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Abstract

The eXtensible Event Stream (XES) format is a new approach to illustrate the process data. Every ship journey
is a sequence of some activities which can be read using different sources of data such ARPA, AIS etc. So we
can say that this is a kind of process and its data can be organized in ordered and simple form. The most popular
data formats to show the process data were of course XML and CSV. Currently, we can observe huge progress
in the domain of process mining. Every year, new tools appeared and the need for some data standard became
necessary. This standard is called Extensible Event Stream. In this paper, the use of XES format in navigational

data is described.

Introduction

Modern data analysis requires suitable tools, such
as software, methodology etc. Data can be acquired
in different forms and from a variety of sources.
The type of data is significant for further research
and interpretation. The experiences of data scien-
tists showed that the format of the data is the most
important factor for success in data analysis (Aalst,
2011).

The same fact can be observed in the context of
process mining. A few years ago the main file for-
mats in this field were XML and CSV files. XML
is a natural way to express the dependencies in the
data and is still used today. This format is very wide-
ly used by software developers, scientists and more.
CSV is a nice way to create a spreadsheet in MS
Excel. It does not even require having MS Office
installed. It is easy to use and send through the net-
work. This is only the simple text file which con-
tains the table of data. The last few years of research
in process mining resulted in the creation of a new
XML-based data format — eXtensible Event Stream
(XES). The XES Working Group has mainly been
established thanks to the Technical University of
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Eindhoven (The Netherlands). XES became the offi-
cial IEEE standard (www.xes-standard.org).

The main features

The most important thing in process mining is the
event logs — the basic form of the data. It contains the
information about the process, such as timestamp,
activities, resources, comments etc. The event log
is the description of the process recorded during its
life cycle. The natural way to express this kind of
data was with CSV and XML formats, but could not
show the desired structure of the process. The new
XES data format (see UML diagram in Figure 1) is
works better due to numerous advantages:

» Simplicity — the simplest possible way to repre-
sent the information about the process.
Flexibility — the standard is able to capture event
logs from any background.

Extensibility — it must be easy to add some fea-
tures to the standard in the future.

Expressivity — the loss of the information should
be as low as possible, so all information elements
must be strongly typed. It must be easy for others
to interpret the information.
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Figure 1. The UML diagram of XES format (source: www.xes-standard.org)
Why is XES data format so important? The rea- data (ProM, Disco). Indeed, some of them are able to

son is obvious and simple. The majority of tools convert the event log to XES, generally it is recom-
used in process mining support mainly this kind of mended to use only this format.

Table 1. An example event log (Aalst, 2011)

Case Event Properties

id id Time stamp Activity Resource Cost

1 3654423 30-12-2010:11.02 Register request Pete 50
3654424 31-12-2010:10.06 Examine thoroughly Sue 400
3654425 05-01-2011:15.12 Check ticket Mike 100
3654426 06-01-2011:11.18 Decide Sara 200
3654427 07-01-2011:14.24 Reject request Pete 200

2 3654483 30-12-2010:11.32 Register request Mike 50
3654484 30-12-2010:12.12 Check ticket Mike 100
3654485 30-12-2010:14.16 Examine casually Pete 400
3654486 05-01-2011:11.22 Decide Sara 200
3654487 08-01-2011:12.05 Pay compensation Ellen 200
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The event log

The event log consists of some cases. These cases
are the ordered sets of some activities (not always
unique). Each activity has some attributes. The most
important attributes are its timestamp and the iden-
tifier. Other attributes can represent other types of
information — numbers, characters etc.

Where do the event logs come from? The event
log can be recorded during the process, can be
obtained from the organization etc. It can be also
generated artificially (randomly) but it is necessary
to look carefully at the accuracy of the data. Absenc-
es of data are not allowed. One cannot see the time
of the process if does not have any timestamps.
The activity cannot be identified if it does not have
even the name or identifier. Of course some data can
be ignored. If the information about the resources is
not necessary, then it can be skipped in some situa-
tions. If data recovery is possible, it should be done
before the process mining procedures.

In Table 1, a simple example fragment of the
event log is given. Three main parts of it are clearly
marked. Case id, event id and properties. The most
important property is the timestamp. There is no
event log without this element.

Navigational data

The facts mentioned above naturally lead to the
following question: can we treat the ship’s motion
along a given route as a process? The answer is, of
course, yes. A ship is not only an object which moves
from the departure point to the destination. There is
a sequence of activities to reach the final port. Navi-
gational data can be obtained in different ways. There

is a lot of equipment on board, such as AIS or ARPA.
Moreover, there are some web services such Marine-
traffic.com tracking the ships. In Dramski (Dramski,
2016) the a-algorithm was used to build a process
model for a ship’s route. The data was obtained from
the web and then transformed into an event log in
XES format.

Extract

Acquisi- Read Save as .
tionof [| e CsV xes || Buld
data log format format

Figure 2. From data acquisition to the process model

Figure 2 illustrates all the necessary steps from
the data acquisition to the process model. This time
the process data was recorded using MS Excel and
CSV files. Then the event log was extracted and
saved in XES format using Python programming
language.

Data conversion

What does the conversion look like? The sequence
diagram in Figure 3 illustrates the job of the software
created for this purpose.

The first step in creating a process model is the
analysis process. This is the starting point of the
whole procedure. Next, the event log is created and
then the data is recorded. At the given point, the data
recording is stopped, but the process can still work

[Converter

Create XES file IXES

Create process model < | /Process Model

IProcess [Excel
Create event [Event Log
log
Send data

Send data to csv

S

Data recorded

Send data

- — === === =4
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Send data (optionallif in XBS format)

Send converted data

Data sent (optional)

Create a model

Create|a model

Figure 3. The sequence diagram of CSV to XES conversion
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(optional if the tool ﬁpports csv format)
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(it is not dependent on the model). Now we have two
possibilities. If the recorded data format is CSV, it
can now be sent directly to MS Excel, for instance,
and some procedures can be carried out (e.g. in the
case of data absences). If the data was original-
ly recorded in XES standard, then it can be sent to
the XES file and used for the creation of the mod-
el. However, let us go back to the situation where
the CSV format is considered. The data needs to be
converted and the converter is used. After the con-
version the data can be sent to the XES file and, of
course, used by the model.

In Figure 3 it can also be seen that the event log
does not exist at the same time as the process. This is

\elad ntrry

natural and easy to explain. If we do not record data,
the event log is not needed. The same situation is
observed with an XES file. It does not exist if it is not
created. The creation time comes after the convert-
er’s job has begun. In this diagram, it is also clear
that no object is destroyed. The process exists in the
time and it does not depend on any other object from
the system. The same situation occurs with the Excel
and converter objects. Evidently it can be assumed
that the converter is not needed after the conversion,
but it can still be used in the future.

In Figure 4 the real collected data from Marine-
traffic.com is illustrated. Clearly, due to the large
number of samples, the spreadsheet is limited to the

€210 d =TEKET[C2I0,"dd. mmevirer g mm

A B c C E
1 CaselD |  EwentiD TRIE (UTC) Event Arsa
2 ia 25.09 2015 0745 In Range
3 ! 2509 2015 080T Undermay
4 £ 25092013 08:16 Arrtesl
2 L} 25092015 1206 Micdy position
-] id 2502 2015 1338 Ceparture
T te 2508 2013 13:54 Stopped
a8 ig 25.09 2015 1822 Mudnighl poston
) 2a 26.09.2015 1549 In Range
10 21 26 08 2015 1630 Uncherway
1 20 26.09.2015 16:41 Changed Course
12 2B 26.09 2015 18:51 Changed Course
13 28 26.09.2015 17:35 Changed Cauns Baitiz Sea
4 ] 26092045 17.56 Changed Course Baltiz Sea
15 2 26.09 2005 2153 Arival
18 2d 26.09.2015 23:00 Ceparture
17 2g 26.09 2015 23.58 Midrighl poston Baltic Saa
18 3a 27.09.201% 08:29 In Range Baitiz Sea
19 3n 27 089 2015 1308 Micdey poaition Baltic Sea
20 a3 20.09.2015 O0:03 Micright positan Baltic Sea
Fil de 28.09 2015 1112 Arrival
22 48 28.09.2015 11:24 Slopped Kisl Canal
23 4d 28.09.2015 11:24 Departure

F o H i o =
Poit | Spesd (kn) | Courss jdeg) | Latjdeg) | Lo [deg)
815180 1462313
8 10 5351183 14 B R
SICTECIN
248 5343235 14.5TIED
SICIECIN
0.4 283 5351855 T8 EHE
L) 53,5188 1482615
53518 14,6362
24 21 53 52083 1462515
5.4 aul 8153728 14 G305
53 i) 53, S4B88 18 B1543
5 30 53.60768 14 58788
4.8 39 5363425 18570
SWNMNOUISCIE
SWINOUJSCIE
3.6 550 54.01335 14,281
4.8 k| 54, 45527 1386750
-1 200 54 6TI9T 1388733
&2 & 54. 51675 11, 75235
NORD-OETSEE-KAMAL
' 84 54,3681 fRETETS

NORD-OSTSEE-KAMAL

Figure 4. The collected navigational data in MS Excel

d = dict()

for row in range(first_sheet.nrows):
L = list()
for column in range(first_sheet.ncols):

if (L[@] != "CaselD"):
d[L[@]] = d.get(L[@],90)
globallist.append(L)

numberOfCases = len(d.keys())

for i in range(1,numberOfCases + 1):
tmp = list()
for j in range(1,first_sheet.nrows):
if (globallList[j][@] == i):

d[i] = tmp

L.append(first_sheet.cell(row,column).value)

tmp.append((globalList[j][1],globalList[j][10]))

Create global dictionary

Read data from MS Excel file and
make a global list (first_sheet
variable contains the file path)

Determine the number of cases
Convert the global list and save it
as a dictionary which will be the
base for XES data format

Listing 1. The fragment of CSV to XES converter in Python programming language
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<?xml version="1.0" encoding="UTF-8" ?>

<trace>
<string key="CaseID" value="1" />
<event>

</event>
<event>

</event>
<event>

</event>

<log xes.version="2.0" xes.features="arbitrary-depth" xmlns="http://www.xes-standard.org/">

<string key="concept:name" value="a"/>
<date key="time:timestamp" value="2015-09-25T07:45:00.000+00:00"/>

<string key="concept:name" value="f"/>
<date key="time:timestamp" value="2015-09-25T08:07:00.000+00:00"/>

<string key="concept:name" value="c"/>
<date key="time:timestamp" value="2015-09-25T08:16:00.000+00:00"/>

Listing 2. The initial fragment of the XES file

first visible fragment from the screen. It is observed
that some of the data is lacking. Empty fields do not
always denote missing data because they can be eas-
ily updated. One of the MS Excel features is the pos-
sibility to export the data directly into CSV format.
Unfortunately, MS Office does not support the XES
format, so it is necessary to write a converter. This
was done using Python (www.python.org) program-
ming language. The most important part of the code
is shown on the Listing 1.

The presented listing shows the main initial pro-
cedures of the converter’s job. First of all there is
a need to read the data from the MS Excel spread-
sheet and then save it to a special data structure,
being a combination of Python’s list, tuple and the
dictionary. At the end (not presented in this listing),
the data is directly saved into XES format. The con-
tent of the XES file looks like on the Listing 2.

Listing 2 shows only the initial fragment of the
final XES file. As aforementioned, the file struc-
ture is similar to XML, but the most important
thing is that it can now be easily used to create
a process model using process mining techniques
and tools.

Conclusions

In this paper, the short description of the usability
of XES file format for navigational data is shown.
This data structure lets us treat the ship’s route (or
other processes related to marine industry) like
a sequence of certain activities. The XES format
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allows easy understanding of what the most import-
ant activities are; it shows the time of each activity
and also can contain some other, maybe not always
necessary, but usable information.

The research development in the process min-
ing domain allows the creation of process models
in every domain of the modern economy. Thanks to
these tools, there are a lot of advantages, e.g. oper-
ational support (Dramski, 2015), which makes the
predictions, or correction of some incorrect func-
tionalities of the process, possible.

The XES data format makes the analysis of the
process easier. It is supported by most tools, such as
ProM or Disco.
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