CHALMERS UNIVERSITY OF GOTHENBURG

UNIVERSITY OF TECHNOLOGY
®

File comparer

[ changes ¥ Dates

Choose color mode Added color: -
Version: 2 @J Removed color: -
Altered color:
link1  C:\Users\matilda.ager.LOCAL\OneDrive - Initgroup.io\Documents\Examensarbete\WebPort skillnader\WebPort skiln: Altered Added color:

COMPARE TAGS WITH THE DATABASE Altered removed color: -

link: C:\Users\matilda.ager.LOCAL\OneDrive - Initgroup.io\Documents\Examensarbete\WebPort skillnader\WebPort skilln:

COMPARE COMPARE IN WINMERGE

Development of a version
management application
for SCADA systems

Degree project report in Electrical Engineering

Matilda Ager
Marcus Bergman

Department of Computer Science and Engineering
Chalmers University of Technology

Gothenburg, Sweden 2024

www.chalmers.se



Development of a version management application for SCADA systems
MATILDA AGER
MARCUS BERGMAN

MATILDA AGER, MARCUS BERGMAN, 2024
Supervisor:

Fareed Qararyah, Chalmers University of Technology
Andreas Karlsson, Init Sweden AB

Examiner:

Lars Svensson, Chalmers University of Technology

Department of Computer Science and Engineering
Chalmers University of Technology



ABSTRACT

This report presents a tool that compares different versions of files produced by the Web
Port SCADA system and offers the ability to track, approve, or reject changes at fine
granularity. This functionality is offered with a high degree of user-friendliness. The tool is
developed with the purpose of addressing the limitations of pre-existing file comparison tools
in functionality and user-friendliness. The developed tool offers the following features. First,
an effective and memory-efficient method to compare .csv and .sqlite files. Second, a folder-
wide comparison where sets of files are compared automatically and made available in the
program interface and in the form of locally stored files. Third, a record of the comparisons
done linking to the file locations and allowing annotation with comments. Fourth, an overview
of the comparison result (additions, removals, changes) in the user interface. Fifth, the ability
to validate, approve, or reject differences between the 2 versions of a file producing a third
version that can be stored in a user-defined location. The finalized version of the tool has an
easy-to-use, one-form interface. This interface displays all the necessary metadata including
a commented history of comparisons, a table containing the done comparisons which also
allows content validation, and links to the utilized storage locations. The proposed tool is
implemented using .NET Framework and written in C# and uses the WinMerge application
for external comparison of unhandled file types.

Keywords: WinMerge, SCADA
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solution that streamlined the process of comparing different files and enhanced user
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create a comprehensive solution, certain constraints such as time and resource limitations
may have influenced the final product. Nevertheless, we are confident that the insights
gained from this project provide a solid foundation for future enhancements and iterations.



Glossary

CSV file — Comma-separated value file

HMI — Human-machine interface

IDE — Integrated development environment

MSI — Microsoft Software Installer

PLC — Programmable logic controller

RTU — Remote terminal unit

SCADA — Supervisory control and data acquisition
SQL - Structured Query Language
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1 Introduction

This introductory chapter explores the project’s background, establishing the foundation for
its purpose and motivation. Additionally, it presents the initial formulation of the project, the
outline of the planned goals, research question, and anticipated limitations.

1.1 Background

Init Sweden AB is a consulting company, that works with control and monitoring systems in
the infrastructure and in the real estate sector [1]. Monitoring and control of machines in the
industrial, real estate, and infrastructure sectors are an essential part of Init's work. SCADA
systems are used to accomplish such monitoring and control tasks [2]. The automation of
these systems generates a significant amount of data which is continuously updated by the
system itself and by various users [3]. This large volume of generated files is modified
across various versions of the system. When there is a need to compare and validate
different versions of the generated files by the system, the task proves very difficult due to
the sheer amount of data. Given the tedious nature and vast scale of the task, employing
computer programs for comparison proves to be more effective than relying on human effort
[4]. In addition to enhancing efficiency, this approach mitigates the risk of human errors while
facilitating expedited data analysis. This enables individuals to concentrate on other
significant aspects of a project.

The pre-existing file comparison tools, like WinMerge, often lack usability when it comes to
comparing large, tabulated files [5]. The lack of effective file comparison tools is a crucial
issue due to the widespread usage of control and monitoring systems across different fields
and industries, specifically due to the significant amount of data they generate. However,
pre-existing file comparison tools do not offer a user-friendly way to compare large volumes
of tabulated data, which is exacerbated by this tabulated data often exceeding displayable
sizes. Additionally, accessing overview data is neither straightforward nor efficient. These
issues hinder data analysis tasks and lead to longer response times for identifying system
modifications [5].

To enhance data safety and user-friendliness, and overcome the usability shortage in pre-
existing tools, Init aims to introduce a comparison and search tool. This tool would enable
displaying changes between different versions of files and validating the latest data version
and thereby mitigating the risk of errors involving manual documentation and enhancing
efficiency. This tool should facilitate intuitive identification of changes, additions, and
removals - using color coding. Additionally, it should provide data filtering options to enhance
navigation for the user.

1.2 Purpose

The purpose of the project is to introduce a file comparison tool that facilitates comparing the
significant amount of data generated and continuously updated by the SCADA system itself
and by various users.



The existing file comparison tools, like WinMerge, can already compare files, but it is hard
for a human to read them (figure 1) and understand the changes of a comma-separated
value file (.csv file). This task could be facilitated if there was a tool to compare multiple .csv
files at once and display the result in a user-friendly interface. This project’s purpose is
therefore to create a tool that addresses the problem with usability found in pre-existing tools
without sacrificing functionality. Allowing the user to compare different types of files in an
intuitive environment and facilitating data analysis.

This project is therefore about how to write a program to compare .csv and .sqlite files.
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Figure 1. The result in WinMerge when comparing .csv files.

1.3 Goals

The goals of the project are the following:

e Compare data sources, including .csv files and .sqlite files (databases), marking
encountered differences.
Compare groups of files, which can consist of .csv or .sqlite files.
Create a user-friendly interface (Either executable window or Excel interface) that
displays the data by color coding it.
Enable fine-grained modifications (marked by a specific color).
Create a history of when something was changed containing relevant data.

1.4 Research questions

The guestions that were handled under the project were the following:

1. What is the most reasonable and effective way to compare 2 .csv-, 2 .sqlite- and .csv
with .sqlite files?

2. How can the comparison be expanded from single files to folder-wide comparisons
and what is the most convenient way to keep track of the results in that case?

3. How can the visual interface present the information effectively while also being user-
friendly?

4. What is a reasonable time for the comparison to occur and how resource-intensive
should it be?

5. How should the data be validated and how should additions, removals and changes
be chosen by the user to keep?

6. How can the program be designed to be general enough so that it can be used in
other control systems as it further develops?



1.5 Limitations

The technical limitations of the project were the following:

e The project was coded in C#, which means certain features present in other
programming languages that could simplify the project were not utilized. For
example, using C++ could have resulted in a faster application due to its smaller
memory footprint [6].

e The developed program was designed to function primarily with Web Port. This
meant that some SCADA-systems that use other file types were not handled within
the tool and would be redirected to WinMerge.

e There was a lack of direct integration with Web Port, which meant the program only
analyzed the produced version files. Direct integration could have led to a better
solution.

e The absence of a concrete sorting standard led to data misalignment, causing the
program to sometimes produce false positives.



2 Method

This section details the preparatory stages undertaken prior to commencing the application
development.

The project will be developed in C# as it is the primary language used at Init. The project will
be developed with consideration for the SCADA system's storage format, which are .csv and
.sqlite files. Consequently, these two file types will be the focus of the comparisons.

The following list outlines the initial planned steps for the program to achieve data extraction,
comparison, formatting, storage, and output. Consequently, the workflow was structured as
follows:

1. Extraction phase:
In this phase the data is extracted from the .csv or .sqlite files produced by the
SCADA system and stored as an intermediate C# representation arrays.

2. Sorting phase:
In this phase the data is sorted in alphabetical order.

3. Comparison phase:
In this phase the data of two files is compared in the following manner:

a. It reads the space of the two files, if rows have been added or removed.
b. The results of the comparison (changes) are temporarily stored in the
memory keeping track of the old value, new value as well as the position in
the data table.

4. Output formatting phase:
In this phase colors are used to facilitate modification and data analysis. The user
selected colors are applied to the data in the output table by using the stored
comparison results.

5. Storing data phase:
In this phase the resulting output file will be stored in a user-selected location.

6. Output result phase:
In this phase after generating all the output files, a conclusive main file is created.
This file includes links to each comparison result and offers a summary of the
content, detailing the number of additions, removals, and changes.

7. Make available in user interface phase:
Connects the primary file to the user interface to enable interaction within the
interface.



To achieve this planned workflow, it would first be necessary to go through the following
points:

e Look at similar programs [7] to get an idea of the user interface for functionality and
note points of improvement in user friendliness.

e Obtain a surface level understanding of C# programming conventions and its
memory allocation to ensure memory efficiency and reduce redundancy during
development.

Plan for the sort of user interface the data needed to be adapted towards.
Identify the functional and nonfunctional objectives and give them a priority level,
where nonfunctional objectives are ones that can increase usability but are not a
requirement.

e Define how to handle additional sorts of data that are not in the form of the specified
table-file types (.csv and .sqlite).

With the general workflow delineated and the program's structure outlined, the subsequent
phase involves acquainting oneself with the various software components described in the
technical background. Then after the familiarization phase the next step is the acquisition of
test data generated by the real SCADA system and provided by Init in the form of version
files is imperative. These files will be instrumental in testing the different data management
functions, facilitating realistic assessments of runtime performance and memory usage.



3 Technical background

Init employs Web Port supervisory control and data acquisition (SCADA) in its control and
monitoring systems. SCADA is a system for overseeing processes, with further details
provided in section 3.1. Web Port SCADA, a web-based software, manages various project
files, such as those related to production lines or property alarms. SCADA systems use
remote terminal unit (RTU) systems that are suitable when the industrial process is small-
scale and more appropriately used as an alternative to programmable logic controllers
(PLC). However, RTU systems prove inadequate for larger systems due to limitations in
capacity, size, and complexity [8]. Therefore, Init opts to utilize Web Port SCADA for such
endeavors. Multiple users can modify data in Web Port SCADA without version management
access, posing a risk of errors and complicating error tracking [9]. This task would be quite
difficult and time-consuming for a human to do [4]. Considering the lack of usability, it was
decided to address this issue in partnership with Init by developing a safe tool to check Web
Port SCADA data. The developed application would allow users to control file changes and
validate them based on user-defined parameters, thereby enhancing security and efficiency
in the control process. The following section gives a technical background of the project and
describes the programs, concepts and tools used in the project.

3.1 SCADA

SCADA systems are integrated software and hardware solutions designed to control
numerous devices in Industrial and real estate settings, which would be too challenging for a
human to manage by hand due to the complexity of the task. These devices controlled by
SCADA fulfill various tasks such as energy consumption monitoring, HYAC management,
and real-time production line supervision [10]. SCADA systems control large amounts of
data which is sent from the overseeing SCADA system to either a local RTU or a PLC which
controls the smaller sub systems. Since it is complicated for a human to read the data, it is
interpreted in a readable manner and then transferred to a human-machine interface (HMI).
SCADA systems are used in a variety of industries industry, such as the oil and gas
industries, transportation industries, energy management industries, etc. [11].

Init works with various collaborators in Gothenburg and uses SCADA to have an overview of
different devices in large systems [12]. In this project, the web-based SCADA system called
Web Port will be used to collect data. The collected data will then be compared to identify
any changes between the files.

3.2 Web Port

Web Port is a web-based SCADA system that collects and measures data and informs when
something has been changed beyond certain user-defined parameters, but it does not show
what has been changed within settings in a historical manner. It relates to an HMI so that the
user can set their own parameter values as the standard. Meaning that when a measured
value differs from this standard Web Port will send a message to the owner [9].



3.3 Programming languages

The programming languages that are used in this project are presented below.

3.3.1 SQLite

Structured Query Language (SQL) is a programming language designed to manage and
manipulate relational databases. A relational database is a type of database that organizes
data from different sources into tables [13]. SQLite is a free SQL database handler software
library which is small and easy to integrate, due to not being server-reliant [14], and which
allows programming in C#.

3.3.2C#

C# is an object-oriented, and type-safe programming language that enables developers to
build secure and robust applications within the .NET Framework described in section (3.5).
C# has its roots within the C family of languages, so its syntax is quite like C, C++ and Java
[15].

3.4 WinMerge

WinMerge is an open-source differencing and merging tool for Windows, widely used for
code comparison, file synchronization, and text comparison. It allows users to check for
differences not only within individual files but also across entire folders, facilitating the
merging of different versions into a single file or folder. Additionally, WinMerge offers
features such as syntax highlighting for various programming languages, customizable
directory filters, and 3-way comparison [7].

3.5 Visual Studio Community

Visual Studio Community is a free integrated development environment (IDE) provided by
Microsoft. Visual Studio Community is well suited for development within the .NET
Framework and allows for a variety of languages including C#. It also supports a visual
designer for interface building, templates, and a variety of extensions and add-ons to support
development on the platform [16].

3.6 .NET Framework

.NET Framework is a software framework developed by Microsoft that provides a
comprehensive platform for building various applications. It is designed to handle object-
oriented programming concepts. It also makes sure that the code utilized within the .NET
Framework can communicate with any other code within the framework regardless of
language; this feature is known as language interoperability [17]. The .NET Framework also
includes a pre-built class library as well as plugins such as NuGet that allow easy integration
of ready-built functions and data types [18].



3.7 Installed NuGet packages

To handle all the code, it was necessary to install all of the packages that are described in
this chapter.

e The CsvHelper is a NuGet package used for reading and writing .csv files, with
configurable delimiters [19].

e EPPIus is a NuGet package used in .NET to read and write Excel files as well as
format them with the help of a class called ExcelPackage. It holds all the variables
and format for individual cells that are either read from or saved to a .xlsx file [20].

¢ The Microsoft-WindowsAPICodePack-Shell NuGet package is only used to interact
with the Windows shell. It is the user interface of the Windows operating system and
includes elements like the taskbar, desktop, etc [21].

e Spire.XLS is used to create and manage worksheets, workbooks, and writing to .xIsx
files. In the program, it is used to apply content filters to the excel tables [22].

e The System.Data.SQLite NuGet package is used for integrating SQLite database
functionality into the .NET application [23].

o The MaterialSkin.2 NuGet Package is designed to enhance the visual aesthetics and
user experience of Windows Forms applications by drawing inspiration from Google’s
Material Design principles. This modern and clean design was chosen to improve
readability and reduce visual strain while maintaining an informative interface [24].

3.8 Extensions

The extensions used in the development environment that differ from the pre-installed ones
are the following.

3.8.1 Microsoft Visual Studio Installer Projects 2022

The Microsoft Visual Studio Installer Projects 2022 extension enables the creation of installer
projects which allows for .NET Framework to be exported as an installer file with the
termination .msi [25].



4 Implementation

This segment delves into the implementation phase of the project, detailing the timeline, re-
evaluation process, and a comprehensive description of the program. This section provides
a structured overview of the chronological steps taken, the iterative re-evaluation to ensure
alignment with project goals, and an in-depth look at the program’s functionality.

4.1 The timeline

The following segment details the steps taken during the project to achieve the development
of the functional tool.

The project was done in the order that is shown below:

1. Read about SQLite, .NET Framework, and WinMerge to get an understanding of how
to use them within the scope of the project.

2. Create a function that converts the .sqlite file to a .csv file.

3. Create a function that compares 2 .sqlite files, .sglite with .csv file or 2 .csv files.

4. Create a function that compares groups of .csv or .sqlite files in a folder with another
group.

5. Create a function that utilizes the comparison result to color code a output document.

6. Make the output document able to be validated by applying a color selection on the
output document, facilitating modification in a visually readable manner.

7. Create a function that opens WinMerge to compare the files in two folders.

8. Finish the interface and make it user-friendly.

9. Make a historic list of every comparison.

10. Create a validation button.

11. Create an installer for the software.

Since there are two types of data-files the timeline was divided into two separate tasks, .csv
table management and .sglite table management. When the two parts were finished it was
put together into a main program and implemented into the user interface.



4.2 The user interface

This section gives an overview of the finalized tool and shows what has been done during
the development process.

The final version features three tabs: "Main" (Figure 2), "Changes" (Figure 3), and "History"
(Figure 4). This interface design was inspired by analyzing similar applications and
incorporating the best elements to suit the specific needs of this application.

File comparer

G] M n [&F] changes ¥O History

Choose color mode Added color: -
Version: 1 Removed color: -
Altered color:
link1 |Choosean address | Altered Added color:

COMPARE TAGS WITH THE DATABASE Altered removed color:

ink2 |Choose an address

I:I COMPARE COMPARE IN WINMERGE

Figure 2. The “Main” tab, where the user has three ways to do the comparison.
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Output_RIO_A... (2804 136 0 file:/#/C/Users. .. '
OUutput_RIO_A... (3363 340 0 file:///C:/Users... Altered removed color:
Output_RIO_A... [4267 0 288 file/#/C/Users...
Output_sebbe... [0 0 0 file:/fC:/Users... v

Figure 3. “Changes”tab, shows the file name, changes, additions, removals and links to the file which is
clickable.
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File comparer

() Main [ changes ¥D History

Delete

Date

Time

Program

Color

Links

Comment

2024-05-21

19:34.05

This program

C\Users\Ad...

comp 1

DELETE THE MARKED DATES
MARK ALL ROWS

Figure 4.” History” tab shows when the changes were made, where it is possible to delete and mark all the

CheckBoxes.

With these three tabs, users can seamlessly navigate through various functionalities:

1. Inthe main tab, users can:
Select data sources presented in folder format.
Customize the user experience with color modes.
Choose different types of comparisons.
Obtain an overview of the entire process.
2. Inthe changes tab, users can:
Review past comparisons effortlessly.
Access comparisons directly at the folder location via the interface.
Validate changes within the data.
Gain an overview of each comparison's details.
3. Inthe History tab, users can:
View crucial data such as comparison date and time.
Review the type of comparison and color palette used.

Access the storage location of comparisons.

Add comments to comparisons for easier tracking.
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With a foundational understanding of the basic functionality of each tab, the next step is to
delve deeper into examining each one individually and explore how they relate during use.

4.2.1 Comparison types

It is in the main tab the user selects between three distinct comparison types with the

buttons shown in Figure 5.

Number 1 in Figure 5 marked as “COMPARE”, compares the .csv files contained in
the folders from the addresses in the fields. It accomplishes this by comparing the
data dimensions and examining the content of individual cells. A detailed description
of this process is provided in the methodology chapter.

Number 2 in Figure 5 marked as “COMPARE IN WINMERGE”, forwards the content
of the address fields to the external program WinMerge that will then do the
comparison, this makes it possible to check unhandled file types (not .csv or .sqlite)
that may be found within the contents of the addresses.

Number 3 in Figure 5 marked as “COMPARE TAGS WITH THE DATABASE”, does a
comparison of the content found within the first address field by finding the .sqglite
database and comparing it with the encountered .csv files in the same manner as the

“COMPARE” version.

File comparer

() Main () changes ¥V History

Version: 2

(3)

link1 |C:\Users\Admin\Des b\WebPort skillnader\Aldre
N ( 2 )
COMPARE TAGS WITH THE DATABASE (1) =/
\_/

link2 |C \Users\Admin\Desktop\WebPort skillnader\Senaste

100% COMPARE COMPARE IN WINMERGE

Figure 5. Buttons of the 3 different comparison types.

[Normal Mode -

Choose color mode Added color:

Altered color:

Altered Added color:

Altered removed color:

Removed color:

Done
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4.2.2 Color selection

The output of the comparisons described in the previous segment are formatted as an .xlIsx
files (figure 6), where colors are used to show what the differences between the two file
versions are.

Figure 6. Color coded test data in which green=added, red=removed and yellow=changed data (Output).

Within the main tab still, the user can choose which color mode they want to use (figure 7 &
figure 8). Which defaults to the first one if none is chosen and saved between uses if one is
selected. This is done by the program using settings (figure 9) to remember the previous
values, making the experience more customizable without the need to repeatedly adjust the
color palette.

Choose color mode Added color: - Choose color mode £ cap
Nermal Mode i it ol - ’_Colorblind b Removed color: -

Altered color: Altered color:

Altered Added color: Altered Added color:

Altered removed color: Altered removed color:

Figure 7. The normal colors that will be used. Figure 8. The colors that will be used if the user is colorblind.

Mame Type Scope Value
comboBoxValue | string ~ | User ~ | Mot Set

VErsion_x int ~ | User ~ |1

address1 string ~ | User ~ | Choose an address
address2 string ~ | User ~ | Choose an address
daySettings string ~ | User ~ 10

timeOfDay string ~ | User ~ 10

programType string ~ | User ~ 10

linkAddress string ~ | User w

speciallD string ~ | User w

St L

Figure 9. The settings to save values after every comparison.
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4.2 .3 Additional functions within the main tab

For every type of comparison, the user is required to write an ID (figure 10) every time, else
the comparison will not be done. This is to ensure that the user can effectively track their
comparisons and to enhance readability for other users who review the changes.

Microsoft.VisualBasic.Core X

Please write an ID.
0K

Cancel

Figure 10. Where the user writes the ID.

When the user compares the files in two folders or the database with tags then the user
must select a folder where they want to save the output every time. Then the program reads
if it is empty or not. When the folder is not empty then the user will be prompted if they want
to empty the selected folder (figure 11). If the user chooses “No” or cancels at Figure 11 then
Figure 12 comes up to get a reminder for the next time.

Guide Guide X

The folder was not empty do you wish to empty it? Please Select/Create an empty folder to compare

[ Yes \ No OK ]

Figure 11. Prompt to empty the folder. Figure 12. Reminder prompt.

Once the folder is cleared and an identifier is chosen, the comparison occurs, and the
process can be tracked with help of the progress bar as shown in Figure 13

The progress bar is needed, due to the large number of files that may be compared, to make
the interface more user-friendly and clearer when data is being processed.

11,76% |

Figure 13. Shows how long the process/comparison has come.
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4.2.4 Functionality within the “Changes” tab

The second tab named “Changes” (figure 3) shows what has been added, removed, or
changed in every tag. The comparison (stored as an .xlIsx file) can be opened by clicking on
the link. In the .xlIsx file, the differences are marked with colors as shown in (figure 14). To
make it easier for the user to understand the colors, there is also a color description in the
“Changes” tab.

i name device address datatype |rawmin _|rawmax |engmin |engmax |unit format _|description alarmoptions _|trendoptions
> [ device _|address datatype [rawmin_|rawmax |engmin _|engmax |unit format _|description alarmoptions _|trendoptions
Bl 1604 127665 ST71 01 PV A503-RCO1[17@40057 unt o 209 [0 1000 |Pa 0 Arvarde tryck

Pl LB04_107768 ST71 01 AL AS03-RCO1|1@40033.6 INT 0 0 0 0 Larm fel andlége

3l Leo2_127666_sT71 01 PV AS03-RCO1|19@40057 unT__[o 2006 [0 1000 Arvarde tryck

[l 802 107768 sT71 01 AL AS03-RCO1|1@40033.3 INT 0 f) 0 (] Spiall fel vid motionering

Jll 1604131012 ST71 01 PV AS03-RC01[36@40057 uNT o 209 [0 1000 Arvérde tryck

Fl LBo4_107768 ST71 01 v AS03-RCO1|1@40033.4 INT 0 0 0 (] dikeri Brning

P 1B04_137659_sT71_01_PV AS03-RCO1[25@40057 uNT [0 f2006  [o [1000 Arvérde tryck

) 1804 107768 ST71 01 VO AS03-RCO1|1@40033.8 INT 0 0 0 (] Spiall indikering stangt

Ty 1804_137867_ST71 01 PV AS03-RC01[28@40057 UINT [0 209 [0 1000 Arvarde tryck

7Y 1804_107768_ST71 01 V1 AS03-RCO1|1@40033.9 INT 0 0 0 0 Spjallindikering 5ppet

PEY 1804 137950 sT71 01 PV As03-RC01[27@40057 unt o 200 [0 1000 Arvarde tryck

Y 1504 107768 ST71 02 AL AS03-RC01]2@40033.6 INT 0 0 0 (] Larm fel andlége

P LB04_138071 ST71 01 PV AS03-RC01[20@40057 UINT [0 209 [0 1000 Arvérde tryck

Il 1804_107768_ST71_02_AL1 As03-RCO1|2@40033.3 INT 0 () () (] Spjall fel vid motionering

Figure 14. Color marked data within the .xlIsx file (Normal Mode).

To choose which comparison to review the user must these steps:
1. Click the button named "UPDATE" (1 in Figure 15).
2. Select the desired comparison from the drop-down menu below the "UPDATE"
button.
3. Click the button "REFRESH" (2 in Figure 15) to see the result in the central part of
the window.

There is also a button labeled “VALIDATION IS OFF”, 3 in Figure 15 that changes to
“VALIDATION IS ON” 1 in Figure 16 when pressed. This button is used as a toggle for the
validation function, and which replaces the click to open function of the “Links” column.

- 0O X
File comparer
([ Main [ changes %D History
Name Changes Additions | Removals Links A
S 010 <onto. . BT 0 564 file///C/Users, w 1
|output LBO4-... 4674 ::a a :ﬁle/ /C/Users. comp1 -
Output_MEO1 1856 0 11476 file///C/Users.
|output_RIO_A... 4603 lo I | fles/crusers. 3 File1 addedcolor [
2 ‘Oulpul_RlD,A FSPDA 80 “U file///C/Users. =
[output R10_A . [3924 260 lo file:///C:/Users. Lol emovedcoor [
‘Ou(puLRID A 3941 298 lo | flerc:rusers VALIDATION IS OFF Altered color
‘Outpul,R!O,A :2437 :0 1 :me, /C/Users. Ahered Added color
Output_RIO_A. 2804 136 |0 file///C/Users.
[output RiI0_A .. |3363 340 lo fle//C/Users. Altered removed color
[output Ri0A . [4267 0 288 file//C/Users
[output_sebbe.. |0 0 lo file///C/Users... | v
Figure 15. Buttons within the “Changes” tab.
- B R
File comparer
[ Main (3 Changes %D History
@ Name Changes Additions Removals Links A
T o I T
Output LBO4-... |4674 :za io :Me /C:/Users comp 1 -
Output MEOT 1856 0 1476 file:///C-/Users.
Output RIO_A... | 4603 lo [12 | teucrusers. 1 File1 addedcoior [l
.O\JID\JLRIO_A 5204 .BU .U vﬁb //C/Users.
|output RI0_A... |3924 |260 [o [files/C-rusers. S removedcoor [l
OUtpULRIO_A .. |3941 |208 o | fiesrC.rusers VALIDATION IS ON Altered color
:owpuz,mo; 2437 :o jw | fle/C:1users. P
OUIPULRIO_A... | 2804 136 0 file.///C:/Users.
OUtpUt_RIO_A .. |3363 |30 lo [ fiescrusers Altered removed color
|output RIO_A_ | 4267 lo | 288 file:///C:Users.
Output_sebbe... |0 lo o file//C:/Users... | v

Figure 16. Appearance of button 3 while toggled (validation function enabled).
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4.2.5 Functionality within the “History” tab

The third tab called “History” (figure 4) shows the date and time of the day when the
comparison was conducted, along with a comment ID, a link to the folder where the
comparison output is saved, and a column for users to choose which rows the user wants to
delete.

It has two buttons, the button that is called “MARK ALL ROWS”, 1 in Figure 17 marks all
rows since it can be user-friendly to mark all the CheckBoxes at one time. The second
button called “DELETE THE MARKED DATES”, 2 in Figure 17, deletes those rows where
the CheckBox has been marked and it also empties the folder where the output to that row
was saved. The delete button is red to make it noteworthy and to indicate that once this
deletion is done it cannot be reverted which is also assisted by a warning pop up if the
button is pressed.

File comparer

Q) Main [EF) changes ‘O History

Date Time Program Color Links 2 !_”‘ DELETE THE MARKED DATES
2024-05-21 |19:48:21 This program |1 CaUsers\Ad... [

2024-05-21 19:48:57 WinMerge

P —
MARK ALL ROWS

Figure 17. Buttons in the “History” tab.

The column called “Links” shows the file path to the folder where the output has been saved,
but if WinMerge has been used it will be empty since this comparison is not saved within a
folder.

The column called “Program” shows where/what kind of comparison that has been done.
Either “WinMerge”, “DB vs tags” (database compared with the tags that are in the same
folder) or “This program” (the files in two folders by using this program).

In the “Main” tab the user chooses a folder and if that address has been used earlier, it will
be deleted from the history list since the old version is no longer of interest. There is also a
column called “Color”; it shows 1 when the user has chosen normal mode and 2 when
colorblind.
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4.2.6 Development process

The first version had four forms, one main form (figure 18) where the user could determine
what they would compare (the three buttons). Then once the desired comparison was
chosen it would redirect and open a new form (figure 19, figure 20 & figure 21) depending on
what the user wanted to compare. If a database was involved the user had to write the tag’s
name (figure 19 & figure 21), so it just searched for that tag in the database.

| Databasel vs Databse2
CSW1 ws CSW2

Database vs CSV

Figure 18. The first version of the main form (Form 1).

2 dbldb2

Save

Figure 19. The first version of the form (db1db2) compares two database tables.

[ checkBox1

Sort file Choose file

Save Compare

Figure 20. The first version of the form (Form2) compares two .csv files.

17



= Form3

Save

Figure 21. The first version of the form (Form 3) compares one database with a .csv file.

It became evident that there were too many buttons and forms in the first version which was
good for testing but made the interface feel cluttered and unintuitive. Therefore, in the
second version, the interface was simplified into two forms (figure 22 & figure 23). The user
only needed to choose an address and then the program read which type of file it was (either
.csv, .sqlite, or something else), if it was not a .csv or .sqlite file it opened WinMerge
automatically.

® Form1 - O x

Choose color mode Added color: -
Normal Mode Removed color: -

Altered color:

Altered Added color:

Version:
Altered removed color:
Compare in WinMerge
link1
Compare tags with the database
link2 |
Compare
I:l Show

Figure 22. The main form (Form 1).
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= Form2

Back

Column Column2 Colurmn3 Columnd Links
file name changes additions removals Links
Output_Kontor... |0 0 0 files///C:/ Users/...
Output_LBO4-P... | 5160 48 ] files/f/Ce/Users/..,

» Qutput_MEDT 1974 0 1476 filles/ /1 C:
Output_RIO_AS.., | 4897 ] 12 file:///Ce/Users/...
OQutput_RIO_AS... | 3333 96 0 files/ 7/ Co/ Users/..,
Output_RIO_AS.., | 4224 324 L] file:///Ce/Users/...
Qutput_RIO_AS... | 4227 468 0 file:///C:/Users/...
Qutput_RIO_AS... | 2521 ] 12 file:///Ce/Users/...
Output RIO_AS... | 2935 180 [1] file:///C:/Users/...
Qutput_RIO_AS... | 3645 420 [1] file:///Ce/Users/...
Output_RIO_AS... | 4560 0 288 file:///C:/Users/...
Qutput_sebbe_... |0 0 288 file:/f/C:/Users/...
Qutput_Taggar ... | 4580 12 0 files///C:/Users/ ...
Output_Taggar_... | 2 12 0 files///C:/Users/...

Figure 23. Form2 shows how much has been added, deleted, or changed.

Instead of only comparing one tag or file at a time it compared all files in the selected folder
since it would be slow for the user to compare one tag or file at a time. The button called
“Show” opened the second form (figure 23).

It was possible to choose two types of modes, either Normal Mode or Colorblined.

The second form (figure 23) showed all the tags and how much that had been changed,
added, or deleted, and it opened the .xIsx file by clicking on the link.

During a meeting with the supervisor at Chalmers, the recommendation was made to use
tabs instead of two forms, and this suggestion was accepted. Consequently, the screen was
modified to feature one form with two tabs.

A third tab was added (figure 24) to show the history of changes. It showed the date, time,
and where the comparison was made. Either “WinMerge” or “This program”, and the
dataGridView is saved until “Delete the dates” is clicked, then all rows are deleted.

Main  Changes Dates

Date Time Program
4 13:15:37 This program

2024-06-13 13:17:14 WinMerge
2024-06-13 13:18:48 This program
2024-06-13 13:18:53 WinMerge
2024-06-13 13:18:58 WinMerge

Figure 24. Tab called "History" shows when the changes were made and where.
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To make the interface user-friendly color was added in the output to make it easier for the
user to see the result of the comparison as shown in Figure 25 in which it was using test
data.

1

.

[&)]

~ | o

Figure 25. Color coded test data in which green=added, red=removed and yellow=changed data (Output).

Following a discussion with the Chalmers advisor, a decision was made to add a CheckBox
feature instead of deleting every row. This allows the user to select specific rows for deletion.

When the third version (figure 26, figure 27 & figure 28) was shown to the supervisor at Init.
The feedback was that the technical requirements were met but there was still room for
improvement to make the interface more user-friendly. It was decided to make it possible to
drop the folders into the textBoxes.

- O x
File comparer
[ Main [EF) changes O History
Choose color mode Added color: -
Version: 2 Removed color: -
Altered color:
link1 ‘C:\Users\Admin\Deskmp\WebPuﬁ skillnader\Aldre | Altered Added color:

COMPARE TAGS WITH THE DATABASE Altered removed color:

link2 ‘C:\users\Admin\Desktop\WebPurt skillnader\Senaste

100% COMPARE COMPARE IN WINMERGE

Done

Figure 26. The main tab where the user can select the color mode, which folders to compare and have an
overview of the process.

The used comparison tool is displayed in the “History” tab and can show “DB vs tags”
indicating that the comparison was done with the file comparer but within the same folder
with help of SQLite, “This program” indicating that the comparison was carried out
exclusively with the file comparer for 2 folders and lastly “WinMerge” indicating that the
comparison was done with the external tool WinMerge. The external WinMerge comparison
can be done by clicking on “COMPARE IN WINMERGE” as shown in Figure 26.
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The delete button has been made red since the button deletes historic records of done
comparisons as well as the data in the save location of said record. it is therefore better to
have a different color on it than the others to make it more noticeable.

File comparer

[ Main (5 changes ‘O History
Delete Date Time Program Color Links Comment
2024-05-21 19:34:05 This program C\Users\Ad... |comp 1

DELETE THE MARKED DATES

MARK ALL ROWS

Figure 27. Shows when the changes were made, where and it is possible to delete.

To make it easier for the user to understand the colors in the .xIsx file, the color description
of the comparison was added in the “Changed” tab (figure 28) and updates based on the
selected identifier in the drop-down menu.

- o
File comparer
() Main [E Changes ¥ History
iti i -~
REFRESH Name Changes Additions. Removals Links UPDATE
» Output_Konto... fkEl 0 564 filey//C:/Users...
Output_LBO4-... | 4674 28 0 fileifC:fUsers.... comp 1 .
Output_MEQ1 1856 0 1476 filex/#/C/Users...
OUutpul_RIO_A... | 4603 0 12 fileffC/Users... Flet: || added color: [l
Output_RIO_A... | 5204 a0 0 file.//C/Users... . l:l -
Output_RIO_A... 3924 260 1] file/C/Users... Flle2: Removed color:
Output_RIO_A... |3941 208 0 file:///C:/Users... VALIDATION IS OFF Altered color:
Output_RIO_A... | 2437 0 12 filey//C:/Users... Altered Added color:
Output_RIO_A... 2804 136 1] file//C/Users...
OUtpULRIO_A... | 3363 340 0 filet/C:/Users... Altered removed color: |17
Output_RIO_A... 4267 0 288 filex/f/C:/Users...
Output_sebbe... |0 0 0 file///C/Users... v

Figure 28. Shows the file name, changes, additions,removals and links to the file which is clickable.

During a meeting with the supervisor at Chalmers, the feedback indicated that incorporating
a button to mark all CheckBoxes would enhance user-friendliness. Figure 28 was initially
considered the final version; however, further review led to the addition of a button labeled
“VALIDATION IS OFF” / “VALIDATION IS ON” to clarify the validation function. These two
changes resulted in the final version presented at the beginning of this chapter.
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4.3 Installer for the software

The installer, created using the Microsoft Visual Studio Installer Projects 2022 extension,
enables easy program installation without the end user needing Visual Studio Community or
running in a debugger. Users can now install the program at a custom location via a simple
Microsoft Software Installer (.msi) wizard, which also facilitates uninstallation.

4.5 Problems during the process

There were two big problems during the process. The first problem, the process excessive
memory consumption, reached 8 GB during the comparison of small folders, but in the end
the process reduced memory usage to approximately 270 MB.

The second problem, the comparison took a long time, sometimes more than 30 minutes. In
the final version the process takes approximately 2 to 7 minutes.
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5 Results

In this segment, the inquiries outlined in the introductory chapter 1.3 are reiterated, and an
assessment is conducted to determine whether the completed tool addresses them.

1. What is the most reasonable and effective way to compare 2 .csv-, 2 .sglite-
and .csv with .sqlite files?
The initial question is addressed by the tool through a broad comparison method tailored for
.csv files, extended to encompass .sqlite files by initially converting them to .csv format. This
simplifies the process, requiring only one comparison function where the first file is the old
and the second is the new version.

2. How can the comparison be expanded from single files to folder-wide
comparisons and what is the most convenient way to keep track of the results
in that case?

The tool tackled the second point by enhancing the single file comparison function into a
folder-wide comparison function. This function initially scans for file names across folders
and subfolders, and the outcomes are monitored through a central file that records every
comparison conducted within a group shown in Figure 28.

3. How can the visual interface present the information effectively while also
being user-friendly?

The tool addresses the problem of ineffective and non-user-friendly presentation of
information by incorporating color-coded output data and offering a summary of results
within the primary file. Furthermore, it relies on standard .xlsx file formats, guaranteeing
compatibility with widely used table management software such as Microsoft Excel,
facilitating sorting and table scaling. Detailed information on this formatting is provided in
section 4.3.4. However, the assessment of user-friendliness was somewhat limited due to
the unavailability of a public testing version for the tool and constraints on gathering
feedback within the allotted time.

4. What is areasonable time for the comparison to occur and how resource-
intensive should it be?
The fourth point is tackled by the tool employing the garbage collector function to empty the
memory after each loop. This process prevents any accumulation in temporary memory,
thus averting slowdowns and ensuring minimal memory usage. The runtime of the process
was influenced by memory usage, with its duration ranging from 2 to 7 minutes depending
on the quantity of files processed. This variability was considered reasonable.

5. How should the data be validated and how should additions, removals and
changes be chosen by the user to keep?
The tool addresses this point by enabling users to select the specific data they wish to retain
concerning additions, removals, and changes. This selected data is saved as a separate
output file, retaining the original file name for straightforward overwriting, if necessary (figure
42), shown in section 5.2.4.
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6. How to make the program general enough so that it can be used in other
control systems as it further develops?
The tool handles the concern of being a general solution by only being restricted to the file
type generated by the SCADA system it is intended for. However, it could potentially
interface with systems using different file types if they are converted to .csv format.

5.1 The form

The final version features a single form comprising three tabs. The subsequent section
provides a detailed examination of each tab, enhancing comprehension of the comparison
process.

5.1.1 tab 1 “Main”

The interface of the “Main” tab (figure 29) consists of the following items formatted in
material design:

A version indicator.

Color mode selector box.

Two link boxes for folder addresses that can be used with a drag and drop or the file
explorer.

A progress bar and percentage indicator.

Three buttons for the different types of comparisons.

Text box to display if the file is found or not as well as individual comparison results.

- O x
File comparer
[m] Main [E] changes <) History
Choose color mode Added color: -
Version: 2 __NormalMOde - Removed color: -
Altered color:
link1 |Ct\Users\Admm\Desktnp\Weann skillnader\Aldre | gRerediddedcolos

COMPARE TAGS WITH THE DATABASE Altered removed color:

link2 |C:\Users\Admm\Deskmp\Weanm skillnader\Senaste

Kontor_Brandspjall file found
The files are not equal.

26,32% | [l COMPARE f| COMPARE IN WINMERGE #EU?-‘PLCN ﬁ‘ffOUﬂld
€ Tiles are not equal.

Figure 29.The main tab, where the user chooses what they want to compare.
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5.1.2 tab 2 “Changes”

The second tab (figure 30) called “Changes” shows in detail how many entries have been
added, removed, or changed for every file in a folder and consists of the following parts:

"History" tab.

Refresh button that updates the displayed comparison.
Update button that updates the list of comparisons based on the contents in the

A set of panels to indicate the different colors used in the sheets.
A window that displays the content of the generated “Home” file that links to every

comparison and offers a quick overview of the changes in every file.

e Validation button to mark rows that have been changed that the user wants to save.

File comparer

() main [ Changes SO History

Name Changes Additions. Removals Links
» Output_Konto... 2546 0 564 file.//C-/Users...
Output_LBO4-... (4674 28 1] filex/#/C/Users...
Output_MEO1 |1856 0 1476 file:/f/C:/Users...
Output_RIO_A... |4603 0 12 file://C:/Users...
Output_RIO_A... 5204 80 1] file//C/Users...
Qutput_RIO_A... | 3924 260 1] file:#rC/Users...
Output_RIO_A... | 3941 298 0 filey//C:/Users...
Output_RIO_A... | 2437 0 12 file:#//C/Users...
Output_RIO_A... 2804 136 1] filex/#/C/Users...
Output_RIO_A... |3363 340 0 file:/f/C:/Users...
Output_RIO_A... |4267 0 288 file://C:/Users...
Output_sebbe... |0 0 1] file/C/Users...

Figure 30. The tab with the changes.

UPDATE

comp 1 -
File 1: l:l Added color: -
File 2: l:l Removed color: -

VALIDATION IS OFF Altered color:

Altered Added color:

Altered removed color:
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5.1.3 tab 3 “History”

The third tab (figure 31) called “History” shows when someone did a comparison,
where/type, every comparison has an ID “Comment”, it is possible to open the folder where
the output was saved, and it can delete the selected rows. When WinMerge is used it is
empty under the column called “Links” (figure 31) since the result is not saved in any folder.
The column called “Color” has an ID of which color mode was used for that comparison,
when WinMerge is used “Color” is empty since it does not use any color. It consists of the
following parts:

e The data grid contains the date, time, program used, link if available, color, and the
identifier comment.
A checkBox on each row to indicate if one wants to delete the entry.
A “DELETE THE MARKED DATES” button.
A “MARK ALL ROWS”, marks all the checkBoxes.

File comparer

ﬁh Main @ Changes '{D History

Delete Date Time Program Color Links Comment DELETE THE MARKED DATES
2024-05-21 19:48:21 This program CAUsers\Ad... lcomp 2

2024-05-21 19:48:57 WinMerge comp 2

Figure 31. The historical tab.



5.2 The output

Within the "Main" tab, three buttons are available, each yielding distinct outputs that are
recorded in tab 3 "History". This section provides individual descriptions of each button to
facilitate a comprehensive understanding of their differences.

5.2.1 Compare in WinMerge

Pressing the button located within the “Main” tab initiates the program to launch WinMerge
and transmit the two selected folder paths. WinMerge then proceeds to compare and display
the discrepancies in its default format. Nonetheless, the utility of this feature diminishes
when assessing .csv or .sqlite files. The primary purpose of this button is to enable users to
compare files of types unsupported by the program itself, should they wish to do so.

5.2.2 Compare two folders

The program compares the two folders by comparing the files that have the same name in
the folders. The result is shown in a main .xlIsx file (figure 32) that shows how much has
been added, deleted, or changed in every file and it gives the link to everyone. In every tag
XlIsx file, there are four sheets, one for the new version and another for the old version. The
sheet that is called “File1vsFile2vsComparisson” (figure 33) shows the old value in light blue,
the new version in white and the yellow is the comparison part indicating that the value was
changed. The sheet called “File1vsFile2” (figure 34) does only shows the new version, it
marks the changes in yellow and it is the sheet where the user marks what they want to save
with gray if a validation of the changes is desired.

|file name changes |additionsjremovals JLinks
Output_default-specialdays 0 0 0|Link
Output_DrvExolinelmportFilter 0 0 O|Link
Output_ImportFilter 0 0 0|Link
Output LB04-PLCO1 format0 4959 0 816|Link
Output_PIIGAB_Media 0 0 0|Link
Output_SAlAlmportFilterExample 0 0 0|Link
Output_Taggar UC-081002-AS01_PLC02_FS100 07 1407 0 0|Link
Output_tagsetup 0 0 0|Link
Output Teknikrum-087662-AS03-2-Rumsreg-Kontor_v4 0 124 0|Link

Figure 32. The main .xIsx file.
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B10107_LE04B_GF41_PV LB04_PLCOL LONG [t Flide
B10107_AS01_GT31_PV LB04_PLCOL LONG ] Utetemperatur
B10107 LBO4B GP12 AD LB04 PLCO1 LONG [0 0 i Tillslagsfordrajning tryckavvikels
il B10107_AS01_GT31_SP1 LB04_PLCOL LONG ] Bérvérde uppstart
§ B10107_LBO4AA_GP12_ADL LB04_PLCO1 |R58 LONG . Larmgrins tryckavvikelse
B10107 OTV02 BGV02 V LB0O4 PLCO1 |F2014 DIGITAL 1 drift
B10107_LBO4B _GP12_MAX LB0O4 PLCO1 |[R2584 LONG Max bérvarde
B10107_LEO4_MNS_AL LB04_PLCOL |F9 DIGITAL Nadstopp aktiverat
B10107 LB04B GP12 MIN LBO4 PLCO1 |[R2583 LONG Min borvarde
B10107_LB04_NS_AD LBO4_PLCO1 |R2016 LONG Tillslagsférdrajning larm
B10107_LBO4B_GP12_Y4 LB04_PLCOL1 |[R2581 LONG 0 0 0 Kompenserat borvirde punkt 4
B10107_LB04_NS_V LB04_PLCO1 |F2015 DIGITAL Ind. aktiverat nodstopp
i 610107 _LBO4B_GP12 Y3 LB04_PLCO1 |[R2578 LONG Kompenserat bérvarde punkt 3
il £10107_AS_LBO4A_AUTOL_AL LB04_PLCOL |F10 DIGITAL Utlgst huvudsakring e férdrojn
3 B10107 LBO4B GP12 Y2 LBO4_PLCO1 |[R2575 LONG Kompenserat borvarde punkt 2
£] 510107 AS LBO4A AUTOL AD LB04_PLCOL |R2017 LONG Tillslagsfordrajning larm

SRR I R S P FilelvsFile2vsComparisson + o ——

Figure 33. File1vsFile2vsComparisson, shows the new values, old values and the comparison’s values.

A B c D E F G H 1 J K L ™M
7 |B10107 FLO2 KFO1 M LB04_PLCO1 [F2256  |DIGITAL [0 fo [o fo Auto/Hand
2 |B10107_FLO2 KFO1 AD LB04 PLCO1 [R2618  [LONG [0 1000 0 1000 sek 0 i drdrojning larm
9 |B10107_FL02_KF01_CMD LB04_PLCO1 [F2254  |DIGITAL [0 0 0 0
10 B10107_FLO2 KFO1 AL LB04_PLCO1 |F100 DIGITAL [0 0 0 0 Driftfel p:B
11 B10107_LB04X IN_URSTEG_SP12 LB04_PLCOL [R2599  |LONG [0 1000 0 100 % 0 i i franluft
12 B10107_LB04X_IN_URSTEG_SP11 LB04_PLCOL [R2598  |LONG [0 1000 0 100 % 0 Iast varvtal; franluft
13 B10107_LB04X IN_URSTEG_SP10 LB04_PLCOL [R2597  |LONG [0 1000 0 100 % 0 Vinterdrift, nedramp varvtal; tilluft
14 B10107_LB04X_IN_URSTEG_SP9 LB04 PLCOL [R2596  |LONG [0 1000 0 100 % 0 I3st varvtal; tilluft
15 B10107_LB04X IN_URSTEG_TD9 LB04 PLCOL [R2595  |LONG [0 120 0 120 sek 0 Vi ift, upp: Brdroj; tilluft
16 B10107_LBO4X_IN_URSTEG_SP8 LB04 PLCO1 [R2594  [LONG [0 1000 0 100 % 0 varvtal; frénluft
17 B10107_LB04X_IN_URSTEG_SP7 LB04_PLCOL [R2593  |LONG [0 1000 0 100 % 0 last varvtal; frénluft
18 |B10107_LB04X_IN_URSTEG_SP6 LB04_PLCOL [R2592  [LONG [0 1000 0 100 % 0 varvtal; tilluft

Figure 34. FilelvsFile2 shows the new version.

5.2.3 Compare tags and the database

The program reads the name of every tag .csv file and searches for it in the database. Then
it converts it to a .csv file to compare it with the tags. The output is all the tags that are
compared from the database to separate .csv files and a main .csv file that has a link to
every .csv file.

28



5.2.4 Procedure for Removing and Retaining Changes

The validation process involves selecting and preserving changes in the following steps:

1. Perform the desired comparison and save the result to a location specified by the
user.

. ' l + || save test

File Home Share Wiew

* g-% - Cut =] . g tew item - B open Select all
' .. th 5
P

Pin to Quick te i h
accass @ Paste shortout - folder

B Easy access - B Edit
Delete Rename Mew Properties
- rg History nvert selection
Clipboard COrganize New Open Select

2 B > savetest

MName
» 4 Quick access

OneDrive - Chalmers
OneDrive - Personal
B8 This PC

¥ Network

«F Output_Taggar_.
- Output_Taggar_UC-081002-AS01_PLCOZ_...

15 items |

Figure 35. Comparison output consisting of the” Home” file and the output comparison files.

2. Update the comparison displayed in the changes tab to the latest one using the ID

comment.
- O x
File comparer
[ Main [E changes < History
Name Changes Additions Removals Links al
3 Output_Konto... p&Eld 0 564 file:///Ci/Users...
Output_LBO4-... 4674 28 ] filer///C:/Users... comp test o
OQutput_MEO1 1856 0 1476 file//C:/Users...
QUtpUt RIO_A... | 4603 0 12 file//C:/Users... File1: | added color: [
Output_RIO_A... | 5204 80 0 file:///C:/Users. ..
File 2: R d color: -
Output_RIO_A... 3924 260 0 filez///Cz/Users. .. e emoved colar
Output_RIO_A... [3941 298 0 file:///C:/Users... Altered color:
Output_RIO_A... | 2437 0 12 filer///C:/Users. .. Altered Added color:
Output_RIO_A... 2804 136 0 file:///C:/Users... -
Output_RIO_A... |3363 340 0 filew//C:/Users... Altered removed color:
Output_RIO_A... |4267 0 288 file//C:/Users...
Qutput_sebbe... |0 0 0 filex/C/Users... | w

Figure 36. Content of the” Home” file displayed in the interface.
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3. Toggle the "VALIDATION IS OFF" button to "VALIDATION IS ON".

File comparer

() Main [ changes ) History

Name Changes Additions Removals Links
3 Qutput_Kont 2546 "] 564 filew#/C/Users...
Output_LBO4-... |4674 28 0 filex///C:/Users....
Output_MEO1 |1856 0 1476 file:///C-/Users...
Qutput RIO_A... |4603 1] 12 filew#/C/Users...
Output_RIO_A... | 5204 80 0 file:///C:/Users....
Output_RIO_A... |3924 260 0 filex///C/Users...
Qutput RIO_A... [3941 208 0 filew/C/Users...
Output_RIO_A... | 2437 0 12 file://C:/Users...
Output_RIO_A... | 2804 136 0 filex///C:/Users...
Output RIO_A... |3363 340 0 filec///C:/Users...
Output RIO_A... |4267 1] 288 filew#/C/Users...
Output_sebbe... |0 0 0 filex///C:/Users...

Figure 37. ” Changes” tab once validation is toggled on.

4. Access the desired compared file through the

File comparer

UPDATE

comp test

Added color: -
Removed color: -

Altered color:

File 1: |:|
File 2: l:l

VALIDATION IS ON

Altered Added color:

Altered removed color:

link column in the interface.

() Main [ changes ') History

Name Changes Additions Removals Links

3 Output_Konto... 2546 0 564 file:///C:/Users...
Output_LBO4-... |4674 28 0
Output_MEO1 1856 1] 1476
Qutput_RIO_A... | 4603 "] 12
Output_RIO_A... |5204 80 0 file://C:/Users. .
Output_RIO_A... [3924 260 0 filex///C:/Users. ..
Output_RIO_A... |3941 298 0 filex///C:/Users. ..
Output_RIO_A... |2437 0 12 file:///C:/Users. ..
Output_RIO_A... |2804 136 0 file:///C:/Users...
Output_RIO_A... |3363 340 0 file:##/C:/Users...
OQutput_RIO_A... |4267 1] 288 filew//C/Users...
Output_sebbe... |0 1] 0 filew//C/Users...

Figure 38. Pressed link displayed with a red arrow.

5.

gray in the “File1vsFile2” sheet.

UPDATE

comp test

Added color: -
|

File 1: |:|
File 2: l:l

VALIDATION IS ON

Removed color:

Altered color:

Altered Added color:

Altered removed color:

Identify and mark the maintained changes by shading a row in the first column with

name device address datatype Jrawmin Jrawmax |engmin |engmax funit format |description alarmoptions| trenduptiunsl
LB04 107768 ST71 01 AL AS03-RCO1 |1@40033.6 INT (1] 0 0 0 (1] Larm fel dndlage
LB04_107768_ST71_01_AL1 AS03-RCO1 |1@40033.3 INT 0 0 (] (] 0 Spjill fel vid motionering
LB04_107768_ST71_01_V AS03-RCO1 |1@40033.4 INT (1] 0 0 0 (1] Indikering Moti g
LBO4_107768_ST71 01 VO AS03-RCO1 |1@40033.8 INT 0 (] 0 0 0 spjall indikering stingt
LB04_107768 ST71 01 V1 A503-RCO1 |1@4003; 0 spjall indik Bppet
1LB04_107768_ST71_02_AL AS03-RCO1 [2@4003; 0 Larm fel dndlige
LBO4_107768_ST71 02 _AL1 AS03-RCO1 |2@4003 0 spjill fel vid motionering
LB04_107768 ST71 02 V AS03-RCO1 |2@4003| In the worksheet named (FileTvsFile2) _ 0 Indikering Moti g
LB04_107768_ST71_02_VOD ASU3-RODL 2@A4003] | i dire o oy g 1 B Manliahting first element i rew 0 spjall indikering stingt
LBO4_107768_ST71 02 V1 AS03-RCO1 |2@4003 0 spiill indikering ppet
LB04_107768 ST71 03 AL A503-RCO1 |3@4003, 0 Larm fel 3ndlige
LB04_107768_ST71_03_AL1 AS03-RCO1 |3@4003; (] spjill fel vid motionering
LB04_107768_ST71 03 V AS03-RCO1 |3@40033F INT o T o o (1] Indikering Motionskérning

Figure 39. Interface of the comparison file and” Guide” notification.
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6. Save the change and close the .xIsx sheet.

name device address datatype Jrawmin Jrawmax Jengmin Jengmax Junit format |description alarmoptionsjtrendoptions]
LB04 107768 ST71 01 AL AS03-RCO1 | 1@40033.6 INT 0 0 0 0 o] Larm fel dndlige
LB04_107768_ST71_01_AL1 AS03-RCO1 |1@40033.3 INT 0 0 0 0 0 spjill fel vid motionering
LB04_107768 ST71 01 V AS03-RCO1 |1@40033.4 INT 0 0 0 0 1] ikering Moti trni
LB04 107768 ST71 01 VO AS03-RCO1 |1@40033.8 INT 0 0 0 0 0 ikering stangt
AS03-RCO1 |1@40033.9 INT 0 0 0 0 1] dikering Gppet
AS03-RCO1 | 2@40033.6 INT 0 0 0 0 o] Larm fel dndlige
ASD3-RCO1 |2@40033.3 INT 0 0 0 0 0 spjall fel vid motionering
AS03-RCO1 | 2@40033.4 INT 0 0 0 0 1] ikering Moti trni
AS03-RCD1 [2@40033.8 INT 0 0 0 0 0 spjill indikering stingt
AS03-RCO1 |2@40033.9 INT 0 [ 0 [ 0 Spjéll indikering Gppet
LB04 107768 ST71 03 AL AS03-RCO1 |3@40033.6 INT 0 0 0 0 0 Larm fel dndldge
LB04_107768_ST71_03_AlL1 AS03-RCO1 |3@40033.3 INT 0 0 0 0 1] Spjall fel vid
LB04 107768 ST71 03 V AS03-RCO1 | 3@40033.4 INT 0 0 0 0 o] ikering Moti
LB04_107768_ST71 03 VO AS03-RCO1 |3@40033.8 INT 0 0 0 0 0 Spj ikering stingt
LB04 107768 ST71 03 V1 AS03-RCO1 |3@40033.9 INT 0 0 0 0 1] Spijdll indikering Gppet

Figure 40. Interface with desired changes marked in gray.

7. Choose a save location; if a file with the name of the compared file exists, it will be
updated; otherwise, a new file will be created.

- O x
File comparer
() main [ Changes <) History
REFRESH Name Changes Additi lad
» Output_Konto... | 2546 0
Output LBO4-... 4674 28 . comp test .
OupUtMEDT 1856 o Selecta folger where you want to save data [
Output RIO_A... 4603 0 ! Fiet: [ added coior: [l
Output_RIO_A... | 5204 80 3 ' l:l deol -
File 2 Removed color:
Output_RIO_A... |3924 260 0 file:///C:/Users...
Output RIO_A... [3941 208 0 file:///C:/Users... VALIDATION IS ON Altered color:
Output_RIQ. 2437 0 12 fil Cy/U:
UTPULRIOA e/ Users. Altered Added color:
Output_RIO_A... | 2804 136 0 file.///C:/Users...
Output_RIO_A .. |3363 340 0 file:/f/C:/Users... Altered removed color:
Output_RIO_A... | 4267 0 288 file:///C:/Users...
Output_sebbe... |0 0 0 file://C:/Users.. | v

Figure 41. Notification once the desired changes have been marked.

. E l + | Save location
File Home Share Wiew
cut 5 . ‘ Mew item = E fo)
I cait
B Histary

Open

Pin to Quick g Mew Properties
folder o

4 . Save location

Name
> o Quick access
spjall.csv
OneDri Chalmers

sonal

Figure 42. Resulting file from validation in .csv format.



6 Conclusion and discussion

The section comprises an introductory summary of the project, followed by a discussion on
its results and a comparison with findings from other studies. It addresses ethical and
ecological considerations, evaluates the timeline, and concludes with additional points for
further development.

6.1 Summary

In summary, digital programs for comparison are more effective than relying on human effort
due to them minimizing the risk of errors and being less time consuming. There already exist
file comparison tools, like WinMerge, that compare files, but the resulting tabular data is hard
for a human to read and understand. The purpose was therefore to develop a tool to
compare both .csv and .sqlite files created by the Web Port SCADA system and focused on
user-friendliness. The functionalities presented by the tool are the following: First, an
effective and memory efficient method to compare .csv and .sqlite files. Second, a folder-
wide comparison where sets of files are compared automatically and made available in the
program interface and in the form of locally stored files. Third, a record of comparisons done
linking to the file location and allowing annotation with comments. Fourth, an overview of the
comparison result (additions, removals, changes) in the user interface. Fifth, the ability to
validate, approve or reject differences between the 2 versions of a file producing a third
version that can be stored in a user-defined location. The finalized version of the tool offers
an easy-to-use, one-form interface. Tip for other projects: Convert all files to the same format
whenever possible to make comparisons easier. But one disadvantage is that the tool can
only handle two types of files, so it is very specific, but then it is useful to use tools like
WinMerge.

6.2 Critical evaluation of the results

This section evaluates the results of the developed tool in relation to the defined goals and
limitations as well as the decisions made during the development that may have led to a
different result.

One critical point is that the program only handles .csv and .sqlite files, but to make it useful
for everyone WinMerge have also been used, which is useful when there are other types of
files. The reason is because Init was only interested in .csv and .sqlite files.

Opting out of a specific test protocol, the approach was to evaluate and tackle distinct use
cases across the development process. However, this approach leaves room for
unanticipated situations to emerge, potentially jeopardizing program stability. Furthermore,
unexpected bugs or issues specific to certain Windows versions may arise, given that our
testing primarily focused on Windows 10 and 11, and relatively robust hardware
configurations. The issues that could arise range from performance differences, certain
security measures interfering with file access or differences in registry locations. Employing
a more rigorous testing regimen encompassing diverse use cases, operating systems, and
hardware configurations would have resulted in a more stable program with well-defined
limitations.
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The tabulated comparison data was made available and formatted with the help of .xlsx files
providing a straightforward solution, albeit not necessarily the optimal one. An alternative
approach could have enhanced user experience by utilizing local .html and .css files for
formatting, making the data interactive and navigation friendly. However, time constraints
prevented this implementation, as it would have added complexity to the process.

When comparing the final version to previous studies, there were some challenges in

pinpointing specific findings. This difficulty arises from the intricacies of data validation within
expansive systems. Although not groundbreaking, this issue is commonly addressed through
hardware verification, particularly concerning the concept of the "digital twin". The emphasis,
however, is specifically on version management within the context of software, albeit within a
broader framework. Nonetheless, insights from previous research can inform the evaluation.

One notable aspect discussed in earlier studies is the complexity posed by large volumes of
generated data and its ramifications on system dynamics and decision-making processes in
large-scale applications. These studies underscore the significance of big data applications
and systems, emphasizing the critical need for ensuring the accuracy and interpretability of
data.

The existence of prior studies addressing the necessity of data management for handling
large volumes of data, with a predominant emphasis on ensuring accuracy and
interpretability, suggests a significant interest in the overarching subject. However, the
predominant focus of these studies on hardware solutions or general applications implies
that either this aspect is not extensively addressed in academic circles or that existing
solutions are typically perceived as sufficient. Moreover, it is plausible that bespoke SCADA
systems could be developed with version management capabilities integrated, potentially
obviating the necessity for standalone tools altogether.

As shown in [26] various tools are identified that cater to a range of file formats, including
.csv and .sqlite. However, the study also highlights the limitations stemming from the generic
treatment of file formats, as well as the absence of well-defined quality assurance standards
and programs tailored to specific applications [26]. Creating powerful applications with
limited usage capabilities without a large amount of competence.

This project partially addresses this lack of specialized applications while also striving to
deliver a user-friendly experience, reducing the need for proficiency in a general program
with a broader than needed usage. Nonetheless, there remains ample room for improvement
and further development in the developed tool.

The hypothesis that pre-existing tools are often deemed usable enough, as seen in previous
studies, is supported by [26]. Despite acknowledging certain limitations, the study's
conclusion suggests that large, broad tools like Datameer and Informatica are sufficiently
effective. This indicates that the result is a departure from previous approaches in
addressing the problem of version management in systems where this is not a feature by
default.
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6.3 Development approach

This section delves deeper into the development process, highlighting insights and lessons
learned from various hiccups and oversights encountered along the way. The challenges
faced will be discussed, how they were addressed, and the corrections implemented to
improve the overall development approach. It also contains a thorough evaluation of the
programmed tool regarding the established inquiries and functionality requirements.

6.3.1 Development process

Starting with a more strategic coding approach could have led to better outcomes. Initially
designing and testing functions individually before integrating them with buttons would have
streamlined the development process. This method would have allowed for the consolidation
of repetitive actions into reusable functions, significantly reducing the complexity of the code.

Moreover, employing classes to encapsulate functions would have been advantageous,
enhancing modularity and facilitating collaboration among developers. The organizational
structure provided by classes not only could have improved readability but also could have
fostered a more efficient and scalable codebase.

In the beginning, it took less time to write code that reads from the database and converts it
to .csv files than expected. And once all the necessary functions were created, building the
forms-based user interface became quite straightforward. The process mainly involved
determining where to call each function. Having known this beforehand would have led to a
more accurate initial planning of the coding process.

The significance of user-defined addresses for the output folder was recognized during the
addressing phase, facilitating universal program usability. Initially, the program was
structured into multiple forms during development. However, this approach proved inefficient
and resulted in unnecessary passing of variables between forms, introducing redundancy.
Accordingly, the tab-based model was chosen, incorporating functional segments to enable
variable reuse without compromising the design.

A notable oversight in the program's initial development was the handling of memory
allocation. Initially relying on dynamic memory allocation due to the project's object-oriented
nature, the encountered issues with memory overflow during processing, leading to
unexpectedly prolonged tasks. After debugging the root cause was found to be that the
garbage collector function failing to deallocate memory from the heap efficiently. This was
resolved by implementing a solution that forced the garbage collector to deallocate memory
after each loop iteration.

The finalized version, with its three functional tabs, embodies the culmination of continuous
development from its initial iteration. Initially, the focus was primarily on functionality,
resulting in a structure spread across four forms and laden with numerous buttons. However,
this initial version proved cumbersome and lacked certain functionalities that were later
realized through the streamlined three-tab approach. It is important to acknowledge how the
initial approach influenced the eventual program and the pivotal decisions that guided its
development journey.
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6.3.2 Evaluation of the program tool

The developed program can handle large volumes of file comparisons and display the
results in an interface window. It shows the comparison results within the interface through
an .xIsx file, which provides an overview of the data and interactive links to the comparison
files.

The evaluation of whether the program aligns with the previously described requirements for
user-friendliness and functionality can now be conducted. The program efficiently compares
files by minimizing the amount of allocated temporary data and clearing memory after each
comparison. This approach reduces memory usage, with only a minor delay during the
memory deallocation process. The minimal delay is outweighed by the significant memory
savings achieved through garbage collection.

The user interface is designed with muted colors, simple terms, and icons, adhering to
material design principles, making it both functional and visually appealing. This contrasts
with other tools that use harsh highlights and outdated design principles.

For data management, users can quickly sort through the data thanks to the .xlsx format,
which is navigated like a regular Excel sheet with color-coded content that can be easily
filtered. This makes tracking modifications in the files straightforward, allowing for more
efficient data management.

Regarding futureproofing, the program manages the output data, ensuring it will continue to
function if the output files adhere to the specified formats, even if Web Port is updated.
However, if the output file type changes, the program would need modifications. Such
changes in output data types are rare in pre-established control systems due to the
complexity and system reworking required.

6.4 Ethical and ecological aspects

Given the software nature of this project, assessing its ecological impact is challenging. The
project aims to emphasize enhancements for user convenience, promoting time savings.
Ethical implications, although not definitively determined, warrant consideration, especially
regarding data sourcing. While not directly tied to the project, managing substantial data
raises concerns like privacy, consent, transparency, data bias, and potential accountability in
case of a data leak.

6.5 User Interface and User Friendliness

The program was developed with a focus on user-friendliness, accessibility, and a
streamlined, readable interface. Initially, standard, unformatted Windows form objects were
used for their convenience, forgoing additional libraries. However, this approach severely
constrained the visual design, resulting in a dated and unattractive appearance.

To address this limitation, the MaterialSkin 2 library was selected for its contemporary
aesthetic, open-source nature, and emphasis on bold, purposeful design elements.
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Transitioning from the standard Windows objects to MaterialSkin objects proved
straightforward, facilitated by the library’s theme settings for easy formatting.

The icons for the project were sourced for the Google Fonts open-source Material Design
icon repository, being slightly modified to align with the program’s requirements. The
combination of the Material Design objects, and the tab-based interface enhanced the
program’s modernity and structural organization.

However, the adoption of the MaterialSkin 2 library presented some challenges. Specifically,
the library’s focus on visual themes restricted the use of custom-colored buttons, as the
button background color property was overridden by the theme. This obstacle was
successfully resolved by utilizing the highlight color property within the theme settings,
effectively mitigating the issue.

The application was originally developed in English to cater to the international scope of Init.
However, incorporating language options could have enhanced accessibility further.

Initially was one of the goals to give the user flexibility to define color patterns for
comparisons, aiming for increased customizability. Upon analysis, it was recognized that
such a scenario might prompt users to choose analogous colors, thus reducing readability.
To address this issue without sacrificing accessibility, the application instead offers a
"normal” mode, featuring a standard color palette, and a "colorblind" palette, optimized for
higher visibility for the most common types of colorblindness [27].

The program's final accessibility and user convenience feature involves saving previously
used color and address settings. So that the users only need to define them once if they
wish to do so.

6.6 Evaluation of the timeline

The following section comprises an assessment of the timeline (Appendix A), juxtaposing the
intended development process and schedule against the actual development progress and
timeframe. It also delves into the factors contributing to variations in time allocation for
different stages.

Creating a function in C# to save the new version by marking the changes in colors took
more time than expected while the function that converts the .sqlite file to a .csv file took less
time. The first stable and functional version was finished on April 17th and in the schedule, it
says that it would be finished on April 27th (Appendix A), it took less time than expected.
This overestimation of the time required to achieve the functional goals can be attributed to
the inexperience with the program as well as the parallel work distribution which accelerated
the development. However, the tool would need some further revision and additional
functionality was added making the finalized and installable version complete on May 6th.

When the first timeline was devised, it was serial, in which case the development would be
more time consuming. However, during the development process the timeline was changed
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to a parallel one to make the workflow more efficient. That might be the reason why the first
stable and functional version was finished earlier than expected.

6.7 Further development

After the full development of the project a few questions arose that could be the point of
study or further development within this project or a similar one.

e Could the program be developed using a custom class-oriented approach and which
benefits would this have if any?
Is there a better way to display and sort through the data within the excel interface?
Could the program be expanded to allow for custom comparison parameters rather
than just comparing the content of two files / folders.

e Could the task have been facilitated by utilizing another programming language /
development environment.

Along with the points of interest there were also some notable points that could be useful
when trying to create a file comparison program that are the following:

e Establish a standard for the file types the program should support and explore the
possibility to convert between different types without data loss if the program needs
to handle multiple formats.

e Sort the compared data according to a specified ruleset to make sure the right things
are being compared.

e Utilize reusable functions to help with code readability which can be achieved
through model view separation.

e Keep in mind memory allocation during the development process to ensure the
program runs smoothly.
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Appendix A - Timeline

ID i Name

1 v (C# program for file management

2 Planning report

3 Learn basic C#

4 Create a C# function that compares the data of 2 .CSV files with "Scada rules”

5 Create an interface there the difference in _CSV files in showing

6 Analys of the saved data in SQL-Lite. Figure out how to present interesting information
7 Create a function that can compare data in SQLite with .CSV files with "Scada rules”

8 Work with methods use WinMerge to do some compares. Like alter the data before, create shortcuts to functions
9 Finishing the interface and making it user friendly

10 Create a installer for the software

" Store change notified by Winmerge in the historic change file

Figure 43 The first timeline.
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