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Introduction

A Web Service is a programmatic implementation of a functionality provided over the
Internet (Kreger, 2001). The huge and increasing number of similar network components
available on the web makes the market competition increasingly fierce. According to services
providers, one of many key factors for a business success is the proper management of services
quality (Hao, Zhang, & Cao, 2012). However, in order for it to be provided at a high level, it is
still necessary to find consensus between conflicting metrics (Li, Cheng, Ou, & Zhang, 2010)
affecting it, for example: between Price, Response Time and Availability (Ruiz & Rubira,
2016). Web Service is a solution that people deal with every day — even when they do not realize
it.

Every web solution is not trivial, i.e. it requires a lot of logical computations to achieve the

goal, a customer?

is willing to get by using it. In nearly all cases, a request for getting a specific
functionality must go through many different network components accomplishing different
logical parts of the whole complex demand. Those components are Web Services with which
the Internet is changing into one, big, distributed computational device. The Internet is a very
broad concept; it is Pyszne.pl?> mobile application used to order food online from various
restaurants. It is a solution of PKO Bank Polski®, which allows people to check their balance
and send money transfers. It is Messenger” for iOS® or Android®, that people use to communicate
with each other every day. All those mobile solutions also have their web browser substitutions.
The Internet could be related, for instance, to Wirtualna Polska’ website for checking news, e-
mail box or weather. When somebody wants to quickly find information about a specific city,
place or event, one uses Google®, i.e. the Internet.

Multiple studies (e.g. (Jin, Chun, Jung, & Lee, 2017) (Mishra & Raj, 2017) (Tang & A,
2010)) on quality of Web Services focus only on technical and programming issues, while

forgetting that the human being (a customer, user) is the main and most important element in

I Customers of Web Services are meant as users of various business services available via the Internet. User,
consumer and customer phrases are used interchangeably in this context in the dissertation

2 Pyszne.pl, an application to order food; https://www.pyszne.pl/

3 PKO Bank Polski; https://www.pkobp.pl/

4 Messenger, Facebook solution for communication; https://www.messenger.com/

5108, operating system from Apple; https://www.apple.com/

® Android, most popular mobile operating system; https://www.android.com/

" Wirtualna Polska, popular Polish medium; https://www.wp.pl/

8 Google; https://www.google.com/



the process of assessing the quality. Researchers very often have a strictly programmatic
approach to the various components involved on the Internet ( (Christensen, Moller, &
Schwartzbach, 2003), (Suzumura, Trent, Tatsubori, Tozawa, & Onodera, 2008), (Li H. , 2011),
(Juneau & Telang, 2022), (Guo, 2024)); the parties involved in the implementation, delivery or
their usage are usually treated zero-one. Researches on Web Services show ambiguous
management of components under specific quality requirements for different user groups of
various types of services ( (Joshi & Ramanaiah, 2016), (Xiao, 2008)). In terms of supposedly
clear functional intentions, complex processes may be distinct mainly in aspects of non-
functional® ones. Subconsciously, it may seem which quality features are crucial, however
subconsciously there is a hunch, those differ when changing the process type'®. Intuitively,
googling something might be less reliable than checking the bank account balance. There is a
willingness for functionality checking a train to respond faster than gathering tax reports from
last year. A taxi service should be available 24/7, although the discount store mobile application
may be down between 3 AM and 5 AM.

Business models of Web Services most often consist of only 3 elements: user, provider and
service registry (Leymann, Roller, & Schmidt, 2002) (Moran, Zaremba, Mocan, & Bussler,
2004); for many nowadays, the schema of complex solutions may not present the full essence.
While the concepts of Quality of Service and service management meeting the specific
requirements or related business models exist in the literature ( (Dustdar & Treiber, 2005),
(Machiraju, Sahai, & van Moorsel, 2003), (Jin, Machiraju, & Sahai, 2002), (Kumar, et al.,
2022), (Hammoudeh & Al-Ajlan, 2020)) they are generally not adapted in terms of such
complicated, consisting of many services as one functionality solutions. They are often outdated
in a highly dynamic environment providing functionalities over the network or just not
documented in papers and not communicated to general awareness.

Based on the analysis of the subject literature, it can be stated that there is a research gap
concerning the lack of business models, that take into consideration complex Web Services and
their quality features. The research gap can be divided as follows:

1. Theoretical research gap: the absence of comprehensive theoretical Web Service business
models that consider complex solutions created by different sub-services.
2. Empirical research gap: the absence of influence consideration of non-functional features

of Web Services in terms of practical application of Web Service business models.

% A non-functional feature means it is not having any particular purpose or function, i.e. non-functional features
are quality features the service is evaluated by
10 E.g. process of logging in, process of checking balance, process of viewing static content



The main goal of the dissertation is to develop a novel complex Web Services business model
with respect to the quality requirements defined by business entities with promoting non-
functional demands by the multi-criteria optimization algorithms. A purpose is to be achieved
through the following specific objectives:

Ol1. The first is to identify the Web Service quality characteristics that create multiple quality
models and are independent criteria in the context of dynamic composition of a complex
service.

02. The second is to analyze and determine the causalities of business entities providing Web
Services and to point out the differences in expected quality for various types of network
components.

O3. The third is to identify and determine the gaps in current Web Services common business
models in terms of complex Web Services.

O4. The fourth is to systematize the multi-criteria optimization algorithms relevant and useful
for solving the problem of dynamic composition of Web Services.

O5. The fifth is to analyze the data sources offering values of various quality attributes for the
successive composition for the end-to-end service.

06. The sixth is to determine how implemented multi-criteria optimization algorithms perform
in the provided composition environment.

There are formulated research questions, organized as follows:

e RQ-1.1. How is a Web Service defined: both in business and in technical contexts? (Chapter
1, Section 1.2)

e RQ-1.2. How is the concept of the Quality of Service defined in the relevant subject
literature? (Chapter 1, Section 1.3)

o RQ-1.2.1. How many attributes are proposed, overall, in the literature to
research Quality of Service? (Chapter 1, Section 1.3, Subsection 1.3.2.)

o RQ-1.2.2. Which of attributes are most often used to assess Quality of
Service? (Chapter 1, Section 1.3, Subsection 1.3.2.)

o RQ-1.2.3. Which of the attributes are less popular, but still at least
indisputably defined and used in a few articles to assess Quality of Service?
(Chapter 1, Section 1.3, Subsection 1.3.2.)

o RQ-1.2.4. What are the factors that influence the choice of quality attributes
in researches? (Chapter 1, Section 1.3, Subsection 1.3.2.)

o RQ-1.2.5. What is the background in researches that consider the QoS?
(Chapter 1, Section 1.3, Subsection 1.3.2.)



o RQ-1.2.6. Which QoS metrics!! are the most important in the context of
which types of services? (Chapter 1, Section 1.3, Subsection 1.3.3.)
o RQ-1.2.7. What are the differences in quality requirements in the context of
the same functionality but different Web Services? (Chapter 1, Section 1.3,
Subsection 1.3.3.)
o RQ-1.2.8. What are the differences in quality requirements in the context of
different functionalities within a single Web Service? (Chapter 1, Section
1.3, Subsection 1.3.3.)
e RQ-1.3. What are the tools, concepts and patterns to manage Web Services within different
architectural environments to obtain a satisfactory level of quality? (Chapter 1, Section 1.4)
e RQ-1.4. How are the business models defined in the literature related to the Quality of
Service? (Chapter 1, Section 1.5)
e RQ-1.5. What are the drawbacks of the current state of business units providing Web
Services? (Chapter 1, Section 1.5)
e RQ-2.1. What is a Web Service composition defined in the subject literature? (Chapter 2,
Section 2.2)
e RQ-2.2. What are the methods of conducting a Web Service composition process? (Chapter
2, Section 2.3)
e RQ-2.3. How are multi-criteria optimization methods & algorithms used (if they are) among
the Web Service composition process? (Chapter 2, Section 2.4)
o RQ-2.3.1. Which methods of multi-criteria optimization are the most
common in terms of Web Service composition (if there are any common)?
(Chapter 2, Section 2.4, Subsection 2.4.1, 2.4.2, 2.4.3)
o RQ-2.3.2. What are already known and commonly used methods of
evaluation for the multi-criteria optimization algorithms results? (Chapter 2,
Section 2.4, Subsection 2.4.4)
e RQ-3.1. What dataset(s) could be used in the Web Service composition experiments?
(Chapter 3, Section 3.3, 3.4)
e RQ-3.2. What algorithm(s) (from those taken into considerations) perform(s) the best in

terms of non-business Web Service composition experiments? (Chapter 3, Section 3.7)

11 Based on the following paper (Yu, Radhakrishna, Pingali, & Kolluri, 2007), a nomenclature has been adopted
in this dissertation where QoS parameters, metrics and attributes are synonymous phrases



e RQ-4.1. What algorithm(s) (from those taken into considerations) perform(s) the best in
terms of business Web Service composition experiments (i.e. composition of cases that have
a real, business foundation)? (Chapter 4)

e RQ-5.1. What extensions could be proposed for a novel complex Web Services business
model with promoting non-functional demands by the multi-criteria optimization
algorithms? (Chapter 5, Section 5.2)

e RQ-5.2. How useful is the developed novel business Web Service model in solving the
domain problem of complex composition and non-functional demands promotion? (Chapter
5, Section 5.3)

e RQ-5.3. What are the drawbacks of the developed novel business Web Service model?
(Chapter 5, Section 5.4)

In Table 0.1 there are the systematization of objectives, research questions, and chapters of the

dissertation presented.

The study was conducted according to Design Science Research (DSR) that focuses on
problems of practice in organizations by developing and evaluating artifacts (Hevner, March,
Park, & Ram, 2004) (Hevner & Chatterjee, 2010) to address the issues, in terms of Design
Science Research Methodology (DSRM) (Peffers K. , Tuunanen, Rothenberger, & Chatterjee,
2007) (Peffers, Tuunanen, & Niehaves, 2018). This research method applies to information
systems and management areas. DSR has the potential to create real and practical solutions for
organizations, as well as new theoretical knowledge (Vaishnavi, Kuechler, & Petter, 2004). The
key focus of DSR is the cognitive design of artifacts (such as models, methods or computer
systems) to solve recognized business problems. The aim is to improve upon an existing state
by offering innovative technological solutions, and concurrently advancing theory in
management science. Table 0.2 provides a high-level overview of the stages in DSRM and their

relevance to the study carried out in this dissertation.



Table 0.1 The Systematization of objectives, research questions and chapters of the dissertation

Objectives Research Chapter/Sections
Questions

Ol1. The first is to identify the Web Service quality | RQ-1.1., RQ-1.2., | Section 1.2, 1.3
characteristics that create multiple quality | RQ-1.2.1., RQ-
models and are independent criteria in the | 1.2.2., RQ-1.2.3.,
context of dynamic composition of a complex | RQ-1.2.4.,  RQ-
service. 1.2.5.

02. The second is to analyze and determine the | RQ-1.2.6., RQ- | Section 1.3
causalities of business entities providing Web | 1.2.7., RQ-1.2.8.

Services and to point out the differences in
expected quality for various types of network

components.

O3. The third is to identify and determine the gaps
in current Web Services common business

models in terms of complex Web Services.

RQ-1.3., RQ-1.4.,
RQ-1.5.

Section 1.4, 1.5

O4. The fourth is to systematize the multi-criteria
optimization algorithms relevant and useful for
solving the problem of dynamic composition of

Web Services.

RQ-2.1., RQ-22.,
RQ-2.3., RQ-
2.3.1,,RQ-2.3.2.

Chapter 2

O5. The fifth is to analyze the data sources offering
values of various quality attributes for the
successive composition for the end-to-end

service.

RQ-3.1,

Section 3.3, 3.4

06. The sixth i1s to determine how implemented
multi-criteria optimization algorithms perform

in the provided composition environment.

RQ-3.2., RQ-4.1.

Section 3.7,

Chapter 4

The main goal of the dissertation is to develop a
novel complex Web Services business model
with respect to the quality requirements defined
by business entities with promoting non-

by

optimization algorithms.

functional demands the multi-criteria

RQ-5.1., RQ-5.2.,
RQ-5.3.

Chapter 5

Source: own work.
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Table 0.2 Design approach according to DSRM

DSRM stage

Doctoral dissertation reference

Problem Identification and

Motivation, Objectives for

a Solution
(ldentification  of  an
important practical

problem that needs to be
solved; definition of an

artifact)

Identification of the absence of comprehensive theoretical
Web Service business models that consider complex
solutions created by different sub-services (with lack of
influence consideration of non-functional features of Web
Services).

Analysis in the context of quality of Web Services;
management of Web Services; business models of
organizations encountering network solutions.

The artifact, the solution of the problem, is the creation of
anovel complex Web Services business model with respect
to the quality requirements defined by business entities
with promoting non-functional demands by the multi-

criteria optimization algorithms.

Design  and

Artifact

Develop

(Concept development and

solution implementation)

Development of foundations of the model, i.e. a software
solution including an environment for the creation of a

complex Web Service with optimization algorithms.

Demonstrate Artifact
(Demonstration that the

artifact works in practice)

Design of business scenarios and the demonstration of the

usability of the proposed solution with experiments.

Evaluate Artifact

(Evaluation of the
usefulness of the developed
model)

Validation of a complete novel complex Web Services

business model by business use cases.

Communication
(Dissemination of scientific

and practical results)

The proposed model is aimed at managers of companies
offering their products and services on the web. It also
provides a basis for conducting research related to the
development of a theoretical framework for Web Services
business models. The developed model is described in this

doctoral dissertation.

Source: own work, based on (Peffers K. , Tuunanen, Rothenberger, & Chatterjee, 2007) (Peffers, Tuunanen,

& Niehaves, 2018).

11



The procedure of the dissertation research consists of the following five stages:

P1. The first one consists of the selection of the quality characteristics of Web Services relevant
to different groups of business customers and analysis of the relationships between them
(systematic literature review, definition of the most important quality characteristics in
different target groups).

P2. The second is related to the statement of requirements of various Web Services for different
groups of business customers (analysis of the literature on business entities using network
components and their requirements in that field; analysis of Web Services use cases among
different target groups).

P3. The third is the conduction of Web Service domain research on algorithms and tools
necessary to conduct computational experiments related to multi-criteria optimization.

P4. The fourth is the conduction of the multi-criteria optimization experiments: implementation
of the service composition environment and chosen algorithms, preparation and
optimization of business use cases in the context of selected Quality of Service metrics.

P5. The final one is the development and evaluation of an original business model based on
relevant and solution-useful methods for dynamic composition of Web Services, using
selected Quality of Service metrics and multi-criteria optimization algorithms.

The following research methods were used in the procedure: systematic literature review, case

study, experiment, unstructured participant observation.

The dissertation is organized as follows. In the first chapter there is the business concept of

a Web Service presented, along with its characteristics. First, the meaning of a Web Service in

various businesses is presented. There is provided the systematization, what technical elements

should be defined to name a component a Web Service. Next section describes the quality
models of Web Services. After the introduction to the general term of Web Service quality, there
is conducted a process of unification of various quality parameters used for assessing the
services standard; the identification of differences in expected quality for various types of Web

Services is carried out as well. This is followed by the Web Services management section. There

are various business organizational styles with different tools for managing services to fulfill

needed quality requirements presented. The last section of the first chapter presents the most
common business models in the Web Service area. Researchers’ approaches are discussed and
the drawbacks of the state of art are presented.

The second chapter shows the Web Service composition aspect, why such processes take

place, what are distinct schemas of various assembly types. First, there is the definition of a

Web Service composition presented along with description why such processes take place. The

12



next section argues the differences between static and dynamic compositions. This is followed
by insights into multi-criteria optimization methods used in the dynamic composition. A variety
of different algorithms are presented and indictors to assess their results.

The third chapter is related to the main composition optimization experiment preparation,
beginning with the source dataset, ending with conducting non-business cases. In this chapter
the whole procedure of both: non-business and business composition experiments are
discussed. There are presented steps, one by one implemented to achieve environment for
conducting experiments. Finally, there are the results of the non-business experiments with
explanations presented.

The fourth chapter presents seven business scenarios, for which the real business experiment
of optimization of a complex service is carried out. There is a business purpose of the
compositions presented, each use case is described with charts and tables for a better
demonstration of the results. Seven cases are concluded, and the final remarks are carried out.

The last chapter describes the proposition of the novel business model, which is an extension
for the most common state of art, i.e. the Web Service business model consisting of user,
provider, and service registry. A solution is eligible by accepting the fact, more and more people
are getting involved into the web — so it changes continuously. It suggests reasonable
supplements for the concept of composing a sophisticated Web Service with predefined non-
functional levels. Model flow validation is presented in three different usage cases. There are
drawbacks of the research and future directions to overcome current limitations presented.

The research utilized original tools created by the author specifically in the context of the
doctoral dissertation. The experimental environment and optimization algorithms were
programmed from zero using the Java programming language and Spring Boot framework. The
tools and code material have been uploaded to the Github platform (and are available here
https://github.com/makalous/moo). Utilities for graphical generation and solutions suitability
calculation were also programmed in Python language strictly for the dissertation and have been
uploaded to Github too (and are available here https.://github.com/makalous/hypervolume-
3d/tree/main).

13



1. Business essence and characteristics of Web Services

1.1.

Overview

The first chapter concerns the first three specific objectives defined:

Ol. The first is to identify the Web Service quality characteristics that create multiple quality

models and are independent criteria in the context of dynamic composition of a complex service.

02. The second is to analyze and determine the causalities of business entities providing

Web Services and to point out the differences in expected quality for various types of network

components.

O3. The third is to identify and determine the gaps in current Web Services common business

models in terms of complex Web Services.

Answers the following research questions:

e RQ-1.1. How is a Web Service defined: both in business and in technical contexts? (Chapter
1, Section 1.2)

e RQ-1.2. How is the concept of the Quality of Service defined in the relevant subject

literature? (Chapter 1, Section 1.3)

o

RQ-1.2.1. How many attributes are proposed, overall, in the literature to research
Quality of Service? (Chapter 1, Section 1.3, Subsection 1.3.2.)

RQ-1.2.2. Which of attributes are most often used to assess Quality of Service?
(Chapter 1, Section 1.3, Subsection 1.3.2.)

RQ-1.2.3. Which of the attributes are less popular, but still at least indisputably
defined and used in a few articles to assess Quality of Service? (Chapter 1, Section
1.3, Subsection 1.3.2.)

RQ-1.2.4. What are the factors that influence the choice of quality attributes in
researches? (Chapter 1, Section 1.3, Subsection 1.3.2.)

RQ-1.2.5. What is the background in researches that consider the QoS? (Chapter I,
Section 1.3, Subsection 1.3.2.)

14



o RQ-1.2.6. Which QoS metrics are the most important in the context of which types
of services? (Chapter 1, Section 1.3, Subsection 1.3.3.)
o RQ-1.2.7. What are the differences in quality requirements in the context of the same
functionality but different Web Services? (Chapter 1, Section 1.3, Subsection 1.3.3.)
o RQ-1.2.8. What are the differences in quality requirements in the context of different
functionalities within a single Web Service? (Chapter 1, Section 1.3, Subsection
1.3.3.)
o  RQ-1.3. What are the tools, concepts and patterns to manage Web Services within different
architectural environments to obtain a satisfactory level of quality? (Chapter 1, Section 1.4)
o RQ-1.4. How are the business models defined in the literature related to the Quality of
Service? (Chapter 1, Section 1.5)
o RQ-1.5. What are the drawbacks of the current state of business units providing Web
Services? (Chapter 1, Section 1.5)

Conducts the first two stages of the dissertation procedure:

P1. The first one consists of the selection of the quality characteristics of Web Services
relevant to different groups of business customers and analysis of the relationships between
them (systematic literature review, definition of the most important quality characteristics in
different target groups).

P2. The second is related to the statement of requirements of various Web Services for
different groups of business customers (analysis of the literature on business entities using
network components and their requirements in that field; analysis of Web Services use cases

among different target groups).

The first chapter of the dissertation is organized as follows. The second section refers to
the concept of a Web Service in terms of business processes and the meaning of it for various
industries; why big companies decide to invest in such facilities. It also provides the template
components that a service consists of, if it is accessible and usable over the Internet. It refers to
how the Web Service is contained in the technical terminology. The third section presents the
quality models of Web Services. It shows how the services can be evaluated in a non-

functional*? way, it tries to standardize which quality factors are essential for what types of

12 A non-functional feature means it is not having any particular purpose or function, i.e. non-functional features
are quality features, the service is evaluated by
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services or functionalities. The fourth section talks about the management of services. There
are presented approaches and tools for keeping components within the right standards. The fifth
section presents the business models related to Web Services and the drawbacks of the current

state in the literature.

1.2. Web Service. The meaning

1.2.1. The business context of Web Services

This subsection refers to the high-level definition of the Web Service and presentation of it
in terms of business processes and organizational business units.

A Web Service is a self-describing, self-contained software module available via a network
(e.g. Internet) (Kreger, 2001). It completes various tasks, solves problems, and conducts
transactions (Papazoglou M. , 2007). This solution is already transforming the web from a
collection of information into a distributed computational device (Fensel & Bussler, 2002). The
Web Service is in fact a software component, independent from the hardware platform, and
implementation providing specific functionality. It can be visualized as a black box (Zhu, He,
Xie, Zheng, & Lyu, 2017); component reacts to the input signals and responds with a calculated
output. On the basis of Web Services, it is possible to construct distributed systems and Internet
applications. The use of Web Services allows software components to interact with each other
over the Internet regardless of their location and implementation details. To consume the
service, various protocols and interfaces are used, and their choice depends largely on the end
customer; for requestors of Web Services, choosing a service that fulfills their preferences has
become an essential issue (Hao, Zhang, & Cao, 2012) (RQ-1.1.).

Traditional systems used to operate independently, so that companies using or providing
legacy software solutions had difficulties with data interchanging and communication — not
only outside the organization, but even inside, between various units (Sneed, 2006) (Zahra, et
al., 2023). Such a situation had many implications (Rochimah & Sheku, 2016):

e Business processes were ineffective, because of the need of a human factor to

combine their disassembled parts.
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e In case of the software update, there always appeared high maintenance cost issues
(because of the less and less specialists available on the market).

¢ Businesses were not scalable and not able to handle increased workload.

e Real-time functionalities were available only within small part of features.

e Outdated systems caused security problems to the sensitive data.

The business advantages of Web Services in such cases are very clear and logical. The
Service Oriented Architecture (SOA) addresses most of the drawbacks of the aforementioned
problems. Such technologies have gained a lot of attention and companies are willing to deliver
more flexible solutions. In comparison with traditional systems, web components provide the
following capabilities (Conde-Gonzalez, Garcia-Pefialvo, Casany, & Forment, 2009).

First, services could rapidly integrate old systems to make them able to exchange
information (Venkatraman, 2004) (Conde-Gonzalez, Garcia-Pefialvo, Casany, & Forment,
2009). Rewriting old, legacy code might be very complicated and, for sure, is time and money
consuming. If there are no business possibilities or plans to recreate systems within new
technologies, giving them the possibility to communicate is just adequate, and is a redemption
for making processes more effective.

Secondly, Web Services increase standardization (Conde-Gonzalez, Garcia-Pefialvo,
Casany, & Forment, 2009) (Shelton, 2003). Even though there are many different programming
languages to develop services, the technology stack like protocols, methods of hosting
standards, and programming design patterns are getting more and more unified. If there appears
a need to update, maintain, or extend a component with a new functionality — predicted cost
should be much less than in the traditional, legacy systems.

The next advantage of Web Services is Scalability (Allamaraju, 2010) (Grice & Botha,
2002). They are often hosted in server rooms, datacenters, or other such facilities. In case of
increased traffic and data overload, the service can be cloned, therefore it can handle all the
requests. Hosting more than one instance (Hashemian, Krishnamurthy, Arlitt, & Carlsson,
2014) of a service can make it process all the requests in real-time, so that any delays are
overcome.

The fourth issue, Web Services are data-secure (Venkatraman, 2004). More and more
services transfer standardized information through secured transfer protocols. It means the

messaging is reliable for the sensitive data used in business core applications.
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The last thing: Web Services are modular (Shelton, 2003) and can act as a streams of software
services (Venkatraman, 2004). Components are isolated, i.e. only businesses functionalities
could be exposed for the consumer'®, while the technical ones are hidden.

This subsection provided the business and high-level explanation of the Web Service with

underlying its necessity in today’s world companies.

1.2.2. Technical insights into defining Web Services

This subsection presents the main technical components that every Web Service should have
properly defined, to be able to communicate over a network.

Web Services enable seamless communication and interaction between applications that
operate on different platforms and utilize various programming languages. A common Web
Service schema includes the following components (Bean, 2010) (Beyer, Chakrabarti, &
Henzinger, 2005) (Benatallah, Casati, & Toumani, 2006) (RQ-1.1.):

e Interface: Web Services are primarily characterized by their interfaces. Interface is
the manifestation and presentation of the functionalities a service offers, the
parameters it accepts, the data types it utilizes. Interface definitions are usually
articulated in formal languages or frameworks, so that they are clear and
unequivocal.

e Protocol: Web Services utilize communication protocols to facilitate data and
request exchanges among applications. The evolution of such transport tools had a
big impact in terms of connection choice in developing architectural styles of
frameworks.

e Data Format: Web Services adopt standardized data formats to share information
between applications. Each message should be created within the schema, so that it
is understandable and processable for the service.

¢ Endpoint: Web Services are accessed via a unique endpoint that is a definition of
where the resources are available for the customer. A service can consist of only one

path for various assets but can also be defined by many different ones.

13 Consumers of Web Services are meant as customers of various business services available via the Internet.
User, consumer and customer phrases are used interchangeably in this context in the dissertation
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Appendix 1. presents insights into how Web Services have been developed over the years
and shows what is the current state of the technical side of the Internet.

This subsection outlined which components are essential while defining a Web Service. By
establishing these, services can be seamlessly integrated into various applications and

platforms, enabling them to communicate with one another over the Internet.

1.3. Web Service. The quality characteristics

1.3.1. Introduction to the Web Services quality

This subsection presents the concept of Web Service quality by various researchers, different
approaches on the problem domain are stated.

Due to the faster and faster technology expansion, there is a need to use Web Services from
various places in the world. Numerous criteria are taken into account in order to satisfy non-
functional requirements of different users'*. Time is money, so every second it takes to process
a request matters. Users count on the service to be available exactly when there is a need to call
it. The results returned by a Web Service should be reliable. The whole process of requesting
and receiving a response must be secure. Using a Web Service should be cheap, and of course
preferably free. Those requirements are only few from the large group of non-functional ones
which a Web Service should satisfy. Because a great number of Web Services with the same
functionality are usually available, service users may want to distinguish them by non-
functional attributes as the only differentiating factors which can be considered as criteria for
service selection.

According to (OASIS Open, 2005) the Web Service Quality Model consists of
3 components: Quality Factor, Quality Associate, and Quality Activity. The first one is a
fundamental part that recognizes Web Service quality: refers to the non-functional elements and
relationships between them. The Quality Associates refer to roles and/or tasks of the

organizations or people related to the Web Service in terms of inspection, loading, provision,

14 Users of Web Services are meant as customers of various business services available via the Internet. User,
consumer and customer phrases are used interchangeably in this context in the dissertation
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and use of the functionality. The Quality Activity refers to various action models performed by
Quality Associates for the stability of Web Service quality. It configures several activities of
Web Services such as contracting among Quality Associates.

In line with (ISO - International Organization for Standardization, 2011): the quality of a
system is just the degree to which the system satisfies the stated and implied needs of its various
stakeholders. The stakeholders' needs (e.g. functionality, performance, security,
maintainability) are precisely what is represented in the Quality Model. It is a kind of
categorization of the product quality into characteristics (i.e. Portability, Maintainability,
Security, Reliability, Usability, Compatibility, Performance Efficiency, Functional Stability)
and then into lower-level sub-characteristics.

In (Aurrecoechea, Campbell, & Hauw, 1998) authors claimed that the current state of service
quality architectural schema is incomplete, not strongly configurable, and manageable. There
is a lack of mechanisms to support strong non-functional guarantees and in general: a common
framework does not exist while various ones are inconsistent.

In (Ran, 2003) (i.e. more than 20 years ago) it was already predicted that Web Service, as an
idea, has a lot of potential and will become extremely popular in various domains. Nevertheless,
authors marked it will have a slow adoption rate in terms of quality unification: it was kind of
a prophecy.

In general, there is no universal consensus in terms of quality definition: it can be analyzed
from various points of view, so that researchers must deal with ambiguous resolutions and
perspectives. According to (Xiao, 2008) it is just a good standard of network component for
end-users. Nevertheless, this is just a perception and in fact, service quality has a very broad
scope (RQ-1.2.).

This subsection provided general insights into the Web Service quality topic. There were

several arrangements describing quality models provided.

1.3.2. Unification of Quality of Service attributes: a Systematic Literature

Review

This subsection tries to standardize metrics a Web Service is evaluated by with a Systematic
Literature Review. The objective of the literature analysis is to identify Quality of Service (QoS)

attributes considered by researchers in the Web Service field. These metrics are used to assess
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how the non-functional elements of network components meet the users’ expectations. The
research questions defined for this review are RQ-1.2.1. — RQ-1.2.5. from the Introduction.

A systematic literature review was used in the study, which is a well-defined and methodical
procedure of identifying, assessing, and analyzing original studies in order to explore a specific
research question (Kitchenham, 2004). Such a review can identify gaps that could be filled in
by scientific research. The research was carried out based on the approach described in several
papers (Wohlin & Prikladniki, 2013) (Kitchenham, Brereton, Budgen, & Turner, 2009) (Otey
& Rusu, 2017). The following research procedure was applied in the study:

e Defining sources of literature analysis.

¢ Defining a search strategy and scope.

e Developing criteria for the selection of scientific literature for detailed analysis,
including criteria for the inclusion/exclusion of publications in the study.

e Searching for, and analysis of scientific literature describing studies aligned with the
assumed selection criteria.

e Acquiring answers to the research questions defined.

e Formulating conclusions from the conducted research.

In the first step, the Web of Science™ search engine was selected for the study. This tool was
chosen due to the strictest policy in the peer-to-peer review process — the database seeks to
publish high standard papers. Due to the adopted criterion according to which the subject of
examination has to be the latest research, the dates for publications to be considered were set
from 2011 to 2020 in the first and second query, and from 2016 to 2022 in the third one.

Next, a strategy was developed for searching for scientific papers relevant to the posed
research questions. At first, it was assumed that the words ‘management’ and ‘framework’
would be enough to combine with phases ‘QoS’/’Quality of Service’/’Web Service’ to form the
final, complete research query. After analyzing publications from the first result group, it was
decided to include the word ‘selection’ as it was very popular in optimization and prediction
related articles in the field of QoS. On the basis of the formulated research questions, the chain
of terms employed in the search would contain the following phrases:

e Web Service,
e Quality of Service,
e QoS,

e Management,

15 Web of Science, trusted citation network; https://www.webofscience.com/wos/
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Selection,

Framework.

The next step in the study was to develop a basis for the selection of scientific works for

detailed analysis (refining already obtained results from the search engine), including criteria

for the inclusion and exclusion of papers for the remainder of the study. Activities had a filter-

oriented character to gather the latest, but thoughtful, conceptions within the given fields. The

following parametric benchmarks for publication selection were established:

The selected concept is searched for as a complete phrase (i.e. all keywords/key
phrases included) or as a connection of the words contained within it (i.e. not all
keywords/key phrases included).

The concept must be present in either the title or the abstract of the paper.

Only results in the form of journal articles and conference proceedings papers were
sought.

Only English language publications were considered.

Only publications from the years 2011-2022 were taken into account.

The following publications categories were considered:

o Computer science theory methods,

o Computer science artificial intelligence,

o Computer science information systems,

o Mathematics interdisciplinary applications,

o Computer science software engineering,

o Engineering multidisciplinary,

o Computer science interdisciplinary applications,

o Multidisciplinary sciences,

o Computer science hardware architecture,

o Operations research management science.

The following substantive standards were applied in the study for the inclusion of

publications for detailed analysis:

Papers containing a general description of Quality of Service field, including quality
attributes and metrics definitions.
Papers containing theoretical studies related to Quality of Service or, at least,

empirical research somehow connected with the QoS topic.
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e Publications providing at least a slight piece of information about at least one of the
Web Service Models (e.g. business), including actors and roles.

The following publications were excluded from detailed analysis:

e Papers containing a description of a general Quality Model that did not concern its
application into the Web Service field.

e Papers that do not provide details on the scope and/or manner of Quality of Service.

e Incomplete papers, such as summaries and expanded summaries or technical reports.

After establishing assumptions and search criteria, publications relevant to the research
questions were acquired in accordance with the strategy that had been developed.

After running the queries in the selected search engine and a detailed analysis, there was
obtained the number of publications relevant to the posed research questions (Table 1.1).

The first step of the paper selection was related to the evaluation of article abstracts. This
allowed to assess the relevance of each of the papers to the research questions.

The second stage involved understanding the concepts, keywords, ideas, and conclusions
presented in each paper. Some of the articles appeared in more than one results group. It allowed
to control authors’ choice awareness by reading and concluding same, random articles. It gave
confidence that the list is reasonably complete.

After all selection steps described above, the final analysis group consisted of 149
publications. Appendix 2. presents a group of 48 articles, that had the biggest impact on
evaluating and describing the quality attributes in terms of QoS, i.e. the paper direction,
research, and content were closely related not only to the “network quality” in the general sense,
but strictly to the attributes character. The table shows the list of identified publications with
proposal of Quality of Service attributes. It claims that the number of proposed attributes ranges
from two to twenty-seven. Most authors propose five attributes (in eleven papers) and five is
also a median of the whole result set. As many as eleven publications were published in the
year 2016 (Figure 1.1).

Appendix 3. shows the list of identified and described QoS metrics found in publications
from Appendix 2. As many as 19 (from 41) metrics were defined only once in publications (in
(Wang, Bandara, & Pahl, 2013) and (Kumar & Sureka, 2019) as many as 4 attributes not used
in any other paper), while 16 metrics appeared in from two to nine publications. In general, the
most popular criterion was the Time metric (usually formulated as Response Time) with 42

references, next Availability with 38, and Reliability with 35. After that, 25 papers used the
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Price (Cost) attribute and Throughput. The list of attributes referred to by at least ten papers is

concluded by the Latency factor (13 references).

With respect to the number of papers published per year from the result group and within

given limitations, the most successful was 2016 with 11 publications assigned. The second was

ranked 2018 with 9 printings and then ex-aequo: 2017 and 2019 with 8 works.

Table 1.1 Unification of the QoS attributes: compilation of results obtained following an automatic search of selected

search engine

Search Combined Limitations Results First Date
engine phrase selection
Web of | TS=(“Web PUBLICATION YEARS: 2011-2020 47 22 29.11.2020
Science | Servic*” AND | OPEN ACCESS
(QoS OR | DOCUMENT TYPES: ARTICLES, PROCEEDINGS PAPERS
“Quality of | WEB OF SCIENCE CATEGORIES: COMPUTER SCIENCE
Service”) AND | THEORY METHODS, COMPUTER SCIENCE ARTIFICIAL
(Management INTELLIGENCE, COMPUTER SCIENCE INFORMATION
OR SYSTEMS, MATHEMATICS INTERDISCIPLINARY
Framework)) APPLICATIONS, COMPUTER SCIENCE SOFTWARE
ENGINEERING, ENGINEERING MULTIDISCIPLINARY,
COMPUTER SCIENCE INTERDISCIPLINARY
APPLICATIONS, MULTIDISCIPLINARY SCIENCES,
COMPUTER SCIENCE HARDWARE ARCHITECTURE,
OPERATIONS RESEARCH MANAGEMENT SCIENCE
LANGUAGES: ENGLISH
Web of | TS=(“Web PUBLICATION YEARS: 2011-2020 75 32 29.11.2020
Science Servic*” AND | OPEN ACCESS
(QoS OR | DOCUMENT TYPES: ARTICLES, PROCEEDINGS PAPERS
“Quality of | WEB OF SCIENCE CATEGORIES: COMPUTER SCIENCE
Service”) AND | THEORY METHODS, COMPUTER SCIENCE ARTIFICIAL
Selection) INTELLIGENCE, COMPUTER SCIENCE INFORMATION
SYSTEMS, MATHEMATICS INTERDISCIPLINARY
APPLICATIONS, COMPUTER SCIENCE SOFTWARE
ENGINEERING, ENGINEERING MULTIDISCIPLINARY,
COMPUTER SCIENCE INTERDISCIPLINARY
APPLICATIONS, MULTIDISCIPLINARY SCIENCES,
COMPUTER SCIENCE HARDWARE ARCHITECTURE,
OPERATIONS RESEARCH MANAGEMENT SCIENCE
LANGUAGES: ENGLISH
Web of | TS=(“Web PUBLICATION YEARS: 2016-2022 514 200 08.01.2023
Science | Servic*” AND | DOCUMENT TYPES: ARTICLES, PROCEEDINGS PAPERS
(QoS OR | WEB OF SCIENCE CATEGORIES: COMPUTER SCIENCE
“Quality of | THEORY METHODS, COMPUTER SCIENCE ARTIFICIAL
Service”) AND | INTELLIGENCE, COMPUTER SCIENCE INFORMATION
(Management SYSTEMS, MATHEMATICS INTERDISCIPLINARY
APPLICATIONS, COMPUTER SCIENCE SOFTWARE
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OR Framework | ENGINEERING, ENGINEERING MULTIDISCIPLINARY,
OR Selection)) | COMPUTER SCIENCE INTERDISCIPLINARY
APPLICATIONS, MULTIDISCIPLINARY SCIENCES,
COMPUTER SCIENCE HARDWARE ARCHITECTURE,
OPERATIONS RESEARCH MANAGEMENT SCIENCE
LANGUAGES: ENGLISH

Source: own work.
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Figure 1.1 Unification of the QoS attributes: number of publications with proposal of QoS attributes per year in the years
2011-2022

Source: own work.

A typical QoS model proposed in the set of analyzed publications consisted of 5 (median
and dominant in most of the works) or 6 attributes (average). When considering the model, the
authors of the analyzed papers took into account a minimum of 2 quality metrics and a
maximum of 27. The overall number of distinguished quality attributes equals 41 (RQ-1.2.1.).

Due to the big number of authors and article purposes, it was clear that large variation in the
proposed QoS models (i.e. attributes names, definitions, units) will be the biggest obstacle in
terms of the unification process. The following attributes were found to be the most popular:
Response Time, Availability, Reliability, Cost (Price), Throughput and Latency (RQ-1.2.2.).

Generally, time appears to be the most important quality criterion — it occurred in nearly all
publications from the final set. Usually, researchers refer to Response Time which is defined as
the time interval between a moment when the user sends a service request and when the
response is received (Bagga, Joshi, & Hans, 2019). On the other hand, Latency factor is quite

often proposed by authors — most common definition says it is the time a server needs to process
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a given request (Kumar & Sureka, 2019) (Bagga, Joshi, & Hans, 2019) (Alghofaily & Ding,
2018). Naturally, Response Time is always bigger than Latency because it also contains the
time needed for transport between endpoints. Other metrics related to time, which are described
with words “execution”, “duration”, or “processing” are more ambiguous. Processing Time is
defined as the expected delay between a moment the service is physically invoked and the
response arrival to the user (Jin, Chun, Jung, & Lee, 2017). The most common Execution Time
definition says, it is simply the time needed to perform the service functionality (Chen, Dou,
Li, & Wu, 2016), the time taken by the service to execute and process its sequence of activities
(Aljazzaf, 2015) or the sum of the processing time, XML wrapping and unwrapping time
(Balakrishnan & Sangaiah, 2017). Execution Duration is presented as the processing time from
the start to the end of the service call (Li, Wu, Deng, Chen, & Xu, 2017). A simple term Time
is often defined as a difference between the time the response is received and the time a request
is sent (Siriweera, Paik, & Kumara, 2017), thus serving as a synonym for the Response Time.

In the paper (Bouasker, Langar, & Robbana, 2016) researchers focused on decomposing the
Response Time into five parts. They selected important moments during the sending and
receiving periods:

» t0: the client tries to connect to the server,
» tl: the connection is established — Web Service request starts,
+ [t1, t2]: sending of the whole request, t2 means — request sent,
* [t2, t3]: the request processing by the server and preparing the answer,
* [t3, t4]: the sending of the whole response,
* t4: response is received by a user.
With those focus points formulas for five, QoS attributes were proposed:
» Connection Time =t1 - t0
* Request Transfer Time = t2 - t1
* Execution Time =t3 - t2
* Response Transfer Time = t4 - t3
* Transport Time = Request Transfer Time + Response Transfer Time.

In general, Response Time is assumed as the best and most valuable quality criterion (e.g. in
comparison with Best Practices, Reliability, and Throughput in (Serrai W. , Abdelli, Mokdad,
& Hammal, 2016) and Performance Related QoS, i.e. domain independent, which measures the
speed of completing a service request (Lu & Yuan, 2018).

The second essential quality attribute refers to Web Service Availability. It’s usually

expressed by the ratio of the time the service is up to the total time period during which the
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ability is measured (Chen, Dou, Li, & Wu, 2016) (Joshi & Ramanaiah, 2016) — it is an answer
for the question, how much it is probable that the service is present when there is a need to
invoke it. Nevertheless, discrepancies remain in the literature, especially when comparing
Availability and Accessibility. Accessibility is the quality aspect of a service that represents the
degree to which it is capable of serving a Web Service request (Rangarajan & Chandar, 2017).
This metric can be expressed as a ratio of the number of successful acknowledgements received
to the total number of requests sent (Aljazzaf, 2015). There are works in which the Availability
is presented as the probability that a service is accessible (Ghobaei-Arani, Rahmanian, Souri,
& Rahmani, 2018) or a Web Service probability of being called normally (Fang, Wang, Zhang,
& Yu, 2016). The point is, Accessibility is a kind of capability of serving a request. Web Service
might be available but not accessible because of the big number of requests (Lu & Yuan, 2018).
Because of that, the definitions are ambiguous. Availability belongs to the dependability related
QoS group, because it relates to the ability of an item to be in a state to perform a required
action (Lu & Yuan, 2018) and is a runtime context attribute (i.e. refers to the measurements of
properties that are related to the execution of the service (Wang, Bandara, & Pahl, 2013)). In
the paper (Jin, Chun, Jung, & Lee, 2017) Available Time is defined. This criterion denotes the
time interval in which a service provider delivers a service with the start time and the end time
and is classified as spatiotemporal attributes (spatiotemporal properties make the selection of
physical services different).

Reliability is the third most important quality criterion used for evaluating Web Services. It
refers to successful completion of the required service functions. It is expressed both as the ratio
of failure messages to the total messages, i.e. the failure rate or as its complement: 1-failure rate
(Chen, Dou, Li, & Wu, 2016) (Lakhal & Chainbi, 2012). In the paper (Aljazzaf, 2015) the
Reliability (or Success Rate) of a service is defined as the ability to perform its function under
the stated conditions correctly with either “no fail” or “response failure to the user” for a specific
interval of time. In the paper (Lu & Yuan, 2018) it is defined as the number of failures over a
period of time and in (Ouadah, Hadjali, Nader, & Benouaret, 2019) as the ratio of the number
of error messages to total messages. The paper (Mishra & Raj, 2017) proposes Reliability as
the measure of maintenance of a Web Service over a span of time. Reliability, exactly like
Availability, is a dependability and runtime context quality criterion (Wang, Bandara, & Pahl,
2013) (Lu & Yuan, 2018). When analyzing the Successability definitions, a similar approach is
observed. It is presented as an indicator of the probability that the service can execute
successfully - success rate of a service call (Li, Wu, Deng, Chen, & Xu, 2017) or the ratio of

the number of responses to the number of requests (Tibermacine, Tibermacine, & Cherif, 2018).

27



The biggest difference is the time span, which is taken into account when defining the
Reliability and not considered in the case of Successability.

Cost (or Price) attribute unexpectedly was ranked only in fourth place. Nevertheless, its
definition is quite simple and unequivocal. In reference to all publications, cost is just amount
of money, a man should pay for using a web functionality (Ghobaei-Arani, Rahmanian, Souri,
& Rahmani, 2018) (Li, Wu, Deng, Chen, & Xu, 2017) (Jin, Chun, Jung, & Lee, 2017). The
same refers to the criteria context — it belongs to the Business and Finance related attributes (Lu
& Yuan, 2018) (Wang, Bandara, & Pahl, 2013).

Quite easy and exact definition is related to the Throughput factor. It is usually defined as an
average rate of successful service delivery: the total number of requests served in a time unit
(Aljazzaf, 2015) (Maheswari & Karpagam, 2018). According to the paper (Lu & Yuan, 2018),
Throughput is a performance-related quality metric.

As previously mentioned, Latency is the time a server needs to process a request (Mehdi,
Bouguila, & Bentahar, 2016). This criterion refers to the generic Time factor. As described in
(Bouasker, Langar, & Robbana, 2016), there can be distinguished many metrics related, in
general, to the request processing and transport — depending on the research type and purpose.

After the most important criteria, the less frequently used are presented. The first one is
called Reputation. Reputation is a measure of trustworthiness of a service (Wang, Bandara, &
Pahl, 2013). It is based on user experience, expressed by average ranking given to a service by
end-users (Lu & Yuan, 2018). It depends on consumer'® experiences with the service and is
evaluated usually by a number (e.g. in the range 1-5, (Li, Wu, Deng, Chen, & Xu, 2017)).
Researchers are incompatible in terms of context classification — Reputation is in between
Security (Lu & Yuan, 2018), and Financial and Business areas (Wang, Bandara, & Pahl, 2013).
Security is a very general aspect corresponding to protection of confidentiality (Mishra & Raj,
2017). It consists of authentication, encryption, and auditability. Security involves providing
confidentiality and non-repudiation by authenticating the parties involved, encrypting
messages, and providing access control (Rangarajan & Chandar, 2017). Accuracy definition is
very exact and says it is the ratio of correct instances, when a service satisfies promised values
to the total number of instances in a given time interval (Maheswari & Karpagam, 2018). Best
Practices is a measure of accomplishment of the Web Services Interoperability (WS-I) Basic
Profile, which establishes a set of requirements to promote interoperability (Ramirez, Parejo,

Romero, Segura, & Ruiz-Cortes, 2017). Quite similar is the Regulatory criterion, the quality

16 Customers of Web Services are meant as users of various business services available via the Internet
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aspect of the Web Service conformance with the rules, the law, compliance with standards, and
the established service level agreement (SLA) (Rangarajan & Chandar, 2017), while
Documentation is a measure of documentation (i.e. description tags) in WSDL'' (Bagga, Joshi,
& Hans, 2019) (RQ-1.2.3.).

As it was suspected, the Quality of Service was defined, in many cases, with a strong impact
on datasets containing a large quantity of values assigned to the appropriate attributes. It was
clearly visible when an analyzed article was not (only) theoretical but included some
experiments. Not surprising was the fact that the majority of papers referred to the most
important aspects, i.e. Time, Availability, and Reliability. Apart from the definitions’
inconsistency, in fact in nearly all cases, researchers unanimously agreed on units, positivity or
negativity, and attributes classification (if it was mentioned), barring the fact that in some
considerations the attributes were normalized, for example to the [0, 1] interval, so that
researchers could conduct e.g. machine learning experiments.

In those considerations the purpose and the background of a publication are very important.
To answer which quality attributes are taken into consideration in real-world experiments (e.g.
prediction or optimization) — it should be said, attributes that are already measured and present
in the datasets easily available on the Internet, like The Quality Web Service (OWS): Quality of
Service for Web Services Dataset*® (Serrai W. , Abdelli, Mokdad, & Serrai, 2019) or WS-
DREAM Real Web Service QOS Dataset*® (Liu, et al., 2020). Referring to the documentation
of datasets, in both of them the metrics of Response Time and Throughput are considered, and
in the QWS additional seven others including the most important Availability, Reliability and
Latency, but without any cost measures (RQ-1.2.4.).

The vast majority of articles refer to the Web Service selection (e.g. (Jin, Chun, Jung, & Lee,
2017) (Fang, Wang, Zhang, & Yu, 2016)), composition (e.g. (Ghobaei-Arani, Rahmanian,
Souri, & Rahmani, 2018) (Chen, Dou, Li, & Wu, 2016)), optimization (e.g. (De Gyvés Avila &
Djemame, 2013)), prediction (e.g. (Kumar & Sureka, 2019) (Liu, et al., 2020)), i.e. in general
to the Artificial Intelligence application in the QoS field. Researchers are interested in testing
new solutions, but the QoS is just a convenient environment for such tests (RQ-1.2.5.).

This subsection provided the description of the non-functional, quality attributes taken into

account by researchers in the Web Service field to meet the users’ expectations.

7 WSDL, Web Service Description Language; https://www.ibm.com/docs/en/ecm/10.1.0?topic=overview-
web-services-description-language-wsdl

18 QWS Dataset, The Quality of Service for Web Services Dataset; https://qwsdata.github.io/

19 WS-DREAM, Distributed Reliability Assessment Mechanism; https://wsdream.github.io/
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1.3.3. Identification of differences in expected quality for various types of Web

Services

This subsection presents an attempt of unification, which types of Web Services are expected
to comply with which QoS parameters. Many companies from distinct areas are entering the
Web Services industry and are trying to offer their functionalities through the Web. On the other
hand, service requestors differ a lot — so that it is sure their requirements are various too. In the
paper (Iwanow, Dudycz, & Michalak, 2022) authors analyzed differences in user expectations
in the context of distinct services offering various functionalities over the Internet. The research
was based on the Systematic Literature Review to answer those uncertainties presented by the
research questions RQ-1.2.6. — RQ-1.2.8. from the Introduction. This subsection is mainly to
present the methodology and results of the (Iwanow, Dudycz, & Michalak, 2022): the first
author of the discussed research is also the author of this dissertation.

There appear many areas in which services emerge and operate on different functionalities,
interact with distinct groups of users. The importance of the quality of Web Services can be
manifested because of the following, random questions:

e Are all users prepared to accept an increase of one second in time for a substantial
benefit in security within the context of a banking service? Is this trade-off not
acceptable in the context of a purchase, shopping service?

e Do customers account for both: login sub-system and medical appointments ordering
sub-system as the same quality indicator within the medical application?

e Do users have different quality expectations in the context of order approval in a
food-ordering application system and order approval in a clothing store application
system?

The aim of the study conducted in (Iwanow, Dudycz, & Michalak, 2022) was to analyze the
types of Web Services studied by researchers and draw conclusions, using case study examples,
as to what quality characteristics are taken into account in the context of which type of service.

A systematic literature review was carried out according to the template described below:

o The Web of Science was picked up as the source of articles.

e Search was limited to English language articles.

e Search of the phrases was limited to the abstracts.

e The queries used to find the articles are defined in Table 1.2.
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Table 1.2 Differences in expected quality for various services: compilation of results obtained following an automatic
search of selected search engine

Search Engine Phrase Keywords Date Quantity
Web of Science AB=(“web Web Service, 02.08.2021 193
servic*” AND | Enterprise, Company,
(enterpr* OR | Business, Corporate,

compan* OR busin* | Economic Unit, QoS,
OR corporat* OR | requirements,
"econom* unit*") | constraints,

AND qos AND | prerequisites

(requiremen™ OR
prerequisi* OR
constrain¥))
Web of Science AB=("case stud*" Case Study, Web 22.08.2021 206

and "web servic*" | Service, Quality, QoS
and (quality or qos))
Source: (Iwanow, Dudycz, & Michalak, 2022).

The articles were analyzed in three iterations:
e The first was to read the abstracts and identify which articles would add some value
to answering the research questions.
e The second was to go through the selected articles again and reaffirm or reject the
selection.
e The third was to analyze the full text of the selected articles in detail.
In total, 21 publications were identified that contributed to the theme of the relationship
between services and the quality required based on their types.
The study results are presented in two matrixes:
e The first (Appendix 4.) is a systematic summarized formation of the identified and
analyzed publications.
e The second (Figure 1.2) is the presentation of the analysis and relationships between
Web Service types and quality metrics.
In total, there are 23 quality attributes in the context of 20 Web Service types. Many of the
quality metrics would have to be standardized because, for example, not all “Time” counts are
a “Response Time” and phrases such as Performance or Scalability are often such broad

concepts that they likely consist of numerous smaller sub-attributes or metrics.
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The marking key to Figure 1.2 is organized as follows:

Columns:

(1) Time (Response Time, Speed);

(2) Reliability (Precision);

(3) Availability;

(4) Cost (Price);

(5) Recall (Frequency of Invocations, Answers);

(6) Performance;

(7) Accuracy;

(8) Reputation (Brand, Trust);

(9) Security;

(10) Accessibility;

(11) Integrity;

(12) Robustness;

(13) Benefit;

(14) Capacity;

(15) Exception Handling;

(16) Regulatory;

(17) Interoperability;

(18) Privacy;

(19) Responsiveness;

(20) Scalability;

(21) Network-Related QoS Requirement;

(22) Successability;

(23) Throughput;

(No. 2) Number of various metrics within a given service type;

(No. 3) Number of times a service type is mentioned in the articles;
Rows:

(A) Hotel Service;

(B) Medical Service;

(C) Purchasing Service;

(D) Telecom Service;

(E) Travel Agency Service;

(F) Insurance Company Service;



(G) Language Translation Service;
(H) Social Security Sector Service;
(I) Engineering Service;

(J) Public Employment Service;
(K) Activity (Sport) Service;

(L) Film Service;

(M) Geospatial Application;

(N) Loan Service;

(O) Ordering Food Service;

(P) Weather Service;

(R) Advertisement Service;

(S) Bioinformatic Service;

(T) Government Service;

(U) Industrial Automation Platform,;

(No. 1) Number of occurrences of a metric among services;

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 No.2 Ne.d
15 2
11 2
6 2
6 1
6 4
5 1
5 2
5 1
4 1
4 1
1 1
3 1
1 1
3 1
1 1
3 1
g 1
2 1
2 1
1 1

Figure 1.2 Differences in expected quality for various services: the mapping of Web Services types to researcher-selected
non-functional features

Source: (Iwanow, Dudycz, & Michalak, 2022).
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Referencing Figure 1.2, it is unequivocal that arguably the most important factor for almost
all Web Services is Response Time — the researchers have omitted it for 3 types of services —
Advertisement, Bioinformatic, and Geospatial applications. The second most cited metric is
Reliability, referenced by researchers in 14 different types of services, and then in third place,
with 13 references, is Availability. Next is Price (Cost), cited in 8 different types of Web
Services. As many as 11 out of the 23 metrics are mentioned only once. These are Benefit,
Capacity, Exception Handling, Regulatory, Interoperability, Privacy, Responsiveness,
Scalability, Network-Related QoS Requirement, Successability, and Throughput.

The types of services in which there are the largest number of different metrics are Hotel and
Medical services (15 and 11 metrics respectively). Each of these types of service is mentioned
twice in the set of articles considered. This may suggest, for example, a not fully considered set
of metrics with respect to the end customer — it should be noted that optimizing against multiple
metrics is very expensive performance.

By applying the Hamming Distance (Bookstein, Kulyukin, & Raita, 2002) (the number of
places where the rows in Figure 1.2 differ), there were types of services identified, that have
the most nearly identical quality attributes requirements. Of the services mentioned by the
researchers at least two times, the most closely matched quality metrics are for the Purchasing
Service and the Travel Agency Service — the distance is equal to 4. In the second place there are
two pairs with a distance equal to 5 — Language Translation Service and Purchasing Service,
and Language Translation Service and Travel Agency Service.

It can clearly be stated that the most critical quality attributes for almost all types of Web
Services are Response Time, Reliability, and Availability. A particular breakdown of which
metrics are the most important in the context of which services is presented in Figure 1.2 (RQ-
1.2.6.).

When studying the articles, it is common to find similar functionalities in separate Web
Services. For instance, comparing the three ordering functionalities: food, computer, and one
to place an order without itemized product (respectively in (Driss, Aljehani, Boulila, Ghandorh,
& Al-Sarem, 2020), (Chen, et al., 2013), (Fahad, Moalla, & Ourzout, 2015)) within Ordering
Food and Purchasing Services. Without a doubt, the strongest focus, not surprisingly, is on
Response Time, which is found in all three answers. Then in the second place, ex-aequo, there
is Availability (computer and no product specified order) and Reliability (food and no product
specified order); followed by Recall, Cost, Reputation, and Throughput.

This comparison targets functionalities related to different types of travel (i.e. renting a car,

reserving a hotel, or booking a flight). As with the previous two comparisons, Response Time
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was the most important factor (4/4 articles). In as many as three articles ( (Chen, et al., 2013),
(Xu, Ji, Zhang, & Nie, 2013), (Akhunzada, Gani, Hussain, Khan, & Ashrafullah, 2015)) Cost
was a big consideration. For the Hotel Service (Driss, Aljehani, Boulila, Ghandorh, & Al-
Sarem, 2020) the authors still mentioned Recall and Reliability. For three Travel Agency
Services (the same ones mentioned earlier), Availability, Benefit, and Successability still came
into account.

Analogues functionalities could be found in rate the Travel Agency Service (Bruneo,
Distefano, Longo, & Scarpa, 2013), i.e. check user action, and in the Medical Service (Kassmi,
Jarir, & Obaid, 2016), i.e. the login (with email) action. In the first case Reliability and Time
are the most important issues, and in the second it is Security.

The last comparison regards search functionalities in the context of the Activity Service
(Driss, Aljehani, Boulila, Ghandorh, & Al-Sarem, 2020), the Travel Agency Service (Chen, et
al., 2013), the Public Employment Service (Paoli, Lulli, & Maurino, 2006), and the
Advertisement Service (Wang H. , Yang, Zhao, & Gao, 2006). In the first three publications, in
relation to their functionality: Searching for an activity, Searching for an available flight, and
Searching for job vacancies in a country, Response Time is important, Recall and Cost are
mentioned (in 2 out of the 3 articles). The Availability, Reliability (in terms of functionality four
— Searching for a car in the fourth article too), and Accuracy also appear.

To summarize, the following conclusions are stated (RQ-1.2.7.):

e For ordering functionalities (food, hardware, and no product specified), Response
Time is the most important, in the second place for hardware ordering is Availability
and for food ordering is Reliability; ordering of a non-specified product combines all
the features.

e Apart from the Response Time, for similar functionalities in the Hotel Service, Recall
and Reliability are more important, while in the Travel Agency Services Cost,
Availability, Benefit, and Successability are more important.

e Logging in and checking the user action in the Travel Agency Service focuses
primarily on Reliability and Time, while a related functionality in the Medical
Service focuses on Security.

e The search process in Activity Service, Travel Agency Service, and Public
Employment Service focuses on Response Time, Recall, and Cost. The

Advertisement Service focuses on Availability and Reliability.
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To analyze different functionalities among the services of the same type, the focus was put
on the Medical Services. This type of service provides a large variety of functionalities like, for
example, presenting relevant medical information in the context of a region (Buyukozkan,
Feyzioglu, & Gocer, 2016). In this case, numerous requirements are listed such as Reliability,
Safety, Privacy, Accessibility, Responsiveness, Speed, Availability, Trust, Relevancy,
Performance, and Regulatory. Therefore, there are no options to prioritize them at once;
however, when looking at the functionalities in (Kassmi, Jarir, & Obaid, 2016) — it can be
assumed that, for any action with the data processing of the patient (and unit individual)
Security is by far the most important (RQ-1.2.8.).

Without a doubt Security is the number one quality requirement in all activities where user
data is processed, while other functions (which are primarily about reporting facts, static
content) are proportionately equal in importance to other basic measures like Response Time,
Reliability, Availability, etc.

This subsection provided the systematization of the Web Service quality attributes in terms
of various service types. There was concluded how the services differ in quality approach if

their types or functionalities distinct.

1.4. Web Service. The management

This section refers to the problem of Web Service management in various business
environments. It explains different cases and different tools of handling to ensure acceptable
levels of quality for the companies and end-users.

According to (Niemczyk, 2010) the term management is an activity which essence is to solve
problems that arise in the process of achieving the goal(s). It could be divided into:

e using knowledge and skills to continuously solve problems by making right choices
to achieve the goal,
e aiming for targets in a fully conscious and non-random manner.
In (Kisielnicki, 2005) the author points there are different points of view on such a broad topic
due to various researchers and experts. It is learning exactly what is expected from people and

making sure they perform it in the best and cheapest way possible. Management is also a set of
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activities directed at an organization's resources performed with the intention of achieving the
organization's goals in an efficient and effective manner.

It is worth looking at the management in terms of time and organizational planes. Strategic
management is an information and decision-making process that involves resolutions with a
long time (3+ years) and broad (company/sector) horizons; as such, it is distinct from tactical
(between 1 and 3 years, division horizon) and operational managements (less than year,
department horizon) (Katkowska, Pawtowski, Trzcielinska, Trzcielinski, & Wiodarkiewicz-
Klimek, 2010). As an example, strategy might be the determination of the Nike?® company;
since 1993 it has been implementing a recycling program called Reuse-a-Shoe which goal is to
collect used sport shoes of any brand and then recycle them, providing still useful materials for
further production (Zidtkowski, 2008). In that terms, tactical administration might relate to the
choice of the locations in the world, where used shoes could be left by customers. Operational
management, on the other hand, could be related to the process of collecting shoes by firm
workers.

To understand how the management processes could be applied in the Web Services area,
there should be distinguished distinct, organizational schemas providing such solutions. Three
main strategies are presented as follows in the A1, A2 and A3 business units’ examples (RQ-
1.3.):

e The Al organization offers customers a solution consisting of a single, monolithic
Web Service (Mehta, et al., 2024). It means it uses only its software solutions located
in a single structure when performing the functionalities requested by customers.
Application brings together all the developers, devOpses, analytics, and
administrators around it.

e The A2 organization provides functionalities to customers that require the job of
many smaller applications. In fact, all of them are developed by different units but
still inside one company (Apel, Hertrampf, & Spithe, 2018).

e The A3 organization gives a range of solutions that integrate both internal and in-
house company services (developed and managed within different company units)
but also external services, supplied by vendors (Mili¢ & Nikoli¢, 2022).

To cross-validate the conclusions regarding patterns identification (A1, A2, A3), unstructured

participant observation was conducted at ING Bank Slaski SA?* (the author of this dissertation

2 Nike, an American athletic footwear and apparel corporation; https://en.wikipedia.org/wiki/Nike, Inc.
2L ING Bank Slaski SA, a Polish bank based in Katowice; https://www.ing.pl/
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worked there for four years as a Java Web Services programmer). This is where the author
independently observes and records events without any particular prior assumptions about what
is supposed to have an increased focus (Glinka & Czakon, 2021). The prior mentioned company
offers a number of different schemes and IT — service solutions depending on what the teams
are supplying for the consumers.

If the whole organizational focus is put on the one application, like in the A1 company, firm
should avoid problems related to communication issues at the cross-vendor, cross-unit, or even
interpersonal level. Strategically, all the responsibility for the functional and logical demands
are placed in only one division. In such situations, cases may be related to the performance and
stability of the only one service. Management methods mainly come down to collecting
continuous service usage patterns, application metrics, and failure data. By looking over
business operations analysts and administrators can identify opportunities and diagnose
problems as they occur and thus ensure that the Web Services supporting a given business task
are performing in accordance with service-level objectives (Papazoglou & van den Heuvel,
2005). Analyzing such data like:

e number of service requests,

e number of correct responses,

e number of incorrect responses,

e number of uses of specific application methods,

e (CPU usage
can make the unit capable of defining the reasons for the unwanted situations (Farrell & Kreger,
2002). Response Time may be too long if some methods do not meet specific design patterns
inside the application. Difficulties with long responding might be caused by the outdated data
transfer technology in the company. Reliability parameter suffers if data leaks appear and the
application crushes; this is causing the need to change the implementation of problematic code
blocks inside the service. Availability problems can be related to the small number of service
instances that cause too much CPU usage per one machine. If there are too many requests,
instances should be cloned to serve all the traffic within proper time. Documentation parameter
is at the lowest level if the services are not documented at all or if the documentation is not
available for the consumer. This can be caused if some connections or ports are blocked by
firewalls. Security issues emerge when the functionalities are not secured by mistake or are

secured by the not agreed solutions. Every application in various architecture causes different
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complications which need to be managed and administrated to finally obtain the satisfactory
level of quality (RQ-1.3.).

The A1 schema mainly refers to small companies, providing limited functionalities, having
not so big resources. The main advantage is the fact that every negative issue might be adjusted
or fixed on the fly. The strategy is that IT staff is gathered around the only one product, services
are developed by the staff, services are hosted by the company — every tool of removing problem
is available. Tactically, the service information is gathered and various operations to improve
its state are performed. Main cons appear when the company is getting bigger, and the
functionalities (and users’ expectations) develop rapidly. Without restructuring the business
unit, it might be problematic to concentrate as many processes as possible around only one
division.

When a request for a functionality execution must pass through multiple services developed
by different units of a single company (A2 case), the management becomes much more
complex. Each unit should ensure the stability and adequate performance of its services with
the help of the patterns and tools mentioned above. However, there emerges a question, what
should the stakeholders do when this does not happen and the whole process suffers. A service
level agreement (SLA) is a compliance regarding the guarantees of a Web Service. It defines
mutual understandings and expectations of a service between the service provider and service
consumers. The service guarantees are about what transactions need to be executed and how
well they should be executed (Jin, Machiraju, & Sahai, 2002). SLAs are not strictly standardized
nor unified, they address issues that are important in terms of a specific network component for
the customer and the provider (Machiraju, Sahai, & van Moorsel, 2003). A given agreement
may include fixed levels of Response Time, Throughput, the period needed to resolve incidents,
i.e. events related to service malfunctions (Ranabahu, Patel, & Sheth, 2009). The agreement
can also address release frequency, application installation on the servers, or creating bandwidth
between subnets for specific applications. It should take care of as many specific events as
possible for a given company environment (RQ-1.3.).

Regarding the A2 situation, there is an agreement between various units inside the one
company and there are many less areas to consider regarding SLA. Organizations, in general,
provide all the internal environments based on datacenters or clouds within strict, standardized,
and equal levels of quality for all the internal units. There is always agreed technological stack
and know-how in terms of services communication, security, data buses, logging patterns, and
many other issues (Kotsokalis, 2011). In fact, the only things distinct divisions are responsible

for are:
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e availability of the service in the service registry,
e regular and logical functioning of application,
e documentation of the service.

Documentation is essential when it comes to implementing the integration between the
software components. Developer should know the specific concept of exposed methods, the
protocol, needed body of the message or headers, the path where the endpoint is located. When
the connection is already prepared, applications need to be visible to each other, available and
stable in terms of proper functioning. These elements ensure partially in fact the following QoS
parameters:

e Response Time, Reliability — if the service works properly and is implemented with
agreed patterns it responds logically within small amount of time.

e Availability — if services have many instances available, they can ensure the request
is always served.

e Documentation — if a service is documented, it is very easy to integrate or use by the
consumer.

The example of A2 might present an organization outsourcing services for other, bigger
business units. The main advantage is the fact that the structure of the company is already
divided, the strategy claims there are many internal units developing different parts of the web
ecosystem. There is solved problem of scalability, when it comes to create new components —
new teams are arranged to develop them and integrate with already existing ones.
Disadvantageous situations appear when a solid developer of a competent decides to resign.
Such companies often work in an agile methodology®: there are often states when there is only
one person technically responsible for the whole, granular service. The knowledge and know-
how are gone when hiring a new programmer at that place.

When many services from both, inside and outside the organization, are cooperating at the
same time, the situation becomes again more complicated (A3 example). While there is no
access to the source code of an outsourced service, it is hard to diagnose logical and functional
problems unrelated to infrastructure or administrative issues. The case looks different when
providers supply service as a solution to be implemented in the company’s datacenter
(Cherkasova, 2000), and different when it is the provider itself that takes care of the system
lifecycle, for example, in the cloud environment (Rajagopal, Kundapur, & Hareesha, 2021)

(Borra, 2024). It is even more difficult to manage services that operate on sensitive data, as

22 Agile software development; https://en.wikipedia.org/wiki/Agile software_development
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different organizations have top-down responsibilities related to them. Each situation is distinct,
so the current state of the management is still not consistent.

When it comes to formulating an SLA for a vendor service, many more areas must be
covered despite internal elements (Figure 1.3). First, the specification of how the services are
supplied and deployed is essential. It should be formulated what kind of environments are
prepared, where the services are executed, and how many testing subnets are needed.

Secondly, the communication and security forms need to be defined. How services can
communicate with each other, which security methods are used to make the transferred payload
safe, what architectural style and protocols the exposed by vendor methods use.

Such an agreement is supposed to contain the support contract (Swain & Garza, 2023):

e What are contact channels to report the problem, or a bug related to the application?
e How should the incident be formulated, what information is required?

e How long does it take to resolve a problem for a vendor company?

e What are the categories of incidents?

Gathering such information into one document may be very useful in case of unwanted
behavior of outsourced software components. There should be categorized and standardized
with strict time levels, what problems might be critical and should be resolved as soon as

possible and which of them are not so important and could be fixed in a longer period.

Sensitive

Information
Support Policy Execution
Forms ) Environments
Incidents
External SLA RB.SDWE
- Time -
glements Communication Communication
Security Forms
Senvice
Documentation
Internal SLA Sernvice Service
glements Functioning  Availability

Figure 1.3 Internal and External SLA elements

Source: own work, based on (Swain & Garza, 2023), (Jin, Machiraju, & Sahai, 2002), (Kotsokalis, 2011),
(Ranabahu, Patel, & Sheth, 2009).
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Finally, the sensitive information policy. If a company operates on sensitive data that is
legally protected, the SLA should define how to prevent potential data leaks, i.e. how the
application logs should be stored, and which information can be saved in such files. How should
the databases keep the data. The SLA should specify what are the corrective actions and
contingency plans when an application fails to process data correctly.

In summary, SLA management in the aspect of external services is an attempt to standardize
the rules of cooperation in terms of functionalities realized by paid applications. Each service
has different functions; hence it is very difficult to create one specific plan and algorithm for
drafting such a document. This should be handled by units experienced in both technical
management and legal proceeding.

The A3 schema presents the most complicated situation in terms of Web Services strategic
management. Such business units refer to the biggest companies, offering an enormous number
of web processes and functionalities. A positive feature of this situation is the total division of
responsibility; if there appear process errors, responsible teams are assigned for them at once.
Additionally, there is no need to develop every functionality inside — only those bringing a clear
business advantage over the competition. The other ones might be outsourced. On the other
hand, collective knowledge is enormous. There might be no person in a company who
understands every functionality and every single sub-architecture. There is often needed work
based on abstract assumptions which, combined with SLAs, puts management issues in an
incredibly uncomfortable place (RQ-1.3.).

This section explained the Web Services managing concepts and patterns. It provided
different cases among various company environments and concluded which tools should be

used in distinct situations.

1.5. Web Service. The business models

This section presents the business models of Web Services in the relevant literature. It refers
to the planning of Web Service maintenance at the organizational level and shows drawbacks
of the current state.

According to (Wisniewski & Raczynska, 2019) there are many definitions of the business

model. The authors tried to systematize them. It might be a compact and mutually reinforcing
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customer-focused body. On the other hand, it could be defined as customer-related composition
of key strategy®®, resources®, and value chains® ( (Sako & Zylberberg, 2017), (Stanczyk-
Hugiet, 2004), (Feller, Shunk, & Callarman, 2006)). The business model is also a mixture of
strategy, tactics, and operational activities, which are the key to success in a specific group of
businesses at a given time. The continued evolution of the Internet and its increasing impact for
all economies is a catalyst for the previously established business roles and models. There are
significant implications of the Internet for the way that organizations create value (Wielki,
2012). It is natural for new innovative forms of organization and business orders to emerge
under these conditions.

The phrase business model is not consistent in terms of the Web Service area. According to
(Timmers, 1998), in general, electronic commerce business models refer to three main aspects:

e Whatis an architecture for the product (e.g. Web Service), information flow and what

are the players and their roles in the given environment?

e What are the potential benefits for those business actors?

e What are the sources of revenue for the business unit (e.g. Web Service provider)?
In (Haaker, Bouwman, Janssen, & de Reuver, 2017) authors claimed that businesses must cope
with the still changing environment, especially if they operate in the digital technology
ecosystem. Business model innovations are a key for unstable customer demands and
environments uncertainties.

In (Wisniewski, 2016) there are presented three main business model elements:

e Content, i.e. what tasks should be performed?
e Structure, i.e. how the tasks are related and what is the order or their execution?
e Supervision, i.e. who should perform the tasks?

The most common Web Service business model (Figure 1.4) consists of three actors
(Leymann, Roller, & Schmidt, 2002) (Verma & Srivastava, 2014) (Moran, Zaremba, Mocan, &
Bussler, 2004) (RQ-1.4.):

o Service requestor®® — uses the service registry to find an appropriate service (that is,
a service that matches specific requirements).
e Service provider — offers the services by putting appropriate information into the

service registry.

23 Consideration, how firms profit from innovation

24 Resources are strategically important when they give a company a continued uniqueness and a long-term
competitive advantage

% A tool to model the extended enterprise and formulate strategies for how to remain competitive

%6 ].e. a customer, service user
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e Service registry (directory) — the place where all information about all available

services 1s maintained.

SERVICE |
REQUESTOR

. )
3

e

1

SERVICE SERVICE
PROVIDER DIRECTORY

Figure 1.4 The most common Web Service business model

AR |

Source: (Leymann, Roller, & Schmidt, 2002).

In (Dustdar & Treiber, 2005) authors propose the model where the Service Broker is an

interface for the Service Registry database (Figure 1.5).

Service

Provider
Service Invocation Service Publishing

Service | » Service
Requestor |~ senice Discovery Broker

Figure 1.5 The service broker Web Service business model

Source: (Dustdar & Treiber, 2005).
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All the players have different functions and roles. The same way, their potential benefits are
different.

Web Service requestor looks for a solution that fulfils its functional and non-functional
requirements. Its profits can be considered on two levels. Assuming that functional expectations
are fixed and cannot be changed, the gain might be preferential values of QoS parameters in
comparison to other available services it has used so far. If it finds a service that meets its
expectations but is cheaper and faster, it is a potential profit. For example, if an online payment
is made, by far the better option for the consumer is a solution that charges the lowest possible
commission and processes the transfer immediately.

On the other hand, the customer can also gain functionally. Sometimes requestors do not
realize what additional functionality would make their user experience better. However, if it
turns out that the newly learned functionality is also in a service with the same price as a
previous one and equally attractive in terms of other QoS parameters — user’s choice would be
done without hesitation. For example, if it is possible to buy a ticket online on a platform that
automatically forwards it to the e-mail box and resolves the responsibility of manually
retrieving the document — it would be the option preferred by most people.

A service provider benefits when its service is consumed by as many consumers as possible.
More traffic means more fees from a single functionality. Customers of such a provider can be
single individuals looking for a solution for local purposes, as well as large companies or
organizations wanting regular access to exposed resources.

Web Service common business models do not locate an organization at a specific place, so
it is much more complicated to point the source of revenues (Chao, 2015). Usually, the context
of the business unit is summarized to the service provider. Providers of the services can earn
money by sharing the solution (Welle Donker, 2009), e.g.:

e Solution is free to use for all the customers, either private or commercial. The revenue
for the provider is based on the adverts placed in the interfaces of the application
(Tatsubori, 2009).

e Solution is paid to use. For private users it may be fixed price per request or a
subscription for bigger companies, without requests limitation (e.g. cost per
request’’; (Baravkar, Pellegrini, Gaikwad, Tilevich, & Song, 2024)).

e Solution is outsourced only for one customer/company. It is not available in the

public registry, only within the private company service broker. The revenue is

2 1.e. price for single use request of a service
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strictly related to the business contract between the consumer and the provider (Chou
& Lee, 2010).

The current visible gap exists between the consumption of a complicated service by the
requestor, and the provision of this service gained by the provider. In practice, service consumer
might be requesting a service that provider is not able to supply on its own — it has to create a
new logic based on its own network components and others provided by vendors (strategy A3
from the section 1.4). In that case there is a lack of connection elements for all the model players
and there appears the inconsistent situation of how the new functionality is made based on the
many independent parts. There are no formulated mechanisms of service discovery and
composition for the business units contributing to such solutions. It is not clearly presented how
complicated functionality may be structured, so it is a business advantage on the market. There
is a lack of QoS aware mechanisms making the solutions more competitive. The management
is considered based on the SLA and single services metrics handling levels, so the gap between
more complicated QoS functionalities composed of one’s own and third-party vendors is
omitted. In the proposed archetypes (Figure 1.4, Figure 1.5) such situations are not described,
such domain is kind of distinct approach for them (RQ-1.5.).

This section explained the main business models related to the Web Services. It also
discussed how their maintenance is planned in companies and showed drawbacks of the current

state for business units.
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2. The composition of Web Services

2.1. Overview

The second chapter concerns theoretically the fourth specific objective defined:
O4. The fourth is to systematize the multi-criteria optimization algorithms relevant and

useful for solving the problem of dynamic composition of Web Services.

Answers the following research questions:

o RQ-2.1. What is a Web Service composition defined in the subject literature? (Chapter 2,
Section 2.2)
o RQ-2.2. What are the methods of conducting a Web Service composition process? (Chapter
2, Section 2.3)
o RQ-2.3. How are multi-criteria optimization methods & algorithms used (if they are) among
the Web Service composition process? (Chapter 2, Section 2.4)
o RQ-2.3.1. Which methods of multi-criteria optimization are the most common in
terms of Web Service composition (if there are any common)? (Chapter 2, Section
2.4, Subsection 2.4.1, 2.4.2, 2.4.3)

o RQ-2.3.2. What are already known and commonly used methods of evaluation for
the multi-criteria optimization algorithms results? (Chapter 2, Section 2.4,

Subsection 2.4.4)

Conducts the third step of the dissertation procedure:
P3. The third is the conduction of Web Service domain research on algorithms and tools

necessary to conduct computational experiments related to multi-criteria optimization.

The second chapter of the dissertation is organized as follows. The second section
presents the definition of Web Service composition and describes why such processes are
carried out. The third section refers to the distinct schemas of two assembly types: static and

dynamic compositions, the differences between them are stated. This is followed by the fourth
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section which gives insights into the multi-criteria optimization methods domain, widely used
in the dynamic services composition. A variety of different algorithms and indictors to assess

their outcomes are presented.

2.2.  Web Service. The definition of composition

This section is to explain the idea of the Web Services composition, the procedure of
combining different sub-services to obtain an original complex service with the new
encapsulated logic.

A single Web Service can be visualized as a black box (more in the section 1.2): it reacts to
the users signals and responds with a computed output (Fensel & Bussler, 2002). Often, a Web
Service operates as monolithic application — there is a large base of code that implements many
business or technical processes. Over time, the base can grow to a size un-fathomable by
developers, making the implementation of a new, relatively small change a long and
complicated process (Danowski, 2022). When the process’ logic is divided into many different
sub-services (such as microservices or vendor-supplied applications) collective responsibility
is avoided and it is much easier to add a new feature or to find the cause of a process’ error.
Every component might be a small, granular service with a low responsibility that could be
deployed, scaled, and tested independently. Decomposition of a monolith into a distributed
system enables companies to reduce time factors in terms of Continuous Integration &
Continuous Delivery (CI/CD). It also enables agile teams to organize their work around these
services, since microservices are developed autonomously (Larrucea, Santamaria, Colomo-
Palacios, & Ebert, 2018).

In vast business processes, a simple service is just not able to respond to the user's
requirements and often services should be combined through composition to achieve a specific
goal (Claro, Hao, & Albers, 2006). The composition of a complex service involves creating
solution composed of different types of sub-services. It means there is performed a creation of
a new functionality based on the old logic parts, that are called in a proper way (Dustdar &
Schreiner, 2005). So, the outcomes from various services are in fact inputs for the next ones.
Thus, a new logical part is created by various, independent parts (Lemos, Daniel, & Benatallah,

2015) (Figure 2.1) (RQ-2.1.).
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Service 2

Service 1 Service 3

Y
Y

Figure 2.1 The example of a composition of a complex Web Service

Source: own work, based on (Claro, Hao, & Albers, 2006).

This section provided general insights into the Web Service composition process. It supplied

information about how the services act in such a procedure.

2.3. Web Service. The comparative analysis of static and dynamic

compositions

This section refers to the differences between the static and dynamic compositions of Web
Services. There are analyzed distinct use cases, the main pros and cons of both establishments
are shown, the assumptions are presented.

The composition of Web Services can be divided into two patterns. If services are bound to
the process at design time, the approach is called static composition; if they are bound at
deployment time or runtime, the approach is called dynamic composition (Z. Sheng, et al.,
2014) (RQ-2.2.).

The static composition presents the situation when a service is created from the invocation

of arranged, already ordered sub-services. Although there are other components that
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implement the same logical parts to choose from, it is the predefined instances that take care of
the specific parts of the user request. Static composition takes place during design-time when
the architecture and the design of the software system are planned (D'Mello, Ananthanarayana,
& Salian, 2011). The components to be used are chosen, linked together, and finally compiled
and deployed (Dustdar & Schreiner, 2005). As an example, in Figure 2.2 there is presented the
static composition of a Web Service composed from elements A, B, and C. Each sub-element
of each group (like A1, A2 or B3, B4 or C3, C2) has the same functional issue; in terms of
composition, they are fully replaceable. A functional concern may be simple, referring perhaps
to searching for a resource, checking an identifier, or ordering change regarding a certain item.

The static composition has predefined sub-elements for each composition and every time a
call is made — the same sub-elements from each group are taken. There is no possibility in those
terms to choose, for instance, Service B3 instead of B2, or Service C2 instead of C4. Each
composition is arranged earlier, so there is no possibility of changing network parts in the

runtime.

Service|
LAt

[Service)
c1

IService)
B1

IService|
Cc2 C4

Service Service

IService| [Service|
A B2 B4

A2 Ad

Complex Service
composed of
Services A1, B2,
Cc4

Static
selection
of Service
Al

IService
A3

Static selection of Static selection of
Service B2 Service C4

Figure 2.2 The static composition of a Web Service composed from parts A, B and C

Source: own work.

The dynamic composition of a Web Service is referred, while the process has no predefined
services to pick up (Lemos, Daniel, & Benatallah, 2015). Each element from each Web Service
group is taken accurately due to assigned external quality demands (Zou, et al., 2012). Figure
2.3 presents how the process works in the same scope as in the previous, static arrangement
example. The only predefined information is the QoS parameters group, said to be essential for
this (only one) composition of Services A, B, and C. Due to the demanded quality — the logical
parts are taken to fulfill as much as possible the non-functional requirements. There is no

selected or fixed establishment that is already known before the process, unlike in the static
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composition. By changing the demanded quality (e.g. group of the QoS parameters) the

composition automatically changes its components, i.e. other sub-services are called.

Complex Service
composed of
Services Ax, Bx,
Cx

Predefined
QoS

[Service)
Cc3

[Service
A3

+

Dynamic selection of the
Services A, B, C to obtain the
best composition in terms of

predefined QoS

Figure 2.3 The dynamic composition of a Web Service composed from parts A, B and C

Source: own work.

The dynamic composition seems much more versatile due to the ability of flexible adapting
solutions to changing quality requirements. When there is a need to create the same functional
process paying attention to the different quality requirements, it will automatically be carried
out and applied. In the static composition such possibility does not exist, because the services
selected for the composition process are strictly defined at the very beginning. If the
components have various QoS values over time and the process must be adjusted for many
differing customers, dynamic composition can be very beneficial for those reasons. Such
configuration is ideal when the network environment is highly dynamic in nature (Z. Sheng, et
al., 2014).

There are situations when (because of architectural or infrastructure reasons) the QoS values
of each component — although never fixed — are very similar. Sometimes the composition of the
service is a very marginal process, or simply used by the only one customer, so the requirements
can be accepted in advance. In such situation, a solid, static composition is not significantly
distinct in quality from the dynamic one. This arrangement may work fine as long as the web
environment — business partners and service components — does not (or only rarely) change

(Dustdar & Schreiner, 2005).
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It should be remembered that the process of dynamic service composition is time-consuming
and performance-intensive; hence sometimes it may involve a business loss (Z. Sheng, et al.,
2014). An example confirming such a waste is a situation where there are only few web
components, the QoS parameters of all of them are relatively similar in time, and finally the
process itself does not require continuous quality changes.

This section provided insights into the Web Service static and dynamic compositions. It
explained both establishments and presented their main advantages and disadvantages

regarding the business environment (summary in the Table 2.1).

Table 2.1 The static and dynamic compositions pros and cons summary

Static composition Dynamic composition

Advantages

Disadvantages

Advantages

Disadvantages

Neither time-
consuming nor
expensive or
performance-

intensive

Cannot be adapted to
dynamic, changing

service environment

Flexible adaptation to
changing quality

requirements

Time-consuming and
performance-

intensive process

Might generate as
good solutions as
dynamic composition
in terms of easy and

simple features

Outdated, fixed
compositions
schemas might be
quality unacceptable

after time

Various processes
carried out due to
distinct quality

requirements

Might generate a
business loss in some

situations

The process fails,
when only one
component of a
composition does not

work

Generates better
quality compositions

in general

Style over substance
in easy and stable

functionalities

Source: own work.
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2.4. Web Service. The theoretical and technical insights of multi-criteria

optimization methods for dynamic composition

2.4.1. Multi-criteria optimization methods typology

This subsection describes multi-criteria optimization methods that are used in terms of
selecting Web Services appropriate instances in a complex, dynamic composition. The
subsection discusses how the methods are reached and applied in the problem area and which
of them are the most common.

The process of selecting appropriate sub-services to compose a full, end-to-end service in a
dynamic way (with respect to the required quality) is a non-trivial and performance-intensive
activity (Z. Sheng, et al., 2014). In fact, there are a lot of multi-criteria optimization algorithms
that can be used for this purpose. A multi-criteria decision making (MCDM) problem requires
simultaneous optimization of conflicting objectives (Odu, 2013).

There could be used scalarization methods, which combine multiple objectives into a single
objective problem such as weighted-sum approach or goal programming (Kaim, Cord, & Volk,
2018). The weighted-sum method emerged from the multi attribute decision making (MADM)
solutions (Zhang, 2014). This method consists of practices where every alternative must have
a score assigned depending on a relevant criterion, where every criterion is weighed based on
importance (Sorooshian & Parsia, 2019). Goal programming can be presented as an extension
of linear programming (LP) to find solution for multiple, conflicting objective problems. It
allows decision makers to set their established levels for goals. Unwanted deviations are
minimized by achievement functions (Chang, 2008).

Evolutionary algorithm is a term used to describe population based on stochastic direct
search algorithms that mimic natural evolution (Bartz-Beielstein, Branke, Mehnen, &
Mersmann, 2014). Such algorithms are based on the collective learning process within a
population of individuals of which each represents a search point in the space of potential
solutions to a given problem (Bick & Schwefel, 1993). Due to vast researches, genetic
algorithms (i.e. variants of evolutionary algorithms, which in analogy to the biological DNA
alphabet focus on (bit) string representations (Bartz-Beielstein, Branke, Mehnen, & Mersmann,

2014)) also have great effects in many optimization areas. Especially (Sawczuk da Silva, Ma,
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Mei, & Zhang, 2020) (Tang & Ai, 2010) (Wang, Yang, & Mi, 2015) (Sawczuk da Silva, Mei,
Ma, & Zhang, 2018) confirm the fact, that such methods have great effect in the Web Service
domain. They can generate near-optimal solutions while being much less complex than full
brute-force searches®®. In the paper (Lu & Zhang, 2015) the authors refer to the network
components composition using the Non-Dominated Sorting Algorithm 2 (NSGA-II), Multi-
Objective Particle Swarm Optimization (MOPSO). NSGA-II is also used in the (Wang, Ma,
Chen, & Hartmann, 2019) and (Claro, Hao, & Albers, 2006). In the paper (Ramirez, Parejo,
Romero, Segura, & Ruiz-Cortes, 2017) the authors use as many as 7 different approaches to
multi-criteria optimization including NSGA-II, NSGA-III, Strength Pareto Evolutionary
Algorithm 2 (SPEA2), Multi-objective Evolutionary Algorithm based on Decomposition
(MOEA/D), Hypervolume Estimation Algorithm (HypE), Grid-based Evolutionary Algorithm
(GrEA), and Indicator-based Evolutionary Algorithm (IBEA). Table 2.2 explains the basic
concepts related to the operation of genetic algorithms (RQ-2.3., RQ-2.3.1.).

This subsection provided insights into the multi-criteria optimization algorithms and showed

two main approaches that could be used in the Web Service composition domain.

2.4.2. Review of multi-criteria evolutionary methods

This subsection refers to the main multi-criteria evolutionary algorithms that can be used in
the Web Service composition domain. There are presented eight various algorithms as follows:
NSGA-II, MOPSO, NSGA-III, SPEA2, MOEA/D, HypE, GrEA, IBEA (RQ-2.3.1.).

The NSGA-II (Figure 2.4) is a multi-objective genetic algorithm that aims to find a set of
solutions that are Pareto-optimal. It sorts the individuals of populations according to the non-
dominance and creates fronts. The first one is composed of all non-dominated solutions. The
second one has the solutions dominated by the one alternative. The third one has solutions
dominated by two solutions; the next fronts are composed in the same way. To maintain the
diversity of solutions on the same front, the sort of crowding distance is applied. The crowding
distance calculates how far away the neighbors of a given solution are. Higher value are

preferable. That way solutions are more diversified; in case of same front, the solution with

2 Algorithmic paradigm that consists of systematically checking all possible candidates for solving the
problem; https://en.wikipedia.org/wiki/Brute-force search
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bigger crowding distance is chosen. New populations are generated with recombination and

mutation (Filho & Vergilio, 2016).

Table 2.2 Basic terms related to the evolutionary, multi-criteria optimization methods

Term Definition

Population A set of individuals (solutions) (Koza & Andre,
1997).

Individual A single solution for a formulated problem (Koza

& Andre, 1997).

Generation A certain population for a given iteration (Koza

& Andre, 1997).

Iteration An algorithm operation stage (Koza & Andre,
1997).
Crossover A genetic operator. Combines the information of

two or more tentative solutions (Takahashi,

Vasconcelos, Ramirez, & Kriahenbiihl, 2003).

Mutation A genetic operator. By using the information
contained in one individual, stochastically
generates another one (Takahashi, Vasconcelos,

Ramirez, & Krahenbiihl, 2003).

Pareto-optimal (Pareto solutions) Solutions are usually divided into fronts — the first
one consist of elements dominated by non-other
solutions, the second one by only one solution,
the third one by only two — and so on. In given
space of results the set of non-dominated
solutions (i.e. the first front) is Pareto-optimal
(there are no other solutions superior in all

attributes) (Horn, Nafpliotis, & Goldberg, 1994).

Source: own work.
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Input: N, g, fi(X)> N’ members evolved g generations to solve fi(X)
1 Initialize Population P;
2 Generate random population - size N’;
3 Evaluate Objectives Values;
4 Assign Rank (level) based on Pareto - sort;
5 Generate Child Population;
6 Binary Tournament Selection;
7 Recombination and Mutation;
8 fori=1togdo
9 for each Parent and Child in Population do

10 Assign Rank (level) based on Pareto - sort;

11 Generate sets of nondominated solutions;

12 Determine Crowding distance;

13 Loop (inside) by adding solutions to next generation starting from
the first front until N’ individuals;

14 end

15 Select points on the lower front with high crowding distance;

16 Create next generation;

17 Binary Tournament Selection;

18 Recombination and Mutation;

19 end

Figure 2.4 NSGA-II algorithm pseudocode

Source: (Filho & Vergilio, 2016).

The Particle Swarm Optimization (PSO) differs from aforementioned method in various
aspects. Parent information is contained within each particle (i.e. it is not shared), there are no
specific explicit selection functions involved, highly directional mutation operations are used.
The Multi-objective PSO (MOPSO, Figure 2.5) starts with initializing random position,
velocity vectors, a general set to store non-dominated solutions, and two sets for non-dominated
solutions at each iteration — A and B. There are evaluated finesses of each particle, updated the
equations of the movement of the particles by velocity and position attributes. All the sets are

updated for each particle (Lalwani, Singhal, Kumar, & Gupta, 2013).
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Begin
Initialize swarm positions, velocities and
leaders.
Send leader to archive
Crowding (leaders), g =0
While g < gmax
For each particle
Select leader.
Update position (flight) and velocities.
Mutation.
Evaluation.
Update pbest.
EndFor
Update gbest (leaders)
Send leaders to archive.
Crowding (leaders), g = g+1
EndWhile
Report results in archive
End

Figure 2.5 MOPSO algorithm pseudocode

Source: (Annauth & Rughooputh, 2012).

The NSGA-III (Figure 2.6) is an extension of the NSGA-II, which improves handling of
many-objective optimization problems. It introduces an adaptive grid-based approach for better
preservation of diversity and performance in high-dimensional objective spaces. The basic
framework remains like the original NSGA-II algorithm with significant changes in its selection
mechanism. Firstly, the parent population is created, then the binary tournament selection, after
that crossover and mutation operators are applied to create an offspring. Thereafter, both
populations are combined and sorted according to their domination level, and the best members
are selected to form the parent population for the next generation. The fundamental difference
lies in the way the niche preservation operation is performed. Unlike NSGA-II, NSGA-III starts
with a set of reference points. After non-dominated sorting, all acceptable front members and
the last front that could not be completely accepted are saved in a set. Members are selected
right away for the next generation. Original NSGA-II uses the crowding distance measure for
selecting well-distributed set of points, however, in NSGA-III the supplied reference points are

used to select these remaining members (Mkaouer, et al., 2014).
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Input: H structured reference points Z°, parent population P,
Output: P,
00: Begin
0: §,«—0,i1;
02: Q, « Variation (P,);
03: R, «—P,uQ;
04: (F,, F,, ...) «+ Non-dominationed_Sort (R,);
05: Repeat
06: 8,8, UF;i—i+l;
07: Until |S,|>N;
08: F;« F; /*Last front to be included*/
09: If1S,|=N then
10: P:+i — S;;
11: Else
12: Py Ujj_zll Fj;
/*Number of points to be chosen from F;*/
13: K« N-IP,l;
/#Normalize objectives and create reference set Z"*/
14:  Normalize (F": S; Z": Z°);
/*Associate each member s of S, with a reference point*/
I*r(s): closest reference point*/
[*d(s): distance between s and a(s)*/
15:  [a(s), d(s)] < Associate (S,, Z');

/*Compute niche count of reference point je Z" */

16: pjﬁzl‘_esm ((n(s)=j) 21 :0);

/*Choose K members one at a time from F; to construct P, ;*/
17 Niching (K, p;, n(s), d(s), Z', F\, P.;);
18: End If
19: End

Figure 2.6 NSGA-III algorithm pseudocode

Source: (Mkaouer, et al., 2014).

The SPEA2 (Figure 2.7) is another evolutionary algorithm designed for multi-objective
optimization. It uses a combination of a fitness assignment mechanism and an external archive
to maintain a diverse and non-dominated set of solutions. In addition to its regular population,
SPEA2 uses an external archive that stores non-dominated solutions found at each generation.
In each generation a strength value for each solution is calculated and used by the selection
operator. The fitness of a solution is the sum of the strength values of all its dominators, from
archive and population; 0 indicates a non-dominated individual, whereas a high value points
out that the individual is dominated by many other ones. After the selection of individuals, new

populations are generated by crossover and mutation. During the evolutionary process, the
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external archive, which is used in the next generation, is filled with non-dominated solutions of

the current archive and population. (Filho & Vergilio, 2016).

Input: N, g, fr(X) > N’ members evolved g generations to solve fi(X)
1 Initialize Population P;
2 Create empty external set E';
3 fori=1 to gdo

4 Compute fitness of each individual in P’ and E’;

5 Copy all nondominated individual from P’ and E’ to E';

6 Use the truncation operator to remove elements from E’ when the
capacity of the file has been exceeded;

7 If the capacity of E’ has not been exceeded then use dominated
individuals in ' to fill E';

8 Perform binary tournament selection;

9 Apply crossover and mutation;

10 end

Figure 2.7 SPEA2 algorithm pseudocode

Source: (Filho & Vergilio, 2016).

The MOEA/D (Figure 2.8) algorithm decomposes a multi-objective optimization problem
and optimizes sub-problems simultaneously; it introduces a simple and efficient approach to
multi-objective evolutionary computations (Moshref, Al-Sayyed, & Al-Sharaeh, 2020). It uses
the weighted Tchebycheff approach® to disassemble the problem into several single-objective
problems; each represented by an individual in the current population. Each sub-problem is
characterized by different weight vectors. MOEA/D uses neighbouring solutions for generating
offspring more efficiently. An archive is used to store non-dominated solutions, but it has no
effect on the search. It is used only for storing the best individuals found during each generation.
If a newly generated offspring is better than an individual inside the archive, it simply replaces

it (Suciu, Pallez, Cremene, & Dumitrescu, 2013).

2 More in On Tchebycheff Decomposition Approaches for Multiobjective Evolutionary Optimization; DOI:
10.1109/TEVC.2017.2704118
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Input:

MOP

the number of the sub-problems considered m MOEA/D, N
¢ auniform spread of N weight vectors: A%, ..., A7

e the number of the weight vectors in the neigshborhood of each

weight vector, T
¢  the maximum number of generations, gen....
Output:
e EP
Step 0 - Setup:
e Se&EP=9

e gen=0
Step 1 — Initialization

e Uniformly randomly generate an initial internal population,
1Py = {x*, ..., x"} and set FV* = F(x').

¢ Intalize 3 =(3; .3 )" by aproblem-spacific method.

¢  Compute the Euclidean distances between any two weight vectors
and then work out the T closest weight vectors to each weight
vector. Vi =1,...,N, set B(t) = {i,,..,(;}, where 2, A% are
the T clozest weight vectors to A'.

Step 2 — Update: Fori = 1,..,N

¢ Genetic operators: Randomly select two mdexes k, I from B(¢),
and then generate a new solution y from x* and x* by using
genetic operators.

e Updateofs ,Vj=1..nif5 <f (y)thensety =
5 o).

e Update of Neighboring Solutions: For each index j € B(2), if
(.3 )< g* @ |¥.z), thensetx/ = yamd FVV =
F(”).

. U](:)d:t::of EP: Remove from EP all the vectors dominated by
F(y).

Add F(y) to EP if no vector in EP dominate F(y).

Step 3 - Stopping criteria
e Ifgen = gen..,, then stop and output EP,
otherwise gen = gen + 1, goto Step 2.
Figure 2.8 MOEA/D algorithm pseudocode

Source: (Moshref, Al-Sayyed, & Al-Sharach, 2020).

The HypE (Figure 2.9) is an evolutionary algorithm based on the fitness assignments
schemes, consisting of application of mating selection, variation, and environmental selection.
Usually, it proposes a binary tournament selection as mating, but there might be used others as
well. Variation means mutation and crossover operators will generate the offspring.
Environmental selection refers to the union of parents and offspring, and choosing the partition

that only fits into the new population (Bader & Zitzler, 2011).
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Require: reference set i C Z, population size N € [, number of generations gmax,
number of sampling points M € M

1: initialize population F by selecting N solutions from X uniformly at random

22 g+ 0

3: while g < g,,.. do

4 P' « matingSelection( P, R, N, M)

5: P" + variation( P', N')

6 P + environmentalSelection(P U P", R, N, M)

7 g—g+1

8 end while

Figure 2.9 HypE algorithm pseudocode

Source: (Bader & Zitzler, 2011).

The basic procedure of GrEA (Figure 2.10) is alike to most evolutionary multi-objective
optimization methods, e.g. NSGA-IL. First, the population of individuals is randomly generated,
the grid environment for the current population is established, the fitness of elements is assigned
(in terms of their grid location). The mating selection is carried out to choose valuable solutions
in order to make a variation. Next, the environmental selection function is run to keep the best

solutions for survival (Yang, Li, Liu, & Zheng, 2013).

Require: P (population), N (population size)
I: P «— Initialize( P)

2: while termination criterion not fulfilled do

3 Grid _setting(P)

4 Fimess_assignment( P)

5 FP' « Mating selection(P)

6: P" « Variation(P")

7 P « Environmental selection(P|J P")

8: end while

9: return P

Figure 2.10 GrEA algorithm pseudocode

Source: (Yang, Li, Liu, & Zheng, 2013).

A general IBEA (Figure 2.11) algorithm generates an initial population and assigns the
fitness values of the individuals. It implements environmental selection by removing worst
individuals from the population in an iterative way. Next, it updates the fitness values of the

remaining individuals. The mating selection is usually exposed as a binary tournament.

61



Variation is composed of crossover and mutation operators conducted on the mating pool; then

the results are added to the offspring (Zitzler & Kiinzli, 2004).

Input:

Chatput:
Step 1:

Step 2:

Step 3:

Step d:
Step 5@

Step 6:

e (nopulation size)

I (marimum number af generations)
H (fitnnezs scaling factor)

A (Pareto set approzimation)

Inifinlizafion: (reneraie an initial population P of size o) sel the generation counter m

te 01,

Fitness gagignment: Calcwlate fitnese values of individuals in P, ie., for all w' e P set
am — I {=®y =i

Flx -:'_En.-iEI".\.[n:]]-_ﬁ (="} (="} .

Environmental selection: ferete the following three steps until the size of population P
doea not exceed !

1. Choose ar individual £* € P with the smallest fitness value, ie., Fla™) < F(z)
for all @ & F.
2. Remove 2" from the population.
5. Update the fitness values of the remaining individuals, i.e.,
Fle) = Flz) + e ="M= gralia e P
Termination: If m > N or another stopping criferion 15 satizfied then sef 4 to the set
of decision vectors represented by the nendominated sndividuals in P Siop.

Mating selection: Perform binary touwrnament selection with replacement on F in order
to fill the temporary mating pool P

Variation: Apply recombination and mutation operators toe the mating pool P and add

the resulting offapring fo P. Increment the generation counter (m = m + 1) and go to
Step 2.

Figure 2.11 IBEA algorithm pseudocode

Source: (Zitzler & Kiinzli, 2004).

This subsection presented main evolutionary multi-criteria optimization methods and briefly

explained how they work based on the pseudocodes.

2.4.3. Multi-criteria evolutionary methods in terms of the problem domain

This subsection is to present the multi-criteria evolutionary general approach in terms of the

Web Service composition domain.

To optimize the selection of appropriate service instances, it is necessary to define the

relevant requirements, according to which each successive composition will be evaluated. In
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the area of Web Services, these are QoS parameters. Figure 2.12 presents an example, where a
quality, evaluation group consists of Response Time and Availability. Each optimization
algorithm begins with creating a set of random solutions (i.e. first population). A hypothetical
situation of creating a generation of four solutions is shown; each of them consists of three
instances of different types of services. Each instance has its own QoS values; hence with the
appropriate aggregation functions (certain aggregation function is always assigned to each QoS
parameter) the quality of the entire composition can be calculated. Then, new solutions based
on mutation and crossover operators are created. Among the available results, another group of
findings is selected to proceed to the next iteration of the algorithm. The next generation
proposes a different set of solutions, and the process goes the same way as before, i.e. in the
previous iteration. When the final condition is met (for example a certain number of iterations
are performed), the algorithm returns the solutions from the last processed generation of the

algorithm (RQ-2.3., RQ-2.3.1.).

Predefined QoS: Response Time, Availability

Service
C1

Service
B1

Service
Al

Output

[Service
Cc4

Service
Cc2

Service|
B4

Service
B2

Service IService|
A2 Ad

Service
C3

Service|
B3

Service|
A3

Composition 1 {A1, B4, C2}: Response Time x1, Availability y1

Composition 2 {A2, B1, C3}: Response Time x2, Availability y2
Composition 3 {A3, B3, C1}: Response Time x3, Availability y3

Composition 4 {A4, B2, C4}: Response Time x4, Availability y4

Figure 2.12 An example of dynamic service selection with respect to the predefined QoS parameters

Source: own work.
This subsection presented the adaptation of general multi-criteria evolutionary methods in

terms of the problem’s main domain, i.e. Web Services composition with respect to various QoS

parameters.
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2.4.4. Hypervolume indicator

This subsection is to explain the main indicator used for evaluation of the algorithm’s
performance in terms of multi-objective optimization — Hypervolume.

When the choice of solutions is limited to the evaluation of a single objective function, it is
comparatively straightforward. In the situation of minimization or maximization of a given
function, the smallest or largest values (and the solutions that propose them) are selected
respectively. For example, a few services are evaluated solely through the aspect of Availability,
a feature to be maximized. The selection of instances turns down to finding the one with the
largest given value.

When there is more than one objective function, the choice is not trivial. Further addition of
the Reliability to the evaluation of the same series of instances, could encounter a situation with
several non-dominated solutions, in which there is no possibility of simple choice and
unambiguous identification of the “better” service. The problem is compounded when more
QoS parameters are added.

In this case, the Hypervolume indicator appears to be very useful. It measures the area
dominated by the Pareto-optimal solutions (Bader, 2010). Instead of comparing multiple
functions, there is a single value for each solver or set of them. Thus, it is possible to clearly
classify the service or set of services that can be generated by different optimization algorithms
(RQ-2.3.2.).

Another important issue when dealing with the Hypervolume indicator is the choice of the
reference point, a parameter the Hypervolume indicator depends on. It is recommended to use
the corner of a space that is a little bit larger than the actual objective space as the reference
point. (Auger, Bader, Brockhoft, & Zitzler, 2012) Figure 2.13 and Figure 2.14 illustrate how

the value of the index is calculated in two-dimensional and three-dimensional cases.
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Figure 2.13 2D Hypervolume indicator example

Source: (Ribeiro, 2017)

Figure 2.14 3D Hypervolume indicator example

Source: (Li, Etemaadi, Emmerich, & Chaudron, 2011)

This subsection presented the main indicator (Hypervolume) used for evaluation of the

multi-criteria evolutionary algorithms.
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3. Multi-criteria optimization methods for dynamic composition

of complex Web Services: the experiment preparation

3.1. Overview

The third chapter concerns the fifth and (partly) sixth specific objective defined:

05. The fifth is to analyze the data sources offering values of various quality attributes for
the successive composition for the end-to-end service.

06. (Partly) The sixth is to determine how implemented multi-criteria optimization

algorithms perform in the provided composition environment.

Answers the following research questions:

o RQ-3.1. What dataset(s) could be used in the Web Service composition experiments?
(Chapter 3, Section 3.3, 3.4)

o RQ-3.2. What algorithm(s) (from those taken into considerations) perform(s) the best in

terms of non-business Web Service composition experiments? (Chapter 3, Section 3.7)

Conducts (partly) the fourth step of the dissertation procedure:
P4. (Partly) The fourth is the conduction of the multi-criteria optimization experiments:
implementation of the service composition environment and chosen algorithms, preparation

and optimization of business use cases in the context of selected Quality of Service metrics.

The third chapter of the dissertation is organized as follows. The second section shows
the whole procedure of the experiments, it describes step by step how the environment and
limitations were established. The third section refers to the source dataset containing the QoS
entries of various Web Services. The fourth section describes how the dataset has been modified
and what methods were applied to preprocess and shape it. The fifth section presents the
implementation details of the multi-objective optimization algorithms and other tools needed
to develop to perform experiments. The sixth section supplies information about the parameters

tuning of the evolutionary algorithms mentioned in the previous step. The last section shows
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the results of the non-business experiment with charts, tables, and conclusions after applying
multi-objective evolutionary algorithms to optimize the composition with respect to various

groups of QoS parameters.

3.2. The procedure of the experiment

This section is to explain the details of the procedure of the experiment conducted. The main
goal was to conduct an optimization of various, business, meaningful Web Service
compositions with selected, evolutionary multi-criteria optimization methods. The study was
conducted according to the following procedure:

1. Selection of the data for the experiment.

The selection of a dataset containing distinct services with appropriate values of QoS
parameters.

2. Preparation of the data for the experiment.

Preparation and modification of the dataset to enable the optimization composition
experiment.

3. Selection & implementation of the algorithms for the experiment.

Next, the chosen evolutionary multi-criteria optimization methods were adopted and
implemented in terms of the QoS-driven composition.

4. Tuning of the parameters.

There was conducted the tuning of the algorithm’s parameters, so it was clear that possibly
the best sets of them are passed when running methods during real optimization.

5. Conduction of the non-business experiment.

After that, the non-business experiment was conducted, which consisted of optimization
of composition a Web Service from 23 different sub-services with respect to the various
sets of QoS parameters. The idea was to check and confirm that everything is prepared
well for real business cases of optimization. Launching evolutionary methods against
such a big composition due to distinct quality levels might be a good validation if real-
life experiments could be handled too.

6. Preparation of the business experiment.

Finally, seven business cases were defined based on:
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o Service types extracted in the subsection /.3.3.
o The modified dataset with sets of various service types.
o Real, nowadays solutions getting more and more famous in Poland and around the
world.
7. Conduction of the business experiment.
After that, the experiment was conducted for each business case.
8. Conclusion of the experiments.
The conclusions were drawn, and future works have been defined.
This section explained the procedure of the optimization experiment conducted in terms of

non-business and business cases.

3.3. Description of the source dataset

This section is to explain the process of obtaining data for the composition and optimization
processes. The source dataset is presented and the main features and advantages of it are
discussed.

The QWS Dataset*™® was used for the multi-criteria composition optimization experiment. It
presents a variety of data on different quality attributes for various Web Services. It contains
2507 records (RQ-3.1.). Each consists of eleven columns:

e the first nine are the values of the relevant QoS parameters (Table 3.1):
o Response Time,
o Availability,
o Throughput,
o Successability,
o Reliability,
o Compliance,
o Best Practices,
o Latency,
o Documentation;

e the name of a specific service;

30 Mentioned in subsection 1.3.2.
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e the WSDL?! address of a specific service.

Table 3.1 Description of the QoS parameters from the source QWS Dataset

ID Parameter Description Units Aggregation Maximalization/
Name Function Minimization
1 | Response Time | Time taken to send a request ms Sum Minimization (i.e.
and receive a response Maximalization
of the opposite
value)
2 | Availability Number of successful % Multiplication Maximalization
invocations/total
invocations
3 | Throughput Total Number of invocations | invokes/s | Minimum Maximalization
for a given period of time econd
4 | Successability Number of response / % Multiplication Maximalization
number of request
messages
5| Reliability Ratio of the number of error % Multiplication Maximalization
messages to total
messages
6 | Compliance The extent to which a % Multiplication Maximalization
WSDL document
follows WSDL
specification
7 | Best Practices The extent to which a Web % Multiplication Maximalization
Service follows WS-I
Basic Profile
8 | Latency Time taken for the server to ms Sum Minimization (i.e.
process a given request Maximalization
of the opposite
value)
9 | Documentation | Measure of documentation % Multiplication Maximalization

(i.e. description tags) in
WSDL

31 Mentioned in subsection 1.3.2.

Source: own work, based on data from https://qwsdata.github.io/.
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Dataset was chosen for several reasons. First, it provides as many as nine different QoS
parameters. The large number of parameters gives distinct possibilities in terms of optimization.
It contributes many attributes in comparison to datasets supplying, for example, only two
quality parameters, e.g. famous Web Service Dream®?. Secondly, the dataset provides flexibility
in interpreting types of Web Service because of the provisioning of both the service name and
WSDL address. In the end, the number of records of just over 2.500 allows the creation of a
suitable group environment consisting of different types of Web Services.

Originally, the dataset is stored in a text file (Figure 3.1). This file contains basic information
about the data, which is separated by commas. To make it easier to work with the data in the
application, the part related to records on 2507 services has been transformed into MS Excel

file (x/sx extension file) where the data is kept in tabular form (Figure 3.2).
FEESEEEEHE RS E S EI AT A E R R A HEE R4

$#f oWs Dataset 2.0 i

## Developed by: Evhab Al-Masri (salmasriBuoguslph.ca) i

## This dataset repressnts measursments of nine QoS attributes for ##
## 2507 real Web services. 23

R E HHE R R A E R S A R H R R

## Please feel free to contact me if you have any questions. i
#f Last update: 01 November 2015 i

SRS SR R R R R R R R R R S R R R R R
## Attributes or Peatures 2

## For a description of the attributes identified in this datasst, ##

#f pleass go to: https://gwsdata.github.io 52

RS R R R SRR RS R R SRS SRR AR RS S SRR H SRR AR RS REE4E
#f Format: QWS paramesters are separated by commas (first nine) i

#f Format: (1) Response Tims ##

## Format: (2) Availability 3

#f Format: (3) Throughput 32

#f Format: (4) Successability b33

i## Format: (3) Reliability i

#f Format: (€) Compliance 3

#t Format: (7) Best Practices i$

#f Format: (8) Latency if

## Format: (9) Documsntation i

#f Format: (10) Service Name i

# Format: (l11) WSDL Address
EEZ 2 ]
302.75,89,7.1,90,73,78,80,187.75, 32, MEPPMatching, http://xml.assessment.com/service/MAPPMatching. asmx?wsdl
482,85,16,95,73,100,84, 1, 2, Compound2, http://www.mssoapinterop.orq/asmx/WSDL/compound? . wsdl
3321.4,89,1.4,96,73,78,80,2.6,96,USDAData, http://www.strikeiron.com/webservices/usdadata.asmx?wsdl
126.17,98,12,100,67,78,82,22.77,089,GBNIRHolidayDates,http://www.holidaywebservice.com/Holidays/GBNIR/Dates/GBNIRHolidayDates. asmx?WSDL
107,87,1.9,95,73,89,62,58.33, 93, CasUsers,http: //galex.stsci.edu/casjobs/CasUsers. asmx?WSDL
107.57,80,1.7,81,67,78,82,18.21, €1, interop2, http://websrv.cs.fsu.edu/~engelen/interop2 2.wsdl
255,98,1.3,99,67,100,82,40.8, 4, ehmmpfamService, http: //www.ebi.ac.uk/socaplab/emboss4/services/hmm.ehmmpfam. derived?wsdl
136.71,76,2.8,76€,60,89,69%,11.57, 8, W3DBFetchServerlegacyService, http://www.embl-ebi.ac.uk/Tools/webservices/wsdl/WSDbfetch.wsdl
102.62,51,15.3,57,67,78,82,0.93, 91, DOTSPackageTracking, http://trial.serviceobjects.com/pt/PackTrack.asmxfwsdl
93.37,9€,13.5,99,67,89,58,41.66, 93, CommandService,http://www.leadtools.net/Services/CommandService/CommandService. asmx2wsdl
133,86,7.7,95,73,78,84,10.67,9,GoogleSearchService,http://dept-info.labri.fr/~denis/Enseignement/2005-5SECPD/TEP08/GoogleSearch.wsdl
221.48,50,10.9,97,53,89, 66,37.26, 6, AnalysisWSkpplabImplService, http: //www.ebi.ac.uk/soaplab/emboss4/services/acd. acdc?wsdl
114,86,16.1,86,732,89,84, 67,8, FpMLValidation, http://www.handcoded.com/FpMLValidation.asmnx ?WSDL
269.83,85,4.5,86,53,89,66,74.96, 6, AnalysisWsSAppLabImplService,http://www.ebi.ac.uk/soaplab/emboss4/services/protein motifs.antigenic?wsdl
134.07,84,12.2,85,60,89,69,8.21,4,Discovery3ervice, http://superglus.badc.rl.ac.uk/exist/services/Discovery?wsdl
€7.5,86,6,86,73,78,80,1.5,95,check,http://ws.cdyne.com/spellchecker/check.asmx?wsdl
131.57,80,2.3,80,53,67,76,6.5,10, Interop,http://mssoapinterop.org/stk/LoggedinteropTyped . wsdl
213.2,88,1.6,96,73,100,84,7.8,36,antigenicService, http: //genome.dkfz-heidelberg.de/menu/hobit/embapps/wsdl/antigenic.wsdl

Figure 3.1 The source text file of the QWS Dataset

Source: https://qwsdata.github.io/.

32 Mentioned in subsection 1.3.2.
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Figure 3.2 The QWS Dataset in a tabular form

Source: own work, based on data from https://qwsdata.github.io/.

To ensure the values integrity of the relevant parameters, the data normalization was
provided. Consequently, there was no need to control the units of specific metrics (however,
they are known). Each normalized value was the quotient of the difference between the actual
value of the parameter and the minimum value divided by the difference of the maximum and
minimum values.

This section provided insights into the original dataset used in all, further carried out

experiments.

3.4. Description of the modified dataset

This section presents the explanation of the modification process of the source dataset, so it
is applicable in terms of composition and optimization. There are provided algorithms used for
data preprocessing and the final schema is presented.

To distinguish various types of services within the chosen dataset, an algorithm (Figure 3.3)
that seeks a keyword in services WSDL addresses or names was developed. Every service type,
that was taken into experiments consideration, was given a set of keywords — based on them,

the type of service was assigned.
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3. Go to next

keywords set
Keywords: [ Keywords:

Service A r@ice B

2. Does not contain

Keywords:

Service Z

4 Check if Instance contains
keywords in URI/name

1. Check if Instance contains
keywords in URI/name

Service
Instance

5. Service contains
keywords

A 4

Service
Instance:
assigned type
B

Figure 3.3 The assignment algorithm of a service type by sets of keywords

Source: own work.

For example, if the WSDL address of the service equals:
http://new.ehealthcompete.com/Webservices/eis.wsdl

and the keyset for the hospital type of service consist of phrases ["medic", "hospital", "doctor",
"health", "consultation", "diagnos", "specialist", "emergen", "treat"] then there is a binding
created, and the service is assigned the hospital type of service, as the Uniform Resource
Identifier of the service contains a phrase “health” and the keyword “health” is assigned to the
type of hospital service. All keywords along with service types are included in Table 3.2 (RQ-
3.1.).

A given procedure scheme provides the ability to create appropriate groups of different types
of Web Services for the composition process. With it a set of services records becomes divided

into subsets of services records of the same type (Figure 3.4). There is no possibility to combine
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services without assigned service types, the functionality cannot be specified then. If they are

provided, the experiment can be conducted.

Dataset of Web Services

|3 J
3 @
Set of Set of Set of Set of Set of
Services: Services: Services: Services: Services:
Type A Type B Type C Type D Type E

Figure 3.4 The decomposition of the dataset into various sets of different Web Service types

Source: own work.

This section outlined how the original data is modified, and how the assignment algorithm

works, making the collection applicable to further carried out experiments.
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Table 3.2 The keywords sets for the distinguished types of services

Service Type

Keywords

hotel services

"hotel", "accomm", "book", "concier", "hous", "check", "room",

nn

"amenities", "reservat"

travel services

nn nmn

"travel", "flight", "bus", "tour", "packag", "destina", "adventure",
"honeymoon", "cruise"

public employment services

n n

"employ", "job", '"career", "placement", "resume", "cv",

nn

"opportu", "contract"

government services

n nn

gov", "country", "citiz", "administrat", "program", "tax"

social security services

"social", "retire", "disable", "pension", "welfare", "care"

medical services

"medic", "hospital", "doctor", "health", '"consultation",

nn

"diagnos", "specialist", "emergen", "treat"

purchase services

"auction",  "purchase", "shop",

"negotiation", "cost", "discount”

"payment"’ Hsupplyll’

telecom services

"tele", "wireless", "Internet", "voice", "data", "broadband",
"network", "mobile"

Insurance services

"insurance", "coverage", "claim", "risk", "agent", "accident",
"property", "ife"

language translation services

"transl", "interpret”, "certif", "multilin", "language"

engine services

"mech", "electr", "civil", "indus"

sport services

"sport", "coach", "fitness", "team", "outdoor", "tournam",
"facilitie", "equipment"

film services

n

"picture", "mov", "film", "actor", "production", "casting",

"cinema"

geo services

"climat", "geo", "local", "natur", "map", "location", "gps",
"radar"

loan services

"loan", "mort", "lend", "credit", "lease"

ordering food services

"deliv", "restaurant", "bar", "menu", "catering"

weather services

nn

"weather", "air", "rain", "meteoro"

advert services

"advert", "marketin”, "campaign"

bio it services

"genomics", "bio", "protein”

industrial automatization services

nn

"industr", "manu", "auto", "robot"

search services

n

"search", "find", "google", "bing"

bank services

"bank", "transaction", "account", "card"

education services

n

"school", "grade", "mark”, "edu

Source: own work.
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3.5. Implementation details of multi-criteria optimization methods for

dynamic composition, hypervolume indicators and 3D charts

3.5.1. Implementation details of multi-criteria optimization methods for

dynamic composition

This subsection refers to the implementation of dynamic, evolutionary Web Service
composition methods in the experiment.

Dynamic methods allow to change the selection of service instances in a comprehensive
composition with the impact of various dynamic factors, such as changing the target group of
quality parameters. The experiment focuses on four genetic algorithms for multi-criteria
optimization: NSGA-II, NSGA-III, SPEA2 and MOEA/D (described in subsection 2.4.2).
These algorithms were chosen primarily to the experiments, as they are likely used in the Web
Service area (Tabalvandani, Shirvani, & Motameni, 2023) (Ma, et al., 2020) (Zhou, et al., 2020).

All algorithms were written in Java 17% using the web application development framework
Spring Boot**. Ultimately, the project could be available on the web using a REST Web Service,
hence the decision to have such a technological stack rather than another. The four algorithms
(i.e. NSGA-II, NSGA-III, SPEA2, and MOEA/D) were adapted to the problem domain and to
the specific composition problem. The code of the solution is placed on the GitHub* platform.
The project consists of more than two thousand lines of code.

The implementation dealt with the model for the formulated problem of complex service
composition, i.e. service instances, service types, quality parameters, permissible aggregation
operations of quality parameters, populations, available groups of different network
components, and complex composition of different types of those. Figure 3.5 presents an
example of such facilities, i.e. the Web Service instance implementation.

There has also arisen the implementation of supporting tools to assist in loading datasets and
mapping records to appropriate instances of Web Services; an algorithm for assigning service

types based on keywords, function for normalizing data and various types of crossover, and

3 JDK 17, the implementation of version 17 of the Java SE Platform; https://openjdk.org/projects/jdk/17/
3 Spring Boot, the open-source Java framework; https://spring.io/projects/spring-boot
% Code for the Spring Boot algorithms project hosted on GitHub; https://github.com/makalous/moo
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mutation genetic operators. Figure 3.6 presents an example of such facilities, i.e. the dataset file

mapper class implementation.

1 package pl.ue.wroc.moo.definition.problem;
FJ

3 import lombok.Builder;
4 import lombok.Getter;
& import lombok.Setter;
B import lombok.ToString;
7

8 import jawa.util.Map;
9

18 @Tostring

11 @8uilder

12 @oetter

13 Eaetter

14 %  public class Servicelnstance {

15 String serviceName;

16 String servicelri;

i) ServiceType serviceType;

18 MapcQosParameter, Double: goSParameter;

19

i @verride

FA public boolean eguals(Object obj) {

i if (obj == this) return true;

23

24 if (Y{obj instanceocf Servicelnstance)) return false;

Fi

26 Servicelnstance ¢ = {Servicelnstance) obj;

7 if (c.getherviceType() != this.getterviceType()) return false;
28 boolean gosFlag = true;

s for (QoSParameter gParam : this.getQoiParameter().keyset{}) {
EE if (U c.getfosParametery ). get{gParam).equals{this. getlosParameter)).get(gParam})})) {
31 gosFlag = false;

32 break;

L }

= }

35 return gosFlag;

36 }

a7 }

Figure 3.5 The programmatic representation of a Web Service instance

Source: own work.
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package pl.ue.wroc.moo.definition.utils;

import com.poiji.annotation.ExcelCellName;

import com.poiji.annotation.ExcelRow;

import com.poiji.bind.Poiji;

import lombok.*;

import pl.ue.wroc.moo.definition.constants.DatascurcesConstants;
import pl.ue.wroc.moo.definition.problem. ServiceType;

import pl.ue.wroc.moo.definition.problem.QoSParameter;

import pl.ue.wroc.moo.definition.problem. Servicelnstance;

import pl.ue.wroc.moo.definition.problem. SetsOfservicesAvailable;

import java.io.File;

import java.lang.reflect.Field;
import java.util.*;

import java.util.stream.Collectors;

import static pl.ue.wroc.moo.definition.constants.DatasourcesConstamts.*;
import static pl.ue.wroc.moo.definition.constants.OtherConstants. *;

@NoargsConstructor

@Getter

@Esetter

@Tostring

public class FileMapper {
EExcelRow
private int rowlndex;
@ExcellelliName( "SERVICE_NAME" )
String SERVICE NAME;
@excelCelIName| "SERVICE_URT" )
String SERVICE_URL;
@excelcel IName( "SERVICE_TYRE" )
String SERVICE_TYPE;
@ExcelellName| "RESPONSE_TIME")
Double RESPOMSE_TIME;
@ExcellelliName( "AVATLABILITY" )
Double AVAILABILITY;
@ExcellellName( " THROUGHPUT™ )
Double THROUGHPUT
@excelcel Name| "SUCCESSABILITY")
Double SUCCESSABILITY;
@excelCelliame| "RELIABILITY" )
Double RELLIABILITY;
@ExcellelliName( "COMPLIANCE")
Double COMPLIANCE;
@excelcelliame| "BEST_PRACTICES")
Double BEST_PRACTICES;
@ExcellellName( "LATENCY")
Double LATENCY;
@ExcellellName( "DOCUMENTATION™ )
Double DOCUMENTATION;

public List<Servicelnstance> returnAnExcellist(String fileAddress) { &B

}

public List<Servicelnstance> returnanExcellist(String fileAddress, List<ServicelTyper listOfConsideration) throws MoSuchFieldException, IllsgalAccessException { €D
}

private Double normalized(QoSParameter goSParameter, Double walue, List<FileMapper> filelnstances) { BB
}

private void assignTypeSykeywords(FileMapper fileMapper) { £B
}

private void assignTypeBykeywords(FileMapper fileMapper, List<ServiceType» listOfConsideration) throws MoSuchfieldException, IllegalfccessException { BB
}

public SetsOfServicesAvailable returnDividedsetsOfsclutions{List<Servicelnstance> anExcellist) throws Exception { &3

1

public SetsOfServicesAwailable returnDividedsetsOfSolutions{List<ServiceInstance» anExcellist, List<ServiceType: listOfConsideration) throws Exception { B8

1

Figure 3.6 The programmatic representation of a dataset file mapper class

Source: own work.
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Finally, the genetic methods themselves were implemented. The NSGA-II genetic algorithm
has been implemented in such a way that a random, primary population of individuals is
initialized in the first step (Figure 3.7). A generation counter is also defined, which is necessary
to check the termination condition of the algorithm. An evaluation of all individuals in the
population (in the context of the QoS parameters considered in the optimization) takes place.
Then, a new generation of individuals is created using genetic operators — crossover and
mutation. The two populations are merged, then non-dominated sorting takes place, which
separates the merged populations into several fronts. The first front contains non-dominated
individuals, i.e. Pareto-optimal solutions. Then, the crowding distance is calculated for all
individuals in all fronts. The new population moving to the next iteration is a selection of Pareto-
optimal individuals from the first front and individuals with the largest crowding distance from
subsequent fronts.

The NSGA-III genetic algorithm is an extension of the NSGA-II algorithm (Figure 3.8). It
is implemented in such a way that a random, primary population of individuals is initialized in
the initial step. A generation counter is also defined, which is necessary to check the termination
condition of the algorithm. A list of weight vectors is also created. An evaluation of all the
individuals in the population (in the context of the QoS parameters considered in the
optimization) takes place. Then the population is split into sub-problems by the initialized list
of weight vectors. Then, a new generation of individuals is created using genetic operators —
crossover and mutation. The initial generation, divided into sub-problems, is involved in its
creation. The two populations (original and new) are combined, then a non-dominant sorting
takes place, which splits the combined populations into several fronts. The first front contains
non-dominated individuals, i.e. Pareto-optimal solutions. Then, the crowding distance is
calculated for all individuals in all fronts. The new population moving to the next iteration is a
selection of Pareto-optimal individuals from the first front and individuals with the largest

crowding distance from subsequent fronts.
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Figure 3.7 Flow chart of the NSGA-II algorithm

Source: own work.
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Figure 3.8 Flow chart of the NSGA-III algorithm

Source: own work.

The SPEA2 genetic algorithm (Figure 3.9) is implemented in such a way that it starts with
generating an initial, random population. In addition, an archive is defined to store the best
solutions and a generation counter to check the termination condition. Initially, all individuals
in the population are evaluated with respect to selected QoS parameters. Then the strength of
each individual in the population is calculated based on the dominance relation in the
population. The archive is updated with the individuals with the highest strength. Then, a new
generation is created based on mutation and crossover operators and it goes to the next

algorithm iteration.
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The MOEA/D genetic algorithm (Figure 3.10) is implemented in such a way that it starts by

generating an initial, random population. In addition, a weight vector and a generation counter

Figure 3.9 Flow chart of the SPEA2 algorithm

Source: own work.

are defined to check the termination condition of the algorithm. The initial population is divided

into sub-problems. For each of the divided parts of the population, neighborhood selection

occurs. Based on a given neighborhood, parents within the population are selected. Crossover

and mutation operators occur, child evaluation based on the weight vector is refreshed. The

population is updated on the basis of the solutions produced.
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Figure 3.10 Flow chart of the MOEA/D algorithm

Source: own work.

This subsection presented the adaptation and implementation of selected algorithms to the
realities of the problem of composing a complex Web Service. In such a way, there are provided
solutions to the non-trivial problem of composition optimization from various instances of

different types of services.
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3.5.2. Implementation details of hypervolume indicators and 3D charts

This subsection presents algorithms for calculating the hypervolume indicators and

generating charts.

To calculate the hypervolume indicator there was the Python scrip

£3® adopted authored by

Simon Wessing (Figure 3.11). After adaptation to a problem domain, the code is available in a

public Github repository®'.

17
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21
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24
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27
28
29
30
31
32
33
34
35
36
37
38
39
69
70
71
149
150
151
159
160

162
163

__author__ = "Simon Wessing"

import os

v class HyperVolume:

Hypervolume computation based on variant 3 of the algorithm in the paper:

C. M. Fonseca, L. Paquete, and M. Lopez-Ibanez. An improved dimension-sweep
algorithm for the hypervolume indicator. In IEEE Congress on Evolutionary
Computation, pages 1157-1163, Vancouver, Canada, July 2006.

Minimization is implicitly assumed here!

def

def

__init_ (self, referencePoint):

"""Constructor."""
self.referencePoint = referencePoint
self.list = []

compute(self, front): @
return hyperVolume

hvRecursive(self, dimIndex, length, bounds): em
return hvol

preProcess(self, front): @
self.list = nodelList

sortByDimension(self, nodes, i):

"""Sorts the list of nodes by the i-th value of the contained points."""
nodes.sort(key=lambda node: node.cargol[il)

Figure 3.11 The part of the hypervolume indicator implementation code

Source: https://Is11-www.cs.tu-dortmund.de/rudolph/hypervolume/start.

36

37

Hypervolume, Python language version by Simon  Wessing; https://Isl1-www.cs.tu-
dortmund.de/rudolph/hypervolume/start

Code for the hypervolume hosted on GitHub; https:/github.com/makalous/hypervolume-
3d/blob/main/hypervolume.py
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To generate 3D charts (e.g. Figure 3.17) presenting solutions for various cases of

optimization of three QoS parameters in the following sections there appeared a need to

implement own Python script® (Figure 3.12). Charts for presenting 2D solutions were created

with the use of the Microsoft Excel tool (e.g. Figure 3.16).

O 00 N O U & W N =

W W W WwwwwiNNNNNNNNNNERBRR |2 2 |2 2 2 2 |2
OO N S WN M O WO NODWL B WN MO OO NO WL E WNRERS

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

# Global variable to store triplets of points and their paths
point_path_dict_3d = {}

v def read_data_3d(file_path, path):

data = []
with open(file_path, 'r') as file:
lines = file.readlines()

# Iterate over lines and extract x, y, and z values for each point
point = {}
for line in lines:
if line.strip(): # Skip empty lines
key, value = line.split()
point [key] = float(value)
if len(point) ==
data.append(point)
key = (point['Availability'], point['Reliability'], point['Response Time'])
if key not in point_path_dict_3d:
point_path_dict_3d[key] = [path]
elif path not in point_path_dict_3d[key]: # Check for duplicate path
point_path_dict_3d[key].append(path)
point = {}
return data

def create_3d_scatter_plot(ax, x, y, z, color, label):
ax.scatter(x, y, z, color=color, label=label)

# List of file paths and corresponding colors
file_paths_3d = ['path']
colors_3d = ['red', 'green', 'blue', 'orange']

Figure 3.12 The part of the 3D charts implementation code

Source: own work.

This subsection presented the methods and implementation details of calculating the

hypervolume indicators and generating charts.

38 Code for the 3D charts hosted on GitHub; https://github.com/makalous/hypervolume-3d/blob/main/3d.py
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3.6. Parameters tuning

This section is to explain the algorithms parameters tuning in terms of the conducted
experiments. This process ensures that the right and best possible combinations are obtained,
so that the algorithms perform the best in the given environment.

Each genetic algorithm takes an array of parameters as an argument, so it knows how to
iterate through next generations. To make sure that algorithms are provided with the bests sets
of parameters, the tuning of those was conducted:

e Each algorithm has been initialized thirty times for each parameter’s configuration.

e All the results have been combined in terms of the same algorithm and the same
configuration.

e The Pareto-optimal solutions were distinguished, so every configuration for each
algorithm has been assigned the best solutions from all over the repetitions.

e The Hypervolume indexes (subsection 2.4.4) were calculated with the reference
point taken as the extremum available among all concatenated files of all algorithms.

% were distinguished and used for all the use cases studies.

e The best configurations®
The process is shown in the Figure 3.13.
The best configurations are listed in Table 3.3. Starting sets of parameters considered:
e 50, 100 or 300 generations of algorithm;
e population of 50, 100 or 300 individuals;
e probability of crossover 0.6, 0.8 or 1.0;
e probability of mutation 0.02, 0.0.6 or 0.1.

Due to the obtained results, there is a clarity of using fixed sets of algorithms’ parameters to

get possibly the best solutions in terms of optimization process.

% 1.e. configurations of parameters, with which an algorithm performs best
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Figure 3.13 Main steps of the parameters tuning of the NSGA-1I, NSGA-11I, MOEA/D and SPEA2 algorithms

Source: own work.

Table 3.3 The best Hypervolume indicators for all of the algorithms from parameters tuning

Algorithm

Best Hypervolume Indicator

Best Configuration

NSGA-II

0.38765342608178430

300 populations

50 generations

1.0 crossover probability
0.1 mutation probability

NSGA-III

0.38765342608178430

300 populations

50 generations

1.0 crossover probability
0.1 mutation probability

MOEA/D

0.47874046301174256

300 populations
300 generations
0.8 crossover probability
0.1 mutation probability

SPEA2

0.33629426709740010

50 populations

150 generations

1.0 crossover probability
0.06 mutation probability

Source: own work.
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3.7. The results of the non-business experiment

3.7.1. Description of a non-business experiment

This subsection is to discuss the non-business experiment cases of optimization of
composition of complex services with respect to established QoS metrics. This experiment is
to test the suitability of implemented multi-criteria optimization methods, to check the proof-
of-concept and the tools created.

When the whole dataset consisting of services without types is transformed into the various
groups of services with the same kinds there could be performed an experiment of a
composition of a complex service. The first assumption to make was: which types of services
are taken into consideration. It was decided to combine as many as 23 different service types,
so that the composition would be very challenging in terms of optimization. Twenty types were
extracted from subsection /.3.3. Three extra types are bank, search, and education services that
seem to be extremely important around the world nowadays. After the decomposition of the
whole dataset (defined in 3.4) into 23 groups of service types, the established set is presented
as follows (Table 3.4).

After that, an agreement on the QoS metrics considered for sub-services was made. In proof-
of-concept cases, four groups of parameters were created, such as:

1) Response Time, Availability;

2) Response Time, Reliability;

3) Response Time, Availability, Reliability;

4) Response Time, Availability, Reliability, Throughput, Best Practices.

When the set of service types and the set of parameters were agreed, then the optimization
of the composition could be performed. The algorithms should seek the best composition in
terms of the chosen parameters. The final composition should be as much as possible within

given ranges of QoS metrics (Figure 3.14).
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Table 3.4 The number of 23 different types of Web Services extracted from the source dataset

Number of Services

Service Type

40 hotel services

37 travel services

24 public employment services
54 government services

3 social security services

8 medical services

11 purchase services

91 telecom services

17 insurance services

13 language translation services
3 engine services

14 sport services

3 film services

88 geo services

20 loan services

270 ordering food services

31 weather services

2 advert services

56 bio it services

5 industrial automatization services
115 search services

21 bank services

107 education services

Source: own work.
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Figure 3.14 The schema of creating complex services in terms of chosen quality parameters

Source: own work.

To create one, complex service that is appropriate in terms of established quality, algorithms

seek the best solutions, in general, for the whole composition, so every single sub-service is

taken accurately.

Results of the non-business experiment are presented as follows. Each case is assigned to

one of the four parameters group described above. Each contains a table with Hypervolume

indexes and a chart presenting Pareto solutions for each algorithm (except for the fourth case —

as much as five different quality parameters are not able to be presented in neither 2D nor 3D

chart). Dots on charts represent complex service solutions in the context of selected QoS

parameters. Results refer to full compositions consisting of 23 services. Each algorithm has its

own colour assigned:
¢ Blue — NSGA-III;
e Yellow — NSGA-II;
e Red - SPEA2;
e Black - MOEA/D.
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Graphs show the Pareto-optimal solutions for each algorithm separately. This means that the
presented solutions can no longer fail to be improved from the point of view of a certain subset

of criteria, without simultaneous deterioration from the point of view of other criteria.

3.7.2. Case 1: The composition optimization with respect to the Response Time

and Availability QoS parameters

The first case involved optimizing the composition of a service composed of 23 Web Service
sub-services of different types (Table 3.4) against two quality parameters: Response Time and
Availability. The results of the calculated Hypervolume indexes for the four optimization
algorithms (NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 3.5. The best outcome
was generated by the NSGA-III algorithm with ~0.35 Hypervolume indicator, then NSGA-II
with ~0.32, followed by MOEA/D with ~0.21 and SPEA2 with ~0.12.

Table 3.5 The Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D and SPEA?2 algorithms: composition of 23
different service types in terms of two QoS parameters Response Time and Availability

Algorithm Hypervolume Indicator

NSGA-III 0.34874799283230860

NSGA-II 0.31907433296808313

MOEA/D 0.20685927169878230

SPEA2 0.11625063180183698

Source: own work.

The dots on Figure 3.15 represent the solution sets proposed by the four algorithms. As the
Availability and opposite values of the Response Time should be maximized, it can be observed
that the best solutions were proposed by the NSGA-III algorithm. Solutions in similar
abundance were presented by the NSGA-II algorithm. It can be noticed that there is a difference

in the extremes of the two fronts, the NSGA-II algorithm proposes better solutions in the context
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of Response Time, while NSGA-III proposes better solutions in the context of Availability. The
MOEA/D algorithm proposes acceptable solutions, a variety of them, but inferior to its
predecessors. The SPEA2 algorithm proposed the least number of Pareto solutions, and they

are also the most focused and the worst in terms of this optimization.

Avail ability

i
-]
L

Mo . . - . . .
B -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

]

Response Time

Figure 3.15 The Pareto-optimal fronts of the algorithms NSGA-1II, NSGA-1I, MOEA/D and SPEA?2 for composition of 23
different service types and 2 QoS parameters: Response Time and Availability

Source: own work.

This case presented solutions of four algorithms NSGA-II, NSGA-III, SPEA2, and
MOEA/D for composition of 23 sub-services with respect to maximizing Availability and

opposite values of Response Time (i.e. with respect to minimizing Response Time).
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3.7.3. Case 2: The composition optimization with respect to the Response Time

and Reliability QoS parameters

The second case involved optimizing the composition of a service composed of 23 Web
Service sub-services of different types (Table 3.4) against two quality parameters: Response
Time and Reliability. The results of the calculated Hypervolume indexes for the four
optimization algorithms (NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 3.6. In
this example the best outcome was generated by the NSGA-II algorithm with ~0.018 index,
nearly the same result was obtained by NSGA-III also with ~0.018. The third place was taken
by SPEA2 with ~0.004, followed by MOEA/D with ~0.001.

Table 3.6 The Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D and SPEA?2 algorithms: composition of 23
different service types in terms of two QoS parameters Response Time and Reliability

Algorithm Hypervolume Indicator

NSGA-II 0.018353987622662403

NSGA-III 0.017600037010142053

SPEA2 0.0036265358469359547

MOEA/D 0.0009596533484464501

Source: own work.

Although the Hypervolume index was a tad higher for the NSGA-II algorithm, the NSGA-III
came up with better solutions (Figure 3.16) in terms of median Reliability and Response Time
values. The NSGA-II algorithm proposed the best solution overall in the context of complex
service for Reliability. The SPEA2 algorithm again presented very focused solutions, not
approaching the extremes of the quality parameters, but performed better than the MOEA/D —
in which the overall solutions — compared to the other algorithms — have the worst values for
Reliability. It is noteworthy, however, that the solution with the best Response Time was just

proposed by this algorithm.
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Figure 3.16 The Pareto-optimal fronts of the algorithms NSGA-III, NSGA-1I, MOEA/D and SPEA?2 for composition of 23
different service types and 2 QoS parameters: Response Time and Reliability

Source: own work.

This case presented solutions of four algorithms NSGA-II, NSGA-III, SPEA2, and
MOEA/D for composition of 23 sub-services with respect to maximizing Reliability and

opposite values of Response Time (i.e. with respect to minimizing Response Time).

3.7.4. Case 3: The composition optimization with respect to the Response Time,

Availability and Reliability QoS parameters

The third case involved optimizing the composition of a service composed of 23 Web Service
sub-services of different types (Table 3.4) against three quality parameters: Response Time,
Availability, and Reliability. The results of the calculated Hypervolume indexes for the four
optimization algorithms (NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 3.7.
Generally, the best was the NSGA-III algorithm with ~0.003 Hypervolume index, then NSGA-
IT with ~0.002, next the SPEA2 with ~0.0003 and the last place was taken by MOEA/D with
0.000009.
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Table 3.7 The Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D and SPEA2 algorithms: composition of 23
different service types in terms of three QoS parameters Response Time, Availability and Reliability

Algorithm Hypervolume Indicator

NSGA-III 0.00303144766541302500

NSGA-II 0.00196107667483831930

SPEA2 0.00029930415665667886

MOEA/D 0.00008158168039623630

Source: own work.

Figure 3.17 shows, once again, the dominance of the solutions of the NSGA algorithm family.
NSGA-III offers good solutions paying attention to Availability and Response Time, while
NSGA-II offers strong results with respect to Reliability and Response Time. The SPEA2
solutions are again very clustered around low Availability while not the worst Response Time.
MOEA/D shows a wide variety of solves and it is worth paying attention to the single (best)
compositions for Availability and Response Time (without paying attention to the
corresponding other two quality parameters).

This case presented solutions of four algorithms NSGA-II, NSGA-III, SPEA2, and
MOEA/D for composition of 23 sub-services with respect to maximizing the Availability,
Reliability, and opposite values of Response Time (i.e. with respect to minimizing the Response

Time).
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Figure 3.17 The Pareto-optimal fronts of the algorithms NSGA-1II, NSGA-1I, MOEA/D and SPEA?2 for composition of 23
different service types and 3 QoS parameters: Response Time, Availability and Reliability

Source: own work.

3.7.5. Case 4: The composition optimization with respect to the Response Time,

Availability, Reliability, Throughput and Best Practices QoS parameters

The fourth case involved optimizing the composition of a service composed of 23 Web
Service sub-services of different types (Table 3.4) against five quality parameters: Response
Time, Availability, Reliability, Throughput, and Best Practices. The results of the calculated
Hypervolume indexes for the four optimization algorithms (NSGA-II, NSGA-III, SPEA2,
MOEA/D) are shown in Table 3.8. Again, the best outcomes were generated by the NSGA-II
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and NSGA-III algorithms, with Hypervolume indicators ~1.25 and ~1.21 (x 10®), then SPEA2
with ~2.3 (x 10'®), followed by MOEA/D with ~1.12 (x 10°).

Table 3.8 The Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D and SPEA2 algorithms: composition of 23
different service types in terms of five QoS parameters Response Time, Availability, Reliability, Throughput and Best

Practices
Algorithm Hypervolume Indicator
NSGA-II 1.2475672541445035 x 10

NSGA-III 1.2098368754538757 x 10

SPEA2 2.2962915680094008 x 108

MOEA/D 1.122536541187801 x 107

Source: own work.

This case presented solutions of four algorithms NSGA-II, NSGA-III, SPEA2, and
MOEA/D for composition of 23 sub-services with respect to maximizing the Availability,
Reliability, Throughput, Best Practices, and opposite values of Response Time (i.e. with respect
to minimizing the Response Time).

In general, all non-business cases show that optimization algorithms behave differently for
distinct numbers of quality parameters considered, but also for various numbers of sub-services.
Such performance-complicated example of 23-service solutions generated with respect to four
quality levels outcome with interesting results.

In each case interesting Pareto fronts are presented, in fact all the algorithms supply totally
different compositions. It confirms the fact the fact they act differently and there might be
insights to use them differently in various business cases. There is a huge, visible dominance of
the NSGA algorithms in such big examples, however remaining algorithms could provide
solutions that are somehow better for specific quality parameters (RQ-3.2.).

It seems reasonable to test and check different types of optimization approaches when
complex services have a business context, that is: they would consist of a smaller number of
sub-services, and they would be willing to provide the end-user with the greatest possible

convenience of using the solution.
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4. Multi-criteria optimization methods for dynamic composition

of complex Web Services: the business verification

4.1. Overview

The fourth chapter concerns (partly) the sixth specific objective defined:
06. (Partly) The sixth is to determine how implemented multi-criteria optimization

algorithms perform in the provided composition environment.

Answers the following research questions:
o RQ-4.1. What algorithm(s) (from those taken into considerations) perform(s) the best in
terms of business Web Service composition experiments (i.e. composition of cases that have

a real, business foundation)? (Chapter 4)

Conducts (partly) the fourth step of the dissertation procedure:
P4. (Partly) The fourth is the conduction of the multi-criteria optimization experiments:
implementation of the service composition environment and chosen algorithms, preparation

and optimization of business use cases in the context of selected Quality of Service metrics.

The fourth chapter of the dissertation is organized as follows. The second section shows
the seven business scenarios, case studies of composing complex services with real and clear
business foundations based on present-day firms’ examples. Sections from the third to the ninth
refer to the results of the business experiments with charts, tables, and conclusions after
applying multi-objective evolutionary algorithms to optimize the aforementioned compositions
with respect to various groups of QoS parameters. The tenth section presents concluding

remarks on the whole business experiment conducted.
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4.2. Composition of complex Web Services: description of case studies

This section presents business cases in terms of dynamic Web Service composition methods.
Each business case consists of:
e services to be invoked to create the final composition,
e the QoS parameters against which they will be optimized,
e described results of the optimization experiment with conclusions in terms of
business units.
Each case has a real business foundation. Seven scenarios have been prepared.

The first scenario concerns the composition of travel, insurance, hotel, and purchase
services. There are many applications becoming increasingly popular on the market providing
such favors combined. At the time, when traveling becomes easier, solutions providing
simultaneous accommodation, transportation, insurance, and quick payment options are very
valuable. Airbnb™ allows to book accommodations all around the world, often with unique
travel experiences. It suggests rentals of apartments and houses, supports online payments
through the application, and gives insurance for hosts and guests in case of property damage.
Booking.com** provides a wide selection of hotels and apartments with additional tourist
attractions. It operates on online payment transactions and proposes additional travel insurance
when making reservations. Revolut*?, although primarily a financial platform, supplies great
travel support such as access to an online exchange office and international payments. It also
allows withdrawals from ATMs around the world. It proposes a wide range of travel insurance,
including health and flight delay insurance. While it does not directly offer hotel booking
options, it supports and provides payment options for accommodations.

The second scenario refers to the composition of the loan, purchase, telecom, and
advertising sub-services. There are many applications nowadays that address the given case.
In particular, issues related to online shopping or purchasing are being developed more and
more, while support for telephone, advertising, and lending services fit perfectly into the
aforementioned domain. Amazon™® offers short-term loans for small businesses while providing
a huge marketplace where there are products available across every category. It utilizes SMS

notifications for order confirmations, delivery, or customer support. It also gives targeted advert

40 Airbnb, application for homestays in various countries and regions; https://www.airbnb.pl/
41 Booking.com, one of the largest online travel agencies; https://www.booking.com/

42 Revolut, global neobank and financial technology company; https://www.revolut.com/

43 Amazon, multinational technology company; https://www.amazon.com/
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1*4, on the other hand, provides small-

opportunities for sellers to promote their offers. PayPa
business financing and personal credit services in collaboration with banks. There are provided
secured, online transactions through the payment gateway. The platform uses text and push
notifications and integrates with the mobile numbers two-factor authentication. There are
included promotion advert campaigns through banners, emails, or notifications in application
too.

The third scenario presents the composition of the government, social security, public
employment, and language translation sub-services. In Poland, the government itself

[*° is a Polish e-Government

promotes more and more important applications. mObywate
application, that provides digital access to official documents like ID cards, driving licenses,
and vaccination certificates. It gives access to social benefits and pension information. It offers
employment programs by collaboration with local labor offices. The application is multilingual,
supporting two languages: Polish by default, and English for non-native users. ePUAP*
(Electronic Platform of Public Administration Services) is a main Polish platform for
submitting documents and managing official correspondence with government offices online.
It links with social insurance institution system to allow users to check their social security
benefits. Application directs users to job search opportunities and trainings, offers multilingual
support for common forms, and instructions to assist foreigners navigating Polish bureaucracy.

The fourth scenario concerns the composition of the geolocation, weather, industrial
automatization, and engineering sub-services. Many applications of this type are getting more
popular. People as well as enterprises use them without even realizing it. Google Maps*’
provides precise mapping and navigation tools through various GPS services. It integrates
weather overlays via third-party partnerships, offers interfaces for urban planning,
infrastructure design and engineering projects. IBM Maximo Application Suite*® tracks the real-
time location of assets and machinery in industrial settings, crucial for operations like
maintenance. It provides weather data that can predict impacts on industrial operations or
supply chains. Application manages smart factories by automating maintenance schedules and
monitoring industrial equipment performance. On the other hand, it supports engineering teams

with data-driven insights for asset lifecycle management and process optimization.

4 PayPal, multinational financial technology company; https://www.paypal.com/

4 mObywatel, mobile application founded by Polish Ministry of Digital Affairs; https://info.mobywatel.gov.pl/

46 ePUAP, Polish platform for communication of citizens with administrations; https://epuap.login.gov.pl/

47 Google Maps, real-time GPS navigation, traffic and transit information; https://www.google.com/maps

48 IBM Maximo Application Suite, intelligent Asset Mgmt, Monitor, Predictive Maintenance & Reliability;
https://www.ibm.com/products/maximo
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The fifth scenario relates to ordering food, weather, purchase, and advertising sub-
services. A huge number of solutions for global as well as local markets are becoming
increasingly popular among young people. Uber Eats*® enables users to browse restaurants,
customize meals, and place orders for delivery or pickup. It uses weather data to estimate
delivery times and adjusts fees during severe conditions. The platform integrates seamless
payment options for meals, subscriptions, and offers in-app advertising for restaurants. Just Eat
Takeaway.com® offers food delivery and dine-in booking options with extensive menus and
reviews for guidance. The application adjusts delivery times during bad weather and uses
forecasts to improve delivery planning. Offers one-click payment methods and displays
restaurant ads and personalized offers for targeted marketing.

The sixth scenario provides language translation, film, purchase, and geolocation sub-
services composition. The huge number of platforms integrating such functionalities are
becoming extremely popular. Netflix*! can be mentioned here. It offers subtitles and dubbing in
multiple languages, which are powered by human and Al translation tools. Streams a vast
library of films, TV shows, and documentaries across genres and languages. Allows in-app
subscription purchases and upgrades for individual or family plans. Recommends region-
specific content based on user’s location and applies geo-restrictions to its catalog. On the other
hand, YouTube® features auto-translated subtitles and captions for videos using Al, with support
for user-provided translations. Offers a section for buying or renting movies and accessing free
ad-supported films. Enables users to purchase films and subscriptions (YouTube Premium) or
rent content directly. Recommends region-specific content and adjusts available movies based
on licensing constraints.

The seventh scenario refers to the composition of medical, insurance, government, and
social security sub-services. A lot of components are becoming increasingly popular these days

13 application also

due to globalization and open borders. The aforementioned mObywate
fulfills such a role but other commercial solutions also exist. mojePZU>? provides an access to
information about health policies and medical care. The application offers access to medical
services under insurance, such as the ability to schedule an appointment. Application covers a

wide range of insurance, including life, vehicle, property, and travel.

49 Uber Eats, online food ordering and delivery platform; https://www.ubereats.com/

%0 Just Eat Takeaway.com, global online food delivery marketplace; https://www.takeaway.com/

51 Netflix, subscription video on-demand over-the-top streaming service; https://www.netflix.com/
52 YouTube, social media and online video sharing platform; https://www.youtube.com/

% mojePZU, one of the biggest insurance Polish platform; https://moje.pzu.pl/
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The QoS parameters established for specific scenarios are also well considered and prepared
on the basis of literature research in subsection 1.3.3. The following configurations have been

selected based on Figure 1.2 (subsection 1.3.3.)

Table 4.1 The established QoS Parameters for seven business scenarios

Scenario QoS parameters

Scenario 1: travel, insurance, hotel, purchase | Response Time, Availability, Reliability

sub-services

Scenario 2: loan, purchase, telecom, advert | Response Time, Availability

sub-services

Scenario 3: government, social security, | Response Time, Availability
public employment, language translation

sub-services

Scenario 4: geolocation, weather, industrial | Response Time, Reliability

automatization, engineering sub-services

Scenario 5: food, weather, purchase, | Response Time, Reliability

advertising sub-services

Scenario 6: translation, film, purchase, | Response Time, Availability, Reliability

geolocation sub-services

Scenario 7: medical, insurance, government, | Response Time, Availability

social security sub-services

Source: own work.

The experiment results for each scenario are described in the following convention. The
tables (Table 4.3, Table 4.5, Table 4.7, Table 4.9, Table 4.11, Table 4.13, Table 4.15) show all
the combined, independently non dominated results (values rounded to three decimal places)
of all four algorithms: NSGA-II, NSGA-III, SPEA2, and MOEA/D. Each table relates to a
given use case experiment.

In terms of non-dominated solutions with respect to all combined into one — points were
marked with a blue colour in the tables’ columns. When a solution is not marked in blue, it

means that it is not Pareto-optimal to the whole combined group of matches. Those (blue colour)
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results (points) are also presented in figures: Figure 4.1, Figure 4.2, Figure 4.3, Figure 4.4,
Figure 4.5, Figure 4.6, Figure 4.7.

The green colour in the table cells indicates whether a particular point in the column was
generated by the corresponding algorithm in the rows. If the intersection of a point from a
column and the name of an algorithm is marked in green, it means a given point was generated
by a given algorithm. If there is no green colour, it means that the given algorithm did not
generate the given point. In terms of optimization against three quality parameters, there is a
very large group of solvers, hence the tables are divided into rows (Case 1 and Case 6) —
otherwise the results could not be presented. In case where there are two QoS parameters, there
are significantly fewer solutions, and therefore there are no problems with presenting the data
in one plane (except for Case 2 and Case 3, where there are two rows).

The Hypervolume indicators for the used methods are included in tables: Table 4.2, Table
4.4, Table 4.6, Table 4.8, Table 4.10, Table 4.12, Table 4.14.

4.3. Case 1: travel, insurance, hotel, purchase sub-services

The first case involved optimizing the composition of a service composed of travel,
insurance, hotel, purchase sub-services against three quality parameters:
e Response Time,
e Availability,
e Reliability.
The group of travel sub-services consisted of 41 instances, likewise:
e insurance: 18 instances,
e hotel: 46 instances,
e purchase: 13 instances.

Combining travel, insurance, hotel, and shopping services into one seamless experience is
appealing to customers seeking convenience and efficiency in their trip planning. This
composition allows customers to book their entire travel experience in one go, enhancing the
user experience. Online payment streamlines the process, reducing the time and effort required

for transactions. Simultaneous booking increases the availability of desired travel options,

102



accommodation, and insurance packages. Reliability ensures that customers can trust the
platform for secure transactions and accurate information.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.2. The best outcomes were
generated ex-aequo by the NSGA-III and NSGA-II algorithms with the ~0.18 Hypervolume
indicator, next MOEA/D with ~0.17 and SPEA2 with ~0.15.

Table 4.2 Hypervolume indicators for NSGA-II, NSGA-III, MOEA/D, SPEA2: service composed of travel, insurance,
hotel, purchase sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.18435356753731524
NSGA-III 0.18435356753731524
MOEA/D 0.17103161068611760
SPEA2 0.14882730887485965

Source: own work.

Figure 4.1 shows the Pareto-optimal solutions of all four algorithms. Table 4.3 includes
solutions that are both in and out of the front. Altogether, the algorithms proposed 173 solutions,
137 of them were non-dominated (marked in blue), 36 — dominated (without colour). It is
notable that all optimal solutions were generated by both NSGA-II and NSGA-III algorithms.
Nineteen solutions were also covered by the SPEA2 algorithm, five by the MOEA/D algorithm.
What is unequivocally evident is the huge dominance of the NSGA family algorithms and the
fact that despite a smaller share in the Pareto solution front, it is MOEA/D that has a better
Hypervolume ratio than the SPEA2 algorithm.

Table 4.3 Complex solutions for NSGA-II, NSGA-I1II, MOEA/D, SPEA2: service composed of travel, insurance, hotel,
purchase sub-services

Availability 0.751] 0.592 | 0.652 | 0.863 | 0.863 | 0.681| 0.681| 0.689 | 0.689 | 0.689 | 0.696
Reliability 0.484 | 0.597 | 0.597 | 0.412| 0.366 | 0.359 | 0.306 | 0.404 | 0.344 | 0.449| 0.449
Response Time | -0.123 | -0.153 | -0.159 | -0.199 | -0.190 | -0.069 | -0.049 | -0.087 | -0.067 | -0.094 | -0.102

NSGA-II

NSGA-IlI

SPEA2

MOEA/D

Availability 0.696 | 0.696 | 0.704 | 0.732| 0.740 | 0.748| 0.748 | 0.756| 0.756 | 0.760 | 0.807
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Reliability 0.382 | 0.306 | 0.344 | 0.306| 0.382 | 0.325| 0.306 | 0.344 | 0.306 | 0.387 | 0.366
Response Time | -0.082 | -0.057 | -0.075 | -0.068 | -0.093 | -0.082 | -0.076 | -0.095 | -0.085 | -0.106 | -0.112

NSGA-Il

NSGA-IlI

SPEA2

MOEA/D
Availability 0.807 | 0.141| 0.154 | 0.494 | 0.494 | 0.494 | 0.544 | 0.544 | 0.582 | 0.584 | 0.592
Reliability 0.293 | 0.221| 0.221| 0.597 | 0.562 | 0.478 | 0.449| 0.382 | 0.505| 0.382 | 0.562
Response Time | -0.087 | -0.042 | -0.043 | -0.150 | -0.116 | -0.096 | -0.087 | -0.067 | -0.109 | -0.086 | -0.118

NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.592 | 0.636 | 0.644 | 0.644 | 0.652 | 0.652 | 0.652| 0.652| 0.674 | 0.674 | 0.689
Reliability 0.478 | 0.260 | 0.359 | 0.306 | 0.562 | 0.478 | 0.449| 0.382 | 0.562 | 0.528 | 0.382
Response Time | -0.098 | -0.043 | -0.064 | -0.044 | -0.125 | -0.105 | -0.089 | -0.069 | -0.169 | -0.135 | -0.074

NSGA-II

NSGA-III

SPEA2

MOEA/D
Availability 0.692 | 0.696 | 0.696 | 0.696| 0.700 | 0.700| 0.703| 0.703 | 0.704 | 0.704 | 0.704
Reliability 0.260 | 0.505| 0.430| 0.359 | 0.382 | 0.325| 0.538 | 0.430| 0.404 | 0.359| 0.306
Response Time | -0.044 | -0.112 | -0.092 | -0.077 | -0.089 | -0.069 | -0.136 | -0.100 | -0.095 | -0.085 | -0.065

NSGA-Il

NSGA-III

SPEA2

MOEA/D
Availability 0.727 | 0.732| 0.735| 0.740| 0.740 | 0.740| 0.743 | 0.743 | 0.748 | 0.748 | 0.748
Reliability 0.505 | 0.260 | 0.344 | 0.344 | 0.293 | 0.325| 0.387 | 0.430 | 0.508 | 0.430 | 0.382
Response Time | -0.145 | -0.048 | -0.080 | -0.087 | -0.067 | -0.073 | -0.098 | -0.104 | -0.236 | -0.111 | -0.101

NSGA-Il

NSGA-IlI

SPEA2

MOEA/D
Availability 0.748 | 0.748 | 0.751| 0.751| 0.755| 0.755| 0.756 | 0.756 | 0.756 | 0.760 | 0.764
Reliability 0.366 | 0.260 | 0.430 | 0.344 | 0.458 | 0.366 | 0.293 | 0.260 | 0.176 | 0.344 | 0.176
Response Time | -0.091 | -0.056 | -0.113 | -0.088 | -0.135 | -0.099 | -0.075 | -0.065 | -0.063 | -0.096 | -0.071

NSGA-Il

NSGA-IlI

SPEA2

MOEA/D
Availability 0.774 ] 0.774| 0.781| 0.790 | 0.798 | 0.798 | 0.800 | 0.807 | 0.807 | 0.808 | 0.816
Reliability 0.478 | 0.449| 0.430| 0.293 | 0.329 | 0.366 | 0.430 | 0.458 | 0.412| 0.344 | 0.329
Response Time | -0.246 | -0.211 | -0.145 | -0.079 | -0.097 | -0.104 | -0.189 | -0.212 | -0.122 | -0.172 | -0.105

NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.816| 0.816 | 0.818 | 0.825| 0.825| 0.825| 0.825| 0.825| 0.827 | 0.828 | 0.835
Reliability 0.293] 0.198 | 0.176 | 0.329 | 0.293 | 0.249| 0.222 | 0.198 | 0.198 | 0.220 | 0.430
Response Time | -0.096 | -0.093 | -0.091 | -0.129 | -0.119 | -0.114 | -0.112 | -0.102 | -0.109 | -0.115 | -0.222

NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.837 | 0.837| 0.837 | 0.844 | 0.846 | 0.846| 0.846 | 0.853 | 0.853 | 0.855| 0.855
Reliability 0.247 ] 0.220 | 0.176 | 0.293 | 0.198 | 0.176| 0.119] 0.329 | 0.366 | 0.198 | 0.176
Response Time | -0.134 | -0.124 ] -0.099 | -0.156 | -0.117 | -0.107 | -0.105 | -0.175 | -0.181 | -0.140 | -0.130
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NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.855| 0.855| 0.855| 0.863 | 0.872| 0.872| 0.872| 0.875| 0.882 | 0.882 | 0.882
Reliability 0.149| 0.133| 0.119] 0.293 | 0.329 | 0.293| 0.198 | 0.176 | 0.329 | 0.293 | 0.249
Response Time | -0.126 | -0.123 | -0.113 | -0.164 | -0.183 | -0.173 | -0.170 | -0.168 | -0.206 | -0.196 | -0.192

NSGA-II

NSGA-III

SPEA2

MOEA/D
Availability 0.882| 0.882| 0.884 | 0.885| 0.894 | 0.894 | 0.894 | 0.904 | 0.904 | 0.904 | 0.914
Reliability 0.222| 0.198 | 0.198| 0.220 | 0.247 | 0.220| 0.176 | 0.198 | 0.176 | 0.119| 0.198
Response Time |-0.189 | -0.179 | -0.186 | -0.192 | -0.211 | -0.201 | -0.176 | -0.194 | -0.184 | -0.182 | -0.217

NSGA-II

NSGA-III

SPEA2

MOEA/D
Availability 0914 | 0914 | 0.914| 0914 | 0.537 | 0.768 | 0.704 | 0.748 | 0.743| 0.772 | 0.628
Reliability 0.176 | 0.149| 0.133| 0.119| 0.382| 0.387| 0.359 | 0.382| 0.344 | 0.329 | 0.484
Response Time | -0.208 | -0.203 | -0.200 | -0.190 | -0.085 | -0.129 | -0.086 | -0.102 | -0.088 | -0.112 | -0.120

NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.863| 0.689 | 0.585| 0.575| 0.696 | 0.643| 0.786 | 0.740 | 0.666 | 0.732 | 0.715
Reliability 0.329| 0.505| 0.449| 0.449| 0.538 | 0.382| 0.176 | 0.508 | 0.382| 0.359 | 0.221
Response Time | -0.286 | -0.154 | -0.093 | -0.091 | -0.146 | -0.088 | -0.142 | -0.339 | -0.118 | -0.101 | -0.093

NSGA-I|

NSGA-III

SPEA2

MOEA/D
Availability 0.421| 0.764| 0.764 | 0.636 | 0.488 | 0.081| 0.465| 0.669 | 0.681| 0.671| 0.692
Reliability 0.484 | 0.306 | 0.221] 0.306 | 0.478 | 0.249| 0.449| 0.221| 0.359 | 0.366 | 0.325
Response Time | -0.124 | -0.121|-0.099 | -0.064 | -0.097 | -0.062 | -0.093 | -0.064 | -0.070 | -0.123 | -0.086

NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.572| 0.107| 0.756 | 0.449| 0.865| 0.666 | 0.367 | 0.772
Reliability 0528 | 0.111] 0.306 | 0.130| 0.075| 0.382| 0.198 | 0.293
Response Time | -0.127 | -0.046 | -0.100 | -0.051 | -0.247 | -0.119 | -0.060 | -0.128

NSGA-II

NSGA-IlI

SPEA2

MOEA/D

Source: own work.
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Figure 4.1 Pareto solutions from NSGA-II, NSGA-1II, MOEA/D, SPEA2: service composed of travel, insurance, hotel,
purchase sub-services

Source: own work.

Business units creating a service with elements of travel, insurance, hotel, and purchase
functionalities should use dynamic methods of composition. Looking at the number of non-
dominated solutions in terms of the three quality parameters, it is clear how different needs each
composition can meet. More and more new interfaces and services emerge which can
implement similar functionalities in the given areas, so static composition may result in not
meeting appropriate user requirements in terms of Availability, Response Time, or Reliability.
If the sector is dynamic, a lot of fresh possibilities appear; if the composition is predefined, it
might be experienced negatively by the user.

The best methods fulfilling such a business composition with respect to the three quality

parameters (Response Time, Availability, and Reliability) are those associated with non-
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dominated sorting: NSGA-II and NSGA-III. Due to the lower complexity of the NSGA-II
algorithm, it is the one that would perform the best in systems optimization under those
circumstances. It is likely that as the number of users' quality requirements increases, the
NSGA-III algorithm would be the first choice.

It should be noted that solutions of the MOEA/D algorithm could also work well in this
business case in some environments. Its Hypervolume index is not significantly different from
the NSGA algorithms. If the algorithm's runtime factor were taken into account, it could fit into
the business approaches of some units, on the principle of providing possible solutions that are

not the best but good enough under relatively favorable conditions of algorithm uptime.

4.4. Case 2: loan, purchase, telecom, advert sub-services

The second case involved optimizing the composition of a service composed of loan,
purchase, telecom, and advert sub-services against two quality parameters:
e Response Time,
e Availability.
The group of loan sub-services consisted of 19 instances, likewise:
e purchase: 13 instances,
e telecom: 96 instances,
e advert: 2 instances.

This composition caters to users looking for a comprehensive solution when responding to
advertisements. By offering telephone services, loans, and online redemption in one place, it
simplifies the user journey. High Availability ensures that users can access these services
whenever they encounter an appealing ad, preventing any loss of opportunities. Fast Response
Times are essential to maintain user engagement and prevent abandonment of the process,
making it more likely for users to complete transactions.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.4. The best outcome was
generated ex-aequo by the NSGA-III and NSGA-II algorithms with the ~0.096 Hypervolume
indicator, then MOEA/D with ~0.094 and SPEA2 with ~0.093.
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Table 4.4 Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of loan, purchase,
telecom, advert sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.0956037888160966
NSGA-III 0.0956037888160966
MOEA/D 0.09430073953312226
SPEA2 0.09292309002984658

Source: own work.

Figure 4.2 shows the Pareto-optimal solutions of all four algorithms. Table 4.5 also includes

solutions that are out of the front. Altogether, the algorithms proposed 20 solutions, 15 of them

were non-dominated (marked in blue), 5 — dominated (without a colour). It is notable that all

optimal solutions were generated by both NSGA-II and NSGA-III algorithms. One-third of the

solutions were also covered by the SPEA2 algorithm, one-fifth by the MOEA/D algorithm.

What is unequivocally evident is the huge dominance of the NSGA family algorithms and the

fact that despite a smaller share in the Pareto solution front, it is MOEA/D that has a better

Hypervolume ratio than the SPEA2 algorithm.

Table 4.5 Complex solutions for NSGA-II, NSGA-III, MOEA/D, SPEA2: service composed of loan, purchase, telecom,
advert sub-services

Source: own work.

Response Time [ -0.048 [ -0.057 | -0.047 | -0.051 | -0.056 | -0.134 | -0.037 | -0.038 | -0.039 | -0.039 | -0.04
Availability 0.727 10.796 ]0.668 ]0.736 | 0.77 |0.851 [0.328 [0.357 [0.394 [0.469 |0.511
NSGA-II
NSGA-IlI
SPEA2
MOEA/D
Response Time [ -0.047 [-0.051]-0.129 | -0.133 | -0.043 | -0.041 | -0.054 | -0.051 ] -0.136
Availability 0.561 10.761 ]0.814 ]0.823 |0.47 [0.34 [0.753 [0.745 [0.842
NSGA-II
NSGA-III
SPEA2
MOEA/D
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Figure 4.2 Pareto solutions from NSGA-II, NSGA-11I, MOEA/D, SPEA2: service composed of loan, purchase, telecom,
advert sub-services

Source: own work.

Business units creating a service with elements of loan, purchase, telecom, and advert
functionalities may use dynamic methods of composition. A variety of non-dominated solutions
1s evident, so that provided algorithms can satisfy the end-user much more than static methods.
Nevertheless, there are much less non-dominated solutions than in the Case 1 — static methods
may play some role when a process is not widely used by many customers or is just marginal.

Similarly to the first case, the best methods fulfilling such a business composition with
respect to the two quality parameters (Response Time, Availability) are those associated with
non-dominated sorting: NSGA-II and NSGA-III. Due to the lower complexity of the NSGA-II
algorithm, it is the one which would perform the best in optimization of the systems under those
circumstances. It is likely that as the number of users' quality requirements increases, the
NSGA-III algorithm would be the first choice.

It should be noted that solutions of the MOEA/D and SPEA2 algorithms could also work
well in this business case in some environments. Their Hypervolume indexes are not
significantly different from the NSGA algorithms. Once again, much depends on the business
unit's approach and the business model adopted regarding the conducted compositions of the
network components implemented and their quality features. Perhaps, by far the best solutions

are not always required: very good also suffice in terms of the business idea. The computational
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complexity and running time of all algorithms can be an influencing and important factor when

talking about quite similar outputs.

4.5. Case 3: government, social security, public employment, language

translation sub-services

The third case involved optimizing the composition of a service composed of government,
social security, public employment, and language translation sub-services against two quality
parameters:

e Response Time,
e Availability.
The group of government sub-services consisted of 5 instances, likewise —
e social security: 4 instances,
e public employment: 30 instances,
e language translation: 3 instances.

Non-Polish immigrants face language barriers when accessing government services,
employment opportunities, and insurance information. This composition addresses their needs
by providing translation services and access to critical resources. Quick Response Times are
vital, as immigrants often require immediate information and support when navigating
government and employment processes. Availability ensures that individuals with diverse
linguistic backgrounds can access essential services, promoting inclusivity and integration.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.6. The best outcomes were
generated ex-aequo by the NSGA-III and NSGA-II algorithms with the ~0.069 Hypervolume
indicator, then SPEA2 with ~0.068, followed by MOEA/D with ~0.066.
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Table 4.6 Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of government, social
security, public employment, language translation sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.06935155843057975
NSGA-III 0.06935155843057975
SPEA/2 0.06801401217210470
MOEA/D 0.06607530898924477

Source: own work.

Figure 4.3 shows the Pareto-optimal solutions of all four algorithms. Table 4.7 also includes

solutions that are out of the front. Altogether, the algorithms proposed 12 solutions, 10 of them

were non-dominated (marked in blue), 2 were dominated (without a colour). It is notable that

optimal solutions were generated by both NSGA-II and NSGA-III algorithms. Seventy percent

of the solutions were also covered by the SPEA2 algorithm, half by the MOEA/D algorithm.

What is unequivocally evident is the huge dominance of the NSGA family algorithms. Solutions

that were out of the front were generated only by MOEA/D.

Table 4.7 Complex solutions for NSGA-II, NSGA-11I, MOEA/D, SPEA2: service composed of government, social security,
public employment, language translation sub-services

Source: own work.

Response Time | -0.03 [-0.032 | -0.037 | -0.054 | -0.014 | -0.024 | -0.024
Availability 0.873 |0.947 10.968 [0.979 [0.436 |0.798 | 0.855
NSGA-II
NSGA-III
SPEA2
MOEA/D
Response Time | -0.031 | -0.016 | -0.021 | -0.026 | -0.029
Availability 0.885 | 0.61 |0.624 |0.577 | 0.737
NSGA-II
NSGA-III
SPEA2
MOEA/D
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Figure 4.3 Pareto solutions from NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of government, social
security, public employment, language translation sub-services

Source: own work.

Business or government units creating a service with elements of government, social
security, public employment, and language translation functionalities may use dynamic
methods of composition. A variety of non-dominated solutions is evident, so that provided
algorithms are capable of satisfying the end-user much more than static methods. Nevertheless,
there are much less non-dominated solutions than in the Case 1 — static methods may play some
role; but it should be carefully considered decision, as government services usually deal with
an enormous traffic.

The best methods fulfilling such a business composition with respect to the two quality
parameters (Response Time, Availability) are those associated with non-dominated sorting:
NSGA-II and NSGA-III. Due to the lower complexity of the NSGA-II algorithm, it is the one
that would perform the best in optimization systems under those circumstances. It is likely that
as the number of users' quality requirements increases, the NSGA-III algorithm would be the
first choice.

It should be noted that solutions of the MOEA/D and SPEA2 algorithms could also work
well in this business case in some environments. Their Hypervolume indexes are not
significantly different from the NSGA algorithms. Once again, much depends on the business

unit's approach and the business model adopted regarding the conducted compositions of the
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network components implemented and their quality features. Perhaps, by far the best solutions
are not always required: very good also suffice in terms of the business idea. The computational
complexity and running time of all algorithms can be an influencing factor when talking about

quite similar outputs.

4.6. Case 4: geolocation, weather, industrial automation, engineering

sub-services

The fourth case involved optimizing the composition of a service composed of geolocation,
weather, industrial automation, and engineering sub-services against two quality parameters:
e Response Time,
e Reliability.
The group of geolocation sub-services consisted of 97 instances, likewise:
e weather: 35 instances,
e industrial automation: 5 instances,
e engineering: 3 instances.

This composition assists businesses and individuals in making location-dependent industrial
decisions while considering weather conditions and engineering solutions. Time-sensitive
decisions in industries such as construction and agriculture benefit greatly from real-time
geolocation and weather data. Reliability is crucial to prevent costly errors, making this
composition a valuable tool for those seeking to optimize their operations.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.8. The best outcomes were
generated ex-aequo by the NSGA-III and NSGA-II algorithms with the ~0.0503 Hypervolume
indicator, then SPEA2 with ~0.0501, followed by MOEA/D with ~0.05.
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Table 4.8 Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of geolocation, weather,

industrial automation, engineering sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.05025606079782081
NSGA-III 0.05025606079782081
SPEA2 0.05014499072262827
MOEA/D 0.04992434055659783

Source: own work.

Figure 4.4 shows the Pareto-optimal solutions of all four algorithms. Table 4.9 also includes

solutions that are out of the front. Altogether, the algorithms proposed 8 solutions, 5 of them

were non-dominated (marked in blue), 3 — dominated (without a colour). It is notable that all

optimal solutions were generated by both NSGA-II and NSGA-III algorithms. Sixty percent of

the solutions were also covered by the SPEA2 algorithm, forty percent by the MOEA/D

algorithm. What is unequivocally evident is the huge dominance of the NSGA family

algorithms. Two solutions of the MOEA/D algorithm and one of the SPEA2 algorithm were not

part of the front.

Table 4.9 Complex solutions for NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of geolocation, weather,

industrial automation, engineering sub-services

Response Time | -0.043 | -0.028 | -0.040 | -0.032 | -0.027 | -0.037 | -0.043 | -0.034
Reliability 0.366 |0.235 | 0.311 |0.276 | 0.160 | 0.276 | 0.311 | 0.276
NSGA-II
NSGA-III
SPEA2
MOEA/D

Source: own work.
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Figure 4.4 Pareto solutions from NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of geolocation, weather,
industrial automation, engineering sub-services

Source: own work.

Business units creating a service with elements of geolocation, weather, industrial
automation, and engineering functionalities may consider using dynamic methods of
composition. A variety of non-dominated solutions is not very big, but noticeable, so that
provided algorithms are capable of satisfying the end-user much more than static methods. All
in all, the scope of the process and capabilities of conducting optimization should be carefully
considered. Possibly, in terms of marginal process, static methods would perform the same
qualitatively but without losing any time for computations.

The best methods fulfilling such a business composition with respect to the two quality
parameters (Response Time, Reliability) are those associated with non-dominated sorting:
NSGA-II and NSGA-III. Due to the lower complexity of the NSGA-II algorithm, it is the one
that would perform the best in optimization of systems under those circumstances. It is likely
that as the number of users' quality requirements increases, the NSGA-III algorithm would be
the first choice.

It should be noted that solutions of the MOEA/D and SPEA2 algorithms could also work
well in this business case in some environments. Their Hypervolume indexes are not
significantly different from the NSGA algorithms. Once again, much depends on the approach

of the business unit, and the business model adopted regarding the conducted compositions of
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the network components implemented and their quality features. Perhaps, the best solutions by
far are not always required: very good also suffice in terms of the business idea. The
computational complexity and running time of all algorithms can be an influencing factor when

talking about quite similar outputs.

4.7. Case 5: ordering food, weather, purchase, advert sub-services

The fifth case involved optimizing the composition of a service composed of ordering food,
weather, purchase and advert sub-services against two quality parameters:
e Response Time,
e Reliability.
The group of food ordering sub-services consisted of 272 instances, likewise:
e weather: 35 instances,
e purchase: 13 instances,
e advert: 2 instances.

Users seeking food delivery after viewing online ads are sensitive to weather conditions, as
they affect delivery prices and duration. This composition enables dynamic pricing based on
weather data. Quick and reliable service is essential to meet users' expectations for timely and
dependable food delivery. Combining announcement and shopping services with catering
enhances the overall user experience by providing a one-stop solution for food orders.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.10. The best outcomes were
generated ex-aequo by the NSGA-III and NSGA-II algorithms with the ~0.0156482
Hypervolume indicator, then MOEA/D with ~0.156478, followed by SPEA2 with ~0.0098.
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Table 4.10 Hypervolume indicators for NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of ordering food,
weather, purchase, advert sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.015648187228421564
NSGA-III 0.015648187228421564
MOEA/D 0.015647767542246865
SPEA2 0.009756182199866596

Source: own work.

Figure 4.5 shows the Pareto-optimal solutions of all four algorithms. Table 4.11 also includes
solutions that are out of the front. Altogether, the algorithms proposed 9 solutions, 5 of them
were non-dominated (marked in blue), 4 — dominated (without a colour). It is notable that all
optimal solutions were generated by both NSGA-II and NSGA-III algorithms. Seventy-five
percent of the solutions were also covered by the MOEA/D algorithm, none by the SPEA2
algorithm. What is unequivocally evident is the huge dominance of the NSGA family
algorithms and the fact that the MOEA/D algorithm was nearly the same despite one
composition. MOEA/D provided an extra solution that was not included in Pareto front, all

three of the SPEA/2 solutions were not included.

Table 4.11 Complex solutions for NSGA-II, NSGA-III, MOEA/D, SPEA2: service composed of ordering food, weather,
purchase, advert sub-services

Response Time | -0.069 | -0.062 | -0.059 | -0.061 | -0.058 | -0.062 | -0.064 | -0.064 | -0.060
Reliability 0.422 |0.359 |0.306 |0.306 |0.260 | 0.306 | 0.359 |0.306 |0.306

NSGA-II
NSGA-III
SPEA2

MOEA/D

Source: own work.
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Figure 4.5 Pareto solutions from NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of ordering food, weather,
purchase, advert sub-services

Source: own work.

Business units creating a service with elements of ordering food, weather, purchase, and
advert functionalities may use dynamic methods of composition. A variety of non-dominated
solutions is not very big, but noticeable, so that provided algorithms are capable of satisfying
the end-user much more than static methods. All in all, the scope of the process and capabilities
of conducting optimization should be carefully considered. Perhaps in terms of marginal
process static methods would perform the same qualitatively but without losing any time for
computations.

The best methods fulfilling such a business composition with respect to the two quality
parameters (Response Time, Reliability) are those associated with non-dominated sorting:
NSGA-II and NSGA-III. Due to the lower complexity of the NSGA-II algorithm, it is the one
that would perform the best in optimization of systems under those circumstances. It is likely
that as the number of users' quality requirements increases, the NSGA-III algorithm would be
the first choice.

It should be noted that solutions of the MOEA/D algorithm could also work well in this
business case in some environments. Its Hypervolume index is not significantly different from
the NSGA algorithms. Once again, much depends on the business unit's approach and the

business model adopted regarding the conducted compositions of the network components
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implemented and their quality features. Perhaps, the best solutions by far are not always
required: very good also suffice in terms of the business idea. The computational complexity
and running time of all algorithms can be an influencing factor when talking about quite similar

outputs.

4.8. Case 6: language translation, film, purchase, geolocation sub-

services

The sixth case involved optimizing the composition of a service composed of language

translation, film, purchase, and geolocation sub-services against three quality parameters:
e Response Time,
e Availability,
e Reliability.

The group of language translation sub-services consisted of 13 instances, likewise —

e film: 3 instances,
e purchase: 13 instances,
e geolocation: 97 instances.

Oftering location-based access to movies and series with subtitles in multiple languages
caters to a global audience, enhancing content accessibility. Time Availability ensures that users
can enjoy their chosen content without delay, improving user satisfaction. Reliability guarantees
that users can trust the platform for accurate location-based content recommendations and
language support.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.12. The best outcomes were
generated ex-aequo by the NSGA-III and NSGA-II algorithms with the ~0.11 Hypervolume
indicator, then MOEA/D with ~0.10, followed by SPEA2 with ~0.8.
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Table 4.12 Hypervolume indicators for NSGA-II, NSGA-1II, MOEA/D, SPEA2: service composed of language translation,
film, purchase, geolocation sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.11008334334219551
NSGA-III 0.11008334334219551
MOEA/D 0.10018459627859366
SPEA2 0.08029217919499551

Source: own work.

Figure 4.6 shows the Pareto-optimal solutions of all four algorithms. Table 4.13 also includes
solutions that are out of the front. Altogether, the algorithms proposed 102 solutions, 80 of them
were non-dominated (marked in blue), 22 — dominated (without a colour). It is notable that all
optimal solutions were generated by both NSGA-II and NSGA-III algorithms. Twelve solutions
were also covered by the SPEA2 algorithm, eleven by the MOEA/D algorithm. What is
unequivocally evident is the huge dominance of the NSGA family algorithms and the fact that
despite a smaller share in the Pareto solution front, it is MOEA/D that has a better Hypervolume
ratio than the SPEA2 algorithm.

Table 4.13 Complex solutions for NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of language translation, film,
purchase, geolocation sub-services

Availability 0.816 |0.843 | 0.906 | 0.444 | 0.561 | 0.569 |0.622 |0.764 |0.906 | 0.968 |0.968
Reliability 0.306 | 0.306 | 0.260 | 0.449 | 0.306 | 0.478 |0.325 | 0.221 | 0.306 | 0.306 |0.260
Response Time | -0.074 | -0.080 | -0.080 | -0.126 | -0.104 | -0.376 | -0.108 | -0.064 | -0.139 | -0.216 | -0.157

NSGA-Il

NSGA-IlI

SPEA2

MOEA/D
Availability 0.720 | 0.733 |0.747 |0.761 [0.761 |0.771 | 0.789 |0.789 |0.828 |0.367 |0.381
Reliability 0.260 | 0.260 |0.221 |0.306 |0.260 |0.306 |0.359 |0.306 |0.260 |0.478 | 0.325
Response Time | -0.063 | -0.064 | -0.059 | -0.125 | -0.066 | -0.067 | -0.131 | -0.072 | -0.067 | -0.327 | -0.061

NSGA-II

NSGA-IlI

SPEA2

MOEA/D
Availability 0.386 | 0.396 | 0.401 |0.415 | 0.430 | 0.439 | 0.439 | 0.444 | 0.477 | 0.477 |0.568
Reliability 0.382 | 0.277 |0.325 | 0.325 | 0.277 |0.382 | 0.325 | 0.382 | 0.382 | 0.325 | 0.359
Response Time | -0.063 | -0.058 | -0.059 | -0.062 | -0.059 | -0.124 | -0.066 | -0.067 | -0.125 | -0.066 | -0.105

NSGA-II

NSGA-IlI

SPEA2
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MOEA/D

Availability 0.599 | 0.610 |0.645 | 0.653 |0.653 | 0.654 |0.662 |0.663 | 0.670 |0.680 |0.680
Reliability 0.382 | 0.306 |0.306 | 0.422 |0.359 |0.188 |0.260 |0.221 |0.306 |0.382 |0.325
Response Time | -0.112 | -0.104 | -0.108 | -0.168 | -0.109 | -0.057 | -0.062 | -0.058 | -0.063 | -0.174 | -0.115

NSGA-II

NSGA-III

SPEA2

MOEA/D
Availability 0.687 | 0.689 |0.689 |0.695 [0.701 |0.712 | 0.734 |0.740 | 0.740 [0.751 | 0.761
Reliability 0.221 |0.449 |0.382 | 0.260 |[0.306 |0.188 |0.260 |0.382 |0.325 |0.188 | 0.221
Response Time | -0.059 | -0.175 | -0.116 | -0.060 | -0.108 | -0.057 | -0.066 | -0.174 | -0.115 | -0.059 | -0.061

NSGA-II

NSGA-IIl

SPEA2

MOEA/D
Availability 0.771 10.787 |0.789 |0.791 [0.816 |0.816 |[0.817 |0.828 | 0.833 |0.843 | 0.843
Reliability 0.359 [0.221 |0.221 |0.221 [ 0.422 | 0.359 |0.188 |0.306 |0.221 |0.359 |0.260
Response Time | -0.126 | -0.064 | -0.065 | -0.066 | -0.236 | -0.133 | -0.060 | -0.126 | -0.067 | -0.139 | -0.068

NSGA-II

NSGA-IIl

SPEA2

MOEA/D
Availability 0.847 [0.847 |0.876 |0.876 [0.876 |0.906 |[0.915 |0.915 | 0.937 |0.937 |0.937
Reliability 0.306 | 0.260 |0.359 |0.306 |0.260 |0.221 |0.221 |0.188 |0.359 |0.306 |0.260
Response Time | -0.131 | -0.072 | -0.235 | -0.133 | -0.074 | -0.068 | -0.097 | -0.085 | -0.312 | -0.210 | -0.151

NSGA-II

NSGA-III

SPEA2

MOEA/D
Availability 0.968 | 0.979 |0.979 |0.886 |[0.833 |0.947 |0.669 |0.752 |0.491 |0.668 |0.580
Reliability 0.221 [0.221 |0.188 | 0.306 |0.260 |0.260 | 0.188 |0.306 |0.260 |0.325 | 0.449
Response Time | -0.145 | -0.174 | -0.162 | -0.141 | -0.079 | -0.164 | -0.063 | -0.073 | -0.072 | -0.122 | -0.327

NSGA-II

NSGA-III

SPEA2

MOEA/D
Availability 0.791 [0.734 |0.638 | 0.279 |0.386 |0.843 | 0.806 |0.817 |0.422 |0.581 | 0.331
Reliability 0.382 {0.359 |0.221 [0.382 |0.325 | 0.359 |0.260 |0.221 |0.188 |0.422 |0.325
Response Time | -0.252 | -0.145 | -0.064 | -0.098 | -0.104 | -0.155 | -0.073 | -0.075 | -0.062 | -0.172 | -0.085

NSGA-II

NSGA-IIl

SPEA2

MOEA/D
Availability 0.287 [0.716 | 0.613
Reliability 0.277 [0.359 |0.382
Response Time | -0.059 | -0.132 | -0.120

NSGA-II

NSGA-III

SPEA2

MOEA/D

Source: own work.
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Figure 4.6 Pareto solutions from NSGA-II, NSGA-1II, MOEA/D, SPEA2: service composed of language translation, film,
purchase, geolocation sub-services

Source: own work.

Business units creating a service with elements of language translation, film, purchase, and
geolocation functionalities, should use dynamic methods of composition. Looking at the
number of non-dominated solutions in terms of the three quality parameters, it is clear how each
composition can meet different needs. More and more new interfaces and services emerge, that
can implement similar functionalities in aforementioned fields, so that static composition may
not meet appropriate user requirements in terms of Availability, Response Time, or Reliability.
If the sector is dynamic, a lot of fresh possibilities appear; if the composition is predefined, it
might be experienced negatively by the user.

The best methods fulfilling such a business composition with respect to the three quality
parameters (Response Time, Availability, Reliability) are those associated with non-dominated
sorting: NSGA-II and NSGA-IIIL. Due to the lower complexity of the NSGA-II algorithm, it is

the one that would perform the best in optimization of systems under those circumstances. It is

122



likely that as the number of users' quality requirements increases, the NSGA-III algorithm
would be the first choice.

It should be noted that solutions of the MOEA/D algorithm could also work well in this
business case in some environments. Its Hypervolume index is not significantly different from
the NSGA algorithms. Once again, much depends on the business unit's approach and the
business model adopted regarding the conducted compositions of the network components
implemented and their quality features. Perhaps, the best solutions by far are not always
required: very good also suffice in terms of the business idea. The computational complexity
and running time of all algorithms can be an influencing factor when talking about quite similar

outputs.

4.9. Case 7: medical, insurance, government, social security sub-services

The seventh case involved optimizing the composition of a service composed of medical,
insurance, government, and social security sub-services against two quality parameters:
e Response Time,
e Availability.
The group of medical sub-services consisted of 8 instances, likewise:
e insurance: 18 instances,
e government: 88 instances,
e social security: 5 instances.

Streamlining the process of applying for sick leave and compensation based on medical
history is invaluable to users in times of health-related emergencies. Quick Response Times are
essential for users who require immediate medical attention or compensation after an injury or
accident. High Availability ensures that users can access these crucial services whenever
needed, reducing the stress and inconvenience associated with such situations.

The results of the calculated Hypervolume indexes for the four optimization algorithms
(NSGA-II, NSGA-III, SPEA2, MOEA/D) are shown in Table 4.14. The best outcomes were
generated ex-aequo by NSGA-III and NSGA-II algorithms with the ~0.071 Hypervolume
indicator, then MOEA/D with ~0.06765, followed by SPEA2 with ~0.06748.
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Table 4.14 Hypervolume indicators for NSGA-I1I, NSGA-1II, MOEA/D, SPEA2: service composed of medical, insurance,
government, social security sub-services

Algorithm Hypervolume Indicator
NSGA-II 0.07080388783683997
NSGA-III 0.07080388783683997
MOEA/D 0.06764893394000006
SPEA2 0.06747741286000004

Source: own work.

Figure 4.7 shows the Pareto-optimal solutions of all four algorithms. Table 4.15 also includes

solutions that are out of the front. Altogether, the algorithms proposed 11 solutions, 9 of them

were non-dominated (marked in blue), 2 — dominated (without a colour). It is notable that all

optimal solutions were generated by both NSGA-II and NSGA-III algorithms. One-third of the

solutions were also covered by the SPEA2 algorithm, nearly twenty-three percent by the

MOEA/D algorithm. What is unequivocally evident is the huge dominance of the NSGA family

algorithms. Both SPEA2 and MOEA/D algorithm provided one extra solution out of the front.

Table 4.15 Complex solutions for NSGA-1I, NSGA-11I, MOEA/D, SPEA2: service composed of medical, insurance,
government, social security sub-services

Response Time | -0.041 | -0.046 | -0.072 | -0.088 | -0.039 | -0.077 | -0.083 | -0.037 | -0.039 | -0.066 | -0.109
Availability 0.800 |0.817 |0.863 |0.914 | 0.714 |0.882 | 0.894 |0.510 | 0.571 |0.817 |0.904
NSGA-II
NSGA-IlI
SPEA2
MOEA/D

Source: own work.
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Figure 4.7 Pareto solutions from NSGA-1I, NSGA-1II, MOEA/D, SPEA2: service composed of medical, insurance,
government, social security sub-services

Source: own work.

To sum up, business or government units creating a service with elements of medical,
insurance, government, and social security functionalities may use dynamic methods of
composition. A variety of non-dominated solutions is evident, so that provided algorithms are
capable of satisfying the end-user much more than static methods. Nevertheless, there are fewer
non-dominated solutions than in the Case 1 or Case 6 — static methods may play some role,
when a process is not widely used by many customers or is just marginal.

Analogously to the previous six cases, the best methods for fulfilling such a business
composition with respect to the two quality parameters (Response Time, Availability) are those
associated with non-dominated sorting: NSGA-II and NSGA-III. Due to the lower complexity
of the NSGA-II algorithm, it is the one that would perform the best in optimization of systems
under those circumstances. It is likely that as the number of users' quality requirements
increases, the NSGA-III algorithm would be the first choice.

It should be noted that solutions of the MOEA/D and SPEA2 algorithms could also work
well in this business case in some environments. Their Hypervolume indexes are not
significantly different from the NSGA algorithms. Once again, much depends on the business
unit's approach and the business model adopted regarding the conducted compositions of the

network components implemented and their quality features. Perhaps the best solutions by far
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are not always required: solid ones also suffice in terms of the business idea. The computational
complexity and running time of all algorithms can be an influencing factor when talking about

quite similar outputs.

4.10. Composition of complex Web Services: conclusions on case studies

This section presents conclusions on the use of optimization methods for dynamic
composition of Web Services. The basic idea of the business scenarios was to create a complete
solution from calling four Web Services of different types and optimizing against two or three
quality parameters.

The main observation is the fact that both NSGA-II and NSGA-III algorithms generated
exactly same solutions (and therefore the same Hypervolume indexes) for all seven business
cases. Both algorithms dealing with more services and/or quality parameters behave in a
different, not exact way; all solutions were simply duplicated here. Methods covered one
hundred percent of Pareto-optimal solutions in all seven scenarios. Not once did the MOEA/D
or SPEA2 algorithm generate a solution that dominated any solving of the NSGA family
algorithms. Since NSGA-III is the successor to NSGA-II (and is more costly in terms of
performance) it definitely seems unambiguous to use the previous, second version of the
algorithm in those considerations.

In five of the seven business cases, the MOEA/D algorithm generated a better Hypervolume
index than the SPEA2 algorithm (Figure 4.8). It means that the algorithm created a better
solution space for a particular composition problem. However, interestingly, on as many as six
occasions it was the SPEA2 algorithm that had a greater share of the Pareto-optimal front
created by all 4 optimization algorithms including NSGA-II and NSGA-III (Figure 4.9). In the
one case where it did not occur, SPEA2 did not generate a single composition that was in the
final front. In both cases of compositions relative to the three quality parameters, the same
situation followed, where it was the MOEA/D algorithm that had the better Hypervolume and
the SPEA?2 algorithm that had a larger share of the group of optimal solutions. In the 5 cases
where optimization occurred against two QoS parameters, MOEA/D generated three times
better Hypervolume while SPEA2 had a higher share in the Pareto front in four cases (RQ-
4.1.).
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Figure 4.8 Hypervolume ranking within seven business cases

Source: own work.

Case 1 Case 2 Case 3 Case 4 Case 5 Case b Case 7

m M5EAZ MSGA3 m MOEA/D mSPEAZ2

Figure 4.9 Coverage of the non-dominated solutions ranking within seven business cases

Source: own work.
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Without a doubt, the best performing methods by far were those of the NSGA family.
Assuming that the composition component of complex services should be contained in the
alignment of strategy, resources and value chains, then it should be based on these methods.
Due to the lack of comparison of algorithms in different planes than that of the results (e.g.
time, hardware performance) it is not possible to clearly accept or reject the SPEA2 or MOEA/D

methods, while more about this is written in section 5.4.

128



5. Multi-criteria optimization methods for dynamic composition
of complex Web Services: the application into the novel

business model proposal

5.1. Overview

The fifth chapter concerns the main goal of the dissertation, i.e. the development of a
novel complex Web Services business model with respect to the quality requirements defined by
business entities with promoting non-functional demands by the multi-criteria optimization

algorithms.

Answers the following research questions:

o RQ-5.1. What are the valuable extensions for a novel business Web Service model of a
complex service with promoting non-functional demands by the multi-criteria optimization
algorithms? (Chapter 5, Section 5.2)

e RQ-5.2. How useful is the developed novel business Web Service model in solving the
domain problem of complex composition and non-functional demands promotion? (Chapter
5, Section 5.3)

e RQ-53. What are the drawbacks of the developed, novel business Web Service model?
(Chapter 5, Section 5.4)

Conducts the fifth step of the dissertation procedure:
P5. The final one is the development and evaluation of an original business model based on
relevant and solution-useful methods for dynamic composition of Web Services, using selected

Quality of Service metrics and multi-criteria optimization algorithms.

The fifth chapter of the dissertation is organized as follows. The second section shows
the novel business model of a complex Web Service with new actors, components, and
relationships between them in order to promote non-functional demands. The third section

supplies the validation of the proposed business model in terms of three use cases. The fourth
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section presents the drawbacks of the research conducted and points out the limitations. The

fifth section concludes the chapter with several final remarks.

5.2.

The novel business model of complex Web Services

This section is to present the concept of the novel business model of complex Web Services

with the application of dynamic composition optimization methods. The model addresses

drawbacks of the current state of art, such as ambiguous understanding of the consumer and

provider roles when requesting, composing, and supplying more sophisticated solutions; it

clarifies which players and actors are responsible for strict actions and describes them on the

adaptable level with improvement of the implementation of network components against the

quality characteristics adopted (relevant) at the time.

Proposed novel business model consists of six components (Figure 5.1) (RQ-5.1.):

Web Service External Registry (WS-external-registry): a component where
information about all available services for external consumers (i.e. services are
public) is gathered.

Web Service Provider (WS-provider): an actor that provides its services to the WS-
external-registry directory.

Web Service Requestor (WS-requestor): an actor that uses the WS-external-registry
to obtain information about the service matching its requirements, offered by the WS-
provider.

Web Service Translator (WS-translator): a component available to reach only by the
WS-provider; provides the translation of the functionality into an array of service
types and essential QoS parameters for the complex service.

Web Service Composer (WS-composer): an element available to reach only by the
WS-provider; provides the optimalization of the composition for a complex,
requested service. The provider may supply various composing services to the WS-
external-registry, so that a WS-composer might choose various methods for
conducting a composition. If a WS-translator translates the requested - by a WS-
requestor - functionality into, e.g. composition of medical, insurance, government,

social security sub-services with respect to the Response Time and Availability, the
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composer could take different methods of optimization than in terms of language
translation, film, purchase, geolocation composition against the Response Time,
Availability, and Reliability.

Web Service Internal Registry (WS-internal-registry): an element available to reach
only for the WS-composer; the place where information about all available services

for internal consumer (i.e. composer) is gathered.

Model players have been assigned relations between them to perform a specific choice of a

complex service that fulfils functional and non-functional requirements (Figure 5.1):

Relation A: WS-provider provides a complex service composition offer into the WS-
external-registry. It receives information from the registry that its offer has been saved
successfully.

Relation B: WS-requestor looks for a specific complex service in the WS-external-
registry. It receives information about the WS-provider that provides such functionality.
Relation C: WS-requestor requests a specific complex service from the provider. It
receives successfully processed response based on the input data from the WS-provider.
Relation D: WS-provider requests the translation of the specific functionality needed by
the WS-requestor from the WS-translator. It receives an answer, which types of services
should be called, and which QoS parameters are essential in case of this functionality.
Relation E: WS-provider orders the composition of the specific functionality needed by
the WS-requestor with translated into the service types and essential QoS parameters
from the WS-composer. It receives the processed answer based on the data supplied by
WS-requestor.

Relation F: WS-composer, while creating a complex service with dynamic methods of
composition, searches for the sub-services within the WS-internal-registry. The registry

provides needed instances for the composer.
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W3-external-

) WS-composer
registry

Figure 5.1 Novel business model of complex Web Services

Source: own work.

The WS-translator is a component that emerged on the basis of Figure 1.2. It supplies
essential information about non-functional requirements of a single service types that are called
in a composition. First of all, the most important features for every service in a complex should
be fulfilled. The customers of Web Services are often not able to strictly clarify their
expectations in terms of quality, in spite of, for example, Response Time or Cost. This is because
the definitions of non-functional features are strongly related to the understanding how, in fact,
the services work — that knowledge is not common for every user. The term of non-functional
feature might be confusing so a component that already predefines some requirements on the
basis of many various cases is very important and is a turning point for composition process.

WS-composer is an element that, all in all, carries out the real complex solution. It emerged
on the basis of experiments conducted on seven business cases in chapter 4. Due to the results
of conducted experiments and conclusions in aforementioned chapter, WS-composer should
use the NSGA-II and NSGA-III evolutionary algorithms for optimization of the composition in

every business case, with respect to the quality parameters defined by the WS-translator. The
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inclusion of either SPEA2 or MOEA/D algorithms in the context of this component is not
explicitly excluded. This is related to the limitations of the research, which are scrupulously
discussed in section 5.4.

This section proposed a novel business model for complex Web Services with an application
of original solutions. The described extensions regarding actors, relationships, and their

competitive advantages derive from the preceding research in this dissertation.

5.3. The validation of a novel business model of complex Web Services

5.3.1. Case 1: travel, insurance, hotel, purchase sub-services

This subsection presents the actors, elements, relations, and flow in the model concerning
the service composed of travel, insurance, hotel, and purchase sub-services. This case refers to
the validation of the novel business model in terms of the first scenario from section 4.3.

Web Service External Registry (WS-external-registry) is a hypothetical service broker called
Travellnfo where travel-oriented services might be exposed by various providers to general
awareness.

Web Service Provider (WS-provider) is a hypothetical organization called EasyBook that
successfully developed a functionality called FullTravelOption of simultaneous booking
accommodations, train tickets, and insurance for travelers in a given region for a chosen period
with fast online payments. The functionality returns the list of possibilities a consumer can
easily purchase in each period through the one-click online payment gateway.

EasyBook company, in general, provides a range of solutions that integrate REST in-house
company services but also external services (more in Appendix 1.) supplied by vendors in the
cloud environment (A3 organization pattern, more in section 1.4).

Web Service Requestor (WS-requestor) is a hypothetical academic teacher from the City of
Wroclaw looking for the most convenient way of booking hotel, tickets, and insurance for a
conference in the City of Gdansk in the days 19.03.2025 to 21.03.2025.

The academic teacher wants to use functionality of booking hotel and train tickets to the City

of Gdansk from the City of Wroclaw in the days 19.03.2025 to 21.03.2025. In addition, one
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would like to be extra insured these days and would like to finalize the transaction online (so
that he/she can generate a proof of payment to report it to one’s university). In Figure 5.1 this
is presented by relation B.

Among other functions, EasyBook provides FullTravelOption functionality, exactly what a
teacher is looking for (in a functional way). It is published in Travellnfo resource, where the
teacher searches for possible options. In Figure 5.1 it is presented by relation A.

This way, a connection is made between the teacher and FullTravelOption functionality,
which was made available by EasyBook in Travellnfo. The request for FullTravelOption with
the dates, original and final destinations is sent from the teacher to an EasyBook s functionality
- FullTravelOption. In Figure 5.1 this hypothetical situation is presented by relation C. Figure
5.2 presents specific bindings (described above) between EasyBook, Travellnfo, and academic

teacher.

Binding between
Academic Teacher
and EasyBook

(Relaticon C)
Academic Teache EasyBook

(WS-requestor)

Search for Publish (WS-provider)
appropriate, complex FullTravelOption
travel service functionality
(Relation B) (Relation &)

w [(WS-external-registry)

Figure 5.2 The bindings between EasyBook, Travellnfo and Academic Teacher in the novel business model

Source: own work.

A request sent by the teacher in terms of specific complex functionality must consist of:
e dates the conference takes place,

e an original and final destinations of the journey.
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An example of JSON request format is shown in Figure 5.3. The request contains keys
startDate and endDate that represent the period a consumer is willing to search for tickets and
hotel. Additionally, startCity and endCity tell about places the journey starts and finishes. With
those information, FullTravelOption functionality is able to search for possible complex travel

solutions.

"FullTravelCption™:
"aCall"™: |

"atartDate™: "2025-03-19"

"endCit

Figure 5.3 An example request for the functionality Full TravelOption

Source: own work.

The WS-translator is provided with information from the WS-provider (i.e. EasyBook) about
the FullTravelOption functionality requested by the WS-requestor (i.e. the academic teacher).
It responds with an answer:

e which types of services should be called (i.e. list of travel, insurance, hotel, purchase
sub-services),

e which QoS parameters are essential (i.e. list of Response Time, Availability,
Reliability QoS parameters).

Translator is the interface to all saved EasyBook's functionalities (and what sub-services they
consist of) along with the mapped QoS parameters valid for each type of sub-service. In this
context, Figure 1.2 Differences in expected quality for various services: the mapping of Web
Services types to researcher-selected non-functional features® from section 1.3 clearly
describes the important parameters for a large number of different types of services — based on
it, the key parameters for a complex composition are selected. In Figure 5.1 this is presented by
relation D.

The WS-composer receives information from the WS-provider:

o the request from WS-requestor. (Figure 5.3),

% 1.e. the mapping of Web Services types to researcher-selected non-functional features
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e output from the WS-translator, i.e. the list of sub-service types to be called (list of
travel, insurance, hotel, purchase sub-services) and the list of QoS parameters
essential for the composition (list of Response Time, Availability, Reliability).

WS-composer should know which method to use depending on the type of composition.
Based on the results from section 4.3 — in this case, it should decide to use the NSGA-II
algorithm (possibly: NSGA-III, as their solutions were the same in the experimental phase) of
multi-criteria optimization according to the three QoS parameters given in the input. In Figure
5.1 this is presented by relation E.

The composition should be performed on service instances from the WS-internal-registry
component; it is an internal interface for EasyBook providing various types of single,
uncomplicated sub-services. After an algorithm has done its work and proposed non-dominated
solution(s) — the WS-composer should execute request with the information given in the input
by the WS-requestor and provided by the WS-provider (Figure 5.3). In Figure 5.1 this is
presented by relation F. Figure 5.4 presents specific bindings (described above) between

EasyBook, WS-translator, WS-composer, and WS-internal-registry.

WS-
translator

WS-internal-

Get from WS-translator
list of functionalities registry
and QoS parameters
for the composition

(Relation D)

i Get from WS-inlernal-registry inslances of
(WS-provider) travel, insurance, hotel, purchase sub-services
to optimize composition
and make a call to composed service

EasyBook (Relation F)

Ged from WS-composer response
based on
the Academic Teacher
and WS-translator inputs

(Relation E)

Figure 5.4 The bindings between EasyBook, WS-translator, WS-composer and WS-internal-registry in the novel business
model

Source: own work.
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After receiving the response, it should be returned to WS-provider, which will pass it to WS-
requestor. An example of JSON format response might look> like in Figure 5.5. The response
contains a list of travel suggestions; each one contains the startTrainSuggestion and
endTrainSuggestion keys that present trains a customer may be willing to take to reach the
destination and go back to their original city. Additionally, hotelSuggestion and
insuranceSuggestion are suggestions for a hotel and insurance. The paymentBase key contains
an encoded URL for redirecting customer to a payment gate for a chosen result. The process is

closed.

Figure 5.5 An example response from the functionality FullTravelOption

Source: own work.

Benefits to the WS-requestor appear in a given model; the service is composed according to
the optimization result of the NSGA-II (NSGA-III) algorithm that performed the best in a given
use case — hence, among all the algorithms, it will provide the best solution for the customer in
terms of Response Time, Availability, Reliability: the features that are most important here. The
WS-provider gains user’s satisfaction with its service specifically, which creates a sense of trust,

and increases the chances for another call. If the service meets both functional and non-

% For users it will be presented in a readable format; for services only the content is important
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functional requirements, it may become dominant in the market (e.g. even inside the Travellnfo
resource) because of good PR (i.e. public relations) that may develop around it. Good reviews
often increase the market value of solutions and are key in the context of functioning of private
enterprises (RQ-5.2.).

This case presented the actors, elements, relations, and flow in the model concerning the

service composed of travel, insurance, hotel, purchase sub-services.

5.3.2. Case 2: government, social security, public employment, language

translation sub-services

This subsection presents the actors, elements, relations, and flow in the model concerning
the service composed of government, social security, public employment, and language
translation sub-services. This case refers to the validation of the novel business model in terms
of the third scenario from section 4.5.

Web Service External Registry (WS-external-registry) is a hypothetical government
application called YourHomelandOnline, where various functionalities supplied by distinct
government units for country citizens are exposed. Every functionality is performed within
YourHomelandOnline system. In fact, as there is only one government subject per country, this
solution is the only registry for exposing such sensitive functionalities.

Web Service Provider (WS-provider) is a hypothetical government unit called 7eamX that
successfully developed a functionality called CheckYourUnit for checking government
institution offices suitable for a citizen wanting to check their social security and/or
employment documents. A user can decide about the language in which those information will
be presented to them.

In general, Team X, provides functionalities to customers that require support of many smaller
applications — all of them are developed by different units (e.g. TeamY, TeamZ) but still
supervised by the government (A2 organization pattern, more in section 1.4). All the solutions
are hosted in the secret datacenters of the government and usually use legacy SOAP architecture
in terms of communication (more in Appendix 1.).

Web Service Requestor (WS-requestor) is a hypothetical citizen from Poland, living in a
small village in the south-western part of the country. One wants to visit a government

department in order to check all the social security and former employment documents. The
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citizen is willing to understand which office(s) may supply them with all the information
needed; preferably, in Polish language.

The citizen wants to use functionality of checking the office(s) providing information about
their social security status and former employment. In Figure 5.1 this is presented by relation
B.

Among other functionalities, 7eamX provides the CheckYourUnit functionality, exactly what
the citizen is looking for (in a functional way). It is available in YourHomelandOnline
application, where the customer is solving his/her government-related cases. In Figure 5.1 this
is presented by relation A.

This way, a connection is made between the citizen and CheckYourUnit functionality
provided by 7eamX in the YourHomelandOnline. The request for CheckYourUnit with
information about the user, employment, social security IDs, and preferable language is sent
from the citizen to TeamX functionality CheckYourUnit. In Figure 5.1 it is presented by relation
C. Figure 5.6 presents specific bindings (described above) between TeamlX,

YourHomelandOnline, and citizen.

Binding between
Citizen and TeamX

(Relation C)

Citizen TeamX
(W5-requestor) {W5-provider)
Check for the siutable Publish

CheckYourUnit
mmen rimen z
gove ent departments functionality

(Relaticn B)
(Relaticon A)

r (Ws-external-registry)
YourHomelandOnline

Figure 5.6 The bindings between TeamX, YourHomelandOnline and citizen in the novel business model

Source: own work.
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A request the citizen is sending in terms of specific, complex functionality must consist of:
e unique user ID that every citizen has been assigned only once,
e unique employment ID assigned to each citizen with start of the first job,
e unique social ID that has been assigned to every citizen only once,
e language a user is willing to get response in.
An example of XML request format is shown below in Figure 5.7. The request contains keys
UserID, EmploymentID, and SociallD representing the unique, sensitive data about the citizen.

Additionally, Language tells about the preferable user language for presenting the facts.

<?xml verzion="1.0" encoding="utf-8"3%>
<zoapl2:Envelope xmlns:xsi="http://www.w3.org/ 2001/ ¥MLSchema-instance™
zmlns:xsd="http:/ /www.w3.org/2001/XMLEchema™"
xmlns:soapl2="http:/ /www.w3.org/2003/05/50ap-envelope™>
<=2papl2:Body>
<CheckYourlUnitBRequest>
<aCall>
<UserID>79293119035612</UserID>
{EmgloggentID}Eﬂﬁl—?E<fEmE103EentID}
<S0ciallD>319361/RT/7524</SociallD>
<Language»PL</Language>
</aCall>
</CheckYourlUnitBequest>
</30apl? :Body>
</2o0aplZ:Enveloper

Figure 5.7 An example request for the functionality CheckYourUnit

Source: own work.

The WS-translator is provided with information from the WS-provider (i.e. 7eamX) about
CheckYourUnit functionality requested by the WS-requestor (i.e. the citizen). It responds with
an answer:

e which types of services should be called (i.e. list of government, social security,
public employment, language translation sub-services),

e which QoS parameters are essential (i.e. list of Response Time, Availability QoS
parameters).

Translator is the interface to all saved TeamX functionalities (and what sub-services they
consist of) along with the mapped QoS parameters valid for each type of sub-service. In this
context, Figure 1.2 Differences in expected quality for various services: the mapping of Web

Services types to researcher-selected non-functional features® from section 1.3 clearly

% I.e. the mapping of Web Services types to researcher-selected non-functional features
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describes the important parameters for a large number of different types of services — based on
it, the key parameters for a complex composition are selected. In Figure 5.1 this is presented by
relation D.

The WS-composer receives information from the WS-provider:

o the request from WS-requestor (Figure 5.7),

e output from the WS-translator, i.e. the list of government, social security, public
employment, language translation sub-services) and the list of QoS parameters
essential for the composition (list of Response Time, Availability).

WS-composer should know which method to use depending on the type of composition.
Based on the results from section 4.5 — in this case, it should decide to use the NSGA-II
algorithm (possibly: NSGA-III, as their solutions were the same in the experimental phase) of
multi-criteria optimization according to the two QoS parameters given in the input. In Figure
5.1 this is presented by relation E.

The composition should be performed on service instances from the WS-internal-registry
component; it is an internal interface for 7eamX providing various types of single,
uncomplicated sub-services (internal, exposed in secret datacenters) by different teams under
the government supervision. As the government tasks operate on strictly sensitive data, all the
solutions are developed under the government’s supervision. Only those are exposed in the
internal registry.

When the algorithm has done its work and proposed non-dominated solution(s), the WS-
composer should execute request with the information given in the input by the WS-requestor
and provided by the WS-provider (Figure 5.7). In Figure 5.1 this is presented by relation F.
Figure 5.8 presents specific bindings (described above) between TeamX, WS-translator, WS-
composer, and WS-internal-registry.

After receiving the response, it should be returned to WS-provider, which will pass it to WS-
requestor. An example XML response format is shown below in Figure 5.9. The response
contains a list of government department suggestions for a citizen; each one contains keys
country, city, code (i.e. postal code), street, and homeNumber (i.e. the number of the building)
that present various offices a customer may be willing to visit in order to check their documents.
The response means that for a given citizen identified by three different IDs all the social and

employment information will be available to check in those units. The process is closed.
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translator
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Get from WS-translator
list of functionalities
and QoS parameters
for the composition

(Relation D)

internal-
registry

Get from WS-internal-registry instances of
(WS-provider) government, social securty
public employment, language transiation sub-services
{o optimze composition

and make a call to composed service
TeamX

(Relation F)
Get from WS-composer response

based on
the Citizen
and WS-transiator inputs

WS-
composer

(Relation E)

Figure 5.8 The bindings between TeamX, WS-translator, WS-composer and WS-internal-registry in the novel business
model

Source: own work.

Benefits to the WS-requestor in a given model appear; the service is composed according to
the optimization result of the NSGA-II (NSGA-III) algorithm that performed the best in a given
use case — hence, among all the algorithms it will provide the best solution for the customer in
terms of Response Time, Availability: the features that are most important here. The WS-
provider gains the users satisfaction specifically with its service, which creates a sense of trust,
and increases chances for another call. If government services have no direct competition in the
market, the satisfaction with state solutions is incredibly important, for example, in reducing
the number of petitioners in physical department units (RQ-5.2.).

This case presented the actors, elements, relations, and flow in the model concerning the
service composed of government, social security, public employment, and language translation

sub-services.
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<?xml verzion="1.0" encoding="utf-8"7>
<=20apl2:Envelope xmln=:xsi="http://www.w3.org/2001/XML5chema-instance"
Zmlns:xad="http://www.w3.org/2001/XMLSchema™
Zmlns:soaplZ="http://www.w3.o0xrg/2003/05/30ap—-envelope™>
<zoaplZ:Body>
<CheckYourlnitEesponse>
<aCallBesult>
<unitlList>
<unit>
<country>Polska</countrys
<cityrhndyszowd/city>
<code>11-222</code>
<street>Eniejowa</strest>
<homeNumber>35<,/ homelumber>
</funit>
<unit>
<country>Polska</country>
<city»Godzino</city>
<code>12-013</code>
<street>Urzednicza</streec>
<homelNumber>7<,/homeHumber>
</unit>
</unitlList>
</aCallBe=zult>
</Check¥YourlUnitResponze>
</30apl2 :Body>
</30aplZ:Envelope>

Figure 5.9 An example response from the functionality CheckYourUnit

Source: own work.

5.3.3. Case 3: language translation, film, purchase, geolocation sub-services

This subsection presents the actors, elements, relations, and flow in the model concerning
the service composed of language translation, film, purchase, and geolocation sub-services.
This case refers to the validation of the novel business model in terms of the sixth scenario from
section 4.8.

Web Service External Registry (WS-external-registry) is a hypothetical service broker called
YourFilms where there are various cinematography-related services exposed to general
awareness by distinct providers.

Web Service Provider (WS-provider) is a hypothetical organization called CinemaWeb that
successfully developed a functionality called FilmSubByLocation which allows a customer
(user, requestor) to buy an access (by the online payment one-click gate) to the chosen movie

with subtitles in a language deduced from a geolocation of a consumer.
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CinemaWeb company, in general, provides a range of solutions that integrate REST in-house
company services but also payment external services (more in Appendix 1.) supplied by
vendors in their datacenters environment (A3 organization pattern, more in section 1.4).

Web Service Requestor (WS-requestor) is a hypothetical Pole (Jacob) living in Warsaw and
willing to see the Chungking Express®’ movie with Polish subtitles.

Jacob wants to watch a chosen film with Polish subtitles at the moment. In addition, he would
like to finalize the payment transaction online. In Figure 5.1 it is presented by relation B.

Among other functions, CinemaWeb provides FilmSubByLocation functionality, exactly
what Jacob is looking for (in a functional way). It is published in YourFilms resource, where
Jacob searches for possible options. In Figure 5.1 this is presented by the relation A.

This way, a connection is made between Jacob and FilmSubByLocation functionality made
available by CinemaWeb in YourFilms. The request for FilmSubByLocation with the title of the
movie Chungking Express, the customer ID (Jacob), and automatically detected geolocation of
the hardware is sent from Jacob to CinemaWeb tfunctionality FilmSubByLocation. In Figure 5.1,
this is presented by relation C. Figure 5.10 presents specific bindings (described above) between

CinemaWeb, YourFilms and Jacob.

|
Jklo

Binding between
Jacob and CinemaWeb

/\ (Relation )

Jacob CinemaWeb
(WS-requestor)

N1
Pan®

i - " .
Check for the siutable . qptfﬁb_"ih . (Ws-provider)
movie complex senvice im =ubyLocaton

functionality

3 b1
(Relation B) (Relation A)

(Ws-external-registry)

Figure 5.10 The bindings between CinemaWeb, YourFilms and Jacob in the novel business model

Source: own work.

A request Jacob makes in terms of specific, complex functionality must consist of:

5" The 1994 Hong Kong film directed by Wong Kar-Wai
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¢ his identifier in a given CinemaWeb context,
e geolocation coordinates of the place the request is sent from,
e the title of the movie.
An example JSON format request might look like in Figure 5.11. The request contains
customerld and geold keys that present Jacobs’ ID and the geolocation information.

Additionally, movie key, so the title of the film Jacob is willing get access to.

Figure 5.11 An example request for the functionality FilmSubByLocation

Source: own work.

The WS-translator is provided with information from the WS-provider (i.e. CinemaWeb)
about the FilmSubByLocation functionality requested by the WS-requestor (i.e. Jacob). It
responds with an answer:

e which types of services should be called (i.e. list of language translation, film,
purchase, geolocation sub-services),

e which QoS parameters are essential (i.e. list of Response Time, Availability,
Reliability QoS parameters).

Translator is the interface to all saved CinemaWeb's functionalities (and what sub-services
they consist of) along with the mapped QoS parameters valid for each type of sub-service. In
this context, Figure 1.2 Differences in expected quality for various services: the mapping of
Web Services types to researcher-selected non-functional features® from section 1.3 clearly
describes the important parameters for a large number of different types of services — based on
it, the key parameters for a complex composition are selected. In Figure 5.1 this is presented by
relation D.

The WS-composer receives information from the WS-provider:

e the WS-requestor request (Figure 5.11),

%8 1.e. the mapping of Web Services types to researcher-selected non-functional features
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e output from the WS-translator, i.e. the list of sub-service types to be called (list of
language translation, film, purchase, geolocation sub-services) and the list of QoS
parameters essential for the composition (list of Response Time, Availability,
Reliability).

WS-composer should know which method to use depending on the type of composition.
Based on the results from section 4.8 — in this case, it should decide to use the NSGA-II
algorithm (possibly: NSGA-IIIL, as their solutions were the same in the experimental phase) of
multi-criteria optimization according to the three QoS parameters given in the input. In Figure
5.1 this is presented by relation E.

The composition should be performed on service instances from the WS-internal-registry
component; it is an internal interface for CinemaWeb providing various types of single,
uncomplicated sub-services. After an algorithm has done its work and proposed non-dominated
solution(s) — the WS-composer should execute request with the information given in the input
by the WS-requestor and provided by the WS-provider (Figure 5.11). In Figure 5.1 this is
presented by relation F. Figure 5.12 presents specific bindings (described above) between

CinemaWeb, WS-translator, WS-composer, and WS-internal-registry.

WS .
th from H'S tran_s_latu:ur internal-
list of functionalities ist
and QoS parameters registry
for the compaosition

WS-

(Relation D}

Get from WWS-internal-registry instances of
(Ws-provider) language translation, film,
purchase, geclocafion sub-services
to oplimize composition
and make a call to composed service

CinemaWeb
(Relation F)

Get from WS-composer response
based on the Jacob
and \WS-translator inputs

(Relation E)

WS-
COmposer

Figure 5.12 The bindings between CinemaWeb, WS-translator, WS-composer and WS-internal-registry in the novel
business model

Source: own work.
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After receiving the response, it should be returned to WS-provider, which will pass it to WS-
requestor. An example JSON format response might look®® like in Figure 5.13. The
movieDirEnc key is an encoded access directory to Chungking Express movie with Polish
subtitles. The paymentDirEnc key contains an encoded URL for redirecting customer to a
payment gate for a chosen movie (after the payment — the encoded access is decoded). The

process is closed.

Figure 5.13 An example response from the functionality FilmSubByLocation

Source: own work.

Benefits to the WS-requestor in a given model appear; the service is composed according to
the optimization result of the NSGA-II (NSGA-III) algorithm that performed the best in a given
use case — hence, among all the algorithms, it will provide the best solution for the customer in
terms of Response Time, Availability, Reliability: the features that are the most important here.
The WS-provider gains user satisfaction specifically with its service, which creates a sense of
trust and increases chances for another call. If the service meets both functional and non-
functional requirements — it may become dominant in the market (e.g. even inside the YourFilms
resource) because of good PR (i.e. public relations) that may develop around it. Good reviews
often increase the market value of solutions and are key in the operational context of private
enterprises (RQ-5.2.).

This case presented the actors, elements, relations and flow in the model concerning the

service composed of travel, insurance, hotel, and purchase sub-services.

% For users it will be presented in a readable format; for services only the content is important
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5.4. Drawbacks of the research and potential future directions of model
development

This section is to present the limitations of the research and insights related to solving them
in terms of novel model development. It discusses the future directions that should be taken to
make the solution even more sophisticated technically but remaining capable of being smoothly
adapted in companies for the implementation of Web Services environment in accordance with
the adopted requirements.

The first drawback of the research is related to the Web Services architecture gap. In fact,
the study focused on the SOAP services, as the dataset contained only records described with
the WSDL. There could be added another spaces and model components if comparing the
datasets containing, for instance, REST Web Services. It would create other conclusions on how
the WS-composer would work and make complexity much more efficient.

The second deficiency is the lack of static composition (e.g. for comparison) in various
business cases. Even before running the experiments (but after the literature review, details in
section 2.3), it was clear that dynamic composition should behave better than predefined
instances. But when taking into consideration that the process is not so valuable and could be
treaded more marginally than others, maybe static compositions could be better for performance
reasons, leaving aside relatively small non-functional differences. In that case, WS-composer
could behave differently than using only NSGA family algorithms for optimization, preparing
some compositions just on the fly without optimizing them.

The third problem, somehow related to the mentioned above, is the lack of performance
measures for algorithms. If the Response Time of the service is an essential measure, the
runtime of the WS-composer (i.e. algorithm optimizing the complexity) should also be added
to the considerations. If an algorithm A1 generates a slightly better solution than the algorithm
A2, but its runtime is four times longer, a question emerges, how should the WS-composer
behave?

The fourth drawback is related to the narrow choice of optimization algorithms, i.e. the
experiment only used evolutionary methods. Maybe in some terms, scalarization methods
would not perform much worse but much more efficiently. Also, there may be added scatter
comparisons (e.g., standard deviation) and statistical testing (to determine whether differences

between algorithms are statistically significant).
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Some limitations relate to the fact that functionalities were not marked as important or
marginal. The WS-composer may have predefined that the process of composing a government,
very important citizen complex process with the best possible composition, but if the situation
is not so essential — it could behave more economically (RQ-5.3.).

This section presented the limitations of the study and how they could be addressed. It is
evident that rethinking a few issues can be a very interesting direction in the development of a

proposed novel complex Web Service business model.

5.5. Conclusions

This multi-stage research provided insights into the enormous Web Services environment.
As aresult of the study, a novel business model for complex and efficiently optimized complex
services with respect to the business non-functional demands were developed.

Many aspects of such a broad area integrating quality and business models, management
processes, technical Web Services elements, and multi-objective optimization problem may
cause a feeling of misunderstanding or not complete domain recognition. The doctoral thesis
attempted to distinguish all necessary concepts to provide the essential, identified elements
relevant in the context of the proposed model.

Many issues in the dissertation have their limitations and this is inevitable combining so
many different problems. Starting from the very beginning, the importance of services for
business, their non-functional characteristics, management methods, technicalities, and their
impact on the composition, also the computational experiments with multi-criteria optimization
algorithms. Each aspect has its limitations, but most importantly, they are noted and presented
in terms of future research.

The dissertation seeks to show and systematize the subject of providers supplying services
that are much more comprehensive for their customers than single mini functions. It gives a
somewhat broader view for those who understand how the organizations and network
components operate.

The most common, original (Figure 1.4) business model gained three more actors
(components) that are advantageous (Figure 5.1). The new solution can address the unsaid

problems and issues regarding complex service. A WS-translator is a clear feature with
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predefined non-functional demands. When the definition of the quality is not clear, this is the
element that ensures a customer should be content in terms of the standard. On the other hand,
a WS-composer uses the best possible methods to make the composition as much as possible
close to the given non-functional levels. Distinction of the WS-external-registry and WS-
internal-registry is, obviously, the next feature, managing unspoken ambiguity. It is clear, not
every service is visible to everybody and the model states that.
However, the proposed solution has its limitations. They are as follows:
e Things such as runtime of algorithms should be considered when adjusting the process.
e The REST Web Services should also be tested to get better approximation of how
algorithms behave in various scenarios.
e There should be an extension in terms of WS-translator, that provides live insights, e.g.
with the participant observation.
e The environment is highly dynamic, so many issues that already appear in business are
not presented in case studies.
In summary, all these limitations can be modified and supplemented in the context of the

proposed business model.
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Concluding remarks

The dissertation addresses the very important subject of the business model of an
organization providing services composed of sub-services of different types, in-house and
sourced from vendors. It touches the most complex model of an organization, where service
management refers to a multi-vector plane and is not only operational or tactical management
in terms of metrics of individual applications involved in the process of a single composition,
but also strategic in terms of the choice of architecture or specific suppliers. The dissertation
combines technical representation of the area of Web Services present at a given moment of
development but also issues of theory and practice of management and quality of solutions
provided. In the context of the situation in global markets and the prediction of the development
of the Internet, and the whole world, such considerations are incredibly relevant and bring great
value to the areas and fields of Web Services, quality models, and management of IT solutions
at operational, tactical, and strategic levels, business models in the area of digitization and the
search for systematization of the current state of knowledge, and also multi-criteria
optimization.

The rationale for initiating the research was identification of the two research gaps:

- Theoretical research gap: the absence of comprehensive theoretical Web Service
business models that consider complex solutions created by different sub-services.

- Empirical research gap: the absence of influence consideration of non-functional
features of Web Services in terms of practical application of Web Service business
models.

This dissertation describes the conducted study (both: theoretical and empirical) aimed at
solving the problem of defining the complex Web Services business model taking into account
various qualitative characteristics of Web Services. The main results of the research conducted
are as follows:

- Identification of the Web Service quality characteristics.

- Determination of the causalities of various companies providing Web Services and
the differences in expected quality.

- Systematization of the Web Services management processes in terms of various
companies and distinct management architecture.

- Identification of the multi-criteria optimization algorithms relevant and useful for
solving the problem of dynamic composition of Web Services.

- Determination of the data sources offering values of various quality criteria.
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- Determination of the gaps in current Web Services business models for complex
Web Services and proposal of the extensions to overcome the stated problems.

- Development of an original business model based on relevant and solution-useful
methods for dynamic composition of Web Services, using selected Quality of
Service metrics and multi-criteria optimization algorithms.

If the market rises, totally new possibilities and ideas always appear. Problems from such
various branches of industries are solved with solutions that are trivial at first sight; but before
those ideas came into being — no one considered them this way. InPost® could be used as an
example — parcel locker system that revolutionized the established pattern of waiting for a
shipment and turned it into a model where a shipment waits for a person. Great idea with
development of simple, but consistent, stable mobile and web applications changed the
environment of Polish logistic market and expanded worldwide. Without a doubt, an enormous
number of such easy-looking but hard-inventive concepts in every domain still exists in every
business area, in every industry that can completely change humans’ perception and again create
the effect of how easy it was. Of course, with the thoughtful usage of Web Services.

The great, high-level plan of a service or application is only part of success. It is worth
noticing that nowadays Internet solutions are not as easy as they might appear at first sight.
They are not easy in terms of extremely large theoretical and technical stack, the entry threshold
to understand their behavior and what is most important, the ability of acceptance, there can
always materialize an issue that is totally unknown and new.

There are a lot of issues that should be defined before starting the implementation. There are
more details than only if the application should be mobile or web browser; for example, where
should it be hosted? What kind of communication interface is preferable between services?
Which architecture of the application is favored? Should the solution be in-house or outsourced
from the vendor? After answering those questions and successful development and deployment,
1.e. after exposing the solution for the customers — the process is not finished. In fact, it is
continuous, it is never finished. All the time there is a need for proper management of the
application — for example, it should be checked permanently in terms of vulnerabilities or
possible security issues — the company does not want to alienate and annoy their consumers or
legal, government units. On the other hand, QoS metrics should be provided at a given level for
every customer group. Application must be competitive in those terms. All those issues are

directly connected with the implementation of the Web Service business model in the unit.

8 InPost, a Polish public logistics company; https://inpost.pl/
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There is a need to systematize the quality and management processes with mentioned technical
problems. This is a key to creating a value.

The Internet is an enormous space where more and more industries enter, and more and more
economic branches are involved. In fact, every utility or service that could be done through the
digital way is being or is already transformed into the web process. Even 30 years ago, nobody
could have believed such a big influence on customers’ lives. Everyday people need to use
applications operating on the Internet continuously. They need to check the e-mail box, explore
available public transport buses with which they are going to get to work, after work there is
time for watching a movie or listening to music on a streaming platform. More and more simple
human activities need the Internet to be involved in them.

Governments are continuously working on the digitalization of the citizens that do not have
general access to the web. It is much easier to solve cases with five clicks in the mobile
application or in the web browser, than to do it physically in person — especially when a person
is very young, elderly, or disabled. Those actions come to appearance of the new groups of
customers — not only in terms of the government applications, but also commercial ones. New
consumers lead to new user experiences, which lead to new requirements, including of course
non-functional. It is necessary to treat realistically the challenge that with such a rapidly
changing technological world, these features will be modified more and more strongly, more
and more people will define them, more and more tools will have to be created to meet
expectations and prevent disturbing trends.

Consequently, companies offering their services and software solutions will increasingly
operate according to the business model described above in the dissertation. It is clear that the
model can be adapted to the specific requirements of specific firms. The solution can be
modified and developed, considering further empirical research and its validation in actual

practice.
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Appendices

Appendix 1. Web Service. The development over the years

This section is to present the technical development of Web Services over the years and the
changes that have had a global impact on the Internet communication. It provides information
about the most common techniques and architectural styles of web components.

Nowadays Web Services comprise a collection of technologies and standards designed for
exchanging data and functions over the Internet, they enable various applications operating on
different platforms and written in different programming languages to interact and
communicate. The origins and evolution of Web Services can be traced back to the nascent

stages of the Internet, when communication over the network was not so efficient.

E-Mail & File Transfer Protocol

Initially, in the early Internet era, communication among diverse applications and systems
was restricted to basic protocols like E-Mails or File Transfer Protocol (FTP). Those tools
certainly do not fit in the strict, novel Web Service template and definition but for sure had a
global impact for creating new solutions and gave answers for questions, what should be done
next.

E-Mail operates on the Simple Mail Transfer Protocol (SMTP) (Klensin, 2001) a
standardized protocol for sending E-Mail messages over the Internet. SMTP employs a store-
and-forward approach for message transfer, meaning that messages are passed between mail
servers until they arrive at the recipient's mail host. Once there, the recipient's E-Mail client can
access the message via either:

e the Post Office Protocol (POP) (Rose, 1988),

e the Internet Message Access Protocol (IMAP) (Crispin, 2003).
E-Mail messages can include plain text or rich content like images, videos, and attachments. To
encode and decode the content, E-Mail clients generally utilize the Multipurpose Internet Mail

Extensions (MIME) protocol (Freed & S. Borenstein , 1996).

154



FTP is a widely recognized protocol aimed at facilitating file transfers between systems via
the Internet (Postel, 1980). It operates on a client-server model (Haroon-Sulyman, 2014), where
the client establishes a connection to the server through the FTP protocol and issues commands
to facilitate the file transfers. FTP employs two distinct channels for communication:

e a control channel for command transmission,

e adata channel dedicated to the actual file transfer.
Users typically choose between FTP or Secure File Transfer Protocol (SFTP) (Cohen, 2002)
for transferring files online.

In the initial days of the Internet, both E-Mail and FTP served as crucial communication
tools, yet they were rather basic and restricted in terms of functionality when compared to
today’s advanced Web Services. Data format is not as standardized as in Web Services,
protocols used by those solutions are rather old. E-mails were limited to plain text messages
and file attachments, FTP was solely used for transferring files between systems. Those
solutions are not able to serve communication without a human factor (or only in a very small
part). Nevertheless, these early innovations laid the groundwork for the more intricate and

advanced Web Services that would develop in the future.

Common Object Request Broker Architecture

The first effort to establish a standard for Web Services emerged with the launch of the
Common Object Request Broker Architecture (CORBA). This architecture was created to offer
a framework for distributed object computing, enabling applications to interact with one another
regardless of the platform or programming language employed.

CORBA serves as middleware, providing a standardized method for communication among
distributed systems. It operates on a client-server model (Haroon-Sulyman, 2014), where clients
can request services from remote hosts, that turn responses with the requested services (Object
Management Group, 2021).

e Interface: CORBA provides a description of functionality and capabilities in terms
of Interface Definition Language (IDL) (Canal, Fuentes, Pimentel, Troya, &
Vallecillo, 2001). IDLs describe the resources that are provided by a service, they are
mainly used for functionality discovery and making dynamic requests.

e Protocol: CORBA employs low-level protocols known as the General Inter-ORB
Protocol (GIOP) and Internet Inter-ORB Protocol (IIOP) — the mapping of the GIOP

into TCP/IP — for facilitating communication between clients and servers (Schmidt
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& Kuhns, 2000). IIOP enables access to CORBA objects from any programming
language or platform that adheres to the CORBA standard.

e Data Format: Basic datatypes describe the structures of data formats accepted
within the interfaces, e.g. short, long, float, or string (Canal, Fuentes, Pimentel,
Troya, & Vallecillo, 2001). For example, if CORBA IDL provides a bank service, it
may have defined the getBalance() method with a float type, if it supplies the bidder
service — it might have a bool wannaBid() one.

e Endpoint: IDLs have their own Interoperable Object References (IORs) that are
addresses coding the information about the interface resource. In fact, they opaque
entities whose contents are hidden from developers, that is a big complication in
terms of majority APIs (Henning, 2006).

A major benefit of CORBA is its provision of a standardized method for distributed systems
to communicate, irrespective of the programming languages or platforms involved. This
characteristic renders it a versatile and robust middleware architecture for constructing intricate
distributed systems. The real-time factor and no need for human interaction were the main
advantages in comparison with the E-Mail and FTP. CORBA offered a real Web Service
solution that was a great extension for old, legacy systems that could not communicate.

Nevertheless, due to its complexity and the considerable programming effort needed for
effective implementation, CORBA did not see widespread acceptance within the industry, it

was criticized for unencrypted traffic too.

Simple Object Access Protocol

After CORBA rose, there was another effort to establish a standard for Web Services with
the launch of the Simple Object Access Protocol (SOAP). SOAP serves as a protocol for the
transmission of structured information between applications: a messaging tool for distributing
structured data. It utilizes Extensible Markup Language (XML) (The World Wide Web
Consortium, 2008) for formatting messages and offers a standardized way to send and receive

messages between various systems (The World Wide Web Consortium, 2007).
e Interface: SOAP provides a description of methods exposed by the Web Service
Description Language (WSDL) (Chinnici, Moreau, Weerawarana, & Ryman, 2004).
It is a file formatted in the XML that describes technical capabilities of a service, the

resource identifiers, methods names, arguments, and datatypes (Suda, 2003).
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Protocol: SOAP messages are usually transmitted via the Hypertext Transfer
Protocol (HTTP) (Popa, Ghodsi, & Stoica, 2010) (commonly HTTP POST method),
less often by the SMTP or Transmission Control Protocol (TCP). The architecture
works on a client-server basis (Haroon-Sulyman, 2014), where the client sends a
request containing information about what it wants from the server. The server
receives the request, processes it, and returns a response with the data sought by the
client.

Data Format: The data structure in the SOAP protocol is based on the principle of
nested XML elements. The primary element is the Envelope, it contains two more
tags: Body and Header. The Envelope provides the fundamental framework for the
entire message. The Body element comprises the core content of the SOAP message,
holding the data that is being exchanged between different systems. The Header
element is optional and contains information specific to the application regarding the
message, such as credentials for authentication or details for message routing. The
Fault element is utilized within unwanted situations, to communicate any errors or

exceptions that happen during the processing of a SOAP message (Suda, 2003).

~ N

SOAP Envelope

xml header block

xml| message

Figure 0.1 The template of a SOAP Message

Source: (Suda, 2003).
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e Endpoint: WSDL provides a machine-readable, formal description of Web Services
operations, protocol bindings, and endpoints (i.e. network addresses). SOAP Web
Service endpoints can decide and customize how the protocol is used, without
making limiting assumptions about the capabilities and configuration of potential
receivers of SOAP messages. (Govindaraju, et al., 2004) (Forno & Saint-Andre,
2005).

One of the main benefits of SOAP is its ability to support diverse datatypes and programming
languages. This allows SOAP messages to facilitate data exchange between different systems,
regardless of the programming languages or platforms involved, making it a versatile and robust
protocol suitable for constructing intricate distributed systems. SOAP rapidly became popular
and established itself as the default standard for Web Services.

However, it remained complex and required substantial programming effort to utilize
effectively. Nonetheless, SOAP also presents some drawbacks, such as its complexity,
dependency on XML for message formatting, and the potential for performance issues

stemming from the overhead associated with XML parsing and processing.

Representational State Transfer
In the early 2000s, a fresh paradigm for Web Services emerged with the advent of
Representational State Transfer (REST). This approach drew on the principles of the World
Wide Web, enabling applications to interact through straightforward HTTP requests and
responses. REST is an architectural style designed for creating Web Services that are efficient,
lightweight, and scalable. It operates on a client-server model (Haroon-Sulyman, 2014), where
clients issue requests to servers for resources and the servers provide the requested resources in
return (Fielding, 2000).
o Interface: REST services provide consistent interfaces utilized for resource
manipulation that are based on standard HTTP protocol methods, e.g. GET or POST.
Mainly services are documented with Swagger (Varanasi & Bartkov, 2012) or
OpenAPI (Espinoza-Arias, Garijo, & Corcho, 2020) — a frameworks for contract
specification written in JavaScript Object Notation (JSON) (Pezoa, Reutter, Suarez,
Ugarte, & Vrgoc, 2016) or Ain’t Markup Language (YAML) (Dos Santos, Azevedo,
Soares, Thiago, & da Silva, 2020).
e Protocol: REST employs standard HTTP protocol methods and status codes for
communication between the client and server (Haroon-Sulyman, 2014). The main

four HTTP methods include (Ruby & Richardson, 2007): GET used to retrieve a
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resource, POST used to create a new resource, PUT used to update a current resource,
DELETE used to remove a resource.

e Data Format: REST Web Services commonly utilize JSON or XML for formatting
messages. JSON is often favored for its lightweight design and its seamless
integration with contemporary web technologies like JavaScript.

e Endpoint: Resources are designated by unique Uniform Resource Locators (URLSs)
(Chou & Li, 2008). Each client requesting access to the server must include all the
necessary information for the host to process it. The server does not keep track of
any state between different requests from the same client (i.e. endpoints are stateless).

The major strength of REST is its straightforwardness and ability to scale. Developing and
maintaining such services is relatively simple and they can easily expand to accommodate high
traffic volumes. Moreover, REST enjoys broad support from modern web frameworks and
programming languages, making it a favored option for creating Web Services. REST is
considered simpler and more user-friendly than SOAP, so it quickly became the go-to method
for Web Services.

Nonetheless, REST has its drawbacks, such as inadequate support for intricate transactions
and possible performance issues when managing vast amounts of data. All in all, in fact it is
claimed that as much as 70% (according to smartbear®) of all public services in the Internet

depends on REST architecture.

GraphQL

GraphQL is a relatively new technology for creating Web Services. It offers more adaptable
and efficient methods for applications to interact with one another online. GraphQL functions
as both: a query language and a runtime for creating services. It enables clients to request
precisely the data they require and offers a versatile way to establish data models and
operations. Initially created by Facebook® in 2012, now it has grown into a well-liked
alternative to REST for developing intricate, data-centric applications (The GraphQL

Foundation, 2024).
e Interface: To define an interface, GraphQL uses Interface Description Language
(IDL). This tool is provided to generate and define the service and its capabilities.

(Quina-Mera, Fernandez, Garcia, & Ruiz-Cortes, 2022) The main idea of the schema

61 Smartbear, An Introduction to RESTful APIs; https://smartbear.com/blog/an-introduction-to-restful-apis-
infographic/
82 Facebook; https://www.facebook.com/
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is to provide only selected fields on objects. A single service has a definition that
supplies information, what exactly can be retrieved. Representation is mainly based
on the object types (The GraphQL Foundation, 2024).

e Protocol: GraphQL mainly uses HTTP server for handling requests, because of its
ubiquity; POST method is arbitrary, and GET may be accepted (The GraphQL
Foundation, 2024).

e Data Format: GraphQL clients and servers should support JSON serialization.
Requests should indicate the supported responses using an Accept header. The
response type should be application/graphql-response+json but can be
application/json to support legacy clients. (The GraphQL Foundation, 2024).

e Endpoint: Instead of designing a separate URL routes for every underlying resource,
GraphQL provides only one, from which a client should query the required data, e.g.
/graphql. Various paths are mainly the REST concept, which is not properly
applicable in terms of getting only resources a client wants to receive (The GraphQL
Foundation, 2024).

A major benefit of GraphQL is its adaptability and efficiency. By enabling clients to request
precisely the data they need, GraphQL can minimize the amount of data transmitted over the
network, resulting in faster and more efficient applications. Furthermore, GraphQL's strongly-
typed schema establishes a clear and consistent framework for the data and operations that the
service supports, which simplifies the development and maintenance of complex applications.

Nonetheless, GraphQL has its drawbacks, such as a steep learning curve and potential
performance challenges when managing large amounts of data. Consequently, it may not be the
ideal choice for simpler applications or those with limited data needs.

This section presented the development of Web Services over the last few decades and

established the current, technical state of the Internet.
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Appendix 2. Unification of the QoS attributes: List of identified

publication of proposal Quality of Service Attributes

Table 0.3 Unification of the QoS attributes. List of identified publication of proposal Quality of Service Attributes

of Web Services

Authors Year of Publication Number of | Set of attributes
publication attributes
Lakhal, R.B., | 2012 A Multi-Criteria 4 o Availability
Chainbi, W. Approach for Web e Cost
Service Discovery o Reliability
o Response Time
De Gyvés Avila, | 2013 Fuzzy Logic Based 3 e Cost
S., Djemame, K. QoS Optimization o Energy
Mechanism for Service Consumption
Composition ¢ Response Time
Wang, M.X.,|2013 An extended 11 e Authentication
Bandara, K.Y, ontology-based context o Availability
Pahl, C. model and manipulation e Confidentiality
calculus for dynamic Web e Cost
Service processes o Integrity
e Non-repudiation
e Performance
e Regulatory
compliance
o Reliability
e Reputation
e Trust
Aljazzaf, 7. 2015 Bootstrapping quality 27 o Accessibility

e Accuracy

o Auvailability

e Capacity

o Competence

o Exception handling
e Execution price

e Execution time
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Honesty
Integrity
Interoperability
Latency
Modifiability
Regulatory
Reliability
Response time
Robustness
Scalability
Security
Stability
Supported
standards
Testability
Throughput
Timeliness
Transaction ACID

Transaction time

Usability
Bouasker, T., | 2016 Novel time related Accessibility
Langar, M., quality of service criteria Auvailability
Robbana, R. Cost

Reputation

Response Time
Security

Successability

Throughput

Chen, F.Z., Dou, |2016 A flexible QoS-aware Availability
R.L., Li, M.Q,, Web Service composition Cost
Wu, H. method by multi- Execution time

objective optimization in Latency

cloud manufacturing Reliability
Cremene, M., | 2016 Comparative analysis Availability
Suciu, M., Pallez, of multi-objective Cost

evolutionary algorithms Reliability
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D., Dumitrescu,

for QoS-aware = Web

Response Time

D. Service composition Security
Throughput
User Rating
8. Fang, C., Wang,|2016 A Method for Availability
I.D., Zhang, Dynamic QoS-Aware Credibility
HW, Yu, Z.Y. Web Services Selection Reliability
Response Time
9. Jain, N., Ding, C., | 2016 Data-Dependent QoS- Accuracy
Liu, X.M. Based Service Selection Latency
Reliability
10. Jayapriya, K., [2016 Cloud Service Response Time
Mary, N.A.B., Recommendation Based Throughput
Rajesh, R.S. on a Correlated QoS
Ranking Prediction
11. Joshi, S.S., 2016 An Integrated QoE Availability
Ramanaiah, and QoS Based Approach Price
O.B.V. for Web Service Selection Likelihood to
recommend
Support
Usability
Reliability
Response Time
Security
Usage limits
12. Mehdi, M., | 2016 Trust and Reputation Availability
Bouguila, N., of Web Services Through Cost
Bentahar, J. QoS Correlation Lens Latency
Reliability
Response Time
Throughput
13. Serrai, W., 2016 An Efficient Best Practices

Approach  for  Web

Service Selection

Reliability

Response Time
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Abdelli, A., Throughput
Mokdad, L.,
Hammal, Y.
14. Akila, T.H., | 2016 QoS-aware  Traffic- Availability
Siriweera, S., efficient Web Service Price
Paik, 1., Kumara, Selection over BigData Reliability
B.T.G.S Space Throughput
Time
15. Wang, D.D., |2016 QoS and SLA Aware Availability
Ding, H., Yang, Web Service Composition Price
Y., Mi, Z.Q., Liu, in Cloud Environment Reputation
L., Xiong, Z.G. Time
16. Balakrishnan, 2017 Integrated QoUE and Capacity
S.M., Sangaiah, QoS approach for optimal Execution Time
AK. service composition Latency
selection in internet of Response Time
services (IoS) Throughput
17. Jin, X., Chun, S., [2017 A fast and scalable Available Time
Jung, J., Lee, approach for IoT service Service Area
K. H. selection based on a Execution Cost
physical service model Reliability
Reputation
Processing Time
18. Li, D., Wu, J.C., [2017 QoS-Based  Service Availability
Deng, Z.H., Chen, Selection Method for Big Execution duration
Z.L.,Xu,Y. Data Service Price
Composition Reputation
Success rate
19. Mishra, T., Raj,|2017 QoS Implementation Accessibility
G. in Web Services Selection Availability
and Ranking using Data Integrity
Analysis Performance
Regulatory
Reliability
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Security

20. Ramirez, A., 2017 Evolutionary 11 Availability
Parejo, JA., composition of QoS- Best Practices
Romero, JR, aware Web Services: A Compliance
Segura, S., Ruiz- many-objective Cost
Cortes, A. perspective Documentation

Execution time
Latency
Reliability
Response Time
Successability
Throughput

21. Rangarajan, S.,|2017 QoS-Based 6 Accessibility

Chandar, R.K. Architecture for Availability
Discovery and Selection Integrity
of suitable Web Services Performance
Using Non-functional Regulatory
properties Security

22. Samir, S., Sarhan, | 2017 Context-Based Web 6 Availability
A., Algergawy, A. Service Discovery Latency

Framework with QoS Reliability

Considerations Response Time
Successability
Throughput

23. Siriweera, 2017 QoS and 5 Availability
T.H.A.S., Paik, 1., Customizable Price
Kumara, B.T.G.S. Transaction-aware Reliability

Selection for Big Data Throughput
Analytics on Automatic Time
Service Composition

24. Alghofaily, B.,[2018 Meta-Feature Based 2 Accuracy

Ding, C. Data Mining Service Latency

Selection and

Recommendation Using
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Machine Learning
Models
25. Alhadithy, H., Al- | 2018 Fuzzy Rule Based 5 Availability
Shargabi, B. Web Service Composition Price
in Cloud Reliability
Reputation
Response Time
26. Ghobaei-Arani, |2018 A moth-flame 4 Availability
M., Rahmanian, optimization  algorithm Cost
A.A., Souri, A, for Web Service Reliability
Rahmani, A.M. composition in cloud Response Time
computing:  Simulation
and verification
27. Kumar, R.R., 2018 A Novel Framework 11 Availability
Mishra, S., for Cloud Service Cost
Kumar, C. Evaluation and Selection Interoperability
Using Hybrid MCDM Portability
Methods Reliability
Response Time
Scalability
Stability
Security
Throughput
Storage  Offering
and Data Center
Location
28. Lu, L.L., Yuan,|2018 A novel TOPSIS 7 Accuracy
Y.Y. evaluation scheme for Availability
cloud service Interoperability
trustworthiness Reliability
combining objective and Response Time
subjective aspects Scalability
Throughput
29. Maheswari,  S., 2018 Performance 8 Accessibility
Karpagam, G.R. evaluation of semantic Auvailability
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based service selection

Execution Cost

methods Reliability
Reputation
Response Time
Scalability
Throughput
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Hernandez-Ucan, approach for managing Response Time
R, Rios- and selecting QoS Web Throughput
Martinez, J., Services
Gomez-
Montalvo, J.
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K., Sun, Y.F. cloud computing service Response Time
composition
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Cherif, F. Web Services using a Compliance
regression-Based method Documentation
Latency
Reliability
Response Time
Successability
Throughput
33. Alghofaily, B.L.,|2019 Data mining service Accuracy
Ding, C. recommendation based on Latency
dataset features
34, Bagga, P., Joshi, |2019 QoS based Web Availability

A., Hans, R.

Service Selection and
Multi-Criteria  Decision

Making Methods

Best Practices
Compliance
Documentation
Latency
Reliability

Response Time
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Successability

Throughput
35. Khan, G., 2019 Dynamic service 5 Availability
Sengupta, S., composition in enterprise Cost
Sarkar, A. cloud bus architecture Performance
Reliability
Response Time
36. Kumar, L., [2019 Quality of service 12 Availability
Sureka, A. (QoS) parameters Conformity
prediction  for  Web Interoperability
Services using hybrid Latency
neural network  and Maintainability
ensemble methods Modularity
Reliability
Response Time
Reusability
Successability
Testability
Throughput
37. Lu, JW., Liu 2019 Location-Aware Web 5 Availability
GF., Wu, K.S,, Service Composition Execution time
Qin, W.J. Based on the Mixture Price
Rank of Web Services and Reliability
Web Service Requests Reputation
38. Ouadabh, A., 2019 SEFAP: an efficient 11 Accessibility
Hadjali, A., approach for ranking Availability
Nader, F., skyline Web Services Class
Benouaret, K. Compliance

Documentation
Best practices
Latency
Reliability
Response Time
Successability

Throughput
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39. Seghir, F.,|2019 An interval-based Availability
Khababa, A., multi-objective artificial Price
Semchedine, F. bee colony algorithm for Reliability

solving the Web Service Response Time
composition under Throughput
uncertain QoS

40. Serrai, W., 2019 How to deal with QoS Documentation
Abdelli, A., value  constraints in Response Time
Mokdad, L., MCDM  based Web Throughput
Serrai, A. Service selection

41. Hosseinzadeh, 2020 Service Selection Accessibility
M., Hama, H.K., Using Multi-criteria Availability
Ghafour, M.Y., Decision =~ Making: A Execution Price
Masdari, M., Comprehensive Reliability
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Khezri, H. Response Time
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Throughput

42. Kashyap, N.,|2020 Service Composition Execution time
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Dynamic User Privacy
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Ordinal Utility Function Usage cost

44, Liu, A., Shen, |2020 Privacy-preserving Response Time

X.D., Xie, HR,,
Li, ZX. Liu,
GF, Xu, JJ,
Zhao, L., Wang,
F.L.

shared collaborative Web

Services QoS prediction

Throughput
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45. Poordavoodi, A.,|2020 Toward a  More Adaptability
Goudarzi, Accurate  Web  Service Availability
M.R.M., Javadi, Selection Using Modified Reliability
H.H.S., Rahmani, Interval DEA Models Response Time
A.M., Izadikhah, with Undesirable Outputs Throughput
M.
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M.G., Salah B., Balancing the Quality of Response Time
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Service Throughput

47. Marco A., Miguel | 2021 QoS-Based  Pattern Availability

1. Recognition Approach for Reliability
Web Service Discovery: Response Time
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48. Remaci Z.Y., 2022 Web Service selection Availability

Hadjila F., Lahfa and composition based on Reliability

F.

uncertain  quality  of
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Response Time
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170



Appendix 3. Unification of the QoS attributes: list of identified QoS

attributes in the literature

Table 0.4 Unification of the QoS attributes: list of identified QoS attributes in the literature

Attribute Number | Definition/Formula Unit Positive/ | Additional
of papers Negative |information
using the
attribute

Time (Processing | 42 The time interval between a user | microseconds | Negative | Performance

Time, Execution requests a service and when the Related QoS,

Duration, user receives a response. the most

Execution Time, important

Response Time) criteria

Availability 38 The probability that a service is | % Positive Dependability-

(Available Time) up and present. Could be related QoS

expressed by a ratio of uptime to Attribute
total time (uptime + downtime).

Reliability 35 The Web Service capacity at|% Positive Dependability

ensuring  reliable = message related QoS
(response  message) delivery.

Could be expressed by the ratio of

error messages to the total

number of messages.

Cost (Execution | 25 The price requester has to pay for | $ Negative | Financial

Cost, Service calling the service. context

Cost, Price, attributes

Execution Price)

Throughput 25 The number of requests a service | MB/s, Positive | Performance

can process per unit of time. invocations/ Related QoS
time unit, ips

Latency 13 The time taken for the server to | microseconds | Negative |-

process a given request. The ratio
of the message size and
bandwidth.

Reputation 9 The value of service reputation | Number Positive | Business
gets from customer’s subjective context
scores and objective judgment to attributes
the credibility of QoS
advertisement information.

Successability 9 Indicator of the probability that | % Positive -

(Success rate) the service can  execute
successfully - ratio of requests
correctly replied.

Security 8 Security is the quality aspect of | - Positive -
the Web Service of providing
confidentiality and non-
repudiation by authenticating the
parties involved, encrypting
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messages and providing access
control.

Accessibility

Capability of serving a request.
WS might be available but not
accessible because of the big
number of requests. A ratio of the
number of successful
acknowledgements received to
the total number of requests sent.

Positive

Dependability-
related QoS
Attribute

Accuracy

The ratio of instances a service
satisfied promised values per total
instances in a given time interval.

%

Positive

(Good) Best
Practices

5

Ratio of accomplishment of the
WS-I Basic Profile, which
establishes a set of requirements
to promote interoperability.

%

Positive

(Regulatory)
Compliance

The extent to which a WSDL
(Web Services Definition
Language) document is followed.
Ratio of the conformance with the
WSDL specification by 3WC.

%

Positive

Documentation

Ratio of description tags of the
WSDL wused in the service
documentation.

%

Positive

Integrity

Integrity is the quality aspect of
how the Web Service maintains
the correctness of the interaction
in respect to the source.

Positive

Security-
context
attribute

Interoperability

Ability of service/application to
exchange information or interact
with over the service and
applications of the system. Could
be expressed by the ratio: the
number of resources offered by
the provider to the number of
resources required by users for
interoperability.

Positive

Performance

Performance is the quality aspect
of Web Service, which is
measured in terms of Throughput
and latency. Higher Throughput
and lower latency values
represent good performance of a
Web Service. Could be described
as a ratio of total successful
invocations in a time period.

Positive

Run-time
context
attribute

Scalability

Capability of increasing the
capacity of WS provider's system
and ability to process requests in
a given time interval.

Positive

Dependability-
related QoS

Regulatory

Regulatory is the quality aspect of
the WS in conformance with the
rules, the law, compliance with

Positive
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standards and the established
service level agreement.

Capacity

Maximum number of concurrent
requests a service support for a
guaranteed performance.

%

Positive

Stability

A variation in average read/write
time.

Positive

Testability

Computed using total number of
operations to be tested and the
number of parameters.

Adaptability

A service provider’s ability to
modify its service’s functionality
based on the requests of users,
defined as the time needed to
adapt a service to the requests.

Positive

Authentication

The policy both consumer and
provider identity is verified.

Positive

Confidentiality

The police of protecting
information from being read or
copied by anyone who has not
been explicitly authorized by the
owner of that information.

Positive

Security-
context
attribute

Credibility

A reference to the credibility of
the Web Service.

Energy
Consumption

An amount of power consumed
by a server over a period of time.

Wsec

Negative

Fidelity

The overall Web Service rating
due to the other quality attributes
levels.

Positive

Non-repudiation

The ability of the receiver to
prove to a third party that the
sender really did send a message.

Security-
context
attribute

Operability

The ability of the Web Service to
share its operational and control
functionalities.

Positive

Portability

An ability to move an entity from
one system to another, such that is
usable on the target system.

Positive

Privacy

An ability of the Web Service in
terms of protecting private
information.

Positive

Trust

The establishment of trust
relationships between client and
provider — a combination of
technical assertions

(measurable  and  verifiable
quality) and relationship-based
factors (reputation, history of
cooperation).

Positive
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Usage Limits The number of available requests | Number Positive |-
to the Web Service per a time
period.

Storage Offering Once the location of maximum |- - -

and Data Center number of users is known, the

Location computed instances can be placed
nearer to the users, such that the
instances act in a more responsive
manner.

Service Area The Service Area of a physical | location - Spatio-
service indicates the location | concept (e.g. temporal
where a physical service observes | set of a central attribute
or actuates. point and a

radius)

Maintainability Metric related to the call volume. | - - -

Modularity Metric computed with cohesion | - - -
and coupling parameters.

Reusability It is the ease with which original | - - -
environment source code can be
reused in another environment.

Conformity Metric related to the rule|- - -
violations.

User Rating A mean score given by user to a | Number Positive -

service.

Source: own work.
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Appendix 4. Differences in expected quality for various services: Selected

publications analyzed by service type, specified functionalities and quality

requirements

functionalities and quality requirements

Table 0.5 Differences in expected quality for various services: Selected publications analyzed by service type, specified

Year Authors Analyzed Analyzed Non-functional Requirements
Systems Functionalities
2006 H. Wang, D.G. Advertisement | e Search for a car Reputation (i.e. Availability +
Yang; Y.H. Zhao; Y. | Service Reliability)
Gao
2006 F. De Paoli, G. Public e Search for job vacancies Time, Cost, Accuracy, Answers
Lulli, A. Maurino Employment in a specified country
. e Glue together and rank
Service retrieved job vacancies
e Translate job offers in
different languages
e Notify end-users of
results via different
communication channels
2008 JK. Lee, S.H. Engineering - Cost, Reliability, Availability,
Kuk, H.S. Kim, S.W. | Service Time
Park
2008 C. Riedl, Government e Renew business name Response Time, Availability
T. Bohmann, Service (Business registrations .
e Pay a fee for using a
M. Rosemann, H. | Name Renewal service
Kremar Service)
2008 WL. Lin, C.C. Hotel Service | e Book a hotel Performance, Reliability,
Lo, K.M. Chao, * BOOk o4 flight Scalability, Capacity, Robustness,
(integration with other
M. Younas WS) Exception Handling, Accuracy,
* Rent a car (integration | ntegrity, Accessibility, Availability,
with other WS) . .
Interoperability, Security, Network-
Related QoS Requirement
2008 V. Patankar, R. Insurance e View the patient's past Price, Availability, Response
Hewett Company Service medical records Time, Robustness, Reliability
2008 M. Fantinato, Telecom e QOutsource a charging Availability, Response Time,
M.B.F. De Toledo, | Service service from ONC | Security,  Integrity,  Reliability,
company to the CRM of
LM.D. Gimenes Performance

Telecom company
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2009 T. Cucinotta, A. Industrial e Stream multimedia Response Time
Mancina, G.F. | Automation (view  from ,2 ,IP
cameras): what is going
Anastasi, G. Lipari, | Platform on inside the plant
L. Mangeruca, R. e Start/Stop translation
Checcozzo, F.
Rusina
2009 T. Neubauer, C. Social e Consolidate the existing Availability, Performance
Stummer Security ~ Sector system grchltecmre (Time), Reputation, Cost (Revenue,
based on a given set of
Service business processes Initial/Running Costs)
2010 M.A. Serhani, A. Language e Translate from static, Auvailability, Quality of
Jaffar, P. Campbell, | Translation dyr.laml.c, actlve. content Translation (i.e. Time + Accuracy of
(with different sizes)
Y. Atif Service e Control version Translation), Frequency of Service
e Track changes Invocation
2011 K. Xu, Q. Yu, Q. Bioinformatic | e Analyze the colorectal Reliability, Performance
Liu, J. Zhang, A. | Service cancer studies
Bouguettaya
2012 V. Vescoukis, N. Geospatial e Support the monitoring Real Time (i.e. Performance +
Doulamis, Application and decisions in the Availability + Reliability)
event of a real forest fire
S.Haragiorgou (Integrated incident
Information e Plan early and develop
the scenario
System for Forest
Fire
Management)
2013 R.Z. Xu, B.T. Ji, Travel Agency | e Ensure flight services Benefit, Cost, Time
B. Zhang, P.Y. Nie Service o Ensure hotel services
’ e Ensure other,
independent tourism
services
2013 D. Bruneo, Travel Agency | e Check user Reliability, Time
S. Distefano, F. | Service * Check cr§d1t card
e Book a flight
Longo, M. Scarpa e Pay
e Cancel reservation
2013 M.M. Chen, T.H. Travel Agency | ¢ Buy a computer, pay Response Time, Availability,
Tan, J. Sun, Y. Liu, J. | Service, with a credit card Cost
' _ e Apply for a loan
Pang, X.H. Li Purchasing e Search for an available
Service, Loan flight, hotel, transport,
) local agents’ services
Service with given user
requirements
2014 D.H. Lin, Language e Translate including Adequacy (Accuracy), Time,
T. Ishida, Translation hurpgq and  machine Cost
activities
Y. Murakami, M. | Service

Tanaka
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2015 M. Fahad, Purchasing e Create order Availability, Response Time,
N. Moalla, Service Reputation, Throughput, Reliability
Y. Ourzout
2015 | A. Akhunzada, Travel Agency | e Reserve a ticket Price, Successability (Probability
A. Gani, S. Hussain, | ¢ . * Reserve accommodation | e Success), Time
AA. Khan, e Reserve a car
Ashrafullah e Reserve all tickets,
accommodation, car
e Reserve 2 from 3
services
2016 G.Buyukozkan, Medical e Provide sufficient Reliability, Security, Privacy,
O. Feyzioglu, F. | Service m.edl.cal '1nformat10n Accessibility, Responsiveness,
within a region
Gocer Speed (Response Time), Availability,
Trust  (Reputation), Relevancy
(Accuracy), Performance,
Regulatory [Metrics that were not
related to strict functionalities of Web
Services components themselves, like
friendly user Interface were not
included]
2016 I. El Kassmi, Z. Medical e Ensure health Security
Jarir, A. Obaid Service authentlcat.mn a(.:tlon
o Ensure login action
e Ensure login with email
action
e Ensure patient
permission action
e Ensure data permission
action
e Ensure page permission
action
e Ensure module
permission action
2020 M. Driss, A. Weather e Search for an activity Response Time, Recall
Aljehani, W. Boulila, | Service, Activity | ® Forecast weather (Frequency of Invocations),
e Rent a car
H.W. Ghandorh, | (Sport) Service, | ¢ Book a hotel Precision (Reliability)
M. Al-Sarem Hotel  Service, | ® Watch a film
. . e Order food
Film Service,
Ordering  Food
Service

Source: (Iwanow, Dudycz, & Michalak, 2022).
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