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ABSTRACT

The article describes a method for developing and modelling composite web-services. Web-service composition is used to
derive new functionality from the interaction of existing web-services. Composite web-services are built in several stages:
specifications (determining the type of service); development of the structure of the service based on the algebra of services; service
composition modelling; selecting a service variant and generating a service. The main elements of the proposed approach are the
algebra of services and web-services interaction models (basic and composite). The above approach formally presents the
consideration of the main aspects in solving problems related to the construction of effective composite web-services and the
selection of mathematical models, namely: description of web-services, determining the structure of web-services, taking into
account the dynamics of information changes, taking into account the main uncertainties in building the structure web-services.
Based on the approach, a method for constructing composite web-services has been developed. The method is based on an algebraic
description of a web-service based on a specialized algebra of services. The method consists of the following steps: description of the
task of developing a web-service; development of the structure of a web service based on the algebra of services; formal description
of the structure and clarification of service operations; building models of functioning and interaction of service components;
building simulation models of the composite service; defining the final structure of the composite service; web-service
implementation. The main tool for describing composite services is the algebra of services, and the model building tool is coloured
Petri nets implemented using CPN Tools. As an example of the application of the developed method, the construction of a
pharmaceutical service is described, in which the modelling of the interaction of web-services based on Petri nets is used. The
process of building a composite model of a web-service is considered. The process begins with building a pharmaceutical web-
service model structure based on the service algebra. Based on the service algebra, operators were developed to implement composite
services. The structure of the model is developed, which is presented in the form of a formal description. The process of building
pharmaceutical service models in the CPN Tools environment is described in detail.
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INTRODUCTION

The main element of a service-oriented
architecture (SOA) is a structure consisting of

services when solving the problem of building new
services given a high-level description of the

services, on the basis of which the development of
applied distributed applications is carried out.
Development is carried out in heterogeneous
environments. Services are combined into groups
according to composition rules. The main
requirement for services created according to the
rules of composition is the possibility of reusing
their components in other services [1]. Web-service
composition is used to derive new functionality by
combining  existing  web-services. Service
composition extends aggregation by searching for
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problem. If parameter transformations are required
for service composition, then the user must select
these services manually and implement the
composition. On the other hand, by specifying the
semantic mark up of services, the information
necessary for the selection and composition of
services is available through a system of semantic
descriptions of requests and service capabilities that
provide automatic composition.

Web-services in general can be divided into two
classes — simple and complex, or atomic and
composite [2]. An atomic web-service runs on a
request that comes in the form of a message, performs

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/deed.uk)

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Theoretical aspects of computer science,
programming and data analysis

185


https://doi.org/
mailto:alex.gozhyj@gmail.com
https://orcid.org/0000-0001-8359-2045
mailto:irina.kalinina1612@gmail.com
https://orcid.org/0000-0002-5341-0973
mailto:gozhyi.v@gmail.com

Gozhyj A., Kalinina I., Gozhyj V. / Herald of Advanced Information Technology
2022; Vol. 5 No.3: 185-197

its task, and possibly generates one response per
request. An atomic web-service is typically a
stateless service, in contrast to composite services,
which are defined as services composed of multiple
atomic services and can use extended interaction
with external services [4, 5], [7, 8].

A composite web service includes a data flow
defined by a service execution plan from one step to
the next, whose behaviour depends on the state of
the information being processed by the service. For
example, the process of searching for information
may contain the order in which the search for the
necessary resources, querying them by certain
parameters, searching for information, etc. is carried
out. This set of related and structured procedures
that implement the required task can be defined as
the web service composition process.

Although service composition results in more
complex and more advanced services, this approach
has a number of problems, such as security and
quality of service. By leveraging multiple services
from interacting with multiple providers in the
composition process, the security issue increases
along with the issue of optimal service management.
In addition, there are service performance issues
with automated composition.

A web-service is a component written in any
language that can be deployed on any platform that
has a standard XML-based interface. The behavior
of web-services is basically a partially ordered set of
operations that is specified at design time. This
makes them suitable for display and simulation
using Petri nets. The theory of Petri nets makes it
possible to model systems of various types of
complexity using their mathematical representation
in the form of Petri nets [9]. Analyzing the results of
modeling based on Petri nets, one can obtain
important information about the structure and
dynamics of the behavior of the simulated system.
This information is used to analyze the system and
to improve it further. When modeling web services,
operations are modeled by transitions and service
states are modeled by positions. Arrows between
positions and transitions are used to indicate causal
relationships [9, 10].

There are many tools that allow modeling
complex processes and systems using the apparatus
of Petri nets. But among them, CPN Tools is the
most functionally developed [11]. CPN Tools is a
modeling system that uses the formalism of colored
Petri nets to describe various models of systems and
processes. The level of functional and service
capabilities allows using CPN Tools to model

various multi-level complex systems,
composite web-services.

ANALYSIS OF LITERATURE DATA AND
STATEMENT OF THE PROBLEM

Complex composite services are currently in
high demand. Composing existing web services to
create new efficient services is a requirement in
many business areas. Service composition extends
the functionality of services as an information
processing tool. The operations required to select
and compose services are implemented through
semantic descriptions of the requirements and
capabilities of composite web-services.

The composition process is considered a
complex process for many reasons. According to [3],
the complexity of the composition of services
increases for the following main reasons. First, the
dramatic increase in the number of web-services
available over the Internet results in an increase in
available service repositories for search. Moreover,
web-services continue to change and update, require
dynamic composition at runtime, which requires
high performance computing. The next reason is that
when different providers develop web-services in
different models, making the mapping between
services further complicates the task of composition.

Methodologies for creating web-services can be
divided into syntactic and semantic. In syntactic
composition, only the syntax of the web-service
description is used. Is considered to build a
workflow of composition and service dependency
management  through  service inputs and
outputs [24]. There are two main approaches to
syntactic composition. First, a centralized approach,
in which an intermediary is responsible for bringing
services together and matching dependencies
between services. Secondly, the decentralized
approach, in this approach, the composition is
performed through the interaction of services
through direct interaction.

Semantic composition takes into account the
meaning and purpose of services. Machines can
automatically select, create and execute web services
to achieve a specified task in accordance with user
constraints [5, 25], [26]. Semantic composition is
achieved based on the semantic description of web
services that support the creation of an ontology to
define various aspects of the functioning of web
services.

The work [12] considers an approach to
automatic composition of services based on the
technology of semantic agents. The approach allows
you to combine services that are semantically similar
and have common goals into a single service.

including
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Fig. 1. Stages of a composite web-service development project implementation
Source: compiled by the authors

Al scheduling algorithms are used to compose
services automatically and dynamically. In [6], a test
planner model is proposed in which the user sets a
goal used by the Al scheduling algorithm to create a
composition plan in goal-oriented  service
architecture. Plans for this approach are built
entirely at the outset and then they are executed.
However, the dynamic nature of the SOA
environment can cause the composition created by
this approach to fail. The work [13] proposes
automatic composition of services based on methods
and algorithms of intelligent scheduling. In [14, 15],
it is proposed to use automatic schedulers united by
a common goal as a tool for composing services.

The issues of modelling the structures of web
services based on ontology’s are considered in [16,
17], [18, 19]. Approaches to choosing the structure
of composite services based on selection algorithms
are considered in [20].

The papers [21, 22] consider approaches to
designing composite web-services based on
evolutionary methods and genetic algorithms. From
the many components of services are composed
chromosomes, from which services are “assembled”
with the help of crossing and mutation operations.
The quality of services is evaluated by the fitness
function. In [23], it is proposed to evaluate the
quality of composite web services using the method
of analytical hierarchies.

The modelling method based on Petri nets is
proposed as a tool for building and composing
web-services in [27]. The authors propose an
approach to the description of web services based on

an algebraic description. Formalism for building a
model of services - coloured Petri nets. In [28, 29],
[30, 31], Petri nets of different types were used to
build various web services.

Petri nets are a powerful tool for creating
composite service models, so it is of interest to use
different types of coloured Petri nets to create web-
service models.

PURPOSE AND TASKS OF RESEARCH

The purpose of the article is to study the
features of the web-services composition process
and develop a method for constructing and
modelling composite web-services based on
coloured Petri nets.

METHOD FOR DEVELOPING AND
MODELLING COMPOSITE SERVICES

Composite web-services are built in several
stages: specification development (determining the
type of service); development of the structure of the
service based on the algebra of services; service
composition modelling; service option selection and
service generation (Fig. 1). The main elements of the
proposed approach are the algebra of services with
layout rules and web services composition models.

The description of a web-service in terms of the
composition of web-services can be represented as
follows:

KS =(Din, Q, WS, OlI, InWS, Dout, T),
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where Din = {dini |i = 1, Np,,} — is a set of input
data; Q = {ai |i = 1, Ny} — many user requests; WS =
{wsi |i =1,Ny} — is a set of basic web-services,
components of the compositional system; Ol — is a set
of basic operations for the interaction of web-
services; INWS ={inwsi |i = 1, N},,;ys} — a set of rules
for the interaction of web-services; Dout = {douti |i =
1, Npoue} — a set of output data; T={ti |i = 1, Ny} —
a set of temporal indicators of the interaction of the
elements of the compositional model.

When solving problems of the composition of
web-services, various mathematical models are used.

To determine the type of mathematical model,
it is necessary to solve the following tasks:

— selection of a set of web service models that
are most effective for solving the problems of
building models of the dynamic composition of web
services under given aggregation conditions;

— choice of a set of operations from the list of
basic or combined ones to create web-service
models;

— combining models into a single system, to
solve the problems of dynamic composition of web-
services during development, for example, for the
task of multi-criteria choice of the structure of a
web- service;

— snter-model matching in a composite web-
service.

To solve these problems, an approach has been
developed based on web service composition
models, based on an algebraic-logical description of
the rules for the functioning of a web-service. The
approach consists of the following steps.

Stage 1. Preliminary definition of the structure
of the web-service WSx, which is matched to the set
of feasible solutions WSxss, the mathematical model
My,, within which the structure of the web-service x
is determined:

M, = (WSx € WSxgp, fj(x),] € ],).

Stage 2. Presentation of the problem of model
selection of efficient service structures.
Formalization is carried out in the following
form:

wStrM = (M, {r;M(2}, {rMBy, ieNM.

Stage 3. Distribution of indicators for assessing
guality and efficiency.

Distribution with the help of models is
represented in the form of a mathematical structure
of choice:

wseX = (xM {9}, {r X)), ien*.

Stage 4. Inter-model matching.

The combination of the set M into a single
service according to the rule zis represented as the
following choice structure:

WSt” = (M, z {r; X9}, {r;XA}),ieN .

Stage 5. Building efficient service models.

The problem of constructing efficient service
models involves solving selection problems in the
structures WSt™, WSt*, WSt~ Formally, this task is
presented in the form of the following structure:

WSt = (WStM, wstX, wst 7, {r,/}),

where r” denotes relations that limit the choice of

effective solutions in the development of composite
web-services.

When developing web-systems, it is necessary
to take into account the mechanisms of interaction
between web-services, which give an idea of the
structure of the web-system and the links of web-
services when processing information of various
types. Dynamic service composition models reflect
the functionality of the web-system and allow you to
detail the mechanisms of their composition.

The above approach formally presents the
consideration of the main aspects in solving
problems related to the construction of effective
composite web-services and the selection of
mathematical models, namely: determining the set of
web-services and determining the structure of the
web-service, taking into account the dynamics of
information changes, taking into account the main
uncertainties in the construction web-service
structures. The developed model of a composite
web-service allows you to describe a web service
and use it in the process of building other web-

services to save data about the structure of a web-
service.

Based on this approach, a method for
constructing composite web-services has been
developed (Fig.2). The method is based on an
algebraic description of a web-service based on a
specialized service algebra [31].
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Fig. 2. Method for developing a composite web-service
Source: compiled by the authors

The method for developing and modeling
composite web-services consists of the following
steps:

— description of the task of developing a web-
Service;

— development of the structure of a web-
service based on the algebra of services;

— formal description of the structure and
clarification of service operations;

— building models of functioning
interaction of service components;

— building simulation models of a composite
service (structural and interaction);
determination of the final structure of the
composite service;

— smplementation of the web service.

The main tools for creating composite services
are service algebra and colored Petri nets,
implemented using CPN Tools. The service algebra
consists of basic and combined operations. In
algebra, the algebraic properties of operators are
presented and described, and a toolkit is proposed
for a formal description of the developed web-
service [32]. At the second stage of the method,
based on the formal description of the composite
web-service, models of the functioning and
interaction of the service components are built.
Models are built on the basis of coloured Petri nets.
At the next stage, simulation models of the structure
of the composite web-service and models of the
interaction of web-services in the composite service
are built. Based on the simulation experiment, the

and

best structure of the composite web-service is
determined and it is implemented using web
development technologies.

BUILDING MODELS OF A COMPOSITE WEB
SERVICE

For the joint use of basic and combined
operations of the algebra of services, an example of
building a composite (pharmaceutical) service is
presented, in which modelling of the interaction of
web services based on Petri nets is used [33].

{SendOvdH

%}

AsembleVerH

Fig. 3. Pharmaceutical web service structure
Source: compiled by the authors

Figure 3 shows the structure of a
pharmaceutical web-service (PhWS ||c PHWS),
consisting of two basic services PHWS

(pharmaceutical service) and PhWS (pharmacy
services). The basic services are combined by a
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parallel telecom operator, simulating the execution
of a combined service, which activates the execution
of two PHWS and PhWS services simultaneously
with synchronization and information exchange.
After receiving a request from a client, PHWS
launches an external request in parallel to obtain drug
purchase options from the PhWS service. When
performing this operation, PHWS receives Ord_H and
sends Del_H accordingly. A set of elements for
connecting services: C1 = {(send_ord_H, rec_ord H),
(send_del_H, rec_del_H)} and C2 = {(send_ord_H,
rec_ord_H), (send_del H, rec_del H)}. As soon as
the options are received, the PHWS service
aggregates the received information. Figure 4 shows
that the PhWS composite service is used instead of the
PhWS base service. Drug choices can be defined
among available drugs at different pharmacies (eg,
WSi1, WSn) which are separate services of different
pharmacy networks. Thus, replacing the service of
one network of pharmacies according to the structure
of dynamic selection allows you to choose the best
service provider among several competing providers.
On the example of using the dynamic selection
service, let's consider the interaction of services.
Each service provider consists of two separate parts,

one part is designed to process a request for a
service, and the second part is designed to perform
the service itself. The two operations SendReqServ
and SelectServ define the chosen selection strategy
and the constructor of the composite service. The
choice decision can be based on the automatic
execution of services where the actions of the
participants are automated.

Based on the algebra of services, operators were
developed for the implementation of composite
services, which are presented in Table 1. The
proposed algebra checks the closure property. This
ensures that every result of an operation on services
is a service on which algebraic operators can be
applied. Thus, it is possible to build more complex
and combined services by aggregating and reusing
existing services through declarative expressions of
the service algebra.

Consider building a composite model of a
pharmaceutical web-service using a colored Petri
net. The process of building a composite web service
model begins with building the structure of a
pharmaceutical web-service model based on the
service algebra [32].
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Fig. 4. Composite Pharmaceutical Service (JWS1 (p1, 1) : WSn (pn, gn)] ||c PHWS)

Source: compiled by the authors
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Table 1. Use of the service algebra construct

Opera}tor Oper_at(_)r Mathematical description Graphical representation
notation Description

Parallel operator | Parallel operator with | WSz ||c WS2 = (NameS, Desc,

with communication: Loc, URL, CS, SN), where:

communication WS1 ||c WS2 models -C — communication element C

WS: ||c WS2 the execution of a = {(tae,tp)|(te,tp) € T3 x T2 U T2

combined service that | x T3}

executes two services | -NameWs — is the name of the
at the same time WSz | new service,

and WS2 with -Desc — description of the new

synchronization and service,
information exchange | -Loc — is the location of the
new service,
-URL — is a new service call,
-CS =WSs U WSz, -
-SN=(P, T, W, i, o, I) where: o3 ” 3
P=PsuP2U{i,0}u{pi/ | T s ‘
(ai,pi) € C}, o
* T =TsU T2U {st1, st2}, ¢

*W=Ws U W2 U {(i, st1), (st,
i3), (St1, i2), (0s, st2), (02, St2), (stz,
0)} U {(ai,pi), (pi,tBi) / (tai,tfi) €

C},and
el=1lsU l2 U {(sty, 7), (stz, 7)}.
Dynamic The dynamic selection | [WS1 (pz, 1) : WSn (pn, gn)] = (
Selection operator models the NameS, Desc, Loc, URL, CS,
[WS1 (p1, 1): WSn | execution of a SN), where:
(pn, gn)] combined service that | -NameWs — is the name of the
allows you to choose new service,
the best service -Desc — description of the new ®
provider among service, — _
several competing -Loc — is the location of the "s‘ﬁp\:/ Nor
providers. The new service, =i d,-‘f Rl
dynamic selection -URL — is a new service call, | gkt O’"'im E
construct allows you | - CS = UL, WS; EENGY E
to choose the best -SN=(P, T,W, i, o, ) where “%’ é"“ —3
service provider *P=UL,P; U{i,opaq} - ;1 fid * s |
among existing ones o T= Ui, T; U {tsendregserv, IR AN T w
using ranking criteria. tselectserv, to} U {ti, ti' | 7 <i <n}, ! " "*"'“""‘"ﬁ_ N
W= U?=1 W; u {(I, tSendReqServ), - G *O;:
(tsetectserv, P), (Q, to), (to, 0)} U o
U { (tSendReqServ, pi), (Qi, tSeIectServ), g é
(p, 1), (&, 1), (0, ), (ti, ) | 7 <i
<n}, and
o | = U?=1 li U {(tSendReqServ, ‘[),
(tSeIectServ, T), (to ,T) } U {(ti, T),(ti’,
1) | 1<i<n}.
Source: compiled by the authors
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Fig. 5. Structural model of a pharmaceutical web-service
Source: compiled by the authors

The structure of the model is presented as:

Seq (Registering, Loop (Seq (EnerPrivateOffice,
Seq (PhWS, Choice (FWS,
Seq (FWS, DWS))))))

To build a composite web-service model in CPN
Tools, three separate model sheets in CPN Tools are
used. The first sheet shows a general model of
interaction between top-level web services (Fig. 6),
the second sheet shows a second-level network that
models the process of generating requests (Fig. 7),
and the third sheet shows a second-level network that
models the process of interaction between web-
services (Fig.8) based on the composite
pharmaceutical service model shown in Fig. 4.

Job

Fig. 6. Generalized top-level model of a

combined web-service
Source: compiled by the authors

The model of a composite web-service for
pharmaceutical services combining several types of
interaction operators is shown in Fig. 8. The
Pharmaceutical Web Service (PHWS) has the ability
to collect information from multiple pharmacy
chains in the form of a list of offers. Pharmacy
network web-service models communicate using a
dynamic selection operator (JWSz (p1, q1) : WSs (ps,
03)]) because pharmacy services (WS1, WS2 and WSs)
compete to fulfill a customer's order. The
pharmaceutical services web-service executes a
complex request from the client; therefore, it works
in parallel with the web-services of the network of
pharmacies. But PHWS has the ability to exchange
information and when building a model for the
interaction of two combined services, a parallel
communication operator is ([WS1 (p1, q1) : WSs (ps,
gz)] [|lc RWS).

Fig. 7. Web-service request generator model
Source: compiled by the authors
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Fig. 8. Simulation model of the processing of requests by a combined web-service
Source: compiled by the authors

The model is built on the basis of algebraic
operations of services. The model shows that the
disadvantage of a web-service is that requests
accumulate in a queue over time. This means that
there will come a time when the queue will be full
and the web-service will start to fail. To solve this
problem, it is necessary to consider all possible ways
of increasing the throughput of the web system.

To evaluate the effectiveness of the functioning
of the pharmaceutical web-service developed using
the proposed approach, the main indicators of its
work were presented in comparison with the known
pharmaceutical web-services. The analysis was
carried out on the basis of information from
independent resources: www.sitechecker.pro,
www.similarweb.com, as well as the Google
Analytics service. The following indicators were

considered and analyzed: time indicators spent on
visiting a page, the number of pages viewed, the
average bounce rate (resource:
www.similarweb.com, Google Analytics), presented
in Table 2. As well as performance indicators of the
service (resource: www. similarweb.com) presented
in Table 3. To analyze the parameters of the
pharmaceutical web-service, the Proekt website was
created on temporary domains.

According to the data presented, it can be
concluded that the use of Proekt web-services for
information aggregation has improved the quality
indicators of services, and also from the analysis of
the dynamics of changes in the service failure rate,
we can conclude that the use of the Proekt web-
service has improved the average service failure rate
by 11 %.

Table 2 - Information on visit time, number and average bounce rate

Name ofszi;sirczsaceutlcal Visit duration NumS?gV\(l);‘ dpages Bounce rate
Ventaltd.com.ua 3:44 3.54 52.60 %
Apteka24.ua 1:51 1.98 58.90 %
Aptekanizkihcen.ua 4:16 4.61 42.00 %
Apteka.net.ua/pharmacies 5:59 10.3 28.71 %
Medbrowse.com.ua/tabletki-
cena/nikolaev 2:10 2.02 64.46 %
Proekt 5:31 8.64 32.41 %

Source: compiled by the authors
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Table 3 - Information on performance indicators of web resources

Name of . . . . Maximum potential
. First display of Speed First simple i
pharma(_:eutlcal all content, s index, s CP,s de'f"y. of th? first

services administration, ms
ventaltd.com.ua 2.8 7.4 7.7 620
apteka24.ua 4.1 18.4 5.5 900
aptekanizkihcen.ua 5.4 9.2 8 890
apteka.net.ua/pharmacies 2 8.9 51 1610
mgdbrows_e.com.ua/table 55 8.9 15.4 1970
tki-cena/nikolaev
Proekt 1.7 8.1 5.3 1648

Source: compiled by the authors

From the analysis of the dynamics of changes
in the temporal performance indicators of web-
services, we can conclude that the use of the
proposed approach has improved the service speed
index by 4 %.

CONCLUSIONS

The presented method of building and
modelling composite web-services allows you to
develop complex composite web-services. The
method is based on an algebraic description of a web
service based on a specialized algebra of services.
The method consists of the following steps:
description of the task of developing a web-service;
development of the structure of a web-service based
on the algebra of clarification of service operations;
building models of functioning and interaction of
service components; building simulation models of
the composite service; defining the final structure of
the composite service; web service implementation.
The main tools for services; formal description of

the structure and creating composite services are
service algebra and coloured Petri nets, implemented
using CPN Tools. The process of building a
composite model of a web-service based on coloured
Petri nets is considered in detail. As an example of
the application of the method, an example of
building a pharmaceutical service is presented, in
which the modelling of the interaction of web-
services based on Petri nets is used. The main
features of modelling complex composite web-
services using coloured Petri nets are analysed. An
analysis of the effectiveness of the functioning of a
pharmaceutical web-service developed using the
proposed approach was carried out. The main
indicators of its work were presented in comparison
with well-known pharmaceutical web-services. The
time indicators of the service functioning and the
performance indicators of the composite web service
were analyzed. The analysis showed that the
proposed approach to creating and modeling
composite web- services is effective.
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AHOTANIA

CraTTs IIpUCBSYCHA METOMY PO3POOKH Ta MOJENIOBAHHS KOMITIOUTHHX BeO-cepBiciB. KoMmosumis Be6-cepBiciB BHKOPHCTOBYETHCS
JUISE OTPHMAaHHS HOBUX (DYHKIIOHAIFHUX MO>KJIBOCTEH Ha OCHOBI B3aeMoii icHyIounx BeO-cepBiciB. [To0y10Ba KOMITO3UTHHX BeO-CepBiciB
BIOYBaeThCs y KilbKa eramiB: crenuikarii (BU3HAYEHHS TUITy CEpBICY); po3poOka CTPYKTYpH CepBiCY Ha OCHOBI anreOpH CepBiCiB;
MOJICIIFOBaHHS KOMITO3UIIii CEepBiciB; BHOOPY BapiaHTa cepBicy Ta TeHeparii cepBicy. | 0l0BHUMHU eleMeHTaMH MPOIOHOBAHOTO MiIXOAY €
anreOpa cepBiciB Ta Mozeni B3aemojii BeO-cepsiciB (6a30Bi Ta KOMIIO3UTHI). Y HaBeICHOMY MifXOAi (pOpPMANbHO MpeacTaBIeHUH 00miK
OCHOBHHUX aCIEKTiB MpH BHPILICHHI mpobiieM, MOB'I3aHHX i3 MOOYIOBOIO e(EeKTHBHHX KOMIIO3UTHHX BeO-CEpBICIB Ta MHigbOpoM
MaTeMaTHYHUX MOJENel, a caMe: OmMC BeO-CepBiCiB, BUHAYECHHS CTPYKTYypU BeO-cepBiciB, 0OMiK IUHAMIKK 3MiHM 1H(OpMAIli, 00K
OCHOBHUX HEBU3HAYCHOCTEH IMPH MOOYIOBI CTpyKTYpH Web-cepBiciB. Ha mincraBi migxoay po3po0ieHO METOA MOOYIOBH KOMIIO3UTHHX
BeO-cepBiciB. B 0CHOBY MeTOy TIOKJIAJICHO OITHC areOpy BeO-CepBicy Ha OCHOBI CHEIlialli3oBaHOl anreOpH cepBiciB. MeToN CKIIaIa€Thes 3
HACTYITHHX €TaliB: OIMC 3aBJaHHS PO3pOOKH BeO-cepBicy; po3poOKka CTPYKTYpH BeO-CepBiCy Ha OCHOBI aireOpH cepBiciB; (opMmansHuit
OIMC CTPYKTYPH Ta YTOYHEHHs Olepamii cepBicy; moOymoBa Mojenel (yHKIIOHYyBaHHS Ta B3a€MOJii KOMIIOHEHTIB cepBicy; MoOyaoBa
iMITalifHUX MOZENell KOMIIO3UTHOTO CEepBICY; BH3HAYCHHS OCTaTOYHOI CTPYKTYpH KOMIIO3UTHOTO CEpBiCy; peaiisailis BeO-cepaicy.
OCHOBHHM IHCTPYMEHTOM OITMCY KOMITO3UTHHX CEPBICIB € anrebpa cepBiciB, a IHCTPYMEHTOM HOOYI0BH MoJei — KOJIbOpoBi Mepexi [lerpi,
peanizoBasi 3 noromororo CPN Tools. Sk mpuxiaz 3actocyBaHHS PO3pOOICHOr0 METOLY ONMCAaHO MOOYAOBY (hapMalleBTUIHOTO CEpBiCy, B
SIKOMY BUKOPHCTaHO MOJICTIOBaHHS B3aeMoii BeO-cepBiciB Ha ocHOBI Mepex [letpi. PosrmsHyTo mporec moOymoBH KOMITO3UTHOT MOJIE
BeO-cepgicy. IIpormec mounHaeThCS 13 TOOYAOBH CTPYKTYpH MOJeNi (hapMalleBTHYHOTO BeO-CcepBicy Ha OCHOBI alreOpu cepsicy. 3 anreOpu
CEepBICIB PO3pOOIIIM ONepaTopu s peami3alii KOMIO3UTHHX cepBiciB. Po3po0neHO CTpyKTypy Mofernmi, sSika MOJAETHCS Y BUIIAL
(dopmansHOTO onmcy. JleTanbHo ommrcaHui mporiec ToOyI0BH MoJienel (apmMarieBTiaHOro cepicy cepen CPN Tools.

KimiouoBi ciioBa: xommosuTHHiT BeO-cepBic; anreOpa CepBiCiB; CTPYKTypa CEpBICY; MOJENb KOMIIO3UTHOIO CEpBICY; KOJIBOPOBI
Mmepexi [lerpi
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