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Today, in the telecommunications industry, service is one of the fundamental concepts. Building
a service architecture is a key stage in the service life cycle. Information systems of telecommunications
providers are designed, implemented and supported by IT companies based on the End-to-End model.
This requires the IT company to solve a number of complex problems. In these conditions, building a
service architecture, implementing and providing a service are divided into subproblems. Solutions to
subproblems must be integrated to determine the coordinated activities of both the IT company and the
provider. In this case, it is necessary to take into account the goals of IT companies, providers and their
customers in such a way that it is beneficial to all parties. One of such subproblems is the formation of
service packages that the IT company offers to providers. The article proposes formal models for the
subproblem of forming service packages that allow taking into account the interests of the IT company
and providers. These are multi-criteria nonlinear mathematical programming models. To solve the
subproblem of forming service packages, a two-stage algorithm and a modified version of the guided
genetic algorithm are proposed. The use of these methods allows us to take into account the interests of
the IT company and providers. Also, such important factors that affect the formation of packages as the
base price of the service, service dependency, discount system, resource and other constraints of the IT
company and providers are taken into account.

The two-stage algorithm at the first stage uses classical algorithms for solving the knapsack
problem, and at the second stage implements a compromise scheme to improve the solution. The second
of the proposed methods uses three types of tools in combination. The first tool controls the convergence
of the genetic algorithm. The second tool determines the choice of the best solutions taking into account
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the features of the multi-criteria problem. The third tool allows to obtain the best solutions to the
optimization problem with the simultaneous choice of a discount strategy. Experimental studies have
confirmed the effectiveness of the proposed methods. Their ability to form the basis of the technology
of forming service packages as a component of the platform for supporting the life cycle of services is
also confirmed.
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1. Introduction

The service approach dominates the telecommunications industry. Information Systems (1S) of
telecommunications service providers support business process systems aimed at achieving business
goals. The architecture of IS of providers usually includes levels of business processes, applications
and technologies. A feature of the telecommunications industry today is the provision of IS to
providers by companies operating in the Information Technology (IT) industry according to the End-
to-End (E2E) model. This requires the IT company to solve a number of complex problems.

A tool for solving these problems can be a platform for supporting the life cycle of services in
IS of telecommunications service providers, the concept of which the authors proposed in the work
[1]. To support the generally accepted stages of the life cycle of services, it is necessary to develop
models, methods and technologies for the implementation of each of the group of relevant interrelated
processes.

In conditions of fierce competition, telecommunications providers are forced to provide
customers with a certain level of service quality quickly, at a price that is beneficial to both parties.
It is the stage of service design, taking into account the characteristic features of the
telecommunications industry, that is decisive for the provision of such services.

The complex problem of service design is decomposed into several interrelated subproblems.
The article is devoted to solving the subproblem of forming service packages. The development of
models and methods for forming service packages is based on mathematical programming
approaches. An attempt has been made to bring together business analysts, service architects and
applications by providing tools designed to quickly assess business objectives, requirements of
telecommunications service providers and define appropriate mutually beneficial service packages.
These tools will form the basis for the implementation of provider IS capable of supporting the
business process system.

2. Literature review and problem statement

In the service life cycle, the design stage occupies an important place, combining business,
functional and technological aspects. This is a complex problem, the solution of which requires taking
into account the following factors and concepts:

1) the variety of services that information and communication service providers provide to their
customers; the concept of a service catalog is used to represent services: the IT company's service
catalog contains descriptions of services that the company provides to providers; the provider's
service catalog contains descriptions of services that the provider provides to its customers;

2) a system of business processes for managing the activities of providers, customer business
processes and third-party business processes supported by third-party products;

3) service configuration portfolios that combine subsets of services from the service catalog
into a single whole based on technological dependence, traditions, business benefits, etc.;

4) processing of commercial offers by customers based on the collection, classification and
analysis of information about products;

5) building a service architecture based on agreed commercial offers;

6) implementing a service based on the architecture and agreed commercial offers within the
framework of order management.

Based on the need to take into account the above factors and concepts, service design support
today is most often carried out through the implementation of the following popular processes:

1) Formation of service portfolios. Formation of service portfolios is based on the service
catalog, the IT company's pricing policy, and all collected data about the provider. It is necessary to
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determine a set of service portfolios formed to meet the needs of specific providers.

2) Configuration of the provider's business process system. Configuration of the provider's
business process system requires support from the IT company's products. This process is based on
the service portfolio, the library of business process descriptions, and all collected data about the
provider. It is necessary to describe the business processes that form the provider's business process
system and require automation of activities by the IT company.

3) Development of a functional design (pre-configuration). Development of a functional design
is based on the results of business analysis, requirements engineering, and descriptions of the
provider's business process system. It also relies on the IT company's product catalog with
descriptions of their components. It is necessary to develop a preliminary configuration that links
business processes, functions, and operations supported by the designed service, products and their
components, as well as identifies the need for changes to products, their components, and expansion
of the product catalog.

4) Validation of the preliminary configuration and formation of the final configuration with
products. Validation of the preliminary configuration and formation of the final configuration with
products is based on the preliminary configuration and the provider's decisions regarding each product
and component. All data collected by the IT company about the provider is also taken into account.
It is necessary to develop a final configuration with product components capable of supporting the
provider’s business process system, based on analysis and the provider’s corresponding decisions.

5) Architecture construction. Architecture construction is based on the final configuration and
involves building a service architecture, considering the variety of telecommunication services,
Business Support System (BSS), and Operations Support System (OSS). A microservice architecture
can be applied, incorporating functional microservices, structural elements of the architectural style,
technological elements, and their connections. These elements determine the interaction within the
service architecture, its behavior, and its ability to support business processes, based on the
descriptions used to design the service.

6) Service implementation in the chain “portfolio —business processes — products — components
— functions” — based on the service architecture, it is necessary to define products, microservices,
settings.

Effective implementation of these processes requires effective technologies based on
appropriate models and methods. This should be done within the framework of a new scientific
direction designed to form theoretical foundations and create practical technologies for supporting
the life cycle of services. There are several variants of the names of this direction, for example,
Service Science [2]. The development of service science is facilitated by the transition from
commodity- and product-oriented thinking to service-oriented thinking, which occurs within the
framework of the service approach.

This approach, based on modern scientific, technical, and managerial concepts, should develop
comprehensive methodologies for creating, supporting, and developing service systems. These
methodologies should include implementation tools built on mathematical models and methods that
ensure services are provided with optimal efficiency, productivity, and sustainability.

In the article, this approach is demonstrated on the example of the subproblem of forming
service portfolios within the framework of service design in IS of telecommunication service
providers. It will allow to form the environment envisaged by the authors of the work [3] in which
globally coordinated resources are economically used to provide necessary and profitable services to
customers, while the services are continuously updated, and their provision is improved, and the user
is moved to the focus of attention.

Let us proceed to the analysis of publications devoted to service design, paying main attention
to models and methods of service design.

The current state of the infocommunications industry is characterized by the development of
technologies focused on user needs in order to maintain a sufficient level of profitability in the face
of growing competition and strict customer requirements [4].

In the activities of IT companies engaged in the automation of the activities of
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telecommunications service providers, the concept of providing services according to the E2E model
is systematically implemented [5]. In the process of adapting to new conditions, the implementation
of the service approach requires models, methods and technologies for tracking industry trends,
market analysis, service interaction, determining Service-Level Agreement (SLA) parameters,
ensuring a certain level of Quality of Service (QoS), security and trust, providing the ability to self-
manage and self-organize, etc. [6].

Supporting business activities through services requires technologies for managing the service
life cycle, implementing inter-service interaction taking into account SLA, ensuring the level of user
service defined in terms of business needs, providing and managing the resources necessary for
providing services, etc. Solving these problems is based on adequate methods of analysis, assessment,
forecasting, generation, selection and justification of the most acceptable technologies and network
equipment, and optimization of parameters. Literature sources devoted to the service approach can
be divided into several groups.

Firstly, sources that offer general concepts for the development of the service approach
regardless of the industry. Since processes in the service sector today affect all areas of human
activity, there is a transition from a product-oriented business model to a service-oriented business
model, which is called servitization [7]. Servitization is widespread among all companies, both
product and service [8]. In the transition to a service business model, servitization is accompanied by
digitalization, allowing product companies to radically transform their business model [9, 10]. The
authors of [11] identified priorities related to service management and delivery and outlined a service
ecosystem capable of influencing critical social and environmental processes. A hybrid approach to
developing an intelligent Product-Service System (PSS) is presented in [12]. User orientation requires
constant evolution of product and service components. The authors successfully use artificial
intelligence models for evolutionary design of PSS.

Secondly, sources that offer general concepts for the development of a service approach in the
IT industry and other high-tech industries. IT services, their role in supporting the business process
system, processes that are critical to ensuring the use, improvement and development of IT services,
advantages, problems, opportunities and practices for implementing IT Service Management (ITSM)
in available literary sources are defined in sufficient detail [13 — 15].

Thirdly, sources that develop models and methods for supporting individual stages of the
service life cycle, primarily design, implementation, provision and others. In [16], the authors
proposed a service design method based on the concept of Information-Technology-enabled Services
(ITeS). An approach to continuous improvement of IT services based on maturity assessments using
Information Technology Infrastructure Library (ITIL) v3 best practices is described in [17]. The
models used, primarily Fuzzy ITIL, allow for an increase in the maturity level in each ITIL cycle. In
[18], the authors develop an approach to modeling ITSM frameworks, such as ITIL, ISO/IEC 20000,
Microsoft Operations Framework (MOF), and Federated information technologies Service
Management (FitSM), using a standardized set of models and their elements, which allows
customization for various processes.

Much attention is paid to the problem of service design. Service design and development are
positioned as a complex problem of high priority in the information systems of telecommunications
service providers, as it consists in creating an environment for achieving business goals and
supporting the life cycle of services. The total cost of ownership is recommended to be reduced by
effectively developing services, processes and technologies, while improving the quality of service
and operational quality by aligning service, performance and management using the concepts of
service catalog, service level, bandwidth, security, supplier selection, service continuity and
availability management [19].

A model and method for designing services in the telecommunications industry based on the
concept of a catalog are proposed in [20]. Optimization of IT service performance is ensured by the
correct selection and establishment of relationships between services using formal mathematical
methods. An important aspect of the approach is the consideration of criticality, value, and downtime
parameters, the requirements for which are defined in agreements concluded with the provider’s
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customers.

Fourth, the sources are devoted to the development of platforms, technologies, and other tools
to support the service life cycle and individual stages. The authors of [21] outline the possibilities of
digital transformation as the basis for providing innovative digital services that allow businesses to
create and receive new values, as well as ensure the readiness of the enterprise to implement digital
changes. The problems, opportunities, models of digital transformation of services, and its impact on
the customer experience are described.

In [22], the impact of digital transformation on the sustainability of companies is analyzed and
a framework is proposed that considers digital transformation as a driving force for ensuring
sustainability. By expanding digital capabilities, the positive impact of integrating digital and
sustainable transformations on increasing the efficiency and productivity of business is ensured, while
balancing economic, environmental and social consequences.

Fifth, sources that consider models, methods and algorithms for solving important tasks for
individual processes of the service life cycle.

Now regarding the formation of service packages. The literature emphasizes that their use
systematizes and improves the process of providing services. Mainly, combining services into
packages is carried out on the basis of analyzing input data and establishing hidden dependencies
between them using statistical methods and methods of intellectual analysis. In addition, to obtain
business-oriented packages, the business goals and strategies of the service provider and recipient are
taken into account.

Unfortunately, the entire range of listed problems has not yet been fully resolved. In particular,
there is a need for a comprehensive approach to the design, implementation and provision of services
and the development of relevant tools — platforms, information technologies, products and
components. Equal attention should be paid to the models and methods that should form the basis for
the creation of these tools. In this regard, the integration of neural networks with fuzzy logic and
mathematical programming models is promising.

3. The aim and objectives of the study

The complex nature of the problems of analysis, assessment, forecasting, accounting, planning,
implementation of services, resource management and others is determined, first of all, by the fact
that the platform for supporting the life cycle of services must cover all stages, all processes of each
stage. The problem of service design is no exception.

In ITSM and other generally accepted regulatory documents of the industry, the problem of
service design is associated with the concept of a Service Design Package (SDPac). In these
documents, the prerequisites for the widespread use of service design tools in practice are the needs
of real-time service management, coverage of all stages of the service life cycle, orientation on client
requirements, proper consideration of business, technical and organizational aspects [23].

To evaluate SDPac and determine the requirements for this package, it is recommended to use
the alignment of services with business needs, manageability of life cycle processes, improvement of
service quality, facilitation of provision of new or changed services, improvement of economic
indicators (for example, reduction of total cost of ownership), increase in efficiency of service
provision.

To solve the problem of implementation, transition to service provision, operation, and
continuous improvement of the service based on the SDPac concept, ITIL recommends using several
key elements. These include agreed business requirements, functional and non-functional
requirements for services, and a plan for transition, implementation, and operation of the service.
ITIL also highlights the need for new skills, competencies, and capabilities to assess benefits,
financial, technical, and resource aspects, as well as business processes, a communication and
reporting plan, timeframes, and quality targets for each stage [24].

The introduction of a service approach into the activities of infocommunication service
providers necessitates the formulation of the problem of service design in a broad sense. The
discussion focuses on service design through the development of a holistic platform to support the
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service life cycle. Taking into account the need to implement scenarios of operations for creating IS
of providers according to the E2E model, the accumulated experience of implementing individual
processes of the service life cycle is utilized. Based on the need for models and methods to form
decision chains within the scenarios "business processes — requirements — products” and ""components
— architecture — implementation," the problem of service design in a broad sense is decomposed into
subproblems:

1) standardization of scenarios of operations for the creation of information systems of
providers according to the E2E model;

2) formation of service portfolios;

3) configuration of the provider's business process system;

4) development of a functional project (pre-configuration);

5) development of the final configuration;

6) construction of the service architecture.

Solving the service design problem involves developing tools for some of the subproblems
listed above. The article proposes models and methods for solving the subproblem of forming service
portfolios:

Input:

— catalog of IT company services;

— pricing policy of IT company;

— data about the provider accumulated by the IT company.

Output:

— a set of service portfolios formed for the needs of specific providers.

The subproblem of forming service portfolios that the IT company will offer to providers of
infocommunication services is essentially a subproblem of forming service packages. But in such a
high-tech industry, it has its own characteristics related to taking into account the nature of services
and their relationships.

The aim of this study to explore the process of forming service packages. The usage of formal
models and methods of forming service packages may lead to improvements in activities of both IT
companies and telecommunications providers.

The objective of the study is the development and evaluation of models and methods for
forming service packages that will form the basis for the effective implementation of a service
lifecycle support platform.

To achieve this goal, the following tasks are set:

—to develop a general approach to solving the formulated problem within the framework of the
service life cycle support platform;

— to develop appropriate mathematical models and methods for forming service packages;

— to assess the effectiveness of the developed methods and provide recommendations for their
application in IS of IT companies and providers to support business processes in various conditions.

4. The study materials and methods of summarization model development
4.1. General description of the proposed solution

The implementation of business processes as the basis for designing services support in IS of
infocommunication service providers created according to the E2E model involves creating a solution
in the form of an intelligent engine that transforms business processes and user business requirements
into product platform settings in such a way as to support services with product components and
technologies on which they are based.

The specified intelligent engine uses specialized models and methods to implement individual
subprocesses and operations, guided by the general model of supporting the provider's activities based
on a neural network with deep learning. Models and methods for individual subprocesses and
operations can be based on traditional methods of mathematical programming, decision theory,
discrete mathematics. For some business processes and subprocesses, artificial intelligence models
can also be used, which the intelligent engine will integrate with other models in such a way as to



Models and methods for forming service packages for solving of the problem of designing services... 35

ensure rational behavior of the IT company and the provider.

In particular, when designing and developing services in IS of providers, from several classes
of framework templates developed in advance for services, an appropriate framework template is
selected based on functional requirements and/or the purpose of the service, and then, using a neural
network, based on non-functional requirements, additional elements and connections are selected that
are added to the service structure.

Two processes occur in a neural network that require appropriate solutions taking into account
the specific features of the problem:

— learning, during which the network selects new, more suitable framework templates and
typical services;

— classification, the network selects a framework template and a typical service based on
functional requirements and/or the purpose of the service and non-functional requirements.

For the first process, it is important that the deep learning neural network includes elements,
connections, basic templates, typical services, requirements. At the output, the network can produce
anew service structure. The basic principle of training is to teach the system to use the most successful
constituent elements and connections to form the necessary architectures, based on the requirements.
In other words, in training, the basic approach should be based on identifying common elements,
relationships, behavior patterns, etc. in the architecture of these services, in the requirements for them
and other components, and to form a new service architecture on this basis.

A system with an intelligent engine, in fact, at the top level models a decision tree based on
functional requirements for services and determines a set of products and their components that will
be used to provide services to the provider, and at the second level selects and applies neural networks
and other models, methods and technologies for configuration and parameter determination. At the
top level, the logic for solving the problem of supporting activities related to organizing the
interaction of processes of all stages of the service life cycle is implemented (this article is about
design and development, but in general it is necessary to take into account all stages). At the bottom
level, the logic for executing individual processes, subprocesses, or even operations based on the
input data defined at the top level and the selected appropriate technologies is implemented.

To implement such a system, it is necessary to use several important data sources — the type
and parameters of the service, functional requirements for the service, customer features (size,
complexity, domain...), non-functional requirements, and others, which will allow you to choose the
basic architecture of the service for the client, which is then expanded by adding new elements,
relationships, templates, typical services. That is, the system regularly analyzes already known
services, calculates the ratings of these services, and determines acceptable, common requirements
for services. Thus, each service in the system is evaluated in the process of its provision in real time,
and in addition, statistical assessments of efficiency and other parameters important for decision-
making at the stage of business analysis are calculated for each service. It is important to have these
assessments for each service as a whole and for the same service in relation to each client. To do this,
it is necessary to implement a detailed description of services, architecture, structural elements,
relationships, functional and non-functional requirements, and implement an appropriate system for
collecting information, evaluating efficiency, and other indicators important for business for the IT
company, provider, and client. It is also important to get ratings directly from users, for example
through social media.

When implementing such a system, various problems will arise, such as managing cloud
resources for the effective functioning of the intelligent engine, platform, neural networks and other
technologies. To obtain samples of architectures and estimates from IT companies, providers and
customers, it is necessary to develop a standard form for submitting architectures and estimates, for
example in vector form.

All solutions proposed in the second stage are corrected by the service architect.

4.2. Mathematical models of the problem of forming service portfolios
Consider an IT company that provides services from the set: S = {S;,S,, ..., S,,,}, and a set of
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providers P = {P;, P,, ..., P, } that are interested in obtaining the opportunity to provide services from
the set S to their clients.
Services are not independent. The following options for connections between them are possible.
Option 1. To provide service S; a set R; of services is known that are necessary to ensure its
provision:

Ry ={S},...SL}i=1,..k (1)

where n; is the number of services necessary to support the provision of service S;.

In this case, services from the set R; must be located at providers simultaneously.

Option 2. All services are divided into q subsets (hereinafter referred to as groups) of
interdependent services: Vi, V5, ..., V,, such that the following condition is met:

U?=1 I/l = {SIJ Sz, ...,Sm}, (2)

Ri={S},..SL}i=1..k ©)

In this case, services should be placed in groups with providers. The formation of these groups
occurs as follows. First, a relationship graph is constructed, where each edge indicates the dependence
of one service on another. Then, connectivity components are identified, each of which forms a
separate group. This article focuses on option 2.

In addition, the following values are also known.

Option A. The base price c;; of service S;, which provider j pays to the IT company for its
provision during the planning period (i = 1, ...,k;j = 1, ..., m). Here and below, all cost values are
tied to the selected planning period (month, year, etc.).

Option B. The value v;; of service S; for an IT company, if this service is ordered by provider
j(@i=1,..,kj=1,..,m)), sometimes this value can be taken as the IT company's income from
providing service S; to provider j. To estimate this value, you can also use a statistical approach or
methods of assessing potential opportunities, for example, forecasting.

This article focuses on option A.

Variables

An IT company faces the question of how to form service portfolios for each provider.
Accordingly, the variables sought are:

o { 1, if service group V; is included in the portfolio of provider j,
Y= 0, if service group V; is not included in the portfolio of provider j, 4)
l=1,..,q,j=1,..,m;

o { 1,if service S; is included in the portfolio of provider j,
Xij = 0,if service S; is not included in the portfolio of provider j, (5)
i=1.,kj=1,..,m

Constraints

Services included in the group V;, L = 1, ..., g, must simultaneously be included/not included in
the portfolio of provider j. Therefore, for each service S; from the set V; (I = 1, ..., q) the condition
must be satisfied:

xl]:yl], ]:1,,m (6)

Constraints from the IT company
A constraint that takes into account the limited human resources of the IT company intended to
support all its services:

1 X7 Bijxij < B, (7)

where, 8;; —the amount of human resources used to provide service S; to provider j, human resource
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units for the planning period (hereinafter referred to as the labor intensity of the service); B — the total
available amount of human resources of the IT company, human resource units for the planning
period.

Constraints from providers

Various constraints may apply from the providers' side, the most common are constraints on
the relative value of services and constraints on the values of quantitative SLA indicators.

Let:

d;; —income of provider j from providing service S;, cost units (i = 1,...,k, j = 1,...,m);

b;; — costs of provider j when providing service S;, cost units (i = 1, ...,k, j = 1,...,m);

yij — minimum relative value of service S;, provided by provider j (i = 1, ...,k, j = 1, ...,m);

S —set of SLA indicators by which services are evaluated, |S| = 7;

smin ¢ § _set of SLA indicators for which minimum threshold values are set (i.e. actual values
of indicators cannot be less than these threshold values);

Smax c § — set of SLA indicators for which maximum threshold values are set (i.e. actual
indicator values cannot be greater than these threshold values);

pf — value of SLA indicator z of service S; in the IT company's service catalog (i = 1, ..., k,
z =1, ...,r) (threshold values of indicators are set);

S; €S — subset of SLA indicators by which provider j evaluates services included in its
portfolio (j = 1, ..., m);

Sjmi”,S-max C S; — subsets of SLA indicators by which provider j evaluates services and for
which minimum/maximum threshold values are set;

p{; — value of SLA indicator z of service S; in the service catalog of provider j (i = 1,...,k,
j=1,..,m, z€S)).

Taking into account the introduced notations, the constraint on the relative value of each service
of the provider's portfolio j, has the form:

dij . )
Yijxij < b—ij_, i=1,..,kj=1,..,m. (8)
The constraints on the values of SLA indicators have the form:
pf = pixi, i=1,..k j=1,..,m, z€S§"¥, 9

pix; < pf,i=1..,k j=1,.,m, z€ Sj"‘"". (10)

Taking into account the introduced notations, the constraint on the relative value of each service
of the provider's portfolio j, has the form:

Objective functions

Each of the parties (IT company and providers) pursues its own economic goals, so it makes
sense to consider this situation from the perspective of both those who receive services and those who
provide them.

Objective function (IT company)

The IT company needs to determine the most profitable way of providing services to a set of
existing providers, which will use them to ensure the provision of relevant services to their clients,
i.e., it is advisable for the IT company to form the portfolios of provider services in such a way as to
maximize the total revenue from providing them to a set of existing providers:

F =3¢ 20 cij(1— wy)x;; — max, (11)

where, w;; — is the discount to the base price c;; for service S; provided to provider j, i =1, ..., k,
j=1..m0<w; <1

Objective function (providers)

In general, providers may be given discounts, for example: discounts on specific services;
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discounts on each additional service (group) added to the provider's portfolio; discounts depending
on the number of services in the portfolio, etc.

The following system of discounts for providers is used in the work: w;; — discount on service
Si, when providing it to provider j,i =1,..,k,j=1,..,m, 0 < w;; < 1.

Therefore, the criterion for assessing the profitability of the service portfolio from the point of
view of provider j,j = 1, ..., m will be as follows:

Q; = {le(dij —¢;;(1 — wy5))x;j > max. (12)

Problem (4) — (12) belongs to the class of multi-criteria Boolean programming problems.

In this model, the variables (unknown quantities) can include not only y;; (1 =1, ..,q,j =
1L,..m) and x;; (i =1,..,k,j=1,..,m), but also the discount values w;; (i =1,..,k;j =
1, ..., m). In this case, the problem belongs to the class of nonlinear problems.

The basic research model in this work is a simplified mathematical model of the problem
situation, which does not take into account the constraints (8) — (10) and the objective functions (12),
hereinafter referred to as the problem T'(w)), in which the values w of discounts are conditionally
constant and the goal is to maximize the objective function (11).

Problem T'(w)

Given: Cl'j' i = 1,,k,] = 1,...,m; Vl’ l = 1,,q, Bl] i = 1,,k,] = 1,...,m; B, (,l)ij i =
1,...kj=1,..,m.

Find: y; (I=1,..,q,j=1,..,m) and x;; (i =1,..,k,j = 1,...,m) such that satisfy the
constraint

xij=yp i€V, l=1.,q9j=1,..,m, (13)
y; €{0;1}, 1=1,..,q,j=1,..,m, (14)
x;; €{0;1}, i=1,...kj=1,..,m, (15)

1 2T Bijxij < B, (16)

and maximize the functional

F=3%, 2 ci;(1— wi)x;; - max. (17)

4.3. Methods for solving the problem of forming service portfolios

The specificity of the problem (5) — (10), in particular the nonlinear nature of the objective
function and constraints, high dimensionality, suggests the use of heuristic algorithms. Genetic
algorithms and the bee swarm algorithm are traditionally used in the case of search spaces with many
extrema, the presence of noise, and high dimensionality of the search space. In other cases, brute
force search and gradient methods can be effective.

The paper proposes the Combined Two-Stage Exact-Approximate Method (CT-SE-AM) and
the author's version of the genetic algorithm — the Modified Version of Guided Genetic Algorithm
(MVGGA). The first of them uses at the first stage classical methods for solving the knapsack
problem or the Heuristic Method (HM) specially developed taking into account the specifics of the
problem, and at the second stage implements a compromise scheme to improve the solution. The
second uses specially developed tools for managing the convergence of the genetic algorithm in
combination with tools for selecting the best solutions taking into account the features of the multi-
criteria problem.

The GA was chosen due to the requirement for more than just a method to solve an optimization
problem. In fact, the problem of choosing a portfolio of services requires an approach that involves
solving not one problem, but solving problems of several classes with the choice of the best solution.



Models and methods for forming service packages for solving of the problem of designing services... 39

Here it is necessary to take into account both variables and parameters of a certain behavior.
Therefore, the choice of GA for our problem is justified. It has important advantages over other

approximate methods. These advantages consist in the possibility of simultaneous combination of

variables in the solution structure and the parameters of the problem when searching for a solution.

4.3.1. Combined two-stage exact-approximate method

Description and justification of the combined two-stage exact-approximate method

As mentioned in subsection 4.2, the basic model of the study is the problem T (w).

The solution to the problem T(0) is optimal for the situation corresponding to zero discount
values for all providers (w = 0). It is quite possible that providing discounts on certain/all services to
the provider(s) will lead to an improvement in the situation in the sense that the revenues of the IT
company and/or providers will increase.

The purpose of further research is to determine the so-called effective discount system w, which
will be to some extent beneficial for both parties. Here, profitability is understood in the sense that
one of the conditions is met:

1) there is an improvement in the objective functions (OF) F and all criteria for the profitability
of the service portfolio from the provider's ®; point of view;

2) the total relative deterioration of these functions is less than the total relative improvement
of the others.

To determine an effective discount system, the process of solving the problem is proposed to
be divided into two stages:

Stage 1. At this stage, the optimization problem T'(w = 0) is solved using HM. In this case,
such portfolios of services for providers will be determined, under which the IT company will receive
maximum income at zero discounts.

Stage 2. At this stage, for the selected provider(s) or group of services, discounts that are
mutually beneficial to the parties are selected using a certain iterative procedure, while for each new
set of discounts w the optimization problem T (w) is solved.

In the process of searching, the relative changes in the OF values are monitored.

Heuristic method for solving the problem T (w)

The idea of HM is based on the use of the so-called “value” of a unit of labor intensity of a
group of services, which is equal to the ratio of the total price of a group of services to their total labor

intensity.
Pseudocode of HM

1 Input k
q
m
V, 1l=1,..,q
Cij, 1= 1,..kj=1,..m
Bij,i=1,.. . kj=1..,m
B

2  Parameter ow;ii=1,..kj=1,..,m

3 Output vii, l=1..,¢;j=1,...m
Xij, 1= 1. kj=1,..,m
F
CD]-, j=1,...,m

3 forlfromltogq

4 for j from1tom

/] Total price of services of group V/;
5 Cij — Zsievl cl-j(l - (ol-j) for provider j, taking into account
discounts



40 Information, Computing and Intelligent Systems N2 5, 2024

// Total labor intensity of support of

6 Hiy = Zsier By all services of group V; for provider j

7 My — Cij /I "Value™ of a unit of labor intensity
S Hy of services of group V; for provider j

8 Endfor

9  Endfor

10 Order pairs by non-increasing values n;;

11 y«<o0

12 D(y)«< 0

13 forgfromltog-m

14 if (B—D(y) = H,;) then

15 yij <1

16 D(y) « D(y) + Hy;

17 Endif

18 Endfor

19 Calculate the corresponding values of all OFs

At Stage 2, the following strategies for selecting a provider or group of providers can be applied:

a) gradually, with a certain step, the discount on the most used services is increased;

b) gradually, with a certain step, the discount on the least used services is increased;

c) gradually, with a certain step, the discount on providing services to the provider with the
smallest value of ®; is increased;

d) gradually, with a certain step, the discount on providing services to the provider with the
largest value of @; is increased,

e) gradually, with a certain step, the discount on providing services to the provider with the
largest number of service groups is increased;

f) gradually, with a certain step, the discount on providing services to the provider with the
smallest number of service groups is increased;

It is worth noting that usually the provider with the largest (smallest) value of ®; usually has
the largest (smallest) number of service groups, although in rare cases this may not be the case.

4.3.2. A modified version of the guided genetic algorithm

Description and justification of a modified version of the guided genetic algorithm

As mentioned earlier, the aim of the study is to determine the so-called efficient discount system
o, which will be to some extent beneficial for both parties. This means that it is necessary to find a
solution to the following (mm + 1)-criteria mixed programming problem.

The problem

Given: cpi=1L.,kj=1.mV, l=1.,¢8;i=1..,kj=1,.,m;B.

Find: w;i=1,.,kj=1.,m and yij(l=1,..,q,j=1,..,m) and xij(i=1,.,kj=
1, ...,m), such that satisfy the constraint

Xij = Yijs ie,l=1,..,qj=1,..,m, (18)
yi; € {0;1}, l=1,..,q,j=1,..,m, (19)
x;; € {0;1}, i=1,.,kj=1,..,m, (20)

0<w;<099, i=1.,kj=1.,m, (21)
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?:1 Xt Bijxij < B, (22)

and maximize the functionals
F=XF1 X cij(1 — wy)x;; - max, (23)
Q; =X (di; — ¢;j(1 — wip))x;; » max, j=1,..,m. (24)

Since services must be placed in groups with providers, this task can be simplified by removing
the variables x;;, because the variables y,; uniquely determine the values of the variables x;;.
The problem T

Given:
Cij = Zsievl cGj, l=1.,¢j=1..m (25)
Hj = Xsev By, L=1,,q3j =1,..,m, (26)
Djj = Xsev, dij, 1=1,,q;) =1,..,m. (27)

Find:w; (l=1,...,q¢;j=1,..,m)and y,;; (I = 1,...,q,j = 1,...,m), such that satisfy the
constraint

y; €{0;1}, 1=1,..,q; j=1,..,m, (28)
0<w;<0991=1,..,qj=1,..,m, (29)
L XM Hijyi <B, (30)

and maximize the functionals
F=Y_ %" C,;(1—w;)y, - max, (31)

CI)] = Z?:l(Dlj - Cl](l - wl])))’l] — max, ] = 1, e, M. (32)

Thus, a multi-criteria nonlinear Boolean programming problem T arises, the solution of which
will be represented by two components:

— component 1 is a Boolean matrix of genes, the values (0 or 1) of which correspond to the
corresponding values of Boolean variables of the matrix Y of size g X m, which is an admissible
solution to the problem;

— component 2 is a discount matrix w of size g X m, the values of which belong to the
continuous interval [0,1).

The developed MVVGGA is based on the Holland genetic algorithm [25], which was modified
taking into account the specifics of the problem being solved.

Traditional concepts of genetic algorithms include population creation, selection of parent
individuals, implementation of crossover, mutation, population restoration and update. Consider the
features of the developed genetic algorithm operators.

Creating the initial population

The initial population contains a given number of randomly generated individuals and does not
contain repetitions.

As is customary, each individual will be evaluated by the measure of “adaptability to the
conditions of existence”. The adaptability of an individual y is defined as the total value of the revenue
functions of the IT company and all providers on the matrix Y of solution variables corresponding to
the individual:
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f) =FQ)+ X2, @) (33)

Parents' choice
It occurs according to the Goldberg roulette rule [26], according to which the probability of
selecting an individual y* as a parent is directly proportional to the value of its fitness:

N _ _fOY
p(y") = o0 (34)

where, f(y!) — the adaptability of individual y¢, N is the number of individuals in the population.

At each step, % pairs of individuals are selected according to this rule.

Crossover

A single-point crossover is performed for a pair of selected parent individuals. For this, a
breakpoint is randomly selected and two genotypes of the offspring are formed.

Mutation

The mutation of an individual is carried out according to a probabilistic scheme by changing
each bit to the opposite with a probability of 1/10000.

Since the matrix Y has dimensions g x m, the probability of mutation of an individual is (g X
m) /10000 and for small values of the product g x m, the mutation of the individual may not occur.
In this case, the attempt to mutate this individual is repeated.

Algorithm convergence control

To control the approximation of the result to the best solution, a system of rules based on the
principle of mode switching has been developed — the search is accelerated if the approximation steps
during the algorithm are large enough, the algorithm switches to expanding the use of useful
chromosomes if the approximation steps decrease.

The system of rules (described below) maintains a balance between expanding the search space
for the optimum and effectively using all chromosomes useful for obtaining the best solution.

In this case, obtaining a new population of individuals based on representatives of the past era is
not carried out by sequentially executing the crossover and mutation operators, but by balancing
between the search for:

— new promising areas for obtaining effective solutions that may contain the desired optimum,
which are not included in the studied space of mutations of the best representatives of the current
population (using mutation);

— the best solutions, which can be both local and global, in new areas (using crossover).

Which operator (crossover or mutation) will be used to obtain the population of the next epoch
is determined based on a system of rules (rules 2 and 3). In general, the algorithm focuses on crossover
until the current solution is significantly improved. When the growth of the local optimum slows down,
a transition occurs to search for new regions with better solutions.

Recovery

During the process of crossing over and mutation, unacceptable solutions may be obtained. In
order to ensure that only solutions that are permissible under constraint (28) are used, an individual
repair operator has been developed, which is based on the rule “remove the worst".

Determining the record solution

Since this is a multi-criteria problem, to determine the record solution, the rules of the advantages
of the solution over others in terms of the values of the criteria are defined, provided that the constraints
are met. The concept of determining the record solution uses the presence of two objective functions
— for the IT company (F) and providers (& = X7, ®;), taking into account the possibility of discounts.

It is required that in the process of solving the problem, the values of both functions improve or the
deterioration of the value of one function is compensated by a significant improvement in the other
(rule 5).

Population update

An individual is added to the population provided that it is more adapted than the worst
individual, and (to avoid repetitions) is not contained in the current population.
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Generalized scheme of the method
1 Input q

2  Output wi, l=1.,¢j=1..,m
yl]' l_ll Jq)]_lﬁ Jm
F
dDj,j=1,...,m

/l'if p = 1, then the crossover is implemented

3 p=1 /l'if p = 0, then the mutation is implemented

4 we0

5  while condition 2 not met do

6 Create an initial population

7 Determine the record solution

8 while condition 1 not met do E

9 Choose N /2 individuals =

10 if p =1 then A=y

11 Split the selected individuals into pairs ﬁ

12 Cross selected pairs b
> c

13 else 3

14 Mutate each selected individual =

14 endif S

16 Update population o

17 Update the record solution if necessary

18 Recalculate the value of p

19 end while _

20 Change w

21 Reevaluate the population’s individuals

22 Update the record solution if necessary

23 end while

Steps 6-19 implement MVGGA for solving the Boolean programming problem T (w) for a
specific value of the discount matrix w. Condition 1 of the MVGGA termination is given by rule 1.

The outer while loop 5-23 of the method controls the discount values w according to a certain
strategy. Condition 2 of MVGGA termination is given by rule 6.

As a discount setting strategy, it is proposed to take the strategies described in subsection 4.3.1,
generalized in a certain way. For example, according to strategy a) the most used services can be
determined:

— by the current record solution;

— by the top solutions of the current population.

Description of the developed system of rules

The modified version of the guided genetic algorithm uses the well-known idea of controlling
the convergence of the algorithm and introduces a new concept of selecting solutions taking into
account the multi-criteria nature of the problem.

The control of the convergence of the algorithm is aimed at achieving a reasonable compromise
between the number of algorithm steps and the accuracy of the solutions. For this purpose, a system
of rules for controlling the selection, crossover and mutation operators in the process of solving the
problem is used based on the current results, history and values of a number of additional parameters
[27]. New additional parameters take into account the peculiarities of the problem and give the genetic
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algorithm the ability to quickly converge to a result that is close enough to the optimum.

The steps of controlling the convergence will also be important for the modified guided genetic
algorithm as a whole:

To formulate the modified version of the guided genetic algorithm, it is necessary to change the
system of parameters.

In this case, it is advisable to leave the traditional population growth rate

kg = ﬁ’ (35)

where, [ is the number of descendants obtained in the current iteration of the genetic algorithm, N is
the population size;

It is suggested to enter the following additional parameters.

1) To assess the degree to which the current population is approaching the optimum, the two-
sided selection pressure p is introduced:

— Fmax"'(bmax (36)
F+o '’

where, F,,., IS the maximum value of the objective function F for the current population, ®,,,,, IS
the maximum value of the objective function @ for the current population, F is the average value of
the objective function of the IT company for the current population, ® is the average value of the
objective function of providers for the current population.

In essence, the new parameter is defined as the ratio of the maximum sum of the values of both
OF to the average sum of the values of both OF in the population of the current epoch. In this case,
the optimality criterion is assumed to be the maximization of the value of the fitness function.

_ Smax

Traditionally, genetic algorithms have used for this purpose selection pressure p = 7o where, f

is the search OF, £, is the maximum value of the OF for the current population, and f is the average
value of the OF of the current population.

It is worth remembering that by definition, the traditional selection pressure cannot be less than
the value 1. The same applies to the proposed two-way selection pressure.

2) To assess the trend of change in the convergence of the genetic algorithm when moving from
epoch to epoch, the relative rate of approach to the optimum is used:

’A\i—l,i = pl%ipl, (37)
where p;_, and p; are the two-sided selection pressures calculated from the results of iterations i — 1
and i respectively. The relative rate is defined as the weighted difference between the values of the
two-sided selection pressures of the populations of the previous and current epochs. Previously, the
pressure change rate A;_; ; = p;—; — p;was used for this.

Based on them, the set of rules is expanded to determine the operators for obtaining the
population of the next epoch during the algorithm operation.

Rule 1. There are two traditional options for completing the GGA:

— if kg > kypax, Where kp,q, is the limiting (maximum) possible number of generated
individuals;

— if the number of consecutive iterations, during which the record solution does not change,
reaches the established limit value.

Rule 2. The rule for forming the population of the next epoch using the crossover operator when
finding the best solution to the problem using the entered parameters takes the form

if /A\i—l,i >0 then P = 1. (38)

The logic of using the rule has not changed — it is worth preserving the best solution by moving
from the "research™ strategy to the "use" strategy.
Rule 3. The rule for forming the population of the next epoch using the crossover operator
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under uncertainty using the entered parameters takes the form
if (8i—1; =4,,)and (p; = p,,)) thenp =1, (39)

where, er is the limiting value of the relative speed of approach to the optimum, p,,, is the limiting

value of the two-sided selection pressure.

The rule implements traditional logic in conditions when the nature of the convergence of
processes is still uncertain, there is no convergence to the “local” optimum.

Rule 4. The rule for forming the population of the next epoch using the mutation operator in the
absence of real progress in finding a better solution to the problem using the entered parameters takes
the form

if (Bi_y; < er)or (p; < prp)) thenp = 0. (40)

This rule implements traditional logic — when the process of improving the solution
significantly slows down, mutation is used to obtain the population of the next epoch, i.e., a transition
is made from the "use" strategy to the “research" strategy.

Rule 5. A rule for determining the current record solution is added. This does not require
improving the solution simultaneously for the IT company (function F) and for providers (function
®). The logic of this rule is to use the improvement of the sum of the values of both functions in the
process of solving the problem, when the deterioration of the value of one function is compensated
by a more significant improvement in the other.

Rule 6. The traditional for the guided genetic algorithm rule of stopping the algorithm and
determining the solution is preserved.

However, the termination condition is changed so that the relative speed must be less than the
specified value for a certain number of iterations.

The logic is traditional — if the adaptability function of the best individual of the current epoch
deteriorates relative to the previous epoch, then before stopping the process it is worth making several
attempts to search for a potentially effective solution region, and in case of failure, record the correct
epoch with its search result.

To organize process control in a modified version of the controlled genetic algorithm, the user
must specify the initial values of the traditional and new parameters k., er, prp. The traditional
recommendations for the guided genetic algorithm can be applied to the selection and modification
of the values of these coefficients.

5. Results of investigating summarization effectiveness
5.1. Experimental results of the combined two-stage exact-approximate method
Here are some results of the experiments.

Results of an experimental study of the proposed strategies for effectiveness
Experimental study of strategy a)

The results of applying a two-stage algorithm using strategy a) are shown in Figures 1 — 3.
These results were obtained when solving the problem with the following parameters: the number of
services k = 20; the number of providers m = 3; the number of service groups g = 6; the available
human resource B = 68; the value of services c;; € [1,20]; the labor intensity of services B;; €
[1,20]. How the amount of discount on the most used services, obtained as a result of solving the
problem T(0), affects the change in the revenues of providers and IT companies is shown in Fig. 1.

The dependence of the relative changes in the total revenues of all providers, the revenue of the
IT company, and the sum of these values on the discount value is presented in Fig. 2 (the discount
change step was 5%). As can be seen from the graph, there is a range of discount values at which the
relative improvement of one objective function is greater than the relative deterioration of the other.
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Relative changes
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80%

30%

-20%

-70%

-120%

_'._.__4__;__.._..._..-_.__.._..._..__..__.__.

Discount

= &= Relative change in the revenue of provider 1 (%)

L

«+ 4. Relative change in the revenue of provider 2 (%)

== &= Relative change in the revenue of provider 3 (%)
L

- Relative change in the total revenue of all providers (%)

—@— Relative change in the revenue of the IT company (%)
—8-— Total value of changes

Fig 1. The impact of the size of the discount on the most used services on the change in the
revenues of providers and IT companies
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10%

0%

-10%
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-20%
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-40%

Discount
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—8— Relative change in the total revenue of all providers (%)
=8 Relative change in the revenue of the IT company (%)
=@=Total value of changes

Fig 2. Dependence of relative changes in the total revenues of all providers, IT companies and the
sum of these values on the discount amount

To identify the most advantageous discount value at stage 2, the discount value was varied from
10% to 30% in 1% increments. The corresponding results are shown in Fig. 3.

The best results correspond to a 13% discount on the most used services.

The results of applying CT-SE-AM using strategy a) to solve the problem, which differs from
the previous one only in the amount of available human resources B = 60, are shown in Fig. 4. As
can be observed, an improvement in the values of both objective functions occurs for all discount

values.
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Fig 3. Identifying the most advantageous discount value at stage 2 by changing the discount value

Relative changes

Fig 4. Results of applying strategy a) CT-SE-AM for solving the problem with the amount of

from 10% to 30% in 1% increments
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available human resource B = 60
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The results of applying CT-SE-AM using strategy a) to solve the problem, which differs from
the previous one only in the amount of available human resource B=50, are shown in Fig. 5.

10.00%

Relative changes
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—e—Relative change in the total revenue of all providers (%)

—e—Relative change in the revenue of the IT company (%)

=8=Total value of changes

Fig 5. Results of applying strategy a) CT-SE-AM for solving the problem with the amount of

available human resource B=50

Experimental study of strategy b)

Strategy b) using CT-SE-AM for solving the problem T'(w) does not allow obtaining a solution
that is more advantageous than the solution to the improvement problem 7 (0).

Experimental study of strategy c)

The results of applying CT-SE-AM using strategy c) to solve the original problem (B=68) are

shown in Fig. 6.
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Fig 6. Results of applying strategy c¢) of CT-SE-AM for solving a problem with the amount of

available human resource B=68
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The results of the study of other proposed strategies for effectiveness confirmed their practical
significance, but due to lack of space, they will be considered in subsequent articles by the authors.

Results of an experimental study of the proposed strategies for sensitivity

The results of the research also showed that the model is sensitive to the values of the value B.
Therefore, a post-optimal analysis of the model for the feasibility of changing this parameter of the
problem seems useful. The results of applying CT-SE-AM using strategy a) are shown on Fig. 7.
These results were obtained when solving the problem with the following parameters: the number of
services k = 70; the number of providers m = 14; the number of service groups q = 8; the value of
services c;; € [1,30]; the labor intensity of services B;; € [1,10]; the available human resource B
varied from 100 to 120. At the same time, for each value of B, 100 problems were solved, which
differed in discounts (from 0% to 99%). For each value of B, the number of discount values was
calculated, at which there was an improvement in the solution compared to the solution with zero
discount.

35 33 33
31 31 31

30 28 28 28 28 28 28

25 25
25

20

15

Number of discount values

10

0 0
0 >
100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120
B (units)
Fig 7. Results of applying strategy a) CT-SE-AM for solving a series of problems with the values of
available human resources B € [100, 120]

The results of the study on the sensitivity of other proposed strategies turned out to be quite
interesting and will also be considered in the next articles of the authors.

In general, the results of experimental application of various strategies of CT-SE-AM have
demonstrated that it can be very useful in conditions of constant market changes. Indeed, for
businesses, this provides an opportunity to choose an appropriate pricing strategy and obtain a
mutually beneficial solution for the IT company and providers.

In addition, the proposed method can form the basis for the implementation of modern IS tools
to provide business managers with solutions that they expect in the new conditions of cooperation
with IT departments.

5.2. Experimental results of the application of MVGGA
The experimental study of MVGGA was carried out with a dual purpose. First, according to
tradition, the effectiveness of the method was assessed. Second, it was important to determine the
conditions under which the application of this method gives the best results.
The most convenient form of conducting the experiment in this case turned out to be a
comparative study of the effectiveness of the two methods proposed in the article.
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The specific features of the two-stage CT-SE-AM method, in which the second stage consists
of applying discount strategies, and MVGGA, in which the choice of discounts is part of the general
system of rules, led to the conduct of an experiment to compare the effectiveness of the two methods
in solving the T(0) problem.

Thus, the experiment was conducted to compare the effectiveness of the developed methods. In
essence, the experiment was reduced to a comparison of HM and MV GGA effectiveness for solving
problems T of various dimensions in which w = 0.

The results of the comparative analysis of the effectiveness of HM and MVGGA with an
extended set of rules are given in Table 1.

Experimental results indicate that both algorithms are viable, but their effective application
depends on the parameters of the problem.

Table 1. The comparative analysis of HM and MVGGA

Task % when the best result is
type Task parameters/ Number of obtained by the algorithm
aumber MVGGA parameters tasks generated MVGGA HM
m=5,q=25,
1 ¢;j € [1,20], d;; € [50,80], 50 98% 2%
B =450,N =50
m = 10, q = 10,
2 ¢;; € [1,20], d;; € [50,80], 50 92% 8%
B = 1350, N =100
m = 15, q = 20,
3 ¢ij € [1,20], d;; € [50,80], 20 6% 94%
B = 2500, N = 150
m =15, q = 20,
4 ¢ij € [1,20], d;; € [21,30], 20 90% 10%
B = 2500, N = 150

In addition, the experimental results of the developed methods effectiveness confirm that, based
on the proposed models and methods, it is possible to supplement the work methods supported in the
IS of IT companies and providers with new tools for optimizing, decision-making and using
discounts.

6. Analysis of the obtained results

The obtained “not good” results of the guided genetic algorithm for problems of type 3 are
explained by the fact that in these problems, for each solution, the value Zﬁzl @, significantly exceeds
the value of F, therefore, according to the principle of compromise selection of the record solution,
the solution obtained by the CT-SE-AM (the goal of which is to maximize the function F) will usually
be the best. A completely various situation occurs when the values of the values of F and Z?zl d,; are
close or do not differ much, which is demonstrated by the results for problems of type 4.

Increasing the number of individuals in the guided genetic algorithm population increases its
efficiency, but leads to a significant increase in the time for solving problems.

The obtained results show, the MVGGA can take into account both the structure of the solution
of the problem and the features of changing the parameters of behavior that determine the classes of
problems. This means that we can solve a more complex problem. Indeed, we need not just to find a
solution to a certain problem, but to choose the best of the behavior strategies. Those strategies that
generate a set of problems. And it is among the solutions to these problems that we are looking for
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the best. Thus, the GA has advantages over other methods. Like other methods, it allows you to
choose the values of variables that give a good approximation to the optimal solution. But it also
allows you to change the parameters of the problem in the process of solving.

The general trend that the experimental results allow us to see suggests that the best results are
mainly provided by the modified version of the guided genetic algorithm. But with an increase in the
dimensionality of the problem, the application of the guided genetic algorithm requires more and
more time. This suggests a direction for further research aimed at determining the critical
dimensionality of problems for which the application of the guided genetic algorithm is justified.

Another direction of further research is related to the integration of the algorithms proposed in
the article. This integration will be based on the multi-stage nature of these algorithms. For example,
taking into account the results obtained, it is possible to significantly increase the efficiency of the
developed MVGGA by obtaining one of the solutions of the initial population using heuristic
algorithm.

7. Conclusion

A model and methods for solving the subproblem of forming service portfolios within the
framework of the complex problem of designing complex infocommunication services are proposed,
based on the ideas of mathematical programming and artificial intelligence. The model of forming
service packages is a classic Boolean programming problem with two criteria that are related to the
benefit of both parties. The constraints allow us to take into account the interrelationships of services,
the availability of human resources, the value of each service in the portfolio, and the requirements
for SLA indicators.

The combined two-stage exact-approximate method and the modified version of guided genetic
algorithm are proposed to solve the problem. Multi-criteria, the presence of continuous, integer and
Boolean variables, and various constraints in the constructed models determined the complex nature
of the developed methods, combining exact and approximate approaches. The study of the results of
the application of the developed methods allowed us to determine the areas of their effective
application.

The models and methods proposed in the article are notable for their ability to expand the
working approaches used by IT companies and providers under modern business conditions in this
industry. By enhancing the arsenal of tools for optimizing decisions made by managers of IT
companies and providers, the proposed models and methods enable more effective use of discount
systems. It is important to emphasize that both the interests of IT companies and the interests of
providers are taken into account.

Further research is related to the development of methods for training a neural network with a
change in its structure, which is very important for the development of a methodology for analyzing
real platforms supporting the life cycle of services.

References

[1] V. Chimshir, S. Telenyk, O. Rolik, and E. Zharikov, "Platforma pidtrymky zhyttjevogo zyklu
servisiv. w informazyjnyh systemach provajderiv informazyjnno-komunikazyjnyh poslug,"
Adaptive Systems of Automatic Control, vol. 1, no. 42, pp. 15-25. https://doi.org/10.20535/1560-
8956.42.2023.279172.

[2] J. Spohrer and S. K. Kwan, "Service Science, Management, Engineering, and Design (SSMED):
An Emerging Discipline - Outline & References," International Journal of Information Systems
in the  Service Sector, vol. I, mno. 3, pp 1-31,  Jul-Sep.  2009.
https://doi.org/10.4018/jisss.200907010.



52 Information, Computing and Intelligent Systems N2 5, 2024

[3]J. Olah, N. Kitukutha, H. Haddad, M. Pakurar, D. Maté, and J. Popp, "Achieving Sustainable E-
Commerce in Environmental, Social and Economic Dimensions by Taking Possible Trade-Offs,"
Sustainability, vol. 11, no. 1, p. 89, Jan. 2019. https://doi.org/10.3390/su11010089.

[4] Y. Zhu, H. M. Xie, and L. Chen, "ICT industry innovation: Knowledge structure and research
agenda," Technological Forecasting and Social Change, vol. 189, p. 122361, Aug. 2023.
https://doi.org/10.1016/j.techfore.2023.122361.

[5] H. Maddern, P. A. Smart, R. S. Maull, and S. Childe, "End-to-end process management:
implications for theory and practice," Production Planning & Control, vol. 25, no. 16, pp. 1303—
1321, Dec. 2014. https://doi/10.1080/09537287.2013.832821.

[6] O. A. Farayola, A. O. Hassan, O. R. Adaramodu, O. G. Fakeyede, and M. Oladeinde,
"Configuration management in the modern era: best practices, innovations, and challenges,"
Computer Science & IT Research Journal, vol. 4, no. 2, pp. 140-157, 2023.
https://doi.org/10.51594/csitrj.v4i2.613.

[7] C. Kowalkowski, H. Gebauer, B. Kamp, and G. Parry, "Servitization and deservitization:
Overview, concepts, and definitions," Industrial Marketing Management, vol. 60, pp. 4-10, Jan.
2017. https://doi.org/10.1016/j.indmarman.2016.12.007.

[8] R. Rabetino, W. Harmsen, M. Kohtaméki, and J. Sihvonen, "Structuring servitization-related
research," International Journal of Operations & Production Management, vol. 38, no. 2, pp. 350—
371, 2018. https://doi.org/10.1108/IJOPM-03-2017-0175.

[9] C. Favoretto, G. H. Mendes, M. G. Oliveira, P. A. Cauchick-Miguel, and W. Coreynen, "From
servitization to digital servitization: How digitalization transforms companies' transition towards
services," [Industrial Marketing Management, vol. 102, pp. 104-121, Apr. 2022.
https://doi.org/10.1016/j.indmarman.2022.01.003.

[10] P. Zheng, Z. Wang, C. H. Chen, and L. P. Khoo, "A survey of smart product-service systems:
Key aspects, challenges and future perspectives," Advanced Engineering Informatics, vol. 42, p.
100973, Oct. 2019. https://doi.org/10.1016/j.aei.2019.100973.

[11]J. M. Field et al., "Service research priorities: designing sustainable service ecosystems," Journal
of  Service  Research, vol. 24,  no. 4,  pp. 462479,  Now. 2021.
https://doi.org/10.1177/10946705211031302.

[12] X. Li, C.-H. Chen, P. Zheng, Z. Wang, Z. Jiang, and Z. Jiang, "A knowledge graph-aided concept-
knowledge approach for evolutionary smart product-service system development," Journal of
Mechanical Design, vol. 142, no. 10, p. 101403, Oct. 2020. https://doi.org/10.1115/1.4046807.

[13] J. Serrano, J. Faustino, D. Adriano, R. Pereira, and M. M. da Silva, "An IT service management
literature review: challenges, benefits, opportunities and implementation practices," Information,
vol. 12, no. 3, 111, Mar. 2021. https://doi.org/10.3390/info12030111.

[14] H. Richter and B. Lantow, "IT-service value modeling: a systematic literature analysis," in Proc.
Int. Conf. on Business Information Systems, Cham, Switzerland, Jun. 2021, vol 444, pp. 267-278.
https://doi.org/10.1007/978-3-031-04216-4_24.

[15] M. Mora, J. Marx-Gomez, F. Wang, and O. Diaz, "Agile IT Service Management Frameworks
and Standards: A Review," in Advances in Software Engineering, Education, and e-Learning, H.
R. Arabnia, L. Deligiannidis, F. G. Tinetti, and Q. N. Tran, Eds. Cham, Switzerland: Springer,
2021, pp. 921-936. https://doi.org/10.1007/978-3-030-70873-3_66.

[16] T. Tuunanen, M. Salo, and F. Li, "Modular service design of information technology-enabled
services," Journal of Service Research, vol. 26, no. 2, pp. 270-282, May 2023.
https://doi.org/10.1177/10946705221082775.

[17] R. Yandri, Suharjito, D. N. Utama, and A. Zahra, "Evaluation model for the implementation of
information technology service management using fuzzy ITIL," Procedia Computer Science, vol.
157, pp. 290-297, 2019. https://doi.org/10.1016/j.procs.2019.08.169.


https://doi/
https://doi.org/10.1016/j.procs.2019.08.169

Models and methods for forming service packages for solving of the problem of designing services... 53

[18] S. Michael, B. Michael and S. Thomas, "IT Service Management Frameworks Compared-
Simplifying Service Portfolio Management," 2019 IFIP/IEEE Symposium on Integrated Network
and Service Management (IM), Arlington, VA, USA, Apr. 2019, pp. 421-427.

[19] H. Brocke, F. Uebernickel, and W. Brenner, "A methodical procedure for designing consumer
oriented on demand IT service propositions," Information Systems and e-Business Management,
vol. 9, pp. 283-302, 2011. https://doi.org/10.1007/s10257-010-0147-z.

[20] A. Basar, "IT Service Level Optimization: A Case Study," in Proc. Int. Conf. on Industrial
Engineering and Operations Management, lIstanbul, Turkey, Mar. 2022, pp. 421-427.
https://www.researchgate.net/publication/362061884 IT_Service_Level Optimization
_A Case_Study.

[21] M. Zaki, "Digital transformation: harnessing digital technologies for the next generation of
services," Journal of Services Marketing, vol. 33, no. 4, pp. 429-435, 2019.
https://doi.org/10.1108/JSM-01-2019-0034.

[22] A. M. Gomez-Trujillo and M. A. Gonzalez-Perez, "Digital transformation as a strategy to reach
sustainability," Smart and Sustainable Built Environment, vol. 11, no. 4, pp. 1137-1162, Dec.
2022. [Online]. Available: https://doi.org/10.1108/SASBE-01-2021-0011.

[23] D. MacLean and R. Titah, "Implementation and impacts of IT Service Management in the IT
function," International Journal of Information Management, vol. 70, p. 102628, Aug. 2023.

[24] A. R. Hans, G. Firmansyah, B. Tjahyono, and A. M. Widodo, "Evaluation of IT Service Level
Infrastructure in Organizations Using ITIL (Information Technology Infrastructure Library)
Version 3 Standardization," Asian Journal of Social and Humanities, vol. 2, no. 12, pp. 2995—
3006, Dec. 2024. https://doi.org/10.59888/ajosh.v2i12.393.

[25] J. H. Holland, "Genetic Algorithms," Scientific American, vol. 267, no. 1, pp. 6673, Jul. 1992.
https://www.jstor.org/stable/24939139.

[26] D. E. Goldberg and K. Deb, "A Comparative Analysis of Selection Schemes Used in Genetic
Algorithms," in Foundations of Genetic Algorithms, G. J. E. Rawlins, Ed. San Mateo, CA, USA:
Morgan Kaufmann, 1991, pp. 69-93. https://www.cse.unr.edu/~sushil/class/gas/papers/Select.pdf.

[27] S. Luke and L. Spector, "A comparison of crossover and mutation in genetic programming," in
Proceedings of the Second Annual Conference on Genetic Programming, Stanford, CA, USA, Apr.
1997, pp. 240-248. https://cs.gmu.edu/~sean/papers/comparison/comparison.pdf.

[28] D. Karaboga, B. Gorkemli, C. Ozturk, and N. Karaboga, "A comprehensive survey: artificial bee
colony (ABC) algorithm and applications," Artificial Intelligence Review, vol. 42, no. 1, pp. 21—
57, Jul. 2014. https://doi.org/10.1007/s10462-012-9328-0.


https://www.researchgate.net/publication/362061884_IT_Service_Level_Optimization

54 Information, Computing and Intelligent Systems N2 5, 2024

VIIK 004.75

MOAEJI TA METOIN ®OPMYBAHHSA ITAKETIB CEPBICIB Y PAMKAX
MNPOBJEMU TPOEKTYBAHHS CEPBICIB Y IH®OPMAIIMHUX
CHUCTEMAX ITPOBAW/IEPIB

B’'auecnas YnMwmp

HarioHansHuii TEXHIYHUNA VHIBEpCUTET Y KpalHU

«KuiBcpkuit momitexHiuaui iHcTHTYT iMeHi Iropst Cikoperkoroy, Kuis, Ykpaina
https://orcid.org/0009-0005-2555-5373

OneHa XXpaHoBa

HarioHansHuii TEXHIYHNNA VHIBEpCUTET YKpalHU

«KuiBchkult noiTexHiunui iHCTUTYT iMeHi Iropst Cikopeskoro», Kuis, Ykpaina
https://orcid.org/0000-0002-8787-846X

OneHa NaBpuaeHkKo
HarioHansHuii TEXHIYHNNA VHIBEpcUTET YKpalHU
«KuiBchKkult moiTexHiyHui iHCTUTYT iMeHi Irops Cikopeskoro», Kuis, Ykpaina

https://orcid.org/0000-0003-0413-6274

HoBakoBcbkui MNxerox

KpakiBchkuii nomitexnivanii yHiBepeureT iMeHi Taneyma Koctromka, Kpakis, [Tonbima
https://orcid.org/0000-0002-3086-0947

Cepriii TeneHuk

Hamionansuuit TeXHIYHUIN YHIBEPCUTET Y KpaTHH

«KuiBcbkuit momiTexHiuHUM 1HCTATYT iMeHi [ropst Cikopebkoro», Kuie, Ykpaina
https://orcid.org/0000-0001-9202-9406

CporofHi B TENEKOMYHIKAIIMHINA Taly3i cepBiC € OJHUM 13 (pyHIAMEHTaIbHUX TOHSTH.
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3a/a4i Ipo PIOK3aK, a Ha JPYroMy — pealli3ye€ KOMIIPOMICHY CXeMY JUIsl MOKpAIlleHHS PO3B’s3KY.
HApyruit 13 3aMPOTIOHOBAaHUX METO/1IB BUKOPUCTOBYE TPU TUIIU iHCprMeHTiB y noeananHi. [lepmuii
IHCTpYMEHT KOHTPOJTIOE 30DKHICTh TEHETHYHOTO anroputmy. Jpyruit lHCpr'MeHT BU3Hauae BUOIp
HaWKpalux pilieHsp 3 YpaxyBaHHAM ocobnuBocTel 6araTOKpI/ITeplaJILH01 3anayi. Tperiid i IHCTPYMEHT
JI03BOJIIE OTPUMATH HaWKpalll pillleHHS 3aJadi onTUMi3allii 3 OJHOYAaCHMM BHOOPOM IIIHOBOi
crparerii.  IlpoBemeHi  eKCHepUMEHTaJbHI  JOCHIKEHHS  MIATBEPIMIM  €(PEeKTUBHICTh
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