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A SOFTWARE TOOL FOR QUALITY MEASUREMENT OF BUSINESS PROCESS MODELS USING
DISTANCES IN N-DIMENSIONAL SPACE

This paper considers the problem of quality measurement of business process models using the n-dimensional space distances. Business process models
are graphical schemes similar to flowcharts or activity diagrams utilized in software engineering, usually represented using the BPMN (Business Process
Model and Notation) or EPC (Event-driven Process Chain) notations. Business process modeling aims to capture current enterprise workflows for their
analysis and then improvement using automation through IT (Information Technology) systems deployment. Therefore, designed business process
models should be of high quality, so all “weak spots” of described organizational workflows could be properly identified and replaced with more efficient
solutions. Whereas process models, which are not understandable, un-structured, and/or uncertain, may cause even more issues when used to improve
organizational activities. Therefore, this study proposes quality measures and a software tool that can be used to detect errors in BPMN and EPC business
process models using distances in n-dimensional space. The formal problem statement based on the graph-based description of business process models
was given. Business process model quality characteristics and measures that consider features of both BPMN and EPC notations were proposed.
Distances in n-dimensional space were suggested for usage to measure the quality of business process models. The algorithm for business process model
quality measurement was proposed. The software tool to measure the quality of BPMN and EPC business process models was designed and developed.
The quality of sample business process models was measured using the software tool. Obtained results were analyzed and discussed. This paper considers
the Euclidean distance only, while other existing n-dimensional space distance measures or, on the opposite, similarity measures, can be used to evaluate
business process model quality in further research.
Keywords: business process model, quality measure, software tool, distance measure, n-dimensional space.

A. M. KOIIII, 1. /1. OP/IOBChbKHH

MPOTPAMHE PIIIEHHSI 1151 BAMIPY SIKOCTI MOJIEJIEM BI3BHEC-TIPOILIECIB 3
BUKOPUCTAHHSM BIJJCTAHEN Y N-BUMIPHOMY IPOCTOPI

VY naHiit poOOTI po3riIAaaeThCs 3a7a4a BUMIPIOBaHHS SKOCTI MOZEINeH Oi3Hec-TpoLeciB 3a JOMOMOTOI0 BiJICTaHeH y n-BUMipHOMY mpocTtopi. Mozeni
6i3Hec-TIporieciB — 11e rpadivHi cxemu, oJioHi 10 6110K-cxeM abo JiarpaM JisIbHOCTI, SIKi BAKOPHCTOBYIOTBCS B PO3POOIIi ITPOrpaMHOTo 3a0e3MeueHHs,
3a3BHYail pezcTaBIIeHi 3a qoromoroto Hotariii BPMN (Business Process Model and Notation) abo EPC (Event-driven Process Chain). MonemoBanHs
Oi3Hec-mpoleciB Mae Ha MeETi OXOIHUTU IMOTOYHI IOTOKM POOIT MigNPHEMCTBA A IX aHai3y Ta MOJAJBLIOT0 YAOCKOHAIEHHS 3a IOIOMOTOI0
aBTOMatH3awii yepe3 posropranus IT-cucrem (iHpopmaniiiHux TexHomnorii). Tomy po3pobieni Mozxerni Oi3Hec-IpoOIeCiB MaroTh OYTH SKICHUMH, 100
yci «cmabki Micis» ONMCcaHUX opraHi3aliifHux 6i3Hec-TporieciB Morii GYTH TPaBUIIBHO BU3HAYEHI Ta 3aMiHeHi Oinbin edexTuBHNME pinreHHsMu. Toxi
SIK MOJIEJ TPOLECIB, Ki € HE3PO3yMUIMMH, HECTPYKTYpOBAaHMMH Ta/ab0 HEBU3HAYEHHMMH, MOXYTh BHUKJIMKATH Iie Oiiblie mpoOiieM, sKmo ix
BUKOPHCTOBYBATH JUIsl TOKPAIIEHHS OpraHi3aliifHoi AispHOCTI. ToMy B IIbOMY JIOCHiKEHHI TIPOMOHYIOTBCS MipH SKOCTI Ta IIPOrpaMHMIA 3aci0, SKuit
MOJKHa BUKOPHCTOBYBATH JIJIsl BUSBIICHHS TOMIJIOK y MoJiensix Gi3Hec-mporecis y HoTamisx BPMN ta EPC 3 BukopucTaHHsAM BijicTaHeH y n-BUMipHOMY
mpocropi. Jlano $GopMaibHy MOCTaHOBKY 3aiadi Ha OCHOBI rpad)iuHOrO OMHCY Moenei Oi3Hec-TmpoleciB. 3ampoNOHOBAHO SKICHI XapaKTEePUCTHKA
MoJieneit Gi3Hec-TpoIeciB Ta MipH, sIKi BpaXxoBYIOTh ocobmBocTi HoTamiit sk BPMN, tak i EPC. Bincrani B n-BuMipHOMY IpocTOpi Oy/m 3alporoHOBaHi
JUIsL BUMIPIOBAaHHS SIKOCTI Mojiened Oi3Hec-mporeci. 3anpornoHOBaHO alTOPUTM BUMIPIOBaHHS AKOCTI Mojenel Gi3Hec-mporieciB. CIIpOeKTOBaHO Ta
po3pobiaeHo mporpaMHHUid 3aci0 Uit BUMIpIOBaHHS sKOCTI Mojened Oi3Hec-mpoueciB y HoTauisix BPMN ta EPC. IIponeMoHCTpoBaHO NpUKIaan
BUMIpPIOBAaHHS SIKOCTI Mojieneil Gi3Hec-TpoIeciB 3a JOMOMOTOI0 po3pobIeHOro mporpaMHoro 3acody. OTpuMaHi pe3yabTati OylIo IpoaHali30BaHO Ta
obroBopeHo. Y wiif crarti posrsanaerses aunie EBKiifoBa BifcTaHb, TOAI K iHIII iCHYFOWI BIJICTaHI Y N-BUMIpPHOMY NpOCTOpi a00, HaBMaKu, MipH
moiOHOCTI, MOXYTh OyTH BUKOPHCTAaHI [UISl OLIIHKH SKOCTI MOJieneil Oi3HEeC-MPOIECiB y MOAANBIINX TOCHTIIKEHHSIX.
Kurouosi ciioBa: Mojiens 6i3Hec-Tipoliecy, Mipa SKOCTI, IPOTrpaMHHiA 3aci6, Mipa BiJcTaHi, N-BUMipHHI IPOCTIp.

Introduction. Business process modeling is a key
activity within the Business Process Management (BPM)
domain [1]. Process modeling ensures IT (Information
Technology) and business alignment by making easier
communication between business users, such as chief
officers, managers, and other stakeholders on the one side,

and IT engineers who design and maintain enterprise
information system(s) on the other side.

Graphical business process models are used to capture
and analyze current workflows in order to find ways for
their improvement by means of improvement of current IT
systems or introducing new IT system modules in the case
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considered workflows are still not automated. Hence,
captured business process models should be
understandable, well-structured, and may not have any
uncertainties. Otherwise, it will not be possible properly
analyzed current enterprise activities and suggest efficient
ways for their improvement. Moreover, improper business
process models may signalize improper business processes
themselves, so modeling mistakes may appear because the
reflected real business process has certain faults.

Considered process modeling issues may negatively
affect BPM projects, since fault business process models
may cause even more inefficient spots in so-called
“improved” or “TO-BE” workflows. Moreover, further
costs to fix arisen errors at the stage of IT system
maintenance may be literally 100 times greater than at the
stage of system design [2], where the business process
models are created and analyzed.

This study aims to provide quality measures to
improve business process modeling and analysis activities
of BPM projects. A research object includes business
process modeling and analysis activity, conducted by
business analysts or IT management specialists. A research
subject includes quality measures for BPMN (Business
Process Model and Notation) [3] and EPC (Event-driven
Process Chain) [4] models used nowadays the most to
capture organizational workflows [5].

In order to achieve the research aim, there should be
solved following tasks:

e give the formal problem statement based on the
graph-based description of business process models;

e propose business process model quality
characteristics and measures that con-sider features of both
BPMN and EPC notations;

e suggest usage of distances in n-dimensional space
to measure the quality of business process models;

e propose an algorithm to measure the quality of
business process models;

e design and develop a software tool to measure the
quality of BPMN and EPC business process models;

e measure quality of sample business process
models using the software tool, analyze, and discuss
obtained results.

These tasks could be solved using methods of
business process modeling [6], graph theory [7], metric
geometry [8], and software engineering [9].

Problem statement. Business process elements that
deserve the most attention in business process models are
tasks or also referred to as activities.

Since business process models could be described as
directed graphs [7], the following formalism could be used
to describe the structure of a business process diagram:

BPG =(T,SF). (69)

The BPG stands for the Business Process Graph, the
formal description of a business process model, which is
then should be used to analyze business process diagrams.

The T stands for the Tasks, the set of activities of a
business process model. Each task could be described using

the following tuple of incoming sequence flows t" and
outgoing sequence flows t** as well:

T={t=(t"t")teT}. @)

The SF stands for the Sequence Flow, the set of
sequence flows that connect tasks of a business process
model and other elements, such as events and gateways.
Each sequence flow could be described using the following

tuple of the source task sf *"* and target task sf “*":

SF = {sf = (sf =, sf “) sf & SF}, @A)

out

Hence, each of t" or t® tuples could be formally

described as following: t° ={sf,sf € SF}, se{in, out},

while teT .

The linkage between considered formalisms (1)—(3)
and business process modeling elements in BPMN and
EPC notations is demonstrated in Fig. 1.

Using introduced formalisms (1)—(3) and proposed
quality characteristics of business process models, there
could be formulated following measures.

Title

BPG = <T, SF> Functions (Task), r € T

Fig. 1. Connecting graph theory formalisms with BPMN
and EPC elements

Sequence Flows, sf € SF

BPMN

Title—

Business process model quality characteristics and
measures. The following quality characteristics [10] could
be used to describe a business process model:

e Complexity — how large the business process
model is, how dense, connected, and coupled are sequence
flows that associate elements to each other in the business
process model.

e Structuredness — how the business process model
is structured: elements should be properly connected and
the connection of business process model elements also
should be consistent and coherent.

e Uncertainty — business process workflows,
demonstrated by models, should be free of the uncertainty
of depicted scenarios — business process branching should
be explicitly determined and depicted without any
uncertainty.

The complexity of a business process model could be
described using a tuple instead of a single measure:

BPG. = (fg o f ) - (4)

avg ! "min ? “max

The favg is the average degree of a business process

model activity, where degree stands for the number of
incoming and outgoing sequence flows associated with a
business process model element:

. 1

t, =—

avg |T| ;(

tin

tOUt

+

). 5)
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The £ . is the minimum degree of a business process
model activity:

fm tin tout

L= min{
in teT

+

} . (6)

The £, isthe maximum degree of a business process
model activity:

f :max{t‘” +[t

ax teT

b W)

The proposed measure of business process model
complexity gives only relative values and, therefore, could
be used to compare business process models of different
sizes. The introduced measure of business process model
complexity considers degrees of activities and derived sub-
measures, such as average degree, minimum degree, and
maximum degree of the task in a business process model.
Usage of such relative measures also allows comparing
business process models of different sizes to each other.

Structuredness of a business process model is a much
more complex quality characteristic, which also could be
described using the following tuple-based measure:

in " tout

BPG, = <f<°> f<°>>. (8)

The £ is the relative number of tasks (the percent of

all tasks of a business process model), each of which does
not have incoming sequence flows:

2o ©)

teT

fo_ 1
T

The £\ is the relative number of tasks, each of which

out

does not have outgoing sequence flows:

o) _ 1
f° T ZJM:O.

teT

(10)

Here ]T and ]T are the respective indicator

in ‘:0 tout|_o

functions.

Introduced relative measures of business process
model structuredness demonstrate if there are present tasks,
which do not have incoming or outgoing sequence flows
that signalize interruptions of a business process.

Business processes should start or end with respective
events, while activities that trigger business process
workflow execution or serve as the ends of business process
workflow may signalize inconsistent and incoherent busi-
ness processes [6].

Uncertainty of a business process model is even more
complex quality characteristic in comparison to structu-
redness, which also could be described using the following
tuple-based measure:

BPG, = (£, ).

7 out

(11)

The £ is the relative number of tasks, each of which
has multiple incoming sequence flows:

P (12)

1
|T teT

The £ is the relative number of tasks, each of which

out

has multiple outgoing sequence flows:

"(>1) :i
fo T tzT]T‘ L (13)

Here ]T"" and ]T‘ are the respective indicator

>1 >1

functions.

Considered relative measures also demonstrate the
presence of tasks, which implement implicit branching of a
business process workflow. There are exclusive and
parallel branching scenarios, which could be declared
without special workflow patterns using XOR-gateways
and AND-gateways [6]. Such implicit decisions bring
uncertainty to described business processes and should be
re-designed to achieve better understandability and
maintainability of business process models.

Using distances in n-dimensional space to measure
the quality of business process models. Therefore, the
business process model graph could be described using the
following ordered set of measures (4), (8), and (11):

BPG,, =(BPG.,BPGs,BPG). (14)

By expanding this tuple (14), we could obtain the
following vector, which describes a business process
model:

X BPG _ (f

avg it

min !

£ £0 £ £ f(>1))_

max ! Sin ! tout * tin ! “out

(15)

The vector of a business process model, which does
not have any flaws, which violate complexity,
structuredness, and uncertainty, could be described as
follows:

X £ =(2,2,2,0,0,0,0). (16)

Hence, the quality of the business process model
could be measured as the distance between the vector of a

“perfect” business process model X ¢ and the current
business process model under evaluation X ®°¢ [8]:

d(XBPG’X:PG):\/i(XkBPG _XOBkPG)Z-

k=1

(7

As it is shown, the Euclidean distance in the n-
dimensional space (n=7) could be used to measure the
similarity between the “perfect” business process model
and the measured business process model [8].

Therefore, business process models of high quality

should demonstrate zero distance d(X®*™°,X;")=0 to
the vector of a “perfect” business process model XF™° .
Otherwise, if d (X, X§")>0, there could be present

violations of complexity, structuredness, or uncertainty
quality features.
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The algorithm for business process model quality
measurement. The algorithm for business process model
quality measurement may include the following steps.

Step 1. Enter the name N of the measured business
process model.

Step 2. Enter the name N, of the activity and its

tln
Step 3. Return to Step 2 if one more activity should be
added. Otherwise — go to Step 4.
Step 4. Build the set of activities T, calculate
measures defined in (4), (8), and (11), and build the vector

X #7¢ for the model N .
Step 5. Calculate the distance value d (X **, X7 ).

If d(X®°,X*°)=0, model N
uncertainty mistakes.

tOUt

input/output sequence flow numbers and

does not have

complexity, structuredness, or
Otherwise — go to Step 6.

Step 6. Check the vector X®°¢ and make the
following assumptions, so fault activities N,,teT could
be detected and fixed:

o if £ =2vi, 22V, #2,
complexity issues in model N ;

o if f£920vi%=0,
issues in model N ;

o if {20V %0, there are uncertainty issues

out
in model N .

In order to provide the efficient quality measurement
of business process models, the proposed algorithm should
be implemented as a software tool. Details related to the
design and development of such a software tool are outlined
in the subsequent section.

Design and development of the software tool to
measure business process model quality. The developed
software tool is a client-server web application based on the
Java platform and programming language [9]. We used
Java because of its cross-platform capabilities, relative
simplicity for object-oriented design, and scalability. It uses
the collection of BPMN models and the Camunda BPMN
library [11]. The collection of business process models
locates on the application server or on the dedicated file
server. Fig. 2 below demonstrates the main nodes and
components of the developed software.

Let us briefly describe the main software components
(see Fig. 2 above). The client-side contains the single web
page and the stylesheet. The web page communicates with
the Java servlet (a server-side application that processes
requests and provides responses). Utility classes (see the
package “util”) allow reading and measuring BPMN
models given in a collection of files. Java beans (simple
object representations) describe BPMN elements, models,
and measured indicators.

Fig. 3 below explains the interaction of the main
software components. The described workflow includes the
following steps:

e the user uploads a BPMN model to the server;

o the user visits the software tool’s homepages (i.e.
the “index” page);

there  are

there are structuredness

o the homepage accesses the backend Java code (i.e.
the “MeasureServlet” class);

o the respective servlet calls the special method of
the “CollectionUtil” class to read the collection of BPMN
models from the server;

e the servlet then calls the special method of the
“CollectionUtil” class to measure the quality of retrieved
BPMN models;

o the “CollectionUtil” class returns the results to the
servlet that then displays these results on the “index” page
to the user.

Web Browser

1 ]
index.jsp - styles.css

t
|

I

! Web Server
|

|

| util,

“’{ CollectionUtil. java

serviet)

]
MeasureServiet.java

v

7

’ ~
i ~
!

U S

7

—

g1
Readutil. java MeasureUtil.java
T

1

+7 '
. 1
rQ K]
] 1 ]
Element.java Model.java Measure. java

Fig. 2. Component diagram of the software tool

| Upload a BPMN model _ |
—_—

I BPMN Models | @) O
User T It ‘ MeasureServlet Collectionutil
| | |
| |

| Load the homepage

E doGet() !
i | readBPMNCollection()

| measureBPMNCollection() _ |
E Return results I

! Display results |

I —

ex ‘ Measu@_éew\et
(@)

User -
BPMN Models || | ind
—T— Server

Fig. 3. Sequence diagram of the software tool

Collectionutil

Quality measurement of sample business process
models. Fig. 4 below shows the usage of the developed
software tool “BPMNmeter”. We used the Camunda
repository [12] of goods dispatch process models. Models
with measures different from “perfect” are colored in red,
while high-quality models are highlighted in green. Models
are sorted in reverse order by distance from the “perfect”
model.

Fig. 5 below demonstrates one of the goods dispatch
business process models of poor quality, named as
“Shippingl c87¢f14a31294d689947d679015e8afb™.

Fig. 5 below demonstrates one of the goods dispatch
business process models of poor quality, named as
“Shippingl c87¢f14a31294d689947d679015¢8afb”.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1l». Cepisn: Cucmemmnuii
78 ananis, ynpasninusa ma ingopmayiini mexronozii, Ne 2 (8)°2022



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

BPMNmeter

‘,\‘ame

|lavgT[minT|jmaxT]inT(=0)| outT(=0)|inT1)|[ont T>1)][Quality

warenversand - english a850c588e7d54deladd30aaddce62cd6.bpmn

2.22 |2.00 (4.00 |0.00 0.00 0.00 0.11 2.02

Shippingl c87ef14a31294d689947d679015e8afb.bpmn

2.00 ||1.00 |3.00 (0.14 0.00 0.14 0.00 1.43

Warenversand 7£50¢52e9d69490db819¢1d685¢59e3a.bpmn

1.40 |1.00 |[2.00 [0.00 0.60 0.00 0.00 1.31

dispatch_of goods 2alf9e8760a844f9b1794af65d2746ee.bpmn

2.17 ||2.00 |3.00 |0.00 0.00 0.17 0.00 1.03

Excercise 1 Dispatch 261502e16e3a457e8f2787775defec9d.bpmn

2.17 |[2.00 (]3.00 |0.00 0.00 0.17 0.00 1.03

warenversand_-_english_027ce98fab3a4b3dada547ccf03e3c51.bpmn

2.17 ||2.00 |3.00 |0.00 0.00 0.17 0.00 1.03

My first example process 2 40ebe9ccblel42f7823aedc43cd7d617.bpmn  |2.11 |2.00 ||3.00 (0.00 0.11 0.11 0.00 1.02

Dispatch_of goods_42528d54df304f9fa9¢747¢8d40deb35.bpmn

2.11 ||2.00 |3.00 |0.00 0.00 0.11 0.00 1.01

Dispatchin of goods ca3acld3e9ce4cda979953ebe59bf6b7.bpmn

2.00 |[2.00 ([2.00 |0.00 0.00 0.00 0.00 0.00

Dispatch_01_6a478fb945e4464abc19d1a74b903390.bpmn

2.00 ||2.00 |2.00 |0.00 0.00 0.00 0.00 0.00

Dispatch 1cb656bdb9ec435fbe33bf4df633¢2f5.bpmn

|2-00 |2.00 ]2.00 Jo.00 Jlo.oo .00 jo.oo .00 |

Fig. 4. Detected business process models of the lowest quality
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Warshouse

Y

pickup

—

Fig. 5. One of the BPMN models of poor quality

Its distance from the “perfect” BPMN model is
d (X e X e ) =1.43. Fig. 5 demonstrates the respective

diagram, which contains two types of modeling mistakes:

e missing incoming flow for the “Determine
shipping method” task leading to the never initiated process
path;

e multiple incoming flows for the “Create package
label” leading to missing synchronization.

Obtained measures prove the observations outlined
above. The considered model demonstrates deviations of
measures from “perfect” indicators:

e the maximum degree of a business process model
activity, £ _ =3=2;

o the relative number of tasks, each of which does
not have incoming sequence flows, £ =0.14=0;

e the relative number of tasks, each of which has
multiple outgoing sequence flows, £ =0.14 = 0.

These measures reflect complexity, structuredness,
and uncertainty issues in the analyzed BPMN model.

Complexity issues signalize the complicated
modifiability and maintainability of such a model.
Structuredness issues signalize modeling errors that violate
the workflow of a business process (e.g. the path beginning
with the “Determine shipping method” activity may never
trigger). Uncertainty issues signalize the complicated
understandability of such a model and, therefore, a business
process (e.g. how possible parallel flows synchronize
before the “Create package label” activity).

Conclusion. In this study, we considered the problem
of quality measurement of business process models using
the n-dimensional space distances. Since process models,

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninus ma ingopmayiini mexnonozii, Ne 2 (8)°2022 79



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

which are not understandable, unstructured, and/or 6. GuizaniK, Sonia A. G. An approach for selecting a business process

H ; modeling language that best meets the requirements of a modeler.
uncertain, may cause even more issues when used to Procedia Computer Science. 2021. No. 181. P. 843-851.

impr.ove organizational activities, this paper proposed 7. Trudeau R. J. Introduction to graph theory. Courier Corporation,
quality measures and the software tool that can be used to 2013. 224 p.

detect errors in BPMN and EPC business process models 8. Llhari\(t A-kAb_Soe Mile'h '\gyaan?:rl M. l_EucllLO:ean: tl]\/larmlattaltr; gﬂ_d
i i in n-di i inkowski Distance Methods For Clustering Algorithms. Int. J. Sci.
using dI,I]Stances Iln n dtl):nensmnal SPaC% d h h Res. Sci. Eng. Technol. 2020. No. 7. P. 553-559.
The fo_rm_a pro em statement based on the gr_ap 9. Juneaul., Luciano M. Java Web Applications. Java 17 Recipes. 2022.
based description of business process models was given. P. 479-514,
Business process model quality characteristics and 10. Krogstie J. Quality of business process models. Quality in Business

: Process Modeling. 2012. P. 53-102.
measures that consider features of both BPMN and EPC 11. BPMN model API. URL.: https://docs.camunda.org/manual/7.16/user-

notations were proposed. Distances in n'dim?nSional Space guide/model-api/bpmn-model-api/ (accessed: 20.04.2022).
were suggested for usage to measure the quality of business 12, BPMN for research. URL: https://github.com/camunda/bpmn-for-
process models. The algorithm for business process model research/ (accessed: 20.04.2022).

quality measurement was proposed. The software tool to
measure the quality of BPMN and EPC business process
models was designed and developed. The quality of sample ~ 1- gi‘;gfrfm':‘ C/Z'mBStS;?Se fi mlf;srs “z"(?znfgﬁ? elnztés i 16(;/??z:gzlion ore
business p_I’OCESS models was measured us!ng the software 2. Han g( Gongju’:\ Y. Fault Predié/tion With Staticyspcl))ftware Metrics in
tool. Obtained results were analyzed and discussed. Evolving Software: A Case Study in Apache Ant. Journal of
Limitations of this paper are related to the Computer and Communications. 2022, no. 10 (2), pp. 33-45.
consideration of only tasks as the most important business 3. Dijkman R., Hofstetter J., Koehler J. Business Process Model and

. . . Notation. Springer, 2011. 179 p.
process mOde“ng elements, whereas gateways (l'e' IOglcaI 4. Niziot M., et al. Characteristic and comparison of UML, BPMN and

References (transliterated)

co_nnectors) are 5}'50 valuable an_d error-prone objects. A|5_0| EPC based on process models of a training company. Annals of

this paper considers the Euclidean distance only, while Computer Science and Information Systems. 2021, no. 26, pp. 193—
other existing n-dimensional space distance measures or, ; EO?-_ T oetalC " veis main methods b

. s . Entringer T., et al. Comparative analysis main methods business

on the Opp95'te' similarity meas“r?S’ can be_ qsed_ to process modeling: literature review, applications and examples.

evaluate busmes_s process mo_del quality. These limitations International Journal of Advanced Engineering Research and

should be taken into account in future research. Science. 2019, no. 5 (6), pp. 100-116.
6. Guizani K, Sonia A. G. An approach for selecting a business process
References modeling language that best meets the requirements of a modeler.

. . . Procedia Computer Science. 2021, no. 181, pp. 843-851.
1. Reijers H. A. Business Process Management: The evolution of a 7 Trudeau R. J. Introduction to graph theory. Courier Corporation,

discipline. Computers in Industry. 2021. No. 126. P. 103404. 2013. 224 p.

2. Han X, Gongjun Y. Fault Prediction with Static Software Metricsin g Thant A. A., Soe M. A, Myanmar M. Euclidean, Manhattan and
Evolving Software: A Case Study in Apache Ant. Journal of Minkowski Distance Methods For Clustering Algorithms. Int. J. Sci.
Computer and Communications. 2022. No. 10 (2). P. 33-45. Res. Sci. Eng. Technol. 2020, no. 7, pp. 553-559.

3. Dukrr_1an R., Hofstetter J., Koehler J. Business Process Model and 9. juneau J., Luciano M. Java Web Applications. Java 17 Recipes. 2022,
Notation. Springer, 2011. 179 p. pp. 479-514.

4. Niziol M., et al. Characteristic and comparison of UML, BPMN and 10, Krogstie J. Quality of business process models. Quality in Business
EPC based on process models of a training company. Annals of Process Modeling. 2012, pp. 53-102.

Computer Science and Information Systems. 2021. No. 26. P. 193- 11 BPMN model APL. Available at:
200.. ) o _ https://docs.camunda.org/manual/7.16/user-guide/model-api/bpmn-

5. Entringer T., et al. Comparative analysis main methods business model-api/ (accessed 20.04.2022).
process modeling: literature review, applications and examples. 12 BPMN for research. Available at: https://github.com/camunda/bpmn-
International Journal of Advanced Engineering Research and for-research/ (accessed 20.04.2022).

Science. 2019. No. 5 (6). P. 100-116.
Haoiiuna (received) 05.10.2022

Bioomocmi npo asmopis / About the Authors

Kopp Andrii Mykhailovych — PhD in Computer Sciences, National technical university «Kharkiv polytechnic
institute», Associate Professor of the Department of Software Engineering and Management Intelligent Technologies;
Kharkiv, Ukraine; ORCID: http://orcid.org/0000-0002-3189-5623; e-mail: kopp93@gmail.com

Orlovskyi Dmytro Leonidovych — PhD in Technical Sciences, Docent, National technical university «Kharkiv
polytechnic institute», Associate Professor of the Department of Software Engineering and Management Intelligent
Technologies; Kharkiv, Ukraine; ORCID: http://orcid.org/0000-0002-8261-2988; e-mail: orlovskyi.dm@gmail.com

Konn Amnopini Muxaiinoeuuy — noxtop dinocodii, HarioHambHUI TEXHIYHWA YHIBEPCUTET «XapKiBChKHIA
MOJITEXHIYHUHN IHCTUTYT», IOLEHT KadeApH MporpamMHOl iHKEHepii Ta iHTeNeKTyaJbHUX TEXHOJIOTIH yIpaBIiHHS; M.
Xapkis, Ykpaina; ORCID: http://orcid.org/0000-0002-3189-5623; e-mail: kopp93@gmail.com

Opnoscokuii [Imumpo Jleonioosuu — xanaunaT TeXHIYHUX HayK, TOLUEHT, HanioHansHUI TeXHIYHUN yHIBEPCUTET
«XapKiBCbKUH TOJITEXHIYHUI 1HCTHTYT», JOLEHT Kadeapu NporpaMHoi iHKeHepii Ta IHTeJEKTYaJIbHUX TEXHOJIOTiH
ympasiiHHs; M. XapkiB, Ykpaina; ORCID: http://orcid.org/0000-0002-8261-2988; e-mail: orlovskyi.dm@gmail.com

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1l». Cepisn: Cucmemmnuii
80 ananis, ynpasninusa ma ingopmayiini mexronozii, Ne 2 (8)°2022



