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Abstract— Process mining is new techniques whereby knowledge
from event log stored in today’s information systems are
extracted to automatically construct business process models to
have a full understanding of the real behaviour of processes,
identify bottlenecks, and then improve them. Many process
discovery algorithms have been proposed today. However, there
are complex control-flow constructs that current discovery
techniques cannot correctly discover in models based on event
logs. These constructs are short loops, invisible tasks, and non-
free choice constructs. There is currently no algorithm that can
handle all of these structures in a restricted time. In this paper,
we propose a framework that detects from event logs the
complex control-flow constructs that exist. By identifying the
existing constructs from a given event log, one can identify the
process model notation or the process discovery algorithm
appropriate for the given event log. The framework has been
implemented in ProM and the results show that constructs are
identified correctly.

Keywords— Process mining, process discovery, control-flow,
constructs, event log, log characteristics, process structure.

I. INTRODUCTION

Process mining is a recent set of techniques which fall
between data mining, machine learning, process modelling
and analysis. Process mining consists of extracting knowledge
from process related data stored in today’s information
systems such as Workflow Management Systems, Enterprise
Resource Planning, Business Process Management Systems,
etc. The business process related data stored in the
information systems are called event logs. Using these event
logs, three major categories of process mining can be applied
[1]. 1) Process discovery techniques takes an event log as
input and automatically produce a process model which
represents the real behaviour of a business process. 2)
Conformance verification techniques compare the model
discovered using process discovery techniques with the
reference model (i.e., the a-priori model) of an organization or
compare the discovered model with the corresponding event
log. This allows businesses to confirm or correct their idea
regarding what they think is happening by discovering what is
really happening. 3) Process enhancement techniques tend to
improve or extend the existing model with the information in
the discovered model or in the event log. An overview on
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process mining framework is illustrated in Figure 1. In the
process discovery category, three perspectives are possible
depending on the information available in the event log. The
control-flow perspective can be discovered if the log provides
information about the tasks executed to handle a particular
case (i.e., process instance). The organisational perspective
can be derived if the event log contains information on the
persons, systems, or machines involved in the execution of the
tasks. The case perspective can be mined if the event log
contains additional data associated with tasks.

In this paper, we focus on the control-flow perspective of
process discovery category. There are actually plenty of
process discovery techniques that have been developed [2-4]
and applied successfully to various fields [5-7]. Nevertheless,
there are complex control flow constructs that current
discovery algorithms cannot correctly discover in models
based on event logs. These constructs are short loops, invisible
tasks, and non-free choice constructs. There is currently no
algorithm that can handle all of these structures in a restricted
time [4], [8]. Moreover, there are several process modelling
notations such as BPMN [9], Petri Net [10], Process Tree [11].
These notations can allow some control flow constructs as
well as it cannot allow some others.

This work proposes a framework for detecting the complex
control flow constructs based only on event logs. The
framework can be used to recommend process discovery
techniques suitable to a given event log or to recommend a
process model notation appropriate to a given event log.
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Figure 1. Process mining framework
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Il. CONTROL FLOW CONSTRUCTS

The most relevant constructs typically discovered by
process discovery algorithms are sequence, exclusive choice,
inclusive choice, parallelism, loops, invisible tasks, and non-
free choice constructs. We classify these constructs into
standards constructs that can be discovered by all of existing
process discovery algorithms and complex constructs that
cannot be mined by all of the algorithms. We are not
concerned with the standards constructs. Our main focus, in
this paper, is on the complex constructs which are short loops,
invisible tasks, and non-free choice constructs.

A. Short Loops

Short loops are classified into a short loop of length one
and or a short loop of length two. In a loop of length one,
there is one task that can be repeated several times, while a
loop of length two involves two tasks that can be repeated
many times.

B. Invisible Tasks

An invisible task is a hidden task that has been executed but
does not appear in the event log. For instance, the execution of
a task that has been skipped to allow flexibility in the
execution of a process is an invisible task that exists in the
process model but cannot be recorded in the event log [12].
We classify invisible tasks into Short Skip in sequence, Short
Skip in parallel, Long Skip in sequence and Long Skip in
Parallel to skip the execution of one or multiple activities; and
into Short Redo in sequence, Short Redo in parallel, Long
Redo in sequence and Long Redo in Parallel to repeat the
execution of one or multiple activities.

C. Non-Free Choice Constructs

A non-free choice construct combines choice and
synchronization [13] which means, the choice between two or
more activities is dependent to the activities that have been
executed before in a given process model. Non-free choice
constructs can be detected by detecting implicit dependencies.
Implicit dependency is an indirect causal relationship between
activities.

I11. COMPLEX CONTROL-FLOW CONSTRUCTS DETECTION

In this section, we present the equations used to detect short
loops, invisible tasks, non-free choice and non-free choice
involved in invisible tasks in a given event log. The equations
for detecting the complex constructs are based on the
extensions of alpha miner [2]. Compared to other algorithms,
the extensions of alpha miner (i.e., alpha™ [13], alpha® [14],
alpha®[12]) address most of the construct separately, i.e., short
loops, all types of invisible tasks and non-free choice
constructs. The ordering relations defined in alpha algorithm
extensions are used to discover a process model. In this paper,
we use the ordering relations and improve some of them to
detect the existence of complex control-flow constructs in an
event log.

A. Basic and Advanced Ordering Relations
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In a algorithm, the originator and the driver of the
a — extensions algorithms, the following relations were
defined: >L! AL, OL, =1 ”L’ -_:tL, >>L, >L, <, B, <9,
Between-Set, as 3 and = . Relation > represents two
activities that can successively be executed. If the same

activity is executed two or multiple times successively, then
the direct succession refers to a loop with length-one structure.

Relation A; expresses a loop with length-two structure (e.g.,
aba). This relation is used also to distinguish length-2-loop

from a parallel routing. Relation ¢ refers to two-way loop-2-
length, which means two activities have the A; relations
between each other (e.g. aba, bab). Relation —; shows the

direct causal relation between two activities. Relation ||,
represents the activities that can be executed concurrently (e.g.,

ab, ba). Relation #, refers to two activities never following
each other directly. >>| reflects the indirect reachable
dependency between two tasks and &, reflects the indirect or
direct reachable dependency between two tasks. Relation <,
represents XOR-Split, ©; corresponds to XOR-Join and

<, represent AND-split. Between-Set (Between(L, a, b))
depict the activities that occur between two activities. If the
two tasks are the endpoints of a parallel construct, the
Between-Set is the set of activities in the parallel branches. In

a parallel workflow, the relations =1, and >y, are defined as

33;and =; respectively to eliminate the interference of
parallel constructs (:ifh and Zih for short skip and redo,

=57 and >3 for long skip and redo).

Definition (Basic and advanced Ordering relations)

Let A be a set of activities, L be an event log over A, a and b
be two activities in A, the ordering relations defined in & and
at, att, a*, a® algorithms as follows:

® a> b © Jo=tyt,..t,ELIE]L . ..,n—
l:t;=aAt 1 =D,
® alA b © Jo= t1t, .. t,ELIEL ...,n—-2:t; =
tiva = AAtiyq = b,
* a0, b o @A, b))V (bA, a),
a-. b @((a>Lb)A(b>La))V(aOL b),
all,hb @@>,b)A (b>,a)A (b4 La),
a#, b o ((a®, )N *,a),
a» b e Jo=tity .ty ALjEL ., ni<jA
ti=aAtj=b AVkE[i+1,..,j—1]:ty #aA t # b,
® as b ©(a—,b)V(a>,b),
* a9, bo(a#,b)AIceh(c mLa)A
(C L b),
® ac; b ©(a#,b)AIceEA:(a—>, )N
(b -, o),
¢ g, Ax,y€A:(a -, x)AN(a =, y) A
(x ll.y).
® Between(o,a,b) = {ak|315i<jsm(o*i =aAo =
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b)Ai <k <jA Aiqcj(o;=aVo, =Db))},
® —Between(o,a,b) ={o|1 <k <m} \
Between(o, a, b),
* Between(L,a,b) = Uy, Between(o,a,b) \Uy¢,
—Between(o, a, b),
¢ a>"b o 3x € Between(L,a,b) A\Vm €
(Between(L,a,b) \ {x}):(m ||,x)
A 3,¢.Between(o,a,b) € (Between(L,a, b) \ {x}),
¢ a3i"bo ((a >R p)A (b 5" a)) vV (ad,b),

e a>b o 3,,4 Between (L,x,y) ©
Between (L,a,b) A Vm €

(Between(L,a,b) \ (Between(L,x,y) U {x,y})) Vn €
Between (L,x,y): (m ||, n) A 3,¢, Between (o,a,b) <
(Between(L, a, b) \ {x,y}).

B. Control-Flow Constructs Detecting Dependencies

In this section, we present the dependencies that detects the
complex control-flow constructs: short loops of length one
and two, invisible tasks of types short skip and redo and long
skip and redo in sequence and in parallel, non-free choice
constructs, and invisible tasks involved in a non-free choice
constructs. The dependencies are defined in Table 1.

a-pb e (ag,d)Abeyb)A(a>, b)
A(a=>; b").

Invisible X &, m © Ag=1vaer)aver (@=L x) A (x > b)
FasksI i A b e pre—a MAByes b &1 pre—a M,

:'almr:gr:/?relen mepx © Agep apeLvp=1) (@ =1 X)

choice A (x L b) Am >L,pre:b a A anEtT m >L,pre:n a,
construct X &Y © 3(a,=1va,€L) AbEL A ayEL A (B,ELV by=T)

(a; =L x) A (x oy b)) Alag =, ) A (¥ >y by)
A bl >L,pre=a1,post=b2 az

A anEL bl >'L,pr(-;’:al,post:bn az.

TABLE 1. CONTROL-FLOW CONSTRUCTS DETECTING DEPENDENCIES
Constructs | Detecting equation
Loop of a>a © Jo= tit, ...ty €LiEL, ..., n—1:
length one ti=a Aty =a.
Short skip a-»¥bh o @-=;b)ANIx €l (a—-, x)A
insequence | (x =, b) A (x 4y b) A(aty x) A(x #, x).
Short redo y-ix WP, x)AIaeT:(a->, x)A
in sequence oL )N a)A (@, y)A(a>) a).
Long skip a-b o @-,b) Adx,yEA(a—>y, x)
insequence | A (yo b)) A (yFL )N (x,D)A(at, y)A

(x & y).

Long redo y-»iSx © 3ab€A: (@a—,x) A (y—, b)
insequence | A (x4, D)A (yH,a) A (s, a)A (a>, b).
Short skip a-Phbedxyed(a->,x) Ay-Lb)A
in parallel (x kL. D)A (y ¥, @) A(a 35" b).

Short redo y-rPxedacd(@a-o,x) A(y-oLa)

in parallel Aat, )N G, a)A(y 3t x)A(a >, a).
Long skip a-PheIxyed(@—,x) A (y—,b)
nparallel |\ pA v @A (@SEB) Ay B ) A
(x & y).
Longredo | y-»'"? x & 3a,b€d:(a—,x) A (y -, b)
inparallel | A, b)Y A i @) A (y 29 %)
ANbE AN a).
Non-free a-pb &@*, b)A Iced(a>,¢)
Choice A(cg,b) NAteA:(t>, a)
Constructs | A((t>,a) v (t],),

a—-21h ©(@>»;, b)A a< A 3Ib' € A:
(ba b )NAteAia>, t A(t s, bort]b)
ATt € Aia >, t' A(t"Lb V t'||LD),
a—-22b ©(@>», b)A by A Ja" € A:
(ac,a)NBte At >, bA(a s, toralt)
ATt € A:t"”th A (a'®it' v /|| t)),

a —;2 b & a—>L21b Va2 b,and
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Dependency a >; a detect short loop of length one. The
following dependencies a ~»>Sb , x -5y , a5 b,
xSy a3 h,y-x, a-P b,y " x reflects the
mendacious dependencies associated with invisible tasks of
types Short Skip in Sequence, Short Redo in Sequence, Long
Skip in Sequence, Long Redo in Sequence, Short-Skip in
Parallel, Short-Redo in Parallel, Long-Skip in Parallel, Long-
Redo in Parallel respectively. The dependencies =1, =z,
and —;s are implicit dependencies which detect non-free
choice constructs. X &, m, m &, x, x &, y detect reachable
dependencies related to invisible tasks in a non-free choice
construct.

IV.IMPLEMENTATION AND EVALUATION

We have implemented the framework detecting complex
control flow constructs in ProM. ProM is an extensible
framework that provides a comprehensive set of plugins for
the discovery, conformance checking and analysis of process
models from event logs and can be downloaded from
http://www.processmining.org. The plugin works as follows.
Once the event log in question is imported in ProM, the plugin
“Control Flow Constructs Detection” is selected and run. The
output is a table which indicates whether the complex
constructs (i.e., Short loops of length one (L,,, for short), Short
loops of length two (L), invisible tasks of type Short-Skip in
sequence (IvT — SSg,,), invisible tasks of type Short-Skip in
parallel (IvT — SS,q,), invisible tasks of type Short-Redo in
sequence (IvT — SRy, ), invisible tasks of type Short-Redo in
parallel (IvT — SR,,,), invisible tasks of type Long-Skip in
sequence (IvT — LS., ), invisible tasks of type Long-Skip in
parallel (IvT — LS,,), invisible tasks of type Long-Redo in
sequence (IvT — LR,,), invisible tasks of type Long-Redo in
parallel (IvT — LR,,), non-free choice construct (NFC), and
invisible tasks involved in a non-free choice construct (IvT-
NFCQ)) exist or not in the event log by showing “YES” if exist
and “NO” if not.

The framework has been evaluated using 20 artificial event
logs. The 20 artificial event logs contain randomly the
aforementioned constructs. In the set of 20 models, the
maximum number of activities in a process model is less than
15 and the number of cases in one event log is less than 30.
The obtained results on the existing constructs are compared
with the constructs existing in the reference models of the 20
logs. The comparison is shown in Table 2.

The results shows that the constructs existing in reference
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models and the constructs detected with our framework are
similar which indicates that our framework is powerful.

TABLE 2. COMPARISON BETWEEN THE CONSTRUCTS EXISTING IN THE
REFERENCE MODELS AND THE CONSTRUCTS DETECTED WITH THE PROPOSED

FRAMEWORK
Event Detected Reference Existing
logs constructs models constructs
L1 IVTsspar M, IvTSSpM
) I UTLRWT M;, I UTLRWT
Ls IUTSSseq M;3 IUTssseq
La I VTLsseq M4 I VTLsseq
Ls Lop, IVTiR,,, M,s5 Lop, IVTiR,,,
Ls Lip, VTR, M6 Lip, VTR,
L7 VT yEc M, IWTypc
Ls NFC, IvTss,,, M,g NFC, IvTss,,,
Lo Lip, VTss,, » M, Lip, IVTss,,,,
IvTLRseq IvTLRseq
Lio Lyp, Ly, NFC M;1o Lyp, Ly, NFC
L1 ITygc, IUTSSseq M;11 ITypc, IUTSSseq
L1 ITsR,,» Lop M;12 ITsR,,,» Lop
Lis Lap, IVTss,,,, M3 Lap, IVTss,,,,
L4 Lyp, VTR, NFC M, 14 Lyp VTR, NFC
Lis WTss, . Vs, M;5 s, Vs,
Lis Lop, IVTis,,,, M, 16 Layp, IVTss,,,
IvTSSseq I VTLSseq
Li7 Ty, NFC M, 1, T, NFC
Lis ITss,, ., [VT1s,,» Mg ITss 0 [VT1s,
Ly, NFC Ly, NFC
Lio Loy, IWTnEc M9 Loy, IWTnEc
L2o Lyp, IWTyic M, 20 L1y, WTyic

reference  models.

V. CONCLUSIONS

This study proposed a framework to detect the complex
control flow constructs that can exist from a given event log.
The framework has been implemented in ProM and evaluated
using artificial event logs and their reference models. The
results show that the constructs detected using the proposed
framework are similar to the constructs existing in the

This framework can be used for

recommending the appropriate algorithm or the appropriate
process model notation to a given event log. In future work,
we will evaluate this framework using real-life event log.
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