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Reductions

P2P process discovered 
from SAP data using 
inductive miner
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Reductions
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Reductions

(org) (red)

X is preserved downstream: If (org) is X, then (red) is X.
X is preserved upstream: If (red) is X, then (org) is X.

Typical candidates for X: live, bounded, well-formed, 
free-choice, lucent, deadlock free, safe, etc.

short-circuit nets if workflow nets
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Well-known example: Free-choice nets
(see also work of Berthelot, Genrich, Thiagarajan, Murata, Kovalyov, Verbeek, Wynn, etc.)

(org) (red)

(org) is well-formed if and only if (red) is well formed.
Moreover, any well-formed free choice net 
can be reduced to the atomic net.

Proof uses the notion of 
CP-nets which is related to 
T-reductions in this paper
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This paper

• t-induced T-net (related to CP-nets)

• p-induced P-net (new concept)

• Existence of reductions (always two until T- or P-net)

• Preserves free-choice, well-formedness, 
liveness, boundedness, pc-safeness, and 
perpetuality “downstream”.

• Preserves lucency “upstream” (assuming perpetuality)

• Generic framework
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t-induced T-net
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t-induced T-net
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t-induced T-net: Pick a transition t
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t-induced T-net: Add output places
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t-induced T-net: Add output transitions
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further
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t-induced T-net: 
Pick another transition t
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t-induced T-net: 
Pick another transition t
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Proper: Complement is strongly 
connected
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The complement has a new marking see paper for details.
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Not proper: Complement is not
strongly connected
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Not proper: Complement is not
strongly connected
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Complement

t1

t2

t3

t4

t5

t6

t7

p7p1

p2

p3

p4

p5

p6

p8
t2

t5

t6

t7

p7p1

p2

p5

p6

p8

proper t1 induced T-net
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Complement
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p-induced P-net
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p-induced P-net
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p-induced P-net: Pick a place
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p-induced P-net: Add input transitions
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Only add transitions 
with one input and 
one output place
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p-induced P-net: Add input places
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Two proper p-induced P-net
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Again proper means that the complement is strongly connected.
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Complement of proper
p7-induced P-net
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Complement of proper
p8-induced P-net
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Properties
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Existence

Taking the complement can be repeated 
until T-net (there are always two options).

Taking the complement can be repeated 
until P-net (there are always two options).
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Well-formedness, liveness, boundedness, 
and free-choice are preserved
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Well-formedness, liveness, boundedness, 
and free-choice are preserved
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Reduction: Applying in sequence
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Step 3
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Summary

• Any well-formed free-choice net can be turned into a 
well-formed T-net by a T-reduction.

• Any well-formed free-choice net can be turned into a 
well-formed P-net by a P-reduction.

• Subtle details:
− If a reduction step is possible, there is a choice.
− The corresponding markings preserve liveness and 

boundedness (see paper).
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Application to 
Perpetuality and Lucency
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Regeneration Transition ⇒ Perpetual 
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A Petri net is perpetual if 
there exists at least one 
regeneration transition 
(independent of marking).

Note that this does not require a 
marked Petri net (related to next slide).
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Perpetuality implies pc-safe
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Lucency
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Not lucent, but also not perpetual!Note that there are three p-components that are safe.
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Perpetuality and pc-safeness are 
preserved downstream!!!!

!



© Wil van der Aalst (use only with permission & acknowledgments) 

Perpetuality and pc-safeness are 
preserved downstream!!!!
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Applies to any reduction!
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Lucency is preserved upstream 
(assuming perpetuality)
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See the paper for the proof.

This implies that all 
perpetual well-formed free-
choice nets are lucent.
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Framework based on reductions

(org) (red)

X is preserved downstream: If (org) is X, then (red) is X.

X is preserved upstream: If (red) is X, then (org) is X.

short-circuit nets if workflow nets
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Framework based on reductions

(org) (red)

Downstream: assume that (org) is well-formed and free-choice.
• If (org) is pc-safe, then (red) is pc-safe.
• If (org) is perpetual, then (red) is perpetual.

Upstream: assume that (org) is well-formed, free-choice, and perpetual.
• If (red) is lucent, then (org) is lucent.

short-circuit nets if workflow nets
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Framework based on reductions

(org) (red)

Downstream: assume that (org) is well-formed and free-choice.
• If (org) is pc-safe, then (red) is pc-safe.
• If (org) is perpetual, then (red) is perpetual.

Upstream: assume that (org) is well-formed, free-choice, and perpetual.
• If (red) is lucent, then (org) is lucent.

short-circuit nets if workflow nets
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Limitations

• Focus on well-formed free-choice nets.
• Not in reverse direction.
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Complement is well-formed and induced subnet is proper, but original is not.
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Related Work
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An exciting 
new result!
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Free-Choice Nets With Home 
Clusters Are Lucent !!

• Paper accepted for Fundamenta Informaticae
(in print). 

• Preprint: Wil van der Aalst: Free-Choice Nets 
With Home Clusters Are Lucent. CoRR
abs/2106.03554 (2021).

• Completely different approach: Nets do not 
need to be well-formed.

• Main results:
• Let (N,M) be a marked proper free-choice net 

having a home cluster. (N,M) is lucent.
• The following problem is solvable in polynomial 

time: Given a marked proper free-choice net, to 
decide whether there is a home cluster.
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Example Let (N,M) be a marked proper free-choice
net having a home cluster. (N,M) is lucent.

• Proper (transitions 
have input and 
output places)

• [p7,p8] defines a 
home cluster (it is 
always possible to 
again mark just 
this cluster)
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t6
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p7p1
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p3

p4

p5

p6

p8

t2

Lucent!
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Example Let (N,M) be a marked proper free-choice
net having a home cluster. (N,M) is lucent.

• Proper (transitions have 
input and output places)

• [p1,p2] defines a home 
cluster (it is always 
possible to again mark 
just this cluster)

Lucent!
p1

t2

t1

t3

t4

t5
p2 p3 p4

t1

t2

t3

t4

t5

t6

t7

p7p1

p2

p3

p4

p5

p6

p8

• Proper (transitions have 
input and output places)

• [p4] defines a home 
cluster (it is always 
possible to again mark 
just this cluster)

Lucent!

New tools (see paper):
• Expediting a transition.
• Rooted disentangled paths.
• Conflict-pairs.

The usual (indirect) 
machinery is not needed.



© Wil van der Aalst (use only with permission & acknowledgements) 

Conclusion
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Conclusion

• A framework for P- and T-reductions (strong 
properties for well-formed free-choice nets that can 
be reused in future proofs).

• Upstream and downstream preservation of 
properties.

• Example application: All perpetual well-formed free-
choice nets are lucent.

• Can be also be used to prove the well-known 
blocking theorem.  
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Future Work

• Build on the work for non-well-formed free choice 
nets! No need for the classical indirect machinery.

• The work on reductions was triggered by 
interactive/incremental process discovery.

• The work on proper free-choice nets having a home 
cluster was driven by searching for the right 
representational bias in process mining.

• Lucency is directly inspired process mining (see e.g., 
translucent event logs).
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Learn more about process mining?
The killer application for Petri nets!

prof.dr.ir. Wil van der Aalst
RWTH Aachen University

W: vdaalst.com T:@wvdaalst
“PM Bible”

Over 135.000 
participants

https://www.coursera.org/learn/process-mining
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Petri Nets 
Paris, 2021 Reduction Using Induced 

Subnets To Systematically Prove 
Properties For Free-Choice Nets
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