
Passages in Big Data 
 

Partitioning Event Logs and Process Models to 

Speed Up Process Mining Algorithms 

Wil van der Aalst 
www.processmining.org 



Advances in Process Mining 

• Many process discovery and conformance checking algorithms 

and tools are available (cf. the various ProM packages). 

• Also commercial software based on these ideas:  
Disco (Fluxicon), Reflect (Futura), BPMOne (Pallas Athena/Perceptive), ARIS 

Process Performance Manager (Software AG), Futura Reflect (Futura 

Technology), Interstage Automated Process Discovery (Fujitsu), QPR 

ProcessAnalyzer/Analysis (QPR Software), flow (fourspark), Discovery Analyst 

(StereoLOGIC), etc. 

• We applied process mining in over 100 organizations. 
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More than 75 people 

involving more than 50 

organizations created the 

Process Mining Manifesto in 

the context of the IEEE Task 

Force on Process Mining. 

 

Available in 13 languages 

http://www.win.tue.nl/ieeetfpm/lib/exe/fetch.php?media=shared:process_mining_manifesto-small.pdf
http://www.springer.com/computer/database+management+%26+information+retrieval/book/978-3-642-19344-6


Big Data: Opportunities and Challenges 
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What if? 
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Distributed Computing 

• multicore CPU 

• manycore GPU 

• cluster computing 

• grid computing 

• cloud computing 

• … 
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How to distribute process discovery? 
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How to distribute process discovery? 
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How to distribute conformance checking? 
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How to distribute conformance checking? 
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Replication: Same event log on all 

computing nodes 
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Classification based on partitioning of 

event log: vertical and horizontal 
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Vertical distribution I:  

Split cases arbitrarily 
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Vertical distribution II:  

Split cases based on a specific feature 
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Horizontal distribution 
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Horizontal distribution: The key idea 
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Passage P=(X,Y) 
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Minimal passages 
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Passages define an equivalence relation 

on the edges in the graph 

PAGE 18 

a

b

c

d

e

f

g

h

i



Minimal passage 1: ({a},{b,c}) 
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Minimal passage 2: ({b,c,d},{d,e,f}) 
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Minimal passage 3: ({e},{g}) 
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Minimal passage 4: ({f},{h}) 
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Minimal passage 5: ({g,h},{i}) 
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So What? 

• Any process model can be partitioned in minimal 

passages. 

• Claim: Discovery and conformance checking can be 

done per passage!  
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Example result for Petri nets 
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“The event log fits all 

passages if and only if 

the event log fits the 

whole model.” 
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Key insight: interface transitions controlled by event log 



causal structure obtained using 

heuristics & domain knowledge 

Discovery example 
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Conformance checking 
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Create Skeleton 
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Net fragments per passage 

PAGE 29 

book car

c

add extra 

insurance

a

b

skip extra

insurance

c1

c

add extra 

insurance

d

change 

booking

e

confirm

b

skip extra

insurance

c2 e

confirm initiate 

check-in

f

c3

initiate 

check-in

j

check driver’s 

license

k

charge credit 

card

i

select car

g

supply 

car

f

h

add extra 

insurance

skip extra 

insurance

l

c4

c5

c6

c7

c8

c9

c10

c11
book car

c

add extra 

insurance

d

change 

booking

e

confirm initiate 

check-in

supply 

car

a

b

skip extra

insurance

f l

ac

ac

ab

ac

ac

ab

...

ce

cdde

bde

cddde

ce

be

...

ef

ef

ef

ef

ef

ef

...

fl

fl

fl

fl

fl

fl

...



Limitations 

• Need to discover causal 

dependencies first (only 

issue for discovery, use 

fuzzy/heuristic rules). 

• “Interface transitions” need 

to have a unique label. 

• Minimal passages may be 

large in dense graphs. 
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“Almost passages” 
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• balance between size and quality 

• discard same arcs in all passages (use 

an iterative procedure) 

• also adding arcs? (don't think so) 

Goal: small passages with only low-

frequent arcs violating the rule. 



Extended passages 
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Conformance checking (with silent steps 

inside passages) 
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Internal steps may be visible as long as 

they correspond to only one passage 

PAGE 34 

b

a

c

d

e

j

i

h
f

nk

l

m

o

pgi o

j

i

l

m

x

y

z

i x l 

i x l 

i j x y l » 

i j x y l m 

i j x l 

i » x l 



Aggregating conformance metrics 

• For all four conformance dimensions (fitness, simplicity, 

generalization, and precision)? 

• Overall metrics: aggregated local values should be close to 

global values (e.g., computed fitness value is a lower bound). 

• Local diagnostics (problem spots). 
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Discovery (no silent/internal transitions) 

• Finite set of possible places. 

• Finite set of subsets of places 

such that causalities hold. 

• Pick best one using conformance 

checking. 

(or ILP mining) 
PAGE 36 

b

a

c

d

e

j

i

h
f

nk

l

m

o

pgi o

j

i

l

m?

?



Discovery (with silent or internal 

transitions) 

• x and y are handled like the 

other interface transitions. 

• Bigger search space. 

• Good balance: one layer of 

silent transitions. 
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Tool Support in ProM  
(implemented by Eric Verbeek) 
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discovery 

conformance 

http://www.win.tue.nl/~hverbeek/doku.php


Passage-Based Conformance Checking 
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Process Model with 11 Passages 
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Conformance Checking per Passage 
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conformance is checked 

automatically per passage 



Discovery (no initial model, just events) 
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Example: 

• dependencies based on 

heuristics 

• passages discovered 

using ILP miner 



Summary 
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www.processmining.org 
 

www.win.tue.nl/ieeetfpm/ 


