
Business Processes Modelling 
MPB (6 cfu, 295AA) 

Roberto Bruni 
http://www.di.unipi.it/~bruni 

04 - Petri nets basics

1

http://www.di.unipi.it/~bruni


Object
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Informal introduction to 
Petri nets and workflow nets 

Ch.4.4 of Business Process Management: Concepts, Languages, Architectures



An important difference
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Current state of the claim?
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https://camunda.com/download/modeler/
https://bpmn.io/



Current state of the bargain?
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https://camunda.com/download/modeler/
https://bpmn.io/



Disambiguation (WfN)
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http://woped.dhbw-karlsruhe.de/



Disambiguation (WfN)
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http://woped.dhbw-karlsruhe.de/
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A sneak peek at standards  
BPMN, EPC, Workflow nets

start / end

links

tasks

join / split

BPMN EPC WfN



Petri nets: 
basic definitions
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Carl Adam Petri
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July 12, 1926 - July 2, 2010 
http://www.informatik.uni-hamburg.de/TGI/mitarbeiter/profs/petri_eng.html 

Introduced in 1962 (Petri’s PhD thesis) 
60’s and 70’s main focus on theory 
80‘s focus on tools and applications  

Now applied in several fields 

Success due to simple and clean 
graphical and conceptual 

representation

http://www.informatik.uni-hamburg.de/TGI/mitarbeiter/profs/petri_eng.html


Petri nets for us
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Formal and abstract business process specification 

Formal: the semantics of process instances becomes 
well defined and not ambiguous 

Abstract: execution environment is disregarded 

(Remind about separation of concerns)



Transitions
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A transition can stand for 
an operation 
a calculation 
an evaluation 

a transformation 
a transportation 

a task 
an activity 
a decision 

...



Places
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A place can stand for 
a state 

a medium 
a buffer 

a condition 
a repository of resources 

a type 
a memory location 

...



Tokens (within places)
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A token can stand for 
a physical object 
a piece of data 

a record 
a resource 

an activation mark 
a message 
a document 

a case 
a value 

...



Arcs

15

An arc represents a dependency: 
from a place  to a transition  

(a token from  is consumed to fire the transition ) 

from a transition  to a place  
(the firing of the transition  produces a token in )

p t
p t

t p
t p

p t

t p

not admitted!

not admitted!



Example: sequence
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Example: XOR split
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Example: XOR join
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Example: AND split
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Example: AND join
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Example: OR split

21



Example
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milk

coffee

cappuccino



Petri nets

23

A Petri net is a tuple (P, T, F,M0) where

• P is a finite set of places;

• T is a finite set of transitions;

• F ✓ (P ⇥ T ) [ (T ⇥ P ) is a flow relation;

• M0 : P ! N is the initial marking.

<latexit sha1_base64="v+HzL3uRyc/NXMgMm6jT/8Skx58="></latexit>

P \ T = ;



Pre-set
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A place p is an input place for transition t i↵
(p, t) 2 F

We let •t denote the set of input places of t.
(pre-set of t)

A place p is an output place for transition t i↵
(t, p) 2 F

We let t• denote the set of output places of t.
(post-set of t)

<latexit sha1_base64="wpgS00MziVwABVyfm/PcE2F+KYc=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg+UWNH5sgmn3NnW3R5SZOUraKGiQ7R8DAX/gm1cQMJUo5ld7ewEsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiazm0OaRjHQvYAakCKGNAiX0Yg1MBRK6wfQ687uPoI2IwjucxeArNgnFWHCGqXQ/CKyUgBSH1Zpbd3PQZeIVpEYKtIbVr8Eo4lZBiFwyY/qeG6OfMI2CS5hXBtZAzPiUTaCf0pApMH6SB57TE2sYRjQGTYWkuQi/NxKmjJmpIJ1UDB/MopeJ/3l9i+NLPxFhbBFCnh1CISE/ZLgWaRNAR0IDIsuSAxUh5UwzRNCCMs5T0abVVNI+vMXvl0nnrO416o3b81rzqmimTI7IMTklHrkgTXJDWqRNOFHkiTyTF2fuvDpvzvvPaMkpdg7JHzgf3210lNw=</latexit>•t
<latexit sha1_base64="3Y739Q7EquIASbX1LA7CWb5HS0c=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mNo2rNrbs56CrxClIjBVqj6tdwHHEbgkIumTEDz43RT5hGwSUsKkNrIGZ8xqYwSKliIRg/yYMu6Jk1DCMag6ZC0lyE3xsJC42Zh0E6GTJ8MMteJv7nDSxOrv1EqNgiKJ4dQiEhP2S4FmkDQMdCAyLLkgMVinKmGSJoQRnnqWjTSippH97y96uke1H3GvVG+7LWvCmaKZMTckrOiUeuSJPckRbpEE6APJFn8uJY59V5c95/RktOsXNM/sD5+AaD35GI</latexit>

t

tokens needed from



Pre-set and post-set
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A place p is an input place for transition t i↵
(p, t) 2 F

We let •t denote the set of input places of t.
(pre-set of t)

A place p is an output place for transition t i↵
(t, p) 2 F

We let t• denote the set of output places of t.
(post-set of t)

<latexit sha1_base64="3Y739Q7EquIASbX1LA7CWb5HS0c=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6mNo2rNrbs56CrxClIjBVqj6tdwHHEbgkIumTEDz43RT5hGwSUsKkNrIGZ8xqYwSKliIRg/yYMu6Jk1DCMag6ZC0lyE3xsJC42Zh0E6GTJ8MMteJv7nDSxOrv1EqNgiKJ4dQiEhP2S4FmkDQMdCAyLLkgMVinKmGSJoQRnnqWjTSippH97y96uke1H3GvVG+7LWvCmaKZMTckrOiUeuSJPckRbpEE6APJFn8uJY59V5c95/RktOsXNM/sD5+AaD35GI</latexit>

t

<latexit sha1_base64="gQUNpOLcCiNh6eKXG8wAdYfgOs4=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg+UWNH5sgmn3NnW3R5SZOUraKGiQ7R8DAX/gm1cQMJUo5ld7ewEsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiazm0OaRjHQvYAakCKGNAiX0Yg1MBRK6wfQ687uPoI2IwjucxeArNgnFWHCGqXSPdBBYKQGH1Zpbd3PQZeIVpEYKtIbVr8Eo4lZBiFwyY/qeG6OfMI2CS5hXBtZAzPiUTaCf0pApMH6SB57TE2sYRjQGTYWkuQi/NxKmjJmpIJ1UDB/MopeJ/3l9i+NLPxFhbBFCnh1CISE/ZLgWaRNAR0IDIsuSAxUh5UwzRNCCMs5T0abVVNI+vMXvl0nnrO416o3b81rzqmimTI7IMTklHrkgTXJDWqRNOFHkiTyTF2fuvDpvzvvPaMkpdg7JHzgf32wMlNw=</latexit>

t•tokens produced in



Pre-set and post-set
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Analogously, we let
•p denote the set of transitions that share p as output place
p• denote the set of transitions that share p as input place

Formally:
•x = { y | (y, x) 2 F }
x• = { y | (x, y) 2 F }
where tokens 

can come from
<latexit sha1_base64="H9i+Im7g436ZHU3piJBIopqrvGM=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg+UWNH5sgmnnM/W3R5SZOUraKGiQ7R8DAX/gm1cQMJUo5ld7ewEsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiazm0OaRjHQvYAakUNBGgRJ6sQYWBhK6wfQ687uPoI2I1B3OYvBDNlFiLDjDVLofBFZKQBoPqzW37uagy8QrSI0UaA2rX4NRxG0ICrlkxvQ9N0Y/YRoFlzCvDKyBmPEpm0A/pYqFYPwkDzynJ9YwjGgMmgpJcxF+byQsNGYWBulkyPDBLHqZ+J/Xtzi+9BOhYougeHYIhYT8kOFapE0AHQkNiCxLDlQoyplmiKAFZZynok2rqaR9eIvfL5POWd1r1Bu357XmVdFMmRyRY3JKPHJBmuSGtEibcBKSJ/JMXpy58+q8Oe8/oyWn2Dkkf+B8fANnOJTY</latexit>•p

<latexit sha1_base64="zhNSI0sk5jkL1Ju5bZNWOX7D9Qs=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CESKzpfNuGU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf22iazm0OKRjHQ3YAakUNBCgRK6sQYWBhI6weQq8zsPoI2I1C1OY/BDNlZiJDjDVLqLaT+wUgLSQaXq1twcdJF4BamSAs1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5Iln9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHF34iVGwRFM8OoZCQHzJci7QKoEOhAZFlyYEKRTnTDBG0oIzzVLRpN+W0D2/++0XSPq159Vr95qzauCyaKZFDckROiEfOSYNckyZpEU4UeSLP5MV5dF6dN+f9Z3TJKXYOyB84H9/AA5UC</latexit>p•

<latexit sha1_base64="1HuYsH8hWf7Ke8aPXKZ4h349pnM=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj6f7tZIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pb39jcKm9Xdnb39g+qh0ddG8WGQ4dHMjL9gFmQQkEHBUroawMsDCT0gtlt5vcewVgRqXuca/BDNlViIjjDVGrrUbXm1t0cdJV4BamRAq1R9Ws4jngcgkIumbUDz9XoJ8yg4BIWlWFsQTM+Y1MYpFSxEKyf5EEX9Cy2DCOqwVAhaS7C742EhdbOwyCdDBk+2GUvE//zBjFOrv1EKB0jKJ4dQiEhP2S5EWkDQMfCACLLkgMVinJmGCIYQRnnqRinlVTSPrzl71dJ96LuNeqN9mWteVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWJnVfnzXn/GS05xc4x+QPn4xt9o5GE</latexit>p

where tokens 
can go to

<latexit sha1_base64="H9i+Im7g436ZHU3piJBIopqrvGM=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg+UWNH5sgmnnM/W3R5SZOUraKGiQ7R8DAX/gm1cQMJUo5ld7ewEsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiazm0OaRjHQvYAakUNBGgRJ6sQYWBhK6wfQ687uPoI2I1B3OYvBDNlFiLDjDVLofBFZKQBoPqzW37uagy8QrSI0UaA2rX4NRxG0ICrlkxvQ9N0Y/YRoFlzCvDKyBmPEpm0A/pYqFYPwkDzynJ9YwjGgMmgpJcxF+byQsNGYWBulkyPDBLHqZ+J/Xtzi+9BOhYougeHYIhYT8kOFapE0AHQkNiCxLDlQoyplmiKAFZZynok2rqaR9eIvfL5POWd1r1Bu357XmVdFMmRyRY3JKPHJBmuSGtEibcBKSJ/JMXpy58+q8Oe8/oyWn2Dkkf+B8fANnOJTY</latexit>•p

<latexit sha1_base64="zhNSI0sk5jkL1Ju5bZNWOX7D9Qs=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CESKzpfNuGU89m620OKrPAVtFDRIVr+hYJ/wTYuIGGq0cyudnaCWAqDrvvpLC2vrK6tlzbKm1vbO7uVvf22iazm0OKRjHQ3YAakUNBCgRK6sQYWBhI6weQq8zsPoI2I1C1OY/BDNlZiJDjDVLqLaT+wUgLSQaXq1twcdJF4BamSAs1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5Iln9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHF34iVGwRFM8OoZCQHzJci7QKoEOhAZFlyYEKRTnTDBG0oIzzVLRpN+W0D2/++0XSPq159Vr95qzauCyaKZFDckROiEfOSYNckyZpEU4UeSLP5MV5dF6dN+f9Z3TJKXYOyB84H9/AA5UC</latexit>p•

<latexit sha1_base64="1HuYsH8hWf7Ke8aPXKZ4h349pnM=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj6f7tZIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pb39jcKm9Xdnb39g+qh0ddG8WGQ4dHMjL9gFmQQkEHBUroawMsDCT0gtlt5vcewVgRqXuca/BDNlViIjjDVGrrUbXm1t0cdJV4BamRAq1R9Ws4jngcgkIumbUDz9XoJ8yg4BIWlWFsQTM+Y1MYpFSxEKyf5EEX9Cy2DCOqwVAhaS7C742EhdbOwyCdDBk+2GUvE//zBjFOrv1EKB0jKJ4dQiEhP2S5EWkDQMfCACLLkgMVinJmGCIYQRnnqRinlVTSPrzl71dJ96LuNeqN9mWteVM0UyYn5JScE49ckSa5Iy3SIZwAeSLP5MWJnVfnzXn/GS05xc4x+QPn4xt9o5GE</latexit>p



Pre-set and post-set

27

Analogously, we let
•p denote the set of transitions that share p as output place
p• denote the set of transitions that share p as input place

Formally:
•x = { y | (y, x) 2 F }
x• = { y | (x, y) 2 F }

pre-set
post-set



Token game

28



Enabling and firing

29

A transition  is enabled if each of its input places 
contains at least one token 
t

When an enabled transition fires  
it consumes a token from each input place 
it produces a token into each output place



Some remarks
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Firing is an atomic action 

Our semantics is interleaving: 
multiple transitions may be enabled,  

but only one fires at a time 

The network is static, but 
the overall number of tokens may vary over time 

(if transitions are fired for which the number of input 
places is not equal to the number of output places) 



Example
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enabled

p1

t1



Example
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enabledenabled

fired

p1

t1

p2 + p3

t2 / t3



Example
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enabled

fired

p1

t1

p2 + p3

t2
p1 + p2

t1



Example
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enabledenabled

fired

p1

t1

p2 + p3

t2
p1 + p2

t1
2p2 + p3

t2 / t3



Example
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enabled

fired

p1

t1

p2 + p3

t2
p1 + p2

t1
2p2 + p3

t3
p2 + p4

t4



Example
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enabled

fired

enabled

p1

t1

p2 + p3

t2
p1 + p2

t1
2p2 + p3

t3
p2 + p4

t4
p2 + p3

t2 / t3



Example
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enabled

fired

p1

t1

p2 + p3

t2
p1 + p2

t1
2p2 + p3

t3
p2 + p4

t4
p2 + p3

t2 / t3
p4

t4



Example
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enabled

fired

p1

t1

p2 + p3

t2
p1 + p2

t1
2p2 + p3

t3
p2 + p4

t4
p2 + p3

t2 / t3
p4

t4

p3t2



Example
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enabled

fired

p1

t1

p2 + p3

t2
p1 + p2

t1
2p2 + p3

t3
p2 + p4

t4
p2 + p3

t2 / t3
p4

t4

p3t2
p1t1



Workflow nets

40



Workflow nets features

41

Tailored to the representation of business processes 

Formal (unambiguous) semantics 

Structural restrictions 

Decorated graphical representation



Workflow net: idea

WFN

42

start

work

end



Workflow net
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Definition:
A Petri net (P, T, F ) is called workflow net if:

1. there is a distinguished initial place i ∈ P with •i = ∅

2. there is a distinguished final place o ∈ P with o• = ∅

3. every other place and transition belongs to a path from i to o



Basic properties
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Lemma: In a workflow net there is a unique node  
with no incoming arc 

Proof: 
Let  be the initial place and  the final one 
Suppose there is another node  with no incoming arc 
node  must appear in a path from  to  
since ,  must be the first node of the path 
thus 

i o
v

v i o
∙ v = ∅ v

v = i



Basic properties
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Lemma: In a workflow net there is a unique node  
with no outgoing arc 

(the proof is analogous to the previous one)



Workflow net: Rationale
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Definition:
A Petri net (P, T, F ) is called workflow net if:

1. there is a distinguished initial place i ∈ P with •i = ∅

2. there is a distinguished final place o ∈ P with o• = ∅

3. every other place and transition belongs to a path from i to o

1. a token in i represents a process instance not yet started

2. a token in o represents a finished case

3. each place and each transition can participate in a case

WFN



WF net: Example
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Question time: WF net?

48



Question time: WF net?

49

Yes



Question time: WF net?

50



Question time: WF net?

51

No 
(no initial place)



Question time: WF net?
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Question time: WF net?

53

No 
(no path from i to o with t2)



Question time: WF net?

54



Question time: WF net?

55

Yes



Question time: WF net?
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Question time: WF net?

57

?



Question time: WF net?

58



Question time: WF net?

59

Yes



WoPeD

60



61

WoPeDhttp://woped.dhbw-karlsruhe.de/woped/

http://woped.dhbw-karlsruhe.de/woped/


Is it a Wf net?

62

http://woped.dhbw-karlsruhe.de/



Syntax sugar 
(denotations)

63



http://woped.dhbw-karlsruhe.de/woped/

WoPeD

http://woped.dhbw-karlsruhe.de/woped/


Syntax sugar: split
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AND-split

XOR-split

stands for

stands for



Syntax sugar: join
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stands for

stands for

AND-join

XOR-join



Syntax sugar: any 
combination is also possible

67

stands for



Syntax sugar: any 
combination is also possible

68

stands for



Syntax sugar:  
a personal note
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AND-join

XOR-join

Chosen decorations 
are too similar!

Different meanings 
if differently placed!

Unnecessary for AND  
(redundant)!



Syntax sugar:  
a personal note

70

Why there? Because of gateways



AND-split

XOR-split

Syntax sugar:  
a personal note

71

AND-join

XOR-join

Let us avoid any source of confusion!
X X



Subprocesses

72



http://woped.dhbw-karlsruhe.de/woped/

WoPeD

http://woped.dhbw-karlsruhe.de/woped/


Hierarchical structuring

74

Uniqueness of entry / exit point facilitate the hierarchical 
structuring of WF nets

A

a transition can be 
realized by another 

workflow net



Some patterns

75



Typical control flow aspects

76

Sequencing 

Parallelism (AND-split + AND-join) 

Selection (XOR-split + XOR-join) 

Iteration (XOR-join + XOR-split) 

Capacity constraints: 
Feedback loop 

Mutual exclusion 
Alternating



Sequencing

77

B is executed after A



Parallelism? 
(AND-split + AND-join)

78

A and B to be executed both, in no particular order



Parallelism 
(AND-split + AND-join)

79

A and B are both executed in no particular order



Explicit choice? 
(XOR-split + XOR-join)

80

Either A or B is executed (choice is explicit)



Explicit choice 
(XOR-split + XOR-join)

81

Either A or B is executed (choice is explicit)



Explicit choice 
(“sugared” version)

82

Decorated version



Deferred choice

83

Either A or B is executed (choice is implicit)



Remember

84

Explicit choice ≠ Implicit choice



   

53

The decision is made  
at different points in time

T chooses

A or B 
chooses

event 
based

XOR

BPMN 
elements



85

Iteration 
(one or more times)

A to be executed 1 or more times



Iteration 
(one or more times)

86

A is executed 1 or more times



One-or-more iteration  
(“sugared” version)

87

Decorated version



One-or-more iteration  
BPMN-like version

88

Decorated version



89

A to be executed 0 or more times

Iteration 
(zero or more times)



Iteration 
(zero or more times)

90

A is executed 0 or more times



Zero-or-more iteration  
(“sugared” version)

91

Decorated version



Zero-or-more iteration  
BPMN-like version

92

Decorated version



One serve per time

93

Multiple activations are handled one by one



Mutual exclusion

94

A and B cannot execute concurrently



Alternation

95

A and B execute one time each (A first)



Which patterns?

96

http://woped.dhbw-karlsruhe.de/



Question time

97

Which model looks more reasonable?



Triggers

98



http://woped.dhbw-karlsruhe.de/woped/

WoPeD

http://woped.dhbw-karlsruhe.de/woped/


Triggers

100

Execution constraints can depend on the 
environment in which processes are enacted. 

In workflow nets, transitions can be decorated 
with the information on who (or what) is 
responsible for the "firing" of that task. 

Such annotations are called triggers



Triggers

101

Triggers can be: 

a human interaction 

the receipt of a message 

the expiration of a time-out 

Transitions with no trigger can fire automatically 



Symbols for triggers

102

Automatic Trigger: Task enacted automatically

User Trigger : A human user takes initiative and starts activity

External Trigger : External event required to start activity

Time Trigger : Activity started when timer elapses
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Triggers: example
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Explicit vs Implicit 
choices (again)
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A

B

A

B

(a ) Explicit xor split does not enable A 
and B concurrently

(b ) Implicit xor split enables A and B 
concurrently
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Question time  
Net design: Car Damage

• An insurance company uses the following procedure for the processing of the claims 
• Every claim, reported by a customer, is registered 
• After the registration, the claim is classified 
• There are two categories: simple and complex claims. 

• For simple claims two tasks need to be executed:  
check insurance and phone garage.  
These tasks are independent of each other.  

• The complex claims require three tasks:  
check insurance, check damage history and phone garage.  
These tasks need to be executed sequentially in the order specified.  

• After executing the two/three tasks a decision is taken with two possible outcomes: 
OK (positive) or NOK (negative). 

• If the decision is positive, then insurance company will pay.  
• In any event, the insurance company sends a letter to the customer.
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