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

UDC 004.94 DOI: 10.20998/2079-0023.2022.01.10

A. M. KOPP, D. L. ORLOVSKYI, I. V. LIUTENKO

A SOFTWARE SOLUTION TO WORK WITH A DATABASE OF BUSINESS PROCESS MODELS AND
ANALYZE THEIR STRUCTURAL MEASURES

Business process modeling is one of the main tools of the BPM (Business Process Management) concept. With the help of business process modeling,
business scenarios can be presented in the form of graphical models that can be easily understood by both information technology (IT) professionals
and non-IT professionals — business analysts, software customers, department heads, top managers, and other stakeholders interested in business
process improvement. Business process improvement is usually done through the automation of activities, which were identified as “bottlenecks” after
analysis. However, it is possible to analyze a business process model only if it is clear and correct in terms of compliance with both the notation used
and the real business process it depicts. This paper considers the analysis of BPMN (Business Process Model and Notation) business process model
structural measures. It is assumed that business process models, which by their structural features violate rules of business process modeling, are
neither understandable nor suitable for further work with them, which also can lead to various errors occurring at the stage of business process
analysis, as well as at the stage of its improvement and implementation of proposed changes, i.e., during development, testing and maintenance of
distinct software components, information system modules or BPM-system scenarios that ensure business process execution. Therefore, in this paper,
we propose to identify the main elements of BPMN business process models and their structural measures that affect models’ understandability and
maintainability and could be sources of errors. Considering selected measures, it is proposed to calculate respective values for a large collection of
BPMN business process models, and then study compliance with theoretical business process modeling guidelines on practice when real business
process models are designed. In order to provide efficient storage and processing of a large collection of BPMN business process models data, there
were developed a database, and a software component. Results of analysis of BPMN business process model structural measures obtained using
developed database and software component are demonstrated and discussed. The conclusion is made, as well as future research directions in this field
are formulated.
Keywords: business process model, modeling notation, structural measures, modeling guidelines.

A. M. KOITII, J. 1. OP/IOBChKHH, I. B. TOTEHKO

MMPOT'PAMHE PIIIEHHS U151 POBOTH 3 BA30OIO JAHUX MOJIEJIEM BI3HEC-TIPOIIECIB TA
AHAJII3Y IX CTPYKTYPHUX XAPAKTEPUCTHUK

MogernroBasHs Gi3HEC-TIPOLECIB € OJHUM 3 OCHOBHHX IHCTPYMEHTIB KOHLEHLI] yrpasiinHs 6i3Hec-ipouecamu BPM (Business Process Management).
3a I0MOMOror0 MOJIETIOBaHHs Oi3HeC-MPOLECiB, CLEHApIi ASTTBHOCTI MAMPHEMCTB Ta OpraHizamuiii MOXKyTs OyTH mogaHi y dhopmi rpadiyHux Mozerne,
SIKI MOXKYTb OYTH IOCTaTHBO JIETKO 3pO3yMiJi K crewiamicramu 3 iHpopmauiitnux texnounorii (IT), Tak i ve IT-cnenianicramu — 6i3Hec-aHAIITHKAMH,
3aMOBHHKaMH IIPOrPaMHOT0 3a0e3IeueHHs], KepiBHUKaMH BiIIiJIiB, TOI-MEHeKepaMy Ta iHIIMMHU CTEHKToIIepaMy, 3allikaBJIeHUMH B YIOCKOHAJICHHI
Gi3Hec-mporeciB. Y I0CKOHaJICHHS Gi3HEC-TpoleciB 3a3Buuail BigOyBaeThCs 3a paxyHOK aBTOMaTH3auii poOiT, sKi B pe3ynbTaTi aHamisy Oyiu
BH3HAYEHI AK «BY3bKi Micus». IIpote, 3aificHUTH aHani3 Mozeni Oi3Hec-Npolecy MpPEeICTABIIETHCS MOXKIMBUM JIMIIE 32 YMOBH ii 3pO3yMiNocTi Ta
KOPEKTHOCTI 3 TOUKH 30pYy BiAMOBITHOCTI SIK HOTAIIii, 10 BUKOPHCTOBYETHCA, TAK 1 peabHOMY Oi3Hec-TIpoliecy, sIKuii BoHa 300pakye. B nmaniit po6ori
PO3IIISIAETHCS aHAIl3 CTPYKTYPHUX XapaKTEPUCTHK Mojenell Oi3Hec-TpoleciB, MpeacTaBleHnx 3a jgornomoror Hotanii BPMN (Business Process
Model and Notation). Tlepen6auaerbcs, o Mozedi Oi3HEC-NPOIECIB, SIKI 3@ CBOIMH CTPYKTYPHMMHU BIACTHBOCTSMHU MOPYIIYIOTh IpaBUia
MOJIEITIOBaHHS Oi3HEC-TIPOLeCiB, HE € 3pO3YMUIMMH Ta MPUJATHUMH JI0 TIOJAIBIIO] pOOOTH 3 HUMH, Yepe3 IO MOXKYTh BUHUKATH Pi3Hi MOMIJIKH SK Ha
eTari aHaiizy Oi3Hec-TIpoIecy, TaK i Ha eTari HOro BJIOCKOHAJICHHS 1 BIPOBAKEHHS 3alIPONIOHOBAHUX 3MiH, 30KpeMa, I1iJ] 4ac pO3pOOKH, TECTyBaHHS
Ta MiATPUMKU OKPEMHUX MPOrpaMHUX KOMIIOHEHTIB, MOAyJIiB iH(opMariliHux cuctem abo creHapiiB y BPM-cucremax, 1o 3a0e3ne4yroTh BUKOHAHHS
Oi3Hec-mponiecy. [t mporo y poOOTi NpONOHYETHCS BU3HAYMTH OCHOBHI eneMeHTH BPMN-monerneil Oi3Hec-mpomeciB Ta iX CTpYKTypHI
XapaKTEePUCTHKH, SKi BIUTMBAIOTh HA 3pO3YMUIICTh Ta MPUAATHICT MOJIENEH 10 BUKOPUCTAHHS, Ta MOXYTh OyTH JDKEpenaMH MOMUIIOK. 3BaXKaloun Ha
BHM3HAYEHI XapaKTEPUCTHKH, MPOMOHYETHCSI BUKOHATH PO3PAaXyHOK BiJIIOBITHUX 3Ha4eHb JIi Benukoi koiekuii BPMN-moneneii GizHec-mporiecis,
ITCIIST YOTO JOCTITUTH TOTPUMAaHHS TEOPETHIHUX IIPABIII MOJETIOBAHHS Oi3Hec-TpoleciB Ha MPaKTHUIi IpH MOOYyIOBI Mozxenel peanbHHX OizHec-
mporeciB. [st 3a6e3neuents eGekTUBHOTO 30epirants Ta 00poOKu Benukoi Kojekiii qanux mpo BPMN-mozeni Gisnec-mporeciB 6yino po3pobieHo
0a3y AaHMX Ta MPOrpaMHUI KOMIIOHEHT. [IpoeMOHCTPOBAaHO Ta MPOAHANI30BaHO PE3YIbTATH aHANI3Yy CTPYKTYpHHUX Xapaktepuctuk BPMN-moneneit
Oi3Hec-TIpoIieciB, OTPUMaHi 3 BHKOPHCTAHHSIM pO3poOJeHOi 0a3m JaHMX Ta HporpamMHOro KommoHeHTa. ChopMynbOBaHO BHCHOBKH, a TaKOX
BHM3HAYECHO MOAANBIII HANPSMKH JOCHTIPKEHb.
KurouoBi ciioBa: Moziens Oi3HeC-TIpoIIeCy, HOTAllisl MOJICITIOBAHHS, CTPYKTYPHI XapaKTEePUCTHUKH, IPABUIIa MOJICITIOBAHHSL.

information customization

Introduction. Business process management (BPM)
and, respectively, business process modeling are used by
modern organizations focused on continuous improvement
of their performance [1].

Using business process modeling as the core tool of
the BPM approach, small and large companies may
capture their activities in the form of graphic diagrams
that could be later brainstormed by business analysts to
find ways for organizational workflows improvement.

Therefore, the understandability and modifiability of
business process models are crucial for the success of
future business process improvement projects [2]. It is
natural, that error-prone business process models that are
not clear for their readers could negatively affect the
success of BPM projects, causing shortcomings starting
from the design stage. Moreover, in the later stages of

system development or
projects, business process models of poor quality could
lead to literally a hundred times bigger and, therefore,
expensive mistakes [3].

Problem statement. Nowadays, a BPMN (Business
Process Model and Notation) is the de-facto standard
notation for business process modeling [4].

This notation is quite similar to its predecessors EPC
(Event-driven Process Chains) and IDEF3 [5], however, it
is much more complex, due to the rich set of activities,
events, and gateways (logical connectors used to manage
process execution scenarios, e.g. “and”, “or”, “xor” etc.)
of different types.

Deceptive “simplicity” could make inexperienced
business analysts build BPMN models as simple workflow
diagrams or vice versa, using complex BPMN constructs
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where it is not necessary. Both of these cases may lead to
poor-structured business process models understandable
only to their authors. It is basically the same as using a
fancy text editor to write down a poem, but with a lot of
grammar mistakes, or writing an essay or graduation
thesis speech, but on a paper note.

Thus, it is relevant to study the main sources of
BPMN modeling mistakes to provide recommendations
for their efficient detection and elimination.

The research object includes an analysis of BPMN
business process models structural measures.

The research subject includes the database and the
software component to provide efficient storage and
processing of a large collection of BPMN business
process models data.

This research aims at the improvement of designed
BPMN models by detection and elimination of modeling
mistakes.

Proposed approach. In the proposed approach we
suggest considering size measures of business process
models, formulated at first for EPC models in [6] and later
applied to measure BPMN models in [7]:

SMgpun = (SMOR’SMSEISMEE'SMN>I (1)

here SMyg —the number of inclusive gateways (OR
logic);

SMgg — the number of start events;

SMg — the number of end events;

SM,, — the number of all nodes.

As the dataset of sample BPMN models, we propose
to use the model collection of BPMAI (Business Process
Management Academic Initiative) [8]. It provides JSON
(JavaScript Object Notation) files with business process
model metadata, including necessary measures (1).

Hence, the following algorithm (see fig.1) is
suggested to process input JSON files of BPMN models’
properties to compare structural measures toward the
thresholds defined in [7] and estimate error probabilities
for BPMN models.

(1) Process |]SON metadata files and prepare
a dataset of:

- general model data

- model size measures

¥

((2] Export the dataset as CSV document)

¥

{(3] Upload and process the CSV document: J

- define measure thresholds and error probabilities
- calculate error probabilities for each model

¥

[(4) Save model data, measures, and ]

calculated results to the SQLite database

[(51 Display obtained results on the web page)

®

Fig. 1. The algorithm of BPMN models data analysis

Respective thresholds defined by authors of [7] for
size measures (1) of business process models are
following:

TMgpyn = (TMOR' TMgg, TMgg, TMN)' (2)

here TM, —the threshold to evaluate the number of
inclusive gateways (OR logic), TM,z = 0.5;

TMgg — the threshold to evaluate the number of start
events, TMg, = 2.5;

T Mg, — the threshold to evaluate the number of end
events, TMgp = 2.5;

TM, —the threshold to evaluate the number of all
nodes, TM, = 31.5.

Therefore, according to [7], there could be defined
the following probabilities of finding errors in business
process models when thresholds (2) are overcome:

e P(SMyg > TMyg) = 0.09;

e P(SMgz > TMg;) = 0.07;

e P(SMgg > TMgg) = 0.05;

e P(SMy > TMy) = 0.09.

Considering the multiplication rule [9], we would
like to suggest the following equation to calculate the
error probability of a BPMN model:

hasErrors =1 — 1_[[1 —P(SM; >TM)],  (3)

ieEM

here M — the set of business process model elements used
to calculate measures (1), M = {OR, SE,EE, N}.

Results. Data extracted from JSON files of BPMAI
collection [8] should be stored in the database for better
performance and consistency. The suggested data model
(see fig. 2) is similar to the “star” schema of data
warehouses, suitable for analytical data processing [10].

@ ModelingLanguage
e ModelingLanguagelD : TEXT

@ NaturalLanguage
# MaturalLanguagelD : TEXT

ModelingLanguageValue : TEXT NaturallLanguageWalue : TEXT

N/

@ ModelFile

& ModelFilelD : TEXT

Modelinglanguagell : TEXT
MaturalLanguagelD : TEXT
Name : TEXT

Timestamp : DATETIME
Image : TEXT

HasErrors : REAL

@ ModelMeasure

# ModelFilelD : TEXT

Nodes : INTEGER

Activities : INTEGER
SequenceFlows : INTEGER
StartEvents : INTEGER
EndEvents : INTEGER
ParallelGateways : INTEGER
Inclusive Gateways : INTEGER
ExclusiveGateways : INTEGER
EventBasedGateways : INTEGER
ComplexGateways : INTEGER

Fig. 2. The schema of the BPMN metadata database
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The overall system for BPMN models analysis
works as follows (see fig. 3):

e BPMAI JSON files are processed using NodeJS
script and model names, and calculated measures
(1) are stored in the CSV file (Comma-Separated
Values);

e the CSV file is then processed using Python
script to calculate error probabilities (3) and all
obtained results are stored in the SQLite
database;

e the Flask web application queries results from
the database and transmits them to the web
browser, where the JSON viewer plugin can
display them (see fig. 4).

Server

]
Measures Analysis
Steps (3-4)

Flask Web API
Step (5)

JSON Processing
Steps (1-2)

BPMN JSON Metadata

b4

Client

1
Google Chrome
Step (5)

]
|SON-As-Table Viewer [ ~

Fig. 3. Experimental system design

The example of obtained results is shown in fig. 4.

Discussion. Obtained statistical results (see fig. 5)
demonstrate that redundant end events are the most often
sources of errors in BPMN business process models —
there are 4463 (23.72%) BPMN models with redundant
end events that may mislead readers.

NN Fine
B Fault

20000 +

17603

17500 4 16700

16241

15000 1

12500 4

10000 -

Elements

7500 1

5000 A

2500

o-

OR Gateways Start events End events Nodes

Fig. 5. The most common sources of errors in BPMN models

Other almost equal sources of errors are redundant
start events and large models in general:

e 2571 (13.67%) BPMN models contain redundant

start events that may mislead readers;

e 2112 (11.23%) BPMN models are considered too

large and should be decomposed.

Usage of inclusive (i.e. “or”) gateways is a less
popular source of errors in comparison to other size
measures — there are 1209 (6.43%) BPMN models with
“or” gateways.

Anyway, inclusive gateways are recommended to be
avoided because the semantics of these elements produces
paradoxes and problems in the implementation of the
business process model [11]. It is also stated that BPMN
models with the exclusive (XOR) and parallel (AND)
gateways tend to have a lower number of mistakes [11].

The results of the statistical analysis of calculated
BPMN business process model measures, shown in (1),
are demonstrated in Table 1.

Obtained statistical results demonstrate that 75% of
analyzed BPMN models (18812 models in total) are well-

Show entries Search: |supply chain
Model File Model Name E?;Ts EE::ts Ga tgv:rays Nodes E}r.‘rifs -
@  1408075999.meta.json  AVERS_Supply_Chain_NEW 3 9 0 41 0.21
(+] 2019061664.metajson  AVERS_Supply_Chain 4 10 0] 39 0.21
(+] 1322223884 metajson  Supply chain 3 <) 0 16 0.12
(+] 643475489 .meta.json Customer Data Supply Chain Map 0 0 0 32 0.09
©  239343585.meta.json Data Supply Chain 0 0 0 6 0
Showing 1 1o 5 of 5 entries (filtered from 18,812 total entries) Previous ‘T‘ Next

Fig. 4. The example of results for “supply chain” BPMN models
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structured since their measures (1) are not crossing the
threshold values (2). Also, we can observe that the
average BPMN model consists of around 17 elements in
general, among which there is one start event (rarely two),
two end events, and the presence of at least one inclusive
gateway is highly unlikely.

Table 1 — The statistical analysis of BPMN measures.

Measure SMyz SMgy SM SMy
Mean 0.13 155 2.01 16.77
Std. 0.72 1.85 2.42 16.05
Min. 0.00 0.00 0.00 0.00
25% 0.00 1.00 1.00 7.00
50% 0.00 1.00 1.00 13.00
75% 0.00 2.00 2.00 21.00
Max. 23.00 103.00 49.00 | 262.00

We also complemented obtained results with the
correlation analysis [12] of error probability and other size
measures of BPMN models that were not initially
included in the tuple (1), as well as ignored by authors of
[7]:

e SM, the number of activities;

e SM, the number of sequence flows.

Obtained results of the correlation analysis [12] are
demonstrated in Table 2.

Table 2 — The correlation analysis results.

Variable hasErrors SM, SMsp
hasErrors 1.00 0.62 0.67
SMy 0.62 1.00 0.90
SMgr 0.67 0.90 1.00

Since correlation coefficients are between 0.5 and
0.7, we may conclude that the error probability and the
number of activities (0.62), as well as the error probability
and the number of sequence flows (0.67), can be
considered as moderately correlated [12].

It can be also noticed that the number of activities
and the number of sequence flows are highly correlated
(their correlation coefficient is 0.9) [12], however, it does
not seem unusual for linked graphs such as BPMN
diagrams.

These observations (shown in Table 2) could be used
in the future to build a model for the estimation of BPMN
business process models using numbers of activities and
sequence flows.

Conclusion. In this paper were considered measures
of BPMN business process models and their respective
thresholds [7]. Using these thresholds [7] it is proposed to
calculate error probabilities of analyzed BPMN models.
To provide efficient storage and processing of
experimental BPMN data, we have developed the
database and software component. Using the software
component BPMN data is extracted from JSON metadata
files, provided in BPMAI research collection [8], then
data is stored in a CSV file that later is processed by a
Python script, and analysis results are stored in the SQL.ite
database. Using the Flask web applications development
framework, analysis results of BPMN models are

displayed using the web page with search and pagination
possibilities.

Using further statistical analysis of obtained results
were defined most common sources of errors in BPMN
models. Also, were defined typical measures of average
BPMN models and correlations between other BPMN size
measures and error probabilities. Future research may
include the elaboration of models for early errors
detection in BPMN maodels using essential measures, such
as numbers of activities and sequence flows.
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