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Abstract: Business process modeling attracts great importance in enterprises due to the need for a graphically simplified
and less verbal way to manage their operations. Nevertheless, the existence of various process modeling standards
across the different departments of the same enterprise, such as Business Process Modeling Notation (BPMN) diagrams,
classic flowcharts, Gantt charts and Petri nets, urges their notation alignment. After the business process model notation
alignment, complex constraints and relationships among the enterprise’s department processes can be automated
and simplified. In the light of the digital transformation of today’s enterprises, the main objective of this paper is the
proposal of a straightforward and simplified business educational equivalence table so that a direct conversion among
BPMN diagrams, flowcharts, Gantt Charts and Petri Nets can be locally fulfilled by non-specialized personnel in each
enterprise’s department. The methodology of this paper can be generalized in every enterprise where the aforementioned
process modeling standards across its different departments coexist.

Keywords: business process modeling standards, BPMN diagrams, classic flowcharts, Gantt charts, Petri nets, digital
transformation, project management, total quality management (TQM), business analytics
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1. Introduction

In the light of the digital transformation of enterprises, a clear need for meticulously describing their business
processes and workflows in an expressive, formal but yet understandable language in a less verbal way by final users
and not only by specialized personnel faced out (Chinosi & Trombetta, 2012). Although the state-of-art language for
modeling business processes and workflows is nowadays the Business Process Model and Notation (BPMN) standard
with its diagrams, the different departments of the same enterprise may retain the knowledge concerning their business
processes and workflows on older or more complicated process modeling standard diagrams, such as classic flowcharts,
Gantt charts and Petri nets (Draheim, 2010). Therefore, keeping up with the times, the primary objective should be the
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conversion of all the existing process modeling standard diagrams into the respective BMPN ones so that they can be
examined and assessed as a whole by the enterprise’s stakeholders and digital transformation experts. The secondary
objective of the business process model notation alignment remains the possibility of conversion from any to any
process modeling standard diagram so that the diagrams can be quickly studied, understood and reused by the non-
specialized personnel of the different enterprise’s departments (Aldin & Cesare, 2011). To fulfill both the aforementioned
objectives, a straightforward and simplified business educational equivalence table that will match each element of each
process modeling standard diagram with respective elements in the remaining process modeling standard diagrams is
proposed in this paper after collecting all the available elements of the existing process modeling standard diagrams of
all the enterprise’s departments. It should be noted that the proposed equivalence table is not intended to report all the
theoretically possible conversions among the elements of the aforementioned four process modeling standard diagrams
but to practically demonstrate the conversions of the most used and yet applied elements in enterprises on the basis of
BMPN standard diagrams so that the non-specialized personnel of the enterprises’ departments can perform the required
conversions after a fast-track business training program.

So far, a plethora of works in the literature has been devoted to the study of the process modeling standards of
interest in this paper, say, BPMN diagrams, classic flowcharts, Gantt charts and Petri nets, as well as the conversion
among their elements. As the BPMN standard is concerned, which is anyway the state-of-art business process modeling
standard in enterprises and is treated as the basis standard in this paper, BPMN standard provides graphical notations
and diagrams for detailing business processes and workflows. BPMN version 2, which is the latest version and adopted
in this paper, has been developed and maintained by the Object Management Group (OMG) and is widely accepted by
enterprises due to its visual language in a less verbal way that can be understood without misinterpretations (Object
Management Group, 2011; White, 2004a; Simpson, 2004). The main strengths of BPMN diagrams are their high degree
of expression (say, variety of described scenarios), the connectivity at different levels, readability, integration with
Enterprise Resource Planning (ERP) systems and their diagram creation/maintenance by non-specialized personnel due
to its flowcharting technique (Grigorova & Mironov, 2014). As the classic flowcharts are concerned, these are the first
structured methods for documenting process flows (Gilbreth & Gilbreth, 1921) and remain very popular to the non-
specialized personnel due to the simplicity of their common symbols. But the classic flowcharts are nowadays used as
teaching tools since their descendant modeling standards, such as BPMN, are designed to become more accurate and
suitable for describing business processes and workflows in terms of the market perspective, interfaces with databases
and model-retaining execution (Pucher, 2012). As the Gantt charts are regarded, their main purpose is to illustrate
the time schedule and the dependencies among business processes (Kumar, 2005; Burkhard et al., 2005; Geraldi &
Lechter, 2012). Gantt charts mainly focus on the presentation of the current schedule status by exploiting start and
finish dates of the business processes rather than revealing the inner workflows and the exact input/output details of the
connected business processes. Similarly to BPMN standard, Petri nets offer a graphical notation for stepwise business
processes that include duration, choice and concurrent execution (Maung & Hein, 2014). In contrast with BPMN
standard, Petri nets can be treated rather as a mathematical formality for process analysis than a digital transformation
tool by the enterprise’s stakeholders since the creation and maintenance of Petri nets demand special programming
and mathematical knowledge by the involved personnel (Van der Aalst, 1998; Murata, 1989). Anyway, despite their
differences and strong/weak characteristics and since there was no standardization for modeling business processes
and workflows in many enterprises so far, all the aforementioned process modeling standards are able to describe the
business processes and workflows and for that reason all the four standards have been applied to the documentation
of the various enterprises’ departments in different extents. In the light of the digital transformation of enterprises
and the required notation alignment and equivalence rules among the four process modeling standards, the proposed
straightforward and simplified business educational equivalence table is based on the already established knowledge
in the field of conversions among the four process modeling standards (say, between BPMN diagrams and classic
flowcharts (Kelemen et al., 2013; Sarab et al., 2020; Cahyani et al., 2020), between BPMN diagrams and Gantt Charts
(Flores & Sepulveda, 2010), between BPMN diagrams and Petri Nets (El Hichami et al., 2014; Awad, 2013; Dijkman et
al., 2008), between classic flowcharts and Petri Nets (Draheim, 2010), and between Gantt Charts and Petri Nets (Wu et
al., 2019)). The methodology and the results of this paper can be generalized in any enterprise that may support a variety
of the aforementioned process modeling standards across its different departments.

The rest of this paper is organized as follows: Section 2 briefly presents the four process modeling standards of
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this paper, say, BPMN diagrams, classic flowcharts, Gantt charts and Petri nets as well as their popular basic elements
that are present in the documentation of the enterprises’ departments. In this Section, the proposed business educational
equivalence table among the aforementioned process modeling standards is first demonstrated on the basis of their basic
elements. In Section 3, the straightforward conversion results of a real business workflow are demonstrated in all the
four process modeling standards by exploiting the proposed business educational equivalence table. Section 4 concludes
this work.

2. The four process modeling standards and the business educational equivalence
table

In this Section, a brief synopsis of the four process modeling standards of interest, say, BPMN diagrams, classic
flowcharts, Gantt charts and Petri nets, is presented in respective subsections. For each process modeling standard, its
basic elements, which are used in the documentation of the power utility’s departments, are demonstrated and analyzed
while the applied software for the graphical representation of the diagrams is suggested in each case. This Section
concludes with the proposal of the business educational equivalence table where the correspondence of the basic
elements of the four process modeling standards is analytically presented.

2.1 BPMN

In accordance with Chinosi & Trombetta (2012), Object Management Group (2011), Allweyer (2016) and Wohed
et al. (2006), BPMN standard aims at specifying business process diagrams that can quickly describe complex business
processes and, at the same time, remain easily understandable by non-specialized personnel. Also, due to their flowchart
nature, BPMN diagrams can be mapped to business execution languages and be further integrated with ERP systems.

According to White (2004b), a BPMN diagram consists of basic elements that can be further divided into four
categories of elements; say, flow objects, connecting objects, swimlanes and artifacts. In Table 1, the four categories of
elements are reported as well as their respective basic elements that come from the documentation of the enterprise’s
business processes. Note that for each basic element of Table 1, its symbol is given as well as a brief description of its
functionality.

From Table 1, it is evident that additional variation and information can be added by incorporating internal markers
in the already rich portfolio of BPMN diagram basic elements in order to serve higher complexities without disrupting
the simplicity and understandability of the BPMN diagrams. Anyway, different levels of precision can be supported
through the description of the Activities applied in the BPMN diagram.

As the graphical implementation of the BPMN diagrams is concerned, Microsoft Visio 2016 is going to be used in
this paper since Microsoft Visio 2016 supports BPMN version 2 and corresponding BPMN diagram validation rules that
will allow the visual correctness of BPMN diagrams in terms of the rules specified in the BPMN standard (Microsoft,
2012).

2.2 Classic flowcharts

Classic flowcharts can be considered as diagrammatic representations of algorithms and are especially applied in
computer science courses in every level of the educational pathway and, for the last reason, classic flowcharts are very
familiar to the non-specialized personnel. As a generic process model, classic flowcharts have been extensively used to
analyze, design, document and manage business processes in various enterprises.

Similarly to BPMN standard, a classic flowchart consists of basic elements that can be informally divided into the
same element categories of BPMN; say, flow objects, connecting objects, swimlanes and artifacts. Note that a lot of
efforts have been made since 1960s in order to set standards for the basic elements of the classic flowcharts and during
these years many basic symbols have been added to describe process in various fields (Shelly & Vermaat, 2013; Myler,
1998; ISO, 1985; IBM, 1969). In Table 2, the basic elements of the classic flowcharts, which are reported in Shelly
& Vermaat (2013), Myler (1998) and are suitable for the business process modeling, are divided into the same four
categories of BPMN elements for the sake of this paper analysis. Also, in Table 2, the symbol and the brief description
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of the functionality are given for each of the basic elements of the classic flowcharts.

Table 1. Basic elements and their categories in BPMN diagrams (White, 2004b)

Category of  Basic Element

Elements Name Basic Element Symbol Basic Element Functionality Description

At the first row, from the left symbol to the right one, the three types of Events are
O @ O Start, Intermediate and End, respectively. Internal markers (i.e., cause or impact)
may further specialize the use of the Event symbols
At the second row, from the left symbol to the right one, three examples of
specialized Events that are used in the enterprise’s documentation are the Message
Trigger, the Timer Trigger and the Business Rule, respectively

Event

Message
Event

From the left symbol to the right one, the two specialized Event symbols of
sending and receiving messages are given, respectively

Flow Objects The generic Activity is used to describe the work that is performed by the
department (or subdepartment) and can be differentiated by the applied internal

markers

Activity

Depending on their internal markers, Gateways represent the decisions that need
to be taken thus controlling the Sequence Flow lines (see below) through forking,
merging and joining. Internal markers may further specialize the use of the
Gateway Gateway symbol of first row

At the second row, from the left symbol to the right one, three examples of
specialized Gateways that are used in the enterprise’s documentation are the
Parallel Flow, the Exclusive Flow and the Event-Based Flow, respectively

Pool ‘ Pools organize and categorize Activities of an enterprise’s department

Swimlanes

Lane ‘ Lanes that are sub-partition within a Pool organize and categorize Activities of a
‘ subdepartment

Data Object

Database 8 Databases where data are stored

Data that are required or produced by activities

Artifacts I = 1
Group 1 : It is used for documentation or analysis purposes by grouping elements
1
Text Text Annotation (comments) for the business analysts and non-specialized
Annotation personnel
Sequence . .. . .
quen —_— Sequence Flow lines are used to show the Activity order in the business process
Flow Line
i Message Flow .
Conn@ctmg g G £ Message Flow lines are used to show the message exchange
Objects Line
Association 5 Association lines are used to associate Data Objects and Text Annotations with the
Line basic elements of the Flow Object category

By comparing Tables 1 and 2, similarities and differences between BPMN diagrams and classic flowcharts can
be pointed out. As the basic elements of the classic flowcharts are concerned, these elements present great similarities
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with the ones of the BPMN diagrams both as symbols and as functionalities (e.g., Processes, Data Files, etc). The main
differences of the classic flowcharts against the BPMN diagrams are primary their workflow (i.e., classic flowcharts
generally flow from top to bottom (IBM, 1969), observe the orientation of Pool and Lane symbols) and secondarily
the flowlines; only one type of flowlines exists in classic flowchart in contrast with the three flow line types of BPMN
diagrams. Anyway, the four categories of elements of BPMN diagrams can conveniently be preserved in classic
flowcharts.

As the graphical implementation of the classic flowcharts is concerned, Microsoft Visio 2016 is going to be used in
this paper since Microsoft Visio 2016 supports the design of classic flowcharts as well as their light extension to cross-
functional flowcharts (Microsoft, n.d.). Similarly to BPMN diagrams, Microsoft Vision 2016 supports validation rules
for the classic flowcharts in terms of the rules specified for the preparation of the classic flowcharts.

Table 2. Basic elements of the classic flowcharts (grouped in the categories of BPMN diagrams)
(Shelly & Vermaat, 2013; Myler, 1998; IBM, 1969)

Category of  Basic Element

Basic Element Symbol Basic Element Functionality Description
Elements Name 4 ¥ P

Terminal The same basic element is used for starting, intermediate or ending works. Internal
text annotation is used to describe the purpose of the work
Process is used to describe the work that is performed by the department (or

Process . . Lo .
subdepartment) and can be differentiated by the applied internal text annotation

Flow Objects
.. Decisions are the conditional operations of the classic flowcharts. Decisions control

Decision i

the Flowlines

Input/Output E Special Processes that are responsible for inputting or outputting data

Borrowed by BPMN diagrams, Pools organize and categorize Processes of an
Pool enterprise’s department. Pools are considered as basic elements for classic flowcharts
in Microsoft Visio (Microsoft, n.d.)

Swimlanes
Borrowed by BPMN diagrams, Lanes that are sub-partition within a Pool organize
Lane and categorize Processes of a subdepartment. Lanes are considered as basic elements
for classic flowcharts in Microsoft Visio (Microsoft, n.d.)
Data File or Data that are required or produced by Processes or Inputs/Outputs. The same symbol
Database is used for databases
Artifacts
Annotation [ Annotation (comments) for the business analysts and non-specialized personnel
Connectin, . . . .
Objects J Flowlines ——=  Flowlines are used to connect the basic elements of the classic flowcharts
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2.3 Gantt charts

Gantt charts are among the oldest techniques available for sequencing and scheduling processes (Ben-Daya et al.,
2009). Gantt charts are bar charts that focus on the start/finish times of the activities of a process as well as their depen-
dencies. Similarly to BMPN diagrams, the flow of Gantt charts is from the left to the right while the basic elements of
Gantt charts are focused on the activities and their flows (Pathak, 2015; Lee & Shvetsova, 2019). Conversely to BPMN
diagrams, Gantt charts are mainly interested in the time durations of the tasks of the processes.

Similarly to BPMN diagrams and classic flowcharts, the basic elements of Gantt Charts, which are reported in
(Flores & Sepulveda, 2010; Wu et al., 2019; Ben-Daya et al., 2009; Pathak, 2015) and are suitable for the business pro-
cess modeling, are divided into two categories of BPMN elements, as done in the case of classic flowcharts, and report-
ed in Table 3. Also, in Table 3, the symbol and the brief description of the functionality are given for each of the basic
elements of the Gantt charts.

Table 3. Basic elements of the Gantt charts (grouped in the categories of BPMN diagrams)
(Flores & Sepulveda, 2010; Wu et al., 2019; Ben-Daya et al., 2009; Pathak, 2015)

Category of Basic Element

Elements Name Basic Element Symbol Basic Element Functionality Description

Similarly to the Terminal symbol of the classic flowcharts, the same basic
Milestone ’ element of Milestone is used for starting or ending works. Also, other
intermediate important dates of the process can be indicated

Flow Objects
Task is used to describe the work that is performed in the process and is similar
Task to Activity of BPMN diagrams and Process of classic flowcharts. The length of
the Task symbol depends on the length of the work
Connecting Link lines Link lines are used to connect the basic elements of the flow object categories
Objects and describe the task dependencies.

From Table 3, it is evident that Gantt charts are more suitable for project scheduling and control rather than
business process modeling due to the lack of basic elements and their focus is on the time management. Due to the
requirements of this paper concerning the business process modeling, the critical path and the slacks, which are basic
elements during the preparation and study of the Gantt charts, are omitted in Table 3 and are outside the scope of this
paper.

By comparing Table 3 with Tables 1 and 2, there is an essential lack of basic elements in the categories of
Swimlanes and Artifacts that entails difficulties in: (i) the task allocation among the departments and the subdepartments,
which are involved in the described process; and (ii) the conditional operation. To be notationally aligned the BPMN
diagrams and classic flowcharts with Gantt charts due to the Gantt chart time requirements, the internal markers of the
BPMN diagram Activities and the internal text annotations of classic flowchart Processes should consider the durations
of the described works. As the graphical implementation of the Gantt charts is concerned, Microsoft Visio 2016 is going
to be used in this paper.

2.4 Petri nets

Petri nets can be considered as a mathematical tool for modeling, analyzing, simulating, rapid prototyping and
verifying dynamic systems with concurrent and non-deterministic behavior such as the business processes (Rajabi &
Lee, 2009; Bauskar & Mikolajczak, 2006). In fact, Petri nets can be applied as the formal language to verify BPMN
diagrams and classic flowcharts due to their mathematical formulation and simulation capabilities. However, the
application of Petri Nets for business process modeling may lead to complex bipartite-directed graphs and corresponding
net models that require respective specialized mathematical and programming knowledge for the involved personnel to
be handled with.
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Similarly to BPMN diagrams, classic flowcharts and Gantt charts, the basic elements of Petri Nets, which are
reported in (Maung & Hein, 2014; Mutarraf et al., 2018; Rajabi & Lee, 2009), are divided into two categories of BPMN
elements, as done in the case of classic flowcharts and Gantt charts, and reported in Table 4. Also, in Table 4, the symbol
and the brief description of the functionality are given for each of the basic elements of the Petri Nets.

From Table 4, it is evident that the business process modeling of Petri nets is concentrated on the token game rather
than on the Activities and their flows. The nature of basic elements of Petri nets is different from the nature of the basic
elements of the aforementioned graphical representations since the main interest of Petri nets is to be transformed into
mathematical network equations and corresponding simulations. In fact, Petri nets can be considered as a simulation
tool for the aforementioned graphical representations and are more useful as dynamic simulations and not as static
diagrams. Also, to be notationally aligned the BPMN diagrams and classic flowcharts with Petri nets due to their time
requirements, the internal markers of the BPMN diagram Activities and the internal text annotations of classic flowchart
Processes should consider the durations of the described works as done in Gantt Charts. In accordance with (Awad,
2013; Mutarraf et al., 2018), combinations of the flow object category basic elements of Petri nets should be considered
in the proposed straightforward and simplified business educational equivalence table so that the aforementioned
combinations can similarly behave to the basic elements of the BPMN diagrams, classic flowcharts and Gantt charts and
Petri nets can decently operate as business process modeling technique. Note that Gantt Charts and Petri Nets present
similarities since they can be considered more suitable for the project scheduling and control rather than business
process modeling. For the previous reason, the Token symbol is outside the scope of this paper since static graphical
representations of business process models are of interest rather than the animated dynamic simulations of the project
scheduling and controlling. As the static graphical implementations of the Petri nets are concerned, Microsoft Visio
2016 is used while HPetriSim can be optionally used as Petri net simulator and for validation reasons (Anschuetz,
2018).

Table 4. Basic elements of the petri nets (grouped in the categories of BPMN diagrams)
(Maung & Hein, 2014; Mutarraf et al., 2018; Rajabi & Lee, 2009)

Category of Basic Element

Elements Name Basic Element Symbol Basic Element Functionality Description
Place o Places are treated as the prerequisites of an Activity and can contain Tokens (see
below).
Flow Objects Transitions determine whether all the preconditions for the Activity are
Transition D fulfilled. When transitions fire, they remove tokens from their input places and
add tokens at all of their output places
Token L ] Tokens represent the flow through the process
C ti .. ..
onnecting Arcs _——— Arcs connect Place to Transition or Transition to Place
Objects

2.5 The simplified business educational equivalence table

Since the primary objective of this paper is the conversion of all the existing process modeling standard diagrams
into the respective BMPN ones, BPMN standard will act as the basis standard and for that reason the first three columns
of Table 1 are used as the first three columns of the simplified business educational equivalence table that is shown in
Table 5. On the basis of the definitions given in Tables 2-4 for each basic element of the classic flowcharts, Gantt charts
and Petri nets and the existing enterprise documentation in business process models, the fourth, fifth and sixth columns
of Table 5 present in black color the equivalent basic element symbols of the classic flowcharts, Gantt charts and Petri
nets, respectively, for each BPMN diagram basic element. In order to expand the notation alignment and the equivalence
rules among the business process models of this paper, the basic elements of the BPMN diagram are enriched with
symbols in red color so that the more specialized basic symbols of the classic flowcharts, Gantt charts and Petri nets can
have one-to-one correspondences (e.g., the Input/Output symbol of the classic flowcharts). Similar small modifications,
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which are added in red color, are made in the basic symbols of the classic flowcharts, Gantt charts and Petri nets so that
an one-to-one correspondence among the basic symbols of the business process models of this paper can be established.
The last column characterize each conversion case with its unique identity number.

By observing Table 5 and its 24 proposed conversion cases, several interesting observations can be pointed out
concerning the notation alignment and the equivalence rules among the enterprise’s business process models, namely:

1. Apart from being the state-of-art business process model, BPMN is characterized by a great number of
basic symbols that are able to describe a plethora of different situations during the enterprise’s life. In fact, the only
modifications made in the BPMN basic symbols are (i) the Input/Output Activity; and (ii) the time requirements added
in the Activity descriptions. Note that the time requirements added in the Activity descriptions have been made so that
the notation alignment and the equivalence rules between BPMN diagrams and Gantt charts may be feasible.

2. During the processes, a lot of decisions should be made by the involved personnel and stakeholders. By
analyzing the nature of the aforementioned decisions, the generic BPMN symbol of Gateway is proven to be relatively
fuzzy and for that reason five variations of the generic BPMN symbol of Gateway are applied. Due to the richness of
the BPMN basic symbol portfolio, there is no need for proposing new symbols but to pick the right specialized Gateway
symbol supported by BPMN.

3. As the classic flowchart basic element symbol portfolio is concerned, its simplicity and intuitive
understandability remains at the same time the main disadvantage of this business process model. Only for the Terminal
symbol, six modifications are required so that an one-to-one correspondence with the BPMN Event symbols can be
established. Also, several modifications are required for the Classic Flowchart Decision Gateway by taking into account
that the Decision symbol of the classic flowcharts requires two output Flowlines. Similarly to BPMN, time requirements
are added in the Process descriptions of the Classic Flowchart so that the notation alignment and the equivalence rules
between Gantt charts and Petri nets can be sustained. Finally, the lack of different types of Flowlines in the case of the
classic flowcharts urges their modifications when message flow lines and association lines need to be represented.

4. In the case of Gantt Charts, a lot of modifications have been adopted in the few basic symbols so that Gantt
charts can be considered to be an equal business process model to the existing BPMN and classic flowchart ones.
Indeed, 6 Milestone symbols have been redesigned so that all the Events can be represented. Same need for enrichment
occurs in the case of Tasks and Link lines. But the most challenging issue remains the representation of Gateway
conditions and produced Artifacts; here, the involved Tasks should explain verbally the situations in each case since
Gateway basic symbols and Artifacts are not available in Gantt Charts. Finally, it should be noted that Pools, Lanes,
Groups and Text Annotations can be easily and graphically inserted in the Gantt Charts without abrupting the integrity
of their representations.

5. In accordance with (Awad, 2013), the one-to-one correspondence of Petri nets symbols with the respective ones
of BPMN, classic flowcharts and Gantt charts urges the combination of the Petri Nets basic symbols presented in Table
4. Similarly to Gantt Charts, the step from the project scheduling to business process modeling demands modifications
and for the previous reasons a lot of modifications have been applied to Flow Objects. Anyway, Petri Nets are proven to
be very adaptive to Gateway conditions where smart combinations of Places and Transitions imitate the vast majority
of BPMN Gateway symbols without important modifications. Note that the demand for concatenations of Places and
Transitions creates the need for inserting virtual Places (dashed circles) in the Petri Net basic element symbols of the
proposed simplified business educational equivalence table so that the validation of the Petri nets can be made by a Petri
net simulator.

6. Again, similarly to Gantt Charts, descriptive modifications have been made to Connecting Objects while Pools,
Lanes, Groups and Text Annotations are graphically inserted in the Petri Nets without disrupting their character.

The study of Table 5 and the previous observations show that a need for an initial modification of the existing
documentation in the enterprise should be made so that the elements involved in the existing business process model
diagrams are of the Table 5 regardless of the applied business process model (e.g., if an enterprise’s subdepartment
uses Classic Flowcharts and there are a lot of Decision symbols in its diagrams, here, each Decision symbol should
first modified in compliance with the Conversion Cases 11 to 15). Afterwards, the one-to-one correspondence of Table
5 allows the conversion from one business process model to another. Therefore, in the following Section, a real case
scenario of conversion from BPMN without modifications to all business process models of this paper is analytically
presented.
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Table 5. The proposed simplified business educational equivalence table

BPMN BPMN Con
iagram . . iagram Basic assic Flowchart Basic antt Charts Basic etri Nets Basic Element .
Diag Diaeram Basic BPMN Diagram Basi Classic Flowchart Basi Gantt Charts Basi Petri Nets Basic El version
Category of Elerg;lent Name Element Symbol Element Symbol Element Symbol Symbol (Awad, 2013) Case ID
Elements
Event ' ,\I { T 1
(Start) N S !
S
Event ™ l/ T - ‘J 5
(Intermediate) Nt N_ - 1 N
I
Event O R 3
(End) E N
E
Event ] -~
Trigger) | N
M
Event ] -~
CRINSEE
Trigger) || !
T
Event ] -~
(Business (El) Q L 6
Flow Rule) | | !
Objects B
Activity Activity start date/time ; l, “l l, B i 7
(Generic Use) Acti 2/ durati d Process start date/time, N_ N -
AC ity udradlon/ and process duration and Pro- -
: C‘Fl(}‘_tyle‘“( atetlmg cess end date/time inside
chstiv?tyt he assoclated e gggociated Process
g 1o D
Activity . T P
(forInput/  Activity start date/time, Process start date/time, Lo . T 8
Output) Activity duration and Process duration and Pro- N /0 N
Activity end date/time cess end date/time inside 1/0
inside the associated the associated Input/Output
Activity Process
Event . M. <"
{ |
(Send su - SO
Message) SM
Message -
Event @ l, WM l,—' 1 10
(Receive RM N_s SM N
Message) RM
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/4

{
Gateway Description inside " 1
(Parallel Fork) the associated Task ~ ~ .7 .
PF
I (0
Gateway Description inside e f’ 12
(Parallel Join) PJ the associated Task . N
]
Gateway ed N\
(Data-based Description inside -1 - 13
Flpw XOR the associated Task ", _2 .
Objects Decision) \Al:l_.g
[ Sl
Gateway Description inside - !’ 14
(XOR Merge) XM the associated Task . N
] C—{k
.
Gateway B EXD] .
(Event-based Description inside ¢ ,—PD—N\ 15
XOR the associated Task ~ ~ EXD2
Decision) =
EXD3
Pool Y —— 16
Swimlanes
Lane LY e— ‘ 17
. Description inside A A A"
Data Object D @ the associated Task (\ B 18
Description inside o > N ( )
Database 8 @ the associated Task '\ _ ,‘ 19
Artifacts
- o o o o - o o o o 1 Iri o o o o 1 Iri o o o o 1
Group ] I ] I ] 20
1 i 1 i 1
Text
Annotation [ [ [ [ 21
Sequence
Flow Line - - - - 22
Connecting  Message Flow v - N N - 23
Objects Line M— M—e M—e
Association A Description inside A 24
Line the associated Task
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3. The notation alignment and the equivalence rules among enterprise’s business
process models-case study and discussion

In this paper, a bridging approach to make the four business process models equivalent or easily complementary
is here proposed in terms of process modeling and it is implied that there is already available an initial diagram in the
enterprise’s subdepartment that needs to be converted into the other three remaining business process models. Hence,
as the basic elements of the initial diagram are identified, the other three remaining business process diagrams are
identified through the proposed business education equivalence table of Table 5 and its one-to-one correspondence
among the basic elements of the four business process models. In this Section, a case study concerning the conversions
among the four process modeling standards of interest, say, BPMN diagram, classic flowchart, Gantt chart and Petri net,
is presented by following the guidelines of Section 2 and Table 5.

3.1 Unmodified BPMN diagram and modified BPMN diagram in accordance with the simplified
business educational equivalence table

In Figure 1(a), one real unmodified BPMN diagram of an enterprise’s process is shown. In order to proceed
towards the notation alignment and the equivalence rules among the four process modeling standards of interest, certain
initial modifications that are complied with Table 5 are made and the modified BPMN diagram is given in Figure 1(b) as
well as the necessary modifications in red color.

By comparing Figures 1(a) and 1(b), interesting remarks can be pointed out concerning the applied modifications
in BPMN diagrams, namely:

1. Both BPMN diagrams are validated in Microsoft Visio 2016. The applied BPMN diagram validation rules of
Microsoft Visio check the visual correctness of the unmodified and modified BPMN diagrams against logical rules
specified in the BPMN standard. The validation of the BPMN diagrams imply that the unmodified and modified BPMN
diagram logically and well describe the examined business process while the applied modifications do not affect this
validity.

2. In accordance with the conversion case 7 of Table 5, time requirements are added in the Activities of the
modified BPMN diagram so that the respective Gantt chart can be designed afterwards. Note that the Message Events
involving send and receive messages do not demand the insertion of temporal constraints but are properly defined to
allow the one-to-one correspondence with the following process model diagrams.

3. In accordance with the conversion cases 5 and 3 of Table 5, the events of Time Trigger and End have been
reported in the modified BPMN diagram, respectively.

4. The main difficulty concerning the conversion from the unmodified BPMN diagram to the modified one is the
characterization of the used Gateways that may require an interview of the involved personnel. In the business process
of interest, Gateways 01 and 02 are a parallel join gateway and an event-based XOR decision gateway, respectively. On
the basis of the previous finding and in accordance with the conversion cases 12 and 15 of Table 5, Gateways 01 and 02
are analytically represented in the modified BPMN diagram of Figure 1(b).

Since the modified BPMN diagram is now complied with the requirements of the simplified business educational
equivalence table, which is given in Table 5, the goal of the following subsections is to underline the one-to-one
correspondence of basic elements in the remaining three process modeling standards of interest, say, classic flowchart,
Gantt chart and Petri net.

3.2 Classic flowchart in accordance with the simplified business educational equivalence table

In Figure 2, the classic flowchart of the enterprise’s process of Figure 1(b) is demonstrated in accordance with the
simplified business educational equivalence table given in Table 5. Note that the modified BPMN diagram of Figure
1(b) is used instead of the unmodified BPMN diagram of Figure 1(a) since the conversion procedure is a straightforward
conversion process in this case.
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Figure 1. BPMN diagrams of a real enterprise’s process: (a) The unmodified diagram; (b) The modified diagram
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By comparing Figures 2 and 1(b), classic flowcharts and BPMN diagrams present significant similarities since a
heredity between these two types of business process diagrams has already been identified in Section 2.2 but a number
of differences can also be observed due to the different degrees of richness of the basic symbol portfolios of classic
flowcharts and BPMN diagrams. The following observations are mentioned:

1. Similarly to BPMN diagrams, the classic flowchart of Figure 2 is validated by Microsoft Visio 2016. As already
been mentioned, the popular vertical orientation of classic flowcharts is here adopted.

2. Similarly to BPMN diagrams, the time requirements of each Process are added across the classic flowchart. The
only Processes that do not include the temporal constraints are the Processes that involve sending or receiving messages.

3. As the Gateways are regarded, their accurate characterization in Figure 1(b) and the simplified business
educational equivalence table of Table 5 significantly help towards their representation in Figure 2. More analytically,
Gateways 01 and 02 are a parallel join gateway and an event-based XOR decision gateway, respectively, and the
respective basic symbols are shown in Figure 2 as mandated by the conversion cases 12 and 15 of Table 5, respectively.

4. Conversely to the modified BPMN diagram of Figure 1(b), the big issue is that the classic flowcharts have a
small variety in connecting objects. According to the conversion cases 22, 23 and 24, message flow lines and association
lines that are adopted in Figure 2 exploit the same arrow with the sequence flow lines but message flow lines and
association lines are differentiated by the insertion of the corresponding red initial letters. This modification allows the
one-to-correspondence among the diagrams of the process modeling standards of interest.

The one-to-one correspondence of basic elements that is offered by the simplified business educational equivalence
table has allowed the straightforward conversion of the BPMN diagram of Figure 1(b) to the classic flowchart of Figure
2. In the following subsection, Gantt chart is going to be developed as a business process model rather than a time and
resource management representation method.

3.3 Gantt charts in accordance with the simplified business educational equivalence table

In Table 6, the Gantt chart of the enterprise’s process of Figures 1(b) and 2 is demonstrated in accordance with the
simplified business educational equivalence table given in Table 5. Note that Table 6 focuses on the business process
modeling rather on the time management and for that reason the time allocation axis, the durations of the Tasks and the
predecessor Tasks are used so that Microsoft Visio can create the unmodified Gantt chart that is further processed and
here presented in Table 6.

By comparing Table 6 with Figures 2 and 1(b), it is obvious that Gantt charts require a lot of additional
requirements, which are unnecessary for the other three process modeling standards of interest, that are suitable for the
time management rather than the business process modeling. Anyway, Gantt charts can contribute to the spatiotemporal
representation of the business processes and subprocesses. During the conversion of BPMN diagram of Figure 1(b) to
the Gantt Chart of Table 6, the following details are reported, namely:

1. Although all the time requirements of Tasks 3, 4, 8, 12 and 16 are in agreement with the time requirements of the
respective Activities 01, 02, 03, 04 and 05, the time duration of tasks that involve sending and receiving messages has
been assumed to be equal to Imin (or 0.02 h by Microsoft Visio). This has been done in order to prevent the automatic
conversion of Message Tasks to milestones by Microsoft Visio. Also, each Message Task has been differentiated with
the corresponding red annotation (say, SM or RM) in compliance with the conversion cases 9 and 10. Note that the time
required for the preparation, sending and/or receiving of the messages can be calculated and taken into account during
the preparation of business process model diagrams as in the case of other Tasks.

2. The Gantt chart of Table 6 has been redesigned in Microsoft Project 2016 and there validated. In fact, the
validation of the Gantt chart is achieved without the red link line of Table 6 and this is due to the fact that Tasks 4 and 8
are already linked through another task chain. Anyway, since the business process representation is the main interest of
this paper, the red link line between the Tasks 4 and 8 has been manually designed in the Gantt chart of Table 6.

3. The main disadvantage of the Gantt chart of Table 6 is the lack of corresponding basic symbols to the gateway
basic symbols of the BPMN diagrams as well as the produced task chains. Already been identified in the simplified
business educational equivalence table of Table 5, Gateways 01 and 02 of the BPMN diagram of Figure 1(b) are
described inside the associated Tasks 4 and Tasks 7, 8 as mandated by the conversion cases 12 and 15 of Table 5,
respectively. In addition, the input Tasks and output Tasks of Gateways 01 and 02 are also reported in Table 6.

4. Similarly to the gateway disadvantage, artifacts of the BPMN diagram of Figure 1(b), such as DataObject01,
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DataObject02, DataObject03, DataObject04 and Database01, cannot be explicitly represented in the Gantt charts and for
that reason all the aforementioned artifacts have been described inside the associated Tasks.

5. Similarly to the classic flowcharts, Gantt charts suffer from a small variety of link lines. According to the
conversion case 23, link lines concerning message flow lines are differentiated by the insertion of the corresponding red
letter M. Conversely to classic flowcharts, associations are implied and described inside the Tasks involving artifacts.

Table 6. Gantt chart of the real enterprise’s process

D Task Name Duration Predecessors

|12|1|2|3|4|5|6|7|8|9|10|11|12|1|2|3|
1 Department A 9.06 h 7 7
2 Start 0Oh

3 ActivityOl [GatewayO1 (Parallel 3h P T;
Join) Input] + DataObject01 |

Activity02 [GatewayO1 (Parallel
4 Join) Output] + DataObject02 lh 3;(8) |
(Manual Predecessor: Activity03)

5 Message01 0.02h 4 Iit’rlVI "
6 Mo XOR Dectoony ] 0020 13 ik "
-
I Tt TR £
Activity03 [GatewayO1 (Parallel >
3 Join) Input] [Gateway02 (Event- Ih 6
based XOR Decision) Output:
NOT OK] 7 7
9 Department B S5.1h =Y,
10 Subdepartment A 4.02h
11 Message02 0.02h 5 "—IQ\A
12 Activity04 + DataObject03 4h 11 kﬁ'
13 Message03 0.02h 12 F
14 Subdepartment B 1.01h SG'Mm’
15 Message06 0.02 h 7 -
16 Activity05 + DataObject04 + 1h 15 |'RM
Database01 i
17 End 0h 16 |»¢ E

It is obvious that the one-to-one correspondence of basic elements, which is delivered by the simplified business
educational equivalence table, requires hard description work in the involved Tasks of the equivalent Gantt Chart. Even
if the Gateways are well defined by the description of Tasks, the Gantt chart loses the required intuitiveness of the
process model diagrams. Synoptically, Gantt charts can decently model business processes by exploiting the simplified
business educational equivalence table but Gantt charts cannot be the first choice among the process modeling standards
of this paper when decisions need to occur. In the following subsection, Petri nets are going to be developed and
assessed as a business process model rather than a network simulator.

3.4 Petri nets in accordance with the simplified business educational equivalence table

In Figure 3, the Petri net of the enterprise’s process of Figures 1(b), 2 and Table 6 is demonstrated in accordance
with the simplified business educational equivalence table given in Table 5. Note that Figure 3 focuses on the business
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process modeling rather on the network simulation and for that reason tokens are not considered during the Petri net
design. Microsoft Visio 2016 is used for the Petri net design of Figure 3.

By comparing Figure 3 with Figures 1(b), 2 and Table 6, Petri nets can reliably represent business processes in
diagrams if the simplified business educational equivalence table is adopted. Indeed, Petri net of Figure 3 after the
modifications of Table 5 gives an image similar to the BPMN diagram of Figure 1(b) and the classic flowchart of Figure
2. As the implementation of the Petri net is concerned, the following remarks are given, namely:

1. As already been mentioned, Figure 3 has been designed in Microsoft Visio 2016 but there is not a preinstalled
validation process in Microsoft Visio as in the cases of the BPMN diagrams and the classic flowcharts. To validate the
demonstrated Petri net, HPetriSim has been used. On the basis of the design requirements of HPetriSim and the Table 5,
virtual Places, which are designed as dashed circles in Figure 3, have been inserted to the Petri net so that the validation
is feasible in HPetriSim. Apart from the one-to-one correspondence that is anyway easily available from Table 5,
the insertion of virtual Places remains the most difficult step towards the preparation of the Petri net diagram since a
sequence of Places and Transition is required anywhere in the Petri nets.

2. As the Swimlanes are regarded (i.e, Pools and Lanes of the respective conversion cases 16 and 17), BPMN
diagrams and Petri nets maintain both the same organizational order and the same flow orientation.

3. Conversely to Gantt charts, Petri nets maintain the visual understandability and intuitiveness of the BPMN
diagrams and the classic flowcharts. Similarly to the BPMN diagrams and the classic flowcharts, the descriptions that
are required to fully describe the one-to-one correspondence of the involved basic elements are the absolutely necessary
ones.

4. Although this paper focuses on the graphical representation of the business processes, the implementation
of Figure 3 combined with the insertion of Tokens may allow the simulation of the business process operation. The
aforementioned simulation may allow the business process reengineering as well as the easier digital transformation
of the subdepartments, departments and the entire enterprise by optimizing the required objectives in each examined
scenario.

Petri nets may become a valuable accompanying tool to the BPMN diagrams during the digital transformation of
enterprises, since Petri nets can offer both graphical representation possibilities and dynamic simulation capabilities of
the examined business processes. Anyway, Petri nets cannot surpass the intuitiveness of BPMN diagrams and of classic
flowcharts since Petri nets demand the insertion of virtual Places for their validation and simulation.

3.5 Discussion of the results

The proposed simplified business educational equivalence table, which is shown in Table 5, offers the one-to-one
correspondence, the notation alignment and the equivalence rules of the four process modeling standards of interest, say,
BPMN diagram, classic flowchart, Gantt chart and Petri net. As the objective of this paper is to offer an easy method
for the non-specialized personnel to convert business process diagrams among the aforementioned four process model-
ing standards, the intuitiveness of the graphical representations remains the main goal. Hence, through the prism of the
intuitiveness of the graphical representations, BPMN diagrams remain the most convenient way to describe business
processes. Due to their rich portfolio of basic symbols, BPMN diagrams are not considered by chance the state-of-art
business process model. Classic flowcharts and Petri nets can also decently act as business process models of the graphi-
cal representations of the business processes while Gantt charts need to be exhaustively descriptive in order to allow the
one-to-one correspondence with the other three process modeling standards of this paper. Here, it should be noted that
Petri nets can also act as an accompanying tool to the BPMN diagrams since Petri nets offer the simulation option that
may allow the optimization of the business processes towards the enterprise’s digital transformation.

The scope of the proposed simplified business educational equivalence table is to be used by the enterprise’s non-
specialized personnel so that a degree of the notation alignment and the equivalence rules among the four process
modeling standards can be achieved. To accomplish the goal of the notation alignment and the equivalence rules of the
four process modeling standards of interest, enterprises should invest in: (i) Digital and IT Technology Infrastructure:
all the specialized and non-specialized personnel that is involved in the notation alignment project should keep all the
necessary software licenses (e.g, Microsoft Visio and Project licenses). In addition, to further accelerate the business
process integration and collaboration, cloud-based solutions (e.g., Microsoft OneDrive and SharePoint) may allow the
instant file access/sharing and the co-authoring. Anyway, open source software solutions can be promoted in smaller

Regional Economic Development Research 66 | Athanasios G. Lazaropoulos



{} NOT OK-
Activity03
- 1h
»; B EXD2
A\
< ) [ DT
s Activityor [Cateway0l arabIee owl.glzlﬁ )
3h M 05
= ~ -~ essage
OIS, ) EXDI
j5) ~ e
2 | Timer - A oML \J
[Trigger A N .WQ ) H ~ \Zommmmmom /
Message!
A
lo-s1a e | |
DataObject01
M

Subdepartment
A

Ty T (A
L/ M N A~ m@
Message02 Activity(4 ~ Message03
4h @

“ >.A TIM\,
m DataObject03 g
g
;=1
S| e — -\
£ 8 ff O a@A A HH@
= 5 Message06 ataObject04| Database01 Event
S (End)
3 [
z 1)
= Activity05
i 1h

Figure 3. Petri net of the real enterprise’s process

t Research

7 ],
Dey p

Regional Ec

Volume 2 Issue 1]2021] 67



enterprises in order to reduce their costs; and (ii) Business Education and Training: It is obvious that the involved
personnel should be educated and trained in the fields of business process modeling standards, in the simplified business
educational equivalence table of this paper and in the required digital and IT technology infrastructure, which has
been aforementioned. Anyway, under the background of the digital transformation of enterprises, enterprises’ training
programs should be focused on the challenges of business process modeling and digital/IT technology integration.

Nonetheless, the goal of the enterprise’s digital transformation requires a more organized approach such as a
creation of a specialized and responsible directoriate and/or department and/or subdepartment in the enterprise. For
example, in a power utility enterprise, IT department, either as a whole department or as its subdepartments, can be
responsible for the supervision and the coordination of the business process modeling efforts and results across the entire
enterprise’s environment. Therefore, apart from the other IT responsibilities, such as the smart grid operation, the energy
theft detection, microgrids, power trading, fault localization, electric vehicles, etc (Lazaropoulos, 2019; Lazaropoulos
& Lazaropoulos, 2015; Lazaropoulos, 2017; Lazaropoulos, 2020), IT department of a power utility may significantly
contribute towards the digital transformation by supporting the business process modeling across the enterprise. Here,
it should be reminded that the continuous optimization of the business process modeling remains a systematic strategic
enterprise’s decision towards the digital transformation that presupposes managerial implications and practical insights
of other applications. However, great benefits, such as fully dynamic-live enterprise’s repository for strategic decisions,
reduced process costs, increased process quality, increased forecast accuracy, etc, are expected after the integration of
the business process modeling (Lampathaki et al., 2013; Hoggett & Shah, 2013).

Finally, new future research steps can be pursued on the basis of the notation alignment and equivalence rules
among the four process modeling standards. First, the study of other well-known business process models, such as the
Integration Definition (IDEF) modeling languages and Unified Modeling Language (UML), and their further integration
with the proposed simplified business educational equivalence table of this paper, can become a short-term research
goal. Second, the proposal of an integrated or universal business process model that can exploit the strong points of all
the aforementioned integrated business process models may be a long-term research pious desire.

4. Conclusions

In this paper the simplified business educational equivalence table has been proposed so that four process modeling
standards, say, BPMN diagram, classic flowchart, Gantt chart and Petri net, which are extensively used for business
process modeling in the enterprises, can be notationally aligned among them. The basic advantages of the proposed
simplified business educational equivalence table are: (i) the one-to-one correspondence among the aforementioned four
process modeling standards; and (ii) the easiness of the conversions and the required modifications by non-specialized
personnel. Also, the coexistence of the aforementioned four process modeling standards has been assessed by adopting
the suggested modifications of the simplified business educational equivalence table. It has been shown that BPMN
standard may act as the process modeling standard basis due to its rich portfolio of basic symbols, its high intuitiveness
of its diagrams and the low number of the required modifications for the notation alignment and the equivalence rules.
Classic flowcharts remain the first alternative for the business process modeling after the BPMN diagrams; the basic
symbols of the classic flowcharts are well known, the intuitiveness of classic flowcharts remains strong and the required
verbal description for the conversion issues of the simplified business educational equivalence table is relatively low. In
contrast, Gantt Charts cannot be considered as the process modeling standard basis since they are more suitable for the
time and resource management rather than the business process modeling; poor portfolio of basic symbols, great number
of required modifications for the notation alignment and the equivalence rules and great need for verbal descriptions
are the main disadvantages of applying Gantt Charts for business process modeling. As the Petri nets are concerned,
by applying the required modifications dictated by the simplified business educational equivalence table, Petri nets can
be considered as a decent model for the description of business processes. The main advantage of Petri nets is their
simulation capabilities that can offer a dynamic image of the business processes. Petri nets are a valuable help towards
the business process reengineering and the digital transformation, whereas their main disadvantage is the careful
insertion of basic elements so that valid Petri nets can be defined. Anyway, the one-to-one correspondence is secured in
all the cases examined thanks to the proposed simplified business educational equivalence table and all the conversions
remain a relatively easy task in all the cases for the non-specialized personnel of an enterprise. Finally, it has been
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recognized that an enterprise’s digital transformation requires intensive work during the business process modeling and
for that reason either IT department or its subdepartments may focus on the business process modeling standards and
their notation alignment.
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