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Abstract. Process mining techniques can be used to extract non-trivial
process-related knowledge and thus generate interesting insights from
event logs. Similarly, bioinformatics aims at increasing the understand-
ing of biological processes through the analysis of information associated
with biological molecules. Techniques developed in both disciplines can
benefit from one another, e.g., sequence analysis is a fundamental as-
pect in both process mining and bioinformatics. In this paper, we draw
a parallel between bioinformatics and process mining. In particular, we
present some initial success stories that demonstrate that the emerg-
ing process mining discipline can benefit from techniques developed for
bioinformatics.
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1 Introduction

Bioinformatics aims at increasing the understanding of biological processes and
entails the application of computational techniques to understand and organize
the information associated with biological macromolecules [1]. Sequence analysis
or sequence informatics is a core aspect of bioinformatics that is concerned with
the analysis of DNA/protein sequences1 and has been an active area of research
for over four decades.

Process mining is a relatively young research discipline aimed at discovering,
monitoring and improving real processes by extracting knowledge from event
logs readily available in today’s information systems [2]. Business processes leave
trails in a variety of data sources (e.g., audit trails, databases, and transaction
logs). Hence, every process instance can be described by a trace, i.e., a sequence
of events. Process mining techniques are able to extract knowledge from such
traces and provide a welcome extension to the repertoire of business process

1 DNA stores information in the form of the base nucleotide sequence, which is a string
of four letters (A, T, G and C) while protein sequences are sequences defined over
twenty amino acids and are the fundamental determinants of biological structure
and function.
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analysis techniques. The topics in process mining can be broadly classified into
three categories (i) discovery, (ii) conformance, and (iii) enhancement. Process
discovery deals with the discovery of models from event logs. For example, there
are dozens of techniques that automatically construct process models (e.g., Petri
nets or BPMN models) from event logs [2]. Discovery is not restricted to control-
flow; one may also discover organizational models, etc. Conformance deals with
comparing an apriori model with the observed behavior as recorded in the log
and aims at detecting inconsistencies/deviations between a process model and
its corresponding execution log. In other words, it checks for any violation be-
tween what was expected to happen and what actually happened. Enhancement
deals with extending or improving an existing model based on information about
the process execution in an event log. For example, annotating a process model
with performance data to show bottlenecks, throughput times etc.

Despite several success stories there are still significant challenges that need
to be addressed in applying process mining techniques on real-life event logs.
Some of these challenges include:

– Dealing with less structured processes: most processes mined from real-life logs
tend to be less structured than what stakeholders expect. The discovered pro-
cess models are often spaghetti-like and are hard to comprehend. Many factors
lead to such a behavior e.g., heterogeneity of cases, fine granular events, etc.
Process models can be seen as “maps” describing the operational processes
of organizations. There is a need for techniques that enable the discovery of
navigable process maps with seamless zoom-in/zoom-out facility (hierarchical
process models with different perspectives).

– Dealing with fine granular event logs: some event logs (especially those that
emanate from large scale processes, high-tech systems such as medical systems,
copiers and scanners, etc) contain events at a very low abstraction level. Stake-
holders would like to view processes at a more coarse-grained level. There is
a need for (semi-)automated means of aggregating low-level events into high-
level events. Voluminous data is a natural side effect of such fine granular event
logs. This imposes an additional requirement on the process mining techniques
to be scalable as well.

– Provisions for process diagnostics: The lion’s share of process mining research
has been devoted to control-flow discovery. Process diagnostics, which encom-
passes process conformance checking, auditing, process performance analysis,
anomaly detection, diagnosis, inspection of interesting patterns and the like,
is gaining prominence in recent years [3, 4, 5, 6, 7]. There is a need for tech-
niques that assist auditors and analysts in their diagnostic efforts [8].

– Dealing with process changes: contemporary process mining techniques assume
the processes to be in steady state. However, in reality, processes may change
to adapt to changing circumstances, e.g., new legislation, extreme variations
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in supply and demand, seasonal effects, etc. Concept drift refers to the situ-
ation in which the process is changing while being analyzed [9]. There is a
need for techniques that deal with such “second order dynamics”. Analyzing
such changes is of utmost importance to get an accurate insight on process
executions at any instant of time.

It is important to note that, to a large extent, sequence analysis is a fundamen-
tal aspect in almost all facets of process mining and bioinformatics. In spite of
all the peculiarities specific to business processes and process mining, the rel-
atively young field of process mining should, in our view, take account of the
conceptual foundations, practical experiences, and analysis tools developed by
sequence informatics researchers over the last couple of decades. In this paper,
we describe some of the analogies between the problems studied in both disci-
plines. We present some initial successes which demonstrate that process mining
techniques can benefit from such a cross-fertilization.

The remainder of this paper is organized as follows. Section 2 introduces some of
the basic process mining concepts and illustrates some of the challenges already
mentioned. The subsequent sections relate ideas and techniques from bioinfor-
matics to process mining. Section 3 points out similarities in the structuring
mechanisms used in both domains, e.g., the hierarchy of protein structures is
compared to the hierarchical structuring of events in processes. Section 4 dis-
cusses commonalities between alignments in biology and traces in event logs.
Section 5 relates phylogeny (the creation of tree structures showing inferred
evolutionary relationships among various biological species) to process configu-
ration. Section 6 concludes the paper.

2 Preliminaries: Process Mining

The goal of this paper is to show that process mining can benefit from ideas and
techniques originating from bioinformatics. However, before doing so, we first
introduce some of the basic process mining concepts and illustrate that there
are indeed several problems to be tackled.

Process mining serves a bridge between data mining and business process mod-
eling. The goal is to extract process-related knowledge from event data recorded
by a variety of systems (ranging from sensor networks to enterprise information
systems). Starting point for process mining is an event log. We assume that
events can be related to process instances (often called cases) and are described
by some activity name. The events within a process instance are ordered. There-
fore, a process instance is often represented as a trace over a set of activities.
In real-life event logs, events have timestamps, associated resources (e.g. the
person executing the activity), transactional information (e.g., start, complete,
or suspend), data attributes (e.g., amount or type of customer). However, for
clarity, we abstract from such additional information. Therefore, we can use the
following basic notations:
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– Σ denotes the set of activities. Σ+ is the set of all non-empty finite sequences
of activities from Σ.

– A process instance (i.e. case) is described as a trace over Σ, i.e., a finite
sequence of activities. Examples of traces are abcd and abbbad.

– Let T = T (1)T (2)T (3) . . . T (n) ∈ Σ+ be a trace over Σ. T (k) represents the
kth activity in the trace. |T | = n denotes the length of the trace T .

– An event log, L, corresponds to a multi-set (or bag) of traces from Σ+. For
example, L = [abcd, abcd, abbbad] is a log consisting of three cases. Two cases
follow trace abcd and one case follows trace abbbad.

a

start register 

request

b

examine 
thoroughly

c

examine 
casually

d

check ticket

decide

pay 
compensation

reject 
request

reinitiate 
request

e

g

h

f

end

c1

c2

c3

c4

c5

 abdeh

 adceg

 acdefbdeg

 adbeh

 acdefdcefcdeh

 acdeg

 ...

a = register request

b = examine thoroughly

c = examine casually

d = check ticket

e = decide

f = reinitiate request

g = pay compensation

h = reject request

Fig. 1. Process discovery aims to learn a process model (in this case a Petri net) from
traces of activities.

As mentioned in Section 1, event logs can be used to conduct three types of
process mining: (i) discovery, (ii) conformance, and (iii) enhancement [2]. Pro-
cess discovery—discovering a process model from example behavior recorded
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in an event log—is one of the most challenging tasks in process mining. To-
day there are dozens of process discovery techniques generating process mod-
els using different notations (Petri nets, EPCs, BPMN, heuristic nets, etc.).
Fig. 1 illustrates the basic idea of process discovery. An event log contain-
ing detailed information about events is transformed into a multiset of traces
L = [abdeh, adceg, acdefbdeg, adbeh, acdefdcefcdeh, acdeg, . . . ]. Process dis-
covery techniques are able to discover process models such as the Petri net shown
in Fig. 1.

Event logs may be incomplete and contain noise. Noise refers to rare and in-
frequent behavior not representative for the typical behavior of the process. In-
completeness refers to the problem that one typically sees only a fraction of all
possible behaviors. Traces that are not seen in the log are not necessarily impos-
sible; we only see positive examples and no negative examples. Process mining
algorithms need to be able to deal with noise and incompleteness. Generally, we
use four main quality dimensions for judging the quality of the discovered process
model: fitness, simplicity, precision, and generalization [2]. A model with good
fitness allows for the behavior seen in the event log. The simplest model that
can explain the behavior seen in the log, is the best model (Occam’s Razor). A
model that is not precise is “underfitting”. Underfitting is the problem that the
model over-generalizes the example behavior in the log, i.e., the model allows for
behaviors very different from what was seen in the log. A model that does not
generalize is “overfitting”. Overfitting is the problem that a very specific model
is generated whereas it is obvious that the log only holds example behavior, i.e.,
the model explains the particular sample log, but a next sample log of the same
process may produce a completely different process model.

B_Catheter a Demeure
(start)
2096

O_ECG dagelijks
(schedule)

2191

 0,996
 1449

B_Halsinf./subclavia op OK
(start)
1294

 0,998
 755

O_ECG op aanvraag
(schedule)

281

 0,969
 51

B_Drain(s) wond
(start)
167

 0,917
 48

B_Doorbewegen
(start)
129

 0,981
 56

B_Wondzorg open buik
(start)

33

 0,667
 8

B_Nefrostomie catheter L
(start)

7

 0,667
 4

O_Benzodiazepines
(schedule)

1

 0,5
 1

O_CT-schedel
(schedule)

30

 0,667
 9

B_Primo luchtmatras
(start)

48

 0,857
 19

O_X arm
(complete)

1

 0,5
 1

B_Supra Pubische blaascath
(start)

23

 0,5
 2

B_Oogglazen
(start)

3

 0,5
 2

B_Decubitus zorg stadium 1
(start)

7

 0,667
 3

B_Decubitus zorg stadium 2a
(start)

9

 0,5
 4

B_Ureter catheter L
(start)

5

 0,5
 1

B_Decubitus zorg stadium 2b
(start)

3

 0,5
 2

B_Halsinf./subclavia op Ok
(start)
772

B_Maagsonde
(start)
2430

 0,992
 657

B_Perifeer infuus
(start)
2837

 0,936
 2032

B_Wisselligging
(start)
306

 0,958
 78

C_-Asystolie
(complete)

6

 0,5
 1

 0,979
 44

B_Bi-PAP
(start)

6

 0,5
 2

B_Verwijderen Agraves
(start)

5

 0,5
 1

B_IPPB
(start)

8

 0,5
 2

B_Verband spalk
(start)

7

 0,5
 3

B_Uro stoma
(start)

12

 0,5
 2

B_Beademing
(start)
2187

 0,982
 1050

B_Catheter a demeure
(start)
534

 0,998
 532

B_Weanen
(start)
355

 0,929
 100

B_Tracheostomie - percutaan
(start)

36

 0,5
 5

B_Reintubatie
(complete)

73

 0,8
 20

B_Defibrilatie
(complete)

12

 0,5
 2

B_Orthopaedische tractie
(start)

2

 0,5
 1

C_Resp Insuff
(complete)

6

 0,5
 3

B_Pacemaker inbrengen
(complete)

7

 0,5
 3

B_Thoraxdrain
(start)
1863

 0,999
 1659

O_X-thorax dagelijks
(schedule)

2308

 0,962
 414

B_Perifeer infuus 2
(start)
265

 0,903
 152

 0,965
 122

B_Swan Ganz op OK
(start)
117

 0,958
 25

B_Drain(s) redon
(start)
210

 0,9
 51

O_EMV score
(schedule)

10

 0,667
 5

O_Echo nier blaas prostaat
(schedule)

15

 0,5
 3

B_PCA pomp
(start)

19

 0,667
 5

C_s1 Shock, Septisch
(start)

24

 0,5
 4

O_Toxicologie
(schedule)

2

 0,5
 1

O_Transthoracaal ECHO
(schedule)

12

 0,667
 4

C_Decubitus stuit st. 3a
(start)

1

 0,5
 1

C_Flebitis
(start)

2

 0,5
 1

 0,992
 1718

B_Drain golf
(start)

23

 0,667
 6

O_Pleura vocht kweek
(schedule)

31

 0,667
 17

B_Pleura Punctie
(complete)

3

 0,5
 2

C_Subcutaan emfyseem
(complete)

1

 0,5
 1

 0,969
 2169

B_Basiszorg
(start)
2010

 0,967
 1169

O_Wegen 3x per week
(schedule)

123

 0,75
 6

 0,969
 66

B_Beademing
(complete)

1868

 0,984
 1564

B_Perifeer infuus
(complete)

1573

 0,909
 1197

B_Arterie lijn op OK
(complete)

1280

 0,833
 1024

M_MeasurementChemistry
(complete)

19168

 0,995
 1716

O_ECG cito
(schedule)

35

 0,667
 6

B_Medium care
(start)
768

 0,889
 195

B_Pacemaker standby
(start)
229

 0,909
 41

M_MeasurementDecubitus
(complete)

824

 0,923
 130

B_Catheter epiduraal
(start)
170

 0,975
 56

O_Wond inspectie
(schedule)

4

 0,5
 1

B_IABP in op OK
(start)

56

 0,889
 15

O_CT thorax
(schedule)

14

 0,75
 5

B_CAPD
(start)

2

 0,5
 2

B_Arterie lijn op OK
(start)
2002

 0,964
 929

 0,927
 1518

B_Pacemaker AAN
(start)
158

 0,95
 33

C_Shock, Anaphylactisch
(start)

6

 0,5
 1

B_Isolatie strikte
(start)

4

 0,5
 1

B_Actief koelen
(start)

2

 0,5
 1

C_Stridor
(start)

2

 0,5
 1

C_Platzbauch
(start)

4

 0,5
 1

M_MeasurementBloodGas
(complete)

28252
 1

 21398

B_Actief warmte toevoegen
(start)
158

 0,889
 115

B_O2 masker/neusslang
(start)
1954

 0,9
 1359

C_Bacteriemie
(start)

22

 0,833
 18

O_Bloedkweek 1
(schedule)

412

 0,968
 326

B_Bi of Trilumen Catheter
(start)
101

 0,8
 49

C_-VT
(start)

16

 0,5
 11

B_Arterie lijn op ICU
(start)
327

 0,9
 176

B_Perifeer infuus 2
(complete)

143

 0,889
 106

C_-Asystolie
(start)

16

 0,7
 10

B_Bronchiaal toilet
(start)
373

 0,833
 194

C_Trombopenie
(start)

5

 0,5
 5

C_CVA
(start)

13

 0,923
 13

C_Pneumonie (klinisch)
(start)

4

 0,5
 2

O _ B EE
(schedule)

291

 0,995
 250

C_ARDS
(start)

12

 0,75
 9

C_Psychose/verward
(start)

36

 0,833
 33

 0,8
 27

O_Wegen 3x per week
(complete)

35

 0,9
 19

B_Cardioversie
(start)

90

 0,8
 51

B_Bezoek: afw. tijden
(complete)

40

 0,8
 32

O_Vancomycine dal / top
(schedule)

30

 0,667
 25

B_Minitracheotomie
(start)

4

 0,667
 4

B_Minitracheotomie
(complete)

2

 0,667
 2

B_Medium care
(complete)

390

 0,969
 320

B_Arterie lijn op ICU
(complete)

184

 0,803
 158

C_Sufheid
(start)

36

 0,889
 21

C_Anurie (<1ml/kg/24u)
(start)

35

 0,75
 23

C_Ischemie, Myocard
(start)

20

 0,667
 12

O_SDD keelkweek Ma/Do
(schedule)

293

 0,961
 147

C_MI zeker
(start)

46

 0,875
 41

B_Extubatie
(start)
202

 0,974
 161

B_Catheter a Demeure
(complete)

150

 0,861
 83

B_Liescatheter(s)
(start)

90

 0,8
 57

O_Wond kweek
(schedule)

93

 0,825
 62

B_Halsinf./subclavia op IC
(start)
112

 0,833
 45

O_ECHO Buik
(schedule)

28

 0,643
 18

O_EEG
(schedule)

6

 0,5
 5

C_Bloeding waarvoor reOK
(start)

48

 0,75
 38

O_Gentamycine dal / top
(schedule)

122

 0,875
 95

C_Oligurie (< 5 ml/kg/24u)
(start)

40

 0,833
 28

C_Beademingsafhankelijkheid
(start)

27

 0,875
 19

B_Drain(s) sump
(start)

5

 0,667
 3

O_CT-buik
(schedule)

32

 0,8
 25

B_Bloedtoediening met druk
(start)

5

 0,667
 5

B_Oogzalven / druppelen
(complete)

56

 0,8
 41

B_Drain(s) wond
(complete)

58

 0,857
 41

B_Fixateur Externe
(start)

3

 0,5
 3

C_Hemi-beeld
(start)

7

 0,667
 6

C_-VKF, atrium-flutter
(complete)

52

 0,75
 31

C_DIS
(start)

17

 0,833
 15

C_Resp Insuff
(start)

82

 0,75
 62

B_Basiszorg
(complete)

43

 0,833
 15

O_Pulmonalis angio
(complete)

1

 0,5
 1

C_Febris e.c.i.
(start)

6

 0,667
 6

O_Coronair angiogram
(schedule)

6

 0,667
 3

B_PTCA
(complete)

4

 0,667
 3

B_Liescatheter(s)
(complete)

31

 0,5
 21

B_Vernevelaar
(complete)

17

 0,857
 14

O_TEE
(schedule)

84

 0,833
 44

C_Non oligurische nierinsuf
(start)

13

 0,75
 10

B_Air fluid bed
(complete)

28

 0,955
 27

B_Halsinf./subclavia op IC
(complete)

50

 0,667
 35

C_Autoextubatie
(start)

50

 0,75
 44

O_X been
(schedule)

2

 0,5
 2

C_Pneumothorax
(start)

31

 0,8
 22

B_Verpleegvorm boomstam
(complete)

7

 0,667
 6

C_Para-valvulair lek na OK
(start)

5

 0,5
 4

C_Bronchitis (klinisch)
(start)

20

 0,833
 19

C_Acute Tubulus Necrose
(start)

24

 0,8
 17

B_CVVH
(complete)

55

 0,679
 44

B_Intermit. catheteriseren
(complete)

16

 0,909
 14

C_Pancreatitis
(complete)

1

 0,5
 1

C_Bronchitis -purulent
(start)

13

 0,8
 13

B_Tracheostoma/Tube LOS
(complete)

57

 0,722
 41

O_Kweek art. lijn
(schedule)

14

 0,5
 7

B_Duo luchtmatras
(complete)

57

 0,762
 38

C_Lijn sepsis
(start)

9

 0,667
 8

O_Kweek liescatheter veneus
(schedule)

10

 0,625
 6

C_Depressie
(start)

1

 0,5
 1

B_Uritip
(start)

3

 0,5
 2

O_ECG 3 x p.w.
(complete)

10

 0,667
 9

B_Clysmeren
(start)

14

 0,667
 9

B_IABP in op OK
(complete)

53

 0,75
 38

C_MI mogelijk
(start)

37

 0,8
 31

C_MI mogelijk
(complete)

3

 0,5
 3

C_-SVT, paroxysmaal
(start)

15

 0,7
 12

B_Low flow bed
(start)

21

 0,667
 15

B_Low flow bed
(complete)

10

 0,8
 10

B_Tracheostomie
(start)

21

 0,667
 17

O_Kweek peritoneum
(schedule)

7

 0,667
 3

O_Keel kweek
(schedule)

19

 0,75
 12

C_Icterus (bili > 50 )
(start)

7

 0,75
 5

O_Tobramycine dal / top
(schedule)

19

 0,667
 15

C_s3 Shock, Hypovolaemisch
(start)

7

 0,75
 7

O_Sigmoideoscopie
(schedule)

3

 0,5
 1

C_Empyeem
(start)

8

 0,75
 7

C_Urineweginfectie
(start)

2

 0,667
 2

O_Echo perifere vaten
(complete)

2

 0,5
 1

B_Buikligging
(start)

18

 0,667
 13

B_Primo luchtmatras
(complete)

14

 0,857
 9

C_Lekkage na plastiek
(start)

5

 0,667
 3

C_Decubitus hak st. 2a
(start)

3

 0,5
 2

C_-VF
(start)

13

 0,8
 7

C_Hypoglycaemie
(start)

25

 0,8
 20

B_Jejunumsonde
(complete)

6

 0,75
 6

C_Hyperglycaemie >20mmol/l
(start)

4

 0,667
 4

C_Subcutaan emfyseem
(start)

7

 0,667
 5

C_Fistel bovenste tr dig
(start)

3

 0,5
 1

C_Darmperforatie
(start)

5

 0,667
 3

B_Vacuum therapie
(start)

17

 0,667
 10

O_Fundus scopie
(schedule)

1

 0,5
 1

O_Fundus scopie
(complete)

1

 0,5
 1

B_Wondzorg open buik
(complete)

10

 0,833
 8

C_Hepatitis, drug induced
(start)

5

 0,667
 3

C_Hypoglycaemie
(complete)

2

 0,5
 1

B_Beademing Niet Invasief
(start)

8

 0,667
 5

B_Beademing Niet Invasief
(complete)

7

 0,75
 4

C_Rhabdomyolysis
(start)

1

 0,5
 1

B_CAVH(D)
(start)

4

 0,667
 2

B_CAVH(D)
(complete)

3

 0,5
 3

C_Aspiratie
(start)

5

 0,667
 3

B_Buikligging
(complete)

15

 0,545
 11

O_24 uurs urine Na Creat Ur
(schedule)

1

 0,5
 1

O_Kweek perifeer infuus
(schedule)

1

 0,5
 1

C_Abces
(start)

2

 0,667
 2

B_Isolatie strikte
(complete)

3

 0,5
 3

C_Critical illness polyneur
(start)

3

 0,5
 3

B_Actief koelen
(complete)

2

 0,667
 2

O_Huiduitstrijk Oksel Li /R
(schedule)

2

 0,5
 1

C_Hypoxemie
(start)

2

 0,5
 2

C_Ischemische hepatitis
(start)

6

 0,667
 3

C_Candidosis invasief
(start)

1

 0,5
 1

C_GI-bloeding
(start)

9

 0,625
 7

C_Decubitus overig st. 1
(start)

1

 0,5
 1

C_Autoextubatie
(complete)

11

 0,5
 6

B_Pacemaker inbrengen
(start)

7

 0,8
 5

C_Decubitus stuit st. 1
(start)

1

 0,5
 1

C_Ischemische darm
(start)

6

 0,8
 5

C_Pneumonie (mogelijk)
(start)

1

 0,5
 1

B_PEP masker
(complete)

5

 0,75
 4

C_Naadlekkage
(start)

3

 0,5
 3

C_Lijnkweek positief
(start)

2

 0,5
 2

C_Nosocomiale Pneumonie
(start)

13

 0,8
 11

C_Loge Syndroom
(start)

2

 0,667
 2

B_Fasciotomie
(start)

2

 0,667
 2

B_Fasciotomie
(complete)

2

 0,5
 1

C_Trombopenie
(complete)

1

 0,5
 1

C_GI-bloeding
(complete)

2

 0,5
 1

C_Pneumonie
(start)

5

 0,8
 4

B_NO beademing
(complete)

1

 0,5
 1

C_Tamponade
(complete)

2

 0,5
 2

C_Maagretentie(>1500 ml/24)
(start)

3

 0,667
 3

C_Beademingsafhankelijkheid
(complete)

3

 0,5
 1

B_Isolatie aerogene
(start)

1

 0,5
 1

B_Isolatie aerogene
(complete)

1

 0,5
 1

C_Pleisterlaesie
(start)

3

 0,75
 3

B_Necrotomie
(complete)

5

 0,5
 1

C_Platzbauch
(complete)

1

 0,5
 1

C_Peritonitis
(start)

2

 0,5
 2

C_Geen plaats afd
(start)

2

 0,5
 2

B_Empyeem spoeling
(complete)

1

 0,5
 1

O_Methyl blauw/ fistulogram
(complete)

2

 0,5
 1

C_Pleura-Effusie
(start)

2

 0,5
 1

C_Colitis, pseudomembraneus
(start)

1

 0,5
 1

C_Parotitis
(start)

1

 0,5
 1

B_IPPB
(complete)

2

 0,667
 2

B_Wondzorg open thorax
(complete)

3

 0,5
 2

C_Coma
(start)

2

 0,5
 1

B_Uritip
(complete)

1

 0,5
 1

B_Isolatie Universeel
(start)

3

 0,5
 3

C_ARDS
(complete)

1

 0,5
 1

C_Hyperglycaemie >20mmol/l
(complete)

1

 0,5
 1

B_Plasmaforese
(complete)

2

 0,5
 1

C_TIA
(start)

1

 0,5
 1

C_Cholecystitis, acalc
(start)

1

 0,5
 1

B_Decubitus zorg stadium 3b
(start)

1

 0,5
 1

C_Haemolyse
(start)

1

 0,5
 1

B_Decubitus zorg stadium 4b
(start)

1

 0,5
 1

C_Intra-peritoneaal Abces
(start)

1

 0,5
 1

B_Supra Pubische blaascath
(complete)

1

 0,5
 1

B_Verpleegvorm prikkelarm
(complete)

1

 0,5
 1

 0,889
 105

B_Actief warmte toevoegen
(complete)

150

 0,975
 147

B_Scleroseren GI bloeding
(complete)

4

 0,5
 1

B_PEG catheter
(start)

7

 0,5
 1

B_Donor Multi Orgaan
(start)

5

 0,667
 2

 0,9
 1296

 0,923
 150

O_ECG dagelijks
(complete)

374

 0,964
 57

C_Ischemie
(start)

35

 0,833
 8

O_Wegen dagelijks
(complete)

53

 0,75
 7

C_Hypotensie
(start)

17

 0,8
 5

B_Tracheostomie
(complete)

11

 0,5
 1

C_Bloedverlies > 50 ml/uur
(complete)

2

 0,5
 1

B_Empyeem spoeling
(start)

2

 0,5
 1

C_s3 Shock, Hypovolaemisch
(complete)

2

 0,5
 1

B_Ontlastende LP bij druk
(start)

1

 0,5
 1

B_Catheter spinaal
(start)

1

 0,5
 1

B_Thoraxdrain
(complete)

617

 0,817
 448

 0,918
 112

B_Catheter a demeure
(complete)

18

 0,75
 6

C_Darmperforatie
(complete)

2

 0,5
 2

O_Lab. 3x per week
(complete)

5

 0,5
 3

B_Reanimatie
(complete)

20

 0,667
 2

 0,8
 24

 0,974
 175

B_IABP in op ICU
(complete)

12

 0,5
 4

C_Bloedverlies > 50 ml/uur
(start)

47

 0,833
 20

B_Swan Ganz op ICU
(complete)

15

 0,667
 3

B_Wondzorg overig
(complete)

23

 0,75
 14

B_Rethoratocomie op OK
(complete)

42

 0,667
 7

B_Amputatie Extremiteit
(start)

3

 0,5
 2

B_Isolatie contact
(complete)

3

 0,5
 3

B_PEP masker
(start)

6

 0,667
 4

C_Psychose/verward
(complete)

3

 0,5
 2

 0,942
 172

B_Halsinf./subclavia op OK
(complete)

106

 0,857
 38

B_Pacemaker AAN
(complete)

88

 0,7
 24

O_Doppler perifere vaten
(complete)

2

 0,5
 1

B_Bi of Trilumen Catheter
(complete)

29

 0,5
 3

B_PCA pomp
(complete)

2

 0,5
 2

C_s2 Shock, Cardiaal
(complete)

4

 0,5
 2

C_Sufheid
(complete)

4

 0,5
 3

C_Lekkage na plastiek
(complete)

1

 0,5
 1

M_MeasurementClinic
(complete)

12474

 0,978
 995

 0,935
 929

 1
 9484

O_X-thorax cito
(schedule)

60

 0,833
 29

 0,955
 316

B_Tracheostomie - percutaan
(complete)

20

 0,667
 17

C_s2 Shock, Cardiaal
(start)

47

 0,833
 32

 0,98
 153

O_SDD / SOD studie
(schedule)

131

 0,857
 80

O_Doppler perifere vaten
(schedule)

16

 0,75
 9

C_Bloeding waarvoor > 3 PC
(start)

15

 0,667
 9

B_Wisselligging
(complete)

64

 0,667
 45

C_Decompensatie na OK
(start)

3

 0,5
 1

C_Sternumwondinfectie
(start)

4

 0,5
 4

C_-Premature Slagen NNO
(start)

3

 0,5
 2

B_Laparotomie
(complete)

13

 0,5
 10

B_Jejunostomie
(complete)

2

 0,5
 2

C_Tamponade
(start)

7

 0,5
 4

B_Pleura Punctie
(start)

3

 0,5
 2

B_CPAP
(start)

18

 0,75
 12

B_Isolatie druppel
(start)

15

 0,667
 13

C_Hemorrhoiden bloedend
(start)

1

 0,5
 1

C_Ischemie waarvoor Re OK
(start)

9

 0,667
 3

C_Endocarditis
(start)

2

 0,5
 1

C_Cholecystitis, stenen
(start)

2

 0,5
 2

C_Thrombo-embolie art
(start)

2

 0,5
 2

C_Postanox encefalopat
(start)

3

 0,667
 3

O_Fenytoine
(schedule)

7

 0,5
 7

B_Decubitus zorg stadium 1
(complete)

3

 0,5
 3

B_Decubitus behandeling
(complete)

3

 0,5
 2

B_Isolatie Universeel
(complete)

2

 0,5
 1

 1
 13945

C_-VKF, atrium-flutter
(start)
181

 0,8
 168

 0,947
 179

 0,9
 43

 0,5
 5

 0,5
 13

C_Ileus
(start)

3

 0,667
 3

B_Isolatie druppel
(complete)

3

 0,5
 3

 0,5
 3

O_Lithium
(schedule)

1

 0,5
 1

C_Atelectase
(start)

6

 0,667
 6

B_Vacuum therapie
(complete)

6

 0,667
 6

B_Verband spalk
(complete)

2

 0,5
 2

 0,5
 2

B_Decubitus behandeling
(start)

4

 0,5
 4

O_BAL / Lavage
(schedule)

6

 0,5
 6

C_Leucopenie
(start)

1

 0,5
 1

O_Ascites kweek
(schedule)

2

 0,5
 2

O_Coloscopie
(schedule)

2

 0,5
 2

C_Pustuleuze afw
(start)

1

 0,5
 1

O_Liquor kweek
(schedule)

4

 0,667
 4

C_N Phrenicus Paralyse
(start)

1

 0,5
 1

 0,996
 534

 0,997
 533

 0,999
 1282

 0,964
 91

B_Fysiotherapie
(start)
371

 0,992
 244

 0,984
 86

B_Mobiliseren
(start)
237

 0,978
 106

O_Gastro / Duodenscopie
(schedule)

32

 0,667
 16

B_Bi-PAP
(complete)

5

 0,5
 3

B_Verpleegvorm boomstam
(start)

9

 0,5
 6

B_Verpleegvorm prikkelarm
(start)

6

 0,5
 5

O_Virus serologie
(schedule)

8

 0,5
 3

B_Verband gips
(start)

3

 0,667
 3

C_Decubitus stuit st. 2a
(start)

3

 0,5
 2

O_Paracetamol
(schedule)

2

 0,5
 1

B_Isolatie Beschermend
(start)

1

 0,5
 1

 0,98
 140

 0,98
 64

 0,944
 27

 0,75
 11

B_Wondzorg open thorax
(start)

10

 0,667
 8

 0,833
 22

O_ECG cito
(complete)

31

 0,812
 31

 0,889
 4

O_X-thorax cito
(complete)

53

 0,96
 49

O_Bloedkweek 2
(schedule)

258

 0,951
 230

O_Bloedkweek 1
(complete)

403

 0,955
 124

O_Cito GRAM + sputumkweek
(schedule)

97

 0,941
 23

O_Kweek bi/tri lumen cath.
(schedule)

61

 0,8
 8

O_Bloedkweek 3
(schedule)

14

 0,667
 7

O_Bloedkweek 2
(complete)

252

 0,944
 150

O_Sputum kweek
(schedule)

428

 0,939
 57

O_Faeces kweek
(schedule)

63

 0,833
 5

 0,938
 15

O_Cito GRAM + bronchuskweek
(schedule)

91

 0,933
 14

O_Kweek urinecatheter
(schedule)

30

 0,857
 7

 0,75
 11

O_Wegen dagelijks
(schedule)

158

 0,9
 99

O_Synacthen
(schedule)

55

 0,857
 15

C_s1 Shock, Septisch
(complete)

3

 0,5
 1

 0,857
 45

C_Myoclonieen
(start)

4

 0,5
 1

C_Dwarslaesie
(start)

1

 0,5
 1

O_Cito GRAM + sputumkweek
(complete)

94

 0,938
 39

O_Bloedkweek 3
(complete)

13

 0,833
 10

 0,9
 104

O_Keel kweek
(complete)

19

 0,5
 3

 0,8
 12

 0,875
 22

B_Reanimatie
(start)

26

 0,857
 15

 0,8
 87

B_IABP in op ICU
(start)

17

 0,667
 2

B_Ballonneren
(start)
317

 0,833
 67

B_Sonde-Voeding
(start)
365

 0,933
 86

B_Anus Praeter Naturalis
(start)

64

 0,8
 6

B_Bloedtoediening met druk
(complete)

4

 0,5
 2

O_Kweek sheath
(schedule)

7

 0,5
 2

B_Swan Ganz op ICU
(start)

18

 0,8
 4

 0,976
 135

B_PTCA
(start)

6

 0,5
 1

O_Ramsay-score
(complete)

3

 0,5
 2

B_Decubitus zorg stadium 3a
(start)

4

 0,5
 2

C_Polyurie (>40ml/kg/24u)
(start)

1

 0,5
 1

 0,667
 10

C_-VT
(complete)

2

 0,667
 2

 0,5
 2

 0,857
 8

 0,9
 289

B_IABP uit op ICU
(start)

1

 0,5
 1

 0,889
 93

B_PEG catheter
(complete)

3

 0,5
 1

C_-Brady / Aritmie
(complete)

2

 0,5
 1

B_O2 masker/neusslang
(complete)

213

B_Beademing gestart op ICU
(start)

61

 0,875
 20

B_NO beademing
(start)

1

 0,5
 1

B_Ontlastende LP bij druk
(complete)

1

 0,5
 1

O_Urine kweek
(schedule)

244

 0,946
 120

O_Urine kweek
(complete)

236

 0,97
 106

O_Benzodiazepines
(complete)

1

 0,5
 1

O_Kweek swan ganz
(schedule)

5

 0,5
 1

O_Kweek overige
(schedule)

49

O_Kweek overige
(complete)

47

 0,944
 44

 0,947
 201

 0,982
 168

O_Wond kweek
(complete)

88

 0,889
 7

O_Sigmoideoscopie
(complete)

3

 0,5
 1

O_Kweek perifeer infuus
(complete)

1

 0,5
 1

C_Exantheem / Rash
(start)

4

 0,5
 1

 0,833
 44

B_Duo luchtmatras
(start)
192

B_Wondzorg overig
(start)
270

 0,875
 24

C_Decubitus hak st. 1
(start)

2

 0,5
 1

 0,667
 2

 0,929
 386

B_Isolatie contact
(start)

7

 0,667
 2

B_Scleroseren GI bloeding
(start)

4

 0,5
 1

B_Pacemaker standby
(complete)

130

 0,857
 128

C_-Brady / Aritmie
(start)

22

 0,5
 4

 0,815
 83

B_Swan Ganz op OK
(complete)

100

 0,667
 26

 0,75
 8

 0,833
 52

B_Vernevelaar
(start)

25

 0,75
 12

 0,971
 54

 0,833
 317

B_Bezoek: afw. tijden
(start)

70

 0,857
 14

 0,909
 47

B_Bezoek: waken
(start)

52

 0,8
 14

B_Re OK
(start)

11

 0,5
 2

O_X-thorax 3 x p.w.
(complete)

4

 0,5
 1

B_Bezoek: kind. toegestaan
(start)

1

 0,5
 1

 0,917
 14

 0,909
 91

B_Weanen
(complete)

316

 0,8
 227

O_X TWK
(schedule)

1

 0,5
 1

C_Wondinfectie
(start)

3

 0,5
 1

B_Drain golf
(complete)

6

 0,5
 1

 0,8
 78

B_Tracheostoma/Tube LOS
(start)

85

 0,75
 53

O_IAP studie
(schedule)

2

 0,5
 1

 0,767
 106

O_Lab. 3x per week
(schedule)

10

 0,5
 1

O_Cystoscopie
(schedule)

1

 0,5
 1

 0,8
 142

 0,792
 31

 0,667
 5

 0,889
 11

 0,875
 29

 0,889
 94

B_Mobiliseren
(complete)

49

 0,667
 13

C_Oligurie (< 5 ml/kg/24u)
(complete)

5

 0,5
 3

C_Fibro-proliferatieve ARDS
(start)

5

 0,667
 3

C_-SVT, paroxysmaal
(complete)

4

 0,5
 2

 0,5
 4

O _ B EE
(complete)

290

 0,982
 282

O_EMV score
(complete)

3

 0,5
 1

 0,966
 271

 0,992
 269

O_Pulmonalis angio
(schedule)

1

 0,5
 1

C_Diabetes Insipides
(start)

1

 0,5
 1

C_Convulsie(s)
(start)

2

 0,5
 1

 0,8
 5

O_Sputum kweek
(complete)

405

 0,985
 391

O_Kweek peritoneum
(complete)

7

 0,5
 2

O_Virus serologie
(complete)

8

 0,5
 1

O_I.V Catheter kweek overig
(schedule)

29

 0,75
 6

 0,965
 170

C_s4 Shock, Onbekend
(start)

6

 0,5
 2

C_Bronchitis (mogelijk)
(start)

2

 0,5
 2

O_Huiduitstrijk Oksel Li /R
(complete)

2

 0,5
 2

O_Ascites kweek
(complete)

2

 0,5
 2

 0,75
 5

 0,75
 11

 0,833
 32

 0,857
 53

B_Isolatie beschermende
(start)

1

 0,5
 1

 0,667
 6

 0,75
 105

B_Anus Praeter Naturalis
(complete)

3

 0,5
 1

 0,8
 33

 0,571
 34

 0,667
 2

 0,85
 21

 0,972
 120

O_X-thorax op aanvraag
(schedule)

157

 0,872
 141

 0,823
 53

O_X-thorax dagelijks
(complete)

331

 0,909
 252

O_ECG 3 x p.w.
(schedule)

27

 0,706
 14

 0,8
 72

 0,889
 6

B_Cardioversie
(complete)

80

 0,815
 74

 0,75
 6

O_Methyl blauw/ fistulogram
(schedule)

2

 0,5
 1

 0,8
 31

O_ECG op aanvraag
(complete)

42

 0,667
 3

 0,833
 36

B_IABP uit op ICU
(complete)

1

 0,5
 1

O_Faeces kweek
(complete)

60

 0,975
 60

C_Candida kolonisatie
(start)

1

 0,5
 1

 0,955
 54

O_Lumbaal Punctie
(schedule)

5

 0,5
 1

 0,667
 17

O_Vancomycine dal / top
(complete)

28

 0,889
 13

 0,857
 27

B_Ballonneren
(complete)

216

 0,75
 97

 0,667
 2

B_Bronchiaal toilet
(complete)

247

 0,667
 4

 0,5
 1

 0,909
 32

 0,857
 14

B_Sonde-Voeding
(complete)

159

 0,769
 18

B_Catheter epiduraal
(complete)

39

 0,8
 7

B_Intermit. Haemo Dialyse
(complete)

14

 0,667
 4

O_X-thorax op aanvraag
(complete)

28

 0,667
 8

O_Coloscopie
(complete)

2

 0,5
 1

 0,667
 6

 0,875
 22

B_Drain(s) sump
(complete)

2

 0,5
 1

B_CPAP
(complete)

14

 0,571
 6

 0,889
 30

 0,75
 27

B_CVVH
(start)

87

 0,833
 19

 0,833
 28

 0,8
 8

 0,909
 35

 0,909
 4

O_kweek pacemakerdraad
(schedule)

3

 0,5
 1

O_Ramsay-score
(schedule)

5

 0,5
 1

O_X-thorax 3 x p.w.
(schedule)

22

 0,615
 13

 0,667
 11

C_Decompensatie geen OK
(start)

4

 0,5
 1

C_Hepatitis, drug induced
(complete)

1

 0,5
 1

 0,667
 18

C_Ischemie, Myocard
(complete)

1

 0,5
 1

 0,667
 14

O_SDD rectumkweek Ma/Do
(schedule)

300

 0,959
 282

O_SDD sputumkweek Ma/Do
(schedule)

288

 0,974
 277

O_SDD rectumkweek Ma/Do
(complete)

246

 0,75
 23

O_SDD sputumkweek Ma/Do
(complete)

232

 0,923
 214

O_SDD keelkweek Ma/Do
(complete)

240

 0,974
 208

O_SDD / SOD studie
(complete)

37

 0,833
 21

 0,766
 112

 0,875
 40

C_Longbloeding
(start)

3

 0,5
 1

 0,984
 203

B_Orthopaedische tractie
(complete)

2

 0,5
 1

B_Decubitus zorg stadium 4a
(start)

3

 0,5
 1

 0,5
 4

B_Extubatie
(complete)

198

 0,96
 198

 0,8
 17

 0,889
 23

 0,938
 168

 0,8
 41

 0,984
 168

O_Lithium
(complete)

1

 0,5
 1

 0,812
 167

O_IAP studie
(complete)

1

 0,5
 1

 0,909
 33

C_Intra-peritoneaal Abces
(complete)

1

 0,5
 1

B_Maagsonde
(complete)

894

 0,857
 123

B_Doorbewegen
(complete)

30

 0,8
 18

C_Hypertensie
(start)

1

 0,5
 1

B_Decubitus zorg stadium 3a
(complete)

2

 0,5
 1

 0,929
 15

 0,923
 16

B_Drain(s) redon
(complete)

66

 0,8
 60

B_Necrotomie
(start)

5

 0,5
 1

 0,989
 112

 0,955
 101

 0,947
 38

 0,947
 118

 0,911
 128

 0,917
 73

B_Fysiotherapie
(complete)

16

 0,667
 5

B_Plasmaforese
(start)

5

 0,5
 2

B_Intermit. catheteriseren
(start)

28

 0,769
 16

B_Blaasspoelen
(start)

12

 0,75
 4

 0,667
 2

B_Intermit. Haemo Dialyse
(start)

43

 0,833
 29

B_Blaasspoelen
(complete)

5

 0,5
 1

 0,8
 77

B_ E R C P
(start)

2

 0,5
 1

 0,923
 10

 0,889
 71

 0,952
 70

 0,947
 9

 0,889
 45

 0,75
 18

 0,875
 49

 0,833
 97

 0,8
 1

C_Leverfalen
(start)

2

 0,5
 1

O_ECHO Buik
(complete)

26

 0,938
 25

O_Echo perifere vaten
(schedule)

3

 0,5
 1

 0,667
 24

 0,5
 1

 0,8
 4

B_Oogzalven / druppelen
(start)
102

 0,8
 12

B_Bezoek: waken
(complete)

27

 0,667
 19

O_Bronchoscopie
(schedule)

28

 0,75
 3

O_Gastro / Duodenscopie
(complete)

24

 0,929
 20

O_Pleurapunctie
(schedule)

3

 0,5
 1

O_Bronchoscopie
(complete)

26

 0,909
 25

O_Tracheaspoeling
(schedule)

1

 0,5
 1

O_EEG
(complete)

5

 0,667
 5

 0,889
 20

C_Addisson / Bijnier Insuff
(start)
117

 0,667
 33

C_Acute Lung Injury
(start)

1

 0,5
 1

 0,8
 20

O_Tracheaspoeling
(complete)

1

 0,5
 1

 0,5
 4

B_Jejunumsonde
(start)

31

 0,667
 8

 0,8
 24

 0,5
 1

 0,8
 14

C_Bloeding waarvoor > 3 PC
(complete)

4

 0,5
 1

 0,75
 43

 0,9
 42

C_Bloeding waarvoor reOK
(complete)

12

 0,667
 3

B_Re OK
(complete)

10

 0,75
 10

 0,5
 1

 0,933
 82

B_Brochusscopie
(complete)

14

 0,667
 2

B_Intubatie
(complete)

95

 0,75
 6

 0,875
 113

O_Gentamycine dal / top
(complete)

115

 0,932
 115

 0,912
 99

 0,833
 37

 0,833
 23

 0,875
 20

 0,667
 8

C_Rethoratocomie
(start)

6

 0,667
 4

 0,5
 3

 0,7
 13

B_Decubitus zorg stadium 4b
(complete)

1

 0,5
 1

 0,8
 8

O_CT-buik
(complete)

31

 0,929
 24

 0,833
 26

O_CT-schedel
(complete)

26

 0,75
 3

C_Pancreatitis
(start)

2

 0,5
 1

 0,5
 11

 0,5
 1

 0,5
 4

 0,5
 1

 0,947
 32

 0,973
 50

O_Kweek tracheostoma
(schedule)

1

 0,5
 1

 0,947
 71

 0,933
 18

B_Verwijderen tampon
(start)

1

 0,5
 1

O_Kweek tracheostoma
(complete)

1

 0,5
 1

B_Verwijderen tampon
(complete)

1

 0,5
 1

 0,5
 1

 0,833
 9

B _ E R C P
(complete)

2

 0,5
 1

 0,8
 49

 0,5
 1

 0,857
 46

 0,5
 1

 0,667
 6

 0,983
 128

B_Jejunostomie
(start)

22

 0,667
 4

 0,667
 5

B_Nefrostomie catheter R
(start)

8

 0,8
 4

 0,667
 2

 0,75
 41

C_Aspiratie
(complete)

1

 0,5
 1

C_s4 Shock, Onbekend
(complete)

1

 0,5
 1

 0,5
 2

 0,5
 1

 0,667
 27

 0,667
 3

 0,833
 16

 0,75
 48

B_Reintubatie
(start)

77

 0,912
 32

B_Intubatie
(start)
102

 0,875
 32

 0,75
 9

C_Stridor
(complete)

1

 0,5
 1

 0,8
 67

B_Reintubatie na Autoext
(complete)

14

 0,667
 2

 0,667
 10

B_Verwijderen Agraves
(complete)

5

 0,8
 5

 0,5
 4

 0,667
 5

 0,5
 2

C_Shock, Anaphylactisch
(complete)

3

 0,667
 3

 0,857
 27

O_Cito GRAM + bronchuskweek
(complete)

86

 0,962
 86

 0,864
 40

B_Brochusscopie
(start)

15

 0,5
 1

 0,75
 13

C_Atelectase
(complete)

2

 0,5
 1

 0,75
 13

 0,5
 1

 0,667
 6

O_Sinus kweek
(schedule)

5

 0,667
 3

O_Sinus kweek
(complete)

5

 0,5
 4

 0,5
 1

 0,5
 1

 0,667
 2

O_Coronair angiogram
(complete)

5

 0,667
 5

 0,667
 5

 0,5
 2

 0,667
 4

 0,5
 5

 0,667
 8

B_Amputatie Extremiteit
(complete)

2

 0,5
 1

 0,857
 86

 0,75
 23

O_CT bekken
(schedule)

1

 0,5
 1

 0,8
 17

O_X been
(complete)

2

 0,5
 1

 0,5
 2

 0,8
 12

B_Beademing gestart op ICU
(complete)

46

 0,8
 22

 0,667
 2

B_Oogglazen
(complete)

2

 0,5
 1

C_Dehiscentie
(start)

3

 0,667
 2

 0,667
 3

 0,667
 4

 0,5
 1

 0,5
 4

 0,833
 25

O_TEE
(complete)

79

 0,925
 59

O_Synacthen
(complete)

53

 0,972
 53

B_Air fluid bed
(start)

42

 0,9
 40

 0,75
 11

 0,95
 22

 0,824
 21

 0,909
 30

 0,857
 19

 0,8
 25

C_reOK ivm pleuravocht
(start)

1

 0,5
 1

 0,875
 16

 0,5
 9

 0,75
 29

B_Reintubatie na Autoext
(start)

14

 0,917
 12

O_X TWK
(complete)

1

 0,5
 1

 0,5
 1

 0,75
 7

 0,5
 1

O_X arm
(schedule)

1

 0,5
 1

 0,5
 1

 0,5
 5

 0,8
 24

C_Pneumothorax
(complete)

11

 0,75
 4

 0,667
 7

 0,792
 39

 0,5
 4

 0,5
 4

O_Kweek sheath
(complete)

7

 0,8
 7

 0,5
 7

 0,8
 7

 0,833
 20

 0,667
 14

 0,667
 6

 0,667
 2

 0,731
 27

O_kweek pacemakerdraad
(complete)

3

 0,5
 3

 0,5
 2

O_Kweek bi/tri lumen cath.
(complete)

58

 0,967
 57

O_Kweek liescatheter art
(schedule)

1

 0,5
 1

 0,8
 24

 0,5
 1

 0,625
 25

C_Decubitus overig st. 4b
(start)

1

 0,5
 1

 0,889
 17

 0,5
 1

 0,5
 1

 0,857
 6

 0,5
 1

 0,8
 13

 0,5
 13

 0,5
 3

 0,667
 26

O_X  b.o.z.
(schedule)

10

O_X  b.o.z.
(complete)

10

 0,833
 10

 0,75
 10

 0,667
 18

O_Kweek art. lijn
(complete)

12

 0,833
 12

 0,8
 12

 0,941
 52

O_Kweek liescatheter art
(complete)

1

 0,5
 1

 0,889
 9

 0,5
 1

 0,8
 14

B_Decubitus zorg stadium 4a
(complete)

1

 0,5
 1

O_Digoxine
(schedule)

1

 0,5
 1

 0,5
 1

 0,667
 9

O_Kweek liescatheter veneus
(complete)

10

 0,833
 10

 0,75
 8

 0,5
 1

 0,5
 10

 0,5
 2

 0,8
 15

C_Nosocomiale Pneumonie
(complete)

2

 0,5
 1

 0,5
 1

 0,5
 3

 0,8
 7

 0,75
 6

 0,667
 5

B_Clysmeren
(complete)

13

 0,857
 9

 0,5
 10

 0,75
 22

B_Rethoratocomie op OK
(start)

43

 0,75
 6

 0,75
 47

 0,8
 30

 0,667
 1

 0,667
 12

 0,667
 20

 0,667
 1

 0,667
 15

B_Nefrostomie catheter L
(complete)

1

 0,5
 1

 0,75
 3

 0,8
 9

 0,667
 6

B_Halsinf./subclavia op Ok
(complete)

28

 0,833
 9

 0,75
 3

 0,833
 28

 0,889
 9

 0,667
 18

 0,667
 4

 0,667
 2

 0,75
 4

 0,667
 2

 0,8
 3

 0,667
 4

 0,75
 5

 0,8
 6

O_Echo nier blaas prostaat
(complete)

15

 0,917
 15

 0,8
 10

 0,667
 2

 0,75
 7

B_Laparotomie
(start)

13

 0,625
 12

C_Naadlekkage
(complete)

1

 0,5
 1

 0,667
 5

 0,667
 1

 0,667
 6

O_Tobramycine dal / top
(complete)

18

 0,769
 13

 0,625
 15

 0,5
 2

 0,5
 6

 0,667
 2

 0,5
 1

 0,5
 2

 0,5
 3

 0,667
 3

 0,75
 5

 0,667
 2

 0,75
 8

 0,5
 1

 0,667
 5

 0,667
 2

 0,5
 1

 0,857
 21

 0,5
 1

 0,5
 3

O_Kweek swan ganz
(complete)

5

 0,667
 5

 0,5
 1

 0,889
 5

O_Pleura vocht kweek
(complete)

26

 0,824
 21

 0,75
 8

O_Kweek urinecatheter
(complete)

28

 0,833
 28

 0,75
 24

 0,5
 2

 0,667
 2

O_I.V Catheter kweek overig
(complete)

27

 0,929
 25

 0,833
 23

C_Candidaemie
(start)

3

 0,5
 1

 0,5
 2

 0,667
 3

 0,667
 16

 0,8
 14

 0,5
 1

 0,5
 1

 0,9
 10

 0,5
 1

 0,667
 4

 0,5
 2

 0,5
 1

C_Rethoratocomie
(complete)

1

 0,5
 1

 0,5
 1

 0,667
 2

 0,75
 4

 0,5
 1

C_Decubitus stuit st. 2b
(start)

2

 0,5
 1

 0,5
 1

O_Cystoscopie
(complete)

1

 0,5
 1

 0,5
 1

 0,667
 5

O_CT thorax
(complete)

14

 0,833
 14

 0,75
 11

O_Pleurapunctie
(complete)

3

 0,667
 3

 0,5
 3

 0,667
 1

 0,5
 1

 0,833
 14

 0,667
 6

 0,5
 2

 0,75
 4

 0,667
 15

B_Defibrilatie
(start)

14

 0,75
 8

C_-VF
(complete)

5

 0,667
 4

 0,8
 11

 0,5
 6

 0,8
 24

 0,667
 3

 0,667
 4

 0,5
 4

 0,8
 5

 0,5
 1

 0,75
 5

 0,5
 1

 0,5
 1

 0,5
 1

 0,857
 20

 0,909
 5

 0,667
 5

 0,5
 1

 0,667
 14

O_Wond inspectie
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,75
 3

 0,5
 1

 0,75
 5

 0,5
 2

 0,75
 7

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

C_Addisson / Bijnier Insuff
(complete)

2

 0,5
 1

 0,5
 1

 0,5
 1

 0,75
 4

 0,909
 3

C_Bacteriemie
(complete)

1

 0,5
 1

C_Empyeem
(complete)

1

 0,5
 1

C_Bronchitis (klinisch)
(complete)

1

 0,5
 1

C_Decompensatie na OK
(complete)

1

 0,5
 1

C_Anurie (<1ml/kg/24u)
(complete)

1

 0,5
 1

 0,5
 4

 0,5
 1

 0,5
 7

C_Ischemie waarvoor Re OK
(complete)

2

 0,5
 1

 0,5
 3

 0,5
 1

 0,667
 5

 0,5
 2

 0,5
 2

 0,5
 2

 0,5
 1

 0,5
 6

 0,667
 6

 0,5
 1

 0,667
 4

 0,667
 2

 0,75
 4

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

O_Lumbaal Punctie
(complete)

5

 0,667
 5

 0,667
 4

 0,667
 15

O_Toxicologie
(complete)

2

 0,667
 2

 0,5
 2

 0,5
 2

O_24 uurs urine Na Creat Ur
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

B_T drain
(start)

1

 0,5
 1

 0,5
 1

 0,5
 3

 0,5
 1

 0,5
 3

 0,5
 3

 0,5
 1

 0,667
 2

 0,5
 2

 0,5
 2

 0,5
 1

 0,5
 1

 0,5
 4

 0,667
 2

 0,5
 1

O_BAL / Lavage
(complete)

6

 0,75
 5

O_Biopsie
(schedule)

2

 0,5
 1

 0,667
 5

O_Biopsie
(complete)

2

 0,5
 1

 0,5
 2

 0,5
 1

C_Thrombo-embolie art
(complete)

1

 0,5
 1

 0,5
 1

 0,667
 5

 0,5
 1

 0,5
 1

O_Transthoracaal ECHO
(complete)

10

 0,75
 10

 0,5
 8

 0,5
 2

 0,5
 1

 0,667
 9

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 3

 0,75
 9

 0,667
 4

 0,5
 4

 0,667
 1

 0,5
 1

 0,5
 1

 0,667
 2

 0,5
 3

 0,5
 9

 0,8
 14

 0,667
 4

 0,5
 1

 0,5
 1

 0,5
 3

 0,75
 7

 0,5
 1

 0,5
 1

 0,5
 2

 0,5
 1

 0,5
 3

 0,5
 1

 0,5
 3

 0,5
 2

O_Paracetamol
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,8
 13

 0,5
 2

 0,5
 1

 0,5
 1

 0,667
 1

 0,5
 1

 0,5
 1

C_Convulsie(s)
(complete)

2

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,667
 5

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 3

 0,5
 1

 0,5
 1

 0,5
 2

 0,5
 1

B_Donor Weefsel
(start)

1

 0,5
 1

 0,5
 1

 0,5
 2

 0,667
 5

 0,667
 2

 0,5
 1

B_Ureter catheter R
(start)

4

 0,667
 2

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,75
 8

B_Decubitus zorg stadium 2a
(complete)

1

 0,5
 1

 0,5
 1

 0,667
 2

 0,5
 1

C_Decubitus hak st. 3a
(start)

1

 0,5
 1

C_Decubitus overig st. 3a
(start)

1

 0,5
 1

 0,5
 1

 0,667
 2

 0,5
 3

 0,8
 2

 0,5
 1

 0,5
 4

 0,5
 1

 0,667
 2

 0,667
 2

C_Hypotensie
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 2

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 2

 0,5
 1

 0,5
 1

 0,5
 1

 0,25
 2

 0,667
 3

O_Fenytoine
(complete)

7

 0,667
 4

O_Liquor kweek
(complete)

4

 0,667
 4

 0,75
 3

 0,75
 7

C_Colitis, pseudomembraneus
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

C_Lijn sepsis
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,667
 2

 0,5
 1

 0,5
 2

 0,5
 1

 0,5
 1

 0,667
 2

B_Horizontaal
(start)

1

 0,5
 1

 0,5
 2

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 2

 0,5
 2

 0,5
 1

 0,5
 1

 0,5
 3

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 2

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

B_Horizontaal
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

C_Druk necrose elders
(start)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

B_Isolatie Beschermend
(complete)

1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

 0,5
 1

O_Digoxine
(complete)

1

 0,5
 1

Fig. 2. Spaghetti process describing the diagnosis and treatment of 2765 patients in a
Dutch hospital. The process model was constructed based on an event log containing
114,592 events. There are 619 different activities (taking event types into account)
executed by 266 different individuals (doctors, nurses, etc.)
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The challenges related to process mining are best explained using an example.
Fig. 2 shows an example of a typical Spaghetti process discovered using conven-
tional process mining techniques [2]. The complexity of the diagram illustrates
the problems and challenges mentioned in Section 1. In the remainder of the
paper, we show how ideas and techniques originating from bioinformatics can
help to address these.

3 From Sequence to Structure

A DNA sequence motif is defined as a nucleic acid sequence pattern that has
some biological significance (both structural and functional) [10]. These motifs
are usually found to recur in different genes or within a single gene. For ex-
ample, tandem repeats (tandemly repeating DNA) are associated with various
regulatory mechanisms such as protein binding [11]. More often than not, se-
quence motifs are also associated with structural motifs found in proteins thus
establishing a strong correspondence between sequence and structure. Protein
structures manifest as a hierarchy of four levels: primary, secondary, tertiary, and
quaternary. Primary structure is the basic level and corresponds to the linear
sequence of amino acids. Secondary structures result from the regular folding of
regions within the amino acid sequence into particular structural patterns e.g.,
α-helix, β-sheets, β-turns, loops, etc. Tertiary and quaternary structures result
from the folding of primary structure and secondary structural elements in 3
dimensions. Fig. 3 depicts the hierarchy of protein structures.

TGCTTTAGCTTT AAACTACAGGCC

TCACTGGAGCTA GAGACAAGAAGG

TAAAAAACGGCT GACAAAAGAAGT

CCTGGTATCCTC . . .
primary
structure

secondary
structure

tertiary
structure

quaternary
structure

Fig. 3. Hierarchy of protein structures.

Likewise, common subsequences of activities in an event log that are found to
recur within a process instance or across process instances have some domain
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(functional) significance. In [12], we adopted the sequence patterns (e.g., tan-
dem repeats, maximal repeats etc.) proposed in the bioinformatics literature,
correlated them to commonly used process model constructs (e.g., tandem re-
peats and tandem arrays correspond to simple loop constructs), and proposed a
means to form abstractions over these patterns. The abstractions thus uncovered
have a strong domain significance from a functionality point of view. Using these
abstractions as a basis, we proposed a two-phase approach to process discovery
[13]. The first phase comprises of pre-processing the event log with abstractions
at a desired level of granularity and the second phase deals with discovering the
process maps with seamless zoom-in/out facility. Fig. 4 summarizes the overall
approach. Note the similarity with Fig. 3.

event logs

pat
ter

n

tra
ce

common exe-
cution patterns

relationships
between patterns

micro
structures

macro
structure

Fig. 4. Repeating subsequences of activities define the common execution patterns
and carry some domain (functional) significance. Related patterns and activities per-
taining to these patterns define abstractions that correspond to micro-structures (or
sub-processes). The top-level process model can be viewed as a macro-structure that
subsumes the micro-structures.

Fig. 5 highlights the difference between the traditional approach to process dis-
covery and the two-phase approach. Note that the process model (map) discov-
ered using the two-phase approach is simpler. Our approach supports the ab-
straction of activities based on their context and type, and provides a seamless
zoom-in and zoom-out functionality. Fig. 5 illustrates that a cross-fertilization
between bioinformatics and process mining enables the discovery of hierarchical
process models. This provides a new perspective when dealing with fine granular
event logs and less structured processes.
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Event Log
s a m b c u d n j e
s a m q f h l l h g i k e
s a m f g h l h i k q e
s a m b c d n u j e
s a m f h l g i h l h k q e
s a m q f g i h l h k e
s a m q f g h l h i k e
s a m p c u d n r e
s a m b d n c u j e
s a m p d n c u r e

Traditional
Approach

Two-phase
Approach

Abstractions defined over
common execution patterns

Transformed
Log
X b Z j e
X q Y Y e
X Y Y q e
X b Z Z j e
X Y Y Y q e
X q Y Y Y e
X q Y Y Y e
X p Z r e
X b Z j e
X p Z r e

Fig. 5. Traditional approach vs. our two-phase approach to process discovery

4 Sequence Alignment and Process Diagnostics

Multiple sequence alignment has been a subject of extensive research in compu-
tational biology for over three decades. Sequence alignment is an essential tool in
bioinformatics that assists in unraveling the secondary and tertiary structures
of proteins and molecules, their evolution and functions, and in inferring the
taxonomic, phylogenetic or cladistic relationships between organisms, diagnoses
of genetic diseases, etc. [14, 15].

In [16], we have adapted sequence alignment to traces in an event log and showed
that it carries significant promise in process diagnostics. The goal of trace align-
ment is to align traces in such a way that event logs can be easily explored.
Given a multi-set of traces T = [T1, T2, . . . , Tn], trace alignment can be defined
as a mapping of T to another multi-set of traces T = [T1, T2, . . . , Tn] where
Ti ∈ (Σ ∪ {−})+ for 1 ≤ i ≤ n. In addition, the following three properties need
to be satisfied with respect to T and T:

– each trace in T is of the same length i.e., there exists an m ∈ N such that
|T1| = |T2| = · · · = |Tn| = m

– Ti is equal to Ti after removing all gap symbols ‘−’ and
– there is no k ∈ {1, . . . ,m} such that ∀1≤i≤n Ti(k) = −.

Trace alignment can be used to explore the process in the early stages of anal-
ysis and to answer specific questions in later stages of analysis. Fig. 6 depicts
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the results of trace alignment for a real-life log from a rental agency2. Every
row corresponds to a process instance and time increases from left to right. The
horizontal position is based on logical time rather than real timestamps. If two
rows have the same activity name in the same column, then the corresponding
two events are very similar and are therefore aligned. Note that the same activ-
ity can appear in multiple columns. By reading a row from left to right, we can
see the sequence of activities (i.e., the trace) that was executed for a process in-
stance. Process instances having the same trace can be grouped into one row to
simplify the diagram. The challenge is to find an alignment that is as simple and
informative as possible. For example, the number of columns and gaps should
be minimized while having as much consensus as possible per column.

consensus
sequence

a5e0b0 a9e9a5 e6c1

f0f5

c4 h3 e6c1b7

g6 d4b1e7g6d4

a7a7

h2b2

Fig. 6. An example of trace alignment for a real-life log from a rental agency. Each
row refers to a process instance. Columns describe positions in traces. Consider now
the cell in row y and column x. If the cell contains an activity name a, then a occurred
for case y at position x. If the cell contains no activity name (i.e., a gap “−”), then
nothing happened for y at position x.

Trace alignment can assist in answering a variety of diagnostic questions. For
example, one can get answers to questions such as:

– What is the most common (likely) process behavior that is executed?
The consensus sequence of an alignment, which captures the major activity in
each column, represents the most common process behavior that is executed

2 Since the whole alignment is not legible, we highlight the interesting pat-
terns/activities at the top and the bottom of the figure.
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and can be considered as the back-bone sequence for the process.

– Are there any common patterns of execution in my traces?
Common execution patterns are captured in the form of well conserved re-
gions (columns) in the alignment. For example, the activity sequence b0e0a5

(at columns 5−7) corresponding to the activities, planning of first insp-

ection, preparation of lease termination form, and is first inspe-

ction performed? respectively, is common across all the traces.

– Where do my process instances deviate and what do they have in common?
Deviations, exceptional behavior and rare event executions are captured in
regions that are sparsely filled i.e., regions with lot of gap symbols (−) or in
regions that are well conserved with a few rare gaps.
For example, it could be seen that only one of the traces (sixth trace in the
alignment) has the activity subsequence a9e9a5 in columns 8 − 10. Activity
a5 in column 7 corresponds to the check, is first inspection performed?

and the activity subsequence a9e9a5 corresponds to the scenario where the
result of the check was negative due to the fact that the tenant was not at
home. a9 corresponds to the activity of sending a letter to the tenant and e9

corresponds to the activity of rescheduling the first inspection.

– What are the contexts in which an activity or a set of activities is executed in
my event log?
Trace alignment provides a complete perspective of activity executions in a
log including that of long range dependencies (any dependencies between ac-
tivities are reflected as common execution patterns in the traces where they
manifest). Furthermore, with rich interactive visualization (such as the options
of filtering columns containing an activity), trace alignment enables a flexible
inspection of the log.

– What are the process instances that share/capture a desired behavior either
exactly or approximately?
One can formulate the desired behavior as an activity sequence and apply
trace alignment of this sequence with the traces in the log. Traces/process
instances that share the desired behavior have a lot of their activities aligned
with that of the activities in the desired behavior sequence.

– Are there particular patterns (e.g., milestones, concurrent activities etc.) in
my process?
Concurrent activities manifest in mutually exclusive traces across different
columns in an alignment. For example, the activities h2b2 corresponding to
the drafting of final note (h2) and archiving of lease termination

(b2) is concurrent in this process.

The application of sequence alignment in bioinformatics to process mining has
created an altogether new dimension to conformance checking; deviations and
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violations are uncovered by analyzing just the raw event traces (thereby avoiding
the need for process models).

Finding good quality alignments is notoriously complex. The initial results of
trace alignment are definitely encouraging. Nonetheless, there are various new
challenges when adopting biological sequence alignment to trace alignment in
the context of business processes [17]. For example, biological sequences tend to
be homogenous whereas traces in semi-structured processes (e.g., care processes
in hospitals) tend to be heterogeneous. Other differences are the fact that traces
in an event log can be of very different lengths (e.g., due to loops) and may
be the result of concurrency. These characteristics provide new challenges for
sequence alignment.

5 Phylogeny and Process Configuration

Phylogenetics refers to the study of evolutionary relationships, and was one of
the first applications in bioinformatics. A phylogeny is a tree representation of
the evolutionary history of a set (family) of organisms, gene/protein sequences
etc. The basic premise in phylogenetics is that genes have evolved by duplication
and divergence from common ancestors [18]. The genes can therefore exist in a
nested hierarchy of relatedness. Fig. 7(a) depicts the phylogeny of some of the
species of Hawaiian honeycreeper [19]. These variant species descended from a
single species over the last ten million years.

(a) Phylogeny of the Hawaiian
honeycreeper.

variant
2

variant
1

configurable
model

(b) Process configuration

Fig. 7. Similarity between phylogeny and process configuration.
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Phylogeny is related to structuring variability within and between processes.
In the past couple of years, process configuration has gained prominence in the
BPM community [20]. Process configuration is primarily concerned with manag-
ing families of business processes that are similar to one another in many ways
yet differing in some other ways. For example, processes within different mu-
nicipalities are very similar in many aspects and differ in some other aspects.
Such discrepancies can arise due to characteristics peculiar to each municipal-
ity (e.g., differences in size, demographics, problems, and policies) that need to
be maintained. Furthermore, operational processes need to change to adapt to
changing circumstances, e.g., new legislation, extreme variations in supply and
demand, seasonal effects, etc. A configurable process model describes a family
of similar process models in a given domain [20], and can be thought of as the
genesis (root) of the family. All variants in the family can be derived from the
configurable model through a series of change patterns [21]. Fig. 7(b) depicts
an example of a configurable model (parent) and two variants (children) derived
from it. One of the core research problems in process configuration is to auto-
matically derive configurable process models from specific models and event logs.

One can find stark similarity between phylogenetics and process configuration.
Techniques have been proposed in the bioinformatics literature to discover phy-
logenies both from (protein) structure as well as from sequences. This can be
compared to deriving configurable process models from specific models and from
event logs respectively. The adaptability of phylogeny construction techniques
to process configuration needs to be explored.

Techniques from bioinformatics have also been adopted to trace clustering in
process mining [22, 23]. Trace clustering was shown to be effective in dealing
with the heterogeneity in event logs [22, 23]. Process mining results can be im-
proved by segregating heterogeneous cases into more homogenous clusters and
analyzing each cluster separately. Sequence clustering techniques have been ap-
plied to deal with unlabeled event logs3 in process mining [24]. Experiences from
bioinformatics can also contribute to tooling and infrastructure efforts in pro-
cess mining. For example, visualization is one of the challenging problems in
process mining tooling4. A lot of current visualization means in process mining
become unmanageable when dealing with large event logs thereby compromising
the comprehensibility. Process mining is typically an iterative activity driven by
questions from stakeholders and surprising analysis results. Techniques for visu-
alization in process mining should focus on supporting the strong iterative and
interactive nature of event log analysis e.g., ranging from overview results to fo-
cused and directed insights, annotating mined results, enabling holistic views by
juxtaposing several different analysis results simultaneously, etc. Visualization

3 In an unlabeled event log, the case to which an event belongs to is unknown.
4 ProM is an extensible framework that provides a comprehensive set of tools/plugins

for the discovery and analysis of process models from event logs. See http://www.

processmining.org for more information and to download ProM.
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is used in many areas within bioinformatics (e.g., sequence matching, genome
browsing, multiple sequence alignment, etc.), with varying success, and good
tools already exist. There is significant potential to learn from the success stories
that bioinformatics reveal, e.g., event logs refer to multi-sets of traces, which are
basically collections of sequences; sequence exploration and visualization tech-
niques in bioinformatics can be assessed for their adoption to event logs.

Benchmarking and data repositories form another area where bioinformatics
has matured over the years. To cater to the rapidly increasing accumulation
of biological data, lots of efforts had been initiated in bioinformatics to create
advanced databases with analysis capabilities devoted to particular categories
e.g., Genbank (cataloguing DNA data), SWISS-PROT/TrEMBL (repository of
protein sequences), etc. These repositories support features such as protein se-
quence/structural/functional comparison and classification benchmarks. Process
mining being an emerging technology, such repositories and good benchmarks are
still missing. Recently, several efforts had been initiated in the process modeling
and process mining community to create repositories with advanced support for
dealing with process model collections e.g., APROMORE [25], and repositories
of event logs [26]. Process mining repositories and benchmarks should include:

– event logs and process mining tasks e.g., control-flow discovery, organizational
model extraction, etc.

– event logs, process models and associated tasks e.g., process conformance,
replay techniques, etc.

– process models with associated characteristics e.g., functional (such as loan
application process), structural (such as the workflow patterns present), be-
havioral, etc.

Event log and process model comparison methods, search, and exploration are
some of the essential features that these repositories need to support. Quality
metrics (e.g., fitness, precision, generalization, computational complexity, etc.)
of state-of-the-art techniques also need to be captured in these repositories. This
enables the comparison of performance of a new algorithm/technique with con-
temporary methods. It is also desirable to elicit validation protocols to streamline
the ways in which such quality metrics are measured.

Such an overlap between the goals combined with the promising initial results
calls for a more rigorous attempt at understanding and exploiting the synergy
between these two disciplines.

6 Conclusions

Bioinformatics and process mining share some common goals. In this paper, we
presented the commonalities between the problems and techniques studied in
bioinformatics and process mining. Exploiting these commonalities, we demon-
strated that process mining can benefit from the plethora of techniques developed
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in bioinformatics. Initial attempts at such a crossover have enabled the discovery
of hierarchical process models and helped extending the scope of conformance
checking to also cover the direct inspection of traces. Although this is just a
first step towards an interaction between the two disciplines, the results are very
promising and the relationship will be explored further in our future work.

Acknowledgments The authors are grateful to Philips Healthcare for fund-
ing the research in process mining.
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Concept Drift in Process Mining. In: Proceedings of the 23rd International Con-
ference on Advanced Information Systems Engineering (CAiSE). Volume 6741 of
LNCS., Springer (2011) 391–405

10. Das, M.K., Dai, H.K.: A Survey of DNA Motif Finding Algorithms. BMC Bioin-
formatics 8(Suppl 7) (2007) S21

11. Kolpakov, R., Bana, G., Kucherov, G.: mreps: Efficient and Flexible Detection of
Tandem Repeats in DNA. Nucleic Acids Research 31(13) (2003) 3672–3678

12. Bose, R.P.J.C., van der Aalst, W.M.P.: Abstractions in Process Mining: A Tax-
onomy of Patterns. In Dayal, U., Eder, J., Koehler, J., Reijers, H., eds.: Business
Process Management. Volume 5701 of LNCS., Springer-Verlag (2009) 159–175

13. Li, J., Bose, R.P.J.C., van der Aalst, W.M.P.: Mining Context-Dependent and
Interactive Business Process Maps using Execution Patterns. In zur Muehlen, M.,
Su, J., eds.: BPM 2010 Workshops. Volume 66 of LNBIP., Springer-Verlag (2011)
109–121



When Process Mining Meets Bioinformatics 15

14. Chan, S., Wong, A.K.C., Chiu, D.: A Survey of Multiple Sequence Comparison
Methods. Bulletin of Mathematical Biology 54(4) (1992) 563–598

15. Gotoh, O.: Multiple Sequence Alignment: Algorithms and Applications. Advanced
Biophysics 36 (1999) 159–206

16. Bose, R.P.J.C., van der Aalst, W.M.P.: Trace Alignment in Process Mining: Oppor-
tunities for Process Diagnostics. In Hull, R., Mendling, J., Tai, S., eds.: Proceedings
of the 8th International Conference on Business Process Management (BPM). Vol-
ume 6336 of LNCS., Springer-Verlag (2010) 227–242

17. Notredame, C.: Recent Progress in Multiple Sequence Alignment: A Survey. Phar-
macogenomics 3 (2002) 131–144

18. Thornton, J.W., DeSalle, R.: Gene Family Evolution and Homology: Genomics
Meets Phylogenetics. Annual Review of Genomics and Human Genetics 1(1) (2000)
41–73

19. Olson, S.: Evolution in Hawaii: A Supplement to Teaching About Evolution and
the Nature of Science. National Academic Press (2004)

20. van der Aalst, W.M.P., Lohmann, N., Rosa, M.L., Xu, J.: Correctness Ensuring
Process Configuration: An Approach Based on Partner Synthesis. In Hull, R.,
Mendling, J., Tai, S., eds.: Proceedings of the 8th International Conference on
Business Process Management (BPM). Volume 6336 of LNCS., Springer-Verlag
(2010) 95–111

21. Weber, B., Rinderle, S., Reichert, M.: Change Patterns and Change Support
Features in Process-Aware Information Systems. In: Proceedings of the 19th In-
ternational Conference on Advanced Information Systems Engineering (CAiSE),
Springer-Verlag (2007) 574–588

22. Bose, R.P.J.C., van der Aalst, W.M.P.: Context Aware Trace Clustering: Towards
Improving Process Mining Results. In: Proceedings of the SIAM International
Conference on Data Mining (SDM). (2009) 401–412

23. Bose, R.P.J.C., van der Aalst, W.M.P.: Trace Clustering Based on Conserved
Patterns: Towards Achieving Better Process Models. In: Business Process Man-
agement Workshops. Volume 43 of LNBIP., Springer (2010) 170–181

24. Ferreira, D., Zacarias, M., Malheiros, M., Ferreira, P.: Approaching Process Mining
with Sequence Clustering: Experiments and Findings. In: Proceedings of the 5th
International Conference on Business Process Management (BPM). Volume 4714
of LNCS., Springer (2007) 360–374

25. Rosa, M.L., Reijers, H.A., van der Aalst, W.M.P., Dijkman, R.M., Mendling, J.,
Dumas, M., Garcia-Banuelos, L.: APROMORE: An Advanced Process Model
Repository. Expert Systems with Applications 38(6) (2011) 7029–7040

26. 3TU.DataCentrum: http://data.3tu.nl/repository/collection:event_logs.


