Writing a Computer Science Thesis

Tobias Pfandzelter, Martin Grambow, Trever Schirmer, and David
Bermbach

Scalable Software Systems Research Group
Technische Universitat Berlin & Einstein Center Digital Future
Berlin, Germany
{tp,mg,ts,db}@3s.tu-berlin.de

July 17, 2024

Abstract

Writing a computer science thesis is a considerable challenge for stu-
dents. In this text, we give some tips and structure to write a great thesis.
We will go over the research process in general, finding a topic, writing
an exposé, and thesis structure. At the end, we include some tips on
researching and writing.

1 Introduction

If you are reading this, you might be about to start a computer science (or
Information Systems Management, ICT Innovation, etc.) thesis at Technische
Universitdt Berlin, maybe even at the Scalable Software Systems research group.
A thesis, whether it is a bachelor’s or master’s thesis!, is essentially a research
task that you complete yourself. This can be daunting, but you are not alone:
Since completing a thesis is necessary to complete a degree at TUB, you can
learn from your previous students’ experiences.

In this article, we will go over some of those experiences and lessons in order
to help you complete your thesis successfully. Specifically, we will address the
following questions:

e What is a thesis? How is it different from a project or seminar? (Section 2)
e How do I find a topic for my thesis? (Section 3)
e How do I write an exposé? Why should I even do such a thing? (Section 4)

e How do I structure working on my thesis? (Section 5)

Additionally, we will provide tips on research (Section 6), writing (Section 7),
and talking (Section 8), as well as some helpful further resources (Section 9)
before concluding in Section 10. If you are not a computer science student, you

ISee [13] for a discussion on why it is master’s and not masters.



might still find some information in this article useful — just keep in mind that
we make some assumptions that might not apply to you.

There are two things we specifically will not go into: First, this article will not
cover the regulatory aspects of writing a thesis at TUB, including time limits,
how to submit the thesis, etc. These things change all the time, and it does
not make sense to just repeat information that you can find in the AllgStuPO
and your respective StuPO anyway. Instead, go and read the AllgStuPO and
StuPO now if you have not yet (even if you have, it cannot hurt to do so again
as a refresher). Let us just say that you should not plagiarize (see Section 7).
Second, we will not go into detail on tooling to write your thesis. We will just
say that you should use (La)TeX and not Word. As a computer science (or
related field) student, you should not be intimidated by a command line and
text editor. Our thesis template [8] can help you get started.

2 What is a Thesis?

Before we discuss how you write your thesis, we should first understand what a
thesis actually is. We mentioned that a thesis is research work that you complete
on your own. Obviously, that is different from courses, where you attend a series
of lectures to learn about a topic and then write an exam at the end. It is also
completely different from most projects that you do: In a project, you typically
solve an engineering problem, i.e., you get a task and then work in a team (or on
your own) to develop software that solves that problem. You might additionally
write tests or benchmarks to evaluate your system, but you are still essentially
performing engineering work.

There is some overlap between a thesis and seminars or reading groups that
you may have attended. These are typically closer to actual computer science
research, in that you discuss existing research. Similarly, in a thesis you tackle
a research problem.

Research problems and engineering problems have a few things in common:
Both often require you to program some software, both require you to write text,
both can be near or far from real-world problems. One of the main differences
between research and engineering is that in research, your text (or manuscript)
is the focus, and it can be supported by your implementation. Engineering
usually has a system or implementation as a result which may be supported by
some text, like a documentation or report. This distinction is something you
should keep in mind during the entire time you write your thesis. For example,
if you wonder whether you should spend your limited time implementing a new
feature or writing some additional text, the latter is likely to be more important.

One other thing to keep in mind is what writing a thesis is actually about:
Your goal is not to advance research (although that is usually the case) or to
prove how smart you are or how well you can come up with new ideas (although
both help) — the goal of a thesis is to show that you can conduct research
properly, that you have the “research maturity”.

At the core of a research problem there is usually a research question. This
research question can have different interrogative words that will dictate the
direction of your thesis: If it starts with Why or What, you usually want to
investigate a certain phenomenon (e.g., Why is the gcc compiler so slow when
I compile the Linux kernel? or What is the overhead of compiling the Linuz



kernel in a virtual environment?). On the other hand, if your question starts
with How, the focus is more on developing something new (e.g., How can we
decrease the compilation time of the Linux kernel?). Note that there can be a
bit of overlap regardless. In our example, before you start developing something
new, you should measure what currently does not work, and after you measure
something, it can be useful to provide some proposals on what to change to
make it more performant.

3 Finding a Topic

Before we can go into how exactly a thesis is structured, we should first see
how we can find a topic, i.e., how to determine your research question. To find
a research question, you should start with a research area you are interested
in. You can find your research area by considering what you learned about in
lectures, projects, and seminars, or you do some initial investigations on what
areas are currently of interest to the research community. Most research topics
are given out by or created with help from your advisor. They might, e.g., have
an ongoing research project that you can contribute with.

To find an advisor, consider the research groups where you have done some
specialization and, e.g., have successfully completed a (mandatory-elective) mod-
ule. Check the profiles of the different members of the group and see if there is
someone whose research area matches your preferences. When you email them,
it is important to make clear what your research interests are and ideally, op-
tionally already think about an interesting topic. If you have already identified
a relevant topic or generally have an interesting topic in mind, your chances of
finding a supervisor will increase because it shows that you have already dealt
with this field.

4 Writing an Exposé

Before you can start working on your actual thesis, it is common practice to
write an exposé. Think of your exposé as an outline to your thesis, covering the
most important points:

1. present the research area you are working on
2. explain your research question

3. outline your approach to answer your research question

An exposé in our group should typically only cover 1-1.5 A4 pages and can
be written in three to five paragraphs. Moreover, there should be only your
name, student ID, and a possible thesis title written at the top. Your exposé
will usually not include footnotes or references as it is only meant for you,
your advisor, and possibly the professor (who will be the official examiner of
your thesis). The expectation is that you already have an understanding of the
research area and did some initial research (i.e., paper reading). However, you
do not need to have a comprehensive overview of all existing approaches to the
research questions, as that will be part of the research process while writing
your thesis.



You can derive the title from your research question, e.g., turning Why is
compiling the Linux kernel so slow? into A Performance Analysis of Linux
Kernel Compilation. The first paragraph of your exposé should cover your
research area and provide some context for further explanations. The second
paragraph introduces your research problem. Here, try to be as precise as
possible to avoid confusion during the work on your thesis. Be sure to also
include motivation for your question: why is it a problem, for whom is it a
problem, and why is it important that someone takes the time to work on this?
The third to fifth paragraphs should focus on what you actually plan to do in
the thesis, it is basically your work plan. You can read more about what you
should do in Section 5, but for now keep in mind the two questions that you
should answer in this paragraph:

1. What is the approach that you plan to take to give an answer to the
research question?

2. How will you evaluate your approach?

There will typically be a few iterations of the exposé before it is in an ac-
ceptable state. The goal of this process is to let you and your advisor have
a common understanding and perspective on your research problem. This re-
quires discussion about different perspectives, so do not worry if it takes a few
days. However, the time between iterations is entirely up to you.

What is stated in the exposé is not a fixed list of requirements and tasks, it
is not set in stone. If you realize during your thesis that, e.g., the evaluation
method proposed in the exposé is not suitable after all, then you can and must
choose another suitable method. The goal of this exercise is to have a plan
which carries you in the right direction, not to have a to-do list.

5 Structuring your Thesis

In this section, we would like to cover two things, namely (1) how you should
structure your time and tasks when working on your thesis, (2) and how the
manuscript itself should be structured. We will cover both things together since
the approach is identical — the best way to write your thesis is starting at the
beginning and finishing at the end. Of course, that is not the entire story:
During your research, you will uncover new knowledge and will have to re-write
earlier parts of your manuscript, or you need to restructure some paragraphs.
But the basic idea of working from start to finish remains. And what if we told
you that you have already begun?

5.1 The Introduction

The very first part of any manuscript is the introduction, where you give context
for your research, introduce your research question, and outline your work.
Sounds familiar? That is because the introduction basically mirrors your exposé.
It is supposed to give your reader an idea of what they can expect in your these,
and it helps to set the scene for the text.

You should adapt the text of your exposé a bit instead of copying it directly.
For example, you will now need to add references to your claims and to expand



the reasoning in more detail. It is also common to add a list of contributions,
i.e., bullet points on what you contribute to the research area, similarly to what
we have done in Section 1.

5.2 Background

The next part of your research (and thesis manuscript) is the dreaded back-
ground. At this point, you should have done some initial research, e.g., using
Google Scholar [6], read some papers, looked at some existing work in the field.
Now, you should double down and fully understand (or at least be aware of)
the state-of-the-art in your research area. Follow the citation trail (e.g., by
reading the papers cited by the papers you have read, reading the papers cited
by that, etc.) until you get back to where you started. After a while, you
will notice that reading one of those papers keeps adding fewer papers to your
have-to-read pile of papers. In the end, you will probably have read around
100-120 papers (which you will not all need to discuss and cite in your thesis).
Generally, be smart with your time and do not spend too much on one obscure
paper — for older papers, the citation count is usually a good indicator on how
well a paper has aged (more on selecting the right resources in Section 6). As
an addition, make sure to keep some papers for your related work section (see
Section 5.6) which discusses alternative approaches to your solution whereas
the background section provides the necessary foundations for understanding
the rest of the thesis.

In a research paper, the background section normally serves two tasks: First,
it introduces the terminology and definitions you use in the rest of your paper.
For example, there may be competing definitions on what a kernel is: the
thing that runs your Linux or the thing that makes popcorn. This is your
opportunity to set the record straight, ideally using some cites. Second, the
background section lets you introduce the concepts you will use in the rest of
your paper. Every non-trivial piece of information should be mentioned here. It
can be hard to decide what is considered trivial vs. non-trivial. Think about who
reads your paper (e.g., your advisor) and try not to give too much information
as that would make your paper boring.? As a rule of thumb, everything that
you learned in compulsory lectures can be considered common knowledge in
your field, everything that will be new to most recent master’s graduates is
non-trivial.

A background section in a thesis also serves another, indirect task: It shows
the reader that you as a student have completely understood the research area
you operate in. Conversely, if, during your writing process, you or your advisor
notice that there is something missing from this section, you should go back
into the literature and try to close that gap.

5.3 The Approach

This section should be named according to its contents (e.g., A Markov Model
Approach to Linuz Kernel Development), but the basic idea is that you intro-
duce your idea: What solves your research question? This section should be
comparatively short, but in a research paper this part is often the most impor-
tant one that everything revolves around. This somewhat differs in a thesis:

2We will cover some further information on Dos and Don’ts of writing in Section 7.



Your grade will most likely not be determined by how “great” your idea is, as
you will have discussed it in detail before with your advisor — remember that
this is not an engineering report. You will be graded mainly on your execution
of the thesis. Do not feel pressured to have something novel or surprising here,
it is often best to stick with what you and your advisor came up with together
(which — due to that reason — will usually already be sufficiently novel).

The idea you present here can take many forms: it can be a study design
(e.g., a benchmark that you want to perform to measure overheads), a system
architecture (e.g., for a new database), or an algorithm (both an entirely new
algorithm to solve a hitherto unsolved problem or the application of an exist-
ing algorithm to a new problem). Getting this section right can be difficult,
especially as there can be some overlap with the next one. Here is some advice
regarding mistakes that students commonly make on their first try:

Do not include implementation details When you write a systems paper,
e.g., your idea is to write a new kind of database system, do not include your
implementation of this system here. For example, for the design of your database
system, it does not matter whether it was written in Java or C++ or which
classes you have written. What matters is its overall design. Again, remember
that your research question is not an engineering problem. One exception is
if you require a certain technology for your approach, e.g., you investigate gcc
and your approach does not extend to other compilers.

Do not include how you arrived at your solution To find an approach
for your research question, you will often start with a simple one and iterate
on that to improve it. While this is a useful technique, it does not translate
well to your manuscript. What you will end up with is not one approach but
multiple, which makes it hard for your reader to understand quite what is going
on. There can be some cases where you want to compare different approaches
to the same research question, but that slightly changes your research question:
Instead of a How should I solve it?, the question then is Which of the approaches
A, B, and C is the best one?. Your approach section will then often describe
how you plan to execute your comparison study, while the different approaches
are in your background (if in doubt, ask your advisor). Focusing on a single
approach and presenting that clearly makes it much easier for your readers to
follow along and gives your thesis a clear message.

Do not mix evaluation and approach You will evaluate your approach
in your thesis (and we will get to that), but your evaluation should be in a
different section. This includes the design of your evaluation, e.g., how you
want to measure that your approach is good.

Do include a picture A good picture can help a lot in getting your message
across, even more so if your approach includes experiment designs or systems
architecture using simple lines and boxes. Do not overdo it, though!



5.4 Evaluation

After you have presented your approach, it is time to show why it is so great
with an evaluation. An evaluation can take many forms, from a formal proof of
an algorithm to a benchmark of an implementation. Finding the best evaluation
method is something to discuss with your advisor because it depends on your
research question and what you have done so far. Here are some ideas for what
you can do:

Simulation A simulation is a good way to evaluate your approach efficiently in
a controlled environment. You can simply write a small simulation environment
(which will often be faster than using any of the existing, full-fledged simulation
frameworks) and plug in a dataset or algorithm. You will likely need some
existing approach or other baseline to compare your new approach to. Be sure
to determine some metrics that you want to measure, so you get relevant results.

Implementation An implementation of a system can be helpful as well, al-
though it is mostly coupled with some tests or benchmarks that show that the
system does what it is supposed to do or improves an existing approach. Keep in
mind that benchmarks are (usually) only meaningful when comparing to some-
thing that already exists. Include an overview of how you implemented your
system but do not go into too much detail when it is not necessary.

Formal Proof You can also include a formal proof for your approach if that
is the best way to show its correctness (very unlikely in our group).

In all cases, make sure to introduce your study design explicitly at the be-
ginning. For simulation and benchmarking, be smart about what and how you
measure: State your expectations and try to think like an adversary by coming
up with scenarios that might break your approach. Also, when you notice that
a result does not match your expectations, try to explain it and run additional
experiments [7].

5.5 Discussion

Not every research paper includes an explicit discussion section, but having a
discussion can elevate your research tremendously. A discussion is not an ex-
planation of your results — this should be part of your evaluation. Instead, a
discussion critically evaluates your approach and evaluation. Most things we
do in computer science are not perfect: There will be edge cases, limitations,
or scenarios where other approaches are better. This section is your opportu-
nity to acknowledge the weaknesses of your thesis and discuss why or why not
they matter (and how they could be addressed by someone else extending your
approach).

You might be asking yourself: “Why would I talk about things that do
not work?!” Because if you do not, your examiner will. You have a unique
opportunity to anticipate the comments that your examiner (or a peer reviewer
in case of a research paper) might make about your approach. This shows that
you are fully aware of these limitations and edge cases, and it lets you weaken
the impact of those kinds of comments. Being able to look at your own work



critically is also a testament to your scientific abilities. Remember that the goal
of research is not to sell something but to advance your field of research.

5.6 Related Work

In a related work section, you discuss other work in your area that aims to solve
your research problem or related research problems. The goal of this is not to
discredit these papers but rather to show how your research builds on them,
where you have used them for inspiration, and how different approaches may
even be combined to create an even more effective solution (remember the point
about the discussion section above that every approach will have weaknesses,
including yours). Keep it nice and friendly!

If you have read a few research papers, you might be wondering why we
mention this section near the end. You will often find it in the front of the
paper, e.g., after the background section. That can make sense for some research
questions, but it will often be boring for a reader to sit through pages of related
work before understanding what your idea actually is. Instead, put it at the end
where the reader has a full understanding of your approach, its effects (through
evaluation), and weaknesses (through your discussion).

Go about it one paper at a time. Mention the paper explicitly (e.g., “Doe
et al. [10] do this and that...”), and summarize the main idea behind it. Then,
explain why this is good or bad — also in comparison to your approach. Some-
times, multiple papers have a categorically different approach (e.g., centralized
vs. decentralized) than yours. In that case, group those papers and explain the
advantages and disadvantages using an example. Remember that all of these
approaches do actually have advantages — otherwise, they would not exist.?

Some students find it difficult to write this section, and we sometimes read
theses that only have a few sentences here, mentioning no more than two or
three papers. Often, that means that these students have not done their re-
search properly. If you cannot find anything that answers your research question
specifically, broaden your search area. Maybe there is a paper that asks your
research question and does not provide a solution. Maybe a similar research
problem is also posed in a different field. Possibly, some papers you mention in
your background section belong here instead or as well. A short related work
section might seem to be an indicator that your thesis is especially good because
it solves a problem that no one else has looked at before and that you were now
able to solve with your research superpowers — instead, it generally means that
you do not quite know what you are talking about.

5.7 Conclusion

Finally, it is time to conclude your thesis. Here, give a brief overview of every-
thing you have done. Some research papers also use this to provide an outlook on
future work you plan to do — in most cases, students do not continue to work on
their thesis projects, though (it might still be interesting to hear your thoughts
on this if you have some ideas which are not implementation details/features).

3Unless you iterate on them, in which case you should also explicitly mention the similar-
ities.



5.8 Other Sections

The sections we have given are a general guideline on how to perform your
research and how to write everything down. You can vary the overall structure
of your thesis a bit if required, but you will hardly find any published work that
dramatically deviates from this common structure. Nevertheless, you will likely
need some additional components in your manuscript:

Abstract An abstract (and the German equivalent “Zusammenfassung”) is
a short summary of your work. A reader who does not yet know whether
they want to read your paper should be able to gather the most important
information about it from reading just the abstract. Need an example? Every
research paper starts with an abstract.

Bibliography The bibliography (or references) list all the references of your
paper. There are different reference styles you can use, but you should probably
stick to what your template dictates. If you use a non-author-year format, e.g.,
as in the numbered IEEE or ACM style, avoid sentences like “[42] do XYZ.”.
Instead, use “Doe et al. [42] do XYZ.” as “[42]” is not a subject or object in
your sentence but rather added meta-information. The sentence needs to make
sense without such as citation reference (exception: author-year format).

Table of Contents Unlike research papers, theses usually also provide a table
of contents that make it possible to quickly jump to the section you want.

List of Figures, Tables, Abbreviations Some templates include a list of
figures, tables, or abbreviations that are generated automatically. While it is
great to have one more page in your PDF, use those lists only when necessary,
i.e., when you manage lots of tables or figures.

Acknowledgments If you want, you can include an acknowledgments section.
In a research paper, this is usually used to indicate conflicts of interest, funding,
or people who have helped you. If you can only think of your advisor to put
here, leave this out and thank them in person instead. As your thesis will not
be published as-is, there is no reason to include it anyway.

5.9 Final Checks

So, you are ready to submit your thesis! Before you send it off to the examination
office, please be sure to check everything on this non-exhaustive list of things
that people commonly forget:

e Your name, university e-mail address, and matriculation number are on
the title page.

e The title of your thesis, the name of the first examiner, and the name of
the second examiner are on the title page and identical to that on the
sign-up document you have received from the examination office at the
start of your thesis.*

4You are unsure whether you understand everything on this document correctly because
you have insufficient German language skills? Ask a friend or your advisor.



e The version of the thesis you are planning to submit is the ultimate, final
version and not some older version.

e Almost all of our theses are submitted digitally, please ask your (first)
supervisor if you want to submit a printed out version.

e You have included a German language and English language abstract for
your thesis.

e You have included the FEidesstattliche Versicherung including the current
date, your name, and your signature.

6 Research/Reading Advice

Having the right approach to research is one of the most important parts of
writing a good thesis. The reader should get the feeling that you know what
you are talking about, have a full understanding of your research area, and can
critically review research papers and articles before you reach a conclusion. We
cannot teach you how to conduct your research here (this is a skill you should
have honed in your studies), but we want to give you some advice and guidelines.

First, we want to emphasize the result of the distinction between engineering
and research problems on how you handle your research. In an engineering
documentation or other project report, you will feel inclined to defend what
you have done, e.g., you might try to find a study that shows the downsides of
a decentralized approach to defend that you have come up with a centralized
approach. That makes sense when you want to sell something, but an important
pillar of science is transparency. To clearly show what your idea can and cannot
do, give a holistic overview of state-of-the-art research, including competing
ideas. In most cases, it is best to finish your research before you begin developing
your idea. Of course, it might be necessary to go looking into certain aspects a
bit deeper once you have some experience developing your idea; then, however,
do not be afraid to rethink aspects of your work when you learn more.

An important aspect of doing research is finding and evaluating publications
— not all papers are created equally! Before you read a text, try to answer a few
questions:

Is this a peer-reviewed text? Officially published texts, such as conference
papers and journal articles, will receive a “peer-review”, where other researchers
in the field give feedback on the text and decide whether it meets certain sci-
entific standards. To find out whether a text has been peer-reviewed, see if it
is published in a proper journal or conference proceedings. Preprints of papers
and articles are sometimes uploaded to servers such as arXiv [1] before they
go through peer-review to have them available earlier — when you encounter
a preprint, check who uploaded it and whether a published version exists. If
you find a published version in the ACM or IEEE library but cannot access
it, try to find the “institutional login” and use you TUB account to download
the paper. Some texts, such as industry white papers, blog posts, websites, and
software documentation, do not go through peer-review. Use these texts only
as additional references when absolutely required and try to find peer-reviewed
alternatives.
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Is the venue reputable? The peer-review process is usually part of publica-
tion in venue, i.e., a conference, magazine, or journal. Not all venues are equally
reputable: Some conferences accept only a small fraction of submitted papers
and have high standards, while other journals might publish anything as long as
the authors pay enough. If you are not familiar with a venue, look at the insti-
tutions behind it: If it is held or sponsored by ACM, IEEE, or other well-known
organizations, there is a good chance that certain standards are met. For sake
of completeness, Wiley, Springer, and Elsevier (and a few smaller publishers)
are trustworthy as well. On the other side of the spectrum, predatory publishers
publish everything they can get their hands on if the authors pay their high fees.
Note that some journals and conferences do not work with a publisher directly,
making it a bit harder to determine their quality levels. In this case, look at who
publishes with them (more on determining trustworthiness of authors below).
Another thing you can look at are conference rankings, but this can be a bit
hit-and-miss. From the other side, anything on Beall’s List [0] can safely be
disregarded completely.

Are the authors trustworthy? Finally, see if you find the authors trust-
worthy. Are they affiliated with an institution you know and trust? Find out
if the authors have previously researched in this area. Usually, the last listed
author is the most senior researcher, e.g., the professor — find out whether they
are notable or not. You can also check out the references in the manuscript: Do
the authors only cite their own work or do they themselves follow good scientific
practices? Finally, you might think that a paper by an industry group such as
Microsoft Research will be biased, e.g., hiding information to make the company
look better. However, you can trust the peer-review process and the authors’
integrity (especially at such a reputable institution).

If you answered, “Yes” to all three questions, does that mean you can just
take everything in the text at face-value? Well, no. There can always be mis-
takes in a paper, or things that the authors cannot know when they write a text
(e.g., how a technology will develop over the years). Conversely, even if you
have answered “No” to one of the questions above, you might still have a good
paper in front of you (which is very unlikely though). Do keep an open mind
when you read any text you encounter.

7 Writing/Presentation Advice

Finally, here is a non-exhaustive list of writing tips for your thesis. We highly
recommend that you adapt the writing style of the papers you read (with the
notable exception of [11]). If you plan to write your master’s thesis or want to
improve your English writing skills, look up and read the book “The elements
of style” [19].

Use a spell-checker There is no argument against this. Spell-checkers exist,
they are free to use, they are available on any platform. Trust them to do their
job correctly, they know the English language better than you do. Depending
on the platform, we recommend LTeX [21] and TeXtidote [20], but you may
choose a different one based on your preferences.

11



Use a spell-checker We are not sure if you have heard us the first time. It
is literally free! It takes a minute to set up! There is no justification for having
your advisor exposed to poor language, it can only hurt you! Some advisors
may consider this an insult and a waste of their time.

Be direct in your wording Do not use passive wording but be direct instead.
Use present tense (or past tense if you have to, but be consistent®) everywhere
and describe your actions clearly.

Be professional (i.e., don’t write like we do here) Use professional lan-
guage, this is an academic environment, after all. Don’t use short forms (“do
not” instead of “don’t”) or other colloquial language, such as “like”. Addition-
ally, don’t address the reader directly, as we do in this guide. There is usually
no need for this.

Use the Oxford comma Use the Oxford comma, i.e., a comma before “and”
where applicable [4]. This makes your text much more readable as it removes
ambiguities.

Use “We” instead of “I” This is hard to wrap your head around for the
first few chapters you write, but it is common practice to use the first-person
plural instead of singular when referring to the author(s), even when it is just a
single person (like you, writing your thesis). There is no reason for a reader to
care whether one or more people wrote a text, so why confront them with that
information in every paragraph? Besides, no research is ever the result of the
work of only a single person — even when they are not listed as an author, your
advisor or peers helped you in your thesis.

Avoid weasel words Weasel words such as “much”, “very”, or “significantly”
do not help in your texts. Instead of “We were able to improve performance
significantly.”, write “We improved read latency by 87%.”. This would make
for a terrible novel, but is much better for a thesis.

Use connectives to support your line of reasoning Do not make the
reader guess why sentence B follows on sentence A. Instead®, use connective
words such as “additionally”, “furthermore”, “in contrast”, “consequently”, and
other connectives. You can find a list of connectives and a more detailed expla-
nation on how to use them in [3].

Paraphrase, do not copy text When you cite a text, do not copy parts of
the text, such as a definition. Instead, paraphrase the key message of that text
and integrate it into your own text. This shows that you understand the text
and are not mindlessly copy-pasting (you still need to cite it though!).

5Please, please be consistent.
6 “Instead” is a good connective!
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Do not (attempt to) plagiarize Do not present someone else’s work or
ideas as your own. Acknowledge the authors of the original work when you
paraphrase an idea. Similarly, do not copy other people’s text. Referencing
other work shows that you have taken the time to read and understand related
work, which increases the trustworthiness of your own work. While there are
some best practices on how to cite best (you will quickly learn them when
reading papers), there are no strict rules where to put your citation. Think
about readers who are not you: To them, it should be crystal clear (!), without
any doubt, glaringly obvious which (i) text came from someone else (a direct
quote) and (ii) which thoughts came from someone else (an indirect quote). If in
doubt ask your advisor. Note that any plagiarization attempt will be reported
as such.

Please use a spell-checker Please. Pretty please.

Presenting Concepts Visually Any piece of technical or academic writing
can benefit greatly from putting concepts into pictures. As they say, “one picture
is worth a thousand words” [2]. Most concepts can be visualized as diagrams of
lines and boxes, making it easier for your reader to understand the relationships
and roles of individual components. Keep the amount of diagrams to a sensible
degree and use references in your text and figure captions to explain what can
be seen in those diagrams. Do not put too many concepts in those diagrams,
however: try to limit yourself to overviews and create a new figure for more
detailed explanations that may be required.

There are a number of tools out there that you can use to visualize your
concepts. In our group, we mostly use MS PowerPoint for the figures in our
paper. It is easy to use, you can export figures as vector graphics, e.g., as a
PDF, so they are easy on the eyes and great to view digitally, and you can even
reuse them in your presentations. Be sure to keep a consistent visual style and
employ colors only when necessary to get a specific concept across.

You may also want to use diagrams from other work, such as from papers
or presentations. Instead of screenshotting those diagrams, we highly suggest
recreating them with your personal visual style and in higher quality. That
helps keeping things consistent in your thesis and high-quality. Nevertheless,
you must absolutely cite those figures!

Presenting Data (Charts) Besides presenting concepts, such as a system’s
architecture, you will probably also need to present some data, such as results
from a simulation. Here, employing visual tools is of even greater importance.
You should use charts for the key results of your work.

Most charts show the relationship between a number of variables and a value,
such as a measurement or observation. The relationship you want to illustrate
determines the kind of chart you should use. Variables are the things that you
yourself set, and they can basically be of three different types:

e A numerical variable is basically a number. It has an order and covers
a range of possible values. This could be the experiment time, or an
increasing workload.
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e A categorical variable is one that can have values of a specific category.
Think of varying the cloud platform you test, the different providers are
values of the same variable. There is no inherent order in those values.

In almost all cases, your output variable will also be numeric. If you find
yourself in the situation that your categorical variable has only one value, it is
not a variable and your plot will not show anything meaningful.

You will typically want to start with a two-dimensional chart. As it has
two dimensions, you can only show one variable (the first dimension) and one
output value (the second dimension). The input should be on the horizontal X-
axis and the output should be on the vertical Y-axis. If your goal is to show the
relationship between a numerical input and numerical output, you should use
a scatter plot where you draw points for your individual measurements. If you
want to show the relationship between a categorical variable and a numerical
output, use a bar chart, box plot, or violin plot, depending on what you want to
show.

Choose your first input dimension wisely, as it is the most important. In-
stinctively, many people will use time as this dimension, but this does not always
make sense, especially when the effects you observe to not change over time. In-
stead, please also consider plotting the empirical distribution function of your
data as it can be more meaningful to show many data points. You can then
also add additional input dimension with colors and line or point styles — use
categorical colors for categorical values and color gradients for numerical ones.

Of course, the key elements from Section 7 about diagrams apply here as
well: Keep a consistent visual style, create high quality figures, use colors only
when needed to get a point across, and explain everything you see in the charts
in your main text and/or figure captions. We mainly use the Python package
seaborn [18] to create graphs. In combination with the data analysis functional-
ity of pandas [14], you can create some great charts and dig deep into your data.
You can even do this interactively in a Jupyter notebook [16]! As a computer
science (or related subject) student, you should have all the knowledge you need
to learn to use those tools.

8 Giving a Research Talk

In addition to your written thesis, you will often also have the opportunity to
present your work in a research talk, e.g., to the research group your advisor is
part of. Such a presentation can help you disseminate your research to a wider
audience than would normally read your thesis, i.e., your advisor and examiner.

For every presentation you give, you should have a specific goal in mind and
be able to have an answer to the question “What am I trying to achieve with
this talk?” that goes beyond “My advisor told me to do it.” Fortunately, in
the case of presenting your thesis work, the answer is straightforward: Your
goal should be to collect as much feedback from a wider audience as possible.
Usually, the thesis presentation happens before your final submission, giving
you enough time to act on that feedback.

In your presentation, give a best-effort overview of what you have already
done and what you are still planning to do. Do not gloss over important details
that could provoke interesting comments from your audience! You can expect
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that most attendees have a high level of knowledge about your specific topic,
and you should thus spend as much of your presentation as possible on your
original research rather than repetitive background information.

We also recommend sticking to the standard university template for presen-
tations, as it is less distracting than a fancy custom one. An important part in
creating your slide set is having page numbers, so that audience members can
make comments about specific slides. If you cannot fit everything you did into
the presentation, prepare backup slides of other figures and charts you have,
which you may use in a discussion session to go into more detail on specific
issues and questions. Although you should not go into related work in your
presentation, as it is mostly unimportant to your audience, make sure to put
citations on claims, figures, and images that are not your own.

In general, a great presentation can have great results for your thesis: inter-
esting feedback from the audience and a boost to your grade. Do not waste this
opportunity, rather show up with enthusiasm and show that you have made an
effort to present your interesting research work! Anything else could be viewed
as a waste of your audience’s time, and the people that determine your grade
are part of that audience!

You can find more information on giving research talks in a presentation by
Jones [9], but keep in mind that the goals of a talk in a technical conference
and those in a university setting might be different.

9 Further Reading

We cannot cover everything in this article, so we do want to draw your atten-
tion to a few further resources. In a blog post [12], Philipp Leitner gives some
valuable tips for writing a software engineering thesis. Simon Peyton Jones
of Microsoft Research shares some valuable insights into writing technical pa-
pers [10] and giving research talks [9]. You can find additional writing tips in [5,
15, 17).

10 Conclusion

Writing a computer science thesis is hard, especially when you do it the first
time. Having some research experience from seminars can help, but there are a
lot of firsts for each student. We hope that this text gives you some structure
for your upcoming thesis and that the tips and hints help you along the way.
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