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THE APPROACH AND THE SOFTWARE TOOL TO CALCULATE SEMANTIC QUALITY
MEASURES OF BUSINESS PROCESS MODELS

Business process models are essential business process management artifacts that help describe visually ongoing business activities to facilitate
communication between information technology and business stakeholders. Business process models are used to find inefficient spots within described
workflows and resolve detected shortcomings by automation via configurable software solutions or unified workflow engines. However, this is
impossible when using syntactically or semantically poor business process models. It is the same as building a house using the blueprint with windows
on the floor and typos in text labels. Therefore, it is extremely important to keep created business process models clear and relevant to the actual
workflows they describe. Hence, in this paper, we propose the approach and the software tool to calculate semantic quality measures of business
process models. The proposed approach uses a special procedure to extract the modeling domain statements using natural language processing
techniques. According to the proposed approach, the initial textual descriptions of business process models should be tokenized. Then obtained tokens
should be turned to the lower case style and cleansed to remove non-alphabetic tokens and stop words. Finally, the remaining tokens should be
stemmed and the existing duplicates should be removed. The same procedure is then repeated for text labels attached to the business process model
activities. Then, tokens present in the result of textual description’s processing but missing in the result of labels’ processing are considered incomplete
(i.e. incorrect in the modeling domain). Similarly, tokens present in the result of labels” processing but missing in the result of textual description’s
processing are considered invalid (i.e. irrelevant to the modeling domain). Therefore, respective semantic quality measures can be calculated. The
software tool is created using the Python programming language because of its powerful natural language processing packages.
Keywords: business process modeling, semantic quality, quality measure, natural language processing, software tool.

A. M. KoIlIl, J. 1. OP/IOBCbKHH

MIAXIJ TA IPOTPAMHUAM 3ACIB VIS PO3PAXYHKY CEMAHTHYHHUX MIP AIKOCTI MOJIEJIEA
BI3HEC-ITPOLECIB

Mopemni 06i3Hec-IIpOLECiB € BaXIIMBUMHU apTedakTaMd YIpPaBIiHHA Oi3Hec-IpoIlecamMu, sKi JONOMAaraloTh Bi3yaJbHO OIMCATH IIOTOYHY Oi3Hec-
IiSUTBHICTh, MI00 IIOJETIINTH B3aEMOII0 3alliKaBICHHX CTOpiH Oi3Hecy 3 iHdopMauiiiHuMu TexHomorissmd. Momemi — 6i3Hec-mporeciB
BUKOPUCTOBYIOTBCS IS IIOIIYKY HEe(peKTHBHUX MICIb B OIHCAHUX POOOUMX IPOLECaX Ta YCYHCHHs BUSBJICHUX HEMOJIKIB IIUIIXOM aBTOMATH3alil 3a
JIOTIOMOT'OI0 TIPOTPaMHHMX pillleHb, 10 HAIAIITOBYIOTHCS, a00 yHI(IKOBaHUX CepeloBHUI BUKOHAHHS POoOOUYHX IporeciB. OnHaK [ie¢ HEMOXIIHBO IPH
BUKOPHCTAaHHI CHHTAKCHYHO a00 CeMaHTHYHO HEKOPEKTHUX Mozerneil Gi3nec-mpoiecis. Lle Te came, mo OyayBaTu OyAHHOK 3a KPECICHHSM i3 BiKHAMU
Ha Mi/U1031 Ta MIOMUJIKAMH B TEKCTOBHX Hamucax. ToMy HaJ3BHYaiHO BaXJIMBO 30epiraTi CTBOPeHi Mozeli Gi3Hec-IpoLeciB YiTKUMH Ta BiAMOBITHUMA
(axTHUHUM poOOYMM IponecaM, sSKi BOHH ONUCYIOTh. ToMy B Wilf poOOTI MM HPOIOHYEMO MiAXiJ Ta MPOrpaMHHUN IHCTPYMEHT M PO3PaxyHKY
CEeMaHTHYHHX [OKA3HUKIB SIKOCTI Mopenell Oi3Hec-mpoleciB. 3ampoOMOHOBAHUN MiAXil BHKOPHCTOBYE CIELIiadbHYy MPOLEAYPY ISl BHITYyICHHS
TBEP/PKEHb PO NPEIMETHY 00NacTh 3 BUKOPUCTAHHSAM METO/IB 0OpOOKM MPHPOAHOI MOBH. BilMOBiZHO 1O 3ampONOHOBAHOrO MiAXOAYy MMOYaTKOBI
TEKCTOBi OommcH Mozeneil 6i3Hec-nporeciB MatoTh OyTH TokeHizoBaHMMH. [ToTiM OTpHMaHi TOKEHHM CIIiJ| ITOJATH Y HUKHBOMY PETIiCTPi Ta OYMCTHTH,
00 BUIAAIUTH Hean(aBiTHI TOKEHU Ta CTOI-CJIOBa. HapemTi, pemry TOKeHIB Clliji cTeMaTH3yBaTH, a HasiBHI JyOJikatu ciif BUgaauTy. [1oTim s x
Mpoleaypa MOBTOPIOEThCSA JUIS TEKCTOBUX MITOK, JOAAHMX 1O poOIiT Mozeni OisHec-mpouecy. Toai JIeKCeMH, NMPUCYTHI B pe3yibTaTi 0OpoOKH
TEKCTOBOTO OIIUCY, aJle BiICYTHI B pe3yJbTaTi 00pOOKH TEKCTOBUX MITOK, BBA)KAIOTHCSI HEOBHUMH (TOOTO HENIPaBHIIBHUMU IIOJ0 PEMETHOT obJIacTi
MOJICJTIOBAaHHA). AHAJIOTIYHO, JIEKCEMH, IPUCYTHI B pe3ysbTaTi 0OpPOOKHM TEKCTOBHX MITOK, alle BIJICYTHI B pe3yibTaTi 0OpOOKH TEKCTOBOTO OITUCY,
BBaXXAIOTHCS HEIMCHUMH (TOOTO HE MalOTh BiHOUIEHHS [0 MPEAMETHOI o0nacti MojemroBaHHsA). TakuM YMHOM, MOXKHA PO3paxyBaTH BiANOBIIHI
TIOKAa3HNKK CeMaHTUYHOI sikocTi. IIporpamHmii 3aci6 OyB CTBOpEHMIi 3a JOMOMOTOI MOBH TporpamyBaHHS Python 3aBmskm ii mOTy:XHMM makeTam
00poOKH TPUPOTHOT MOBH.
KuarouoBi ciioBa: MozentoBaHHs Oi3HEC-TIPOIIECiB, CEMAaHTHYHA SIKICTh, Mipa SIKOCTi, 00pOOKa MPUPOIHOT MOBH, IPOrPaMHHH 3aci0.

Introduction. Today digital transformation is a trend
in the enterprise management field. First of all, it
considers  Business Process Management (BPM)
methodology and its main techniques, including business
process modeling and workflow automation. These
approaches rely on special BPM diagramming software or
even complex business process automation suites. While
workflow automation takes into account mostly routine
documents and information flows, business process
modeling, in general, allows representation of business
activities visually as diagrams. Graphical business process
models serve for identification and deeper understanding
of organizational activities. They also help to find
workflow shortcomings and facilitate interaction between
Information Technology (IT) engineering experts and
business stakeholders [1].

A business process is the sequence of manual or
automated activities that aims at achieving organizational
goals and providing products or services valuable for
business users. Automated activities use specialized IT

systems that implement required workflows fully or
partially. These are BPM suites, Customer Relationship
Management (CRM), Enterprise Resource Planning
(ERP), and other IT solutions. The BPM methodology
assumes  workflow automation to improve the
communication of business users with IT systems. In
general, the business process management lifecycle
includes the following repeated stages [2]:

e business process analysis;

e business process modeling;

e husiness process implementation (or deployment
to the execution environment if the workflow is
completely automated);

e business process monitoring;

e business process evaluation.

Graphical business process models are the most
efficient in comparison to textual business process
descriptions. They visually describe business process
tasks, events that trigger process scenarios, transmitted
data objects, organizational units or single persons
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involved into the business process execution, and
provided outcomes [3].

Business process modeling is the technique of visual
representation of ongoing or planned business activities.
Usually, business process models contain events that
trigger various workflow scenarios while being driven by
the control flow logic of parallel, exclusive, or inclusive
branches. Business processes are pillars of process-centric
IT solutions since they help understand and improve
enterprise performance through re-engineering activities.
Business processes are also subject to the service-oriented
design in software engineering. Business process models
are also knowledge-sharing assets. They help transfer best
practices across organizations to improve industry
standards and achieve better business performance [4].

In [5] author proposed the following classification of
business process modeling aspects, including object-
based, communication-based, role-based, topological,
functional, and behavioral. The most popular business
process modeling notations and languages that belong to
the proposed taxonomy are the following [5]:

e Unified Modeling Language (UML);

e Integrated Definition Standards (IDEF0 and
IDEF3);

e Data Flow Diagrams (DFD);

e Event-driven Process Chains (EPC);

e Business Process Modeling and Notation
(BPMN).

The BPMN notation nowadays is the most popular
and de-facto standard of business process modeling and
workflow automation using BPM suites. BPMN combines
behavioral and functional approaches [5].

Besides the BPMN which is a leader in the business
process modeling field, the EPC notation is widely used.
However, recently EPC is being replaced by BPMN [6].

Many EPC modeling software tools now support
also the BPMN as an alternative business process
diagramming approach [6]. For example, the “ARIS
Express” application supports the BPMN notation as the
supplementary business process diagramming capability.

Other standards (i.e. UML, IDEF, and DFD) are not
such popular in today’s BPM industry [6]. However,
IDEF and DFD standards were widely used in the nineties
by the U.S. Department of Defense (DoD) as the business
process re-engineering methodology [7].

Currently, there are about 70 software tools that
allow the building of BPMN diagrams [8]. Also, about 50
open-source tools are listed on the SourceForge [9].

Problem statement. Business process models are
essential BPM artifacts that help describe visually ongoing
business activities to facilitate communication between IT
and business stakeholders.

Business process models are used to find inefficient
spots within described workflows and resolve detected
shortcomings by automation via configurable 1T solutions
or unified BPM engines. However, this is impossible
when using syntactically or semantically poor business
process models. Literally, it is the same as building a
house using the blueprint with windows on the floor and
typos in text labels.

Therefore, it is extremely important to keep created
business process models clear and relevant to the actual
workflows they describe. Hence, in this paper, we propose
the approach and the software tool to calculate semantic
quality measures of business process models.

Semantic quality measures of business process
models. In [5] the author proposes the following
definitions of syntactic and semantic qualities according to
the “Semiotic Quality” (SEQUAL) approach application
to the business process modeling domain:

e syntactic quality is the degree of correspondence
between elements of a business process model and the
syntax of the modeling notation;

e semantic quality is the degree of correspondence
between elements of a business process model and the
actual business process it describes.

Moreover, in [5] the author proposes the following
phenomena, such as validity and completeness. Therefore,
there could be defined semantic and syntactic validity and
completeness degrees respectively [5]:

e a business process model is syntactically valid
when all of its elements belong to the modeling notation;

e a business process model is syntactically
complete when all of its elements obey the syntax of the
modeling notation;

e a business process model is semantically valid
when all of its elements belong to the modeling domain
(i.e. the actual business process);

e a business process model is semantically
complete when all of its elements are correct in the
modeling domain.

While the syntactic quality was extensively studied
in previous papers [10] and [11], let us now concentrate
on the semantic quality. Formally, the semantic quality
measures validity and completeness can be given using
the following equations:

#M\D
S ti lidity =1————, 1
emantic validity Y 1)
#D\M
Semantic completeness = 1 — \ (2)

#D

Here in (1) and (2):

e #M\D is the number of business process model
M elements that do not belong to the modeling domain D
(i.e. not relevant to the actual business process);

e #D\M is the number of business process model
M elements that are incorrect in the modeling domain D
(i.e. poorly describing the actual business process);

e #M s the total number of business process
model elements;

e #D is the total number of the modeling domain
statements.

Calculation of the semantic quality measures. The
proposed approach uses the following procedure to extract
the modeling domain statements using Natural Language
Processing (NLP) techniques.

According to this procedure:
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e the textual description of a business process S is
tokenized and the bag of tokens T is obtained:

T = {tl‘|i = L_n}; (3)

e the obtained tokens are turned into the lower case
style and the bag L is obtained:

lower:T - L; @)

e non-alphabetic tokens are removed and the bag
of alphabetic tokens A remains:

alpha: L — A; ®)

e stop words are removed and the bag of
meaningful tokens W remains:

stop: A > W; (6)

e tokens are stemmed and the bag of reduced
tokens R remains:

stem:W — R; (7)

o finally, all possible duplicates are removed from
the bag of tokens and the set U is obtained:

unique: R - U; (8)

The sequence of the
demonstrated in fig. 1 below.

?

|' Tokenize the textual description of a business process |

v

~ Y
| Turn the obtained tokens to the lower case style |

v

e N
| Remove non-alphabetic tokens and stop words _|

v

| Stem tokens and remove duplicates |

®

Fig. 1. The procedure for extraction of the modeling domain
statements

" .
rocedure’s steps is

.,

This procedure (see fig. 1) can be applied not only to
the textual description of a considered business process
but also to text labels of the respective business process
model activities.

Hence, using the tokens (3) transformed according to
equations (4) — (8), two sets will be obtained:

e U, —the set of modeling domain tokens extracted
from the textual description of a business process;

e U, — the set of tokens extracted from business
process model element labels.

Therefore, we consider tokens that are present in U,
but missing in the U; n U, as invalid — they do not belong
to the modeling domain:

#M\D = #U, — #U, N Uy, #M = #U,. 9)

Similarly, we consider tokens that are present in U,
but missing in the U; n U, as incorrect — they are incorrect
in the modeling domain:

#D\M = #U, — #U, N U,, #D = #U,.  (10)

Finally, respective semantic quality measures can be
calculated using equations (1) and (2).

The semantic quality measurement example. Let
us consider the sample goods dispatch business process
[12]. Its description in a text form is given in table 1
below, as well as the set of activity labels taken from its
business process model given in the BPMN notation [12].

Table 1 — The input data for semantic quality measurement.

If goods shall be shipped, the secretary clarifies
who will do the shipping. If you have large
amounts, special shipping will be necessary. In
these cases the secretary invites three logistic
companies to make offers and she selects one of
them. In case of small amounts, normal post
shipment is used. Therefore a package label is
written by the secretary and a parcel insurance
taken by the logistics department head if
necessary. In the meantime the goods can be
already packaged by the warehousemen. If
everything is ready, the packaged goods are
prepared for being picked up by the logistic
company.

Business
process
description

Insure parcel

Write package label

Clarify shipment method

Get 3 offers from logistic companies
Select logistic company and place order
Package goods

Prepare for picking up goods

BPMN
model’s
activity
labels

Using the developed Python software tool, we got
the following sets (see table 2).

Table 2 — The obtained sets U; and U,.

[good, shall, ship, secretari, clarifi, larg, amount, special,
necessari, case, invit, three, logist, compani, make, offer,
select, one, small, normal, post, shipment, use, therefor,

packag, label, written, parcel, insur, taken, depart, head,

meantim, alreadi, warehousemen, everyth, readi, prepar,
pick]

U

[insur, parcel, write, packag, label, clarifi, shipment,
U, | method, get, offer, logist, compani, select, place, order,
good, prepar, pick]

Using the obtained sets demonstrated in table 2 we
can calculate the semantic quality measures demonstrated
in (1) and (2) using assumptions made in (9) and (10):

5
Semantic validity = 1 — — = 0.72, (11)

18
2
Semantic completeness = 1 — 39~ 0.33. (12)

The obtained results are shown in (11) and (12)
above can be interpreted as follows:
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e the analyzed business process model [12] is
rather semantically valid since 72% of its activities belong
to the modeling domain;

e the analyzed business process model [12] is
rather semantically incomplete since only 33% of its
activities reflect the actual business process.

Using the semantic quality measures (11) and (12),
the analyzed BPMN model can be improved by replacing
activities that are not relevant to the modeling domain and
adding activities that reflect the actual business process.

Conclusion. In this paper, we proposed the approach
and the software tool to find semantic quality measures of
business process models. This approach is based on the
procedure driven by NLP techniques. It considers textual
descriptions of business processes as reference domain
descriptions and text labels of business process model
activities as evaluation subjects. Thus, using the Python
Natural Language Toolkit (NLTK), the sets of lexemes
that describe the modeling domain and the analyzed
business process model were obtained and used to find
semantic quality measures. In the future, the software tool
should be improved to automatically “read” business
process models, i.e. using optical character recognition or
other techniques, and calculate their semantic quality
measures.
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