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ABSTRACT
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Bachelor’s Thesis
Tampere University
Natural Sciences
May 2023

There is a lot of data transferring and it is in many, often incompatible, formats. The data is
often needed to transform from one format to another. Semantic Web offers solutions to make
data consistent but they are complex and hard to understand.

The goal of this thesis is to find a solution that make it easier to implement Semantic Web in
the context of ISO 15926. Solution to that could be OTTR to ease the creation of Semantic Web
ontologies and graphs. In addition the solution tries to hide complexity of Semantic Web.

In this thesis a simple OTTR model is made on top of ISO 15926 ontology. With this model
simple additions to ISO 15926 ontology is made. Lastly it is evaluated how functional this solution
is.

This solution seems to ease the creation of Semantic Web graphs. For the hiding of the
complexity it partly helps after the templates are created so the templates take care of connecting
the information properly.
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TIIVISTELMÄ
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Kandidaationtyö
Tampereen yliopisto
Teknis-luonnontieteellinen
Toukokuu 2023

Dataa liikkuu paljon ja se on monissa, usein yhteensopimattomissa, formaateissa. Usein tar-
vitaan muuntaa dataa fromaatista toiseen. Semanttinen Web tarjoaa datan yhtenäistämiseen rat-
kaisuja mutta ne ovat kompleksisia ja hankalasti ymmärrettäviä.

Tämän työn tarkoituksena on löytää ratkaisu, jolla Semanttisen Webin toteuttamista voitaisiin
helpottaa ISO 15926 näkökulmassa. Ratkaisuehdotus voisi olla OTTR helpottamaan Semanttisen
Webin ontologioiden ja graafien luomista. Lisäksi tällä pyritään piilottamaan Semanttisen Webin
kompleksisuutta.

Tässä työssä toteutetaan yksinkertainen OTTR malli ISO 15926 ontologian päälle. Tällä mallil-
la toteutetaan yksinkertaisia lisäyksiä ISO 15926 ontologiaan. Lopuksi arvioidaan tämän ratkaisun
toimivuutta.

Tämä ratkaisu vaikuttaa helpoittavan Semanttisen Webin graafien luontia. Kompleksisuuden
piiloittamiiseen se auttaa osittain mallien luomisen jälkeen, jolloin ne huolehtivat tiedon yhdistämi-
sestä oikein.

Avainsanat: Semanttinen Web, ISO 15926, OTTR

Tämän julkaisun alkuperäisyys on tarkastettu Turnitin OriginalityCheck -ohjelmalla.
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1 INTRODUCTION

There is a lot of data and information in the world. These are often in incompatible
formats and it is needed to convert data manually so it can be understood by the other
system. Sometimes it is wanted to combine the data automatically without the need of
manual conversion. Semantic Web offers solutions to these types of problems but they
are complex.

The goal of Semantic Web is to make data in the internet automatically processed and
analysed by machine. To achieve that metadata is added to form connections between
data. These are formed with triplets consisting of something, for example person, article,
having a property, for example "is born in", "has an author", that has a value, for example
place, person. These form graphs that increase machines capabilities to process the data
and form conclusions. These graphs can be described on a higher level as an ontology
which describes the relationships between terms. [1]

ISO 15926 is an standard describing an ontology of industrial process plants. This ontol-
ogy describes the whole life-cycle of a plant. It is used in asset planning for the plant and
enables easier integration of data from different parts of plant. [9]

Reasonable Ontology Templates (OTTR) are an alternative way to describe ontologies.
It uses parameterised templates to describe the ontology. These templates can be used
to generate instanced graphs with data filled in parameters. [7]

This thesis tries to find a solution to ease the complexity by trying to find out how can
OTTR support and facilitate the use of Semantic Web technologies, such as ISO 15926,
in process industry applications. To evaluate this a model is constructed using OTTR and
ISO 15926.

To achieve this a model using ISO 15926 is constructed. On top of this a template using
OTTR is designed to hide complexity of Semantic Web. Lastly it is evaluated in which
regards this template make it easier to interact with graph easier.

This thesis consists of 5 chapters. In chapter 2 basic principles of Semantic Web and
OTTR and ISO 15926 are introduced. Chapter 3 shows the proposed solution for the
problem. The solution is evaluated in chapter 4 and finally the thesis is concluded in
chapter 5.
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2 SEMANTIC WEB

This chapter introduces the basic concepts of Semantic Web and how it is used in form
of triples. Then OTTR is introduced as an alternative to the traditional way of declaring
Semantic Web ontologies and graphs. Lastly ISO 15926 standard model is introduced.

2.1 Tim Berners-Lee philosophy

Semantic Web was first proposed by Tim Berners-Lee. It is an extension to the traditional
way of linking data for internet. The data is given relations of how it connects to other
data that form graphs. These forms triples of the the piece of information it is for, the
information it is related to and how they are related. The goal is to make data more
machine-readable and -processable. [1]

To make the data easier compatible with each other these graphs can be described as
ontologies which are set of rules how objects relate to each other. With different ontolo-
gies having same type of information defined differently either of the ontologies can have
an equivalent relation between the objects to make them compatible. Declaring the data
using ontologies removes repetition of information and improves the compatibility. [1]

The data having these relationships between each other helps machines to read and
infer information from the data. Queries can be made and and with the logic behind the
Semantic Web graphs machines can infer information and give answers to these queries.
This is useful to find information automatically from websites. [1]

2.2 Triplets/rdf

In Semantic Web the information is described as triplets. These triples consist of data the
triplet is for (subject), another piece of data the first data is connected (object) and how
they are connected (predicate). The Resource Description Framework (RDF) is used
as the standard for the triplets. [1] There are multiple notations these triplets can be
described as.

First notation introduced with RDF itself was with Extensible Markup Language (XML).
This RDF/XML format implements the RDF standard using XML. It is in XML format and
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it uses RDF specific tags and attributes. The sentence "Tim Berners-Lee is the inventor
of World Wide Web" could be described as RDF/XML format as shown in figure 2.1. [6]

Figure 2.1. RDF/XML example.

Terse RDF Triple Language (Turtle) is another format made for describing RDF. It is more
compact than RDF/XML. Prefixes can be defined to label things that appear multiple
times to shorten the definition of triples. [5] The same sentence as in RDF/XML "Tim
Berners-Lee is the inventor of World Wide Web" could be described as Turtle format as
shown in figure 2.2.

Figure 2.2. Turtle example.

N-Triples is a minimal format for describing RDF. It is essentially Turtle without prefixes.
Each triple is defined in their own line. [4] The same sentence as before "Tim Berners-
Lee is the inventor of World Wide Web" could be described as N-Triple format as shown
in figure 2.3.

Figure 2.3. N-Triple example.

There are other less used formats. Notation3 (N3) is similar to Turtle but has more fea-
tures. TriG is an extension of Turtle. JavaScript Object Notation (JSON) based formats
also exist. [8]

2.3 OTTR as an alternative view to triplets

Reasonable Ontology Templates (OTTR) is a language for modeling web ontology pat-
terns using templates instead of triplets. There are many different formats for making
OTTR templates [7]. A compact serialisation format is defined as Terse Syntax for Rea-
sonable Ontology Templates (stOTTR). It is intended to be easy to read and write and
the syntax is similar to fuction calls in programming languages like C or Java. [10] A
RDF serialisation format is defined as Web Reasonable Ontology Templates (wOTTR).
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It is designed so that existing tools for RDF work with it. It produces a Turtle file. [11]
A input format for making OTTR template instances in bulk is defined as Tabular Rea-
sonable Ontology Template Instances (tabOTTR). It is defined for tabular file formats
such as comma-separated values (CSV) and Excel spreadsheets. Fundamentals of
OTTR is defined as Concepts and Abstract Model for Reasonable Ontology Templates
(mOTTR). This is adapted and specified as Adapting Reasonable Ontology Templates to
RDF (rOTTR) to fit the RDF. Lastly Batch Instantiation of OTTR templates (bOTTR) is de-
fined as an Extract-Transform-Load (ETL) mapping language for making OTTR template
instances from existing external sources. The dependecies of these formats are shown
in figure 2.4. [7]

Figure 2.4. Dependencies between OTTR specifications. [7]

Lutra is a tool for OTTR. It is a reference implementation of OTTR language. It can read
and write OTTR templates and instances on different formats to create RDF graphs or
OWL ontologies. It is made in Java and has command line interface and a limited web
application WebLutra. [7]

As an example the developers of OTTR have made an ontology for describing different
pizzas. It is shown on their website [7]. It is a good way to show how OTTR templates
works.

Figure 2.5. Pizza ontology library example. [7]

First you need a template library that defines how the instance is build from the ontology.
As shown in figure 2.5 the parameters of the template using stOTTR are defined in brack-
ets. If the whole parameter has ’?’ in front of it the parameter is optional and can be left
empty. After that the rules of how they relate are defined. Other OTTR templates can be
used within the template to define rules.

Figure 2.6. Pizza ontology input example. [7]
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Next you need to call the template. As shown in figure 2.6 calling the template in stOTTR
is similar to function calls in programming languages. With these input calls and the
template library an output file can be generated using Lutra.

Figure 2.7. Pizza ontology output example. [7]

After inputting the input and template to Lutra it generates a file depending which format
it is wanted. As shown in figure 2.7 Lutra generates RDF graph file from the library and
the input calls. This is in wOTTR is similar to a Turtle file.
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2.4 ISO 15926

Industrial automation systems and integration — Integration of life-cycle data for process
plants including oil and gas production facilities standard also known as ISO 15926 is a
standard for data in process plants using Semantic Web concepts. It has a data model
describing an ontology for the life-cycle of a process plant. It is defined in parts. For the
data model the base is defined in part 2, reference data for different domains is defined
in part 4 and concept of templates is defined in part 7. [9]

Figure 2.8. Part of ISO 15926 model application. [3]

ISO 15926 defines an ontology for the data exchange for the life-cycle of a process plant.
The goal is to unify the data making it easier to integrate with different systems. In figure
2.8 an example is shown partly how ISO 15926 is used in a plant. It consists of hierarchies
of classes that are connected with relationships that indicates how they connect with each
other. The application consists of the base model described on top of the figure 2.8,
reference data and requirements on left under that and the actual objects on the right. [9]

As an example how ISO 15926 has been used in the industry Fiorentini et al. show in
their article how it is used for modeling nuclear power plant data. They explain how they
use meta model to automatically generate reference data in nuclear power plant context.
Lastly a small example of how their model goes with ISO 15926 and how spliting it would
benefit in general. [2]



7

3 OTTR TO FACILITATE USE OF ISO 15926

This chapter introduces the problem, what is needed from the solution and offers a solu-
tion with an example. In practise Semantic Web is complex so implementing it takes a lot
of studying. This can lead to poor implementations with mistakes in them. Furthermore
if there isn’t enough time more easily implemented solution might get chosen instead of
Semantic Web.

In addition there aren’t many tools for Semantic Web. These tools are often also complex
and require understanding of Semantic Web. This makes it hard to find tools for helping
the process of making Semantic Web applications.

Semantic Web being essentially directed graphs adding information to it the computa-
tional complexity grows. It gets slower to find information from it the more you add infor-
mation. To ease this more rules of how they are related to each other can be defined but
this adds redundancy if the rule can be inferred from the data.

3.1 OTTR needs for ISO 15926

As stated earlier Semantic Web is complex to use and understand. With added ISO
15926 need making the information to right format becomes difficult. This solution aims
to ease transforming the data into ISO 15926 compliant semantic web models.

This solution also aims to allow non-programmers to create and use semantic web based
information in their applications. This is tried to make possible with a use of already
existing formats that are used such as Excel spreadsheets. Other solutions are also
proposed as an alternative to spreadsheets.

3.2 Approach and proposed solution

The ISO 159526 model as described in section 2.4 consists of classes and relationships
between the classes. This hierarchy is needed to translate to OTTR templates to add on
top of ISO 15926 ontology. These templates is then used to make graph files to add on
top of ISO 15926 ontology.
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Figure 3.1. OTTR process overview.

The process of using OTTR template to make graph files is shown in figure 3.1. First
templates are made to define how the new classes are connected to ISO 15926 ontology.
Then using OTTR own formats or modified tabular files using the defined templates the
new classes are defined in an instance file. Then using Lutra with templates as library
and the instance file the graph file is made.

Figure 3.2. OTTR inputs.

Figure 3.3. OTTR outputs.

The instance files can be OTTR defined files or modified tabular files such as CVS file or
Excel spreadsheet as shown in figure 3.2. In either cases of these files using the OTTR
defined format for it the instanced entities, in ISO 15926 case classes and relationships,
for the templates are defined. The output files can be in OTTR defined formats as shown
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in figure 3.3. Using stOTTR an OTTR defined file is produced. Using wOTTR a Turtle file
is produced.

With these an example is constructed. The aim of this example is to show how to make
simple template and use it to add on top of ISO 15926 ontology.

3.3 Example

Here is a simple example how to add PSK standard classes and subclasses to ISO 15926
hierarchy using OTTR. It shows a simple templates for this. It is shown how to use it to
produce a graph file using these templates. In this example different types of pumps are
added.

Figure 3.4. PSK to ISO 15926 template.

To add different pumps class and subclass templates are needed. As shown in the figure
3.4 templates start with definition of prefixes. These are libraries for the template to use
to create the graph file. In the actual templates defined here the class and subclass
are associated with some ISO 15926 classes. In this simple example any additional
information about the classes and subclasses are left out.
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Figure 3.5. PSK to ISO 15926 instance.

Figure 3.6. PSK to ISO 15926 Excel instance.

Figure 3.5 shows an instance using stOTTR format and figure 3.6 shows an example
how Excel spreadsheet is modified to use OTTR templates. As in template file the pre-
fixes used are defined first shown in figures. Next the templates are called with the data
required for them.
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Figure 3.7. PSK to ISO 15926 output.

Using the template from figure 3.4 and the instance from figure 3.5 or similar Excel
spreadsheet or other tabular file as an input to Lutra a graph file is generated shown
in figure 3.7. This Turtle file that was generated in theory can be added on top of the ISO
15926 ontology as an extension.
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Figure 3.8. Figure 2.8 with constructed template mappings.

In figure 3.8 it is shown how these new templates are mapped to ISO 15926 model.
Mapping these new classes as equivalent to the reference classes in ISO 15926 it allows
them to be used to define the instanced classes shown on the right of the figure. It also
enables them to have the hierarchy of ISO 15926 when used with the ontology.
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4 RESULTS AND EVALUATION

In this chapter evaluation of the constructed templates and it’s use is given. As described
in section 3.3 OTTR templates for adding to ISO 15926 were constructed. Two templates
were constructed, one for adding classes and one for adding subclasses for that class.
These are used to generate additions to ISO 15926 model.

These templates makes it easier to make ontologies and graphs compared to traditional
formats of making these. Less information is needed to create instanced graphs from
templates and the templates take care of connecting everything together. Also having
Excel spreadsheets and other tabular formats available makes it easier for non program-
mers to approach the Semantic Web with a familiar file format for them.

That being said templates are still needed to create and it requires knowledge of how
OTTR and Semantic Web work. On top of that the Excel spreadsheets and other tabular
files require specific OTTR format to work with templates. Though it might be easier to
grasp it still requires studying for how to make these files or modify existing ones to make
it work. Also tabular files can only be used as an input for templates and not get as
an output file so it might be hard to see what was actually made from the files without
Semantic Web knowledge.

This evaluation example is really simple. For it to have more practical uses more attributes
to the classes should be added. On top of that more templates for the instanced classes
and other requirement classes are needed to generate more complete and detailed ISO
15926 graphs. With these added templates it should be easier to add things on top of
ISO 15926 ontology and generate graphs from it.
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5 SUMMARY

The goal of this thesis was to ease the complexity of Semantic Web and ISO 15926. To
achieve this it is explored if OTTR can be used for this. It is tested if OTTR can hide
the complexity of Semantic Web and ease the construction of ISO 15926 ontologies and
graphs.

To see if OTTR is suited for this, simple OTTR templates were made for creating ISO
15926 classes. With these templates instanced ISO 15926 classes were made. These
were then converted to a graph file to be added to the ISO 15926 ontology.

Creating the templates is still tedious and require knowledge of how OTTR and Semantic
Web work. After the templates are made however they are easier to use than creating the
Semantic Web and ISO 15926 ontologies and graphs the traditional way. This evaluation
example is really simple and more templates should be added with more attributes to see
if this helps on a larger scale.

Next steps for future studies would be to make an example with more templates. These
templates should cover most of the ISO 15926 instanced classes to see if it is feasible
to make complete ISO 15926 graphs using OTTR templates. It should also be tested if
these templates make it easy to add new instances for ISO 15926.
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