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CAPTURING SOFTWARE REQUIREMENTS FOR BUSINESS PROCESS MODEL ANALYSIS AND
IMPROVEMENT

This paper considers the problem of software requirements capturing for business process model evaluation and recommendations generation to suggest
how detected modeling errors may be eliminated in order to improve business process model correctness. Existing software tools for business process
model analysis are based on metrics and thresholds that allow assume presence of errors in business process models, but they are not capable to
recommend structural changes required to eliminate detected modeling errors. Therefore, business process model analysis and improvement tasks
become relevant, since early detection and elimination of possible errors presented in business process models may allow organizations avoid extra costs
that may occur on any of the steps of business process lifecycle. Since business process models are shared organizational assets, it is also necessary to
consider the capabilities of collaborative and concurrent usage of business process models by multiple stakeholders. Hence, the workflow of business
process model analysis and improvement was analyzed and its key steps, which describe expected user and software behavior, were formalized using
the IDEFO functional model. Functional software requirements were captured in the form of user stories according to modern agile practices of software
development. These user stories are based on features and drawbacks of existing software tools for business process model analysis. Captured user stories
were formalized using the use case modeling. Non-functional software requirements were also captured; they include maintainability, readability,
testability, understandability, integrability, and complexity requirements. Captured requirements can be used to design and develop business process
model analysis and improvement software capable to provide recommendations to eliminate detected modeling errors.
Keywords: business process model, model analysis, modeling errors, software requirements, software tool.

A. M. KOIII, /1. /1. OP/IOBCbKHH

BU3HAYEHHA BUMOTI 1O IPOI'PAMHOTI'O 3ABE3ITIEYEHHSA J1JISA AHAJII3Y TA
BJIOCKOHAJIEHHSI MOJEJIEM BI3HEC-TTPOIIECIB

V nasiit poboTi po3risimaeThes mpodiaeMa BU3HAYCHHST BHMOT 0 IPOrPAMHOr0 3a0e3IeveHHs I aHawi3y Mojernell Oi3Hec-mporeciB Ta GpopMyBaHHs
peKoMeHaniil o0 YCYHeHHs BHSABICHHX ITOMMJIOK MOJENIOBAHHS Ui ITiABHINEHHS KOPEKTHOCTI Mopenel Oi3Hec-mpoueciB. IcHyroui mporpamHi
3aco0u aHati3y Mozeneit Gi3Hec-mporeciB 6a3yl0ThCsl HA METPHUKaX Ta MOPOrOBUX 3HAYCHHSX, IO JO3BOJISIIOTH MPUIYCTUTH PO HASBHICTH IIOMHJIOK Y
MoJIeNsiX Oi3HeC-NPOLECiB, IPOTE HE HANAIOTH CTPYKTYPHI 3MiHH, HEOOXIi/JHI JUIs yCYHEHHs BUSBICHUX IOMHIIOK MOJICNIIOBaHHS. TOMY aKTyaJIbHOIO CTa€e
npobiemMa aHalli3y Ta BIOCKOHAJIEHHS Mojelel Oi3Hec-IIPOIeciB, OCKIIBKH PAaHHE BUSBIICHHS Ta YCYHEHHS MOXKIMBHX HOMMWJIOK, IPEICTaBICHHX Yy
MozeIsIX Gi3HeC-TPOLIeciB, MOXKE JO3BOJIUTH OPraHi3alisiM YHUKHYTH 3aiiBUX BHTPAT, SIKi MOXKYTh BUHUKHYTH Ha Oy/Ib-5IKOMY 3 €TAIIiB )KUTTEBOTO LIUKITY
6i3nec-mporueci. OckinbK MOzeNi Gi3HeC-IPOLIECIB € CUTBHUMU OpraHizaliiHUMH PECYPCaMHt, TAKOX HEOOXiIHO BPAXOBYBATH MOXKIIHBOCTI CIITEHOTO
Ta OJHOYACHOI'O BUKOPUCTAHHS Mojeneil Oi3Hec-TpoleciB JeKiIbkoMa 3allikaBlieHUMH cTopoHamu. Omke, OyJI0 MpoaHasi30BaHO pOOOUMid mporec
aHaJi3y Ta BJOCKOHAJEHHsS Mojeneil Oi3Hec-TpoleciB, a HOro OCHOBHI €TamH, 10 ONMUCYIOTh OYiKyBaHy MOBEAIHKY KOPHCTYBayiB Ta MPOrPaMHOrO
3abe3meuenns, Oymu GpopmanizoBani 3a gonomoron ¢ykiionansaoi Mogeni IDEF0. dyHKIioHaTbHI BUMOTH [0 MPOrPaMHOTO 3abe3nedeHns 0yim
BijloOpaXkeHi y BUITIAAI KOPHUCTYBAIbKMX ICTOpIH 3TifHO i3 CyYacHMMHM TpaKTHKaMM THYYKOI PO3pOoOKM mporpamHoro 3abesneuenHs. JlaHi
KOpPHUCTYBAIIbKI iCTOpii 3aCHOBaHI Ha OCOOIMBOCTAX Ta HEAOJIKaX iCHYIOUMX IMPOrpaMHHX 3ac00iB JUIs aHali3y Mojenei OisHec-mporieciB. BusHaueni
KOpUCTYBAIIbKi icTopii Oyiu Gopmaii3oBaHi 3a J0MOMOTO0 MOJICIIIOBAaHHS BapiaHTIiB BUKOPUCTaHHs. Takox Oyinu BpaxoBaHi HE(YHKIIOHAIBHI BAMOTH
JI0 TIporpaMHOro 3a0e3NedeHHs, SIKi BKIIOYAlOTh NPHAATHICTH IO MiATPHMKH Ta TECTyBaHHS, YHTAOCNBHICTB, 3PO3yMINCTh, IHTErPOBAHICTH Ta
CKJIaJHICTh. BU3Ha4eH1 BUMOTY MOXYTh OyTH BUKOPUCTAHI JUIsl POEKTYBAHHS Ta PO3pOOKH MPOrpaMHOro 3a0e3NneyueHHs I aHalli3y Ta BIOCKOHAJICHHS
MoJeselt Gi3Hec-MpoleciB, 34aTHOTO MPONOHYBATH PEKOMEH ALl 3 YCYHEHHS BUSBICHUX OMUIOK MOJIETIOBAHHS.

Kuio4uosi c1oBa: Mozens 6i3Hec-nporiecy, aHai3 MOZEN, TIOMIJIKH MOZIEIIOBAHHS, BUMOTH JI0 IIPOIPaMHOTO0 3a0e3MeyeHH s, IpOrpaMHHii 3aci6.

A. M. KoIIl, /. /1. OP/IOBCKHH

OINIPEJIEJIEHUE TPEBOBAHUI K TPOTPAMMHOMY OBECHEYEHUIO IS AHAJIM3A U
COBEPHIEHCTBOBAHUS MOJIEJIEA BU3HEC-ITPOIIECCOB

B nannOi#1 pabote paccmaTpuBaeTcs mpobliemMa onpesieNneHns TpeOoBaH i K MPOrpaMMHOMY 00€CTIEUEHHIO [T aHaIN3a MOJieIel OM3HeC-TIpoIiecCcoB U
(hopMHpOBaHHUS PEKOMEH/IALNI IO YCTPAHEHHIO BHIBICHHBIX OMIMOOK MOJIEIMPOBAHHS U MOBBIIICHHS KOPPEKTHOCTU MOAeNeH OusHec-mpoueccos. B
OCHOBE CYIIECTBYIONIMX IMPOrPAMMHBIX CPEJCTB U1 aHAIN3a MOJIe/eil OU3HEC-TIPOLIECCOB JISKAT METPUKH H HOPOTOBBIC 3HAYCHHSI, KOTOPBIE O3BONISAIOT
MPEIIIONIOKUTh O HAJMYMH ONIMOOK B MOJEISIX OM3HEC-NIPOIECCOB, HO HE IPEUIaraloT CTPYKTYpPHBIC M3MEHEHUs, HEOOXOAUMBIE JUIS YCTPaHECHHS
BBISIBIICHHBIX OIIMOOK MOAEIMpPOBaHMs. [103TOMY aKTyalbHOH CTAaHOBHTCS MpoOJeMa aHauM3a M COBEPIICHCTBOBAHMS MOJENCH OH3HEC-TpOIEeccoB,
[IOCKOJIBKY PaHHEE BBISIBIICHHE U YCTPaHEHHE BO3MOXKHBIX OIIMOOK, IPE/ICTABICHHBIX B MOJEISIX OM3HEC-MPOLIECCOB, MOXKET MO3BOJIUTH OPraHH3aLIIM
n30exath JUIIHUX PACcXO/I0B, KOTOPbIE MOTYT BO3HUKHYTh Ha JIFOOOM U3 3TAaNOB KM3HEHHOTO IHKJIa Ou3Hec-mponeccoB. [Tockonbky Monenu 6usHec-
MPOLIECCOB SIBISIIOTCS OOIMME OpraHM3allHOHHBIME PECYpCaMH, Tak)Ke HEOOXOAMMO YYHUTHIBATH BO3MOXKHOCTH COBMECTHOTO M OJHOBPEMEHHOTO
HCIHOB30BaHMS MOJENeH OHU3HEC-POLECCOB HECKOIBKUMH 3aMHTEPECOBAHHBIMU CTOpoHamu. [103TOMy OBLI MpOaHATH3MPOBaH PabOYMil mporece
aHaJlM3a U COBEPIICHCTBOBAHMS MOJENel OM3HEC-TIPOIECCOB, a €ro OCHOBHBIEC BTAllbl, ONMKCHIBAIOIINE OXKMJAEMOE IMOBEJICHHUE MOJb30BaTeNel |
MPOrpaMMHOTro odecredeHus, OblH GpopMann3oBaHbl Ipu momMotyu (yHkronansHoi Moaenu IDEF0. dyHkironansHble TpeOOBaHUS K IPOrPAMMHOMY
obecredeH o ObLTH OTPaXKEHBI B BUAE ITOJIb30BATEIBCKUX HCTOPHIT B COOTBETCTBUH C COBPEMEHHBIMH IIPAKTHKAMH THOKO# pa3paboTKH IPOrpaMMHOTO
obecrieuenys. JlaHHBIE TOTB30BATENbCKIE HCTOPHU OCHOBAHBI HA OCOOCHHOCTSIX M HEJOCTATKAX CYLIECTBYIOLIIMX HPOrPaMMHBIX CPEICTB IS aHAIU3a
Mozenelt OusHec-mporieccoB. OmpesereHHbIe MOb30BATENbCKUE HUCTOPUH ObUTH (DOPMATM30BAHBI IPU IOMOINM MOJCIUPOBAHUS BAPUAHTOB
ucnonb3oBaHus. Takxke ObUTH OHpeseeHs! He()yHKIMOHAIbHBIE TPEOOBAHHS K HPOrPAMMHOMY OOECIICUEHHIO, KOTOPBIE BKIIIOYAIOT HPUTOAHOCTH K
MOAZIEPKKE M TECTUPOBAHHIO, YUTAOCIBHOCTD, TOHATHOCTh, HHTETPHPYEMOCTD U CIIOXKHOCTE. OnpeieNieHHbIe TPeOOBaHMUsI MOTYT OBITh HCIIOIb30BaHbI
JUISL TIPOGKTHPOBAHHS U Pa3pabOTKM MPOrpaMMHOrO OOECIIEUEHHMs AUl aHAIM3a M COBEPLICHCTBOBAHHS MOJENeH OH3HEC-MPOLECCOB, CIIOCOOHOTO
Hpeasarath PeKOMEHAALIH [0 YCTPAHEHUIO BBISBICHHBIX OMIMOOK MOJIECITHPOBAHHUS.

KaroueBble cioBa: Mojens OH3HEC-TIpoIecca, aHAIM3 MOJENH, OIIMOKM MOJICTUPOBAHHS, TPEOOBAHHS K IPOrPaMMHOMY OOECIICUeHUIO,
[POrpaMMHOE CPEZCTBO.
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Introduction. In the recent decades business process
management (BPM) has became one of the most popular
and commonly used disciplines, which combines together
knowledge and experience from both management and IT
(Information Technology) domains. Methods and tools of
business process design, analysis, and automation are the
baseline of BPM. A business process can be considered as
the structured set of activities (or tasks) that takes different
resources (materials, information, documents etc.) as input
and produces products or services valuable for customers
as output [1].

Since BPM combines expertise of managerial and IT
disciplines, it has attracted a lot of attention because of its
process management capabilities. These capabilities allow
organizations to improve performance, reduce costs, and to
shorten execution time of business processes. Business
process modeling is the key technique of BPM. It is used to
[2]:

e Document organizational activity (e.g. to provide

process regulations for employees).

e Analyze organizational activity (e.g. to search for

errors and measure performance).

e Improve described processes (e.g. by eliminating

detected errors).

Hence, tasks of business process model analysis and
improvement become relevant, since early detection and
elimination of errors presented in business process models
may allow organizations avoid extra costs that may occur
on all the phases of business process lifecycle [3].

Research object includes the business process model
analysis and improvement workflow.

Research subject includes software requirements for
business process model analysis and improvement.

Research goal is to improve the IT used for business
process model analysis and improvement by introducing
the software requirements, which are based on the latest
research in this field and are suitable for collaborative and
concurrent usage of business process models by multiple
stakeholders (involved business parties).

Related work. Business process models are special
enterprise models that serve to reflect specific features of
business process. Business process models describe the
business process structure, which includes the set of all
nodes (activities, events etc.) and arcs (sequence flows, data
flows etc.) that belong to the business process graph of any
complexity and topology. When modeling business
processes, their topology should be considered in order to
design as understandable models as possible, which reflect
real scenarios of business processes. Also labels of nodes
and arcs that belong to the business process graph, which
display names of tasks and transitions, may be considered
as well [4].

There are various kinds of business process models
(e.g. activity models and behavioral models [5]) that allow
describing business processes from different perspectives
and that serve their own purposes.

According to the recent survey [6], BPMN (Business
Process Model and Notation) is the most popular business
process modeling notation, which is used by almost 64%
respondents. Almost 18% of survey participants use EPC

(Event-driven Process Chain) notation that is also used to
create behavioral models. As for activity modeling, IDEFO
and DFD (Data Flow Diagram) diagrams are used only by
4% of respondents.

Therefore, it is quite naturally that existing software
solutions used for business process model analysis support
BPMN or at least EPC (as extremely popular once in 90s
and early 2000s) modeling notations.

Existing software tools are based on the metrics and
corresponding thresholds in order to check the correctness
of business process models. There are following software
solutions:

e BPMN Quality. It is the stand-alone Java-based
application for evaluation of BPMN models [7]. It
contains the modules used to extract business
process structure data from XML-like documents
(BPMN uses interexchange file format based on
XML syntax), to calculate metrics, and interpret
obtained results by comparing metrics’ values to
threshold values. This software tool uses control
flow complexity (CFC) metrics for evaluation of
business process models [8].

¢ BPMN Quality Tool. It is the plug-in for BPMN
modeling tool Business Process Visual Architect
that is also developed using Java [9]. This plug-in
provides calculation of process model metrics
including the coefficient of network connectivity
(CNC), CFC, and source code metrics [10].

e Plug-ins for ProM (process mining software tool)
that provide calculation of density, connectivity,
size, and other metrics for EPC models [11]. This
tool only calculates metrics but the interpretation
is user responsibility.

e BEBOP (understandaBility vErifier for Business
Process models). It is another Java-bases tool for
BPMN models evaluation [12]. Unlike previous
software tools, this is a web-based system, which
may be integrated with other systems or may be
extended. The analytical capabilities of this tool
are based on process modeling guidelines [13].

Hence, all of the considered software tools are based
on metrics and thresholds that allow assume presence of
errors in business process models. But these software tools
are not capable to recommend structural changes required
to eliminate possible modeling errors.

Problem statement. The research problem includes
requirements capturing in order to design the software for
business process model evaluation and recommendations
generation to suggest how detected modeling errors may be
eliminated in order to improve business process model
correctness. It is also necessary to consider the capabilities
of collaborative and concurrent usage of business process
models by multiple stakeholders.

Workflow analysis. Before functional requirements
are captured, it is required to analyze the business process
model analysis and improvement workflow.

Functional model (fig. 1) of this workflow has been
designed using the IDEFO notation.

It is shown that business process model analysis and
improvement workflow includes the following steps:
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e Model designer (business user) uploads a created
business process model prepared using one of the
available modeling notations (BPMN, EPC etc.).

e Uploaded business process models are processed
by the software tool, as the result model metrics
and detected errors are calculated and displayed.

e Required changes, based on modeling guidelines
are generated by the software tool, are displayed
for processed models in order to suggest the user
how detected errors could be eliminated.

Modeling
notation

Created
model Upload Uploaded
——= created |~ model
model
1 Model
metrics
Metric values
Maodel Calculate and errors
designer 1> metrics and ——>>
find errors
2 Modeling
guidelines
Suggested
Suggest changes
required ——>
changes
3
Software
tool

Fig. 1. Business process model analysis and improvement
workflow

Captured user stories. Software requirements were
captured with respect to the analyzed workflow. There are
functional requirements presented as “user stories” widely
used in agile methodologies [14]. Captured user stories are
estimated using Fibonacci numbers: 1, 2, 3, 5, 8, and 13.

Users need to upload models for analysis (table 1).

Table 1 — Requirement to upload a new model

Title FRO1 Priority | 8
User Model designer
User story Task Upload a new model
Goal Access a model for analysis
Context User wants to upload a model
Acceptance | Action User selects a file from disk
criteria Model is appeared in a list of
Outcomes
stored models

Existing models need to be updated (table 2).

Table 2 — Requirement to update existing models

Title FRO2 Priority | 8
User Model designer
User story Task Update existing model
Goal Track recent model changes
Context User wants to update a model
Acceptance | Action User §e|ects stored model_
. and picks new file from disk
criteria ——
File is updated for a stored
Outcomes
model

Also existing models need to be deleted (table 3).

Table 3 — Requirement to delete existing models

Title FRO3 Priority | 3
User Model designer
User story Task Delete existing model
Goal Avoid outdated models
Context User wants to delete a model
Acceptance | Action User selects existing model
oo to be deleted
criteria —
Model is disappeared from a
Outcomes X
list of stored models

Users should be able to perform analysis of existing
models (table 4).

Table 4 — Requirement to analyze stored models

Title FRO4 Priority | 13
User Model designer
User story Task Analyze a model _
Obtain model metrics and
Goal .
detect possible errors
Context User wants to analyze a
model
Acceptance Acti User selects stored model to
ok ction
criteria be analyzed
Metrics and detected errors
Outcomes .
are displayed and stored

After a model is analyzed and metrics with possible
detected errors are shown, users should be able to receive
recommendations on how exactly detected errors could be
eliminated (table 5).

Table 5 — Requirement to obtain recommendations for model

improvement
Title FRO5 Priority | 5
User Model designer
Obtain recommendations for
User story Task .
model improvement
Goal Eliminate detected errors
User wants to obtain
Context .
recommendations
A(_:ceptance Action User selects already analyzed
criteria model
Recommendations for model
Outcomes . .
improvement are displayed

Obtained analysis results should be downloadable as
a stand-alone report (table 6).

Table 6 — Requirement to save model analysis report

Title FRO6 Priority | 8

User Model designer

User story Task Save model analysis report
Goal Use analysis results any time
Context User wants to save report

Acceptance . User selects already analyzed

criterFi)a Action model g g
Outcomes | Report file is downloaded
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Users should be able to login into a workspace that is
personal for each user (table 7).

Table 7 — Requirement to login to a system

Title FRO7 Priority | 5
User Model designer
User story Task Login to a system
Goal Work in a personal space
Context User wants to login
Acceptance | Action User inputs name and
oo password
criteria -
Workspace is opened or
Outcomes . A
warning message is displayed

Also users should be able to logout (table 8).

Table 8 — Requirement to logout of a system

Title FRO8 Priority | 2
User Model designer
User story Task Logout of a system
Goal Prevent unauthorized access
Context User wants to logout
fﬁt% e;?&tlance Action User clicks a logout button
Outcomes | Login form is displayed

User stories considered above have been captured by
analyzing features of existing software tools [7; 9; 11; 12].
It was taken into account that existing tools do not support
multi-user access and do not suggest recommendations for
business process model improvement.

As it is shown in tables above, captured user stories
were estimated by their size (table 9).

Table 9 — Prioritized user stories

User story Task Priority
FRO8 Logout of a system 2
FRO3 Delete existing model 3
FRO5 Obtain_recommendations for 5

model improvement
FRO7 Login to a system 5
FRO1 Upload a new model 8
FRO2 Update existing model 8
FRO6 Save model analysis report 8
FRO4 Analyze a model 13

Use cases. Captured user stories demonstrate generic
functional capabilities of business process model analysis
and improvement software, which were formalized as use-
cases outlined in fig. 2.

There use-cases of business process model analysis
and improvement software are following:

e User logins to a system.

User uploads a business process model.

User updates existing business process model.
User deletes existing business process model.
User calls for business process model analysis.
User requests for recommendations to improve
business process model correctness

User downloads analysis report.

e User logouts of a system.

Non-functional requirements. Among the plethora

of non-functional requirements we have captured:

¢ Maintainability. Any changes must be quick and
cost efficient, so all classes and methods must be
documented. Uncommented code units must not
exceed 20% of all units.

e Readability. Developers need to follow declared
indents and keep naming conventions to provide a
consistent code style. Source code that violates
established rules must not exceed 10% of KLOC
(kilo lines of code).

e Testability. Maintainers should be able to detect
and fix defects. Thus, unit tests must ensure 90%
coverage.

e Understandability. User interface (Ul) should be
easy for perception: Ul elements must not exceed
7 items per screen.

e Integrability. The system must accept BPMN 2.0
exchange file format to be integrated with almost
any modern business process modeling suites. It
must be possible to integrate with at least one of
version-control systems (Subversion, Git etc.) to
ensure collaborative work on process models.

o Complexity. It highly affects maintainability and
readability. Hence, no class method may exceed
100 LOC (lines of code).

Update a model

aextends»

«extends»

Upload a model k]

«extends»

Login to a system

Model
designer

Analyze a model

«extends»

Obtain suggestions

Fig. 2. Functional capabilities of the software tool

Defined non-functional requirements are measurable:
integrability constraint is binary, while others are based on
threshold values.

Conclusion. The problem of requirements capturing
for the business process model analysis and improvement
software has been considered. Captured requirements are
based on features and lacks of existing software tools, but
ensure recommendations generation in order to eliminate
detected process modeling errors. While current software
tools are mostly desktop or even plug-ins, when capturing
requirement it was considered possibility of collaborative
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