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Object
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We study suitable soundness properties  
of Workflow nets 

Ch.6 of Business Process Management: Concepts, Languages, Architectures



Bondedness, liveness
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Boundedness?              Liveness? 

(P, T, F, M0)

∃k ∈ ℕ, ∀p ∈ P, ∀M ∈ [M0⟩, M(p) ≤ k

∀t ∈ T, ∀M ∈ [M0⟩, ∃M′￼ ∈ [M⟩, M′￼

t



Soundness 
informally
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Example: Reseller
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Diagram verification

start / end

links

tasks

join / split

BPMN WfN EPC



Workflow net: idea

WFN
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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



WF nets as business 
processes
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

 

 

 

 



 

48













Transition realised by 
another workflow net



Structural analysis
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No distinguished entry / exit point 

no entry: when should the case start? 
no exit: when should the case end?  

not a workflow net!



Structural analysis
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Multiple entry / exit points 

multiple entries: when should the case start? 
multiple exit: when should the case end?  

not a workflow net!



Structural analysis
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Tasks t without incoming and/or outgoing arcs 

no input: when should t be carried out? 
no output: t does not contribute to case completion  

not a workflow net!



Structural analysis
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Wrong decorations of transitions 

split with only one outgoing arc 

join with only one incoming arc 

non-sense: left to designer responsibility



Structural analysis
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The definition of Workflow nets is purely structural 
but already rules out many erroneous models

XXX



Structural properties
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All the properties we have seen so far are  
structural (or static) 

(i.e., they depend on the shape of the graph, 
on its connectivity or topology,  

but NOT on the initial marking and enabled firings) 

We also care about behavioural properties 
(e.g., how the system can evolve,  

which firing sequences will be possible,  
which markings will be reachable)



A matter of terminology
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To better reflect the above distinction, it is frequent: 

to use the term net system for denoting a Petri net 
with a given initial marking 

(we study behavioural properties of systems) 

to use the term net for denoting a Petri net  
without specifying any initial marking  
(we study structural properties of nets) 

even if, in the case of workflow nets, the initial 
markings will consist of one token in the initial place



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
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upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!



Behavioural analysis
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problematic issues...
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upon completion!



Behavioural analysis
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Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

looks fine but...



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

let's roll
back in time



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!
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upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
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dead!
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upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

pending tokens 
and activities

upon completion!



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

pending tokens 
and activities

upon completion!
let's roll

back in time



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

we could have
prevented the

problem...



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

we could have
prevented the

problem...



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

we could have
prevented the

problem...



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

we could have
prevented the

problem...



Behavioural analysis
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Structural correctness cannot rule out many other 
problematic issues...

dead!

pending tokens
upon completion!

pending tokens and activities
upon completion!

we could have
prevented the

problem...
but we want to
make sure it

cannot happen



A case is trapped in a cycle with no opportunity to end 

can arise in workflow nets

Livelock
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A case is trapped in a cycle with no opportunity to end 

can arise in workflow nets

Livelock
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Remark
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All the previous flaws are typical errors that  
can be detected  

without any knowledge about the actual goal  
of the Business Process



System validation and 
verification
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Validation is concerned with  
the relation between the model and the reality 

How does a model fit log files? 
Which model does fit better?  

Verification aims to answer qualitative questions 
Is there a deadlock possible? 

Is it possible to successfully handle a specific case? 
Will all cases terminate eventually? 

Is it possible to execute a certain task?



Language of a workflow net
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The language of a workflow net is the set of 
firing sequences that lead from marking  to marking i o

A

L(N) = {� | i ��! o}
<latexit sha1_base64="jdR0mJ+7v3IQVKKHtWMm1Sy24z8=">AAACJHicbVC7SgRBEJz17fk6NTQZPARNZFcETQTRxEBEwTuF2+PonWvPxpndZabXB8v9hp/gV5hqZCYGBvot7j0CXxUVVd10V0WpJse+/+4NDY+Mjo1PTJampmdm58rzCzWXZFZhVSU6secRONQUY5WJNZ6nFsFEGs+iq/2uf3aN1lESn/Jdig0D7ZguSAEXUrPsH64erckdGeYydNQ2IENDLUkyvLXUvmSwNrnJ+1ZHJmGnWa74634P8i8JBqQiBjhulj/CVqIygzErDc7VAz/lRg6WSWnslMLMYQrqCtpYL2gMBl0j7yXryJXMAScyRStJy56I3zdyMM7dmaiYNMCX7rfXFf/z6hlfbDdyitOMMVbdQ0wae4ecslRUhrJFFpmh+zlKiqUCC8xoSYJShZgVHZaKPoLf6f+S2sZ6UPCTzcru3qCZCbEklsWqCMSW2BUH4lhUhRL34lE8iWfvwXvxXr23/uiQN9hZFD/gfX4BKCakJQ==</latexit><latexit sha1_base64="jdR0mJ+7v3IQVKKHtWMm1Sy24z8=">AAACJHicbVC7SgRBEJz17fk6NTQZPARNZFcETQTRxEBEwTuF2+PonWvPxpndZabXB8v9hp/gV5hqZCYGBvot7j0CXxUVVd10V0WpJse+/+4NDY+Mjo1PTJampmdm58rzCzWXZFZhVSU6secRONQUY5WJNZ6nFsFEGs+iq/2uf3aN1lESn/Jdig0D7ZguSAEXUrPsH64erckdGeYydNQ2IENDLUkyvLXUvmSwNrnJ+1ZHJmGnWa74634P8i8JBqQiBjhulj/CVqIygzErDc7VAz/lRg6WSWnslMLMYQrqCtpYL2gMBl0j7yXryJXMAScyRStJy56I3zdyMM7dmaiYNMCX7rfXFf/z6hlfbDdyitOMMVbdQ0wae4ecslRUhrJFFpmh+zlKiqUCC8xoSYJShZgVHZaKPoLf6f+S2sZ6UPCTzcru3qCZCbEklsWqCMSW2BUH4lhUhRL34lE8iWfvwXvxXr23/uiQN9hZFD/gfX4BKCakJQ==</latexit><latexit sha1_base64="jdR0mJ+7v3IQVKKHtWMm1Sy24z8=">AAACJHicbVC7SgRBEJz17fk6NTQZPARNZFcETQTRxEBEwTuF2+PonWvPxpndZabXB8v9hp/gV5hqZCYGBvot7j0CXxUVVd10V0WpJse+/+4NDY+Mjo1PTJampmdm58rzCzWXZFZhVSU6secRONQUY5WJNZ6nFsFEGs+iq/2uf3aN1lESn/Jdig0D7ZguSAEXUrPsH64erckdGeYydNQ2IENDLUkyvLXUvmSwNrnJ+1ZHJmGnWa74634P8i8JBqQiBjhulj/CVqIygzErDc7VAz/lRg6WSWnslMLMYQrqCtpYL2gMBl0j7yXryJXMAScyRStJy56I3zdyMM7dmaiYNMCX7rfXFf/z6hlfbDdyitOMMVbdQ0wae4ecslRUhrJFFpmh+zlKiqUCC8xoSYJShZgVHZaKPoLf6f+S2sZ6UPCTzcru3qCZCbEklsWqCMSW2BUH4lhUhRL34lE8iWfvwXvxXr23/uiQN9hZFD/gfX4BKCakJQ==</latexit><latexit sha1_base64="jdR0mJ+7v3IQVKKHtWMm1Sy24z8=">AAACJHicbVC7SgRBEJz17fk6NTQZPARNZFcETQTRxEBEwTuF2+PonWvPxpndZabXB8v9hp/gV5hqZCYGBvot7j0CXxUVVd10V0WpJse+/+4NDY+Mjo1PTJampmdm58rzCzWXZFZhVSU6secRONQUY5WJNZ6nFsFEGs+iq/2uf3aN1lESn/Jdig0D7ZguSAEXUrPsH64erckdGeYydNQ2IENDLUkyvLXUvmSwNrnJ+1ZHJmGnWa74634P8i8JBqQiBjhulj/CVqIygzErDc7VAz/lRg6WSWnslMLMYQrqCtpYL2gMBl0j7yXryJXMAScyRStJy56I3zdyMM7dmaiYNMCX7rfXFf/z6hlfbDdyitOMMVbdQ0wae4ecslRUhrJFFpmh+zlKiqUCC8xoSYJShZgVHZaKPoLf6f+S2sZ6UPCTzcru3qCZCbEklsWqCMSW2BUH4lhUhRL34lE8iWfvwXvxXr23/uiQN9hZFD/gfX4BKCakJQ==</latexit>

 defines all the admissible traces of the workflowL(N)



Question time: L(N)
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 ABCE , ADE L(N) = { }



Question time: L(N)
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L(N) = Ø



Question time: L(N)
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 ABCDE , ABDCE L(N) = { }



Question time: L(N)
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 ABDE , ABDCBDE , ABDCBDCBDE , 
ABDCBDCBDCBDE , ABDCBDCBDCBDCBDE , ... 

L(N) = {
}

 ABD(CBD) E L(N) = { k ∣ k ≥ 0}



Question time: L(N)
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<latexit sha1_base64="PlalkmD0dOIo3LtrScPsLCMv+iU="></latexit>

L(N)
?
= {A (B R1 R2)k C | k � 0}

<latexit sha1_base64="sEpjnLs4h6jcCReMl3KRbJ5BACI="></latexit>

L(N)
?
= {A (B R1 R2 B)k C | k � 0}

<latexit sha1_base64="w2eeR6mXdhH4mtKsmRjuTLHV258="></latexit>

L(N)
?
= {A B (R1 R2 B)k C | k � 0}

<latexit sha1_base64="+dw7F7YUbbj/KmMFZM1JA713T7o="></latexit>

L(N)
?
= {A (B R1 R2)k B C | k � 0} Yes

Yes

No

No



Question time

52

Consider the workflow net below

How many times can A be executed? 
How many times can B be executed? 
Can a firing sequence contain two As in a row? 
Can a firing sequence contain two Bs in a row? 
Can a firing sequence contain more Bs than As?



Question time
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Consider the workflow net below

How many times can A be executed? 
How many times can B be executed? 
Can a firing sequence contain two As in a row? 
Can a firing sequence contain two Bs in a row? 
Can a firing sequence contain more Bs than As?

1 or more
0 or more

yes
no
no



Simulation
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Test analysis 
Try and see which firing sequences are possible 

Using WoPeD: 
Play (forward and backward) with net tokens 

Record certain runs (to replay or explain) 
Randomly select alternatives 

Problem: how to make sure that all possible runs have 
been examined?



Reachability analysis
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All possible runs of a workflow net are represented in its 
Reachability / Coverability Graph 

Using WoPeD: 
all reachable states are shown 

(a single run does not necessarily visit all nodes) 
End states are evident (no outgoing arc) 

Useful to check if dangerous or undesired states can arise 
(e.g. the green-green state in the two-traffic-lights) 

Problem: state explosion
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Reachability analysis



Reachability analysis
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Problem: state explosion



Exercise
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Do you see any problem in the workflow net below?

Deadlock



Exercise
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Do you see any problem in the workflow net below?

Some tokens left in the net after case completion



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?

Some tokens left in the net after case completion



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?

Some tokens left in the net after case completion



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?

Some activities take place after case completion



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?

Additional transitions needed  
(dealing with all check failures)



Exercise
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Which problem(s) in the workflow net below? 
How would you redesign the business process?



Soundness
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Soundness  
of Business Processes
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A process is called sound if 

1. it contains no unnecessary tasks 

2. every case, once started, can always be completed in full 

3. no pending items are left upon case completion



70

Business 
Process

i o

Soundness  
of Business Processes



Soundness  
of Workflow nets

71

A workflow net is called sound if

1. for each transition t,

there is a marking M (reachable from i) that enables t

2. for each token put in place i,

one token eventually appears in the place o

3. when a token is in place o, all other places are empty



Fairness assumption
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Remark:
Condition 2 does not mean that iteration must be forbidden or bound

It says that from any reachable marking M
there must be possible to reach o in some steps

Fairness assumption:
A task cannot be postponed indefinitely

OK
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Soundness, Formally
A workflow net is called sound if

no dead task no transition is dead

8t 2 T. 9M 2 [ i i. M t!

option to complete place o is eventually marked

8M 2 [ i i. 9M 0 2 [M i. M 0(o) � 1

proper completion when o is marked, no other token is left

8M 2 [ i i. M(o) � 1 ) M = o



1: no dead tasks
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?

Reachable marking that enables the 
transition



1: no dead tasks
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The check must be repeated for each task



2: option to complete
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?

Able to produce one token in o 



2: option to complete
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The check must be repeated for each reachable marking



3: proper completion
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?

We must show that it is  
not a reachable marking



3: proper completion
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The check must be repeated for each marking  
such that 

M
M > o



Brute-force analysis
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First, check if the Petri net is a workflow net 
easy "structural" check 

Second, check if it is sound (more difficult): 
build the Reachability Graph  

to check 1: for each transition t there must be an arc in the 
RG that is labelled with t 

to check 2&3: the RG must have only one final state (sink), 
that consists of one token in o  

and is reachable from any other state,  
and no other marking has a token in o



Some Pragmatic 
Considerations

81

All checks can better be done automatically  
(computer aided) 

but nevertheless RG construction... 
1. can be computationally expensive for large nets 
    (because of state explosion) 
2. provides little support in repairing unsound processes 
3. can be infinite (CG can be used, but it is not exact) 



Advanced support
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Translate soundness to other well-known properties that 
can be checked more efficiently: 

boundedness and liveness



N*
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84

Business 
Process

i o

Play once
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Business 
Process

i o

reset

Play twice
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Business 
Process

i o

reset

Play any number of times



From N to N*

87

Let us denote by N : i ! o a workflow net
with entry place i and exit place o.

Let N⇤ be the net obtained by adding the “reset” transition to N
reset : o ! i.

Proposition:
N⇤ is strongly connected.



MAIN THEOREM
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Let us denote by N : i � o a workflow net
with entry place i and exit place o

Let N� be the net obtained by adding the ”reset” transition to N
reset : o � i

Theorem:
N is sound i� N� is live and bounded



MAIN THEOREM
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Let us denote by N : i � o a workflow net
with entry place i and exit place o

Let N� be the net obtained by adding the ”reset” transition to N
reset : o � i

Theorem:
N is sound i� N� is live and bounded
1 no dead tasks 
2 option to complete 
3 proper completion

at any reachable marking, every transition can fire in the future 
and 
for some k, every place will contain less than k tokens

⇐ 1
2 ⇒

3 ⇒



Proof of MAIN 
THEOREM (1)

90

N� live and bounded implies N sound:

Since N� is live: for each t ⌅ T there is M ⌅ [ i ⇧. M t⇤

Take any M ⌅ [ i ⇧ enabling reset : o ⇤ i, hence M ⇥ o

Let M
reset�⇤ M ⇥. Then M ⇥ ⌅ [ i ⇧ and M ⇥ ⇥ i

Since N� is bound, it must be M ⇥ = i (and M = o)
Otherwise all places marked by M ⇥ � i = M � o would be unbounded

Hence N� just allows multiple runs of N :
”option to complete” and ”proper completion” hold (see above)
”no dead task” holds because N� is live

( ⇐ )
N� live and bounded implies N sound:

Since N� is live: for each t ⌅ T there is M ⌅ [ i ⇧. M t⇤

Take any M ⌅ [ i ⇧ enabling reset : o ⇤ i, hence M ⇥ o

Let M
reset�⇤ M ⇥. Then M ⇥ ⌅ [ i ⇧ and M ⇥ ⇥ i

Since N� is bound, it must be M ⇥ = i (and M = o)
Otherwise all places marked by M ⇥ � i = M � o would be unbounded

Hence N� just allows multiple runs of N :
”option to complete” and ”proper completion” hold (see above)
”no dead task” holds because N� is live

N� live and bounded implies N sound:

Since N� is live: for each t ⌅ T there is M ⌅ [ i ⇧. M t⇤

Take any M ⌅ [ i ⇧ enabling reset : o ⇤ i, hence M ⇥ o

Let M
reset�⇤ M ⇥. Then M ⇥ ⌅ [ i ⇧ and M ⇥ ⇥ i

Since N� is bound, it must be M ⇥ = i (and M = o)
Otherwise all places marked by M ⇥ � i = M � o would be unbounded

Hence N� just allows multiple runs of N :
”option to complete” and ”proper completion” hold (see above)
”no dead task” holds because N� is live

N� live and bounded implies N sound:

Since N� is live: for each t ⌅ T there is M ⌅ [ i ⇧. M t⇤

Take any M ⌅ [ i ⇧ enabling reset : o ⇤ i, hence M ⇥ o

Let M
reset�⇤ M ⇥. Then M ⇥ ⌅ [ i ⇧ and M ⇥ ⇥ i

Since N� is bound, it must be M ⇥ = i (and M = o)
Otherwise all places marked by M ⇥ � i = M � o would be unbounded

Hence N� just allows multiple runs of N :
”option to complete” and ”proper completion” hold (see above)
”no dead task” holds because N� is live

N� live and bounded implies N sound:

Since N� is live: for each t ⌅ T there is M ⌅ [ i ⇧. M t⇤

Take any M ⌅ [ i ⇧ enabling reset : o ⇤ i, hence M ⇥ o

Let M
reset�⇤ M ⇥. Then M ⇥ ⌅ [ i ⇧ and M ⇥ ⇥ i

Since N� is bound, it must be M ⇥ = i (and M = o)
Otherwise all places marked by M ⇥ � i = M � o would be unbounded

Hence N� just allows multiple runs of N :
”option to complete” and ”proper completion” hold (see above)
”no dead task” holds because N� is live



A technical lemma
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Lemma:
If N is sound, M is reachable in N i� M is reachable in N⇥

⌅) straightforward

⇤) Let i
��⇥ M in N⇥ for � = t1t2...tn

We proceed by induction on the number r of instances of reset in �
If r = 0, then reset does not occur in � and M is reachable in N
If r > 0, let k be the least index such that tk = reset
Let � = �⇤tk�⇤⇤ with �⇤ = t1t2...tk�1 fireable in N

Since N is sound: i
��
�⇥ o and i

���
�⇥ M

Since �⇤⇤ contains r � 1 instances of reset :
by inductive hypothesis M is reachable in N



Proof of MAIN 
THEOREM (2)
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N sound implies N� bounded :
We proceed by contradiction, assuming N� is unbounded

Since N� is unbounded:
⌃M,M ⇥ such that i ⇤� M ⇤� M ⇥ with M ⇥ M ⇥

Let L = M ⇥ �M ⇧= ⌥

Since N is sound:
⌃� ⌅ T � such that M

�⇤ o

By the monotonicity Lemma: M ⇥ �⇤ o+ L and thus o+ L ⌅ [ i �
Which is absurd, because N is sound

( ⇒ )



Proof of MAIN 
THEOREM (3)
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N sound implies N� live:
Take any transition t and let M be a marking reachable in N�

By the technical lemma, M is reachable in N

Since N is sound: ⌅� ⇤ T � with M
��⇥ o

Since N is sound: ⌅�⇥ ⇤ T � with i
��
�⇥ M ⇥ and M ⇥ t⇥

Let �⇥⇥ = � reset �⇥, then:

M
���
�⇥ M ⇥ in N� and M ⇥ t⇥

( ⇐ )



A theorem on strong 
connectedness 

(whose proof we omit)
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Paths and circuits
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<latexit sha1_base64="j2PtaHNuYRWytwFKE38h2+eIFgU=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoUEoiii6Lgris0Be0oUymt3XoZBJmboQS+hFudeVO3Po1LvwXk5iFtp7V4Zx7ueceL5TCoG1/WoWV1bX1jeJmaWt7Z3evvH/QMUGkObR5IAPd85gBKRS0UaCEXqiB+Z6Erje9Sf3uI2gjAtXCWQiuzyZKjAVnmEjdarPWqt2eDssVu25noMvEyUmF5GgOy1+DUcAjHxRyyYzpO3aIbsw0Ci5hXhpEBkLGp2wC/YQq5oNx4yzunJ5EhmFAQ9BUSJqJ8HsjZr4xM99LJn2GD2bRS8X/vH6E4ys3FiqMEBRPD6GQkB0yXIukB6AjoQGRpcmBCkU50wwRtKCM80SMkmJKSR/O4vfLpHNWdy7q9v15pXGdN1MkR+SYVIlDLkmD3JEmaRNOpuSJPJMXK7ZerTfr/We0YOU7h+QPrI9vI5+S3A==</latexit>

(P, T, F )

<latexit sha1_base64="yuxXsl8ePLGeh2ErsPjOg7PW1io="></latexit>

A path is a non-empty sequence of nodes x1x2...xk such that
<latexit sha1_base64="mDBSsefsDkAI/dVA716YSUqdfjU=">AAACB3icbVDLSsNAFJ3UV62vaJduBotQUUoiii6LgrisYB/QhjCZ3tbByYOZG2kJ/QC/wq2u3IlbP8OF/2ISu9DWszqccy/33ONFUmi0rE+jsLC4tLxSXC2trW9sbpnbOy0dxopDk4cyVB2PaZAigCYKlNCJFDDfk9D27i8zv/0ASoswuMVxBI7PhoEYCM4wlVyzXB254mjkJuLQnhzQngjolWtWrJqVg84Te0oqZIqGa371+iGPfQiQS6Z117YidBKmUHAJk1Iv1hAxfs+G0E1pwHzQTpKHn9D9WDMMaQSKCklzEX5vJMzXeux76aTP8E7Pepn4n9eNcXDuJCKIYoSAZ4dQSMgPaa5E2grQvlCAyLLkQNPfOVMMEZSgjPNUjNOaSmkf9uz386R1XLNPa9bNSaV+MW2mSHbJHqkSm5yROrkmDdIknIzJE3kmL8aj8Wq8Ge8/owVjulMmf2B8fAODjJf8</latexit>

(xi, xi+1) 2 F
<latexit sha1_base64="ooOZ0DnMcvb+JRBNxLdNmLXYmCw=">AAACE3icbVC7TsNAEDyHVwgvAyUFJxIkqsiOhKCMoKEMEnlIcRSdL+twyvnB3RopslLyCXwFLVR0iJYPoOBfsI0LSJjiNJrZ1d6MG0mh0bI+jdLS8srqWnm9srG5tb1j7u51dBgrDm0eylD1XKZBigDaKFBCL1LAfFdC151cZn73HpQWYXCD0wgGPhsHwhOcYSoNzcPE0R71QkUhHZvSmu1IuKMifye12dCsWnUrB10kdkGqpEBraH45o5DHPgTIJdO6b1sRDhKmUHAJs4oTa4gYn7Ax9FMaMB/0IMmDzOhxrBmGNAJFhaS5CL83EuZrPfXddNJneKvnvUz8z+vH6J0PEhFEMULAs0MoJOSHNFcijQ50JBQgsuznQEVAOVMMEZSgjPNUjNPKKmkf9nz6RdJp1O3TunXdqDYvimbK5IAckRNikzPSJFekRdqEkwfyRJ7Ji/FovBpvxvvPaMkodvbJHxgf3xM+nTA=</latexit>

for every 1  i  k

<latexit sha1_base64="ZVwhnacVljXBGtFl1k8lC10Aus4=">AAACIXicbVC7TsNAEDzzJrwClDQnEiQaIjsSgjKChhIkApGSKFpfNuGU89m6WwORla/gE/gKWqjoEB1C/Au2SQEJU41mdjW740dKWnLdD2dmdm5+YXFpubCyura+UdzcurJhbATWRahC0/DBopIa6yRJYSMyCIGv8NofnGb+9S0aK0N9ScMI2wH0texJAZRKneJB0rI9DrrL75BbGHJJXCF0Le+ZMODl+45X5hRmZFAedYolt+Lm4NPEG5MSG+O8U/xqdUMRB6hJKLC26bkRtRMwJIXCUaEVW4xADKCPzZRqCNC2k/ytEd+LLaTRERouFc9F/L2RQGDtMPDTyQDoxk56mfif14ypd9xOpI5iQi2yIJIK8yArjEz7Qt6VBokguxy51FyAASI0koMQqRinBRbSPrzJ76fJVbXiHVbci2qpdjJuZontsF22zzx2xGrsjJ2zOhPsgT2xZ/biPDqvzpvz/jM644x3ttkfOJ/fYdmh9A==</latexit>

and we say it leads from x1 to xk

<latexit sha1_base64="dssHeoxl2/zbZ7el2/n+BIr93jc="></latexit>

A path x1x2...xk is called a circuit if
<latexit sha1_base64="prmaXyXkJ9GVPl3WZuiL+PBWsYE="></latexit>

all its nodes are distinct and (xk, x1) 2 F
<latexit sha1_base64="AecvNeK45D6wJc6lZ62Kozwp/jU="></latexit>

since there is no node x with (x, x) 2 F , any circuit has at least two nodes



Paths and circuits
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<latexit sha1_base64="j2PtaHNuYRWytwFKE38h2+eIFgU=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoUEoiii6Lgris0Be0oUymt3XoZBJmboQS+hFudeVO3Po1LvwXk5iFtp7V4Zx7ueceL5TCoG1/WoWV1bX1jeJmaWt7Z3evvH/QMUGkObR5IAPd85gBKRS0UaCEXqiB+Z6Erje9Sf3uI2gjAtXCWQiuzyZKjAVnmEjdarPWqt2eDssVu25noMvEyUmF5GgOy1+DUcAjHxRyyYzpO3aIbsw0Ci5hXhpEBkLGp2wC/YQq5oNx4yzunJ5EhmFAQ9BUSJqJ8HsjZr4xM99LJn2GD2bRS8X/vH6E4ys3FiqMEBRPD6GQkB0yXIukB6AjoQGRpcmBCkU50wwRtKCM80SMkmJKSR/O4vfLpHNWdy7q9v15pXGdN1MkR+SYVIlDLkmD3JEmaRNOpuSJPJMXK7ZerTfr/We0YOU7h+QPrI9vI5+S3A==</latexit>

(P, T, F )

<latexit sha1_base64="ooOZ0DnMcvb+JRBNxLdNmLXYmCw=">AAACE3icbVC7TsNAEDyHVwgvAyUFJxIkqsiOhKCMoKEMEnlIcRSdL+twyvnB3RopslLyCXwFLVR0iJYPoOBfsI0LSJjiNJrZ1d6MG0mh0bI+jdLS8srqWnm9srG5tb1j7u51dBgrDm0eylD1XKZBigDaKFBCL1LAfFdC151cZn73HpQWYXCD0wgGPhsHwhOcYSoNzcPE0R71QkUhHZvSmu1IuKMifye12dCsWnUrB10kdkGqpEBraH45o5DHPgTIJdO6b1sRDhKmUHAJs4oTa4gYn7Ax9FMaMB/0IMmDzOhxrBmGNAJFhaS5CL83EuZrPfXddNJneKvnvUz8z+vH6J0PEhFEMULAs0MoJOSHNFcijQ50JBQgsuznQEVAOVMMEZSgjPNUjNPKKmkf9nz6RdJp1O3TunXdqDYvimbK5IAckRNikzPSJFekRdqEkwfyRJ7Ji/FovBpvxvvPaMkodvbJHxgf3xM+nTA=</latexit>

for every 1  i  k

<latexit sha1_base64="c5bXFizM09vdag5tZxVtWuKqvqY="></latexit>

An undirected path is a non-empty sequence of nodes x1x2...xk s.t.
<latexit sha1_base64="WdYY63t9mv7MyD64ibyFxGQpJHo=">AAACFHicbVC7TgJBFJ3FF+ILtbSZSEwwKtk1Gi2JJsQSE3kkgJvZ4YITZh+ZuWsgG1o/wa+w1crO2Npb+C8OSKHgqU7OuTf3nuNFUmi07U8rNTe/sLiUXs6srK6tb2Q3t6o6jBWHCg9lqOoe0yBFABUUKKEeKWC+J6Hm9S5Hfu0elBZhcIODCFo+6waiIzhDI7lZmu+74rDvJuLAGe7TpghovtTkcURLt8mRkdxszi7YY9BZ4kxIjkxQdrNfzXbIYx8C5JJp3XDsCFsJUyi4hGGmGWuIGO+xLjQMDZgPupWMkwzpXqwZhjQCRYWkYxF+byTM13rge2bSZ3inp72R+J/XiLFz3kpEEMUIAR8dQiFhfEhzJUxFQNtCASIbfQ7UFMGZYoigBGWcGzE2nWVMH850+llSPS44pwX7+iRXvJg0kyY7ZJfkiUPOSJFckTKpEE4eyBN5Ji/Wo/VqvVnvP6Mpa7KzTf7A+vgGIvmcjQ==</latexit>

(xi, xi+1) 2 (F [ F�1)
(denotes the inverse of a binary relation)

<latexit sha1_base64="VhzlVRD699GttsxK3VF/vNVwv64="></latexit>

F�1 = { (y, x) | (x, y) 2 F }

(a path where we disregard the orientation of arcs)
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<latexit sha1_base64="TSf5rmSClnZa43P5MfFkNhH6n9Y="></latexit>

A net (P, T, F ) is weakly connected if
<latexit sha1_base64="lKW0oLHXN8NkLgvkwnigSPB1Z6c="></latexit>

there is an undirected path between any two distinct nodes

<latexit sha1_base64="o744aSeIASD9pv5ygcsXKpcFA3g="></latexit>

A net (P, T, F ) is strongly connected if
<latexit sha1_base64="ddvO4Upc8PFfv8THO2oXifto4XY=">AAACKHicbVC7TsNAEDzzDOFloKQ5ESFRRTYCQYmgoQwSCUhJFK0vm+TE+WzdrYMiKz/CJ/AVtFDRoRQ0fAnnkILXVKOZXe3sRKmSloJg4s3NLywuLZdWyqtr6xub/tZ2wyaZEVgXiUrMbQQWldRYJ0kKb1ODEEcKb6K7i8K/GaKxMtHXNEqxHUNfy54UQE7q+Ed5y/bKNECDXFoOPAUa8AjpHlFz0CNO9wnvuiBSC+I66aIdd/xKUA2m4H9JOCMVNkOt47+3uonIYtQkFFjbDIOU2jkYkkLhuNzKLKYg7qCPTUc1xGjb+fS7Md/PLFDCUzRcKj4V8ftGDrG1ozhyk7ELb397hfif18yod9rOpU4zQi2KQyQVTg9ZYeSw6KQrDRJBkdwVpLkAA0RoJAchnJi5Hsuuj/D3939J47AaHleDq8PK2fmsmRLbZXvsgIXshJ2xS1ZjdSbYA3tiz+zFe/RevTdv8jU65812dtgPeB+fkE6meg==</latexit>

there is a path between any two distinct nodes



Connectedness, again
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A net (P,T,F) is weakly connected 
iff  

it cannot be splitted in separated components 

A weakly connected net is strongly connected 
iff 

 for every arc (x,y) there is a path from y to x



Examples
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weakly connected 
not strongly connected



Examples
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not weakly connected 
not strongly connected



Examples
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weakly connected 
strongly connected



Question time
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not weakly connected 
strongly connected

? IMPOSSIBLE !!!



A note
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In the following we will consider (implicitly) weakly 
connected nets only 

(if they are not, then we can study each of their 
subsystems separately)



Question time
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Is the net strongly connected?



Question time
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Is the net strongly connected?

YES

YES

YES

NO



Strong connectedness 
theorem
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Theorem: If a weakly connected system is  
live and bounded then it is strongly connected



Consequences
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If a (weakly-connected) net is not strongly connected  

then 

It is not “live and bounded” 

If it is live, it is not bounded 

If it is bounded, it is not live



Example

108

It is now immediate to see that this system 
(weakly connected, not strongly connected) 

cannot be live and bounded 
(it is live but not bounded)



Example
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It is now immediate to see that this system 
(weakly connected, not strongly connected) 

cannot be live and bounded 
(it is bounded but not live)



Example
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It is now immediate to see that this system 
(weakly connected, not strongly connected) 

cannot be live and bounded 
(it is neither bounded nor live)



Strong connectedness 
of N*
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Let us denote by N : i ! o a workflow net
with entry place i and exit place o.

Let N⇤ be the net obtained by adding the “reset” transition to N
reset : o ! i.

Proposition:
N⇤ is strongly connected.

Take two nodes of (x, y) 2 FN⇤ ,
we want to build a path from y to x

If x, y 6= reset , then
y lies on a path i !⇤ y !⇤ o, because N is a workflow net,
x lies on a path i !⇤ x !⇤ o, because N is a workflow net,
we combine the paths y !⇤ o ! reset ! i !⇤ x

If x = o, y = reset , then
take any path i !⇤ o,
we build the path reset ! i !⇤ o

If x = reset , y = i, then
take any path i !⇤ o,
we build the path i !⇤ o ! reset



Strong connectedness 
of N*: example
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<latexit sha1_base64="IyvvUihDxoI02U4xQIrZcA7u7ok=">AAAB83icdVC7TkJBFNzrE/GFWtpsJCZWZJeoQEe0sYREHgkQsnc54Ia9j+yeaySEL7DVys7Y+kEW/ot7ERM1OtVk5pycOePHWllk7M1bWl5ZXVvPbGQ3t7Z3dnN7+00bJUZCQ0Y6Mm1fWNAqhAYq1NCODYjA19Dyx5ep37oFY1UUXuMkhl4gRqEaKinQSfW7fi7PCowxzjlNCS+dM0cqlXKRlylPLYc8WaDWz713B5FMAghRamFth7MYe1NhUEkNs2w3sRALORYj6DgaigBsbzoPOqPHiRUY0RgMVZrORfi+MRWBtZPAd5OBwBv720vFv7xOgsNyb6rCOEEIZXoIlYb5ISuNcg0AHSgDiCJNDlSFVAojEMEoKqR0YuIqybo+vp6m/5NmscDPCqx+mq9eLJrJkENyRE4IJyVSJVekRhpEEiD35IE8eon35D17L5+jS95i54D8gPf6Adcjkbs=</latexit>x

<latexit sha1_base64="YIAnqUgf2hpXvTTKApdqC7PbV/Q=">AAAB83icdVC7TkJBFNyLL8QXammzkZhYkV2iAh3RxhISeSRAyN7lgBv2PrJ7rgkhfIGtVnbG1g+y8F/ci5io0akmM+fkzBk/1soiY29eZmV1bX0ju5nb2t7Z3cvvH7RslBgJTRnpyHR8YUGrEJqoUEMnNiACX0Pbn1ylfvsOjFVReIPTGPqBGIdqpKRAJzWmg3yBFRljnHOaEl6+YI5Uq5USr1CeWg4FskR9kH/vDSOZBBCi1MLaLmcx9mfCoJIa5rleYiEWciLG0HU0FAHY/mwRdE5PEiswojEYqjRdiPB9YyYCa6eB7yYDgbf2t5eKf3ndBEeV/kyFcYIQyvQQKg2LQ1Ya5RoAOlQGEEWaHKgKqRRGIIJRVEjpxMRVknN9fD1N/yetUpGfF1njrFC7XDaTJUfkmJwSTsqkRq5JnTSJJEDuyQN59BLvyXv2Xj5HM95y55D8gPf6Adiykbw=</latexit>y

reset



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

WoPeD

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


Exercise
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Use some tools to check if the net below is a sound 
workflow net or not
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Liveness and boundedness refer to N* 
not to N
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in this case, the problem is due to a 
possible deadlock



Exercise
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Use some tools to check if the net below is a sound 
workflow net or not



Exercise
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Use some tools to check if the net below is a sound 
workflow net or not

Deadlock
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Use some tools to check if the net below is a sound 
workflow net or not

Deadlock



Exercise
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Use some tools to check if the net below is a sound 
workflow net or not



121



Exercise
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Analyse the following net



123



Exercise
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Analyse the following net
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Liveness and boundedness refer to N* 
not to N
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Boundedness: we can end the case 
leaving a token in c8



Exercise
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Analyse the following net

Some tokens left in the net after case completion
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Liveness: possible deadlock



Exercise
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Analyse the following net

Deadlock



Design and analysis of 
WF-nets

130

The workflow of a computer repair service (CRS) can be described as follows.  
A customer brings in a defective computer and the CRS checks the defect and hands out a 
repair cost calculation back.  
If the customer decides that the costs are acceptable, the process continues, otherwise 
she takes her computer home unrepaired.  
The ongoing repair consists of two activities, which are executed sequentially but in an 
arbitrary order.  
One activity is to check and repair the hardware,  
whereas the other activity is to check and configure the software.  
After both activities are completed, the proper system functionality is tested.  
If an error is detected the repair procedure is repeated,  
otherwise the repair is finished and the computer is returned. 

Model the described workflow as a sound workflow net.
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The workflow of a computer repair service (CRS) can be described as follows.  
A customer brings in a defective computer and the CRS checks the defect and hands 
out a repair cost calculation back.  
If the customer decides that the costs are acceptable, the process continues, otherwise 
she takes her computer home unrepaired.  
The ongoing repair consists of two activities, which are executed sequentially but in an 
arbitrary order.  
One activity is to check and repair the hardware,  
whereas the other activity is to check and configure the software.  
After both activities are completed, the proper system functionality is tested.  
If an error is detected the repair procedure is repeated,  
otherwise the repair is finished and the computer is returned. 

Model the described workflow as a sound workflow net.
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The workflow of a computer repair service (CRS) can be described as follows.  
A customer brings in a defective computer and the CRS checks the defect and hands 
out a repair cost calculation back. 



Design and analysis of 
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If the customer decides that the costs are acceptable, the process continues, otherwise 
she takes her computer home unrepaired.  



Design and analysis of 
WF-nets
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The ongoing repair consists of two activities, which are executed sequentially but in an 
arbitrary order.  
One activity is to check and repair the hardware,  
whereas the other activity is to check and configure the software. 



Design and analysis of 
WF-nets
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The ongoing repair consists of two activities, which are executed sequentially but in an 
arbitrary order.  
One activity is to check and repair the hardware,  
whereas the other activity is to check and configure the software. 
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After both activities are completed, the proper system functionality is tested.  
If an error is detected the repair procedure is repeated, 



Design and analysis of 
WF-nets
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otherwise the repair is finished and the computer is returned. 



Design and analysis of 
WF-nets
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