service selection and ranking. 

ISO / IEC 9126 standards describe a quality model for software products by 

categorizing quality hierarchically into a set of characteristics and sub-

characteristics. This model also proposes metrics that can be used during 

evaluation of software products (measurement, scoring and evaluation of software 

products). 

ISO / IEC 9126 is divided into four parts, as shown in Figure 8.4: 

 

 

ISO / IEC 9126-1 defines a quality model for software products, ISO / IEC 9126-

2 proposes external metrics to measure the attributes of the quality characteristics 

Figure 8.4 Structure of the ISO / IEC 9126 series of Standards [122] 
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defined in ISO / IEC 9126-1; ISO / IEC 9126-3 presents internal metrics for 

measuring the attributes of the quality characteristics defined in ISO / IEC 9126-

1; and ISO / IEC 9126-4 discusses quality metrics in use to measure attributes of 

the quality characteristics defined in ISO / IEC 9126-1. They refer to the user's 

perspective for the quality of the software product. 

ISO / IEC 9126-2 and 9126-3 present an external and internal quality model 

that separates software quality attributes into six characteristics: Functionality, 

Reliability, Usability, Efficiency, Maintainability and Portability. These 

characteristics are subdivided into sub-characteristics, which can be measured by 

internal and external metrics and are briefly described below [122][123]: 

 

• Functionality: it is the ability of the software product to provide functions 

that meet the stated and intrinsic needs when the software is used under 

specific conditions. This feature is concerned with what the software does 

to meet the needs, while the other features are mainly focused on when 

and how the needs are met. In summary, it allows to evaluate the software 

product if it meets the needs. 

• Reliability: it is the ability of the software product to maintain a specific 

level of performance when used under specific conditions. Briefly, it 

allows to evaluate whether the software product is immune to failures. 

• Usability: it is the ability of the software product to be understood, 

learned, used and attracted to the user, when used under specific 

conditions. In short, it evaluates if the software product is easy to use. 

• Efficiency: it is the ability of the software product to provide the 

appropriate performance, relative to the amount of resources used, under 

specific conditions. In short, it allows to evaluate if the software product 

is fast and does not consume many resources. 

• Maintainability: it is the ability of the software product to be modified 

(corrections, improvements or adaptations). In short, it allows to evaluate 

if the software product is easy to modify. 

• Portability: it is the ability of the software product to be transferred from 

one environment to another. In short, it allows to evaluate if the software 

product is easy to use in another environment. 
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Figure 8.5 presents an overview of the characteristics and sub-characteristics 

of ISO 9126 Software Quality Model. The most evident characteristics (grey 

background) are the ones considered for a conceptual validation of the subset 

framework elements chosen and the proposed method.  

 

The characteristics of the ISO / IEC 92126 standard used to validate the subset 

of framework elements and the proposed method are Functionality and Usability. 

On one hand, it is important to validate whether the available functionalities 

answer to the objectives initially set and reaches the desired goals (if answer the 

main research question). On the other hand, it is also important to validate if the 

method is simple to understand and easy to use/apply. The validation approach of 

these characteristics is addressed in Section 8.5.1 and the results are listed in 

Chapter 9. 

The chosen sub-characteristics are further justified below: 

 

• Functionality: 

• Suitability: This characteristic of the ISO / IEC 92126 standard was 

selected to validate the capability of the subset of the framework 

elements to provide an adequate set of functions for specific tasks 

and goals. Considering the main research question, it is important to 

determine whether the functionalities available by the subset of the 

framework elements and the proposed method adequately respond to 

the objective of obtaining a proposal with the suitable services 

available at any given time regarding a customer request. 

 

• Accuracy: This characteristic of the ISO / IEC 92126 standard was 

selected to validate the capability of the subset of the framework 

elements and of the proposed method to provide the correct or 

expected results. Since the proposed method (based on the subset of 

Figure 8.5 Internal / External Quality Model – ISO / IEC 9126 [122] 
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the framework elements) is novel, it is important to validate that 

through its functionalities the expected results are obtained. 

 

• Usability: 

• Understandability: This characteristic of the ISO / IEC 92126 standard 

was selected to analyze the capability of the subset of the framework 

elements to enable the user to understand whether the software is 

suitable, and how it can be used for tasks and conditions of use. It is 

important to validate the capability of the subset of the framework 

elements and the proposed method to be understood. 

 

• Learnability:  This characteristic of the ISO / IEC 92126 standard was 

selected to validate the capability of the subset of the framework 

elements and the proposed method to enable the user to learn how 

to use it. 

 

The use of these characteristics aims conceptually to validate that the 

functionalities provided by the subset of elements and the proposed method 

ensure the achievement of the objectives outlined by the research work, as well 

as to verify if the comprehension and ease of its use is also achieved. 

As mentioned, the purpose of this chapter is to obtain the validation of the 

subset of elements and of the proposed method. Although a software prototype 

was implemented (based on the subset of elements that allow to run the method 

– Section 8.4), it is not targeted for validation as a final product, but rather as a 

demonstration tool in the validation of the approach. 

The characteristics of ISO 9126 are then used to conceptually validate the 

functionalities and usability of both the subset of elements and the proposed 

method. This conceptual validation is carried out by performing a questionnaire 

targeting a focal group and documented by means of responses to an inquiry 

(Section 8.5). 

8.3- Approach to Validation Methodology 

In the present section, the topics on which the validation approach is based are 

described in detail and the methodology approach for the validation (following the 

orientations of Saunders et al. [124]) is summarized in the Figure 8.6 (all the 
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evidences of the validation phase such as the videos interviews are stored in a 

Dropbox folder which address in in Appendix J). 

The proposed methodology follows three groups of tasks:  

 

• The first (Validation scope) refers to the definition of the scope and 

objectives to be achieved by the validation process;  

• The second (Preparation / Execution) is related with the preparation 

and alignment of the needed conditions, and implementation of the 

validation;  

• and finally, the third task (Data Analysis) refers to the analysis of the 

obtained results and discussion / conclusion addressed in Chapter 9. 

 

 

Although the framework contains customer and provider (and partners) 

oriented perspectives of the service, the validation approach follows under the 

perspective of the request provider (Step 3). This decision was taken according to 

the impact of change that would imply the adoption of a system with these 

characteristics on the provider’s systems. The following four points are briefly 

intended to justify this option: 

 

▪ The proposed method is novel and may influence the provider to 

rethink the way business is performed; 

▪ Forces the provider to build a collaborative network of partners to 

support the new business format; 

Figure 8.6 Approach to Validation Methodology 
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▪ The proposed solution enables customers to make their own choices, 

i.e., removing the influence of the provider from those decisions; 

▪ It is up to the provider to take the required change effort to offer this 

solution to the customer. 

 

For these reasons, the option of concentrating the validation process on the 

provider was taken. 

The validation process was supported by a presentation, a simulation based on 

a software prototype and a survey, as follows in the description of the approach 

to the validation methodology: 

 

• Step 1) Identification of the Purposes for the Validation 

 

The targets of this validation are the subset of elements (identified and 

justified in Section 8.1) and the proposed method (described in Chapter 7). The 

objectives of this validation are on whether the functionalities presented by the 

subset of elements and the proposed method agree with the objectives of the 

research work, and if the usability of both is easily assimilated. 

To achieve this, the validation follows with guidelines of the characteristics of 

ISO 9126: Functionality (Suitability / Accuracy) and Usability (Understandability / 

Learnability) as shown in Figure 8.5. 

The validation of these characteristics is done in a conceptual way, through a 

face-to-face interview with a group of market experts. The methodology of 

validation follows the approach of Saunders et al. [124] and is based on direct 

contact with a population that deals with a specific business sector, promoting 

personal semi-structured interviews supported by a presentation of the subset of 

elements and the proposed method, and a software prototype demonstration. 

Finally, the participants are required to complete an electronic survey answering 

to questions with scopes in the chosen ISO characteristics.  

The following list of questions is addressed by the methodology (Figure 8.6): 

 

• What is the scenario of evaluation? (Step2) 

• What is the population and sample size? (Step 3) 

• How many interviews will be conducted? (Step 3) 

• How are the structured survey actions distributed? (Step 5) 

• What is the intended duration of the interview? (Step 5) 

• What is the type and range of possible responses? (Step 5) 
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• How are the results of the survey analyzed: Qualitatively or 

Quantitatively? (Step 6) 

 

• Step 2) Definition of the Validation Scenario 

 

The business environment used to apply the validation approach is the 

Automotive business industry, in particular, the aftermarket automotive sector, 

specifically: the business activity of Car Maintenance Operations (already 

described in Chapter 1). Appendix A describes the business environment in detail.  

A focal group (Bruseberg et al. [96]) was applied for the validation - 

professionals of the automotive market directly involved with the business frame 

(Step 3). 

The information sources used for the experimental (to run the software 

prototype) are described in Step 4 and are obtained from the specific automotive 

market. 

The personal interviews occurred in the participant’s offices and were subject 

of recording for future proof and my presence was attested in a statement signed 

by the interviewee. 

 

• Step 3) Selection of types of Companies / Experts 

 

Different types of companies were defined so that the scope of responses was 

as inclusive as possible, considering different profiles of organizations: 

 

• Brand Manufacturer: the vision of the vehicle manufacturer is very 

important since it is the entity that defines the compliant rules for 

each country; 

 

• Authorized Local (Official) Dealer: the vision of the official dealer is 

also important because deals directly with the customer and the Brand 

Manufacturer, and promotes and attends the customer service 

requests; 

 

• Independent Garage: the vision of the independent garages (multi-

brand) is obviously very important given the fact that they share their 

business activity by customers of different brands and collect a vast 

knowledge on experiences from different manufacturers. 
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All the companies operate in Portugal, distributed across different regions. 

Official dealers and Independent garages compete in the aftermarket with the 

same service provision. 

Manufacturer brands and Official dealers were selected from the top-sales 

ranking of the 50 models in Portugal in the year 201628.  

Independent garages were selected only the ones with certification: EBI/461 

MV-BER29.  

Manufacturers, dealers and independent garages were contacted based on a 

web research in which a valid e-mail for a contact establishment was available on 

their official websites and fifteen personal interviews were expected. 

The participants' profile was related to aftermarket managers, sales manager, 

garage managers, i.e., job position roles that deal with business aspects covered 

by the proposed method. 

 

• Step 4) Software Prototype: Design, Implementation and Test 

 

A software prototype based on the subset of framework elements was 

designed, implemented and tested to create the proof of concept of the proposed 

method. It is important to note that the software prototype was not validated – it 
was simply used to illustrate the proposed method.  

The programming language used to develop this prototype was Visual Basic for 

Application (VBA) – a Microsoft's event-driven programming language. The 

Microsoft Office tool that served as the basis for this development was Microsoft 

Excel through the management of multiple books and spreadsheets that allowed 

to promote the simulation for proofing the concept of the proposed method. The 

decision to use VBA in Microsoft Excel was that the simulation of the proposed 

method required support of multiple data tables and the need to quickly produce 

results, reasons that were reached within the use of VBA with Excel. 

The algorithm of calculus of the proposed method (that is implemented by the 

software prototype) is described in a pseudo-code language in Section 7.2 and fully 

described in Appendix F. 

The use of information sources to generate data to run the software prototype 

for demonstration was directly related to business environment and were reliable, 

                                                 
28 http://automonitor.pt/2017/01/11/comercio-e-industria/top-2016-os-50-modelos-e-versoes-mais-
vendidos-em-portugal/ 
29 https://www.mvber.pt/ and http://www.ebi.pt/  

http://automonitor.pt/2017/01/11/comercio-e-industria/top-2016-os-50-modelos-e-versoes-mais-vendidos-em-portugal/
http://automonitor.pt/2017/01/11/comercio-e-industria/top-2016-os-50-modelos-e-versoes-mais-vendidos-em-portugal/
https://www.mvber.pt/
http://www.ebi.pt/
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namely: the vehicle parts information (e.g.: cost) and their compatibility with the 

brand, model and year of manufacture – this was obtained according to AutoZone30 

company. 

Maintenance plans of vehicles (e.g.: Volvo31) were obtained at official brand 

site. Intervention durations for maintenance of each part were obtained from the 

crossing of several maps available on car brand official sites. 

The software prototype demo components are detailed in the next sections of 

this Chapter. Two versions of the software prototype for: MS Office 2003/2007 and 

365 (for MS Windows 7 and 10 respectively), were produced. 

 

• Step 5) Preparation & execution of the Personnel Interviews (Presentation 

+ Demo + Survey) 

 

The personal face-to-face interviews are structured in five actions (compiled 

in a Power-point presentation - Appendix E - with the title presentation of a 

“Service Selection and Ranking Method in a Collaborative Network – Software 

Prototype Demonstration applied to the Automotive Aftermarket sector”) and have 
the following schedule: 

 

1) Presentation of the objectives (regarding the interview and the 

proposed Method): 5 minutes; 

The presentation will start by a brief approach to the definition of the 

interview objectives as of the proposed Method.  

 

2) Description of the proposed framework: 10 minutes;  

The description of the whole framework is important to understand the 

global components, as of the subset of the chosen elements for 

implementation. 

 

3) Description of the method for service selection and ranking: 10 minutes; 

 A detailed description of the proposed method is done at this point, prior 

to the demonstration of the software prototype.  

 

                                                 
30 http://www.autozone.com/ (leading retailer and a leading distributor of automotive replacement 
parts and accessories in the U.S.A. - an advantage of this site is that all the exposed parts are according 
to the selected car specification) 
31 https://securewww.volvocars.com/uk/own/maintenance/service-and-maintenance/volvo-service-
plans 

http://www.autozone.com/
https://securewww.volvocars.com/uk/own/maintenance/service-and-maintenance/volvo-service-plans
https://securewww.volvocars.com/uk/own/maintenance/service-and-maintenance/volvo-service-plans
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4) Demonstration of the Software Prototype: 20 minutes; 

The software prototype demonstration is supported by an execution data 

approach that consists of a set of experiments from which the behavior 

aspects of the subset of the framework elements can be validated. Part of 

the used data is obtained from the market and other, related to service’s 
performance, is generated randomly according to metric’s value ranges. 

Regarding the software prototype, next section will describe it in a 

detailed manner. 

Results from demonstration experiments (from the software prototype) are 

targeted for analysis and a discussion with the participant will take place 

based on the data analysis results. This discussion on the results will allow 

and help the participant to fill out the survey. 

During the interview, all the comments and opinions from the interviewees 

will be collected so that further considerations may be produced and will 

enrich Chapter 9. 

 

5) Filling a survey in an electronic format: 10 minutes 

Finally, it is proposed to the participant to fill out a survey (detailed on 

Appendix D) that addresses questions about the subset of the framework 

chosen elements and the proposed method. The survey was based on 

Limesurvey tool (version 1.91) as it offers the needed conditions to 

produce the intended survey objective. 

 

The survey is composed by fourteen specific and closed questions (but with the 

possibility to justify the answer with free text in a text box). The questions forming 

the survey are “rating questions” which are often used to collect factual opinion 
data [124]. The questions proposed are not open-style because at this stage of the 

research work only closed questions matters to validate the subset of elements as 

of the proposed method, however, interviewee may justify the answer in a text 

box.  

As “rating questions” most frequently use the “Likert-style rating scale” for 
answering a survey - in this survey a five-point rating scale is used based on: 

“Strongly disagree” (1); “Disagree” (2); “Neutral” (3); “Agree” (4); “Strongly 
agree” (5) answers (in parenthesis, the numerical value to be assigned for each 

response). In a Likert five-point rating scale participant will have more options to 

answer eventually avoiding extreme options. 
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As referred, at all points of the presentation, all the reasons for discussion, 

comments, suggestions, etc. are recorded to collect as much information as 

possible about the expert’s considerations. 
 

• Step 6) Data Analysis (resulted from the interview and survey) and 

Conclusions 

 

This step is further detailed in Chapter 9. 

8.4- Software Prototype: Design and Implementation 

(for Demonstration) 

This section presents in detail the design and implementation of the software 

prototype (the software prototype tool is stored in a Dropbox folder which address 

is in Appendix J). Figure 8.7 presents the main components of the software 

prototype (numbered from 1 to 8) and the subset of framework elements chosen: 

  

Before describing each of these components in detail, they are grouped in 

three main groups: (Figure 8.8): 

Figure 8.7 Software Prototype Components 
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• Simulator Engine: Collects the elements that contribute to the basic 

definition of the data for the simulation, processes the supplier's strategy 

and the customer's personalized request; 

 

• Provider Orientation: Collects the elements that allow the provider to 

manage its business strategy and analyze the results obtained (where the 

expected data and data returned from execution are confronted);  

 

• Customer Orientation: Collects the elements that give the customer the 

parameters to be selected for service, the analysis of the proposal (based 

on historical behaviors), and after the submission the market offer to 

request data. 

 

 

Next pages will describe each component (Figure 8.7) of the prototype 

software, supported on a simulation example based on the business model of 

Appendix A: 
  

Figure 8.8 Software Prototype Components grouped into roles 
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1) Simulation Setup & Configuration 

 

The software prototype starts with the “Preparation of the Services Pools” 

(Figure 8.9) to define the various parameters of the elements involved in the 

simulation: 

 

• Number of Service Pools: Definition of the range of the number of Service 

Pools. How many different types of services will the request provider wants 

to simulate?  (e.g.: between min=1 to máx=10) 

• Number of Services: Definition of the Range of Services for each Pool. 

How many services will request provider wants to simulate (put in 

competition) for each Pool? (e.g.: between min=1 to máx=500) 

• Maximum value for a metric assessment and definition of range for 

metrics values:  Definition of the limits for each Metric range values. 

Which metrics values will request provider wants to simulate for each 

Metric? (e.g.: between min=0 to máx=100) 

• Definition of the range for the number of Service Instances: Definition 

of the range of service instances for SC2 (nSI). Which value for the number 

of services instances will request provider wants to simulate for each 

Service? (e.g.: between min=50 to máx=500) 

• Definition of the range of software Services involved in Best Performed 

Choreographies: Definition of the range of service instances for SC3. 

Which value for the number of services instances belong to best performed 

choreographies will request provider wants to simulate for each Service? 

(e.g.: between min=100 to máx=500) 

 

These activities are developed by the provider through the elements "Generic 

Services Directory" and "Business Process Rules".  

Figure 8.9 shows an example of Preparation of Service Pools with the definition 

of all the parameters involved in the simulation: 
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Figure 8.9 Preparation of Services Pools 
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Legend of Figure 8.9: 

 

• Number of Pools: 10 

• Number of Services: between min=100 to máx=200 

• Maximum value for a metric assessment and definition of range for 

metrics values: between min=0 to máx=50 (e.g.: m1 (25,000 .. 42,000)) 

• Definition of the range for the number of Service Instances (SC2): 

between min=50 to 500 

• Definition of the range of Services involved in Best Performed 

Choreographies (SC3): between min=100 to 500 

 

The element “Metrics Trees dependencies” is also developed (software 
prototype) and used here by the provider to manage the metrics inputs. 

The definitions produced in this component are the basis of the simulation. 

Any change in one of this data adulterates the simulation data, which implies 

restarting a new simulation with new data. 

 

2) Simulation Generator 

 

Based on the setup defined in component 1), the “Services Pools” is generated 
as shown in Figure 8.10. 

Figure 8.10 shows an example for generation of Pools of Services where Pool 1 

has 153 services in competition. Next Figure 8.11 shows partially the matrix of Pool 

1 with data generated randomly based on the parameterizations of the example 

above. In this figure all the metrics assessment values are generated for each 

service of the pool. The matrix of Pool 1 shows the performance coefficient for 

each metric of a service – it represents the database of the historical performance 

values of each service against each metric.  

In the Figure 8.11, the first three columns from the left, relate to the 

involvement of service (identified in the 4th column “services”) in previous 
choreographies:  

• the 1st column (from left to right) implies that the service with ID = 1 was 

involved in the best performed choreographies 255 times; 

• the 2nd column stores a value that depends on whether the result of the 

last performance of the service was below (penalized) or above (benefited) 

its expected value;  
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• the 3rd column stores the number of participations in choreographies; 

• the other columns are related with the performance coefficient of each 

service against each metric. 
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Figure 8.10 Generator of Pools of Services 
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Figure 8.11 Partial vision of the Matrix of Pool1 
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Taking an example of performance value for service ID = 1 (Figure 8.11), regarding metric m1, the value: 29,92 (in a range 

of [min=25..máx=42]) is a result of the average values of the last 368 times that the service runs in a choreography. As in this 

example, m1 is the "Service response time" of the dimension "technological infrastructure", shorter times are those that match 

the best response time and thus the percentage value of 71,1%, resulting from the expression: [ 1 - ( val – min ) / ( máx – min 

) ], is suitable to characterize performance value. 

Since this is a simulation (implies the generation of values to fill the service pools), there is no framework element 

addressed to this activity. 

 

3) Provider Strategy Setup 

 

The request provider configures tables with scoring rules (partially shown in Figure 8.12) which will define the business 

strategy. This allows the customer the possibility to influence more or less the system behavior with its choices.  

The “Business Process rules” element assure the scoring rules management.  All this data will be processed by the calculus 

matrix for each customer request.  
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The definition of metrics for the monitoring system is identified at the level and dimension, data type, range of values and 

impact on other metrics (managed by the “Metrics Tree dependencies” element). 
In the Figure 8.13, m8 metric is responsible for validating the availability of the quantity and part brand selected by the 

customer: 
  

Figure 8.12 Partial view of the Provider Strategy Setup form 
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Figure 8.13 Partial view filled with data to classify metrics assessments 
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The following Table 8.2 identifies the list of metrics proposed for this simulation example. The column “Customer / 
Provider” identifies the owner of the weight that affects the algorithm of calculous of the proposed method. The column 

“Weight” determines the weight value. The table shows some values as “VAR” which means the value will depend on the 

parameterization of the service request. 
 

Table 8.2 List of metrics used by the example 

 
 

4) Customer Request Front-end 

 

It is in this interface (Figure 8.14) that the customer chooses the service that he / she wants. The interface allows the 

customer to individually choose the service, the part brand and quantity, and allows the customer to set their preferences 
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relative to time, price and quality criteria. In a detailed way the interface includes: the section to select the services for the 

request (selection of service's pool); the quantity and the part brand; the criteria of the brand price (Highest price / Best price 

/ Normal) at a relevant degree; the quality criteria (Highest / Medium / Normal) at a relevant degree; the intervention date; 

and the prioritization of the criteria (standard mode = 1st Quantity and Brand Availability; 2nd Price and 3rd Quality). 

This data allows to configure the business service that will be provided to the customer. The system will then present a 

proposal according to this input data. 
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Figure 8.14 Customer Requests Front-end form 
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The weights (Table 8.2) assigned by the customer to each metric are 

automatically calculated and distributed based on the choices carried out in this 

Front-end form (Figure 8.14). 

 Table 8.3 contains the distribution of relative weights regarding the number 

of metrics classified by High, Medium and Low. This table lists the number of 

possible combinations depending on the number of metrics (10: in this case) and 

the possible number of possible choices (3: High, Medium and Low). In this 

simulation, the number of possible combinations is 66 (reflecting 10 metrics for 

possible 3 options) given by the expression: 

 

)!)!*1/(()!1( mnmnnpcdw −−+=  

 

where: 

(i) npcdw: is the number of possible combinations for distribution 

weights;  

(ii) n: is number of possible items to categorize each weight 

(High/Medium/Low); 

(iii) m: the total number of metrics classified by customer and provider. 

 

The relative weight to be addressed to the metrics is given in table 8.3. The 

provider can adjust the relative values associated with the distribution of weights. 

In this simulation, a metric rated with Medium receive a relative weight of half a 

metric High: M (Medium) = 1/2 M (High); and a metric rated with LOW will mean 

1/4 of the value of a metric High: M (LOW) = 1/4 M (High). 
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Legend of Table 8.3: 

 

• First column left indicates the number of the combination; 

• The three columns (H/M/L) indicates the number of metrics classified by 

H/M/L. The forth combination means that there were chosen 8 metrics 

classified with HIGH, one Medium and one Low. 

• The distribution of the relative weights means that 11,43% is what is going 

to be addressed in the matrix to each metric classified by High; 5,71% for 

a metric classified with Medium and 2,86% to a Low. 

 

5) Simulation Processor 

 

This component operationalizes the method of services selection and ranking. 

The framework element "Services Selection and Ranking Matrix" and the method 

are extensively described in Chapter 7. 
  

Table 8.3 List of weights distribution to apply to metrics assessments 
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6) Service Proposal results 

 

Customer run a proposal by pressing a “New proposal” button (Figure 8.14) to 

get estimated values of the service request. After Customer requests a new 

proposal, the method for service selection and ranking [121] is run. The algorithm 

(Chapter 7) consists in selecting the services whose priority is defined in terms of 

“Prioritize Criteria”, obtaining as a result a subset of services reflecting those that 
match the 1st customer criteria. In the next iteration, this subset of services is used 

to evaluate the second priority of the customer criteria (2nd criteria), and this 

iteration repeats (for the 3rd criteria) until a reduced set of services is achieved 

that can respond to what was specifically requested. Among these iterations, an 

algorithm for ranking is run allowing all metrics to obtain the classifications, 

according to the weights assigned. From this on processing the services that will 

participate in the choreography are obtained and the expected values for their 

performance are recorded considering the existing historical data in the pools 

(Figure 8.15). 

A Red / Yellow / Green signage is used to inform the customer of the values 

obtained by the proposal. Considering the result of “Pool 1” (Figure 8.15), the 

service identified as the best is Service ID = 112 with a score of (14,931). At “Pool 
2”, the selected service (ID: 37), according to past runs, only may get half of the 
desired Quality (yellow signage). At “Pool 10”, according to past runs, the service 

information may not have the total quantity available (yellow signage).  

In these cases, when the proposal does not match 100%, customer may go back 

to the customer's front end and change the brand of the service and re-request a 

proposal for that pool, repeating the process for that service only – by the button 

“Update a Proposal” (Figure 8.14) - the other pools remain unchanged. 
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Figure 8.15 Service Proposal layout (partial view) 
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Additional and important information is available at the bottom of the form, 

as follows: the availability of the Garage on the chosen date; the estimate global 

cost and duration time; the degree estimates to reach to the global service in 

terms of the chosen Quantity and the chosen Brand, etc. This information reveals 

that, according to information of the last runs of all the pools, the estimate for 

this request gets closed to 97% of the desired brand and quantity, nearest to 92% 

of the desired price, and up to 78% of the requested quality, which may be 

sufficient to customer to submit the proposal to the market (“Submit this Proposal” 
button – Figure 8.15) - in the case of pool10, the customer must change the brand 

of the part and re-run the algorithm in order to achieve 100%, both in terms of 

brand and quantity availability. 

To understand how services are selected and ranked, Figure 8.16 shows the 

distribution of the ranked services along the execution of the method. Analyzing 

“Pool 6” that has 101 services in competition, the winner for customer request is 
service ID: 47, followed in 2nd place by service ID: 50 and in 3rd place, service ID: 

54. 

 

 

There are three important situations to be analyzed, marked in dashed lines 

(Figure: 8.16): 

 

 i) rank 2 

Service ID: 47 can distance from the competition because in the 

metrics performance values whose customer / provider weights 

Figure 8.16 Distribution of the ranking of the best classified services (Pool 6) 
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are higher (table 8.4), it is able to have high-performance scores, 

which allows it to maintain the 1st position.  

 

Service ID: 50 drops from 7th position to 11th (it drops 4 places) due 

to poor performance values in m1 and m9. 

 

Service ID: 54 drops from 5th position to 7th (it drops 2 places) due 

to poor performance values in m1 and m4. 

 

 

 ii) rank 3 

Service ID: 50 rises 10 positions to the 1st place due to scoring rule 

SC1 where the service is benefited (second column of the Table 

8.5) with a factor of 0.4 for having risen above expectations 

between 21% and 40% in the last run. 

 

Both Service ID: 47 and 54 received a marginal factor of 0.05. 

 

 

 

 

 

 

 

 iii) rank 5 

Service ID: 47 retakes 1st position by the number of high performed 

choreographies (387), as opposed to service ID: 50 (102), which 

changes to 2nd due to a low involvement in choreographies of that 

evaluation (as shown in the first column of Table 8.5). 

 

Table 8.4 Values of metrics performances of the best classified services (Pool 6) 

Table 8.5 Values to support SC1 and SC3 (Pool 6) 
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From this example it is possible to conclude that the weights that are assigned 

to the metrics (wAct), both by the customer and the provider, condition the 

positioning of the services in the ranking. Another conclusion that can be drawn 

from this example is that the behavior obtained in the last run (SC1) is fundamental 

to stimulate the competitiveness between services (penalizing or benefiting its 

behavior). Services involved in high performed choreographies allow to accentuate 

the obtaining of the most appropriate service for the request. 

 

7) Service Request (Response from the market) 

 

This component uses the framework elements in a simulation perspective: 

“Choreography Instantiation”, “Monitoring and Assessment System Instantiation” 
and “Monitoring and Assessment data collector”. 

In this case, as shown in the Figure 8.17, the market response is higher than 

expected in the following situations and it is possible to analyze these situations: 

 

• Availability of brands and quantities: 

▪ The return from the market is 100%, surpassing the estimate of 

service ID 87 of Pool 10; 

▪ Expectation: 96.9% versus Market return: 100%; 

• Costs: 

▪ The market availability of desired prices is higher than the 

estimate of 1.1%; 

▪ The market situation of Pool 4 (service ID: 11) returned 88.9% 

implying that the global value of the service is increased by € 3.75; 
▪ Expectation: 92,2% versus Market return: 93,3% 

 

• Quality: 

▪ The value of quality obtained from the market is higher than the 

estimate of 12.9%; 

▪ Expectation: 78,1% versus Market return: 91% 

 

Customer may prepare the payment of the Service request and finalize the 

process if he/she agrees with the market response.  
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Figure 8.17 Service request – Result from the market 
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Figure 8.18 Data Analysis – System Expectations versus Market Results – partial view 
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Customer activities end here, but provider needs to furthermore analyze the 

information generated by this request. 

 

8) Data Analysis 

 

Finally, to analyze the results from the whole system (for measurement support 

of the business strategy over the time), “Data Analysis” button (Figure 8.17) allows 

comparing results from each metric for each service over time. 

Figure 8.18 allows the comparison between the estimates of a given customer 

request and the respective market results, with a strict identification of deviations 

- each value from each metric is compared. 

This information is important, but it is not enough as it is necessary to draw 

conclusions from an accented number of runs (Tables 8.6 and 8.7 will allow to 

trace conclusions about software services performances). 

Figure 8.18 shows, on the right side, marked in dashes, the comparison 

between the performance of the services and their contribution to the 

choreography. In this example, the performance resulting from the market 

response is 2.03% higher than the estimate so the service choreography can be 

evaluated as a high performed choreography. This means that all services whose 

market performance is higher than estimated will be benefited, as well as 

increased in its participation in a best choreography (SC3). In this case, the 

Pool/Service benefited are: Pool1/112, Pool3/8 and Pool8/56. All the other 

services are penalized. The graphic from Figure 8.19 shows the distribution of the 

values comparison. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.19 Radar graphic with Estimative versus Market Results 
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At this stage, new results from market should update the databases enriching 

the system. The two options (buttons from Figure 8.18): “1. Add to Data Analysis 

process” and “2. Update database pools” are responsible for updating information. 

The database stores two types of data structures: the one that identifies the 

evolution and distribution of the ranking of services (Table 8.6), and the one that 

allows to identify the cause of those variations over time (Table 8.7), both by pool. 
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Table 8.6 Data Analysis – Evolution and distribution of the service’s ranking (partial vision) 
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Figure 8.20 shows the ranking mobility of each service. It shows the service 

that occupies the 1st position in each run. This structure also identifies in which 

position the service was in run-1 and run+1 and what was the score value at that 

time. In Figure 8.20 the service ID 168 was the 1st classified at run=2 with the 

estimative score of 12,646. When compared with the performance of the market, 

a negative deviation of 1,18% occurred which means that, last performances were 

better than the present response from the market. This fact (that may be detailed 

by the data structure of the database of Table 8.6) caused the service to be 

penalized and in run=3 it has gone down to 8th place with a score of 9,304. 

Regarding last run (1), service ID 168 was positioned at 2nd place with a score of 

12, 646 (below the score of service ID: 128 that was the 1st classified with the score 

of 14,006).  

 

 

Based on this information it is possible to find out with more detail in Table 

8.7 the causes that led to service mobility. 
 

Figure 8.20 Data Analysis – Evolution and distribution of the service’s ranking (structure 
description) 
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Table 8.7 Data Analysis – Data to support identification causes for service’s ranking variation (partial vision / Pool 5) 
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Figure 8.21 represents a merge of the two data structures clearly showing that, because of the service ID: 168 penalty, it 

has been below the expectation of about -1.18% (at run = 2). It has made the partial score at SC1 went from 4.818 (run=2) to 

3.545 at run = 3. 

At the end of run = 3, service ID: 66 had a score of 11,871 and service ID: 168 drops to 8th place with a score of 9,304 (against 

a score of 12,646 that had at run = 2). 

 

 

This example demonstrates that the penalization / benefit factor of the service performance behavior is very important to 

the positioning of the services in the ranking. It is up to the provider to parameterize the relevance factors on these behaviors. 

Finally, the software prototype concentrates all the features described above in an initial menu as shown in Figure 8.22: 
  

Figure 8.21 Data Analysis – Identification of the causes for service’s ranking variation (Pool 5) 
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Figure 8.22 Software Prototype Console 
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8.5- Survey Elaboration 

As mentioned earlier, the survey was developed to contemplate the perspective 

of the request provider. The addressed questions were defined to validate the 

proposed subset of framework elements and the method as already described in 

the beginning of this chapter. 

Next sections detail the composition of questionnaire and demographic data. 

 

8.5.1- Questionnaire 

The questionnaire composition will collect data to answer the following 

questions: 

 

• Functionality (Suitability/Accuracy): Were the proposed subset of 

framework elements and method functionalities needed for the provider 

to explore the business strategy (through the customer's choices)? Were 

the results within what was expected? 

 

• Usability (Understandability/Learnability): Were the proposed subset of 

framework elements and method features easy to apprehend and meet the 

objectives that were proposed for the needs of the request provider? 

 

Next two tables contain the list of questions and the respective motivation and 

addressee of the ISO 9126 chosen features. 

 
Table 8.8 List of questions for the survey 

Q# 

Validation 

feature 
Question 

Addressed 

to… 

1 Functionality: 

Suitability 

The proposed method's offer of weight assignment 

functionality, according to customer preferences, 

decisively influences the selection and ranking of the 

most appropriate services. 

 Proposed 

Method 
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2 Functionality: 

Accuracy 

The proposed method provides the most adequate 

results that the customer and the provider expect before 

being submitted to the market. 

 Proposed 

Method 

3 Functionality: 

Accuracy 

The proposed subset of framework elements 

contemplates the possibility of the customer to change 

the criteria of prioritization (Availability, Price, Quality) 

and this is an advantage offered to customer. 

Proposed 

subset of 

framework 

elements 

4 Functionality: 

Accuracy 

The proposed subset of framework elements provides a 

set of features that allows customers to select exactly 

what they want, which favors their satisfaction. 

Proposed 

subset of 

framework 

elements 

5 Functionality: 

Accuracy 

The proposed subset of the framework elements allows 

a new service request to be pre-populated according to 

the customer consumption profile using the data from 

the latest customer service requests. 

Proposed 

subset of 

framework 

elements 

6 Functionality: 

Suitability 

Collecting information about service behavior and 

reusing it to penalize or benefit the service, contributes 

to the partner collaborative network being more 

competitive. 

Proposed 

subset of 

framework 

elements 

7 Functionality: 

Accuracy 

The monitoring elements that implements metrics, 

covering different aspects, is very important to provider 

to get a global vision of the performance of the system. 

Proposed 

subset of 

framework 

elements 

8 Usability: 

Understandabi

lity 

The monitoring elements allow to identify and obtain the 

causes and justification of services mobility in the 

ranking. 

Proposed 

subset of 

framework 

elements 

9 Usability: 

Understandabi

lity 

The subset of the framework elements allows the 

analysis of the whole service behavior to provide 

adjustments to the provider business strategy. 

Proposed 

subset of 

framework 

elements 

10 Functionality: 

Suitability 

Obtaining data to classify each service (individually) and 

the overall services’ choreography (globally), increases 

the suitability of the proposed method. 

Proposed 

Method 

11 Usability: 

Understandabi

lity 

The method is understandable, and the provider's 

strategy configurational options are easily configurable. 

 Proposed 

Method 
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12 Usability: 

Learnability 

Learning how to use this method of selecting and ranking 

services would be easy to me. 

 Proposed 

Method 

13 Functionality: 

Suitability 

This method provides an effective solution for selecting 

and ranking services. 

 Proposed 

Method 

14 Functionality: 

Suitability 

I would use a tool that implements this method of 

selecting and ranking services in the future. 

 Proposed 

Method 

 

Next table (8.9) lists a motivation and the subset of framework elements 

targeted for each question of the survey: 

 
Table 8.9 List of motivations for each question 

Q# Motivation 
Framework Elements 

base of the validation 

Entity 

focus 

1 To validate, from the provider’s point of view, that 

the offering of the assignment of weights 

functionality to the customer's preferred choices 

reinforces the suitability of the method to reach 

objectives, in the sense that the services are 

selected and ranked according to the customer's 

request. It is important to realize whether the 

provider considers this feature relevant. 

• Criteria and 

Preferences 

Parameters 

Identification. 

• Generic Service 

Directory. 

• Services Selection 

and Ranking Matrix. 

Customer 

(from the 

provider’s 

point of 

view) 

2 To validate, from the provider’s point of view, that 

the chosen services presented by the method, as a 

result of the customer's choices and the strategy 

affected by the provider, are in fact the best 

proposal. 

• Business Process 

Rules. 

• Monitor and Assess 

data collector. 

• Services Selection 

and Ranking Matrix. 

Customer 

(from the 

provider’s 

point of 

view) 

3 To validate, from the provider’s point of view, the 

importance of functionalities that allows the 

customer to change the execution conditions of the 

method algorithm to meet customer’s needs. It is 

important to realize whether the provider considers 

this feature relevant. 

• Criteria and 

Preferences 

Parameters 

Identification. 

• Services Selection 

and Ranking Matrix. 

Customer 

(from the 

provider’s 

point of 

view) 

4 To validate that the customer's front-end presents a 

multiple choices possibility of both criteria and 

• Criteria and 

Preferences 

Customer 

(from the 
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preferences meaning an added value that the 

provider offers the customer thus promoting his / 

her satisfaction. It is important to realize whether 

the provider considers these features relevant. 

Parameters 

Identification. 

• Services Selection 

and Ranking Matrix. 

provider’s 

point of 

view) 

5 To validate, from the provider’s point of view, the 

offer of the functionality to populate a service 

request if it is an added value allowing provider to 

propose a customer service request according to 

past consumption preferences. It is important to 

realize whether the provider considers this feature 

relevant. 

• Criteria and 

Preferences 

Parameters 

Identification. 

Customer 

(from the 

provider’s 

point of 

view) 

6 To validate the Expert’s opinion in that the existing 

functionalities in the framework (oriented to the 

reutilization of data resulting from metric 

evaluations of the services' performances, 

benefiting or penalizing according to the comparison 

of results obtained) allow the provider to make the 

collaborative network more competitive. 

• Business Process 

Rules. 

• Monitor and Assess 

data collector. 

• Monitor and Assess 

System 

instantiation. 

• Services Selection 

and Ranking Matrix. 

Partners 

(from the 

provider’s 

point of 

view) 

7 To validate the Expert’s opinion in that the existing 

functionalities in the framework (metrics covering 

services' performances) allow the provider to get a 

detailed vision of the global performance of the 

system. 

• Business Process 

Rules. 

• Metrics Trees 

dependencies. 

• Monitor and Assess 

data collector. 

Provider 

8 To validate that the analysis features allow to 

understand the behavior of the system regarding 

services mobility in the ranking and from there to 

execute the decisions that are relevant by the 

provider. 

• Monitor and Assess 

data collector. 

• Services Selection 

and Ranking Matrix. 

Provider 

9 To validate that the analysis features allow to 

understand the behavior of the system and from 

there to execute the decisions that are relevant by 

the provider. 

• Business Process 

Rules. 

• Services Selection 

and Ranking Matrix. 

• Monitor and Assess 

data collector. 

Provider 
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10 To validate the suitability of the method according 

to the measurement processes individually (best 

positioned service) and the measurement of the 

overall set of services provided to the customer. 

• Choreography 

instantiation. 

• Monitor and Assess 

data collector. 

• Monitor and Assess 

System 

instantiation. 

• Services Selection 

and Ranking Matrix. 

Provider 

11 To validate the ease way with which the method is 

perceived and used by the provider is important. 

• Business Process 

Rules. 

• Services Selection 

and Ranking Matrix. 

Provider 

12 To validate the issue of learning to use the method. • Services Selection 

and Ranking Matrix. 

Provider 

13 To validate the overall perception of the provider 

about the method. 

• Services Selection 

and Ranking Matrix. 

Provider 

14 To validate the use in the future of a tool that 

implements the method in all features. 

• Services Selection 

and Ranking Matrix. 

Provider 

 

Next Table 8.10 presents a matrix populated with the question number, 

addressed to the selected element from the framework and the feature of 

validation: 
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Table 8.10 presents a matrix that combines the feature of ISO 9126 with the 

element of the framework targeted by the validation (question). This matrix allows 

to observe which framework elements are more targeted; and which features are 

most targeted. 
  

Table 8.10 Matrix addressing the subset of framework elements and the ISO 9126 features 
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Table 8.11 shows that the distribution of the targeted features from ISO / IEC 

9126 Standard is centered on validation of Functionality features: Suitability and 

Accuracy, more than Usability features (Understandability and Learnability). This 

is explained by the fact that the questions are oriented to the service provider 

perspective to validate if the available functionalities of the presented framework 

elements meet the proposed objectives. Usability features were also evaluated, 

and all questions addressed to these features (8, 9, 11 and 12) were also related 

to the perspective of the service provider. 

The most targeted elements of the validation are headed by “Service Selection 

and Ranking Matrix” element that implements the calculation of the proposed 

method. The remaining most targeted elements refer to those whose validation is 

the most transversal in relation to the validation features (Table 8.12). 

Table 8.11 Synthesis of table 8.10 (elements and features more targeted) 
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Table (8.12) allows to observe that the most targeted elements are evaluated 

by at least two features from the ISO 9126, which allows to obtain a rigorous 

validation of these elements. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8.13 presents the list of questions addressed to the respective entity 

validation focus. 

 

8.5.2- Demographic Data 

Demographic data is useful to better understand who we have surveyed and allows 

us to look for any patterns in how different business environments are impacted 

by the issue being studied. The following table address the data that is targeted 

to collect and subsequent justification (all demographic data is mandatory): 

 
Table 8.14 Demographic questions 

Q# Demographic scope Justification Domain values 

Table 8.12 Synthesis of table 8.10 (features: cross-validation of elements) 

Table 8.13 Questions addressed to Entity focus validation 
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1 What is your 

Nationality? 

Nationality is related to social and 

cultural aspects that can contribute to 

different answers on the same subject. 

(open text) 

2 How old are you? How old a person is will often 

determine his/her knowledge and 

experience with the focus of the 

survey. Answers may differ according 

to the age of each interviewee. 

[18 - 24] 

[25 - 34] 

[35 - 44] 

[45 - 54] 

[55 - ...] 

3 What is your highest 

level of Education? 

Respondents who completed a four-

year degree at a college or university 

may answer questions differently than 

those whose education ended before 

high school. 

[Less than a high school 

diploma] 

[Bachelor’s degree] 

[Master’s degree] 

[Doctorate degree] 

[...other...] 

4 What is your 

background? 

The base background (Economist, 

Engineer, etc.) allows to correlate the 

responses of different backgrounds. 

(open text) 

5 Which of the 

following best 

describes your role 

in the company? 

The role that the interviewee occupies 

in the company is relevant for the 

survey to segment responses by roles 

and obtain correlations. 

[Upper management] 

[Middle management] 

[Administrative staff] 

[Support staff] 

[...other...] 

6 What is your 

Company name? 

To identify each of the participant’s 

company. 

(open text) 

7 What is your 

Company type? 

There are 3 types of companies 

targeted by the survey: Brand 

manufacturers; Official dealers and 

Independent garages. It is very 

important that responses are 

segmented by company type to assess 

possible conclusions. 

[Brand Manufacturer] 

[Authorized dealer] 

[Independent garage] 

[...other...] 
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8 What is your 

Company size? 

Depending on the size of the company, 

different responses can occur 

considering, e.g., the same type of 

company but different size. 

[Large Enterprise] 

[Small and Medium 

Enterprise] 

[Micro Enterprise] 

[...other...] 

9 What is your 

experience in the 

domain (Automotive 

sector)? 

The experience view through the years 

in the interviewee's domain is 

important to collect, to produce 

correlations with the other responses. 

[1 - 5] 

[6 - 10] 

[11 - 20] 

[21 - ...] 

 

8.6- Conclusions 

In this chapter, several issues related to the validation of the approach, resulting 

from the research work based on Hevner et al. [69] and Saunders et al. [124], were 

discussed. 

A subset of framework elements was identified to be targeted for the 

validation. This subset of elements was the basis for the development of a software 

prototype as proof of concept of the services selection and ranking method. The 

prototype software and its components (with the chosen elements of the 

framework addressed) were presented and detailed.  

Some of the characteristics of the ISO / IEC 9126 Standard (Functionality: 

Suitability and Accuracy; Usability: Understandability and Learnability) were used 

aiming to conceptually validate that the functionalities provided by the subset of 

elements and the proposed method ensure the objectives achievement outlined by 

the research work, as well as to validate if the comprehension and ease of its use 

are also achieved. 

The validation methodology has been presented and described in detail. The 

activities and respective validation sequence is documented and addressed at each 

point in the methodology. 

The survey, which is part of the validation methodology, was listed with the 

objectives of each question clearly defined and addressed to each of the 

characteristics of ISO 9126. 

The basis for the approach validation is designed in this chapter. The next 

chapter addresses the implementation of the validation methodology and allows 

the discussion of the results obtained. 
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Chapter 9  

Results and Discussion 

In this chapter, the information gathered during the face-to-face semi-structured 

interviews is analyzed and interpreted. Two paths for the data analysis presented 

in this chapter are followed: quantitative and qualitative analysis. This option is 

justified by the relatively small number of the sample to adequately support a 

quantitative analysis, and by the richness of unstructured information that resulted 

from the interviews that underpinned a qualitative analysis. The combination of 

both approaches gives substance to the conclusions presented at the end of this 

chapter. 

The chapter begins by addressing the detailed results of the survey. Then, the 

limitations and difficulties encountered in the validation process are presented 

and, finally, the conclusions based on the results obtained. 

This chapter provides answers to the following research question (item c):  

 

RQ C.1: How can the selected subset of the framework elements be validated? 

c. What are the validation results and what can be learned from 

these? 

 

All the information that supports the results of the survey (tables and graphics) 

is detailed in Appendix G. 
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9.1- Survey Results and Discussion feedback 

Before presenting results and conclusions, it is important to evaluate the reliability 

of the questionnaire. Although, as will be referred in the survey sheet (Section 

9.1.1), the sample is relatively small (8 participants), it was checked the 

Cronbach's alpha coefficient (to determine the reliability of the questionnaire) for 

the reasons indicated in the following paragraphs. 

According to Bonett [148], “if the sample size is too small, the test will lack 

power and the confidence interval will be too wide”, however, the same author 

argues that large samples are a waste of resources. 

On the other hand, according to Hayes [149] a sample of similar people may 

result in a questionnaire of low reliability. For example, if in the evaluation of an 

item all the people in the sample indicate a value 5 (considering a scale of values 

ranging from 1 to 5), there is no variance in this item and, therefore, the calculated 

reliability will have a value of zero. Thus, following Hayes [149], “if we want to 

obtain measures with high reliability, we need to base these measures on a sample 

of people who are heterogeneous with respect to the concept being measured”. 
Considering a significant sample of evaluators, it is highly unlikely that there will 

be absolute agreement about the value of an item. However, when the evaluators 

are similar in their nature and professional experts, there may be less variability 

in the judgments, which may lead to lower reliability values of the questionnaire. 

Although the sample of participants is relatively small (8), they represent 21 

car brands (Table G.1). On the other hand, the survey was oriented to a closed 

profile that was: the after-sales managers, so that, although people have similar 

job profiles, the views on the topics presented are not exactly the same. This can 

be explained by numerous and diverse orientations and experiences they carry out 

to the market. In addition, the majority of the participants belong to the 

companies’ top management, which in a small market such as the Portuguese, 

confers a relevance of interest to the survey. We may conclude that, based on 

these considerations, the calculation of Cronbach's alpha coefficient may be 

applicable. 

The Cronbach's alpha coefficient32 is almost universally applied to assess the 

internal consistency of a questionnaire applied in a survey that is made up of 

multiple Likert-type scale and items (questions). It measures the correlation 

between answers in a questionnaire by analyzing the answers given by the 

respondents, presenting a mean correlation between the questions. The 

                                                 
32 Proposed by Lee J. Cronbach 
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coefficient α (alpha) is calculated from the variance of the individual items and 

the variance of the sum of the items of each evaluator of all the items of a 

questionnaire that use the same measurement scale. 

 
Table 9.1 Cronbach's alpha coefficient - Reliability Statistics 

Reliability Statistics 

Cronbach's alpha Number of Items 

0,8874 14 

 

Considering the alpha coefficient33 obtained by the Lee Cronbach method of 

Table 9.1, and a commonly accepted rule of thumb for describing internal 

consistency (as in Table 9.2), we may confirm that its internal consistency is "Good" 

(close to “Excellent”), therefore the questionnaire is reliable. 

 
Table 9.2 Assessing internal consistency with Cronbach's alpha [126] 

Cronbach's alpha Internal consistency 

0.9 ≤ α Excellent 

0.8 ≤ α < 0.9 Good 

0.7 ≤ α < 0.8 Acceptable 

0.6 ≤ α < 0.7 Questionable 

0.5 ≤ α < 0.6 Poor 

α < 0.5 Unacceptable 

 

Since the sample is relatively small, it is important also to conduct a qualitative 

analysis of the data (based on meanings expressed through words [124]) to enrich 

and add substance to the conclusions. 

The common unstructured data resulting from the conversations with the 

interviewees (regarding the questionnaire), or from the informal dialogues when 

presenting the framework or the software prototype (when answering questions / 

clarifying doubts) were then noted.  

Given the non-standardized and complex nature of the data collected it will 

be necessary to summarize, group or restructure as a narrative to support 

meaningful analysis [124]. 

                                                 
33 Data to support the calculous of alfa coefficient is in Appendix G / Table G.2 
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As mentioned in Section 8.3, all the personal semi-structured interviews 

occurred in the participant’s offices and were subject of video recording (in 

addition, my physical presence was attested in a statement signed by the 

interviewee). During and after the interviews the topics discussed were identified 

in order to collect and group them by keywords (common ideas between interviews 

and coded as keywords). The keywords were then grouped according to categories 

(qualitative analysis requires conceptualization [124]) that represent the domain 

of the keywords (detailed in Section 9.3). 

According to [124], there are the possibility to “quantify qualitative data" 

which is the case of the keywords frequency counting in all the interviews - this 

approach is addressed in Tables 9.9 and 9.10. 

 

9.1.1- Survey sheet 

The interview period occurs between March 14th and April 18th of 2018. However, 

the contacts with potential companies for interviews were made two weeks before 

starting.  

Table 9.3 presents the number of companies contacted, and the number of 

interviews achieved. In the horizontal top of the table, the types of companies 

that participated in the survey are aligned. In the vertical left side of the table, 

the interaction with companies is shown. 

 
Table 9.3 Summary table of contacts with companies 

   

Brand 
manufacturer 

Official 
Dealer 

Independent 
garage Others 

Contacted companies: 32 100% 8 17 6 1 

Achieved interviews: 8 25,00% 1 5 1 1 

No answers: 24 75,00% 7 12 5 0 

 

The possible reasons why only 8 companies were available to the interview are 

listed in Section 9.2. 

 

9.1.2- Characterization of Interviewees 

The results from the demographic questionnaire are in Appendix G. 

According to [150], two dimensions were built from the collected demographic 

data: “Personal data” and “Job data”, to characterize interviewees profiles. The 
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first-dimension gathers “Age”, “Education” and “Background” data (Table 9.4) and 
the second “Experience”, “Job role”, “Company size” and Company type” (Table 
9.5). These two dimensions aim to aggregate and identify two important realities 

about the participants. 

 
Table 9.4 Demographic dimension – Personal data 

Demographic Dimension (1) - Personal data 

Age % Education % Background % 

35..44 62,5% Bachelor's degree 50,0% Management 50,0% 

45..54 12,5% Master's degree 50,0% Engineering  37,5% 

+54 25,0%   Technical 12,5% 

 

The survey participants age is 35 years or older. All the participants have 

Bachelor or Master’s degree (in equal percentage). Half of the respondents come 

from Management area, and almost as many from Engineering. 

 
Table 9.5 Demographic dimension – Job data 

Demographic Dimension (2) - Job data 

Experience % Job Role % Company Size % Company Type % 

6..10 12,5% Upper mng 62,5% Large 50,0% 
Brand 

Manufacturer 12,5% 

11..20 50,0% Middle mng 37,5% 
Small and 

Medium 50,0% 
Authorized 

dealer 62,5% 

+20 37,5%     

Independent 
garage 12,5% 

      Other 12,5% 

 

Almost 90% of participants have 11 or more years of activity related to the 

topics of this survey. More than 60%, have a job role related with the highest 

management hierarchy of the organizations to which they belong. Half of the 

participants belong to Large Companies and the other part to Small and Medium 

Companies and a large majority (>60%) of participants belong to "Authorized 

dealer" companies. 

The survey involved people from different regions: from the north of Portugal 

(Viana do Castelo) to the south (Lisbon), and considered visions of different market 

players contemplating 21 car brands (Table G.1). 
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9.1.3- Survey results interpretation 

Table 9.6 presents the Mean and the Standard Deviation of the respondents: 

 
Table 9.6 Mean and Standard Deviation of the results of the questionnaire 

Question# Mean 
Std.  

Deviation 

Q1 4,625 0,2344 

Q2 4,5 0,2500 

Q3 4,875 0,1094 

Q4 4,25 0,6875 

Q5 4,75 0,1875 

Q6 4,5 0,5000 

Q7 4,875 0,1094 

Q8 4,125 0,1094 

Q9 4,5 0,5000 

Q10 4,25 0,6875 

Q11 4,5 0,2500 

Q12 4,375 0,2344 

Q13 4,375 0,4844 

Q14 4,375 0,7344 

 

The graphical representation of Table 9.6, Figure 9.1 (below), helps to 

interpret the data resulting from the survey in two strands: Mean (Block A and B) 

and Standard Deviation (Block C and D). 

 

 
Figure 9.1 Graphical representation of Table 9.3 
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At a first analysis, the mean of all the survey answers is above the value 4 (in 

a range from 1 to 5), and the average of all the answers obtains the value: 4.491 

(in a maximum of 5). This initial observation allows to verify that the subjects 

presented in the survey were very well received by the market experts. 

Next, a question-by-question analysis (of each block) is carried out with 

additional inclusion of each participant's comments and suggestions for each of 

these questions. The common words (or keywords, allready discussed at the 

beginning of Section 9.1) of each of these conversations with the participants 

appear in the italicized text and will be discussed in Section 9.3: 
 

• Block: A (Mean >= 4,5) 

 

Question included in Block A: Q1, Q2, Q3, Q5, Q6, Q7, Q9 and Q11, have 

a Mean >= 4,5. This means that 8 in 14 (57%) questions were of a strong 

participants convergence of well-rated opinions. 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for validation 

Mean 
Std.  

Deviation 

1 
Functionality: 

Suitability 
Proposed 
method 

Customer 
(from the 
Providers 
point of 
view) 

Criteria and Preferences 
Parameters 
Identification. 
Generic Service 
Directory. 
Services Selection and 
Ranking Matrix. 

4,625 0,2344 

 

Q#1 ➔All the participants “Agree” or “Strongly agree” that the 

customer’s offer of the weight assignment functionality, decisively 
influences the services selection and ranking. 

 

Answer Percentage 

Strongly agree  62,50% 

Agree  37,50% 

 

➔From the Provider point of view, allowing the customer to assign 

weights to service request is considered a suitable functionality in order 

to achieve the proposed goal. 

➔ According to the informal conversation during the survey (details in 

Section 9.3), experts believe that offering this kind of functionality is 

inevitable in a nearest future to ensure customer with the freedom of 

choice of services criteria and preferences. In other words, allowing the 
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customer to adjust the service that he / she wants to his / her profile is 

something that the automotive aftermarket must offer because this is 

the trend that exists in other market sectors. Thus, service 

customization and empowering the customer with the service selection 

capabilities is an added value in the market's competitiveness. 

➔ Other comments from the participants stressed that the business 

model should be redesigned to support the proposed method. The 

current model is supported in the exploration of the parts profit 

margins. By giving the customer the possibility to choose the parts, it is 

no longer possible to maintain the current model. 

➔ The Standard Deviation is negligible (0,2344). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for validation 

Mean 
Std.  

Deviation 

2 
Functionality: 

Accuracy 
Proposed 
method 

Customer 
(from the 
Providers 
point of 
view) 

Business Process Rules. 
Monitor and Assess data 
collector. 
Services Selection and 
Ranking Matrix. 

4,5 0,2500 

 

Q#2 ➔ All the participants “Agree” or “Strongly agree” (in equal 

percentage) that the proposed method provides the most adequate 

results that the customer and the provider expect, before being 

submitted to the market. 

 

 

 

 

 

➔ From the Provider point of view, the proposal obtained from each of 

the service pools is the best answer to the customer's request, according 

to customer criteria and preferences and the strategy of the service 

provider. 

➔ This question allows us to validate the accuracy of the results 

obtained by the proposed method if they agree with the expected 

results at proposal time. 

➔ During the conversation with the interviewees, the freedom of choice 

was approached again in the sense that if the customer does not obtain 

the proposal with the exact values or levels that he /she expects 

Answer Percentage 

Strongly agree  50,00% 

Agree  50,00% 
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(because there are no such answers in the service pools), he / she can 

generate a new proposal by choosing other criteria and / or preferences. 

➔ The Standard Deviation is negligible (0,2500). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

3 
Functionality: 

Accuracy 

Proposed 
subset of 

framework 
elements 

Customer 
(from the 
Providers 
point of 
view) 

Criteria and 
Preferences 
Parameters 
Identification. 
Services Selection and 
Ranking Matrix. 

4,875 0,1094 

 

Q#3 ➔ All the participants converge in the opinion of the functionality 

that allows the customer to change the criteria of prioritization 

(Availability, Price, Quality), is an advantage for customer. 

 

 

 

 

 

➔ This question validates the accuracy of the functionality that allows 

the customer to change the conditions of execution of the algorithm of 

the proposed method to reach what is more important for customer.  

➔ The interviewees comments were similar to those made in the first 

question. They emphasized the interest of this functionality and 

highlighted the same keywords: inevitability, freedom of choice, 

service customization, competitiveness and business model. 

➔ The Standard Deviation is negligible (0,1094). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

5 
Functionality: 

Accuracy 

Proposed 
subset of 

framework 
elements 

Customer 
(from 
the 
Providers 
point of 
view) 

Criteria and 
Preferences 
Parameters 
Identification. 

4,75 0,1875 

 

Q#5 ➔ All the participants converge in the opinion that the 

functionality that allows the customer to invoke the help from the 

provider to fulfill the front-end of data, is of a great importance. This 

Answer Percentage 

Strongly agree  87,50% 

Agree  12,50% 
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functionality avoids potential problems for the customer by not 

identifying the type of part or option to choose. 

 

 

 

 

 

➔ This question validates the accuracy of the functionality that allows 

the customer to invoke the help from the provider, to fulfill the service 

request aligned with the brand and model of the vehicle and the 

customer profile. 

➔ The novelty aspect regarding the presented functionality was 

highlighted by the participants, as well as the end-user vision 

perspective about the artifact was compared to an end product. 

➔ The Standard Deviation is negligible (0,1875). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for validation 

Mean 
Std  

Deviation 

6 
Functionality: 

Suitability 

Proposed 
subset of 

framework 
elements 

Partners 
(from the 
Providers 
point of 
view) 

Business Process Rules. 
Monitor and Assess data 
collector. 
Monitor and Assess 
System instantiation. 
Services Selection and 
Ranking Matrix. 

4,5 0,5000 

 

Q#6 ➔ About 87,5% of the participants “Agree” or “Strongly agree” that 

collecting information about service behavior and reusing it to enrich 

databases, contributes to dynamize the competition of the partner 

collaborative network. 

 

 

 

 

 

 

➔ This question validates the suitability of the available functionalities 

to benefit or penalize according to service’s behavior. 
➔ The novelty aspect regarding the presented functionality was 

highlighted again by the participants. 

Answer Percentage 

Strongly agree  75,00% 

Agree  25,00% 

Answer Percentage 

Strongly agree  62,50% 

Agree  25,00% 

Neutral  12,50% 
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➔ The Standard Deviation (0,5000) shows a dispersion of opinions and 

the deviation relative to the Mean value. 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

7 
Functionality: 

Accuracy 

Proposed 
subset of 

framework 
elements 

Provider 

Business Process 
Rules. 
Metrics Trees 
dependencies. 
Monitor and Assess 
data collector. 

4,875 0,1094 

 

Q#7 ➔ All the participants “Agree” or “Strongly agree” that the 

monitoring elements, covering different views, is very important to 

provider to manage the system performance. 

 

 

 

 

 

➔ This question validates the accuracy of the existing functionalities 

that allows the provider to manage the global system performance. 

➔ Participants raised suggestions to follow-up the service after the 

intervention conclusion. This is obviously important but is out of the 

scope of this research work. 

➔ The Standard Deviation is negligible (0,1094). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

9 
Usability: 

Understandability 

Proposed 
subset of 

framework 
elements 

Provider 

Business Process 
Rules. 
Services Selection 
and Ranking Matrix. 
Monitor and Assess 
data collector. 

4,5 0,5000 

 

Q#9 ➔ About 87,5% of the participants “Agree” or “Strongly agree” that 

the subset of elements allows to analyze the whole service behavior 

providing adjustments to the business strategy. 
  

Answer Percentage 

Strongly agree  87,50% 

Agree  12,50% 
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➔ This question validates the understandability of the system behavior 

and the capabilities offered to the provider to take decisions that are 

business relevant. 

➔ During the interview the respondents mentioned again the need to 

adapt the business model to this novelty new approach, including the 

obligation of the provider to periodically analyze the system 

performance in order to correct / adapt the business strategy. 

➔ The Standard Deviation (0,5000) shows a dispersion of opinions and 

the deviation relative to the Mean value. This may have happened 

because the need for continuous analysis of system performance forces 

the definition of a business model different from the current one, for 

which interviewees are probably not prepared. 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

11 
Usability: 

Understandability 
Proposed 
method 

Provider 

Business Process 
Rules. 
Services Selection 
and Ranking Matrix. 

4,5 0,2500 

 

Q#11 ➔ All the participants “Agree” or “Strongly agree” (in equal 
percentage) that the proposed method is understandable, and the 

provider's strategy configurational options are easily configurable. 

 

 

 

 

➔ This question validates the understandability of the way the method 

is perceived and used by the provider to configure the business strategy. 

➔ The need to design a new business model was again addressed by the 

participants. 

➔ The Standard Deviation is negligible (0,2500). 

Answer Percentage 

Strongly agree  62,50% 

Agree  25,00% 

Neutral  12,50% 

Answer Percentage 

Strongly agree  50,00% 

Agree  50,00% 
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• Block B (Mean < 4,5) 

 

Questions: Q4, Q8, Q10, Q12, Q13 and Q14 (43%) have a Mean under 4.5 

(but above 4.0). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

4 
Functionality: 

Accuracy 

Proposed 
subset of 

framework 
elements 

Customer 
(from the 
Providers 
point of 
view) 

Criteria and 
Preferences 
Parameters 
Identification. 
Services Selection 
and Ranking Matrix. 

4,25 0,6875 

 

Q#4 ➔ Up to 75% of the participants “Agree” or “Strongly agree” that 

the proposed subset of framework elements provides a set of 

functionalities for customers to choose exactly what they want, which 

favors their satisfaction. 

 

 

 

 

 

 

➔ This question validates the accuracy of the functionalities that allows 

the customer to choose the service request promoting his/her 

satisfaction. 

➔ Participants consider that customer follow-up after intervention is 

very important to gauge overall customer satisfaction even after the 

service is completed. On the other hand, the focus on freedom of choice 

and the service customization are novelty in this sector. Participants 

also commented on cultural aspects of particular customer segments for 

which they believe that this approach could facilitate access to vehicle 

maintenance. This segment of customers postpones until almost to the 

last consequences the maintenances of the vehicles inflicting sometimes 

severe damages to the own vehicles. This can also occur for economic 

reasons (because of the expensive price of the parts). In order this 

Answer Percentage 

Strongly agree  50,00% 

Agree  25,00% 

Neutral  25,00% 
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segment of customers use this system, it would be needed to invest in 

the dynamization of its use: advertising, marketing and training. 

➔ The Standard Deviation (0,6875) shows a dispersion of opinions and 

the deviation relative to the Mean value. This may occur because of the 

reasons of the last paragraph. 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

8 
Usability: 

Understandability 

Proposed 
subset of 

framework 
elements 

Provider 

Monitor and Assess 
data collector. 
Services Selection 
and Ranking Matrix. 

4,125 0,1094 

 

Q#8 ➔ All the participants “Agree” or “Strongly agree” that the 

monitoring elements allow to identify and obtain the roots of services 

exchanges in the ranking. 

 

 

 

 

 

➔ This question validates the accuracy of the functionalities that allows 

to understand the behavior of the system regarding services exchanges 

in the ranking. 

➔ The interviewees comments were in the sense that, for the 

continuous monitoring and analysis of the system behavior, it would be 

necessary to redesign the business model. 

➔ The Standard Deviation is negligible (0,1094). 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

10 
Functionality: 

Suitability 
Proposed 
method 

Provider 

Choreography 
instantiation. 
Monitor and Assess 
data collector. 
Monitor and Assess 
System instantiation. 
Services Selection and 
Ranking Matrix. 

4,25 0,6880 

Answer Percentage 

Strongly agree  12,50% 

Agree  87,50% 
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Q#10 ➔ Up to 75% of the participants “Agree” or "Strongly agree” that 

classifying each service and the services’ choreography, increases the 
suitability of the proposed method. 

 

 

 

 

 

 

 

➔ This question validates the suitability of the proposed method 

according to the measurement processes functionalities. 

➔ The interviewees emphasized that the evaluation of each service and 

the choreography can provide competitiveness in the market. 

➔ The Standard Deviation (0,6875) shows a dispersion of opinions and 

the deviation relative to the Mean value.  

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for 

validation 
Mean 

Std  
Deviation 

12 
Usability: 

Learnability 
Proposed 
method 

Provider 
Services Selection 
and Ranking Matrix. 

4,375 0,2340 

 

Q#12 ➔ All the participants “Agree” or “Strongly agree” that learning 

to use the proposed method of service selecting and ranking would be 

easy to the participant. 

 

 

 

 

➔ This question validates the learnability of the proposed method 

according to the perception of the provider. 

➔ The comments of the interviewees were oriented to the improvement 

of the prototype (end-user vision) in which the method was 

demonstrated, however, the software prototype only had the mission of 

proof-of-concept. 

➔ The Standard Deviation is negligible (0,2344). 

 

Answer Percentage 

Strongly agree  50,00% 

Agree  25,00% 

Neutral  25,00% 

Answer Percentage 

Strongly agree  37,50% 

Agree  62,50% 
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Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for validation 

Mean 
Std  

Deviation 

13 
Functionality: 

Suitability 
Proposed 
method 

Provider 
Services Selection and 
Ranking Matrix. 

4,375 0,4844 

 

Q#13 ➔ Up to 87,5% of the participants “Agree” or “Strongly agree” 

that the proposed method provides an effective solution for selecting 

and ranking services. 

 

 

 

 

 

 

➔ This question validates the suitability of the proposed method. 

➔ The interviewees' comments emphasized that the system is a novelty 

in the market and allows the freedom of choice for the customer through 

customized services. In addition, they stressed that market adoption of 

a system with these characteristics is inevitable, which may increase 

the level of competitiveness in the market. 

However, the adoption of a new business model is needed, as well as 

the need to change some behaviors that derive from cultural aspects of 

particular customer segments. 

➔ The Standard Deviation (0,4844) shows a dispersion of opinions and 

the deviation relative to the Mean value. 

 

Q# 
Validation 

feature 
Addressed 

to... 
Entity 
focus 

Target framework 
elements for validation 

Mean 
Std  

Deviation 

14 
Functionality: 

Suitability 
Proposed 
method 

Provider 
Services Selection and 
Ranking Matrix. 

4,375 0,7340 

 

Q#14 ➔ Up to 75% of the participants agree that would use a tool that 

implements the proposed method of selecting and ranking services in 

the future. 

 

Answer Percentage 

Strongly agree  50,00% 

Agree  37,50% 

Neutral  12,50% 
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➔ This question validates the suitability of the proposed method. 

➔ Basically, the same comments from the previous question were 

repeated in this question. 

➔ The Standard Deviation (0,7344) shows a dispersion of opinions and 

the deviation relative to the Mean value. 

 

• Block C (Standard Deviation > 0,2500) 

 

Questions: Q4, Q6, Q9, Q10, Q13 and Q14 have a Standard Deviation > 

0,2500. This means that in 6 of 14 (43%) questions there were some 

dispersion of opinions and the distribution of answers showed that. 

 

• Block D (Standard deviation <= 0,2500) 

 

Questions: Q1, Q2, Q3, Q5, Q7, Q8, Q11 and Q12 have a Standard 

Deviation <= 0,2500. This means that in 8 of 14 (57%) questions there 

were no significant deviations of opinion. Opinions were consensual. 

9.2- Difficulties and Limitations 

The greatest difficulty was to involve the experts of this sector in the validation 

process. The first attempt was made with the elaboration of a workshop composed 

by the presentation of the framework resulting from the research work; description 

of the method for service selection and ranking; demonstration of the Software 

Prototype; and finally, discussion and completion of a questionnaire. The idea was 

to bring together all the experts in one site and get a joint discussion. 

The site was set in Porto (Portugal), more precisely in the main auditorium of 

Porto Accounting and Business School, which belongs to one of Portugal's largest 

and most prestigious public Polytechnic Institutes - the Polytechnic Institute of 

Porto (IPP). 

28 companies were contacted. Only 2 responded favorably to attending - the 

Workshop was canceled. 

Answer Percentage 

Strongly agree  62,50% 

Agree  12,50% 

Neutral  25,00% 
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The alternative was to make individual contacts and to proceed with semi-

structured interviews with the program that was defined above. 

This time, only 9 companies (of which 8 interviews were achieved) answered 

to the request (32 were individually contacted). 

The automotive market in Portugal is very small but very competitive at the 

same time because there are many players particularly in the aftermarket. Given 

the fierce competition, in such a small market and with so many players, we 

concluded that sharing of ideas and a joint debate was not, due to the failure of 

the workshop, the way of growth of these companies in the market. It appears to 

be normal in this sector that companies adopt a non-synergistic work position 

between competing firms 

The availability of people in this sector was therefore very difficult to obtain. 

Moreover, when the people requested for this validation process belonged to the 

high hierarchies of these organizations - it was not easy to achieve. 

Regarding technical issues, the video tool (Zoom) failed in 2 interviews (in the 

1st and in the last – 8th) so there are no images of these interviews - however, the 

statements of presence in the interviews were signed by the interviewees. 

9.3- Conclusions based on Results 

Analyzing the results from the demographic data, we can affirm that the results 

are reliable, obtained with high relevance, by the following analysis: 

 

• the participants' maturity level (> = 35 years old) is adequate;  

• the level of education / knowledge (> = Bachelor / Master degree) as 

well as the background of education (Engineering / Management) is 

proper for a global perception of the complexity of the presented 

artifact; 

• the responsibility of the job role (mainly: Top management) of large 

companies (mostly), give a strong consistency to the results.  

 

The initial presentation of the research work and the demonstration of the 

software prototype contributed to a better understanding of the research work 

artifact. The questionnaire, last fulfilled, was also designed supported in each 

question by an explanation in order to guide the participant and to mitigate doubts 

they might have. 
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All the interviewees suggested various types of contributions and 

considerations during the interviews. The following paragraphs refer to the 

identification of keywords and the aggregation into categories [124] that resulted 

from the interview process. Keywords were grouped in two categories: the subjects 

highlighted by the interviewees regarding the business operation were grouped in 

the category: "Market". Those that were customer oriented, such as: the follow-up 

of the satisfaction degree, were categorized with "Customer". In the category 

"Market" the following keywords were grouped: "End-user Vision" + "Business model" 

+ "Competitiveness" + "Novelty" + "Inevitability" and in the "Customer" category: 

"Freedom to choose" + "After-sales follow up" + "Service Customization" + "Cultural 

aspects". 

Table 9.8 presents the keywords references by interviewed and table 9.9 

presents the keywords references per question, both ordered by relevance degree. 

The following Table 9.7 describe the keywords obtained from the interviews 

related to “Market” category: 

 
Table 9.7 Description of the keywords grouped in Market Category 

Category: Market 

End-User Vision 

All interviewees made bridges between the prototype software and a 

pragmatic perspective of a final application. This vision occurs because 

the participant profiles are very market oriented and have a very 

commercial analytical perspective. Topics such as the development of 

a login process; development of a web platform; data security and data 

protection concerns; definition of a tree of products; etc., have been 

mentioned. However, these themes are out of the scope of this research 

work, so they were not further analyzed in this work. The software 

prototype was merely used as proof-of-concept. 

Business model 

The presented method obliges to change the "modus operandi" of the 

current business model that is based on a great exploitation of profit 

margins of the car parts. The original parts of the car manufacturers 

have very high profit margins for the dealers of those brands. About this 

topic, an investigation34 is on course that aims to determine if car 

                                                 
34 https://www.mediapart.fr/en/journal/france/010618/how-chrysler-nissan-and-jaguar-
land-rover-also-hiked-car-spare-part-prices, viewed in June, 1st of 2018 
“Renault and PSA Peugeot Citroën are not the only car makers to have used the same 
software to increase the prices of their spare parts. Mediapart, working with the 
European Investigative Collaborations (EIC), Reuters and Belgian daily De 
Standaard, can reveal that 31 different car makers were approached to use the 

https://www.mediapart.fr/en/journal/france/010618/how-chrysler-nissan-and-jaguar-land-rover-also-hiked-car-spare-part-prices
https://www.mediapart.fr/en/journal/france/010618/how-chrysler-nissan-and-jaguar-land-rover-also-hiked-car-spare-part-prices
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manufacturers are increasing the prices of car parts. All participants 

replied that the profit is not a result of the skilled human labor but of 

the sale of the parts. If the customer is free to select the parts of other 

brands (as long as they are homologated by the car manufacturer), this 

perspective forces a change in the business paradigm (because of 

market dominance losing). 

Competitiveness 

The competitiveness aspect was highlighted by all participants. The 

proposed method was understood with a strong potential of competition 

between all the partners so that all can present the best proposals to 

the customer's request. This approach allows each partner to face and 

review their permanence in the market so that it can continually 

improve their business principles and business model. 

Novelty 

All participants identified as novelty the presented artifact. The offer 

of these features does not exist in the market, so it was considered an 

innovation. 

Inevitability 

Almost all participants refer that the automotive market should 

evolve towards full customer integration within the after-sales 

sector. This type of technology presented in this research work, 

being novelty, which allows the customer autonomy and 

flexibility in the selection of service options, is an inevitability, 

a matter of time, nevertheless it require companies to adapt and 

dynamically format their business models. 

 

The following Table 9.8 describe the keywords obtained from the interviews 

related to “Customer” category: 

 
Table 9.8 Description of the keywords grouped in Customer Category 

Category: Customer 

Freedom to 

choose 

All participants emphasized that providing customer with the 

means to choose the parts is in line with technologies 

innovations. Offering options to give customer the autonomy to 

select what she/he wants and how she/he intends is an added-

value and meets the current paradigm of formatting services so 

that the customer are autonomous in their decisions. 

                                                 
software and that at least three of them, Nissan, Jaguar Land Rover and Chrysler, have 
employed it to boost revenue. Between them these five huge automobile manufacturers 
have raked in an extra 2.6 billion euros from motorists around the world.” 
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After-sales 

follow-up 

After-sales follow-up is very important in order to realize the 

evolution of customer satisfaction. The participants noticed that 

it is essential to follow-up the customer satisfaction after they 

come to the garage. 

Although this research project covers different dimensions of 

monitoring and assessment, after-sales monitoring is not 

contemplated in its scope. 

Service 

Customization 

Almost all participants refer that the automotive market should 

evolve towards full customer integration within the business, 

and particularly in the after-sales sector. The approach 

presented in this research allows the client to customize the 

service, enabling autonomy and flexibility in access to 

information. 

Cultural 

aspects 

The concern of some customers for the timely and accurate 

maintenance of the vehicles is not yet a priority. According to 

some interviewees, some customers take the vehicle to the last 

circumstances, and only when the on-board computer signals the 

obligation to stop the car does it lead to maintenance. There is 

a cultural problem that may also be related to financial problems 

of customers. 

Some interviewees noted that the application of this method is 

aimed more at other cultural realities, noting that there are still 

some obstacles to overcome in the Portuguese scenario. 

Thus, while recognizing the usefulness of the method, its 

application should be preceded by a cultural change of some 

customers. 

 

Table 9.9 collects keywords by each participant. The table groups and orders 

the references of the keywords obtained in each interview, according to the 

category of each one.  
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Table 9.10 collects keywords given by participants in each question. The table 

groups and orders the references of the keywords obtained in each question, 

according to the category of each one. 

 

Brief conclusions based on tables 9.9 and 9.10: 

 

• There is a collective awareness for the acceptance of applications that 

privilege the direct contact with customers that allow the autonomy and 

flexibility of access to the information. The freedom to choose the type 

and level of service as well as service customization are 2 of the 

keywords most used by the participants. 

 

• The availability of innovative (novelty) tools for customers' access to 

information obliges large parts manufacturers (mainly car 

manufacturers) to lower their margins so that vehicle maintenance is 

Table 9.9 Keywords collected and ordered by each interview 

Table 9.10 Keywords collected and ordered by each question 



315 

less costly. This approach can help to change some cultural aspects that 

have been highlighted in the points above. 

 

• Although participants find this approach inevitable, there are still basic 

obstacles to overcoming the market in a more proactive and non-

reactive culture (cultural aspects). In this sense, this approach should 

be accompanied by awareness campaigns for customized maintenances 

according to customer profile and vehicle. 

 

• The use of a tool based on the approach of this research work requires 

an analysis of the business model in order to adapt to a customer focused 

concept. The continuous analysis of the system performance and 

adjustment of the business strategy was considered as needed actions 

of permanent improvement of the competitiveness in the market. 

 

• Two keywords that were referred by practically all participants are out 

of the scope of this research work: the follow-up of the level of 

customer satisfaction after service completion, and the commercial 

vision (end-user vision) that everyone had of the presented software 

prototype. If in the first keyword, customer satisfaction tracking is very 

important even after the service conclusion, in the second keyword, the 

less commercial aspect of the software prototype was not a concern 

because it was meant to be a proof-of-concept. 

 

Finally, Table 9.11 (resulting from the combination of Tables 8.8 and 8.9, and 

the results of the questionnaire) allows to observe the classifications of each 

element of the framework relative to the characteristic of ISO 9126: 
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The elements classification obtained a mean score of 4,525 and the framework 

element with the highest score (4,875) is what addresses the aspects of metrics 

(and the different areas covered to assess service performance). This was very 

sensible for all the participants. 

Accuracy is the ISO feature with the highest score (4,684) but all the listed 

features were classified above the level 4 (in a maximum of 5) that allows to 

conclude: 

 

• Functionality – Suitability:  

o the validation of this feature regarding the subset of framework 

elements (4,5) and the proposed method (4,406) is listed in Table 

9.12 

o the validation from market experts allows to conclude that the 

capability of the subset of framework elements and the proposed 

method to provide an adequate set of functions for specific tasks 

and goals is achieved, considering the scorings of the table: 
  

Table 9.11 Evaluation of the ISO9126 features of framework elements 
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• Functionality – Accuracy:  

o the validation of this feature regarding the subset of framework 

elements (4,688) and the proposed method (4,5) is listed in Table 

9.13 

o the validation from market experts allows to conclude that the 

capability of the subset framework elements to provide the 

correct or expected results is achieved, considering the scorings 

of the table: 

 

 

• Usability - Understandability:  

o the validation of this feature regarding the subset of framework 

elements (4,313) and the proposed method (4,5) is listed in Table 

9.14 

o the validation from market experts allows to conclude that the 

capability of the subset of framework elements to enable the user 

to understand whether the software is suitable, and how it can be 

used for tasks and conditions of use is achieved, considering the 

scorings of the table: 
  

Table 9.12 Suitability (Proposed Method / subset of Framework elements) 

Table 9.13 Accuracy (Proposed Method / subset of Framework elements) 
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• Usability - Learnability:  

o the validation of this feature regarding the proposed method (4,5) 

are listed in Table 9.15 

o the validation from market experts allows to conclude that the 

capability of the proposed method to enable the user to learn how 

to use it is achieved, according to the scoring of the table: 

 

 

Defining a bridge between conclusions from the quantitative and qualitative 

analysis, it is possible to remark the following last considerations: 

 

i) The customer offer of customizable services enables a great customer 

decision-making ability, autonomy and flexibility of the service level 

choice. Offer specifically tailored services to customer service requests are 

of great importance in the market. 

-supported by Table 9.9: The frequency of references to keywords “Freedom to choose” and 

“Service customization” by the interviewees was: 100% and 75% respectively. 

-supported by Table 9.11: The element “Criteria and Preferences Parameters Identification” 

receives a score of 4,625 in both ISO 9126 characteristics: Suitability and Accuracy. 

 

ii) The current automotive aftermarket business model focuses on the high 

profit of sales of parts. If customers can choose parts and service levels, 

large manufacturers lose market hegemony and all players have to 

innovate business models to be competitive in the marketplace. The model 

of the approach is based on the offer of services that the customer can 

customize and not directly on the sale of parts. 

Table 9.14 Understandability (Proposed Method / Framework elements) 

Table 9.15 Learnability (Proposed Method) 
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-supported by Tables 9.9 and 9.10: The frequency of references to keyword “Business Model” 

was one of the most referred by the interviewees. 

-supported by Table 9.11: The element “Business Process Rules” receives a score of 4,563 as 

a mean of the score of ISO 9126 characteristics: Suitability, Accuracy and Understandability. 

 

iii) Even with the conclusion of ii), in which experts concluded that to 

implement this approach they would need to innovate their business 

models, they understood that the proposed method is innovative and, 

analyzing the increasingly customer-oriented global market, will be 

inevitable its application in the after-sales market. 

-supported by Table 9.10: The frequency of references to the keywords "Novelty" and 

"Inevitability" was respectively: 64% and 29%. 

-supported by Table 9.11: The element “Services Selection and Ranking Matrix” receives a 

score of 4,429 as a mean of ISO 9126 four characteristics scores. 

 

iv) The metric system, composed of several dimensions and covering the 

monitoring and assessment of different collaborative network levels, 

allows a global vision of the performance of the system and confers a high 

degree of competitiveness to the network of partners. 

-supported by Table 9.10: The frequency of references to the keywords "Competitiveness" 

was: 57%. 

-supported by Table 9.11: The element “Metrics Trees dependencies” receives the high score 

of 4,875 (Accuracy) and both elements “Monitoring and Asses data Collector” and 

“Monitoring and Asses System Instantiation” obtained a mean score above 4,4 (Suitability, 

Accuracy and Understandability). 

 

v) The updating data cycle based on historical databases and the re-use of 

this data, being an innovation, enables to improve the performance to 

attend to new customer requests as well as to adjust the behavior of the 

system according to provider strategy. 

-supported by Table 9.10: The frequency of references to the keywords "Novelty" was: 64%. 

-supported by Tables 9.12 and 9.14: The questions Q#6 and Q#9 where scored with: 4.5. 

 

vi) Based on the considerations in iii), which showed a general awareness of 

the need to innovate and integrate a customer-focused approach in that 

economic sector, both the proposed method fulfills the objectives it 

proposes, as of the learning, understanding and using in the future for 

productive purposes would have no obstacles. 
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-supported by Table 9.10: The frequency of references to the keywords "Novelty" and 

"Competitiveness" was respectively: 64% and 57%. 

-supported by Tables 9.12, 9.14 and 9.15: The questions: Q#11 (Table 9.14) with a score of 

4,5; Q#13 and Q#14 (Table 9.12) with scores of 4,375; and finally, Q#12 (Table 9.15) received 

a score of 4,375, confirmed the Suitability of the proposed method as of the capacity of 

learning and understand it. 

 

The next and last chapter reflects on the conclusions of this research work. 
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Chapter 10  

Conclusion 

The dynamic environment of the globalized market, where market constraints are 

changing recurrently, forces organizations to redesign business models to better 

adapt to these challenges [32]. Collaborative Networks environments provide a 

basis for competitiveness, world excellence, and agility in turbulent market 

conditions [26] and are suitable to effectively achieve strategic objectives with 

high expected level of quality standards and service delivery [27]. New solutions 

are required according to the customer's expectations to ensure that they have the 

means to satisfy tailored customer’s business service requests, according to their 
criteria and preferences. Products and services are composed of several nested 

parts that need to be obtained from collaborating enterprises across multiple 

supply-chain tiers that are geographically distributed [28]. This configures a 

decentralization of organization’s business activities [32]. There are many 

challenges for organizations involved in a Collaborative Network [132][133][129]. 

To overcome technology constraints, related to systems heterogeneity and lack of 

interoperability, service computing emerged to provide support for business’ 
current needs and challenges [30][134]. Service Oriented Architecture allows to 

bridge the gap between business and Information Technologies [77]. Service 

Oriented Computing link Collaborative Networks and Information Technologies 

services so that Business Process can be automated using software services [58]. 

This research work advances a solution in this area that allows customers to 

choose a business service and the level of service tailored to their criteria and 
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preferences. The business service is componentized and implemented over a 

Collaborative Network of engaged entities. A monitoring and assessment system 

measures non-functional qualities (such as time, cost and quality) to collect 

services performance data and manage the Quality of Service (QoS) offered to 

customer. A service behavior historical database is used so that software services 

from several partners, that fit the customer's request, are presented as the best 

proposal for the business service that the customer has customized.  

The proposed solution is supported on a feedback-based system that learns 

from the past in order to present improvements in new customer business service 

requests. 

 

Next sections will discuss the research topic and challenges of this research 

work, will list the contributions, identify the limitations and, in the end, will 

address the future work 

10.1-  Objectives and results 

The main objective of this research work is to present a solution that offers the 

customer a business service proposal that, on one hand, is customized according 

to the criteria and preferences that the customer has defined, and on the other, 

ensures in advance a degree of estimation for services' collaborative network 

behavior, taking into consideration business constraints and characteristics from 

the execution environment. 

As final considerations, this section follows an analysis based on the objectives 

inherent to each of the research questions relating them to the results achieved: 

 

RQ A.1: What is a reliable control model for an adaptive service system? 

 

• Chapter 3 answers this question. 

The proposed framework supports a control mechanism based on closed 

life cycles (following the approach in [71]). The control mechanism is 

guided by a new and specific hierarchical model that consists of three 

different levels of control competences at a strategic, tactical and 

operational level, considering the functional scope of each element of the 

framework [41]. This mechanism of closed life cycles (discussed in Chapter 

3) enriches the historical collection of results of past executions to 

estimate the behavior of the collaborative network. 
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• Sections 3.1 and 3.2 present the state-of-the-art about "Adaptive Systems" 

and "Control Levels to Reduce Complexity and Enabling Predictability" 

which supports the definition of the proposed control model. 

• Figures 3.2 and 3.4 reflect the information feedback flows for control. 

• The control levels needed to reduce system complexity is presented by 

Table 3.3. 

• The roles of each control level are described in Section 3.4. 

• Chapter 3 delivers the proposed control model supported by Table 3.3 and 

Figure 3.4 

 

RQ A.2: What is a suitable metrics model to be used in the control model? 

 

• Chapter 4 answers this question. 

The new designed metrics model proposes a set of dimensions and levels 

for the integral metrics measurement of the services performance. 

According to this model, data collect from the module (Monitoring and 

assessment system) over time is fundamental to identify the performance 

evolution of each service. 

• Sections 4.1 and 4.2 present the state-of-the-art about "Metrics elements” 
and “Metrics Types and Scopes”. The proposed metrics model is based on 

this analysis. 

• Section 4.3 and Figure 4.4 present and describe the proposed metrics 

model. 

• Section 7.3 answers with the specification of the metrics dimensions 

(Figure 7.6) and Figure 7.7 presents the concretization model based on the 

dimensions of Figure 7.6. 

▪ Chapter 4 delivers the proposed metrics model supported by Figure 4.4. 

 

RQ A.3: What is a proper architecture to operationalize the control model 

and metrics model? 

 

• Chapter 5 answers this question. 

The architecture underpinning the conceptual adaptive framework for 

service selection and ranking is proposed. Modules and elements of the 

framework are fully described. Functional interactions, the main roles of 

each module, and elements are also focused. 
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• Section 2.2 presents the state-of-the-art about frameworks designed for 

service monitoring and assessment proposes, and Section 5.1 consolidates 

the needed basis requirements to build the proposed framework. 

• Section 5.2 and 5.3 answers with the approach to the proposed framework 

architecture and operational flow. 

• Section 5.3 answers with the proposed framework (Figure 5.5). 

• Chapter 6 discusses the framework elements addressed to the control 

model and the Section 7.3 addressees the metrics model to the proposed 

framework.  

• Chapter 5 delivers the proposed framework supported by Figure 5.5. 

 

RQ B.1: How are the framework elements positioned in the control model? 

 

• Chapter 6 answers this question. 

The framework elements are characterized by their functionality role and 

are distributed by the hierarchical control model according to the role 

addressed. The framework elements are then assigned to the internal and 

external life-cycles of the control model. 

• Section 6.1 presents the distribution of the framework elements in the 

control model (Table 6.1). 

• Figures: 6.1, 6.2 and 6.3 present the description of the hierarchical life 

cycle model. 

• Chapter 6 delivers the framework elements addressed in the control model 

(Table 6.1) and the hierarchical lifecycle model supported in Figures 6.1 

(detailed), 6.2 (generic) and 6.3 (flow oriented). 

 

RQ B.2: How is the selection and ranking of software services obtained? 

Which are the steps followed for the selection and ranking of software 

services? 

 

• Chapter 7 answers this question. 

The proposed framework supports a method of service selection and 

ranking (Chapter 7) relaying on a set of software services that satisfies the 

customer business request. This set of services also includes in its selection 

the strategic business guidelines defined by the provider. The proposed 

method is sustained by the two models referred in the previous paragraphs 

(The Control and Metrics model). As described in Chapter 8 (Section 8.1), 
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the proposed method involves three main influences that became from 

input of customer criteria and preferences, from the provider business 

strategy and from service performance data of past executions. The 

software service behavior information is stored in service pools and 

whenever there is a new request from a customer, a calculation matrix 

(belonging to each service pool) is processed allowing to execute the 

proposed method. The calculation matrix uses all the necessary 

information to select and determine the ranking of the most appropriate 

services to the requested service, also allowing, at the end of the process, 

to classify the services of the collaborative network (assessing not only 

individual but also collectively services). 

• Section 7.1 and 7.2 describe the mechanism that supports the services 

selection and ranking, and the basis algorithm. 

• Section 7.3 defines the proposed metrics dimensions (Figure 7.6) and 

instantiate the metrics model (Figure 7.7). 

• Chapter 7 delivers the service selection and ranking mechanism description 

in Section 7.1; the algorithm that operates the method in Section 7.2; and 

the proposed metrics model concretization in Section 7.3. 

 

RQ B.3: What is a proper subset of the framework elements for further 

elaboration which highlight the relevant functionalities of the 

framework? 

 

• Chapter 8 answers this question. 

For the validation approach, a subset of framework elements targeted for 

a software prototype development (as a proof of the proposed method 

concept) is identified in Chapter 8. The implemented elements were 

considered the most representative for specifying the added value of the 

method for service selection and ranking. 

A market scenario was elaborated: the aftermarket of the automotive 

sector, more concretely, with emphasis to the case of the car maintenance 

operations. Personnel semi-structured interviews with focal groups [96] 

(with Automotive experts) were made based on the research line 

presentation and the software prototype demonstration. Finally, a survey 

with questions about their perception of the utility of the method for 

service selection and ranking was realized. 
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• Section 8.1 lists and justify the subset of the framework elements (Figure 

8.1 and 8.2). 

• Regarding the research question above, Chapter 8 delivers the description 

of the subset of the framework elements chosen (in Section 8.1); the 

validation approach (in Section 8.3); the presentation of the software 

prototype (in Section 8.4); and the survey elaboration in Section 8.5. 

 

RQ C.1: How can the selected subset of the framework elements be 

evaluated? 

 

• Chapters 8 and 9 are the answer to this question. 

▪ Chapter 8 (Validation of the proposed solution): 

▪ Section 8.3 describes the approach to validation 

methodology (Figure 8.6). 

▪ Section 8.4 describes the Software prototype design and 

implementation. 

▪ Section 8.5 presents the survey elaboration (Tables 8.8, 

8.9 and 8.14). 

▪ Regarding the research question above, Chapter 8 delivers 

the validation approach (in Section 8.3); the presentation 

of the software prototype (in Section 8.4); and the survey 

elaboration in Section 8.5. 

 

▪ Chapter 9 (Results and discussion): 

The results and discussion presented in Chapter 9 focus on two 

validation approaches: Quantitative and Qualitative data analysis, 

and conclusions based on results are expressed in Section 9.3. 

Some findings of the validation results are listed below: 

▪ There is good acceptance of the proposed solution of all 

the participants in the survey. 

▪ Applications that offer customizable customer services are 

advantages in the market. Although there are heavy 

lobbies of the large manufacturers, interviewees consider 

that this type of application makes sense also in the after-

sales market. 

▪ Currently, the companies represented by the respondents 

are not prepared to adopt such a tool, given the details 
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needed to use it. To start, the center of attention must be 

changed: the customer becomes more important than 

“just” selling parts. However, it is not just a matter of 

provider-side processes - there are also cultural issues on 

the customer side that must be adjusted to a new way of 

thinking about the relationship with the provider. 

▪ It has also been found that the provider puts a strong 

influence on the performance of the system by managing 

the strategic parameters, providing or mitigating the 

customer inputs, such that the framework behaves as 

expected (according to provider’s needs). 
▪ Some features of this approach were clearly valued by the 

interviewees as the case of the composition of metrics in 

several dimensions, which was so relevant for the overall 

management of the system (assessing competitiveness to 

the network of partners). Another relevant aspect was the 

functionality of updating data cycle based on historical 

databases and the re-use of this data. 

▪ The results of the simulation allow to verify that the 

system constantly evolves over time, rejecting services 

with below-expected performance, replacing them with 

software services with better performance. 

▪ The presentation of the research work, prior to the 

demonstration of the software prototype, caused in almost 

all the interviewees an initial negative impact. This was 

due to much information in such a short time and due to 

the inherent complexity of the theme. The 

implementation and demonstration of the software 

prototype proved to be a good decision because it allowed 

to clarify and make the services selection and ranking 

mechanism understood. 

10.2-  Contributions 

This research work contributes to the state-of-the-art by advancing a conceptual 

adaptive framework of software services (which is the proposed solution resulting 

from this research work) that allows to a business service be tailored as much as 
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possible to a customer criteria and preferences. In addition, the proposed solution 

offers an estimate of the business service level at a proposal stage. 

The main contributions of this research work can be summarized as follows: 

 

➔ The conceptual adaptive framework  

▪ The proposed conceptual adaptive framework is the IT artifact 

resulting from this research work. It was created from the analysis of 

the state-of-the-art of frameworks dedicated to the services 

monitoring and assessment. 

▪ The proposed framework is composed by several modules and 

elements (addressed by different functionalities) that allows to 

process the method of services selection and ranking to offer to the 

customer a set of services adjusted to its choices. 

▪ Two models are defined for the proposed framework: 

o a hierarchical control model in which its elements are 

distributed by levels according to the role of each element; 

o and a metrics model allowing the monitoring and assessment 

of services according to several dimensions. 

 

➔ The hierarchical control model 

▪ The hierarchical control model was created from the state-

of-the-art analysis of Adaptive Control Systems and 

hierarchical organization models. 

▪ The structure created for the model allows to address 

hierarchy identical elements whose function is similar by 

levels. 

▪ The hierarchical control model is based on closed life cycles 

derived towards productive responses. This mechanism 

enriches the historical collection of past results requests to 

estimate, through decisional elements, the collaborative 

network behavior. The closed life cycles are then controlled 

by the elements from the different hierarchical levels. 

▪ The control mechanism is served by the approach designed 

for the Monitoring and Assessment Module to collect 

information to feed the pools of services. 
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➔ The metrics model  

▪ The definition of the metric tree structure follows a new 

model that identifies the dimensions or scopes of the 

metrics and the levels at which they can be obtained. 

▪ The metrics model also identifies the types of metrics that 

are addressed at each level.  

▪ The proposed model is designed in a waterfall of 

dependencies according to the metric types.  

 

➔ The method for services selection and ranking  

▪ The proposed method aims to present a list of the suitable services 

according to customer criteria and preferences and processes the 

following data: 

o the data input by customer when defines the service request 

by a multi-criteria approach (automatically assigning weights 

according to their preferences); 

o the parameterization of the scoring rules by provider (that 

may influence the behavior of the system according to business 

strategy); 

o and the pools (with matrices) that supports all the calculus 

needed when the method is run. 

▪ The proposed method is supported by an algorithm that reacts to 

customer chosen options. 

 

➔ Software prototype (developed specifically in the scope of this 

research - for a proof of concept proposal, is considered a tool that 

support this research work) 

▪ The software prototype is a tool that allows to test different scenarios 

involving changing several variables to adjust for example the settings 

related to the provider business strategy. 

▪ It is a tool that has played a key role in the interviews, allowing the 

approach to be clearly assimilated by the interviewees. 
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10.3-  Limitations 

The main limitations of the research work can be described in two groups as 

follows: “Functional limitations" (which are related to the limitations of functional 

aspects of the proposed solution) and “Validation stage limitations” (which are 

related to the limitations encountered during the validation phase). 

 

➔ Functional limitations: 

 

• Collaborative network expansion 

As mentioned in Chapter 1, a collaborative network is a partnership 

based on mutual trust, sharing goals, risks and profits [128][132]. To 

build a collaborative network implies the formal contracting and the 

concrete definition of service levels, among others. These topics are 

highlighted in this work but are not extensively developed because 

they are not part of the research work scope (there is a wide range of 

research on this topic). As the approach of this work reflects market 

dynamics, the need to dynamically acquire a new business partner or 

business service would be a natural consequence in order to expand 

the collaborative network (e.g., in the case of a customer requests a 

service that does not exist in the pools at that time). This need is not 

contemplated in the proposed solution. 

 

• Enabling reactivity on the proposed method 

There are different monitoring approaches for several objectives in 

SOA domains [145] as discussed in Chapter 2. The proposed method for 

service selection and ranking uses the historical data of databases fed 

by a service performance monitoring and assessment system, to 

present a proposal of a business service based on the customer needs. 

In a proactive way, the proposed method estimates a behavioral 

degree for the business service before market submission. However, if 

the business service degree from market execution is below the 

estimated, the method is not reactive to that information and none 

correction or service substitution action is taken. This is a limitation 

of the proposed method and may be a guideline for future work. 
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• Analytical component 

The information about the behavior of the services is provided in the 

framework (element: “Monitor and Asses Data Collector”), and data 

analysis is possible to track the changes in the ranking and to verify 

the causes of these changes. However, data analysis features are not 

offered to the provider to enable, e.g., cross-selling techniques. This 

is a limitation of the proposed framework. 

 

Functionality-related behavior of Services is not addressed by this research 

work. The selection and ranking of services proposed method is based on the 

evaluation of the performance and quality of services. Functionality-related 

behavior (e.g.: security), is outside of the scope of this work and will be addressed 

in future work. 

 

➔ Validation stage limitations 

 

• Business scenario 

Obtaining data to build the application scenario for the automotive 

after-sales business sector was difficult and required some field work 

to collect, e.g., part costs, intervention times, labor costs, etc. 

 

• The relatively small number of the interview sample 

Although the interviewed participants represent 21 car brands and 

come from different geographical points of the country, the sample of 

8 interviews limited the power to conclude with more substance on the 

quantitative analysis of the data collected. In addition, a qualitative 

analysis was also made to cross conclusions. 

 

• The prototype software 

The software prototype was developed in a technology that did not 

allow to answer to software development requirements as the aspect 

of the algorithm processing speed. For this reason, some of the options 

of the proposed method calculation show a slow processing. 

The objective of developing this prototype was to obtain a proof of 

concept of the proposed method by the implementation of the subset 

of the framework elements. The aspects related with the time needed 
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to produce this proof of concept was also considered, so the decision 

was to implement the prototype with the most affordable technology 

and that allowed a rapid implementation. 

10.4- Future Work 

The next four topics are proposed as future work and result from the analysis of 

the limitations encountered and the potential of evolution of the artifact resulting 

from this work: 

 

• Real-time alternative for service unexpected behavior at run-time 

Based on the approaches of [70][86][88][90] (which address the 

identification of erroneous situations after they occur and enable 

corrective actions in case of service level violation), it is possible to 

optimize the offer to the customer of a business service that contemplates 

the alternative to a service whose performance at run-time is lower than 

expected. 

The proposed method needs to be provided with means to react to the 

values obtained from the monitoring and assessment system that are lower 

than expected. 

One possible approach to follow may be to use the service that was ranked 

in the 2nd place in the pool and replace at run-time the service that was 

below expectation. 

 

• Data analysis features 

The analytical component of a system based on the monitoring and 

assessment of service performance is essential for the business 

development. All the frameworks analyzed in Chapter 2 have a component 

oriented to the analysis of data resulting from measurements of service 

performance. The current proposal is no exception and provides analysis 

elements to manage business strategy but limited to essential. The system 

deals with a huge set of data and this strand can be exploited in the sense 

of adding more components oriented to the data analysis. New components 

for data analysis may support decision-making from the perspective of the 

business (provider) for the definition of strategies for example oriented to 

cross-selling. Providing these features also to the customer (about 

products / services they have acquired over time and relating to other 
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trends and consumption patterns) can be beneficial to both sides (provider 

and customer). 

 

• Ability to address new business scopes 

The ability to adapt the proposed solution to new business sectors and 

scopes is a topic to explore in the future. 

Figure 8.2 maps the selected subset of the framework elements which is a 

refinement of Figure 5.5 (proposed framework). In Figure 8.2 the subset 

of elements is distributed in an operational model with 3 basic sections: 

Input, Output and data Processing. Input and Output sections must be 

business oriented so that the data is handled properly, while the last 

section process data that exists in databases, no matter what business 

semantic nature it represents. From this approach it is possible to isolate 

elements that are dependent on the business sector from the independent 

elements. For this, it is necessary to identify new objectives and 

requirements (according to these new objectives) of each of the elements 

of the framework modules. The Suitability feature of ISO / IEC 9126 

Standard can be invoked to validate whether the new feature 

requirements are in line with the new objectives.  

 

• Scalability 

Scalability was not considered in this thesis. However, given the essence 

of the proposed framework, this theme is an important subject. Its 

successive evolution over time, each time working with a greater amount 

of data, forces this topic to be addressed in the future.  

The scalability approach must follow at least two strands considering the 

nature of the proposed solution: at a functional scalability - allowing the 

ability to enhance the system by adding new functionality at a minimal 

effort; and at a infrastructure resources scalability - such as work-load 

capacity, storage and communication. To be addressed in future work. 
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Appendix A 

Business Model and Application 
Prototype description 

A.1- Business Identification Scope 

 

Industry sector:  Automotive Aftermarket Sector 

Sub-sector:   Retail and Services 

Application scope:  Car Maintenance Garages 

Function:   Car Maintenance Operations (CMO) 

(Maintenance/Substitution of vehicle parts) 

A.2- Business Model Introduction 

The business model that supports the proposed framework is centered on customer 

demands and on generating a business service the attends at customer specific 

preferences. In each customer interaction, the framework will propose the most 

suitable market offer (resulting from a collaborative network) according to 

customer service criteria and preferences. Since business operation costs are 

reduced (when compared to conventional models), it allows an additional 

advantage for customer and a competitive selection factor on the market for the 

provider. 
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A.2.1- Business Model description 

A high percentage of CMO interventions are basically summarized to a standard set 

of operations that depend heavily on vehicle mileage or a leasing / purchase 

contract formalized between the customer and the brand or leasing company. 

When there are no symptoms of anomalies or dysfunctions in the vehicle 

operation, it is possible to anticipate which parts are the target of the CMO 

intervention, that is, a standard intervention is when there is no need to carry out 

a diagnosis to avoid a problem. Some of these parts are of mandatory replacement, 

others are optional. The customer can change, if the vehicle manufacturer offers 

that possibility, the brand of parts and choose another brand by associating that 

request with the desired criteria and preferences. 

Each brand, model and year of manufacturing series, maps all operations 

according to the characteristics of the vehicle, and this fact makes possible to 

create a business model based on an advanced knowledge of the operations 

required to meet the maintenance objectives. 

This business model then is applied to garages whose CMO interventions are 

based on standard operations in accordance with the mapping of the car brand / 

model / series of year of vehicle and that does not present any anomaly that needs 

to be diagnosed. 

The basis orientation for this business model is described briefly, segmented 

by each actor / entity in the next points: 

 

➔ From Customer side 

 

▪ Customer sets the request for CMO according to existing needs at given 

moment that are listed in the operations mapping of the brand. 

 

▪ The customer request configuration is based on a proposal of the 

information system according to the vehicle characteristics, for example, 

the kilometers that the vehicle has at present (the information system 

calculates and presents a set of standards needed operations). 

 

▪ Customer receives the proposal, submit it to the market, books and pays 

parts in advance considering the CMO intervention date. 
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➔ From Provider side 

 

▪ The car maintenance garage hasn’t a conventional warehouse to stock 
parts for car maintenance operations. There is no need for a common 

stock of parts management. 

 

▪ The garage provider ensures that receives correctly and stores (during a 

given time until CMO intervention date) the pack of parts of the customer 

CMO intervention. 

 

▪ Provider’s garage offers skilled labor in mechanics, electricity and 
electronics (in automotive scope) to assemble, replace and install parts. 

Some brands require certified technicians so that they can attest of the 

quality of maintenance intervention. 

 

▪ Provider collects customer payment and then pays to each partner 

involved in CMO intervention. 

 

➔ From Partner side 

 

▪ Each partner of the collaborative network provides a service for each 

operation to support the CMO. 

 

▪ After customer booking and payment, each partner sends parts for the 

related operation to the garage provider chosen by customer, regarding 

the aligned date for the CMO intervention. 

 

 

A.2.2- Business Scenario description 

As graphically shown in the Figure A.1, customer starts to fill a CMO form where is 

registered all the criteria and preferences that customer wants to include in the 

garage’s service. Provider receives the CMO form and the information system 

trigger a proposal for the customer request. 
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Almost all the whole operations that require parts (like “Substitution of oil”; 
“Substitution of tires”; etc.) and others (like “Renting a substitution car during 
intervention”; “Subscribing a loan to help paying CMO”; etc.) are provided by 
partners and are booked and paid in advance by customer in a way that suits 

customer preference.  

Parts are sent by partners to Garage’s address where provider collects all of 
them and prepare CMO intervention on the combined date with customer.  

Provider offers a specialized man power regarding areas from mechanical, 

electrical, to electronic interventions. 

The scenario from Figure A.1 presents the flow of information between each 

lane / actor in a Car Maintenance Operation. 

Each customer can have multiple vehicles and CMO’s (Car Maintenance 

Operations) but only one vehicle at a time is associated with a CMO. A CMO is 

composed by many Operations (which, in the present scenario, can be related to 

a “Fuel filter substitution”; “Distribution belt substitution”; etc.). For each CMO 
can be defined many Criteria and leveled different preferences (e.g.: Cost; Time 

and Quality). Criteria and Preferences will influence the design of the global 

service being provided. 

A CMO Operation will also address at least one service that will be responsible 

for answering to the operation request. To assess service performance, each 

service is associated with a set of metrics that will include a Monitoring and 

Figure A-0.1 Example scenario: Automotive sector in its aftermarket segment 
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Assessment entity. These services are engaged by a collaborative network that will 

collect them to produce the global service offering. 

The system also triggers the instantiation of a monitoring system which aims 

to measure the performance of each service. The monitoring system is valid for 

the corresponding collaborative network.  

 

A.2.3- Business Model SWOT 

 

A business SWOT is required to highlight each of the vertexes of the model: 

 

▪ Strengths (Internal positive factors) 

 

o Business model is aggressive and innovative for the automotive 

sector; 

o Inexistence of a conventional warehouse (with significant earnings 

in space, building, electricity, air conditioning, information 

system, people, …); 
o Business operating costs are reduced when compared to the 

conventional model of a maintenance garage allowing practice 

best prices which in turn represents a very competitive factor; 

o Skilled labor in mechanical, electrical and automotive 

electronics; 

o HR management focalized on specific and limited labor profiles; 

o Customer payment is centralized on the provider and the payback 

to partners may be deferred in time, according to SLAs and 

contracts done between each partner; 

o Ensuring a high level of service that the client setup will 

corresponds to what intended; 

o Marketing policies for lasting relationships, oriented by proposals 

on "Premium" plans with benefits for both (customer / provider) - 

relations win-win; 

 

▪ Weaknesses (Internal negative factors) 

 

o Establishing a reputation in the Internet will be challenging; 

o Ongoing need for training / education on newer models; 
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o Start of activity / hiring specialized technical / training - may 

require a high initial investment; 

 

▪ Opportunities (External positive factors) 

 

o Business model is oriented to a new generation of customers but 

is not exclusively (because it is supported by web technologies and 

is cheaper than the conventional model); 

o There is no direct competition at this level of the business model; 

o Despite this business model adapts to a crisis scenario, there is no 

bound to this scenario as the model looks for a cost optimization 

of all involved sides, innovating processes that reveal what every 

partner involved does best, fostering competitiveness; 

 

▪ Threats (External negative factors) 

 

o High dependence on partners services which forces to implement 

and control SLA's detailed; 

o High probability for specialized employees to leave the company 

given its high technical skills. 

A.3- Data Structures of Framework Elements 

The data structures to apply to the modules of the framework elements are listed 

below in next sections and are subordinated to the scenario presented in this 

appendix: 

 

• Input data: each Module receives input data structures that will feed the 

elements that compose it.  These data structures are described in detail 

addressing data types for each field to clearly identify each data 

structure. 

• Output data: similarly, to Input data, the outputs from each module are 

also described and whenever possible depicted by data structures. 
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A.3.1- Basic Application Setup Module 

 

▪ Input 

 

Based on a prototype used to better exemplify the framework functionality 

(Appendix A), the following image shows an initial screen for customer and vehicle 

identification.  

 

• Customer and Vehicle identification (data entered by customer): 

 

 
Figure A-0.2 Customer and Vehicle identification screen 

 

The data structure is as follows: 

 

• Customer CMO (Car Maintenance Operation) requirements (data entered 

by the customer): 
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Customer Data Structure 
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Customer Vehicle data structure 

 

• CMO data (selection and parameterization of operations): 

 

 

 
Figure A-0.3 Car Maintenance Operation – Additional information screen 

            

 

Car Maintenance Operation – additional data structure (1) 
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Car Maintenance Operation – additional data structure (2) 
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• Definition of the customer criteria and preferences for each operation: 

 

 
Figure A-0.4 Car Maintenance Operation - Customer criteria and preferences screen 
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Car Maintenance Operation - Criteria / level / relevance data structure 

 

 

Car Maintenance Operation - Material for operations data structure 

 

▪ Output 

 

• The Generic Metrics Tree that is going to be worked out on the Core 

module (by the Metrics oriented sub-module).  

▪ Based on the model described on chapter 4. 

 

• The Generic Services Requirements List Identification that is going to be 

used to be matched at the pools of the matrix in order to select the best 

ranked services with those characteristics. 

▪ Based on the data structure of “CMO_OperationsDef” (Definition 
of each operation), where customer fills the operations he/she 

wants to be performed, the requirements list of the needed 

services is then identified according to the customer input.   

 

• The SLA parameters and guidelines that is going to be assembled in the 

Core module.  
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▪ These parameters are also constructed based on the data structure 

of “CMO_OperationsDef” (Definition of each operation). SLA 
parameters are a result of the criteria and preferences of the 

customer entered data.   

 

 

Car Maintenance Operation – Identification data structure 
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Car Maintenance Operation – Global operations data structure 

 

 

Car Maintenance Operation – Customer request data structure 

  

 

A.3.2- Core Module – Customer Oriented sub-Module 

 

▪ Input 

 

On one hand, this sub-module receives inputs from the client, in terms of 

defining criteria and preferences (including information identifying the customer) 

– from the module Basis of Application Setup (see Input section of this module).  

On the other hand, since this sub-module manages customer profiles, criteria 

and levels of preference, the input data is performed in accordance with the 

strategy defined by the provider. That is, the input data is also an allocation of 

configurations according to the decisions of the request provider that are available 

in the databases so that other elements can get orientations (as in the case of the 

element: Criteria Preferences and Parameters Identification from the module 

Basic Application Setup). Therefore, the input data is the one that comes from the 

insertion of customer data and the one that is configured by the request provider 

to keep the strategy to other modules. 

 

▪ Output 

 

• Generic Services Requirements List Identification (see Output section of 

the Basic Application Setup module) 

 

• Customer data to feed CRM DB (see Input and Output section of the Basic 

Application Setup Module – all the data structures are important to feed 

CRM DB) 
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A.3.3- Core Module – Metrics Oriented sub-Module 

 

▪ Input 

 

• Generic Metrics Tree (see Output section of the Basic Application Setup 

module) 

• Generic Services Requirements List Identification (see Output section of 

the Basic Application Setup module) 

 

▪ Output 

 

• Definition list of Metrics Tree / Assembly configuration 
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Metrics Tree data structure 
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A.3.4- Core Module – Services Oriented sub-Module 

 

▪ Input 

 

• Generic Metrics Tree (see Output section of the Basic Application Setup) / 

Assembly configuration (see Output of the Metrics oriented sub-module).   

• Generic Services Requirements List Identification (see Output section of 

the Basic Application Setup module). 

• Definition list of Metrics Tree (see Output section of the Metrics oriented 

sub-module). 

 

▪ Output 

 

• Definition of the data structure to support choreography composition 

 

Choreography composition data structure 

 

• Definition of Services list (each service might have a list of possible metrics 

to be assessed) 
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Services List data structure 

 

• Data structures to support metrics monitor builder 

•  
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Monitoring system data structure for a assessment a Choreography of services 
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A.3.5- Core Module – SLA Oriented sub-Module 

 

▪ Input 

 

• SLA parameters and guidelines (see the output data from the Basic 

Application Setup)  

 

▪ Output 

 

• SLA definitions are based on [68] that details an architecture for multi-

level SLA Management. 

• SLA results reporting compares SLA contract with data collected from 

services performances and lists deviations. 

 

A.3.6- Choreography Engine Setup 

 

▪ Input 

 

• Definition of Services List (see Output section of the Service Oriented sub- 

module). 

• Data structure to support choreography composition (see Output section 

of the Service Oriented sub- module). 

 

▪ Output 

 

• Launching of the Choreography (data structures for registering the 

choreography and services) 
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Choreography Engine Setup data structure 

 

A.3.7- Monitoring and Assessment System 

 

▪ Input 

 

• Definition of Services List (see Output section of the Service Oriented 

sub- module) - this list of services is managed by the Service Oriented 

sub-module (that belongs to the Core Module); the list represents the 

target services that are going to be the measured by the Monitoring 

and Assessment Module. 

 

• Definition list of Metrics Tree (see Output section of the Metrics 

oriented sub-module) - this is the specific guiding list of measurements 

that is going to be implemented by the Monitoring Module and which 

will assess service-to-service performance and, ultimately, globally 

(the whole choreography); the metrics tree list is received from the 

Metrics oriented sub-module (that belongs to the core Module); the 

development of metrics trees follows a set of dimensions that are 

configured in accordance with the strategy defined by the request 
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provider and can provide information on various relevant aspects to 

the business (these dimensions may help the request provider for 

example to adjust its business strategy); these metrics are also 

measured at different levels of the service composition allowing a 

rigorous and comprehensive assessment of each service. 

 

• Data structures to support choreography composition (see Output 

section of the module Choreography Engine Setup) 

 

• Data structures to support metrics monitor builder (see Output section 

of the Metrics oriented sub-module) 

• SLAs definitions (see Output section of the sub-module SLA oriented) - 

this information reflects the contracts parameters between the 

customer and the provider of the choreography and between the 

request provider and each of the partners that provides a part (service) 

of the overall service; this information is provided by the SLA Oriented 

sub-module (that belongs to the Core Module). 

 

▪ Output 

 

• Launching of the Monitor and Assessment system (data structures): 
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Monitoring and Assessment System data structure 
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Appendix B 

Metrics Applied to the Metrics Tree 
Model 

As already discussed in Chapters 4 and 7 metrics were defined according to the 

model defined in Chapter 4. The list of metrics below (Table B.1) partially supports 

the software prototype which helps to demonstrate the method for service 

selection and ranking. 
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DIM 1 to 4 represents the identification of dimensions to which the metric belongs framed to the designed model of Chapter 

4. 

A simple example of the composition of metrics, supported by the model of Chapter 4, is detailed next. 

 

▪ Metric description 

Service_Global_Cost represents the final cost to be paid by customer and involves all the partial values that counts for 

the final payment. The components for calculus are the following:   

 

a) Each service request (CMO) is composed by a set of Operations and each Operation involves one or more part.  

b) The cost for distribution and delivery also need to be accountable. 

Table B.0.1 Partial list of Metrics applied to the software prototype 
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c) Each part needs human workforce to be replaced.  

d) A percentage of a value defined by provider needs to cover operational costs (garage operation costs). 

e) The provider profit margin should also be included. 

 
Table B.0.2 List of Metrics that compose Service_Global_Cost 

Metric Description Dimension Type Data type Units Result range 

Service_Global_C

ost 

Service Global Cost:  Global 

cost of the service requested 

by customer 

DIM-3 KPI Currency N/A (e.g.: €)  N/A  

Cost_of_Parts 
Cost of Parts involved in 

CMO 
DIM-2 PPM Currency N/A (e.g.: €)  N/A  

Cost_of_Distributi

on&_Delivery 

Cost of Distribution and 

Delivery of the Parts 

involved in CMO 

DIM-4 PPM Currency N/A (e.g.: €)  N/A  

Cost_of_labour 

Cost of human workforce to 

replace parts: mechanics, 

electricians, etc. 

DIM-4 PPM Currency N/A (e.g.: €)  N/A  

Cost_of_Garage_ 

Operating 
Operating costs (Garage)  DIM-4 PPM Currency N/A (e.g.: €)  N/A  

Profit_Margin Profit Margin (Garage)  DIM-4 PPM Percentage % 0%..100% 
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▪ Composition 

 

 
▪ Calculation formula (detail) 

 

(i) Service_Global _Cost = Cost_of_Parts + Distribution_&_Delivery_Cost + 

Labour’s_Cost +  
   + Cost_of_ Garage_Operating + Profit_margin 

 

(i.i) Service_Global_Cost (Customer): 

Global sum of all the costs of the service request (CMO). 

 

(i.ii)  Cost_of_Parts (Partner):  

Sum of the Cost of each part (from partners) needed for 

CMO. 

 

(i.iii)  Cost_of_Distribution_&_Delivery (Partner):  

Sum of the Cost of the distribution and delivery (from 

partner to provider) of each part needed for CMO. 

 

(i.iv)  Cost_of_Labour (Provider): 

Sum of the Number of hours of workforce from provider 

human resources needed to manage (install /replacement) 

each part of a CMO. 

 

(i.v)  Cost_of_ Garage_Operating (Provider) 

Represent a cost payable by the customer that the 

provider equates in order to pay off the business operation 

costs (consumption of electricity, lighting, phone 

Table B.0.3 Composition layers of Service_Global_Cost 
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communications, etc.). This value results of a percentage 

over the total Cost of the parts and may vary from 

provider to provider. 

 

(i.vi)  Profit_Margin (Provider) 

Represent a percentage value that the provider equates in 

order to turn the business profitable. 

 

 
 

(ii.i)  “GCS”:  
Service_Global_Cost 

 

(ii.ii)  “nOper” and “oper”:  
“nOper” represents the number of operations resulting 
from a CMO; 

“oper” represents each operation of a CMO. 

 

(ii.iii)  “nPart” and “part”:  
“nPart” represents the number of parts needed for a 
single operation; 

“part” represents each single part of an operation. 
 

(ii.iv)  “CP”:  
Represent the cost of each part. 

 

(ii.v)  “CDD”:  
Represent the cost of distribution and delivery of each 

part. 

 

(ii.vi)  “CL”:  
Represent the cost of the workforce of human resources 

(from Provider side) needed to manage each part of a 

CMO. 
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(ii.vii)  “CGO”:  
Represent a value defined by provider to allow covering 

operational costs. 

 

(ii.viii)  “PM”:  
Represent a percentage that the provider defines to 

represent a profit margin. 

 

▪ Metrics tree 

 
  

Figure B-0.1 Service_Global_Cost metric tree 
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Figure B-0.2 Service_Global_Cost calculus 
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Appendix C 

Comparisons of Service Monitoring 
and Assessment 

This appendix allows to perceive the information to evaluate the current state-of-

the-art of Service Monitoring and Assessment. 

 
• [86] Baresi et al., (2005): “Towards Dynamic Monitoring of WS-BPEL 

Processes” 

 

Baresi et al. [86] deal with monitoring of WS-BPEL processes focusing on 

runtime validation. The goal is thereby not to monitor process performance 

metrics, but to detect partner services which deliver unexpected results 

concerning functional expectations. The approach includes the specification of 

monitoring rules that are addressed dynamically into the process they belong to; 

a proxy-based solution to support the dynamic selection and execution of 

monitoring rules at run-time controlling by the Monitoring Manager element; and 

a user-oriented language to integrate data acquisition and analysis into monitoring 

rules. 

Monitoring rules are created simultaneously with the business process and are 

related with specific elements of the business process. As monitoring rules list 

specific monitoring needs, different monitoring activities will be activated 

depending on the needs of who has invoked the process. These monitoring rules 
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are saved on a file with a structure where general information and initial 

configuration are stored (Figure C.1). Generic data regarding the WS-BPEL process 

to which the monitoring rules will be attached is stored as the top level (general 

information). At a second level, initial configuration provides values that are 

associated with the process execution and can impact the amount of monitoring 

activities that will be performed at run-time. The third section of the structure, 

the monitoring rules, gathers all the information needed to implement the 

monitoring process including the monitoring location (identifies the exact location 

in the WS-BPEL process in which the monitoring rule must be evaluated), 

monitoring parameter (contains meta level information which defines the scope of 

the monitoring rule), and monitoring expressions (states the constraint that should 

be evaluated). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Monitoring Manager (Figure C.1) is the core element of the proxy-based 

solution for dynamic monitoring and is composed by other sub-elements which are 

responsible for interpreting the monitoring rules, to keep track of the 

configuration that was defined to run a process, to provide monitoring data 

Figure C-0.1 The Monitoring definition [86] 
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obtained via external data collectors, and of invoking external monitor services. 

The Rules Manager sub-element passes information about the monitoring rules 

(retrieved from the Configuration manager) to Invoker sub-element so that the 

external service can be called. 

The Configuration Manager sub-element is responsible for keeping a 

configuration table for each process execution and maintains information about 

the initial overall process configuration (in the monitoring definition file), the 

monitoring rules, and all the information necessary for interacting with external 

services (the service being monitored, the external data collectors, and the 

external monitor service). After the needed data is collected, the Rules Manager 

sub-element interacts with the External Monitors Manager sub-element that 

manages several external monitors and adapts the monitoring data and the 

monitoring rules. The Invoker sub-element invokes the External Monitor so that 

monitoring actions may effectively start. 

 

  

If an error is received, meaning that the condition is not satisfied, the Rules 

Manager communicates it to the WS-BPEL process by returning a standard fault 

Figure C-0.2 The Monitoring Manager [86] 
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message. If the monitor’s response is that the condition is satisfied, the manager 
can then proceed to return the original service response to the WS-BPEL Process.  

 

• [87] Barbon et al., (2006): “Run-Time Monitoring of Instances and 
Classes of Web Service Compositions” 

 

Barbon et al. [87] describe a monitoring approach for WS-BPEL processes which 

supports run-time checking and supports collecting statistical and timing 

information and concentrates only on monitoring of business processes - do not 

deal with QoS metrics integration and dependency analysis. One relevant aspect is 

that this approach designs an architecture that distinguishes and separates the 

business logic of a web service from its monitoring functionality. In other words, 

this architecture allows that the monitor engine and the BPEL execution engine 

are executed in parallel. As this approach relies on the same application server, it 

allows an integration of the two engines where the two run-time environments are 

kept distinct (keeping the monitors clearly separated from the BPEL processes). 

Other relevant aspect from this approach is that provides a language for the 

specification of both instance and class monitors. The language allows specifying 

boolean, statistic, and time-related properties to be monitored. The automatic 

generation from high level specifications of the code to implement the instance 

and class monitors, is also an important contribution for the run-time monitoring 

of web services supporting class monitors. Monitors are software modules that run 

in parallel to BPEL processes and the target of monitors is to observe BPEL 

processes behavior by intercepting the input / output messages that are received 

/ sent by the processes, and signal misbehaviors or situations or events of interest.  
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Figure C.3 shows the architecture designed in a modular perspective and 

integrates the BPEL engine and the ruin-time monitor environment. The BPEL 

execution environment is presented by the elements at light color. The Active BPEL 

runtime environment is composed by four elements: A Process Inventory that 

contains all the BPEL processes deployed on the engine; A set of Process Instances 

consists of the instances of BPEL processes that are currently in execution; The 

BPEL Engine consists of different modules (ProcessManager: controls the process 

instance, and the QueueManager: controls the queue of messages), which are 

responsible for the different aspects of the execution of the BPEL processes. The 

Admin Console is responsible to allow access for checking and controlling the status 

of the engine and of the process instances. 

The Runtime Monitoring Environment side (dark part of Figure C.3) was 

implemented as an extension of the Active BPEL environment. It is composed by 

the Monitor Inventory and the Monitor Instances that are the counterparts of the 

corresponding components of the BPEL engine: the former contains all the 

monitors deployed in the engine, while the latter is the set of instances of these 

monitors that are currently in execution. The Runtime Monitor module provides 

support to the life-cycle and the evolution of the monitor instances. The Mediator 

provides the link between the Runtime Monitor and the BPEL process so that the 

Runtime Monitor can interact with the Queue Manager and the Process Manager 

and to intercept messages as well as other relevant events. The Extended Admin 

Console is an extension of the Active BPEL Admin Console and manages the 

Figure C-0.3 The Active BPEL engine extended with a runtime monitor environment [87] 
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information on the status of the corresponding monitors. The Runtime Monitor 

supports Instance Monitors for observing the execution of a single instance of a 

BPEL process; and Class Monitors that reports aggregated information on all the 

instances of a given BPEL process. 

Finally, this approach provides also the language (RTML: Run-Time Monitor 

specification Language) that specifies the events for the evolution of monitors and 

for specifying instance monitors. The monitors can check temporal, boolean, time 

related, and statistic properties. 

 

• [72] Ardissono et al., (2007): “Monitoring choreographed services” 

 

Ardissono et al. [72] described a framework supporting the monitoring progress 

of a choreographed service, the early detection of faults and the notification of 

the web services affected by the faults. When a failure occurs, the framework 

element called Monitor analyzes the choreography specification to decide whether 

it is still possible to continue the respective service and notifies the service 

providers which cannot continue their execution, allowing them to take 

appropriate decisions. 

The Monitor element tracks the execution of the cooperating Web Services by 

analyzing their conversational behavior. While running the choreography, the 

monitor element gets information about the messages that are being sent and 

received by the Cooperating element and also about their execution state. Based 

on this information, the Monitor element verifies if the service evolves in line and 

is consistent with the choreography, i.e., Monitor element proactively checks the 

progress of the choreographed service and propagates the coordination 

information. If a discrepancy occurs, the monitoring element assesses and informs 

the coordination service towards to take a decision about the fault occurred.  

This framework [72] relies on the analysis of messages, promoting a global view 

of the situation which is therefore strategic to notify the services which cannot 

continue their own execution in due time. The monitor element uses the 

choreography specification to evaluate the possibility of success of the overall 

service, depending on the Web Services Cooperating running state and what part 

of the choreography was completed. The reason is that although the failure of an 

activity determines the failure of the entire scope to which the activity belongs, 

the occurrence of a fault during the execution of a choreography not necessarily 

cause the failure of the whole service - there may be alternative actions that allow 

the service to complete successfully. 
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• [18] Wetzstein et al., (2009): “Towards Monitoring of Key Performance 
Indicators Across Partners in Service Networks” 

 

Wetzstein et al. [18] describe an approach to model and monitor KPIs across 

partners in a service network. Based on the monitoring information collected by 

each partner, KPIs are calculated so that the service network is evaluated. The 

service network is mapped to service choreography descriptions and according to 

the choreography description, KPIs are decomposed to events that each partner 

should provide for the overall KPIs to be calculated. Each partner must follow a 

monitoring agreement that defines the monitoring events each partner must 

provide. Monitoring agreements play a central role on this approach in that 

includes partner descriptions, the events which each partner must provide, and 

how these events are aggregated to calculate the overall KPIs of the service 

network. 

Following a top-down approach, the framework presented in Figure C.4 has 

three layers: in a functional view the service network is mapped to a service 

choreography and further refined to an executable business process. 

 

Figure C-0.4 Overview of the Approach [18] 
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The first layer is where the service network defines the interactions between 

participants. In the second layer, the service network is transformed to a service 

choreography where message exchanges between partners are described. BPMN 

tool can be used to firstly model the choreography and secondly mapped to a 

technology specific choreography description - such as BPEL4Chor. The most down 

level, at the orchestration level, each partner in the choreography performs its 

action as part of the process and exposes it outside as a web service. The basis 

technology for this function can be done by WS-BPEL. 

Each of these three levels has a counterpart regarding the non-functional view. 

According to the service network level, the respective value is calculated based 

on KPIs model at the up most top level. At the service choreography level, public 

processes which involve message exchanges are modeled, creating an agreement 

between partners on how they communicate with each other, and each of the 

participants also agree on which events each of them must provide, answering to 

the KPI model defined at the upper level. Basically, at the middle level, the 

monitoring agreement specifies KPIs which are to be evaluated for the service 

choreography, and how they are depicted to events each partner should provide. 

The resulting agreement includes also definitions of the event formats and 

monitoring mechanisms that realize how events can be retrieved at process 

runtime. Based on this information, a monitoring model (at the lower level) is 

defined for each partner that describes how the provided events are to be created, 

how the needed events from other partners are requested and how the KPIs are 

calculated regarding those events. KPI values can be provided by a single partner 

or by a set of partners since a common attribute will be passed to events. 

Being choreography description defined and monitoring agreement completed, 

it is the time of each participant to implement the internal components of the 

process according to the choreography, and at the same time, implement their 

part of the monitoring agreement. That is, each participant plays his role both in 

the choreography description (at the BPEL service orchestration level) as in the 

monitoring agreement (providing other events to partners and receiving events of 

others). 

 
• [3] Wetzstein et al., (2009): “Monitoring and Analyzing Influential 

Factors of Business Process Performance” 

 

Wetzstein, et al. [3] provide a framework for performance monitoring and 

analysis of WS-BPEL processes, which consolidates process events and Quality of 

Service measurements with the ultimate goal of discovering the main factors of 
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influence of process performance. The framework uses machine learning 

techniques to build tree structures representing the dependencies of a KPI in the 

process and metrics of QoS. The purpose of the dependency trees is to allow 

business analysts to analyze how the process KPI’s depends on lower-level process 

metrics and QoS characteristics of the IT infrastructure. The main objective is to 

allow business analysts to learn about the factors that influence the performance 

of business processes and most often contribute to the violation of KPI target 

values, and how they relate to each other. The framework is based on the principle 

of the BPM lifecycle which is the continuous supervision of business goals and 

timely measurement of business process performance. Technologies oriented to 

business activity monitoring (BAM) support continuous, near real-time monitoring 

of processes based on an eventing infrastructure and helps business analysts 

reaching their goals. The constant monitoring is done by watching KPI’s which are 
determined by a metrics tree consisting of the QoS and Process Performance 

Metrics (PPM). KPI’s and their target values based on business goals are defined by 
the business analysts. The KPIs are composed by a set of metrics related to process 

variables assessed by Process Performance Metrics (PPM) and are also influenced 

by technical parameters, i.e., the Quality of Service (QoS) metrics. When KPI’s do 

not meet business target values, the business analysts are interested in knowing 

the factors that cause these deviations. These factors are then presented in an 

easy way to structure by a decision tree. 

 The framework overview is presented in the high-level Figure C.5 where 

the main elements and layers that compose the framework are shown: 
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This framework consists of three layers: process runtime (a WS-BPEL business 

process is defined and instantiated), monitoring (collects information about the 

business process and services and interacts with the monitor of KPIs, PPMs, and 

QoS metrics), and analysis (collected metrics information are analyzed by the 

process analyzer element). The element of the lower layer is invoked when 

business analyst needs to perform a dependency analysis of KPI’s to analyze the 

influential factors. The element Process Analyzer gathers the needed metric data 

from the metrics database, prepares it for data mining, and uses a decision tree 

algorithm to generate a dependency tree which shows the influential factors of 

the KPI. After analyzing the results, business analyst can then optimize the 

business process. 
  

Figure C-0.5 Monitoring and Analysis Framework Overview [3] 
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• [119] Leitner et al., (2010): “Monitoring, Prediction and Prevention of 

SLA Violations in Composite Services” 

 

Leitner et al. [119] propose the PREvent framework, which is a system that 

integrates event-based monitoring, prediction of SLA violations using machine 

learning techniques, and automated runtime prevention of those violations by 

triggering adaptation actions in service compositions. 

 

 

PREvent framework is based on the VRESCO runtime environment, which 

provides facilities used for monitoring and adaptation (VRESCO is a system that 

was developed by these authors in a previous research work under S-Cube 

consortium). 

Figure C.6 shows three levels of views of the framework architecture: 

Composition view, Prevention view and the Configuration view. The main role of 

the framework resides at the prevention level where three main components are 

responsible for: (1) monitoring of runtime data - Composition Monitor component, 

(2) prediction of violations, which is handled by the SLO (Service Level Objects) 

Predictor component, and finally (3) the identification of possible preventative 

adaptation actions and application of these actions, carried out by the Composition 

Adaptor component. 

Figure C-0.6 Framework PREvent Overview [119] 
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The core element of the Composition Monitor module is the Metric Processor 

which obtains a parsed list of all metrics to monitor and their definitions from the 

Definition Parser (Definition Parser is other element of the Composition Monitor 

module which is responsible for retrieving this list from the Metrics Definitions 

Database). 

The metrics monitored by the Composition Monitor component are used by the 

SLO Predictor component to identify problematic instances at runtime. The main 

approach is to predict SLO values at defined checkpoints in the composition 

execution via regression from measured and estimated runtime data. The 

Prediction Manager (other element from the SLO Predictor component) loads all 

checkpoint definitions from the Checkpoint Database and instantiates one 

Checkpoint Predictor per definition. The predictor loads historical process data 

from the Metrics Database and uses it to train a Prediction Model. 

The third main component, the Composition Adaptor, is responsible for 

handling adaptations of the service composition and executes actions to apply the 

identified adaptations. Other two important elements of this component is Data 

Manipulation (is, in the PREvent framework, the most simple type of adaptation 

action) and Service Binding (in order to rebind the service regarding the adaptation 

action). 
 

 

• [70] Wetzstein et al., (2010): “Cross-organizational process monitoring 
based on service choreographies”  

 

With this framework [70], Wetzstein et al. put the focus on service 

choreography. Highlight the need for companies to collaborate with each other (in 

a CBP perspective) and the need to measure the performance of each of the 

services of each partner involved. The authors describe an event-based monitoring 

approach based on BPEL4Chor35 service choreography descriptions and show how 

to define monitoring agreements specifying events each partner in the 

choreography must provide. They use complex event processing (CEP) technology 

for calculation of process metrics.  

They introduce a monitoring agreement which is an XML-based document 

specifying monitoring aspects between partners based on the choreography 

description. The monitoring agreement consists of a set of resource event 

definitions and complex event definitions. Resource events are defined based on 

                                                 
35 BPEL4Chor is a BPEL extension for modeling service choreographies [52]. 
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abstract BPEL processes in the choreography by specifying at which BPEL resource 

and for which state of that resource an event is to be published (by the Monitored 

Resource), which data it should contain (by the Process Data element which is read 

at the moment of event publishing), and where it should be published (by the 

Target message queue or pub/sub topic element).  

Complex events are defined based on resource events and other complex 

events using a CEP language (the complex events are specified by correlating and 

aggregating existing events). They are needed for calculating process metrics 

which are then used as a basis for definition of Service Level Agreements (SLAs) or 

Key Performance Indicators (KPIs). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C.7 presents and overviews the main concepts of the framework 

approach. The service choreography can be seen as an agreement between 

partners on their public processes and message exchanges. The approach is based 

Figure C-0.7 Framework Overview [70] 
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on a BPEL4Chor service description where all the partners use an abstract BPEL 

process. In this framework a top-down approach is considered which means that 

before the processing starts, the parties agree on what is to be monitored. This is 

saved in the Monitoring Agreement element. The lifecycle of cross-organizational 

monitoring solution consists of three phases: creation of monitoring agreement, 

deployment (after the monitoring agreement is created, it is deployed to each 

partner's infrastructure.), and the concrete monitoring. 

Although Service Level Agreements (SLA) are similar to this approach in that 

involve monitoring in a cross-organizational setting, the commonalities with 

monitoring in this context are that in an SLA partners also agree on metrics and 

how they are to be monitored. However, in this case the focus is on event-based 

monitoring of process metrics across participants in a choreography which is not 

being dealt within frameworks such as WSLA [13] focusing on QoS measurements.  

 
• [88] Wetzstein et al., (2012): “Preventing KPI violations in business 

processes based on decision tree learning and proactive runtime 
adaptation” 

 

Wetzstein, et al. [88] build on the work presented in [3] a monitoring, 

predicting and adaptation approach for preventing KPI violations of business 

process instances. A decision tree learning to construct classification models 

(which are then used to predict the KPI value of an instance while it is still running) 

is also discussed. The base reason for his research is that if the KPI targets are 

violated, the underlying causes should be known and actions must be taken to 

adapt the process taking into account such violations. Therefore, if a KPI violation 

is predicted, then a whole adaptation requirements and adaptation actions can be 

taken preventing the violation while the instance is still running. 

Figure C.0.8 shows the solution and methodology that are based on a lifecycle 

with the following phases: (1) Modeling – where different types of models are 

created at design time (metrics model, adaptation actions model, check point 

model, and constraints and preferences model), these models are used as input to 

the runtime phases; (2) Monitoring -  where all metrics specified in the metrics 

model are monitored (includes the KPIs and lower-level metrics) and are obtained 

metric values for a set of executed process instances; (3) KPI Dependency Analysis 

- to understand the dependencies of a KPI on lower-level metrics, a decision tree 

is trained so that KPI dependency tree serve as classification models for future 

process instances and are used for KPI prediction; (4) KPI Prediction – in this phase, 

whenever a metric checkpoint is reached, the metric values that have been 
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measured until the checkpoint are gathered and used as input to the classification 

model(s) learned in phase 3 (the prediction result per KPI is a predicted KPI class 

or an instance tree, which shows which metrics should be improved to reach a 

specific KPI class and serves thus as basis for adaptation); (5) Identification of 

Adaptation Requirements and Adaptation Strategies - based on the information of 

the last phase, retrieving the metrics that should be improved from the instance 

tree will identify the adaptation requirements (a set of alternative adaptation 

strategies / actions that should be used in the process instance to achieve a desired 

KPI class); (6) Selection of an Adaptation Strategy – the constraints and preferences 

model will suggest a list of potential adaptation strategies – the method for 

selection an adaptation strategy is based on constraints (conditions that never be 

violated) and preferences (are specified as weights on different KPIs and metrics 

and lead to a strategy score number); (7) Adaptation Enactment - the best scored 

selected adaptation strategy is proposed to execute the adaptation actions.  

 

Figure C-0.8 Lifecycle of the Approach [88] 
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The phases of the lifecycle repeat themselves for a certain number of instances 

so that the effectiveness of the adaptations can be evaluated by checking how 

many KPI violations have been prevented and how many instances still violate their 

KPIs - as a result, adjustments will occur. 

An important part of the approach is the metrics model. It includes KPIs and 

underlying KPIs metrics (time, cost and quality dimensions of the process). In 

addition, it also includes lower-metrics which KPIs potentially depends on from the 

metrics model. 

Other relevant aspect of the approach is the concept of a checkpoint. When a 

running process instance reaches a checkpoint, it halts its execution. At a 

checkpoint, a KPI class of the running process instance is predicted. A checkpoint 

definition include the following elements: a trigger defined as a process runtime 

event; a set of metrics from the metrics model; and a set of adaptation actions 

available from the adaptation actions model. 

 

 

The approach was implemented as shown in Figure C.9 as a prototype that was 

supported by Apache ODE as the business process execution engine that runs BPEL 

Figure C-0.9 Architecture of the Approach [88] 
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processes. The monitoring component was performed based on the ESPER complex 

event processing framework (calculation of metrics was based on events published 

by the process engine and a QoS monitor). The classification model learner is based 

on the WEKA suite (a collection of machine learning algorithms for data mining 

tasks) allowing decision tree algorithm implementations. For the implementation 

of checkpoints and instance adaptation, it was used a framework that extends the 

Apache ODE BPEL engine. 

 
• [73] Garg et al., (2013): “A framework for ranking of cloud computing 

services” 

 

The work presented in [73] addresses the issue of monitoring and evaluating 

cloud service providers through a framework that supports SMI attributes (Service 

index measurement). Several market players including IBM, Microsoft, Google, and 

Amazon have started to offer different Cloud services to their customers and from 

the customer’s point of view, it has become difficult to decide whose services they 
should use and what is the basis for their selection.  

Garg et al. [73] describe the SMICloud framework (Service Measurement Index 

Cloud) based on the CSMIC (Cloud Service Measurement Index Consortium36) that 

can compare different Cloud providers based on user requirements. SMI consists of 

a set of business-relevant KPIs that provide a standardized method for measuring 

and comparing business services. SMI framework provides a holistic view of QoS 

needed by the customers for selecting a Cloud service provider based on: 

Accountability, Agility, Assurance of Service, Cost, Performance, Security and 

Privacy, and Usability. 

The framework [73] would let customers compare different Cloud offerings 

according to their priorities and select the solution that is appropriate to their 

needs. To provide information about needs, customers provide two categories of 

application requirements: essential and non-essential requirements. It is 

understood by an essential requirement that all SMI attributes levels should be in 

conformity with the required by the customer – if one of these attributes is not in 

accordance that cloud provider will no longer be of interest. 

SMICloud framework provides service selection based on QoS requirements and 

ranking of services based on previous user experiences and performance of 

                                                 
36 http://www.cloudcommons.com/web/cc/SMIintro - Cloud Services Measurement Initiative 
Consortium (CSMIC) was launched by Carnegie Mellon University (USA) and CA Technologies (founding 
member) to develop the Service Measurement Index (SMI).   
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services. To solve problems of multiple criteria decision making, the authors use 

Multiple Attribute Utility Theory (MAUT) [74], Outranking [75] and Analytic 

Hierarchy Process (AHP) [76]. 

Services are evaluated on their quantitative KPI’s and a set of metrics for cloud 
KPI’s were defined: service response time, sustainability, suitability, accuracy, 

transparency, interoperability, availability, reliability, stability, cost, 

adaptability, elasticity, usability, throughput and efficiency, and scalability. To 

rank Cloud services based on multiple KPIs, a ranking mechanism based on Analytic 

Hierarchy Process (AHP) was proposed and there are three phases in this process: 

problem decomposition, judgment of priorities, and aggregation of these 

priorities. 

 
• [90] Rajaram et al., (2015): “Monitoring Flow of Web Services in 

Dynamic Composition Using Event Calculus Rules”  
 

Rajaram et al. [90] developed a runtime monitoring framework that monitors 

dynamic composition of services and validates it according to predefined service 

flow rules. If the service being composed violates any of the service flow rules, the 

user is notified and allowed to correct its requirements. The web services and the 

rules for composition flow are expressed as event calculus axioms that are useful 

in validating the service composition. 

This approach is based on a framework (Service Flow Monitor) that monitors 

the composition of services at run time and validates the service flow according to 

the service flow rules. In case of violations from the rules, it is notified, and the 

user can change the input requirements. 

The main contributions of the approach are: design of a formal specification 

of service flow rules from user, business, and security point of view using event 

calculus; and the availability of corrective actions in case of violations. The way 

services are involved in the service composition are specified and validated by the 

service flow rules. The order of the services is formally represented in Event 

Calculus which is a logical mechanism that analyses and determines what is true 

about “what happens when” and “what events do”. Event Calculus comprises of 
actions or events, flows (values that are subject to change over time), time points, 

and predicates (describe “what happens when”, the initial situation, the effect of 

events and what flows hold at what times).  
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The approach involves a dynamic composer and an aspect based monitor as 

shown in Figure C.10: 

 

The dynamic composer integrates three phases at runtime: the service is 

selected based on the end-user requirements; a connection between the composer 

and the identified domain service is established; and sending the service interface 

with parameters in the communication channel. The monitor intercepts the service 

selection phase of the composer and validates the selected service against service 

flow rules. The business administrator creates the service rules according to 

business patterns and polices. The rules are stored as a rule repository. The 

Resolver makes use of parser and validates the repository whether there exists a 

precondition which needs the execution of the service. If there is a deviation from 

the service rule, an alert message is sent to Dynamic Composer which allows the 

user to change the requirements. 
  

Figure C-0.10 Composition flow monitoring in a dynamic Web Service composition [90] 
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Appendix D 

Questionnaire for Validation of the 
Subset of Framework Elements and 
of the Method for Service Selection 
and Ranking 
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Appendix E 

Interview support Document 
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Appendix F 

Algorithm to support the Method for Service Selection 
and Ranking 

In detail, written in a pseudo-code language, the algorithm is presented as follows: 

 

executeProposal (list_of_pools_of_services, list_of_metrics) 

{ 

// list_of_pools_of_services: list of the chosen services by the customer 

// list_of_metrics: list of the available metrics 
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 // 1.) – Preparation / Collection of data for the service request  

 // list of selected and ranking services for each pool 

 INITIALIZE list_of_selected_and_ranking_services [] WITH NULL 

 

// 1.1) Collect all customer request information 

 // initialize list of criteria and preferences values 

 INITIALIZE list_of_criteria [] WITH NULL 

 INITIALIZE list_of_preference [] WITH NULL 

  

 // start processing information from each pool of services 

 INITIALIZE iPoolID WITH list_of_pools_of_services [1] // initialize iPoolID with first item of the list  

 FOREACH iPoolID IN list_of_pools_of_services DO 

  

  // 1.2) Prepare the system to answer with services and metrics that should be targeted for the particular service request 

  // start selecting expected performance ranges for each metric according to criteria and preference from  

  // customer and provider 

  INITIALIZE iMetricID WITH list_of_metrics [1] // initialize iMetricID with first item of the list  

  FOREACH iMetricID IN list_of_metrics DO 

    

   // 1.3) Obtain and convert the criteria and preferences into metrics dimensions 

   // get and convert criteria and preferences values to corresponding metrics 

   GET criteria [iCriteriaID].iCriteriaValue TO list_of_criteria [iPoolID, iMetricID, iCriteriaID].iCriteriaValue 
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   GET preference [iPreferenceID].iPreferenceValue TO list_of_preference [iPoolID, iMetricID,   

           iPreferenceID].iPreferenceValue 

 

   // 1.4) Collect the ranges of possible values according to the customer's request 

   // select all the expected values from metrics according to criteria and preference 

   SELECT iPoolID, iMetricID, lValueLeft, lValueRight  

    INTO  list_of_expected_values [iPoolID, iMetricID].lValueL, 

     list_of_expected_values [iPoolID, iMetricID].lValueR 

    FROM  Metrics_TABLE  

    WHERE  Metrics_TABLE.iPoolID = iPoolID AND Metrics_TABLE.iMetricID = iMetricID  

     AND (list_of_criteria [iPoolID, iMetricID, iCriteriaID].iCriteriaValue 

      AND list_of_preference [iPoolID, iMetricID,      

      iPreferenceID].iPreferenceValue BETWEEN lValueLeft, lValueRight) 

 

   // 1.5) Obtain the weights for each metric according to the customer's criteria and preferences 

   // get and convert criteria and preferences values to corresponding metrics weights 

   GET (criteria [iCriteriaID].iCriteriaValue AND preference [iPreferenceID].iPreferenceValue)  

    TO list_of_metrics_weights [iPoolID, iMetricID].pMetricWeightValue 

 

   // 1.6) Assign a preference order factor to the (three) criteria chosen by the client 

   // get the order factor weights chosen by customer to the list_of_order_of_criteria 

   GET lOrderWeightFactors [] TO list_of_order_of_criteria [] 

 

  NEXT iMetricID 
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  // 2.) Selection of possible services for the service request 

  // pool-to-pool processing 

  OPEN iPoolID 

 

  // get the list of services of iPoolID 

  GET list_of_services [iPoolID] FROM iPoolID 

 

  // initialize the list that will store the set of the selected services 

  INITIALIZE list_of_selected_services [iPoolID] WITH NULL 

  INITIALIZE iSelectedServicesCounter WITH 0 

 

  // 2.1) List the services of each pool to verify if service performance values match expected values for   

  // customer’s criteria and preferences 

  // start listing services from iPoolID in order to verify if service performance values match expected values  

  // for criteria and preferences 

  INITIALIZE iServiceID WITH list_of_services [1] // initialize iServiceID with first item of the list  

  INITIALIZE iNumberOfSelectedServices WITH 0 

  FOREACH iServiceID IN list_of_services DO  

 

   // iCountNumberOfMatches determines if all the services values matches the expected value   

   // ranges of all metrics 

   INITIALIZE iCountNumberOfMatches WITH 0 
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   // 2.2) List the metrics of each pool 

   // start listing metrics available on the pool 

   INITIALIZE iMetricID WITH list_of_metrics [1] // initialize iMetricID with first item of the list  

   // initialize to FALSE the internal cycle flag 

   INITIALIZE bNotMATCH WITH FALSE 

 

   WHILE iMetricID IN list_of_metrics AND bNotMATCH = FALSE DO 

 

   // 2.3) Validate if the service performance values per metric are within the expected values 

    IF list_of_services [iPoolID].Value >= list_of_expected_values [iPoolID, iMetricID].lValueL  

    AND list_of_services [iPoolID].Value <= list_of_expected_values [iPoolID,    

    iMetricID].lValueR THEN 

     iCountNumberOfMatches = iCountNumberOfMatches + 1 

    ELSE 

     bNotMatch = TRUE 

    END IF 

 

   NEXT iMetricID 

 

   // 2.4) Select the services that are within the expected values 

   // if number of matches of service values matches the ranges of expected values then ADD the   

   // service to the selected services list 

   IF iCountNumberOfMatches = LENGTH (list_of_metrics []) THEN 

    iNumberOfSelectedServices = iNumberOfSelectedServices +1 
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    ADD iServiceID TO list_of_selected_services [iNumberOfSelectedServices] 

   END IF 

 

  NEXT iServiceID 

 

  // 3.) Ranking of services for the service request 

  // start listing the list of selected services from list_of_selected_services in order to rank each service 

  INITIALIZE iServiceID WITH list_of_selected_services [1] // initialize iServiceID with first item of the list of  

  selected services 

 

  // 3.1) List all selected services 

  FOREACH iServiceID IN list_of_selected_services DO  

 

   INITIALIZE iServiceID.value WITH 0 

 

   FOREACH iMetricID IN list_of_metrics DO 

 

    // initialize variables to search and apply the factor of the criteria order chosen by customer 

    INITIALIZE lValueForFactor WITH 0 

    INITIALIZE iMetricIDFactor FROM list_of_order_of_criteria [1] 

    INITIALIZE bNotFound WITH TRUE 

 

    // 3.2) List the order of criteria defined by the customer and associate the factors to be   

    // assigned in that order 
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    // search for the criteria order chosen by customer 

    WHILE bNotFound AND iMetricIDFactor IN list_of_order_of_criteria [] DO 

 

     IF iMetricIDFactor = iMetricID THEN 

      // apply the factor of the criteria order chosen by customer to the   

      // performance value 

      lValueForFactor = list_of_order_of_criteria [iMetricIDFactor].factor *  

         list_of_selected_services [iPoolID, iServiceID,  

         iMetricID].value 

      bNotFound = FALSE 

     ENDIF 

    NEXT iMetricIDFactor 

 

    // 3.3) Select, in order of criteria, all services whose values are within the possible ranges  

    // for response according to the service request 

    iServiceID.value = iServiceID.value + list_of_selected_services [iPoolID, iServiceID,   

    iMetricID].value * list_of_metrics_weights [iPoolID,       

    iMetricID].pMetricWeightValue + lValueForFactor 

     

   NEXT iMetricID 

 

   // 3.4) Rank the services 

   RANK iServiceID.value IN list_of_selected_services 
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  NEXT iServiceID 

 

  // 3.5) Get the final list of selected and ranked services 

  GET iServiceID BEST RANKED FROM list_of_selected_services TO list_of_service_request  

 NEXT iPoolID 

 

} // end routine 
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Appendix G 

Tables supporting the results from 
the questionnaire 

This appendix refers to the presentation of tables and graphics of information 

directly related to the results of the questionnaire. 

The table below shows the list of participants in the survey. In addition to 

recording the face-to-face interview (except for interview 1 and 8, which did not 

occur due to technical issues with the Zoom tool), all these people signed a 

statement stating that the interview taken place (even for interviewees 1 and 8). 
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Table G-0.1 List of the companies and participants (experts of the market) 

# Company Local Brand Type Site 

1 Autosueco 
Automóveis 

Porto (North of 
Portugal) 

MAZDA, HONDA Official Dealer http://www.autosuecoautomoveis.pt/  

2 Autosueco 
Automóveis 

Porto (North of 
Portugal) 

VOLVO Official Dealer http://www.autosuecoautomoveis.pt/  

3 
Volvocars 

Lisbon (South of 
Portugal) 

VOLVO Brand manufacturer https://www.volvocars.com/pt 

4 
B.Parts 

Porto (North of 
Portugal) 

Multi parts / All brands On-line Distributor https://www.b-parts.com/pt/ 

5 
F2Car 

Porto (North of 
Portugal) 

Multi parts / All brands Independent garage http://f2car.com/  

6 
Triauto 

Viana do Castelo 
(North of 
Portugal) 

VOLVO, MAZDA, HONDA Official Dealer http://triauto.com.pt/ 

7 
Feirauto 

Aveiro (Centre of 
Portugal) 

VOLVO, FIAT, MAZDA, ABARTH, ALFA ROMEO, 
JEEP, MOPAR, ISUZU 

Official Dealer http://www.feirauto.pt/fr-aveiro.html 

8 
Caetano 
Formula 
Retail 

Maia (North of 
Portugal) 

AUDI, BMW, DACIA, HYUNDAI, MERCEDES, 
NISSAN, OPEL, PEUGEOT, RENAULT, SEAT, 
TOYOTA, VOLKSWAGEN 

Official Dealer http://www.caetanoretail.pt/pt  

 
  

http://www.autosuecoautomoveis.pt/
http://www.autosuecoautomoveis.pt/
https://www.volvocars.com/pt
https://www.b-parts.com/pt/
http://f2car.com/
http://triauto.com.pt/
http://www.feirauto.pt/fr-aveiro.html
http://www.caetanoretail.pt/pt
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# Company Contact Job position Mobile email 
Interview 

date 

1 Autosueco 
Automóveis 

Eng. Carlos Santos Aftermarket Manager 351 939 427 465 casantos@autosueco.pt  14.03.2018 

2 Autosueco 
Automóveis 

Dr. Pedro Oliveira Aftermarket Director 351 917 520 286 poliveira@autosueco.pt  14.03.2018 

3 
Volvocars 

Eng. Alberto Sousa Customer Service Director 351 919 549 316 alberto.sousa@volvocars.com  16.03.2018 

4 
B.Parts 

Eng. Manuel Monteiro Aftermarket Director 351 968 902 866   21.03.2018 

5 
F2Car 

Eng. Paulo Carneiro Aftermarket Director 351 914 703 635 geral@f2car.com 22.03.2018 

6 
Triauto 

Eng. André Esteves Aftermarket Director 351 961 408 883 andresteves@triauto.com.pt  26.03.2018 

7 
Feirauto 

Eng. Alcides Sá Aftermarket Director 351 234 910 120 alcides.sa@feirauto.pt  28.03.2018 

8 Caetano Formula 
Retail 

Eng. Pedro Cardoso Aftermarket Director   pedro.cardoso@caetanoretail.pt  18.04.2018 

 
 

mailto:casantos@autosueco.p
mailto:poliveira@autosueco.pt
mailto:alberto.sousa@volvocars.com
mailto:geral@f2car.com
mailto:andresteves@triauto.com.pt
mailto:alcides.sa@feirauto.pt
mailto:pedro.cardoso@caetanoretail.pt
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Table G.2 presents the data of the answers to each question by each 

participant. It also contains data for the calculation of Cronbach's alpha 

coefficient. 

 
Table G-0.2 Questionnaire data to support the method of Cronbach’s alfa calculous 

 

Table G.3 presents the data of the answers and the means by each interviewee: 

 

The following figures relate to the detail of each question and its chart: 
  

Table G-0.3 Results of the questionnaire (from each interviewee) 
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 Results of the Demographic survey: 
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Appendix H 

Glossary 

This appendix contains the glossary of terms used in this thesis, with additional 

comments about the way the term is used in the thesis. 

 

• Adaptive Control System (ACS): an ACS is a system that implements 

adaptive control techniques "which provide a systematic approach for 

automatic adjustment of controllers in real time, in order to achieve or 

to maintain a desired level of control system performance when the 

parameters of the dynamic system are unknown and/or change in time" 

[155].  

A closed-loop is an adaptive control technique to provide an automatic 

adjustment procedure for the controller parameters. 

The approach of [71] considers a feedback control system as a closed-loop 

control system that reuse the output information as a return back to the 

input of the system. 

Landau [155] considers that “a control system is truly adaptive if, in 

addition to a conventional feedback, it contains a closed-loop control of 

a certain performance index”. 
 

• Adaptive Service System (ASS): an Adaptive Service System is a system that 

supports dynamic composition of services based on functional and non-

functional requirements to services specified by customers, and is based 
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on past performance data of candidate services that allows to select the 

best services in terms of non-functional characteristics within pools of 

functionally equivalent services. An Adaptive Service System is a system 

for automated dynamic service selection and composition, using concepts 

from ACS and CAS. 

 

• Business Service: according to [136] a business service is a “business-
related work activity to produce a business outcome. It is supported by 

one or more software service (it may consist almost entirely of software 

services), especially where these services are directly used by a 

customer”. 
In the context of the work in this thesis, a business service is what the 

customer triggers when creating a business service request. The 

collaborative network composed of several business partners is responsible 

for offering the business service to the customer. 

 

• Collaborative Network (CN): is a nosiness network “constituted by a 

variety of entities (e.g., organizations and people) that are largely 

autonomous, geographically distributed, and heterogeneous in terms of 

their: operating environment, culture, social capital, and goals. 

Nevertheless, these entities collaborate to better achieve common or 

compatible goals, and whose interactions are supported by computer 

network” [128]. 
 

• Complex Adaptive System (CAS): according to the definition of Holland 

[44] a CAS is a “system composed of interacting elements, which undergo 

constant change, both autonomously and in interaction with their 

environment”. These systems share a common behavior: they change over 
time and reorganize their elements to adapt themselves through their 

interactions and change their rules based on learning as experience 

accumulates [42]. Meso and Jain [154] have collected a list of the main 

principles of a CAS which are summarized as follows:  

- A CAS is an open system (it interacts with its environment);  

- The elements of a CAS interact dynamically (they exchange 

information with each other) - the behavior of a CAS system is affected 

by these interactions;  
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- The interactions of the CAS elements with the environment result in 

transformation feedback loops between the system elements;  

- The behavior of the CAS cannot be predicted from an analysis of its 

elements because the interactions among different elements are 

dynamic and nonlinear, so a mechanism of control is needed to level a 

CAS performance; 

- The control principle of a CAS can not be applied centrally so that 

there are no bottlenecks in its functionalities, however, the control 

must be distributed throughout the system; 

- The principle of growth and evolution of a CAS is based on the 

adaptation that the system promotes over time in response to internal 

and external environmental changes. 

 

• Customer request: is a request for a global business service that is 

customized by a customer37. According to [125], business services are 

services that support business processes. A customer request refers to a 

global business service that satisfies the requirements of the customer. 

In the context of this work, a customer request is based on the set of 

information that supports the customer's business service configuration. 

This information identifies service levels in terms of criteria and 

preferences. 

 

• Global Business Service (GBS): the term "global business service" is used 

in the context of this thesis to characterize the offer that is provided to 

the customer. The customer chooses individually the services that he / she 

intends for the car and the provider collects globally all the services best 

positioned. The “global business service” represents the proposal that is 

presented to the customer as the best offer for the intended business 

service. 

 

• Metric: is a verifiable measure that describes a quantitative or qualitative 

value that is linked to a point of reference of the business process [50]. A 

metric establishes bridges between the strategy definition and objectives 

to be achieved, the execution of business processes and the creation of 

the organization value [62].  

                                                 
37 Customer is an individual entity who triggers a business request. 
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• Monitoring and Assessment: are activities that refer to methods and 

mechanisms enabling identification, detection, and prediction of critical 

situations that occur regarding a business process [18].  

 

• Request Provider: is the provider of a global business service, the one that 

establishes contracts with service partners to fulfill a Customer request 

and is responsible for providing the CN. The request provider is also 

responsible to define the business strategy. 

 

• Service Pool: a service pool contains a set of services that belong to the 

same scope of customer needs supply (i.e., have similar functional 

characteristics from the point of view of a customer). In the context of 

this research, service pools host software services identifiers (addresses) 

and specific structures so that they can compete whenever the customer 

places a request. 

 

• Service Provider: is an organization that is part of a CN and that provides 

in this CN a business service that fulfills a global business service request 

from a customer. 

 

• Software service: a software service is the IT-based implementation of a 

business service, made available through a well-defined IT-based 

interface. According to ITIL38 (version 3) a software service is a “service 

provided to one or more customers, by an IT service provider” and is a 

paradigm for developing business collaborations in and across 

organizations.  

In the context of this work, the concepts of Web-service (described in 

Chapter 2) and software service are used interchangeably. 

 

  

 

 
 
 
  

                                                 
38 Information Technology Infrastructure Library 



423 

 
 

Appendix I 

Scientific literature search 

The scientific bibliographical sources to support this research work were collected 

during the development of the work and were based on two concrete activities: 

 

• The first activity was related to the exhaustive state-of-the-art survey to 

identify all knowledge and research streams about the monitoring and 

evaluation of performance behavior of software services. This first step 

led to most of the bibliography that contributes to the scientific 

embedding of this work.  

• The second activity was related to later refinement of specific research 

topics that needed more clarification or a better framing. 

I.1- Distribution of references over chapters 

In order to understand the distribution and impact of bibliographical references in 

the context of this work, we divide the thesis into two equal parts (the document 

is composed of 10 chapters). 

The first half is composed of the theoretical identification and scientific 

support for the various components of the research work, while the second half is 

more oriented towards more pragmatic questions such as development and 

implementations, tests and validations of the resultant artifact. 
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Regarding the first half, the first chapter focuses on the problem framing, the 

research paradigm definition, the objectives and research questions settings. 

From the 2nd chapter to the 4th, the states-of-the-art are discussed in relation 

to the main themes of the thesis, namely: state-of-the-art survey of performance 

monitoring and evaluation of software services; adaptive control systems; and 

metric systems. 

The fifth and last of this first half refer to the definition of the framework as 

artifact resulting from the research work. 

 

The following table identifies the number of times that articles are invoked in 

each of these chapters: 

 
Table I-0.1 Number of articles invoked in a Chapter (1) 

Chapter # Articles % 

1 49 22,9% 

2 61 28,5% 

3 16 7,5% 

4 23 10,7% 

5 25 11,7% 

SUM (1 to 5) = 174 81,3% 

 

The number of articles cited does not correspond to the total number of 

articles in the bibliography. Each article can and is referenced in other chapters. 

Up to the complete definition of the framework (five first chapters), scientific 

bibliographic support was about 81% of the total articles invoked in the thesis that 

is explained by the need to scientifically support the decisions made. 

The second half of the document contains a percentage of about 19% of 

referenced articles, which is explained by the lower need for support, since in 

chapters 6 to 10 are more related to the parts of the prototype implementation, 

development and validation, and conclusions, as shown in the following table: 
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Table I-0.2 Number of articles invoked in a Chapter (2) 

Chapter # Articles % 

6 2 0,9% 

7 7 3,3% 

8 7 3,3% 

9 5 2,3% 

10 19 8,9% 

SUM (6 to 10) = 40 18,7% 

 

The following table shows the distribution of bibliographical references by both 

parties, where it is clear the invocation of a greater number of references in the 

first part: 
Table I-0.3 Distribution of bibliographic references by both parts of the thesis 

I.2- Literature search strategy 

For the first literature search activity, a semi-structured literature search 

approach has been applied. This approach is based on selection of secondary 

sources, selection of search terms (keywords), and inclusion and exclusion criteria.  

In the next sections the approach adopted for the selection of the 

bibliographical references that support the development of this thesis is described. 
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I.2.1- Selection of secondary sources 

The database sources for the bibliographical searches have taken into account the 

indexes Web of Science, Scopus, but as well Google Scholar (and other institutions 

ACM, Elsevier, IEEE, Springer, ...). 

The total number of references were 166, distributed by the following 

categories: Books, Conferences papers, Scientific Journals, Project Reports and 

Web links. The following table shows the numbers and percentages of each 

category: 

 
Table I-0.4 Number of reference sources 

Reference sources = 166 

Source # % 

JOURNAL 49 30% 

CONF 48 29% 

BOOK 47 28% 

REPORT 11 7% 

WEB LINK 8 5% 

PHD Thesis 3 2% 

 

The following three tables present data regarding the collection of scientific 

references: Journals (#49) and Conference papers (#48). The tables present the 

data aggregated by ranking of relevance according to reference institutions 

(http://portal.core.edu.au/jnl-ranks for Journals and 

http://portal.core.edu.au/conf-ranks for Conference papers). The third table (of 

the right) shows the sum of the two tables (Conference and Journals): 

 
Table I-0.5 Global Conference papers and Journal Ranking perspectives 

 

Analyzing the sum table, it is evidenced that 44% of the two types of 

bibliographical references represent ranks classified with "A" and "A *". 

 

http://portal.core.edu.au/jnl-ranks
http://portal.core.edu.au/conf-ranks
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Crossing these data with the Table I.0.3, to verify the rankings of the 
bibliographical references applied in the chapters 1 to 5 and 6 to 10, we have the 
following data tables for the first half (Chapters from 1 to 5): 

 
Table I-0.6 References Ranking perspectives for the first half (Chapters 1 to 5) 

 
Table I-0.7 References Ranking perspectives for the first half (Chapters 6 to 10) 

 

Table I.0.6 shows that most of the references with the greatest relevance were 

applied during the first part of the thesis conception, that is, in the scientific 

alignment of foundations. The percentage of articles and journals classified as “A” 

and “A *” is 44%, while in the second half (chapters 6 to 10) – Table I.0.7, the 

percentage falls to 30% because of the nature of the second half of the thesis 

already explained in section I.1. 

 

I.2.2- Selection of search terms 

Some of the keywords used as a bibliography search are listed in the table below. 

They are examples of keywords researched in the first four chapters of the thesis.
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Table I-0.8 Referenced Keywords in the first 4 chapters 

 

As an example of the terms used in the research and selection of scientific 

bibliography related to the monitoring and assessment frameworks, it is possible 

to demonstrate basically the terms that are posted in the comparison columns of 

the studied frameworks related to the state-of-the-art elaborated in chapter 2. 

Tables 2.11 and 2.12 (at the end of chapter 2) present a comparison of 

characteristics relevant to the framework proposed in this work. The terms used 

as headers for these columns were used in bibliographic searches to identify the 

articles that are part of the study of the state-of-the-art.  

I.2.3- Selection of inclusion and exclusion criteria 

Several criteria were applied to filter the scientific articles research. As relevant 

selection of inclusion criteria the following criteria were followed: 

 

• Time 

 

As a rule, articles should not be older than about 10 years. The study of 

state-of-the-art of monitoring and assessment frameworks comprised 

just articles up to a decade old. However, there are other articles that, 

due to their scientific relevance, are older and are referenced in the 

bibliography, which is the case of [32] with about 650 citations and is 
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from 2004, or the case of [44] that has more than 5000 citations and is 

from 1995. 

The following table shows the frequency of bibliographical references in 

a timeline, and we can see that about 90% of articles come from the mid-

2000s to the current year. 

 
Table I-0.9 References frequency in a timeline 

 

• Ranking database and Citations 

 

The relevance with which the article is classified, was also one of the 

criteria, as well as the number of citations attributed to the article. 

 

• Language and full-text 

 

A mandatory criterion such as having to be written in English and being 

available in full-text, were also rules of criteria assumed for bibliography 

research. 

 

As relevant selection of exclusion criteria the following criteria was followed: 

 

• Commercial papers or reports 

 

As a rule, commercial papers or reports without a scientific foundation 

were not considered.  

 

• Papers from not indexed conferences  
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In order to establish a high level of quality of the scientific research, non-

indexed conference articles were excluded from the research. The 

database for papers evaluation were the 

thttpps://portal.core.edu.au/conf-ranks 

 
  



431 

 

Appendix J 

Validation phase evidences and 
Software prototype tool repository 

This appendix contains a reference to a repository that stores the evidences of the 

validation phase. In this repository it is possible to find the declarations signed by 

the interviewees, the software prototype tool (Microsoft Office 365 version), the 

Video and Audio interviews, and the document that served as the basis for the 

presentation.  

In detail: 

 

• Meetings declarations: this folder contains 8 PDF files corresponding to 

the declarations of each interviewee. These statements state that the 

meetings actually took place. The Table G.0.1 (of the Appendix G) 

stores the data of each of the interviewees. The table contains 

contacts (telephone or mail) that may be used to contact to confirm 

any of the interviews or clarify any question. 

 

• Video / Audio Interviews: this folder contains the video / audio 

recording of 6 interviews. Due to technical problems related to the 

Zoom tool, it was not possible to record the first and last interviews. 
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• SupportDoc4SimulationPresentation-V6_5.PPT: this file was used in the 

presentation step to support the interviews. 

 

• Simulation: this folder contains all the files that support the software 

prototype (version for Microsoft Office 365) that is detailed in section 

8.4 

 

The link to achieve these resources is: 

 

https://www.dropbox.com/sh/88romsj0klmps7o/AAD5Pb8nWN-w-

unUsq8Sylsba?dl=0 

 

 
  

https://www.dropbox.com/sh/88romsj0klmps7o/AAD5Pb8nWN-w-unUsq8Sylsba?dl=0
https://www.dropbox.com/sh/88romsj0klmps7o/AAD5Pb8nWN-w-unUsq8Sylsba?dl=0
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