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ABSTRACT
In this paper the use of alpha algorithm in modeling of the ship’s route is described. Based on event log obtained 
from real data, a Petri net was created. This model let us to review the whole process of the ship’s route and take some 
interesting observations.
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1. Introduction

Process mining became one of the most interesting domains 
in the last few years. This is caused by the huge amount of data that 
is produced every day and everywhere [1]. 

In this paper a ship’s route was treated as a process. This 
process is several dozen of cases which consist of some activities. 
The route data was obtained from Marinetraffic.com web service, 
so there was a possibility to create a model based on real data. 

First thing needed in the process of a construction of a model 
is to have an event log. This data structure has a form of simple 
XML file and is the basis for each popular tool (such ProM or 
Disco) in process mining. Having the event log, the construction 
of the process model is possible. In this paper a Petri net was 
created using very popular alpha algorithm. 

2. Event log

According to the definition in [1], the event log is the basics of 
the process mining techniques. It consists of traces and the traces 
consist of events. So the detailed definition can be described as 
follows:

A trace is a finite sequence of events  such that each event 
appears only once. An event log is a set of cases L  such that each 
event appears at most once in the entire log. The typical event log 
contains: case id, event names, timestamp, resources etc. 

The example of the event log can be given as follows:

L=[ a,b,c , a,b,d , b,b,c ] (1)

The given equation (1) tells us that the process consits of 
three cases and each case consists of three events. These events 
are: a, b, c and d. This is a very good way to describe the event 
log. The form of the equation is a very intuitive description of 
the process. 

2.1. Event log of the ship’s route

As mentioned in the introduction, real data was applied to build 
a process model. This data was obtained based on the real ship’s 
route thanks to the web service Marinetraffic.com [4]. The route 
chosen is very interesting because the ship travels around the world 
(started from Szczecin in September 2015 and it still continues it’s 
journey). 

At the beginning it is necessary to look at the set of events 
which will be applied to create a process model. These events are 
mentioned in the table below. The first column is an ordinal 
number, the second is the event name and the last one is a 
shortcut of the event name (shortcuts are used to make the 
model more clear and visible). 
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Table 1. The set of the events based on the data obtained from 

Marinetraffi  c.com

No. Event name Shortcut

1 In Range a

2 Changed Course b

3 Arrival c

4 Departure d

5 Stopped e

6 Underway f

7 Midnight position g

8 Midday position h

It was assumed that each case of our event log corresponds 
to one day of the ship’s route. Th is kind of approach lets us to 
see what activities are executed during a typical day on the sea. 
Naturally, it makes sense, when the route is diff erent each day. 
Th e same activities in each case are typical for the regular routes 
such passenger ferries etc. so we can suppose that the model of the 
proces will be simple. In this paper the fi rst 30 days of the route 
was considered and the event log obtained looks like the following:

L=[ a,f,c,h,d,e,g , a,f,b,b,b,b,c,d,g , a,h , g,c,e,d,c,h,d,f,c,c,d,a,g , 
c,d,a,h,d,a,g , a,h , g,e,f,b,c,h,g , h,d,g , a,h,c , a,d,h , 
g,h,c,d,e,f,b,e,g , a,f,e,g , a,f,e,f,e,c,f,d,h , g,h , g,h , 
a,h,c,g , h , g,h , g,d,h , g,e,f,c,h,g , h,g , d,c,e,f,h , g,c,h,d ,
g,e,f,b,b,h , g,e,f,e,f,b,e,f,e,c,h , g,h , a,f,d,b , g,h , g , g,a ]

(1)

As it can be seen each case (except some short cases consisted of 
the events g and h) is diff erent. It tells us that the route day doesn’t 
always mean the same activities. It is natural for long routes across 
the big water areas such seas, oceans etc. If the ship doesn’t enter 
into the port or the restricted area, it can be assumed that the route 
is simple and there is no need to consider a lot of activities. Th is 
observation can be confi rmed in practice by observing diff erent 
ship’s routes (among others using Marinetraffi  c.com). 

Each case consists of some activities. Sometimes there are 
only two or even one activity. Th e order is also not the same 
every time. Anyway, some regularities can be observed e.g. e is 
very oft en followed by f, b can be repeated few times, some cases 
are the same etc. 

2.2. The XES data format

Initially, the natural way to express the processes was the XML 
format. Th is approach let to represent the data in well organized 
and easy to analyze way. 

Event logs, as they occur in practice and research, can take a 
lot of diff erent forms. Each system can have it’s own architecture 
and can use own data formats. Th e conclusion is that the lack of 
the standard, causes a lot of problems in process mining. So, the 
XES (Extensible Event Stream) format was involved [7].

Th e XES standard is a XML-based format which is characterised 
by these four features:

simplicity - there is a need to use the simplest possible way to 
represent information, XES fi les should be generated easily and 
fast;
fl exibility - XES should capture logs from diff erent environments, 
not looking at the domain etc.;
extensibility - it must be easy to add some features to the standard 
in the future;
expressivity - the information can’t be lost or the loss should 
be as minimal as possible.  

Th e very detailed description of the XES data format can be 
found at [7].

XES is not the unique form to express the event log. Sometimes 
other formats are used such CSV, text fi les etc. But why XES is so 
important ? Th e answer is simple. Th e most of popular tools such 
ProM [6] or Disco [3] support XES. Some tools support only this 
format (ProM). 

Th e data showed in this article was initially written as MS 
Excel spreadsheet. Excel fi les are not supported by the tools, so the 
conversion to XES format was applied. Th is conversion was carried 
out using the XLS2XES Converter tool which was originally 
developed by the author of this paper in Python programming 
language. Th e details of the conversion are not the subject of this 
paper - it will be published in the nearest future. 

3. The alpha algorithm

Th e α-algorithm is the simple way to obtain the Petri net from 
the event log. Th e input is of course the event log and the output is 
the set of places, transitions and arcs between them. Th is approach 
scans the event log for particular patterns. For example, if a is 
followed by b but b is never followed by a, then it is assumed that 
there is a causal dependency between a and b. 

Typical patterns found by the α-algorithm are:
sequence patterns;
XOR-split and XOR-join patterns;
AND-split and AND-join patterns.

Let L be an event log over T ,α(L) is defi ned as follows [1]:

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
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Th e equations above can be described as follows:
1. Each activity in L corresponds to a transition in α(L).
2. Fix the set of start activities.
3. Fix the set of end activities.
4. Find pairs (A,B) of sets of activities such that every element  

a A and every element b B are casually related.
5. Delete from the set XL all pairs (A,B) that are not maximal.
6. Determine the places, transitions and arcs for the fi nal Petri 

net model.

Th e α-algorithm has some week points: can’t detect implicit places, 
has problems with detecting the loops etc. [vdaalst]. Besides for each 
the same two event logs it always results with the same model.

In this paper an application of this algorithm is presented. In 
the next section the model of the process obtained using ProM 
tool is described.

4. The model of the process

Fig. 1. ProM main window [6]

As mentioned in the previous section, for creating the process 
model, ProM1 tool was used. Th is is an extensible framework that 
supports a variety of process mining techniques in the form of 
plug-ins. ProM is continously developed and other functionalities 
are beeing added. Th e tool is written in Java programming 
language and thanks to this feature, is accessible for all platforms 
supporting Java Virtual Machine. Th e other advantage is that 
ProM is free of charge. At the Fig. 1 the main window of ProM is 
illustrated. 

4.1. The model

First of all it is necessary to import the event log (in XES 
format) to ProM. It can be done by using import button in the 
top right corner of the main window. We have to be sure that our 
XES fi le is correct. One of the most signifi cant defects of ProM is 
that even the smallest error causes the failure of import process. 
Th is is the reason why the conversion from other formats has to be 
done without any errors. Other known and widely used tools (not 
only in process mining) have some capabilities to ingore or even 
correct errors. ProM unfortunately not. 

1 More informations about ProM and it’s plug-ins can be found at 
http://www.promtools.org

Fig. 2. The event log imported into ProM [own study based on: 6]

At the Fig. 2 the result of importing the event log is presented. 
ProM off ers some useful functions to do some pre-processing 
analysis. It can be read that this event log has 30 cases with the 
total number of events equal to 137. Th e 8 classes of events are 
visible, so this is the confi rmation that the conversion to XES 
format was done correctly. 

Now the Petri net can be constructed. ProM off ers the plug-in 
called AlphaMiner and this tool was used. Th e obtained model is 
illustrated at the Fig. 3

Fig. 3. The model obtained using α-algorithm (30 cases) [own study]

Th e fi gure above shows one of the defects of -algorithm. In 
the event log we can fi nd the fact that event b occurs in the loops. 
Besides it is never the start or end event. Th e AlphaMiner plugin 
couldn’t detect these loops. Th e model says that the execution of 
event b is impossible. No arc is incoming into this transition, so 
the token can’t arrive here. Also some cases are impossible such 
No further analysis is required (but of course can be carried out) 
to confi rm that the model is not good. What are the solutions ? 
Other algorithms can be used, some manual corrections can be 
made etc. But here we try to increase the total number of cases to 
59. And the obtained model looks like at the Fig. 4.

By adding new cases some problems were solved. First of all 
there is no non-reachable transitions. Besides the event b can 
occur in loops. 
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Fig. 4. The model obtained using α-algorithm (59 cases) [own study]

4.2. The evaluation of the model using footprints

At this point the model is evaluated using the simple method 
of footprints. Two tables are created - for the model and for the 
event log. Th e evaluation is to compare these footprints. 

Table 2. The footprint of the event log (59 cases) [own study]

a b c d e f g h

a # # || || ||

b # || #

c || || || || || ||

d || || # || || || ||

e || || # || ||

f || || || # # ||

g || # || || || # # ||

h || || || || || #

Now, the footprint of the model is necessary:

Table 3. The footprint of the process model (59 cases) [own study]

a b c d e f g h

a || # # # # # ||

b # || # # # # #

c # # # # # # # #

d # # # # # # # #

e # # # # || #

f # # # || # # #

g # # # # # # # ||

h # # # # || #

Th e quality of the model can be calculated using the formula:

(11)

5. Conclusion

As it has been proven using the equation (11), the model is 
underfi tted. Th e footprints are coherent only in 19 cells of 64. It 
means that less then one third of traces in the event log is modeled 
in the proper way. 

Th e α-algorithm is not able to design the model with repeated 
transitions. Each of them occurs only once. 

Besides, the choose of the data is also signifi cant. Th is time each 
day of the ship’s route was treated as a single case. Th ere’s always a 
possibility to do some changes in this fi eld. Th ere is a need to report 
that some events in the event log occured few minutes before the 
midnight or few minutes aft er. Th is coincindence can also infl uence 
on the event log and the way how the traces look like. 

In this paper the use of the α-algorithm in modeling of the 
ship’s route was described. Th e results tell that there is a need to 
do more research, but initial ones seem to be very promising. It is 
necessary to think about the organization of the event log.

Th e improvement of model’s quality is very important. Process 
mining can be very helpful in the transport. It provides a strong 
operational support [2] which can infl uence on the economic 
factors of transport companies.  
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