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Abstract
1. Introduction
We would like to compare three different modeling lan-
guages in this article. We will introduce a non-trivial
business process example from real world and try to rep-
resent this process in three chosen languages.

These modeling languages are: Petri Nets, UML Activity
diagrams and BPMN (Business Process Modeling Nota-
tion). Petri Nets were first introduced almost 80 years
ago, they have strong mathematical and formal back-
ground. They are used for business process modeling
because they have some beneficial properties, which are
used for process validation and analysis. UML was stan-
dardized two decades ago, but it has been used for many
decades before. UML 2.0 standard, which we use in this
article was standardized in 2005. UML was developed
in order to model software architectures, both statically
and dynamically. UML activity diagrams are common for
business process modeling. BPMN is a notation devel-
oped specifically for modeling business processes. BPMN
2.0 was standardized in 2005.

1.1 Process example
An example process is a variation of pizza ordering. This
process is not trivial, nor too complicated and in our opin-
ion many people are quite familiar with this process.

The process starts when a customer is hungry. The first
step would be to open pizza delivery website or find some
handout and select a pizza. Then the customer orders
the selected pizza either online or via a phone. After
approximately 1 hour, he or she will pick up a phone and
ask about that order, if it did not arrive. When the pizza
arrives, the customer will pay for it and eat it.

Pizza delivery is a local small family company with one
delivery guy, some stuff in their kitchen and one shop clerk
which is responsible for communication with customers
and other things, not related to this process. The shop

c© Copyright 2011. All rights reserved. Permission to make digital
or hard copies of part or all of this work for personal or classroom use
is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies show this notice on
the first page or initial screen of a display along with the full citation.
Copyrights for components of this work owned by others than ACM
must be honored. Abstracting with credit is permitted. To copy other-
wise, to republish, to post on servers, to redistribute to lists, or to use
any component of this work in other works requires prior specific per-
mission and/or a fee. Permissions may be requested from STU Press,
Vazovova 5, 811 07 Bratislava, Slovakia.

clerk will receive an order via email or phone. He will tell
the chef to bake the ordered pizzas. If a customer will be
asking about the order later on, the clerk will calm him
down. The kitchen chef is responsible for baking. In this
process we will not go into details of baking, but it could
easily be represented by a sub-process or another business
process. After the pizza is ready, it is handed out to the
delivery guy, who is responsible for the delivery and for
receiving the payment from the customer.

2. Petri Nets[5]
Petri Nets are a great process modeling technique, which
was developed by Carl Adam Petri in the sixties. Petri
Nets have found their use in many different domains. Re-
cently it has been extended with color, time and hierarchy,
which facilitates the need to model complex business pro-
cesses. The most important features of Petri Nets are:
formal semantics, meaning that it has been defined for-
mally; graphical nature, ensuring easier communication;
expressiveness, meaning possibility to model simple and
complex processes; properties, based on strong mathemat-
ical foundation; analysis, which is able to prove or dis-
prove the properties; vendor independent, it can be used
with different software packages.

2.1 Classical Petri Nets
The Petri Net is a directed bipartite graph with two types
of nodes, places, represented by circles and transitions,
represented by rectangles. Arcs are used to connect these
nodes. Nodes of same type cannot be connected.

Definition 1. A Petri Net is a triple (P, T, F):

• P is a finite set of places,

• T is a finite set of transitions, such that P ∩ T = ∅,

• F ⊆ (P × T ) ∪ (T × P ) is a set of arcs

If there exists a directed arc from place p to transition t,
p is called an input place of the transition t. Similarly,
if there exists a directed arc from transition t to place p,
p is called an output place of the transition t. A set of
input places of a transition t can be denoted by •t. A set
of output places of a transition t can be denoted by t•.
Similarly, we could define p• and •p.

Places are special types of nodes, which can hold a so
called tokens. Tokens move throughout the net and define
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a state, known as marking, by current distribution. The
state can be represented as follows: 1p1+3p2+4p3, which
means that the place p1 holds one token, place p2 holds
three tokens and place p3 holds four tokens. The states
can be compared by a partial ordering defined as follows:
M1 ≤M2, if ∀p ∈ P : M1(p) ≤M2(p).

The state can be modified by changing the amount and
positions of tokens. Tokens have to obey a so called firing
rule:

1. transition t is enabled, if each input place of t con-
tains at least one token

2. if transition t is enabled, it may fire, which means,
that t consumes one token from each input place
and produce one token to each output place

Given a Petri Net (P, T, F ), we can define a following
notations for state transitions:

• M1
t−→ M2: transition t is enabled in state M1 and

firing it results in state M2, this can be also written
as M1 →M2

• M1
σ−→ Mn: the firing sequence σ = t1t2t3 . . . tn−1

leads from state M1 to state Mn

• Mn state is called reachable from state M1 (M1 →
∗Mn), if there is a firing sequence σ, such thatM1

σ−→
Mn. Empty firing sequence is also allowed.

(PN,M) denotes a Petri Net PN , with an initial state
M.

Definition 2. A Petri Net (PN,M) is live, if for every
reachable state M ′ and every transition t, there is a state
M ′′, reachable from M ′ which enables t.

Definition 3. A Petri Net (PN,M) is bounded, if for
every place p, there is a natural number n ∈ N , such that
for every reachable state, the number of tokens in place p
is less than n. If n is for every place at most 1, the net is
considered safe.

Definition 4. A path C from a node n1 to a node nk
is a sequence 〈n1, n2, . . . , nk〉 such that 〈ni, ni+1〉 ∈ F for
1 ≤ i ≤ k − 1. α(C) = {n1, n2, . . . , nk} is the alphabet of
C. C is elementary, if for any two nodes ni and nj on C,
i 6= j ⇒ ni 6= nj

Definition 5. A Petri Net is strongly connected if for
every pair of nodes x and y, there is a path leading from
x to y.

2.2 Extended Petri Nets
Petri Nets are useful when modeling business processes.
However, real world processes tend to be complex and
large. Moreover, classical Petri Nets lack support for time
and data modeling. To overcome these issues, some exten-
sions were proposed and formally defined. One of the ex-
tensions is (1) color, to model data. In classical Petri Nets,

tokens represent objects, which are transformed during
the process. In order to model state of these objects,
Colored Petri Nets define a color, which represents the
current state of the token. Token can change its color
during the process and it is possible to define a ’precondi-
tion’ for each node, to take token color into consideration
before its processing.

Another possible extension of Petri Nets is time (2). Real
world tasks take usually a noticeable amount of time. In
order to model and simulate this behavior, time can be
associated with tokens, places or transitions.

Real world processes tend to be complex, thus correspond-
ing Petri Nets are usually large and lack the ability to
give a different level of process abstraction. Hierarchy (3)
construct, called subnet was presented to overcome this.
Subnet is an aggregate of places, transitions and other
subnets, which can represent some parts of complex pro-
cesses as a single element.

WorkFlow net (WF-net) is a special Petri Net, which
models a workflow process definition. A WF-net has only
one input place (i) and one output place (o). Input and
output place in a WF-net is similar to initial and final
states in a traditional state machine. If there is a token
present in the input place, case represented by the WF-
net needs to be handled. If there is a token present in the
output place, case represented by the WF-net is done.
Every place and transition has to be on a path from the
input place i to the output place o. It means, that every
place and transition should contribute to the processing.

Definition 6. A Petri Net PN = (P, T, F ) is a WF-net
if and only if:

• PN has two special places i and o, where place i(•i =
∅) is the input place and o(o• = ∅) is the output
place,

• if we add a transition t′ to PN which connects o with
i, then the resulting net is strongly connected

2.3 Modeling with Petri Nets
Sequential routing is easy to express. Causally depen-
dent tasks, represented by transitions are connected to
interleaving places by arcs. Sequential routing in figure
1 represents causal dependency between tasks A and B,
meaning that B have to be processed after A.

Figure 1: Simple sequential routing

Parallel routing is used for tasks, that can be processed
in parallel, or which order of execution is less strict. This
kind of routing is usually modeled by AND-split in the
beginning and AND-join in the end. AND-split and AND-
join are modeled with transitions. In figure 2, transition A
represents AND-split and transition D represents AND-
join. Transition A will produce token to both c2 and c3
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Figure 2: Simple parallel routing

places. Transition D will fire, once tokens from c4 and c5
are consumed, meaning that tasks B and C are done.

Conditional routing allows that the same process acts dif-
ferently for each run. In order to model conditional rout-
ing, OR-split and OR-join, represented with places, are
used. In figure 3 place c2 represents OR-split and place
c3 OR-join. The token produced by transition A, have to
be consumed by either transition B or C, which is ensured
by place c3. Places c2 and c3 make sure, that either tran-
sition B or transition C will be processed, but not both.

Figure 3: Simple conditional routing

This behavior is generally non-deterministic, to make it
deterministic, we may either use Colored Petri Nets (CPN)
with a precondition in both transitions B and C, or we
may use a so called explicit OR-split, which explicitly sets
a condition, based on which a subsequent behavior is de-
termined. Figure 4 shows a simple explicit-OR routing.
The main difference between explicit-OR and implicit-OR
is in the moment of choice. In explicit-OR example, the
choice is made right after transition A is completed, while
implicit-OR choice is made as late as possible.

Figure 4: Explicit-OR example

Iteration The last stepping stone of modeling dynamic be-
havior is iteration. Iteration itself may lead to undesired
repetitive behavior, during which the process itself does
not make any progress. However, there are cases, where
iteration is necessary, such as the need to repeatedly ask
for information, until it is correct and complete. In fig-
ure 5, transition B may be repeated several times, before
transition C.

2.4 Asynchronous triggers
Until now, we assumed that once the task, represented by
the specific transition is enabled, it will automatically fire.
However, in real world, we cannot process all the tasks,

Figure 5: Simple iteration

that are enabled, immediately. The specific task may, for
example require user interaction. Users are mostly hu-
mans and humans are unpredictable. The process may
require approval by manager, but the manager could be
out of office for a couple of days. In order to align work-
flow management processes with a real world situations,
we need to introduce some kind of asynchronous task trig-
gering.

A trigger is an external stimulus, which leads to the exe-
cution of enabled task. The task is able to be triggered,
only if it is enabled. There are several types of asyn-
chronous triggers: (1) a task is triggered by user. Users
can have their own ’to-do lists’, which contain all tasks,
that are enabled and require a user interaction in order
to be executed. (2) an external event (message), such as
a phone call or email can trigger an enabled task. (3) a
task may be enabled by an internal application clock. The
time can be specified as a relative duration (e.g. 15 min-
utes), or it could be specified as an absolute time stamp
(e.g. 10-10-2016 14:30).

2.5 Soundness property
Although, Petri Nets have not been developed for business
process modeling and they may seem a little harsh at first,
they come with some properties, which comes in handy
when it comes to verification. One of these properties is
soundness. This property ensures, that a Petri Net, which
is sound will terminate eventually and when it does, there
is just one token in the sink place o.

Definition 7. A process modeled by a WF-net PN =
(P, T, F ) is sound if and only if:

• For every state M, reachable from state i, there ex-
ists a firing sequence leading from state M to state
o. Formally:

∀M (i
∗−→M)⇒ (M

∗−→ o)

• State o is the only state reachable from state i with
at least one token in place o. Formally:

∀M (i
∗−→M ∧M ≥ o)⇒ (M = o)

• There are no dead transitions in (PN, i). Formally:

∀t∈T∃M,M′ i
∗−→M

t−→M ′

In figure 6 is an example of a Petri Net, which is not
sound. After transition C fires, there are two tokens in
c3 and c4. Then, transitions B, D and E fires, which will
eventually end up with tokens in places c2 and c5. This
state violates the definition of soundness, because place c5
is a sink place and when a token reaches it, there should
be no other token.
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Figure 6: Petri Net, which is not sound

2.6 Resources
Tasks in business processes are executed by resources. Re-
sources are durable objects (they cannot be created or
destroyed), which can be claimed and released during the
execution. The most common types of resources are peo-
ple (human resources) and machines (servers, printers,
...).

2.6.1 Resource-Constrained Workflow Nets
Workflow nets do not take into account resources avail-
able for the execution. In [6] they introduced Recource-
Constrained Workflow Nets in order to include informa-
tion about resources into the model. Every resource is of
a specific type. Each type has its own place in the model,
where all free resources are located. These resources are
claimed and released during the process execution. Pro-
duction net is a net, which is abstracted from the resource
places.

Definition 8. WF-net N = (Pp ∪Pr, T, F+
p ∪F+

r , F
−
p ∪

F−r ), where:

• Pp is a set of places

• Pr is a set of resources

• F+
p and F−p are mapping functions from transitions

to places and from places to transitions respectively

• F+
r and F−r are mapping functions from transitions

to resources and from resources to transitions re-
spectively,

with initial place i ∈ Pp and final place f ∈ Pp is a
Resource-Constrained Workflow net (RCWF-net) with the
set Pp of production places and the set Pr of resource
places if and only if:

• Pp ∩ Pr = ∅

• F+
p and F−p are mappings (Pp × T )→ N

• F+
r and F−r are mappings (Pr × T )→ N

• Np = (Pp, T, F
+
p , F

−
p ) is a WF-net, which we call a

production net of N

In figure 7 is a simple example of a Petri Net with re-
sources. Resources are modeled by places r1 and r2. Tran-
sitions B and C are enabled if and only if there is a free
resource, which will execute them. Recall, that these re-
sources can be people, so if a particular person is available
to execute some task, the black dot will appear in one of
these places.

Figure 7: Petri net with resources

2.6.2 Resource-Constrained Colored Petri Nets
Another way to represent resources in Petri Nets is with
Resource-Constrained Colored Petri Nets as described in
[2]. Resources may be included in the color of the tokens.
Please note, that token color does not really has to be
a color, represented for example in RGB. Token’s color
may in fact be any value, or set of values. If one would
insist on representing these values as colors, there may be
generated a mapping table. This mapping table would
have all possible values mapped onto RGB (or another)
color space. These resources may be managed by a cen-
tral resource manager, which would serve as a centralized
source of truth.

Figure 8: Example of Colored Petri Net with a
resource manager

In figure 8, the resource manager is represented by c1
place. Task id (TID) is sent to the resource manager,
which then responds with a requested resource (RES).
After resource RES is claimed, transition B is enabled
and fires, which represents executing a task by a person
or a machine. After the task is done, transition C is
enabled, the resource RES is freed and resource manager
is informed.

2.7 Process model
Model in figure 9 is a sound, workflow net. It was modeled
using WoPeD1 (Workflow Petri Net Designer), which is
an open source petri net modeler developed at DHBW
university in Germany. This modeler is a great tool for
Petri Net modeling, analysis and simulation. At first,
It seemed like a daunting task, to model a non-trivial
business process using Petri Nets, however this tool made
it much easier. Petri Nets support just two types of nodes,
which makes them simple and easy to use. On the other
hand, it degrades their readability, because one has to
be familiar with them in order to understand this model
properly. It would be easy to extend this model with
human resources, there would be three additional places,

1http://woped.dhbw-karlsruhe.de/woped/
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Figure 9: Pizza delivery process modeled with Petri Nets

for shop clerk, kitchen chef and delivery guy, with a single
token.

2.8 Pros and cons of Petri Nets
Pros:

• strong mathematical background, formal definition

• simple syntax

• simple validation and analysis

• straightforward token flow

Cons:

• readability, harder to understand

• some modeling background needed

• overwhelming formal definitions

• not straightforward modeling process

• tricky event modeling

• more complex processes would be daunting to model

3. UML[4]
The Unified Modeling Language (UML) is a standard-
ized way of expressing and communicating static and dy-
namic aspects of software. The most recent version is 2.5,
however articles, companies and modeling software are in
many cases implementing version 2.0, which we will focus
on in this article. Models have many benefits. They are
relatively cheap, so they can be thrown away later. They
are able to express different aspects of software, static con-
nections and dependencies of modules, but also dynamic

details of communication. Software designer may choose
the right level of abstraction and model type according to
audience and purpose of model.

In the context of Business Process Modeling, we will ex-
amine Activity Diagrams (AD), which are commonly used
for process modeling. Activity diagrams are quite sim-
ilar to Petri Nets. The key element of them is Activ-
ity. Activity represents an operation of the system. It
may also represent a task, which has to be made by a
person. There are several node types, which serve as a
split/merge, fork/join. Each diagram has to start in a
special node, called initial node and end in a final node.

3.1 Modeling with Activity Diagrams
Sequential routing is very similar to sequential routing
using Petri Nets, except that the imaginary token do not
have to go through places. Notice, that every diagram
have to start in initial node, which is represented by black
circle and end in final node, represented by double black
circle. These nodes and nodes, representing activities are
shown in figure 10.

Parallel routing is represented in figure 11. In order to
model parallel activities, we use a special AND-split node.
Parallel activities are synchronized with AND-join node.
Notice, that split and join nodes are both represented by
a thick black horizontal line.

Conditional routing is represented in figure 12. Similar
to parallel routing, there are used special nodes, OR-split
and OR-join. There are both represented by a diamond.
There is also possible to represent iteration, an example
is in figure 13.

3.2 Events [3]



6 Minarik, M.: Case study: Comparison of different modeling languages

Figure 10: Simple sequential routing

Figure 11: Simple parallel routing

Figure 12: Simple conditional routing

Petri Nets have asynchronous triggers, which simulates
external events. Activity diagrams are also able to simu-
late external or time based events.

Accept event action is used to receive external events of
specific type. It usually have no incoming edges. After
the event is received, the node remains enabled and waits
for other events. If accept event has an incoming edge, it
is enabled only after the process reaches it. No external

Figure 13: Simple iteration

events are handled by an accept event, until it is enabled.
Emit event action is used to generate events of specific
type. It usually have an incoming edge, which is used to
specify when the event should be generated. It might also
have an outgoing edge connected to accept event node,
which is supposed to catch the event. Accept time events
are used to generate events based on time, e. g. at the
end of month or after two weeks. Event nodes are shown
in figure 14.

Figure 14: Event nodes in Activity diagrams

3.3 Representing data
Real world processes work with data, e.g. orders, cus-
tomers, items, etc. Petri Nets are extensible (with color)
in order to represent these data. Activity diagrams do
not work with tokens, which may represent these data.
However, they have different mechanism of dealing with
data, which is described in [3].

Activity Parameter Node is an object node for inputs and
outputs to activities. They are at the beginning and end
of activity diagrams, they accept inputs and provide out-
puts from processes. Input activity parameter nodes don’t
have input edges, but they must have output edges and
vice versa for output activity parameter nodes. Activ-
ity parameter nodes are modeled as rectangles. Invoked
activity inputs are placed as tokens on the activity pa-
rameter nodes with no incoming edges. After the activity
is finished, outputs are placed to activity parameter nodes
with no outgoing edges.

Object Node is an abstract activity node that is part of
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Figure 15: Activity parameter node example

defining object flow. Object nodes contain values at run-
time, which correspond to type of object node. If no type
is specified, then the values may have any type. There
may be multiple instances of the same value present in
the same object node. The ordering may be specified for
each object node according to which will the values be of-
fered to the outgoing edges. It can be for example FIFO
(first in, first out), LIFO (last in, first out) or custom
ordering defined by modeler. In the case of custom order-
ing, there has to be defined a selection behavior for the
values. The selection behavior takes all values as an input
and produces one particular value as an output. Object
nodes are modeled as rectangles with labels in the format
”name:type”. Selection behavior is specified with the key-
word <<selection>> and attached to object node as a
comment.

Object nodes are connected with object flow. Object flow
is an ordinal edge, represented by a black arrow, which is
able to pass and modify data tokens. Data sent by the
source node are all passed to target node. More object
flows may have the same source node. In that case, only
one of the object flows have access to the data tokens of
source node. Once the data is taken by one of the object
flows, others do not have access to the data. In order to
allow all object flows access to data tokens, they have to
be forked.

Figure 16: Activity object node example

Routing is generally dependent on process and external
data values. There may be preconditions and postcon-
ditions specified, which decide the next step in activity
flow. These conditions may be based on data existence
or particular value. UML is able do model logical precon-
ditions and postconditions based on logical expressions
through Object Constraint Language (OCL). Precondi-
tions and postconditions may be expressed using OCL.
The data-based routing may also be modeled using deci-
sion OR-split node and guard conditions on edges.

3.4 Resources
Resources in Activity diagrams can be modeled, accord-
ing to [3], by Activity partitions. Activity partition is an
activity group for visual separation of activities, that have
something in common. Activity partitions are very simi-
lar to swimlanes, used in BPMN. Modelers tend to create
partitions according to organizational units in a company.
Partitions usually have a label and they may be part of

an activity partition hierarchy.

Figure 17: Activity partitions in Activity diagram

In figure 17 there is an example of activity partitions
in Activity diagram. There are two partitions, called S,
which stands for System, and M, which stands for Man-
ager. Partitions do not affect the process itself. They
serve as a visual clue to the reader. However, according
to [3], partitions may be specified in distinct ways. Clas-
sifier and Instance are relevant in the context of business
process modeling, which means that each invocation con-
tained by the partition is executed in the context of the
classifier represented by the partition.

3.5 Process model
The process model in figure 18 was modeled using Visual
Paradigm2, which is a professional modeling tool for UML
and BPMN diagrams. Syntax of activity diagrams is more
complex, than the syntax of petri nets, but it is not too
complex to degrade the readability of the diagram. In my
opinion, many UML diagrams are designed so that even
a person with very little modeling background is able to
read and understand the diagrams. Activity diagrams are
very similar to Petri Nets, because there is an imaginary
token present, which travels through the diagram.

3.6 Pros and Cons
Pros:

• readability

• simple syntax

• clear event modeling

• graphical resource modeling with swimlanes

Cons:

• no formal background

• harder to analyse and simulate

4. BPMN[1]
BPMN is the state-of-the-art in the field of business pro-
cess and workflow modeling languages. For modeling lan-
guages, we can identify three different application do-
mains: pure description, simulation and execution. BPMN
can be used for all of these purposes. BPMN as-is, is prob-
ably the best option for pure description purposes. For

2https://www.visual-paradigm.com/
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Figure 18: Pizza delivery process activity diagram

simulation purposes, we can use BPMN with XPDL lan-
guage and WS-BPEL is used to transform BPMN into
executable code.

WS-BPEL defines a model and a grammar for describing
behavior of the business process. It was considered also
for serialization purposes, but it lacks some graphical ele-
ments and properties linked to them. XPDL was stan-
dardized by Workflow Management Coalition (WfMC)
and it is an XML-based language, which is aimed at inter-
change of business processes between different tools, e.g.,
modeling tools and management suites. XPDL defines
an XML-schema for specifying all graphical elements and
semantics of a model. It was also widely adopted as an
exchange format for business processes.

In terms of validation, there are some tools available,
which take advantage of the XPDL ability to represent all
aspects of BPMN and provide some validation support.
The validation is based on XPDL ability to serialize the
model.

4.1 Modeling with BPMN
BPMN is very similar to Activity diagrams, to which we
pay attention in section 3. Activities are points in process
flow, where the work is done. Activities are represented
with a rectangle. Process flow is represented with arrows.
When a specific activity cannot be broken down into other
sub-activities, it is called a task. These tasks may be
annotated with additional properties, e.g., loop, multi-
instance and compensation. Tasks may be of different
type. One possible type is service task. Service tasks
are tasks which use some kind of service, it may be a web
service or an automated application. Other possible types
are send task and receive task. Later, we will examine
these types further.

Sequential routing is expressed in the very same way, as

it is in activity diagrams, an example is in figure 10.

There are several types of gateways, which enable the
modeler to express conditional and parallel routing. Con-
ditional routing is expressed with the exclusive gateway,
which is represented with a diamond and may include a
letter ’X’ in its center.

Figure 19: BPMN sequential routing example

Parallel routing is expressed through gateways with a ’+’
sign in their centers. Parallel split gateway is at the start
of parallel tasks and after they are executed, they are
merged with parallel join gateway.

Figure 20: BPMN parallel routing example

There is also a special type of gateway, called inclusive
gateway, which enables for parallel and/or conditional
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routing. All conditions are evaluated and for each con-
dition, which evaluates to true, its respective path is tra-
versed. This gateway may be also designed in a way that
if all conditions evaluates to false, the default path is then
traversed.

Figure 21: BPMN inclusive gateway example

Another special type of gateway is called complex gate-
way. It can be used to model complex behavior. For
example, it could specify, that three out of five incoming
edges need to be activated in order to activate the gate-
way. If other two tokens arrive later, the gateway is reset
to its initial state, which means that it will be waiting for
three enabled incoming edges. The behavior of reset can
be customized.

Figure 22: BPMN complex gateway example

The last special type of gateway is called event-based gate-
way. It represents a branching point, which result path
is based on events that occur, rather than expressions as-
sociated with respective edges. These events are usually
triggered upon receiving a specific message, or related to
relative or absolute time. For example, a company may
have a predefined set of activities specified, if a customer
responds ”Yes”and another set of activities if the response
is ”No”. If that customer does not respond within a one
week period, another set of activities is specified.

4.2 Events
There are two types of events: events that catch a trigger
and events that throw a result. Start events and some in-
termediate events are catching events. All end and some
intermediate events are throwing events. In a typical pro-
cess, throwing event carries some information outside of
its scope to another scope, where is respective catching
event. Some events are able to carry data.

Intermediate events happen somewhere between start and
end of a process. These events can affect the flow of the
process, but they cannot start or directly terminate the
process. These events usually: show where messages are

Figure 23: BPMN event gateway example

expected or sent; show delays in the process; handle the
process exceptions or show some extra work needed for
compensation. Intermediate events are modeled with an
open circle. In the middle of this circle can be placed
some marker, which indicates the type of the event.

There are twelve types of intermediate events in BPMN:
none, message, timer, escalation, error, cancel, compen-
sation, conditional, link, signal, multiple or parallel mul-
tiple. Each type will have a different marker in its center
placed. There is a convention, that intermediate events
which are placed within the normal process flow can be
used as catch or throw events, but events that are placed
to the boundary of an activity can be only used as a catch
events.

Now, we will describe a few event types:

• Message - can be used for sending or receiving a
message; the element from which the message is re-
ceived can be identified by connecting the event to
that element

• Timer - acts as a delay mechanism based on abso-
lute or relative time (or specific cycle)

• Compensation - is used for undoing previous steps,
that were already completed, e.g., some cancellation
of booked hotel, after we were unable to book the
specific flight

• Conditional - is triggered, when a condition becomes
true

• Signal - is used for sending and receiving signals,
which are used for general communication within
and across process levels, pools and between dia-
grams; signals do not have specific intended targets,
but instead are used as general indicators that some
particular event occurred

• Multiple - there are multiple triggers assigned to the
event; when used as a catch event, only one of the
assigned triggers is required in order to activate the
event

• Parallel multiple - used as a catch event; there are
multiple assigned triggers required in order to acti-
vate the event
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Figure 24: BPMN events example

4.3 Representing data
BPMN itself does not provide any means to model and
query data items. Instead, it provides hooks that allow for
externally defined data structures and query languages.
BPMN also allows for coexistence of multiple languages
in a single model. As a default data structure and query
language, BPMN provides XML Schema and XPath.

Several BPMN elements are able to store items during
process execution. These elements are called ”item-aware
elements”. They are similar to variable construct, which
is common in many programming languages. These ele-
ments are associated to some kind of item definition, how-
ever it is not mandatory and it is up to modeler whether
or not will this definition be provided.

The primary item-aware element is called data object.
These elements must be displayed within the process or
its sub-process. These elements may be reused via data
object reference, which may specify a different state of the
same data object. Data object references cannot contain
item definitions and data objects cannot specify states.
The name of data object references are constructed from
the name of data object and its state. Data object may
point to a collection of data, but it has to be visualized
differently. See in figure 25.

Data store element provides a persistent storage, where
the data will be available beyond the scope of the pro-
cess. The same store can be visualized via its data store
reference multiple times in the same process. The data
store element can have a predefined capacity or may be
unlimited.

Data input/output elements are visually displayed in the
diagram to show the inputs/outputs of the process.

Figure 25: BPMN data example

4.4 Resources
In order to group elements or sub-partition the entire pro-
cess, we can use lanes. Each lane has some text associated
with it, which serves as its name of attribute. These text
are usually placed on the left side for horizontal lanes and

at the top for vertical ones. Lanes are modeled as square-
cornered rectangles, drawn with solid single line. Lanes
are used to organize and categorize elements inside the
process. Their meaning is up to the modeler, however
they are usually used to model task resources. In addi-
tion, we can use lanes to model internal departments (e.g.,
shipping, finance) and nest them. There could be an outer
set of lanes to model company departments and inner set
of lanes to model roles within those departments.

There is an example in figure 26. We can see one contain-
ing outer lane, which represents company itself. Then
there are two inner lanes which represent departments of
the company. Development departments further specifies
roles manager and programmer.

Figure 26: BPMN lanes example

4.5 Process model
In figure 27, there is our sample business process ex-
pressed in terms of BPMN. This model was also created
using Visual Paradigm software. A good thing is, that
BPMN was specifically designed for modeling of business
processes, so the modeler has a wide variety of differ-
ent graphical elements available. On the other hand, this
could be also its flaw, because one can spend too much
time thinking about the right graphical element for a spe-
cific task. I am absolutely aware, that this diagram could
be modeled with much greater precision, but I think that
the reader will be able to understand the basics of the
underlying process.

4.6 Pros and Cons
Pros:

• great variety of graphical elements available

• especially created for business process modeling

• readability

• expressiveness

• great tool support

Cons:

• variety of graphical elements can be overwhelming
at first
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Figure 27: Pizza delivery process BPMN diagram
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• no formal or mathematical background

• harder to analyse and simulate

• creating a valid BPMN model can be daunting
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