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The world is becoming increasingly more data orientated. This can be seen across all industries
and is evident when looking at the global Big Data drives. This is also the case for the industrial
sector. lncreasingly more data gets generated in this industry and the value obtained is
becoming increasingly more important. The problem, however, is that data comes in different
forms and formats and these also tend to change as the underlining technology changes.
To perform analysis on data, with constantly changing formats , is a difficult and time
consuming task. It is easy to motivate the development of a platform that translates the data
from the different formats into a predefined standard format. However, the effect that the
environment plays has in the translator design further presents a number of difficult questions.
Questions such as how will the users of this platform dictate what is required from a platform,
or how will the type of data influence the design of a platform like this, arise. Answering these
questions with the goal of designing a platform that can solve the particular translation needs
is the focus of this study.
As part of the study other pre-existing translation platforms were evaluated and found to be
inadequate to address the specific requirement. The literature further indicated that large
complex systems such as these should be developed by decomposing the complete system into
smaller sub-systems thereby modelling the complete system as a system of systems. In order
to achieve this, there needs to be a form of interoperability (ability to exchange information
and act upon each other) between the smaller systems. This system of systems concept was
used in the design of the platform.
ln researching how the environment (the one the platform is used in) would influence the design

of the platform , a Design Science Research approach has been followed. Design Science
Research states that similar to a natural scientist doing research on some phenomenon in nature
by studying this phenomenon in the environment it occurs (e.g. Newton researching gravity by
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studying the fall of an apple from a tree) . So too can the Design Science Researcher do research
on some artefact by studying the workings of that artefact in its environment.
By following a Design Science Research approach it was possible to identify how the platform
interacted with the rest of the environment wherein the translator was used in as well as what
requirements the environment imposes on the platform. It was further possible to study the
effect of the nature of the data on the platform and how it was used. By knowing this effect it
was clear how the design of the platform should be changed in order to accommodate the nature
of the data.
The study indicated that by using Design Science Research it was possible to study the effects
that the external environment has on the translation platform design. With this information, the
translation platform was designed for a specific industrial application . The implementation of
the translation platform automated the manual processes currently used. The result of the study
was validated by measuring the reduction in man-hours needed between using the platform and
doing the translation manually. Using the platform saved the company enough man-hours that
a full-time graduate employee could be freed up to do more important work.
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I. Background on Study
1. 1. Introduction
As technology advances and gets more complex so do the systems that make up these
technologies. One of the more dominating driving forces in technology advancement is the
ever-increasing speed at which data can be computed and the ever decreasing cost of
performing these computations (Loebbecke & Picot, 2015; Lokers, Knapen , Janssen, van
Randen, & Jansen , 2016). It is a classic example of where the demand closely follows that
which is physically possible and economically viable. As these two factors change, businesses
are forced to adapt or be left behind only to be replaced by another business that took advantage
of being able to compute more data faster and cheaper than ever before (Loebbecke & Picot,
2015).
This has led to incredible technologies being capable of performing tasks that were previously
thought to be impossible for machines to perform. The Big Data drive that is occupying all
major industries out there is evident of this. Everything from relieving traffic through selfdriving cars (Zakharenko, 2016), to improving the effect of agricultural practises on the
environment (Lokers et al., 2016). Having more data and being capable of processing this data
means being capable of deriving more accurate conclusions faster.
This allows businesses to be agile (Larson & Chang, 2016) and respond to changes in the
market quicker while also allowing conclusions that would have been impossible to achieve
without this new data. All of this gives rise to an increasing need to share data between different
systems of increasing complexity (Wang, Xu, Fujita, & Liu, 2016).
As with most other industries, the mining industry is becoming more data oriented (Perrons &
McAuley, 2015). The need to acquire more data and integrate that data with more aspects of
the mining operations is growing at a rapid pace; doing this allows for more sophisticated
machinery, optimised mining and efficient use of energy resources.
The value of being able to incorporate data from across the whole mine and acting on the
information extracted from that data is becoming more evident. Being able to draw conclusions
from data across multiple systems and feeding that information back to the some or all of the
systems allows the systems to function together as a larger system accomplishing a common
goal (Laurentis et al. , 2007).
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This can be explained with the help of the following example. Say there exists an operator on
a mine; this operator is in charge of three independent mechanical systems. The main energy
source of all three systems is electricity and to ensure that the electricity bill can be paid
monthl y an energy budget was drawn up for the total energy consumption over the three
systems. The operator has a lot of experience with the three systems and he knows in order to
maximise the overall production of all of the systems he has to award 50% of the total energy
budget to the first system, 30% to the second system and 20% to the third system.
The problem, however, is that the average ambient temperature of the immediate environments
of the three systems affects the energy requirements of the systems in different ways. This
results in changes to the optimal energy division across the three systems in a manner that is
very hard to predict. If the production and energy consumption data from all of the systems are
logged daily then conclusions based on the data can be extrapolated in the form of a report.
The operator can then make use of this system performance report to adjust for the effect
ambient temperature had on the three systems to ensure optimal energy is maintained and
energy budgets are adhered.
This is a simple example where the data from different systems are grouped and analysed
together thereby helping the systems to act together to accomplish a common goal. They all act
together as different parts of a larger system where the goal of the larger system is to optimise
the overall production. Systems like this where the overall systems are made up out of smaller
systems is called a System of Systems (SoS) (Johnson IV, Tolk, & Sousa-Poza, 20 13).
When integrating data across a whole SoS one has to keep in mind that the data will be in
different formats (Yaqoob et al., 2016). Different technologies will generate different data. The
data generated by a pump will be different to the data generated by a compressor. A temperature
sensor from vendor A may provide temperature reading in 5second intervals while a
temperature sensor from vendor B only provides temperature readings in 1Osecond intervals.
Differing data formats can create potential problems when conclusions need to be made across
the data from different technologies (Chang et al., 2016). The entity (human or machine) that
wants to make these conclusions needs to " understand" all of the different data types and
formats. When comparing the data from one data format to the data from a different format it
needs to know how to interpret the data from both formats to ensure that apples are compared
to apples.
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This does not seem like such a big problem when the data formats and types are limited but as
stated before there is a constant drive to include more and more data from more and more
systems and technologies. This leads to an increasing number of different data formats and
types that needs to be reckoned with. What makes this even worse is the fact that as
technologies change so do the data formats and types. The formats that have already been
handled might also change making the whole process of " understanding" the data dynamic in
nature.
Therefore automating the whole analysis and drawing conclusions from the data part of this
process is challenging. When automating this it means that machines are required to
" understand" all of the different data types and formats. Although there have been huge
advances in the field of machine learning and artificial intelligence (Cantu-Ortiz, 2014),
technology has not yet advanced to the point where the machines can teach themselves all the
different data formats. This means we humans still need to give the machines the tools they
need to " understand" the different data formats.
A popular way found in literature to do just that (help computers " understand", to some degree,
the information that is given to them) is through the use of ontologies (Skjreveland, Giese,
Hovland, Lian, & Waaler, 2015). An ontology is a term borrowed from philosophy (Lassiter,
2016) by the computer science community.
In philosophy an ontology is used to try and define the essence of something. It is used to try
and capture that which defines the very existence of something to the full (Gruber, 1993). In
computer science this term is used for something that gives a high level declarative description
of the structure of the information being provided (Orpha Cornelia Lombard, Gerber Cosupervisor, & van der Merwe, 2014; Skjreveland et al., 2015).

If ontologies for two data formats are created (an ontology for each data format) then an
ontology map that describes the relation between the two ontologies can be created (Forsati &
Shamsfard, 2016). This ontology map can then be used by a computer to " understand" the
relation between the different data formats (Mecca, Rull , Santoro, & Teniente, 2015). This is
known as ontology mapping or ontology translation and it can be used to help computers draw
conclusions from data across multiple systems with multiple data formats.
The current technology used is becoming increasingly complex and the data generated 1s
becoming increasingly diverse. As computation becomes faster and cheaper there is a need to
incorporate more and more data into the conclusions drawn from the data. The analysis we
3
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analysis. If the conclusions made from the data are to be automated then the computer doing
the analysis requires the tools to " understand" the different data formats and the relationships
between them. This can be done by using ontologies and ontology mappings.

1.2. Probl em Identifi cation
Esco ' s (Energy Service Company) are businesses that work on a contractual basis for
heavy industry. They provide energy solutions which include but are not limited to the
reduction of energy consumption of a business. Esco ' s have multiple clients from various
industries. As part of the services that the Esco' s offer, they need to perform analysis on the
data from a wide range of systems from clients. This places the Esco ' s in a position where they
inherit the environment as described in 1.1.
Within the internal structures of the Esco , each business can be modelled as a SoS where
different sub-sections (modelled as the different subsystems of the SoS) work together to
achieve a common goal. The different subsystems usually (but not always) correspond to a
different physical branch of the business.
Each of these subsystems can in turn also be modelled as a SoS where the different technologies
or groups of technologies (like the pumps, compressors, etc.) can be seen as the different
systems of this SoS. A graphical presentation of this can be seen in Error! Reference source

not found .. Of course, each group of technologies can again be modelled as a SoS but such a
level of abstraction is not needed for this study. For more information on the definition of a
SoS and the system hierarchy this imposes see section Error! Reference source not found ..
Apart from the different subsystems there usually exists entities that accumulate data from the
different technologies making up the subsystems. These entities can be anything ranging from
a collection of physical meters installed on location , a connection to a database or data from an
external metering company a mine uses to store some of its information extracted from the
site ' s Supervisory Control And Data Acquisition (SCADA) system. From here onwards these
entities will be referred to as data accumulators.
The data accumulators can be seen as a centralised store for storing and retrieving data. They
are a means of gaining access to the data contained within a location and they give all of this
information in a single format that is usually unique to that specific accumulator. In this, they
act very much as a translator translating all of their information into a single format before
relaying that information onto whoever needs it.
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( Technology A J
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Figure 1: Graphical presentation of the SoS breakdown of a single client

The data accumulators help, to a certain degree, with the problems surrounding the dynamic
and di verse nature of the data from the industry. When the type or format of the data from a
certain technology changes or more data types from that specific piece of technology needs to
be retrieved the data accumulators can absorb this change and still relay the data using the
initial format. If however, this was possible in all cases the world would have been a lot less
complicated and this study would have been null and void .
The data accumulators can only absorb the change if the change in the data format or type is
minor. If the change between the data types is large enough or if the format of the new data
that needs to be included differs to an extent that is great enough the format can still be changed
or a new data accumulator will be used altogether.
The point being made is that although the data accumulators help to buffer or absorb the effect
of the ever-changing nature of the data in the industry, they do not eliminate the issue
5
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completely. The data types and formats received from the industry are still , and will for the
foreseeable future be ever-changing, even if the data is only retrieved through the data
accumulators. It might not be to the same extent as when the data is accessed directly but it
will continue to be a problem that must be addressed.
The analysis that needs to be performed on these data sets are usually system specific which
means that the calculation that is needed for the different systems has to be custom designed
for each one of the subsystems.
Esco ' s requires the use of a reporting system that is put in place to do system specific
calculations needed for their analysis. This reporting system receives data from the data
accumulators and performs analysis. The reporting system will need to do calculations on data
from various parts of different systems and as such will have to "understand" the data from
numerous file formats.
Setting up calculations over such a wide variety of data formats is a tedious job and when the
file formats changes all of the calculations dependent on that format has to be updated to allow
for the change. To overcome this a new system will be introduced.
This new system will be tasked with translating all of the data that is received from the data
accumulators into a predefined standard format (hereafter referred to as the standard format).
Having a system like this allows for the reporting system to only support or "understand" one
format. When the format of a file received from one of the data accumulators ' changes, only
the part of this new translation system that translates that format needs to change.
All of the calculations in the reporting system can then be left unchanged. The design of the
standard format is beyond the focus of this study but what is important to know is that the
standard format is tag based. A tag defines a grouping of information all originating from the
same source, giving information of that source at different time intervals. The temperature
readings of a particular piece of technology would be one example of a tag. For more detail on
this see section Error! Reference source not found ..
It is this system (the system placed in-between the data accumulators and the reporting system)
that is the subject of this study. How to design and implement a system that will function well
as a platform for translating files that are as diverse and as dynamic as the one's received from
the data accumulators. This platform will need to allow for the continuous creation and update
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of translators while also allowing the use of these translators to translate the data in an effective
way for use by the reporting system .
The platform needs to allow the personnel to monitor and manage the translation processes
while also trying to automate the translation processes to the furthest possible degree. The
platform must allow for the creation of translators to be able to translate a diverse set of file
formats but also take into consideration the available human resources in the company capable
of programming. The platform needs to save the translated data to ensure that the reporting
system can use the data whenever it needs to.
One thing to keep in mind is that the function of this system can ultimately be performed by
human resources alone. To translate from one file type to another can be done by hand. It is a
task that is very human intensive and repetitive and would take a lot of time but it is in no way
a problem that cannot be solved by a lot of people doing the translations manually. The function
of this system, this platform, is then ultimately to reduce the dependence of the translation
processes on human resources doing the translations manually. Ultimately this is an automation
problem.

Error! Reference source not found. gives a graphical representation of how the systems at
the Esco ' s client, the data accumulation, the translation platform and the reporting system can
all be modelled together as a SoS all working together to help integrate all of the different
aspects of the mine. The red arrows represent the flow of data before any analysis has been
performed on them while the blue arrows represent the conclusions drawn from the analysis
performed on the data from the Esco ' s client.
It (Error! Reference source not found.) shows how the data originates at the different

technologies used in the subsystems of the Esco's client. How the different data accumulators
collects the data from the different technologies. The accumulated data in all of its different
file formats is fed to the translation platform to be translated into the standard format. The
reporting system now uses the data translated into the standard format to do its analysis and
then the conclusions drawn from that analysis is fed back to the subsystems at the Esco ' s client
to ultimately alter the way those technologies are used.

7
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Overall System of Systems
Esco's client
Sub-System A
Technology A

Technol

X
Data Accumulation
Data
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Data
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A

Technolog X
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Translation Platform

?•

Beyond the scope of this
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Figure 2: A Systems of Systems breakdown of the flow of data .
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What makes this problem more complex and what was unknown at the start of the study is how
the environment the platform needs to operate in would affect the design of the platform.
Placing this platform in this environment and having this platform interact and play its part
within the larger SoS adds a vast degree of complexity to the problem ; especially when these
interactions are not yet fully understood.
These interactions, the way the platform needs to behave, the way this platform needs to
complement the rest of the systems given in Error! Reference source not found. , the exact
way in which this platform should help solve the overall problem of the larger SoS. This is
what this study focusses on. Given all of this, the research questions in the following section
were drawn up.

1.3. Research Questions
The rate at which data gets generated is increasing and extracting value from this data by
performing analysis on it is becoming increasingly more important. To perform this analysis,
it is important to have all of the data in the same format. This is difficult to achieve because the
data originates from various sources and because the underlying technologies of these sources
often change the formats of the data do so as well. A solution to this problem would thus have
to take all of this into consideration. To help in the development of this solution the following
research questions have been developed:
Main question: How would the design of such a solution look?
1.1. What role does the nature of the data play on the design of the solution?
1.2. What is the effect of the internal structure of the company on the design of the solution?
1.3. How do the available human resources change the design of the solution?

1.4. Summary of the Research Approach
To find a solution to the problem described in the previous sections research is needed not only
into how to develop translators or how to develop a platform that can be used to create different,
diverse translators. Research is also needed into what is needed from a platform like the one
described, in the environment that was described. What is needed from a platform like this
when the function of this platform is not only evaluated by how well files get translated or how
effectively different translators get created but how well this platform functions as part of the
larger system. Research is needed into what exactly is required from a platform like this when

9
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it needs to function as part of the larger system in the environment described. For this Design
Science Research has been chosen as the research approach.
When doing Design Science Research, an artefact is created. Research is done when the artefact
is designed, placed in its environment and studied or evaluated for how well it functions within
the given environment. The knowledge gained from the design and evaluation can then be used
as input for a new design. The new design is then reinserted into its environment to again be
studied and so design science has this continues cycles of design, testing and evaluation until
the artefact is evaluated to function well enough within its environment or the research
questions has been answered .
This can further be explained by the use of an example: People were able to build aeroplanes
that can fly long before they knew exactly what was needed to make an aeroplane fly. Not only
were they able to build aeroplanes before they knew what was needed but through continuously
designing, building and evaluating how well the aeroplanes flew they were able to develop
theories of what is needed for an aeroplane to fly. It was for this reason that Design Science
Research was chosen as the design approach for this study.
By continuously designing, building and testing a platform, m the environment that the
platform needed to function , it was possible to not only test the function of the translators and
the creation thereof but also the function of the complete platform as it plays its part in the
bigger system. By doing this it was possible to determine, to develop theories if you will, of
what is needed or required from a platform like this and to then design the platform accordingly.
For more information on Design Science and how it was used to conduct research in this study
see section Error! Reference source not found ..
The steps that were taken to conduct this study were to first look at what other platforms exist
that could be used to create the platform needed and the advantages and disadvantages of these
systems were evaluated. This can be found in section Error! Reference source not found ..
Next, the literature was studied for how to conduct the design of a system that needs to be part
of a larger system . How to model a large complex system such as a SoS and by doing that
reduce the complexity of the overall system. How to ensure all of the different sub-systems
work together to accomplish the overall function of the larger SoS and how to ensure
interoperability between the different sub-systems. How to use ontologies to help with the
translation between different file types as well as the role ontologies can play to help with data
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interoperability.

This

can

be

found

m

Section Error! Reference source not found ..
Next, Design Science was used to conduct research into what is needed from the platform using
the knowledge gained from the literature as inputs in the design facets of the Design Science
cycles. Doing this allowed for the creation of a platform that satisfies the role that it needs to
play in the environment it was placed in by firstly discovering what is the exact role it needs to
play. It is therefore the exact role the platform needs to play that will be given as the outputs
of the Design Science Research. The Design Science cycles can be found in Chapter Error!

Reference source not found ..

1.5. Overview of Document
Next an overview of this document will be given.
Chapter 2 - Literature and Research Approach
ln this chapter literature relevant to this study will be given and the Design Science Research
Approach that was followed to conduct the research in this study will be clearly stated.
Chapter 3 - Design Cycles
This chapter shows how the Design Science principles were implemented to do research into
solving the problem identified . The result of this research is given along with the results of the
validation and verification of the solution .
Chapter 4 - Conclusion
Here the research questions and how the solution addresses these questions is revisited. A
discussion and suggestions for future research is also given.

II
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2. Literature and Research Approach
2. 1. Introducti on
Given in this chapter is the literature that has been studied to help with the design of a solution
to the problem given in section Error! Reference source not found .. This section starts by
describing some of the other platforms that might have been used to solve the problem
described in section Error! Reference source not found .. The advantages and disadvantages
of each of these platforms will also be detailed .
ln section Error! Reference source not found. , literature is given where the knowledge gained
from that literature was used to help design the platform. The literature shows how to reduce
the complexity of large systems by breaking the large system up into a hierarchy of systems in
a SoS approach. It shows the need for interoperability between sub-systems and the role that
ontologies can play in ensuring data interoperability and data translation.

2.2. Translation Platfo rm s
2.2. 1. Background
In this section, existing software packages/platforms will be evaluated on its ability to solve
the problem identified in section Error! Reference source not found. ; they will be evaluated
according to how efficiently they can be used to translate files from the diverse file formats (as
discussed in section Error! Reference source not found.) into the predefined standard format.
The idea is to use these software packages or platforms to create different translators (an entity
that perform the actual translation) ; one translator for the translation of each file format into
the standard format. This is illustrated in Error! Reference source not found .. The advantages
and disadvantages of each of them (as it applies to solving this problem) will also be given.
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Figure 3: Flow diagram of translation process

Each of the software packages/platforms wi ll be evaluated accord ing to the following criteria:
•

The diversity of the file formats that can be translated using the software
package/platform. That is to say the diversity of the trans lators that can be created using
this software package/platform. - (Translator diversity)

•

The speed and ease of creating these translators us ing the d ifferent software
packages/platforms. Here the complexity of creating and using the translators plays a
vital role. - (Complexity of creating translators)

•

The extent to which the software package/platform can be used to automate the
translation processes. To what extent can the process of using these translators, to
translate their respective data formats , be automated. - (Degree of automation)

• The technical skill required to monitor and manage the translation processes (using the
translators to translate data). - (Managing ski ll s needed)
•

The cost of using the software package/platform - (Cost)
2.2.2. Pentaho Data Integration

Pentaho Data Integration is a software package that is used to perform various operations and
analytics on data. This makes it very popular in the business intelligence and big data
environments. The focus of this study is, however, its capability to build translators.
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In Pentaho Data Integration, you have the option to use the various pre-build operations
(operations and functions that have been created by the developers of Pentaho Data Integration
in order to manipulate data). Each of these operations have a certain degree to which the
operation can be configured. This gives each operation some form of customizability but the
real power of Pentaho Data Integration comes from the ability to chain these operations
together to perform a series of operations on the data. For the use of these operations, no
programing skills are required. These chains of the prebuilt operations will then be used to
create the translators needed. More information on Pentaho Data Integration can be found at:
http://www. pentaho .com/product/data-integration
Advantages:
•

Building the translators using the pre-build functions is simple. This makes creating
and modifying the translators quick and easy.

•

After a translator has been created, it is possible to automate translation process.

•

Because of the pre-build functions and the simplified way in which these functions are
implemented, the required technical skills to both create the translators and manage the
translation processes is minimal.

•

The cost to use Pentaho Data Integration is free.

Disadvantages:
•

Having to use the pre-build functions limits the diversity that can be achieved in
developing translators. If an operation is needed that is not included within the prebuild
functions or that cannot be created by using a combination of the pre-build functions ,
this platform will add no value.

•

Although it is possible to automate the translation processes of the different, created
translators, the automation is time-based (meaning the translation processes can be
programmed to run at set time intervals). Ideally the automation of the platform should
be event-based (meaning the translation processes should run when a new file is
received by the platform). Time-based automation can be converted into event-based
automation by using the time-based automation to check every few seconds or minutes
ifthe event has occurred (in this case it would check if a new file was recei ved) however
this makes the whole automation process unnecessarily complicated.
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2.2.3. Nucleon Bl Studio
As the name suggest, Nucleon BI Studio is a Business Intelligence support package. Although
it is capable of some data manipulation the core focus is that of data analytics and visualisation.
Nucleon BI Studio is a database-based solution. This means that to use it to manipulate data,
the data first needs to be uploaded to any of its supported databases .
Due to the fact that Nucleon BI Studio is focused more on database operations, performing file
operations is complex. To translated data from one file format into another using Nucleon BI
Studio the file first needs to be uploaded to a database. The required data manipulation then
needs to be performed on the data within the database and then only can the data be exported
into the standard file format. Nucleon BI Studio has a limited number of file formats into which
the data can be exported. This means that if data must be exported into a file format that is not
supported by the Nucleon BI Studio, this platform cannot be used. More information on
Nucleon BI Studio can be found at: http ://nucleonsoftware.com/products/nucleon-bistudio
Advantages:
•

Nucleon BI Studio supports both time based and event-based automation of the
translation processes.

•

There is a free version of Nucleon BI Studio available.

Disadvantages :
•

The diversity of the translators that can be created using this software package is limited
to the file formats supported . This makes the diversity low.

•

Data must first be uploaded to a database before it can be manipulated. This makes the
process of creating translators unnecessarily complex and time consuming.

•

Because the data must first be uploaded to a database the monitoring and managing of
the translation processes requires a high level of technical skills.
2.2.4. FME

FME is a software package designed for data integration and translation. It is focused , but not
limited to, spatial data. It can be used to integrate and translate between a vast amount of
different data sources and formats.
As with Pentaho Data Integration, FME has a set of pre-built operations from which one can
build chains of operations in order to achieve the desired data manipulation.
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To perform translations on files with FME, the data source is chosen to be the file type that
must be translated. The exact translation that must be performed on the data is then designed
using the existing pre-built translations and chaining them together. When the desired
translation is achieved the output is then chosen to be the desired output file . Being able to
perform translations on the data by chaining the pre-built operations is powerful but because
only the pre-built operations can be used to build this chain it still limits the type of translations
that can be achieved using FME. More information on FME can be found at:
https://www.safe.com/how-it-works/
Advantages:
•

As with Pentaho Data Integration, data is manipulated using pre-built functions. These
pre-built functions simplify the creation of new translators.

•

Event-based automation is possible with this platform.

•

The technical skills needed to monitor and maintain the translation process is minimal
due to the pre-built functions.

Disadvantages:
•

As with Pentaho Data Jntegration ; having to use the pre-built functions to create the
translators limits the functionality and diversity of the translators that can be created.

•

FME is not free. The basic package starts from a once of $4300.
2.2.5. Summary

There are already very powerful platforms that are used in the corporate environment. These
platforms have various pre-built functions available which make it very easy and fast to design
new translators on top of the respective platforms. This is arguably their biggest advantages
but also their biggest flaw. Having these pre-built functions also limit the type of translations
that can be built using these platforms.
Although most of the platforms reviewed can perform most of the translations that are needed
in this study, none of the platforms could perform all the required translations. This calls for
the design of a new platform where the type of translations that can be built on top of this
platform are as diverse as may be required.
Given below is a table summarizing the software packages/platforms and how they were rated
against the evaluation criteria set out in section Error! Reference source not found ..

16

Charter 2 Literature anJ

Re~ean: h

Approach

Key to Error! Reference source not found.:
•

X - Unsatisfactory

• * - Can be used but is unnecessarily complex
•

0 - Satisfactory
Pentaho data integration

Nucleon Bl

FME

Studio
Translator diversity

x

Complexity of creating translators

x

0

x
x

Degree of automation

*

0

0

Managing skills needed

0

x

0

Cost

0

0

x

0

Table 1: Comparison between translation platforms

2.3. Design Literature
2.3. 1. Introdu cti on
Because the p latforms that were evaluated were all found to be lacking in their ability to build
all the required translations the decision was made to develop a new platform. The next section
discusses what was found in the literature.
2.3 .2. A System of System
Many systems today are complex in nature. To try and reduce some of the complexity these
systems can be designed as a SoS. This wil l split the design of the overall system into the design
of a series of smaller systems each being less complex than the overall system (Clark, 2009).
Once all of the smaller systems have been designed the overall system can be designed by using
the smaller systems as building blocks making the design of the overall system less complex.
Defining a System
To define a SoS we first need to understand what a system is. The concept of a system is
explained by Johnson N et al. as fo llows :
A system is "An ensemb le of autonomous elements, achieving a higher level functionality by
leveraging their shared information, feedbacks, and interactions while performing their
respective roles ."
(Jo hnson IV et al. , 2013)
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Here Johnson IV et al. explains that a system is made up of different elements. These elements
work together in an autonomous manner to achieve a common goal by performing their
respective roles. They are dependent on the shared information, feedback and interactions of
the other elements and as such will not be able to function on their own. Knowing this we can
begin to define a SoS.
Defining a System of Systems
A SoS can be defined in many ways. Listed below are two of the more popular definitions
found in literature:
"A System of Systems is integrated, independently operating systems working in a cooperative
mode to achieve a higher performance."
(Tannahill & Jamshidi , 2014)
" System of systems applies to a system-of-interest whose system elements are themselves
systems; typicall y these entail large scale inter-disciplinary problems with multiple,
heterogeneous, distributed systems."
(C lark, 2009)
The goal of a SoS is achieved by making use of the functionality of the different systems
forming part of the overall main system . This is done by creating a system that allows for
different systems to function together in a cooperative manner all working towards a common
goal. Each system can still function on its own , executing its individual goal independently
from the other systems but having an overall system that combines the functionality of all the
independent systems which allows for achieving a higher goal that is different but dependent
on the individual goals of the different systems (Stary & Wachholder, 2016).
The key concept to understand here is that the goal of a SoS , just like in a normal system, is
dependent on the "shared information, feedbacks and interactions" of the "autonomous
elements" making up the overall system , but unlike a normal system some or all of these
elements can be modelled as a system in themselves acting independently from the other
elements (or systems) to achieve their respective goals (Johnson IV et al. , 2013) .
In a SoS there exists thus a hierarch y of systems where each level in the hierarch y can be
deconstructed into another SoS until a point is reached where the elements in that system cannot
be deconstructed into further independent systems (Johnson IV et al. , 2013).
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2.3.3 . In teroperability within a SoS
As stated before, a large complex system can be made less complex by breaking the system up
into smaller systems and using these smaller systems as building blocks for the overall system
(Arasteh, Sepasian, Vahidinasab, & Siano, 2016). Although this is true it brings forth a new
dimension of complexity. All of these systems now need to work together to accomplish the
larger overall goal. The systems in a SoS need to function in a cooperative manner and for that
there needs to be some form of interoperability between the different systems (Jamshidi , 201 O;
Johnson IV et al. , 2013; Tannahill & Jamshidi , 2014; Weichhart, Guedria, & Naudet, 2016).
The different systems need to have some form of communication between them (Ge, Hipel,
Yang, & Chen, 2014). They need to share information among themselves (Johnson IV et al.,
2013), an event in one of the systems needs to be able to cause an event in another system
(Stary & Wachholder, 2016) . This communication relies heavily on a standard that has been
decided on between the systems (de Farias, Roxin, & Nicolle, 2016 ; Johnson IV et al. , 2013 ;
Stary & Wachholder, 2016). All of this can be addressed by designing each of the smaller
systems from the start with the notion that there needs to be some sort of interoperability
between the systems (Ge et al. , 2014).
Defining interoperability within a System of Systems
There are different definitions for interoperability between systems within a SoS but according
to Stary and Wachholder there are two well-known definitions that are widely accepted (Stary
& Wachholder, 2016). The first is from the Institute of Electrical and Electronics Engineers

(IEEE) and the second is from Tanenbaum and van Steen in:
Interoperability is "The ability of a system or a product to work with other systems or products
without special effort on the part of the customer. Interoperability is made possible by the
implementation of standards."
(IEEE, 20 I 0)
" Interoperability characterises the extent by which two implementations of systems or
components from different manufacturers can co-exist and work together by merel y relying on
each other's services as specified by a common standard."
(Tanenbaum & Van Steen, 2007)
From both these definitions, it can be seen that heavy emphasis is placed on the fact that there
needs to be a common standard between the different systems. If however two systems exist
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that do not share a common standard, a different system can also be designed to handle the
interoperability between those two systems. By doing this the third system acts very much as
a translator between the two systems.
On the one side, the third system will share a common standard with the first system and on
the other side it will share a common standard with the second system. The third system then
having access to both common standards can translate between the two standards. This is
accomplished in the system designed by Stary and Wachholder (Stary & Wachholder, 2016).
2.3.4. The use of Ontologies
One way to approach the design for interoperability is to ensure data interoperability (de Farias
et al. , 2016). If the only interaction between systems is through the data they use or generate
then ensuring data interoperability will ensure interoperability between systems. For this
ontologies have been widely used (de Farias et al., 2016), due to the interesting way ontologies
provide formal representations of the data. Having these formal representations makes it
possible to implement reasoning upon these representations based on the logic embedded in
them (de Farias et al., 2016).
Defining Ontologies
The word ontology is borrowed from philosophy. In philosophy, an ontology is used to try and
capture the existence of something (Orpha Cornelia Lombard et al. , 2014), a systematic account
of existence (Gruber, 1993). A complete ontology of something captures the essence of what
that something is and defines it completely. In Lombard ' s study (Orpha Cornelia Lombard et
al. , 2014) a summarization of somewhat overlapping terms describing the traditional meaning
of ontology is given as follows:
•

Meaning and nature of things

•

Trying to understand the basic structure of the world

•

Investigation into being

•

Study of nature of being

•

Structure of reality

•

Studyofreality

•

An account of existence

Given the fact that the term ontology in computer science is borrowed from philosophy it is
not surprising that the definitions for ontology in computer science are very similar to that in
philosophy. One such a definition is given by Gruber in (Gruber, 1993):
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"An ontology is an explicit specification of a conceptualization."
(Gruber, 1993)
This "explicit specification of a conceptualization" was adapted by the computer science
domain out of a need that arose to share knowledge (Orpha Cornelia Lombard et al. , 2014) . In
computer science, it is thus something that defines a specification of a concept with the purpose
of using that specification to share knowledge (Cai et al., 2016).
It is important to understand here that although it can be argued that an ontology is within itself
a form of knowledge (the knowledge of how to formally represent a conceptualization), it is
not the knowledge being shared itself but only a formal representation, a framework, wherein
that knowledge can be shared. The specification of a concept is not the concept itself but only
a formal representation wherein the knowledge contained in that concept can be shared.
This can be further explained by the use of an example. Say that the knowledge that needs to
be shared is that a car of make x and model y is travelling at a speed of 80km/ h in a direction
of 5 degrees north. To do this the ontology in Error! Reference source not found. can then
be drawn up. This ontology can then be used to share this knowledge as is done in Error!

Reference source not found .. Here the ontology (Error! Reference source not found.) is not
the knowledge that a car of make x and model y is traveling at a speed of 80 km/h in a direction
of 5 degrees north but it is a representation/framework/specification for that knowledge and
this specification can then be used to share that knowledge (Error! Reference source not

found. ).
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Figure 4: Car ontology
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When building ontologies like this it is important to keep in mind that there has to be some sort
of balance between how well the ontology represents the concept and how much information
needs to be shared (Orpha Cornelia Lombard et al. , 2014) . It is here where the traditional
definition of ontology, as it is found in philosophy, diverges from the definition used in
computer science. The traditional definition seeks to capture the existence of an object and
represent it to its full state of being. In computer science an ontology will onl y be developed
until all of the knowledge that needs to be shared can be captured within the ontology.
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Figure 5: Using the car ontology

In the example of the ontology for a car everything from the status of the fuel tank to the speed
and temperature of the engine to the colour of the car could have been included in the ontology
but seeing as this information would not have been used it would have carried no value and as
such would onl y be a waste of computer resources . It is however still important to understand
the traditional definition . Knowing and understanding the origin of ontologies in philosophy
will lead to a better ontology development in computer science.
Ontology Mapping
Ontologies can be used to not onl y share information within a system but also to share
information between systems, this makes it apparent that there might arise a need to share data
between different ontologies. Being able to do that will go a long way to ensuring
interoperab ility between systems. De Farias et al. go as far as to say that in his work
interoperability can be defined by "the capability to share data between different ontologies"
(de Farias et al. , 2016).
One way to share data between ontologies is to set up semantic links between the different
ontologies (de Farias et al. , 2016). This is called ontology mapping, ontology matching or
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ontology translation. For example, if there is an ontology for the velocity of an object and that
object happened to be in a car we can safel y assume that the velocity of the object will be equal
to the velocity of the car. We can then do a simple one to one mapp ing between the car ontology
and the ontology for the velocity of the object. This is demonstrated in Error! Reference
source not found ..
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Figure 6: Ontology mapping example

The example in Error! Reference source not found. is oversimplified w ith the obj ect velocity
ontology being almost identical to the car onto logy but it demonstrates the principle of ontology
mapping well. Thi s mapping can either be done automaticall y (by developing a set of logical
rules to govern the mapping process) or manuall y depending on the software developer to set
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up the mapping (de Farias et al. , 2016). ln his work Skjreveland et al. notes that there are two
main things required for ontology mapping. The first is a clear description of both ontologies
and the second is a set of rules describing the translation from the one ontology to the other
(Skjreveland et al ., 2015). In developing interoperability between systems using ontology
mapping this is then the two main aspects that must be focused on and developed for a specific
ontology map.
2. 3.5. Conclusion
The development of large complex systems can be made less complex by designing the overall
system as a SoS. Doing this requires a form of interoperability between the different smaller
systems. This interoperability can be facilitated by ensuring data interoperability between the
data being shared by the different systems.
Ontologies have been found to be a good means of ensuring data interoperability both within
a system and between two or more systems sharing data. This can lead to a case where there is
a need to share data between different ontologies. For this ontology mapping is proposed. All
of this will be used to help design the platform that must be created and to help to ensure that
the platform adheres to the requirements placed on it by the rest of the systems in the larger
overall SoS.

2.4. Design Science
2.4 . 1. W hy Des ign Science
A need existed to develop a platform that can broadly be described as a translation platform for
creating and using translators. These translators need to translate files that are diverse and
dynamic in nature. This platform also needs to exist as part of a larger system and play its part
to enhance the interoperability between different systems on the mine by allowing analysis on
the data from different systems on the mine.
lt was unclear what the exact role of this platform was and how it needed to fit into the larger
context of the company it would be used in. Research was thus needed into, not only how to
design a platform for the design and use of translators, but also into what is needed from a
platform like this in the environment as the one described in section Error! Reference source

not found .. To solve this Design Science was used. A description of what Design Science is
and how it works is given below.
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2.4 .2. Backgro und
According to (Kuhn, 1970), research can be any activity that leads to a new or better
understanding of the phenomenon being studied. In Design Science this phenomenon is the
behaviour and interaction of an artefact in and with its environment.
In information systems and IT there are mainly two types of research activities that lead to the
advancement of human understanding and knowledge. The one is the study of Behavioural
Science and the other is the study of Design Science (March & Smith, 1995). The two
approaches are closely linked and definitely build and interact with each other. In fact, Design
Science is dependent on Behavioural Science for core theories and principles to build new and
innovative artefacts. As such Design Science is reliant on Behavioural Science for its existence
(Hevner, March, Park, & Ram, 2004) but there is a distinct difference.
In Behavioural Science the focus is on developing and justifying theories for the behaviour and
interaction of naturally occurring phenomena between humans, organisations and technology
(Hevner et al., 2004).
In Design Science the focus is on developing and creating interesting artefacts that address a
distinct problem (Hevner et al., 2004 ; Reinecke & Bernstein, 2013). This approach has its roots
in engineering (Simon, 1997) and without a problem to solve Design Science would not be
applicable (Kuechler & Vaishnavi , 2008). In fact, it is through designing artefacts to solve
problems that Design Science contributes to the creation of new knowledge (Owen, 1998).

ln Error! Reference source not found. (Owen , 1998) describes the two types of research
activities (Behavioural and Design Science) as operating in two realms. The Behavioural
Science activity operates in the realm of theory and the Design Science activity operates in the
realm of practice. In Error! Reference source not found. it is clear how Behavioural Science
and Design Science both build upon the same knowledge base and how this links the two
activities. Mark and Storey even go as far as to say that these two (knowledge accumulated
through Behavioural Science and knowledge accumulated through Design Science) are two
sides to the same coin and that the one cannot exist without the other (Hevner et al. , 2004).
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Figure 7: Behavioural and Design Science Know ledge accumu lating (Owen, 1998)

Focusing more on the right part of Error! Reference source not found. it can be seen that
works (artefact(s) designed to solve a specific problem) are built based upon some sort of
knowledge base where it takes that knowledge and uses it in the design of the artefact(s). It can
also be seen that the design and implementation of the artefact(s) in turn builds more
knowledge.
It is this (building artefacts based upon prior knowledge and building knowledge through
designing and implementing artefacts) that justifies research through design (Hevner, 2007). If
the design and implementation of the artefact(s) does not add additional knowledge to the
knowledge base, no research has taken place (Hevner et al. , 2004).
How do building new and innovative artefacts add more knowledge to the knowledge base?
March & Storey states that:
" As field studies enable Behavioural Science researchers to understand organisational
phenomena in context, the process of constructing and exercising innovative IT artefacts
enables Design Science researchers to understand the problem addressed by the artefact and
the feasibility of their approach to its solution."
This can further be explained by the following example. People were able to build working
aircrafts long before they fully understood why said aircrafts were able to fly. In fact, it was
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the designing, building and studying of the working aircrafts as they flew that enabled theories
of wh y they are able to fly to be properly formulated (Vaishnavi & Kuechler, 2004) .
This is further emphasised by (March & Smith, 1995) when they state that "an instantiation
sometimes precedes a complete articulation of the conceptual vocabulary and the models (or
theories) that it embodies" . Again it should be emphasised that if new knowledge (usually in
the form of new models and/or theories) is not gained by designing and exercising the artefact,
no research has taken place and the whole process was simply a routine design exercise.
In (Hevner, 2007) Hevner states that Design Science is performed by iterating through three
cycles. These cycles should be clearly definable throughout the Design Science Research
Project:
•

Relevance Cycle

•

Rigor Cycle

•

Design Cycle

ln the Relevance Cycle, the requirements for the design of the artefact are determined and the
artefact is tested in the environment for which it was built. This will not only determine whether
or not the artefact adheres to the requirements or not but it will also determine whether or not
the requirements that were set up is sufficient for the problem the artefact was meant to solve
(such as in the case where the artefact satisfies the requirements but only partially addresses
the problem it was supposed to solve) (Hevner, 2007).
It is in the Rigor Cycle that the Design Science Research project engages with the scientific
and academic body of knowledge. Here the Design Science draws on the previous knowledge
as well as area expertise and practises in the application domain of the Design Science Project.
The Rigor Cycle is also responsible for investing back into the knowledge base by adding new
insights, theories, methods and knowledge gained by performing the Design Science Research
(Hevner, 2007).
The Design Cycle is the essence of any Design Science Research project. As stated above it is
reliant on the Relevance and Rigor Cycles but once they have played their role there is a form
of independence in the Design Cycle. It is here where the knowledge gained through the
Relevance and Rigor Cycles is used to construct the artefact.
These three cycles are illustrated in Error! Reference source not found ..
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Figure 8: Design Science Rese arc h Cycles (Hevne r, 2007)

This was taken further in (Peffers, Tuunanen, Rothenberger, & Chatterjee, 2007) where they
propose a methodology for performing Design Science Research. According to them , there are
six activities that can be performed to make up Design Science Research. These six activities
are discussed below:
Activity I: Problem identification and motivation - Here the research problem is defined and
reasoning for the resolution of the problem is motivated . It is important to define every aspect
of the problem since the results of this activity will be used to develop objectives and
specifications for the artefact (Walls, Widmeyer, El Sawy, & Sawy, 1992). It is also worth
noting that the problem identified here is not yet finalised . It might very well be that the result
from evaluating the design cycles helps to better define the problem being addressed. This is
especially true for cases where the problem that needs to solve is vague and hard to define
(Peffers et al. , 2007).
Activity 2: Define the objectives for a solution - Here the objectives and specifications for the
solution is derived using the problem identification and prior knowledge about what is possible
and what has been achieved for similar problems (Hevner et al. , 2004 ; Peffers et al. , 2007).
Activity 3: Design and Development-This is the heart of any Design Science Research Project
(Hevner, 2007). In this activity an artefact to solve part or the entire problem is designed and
developed. Prior knowledge gained through the Rigor cycles usuall y plays a big role in this
activity (Hevner et al. , 2004). It is how the Design Science Research Project draws from prior
knowledge, area expertise and common practices as a starting point for coming up with a
solution for the problem (Peffers et al. , 2007).
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Activity 4: Demonstration - After the artefact is designed and developed the operation of the
artefact should be demonstrated. This could be through simu lation, experimentation or any
activity showing the working of the activity (Peffers et al. , 2007).
Activity 5: Evaluation - Here the feasibility of the artefact to solve the problem is determined
by rigorously and thoroughly evaluating the demonstration of the workings of the artefact. It is
with this activity that the researcher must decide if more iterations are required. Analysis of
why the artefact is or is not a feasible solution to the problem will be performed at this point
(Nunamaker, Chen, & Purdin, 1991). The knowledge gained through that analysis will then
either be taken back to one of the previous activities for another iteration or be used going
forward in the communication activity (Peffers et al. , 2007). Both validation and verification
are perfo rmed with this activity.
Activity 6: Communication - All aspects should be communicated· everything, from the
problem specification to the designed artefact, why and how this artefact solved the problem,
knowledge and rigor gained and the effectiveness of the artefact, Communication should be
directed to other researchers and relevant audiences like general practitioners and professionals
that are in the same field (Peffers et al. , 2007).
These activities and the interaction between them are demonstrated m Error! Reference

source not found ..
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Figure 9: A proposal to a Design Science Research Methodology in Information Systems (Peffers et al., 2007)

Lastly, the work of Myers and Venable where they call for conversation around a set of ethical
principles for Design Science Research in information systems (Myers & Venable, 2014) is
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referenced. It was known from the start of the information age that information technology has
the potential to improve the lives of the human race to a large extent. However, parallel to that,
the potential of information technology to do significant damage to the very human lives it was
meant to improve has also been known for just as long. This is clear when literature as far back
as that of Mason is referenced (Mason, 1986).
Using Design Science Research to do research in information science is growing in popularity
but it is the view of Myers and Venable that the guidelines found in literature on how to conduct
this research lacks any ethical guidelines. This view is shared by the author of this dissertation
and seeing that Design Science was extensively used throughout this study it was thought of to
be irresponsible to not at least mention the work of Myers and Venable thereby increasing the
call for further discussion around this subject.
2.4 .3. Approach
As stated earlier, Design Science was used to study the interaction between the platform (the
artefact) and the rest of the SoS in order to determine what is needed from a platform like this
in the environment that it will be used in. This environment is described in Chapter Error!

Reference source not found .. As part of the problem identification, the whole environment
was modelled as a SoS with the platform being an independent system within this larger SoS.
This helps with defining where the platform fits in with the larger SoS and how it interacts with
the rest of its environment. This model along with the literature found in Chapter Error!

Reference source not found. serves as the inputs for the initial design of the first design
iteration.
It is important to remember that the artefact (the actual platform) should allow for the design
and implementation of different translators. This means that the action of designing different
translators is not part of the design of the artefact but that by using the platform to design
different translators, the workings of the artefact is demonstrated. It is thus logical to test how
well the artefact allows for the development of different translators by designing various
translators on the platform. This aspect is vital to the understanding of how Design Science is
used to conduct this study.
For each design iteration, a design (or alteration to the previous design) of the platform is
performed, which is then implemented. To demonstrate the working of the platform a translator
is designed and implemented on the platform. What is meant by the implementation of the
translator is that the newly created translator is used to translate files. Along with testing how
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well the platform works it is also important to test how well the translators that are created on
the platform works.
Having translators implemented on the platform that do not function correctly does not
necessarily mean that the platform does not fulfil its purpose. It might only mean that the
translator that was designed using the platform may have been poorly designed. However to
prove that the platform can be used to design and implement well-functioning translators it is
of importance that fully-functioning translators are implemented on top of the platform.
Due to the artefact being the platform and not the translator itself the design iterations will be
centred on improving the design of the platform and not necessarily the design and
implementation of the various translators built on top of the platform. It is important to
demonstrate that the platform has the ability to implement well-functioning translators;
therefore a new design iteration might be undertaken with the goal of improving and
redesigning an implementation of a specific translator on the platform.
In this study, there will be main design cycles and sub design cycles. In each main design cycle
a new translator will be introduced. Each sub-design cycle will focus on fine tuning the current
implementation of the platform or improving the design or implementation of the translator
introduced in that design cycle (if necessary). The design cycles will be conducted using the
activities set out by Peffers et al. as guide (Peffers et al., 2007). Not all the design cycles will
consist of all the activities (especially relating to the sub design cycles) however all of the
cycles will have at least involve both the demonstration and evaluation activity.
The relevance cycle Hevner spoke about (see Section Error! Reference source not found.)
can be seen in how each of the evaluation activities (see each of the evaluation sections in
Chapter Error! Reference source not found.) ensures relevance by steering the design of the
platform in a direction that will make the platform more useful in the environment it is used in.
The design cycles Hevner spoke about are given in Chapter Error! Reference source not

found. and shows how the Design Science process was followed to conduct research into
solving the problem identified in Section Error! Reference source not found .. The output of
this process is a platform that solves this problem.
The Rigor cycles that Hevner spoke about can be seen in how the knowledge gained through
studying the literature (Chapter Error! Reference source not found.) is used in the design
cycles and how the knowledge gained by conducting the Design Science Research is
communicated back to the scientific community (using this document).
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Each design cycle will be evaluated on the basis of whether or not the required data was
translated and stored correctly. If this is true it means that the platform not only allowed for the
creation of the translators needed to translate the data but also al lowed for these translators to
be used to translate and save data.
Seeing as this problem is ultimately an automation problem the platform will further be
evaluated on the number of man-hours required to operate the platform. This will include
aspects such as how much time is needed to create the different translators and how much time
is needed each day to manage and maintain the platform.
2.4.4. The environment of the stud y
The study will be conducted at a company that has clients from five industrial groups which
translates to 82 subsystems. As part of the services that the company offers, they need to
perform analysis on the data from a wide range of systems from within these industrial groups.
This places the company in a position where they inherit the environment described in
Section Error! Reference source not found ..
The analysis that needs to be performed on this data is usually system-specific, this means that
the calculations required for the different systems (as they are defined within the company) has
to be custom designed for each one of the 82 subsystems within the company. To handle this,
the company has a dedicated team of personnel that design, implement and maintain the
different analysis for each of the different subsystems. From here on this personnel will be
referred to as Non-Technical Human Resources (NTHR). The non-technical part referring to
the fact that they do not necessarily have (nor do they need) programming skills.
There exists a system (from here on referred to as the reporting system) put in place to help the
NTHR to perform and automate their system specific calculations required for analysis. The
reporting system will receive its data from the data accumulators and then perform its analysis
that has been designed and implemented by the NTHR. It will need to do calculations on data
from various parts of the mine and as such will have to " understand" the data from numerous
data file types.
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2.4.5. Summation of Design Iterati ons
Given below is a short summary of the main Design Iterations and what to expect in th ese
iterations.

Iteration

Translator that

Description of what to expect

is introduced
Error!

Export Translator

In thi s iteration , the first design of the platform is

Reference

introduced. This design is then tested and evaluated

source not

by developing the Export translator and usi ng that
translator to translate Export files .

found.
Error!

Energy

Jn this iterati on, the EM translator was introduced.

Reference

Management

When the design of the EM translator was compared

source not

(EM) Translator

to the design of the Export translator it was found

found.

that there were a lot of similarities between the two
designs.

Error!

Standard

Here the standard translator was introduced. For the

Reference

Translator

des ign of this iteration, a solution was designed that

source not

allowed the similarities within the translators to be
mi grated to the platform .

found.
Error!

PDI Translator

In this iteration the Pentaho Data Integration (PDI)

Reference

translator was introduced. This iteration was used to

source not

validate the so luti on.

found.

2.5. Conclusion
A literature review into other translation platforms has been conducted and these platforms
have been evaluated according to the requirements of this study. The literature was also studied
to determine how a translation platform such as the one required should be designed. Design
Science was implemented as the chosen methodology fo r this study. The literature was
consulted into what Design Science is and how it worked and this was then used as the base
w ith which the rest of the research was conducted.
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3. Design Cycles
3.1. Introduction
ln the section that follows (Chapter Error! Reference source not found.) the Design Science
Cycles are given . This section has been sub-divided where each sub-section (Error! Reference

source not found. , Error! Reference source not found. , Error! Reference source not
found. ) represents a new main design iteration . Each one of the main design iterations
introduces the design and implementation of a new translator. Each main design iteration is
also sub-divided into the design activities set out by Peffers et al.
Each one of the main design iterations is verified using two test projects referred to as Project
A and B. At the end of the last iteration the artefact is evaluated to be satisfactory using Project
A and B. A final iteration is then given in Section Error! Reference source not found. where
the artefact is not evaluated using Project A and B but is evaluated within the full environment
the artefact is intended to function in. This will validate the solution reached at the end of the
design iterations.

3.2. First iteration
In the first design iteration, the initial design of the platform was conducted. The problem
identification (Section Error! Reference source not found.) and knowledge gained through
the literature (Chapter Error! Reference source not found.) were used as inputs to the design.
To demonstrate the operation of the platform the design and implementation of the export
translator were used.
3.2. 1. Ma in Design Cyc le
Initial Problem Identification
As stated earlier, the need exists for a data translation platform. These translators should
translate files from different file types into a predefined standard format. An example of this
standard file format is given in Error! Reference source not found .. The file types that need
to be translated to this standard format differ to a great extent from file type to file type. This
makes the files that must be translated diverse in nature.
The standard format is defined in terms of time-based readings of specific tags. Each tag must
have a Tag Name, Tag ID and Tag Unit. The Standard format, then further, consists of values
linked to specific dates (aggregating horizontally) and time intervals (aggregating vertically).
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These time intervals can be half-hourly, hourl y, dail y total s, daily average, monthl y total or
monthl y average values.
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Tag Name:

TagA

Tag ID:

0001

Tag Unit:

A Unit

Date

Date 1

Date 2

00_30

Value

Value

01 00

Value

Value

01 30

Value

Value

...
...
...
...

24 00

Value

Value

...

Date N
Value
Value
Value
Value

Table 2: Example of the predefined standard format .

It is also important to consider the dynamic nature of the internal structure of the files that must
be translated. The way the files are created and defined is not always final and as the
requirements for the specific files may change the internal structure of these files may be
adapted as well. This is particularly important when consideration needs to be made for the
limited amount of human resources that are available to design, modify and implement the
different translators required .
Vast amounts of data from different sub-systems will be translated on a daily basis. This
process must be managed and maintained for each sub-system and will differ from sub-system
to sub-system. The translated data will repeatedly be used by many different calculations
during the analysis performed in the reporting system.
The platform also needs to function as a subsystem within a larger SoS. To help conceptualise
where the platform fits in and what its interaction with the rest of the SoS is, the SoS breakdown
given in Error! Reference source not found. is also used as input. For convenience Error!

Reference source not found. is repeated here as Error! Reference source not found. as well.
Initial Objectives
The initial objectives of this study were to develop a translation platform that will allow for the
creation of translators for the purpose of translating files into the predefined standard format
given in Error! Reference source not found .. The translators that are developed for this
platform should be able to handle the diverse nature of the files that must be translated.
It needs to be possible to design, modify and implement trans lators on this platform to allow
for the dynamic and versatile nature of the internal structures of the files. The platform should
allow for an already created translator to be adapted should the internal structure of a file type
it is translating change.
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Figure 10: Repeat of Error! Reference source not found .
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Artificial intelligence has come a long way in the past couple of years but we are not yet there
where a computer can perceive enough from a simple file it has never seen before to know how
to translate that file into a predefined standard format. Therefore this responsibility still remains
with the human resources element within a company. Due to the diverse nature of the files that
must be translated it has been decided to let the different translators be designed and created
using a programming language instead of the more simplified graphical but also limited manner
in which some of the other platforms (such as the platforms listed in Section Error! Reference
source not found.) allows the creation of translators.
This, unfortunately, has the consequence that the human resources doing the actual design and
creation of the translators are required to have some programming knowledge. In the company,
the number of staff members that meet this requirement (in this document they are referred to
as THR) is limited. Thus the creation and modification of translators needs to be efficient
enough to ensure that the time that the THR have available to create and modify translators,
matches the demand for the creation and modification of translators.
It has been decided to use C3 as the default programing language in which the translators must
be developed. This has the added benefit of allowing the use of some of the libraries that have
already been developed for the company, in the development of the platform and the
translators.
The translated data must be successfully stored in order for the data to be retrieved at a later
stage. The process of managing and maintaining the translated data must be efficient enough
in order to ensure that the data is ready retrieval. For this, it has been decided to use a blended
solution between human resources and systems built into the platform.
The best human resources to use for this will be the human resources that are responsible for
creating the custom calculations in the reporting system (in this document referred to as
NTHR). This staff will be the best at determining when data needs to be received and where in
the larger SoS to investigate for any problem when data stops being received by the translation
platform. The NTHR do not, however, possess any programming skills and as such coding
should not be needed in managing and maintaining the translated data.
Initial Design
From the literature it has been decided to design the platform in such a way that ontology-based
translations are used for the design of the translators. The way this works is that an ontology is
designed for the standard format and for the format of the file that must be translated.
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Afterwards, an ontology translation or ontology map is designed to translate the new file
ontology into the standard ontology. Data gets pulled from the file that must be translated,
inserted into the newly developed ontology, translated into the standard ontology after which
it then gets saved into a standard file format. This is shown in Error! Reference source not

found ..
File that must be
translated

l
Ontology for this file

l
Ontology translation

j
Standard Ontology

I
Standard File

Figure 11: Data Flow for the translation process

Next, the standard ontology will be discussed. In the design of the standard ontology, an effort
was made to try and capture the essence of the standard file. The function of any file format is
to capture and relay information to the reader (human or computer) of the file. For the standard
file format, this information is time-based values for different tags (in this case tags define an
entity of information).
The time intervals for these values can be any one of the following: half-hourly values, hourly
values, day total values, day average values, month total values or month average values. Along
with the time-based values and the corresponding times for which these values are valid, the
standard format also relays the tag name, tag ID and the tag unit in which those values are
captured.
The ontology that was designed for the standard format is given in Error! Reference source

not found .. For each tag in the standard format this ontology captures the Tag Name and the
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Tag Unit. It then also captures, for each tag, a date array with individual date elements for each
date contained in that particular tag.
Each date element then contains a value array where each element in the value array
corresponds to one of the time intervals mentioned above. For the day total , day average, month
total and month average time intervals the value array will only contain one element. For the
hourly time intervals the value array will contain 24 elements and for the half-hourly time
intervals the value array will contain 48 elements. Each time interval element also contains the
corresponding value for that time interval.

Standard

Format

I

I

Tag Name

Date Array

Tag Unit

---------------------- ------- -

I
Date2

Date 1

2

Value array

------------------------------·

I
Time Interval 1

Time Interval 2

Time Interval N

I
Value

I
Value

Value

Figure 12 : Standard Format Ontology

Using ontologies in this manner for the translation of files helps with the rapid nature in which
the different translators need to be developed. Having the ontology already in place when the
structure of an input file is changed means that only that specific change needs to be applied to
the ontology and ontology translation for the system as a whole to accept the new changes.
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To help lessen the workload for the NTHR that are allocated to manage the flow of data through
the system (ensuring that the data comes in, monitoring the translation process, etc.), an
automated process has been set in place. This automated process relies on an email system for
acquiring the data from the data accumulators.
It was decided to make use of emails for acquiring data due to the fact that the NTHR will not
necessarily have a very advanced level of technical skills when it comes to the field of computer
science, but will know how to use and send emails. In this way, they can use an already familiar
technology from the start to initiate the translation process on the data that they need translated.
Automatic email forwarding can then also be used to further automate the translation process.
A simple folder structure for the flow of data has been decided on to allow for easy monitoring
by the NTHR. When files are emailed they are extracted from the email and placed in the inbox
folder. From there the data in the files undergoes the translation process. After the translation,
the translated data gets tested for any merge conflicts with the data already in the data folder.

If any such merge conflicts occur, the original files get moved to the unprocessed folder and
the translated data gets deleted. It is then the responsibility of the NTHR to handle the merge
conflicts. The NTHR will do this by either deleting the part of data in the data folder that
experiences the merge conflict or by removing it from the original file now residing in the
unprocessed folder. Once the merge conflicts have been resolved the original file (the one that
is now residing in the unprocessed folder) gets reinserted into the inbox folder by the NTHR
to get translated.
In the case where no merge conflicts occurred, the translated data gets stored in the data folder.

Here the NTHR have also been considered when the decision was made to store the data in the
data folder as normal Comma Separated Values (CSV) files. [n this way they can easily open
up the files to check for data. It has also been decided that the data in the data folder should be
split up into monthl y files (meaning that the data for each month gets stored in its own CSY).
This will further help with the monitoring of data as only data from that month needs to be
searched when looking for a specific piece of information . The flow of data descri bed in this
paragraph is summed up in Error! Reference source not found ..
When the platform was desi gned the speed at which new translators could be designed and the
speed at which already designed translators could be altered was one of the main focus points
of the design . With that in mind, it was decided to try and move as much of the processes
required for the system out of the design of the actual translators and into the design of the
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platform without moving processes unique to specific translators into the platform . Identifying
these processes (processes that are not unique to specific translators and that can be moved to
the platform) was harder than originally thought but has since become more apparent with the
design of each Design Science iteration.

File(s) gets emailed

File(s) gets
extracted from
email.

File(s) gets
inserted into the
inbox folder

File(s) gets
translated

Merge
conflicts

Translated
data gets
tested for
merge
conflicts

No merge
conflicts

Translated data
gets placed into the
data folder

Original file gets
moved to the
unprocessed folder

Figure 13: Flow of data through the designed system .

Given below in Error! Reference source not found. is the initial design for these processes
and the entities that are responsible for executing them (platform or translator). The platform
is responsible for monitoring the inbox folder for new files. As soon as new files are detected
the platform accumulates a list of the new files and starts an instance of each translator created
on the platform . The platform then gives the I ist of files to each translator.
Each translator then takes the list of files given to it by the platform and identifies which of the
files are compatible with that specific translator; the translator then translates each of those
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files . After the translation of a file , the translator then checks for merge conflicts between the
newl y translated data and the data already in the data folder. If merge conflicts are present, the
original file is moved to the unprocessed folder and the original file is deleted.

If no merge conflicts occurred the newl y translated data then gets added to the data already in
the data folder and the original file is deleted.

Monitor the
inbox folder

Platform
Create list of
files in inbox

Initiate
Translator B
and give it the
file list

Initiate
Translator A
and give it the
file list

Translator B

Translator A

Move file to the
unprocessed
folder

Translator N

Identify files for
Translator B

Identify files for
Translator A

Merge
conflict

Initiate
Translator N
and give it the
file list

No merge
conflict

Insert translated
data into the
data folder

No merge
confl ict

Merge
conflict

Move file to the
unprocessed
folder

Identify files for
Translator N

Insert translated
data Into the
data folder

Merge
conflict

Move file to the
unprocessed
folder

Delete original
file

Delete original
file

No merge
conflict

Insert translated
data into the
data folder

Delete original
file

Figure 14 : Initial platform and translator design

To help conceptualise how the THR and the NTHR act upon and influence the workings of the
platform , a SoS modulation of the current design of the platform is given in Error! Reference
source not found .. The red arrows in Error! Reference source not found. represent the flow
of data between systems while the black arrows represent interactions of a particular system
upon another. The file acquisition system represents the part of the platform that receives and
extracts the different files from the emails received by the platform.
The translation system represents the part of the system that does the actual translation of the
different files into the standard format. The different translators that are created on the platform
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form part of this system. The data storage system in Error! Reference source not found.
represents the part of the platform that stores the already translated data. Both the THR and the
NTHR interact with the platform at different stages. The THR interact with the translation
system in the sense that it creates and modifies the translators within the translation system that
do the actual translation.
The NTHR interact with the file acquisition, the translation system and the data storage system.
They act upon the file acquisition system by setting up and ensuring that the files that must be
translated get sent to the platform. They decide what data it is that they want translated and
then either emails the files to the platform themselves or sets up some sort of automated email
forwarding process to automatically email the files to the platform.
The NTHR also interact with the translation system by monitoring the actual translation of the
files and making sure that they get translated and that no merge conflicts occur with any of the
files being translated . Lastly, the NTHR interact with the data storage system when it fixes any
merge conflicts that might have occurred.

Translation Platform
File Acquisition

r Translation System
NTHR

'

l

l

J

( Translator A )

\...

!
( Translator A

I

• • • • · ( Translator A

~

r

l THR

l

I

Data Storage

Figure 15: A System of Systems representation of the initial design .

Demonstration of initial design -The design of the export translator
For the demonstration of how the initial design of the translation platform works a translator
was designed to trans late data received in the Export format into the standard format. An
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example of the Export format can be found in Error! Reference source not found .. The
Export File is a normal CSV file consisting of different export tags. The tag names for these
tags can be found in the first row of the file , from the second column onwards.
The first column is reserved for time information stating both the date and the half hour value
for which the corresponding values given are valid. This format allows for a practically
unlimited amount of tags and time intervals but the time intervals do not have to be in order
and some of the time intervals can be left out. This will happen if none of the tags listed in the
file has values for that particular time interval.
Date Time

Tag Name A

·1ag Name B

...

Date I 00:30

Value

Value

...

Value

Date I 0 I :00

Value

Value

...

\'alue

Date I 0 I :30

Value

\' alue

...

\ al UC

Date I 2..+:00

Value

Value

...

Value

Datc2 00:30

Value

Value

...

Value

2..+ :00

Value

Value

...

Value

Date

Tag

ame N

Table 3: Export file format.

The ontology designed for the Export format given in Error! Reference source not found.
contains a tag array where each element in the tag array corresponds to a tag in the Export file.
Due to the fact that the number of tags in the Export file format can be infinite , the number of
elements in the tag array can go up to a very large number. Each tag element then contains a
tag name and a value array where the elements in the value array correspond to the actual values
in the Export file . Each value element then contains a time interval as well as the actual value .
For the ontology translation of the export format to the standard format , different areas from
the export format ontology were mapped to different areas of the standard format. For each tag
in the Tag array in the Export Format ontology, a new standard tag is created . The export tag
name is directl y mapped to the standard tag name. Then by looking at the dates of the time
intervals of all of the values in the value array of each export tag in the export array it is
determined how many standard tag dates should be created for each standard tag.
Seeing as the Export Format contains half-hourly values the values in the export file will be
mapped to half-hourly values in the standard tag format. In the cases where the Export Format
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file has missing half-hourly values, the standard tag counterparts will be filled with blank
values ("").
Export format

Tag array

Tag B

Tag A

Tag Name

TagN

Value array

Value 1

Value 2

nme interval

Value N

Value

Figure 16: Export format ontology

Export file identification - a list of conditions has been drawn up for an Export file to adhere
to in order for that file to be identified as an Export file:
•

The file must be a CSV file with the file extension .csv

•

The first row (excluding the first element in the first row) must contain no values

•

The first column (excluding the first element in the first column) must contain both a
date and a half-hourly time value

The export translator will take the file list passed to it by the platform and evaluate each file in
the file list against the criteria listed above to identify all of the Export Format files. For each
export file it will then extract the data in that file into the export ontology. Next, it will create
a standard tag array where the number of elements in the standard tag array equal that of the
number of export tags in the export tag file . It will then use the export tag ontology translation,
designed above, to translate the export tags in the export ontology into the standard tags in the
standard tag array.
Before merging the new standard data with the data already in the data folder, it will check for
any merge conflicts between the two sets of data. This will be done by checking that no tag in
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the standard tag array has a different value for the same day and time of said tag in the data in
the data folder. If such a conflict exists, the original export file is moved to the unprocessed
folder and the data in the standard tag array is discarded. If such a merge conflict did not occur
the data in the standard tag array is appended to the data in the data folder and the original
export file is deleted. After this is completed the translator will move on to the next export file.
This whole process is illustrated in Error! Reference source not found ..
The demonstration of the initial design of the platform was shown by designing the export
translator on top of the platform. The export translator was used to translate export data for two
projects over the course of two weeks. The time spent on each project to manage and maintain
the flow of data through the system can be seen in Error! Reference source not found .. Each
project received eight export files to translate per day.
The human resources did not work over the weekends and thus the maintenance work on the
projects for Saturday and Sunday was done on the following Monday. As such the time spent
on Monday (by the NTHR) was divided by three to find the average time spent on the projects
over the three days. For the first project, the time spent by the human resources used to manage
and maintain the flow of data through the system was an average of five minutes and ten
seconds per day while the average for the second project was ten minutes and three seconds.
The main reason for the big difference in the time spent between the two projects was due to
the difference in the number of merge conflicts between the two projects. Where Project A
only had merge conflicts to deal with on the Wednesday of the first week, Project B had merge
conflicts to deal with on the Thursday, Friday and Sunday of the first week and on the Tuesday,
Saturday and Sunday of the second week.

47

Chapter 3 I Design

File list created
by platform

Export Translator
~-----~

Identify Export
files

For every Export
file

Extract data from
Export file into
Export ontology

Create Standard
tag array

Use Export
ontology
translation to
translate data
into Standard
ontology

Merge
conflicts

No merge
conflicts

Append data in
Standard tag
array to data in
data folder

Discard data in
Standard tag
array
Move original
Export file to
unprocessed

Delete original
Export file

last Export file?
Yes

Done

Figure 17 : Export Tran slat or
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Week 1

Week 2

Day
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Average

Time spent on managing and
maintaining Project A

9 Minutes
5 Minutes
6 Minutes

Time spent on managing and
maintaining Project B
6 Minutes
4 Minutes
6 Minutes
15 Minutes
26 Minutes

-

-

-

-

13 Minutes
5 Minutes
3 Minutes
3 Minutes
6 Minutes

24 Minutes
14 Minutes
3 Minutes
7 Minutes
3 Minutes

-

-

5 Minutes 10 Seconds

10 Minutes 3 Seconds

4 Minutes
7 Minutes

-

Table 4: Time spent on managing and maintaining t wo projects in t he first design cycle.

Evaluation of the first Design Iteration
Evaluating the platform by looking at the data in the data folder after the two weeks it is clear
that the data was successfully translated from the Export format into the Standard format and
then successfully saved in the data folder. This means that the platform successfully allowed
the creation of a translator for the translation of Export data into Standard data. The design of
the Export translator took 18 man-hours.
Due to the internal structure of the company it has been decided the NTHR are the best capable
of monitoring and maintaining the flow of data through the platform. This is because the NTHR
are al so responsible for setting up the calculations. The NTHR will best be capable of
determining when what data should be translated and will be best capable at spotting errors in
the data . These responsibilities include the handling of possible merge conflicts when it comes
to storing the data in the data folder. To design the platform in such a way was therefore a good
decision but in the current form of the platform the NTHR do this by hand and it turned out to
be quite a tedious process .
This alongside the fact that the nature of the data being received is such that these conflicts
occur more often than original ly thought, requires some default software soluti on to be built
into the platform. By studying these conflicts, it was found that the first data points most often
need to be kept while ignoring the second data points.
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The way in which the data accumulators interact with the platform is to email the files that
must be translated to the platform ; this also turned out to be a good design decision. Some of
the data accumulators are protected by firewalls and having them email the data that must be
translated is an easy way to get access to the data while still maintaining a large level of security
on the data.
Sometimes files are emailed to the platform that either should not be translated or for which a
translator has not yet been designed. These files are ignored by the export translator (or any
other translator that might exist on the platform) and as such never gets deleted after the
translation but only fills the in box leading to the platform initiating another translation process.
This is repeated until the NTHR manually deletes these files from the inbox.
Looking more broadly at the platform and evaluating its interaction with the rest of the systems
in the overall SoS, the platform (as it is designed in this design iteration) is modelled with the
rest of the systems in the overall SoS. Error! Reference source not found. shows the result
of this.
Ln evaluating whether the creation of new translators will be efficient enough to keep up with
the demand for new translators the source for the demand was evaluated more closely. The
demand for new translators comes from the new formats the data comes in when it arrives at
the translation system inside the translation platform. Tracing the path of the data back it is
clear that the Data Accumulators and ultimately the different technologies play a big part in
demand for new translators.
This is all to be expected, as stated before the need for the different translators is a direct result
of the different technologies. It would therefore make sense that the different technologies play
a big role in determining the demand for new translators. Only the data that needs to be analysed
by the reporting system needs to be translated. There is no need to translate data that will not
be used.
As a result, the demand for new translators is also influenced by the analysis needs of the
reporting system. This, in turn, is influenced by the action that results from the conclusions of
that analysis. As stated before there is no value in performing analysis on data if the conclusions
of that analysis do not lead to some action. Even if the action is to carry on as before because
the conclusion of the analysis was confirmation that nothing should be changed.
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Figure 18: First iteration overall System of Systems Design

3.2.2. Sub Des ign Cyc le
Design Objectives for the Sub Design Cycle
The objective of this iteration is to modify the solution in such a way that the work done by the
NTHR is less human intensive. As such two key areas have been identified that require
optimisation to accomplish thi s. The first is to handle merge conflicts in such a way that it
requires less human resources. The second key area is to handle the files that should not be
translated differentl y thereby ensuring that these files do not trigger another translation process.
Design for the Sub Design Cycle
To accomplish these objectives the design of the platform has been adapted as depicted m

Error! Reference source not found .. The platform will still monitor the inbox folder for new
files and once the presence of new files are detected in the inbox it wi ll create an instance of
each translator and pass the li st of the new files to each translator instance. Each translator w ill
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th en take that li st and identify each fil e that is compatibl e with that particular trans lato r. The
translator w ill th en translate each of the identi fied fil es and determine if any merge co nflicts
ex ists between the data in the data fo lder and the new, freshl y translated data.
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inbox folder
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Create list of
files in lnbox

Initiate
Translator B
and give it the
file list

Initiate
Translator A
and give it the
file list

Copy original
file to the
unprocessed
folder

Identify files for
Translator N

Identify files for
Translator B

Identify files for
Translator A

Remove
conflicting data
from translated
data

Translator N

Translator B

Translator A

Merge
conflict

Initiate
Translator N
and give ii the
file list

No merge
conflict

Insert translated
data into the
data folder

Delete original
file

No merge
conflict

Merge
conflict

Remove
conflicting data
from translated
data

Insert translated
data into the
data folder

Merge
conflict

Remove
conflicting data
from translated
data

No merge
conflict

Insert translated
data into the
data folder

Copy original
file to the
unprocessed
folder

Copy original
file to the
unprocessed
folder

Build list of files
not identified by
this translator.

Platform

Identify files that
haven't been
identified by any
translator.
Move the
unidentified files
to unprocessed.

Figure 19: Second iteration Platform and translator design .

If any such merge conflicts occur, onl y the conflicting data points in the translated data w ill be
removed so that the data that is left is onl y the translated data th at does not co nta in merge
conflicts. The original fil e (the fil e co nta ining the conflicting data) w ill be copied to the
unprocessed fo lder and th e translated data now co ntaining no conflicts w ill be appended to th e
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data in the data folder. The translator will then delete the original file . Lastly, the translator will
build a list of the files it did not translate from the list of files handed to it by the platform and
the translator will pass that list back to the platform .
In the case where no conflict occurred the translated data will be append to the data in the data
folder and the original file will be deleted . Lastly, the translator will build a list of the files it
did not translate from the list of files handed to it by the platform and the translator will pass
that list back to the platform.
The platform will take the lists of files that were not translated by the specific translators and
determine which files did not undergo translation by any translator and move these files from
the inbox to the unprocessed folder.
Demon stration of the Sub Design Cycle
To demonstrate the design of the platform in the second design iteration the design of the
Export translator has been adapted for this platform design . The design of the Export translator
stayed exactly the same till just after it has been determined whether or not the file currently
being translated contains merge conflicts. This can be seen in Error! Reference source not
found ..
In the case that only the specific data points in the Standard tag array that do conflict with the
data in the data folder are removed from the standard tag array. The original file (the original
file containing the data that conflicts with the data in the data folder) is then copied to the
unprocessed folder in case further analysis by the NTHR is needed.
The data in the Standard tag array (with the conflicting data removed if needed) is then
appended to the data in the Data folder and the original file is deleted . Lastly, the file is removed
from the list originally passed to the export translator by the platform. After all the export files
have been translated, this list (now containing no more export files) will then be passed back
to the platform.
For the demonstration of the second design iteration, the Export translator designed in Project
A and B has again been used and again the time spent on managing and maintaining the flow
of data through the system has been recorded. Just like the first design iteration the projects ran
for a total of two weeks receiving eight files each to translate every day. The results can be
seen in Error! Reference source not found .. Again the NTHR did not work over weekends
so the time spent on the following Monday has been divided by three to get the average per
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day for the previous Saturday, Sunday and that Monday. This average value has then been used
for those days.
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Figure 20 : Second iteration Export Translator design
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Time spent on managing and

Time spent on managing and

maintaining Project A

maintaining Project B

Monday

4 Minutes

7 Minutes

Tuesday

8 Minutes

8 Minutes

Wednesday

5 Minutes

5 Minutes

Thursday

3 Minutes

4 Minutes

Friday

6 Minutes

5 Minutes

Saturday
Sunday

-

-

Monday

17 Minutes

20 Minutes

Tuesday

2 Minutes

6 Minutes

Wednesday

8 Minutes

4 Minutes

Thursday

4 Minutes

5 Minutes

Friday

5 Minutes

8 Minutes

Saturday

-

-

Sunday

-

-

Average

5 Minutes 8 Seconds

6 Minutes 14 Seconds

Day

Week 1

Week2

c~ Cle'>

Tab le 5: Time spent on managing and maintaining two projects in the second design cycle .

Both projects spent less time managing and maintaining their respective projects with Project
A spending an average of five minutes and ten seconds and Project B spending an average of
six minutes and fourteen seconds on the management and maintenance of their respective
Projects. Again Project B had more merge conflicts to deal with than Project A. Project A only
had to deal with merge conflicts on the Tuesday of the first week and the Wednesday of the
second week. Project B had merge conflicts on the Monday, Tuesday, Saturday and Sunday of
the first week and the Friday, Saturday and Sunday of the second week.
Evaluation of the sub-Design Cycle
The data in the export files that were sent for translation by the platform for project A and B
has been successfully translated and saved in the data folders of the respective Projects. This
(the fact that the data was successfully translated and saved) is proof that the Export translator
works, which in turn is proof that the platform successfully allows for the creation of a
translator to translate export data into standard data.
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Handling the large number of conflicts now happens mostly automatically and human
intervention with regards to conflict handling is now only needed when data must be
overwritten. In these cases, the NTHR must delete the specific data that must be overwritten
from the files in the data folder and reinsert the original data files (the files containing the data
that must be used to overwrite the old data) into the inbox folder for that Project. This has
reduced the time NTHR spends on managing and maintaining the projects by a significant
amount.
The evaluation of this design iteration found that using normal CSVs to store the data was a
good idea. As stated before the best suitable human resources to handle the conflicts is the
NTHR. Having the data stored in normal CSVs helps them to easily find , delete and modify
any conflicts that exist in the data. Using normal CSVs to store the data in the data folder also
helps with the monitoring and maintenance done on the systems by the NTHR by making it
easy to look at and search for the data already saved in the data folder.
Files that must not be translated or files for which no translators were created yet now get
redirected to the unprocessed folder and no longer cause new translation processes to be
triggered when no new files were received.

3 .3. Second Iteration
Having now designed a platform that handles both the files that must not be translated and the
files that contain merge conflicts, it has been decided to further test and evaluate the platform
by implementing a new translator. This is shown in this design cycle by implementing a
translator for the EM file.
Demonstration of the Main Design Cycle - The design of the EM Translator
An example of the file structure of the EM Format can be seen in Error! Reference source

not found.. The file name of the EM file format is as follows : " Date Time
ComponentGroup.csv" . The " Date" part of the EM file name is the date (in the format of yyyymm-dd) for which the values in the EM file is valid. A single EM file is not allowed to have
values for more than one day. The "Time" part of the EM file name is the first time interval (in
the format of hh-mm-ss) for which there is values in the EM file. Usually, this will be 00-0000 . The "ComponentGroup" part of the file name is the group name for all of the components
in the EM file.
The EM file contains values in a resolution of two-minute intervals and as such the EM file
will have a maximum of 724 lines. The platform mode part of the EM file is of no use in the
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Standard fo rm at and as such it w ill be ignored when translati ng th e EM fil e into the Standard
fo rm at. A ll of the components in an EM fil e w ill be of th e same group and as such w ill have
the exact same component properti es.
C P: Component Property
Date

Time

Platform mode

Name CPA

CP B

... CP N

Name CPA

CP B

... CPN

CN : Component Name

... Na me CPA

CP B

... CP N

...
...
...
Date 1 00:00:00 Manual / Auto

CNA

Va l ue Value ... Value

CN B

Value Value ... Value ... CN M Va lue Value ... Value

Date 1 00:02:00 Manual / Auto

CNA

Va l ue Value ... Value

CN B

Val ue Val ue ... Value ... CN M Valu e Value ... Value

:

:
:
... '
:
Value Value ... Value ... CN M Valu e Va l ue ... Value

:
Dat e 1 23:58:00 Manual / Auto

CNA

Val ue Val ue ... Value

CN B

Table 6: The EM file format .

The onto logy that was designed for the EM fo rmat can be seen in Error! Reference source

not found .. The onto logy exists out of a component gro up which contai ns a component group
name, a fi le date and a com ponent array. Each item in the component array consists of a
component name and a component property array. The elements in the component array wi ll
each correspond to the diffe rent components in the EM fil e with the component name of each
element correspondin g to the values in the name co lumn of that parti cul ar component. The fi le
date will correspond to the dates given in th e date co lumn of the EM fi le.
Component
Group

Component
Group Name

Component

Component A

Component B

Component
Name

Component
Property Array

Component
Property A

Component
Property B

Component
Property Name

Value Array

Value 1

Value 2

lime Stamp

Value

Array

File date

Component N

Figure 21: EM forma t ontology
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Each element in the component property array consists of a component property name and a
value array. The component property array corresponds to the values in the first row of the EM
file next to the component name column and will repeat for every component. The value array
is used to store the actual values of the specific component property. Every element in the value
array consists of a time stamp and an actual value.
Ontology Translation - Because the Standard format has a resolution of 30 minutes instead of
2 minutes like the EM file format the translation from the EM format to the Standard format
needs to aggregate the EM values to 30-minute interval values. This can be done by taking the
average over a 30-minute interval for the Standard value.
To keep some of the information that will be lost when taking the average it has been decided
to also use the minimum , maximum and the number of times the value has changed over the
course of the 30 minutes. This means that when translating from the EM file format into the
Standard format each component property in the EM file format will result in four Standard
tags in the Standard format.
Whet translating from the EM file format to the Standard format the tag name is made up out
of a combination of the project name, the EM component group name, the EM component
name, the EM component property name and a tag tail. The tag tail is defined by the type of
calculation performed to aggregate the 2-minute data to 30-minute data (average, min. , max .
and the number of status changes). Error! Reference source not found. shows the specific
tails for the different calculation types. For an example of a Standard tag name build from an
EM file , see Error! Reference source not found .. All of the different parts of the Tag name
are separated by an underscore ("_").

Calculation Type

Tag tail

Average

""

Minimum

" min"

Maximum

" max"

Number of status changes

"StatusChange"

Tab le 7: EM file t rans lation tag tai ls
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Figure 22: EM tag name example.

The Standard tag unit value will always be -I and the date array will always contain only one
date for the tags that are created from an EM file because the EM file may only contain one
date. The value array is made up of the aggregate 30-minute values as mentioned above where
the time intervals are the corresponding 30-minute time stamps.
EM file identification - a list of conditions has been drawn up that will be used to identify an
EM file. They are given below:
•

The file must be a CSV file with the file extension .csv

•

The first three items in the first row must be "Date'', " Time" and "Platform mode" in
that order.

•

The second, third and fourth line must be left completely blank.

Actual EM translator design - The first action that the EM translator will perform when it
receives the list of files from the platform is that it will identify all of the EM files from that
list. For each of the identified files , it will extract the data from the EM file into the EM
ontology and determine how many standard tags will come from the data in the ontology (four
Standard tags for each component property of each component). It will create the Standard tag
array with one date in the date array of all the Standard tags and then translate the data in the
EM ontology into these standard tags using the EM ontology translation given above.
The data in the Standard tag array will then be tested for conflicts with the data in the data
folder and if such conflicts do exist the conflicting data will be removed from the Standard tag
array and the original file will be copied from the inbox to the unprocessed folder. This is done
so that a copy of the original file is kept for the NTHR should they need it to help resolve the
merge conflicts.
After the original file has been copied or if no merge conflict have occurred the data in the
Standard tag array are then appended to the data in the data folder and the original file in the
inbox is deleted . Once thi s has been completed the file is removed from the li st passed from
the platform and the translator moves on to the next EM file. When all the EM files have been
translated the li st containing now only the files that were not identified as EM files get passed
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back to the platfo rm. A fl ow di agram demonstrating this process can be seen m Error!

Reference source not found ..
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Evaluation of the Main Design Cycle
The same two projects that were used previously to test both the platform and the Export
Translator were also used to test the EM translator. In addition to the eight Export files , four
EM files have been added to each project to translate daily. The test was conducted over the
course of two weeks. The results for the maintenance hours spent on managing and maintaining
the two projects, with the EM files included, can be seen in Error! Reference source not
found ..
Time spent on managing and

Time spent on managing and

maintaining Project A

maintaining Project B

Monday

8 Minutes

12 Minutes

Tuesday

10 Minutes

6 Minutes

Wednesday

8 Minutes

8 Minutes

Thursday

6 Minutes

6 Minutes

Friday

8 Minutes

9 Minutes

Saturday

-

-

Sunday

-

-

Monday

23 Minutes

3 I Minutes

Tuesday

10 Minutes

11 Minutes

Wednesday

4 Minutes

I I Minutes

Thursday

5 Minutes

5 Minutes

Friday

6 Minutes

9 Minutes

Saturday

-

-

Sunday

-

-

Average

7 Minutes 4 Seconds

8 Minutes 43 Seconds

Day

Week 1

Week2

Table 8: Time spent on maintenance for the two projects with the EM file s included.

The average time spent on maintenance of Project A increased from 5 minutes and 8 seconds
to 7 minutes and 4 seconds while the average for project B increased from 6 minutes and 14
seconds to 8 minutes and 43 seconds. Upon questioning the NTHR, they contributed this
increase not only to the fact that more files were translated daily but also to the fact that more
data existed in the data folder which made the maintenance of the projects harder to do.
The manner in which the platform appends data to the data in the data folder is challenging in
that it leads to data for the same tag being scattered within the file . This has made determining
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which data is already saved more time-consuming. Hav ing scattered data as described also
made it more complex and time-consuming to find the possible merge conflicts. A ll of this had
a negative effect on the time it takes to do the maintenance on these projects.
The time spent on creating the EM translator was 23 man-hours which is 5 hours more than the
time spent developing the Export translator for the first iteration of the platform. T his can be
contributed to the extra development required to create the different calculations needed to
aggregate the 2-minute data intervals into 30-minute data intervals. It has also been noted that
the part of the structure of the EM translator relating to the handling of merge conflicts are
comparable to a large extent to that of the Export translator.

3.4. Third Iteration
Design Objectives for the Main Design Cycle
In this design iteration, there are two objectives. The first objective is to reduce the time needed
for ma intenance by the NTHR by designing a solution in which the data is not saved in the
scattered manner as per the previous iterations. The second objective is to move the hand I ing
of the merge conflicts to the platform.
Design for the main Design Cycle
To only append data to a data file is easy and quick enough that is has been decided to leave it
to the individual translators to perform. The realisation that there is a need for merge conflict
handling and that the translators already handled appending the translated data to the data
folder, determined that the logical place for the merge conflict handling was then to put it just
before appending the data, in the translators themselves. This has led to duplicated stages across
the translators. These duplicated stages unnecessaril y prolong the design process of the
translators and it was decided to move the merge conflict handling out of the designs of the
translators and into the design of the platform.
The p latform will still monitor the inbox fo lder for any new files. If new files have been
detected the platform will build a list containing all these files, create an instance for each
translator and then give each instance the file list. Each translator will then take the list given
to it by the platform and identify which files are compatible with the translator. The compatible
fi les will then be translated and the data along with a list containing the files not identified by
the translator wi ll then be given back to the platform.
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After the platform has established which files have not been identified by any translator it will
move those files to the unprocessed folder. It will also take the translated data and test it for
any merge conflicts. If any merge conflicts occurred, it will remove those specific conflicts
from the translated data and copy the original file from the inbox folder to the unprocessed
folder. It will then insert the newly translated data into the data folder by merging rather than
appending it to the data already in the data folder. After all this is done, the original data files
in the inbox will be deleted by the platform. This can be seen in Error! Reference source not

found ..
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Figure 24: Fourth iteration platform and translator design.
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Demonstration of the Main Design Cycle - The design of the Standard Translator
To demonstrate the workings of the platform designed in the fourth design iteration the
Standard translator has been designed. There exists a need to save data already in Standard
format to the data in the data folder. To save this type of data the Standard translator has been
designed to take the Standard file and perform a one to one translation on the file, mapping the
Standard ontology onto itself. The standard ontology can be seen in Error! Reference source

not found ..
Standard file identification - A list of conditions has been drawn up which must be satisfied to
successfully identify a file as a Standard file:
•

The file must be a CSV file with a file extension of " .csv" .

•

The item in the first row of the first column must contain the words "Tag Name:"

•

The item in the second row of the first column must contain the words "Tag ID:"

•

The item in the third row of the first column must contain the words "Tag Unit:"

The Standard translator will take the file list given to it by the platform and identify which of
these files are standard files according to the Standard file identification given above. For each
standard file, it will then extract the data from the file into the Standard ontology. Due to the
fact that the Standard ontology translation is an ontology map onto itself, no ontology
translation is needed. The file that is now translated is then removed from the file list given to
the Standard translator by the platform and the process is repeated for each of the following
Standard files in the list.
Once all of the Standard files have been translated the list now containing only files that are
not standard files are given back to the platform along with the translated data. This can all be
seen in Error! Reference source not found .. The Export and EM translators have also been
changed in a similar manner to work with the platform designed in the fourth iteration.
Evaluation of the Main Design Cycle
Along with the eight Export files and the four EM files , five Standard files have been added to
the dail y translations for Project A and B. The test was again run for two weeks and again the
time it took to do the maintenance by the NTHR on the two projects was measured. The results
can be seen in Error! Reference source not found ..
The average time spent on maintenance for project A was 6 minutes and 13 seconds while the
average time spent on maintenance for project B was 6 minutes and 56 seconds. Jn both cases,
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the average time spent is less than with the previous iteration although additional standard files
were also translated. When the NTHR were questioned about this decrease, they said that the
maintenance was now easier and quicker because all the data belonging to a particular tag was
now located in the same place in the file.
File list created
by platform

Identify Standard
files

For each
Standard file

Extract data from
Standard file into
Standard
ontol

Remove translate
file from list
received by
atform

No
Last file?

Yes
Send list of
unidentified files
back to platform

Figure 25 : Design of the Standard translator

The development of the Standard translator itself took I 0 man-hours to design and implement
which is much lower than the time it took to design and implement the Export and EM
translators. This can be contributed to the fact that the Standard ontology has already been
designed and that because of the one to one mapping the ontology translation was not needed.
It can also be contributed to the fact that the merge-conflict handling was moved to the platform
itself and once the data has been translated the responsibilities of the translator has ended. This
made the development of the standard translator faster.
In this design iteration, the performance of the platform using Project A and B was evaluated
to be satisfactory. Reaching this point one is tempted to say that a solution to the problem has
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been designed and that the research is complete. Although it might be true that the research
questions have been answered, the validation of those answers has only been proven in the
context and environment of project A and B.
To truly say that a solution has been found for the problem, the solution needs to be verified
by testing and evaluating it within the complete environment. Although an effort has been made
to keep the environment of Project A and Bas close to that of the true environment; the reality
is that the environment is not the true environment.
Time spent on managing

Time spent on managing and

and maintaining Project A

maintaining Project B

Monday

7 Minutes

9 Minutes

Tuesday

11 Minutes

5 Minutes

Wednesday

4 Minutes

7 Minutes

Thursday

5 Minutes

3 Minutes

Friday

9 Minutes

5 Minutes

Saturday

-

-

Sunday

-

-

Monday

25 Minutes

27 Minutes

Tuesday

6 Minutes

8 Minutes

Wednesday

5 Minutes

9 Minutes

Thursday

3 Minutes

3 Minutes

Friday

4 Minutes

7 Minutes

Saturday

-

-

Sunday

-

-

Average

6 Minutes 13 Seconds

6 Minutes 56 Seconds

Day

Week I

Week2

Table 9: Time spent on maintenance w ith the Standard files included

Therefore to verify that the solution satisfies the problem the solution needs to be implemented
and tested within the complete environment. To do this a final iteration will be conducted where
the solution will be implemented within the full context of the problem . That iteration is given
in Section Error! Reference source not found ..
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3.5. Final Iteration (Validation)
3.5 . 1. Introdu cti on
ln the fol lowing section, the so lution, within the complete env ironment, wi ll be demonstrated
and evaluated. To do this, one more translator has been developed and evaluated alongside the
other translators. This evaluation was done not within project A and B but within the complete
environment. The translator that was developed is the POI translator. At the end of this section,
the overall performance of the platform is given and eval uated.
3. 5.2. Deve lopment of th e Fina l Translato r
The POI file is a CSV file with the file extension of ".pdi" . It is generate by usin g the Pentaho
Data Integration software package to extract data from one of the data accumulators. It will
always have four columns and the values in the first row of the file will always be "Date",
"Time", "TagName" and "Value" in that order. The time interval in the PDI file will always
be 30 minutes but the values in the file do not necessarily have to be in a specific order. All of
the values of a specific tag are usually gro uped together but this is a lso not always the case. An
example of such a file can be seen in Error! Reference source not found ..
Date

Time

TagName

Value

Date

00:30:00 TagA

value

01 :00:00 TagA

value

24:00:00 TagA

value

2

00:30:00 TagA

value

Date
N

24:00:00 TagA

value

00:30:00 Tag B

value

24:00:00 Tag B

value

00:30:00 Tag B

value

1
Date

1
Date

1
Date

Date

1
Date

1
Date

2

Table 10: Example of a PDI file

The ontology designed for the POI format looks similar to that of the Standard onto logy. It
consists of a tag array where the number of items in the tag array corresponds to the number of
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different tags found in the TagName column of the PDT file. Each tag item consists of a tag
name (as it is found in the TagName column) and a date array. The items in the date array
correspond to the dates found in the Date column of the PDI file for that particular tag.
Every date item consists of a date and a value array where each item in the value array
corresponds to a time-value. The value item then consists of a time-value as it is found in the
Time column of the PDI file and an actual value as it is found in the Value column of the PDT
file. A visual representation of the PDI ontology can be found in Error! Reference source not

found ..
POI Ontology

Tag Array

TagA

Tag B

Tag Name

Date Array

Date 1

Date2

Date

Value Array

Value 1

Value 2

Time

Value

TagN

Date N

Value N

Figure 26 : PDI Ontology

A list of conditions has been drawn up for a POI file to adhere to in order for that file to be
identified as a PDI file:
•
•
•

The file must be a CSV file with the file extension " .pdi".
The file must only consist of four columns .
The values of the items in the first row must be "Date'', "Time'', "TagName" and
" Value" in that order.

POI ontology translation - Due to fact that the PDI ontology and the Standard ontology are so
similar; the mapping between the two ontologies is very straight forward . Each PDI tag in the
PDI tag array will map to a Standard tag in the Standard tag array. The Standard tag name will
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be mapped to the POI tag name. The Standard tag ID and tag unit will both be given a value of
for all the tags as these values cannot be derived from the PDI file itself.
Each item in the date array of the POI ontology will be mapped to an item in the date array of
the Standard ontology. The same goes for the items in the value arrays of the respective
ontologies. Each item in the value array of the POI value array will be mapped to an item in
the Standard value array. Seeing as the time intervals between the values in the POI file are 30minute intervals, each time value in the POI ontology will be mapped to a 30-minute profile in
the Standard ontology.
The POI translator will start off by taking the list given to it by the platform and identifying
which of the files are POI files. For each of the POI files , it will then extract the data in the file
into the POI ontology. The POI ontology translation will be used to translate the data in the
POI ontology to Standard data and the original file will be removed from the list passed to the
translator by the platform. This will be repeated for each POI file in the list. Once all the POI
files have been translated the translated data along with the list of files (which no longer
contains any POI files) will be passed back to the platform. This can be seen in Error!
Reference source not found ..
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File list created
by platform

Identify POI files

POI Translator

For each POI file

to--

Extract data from
POI file into POI
ontology

/

Translate POI "
data to Standard
data using the
POI ontology
translation
/
Remove
translated file
from list received
bv platform
No

-

Last file?

Yes
/

'

Send list of
unidentified files
along with the
translated data
back to platform /

Figure 27: Design of the POI translator

3.5 .3. Evaluati on of Solution in the complete environment
The platform was rolled out to handle the translation of eight industrial groups and the
performance of the platform was validated over a period of one month. Each client group is
made up of different systems where each system usuall y corresponds to a different division
within the client group. The systems from across all of the industrial groups ; is comprise of 82
sub-systems.
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These systems each have between 20 and 40 files that must be translated daily. From all of the
files across all of the systems a total of 5808 tags were extracted and translated and 4458 of
those tags were daily tags (tags that contain values for a single day) while the rest of the tags
are monthly tags. This means that 4458 of the tags get translated daily while the rest of the tags
only get translated once a month. The division of tags originating from the different file types
can be seen in Error! Reference source not found ..
File type

Number of Standard tags

EM

1088

Standard

1631

Export

1048

PDI

2041
Table 11: Standard tag division across originating files

Having all these tags successfully translated and saved within the data folders of the respected
systems depicts the success of the platform. The fact that all of these tags were successfully
saved implies that the respected translators successfully translated the data from their
respective original file fonnats. The fact that the translators successfully translated the data
implies that the platform successfully allows for the creation of translators.
The NTHR were asked to record the time they spent on managing and maintaining the flow of
data throughout the platfonn. This included ensuring and monitoring that the platform received
the data that must be translated on a daily basis and the handling of any merge conflicts. Given
in Error! Reference source not found. is the total number of man-hours spent on monitoring
and maintaining each file type.
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File Type

Average man-hours per day per tag (min) Average time spent per tag (sec)

EM

32

1.76

Standard

46

1.69

Export

41

2.35

PD!

53

1.56

Total

172
Tab le 12: Time spent by NTHR on managing and maintaini ng the systems

The THR were responsible for designing and implementing the different translators on top of
the platform. The time it took them to do this is given in Error! Reference source not found ..
File type

The time it took to develop the translator. (hours)

EM

23

Standard

10

Export

18

PDI

15
Table 13: Time it took to develop translators

As stated before this problem is ultimately an automation problem. It is by no means a problem
that cannot be so lved by a lot of people doing the translations by hand. As such the true value
of the so lution can be measured by measuring the time difference between the man-hours it
took to do the translation by hand in the past versus the time it takes to create, maintain and
manage the translation within the platform.
To do this the time it takes to do a translation by hand and merge that data with data already in
the data folder has been measured for each of the file types. The time it took for that translation
was then divided by the number of standard tags resulting from that translation to get a per
standard tag time and compared to the per standard tag time it takes to create, manage and
maintain the translation with the platform. This can be seen in Error! Reference source not
found ..

File type

Time for file (sec)

Number of tags (sec)

Time per tag (sec)

Standard

374

10

37.4

Export

532

JO

53.2

EM

2278

8

284.75
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175

Table 14: Manual Tag Conversion Time

Knowing this it is possible to estimate the time it would have taken to manually translate the
data used to test the translators and to then compare that with the time it took to create the
translator and to then manage and maintain that translator. A graphical representation
comparing the manual time versus the platform time it takes to translate the tags from the four
file types can be seen in Error! Reference source not found. through to Error! Reference
source not found .. Included in the amount of time human resources (indicated by the
"Platform" line) needed to translate the first tag of a given file type is the time spent to create
the translator.

Standard Tag Translation Time
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c
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~
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2
0

Number of Tags
-

Manual

-

Platform

Figure 28 : Standard Tag Translation Time Comparison

ln Error! Reference source not found. the time (man-hours) it would take to translate files in
the standard format manually (without using the platform) is compared to the time it would
take to translate the files using the platform. For this comparison the number of standard tags
that would typically be received in one month is used (typically this would be 1631 tags).
The data form a Standard file is already in the standard format so one would think that the
manual translation time needed would be small but the data from the standard file still needs
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to be saved in the monthly files. ln the monthly files the data must still be sorted and grouped
together so the data is not scattered (see Section Error! Reference source not found.); this
takes time to perform manually.
That time is shown by the blue line in Error! Reference source not found .. To use the
platform to perform the translation a standard translator must first be designed. This means that
the time before the first tag is translated is long (I 0 hours) but after that the time needed per
standard tag is much less than doing the translation manually. This means that from the I 009th
tag it would require less man-hours to undertake the translation using the platform rather than
doing the translation manually.
After translating 163 I Standard tags (the typical amount of Standard tags that must be
translated in one month) a total of 6 hours and 10 minutes will be saved using the platform. As
time goes on and more tags get translated the amount of time saved will only increase.
Especially seeing as the Standard translator only has to be designed once; this means that for
the following months the total number of man-hours saved each month by using the platform
would be an estimated 16 hours and 10 minutes. ln the first year this leads to an estimated 184
hours and 8 minutes saved by using the platform .
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Figure 29: Export Tag Translation Time Comparison

In this figure (Error! Reference source not found.) the time in man-hours to translate Export
tags manually is compared to having the platform translate them. In this comparison the number
of tags that would typically be received in one month is used. Typically this would be around
I 048 tags.
The blue line represents the time needed to translate the tags manually while the red line
represents the time needed to do the translation using the platform. It takes 18 man-hours to
design the translator so the first tag that is translated using the platform is only translated after
18 hours. After that the time needed to translate the tags using the platform is much faster than
doing the translation manuall y.

In one month a total of I 048 tags must typically be translated. The export translator took a
long time to desi gn and because of this the benefit of using the platform to translate data from
export format will typically not be reali sed in the first month ofusing the platform . But studying

Error! Reference source not found. it is clear that by including more tags one wo uld start to
benefit from using the platform from month two onwards. In the first year this benefit is
estimated to be around 159 hours and 38 minutes by using the platform.
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Figu re 30: EM Tag Translation Time Comparison

Error! Reference source not found. shows the comparison (translating tags manually versus
translating tags using the platform) for the EM translator. In one month the platform would
typically need to translate around 1086 tags.
As with the other figures , the blue line represents the time it takes to translate the tags manually
while the red line represents the time it take to translate the tags using the platform. The time
it took to create the EM translator is 23 hours . As with the others, after the translator has been
created it takes a lot less time to translate the tags with the platform than doing the translation
by hand. This means that from the 293rd tag it would require less man-hours doing the
translation using the platform than doing the translation manually.
The time saved in one month by using the platform rather than doing the translation manually
is typically around 62 hours and 31 minutes. In the following months (because the translator
only has to be created once) a total of 85 hours and 31 minutes will be saved each month. This
adds up to an estimated 1003 hours and 18 minutes saved by using the platform in the first
year.
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Figure 31: PDI Tag Translation Time Comparison.

In Error! Reference source not found. the time comparison for translating the POI file
manually versus using the platform is given. The blue line represents the manual time and the
red line represents the platform time . In one month there typically needs to be 2041 tags
translated .
It took 15 man-hours to create the POI translator and the benefit of using the translator (when
it becomes less time consuming to use the platform to do the translation rather than doing the
translation manually) to translate files is realized after the 736 1h tag is translated.
In the first month 26 hours and 38 minutes will be saved using the platform. From the second
month onward (because the translator only needs to be created once) a total of 44 hours and 38
minutes will be saved each month. This translates to an estimated 517 hours and 38 minutes
saved in the first year by using the platform.

3.6. Conclus ion
Studying the graphs in Error! Reference source not found. through to Error! Reference

source not found. the value the platform adds (in terms of the man-hours needed to translate
the data into the standard format) is evident. It takes a long time to create a translator on the
platform but once the translator is created the time needed to manage and maintain the
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translation processes (per tag that is translated) is a lot less compared to the time needed to
translate that tag by hand.
The results shown in the graphs are only for the first month of implementation. The longer a
specific translator is used, the more tags it will translate and the more value (in terms of manhours saved) will be gained from using the platform. The estimated man-hours saved for the
first year for all four file types by using the platform is 1864 hours and 43 minutes.
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4. Conclusion
4.1 . Revisit research questions
As properly defined in Chapter Error! Reference source not found. , a need exists for a
translation platform. This need arises from the fact that data across different formats must be
analysed together and to satisfy that need the platform must be able to translate the data from
the different data formats into a predefined standard format. These formats that must be
translated changes frequently and due to that fact the platform must allow for the creation and
modification of new translators. In researching a solution to this, the following research
questions were developed:
Main Question: How would the design of such a solution look?
1.1. What role does the nature of the data play on the design of the solution?
1.2. What is the effect of the internal structure of the company on the design of the solution?
1.3. How do the available human resources change the design of the solution ?
In the previous sections, it has been shown that a translation platform has successfully been
designed and the value of this platform has been shown. This proves that the design reached at
the end of the last design cycle, successfully allowed for the creation of a platform that solves
the problem identified. This design and how it relates and answers the research questions will
now be discussed further.
It has been shown that this platform allows for the creation of translators to translate files from
diverse file formats into the standard format. It has also been shown that by using these
translators to translate the data into the standard format, man-hours will be saved by reducing
the amount of time needed to translate the data. All of this proves that a solution has been
reached that answers the main research question .
It is a common problem that the platform receives conflicting data. This was handled by
designing the platform in such a way that the NTHR are able to resolve conflicts and by
designing the platform to, by default, accept the first value as correct. This forms part of the
answer to research questions 1.1 , 1.2 and 1.3. The nature of the data is such that merge conflicts
occur and that they occur more often that originally predicted. To this end the nature of the data
influences the design of the platform and as such answers research question 1.1 by dictating
that the platform specifically be designed to handle these conflicts.
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There is no way for the platform to know which conflicting value is the correct value. This
states that the design of the platform shou ld allow for interaction with humans to resolve any
conflicts that may arise. The internal structure of the company dictates that the NTHR are best
positioned to know which of the conflicting values would be the correct value. This shows how
the internal structure of the company influences the design of the platform and as such forms
part of the answer to research question 1.2.
lt is thus necessary to design the platform in such a way that the NTHR can resolve the conflicts
and it is important that the platform takes into account the technical skill level of the NTHR.
This shows how the interaction of the platform with the human resources influences the design
of the platform and as such forms part of the answer to research question 1.3.
The data that must be translated by the platform is of the nature that it is typically stored behind
firewalls. It has been decided that the best way to securely gain access to this data was to email
it to the platform. This is a direct response to how the nature of the data (that of typically being
stored behind a firewall) affects the design of the platform and as such is a direct answer to
research question 1.1.
Emailing the data to the platform was also found to be a good design decision due to the internal
structure of the company dictating that the NTHR be responsible for setting up and ensuring
that the platform receives the data that requires translation. This way the NTHR can use
something that is already familiar to them.
The fact that the platform must be designed to allow the NTHR to set up and ensure the platform
receives the data is a direct response to the internal structure of the company and as such
answers research question 1.2. Using emails (a technology that is already known to the NTHR)
shows how the interaction between the available human resources and the platform affected
the design of the platform and as such is a direct answer to research question 1.3.
As previously stated , the internal structure of the company dictates that it should be the NTHR
that monitors and maintains the flow of data throughout the platform and designing the
platform to allow this is a direct answer to research question 1.2. Knowing this, it is therefore
a practical design decision to save the data using normal CSY ' s ; something that is commonly
used by programs like Excel. It is one of the areas where the platform interacts with human
resources and using normal CSY ' s means that there is a simple and easy manner for humans
to look through and search through the data. As such this forms part of the answer to research
question I .3.
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To further help in this regard, it has been decided that the tags should be sorted alphabetically
and the data for a single tag should not be scattered throughout the file . This further reduces
the time and effort needed by the NTHR to monitor and manage the translation process and as
such also forms part of the answer to research question 1.3. This speaks to how the platform
eases the interaction between the human resources and the platform.
Likewise, storing the data should also be split up into monthly files so that a file only contains
data for a single month. Doing this ensures that the file sizes remains small thereby also
reducing the maintenance time needed by the NTHR. This also eases the interaction between
the human resources and the platform and as such also forms part of the answer to research
question 1.3.

4.2. Discuss io n
The world is becoming ever more data orientated and the need for the value that can be derived
from analysing more of the data together is also increasing. The need for translating data into
some sort of standard format before performing such analysis will become increasingly
important. This is true for all industries that follow the current Big Data explosion.
Clearly, the available human resources, the nature of the data and the internal structure of the
company played a big role in dictating the exact design of the platform. At the beginning of the
study, it was unclear how these factors would influence the design of the platform. By using
design science principles it was possible to discover how and to what extent the design of the
platform should be adapted, modified and developed to accommodate these facto rs.
The fact that these factors had such a large influence over the design of the platform implies
that a generic design that caters for all possible variances of these parameters is most likely
unachievable. This is echoed by the relevance that was forced onto the design of the artefact
by following the design science principles.
As stated earlier Design Science Research requires relevance (see Section Error! Reference

source not found.). The way Design Science Research enforces relevance is by evaluating
each of the Design cycles for how well it addresses the problem at hand. B y using the results
of these evaluations as input to the next design cycle it is ensured that the artefact in the next
design cycle addresses the problem to a higher degree, thereby ensuring relevance. The
relevance in this study ultimately boils down to the amount of man-hours saved by using the
platform. In this study, it added up to 1864 hours and 43 minutes that was saved, enough that
a full-time graduate employee would have been needed if the platform was not used.
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The areas where the artefact lacked or inhibited relevance in the various forms of the artefact,
as it went through the design cycles were not areas that are generic in nature. It is areas that are
specific to the exact environment the platform is used in:
•

The nature of the specific data that needs to be translated.

•

The specific internal structure of the company in which the platform will be used in.

•

The specific human resources that are available to the platform.

It means that not designing for these specific areas will make the overall design lose some of

its relevance, ultimately leading to fewer man-hours being saved.
A more realistic approach to finding a generic solution (a solution that caters for all possible
variances) would be to rather develop design guidelines that can help in guiding specific
designs to cater for the specific requirements that the specific variance on these parameters
places on that design. This way these guidelines can be used to create multiple designs that are
custom made, if you will , to the specific situations these variances on the platform will be used

m.

4.3. Future Research
Managing and maintaining the flow of data throughout the platform is one of the areas of the
platform that takes up the most man-hours. This has been addressed by saving the data in
monthly files and by ensuring that the data gets saved in alphabetical order (see Section Error!

Reference source not found.). Although this has greatly reduced the man-hours it can still
take a long time when the monthly files grow larger in size. One suggestion for future research
would be to find a better way in which to manage and save the translated data in order to reduce
the man-hours required for this.
Another suggestion for future work would be to incorporate a validation mechanism into the
platform. It happens that the data received by the platform is sometimes incorrect. This can
lead to conflicts within the data however the platform was adapted to handle these (see Section

Error! Reference source not found.). In the case where the incorrect data does not lead to
conflicts within the data, it is still the responsibilities of the NTHR to identify and correct them .
Having a mechanism in place that can be used to set up validation criteria for different tags that
can be used to identify some or all of the incorrect data will to a large extent decrease the manhours spent by the NTHR.
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Lastly, following on the discussion in Section Error! Reference source not found. , a
suggestion for future research into design guidelines to govern the design of a platform like
this is made. Knowing that these factors (the nature of the data, the internal structure of the
company and the human interaction with the platform) play such a large role in the relevance
of the design, it might be wise to search for design guidelines rather than a design for a more
general platform. These design guidelines need to assist in designing multiple platforms where
they (the guidelines) govern the design of each of the platforms to better accommodate the
exact environment each platform will be used in.
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