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Background. The rapid development of technologies in various fields of business, including in telecommunications
requires an increasing level of service provision, because the formation of a market for network communication services has
increased attention to issues of quality control, both by regulators and by the providers themselves. In order to meet a given
level of quality of service, telecommunication operators develop algorithms and solutions for providing quality control
services based on various criteria. However, these solutions are not universal for different types of indicators (quantitative,
qualitative, etc.) of quality of service.

Objective. The paper presents the approach to automating workflows and their components (functional services,
connections and rules of interaction) by designing processes based on computer-aided generation of both a set of services that
are components of workflows and the sequence of their execution using ontologies. Ontology serves as meta-model of the
workflow, services, subject domain and logical rules that establish relationships between functional services.

Methods. The implementation of the proposed approach was realized using an ontological modeling, workflow modeling
standards and methods of computer-aided designing.

Results. An ontological model of service quality indicators was developed, as well as dynamically changing workflow
that guarantees the quality of service control universality was designed. For computer-aided workflows generation the
software environment has been developed, the performance of which is tested on the example of workflow designing tool IT
TODOS for developing and modifying ontologies and generating workflow scheme using BPMN.

Conclusions. The proposed approach makes the process of quality of service control more transparent and reduces the
involvement of analysts in this process. Such an approach is flexible and universal for usage in any subject domain by
uploading relevant data to the registers. It also provides the process of the quality of service control automation and the
solution encapsulation enabling employees to use the solution provided at any level without the expert analyst involvement.

Keywords: workflow; ontology; orchestrator; computer-aided design; microservices; Quality of Service;

telecommunication.

1. INTRODUCTION

Currently the Internet has quite firmly entered in the life
of modern human. Thanks to the introduction of new
technologies and lower access costs there has been a steady
increase in the number of users. According to a Factum
Group study commissioned by the Committee of the Internet
Association of Ukraine at the end of the third quarter of 2019
in Ukraine there were about 71% of the total population of
the country (22, 96 million people) were Internet users. One
of the reasons for this growth is the population “SmartPhone-
ization”. Today, 22% of users access the Internet exclusively
using smartphones. Although for a significant part of new
users in 2019 the smartphone was the first and only device to
access the network, 65% of users are still home subscribers
[1]. At the same time, the number of companies providing
Internet access is much smaller — a little over a thousand
throughout Ukraine (according to the 2ip.ua Internet service
—1052).

Providers are actively working to maintain and
strengthen their position. The market for provider services is
actively developing not only in big cities but also in the
provinces where large providers are actively working.
Operation and income of companies providing Internet
access depend on the quality of service.

Intensive development of information and
communication technologies, applications requiring high
data transfer speeds, traffic growth and the associated
tendency to increase the likelihood of overloading the
communication network, leads to degradation of the quality
of communication services.

In the 21st century, providers have faced challenges
requiring new organizational models and technologies for
inter-organizational collaboration, integration, and
communication. The traditional processes based on tasks
separation are replaced by dynamic development and
implementation networks with flat organizational structures.
Internet service providers participate in several business
processes at the same time, and the role of a particular
provider is different in each business process. This requires
strong compatibility (interoperability) between various local,
organization-specific ~ workflow management systems
(Workflow Management Systems, W{MS). The highly
dynamic nature of the provider market and the necessary
mechanisms for coordination and processing of data
concerning quality of service control make demands for
flexibility in the formation and implementation of the
workflow even more firm.

A prerequisite for this is a unified standard for the entire
supply chain of services in fact for the entire provider
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industry. Such standard may include regulations, licenses,
client contracts, etc. It is proposed to use ontologies as
formalized model of the standard for the telecommunication
service provisions and this approach should be universal for
all providers.

Agent-based workflow management requires a machine-
readable representation of subject domain and workflow
description knowledge. The research presents a domain
ontology which includes the description of the services
provided, web-services, queries to inter-organizational
systems for performing workflows, the workflow model
meta-description, etc., and guaranteeing compatibility on a
semantic level.

System integration and the information presentation is
becoming increasingly important. The main obstacle to
integration is semantic differences [2] which can be
eliminated by standardizing the business process, but this
possibility is debatable as customers require an individual
approach to service. Standardization is certainly possible at
the component level but not for the entire business process.
Business Process Modeling is a set of activities associated
with the presentation creation for an existing or proposed
business process. In process modeling, information is used
by an expert analyst who generates a flow of actions from the
beginning until the goal is reached.

In order to facilitate integration Web Services are being
used [3]. These are web-based services carrying out a small
part of a business process in order to making reliable
integration. During considering the up-to-day Web Services
the focus is on transferring the content of the information.

The aim of the research is to create a software solution
for quality of telecommunication services control based on
the ontology of quality benchmarks declared in the
regulatory  documentation  of  providers, ensuring
interoperability of data from different companies and
dynamically changing workflow to provide universality and
computer-aided quality of service control.

The main task of the paper is to modify the centralized
form of service interaction ("orchestration") so as to exclude
low-level details of the interaction with scenarios
description, while maintaining the rules of service interaction
in the ontology. That is, in terms of a specific request or
requirement for a particular computing script, execute it by
composing and orchestrating services and constructing their
workflows in an automated manner based on the general
requirements of the users.

Unlike similar existing systems, users do not need to
have knowledge of the details of the interaction with the
services and the availability of specific services, and
therefore can create abstract computing scenarios without
special training.

This paper is organized as follows. After the
Introduction, section 2 contains state of the art that
approaches a solution to review this problem in different
sources in current state. Section 3 is devoted to the
formalized  description of model of quality of
telecommunication service standards. Section 4 provides an
example of software implementations and further research
perspectives. Section 5 includes the summary and outlook on
future work.

1L STATE OF THE ART AND BACKGROUND

The ability to create services tailored to specific
customers rapidly and efficiently is a clear business benefit
to clusters of Internet Service Providers (ISPs); indeed, it is
a necessary requirement for the survival of such a cluster.
Offering mere Internet connectivity is insufficient in today’s
competitive environment, which is especially important for
the local providers in small towns, and the composition of
value-added services based on workflow technologies give
such ISPs considerable business advantages [4]. This is what
[5] call Internet-scale workflow.

To date the work of telecommunication providers,
services are regulated by documents which are an array of
unstructured or poorly structured text information. The
results of the quality of service analysis and various studies
of the market providers are described by quantitative
indicators for the presentation of which tables are most often
used. Thus, the integration of data from different providers
requires the provision of interactive, interoperable and
semantic connectivity of information resources, regardless of
their format, standards, and creation technology.

Although many companies have linked their information
systems for business processes, the interfaces are non-
standardized and require custom programming. Also, you
should keep in mind that the concept of interoperability
among workflow systems can be extended to include
interactions among other types of systems and services.

According to [5] in the near future, process interfaces
(such as the structure of context and result data) will be
established between individual companies. However, there
are many emerging initiatives that attempt to standardize
schema for information exchanged in interenterprise business
interactions, interfaces of services used in these interactions,
or even cross-enterprise business processes. The Workflow
Management Coalition (WfMC) expects to synchronize the
W{-XML specification with such standards as they evolve.
Although W{-XML does not define a standard for business
process interfaces, it provides a language and protocol that
enables interaction among such processes.

The analysis of the most significant business process
management and workflow technologies that are currently
available based on the market and technical aspects of each
technology and available support for the technology in tools
and other products are described in [4]. The result of the
analysis has led to the following technologies being
recommended for using in this research:

e BPMN for business process modelling;

e BPMN and potentially UML
choreographys;

e BPEL4WS for orchestration;

activities for

e XML for workflow management.

III. FORMALIZED MODEL DESCRIPTION OF THE
TELECOMMUNICATION SERVICES STANDARD

An ontological data model is proposed as a domain data
model that can be represented as a tree structure.

In general terms an ontology means the system of some
subject area concepts that are represented as a set of entities
connected by different relationships. Ontologies are used for



the formal specifications of concepts and relationships that
characterize a particular area of knowledge. The advantage
of ontologies as a way of presenting knowledge is their
formal structure which simplifies their computer processing
[6, 7].

In a general case, the ontology of some subject area is
formally represented by an ordered three:

0= {X(w, s, 9), R(w, s, q), F'}, (M

where X, R, F — the finite sets appropriately: X — the set
of registries (X, — register of workflows, X; — register of
services, X, —register of queries), R — the set of relationship
between registries, /' — the set of the interpretation functions
X and/or R.

An ontological structure allows the process of
heterogeneous, unstructured data using algorithms to
construct a thematic representation of text content as a
hierarchical structure that simulates the construction of
related text. Since the basis of the system is a certain
semantic basis of the subject area which allows organizing
"meaningful" analysis of information in electronic
documents, as well as to identify potential relationships
between objects, in the script that processes unstructured
data using ontology is greatly simplified [8].

In order to create an ontological structure, it is necessary

[9]:

e To carry out preliminary analysis of a subject area.
At this stage, it is needed to systematize knowledge,
to document certain terms and concepts within the
domain, and to define a certain supporting structure.

e The next step is to build a graph of the domain.

e The final step is to design a graphic (visual) of the
domain ontology and to formalize the description of
the final creation.

For example, four major registries (bases) have been
identified to build a quality of telecommunication service
control platforms:

e  Register of Services;

e Register of Microservices;
e Register of Workflows;

e  Register of Queries.

Register of Services is an ontological structure that
contains a list of all services provided by a
telecommunications provider.

The register lists the main services of the provider: they
are divided into classes (Internet, TV, OTT), the levels of
service (top lever offers, second level offerings), the service
characteristics, types of users, valid values, etc. are specified.
All service data can be viewed in a structured manner using
an object ontology.

Register of Microservices is an ontological structure that
will be used to control complex technical parameters, which
in turn are part of an overall assessment quality of service.
This register contains a description of all microservice
parameters (input data, output data, input / output data type,
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value range, etc.) and includes links to the microservice itself
or its code.

Register of Workflows 1is an ontological structure
containing a set of computational scripts to execute a
workflow with the described parameters. All executed
scenarios are based on microservices. That is, in other words,
microservices are represented as structured blocks that are
arranged and executed in a certain sequence. BPMN 2.0
notation is used to describe and depict workflows.

Register of Queries is an ontological structure which is in
a form of the queries descriptions and their corresponding
workflow. Each query is associated with a corresponding
one-to-one key process.

IV. AN EXAMPLE OF SOFTWARE IMPLEMENTATION

There are numerous business workflow design
technologies available in this dynamic and are constantly
evolving the area and tasks which are to select the right
combination of notations, languages, mappings and tools
appropriate to insure the ISP interoperability.

IT-TODOS was chosen to do the task of ensuring
interactive interoperable semantic connectivity of the
networks ontological presentations information arrays which
describe the telecommunication services quality indicators
based on the semantic-linguistic analysis of their contents.
[10].

The IT-TODOS toolkit is intended for the formation of
domain ontologies and provides interoperability of
information not only at the structural and syntactic levels but
also at the semantic-linguistic level. At the same time, the
user is not required to know algorithmic languages this
significantly reduces the cost of programming and expert
services. The telecommunications quality of service control
ontology is the XML file that describes various parameters
and their properties that are used to fulfill service quality
control queries.

It consists of 31 nodes combined in 3 classes based on
the “IS-ARE” belonging property (Fig. 1).
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Fig. 1. Ontology of quality of service control in the form of a network
graph

Workflow that chosen as an example "The quality
analysis of roaming connection" is described by metadata,
the values of which are calculated based on the computer-
aided workflow (Fig. 2).

The quality analysis of roaming connection

@ Input data
Number of voice sequences 1400

Offering Prepaid 150
Prepaid 200

Planned hours of operation 20

Reality resource 0.95

Region Ukraine

Tecnology Optic

Transmission direction Diract
@ Output data

Roaming quality factor 1

Stability factor The calculation of the roaming quality analysis is performed based on
the calculation of coverage coefficients (roaming), continuous operation, reliability, etc.

Description The calculation of the roaming quality analysis is performed based on the
calculation of coverage coefficients (roaming), continuous operation, reliability, etc.

The quality analysis of roaming connection BPMN

Fig. 2. Metadata describing a specific workflow

The attribute filter eliminates objects whose metadata
attributes (metadata) do not correspond to the specified
parameters (Fig. 3).
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Fig. 3. Metadata values describing benchmarks for the quality of services

Using the XML parsing / generating modules, the
original file was converted to JSON format. Further
processing of the ontology file allowed generating a model
which describes the workflow in BPMN format.

The BPMN - is the module that visualizes the workflow,
data flow and variables in the web user interface (Fig. 4),
which allows the user to edit the input at each stage of the
process.

Fig. 4. BPMN Workflow Model

Software implementation of the computer-aided
workflow formation algorithm involves the plan formation
for its execution, that is, the sequence of its services
execution by means of WSBPEL. WSBPEL is open XML-
based language for the formal specification of business
processes and business interaction protocols. It defines an
interoperable integration model that should challenge the
expansion of computer-aided process integration in both
intra-corporate and business-to-business spaces. The general
logic of the process can be implemented with a
programming-in-the-large approach that enables business
analysts to express their ideas in the most formal way, easily
without being involved in technical solutions.

V.  THE SUMMARY AND OUTLOOK ON FUTURE WORK

The paper deals with an approach to development of the
ontological structure for computer-aided workflows and their
components (functional services, relationships, and rules of
interaction) designed based on generating both a set of
services that are components of the workflows and the
sequence of their execution using the workflow meta-
models, services, subject domain, logical rules that establish
relationships between the functional services. The formalized
description of ontological domain models, functional
services and workflows, as well as operations for computer-
aided workflow formation using links and rules established
before ontological models are offered.

The proposed approach is flexible and universal for usage
in any subject domain by uploading relevant data to the
registers. It also provides the process of the quality service
control automation and the solution encapsulation enabling
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I'noéa JI.C., Ilonosa M.A., Owko H.A., Mupmuwynasa JI.
I[IpoexTyBanHs podouoro mpoiecy s KOHTpoaw QOS Ha ocHOBI oHTOOTIT

MpobuaemaTuka. CTpiMKHII PO3BUTOK TEXHOJIOTIH y pisHUX cepax Oi3HECY, B TOMY YHUCIIi B TEJICKOMYHIKAIIisIX, BUMArae
MIABUIICHHS PiBHS HaJIaHHS MTOCIYT, OCKUIBKH ()OPMYBaHHSI PUHKY ITOCIYT MEPEKEBOTO 3B'SI3KY MIIBUIIMIIO YBAry J0 MHUTaHb
KOHTPOJIFO SIKOCTI, SIK 3 OOKy peryisiTopiB, Tak 1 3 OOKy caMux mpoBaiaepiB. s HamaHHS 3a4aHOTO PIBHS SIKOCTI
00CITyroByBaHHsI OIIEPAaTOPH 3B'S3KY PO3POOJIIOTH QITOPUTMH Ta PILIEHHS LIOJ0 HAJaHHS IMOCIYT 3 KOHTPOIIO SIKOCTI Ha
OCHOBI pi3HUX KpuTepiiB. OnHaK, Taki PillIeHHS HE € YHIBepCAJIbHUMU ISl PI3HUX THITIB MOKA3HHUKIB SKOCTI 00CIyTOBYBaHHS
(KiTTbKiICHUX, SIKICHHX, TOIIIO).

Meta nmociaimkeHHsi. Y CTAaTTi NPEACTABICHWIA MiIXilA 10 aBTOMAaTH3allil poOOYMX MPOIECIB Ta X KOMIIOHEHTIB
(byHKLIOHANBHI CepBiCH, BIJHOLICHHS Ta MpaBHJa B3a€MOJII) LISIXOM IPOCKTYBAaHHS IMPOLECIB HA OCHOBI KOMIT'HOTEPHOT
reHepartii sk Habopy CiIy’k0, 10 € KOMIIOHEHTaMH POOOYHX IPOIECiB, TaK 1 IOCHIIOBHOCTI 1X BHKOHAHHS 3a JOITOMOTOIO
oHTosOri. OHTONOrISI BHCTYNAa€e y SIKOCTI MeTa-Mojeli poOodYoro Mmpolecy, CepBiciB, MPEIMETHOI O0JIaCTi Ta JIOTIYHHX
MPaBUIL, SIKI BCTAHOBIIIOIOTH 3B'SI3KM MK ()YHKI[IOHAJILHUMH CITy>KOaMH.

MeTtoauka peaJdizamii. 3ampornoHOBaHUIN MiAXiJ peali30BYEThCS 3 BUKOPHUCTAHHSIM OHTOJIOTIYHOTO MOJICITIOBAHHS,
CTaHJapTIB MOJICITIOBAHHS POOOYHX MPOLECIB Ta METO/[IB ABTOMAaTH30BAHOT'O IPOCKTYBAaHHSI.

PesysbTaTn gociizkenHs. B pe3ynbrari 1ociipkeHHs: po3po0JIeHO OHTOJIOTIYHY MOE/b OKa3HUKIB SKOCTI MOCIYT, a
TAaKOXK JIMHAMIYHO-3MIHIOBaHUI poOOYMI TIpoLeC, WHIO TrapaHTyE€ YHIBEPCAIbHICTh SIKOCTI KOHTpOJrO mociyr. Jlis
aBTOMAaTH30BAaHOI'O TEHEPYBAaHHS POOOUMX MPOIECIB PO3POOJIEHO MPOTPaMHE CEPEOBHILE, IPOAYKTHBHICTh SKOTO
TECTYEThCS Ha TPUKIAAI IHCTPYMEHTY MpoeKTyBaHHs pobodoro mpomecy - [T TODOS mist po3pobku ta Moamdikarii
OHTOJIOTIH Ta reHeparii cxemu pobovoro nporecy 3a gornomororo BPMN.

BucHoBKH. 3apoNOHOBAHUN HiIXiJ POOUTH MpoLEC KOHTPOIIO SKOCTI MOCTYT OLTBII MPO30PUM i 3MEHIIYE 3aTydCHHS
aHANITHKIB JI0 IBOTO Tporiecy. Takuii MiAXiJ € THyYKHM Ta YHIBEpCAJIbHUM JIJIs BUKOPUCTAHHS B OYIb-sIKid IpeaMeTHil
00JIaCTl NUIAXOM 3aBaHTAXKEHHS BiAMOBIIHUX MaHUX 10 pericTpiB. Bin Takox 3a0e3nedye aBTOMATH3AIlIO MPOLECY
YIOpaBJIiHHS SIKICTIO CEpBICIB Ta IHKAICYJALII pillleHb, IO J03BOJISE IpaliBHUKAM BHKOPHCTOBYBATH DILLICHHS, SKi
HaJaloThCs Ha OyIb-sIKOMY PiBHI, 0€3 y4acTi eKCIIepTHOTO aHaJIITHKA.

KurouoBi cioBa: poOoumii Tmpolec; OHTOJIOTIS; OpPKECTpaTop; KOMIT'IOTEPHUHM AM3aliH; MiIKpOCepBicH; SIKICTb
00CIIyroByBaHHS; TEIIEKOMYHIKAIIii.
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I'noba JI.C., ITonosa M.A., FOwko H.A., Mupmuynaesa JI.
IIpoexTupoBanue padouero npomecca st KOHTPoJss QOS Ha ocHOBE OHTOJIOTHH

Ipodnemaruka. CrpemMuTENbHOE pa3BUTHE TEXHOJIOTWMII B pa3nM4HBIX cdepax Ou3HEca, B TOM 4HCIE B
TeTEKOMMYHHKAIUIX, TPeOyeT MOBBIIICHUS YPOBHS INpPEJOCTABICHUS YCIYT, IOCKOJIBKY (OPMHPOBAHHE pPBIHKA YCIyT
CETEBOM CBSI3M MOBHICWIIO BHUMAHHUE K BOINPOCAM KOHTPOJISI KayecTBa, KAK CO CTOPOHBI PETYJSATOPOB, TaK U CO CTOPOHEI
caMHX TpoBainepoB. [Jisl mpeocTaBiIeHus 3aJaHHOTO YPOBHS KauecTBa OOCITY)KHBAHHUS ONEPAaTOPHI CBSI3U pa3padaThIBAlOT
QITOPUTMBI M PELICHHS O TMPEIOCTaBICHUH YCIYT M0 KOHTPOJIIO KauecTBa Ha OCHOBE pa3lIMUHbIX KputepueB. OHAKO, TaKue
pELIeHHs He SBISIOTCS YHUBEPCATBHBIMU ISl PA3IMYHBIX TUIIOB TTOKa3arelell KauecTBa OOCHyKHBaHUS (KOJIHYECTBEHHBIX,
KAueCTBEHHBIX H T.11.).

Henp ucciaenoBanus. B cratbe mnpenacraBieH MOAXOJM K aBTOMAaTH3alUM PabOYMX IPOLECCOB M MX KOMIIOHEHTOB
(pyHKIOHANIBHBIE CEPBUCHI, OTHOIICHWE W TPaBUJIA B3aMMOJACHCTBHS) MyTEM NPOEKTUPOBAHMS TPOIECCOB HA OCHOBE
KOMIIBIOTEpHOW ~TeHepaliu Kak Habopa Ciyxk0, SBISIIOMIMXCS KOMIIOHEHTaMH pabo4mX MpOIECCcOB, TaKk U
MOCJICIOBATEIbHOCTH MX BBINOJHEHUS C TIOMOIIBIO OHTOJNOTMH. OHTOJIOTHS BBICTYNAET B Ka4eCTBE METAMOJECIN paboyero
poriecca, CEPBHCOB, MPEAMETHON 00JACTU W JIOTHYECKUX MPABUII, YCTAHABIMBAIOIINX CBS3U MEXIY (OYHKIHOHAIHHBIMU
ciyx0amu.

Mertoauka peanuzanuu. [IpennoxeHHbI MOIXOM PEATNU3YETCs ¢ UCIOJIB30BAHUEM OHTOJOIMYECKOTO MOJEIUPOBAHMUS,
CTaHJAaPTOB MOJIEINPOBAHUS PaOOUNX MPOLECCOB U METOIOB aBTOMaTH3UPOBAHHOTO TPOEKTUPOBAHHSI.

PesyabTaThl HcclegoBaHus. B pesynprare uccieqoBaHHMS pa3pa0OTaHO OHTOJOTMYECKYI0 MOJENb IOKa3aTenel
KauecTBa yCIyT, a TakkKe AUHAMUYECKH MEHSIOMHUNCS pabounil mpolecc, KOTOPBI rapaHTUPyeT YHUBEPCANIbHOCTh KauecTBa
KOHTPOJISL Haja yciuyramu. [ aBTOMAaTH3MPOBAHHOTO TE€HEPHPOBaHMS PabOYMX MPOIECCOB pazpaboTaHO MPOTrPaMMHYIO
cpely, MPOU3BOAUTENBHOCTh KOTOPOI TECTHpyeTcss Ha MpHMepe MHCTPYMEHTa MPOEKTUPOBaHMs padodero mpouecca - IT
TODOS mst pazpaboTKy 1 MOAU(DUKAIIMN OHTOJIOTHH 1 FeHepaluy CXeMbI pabouero mporecca ¢ nomomnisio BPMN.

BoiBoabl. [IpeioxkeHHbIH MOIXOA JenaeT MpOoLecC KOHTPONS KayecTBa ycIyr Oonee MpO3pauyHbIM M YMEHBIIAET
NPUBIICYCHHS aHAJMTHKOB K 3TOMY Iporneccy. Takoi Moaxoj sBisercs TMOKUM M YHHBEPCAIBHBIM JUIS MCIOJIB30BAHUS B
m000i TpenIMeTHOM 007acTH IyTeM 3arpy3KH COOTBETCTBYIOIIMX JaHHBIX B perucTpbl. OH Takke oOecreynBacT
aBTOMATH3AIIMIO IIpolLiecca YIPABICHUS KaueCTBOM CEPBHCOB M HMHKAICYJSILHUIO PEHICHHWH, TO3BOJISAS PabOTHUKAM
HCTIONB30BATh PELIEHHS, KOTOPbIE MPEIOCTABIIOTCS Ha IF0OOM YPOBHE, 0€3 y4acTHsl SKCIIEPTHOTO aHAJIUTHKA.
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