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Abstract

Introduction. The BPMN standard system (notation) is widely used in business process modeling. However, it is not
expressive enough to represent technical and production mechanisms. BPMN poorly describes parallel flows with strict
resource constraints, insufficiently supports modeling of physical parameters and technological conditions. These and
other shortcomings worsen the analysis of performance and reliability, reduce the applicability of models for optimization
and verification. The objective of the presented work is to create a method that uses an alternative notation and thus limits
the impact of the listed shortcomings of BPMN in modeling production processes.

Materials and Methods. The basis of the new solution was a comparison of BPMN and the notation for the system
“node — function — object” (NFO). The elements of the diagrams were the intersections of some connections (nodes).
They contained functional elements (functions, processes), which in some cases also had the characteristics of a
substance (objects). A comparative analysis of the normative systems of BPMN and NFO showed the possibility of
mutual transformation of diagrams. The processes were visualized using the CASE (Computer Aided Software
Engineering) tool NFO-toolkit and the Stormbpmn program according to the BPMN rules. The NFO diagram was
described in the XPDL! language.

Results. Six sequential operations have been developed for converting a NFO diagram into BPMN, and four — for the
reverse transformation. The scheme of component production is shown in the context and decomposition, from the
requirement for the development of the workflow to the issuance of products. Decompositions of the NFO elements
“Injection Molding Machine”, “Master” and “Development Department” are presented, each of which corresponds to a
decomposition of the same-name track of the BPMN notation pool. It has been proven that converting a BPMN diagram
to a NFO improves the description of the process as a whole and to any degree of detail. The NFO approach does not
refer to the graphical notation system of BPMN, which increases labor costs and the risk of simulation errors. The XPDL
language describes processes, connectors, splitters, relationships, external entities, and other elements of NFO diagrams.
Discussion. The main advantages of NFO notation over the BPMN approach are: easier procedure for creating models
and their better visualization. A simple graphic set of NFO reduces simulation time and increases its accuracy. The NFO
approach is focused on taking into account information and material connections. This means that it is possible to conduct
functional cost CASE analysis, which is impossible using the BPMN method. The XPDL language is suitable for
describing elements of NFO diagrams, and the solution can be Russified.

Conclusion. Content redundancy and other shortcomings of the BPMN notation are eliminated through using a more universal
and convenient notation — NFO. The research results will contribute to the development of the theory and practice of graph-
analytic modeling of production processes, and simplify the procedure for their development and automation.

Keywords: graph-analytic modeling of production processes, process automation model, BPMN notation, NFO notation,
“node — function — object” system, CASE tool NFO-toolkit, XPDL language
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OpueuﬂaﬂbHoe meopemuy4eckoe uccnedosatue

YcoBepmencTeoBanue nuarpamm Business Process Model and Notation ¢ nomombio noaxoaa
«y3eJ — PyHKIUsSI — 00 beKT»
A.T'. Kuxapes'™', E.B. Mankym, C.1. MaTtopun '

Benropoackuii rocyiapcTBeHHBIH HallMOHAJIBHBIN UCCIIEIOBATEILCKUI YHUBEpCUTET, benropon, Poccuiickas @enepauus
B} matorin@bsuedu.ru

AHHOTaNUs

Beeoenue. Tlpn MonennpoBaHn OHM3HEC-IIPOLIECCOB IIMPOKO HCIOJIB3yeTCsi HOpMaTuBHas cucteMa (Hotarws) BPMN.
OnHako OHa HEOCTAaTOYHO BRIPA3UTENbHA [UIS ITPEACTABICHUS TEXHUIECKUX 1 ITPOU3BOACTBEHHBIX MeXaHN3MOB. BPMN
IUTOXO ONHMCHIBAET IAPAJUIEIbHBIE OTOKHU C KECTKUMHU PECYPCHBIMH OTPAaHWIECHHSIMH, C1a00 TOAECPKUBAET MOJIEIIHPO-
BaHKe (U3MYECKUX MTAPaMETPOB M TEXHOJIOTHUECKHUX YCIOBUIL. DTH U IPyTUe HEOUYEThl YXYALIAI0T aHAN3 TPOU3BOM-
TEJIHOCTH U HAJIGKHOCTH, CHIDKAIOT MPUMEHUMOCTD MOJIeNIeH JUIsl ONTHMHU3alMu U Bepudukanuu. Llens npeacrasieH-
HOH pabOTBI — CO37aTh METOJI, KOTOPBIH 3a/1eHICTBYET albTEPHATHBHYIO HOTAIMIO M TAKUM 00pa30M OIPaHWYUT BIMSHHUE
NIEPEUUCIIEHHBIX HegocTaTkoB BPMN nipu MozsenupoBaHuu IpOU3BOACTBEHHBIX [TPOLIECCOB.

Mamepuanst u memoost. bazoii HoBoro pemenus 6pu10 conocraBieHrne BPMN u HoTarmu u1st cUcTEMBI «y3el — (QyHK-
it — 00BekT» (YDO). DieMeHTH quarpaMM — 3TO TEPEKPECTKH HEKOTOPHIX CBs3el (y31bl). B HUX pacmooskeHbl
(yHKIIMOHATIBHBIE AJIEMEHTHI ((PYHKIUH, IPOLECCH), IMEIOMINE B HEKOTOPBIX CIIydasX M XapaKTEPUCTUKU CyOCTaHIINU
(o6wexThr). CpaBHUTENBHBIN aHAN3 HOpMAaTUBHBIX cucTeM BPMN n Y®O nokasan BO3MOKHOCTb B3aHMHOT'O TIpeodpa-
3oBaHUA auarpamm. [Iporeccsl BuzyanusupoBanu ¢ momomsio CASE-maCcTpyMeHTa (0T aHra. computer aided software
engineering) NFO-toolkit (ot anrn. nHabop uHctpymentoB Y®O) u mporpammbsl Stormbpmn mno mnpasuiam BPMN.
V®O-auarpammy onmcany Ha a3bike XPDL2,

Pesynomamol uccneoosanus. PazpaboraHbl mecTh MOCIENOBATENbHBIX omepanuii mis npeobpazoanus Y PO-ana-
rpammbl B BPMN u wetsipe — aist oOpatHoii Tpancopmarin. B KoHTEKCTe 1 IEKOMITO3UINH TIOKa3aHa CXeMa BBITYCKa
KOMIUIEKTYIOIINX — OT TpeOOBaHUs Ha pa3pabOTKy TEXHOJIOTHYECKOro Ipolecca A0 BblAaun u3aeiuil. [IpeacraieHsl
nexomnosunuu Y ®0O-anemento « TepmoruacraBromary, «Mactep» u «OTen pa3zpadoTKi», KakJ0My U3 KOTOPBIX CO-
OTBETCTBYET JIEKOMIIO3UIMS OJHOWMEHHON HOopokku Iyna BPMN-noTamum. [lokazaHo, 9To mpeoOpa3oBaHHE Ha-
rpammbel BPMN B YOO ynydmmmaer onncanue mporecca B IeIoM U ¢ JIF000# cTeneHsio noapodHoctu. Y @O-moxxon He
oOpainaercs k rpaduueckoii cucreme obo3naueHnii BPMN, u3-3a koTopo#i BO3pacTaroT Tpy103aTpaThl U PUCKH OLINO0K
MozenupoBanus. Ha si3pike XPDL onmcaHbl mpomecchl, COeTMHNTENH, Pa3BETBUTENH, CBS3H, BHEIIHIS CYIIIHOCTD U IPY-
rue sneMenTsl Y @O-auarpamm.

Oocyacoenue. OcuoBHbie ipeumytinectBa Y ®O-notaiuu nepeq BPMN-nogxomom: 6osiee jgerkas mpoueaypa Co3aaHus
MoJierniel 1 Jydnias uX HarisigHocTb. [Ipocroii rpagudeckunit Habop YPO cokpaiaer BpeMs: MOJEIMPOBAHHS U MTOBbI-
II1aeT ero To4HoCTh. Y PO-1101X0/] OpHEHTHPOBAH Ha y4eT HH()OPMAIIMOHHBIX ¥ MaTePHAIBbHBIX CBS3€H. 3HAUUT, MOKHO
MPOBOIUTH PYHKIHOHAIEHO-CTOUMOCTHON CASE-ananu3, uto HeBbinoaauMo Meto oM BPMN. S3pik XPDL moxxoaut
JUIsL onMcaHus 31eMeHToB Y PO-quarpaMm, Mpu4eM penieHHe MOXHO PyCH(UIIMPOBATE.

3akntouenue. ConepxarenpHas W30BITOYHOCTD U Ipyrue HepocTaTky HoTauu BPMN nckimtogatoTest mpy UCIoab30Ba-
HuH OoJiee yHUBepcalbHON U yA00HO# HoTarun — Y DO. Utoru nccnegoBanus OyIyT CIIOCOOCTBOBATh Pa3BUTHIO TEO-
PHH U MIPAKTUKH TPpadoaHATUTHIECKOTO MOAEIUPOBAHHUS IPOU3BOICTBEHHBIX ITPOIIECCOB, TIO3BOJIST YIIPOCTHTH HPOLIE-
IOypy UX pa3pabOTKH U aBTOMAaTH3AIHH.

KaoueBsbie cioBa: rpadoaHaliuTrieckoe MOACIMPOBAHUE MPOM3BOACTBEHHBIX IMPOIIECCOB, MOJEIb aBTOMATHU3AIHN
mporecca, Hotarss BPMN, votarmus Y®O, cucrema «y3en — pyHKIms — o0bekt», CASE-unctpyment NFO-toolkit,
s13p1k XPDL

BbaarogapHocTi. ABTOpBI BEIpa)KaroT MPHU3HATEIBHOCTH KOJUIETaM 110 Kadeape 3a MoMOIIb B HOAOOPE MaTepHaIoB 110
BPMN. Bbraromapum peaakuMOHHYIO KOMaHAy >KypHala M PEHEeH3E€HTa 3a KOMIIETCHTHYIO JKCIEepPTHU3y W LICHHBIC
PEKOMEHIALNH IO YITyUYIIEHHIO CTAThH.

2 XPDL Support and Resources. URL: https:/wfmc.org/xpdl/ (nata o6pamenus: 08.06.2025).
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Introduction. Information systems and technologies provide automation of processing and production, which is
essential for the modern economy [1]. Thus, in 2024, the analytical portal [aaSSaaSPaaS reported that BPM (Business
Process Management) systems are used in Russia by about 12,000 organizations, and hundreds of IT companies are
engaged in the implementation?.

An integral part of the procedure for creating such solutions is the formulation of requirements for them. This is an
important element of design [2], which is based on modeling and analysis of automated processes [3]. The analysis is
performed using both mathematical tools and graphical notations (IDEF, DFD, EPC, BPMN families, etc. [4]). Each of
the listed groups has its own characteristics [5], which are assessed differently by researchers and users [6].

One of the most popular notations is BPMN specification (Business Process Model and Notation) 4. According to the
statistical report of the company “Business Logic”, BPMN is widely used to describe business processes and occupies
more than half of the market — 54% [7]. This particular notation is recommended to be used, e.g., in [8]. At the same
time, BPMN has significant disadvantages®, and they have been repeatedly discussed in the literature. Some of them are
listed below:

— complex semantics and modeling methods [8];

— hard-to-read linear diagrams when using multiple tracks [9];

— inability to specify the cost of performing actions in monetary terms [8];

— connecting elements do not reflect material and information flows [10];

— difficult-to-model big hierarchical systems, which include large organizations [11].

Business process modeling experts admit that such shortcomings often cause errors when constructing diagrams in
BPMN notation. Diagrams can be incomprehensible. This complicates the interaction between developers and can cause
the design deadlines to be missed® ’. There have even been proposals to abandon BPMN. The author of one such work®
claims that the notation in question has no particular advantages. He compares BPMN to a cargo cult, i.e., mechanical
copying of actions without understanding the essence of the processes. It is noted that the system was proposed not by
business practitioners, but by software developers.

BPMN has integrated tools for translating diagrams into business process execution languages (e.g., XPDEL) [12],
and the literature contains recommendations for converting other notations into BPMN. Thus, in [13], IDEFO is considered
from this point of view.

Therefore, the shortcomings of BPMN are known and widely discussed, but there are no constructive suggestions for
overcoming them in the public domain. The presented study is intended to fill this gap. The objective of this work is to
create alternative, more universal notations that will reduce the impact of the above-mentioned shortcomings of BPMN
in modeling production and processing. First of all, it is necessary to solve problems related to the difficulties of modeling
and reading diagrams.

Materials and Methods. The authors [14] investigated graph-analytic notations as normative systems. In this sense,
the notation of the system-object approach “node — function — object” (NFO approach) turned out to be more universal in
comparison with other graphic notations. In this case, universality is provided by the representation of any system in the
form of an element “node — function — object” [10], for which the following statements are true.

Node — a structural element of a supersystem. It represents a crossroad of connections (flows of transmitted
elements) of a system with other systems in this supersystem.

Function — a functional element. 1t performs a certain role to support the supersystem through balancing a given
node (transforming input flows into output flows).

3 BPM Systems Market 2024: Analytical Review. URL: https://iaassaaspaas.ru/rating/bpm-sistemy (accessed: 12.06.2025).

* Top-8 Methods of Business Process Analysis for 2025. (In Russ.) URL: https:/listohod.ru/blog/top-8-metodov-analiza-biznes-processov (accessed:
12.06.2025).

> BPMN Notation: Pros, Cons, and Scope. (In Russ.) URL: https://www.directum.ru/blog-post/notacija_bpmn__pljusy minusy i_oblast primenenija
(accessed: 12.06.2025).

¢ Typical Mistakes in Modeling Business Processes in BPMN Notation. (In Russ.) URL: https://www.artofba.com/post/common_mistakes_bpmn_dia-
grams_partl_ru (accessed: 12.06.2025).

" Top 25 Errors in BPMN. (In Russ.) URL: https://bpmn2.ru/blog/top-25-oshibok-bpmn (accessed: 12.06.2025).

§ Why You Should Abandon BPMN. (In Russ.) URL: https://habr.com/ru/articles/681262 / (accessed: 12.06.2025).
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Object — a substantial element. This function is implemented in the form of a certain material formation that has
design, operational and other characteristics.

The content classification of connections as flows of elements assumes two levels. In material connections, there are
substantial (S) and energy (E). In information connections, there are data (D) and control (C) connections.

The analysis of existing graphic notations shows that their alphabet and, accordingly, diagrams, are intersections of
connections in which functional elements are located, which in some cases have the characteristics of a substance. Thus,
all alphabetic elements of all graphic notations are nodes with functions and often with object characteristics. This allows
us to consider the notation of the NFO approach, i.e., NFO notation as universal [14].

The following are the correspondences between BPMN and NFO notations. They are found during comparative
analysis and will be the basis for solving the problems of diagram transformations and their evaluation.

1. BPMN Activity corresponds to NFO element that has both a node and a function defined, and is assigned the name
“Subprocess”. The decomposition diagram of such an element contains NFO elements named “Tasks”. BPMN Pool or
Track as a context of subprocesses corresponds to NFO element that has a node, a function, and an object defined.

2. BPMN Gateway corresponds to NFO element, which has both a node and one of the logical functions defined:
“AND”, “OR", “Exclusive OR”, “Complex”, etc.

3. BPMN Sequence Flow corresponds to the relationship of NFO notation named “Control Transfer”.

4. BPMN Message Flow corresponds to the relationship of NFO notation named “Message”.

5. BPMN Event corresponds to the relationship of NFO notation with the name of the corresponding event.

For visualization, we use the CASE tool (Computer Aided Software Engineering) NFO-toolkit and the Stormbpmn
program in accordance with the BPMN rules.

Thus, according to the stated research objective, we use the listed materials and methods to assess the potential of
transforming NFO diagrams into BPMN diagrams and vice versa. Let us consider the possibility of full replacement of
BPMN diagrams with NFO diagrams. We find out, firstly, to what extent the NFO approach is able to eliminate the
shortcomings of BPMN diagrams. Secondly, we study the task of describing NFO diagrams in the XPDL language®.

Research Results. To implement the tasks and goals of the work, we simulate a production situation: we show a
diagram of the interaction of departments associated with the component release.

Converting NFO diagram to BPMN. Converting diagrams in system-structural notations (particularly, in DFD and
IDEFO0) to NFO diagrams does not require the development of a specific procedure. NFO diagram in which NFO elements
are functional nodes (without defining objects) is equivalent to DFD diagram. NFO diagram in which NFO elements are
defined to the object level and there is no relationship “Mechanism” is equivalent to IDEFO diagram. Thus, for the
situation under consideration, instead of developing recommendations for converting various notations into BPMN, a
method for converting NFO diagrams into BPMN is needed. This transformation is provided through performing six
operations, which are described below. The correspondence of BPMN elements and NFO is given in the Materials and
Methods section. The logical operation sign “—” (implication) means replacing the object to the left of the sign with the
object to the right of it.

1. Context NFO diagram is converted to BPMN pool.

1.1. Context NFO element as a process or object = open BPMN diagram pool.

1.2. External entities of the context NFO diagram — closed BPMN diagram pools.

1.3. Functional (external) relationships of the context NFO element as a process or object that are not related to external
entities (or it is not practical to show these entities) — start or end events in the open BPMN pool.

2. Processes on decomposition of the context object of NFO diagram are transformed into BPMN subprocesses or
into pool tracks.

2.1. Processes on decomposition of context NFO element as a process or object —» BPMN subprocesses, if the open
pool has one track.

2.2. Processes on decomposition of context NFO element as a process or object — tracks of the open BPMN pool, if
the open pool has several tracks.

3. NFO diagram relationships are converted into BPMN diagram relationships.

3.1. Information relationships (flows) according to NFO diagram data - BPMN message flows or data objects.

3.2. Information relationships (flows) according to NFO diagram control - BPMN operation flows.

Information Technology, Computer Science and Management

3.3. Material relationships (flows) of NFO diagram — BPMN operation flows with corresponding names.

® XPDL Support and Resources. URL: https://wfimc.org/xpdl/ (accessed: 08.06.2025).
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4. Multiple input and output relationships of NFO elements as processes are connected to BPMN subprocesses via
gateways.

4.1. If NFO element has several input arrows, they are connected through a gateway whose logical function is
determined by the value of the input connections.

4.2. If NFO element has several output arrows, they exit through a gateway whose logical function is determined by
the value of the output connections.

5. If NFO elements corresponding to the subprocesses are decomposed, then the processes in these
decompositions - BPMN tasks.

6. Markers corresponding to the names of the relationships are installed on the relationships, if this makes sense.

Figures 1-3 show an example of converting NFO diagram into BPMN diagram using the procedure presented above.
The NFO diagrams (Fig. 1 and 2) were created using the CASE tool NFO-toolkit, and the BPMN diagram (Fig. 3) was
created using the Stormbpmn program in accordance with the BPMN rules.

Special tool shop

Design and Technology Department

73 T
Application for special tool Special tool
| h 4

Drawing and processing
Production of components using special equipment

[ L3 [
Application for blanks Blanks Components
v L

‘Warehouse

Fig. 1. Context NFO diagram

Application for special tool

Determination of
requirements for blanks and
tools. Production scheduling

hd

Special tool

Drawing and processing
Production scheduling

Drawing and processing Drawimng and processing

v A

Parts production

—»
Parts C oulponlent
fabrication

i Drawing and processing
Application for blanks I
Reject Components
Quality
control
Reject
I J 51! . J
{ OR j— Reject
Components
Blanks
~

Fig. 2. Decomposition of context NFO diagram
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Fig. 3. BPMN diagram corresponding to NFO diagrams

Figure 3 shows clearly the problem of visibility and comprehensibility of the BPMN diagram. The reason is the
requirement of the IDEF3 standard integrated into BPMN for the presence of only one input and one output. The fact is
that each organizational-business and engineering-manufacturing process involves not only the transformation of the
input product into an output one, but also document flow. Thus, any process must have at least two inputs and two outputs:
product (material or informational) and documentary (informational). This is not taken into account by the programmers
who created BPMN. In addition, Figure 3 allows us to state that event marker icons essentially do not add anything to the
diagram content, since all connections are labeled. At the same time, graphic elements are more difficult to use. You need
to remember both their meaning and the placement rules.

Converting BPMN diagram to NFO. The following four operations provide converting BPMN diagram to NFO.
The correspondence between BPMN and NFO elements is presented in the Materials and Methods section. The logical
operation sign “—” (implication) means replacing the object to the left of the sign with the object to the right of it.

1. BPMN pool with relationships is converted into context NFO diagram.

1.1. Pool = context NFO element defined to the object level.

1.2. Pool start event and end event(s) — functional relationships of the context NFO element corresponding to the
NFO approach relationship classification.

1.3. If, in addition to the pool, there are tracks associated with it, then the pool relationships with tracks — functional
relationships of the context NFO element corresponding to the classification.

1.4. Tracks external to the pool - NFO elements (defined to the object level) as external entities in relation to the
context NFO element.

1.5. If there are BPMN elements on the external tracks, then these tracks — NFO elements with subsequent
decomposition.

2. BPMN pool tracks are transformed into a decomposition diagram of context NFO element corresponding to
BPMN pool.

2.1. Pool track — decomposition elements of context NFO element corresponding to BPMN pool.

2.2. Each BPMN track — NFO element defined to the object level.

2.3. Start event(s) and end event(s) of a track, as well as relationships to other tracks (if any) — functional relationships
of NFO element corresponding to a track from the NFO approach relationship classification.

3. Subprocesses on BPMN track are transformed into NFO element decomposition diagram corresponding to the
BPMN track.

3.1. Subprocesses on BPMN track — elements of decomposition of NFO element corresponding to BPMN track.

3.2. Each BPMN subprocess — NFO element defined to the function level.

Information Technology, Computer Science and Management
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3.3. Subprocess relationships — relationships from the NFO approach relationship classification taking into account
BPMN event triggers.

3.4. BPMN track gateways — NFO elements with certain logical functions.

3.5. Gateway relationships — relationships from the NFO approach relationship classification taking into account
BPMN event triggers.

4. The tasks of BPMN subprocess are transformed into a decomposition diagram of the NFO element
corresponding to the BPMN subprocess.

4.1. BPMN subprocess tasks — decomposition elements of the NFO element corresponding to the BPMN subprocess.

4.2. Each BPMN task — NFO element defined to the function level.

4.3. Task relationships — relationships from the NFO approach relationship classification taking into account BPMN
event triggers.

4.4. BPMN subprocess gateways — NFO elements with defined logical functions.

Figures 4-9 show an example of converting BPMN diagram into NFO using the above procedure. Here, the BPMN
diagram (Fig. 4) was also created using the Stormbpmn program in accordance with the BPMN rules. To build the NFO
diagram (Fig. 5-9), the CASE tool NFO-toolkit was used.

The scheme of production of plastic components from the requirement for development of the process to the issuance
of products is shown. In this case, the following are taken into account:

— development, analysis and fine-tuning of the process for manufacturing a part on an injection molding machine;

— parameters for setting up the injection molding machine;

— obtaining plastic;

— loading the machine;

— heating the plastic to a specified temperature;

— forming and releasing products.
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LT [}
Plastic | I Product
I :
- | O |
5 Recommendations for process improvement | |
. . . |
g Parametric estimation :
_@* PTOO@SfS deV.elopment for for settir.lg up inje.ction | Verification of
= _many acturmg a part on molding machine i | compliance with .
[5) .. | injection molding machine | the Process
é Setting e process
ﬁ o' |Requirement for . i | has been
R ) Processing options | developed
o | g |development of | evelope
2 | A |[the process |
<
& |
= AV4
g’ 5 Analysis Setting up the Obtaining plastic
ERIE of the developed g injection molding and loading the Product
o= Recommendations . .
& process machine machine
E [
=
0 IInactmacca
g
E Q
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£ 2
g8 . . .
2 g Heating plastic to a Formation of Issuance of
i given temperature products products
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Fig. 4. BPMN diagram
Plastic Product
L] 4
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Fig. 5. Context NFO diagram with functional relationships of BPMN diagram
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Fig. 6. Decomposition of context NFO diagram corresponding to the tracks of BPMN diagram pool
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Fig. 9. Decomposition of NFO element “Development Department”, corresponding to decomposition
of pool track “Development Department” of BPMN diagram

Analysis of Figures 4-9 allows us to state that the transformation of BPMN diagram into a diagram in NFO notation
makes the description of the process more understandable, since it provides seeing it not only as a whole (in context), but
also to any degree of detail. In this case, fewer icons are used, and this is a more convenient option, since it does not
require remembering the meaning of graphic elements and the rules for their placement.

Description of NFO diagrams in XPDL language. In the Introduction section, the advantage of BPMN over other
notations is noted: the means of translating BPMN diagrams into business process execution languages (e.g., XPDEL'?)
allow for the automation of organizational-business and engineering-manufacturing processes. However, this feature is
easily transferred to the NFO notation. The main elements of the method for describing NFO diagrams in the XPDL
language are presented in Table 1 by analogy with paper [15].

Table 1
Description of NFO Diagrams in XPDL Language

NFO diagram element XPDL Construction
<Activity id=«Ums»>
<BlockActivity />

Process (context)
</Activity>
<Activity id=«ms»>

<Implementation>
<SubFlow />

Process (on decomposition)

</Implementation>
</Activity>

<Activity>

<Route/>
<TransitionRestriction>
<Join Type=«AND»/>
</TransitionRestriction>
</Activities>
<Activity>

<Route/>
<TransitionRestriction>
<Split Type=«AND»/>
</TransitionRestriction>
</Activities>
<Activity>

<Route/>
<TransitionRestriction>
<Join Type=«OR»/>
</TransitionRestriction>
</Activities>
<Activity>

<Route/>
<TransitionRestriction>
<Split Type=«AND»/>

Connector “AND”

Splitter “AND”

Connector “OR”

Splitter “OR”

10 XPDL Support and Resources. URL: https://wfmc.org/xpdl/ (nata ob6paruenus: 08.06.2025).
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</TransitionRestriction>
</Activities>

Connector “Exclusive OR”

<Activity>

<Route/>
<TransitionRestriction>
<Join Type=«XOR»/>
</TransitionRestriction>
</Activities>

Splitter “Exclusive OR”

<Activity>

<Route/>
<TransitionRestriction>
<Split Type=«XOR»/>
</TransitionRestriction>
</Activities>

Functional relationship without a source (input) or without a consumer
(output))

<Transition/> id=«ms» />

Supportive connection between subprocesses

<Transition id=«Ly» from=«ms!»
to=«msa?» />

External entities

<Activity>

<Route type=«iny />
</Activity>

Ui

<Activity>

<Route type=«out» />
</Activity>

Process executor

<Participant type=« »/>
1. Role

2. OrganisationUnit

3. Human

4. System

5. Resource

6. RecourceSet

Interaction of two processes using two relashionships

<Activities>

<Activity id=«ms!»>
<Implementation>

<SubFlow />
<TransitionRamification>

<Split Type=«AND» />
<Transition id=«M» from=«ms!»
to=«Ums?» />

<Transition id=«I» from=«ms!»
to=«Uma?» />
</TransitionRamification>
</Implementation>

</Activity>

<Activity id=«Ums?»>
<Implementation>

<SubFlow />

<TransitionMerger >

< Join Type =«AND» />
<Transition id=«M» from=«ms!»
to=«Uma?» />

<Transition id=«I» from=«ms!»
to=«ma?» />
</TransitionMerger>
</Implementation>

</Activity>

</Activities>
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The table shows that when converting BPMN diagrams to NFO, it is possible to translate them into the process
execution language.

Discussion. Thus, in BPM systems, not only BPMN notation can be used to build process models for the purpose of
their automation, but also NFO notation, which provides a simpler procedure for creating models and their greater
visibility.

The adequacy and practical value of this approach can be judged by the following data compiled by the authors:

— BPMN diagram;

— context NFO diagram with functional relationships of the BPMN diagram;

— decomposition of the context NFO diagram corresponding to the tracks of the BPMN diagram pool;

— decomposition of the NFO element “Injection molding machine” corresponding to the decomposition of the track
of the “Injection molding machine” pool of the BPMN diagram;

— decomposition of the NFO element “Master” corresponding to the decomposition of the track.

The illustrative material proves the advantages of NFO notation. The transformation from BPMN diagram to NFO
has revealed two advantages of this approach. First: the description in NFO notation opens up the possibility of analyzing
the process as a whole (i.e., in context) and with any level of refinement (decomposition). Second: NFO notation uses
fewer specific icons. This is a more convenient option, because:

— time required to remember the meaning of graphic elements and the rules for their placement is cut;

— risk of incorrect use of graphic elements in diagrams is reduced.

All this is clearly visible in Figures 4-9. In addition, to show the acquisition and dispatch of material resources to an
external entity within BPMN, it is required to use a dotted arrow intended to indicate a message flow, not a material flow.
This creates problems both at the stage of constructing the model by the analyst and at the stage of reading it by the
designer or manager. Diagrams in NFO notation do not have this drawback.

Next. The NFO diagram shows better from which resources the desired result is obtained. This is explained by the
fact that the NFO approach is initially focused on accounting for both material and information flows (connections).
Hence another advantage. It is possible to conduct a functional cost analysis using a CASE tool that provides construction
of NFO diagram. This is impossible for a diagram in BPMN notation, since this principle does not have a standard
interpretation of connections as flow elements.

Discussing the data in Table 1, it is appropriate to note the prospects for Russification of the material. Here, the XPDL
language constructs are naturally presented in English. However, it is planned to automate the execution of the models
created by the authors of the article. And in the new solutions, the process names will be in Russian. As we can see, in
this case, the attribute “Name” is written in Cyrillic.

Conclusion. Research of the normative systems of notation of the system-object approach “node — function — object”
(NFO) and BPMN show that NFO notation is more universal and provides eliminating a number of shortcomings of
BPMN diagrams through reproducing them by NFO notation. The results of the presented work will contribute to the
development of the theory and practice of graph-analytic modeling of processes.

As a result of the conducted research, procedures for mutual transformation of BPMN and NFO diagrams were
created. In addition, a description of the elements of the NFO approach notation in the XPDL business process execution
language is shown, which equalizes the applied capabilities of the NFO notation with BPMN. In the future, XPDL
structures will be Russified. It is assumed that the models created by the authors of this article will be executed by software
methods, and the process names will be in Russian.

In general, the application of the results obtained will simplify the procedure for constructing graphical models of
processes and their automation.
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