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Abstract—Process mining is an emerging discipline providing
comprehensive sets of tools to provide fact-based insights and
to support process improvements. This new discipline builds on
process model-driven approaches and data mining. This invited
keynote paper demonstrates that process mining can be used to
discover a wide range of processes ranging from structured pro-
cesses (Lasagna processes) to unstructured processes (Spaghetti
processes). For Lasagna processes, the discovered process is just
the starting point for a broad repertoire of analysis techniques
that support process improvement. For example, process mining
can be used to detect and diagnose bottlenecks and deviations in
(semi-)structured processes. The analysis of Spaghetti processes is
more challenging. However, the potential benefits are substantial;
just by inspecting the discovered model, important insights can be
obtained. Process discovery can be used to understand variability
and non-conformance. This paper presents the L∗ life-cycle
model consisting of five phases. The model describes how to
apply process mining techniques.

I. INTRODUCTION

Process mining, i.e., extracting valuable, process-related

information from event logs, complements existing Business
Process Management (BPM) approaches. BPM is the disci-

pline that combines knowledge from information technology

and knowledge from management sciences and applies this

to operational business processes [1], [2]. It has received

considerable attention in recent years due to its potential for

significantly increasing productivity and saving cost. However,

most BPM approaches use hand-made models as a starting

point for analysis and enactment, i.e., factual event data

about the process are not used systematically. The goal of

process mining is to use event data to distill process related

information, e.g., to automatically discover a process model

by observing events recorded by some system or to check the

conformance of a given model by comparing it with reality

[3], [4].

Over the last decade, process mining techniques have ma-

tured. Today, it is possible to automatically extract process

models from events logs, check the conformance of models

by replaying logs, extend models with performance related

information, use discovered models to predict flow times of

running cases, etc. This paper does not aim to describe these

techniques. Instead, we focus on the practical application of

process mining. We first describe the L∗ life-cycle model for

process mining. This life-cycle model describes the various

phases in a process mining project and is based on the practical

application of process mining on more than 100 organizations.

The repeated application of process mining in various do-

mains revealed that there is a continuum of processes ranging

from Lasagna processes to Spaghetti processes. Often the

terms “structured”, “semi-structured”, and “unstructured” are

used to refer to this continuum. In a structured process (i.e.,

Lasagna process) all activities are repeatable and have a well

defined input and output. In highly structured processes most

activities can, in principle, be automated. In semi-structured
processes the information requirements of activities are known

and it is possible to sketch the procedures followed. However,

some activities require human judgment and people can devi-

ate depending on taste or the characteristics of the case being

handled. In unstructured processes (i.e., Spaghetti process) it

is difficult to define pre- and post-conditions for activities.

These processes are driven by experience, intuition, trail-and-

error, rules-of-thumb, and vague qualitative information.

After introducing the L∗ life-cycle model for process min-

ing, we discuss the characteristics of Lasagna and Spaghetti

processes relevant for process mining. For Lasagna processes,

the discovered process model is less relevant. However, the re-

lationship between event logs and process models can be used

to detect deviations, discover bottlenecks, suggest redesigns,

predict delays, etc. For Spaghetti processes, the discovered

model already provides important insights. Process mining

tends to be challenging for Spaghetti processes. However,

the potential benefits are substantial. Process automation and

process improvement are only possible after understanding and

streamlining such processes.

The paper concludes with some pointers to process mining

software and the IEEE Task Force on Process Mining.

II. L∗ LIFE-CYCLE MODEL

Although there are many papers on process and data min-

ing, few papers discuss how to apply process/data mining

techniques to real-life processes. Some reference models de-

scribing the life-cycle of a typical data mining project have

been proposed by academics and consortia of vendors and

users. For example, the CRISP-DM (CRoss-Industry Standard

Process for Data Mining) methodology identifies a life-cycle

consisting of six phases: (a) business understanding, (b) data

understanding, (c) data preparation, (d) modeling, (e) evalua-

tion, and (f) deployment [5]. CRISP-DM was developed in the

late nineties by a consortium driven by SPSS. Around the same

period SAS proposed the SEMMA methodology consisting of

five phases: (a) sample, (b) explore, (c) modify, (d) model,
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Fig. 1: The L∗ life-cycle model describing a process mining project consisting of five stages: plan and justify (Stage 0), extract
(Stage 1), create control-flow model and connect event log (Stage 2), create integrated process model (Stage 3), and operational
support (Stage 4)

and (e) assess. Both methodologies are very high-level and

provide little support. Moreover, existing methodologies are

not tailored towards process mining projects. Therefore, we

propose the L∗ life-cycle model shown in Fig. 1. This five-

stage model describes the life-cycle of a typical process mining

project aiming to improve a Lasagna process.

In the remainder, we discuss each of the five stages shown

in Fig. 1.

Stage 0: Plan and Justify

Any process mining project starts with a planning and a

justification of the planned activities. Before spending efforts

on process mining activities, one should anticipate benefits that

may result from the project. There are basically three types of

process mining projects:

• A data-driven (also referred to as “curiosity driven”)

process mining project is powered by the availability

of event data. There is no concrete question or goal,

however, some of the stakeholders expect that valuable

insights will emerge by analyzing event data. Such a

project has an explorative character.

• A question-driven process mining project aims to answer

specific questions, e.g., “Why do cases handled by team

X take longer than cases handled by team Y?” or “Why

are there more deviations in weekends?”.

• A goal-driven process mining project aspires to improve

a process with respect to particular KPIs, e.g., cost

reduction or improved response times.

For an organization without much process mining experience

it is best to start with a question-driven project. Concrete

questions help to scope the project and guide data extraction

efforts.

Like any project, a process mining project needs to be

planned carefully. For instance, activities need to be scheduled

before starting the project, resources need to be allocated,

milestones need to be defined, and progress needs to be

monitored continuously.

Stage 1: Extract

After initiating the project, event data, models, objectives,

and questions need to be extracted from systems, domain

experts, and management.



Data extraction can be a time-consuming task. The chal-

lenge is not to the syntactical conversion of data; most efforts

are related to finding the relevant data and to scope these data.

For example, an SAP system has thousands of tables filled with

data. Therefore, there is no such thing as extracting “the data”

from SAP. Based on decisions made in Stage 0, specific data

extractions are needed. Event logs need to satisfy two main

requirements: (a) events need to be ordered in time and (b)

events need to be correlated (i.e., each event needs to refer to

a particular case).

As Fig. 1 shows, it is possible that there are already

handmade (process) models. These models may be of low

quality and have little to do with reality. Nevertheless, it

is good to collect all models present and exploit existing

knowledge as much as possible. For example, existing models

can help in scoping the process and judging the completeness

of event logs.

In a goal-driven process mining project, the objectives

are also formulated in Stage 1 of the L∗ life-cycle. These

objectives are expressed in terms of KPIs. In a question-driven

process mining project, questions need to be generated in

Stage 1. Both questions and objectives are gathered through

interviews with stakeholders (e.g., domain experts, end users,

customers, and management).

Stage 2: Create Control-Flow Model and Connect Event Log

Control-flow forms the backbone of any process model.

Therefore, Stage 2 of the L∗ life-cycle aims to determine the

de facto control-flow model of the process that is analyzed.

The process model may be discovered using process discovery

techniques such as the α-algorithm, heuristic mining, fuzzy

mining, and genetic mining (activity discover in Fig. 1).

However, if there is a good process model present, it may be

verified using conformance checking (activity check) or judged

against the discovered model (activity compare). It is even

possible to merge the handmade model and the discovered

model (activity promote). After completing Stage 2 there is

a control-flow model tightly connected to the event log, i.e.,

events in the event log refer to activities in the model. This
connection is crucial for subsequent steps. If the fitness of the

model and log is low (say below 0.8), then it is difficult to

move to Stage 3. However, by definition, this should not be a

problem for a Lasagna process.

The output of Stage 2 may be used to answer questions,

take actions, or to move to Stage 3. As Fig. 1 shows, the

output (control-flow model connected to an event log) needs

to be interpreted before it can be used to answer questions or

trigger a redesign, an adjustment, or an intervention.

Stage 3: Create Integrated Process Model

In Stage 3, the model is enhanced by adding additional

perspectives to the control-flow model (e.g., the organizational

perspective, the case perspective, and the time perspective).

The connection between events in the log and activities in the

process model can be used to merge the different perspectives

into a single model, e.g., the timestamps in the log can be
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Fig. 2: The C-net discovered using the heuristic miner (a) and

the corresponding Petri net with missing and remaining tokens

after replay (b).



used to associate durations to activities and information about

resources can be used to discover resource allocation rules.

The result is an integrated process model that can be used

for various purposes. The model can be inspected directly to

better understand the as-is process or to identify bottlenecks.

Moreover, a complete process model can also be used as the

starting point for simulations [6].

The output of Stage 3 can also be used to answer selected

questions and take appropriate actions (redesign, adjust, or

intervene). Moreover, the integrated process model is also

input for Stage 4.

Stage 4: Operational Support

Stage 4 of the L∗ life-cycle is concerned with three op-

erational support activities: detect, predict, and recommend.

For instance, it is possible to predict the remaining flow time

for running cases or to recommend suitable actions based on

historic information. As shown in Fig. 1, Stage 4 requires

current data (“pre mortem” data on running cases) as input.

Moreover, the output does not need to be interpreted by the

process mining analyst and can be directly offered to end users.

For example, a deviation may result in an automatically gener-

ated e-mail sent to the responsible manager. Recommendations

and predictions are presented to the persons working on the

corresponding cases.

Note that operational support is the most ambitious form of

process mining. This is only possible for Lasagna processes.

Moreover, there needs to be an advanced IT infrastructure that

provides high-quality event logs and allows for the embedding

of an operational support system.

III. LASAGNA PROCESSES

Unlike Spaghetti processes, Lasagna processes have a clear

structure and most cases are handled in a prearranged manner.

There are relatively few exceptions and stakeholders have a

reasonable understanding of the flow of work. It is impos-

sible to define a formal requirement characterizing Lasagna

processes. As a rule of thumb we use the following informal

criterion: a process is a Lasagna process if with limited efforts
it is possible to create an agreed-upon process model that has
a fitness of at least 0.8, i.e., more than 80% of the events

happen as planned and stakeholders confirm the validity of

the model. This implies (assuming that a suitable event log

can be extracted) that, in principle, all stages of the L∗ life-

cycle can be executed.

Figure 2 shows an example of a Lasagna process discovered

for one of the so-called WMO processes of a Dutch munici-

pality. WMO (Wet Maatschappelijke Ondersteuning) refers to

the social support act that came into force in The Netherlands

on January 1st, 2007. The aim of this act is to assist people

with disabilities and impairments. The WMO act forced all

Dutch municipalities to implement various supporting pro-

cesses. Figure 2 is based on the WMO process for handling

requests for household help. In a period of about one year, 528

requests for household WMO support were received. These

528 requests generated 5498 events. Figure 2(a) shows a so-

called C-net discovered using the heuristic miner [3], [7]. The

numbers generated by the heuristic miner show the flow of

tokens, e.g., activity “10 Process registratie” was executed 530

times. The C-net was translated into an equivalent Petri net

with silent transitions as shown in Fig. 2(b). The fitness of

the discovered process is 0.99521667 [3], [8]. This implies

that almost all behavior captured in the event log can be

reproduced by the discovered process model. Of the 528 cases,

496 cases fit perfectly (i.e., can be replayed from begin to end)

whereas for 32 cases there are missing or remaining tokens.

The missing and remaining tokens show where the model and

log deviate. For example, for two cases the activity “40 toetsen

en beslissen” (evaluate and decide) was not started although it

should have. Activity “20 Rapportage & beschikking” (report

and intermediate decision) was started twice while this was

not possible according to the model. Figure 2(b) illustrates

that process mining can be used to measure conformance and

diagnose deviations.

Most conformance checking techniques are based on replay-

ing the event log on the process model. Since in most logs

events have timestamps, the same mechanism can be used

to analyze time-related aspects [3]. Replay can be used to

discover and diagnose bottlenecks. Figure 3 shows some re-

sults for the WMO process for handling requests for household

help. The different parts of the process model can be colored

to indicate waiting and service times. Figure 3 shows that it is

also possible to point at two arbitrary points in the process (say

X and Y ) and measure the number of cases that flow from

X to Y , the average time it takes to flow from X to Y , and

all kinds of other statistics (variance, minimum, etc.). Hence,

after creating the control-flow model and connecting the event

log to the model (Stage 2 in Fig. 1), it is possible to create

an integrated process model also incorporating performance

related information. The integrated process model may also

contain information about data, decision rules, resources, roles,

organizational units, etc. For Lasagna processes these can be

merged into a single model (Stage 3 in Fig. 1). In fact, such a

model can be used for operational support (Stage 4 in Fig. 1).

For example, it is possible to predict the remaining flow time

of a WMO application or to recommend activities or resources

to minimize flow time. Conformance checking can also be

done on the fly, i.e., it is possible to generate a warning the

moment a deviation occurs.

For Lasagna processes it is, in principle, possible to execute

all phases of the L∗ life-cycle model. As shown in Fig. 1,

the results can be used to redesign such processes (e.g., to

minimize costs or flow times), to adjust processes to changing

circumstances, to intervene (e.g., to reallocate a worker due to

an unusual percentage of deviations), and to provide support

(e.g., predicting flow times).

IV. SPAGHETTI PROCESSES

Spaghetti processes are the counterpart of Lasagna pro-

cesses. Because Spaghetti processes are less structured, only

a subset of available process mining techniques is applicable.



Fig. 3: Screenshot of ProM 5.2 while analyzing the bottlenecks in the process. The mean flow time of fitting cases is 24.66 days.

Most time is spent on the activities “10 Process registratie”, “40 Toetsen en beslissen”, and “60 Administratieve verwerking”.

The average time in-between the completion of activity “10 Rapportage & beschikking” and “50 Verzending/dossiervorming”

is 2.24 days
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(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. 4: 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.)

For instance, it makes no sense to aim at operational support

activities if there is too much variability.
Figure 4 illustrates why unstructured processes are called

Spaghetti processes. The model is based on event data related

to 2765 patients in a Dutch hospital. The process model

depicted was obtained using the heuristic miner with default

settings. Hence, low frequent behavior has been filtered out.

Nevertheless, the model is too difficult to comprehend. Note

that this is not necessarily a problem of the discovery algo-

rithm. Activities are only connected if they frequently followed

one another in the event log. Hence, the complexity shown

in Fig. 4 reflects reality and is not caused by the discovery

algorithm.
Clearly, only the initial stages of the L∗ life-cycle model

are applicable for Spaghetti processes such as the process

shown in Fig. 4. To enable history-based predictions and

recommendations it is essential to first make the “Spaghetti-

like” process more “Lasagna-like”. In fact, Stage 3 and Stage 4

will be too ambitious for most Spaghetti processes. It is always

possible to generate process models as illustrated by Fig. 4.

Moreover, it is often also possible to create models for other

perspectives, e.g., flow times, social networks, and decision

models. However, it is very unlikely that all of these can be

folded into a meaningful comprehensive process model as the

basis (the control-flow discovered) is too weak.
Spaghetti processes are more difficult to analyze than

Lasagna processes. Nevertheless, such processes are very

interesting from the viewpoint of process mining as they often

allow for various improvements. A highly-structured well-

organized process is often less interesting in this respect; it

is easy to apply process mining techniques but there is also

little improvement potential. Therefore, one should not shy

away from Spaghetti processes as these are often appealing

from a process management perspective.
Process discovery is a challenging task. Event logs are

typically far from complete, i.e., often only a fraction of the

possible behavior is captured in the log. Moreover, event logs

do not contain negative examples, i.e., only positive example

behavior is given. The fact that something does not happen

in an event log does not mean that it cannot happen. Process
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Fig. 5: Three business process maps obtained using ProM’s Fuzzy Miner. The most detailed fuzzy model (a) shows all activities.

The least detailed fuzzy model (b) shows only two activities; all other activities are aggregated into so-called “cluster nodes”.

The third fuzzy model (c) shows six activities. For one of the aggregate nodes, the inner structure is shown (d)

discovery techniques need to balance four criteria [3]: fitness
(the discovered model should allow for the behavior seen

in the event log), precision (the discovered model should

not allow for behavior completely unrelated to what was

seen in the event log), generalization (the discovered model

should generalize the example behavior seen in the event log),

and simplicity (the discovered model should be as simple as

possible).

The Fuzzy Miner of ProM [9] aims to balance these four

criteria. Figure 5 illustrates this approach. Unlike classical

techniques, the Fuzzy Miner allows for seamlessly zooming

in and out (as is shown in Fig. 5). The three fuzzy models

shown in Fig. 5 are all based on the same event log. Figure 5(a)

shows the most detailed view. All activities are included. The

color and width of the connections indicate their significance.

Figure 5(b) shows the most abstract view. Figure 5(c) shows

a model generated using intermediate settings. The top-level

model shows the six most frequent activities. The other activi-

ties can be found in the three cluster nodes. Figure 5(d) shows

the inner structure of one of the cluster nodes in Fig. 5(c).

When zooming out using Google maps, less significant

elements are either left out or dynamically clustered into ag-

gregate shapes. For example, streets and suburbs amalgamate

into cities. This is similar to the zoom functionality provided

by ProM’s Fuzzy Miner as was illustrated using Fig. 5. See

[3] for more information on state-of-the-art process discovery

approaches and open challenges.

V. TOOL SUPPORT

Many vendors offer Business Intelligence (BI) software

products. Some of the most widely used BI products are

IBM Cognos Business Intelligence (IBM), Oracle Business

Intelligence (Oracle), and SAP BusinessObjects (SAP). Un-

fortunately, most of these products are data-centric and focus

on rather simplistic forms of analysis. Data mining tools

provide more advanced forms of analysis. However. also these

systems are typically data centric, focusing on classification

(e.g., decision trees), regression, clustering, and association

rules.

Process mining research started in the late nineties. Ini-

tially, researchers developed simple prototypes (MiMo, EMiT,

InWolvE, Process Miner) restricted to control-flow discovery

[10]. An important innovation was the development of the

ProM framework, a “plug-able” environment for process min-

ing using MXML as input format. The goal of the first version

of this framework was to provide a common basis for all kinds

of process mining techniques, e.g., supporting the loading and

filtering of event logs and the visualization of results. This

way people developing new process discovery algorithms did

not have to worry about extracting, converting, and loading



event data. Moreover, for standard model types such as Petri

nets, EPCs, and social networks default visualizations were

provided by the framework. In 2004, the first fully functional

version of ProM framework (ProM 1.1) was released. This

version contained 29 plug-ins: 6 mining plug-ins (the classic

α miner, the Tshinghua α miner, the genetic miner, the multi-

phase miner, the social network miner, and the case data

extraction miner), 7 analysis plug-ins (e.g., the LTL checker),

4 import plug-ins (e.g., plug-ins to load Petri nets and EPCs),

9 export plug-ins, and 3 conversion plug-ins (e.g., a plug-in to

convert EPCs into Petri nets). Over time more plug-ins were

added. For instance, ProM 4.0 (released in 2006) contained

already 142 plug-ins. The 27 mining plug-ins of ProM 4.0

included also the heuristic miner and a region-based miner

using Petrify. Moreover, ProM 4.0 contained a first version

of the conformance checker described in [8]. ProM 5.2 was

released in 2009. This version contained 286 plug-ins: 47

mining plug-ins, 96 analysis plug-ins, 22 import plug-ins, 45

export plug-ins, 44 conversion plug-ins, and 32 filter plug-ins.

ProM 6 (released in November 2010) is based on XES

rather than MXML. XES is the new process mining standard

adopted by the IEEE Task Force on Process Mining. Although

ProM 5.2 was already able to load enormous event logs,

scalability and efficiency were further improved by using

OpenXES [11]. ProM 6 can distribute the execution of plug-

ins over multiple computers. This can be used to improve

performance (e.g., using grid computing) and to offer ProM

as a service. The user interface has been re-implemented to be

able to deal with many plug-ins, logs, and models at the same

time. Plug-ins are now distributed over so-called packages

and can be chained into composite plug-ins. Packages contain

related sets of plug-ins. ProM 6 provides a so-called package

manager to add, remove, and update packages. Users should

only load packages that are relevant for the tasks they want

to perform. This way it is possible to avoid overloading the

user with irrelevant functionality. Moreover, ProM 6 can be

customized for domain specific or even organization specific

applications.

The functionality of ProM is unprecedented, i.e., there

is no product offering a comparable set of process mining

algorithms. However, the tool requires process mining ex-

pertise and is not supported by a commercial organization.

Hence, it has the advantages and disadvantages common

for open-source software. Fortunately, there is a growing

number of commercially available software products offering

process mining capabilities. Some of these products embed

process mining functionality in a larger system, e.g., Pallas

Athena embeds process mining in their BPM suite BPM|one

(www.pallas-athena.com). Other products aim at simplifying

process mining using an intuitive user interface, e.g., Re-
flect by Futura Process Intelligence (www.futuratech.nl). As

mentioned before, the large number of plug-ins of ProM

can be rather overwhelming. Other examples of commercial

products supporting process mining are ARIS Process Perfor-
mance Manager (Software AG), Enterprise Visualization Suite
(Businesscape), Interstage BPME (Fujitsu), Process Discovery

Focus (Iontas), and ProcessAnalyzer (QPR). Besides these

commercial initiatives, there are also several research groups

developing stand-alone process discovery tools.

VI. IEEE TASK FORCE ON PROCESS MINING

More and more people, both in industry and academia,

consider process mining as one of the most important innova-

tions in the BPM field. Process mining joins ideas of process

modeling and analysis on the one hand and data mining and

machine learning on the other. Therefore, the IEEE established

a Task Force on Process Mining in the context of the Data

Mining Technical Committee (DMTC) of the Computational

Intelligence Society (CIS). The goal of this task force is to

promote the research, development, education and understand-

ing of process mining. See http://www.win.tue.nl/ieeetfpm/

for more information about the IEEE Task Force on Process

Mining. The reader is encouraged to start using existing

process mining techniques and tools, and contribute to the

growing body of knowledge.
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