TDDD89 - Scientific Method

Lecture 1
Introduction

Christoph Kessler

2025

LINKOPINGS
II.“ UNIVERSITET



Partl: General Information

 Course format
e Activities

« Examination

Part Il: Towards a great thesis

« What is a good thesis project?
 Overall thesis structure
 Thesis project types

0o (
LINKOPINGS X0
Ilou UNIVERSITET \



Part I: General Information




Learning Goals

« Compare and evaluate scientific and engineering methods
in the topic area selected by each student.

« Find, summarize and reference related work and background literature.
 Critically evaluate scientific works.
« Learn about requirements, structure, format of a master thesis

— By reading guidelines and best-practices papers.

| . COyp
— By reading a sample master thests. Co SE ONy-
— By writing an extended thesis project plan Mp U TE N s/, IT
for a real or fictitious master thesis project. R SCIEN ERA TUR
« Formulate a scientific text using generally accepted standards esp Ce 4/VD EE Is ECip
— Write, and critically review, a project plan for an academic study, oy T u N G”VE Ic To
including method, tasks, time plan, risk analysis. ERI/VG

— Practice writing, and critically reviewing, text for thesis sections on
Introduction (research questions), Background and Related work.

— Learn about proper use of academic English.
« Assess and manage ethical issues and societal aspects of science and engineering in their topic area.

- Insight into different formes, fields and career paths for professional work in computer
science and engineering related areas, especially in research and development in an
international context, in both industry, research organizations and academic institutions.



Organization

Practice scientific work, writing, and project planning before starting the master's thesis project
— If you happen to already know your real master thesis project, you can work with it in the course,
— otherwise, find some thesis topic of interest to work with during the course.
— Seminar group work is mostly topic-area specific

Focus on formulating research questions, literature review and survey of
background and related work, and an initial description of a research method.

6 lectures

— Thesis structure; Topic selection and career paths in R&D;
Literature search and analysis; Academic English;
Research methods; English feedback, Thesis process, Outlook

6 seminars
— Mandatory presence
— Guiding questions with hand-in preparation before each seminar
— Group work, with feedback by group peers and by group leader
Hybrid course: All seminars (on Thursdays 08:15) and some lectures on distance!

— 2020, 2021, 2022, 2023: zoom breakout rooms worked better for the document-centric group work
than the noisy on-campus seminar rooms



Course format and staff

* 6x2h Lectures  include: 2 feedback sessions

e 6x2h Seminars .
— Feedback seminar on research

— Theme-specific groups questions, by group leaders

— Group leaders 2025: — Feedback lecture on Academic English

* Adrian Pop (Group A) and Stylistic Issues, with Shelley
* Zeeshan Afzal (Group B) Torgnyson and C.K.
» Federica Uccello (Group C)

» John Tinnerholm (Group D)
 Joakim Argillander (Group E)

» Szilvia Varro-Gyapay (Group F)
» Buse Atli (Group G)

« Willem Meijer (Group H)

» Roland Plaka (Group I)

« Backup: Christoph Kessler
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Lectures

1. Introduction (Christoph Kessler)

<234 I NV

. Introduction (cont.): (C.K. and guest speakers)
Common thesis types.
Panel: Outlook to working and career paths in academic and industry R&D
(and what the thesis topic selection may have to do with it...)

Literature search and evaluation (C.K.)
. Introduction to academic writing in English (Shelley Torgnyson)

Scientific methods (C.K.)

. Feedback on academic English (Shelley Torgnyson);
Outlook to the master thesis process (C.K.)

Il.u HR,'K,%E'Q@EST Lectures 2 and 6 given on zoom, find the lectures zoom link on Lisam for TDDD89



Course web page

Litd o I0A » Undergroduate = Courses s TDDDE9

TDDD89 Scientific Method (6 ECTS)

Syllobus
Course Information HTZ 2025
- ida.liu.se/~TDDD8Y/  mmwasmane
https://www.ida.liu.se/
Latest News._..
Lectures
2025-10-20 Find 2 team mate for the seminars
Graging Rubric A zharad spraadshact for finding 2 team mata for tha seminars has baan sat up in tha Lisam cooparative araa for tha
Exomination coursa (login required). Information will ba givan in the first kctura.
All Messoges 20253-10-02 Coursa HTZ02Z5 given in hybrid modae | Coursa web pagae being updated for HTZ /2025
Contact Asz in provious years and as listad in tha cowrsa syllabus, tha mandatory-attandanca seminars and two of the lacturas will ba

given antiraly on distance (zoom) also in HT2 /20235, dus to maors convaniant group work on text documants via scraan

sharing in zoom and dua to shortage of reoms that would be suitablk for the saminars.
SEMINARS [UPG2] Lacturas and saminars will ke givan live and will not ba recordad.

General Informaclon + rules ‘Wa startad updating tha course wab pagas for the coming instanca of TODDE3 HT2 /2025,
Getting storeed Ey and larga, the 2025 coursa will follow the same structura as 2024
All course information and instructions will ba given hare on the coursa wab page. Wa usa Lisam onky for group cooparation
MII:IIEI’\I' atendance in tha saminars and for submission, and for non-public documants {e.g., zoom sassion links).
Seminar Toplc Groups
Thests toplc oudine (61 2024-01-28 Kwrsvalinformation for Y-are odh Lare ang. TODDE9 HT2025
Frin och mad HT2024 3r TDDDED valbar Svan far Y | Tarmin 9, anligt studiahandboksan; frin ach mad HTZ0Z5 Svan far l.
Seminar 1 Datta kan passa bra i enstaka fall, dock ints ganarallt for ¥ | 1.
Seminar 2 Vi vill papaka att kursan TDDD&Y ir avsadd for studantar mad stt datavatanskapligt firdjupningsomrids (frimst frin C5, D,
U, IT, Idata) som ska skriva att mastar-axamansarbats i datta [ﬁrdjupning:-umn'dn. Kursinnahdllat och materialat ir upglagt
Feedback seminor far danna milgrupp.
Seminar 3
Seminar 4
Seminar & Page responsible: Christoph Kessler

Last updated: 2025-10-02

FINAL SUBMISSION [UPGT)

Final thesls plan submission

LISAM DCRA e InM GNLY]

II LINKOPINGS work area, UPG2)
o UNIVERSITET Suom o r:mf]um
Final submissions [UDGET]




LISAM - Shared workspace and document submission

Scientific Method (TDDD89 2025HT KU)

Home = 1 Ladda upp ¥ H Redigera i rutndtsvy Ldgga till genvdg i OneDrive
Course plan
Gﬂllaborative workspD Collaborative workspace I\ v
[ Namn v Andrat v Andrades av v Version v

Members and groups

Thesis-topic-outlines-Deadline-6_Nov_2025 den 14 oktober Christoph Kessler 1.0

Schedule

Quiz Zoom-links den 14 oktober Christoph Kessler 1.0
Submissions B Find_a_team_mate_for TDDD89_2025.xIsx den 14 oktober Christoph Kessler 1.0

Assessment record

Signup
NB we use LISAM only for the shared workspace (seminars),

for sharing non-public information, and for submissions.
Il U Lniss All instructions and other information are provided on the
WV UNIVERSITET course web page.




Resources

https://www.ida.liu.se/~TDDD89/info/resources.shtml
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IDA - Department of Computer and Information Science

LIU» IDA » Undergroquace » Courses = TODDEQ » INf0 ™ RESOUICES

TDDD89 (Fall 2024)

Syllobus
Course Information
Timetoble and Deadlines

Resources
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Lectures
Grading Rubric
Examination
All Messages

Contoct

General information + rules

Getting started
Mandatory attendance
Seminar Topic Groups

Thesis topic outline (7/1)
Seminar 1

Seminar 2

Feedbock Seminar
Seminar 3

Seminar 4

Seminar 5

TDDD8Q9 Scientific Method

Resources

B Degree projects (Master theses 20hp) at IDA (valid since 15/8/2024, new page on Liunet, requires Lil login)
B Instructions for students regarding thesis works (20hp) at IDA (POF, requires LiU login)

B Degree projects at ISY

B exjobb.liu.se, new exjobb-project database at Lil)

B For further currently open internal thesis projects, check also open thesis projects at IDA (forthcoming on Lilnet) as well
thesis projects announced on the personal web pages of IDA researchers and research labs/divisions, and on the ISY exjo
web page, You can also talk to the teachers in relevant advanced-level courses that you are taking.

B Template for an IDA thesis project specification
Such a project specification {including self-assessment of project-specific prerequisites and availability of resources) is
required for the IDA wexupp registration, deadline 15 working days before the beginning of the lecturing peried containing
the desired project start date, You can possibly reuse text from the TDDDE9 ETP [UPG1) if it was for the same project,

B Template for an IDA master thesis project plan
The [real) thesis project plan is due 2 weeks after project start, This is the generic structure for IDA, i.e., minimum
requirements; your thesis examinator might have further requirements. ¥ou can possibly reuse text frem the TODDES ET
[UPG1)ifitwas for the same project.

B Checklist for degree project at the second cycle (Master's) level

B 1. Aberg: Introduction to scientific methods (in Swedish)

B ACM Code of Ethics and Professional Conduct (see also the PDF poster),
B 1EEE Code of Ethics

Writing a thesis

B 1. Aberg (2015). Instructions for final thesis reports. [English, Swedish).

B C. Kessler: Stylistic advice to my students for writing a thesis

B N. Ramsey: Learning Technical Writing Using The Engineering Method, Tufts University, 2016

B Liu Academic English Support [AES) (no web page available any more - see guest lecture by Shelley Torgnyson for
references)

B 1EEE Editorial Style Manual, official manual by the Institute of Electrical and Electronics Engineers, used by engineers in
e 1 SR o . A Electr: =]l Eremimeemr: e Fed S



Working in pairs - Find a partner "

Seminar work (such as extended thesis plan writing) is done in pairs.
* Exception for those who already have their “real” final project
and know they will do it alone.

No partner for the course yet?
There is a matchmaking spreadsheet linked from the course web page

Excel Find a team _mate for TDDD89 <& v L Search (Alt + Q)

In TDDD89 we expect you to work in groups of 2, with the exception of admitting singleton groups for you who already know your real final thesis project and th

If you already know your final thesis topic and/or have a partner to do TDDD89 group work with, you can ignore this and proceed to elaborating your topic subr
See the course web page (https://www.ida.liu.se/~TDDD89 ) and first lecture for instructions.

B W e

Otherwise, you could use this spreadsheet for finding a team mate for doing the TDDD89 project together. (It is not used for topic submission.)
If you have a favorite topic or area (see the course web page for group work topics for suggestions) to work with during the course, put your name and otheri

(If you have no specific topic/area preferences, leave these fields empty.)
If you find someone in this list with an interesting topic/area, contact that person. After you agreed to team up, remove both your entries from this document

L00 ~ Oy un

All teams need be formed by thursday 6 November at the latest, which is the deadline for topic-outline submissions (Lisam folder "Thesis-topic-outlines_Deadli
10 |especially recommend the second lecture on 4/11.
11 | NBIf you do not submit a topic submission by 6 November, we assume that you will not take the course in this year.
12 |This shared document is only for matchmaking (not for team registration) and will be deleted after 6 November.

Il.u HH||.‘$/%D|Q|§|-|QEST 14 LiU-ID First name |Last name ‘Study program |Topic(s) | am interested in for the course work |Topic area(s) |




Selecting some thesis topic to work with in this course

SharePaint o & @ www.isy.liu.se/e
nd FRaEEl Bl
Allmént om ISY
During your studies .
Var finns vi?
FIARI Razar Personal

Degree projects at IDA Publikationer
Lokal infarmation

Start / Lwnetstudent [ During your studies / Examensarbote och uppsats / Degros projects at ID&

Also: LiU-central database for thesis projects:

https://exjobb.liu.se

Degree projects at IDA at the Faculty of Science and
Engineering ®

Svenska ~

T

Aktuella uppdrag

sak
Podng
15hp Rubrik Organisati Huvudomride Sista ansékningsdatum ¥
16hp Master Thesis - Information LU ISY ICG Tillimpad matematik 2025-01-01
30hp Theoretic Security Proofs
and Methods
45hp
6ot Master Thesis - Analysis of LU IsY 1CG Elektroteknik 2025-01-01
e Physical Unclonable
Functions
Huvudomrade
~ Master Thesis on Privacy for ~ ISY ICG Datavetenskap 2025-01-01
Biclogi Federated Leaming
Byggteknik
Creating_an email writing IDA @ LiU Datavetenskap 2024-12-31
Datateknik assistant
Datavetenskap Visualizing action plans with  1DA @ LiU Datavetenskap 0242

Design generative machine learning

teknik models
Rules are routines for the degree projects at the basic level (16  Lnkst Flektrore B na\ and som
ECTS) .
B sacan ther Opportu
Mozt of the degres projects at the basic level that IDA administrates are from the bachebor program G mecvaice F u r .

in Computer Engineering and the bachelor program in programming. Degree projects within these
programs are onganized 35 separate courses with own rules and routines. Please check the links to
the right if you want to leam more about the degres projects at these programmes. Students from
the other programmes are assumed to follow the routines for the advanced level degree projects,
with the following adjustments:

» Two ausoultations are required instead of thres

= Half time check iz not required.

Knntak‘_t researcher
~e.g. htpS:

Loggain |5}

e external

(jobb/

Examensarbete vid ISY

Det &r bade roligt och spénnande att utfira exjobb eftersom du dé omsatter de kunskaper du
tillagnat dig under studietiden. Exjobbet ger dig en méjlighet till inblick i néringslivet och ditt
personliga initiativ &r viktigt dd exjobbet &r ett tillfalle att skapa kontakter med presumtiva
arbetsgivare och samarbetspartner. Exjobbet mynnar dven ut i en offentlig akademisk
avhandling.

visningar
For studenter

= examensarbetare
opponent
= auskultant

B checklista fiéir examensarbetare

n For handledare och examinatorer

& foretagshandledare
# examinator och LiTH-handledare
= examinatorer av TGZ-kurser

jor kan stallas till exjobbshandlaggaren, telefon 013-281020, dorren bredvid I15Y:s
=dition, exjobb@isy.liu.se. Frigor kring kvalitetssékring, regelverk, och synpunkter pd
bbbsbeskrivningar kan ocksd stallas till exjobbskoordinator@isy.liu.se.

inblandade i processen kan det vara vért att betrakta faljande flode som ett exempel pé
=n genom examensarbetet:

Fléde for ett examensarbete

rslag till examensarbeten

~ Helmangd av externa forslag till examensarbeten annonseras haér:
| Lista med externa fiirslag
=n ni hittar de flesta forslagen pd amnesomradenas respektive hemsidor:

Datorseende

Datorteknik

Elektroniska kretsar och system
Informationskodning
Fordonssystem

ies e s e ssgrep. D€@ANINE fOr topic submission (like lab registration): Thursday 6/11/2025

level (30 ECTS)

s 30 ECTS projeas

B ew


https://exjobb.liu.se/
https://www.ida.liu.se/~pelab

Sample theses - define the group topic areas

Lectures
Grading Rubric
Examination
All Messages
Contact

FMINARS (UPG2
General Information + rules

Getting started
Mandatory attendance

@mmur Toplc GmupD

Thesls topic outline (&/11)

Seminar1

Seminar 2
Feedback Seminar
Seminar 3
Seminar 4

Seminar 5

Final thesis plan submission

l 1 IS ARE TSNS ITISIIEGRE ATV

Seminar Topic/Method Groups and Sample Master
Theses

The following selected Masters' theses pertain to the different groups' topics and/or research method types. Each thesis has a number of
keywords describing it by topic area and method type, and seminar groups are formed based on the similanty of the thesis topic outlines
submitted by students in the first week.

E Topic 1: Software development processes, software quality - Case study:
"Wertically Scaling Agile: A Multiple-Case Study” by Nicklas Ostman and Rasmus Lindstrém, Link&ping University 2017.

E Topic 2: Programming framework, parallel systems, compilers, metaprogramming, performance - Design, Prototype
implementation:
"SkePU 2: Language Embedding and Compiler Support for Flexible and Type-Safe Skeleton Programming™, by August
Ernstsson, Linkdping University 2016,

K Topic 3: Business software, services, software contracts - Usability study, iterative development:
"Usability of a Business Software Solution for Financial Follow-up Information of Service Contracts” by Therese Borg,
Link&ping University 2018.

E Topic 4: Deep learning, machine learning, image processing, computer vision - Experimentation:
“3D reconstruction from satellite imagery using deep learning™ by Tim Yngesjd, Linképing University 2021.

E Topic 5: NLP, LLMs, machine learning, data mining, databases - Experimentation:
Bridging Language and Data: Optimizing Text-to-SQL Generation in Large Language Models by Miklas Wretblad and Frednk
Gordh Riseby, Linkdping University 2024

E Topic 6: Security and Computer Networks - Evaluation:
"“Certificate Transparency in Theory and Practice” by Josef Gustafsson, Linkdping University 2016,

E Topic 7: Security and Computer Architecture - Experimentation:

13

Absolutely no idea for a

Detection of side-channel attacks targeting Intel SGX by David Lantz, Linkdping University 2021 tOpiC? Ta ke one Of these

K Topic 8: Algorithms, scheduling, embedded realtime systems, metaheuristics - Improvement, ocptimization, analysis — as a |ast reso rt SO you
’

"Performance Optimizing Priority Assignment in Embedded Soft Real-time Applications” by Frednk Bergstr

Edqvist, Linkdping University 2018, have Someth|ng tO WOI’k

Topic groups and seminar groups will be assigned based on the submitted thesis topic outlines, W|th d uri ng the course.



Choosing a closest thesis topic area / method type”
from the list of sample master’s theses

1.
2.

I

I U s

Software development processes, software quality / Case study (1)
Programming framework, parallel systems, performance /
Design, prototype implementation (2)

Business software, services, software contracts /

Usability study, iterative development (3)
Machine learning, data mining, image processing / Experimentation (4)
NLP, LLMs, machine learning, data mining, databases / Experimentation
Security and computer networks / Evaluation (6)
Security and computer architecture / Experimentation

. Algorithms, scheduling, embedded / realtime systems, metaheuristics /

Improvement, optimization, analysis (8)

https://www.ida.liu.se/~TDDD89/seminars/topicgroups.shtml



< C @ O 8 &= mtps:,-":'\iuonl|-‘.e.sharepoint.com,-"s\tesrLiaam_TDDDS‘EJ_EDE]@T_BT;"COIIabo-'{mx

Getting started: Iy ;

. Scientific Method (TDDD89 2025HT KU)

An e 0 rIy d e 0 d I I n e N " 1 laddaupp v 5 Redigera i rutnatsvy Lagga til

Home

By Thursday 6/11 (this week!): p Courseplan

Collaborative worksp... Collaborative workspace I\ v

— Find a partner to work with

M [ Namn v Andrat v
. . . embers and groups
— Find a topic to work with

Schedule < Thesis—topic—outlines—DeadIine—G_Nov_X}Ed’:ﬂ 14 oktober
— Find the closest topic area (1-8)

Quiz Zoom-links den 14 oktober
— Find the closest method type (1-8)

Submissions B Find_a_team_mate_for TDDD89_2025.xlsx den 14 oktober

— Submit a thesis topic outline (max. 1 page)

Acgecement recard

* File (.txt, .pdf), named “liuid001_liuid002_topic.txt” onun

« Tentative title and short abstract, some keywords

+ Self-classification: Closest topic area(s), closest method type(s)

« Additional information: IDA vs. ISY affinity (if known); real-topic or not

« Putitin LISAM collaborative workspace folder “Thesis_topic_outlines_by 6 Nov”

+ By Monday next week, you will be divided into seminar groups
based on your selected topics / research method types.

— We will then sign you up in a webreg group (A-l, see schedule in TimeEdit, seminar zoom link on Lisam) for UPG2.



Up to 36 Seminar topic groups: {A,...,1} x{1,...,4}

(mapping to be announced early on Monday 10/11)

Adrian

r

N (

Zeeshan

N\
AN

~

Federica

Breakout room

16

r

John

Joakim

N

Breakout room

~

Szilvia

i

~\

v s

HESP S

”Usability evaluation”

D3

& o0&

”Software Sec

AN
AN
&

urity”




TDDD89 Scientific Method i
Examination

« UPG2 (2hp): Preparation and participation in seminars during the course (weekly deadlines)
— partly individually, partly per team

« UPG1 (ghp): Extended thesis plan, to be finished at the end of the course (deadline 11 January)
— per team (pair) of students

Q Q Q Q Q Q
() () (&) (W) (W) )
SE 1 SE 2 FB SE 3 SE4 SE S UPG2

“C\ie| PGl
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Seminars °
Seminar| Read in sample thesis Write extended thesis plan

Introduction,
Background+Related work / Theory
Introduction
2 incl. research questions

Submission of

introductions 21/11
- ca. 2 pages + references < for feedback

FB Feedback seminar on intro, esp. the research questions (1) go_m Shelley and
rlttany on

Introduction incl. res. questions, academic English

3 Background, Related work (2) from your group
- ca. 5 pages + references supervisor on the
_ _ research questions
4 Method, Results, Discussion, \ )
Conclusion

Introduction incl. res. questions,
Background, Related work,
Project plan

—> ca. 8 pages + references { then revise for
UPG1 submission




19

Seminars 1and 4. Reading the sample thesis

Q Q
If |_}"\1 Lﬂn—b
O
. 1:/|_}‘u
®)
Q 9
@) @)

"Are the research questions in the
published thesis easy to find, clear
and with a reasonable scope, as
required by the instructions for final
thesis reports ?” ...

Scientific Method

T Upload

Course documents

Collaborative workspace

Announcements

&7 Quick edit 12 Share @ Copylink £3 Sync

Collaborative w... Seminarl / Mygroup (e.g. B3)

Modified

|
TOLALESS seminar_1.docx # A few seconds ago

Individual written preparation (in Lisam folder)
due before the seminar.
Instructions on the course web page.

Il 1 AkopinGs
& _INIVERSITET

®

) =

®) "
2

3



Seminars 2, 3, 5: Writing an extended thesis plan
+ feedback

Q fn\l
BYe
‘-E\_T) : I|'II|."'| Jﬁl'lt']
(O \=
- ﬁz\_h ﬁ})\,\\
o LD
e A
P
L
1

20

hv:z Scientific Method

) Search b New 7 Upload ~ ¢ Quickedit = Share @ Copylink <3 Sync [ Export to B3

Home .

e “Seminar2 / Mygroup

Course documents [0 name Modified Modified By

Collaborativ kspac

Mewsfeed

e Draft submission (Lisam folder) deadline on Mondays

* Written peer review by every other group member
(due before the seminar)

[ ]

Instructions on the course web page.

LINKOPINGS
Il.u UNIVERSITET



Seminars

Avoid distractions.

Z00M

Have your solution ready in Lisam.

/ Use screensharing.

Take notes!

Webcam on during seminar group work

Recording is not permitted

LINKOPINGS
Il.u UNIVERSITET



General rules for group work - Group Contract

e Participation is documented by zoom login with LiU-ID.
* Webcam is on for everyone. No recording.

e All material needs to be available during discussions (in group folder on Lisam).
Use screen sharing in zoom. The group chairperson is responsible for the screen-sharing.

e Use English, at least if a non-Swedish speaking participant or seminar leader is present.
* All need to actively participate.

* Aim for equal participation.

* The group chairperson keeps track of the time.

e Shuffle the role of the group chairperson over the seminars.

* Give clear and constructive feedback to your group peers.
Be polite. Criticize the draft / answer given, not the person(s) behind.

* Take notes!
* |f anything is unclear: collect these issues and ask the seminar leader when visiting your room.

* |ndividually, submit 4-5 lines of discussion outcome to your seminar leader at the end (email).



Final submissions

SES

19/12

End of HT2

Revise, extend

10* pages in total

23

URKUND

via LISAM

January 11, 2025

LINKOPINGS
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Generative Al tools?

* Not permitted in TDDD89 for any moment,
for obvious reasons.

LINKOPINGS
Il.u UNIVERSITET



Workload distribution

160h total:

Plan your time,

look ahead and

read the course description document
thoroughly

Final submission

20
15
20
20
15

10

25
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Recent changes based on course evaluation feedback

« Widely appreciated and kept since the pandemic: the hybrid format 5-vionest [
— Seminars in zoom breakout rooms + I
 Was perceived by many as better than physical seminars -

(screensharing is convenient,
less background noise, no need to move tables around)

1- Lowest

— provided that one can see each other during discussions
and microphones are working properly.

0 2 4 6 8 10 12

@ What is your overall evaluation of the course?

— Some lectures remain virtual, too 2023: 3.94
— helps to reduce schedule conflicts as LiU does not have enough large lecture halls

« The panel discussion was appreciated and kept in its early position (Lecture 2)
to possibly help with the course topic selection before the deadline 7/11

- Compensation assignment for missed seminars and late preparation hand-in has been updated/clarified
« Reading Method chapter of the sample thesis moved since 2021 from Seminar 1 to Seminar 4
— to reduce time pressure before Seminar 1 deadline
« Seminars moved from Tuesdays to Thursdays / submission deadlines moved from Sundays to Tuesdays
— Less stressful, kept also for this year
— 2025: Deadline for writing seminars (2, 3, 5) moved to Mondays = more time for peer-reviewing
* We admit singleton groups if you already know your real thesis topic and that you will do it alone.



Part 2: Getting Started

Towards a Great Thesis




What is a great thesis?

Thesis = project results + written presentation

Example:

* A working, interesting application with proven and general value
— A well-described application
— of general interest

— and with a clear description of "proven” and "value”

28
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What is a great thesis?

Thesis = project results + written presentation

e Includes an evaluation with
- general and
 interesting results
« that others can use

o that others will believe

29

LINKOPINGS
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What is a great thesis?

Thesis = project results + written presentation

« An authoritative report
with a good focus (= research questions!)
and results that answer the questions

through a transparent, thorough description of the process

30
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31

Getting started: Elaborate the requirements
- find the research problem / research questions

Precise requirement —
finding relevance
more important

Why?
"Evaluate algorithms to be "Determine whether clustering
used for image clustering” algorithms can be used to detect
activities in sets of images”

Vague requirements —

finding focus and rigor

more important than 5

relevance How:

”Find activities in sets of images”

LINKOPINGS
Il.u UNIVERSITET



Relevance vs. Rigor

Rigor

Verify
your
solution

A properly
evaluated solution
to anirrelevant
problem

N

32

A properly evaluated
solution to a relevant
problem

A random
solution to a
relevant problem

LINKOPINGS
Il.u UNIVERSITET

Solve a real problem > Relevance
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Thesis outline Why should | even read this thesis?
What have you studied here?

What does this relate to?
Can | trust you?

What is built?

What have you found?

How can we explain the results?

Hourglass model for technical reports: _
Usually, most specific in the middle How can | use these results in my work?

(details, technicalities)

LINKOPINGS
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Thesis outline Abstract

Research Questions

Background, Related Work / Theory
Method

Implementation
Results

Discussion

Hourglass model for technical reports:
Usually, most specific in the middle Conclusion
(details, technicalities) EE—

LINKOPINGS
Il.u UNIVERSITET



Thesis outline

Remark: This very generic
thesis structure, which we
use in this course, is not
necessarily the best choice
for the chapter structure and
-titles of your thesis.

For your final thesis, you
might find a more specific
chapter structure and titles,
but make sure to duly cover
all these aspects somewhere.

Abstract
Research Questions

Background, Related Work / Theory

Method

Implementation
Results
Discussion

Conclusion

35
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More specific thesis Abstract
outlines may fit better Introduction with Research Questions

Background
Related Work
Design and Implementation

Evaluation of Aspect 1:
Method, Results, Discussion

Evaluation of Aspect 2:
Method, Results, Discussion

Conclusion and Future Work

LINKOPINGS
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What is d good research question in Computer Science? 7

Question type |Example question Type of answer

Different research questions in Software Engineering, adapted from: Mary Shaw: Writing Good Software Engineering Research Papers:
Minitutorial. Proc. 25th International Conference on Software Engineering, ICSE '03, pages 726-736, 2003. IEEE Computer Society.



What is d good research question in Computer Science? *

Question type |Example question Type of answer
Means of What is the most efficient software testing method Procedure
development for a small team developing a mobile application?

General method How can one verify conformance to real-time Analysis method

for analysis constraints in a multi-threaded embedded system?

Y I (A I PEL ] When is PhoneGap more economical to use than Empirical predictive

of systems NativeGoo for cross-platform mobile development? model based on data
-1 11X g Given recent results in tuning deep neural Classification, taxonomy

characterisation networks, which meta-heuristics should be used for
exploring the parameter space?

Feasibility study Can one automate (driving) a car? Specific implementation,
empirical observations

Different research questions in Software Engineering, adapted from: Mary Shaw: Writing Good Software Engineering Research Papers:
Minitutorial. Proc. 25th International Conference on Software Engineering, ICSE '03, pages 726-736, 2003. IEEE Computer Society.



Towards A Great Thesis

39
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| - The Problem

Start from a problem that
people may be interested in
(at least a few more than
those who gave you your task)

> Motivation and Aims
> Formulate explicit
research questions

40
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Evaluating a research question

« "How can one construct a web application?”
« "Is it possible to construct a mobile application for functionality X?”

« "How can one create a usable website?”

Is the answer any of the following?

By writing what has Yes, there is no By adhering to
already been written reason to believe it published design
many times before could not be done. guideline Y

Then come up with a better question...

41
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Arriving at interesting research questions

 Start exploring a field:

« "How can fuzz testing be used to find bugs in concurrent embedded
software?”

» Then, use existing technical approaches and theoretical models:

« "Combining with dynamic and static analysis of schedulability of
embedded real-time systems”

« "What is the efficiency of AFL at finding timing-related errors in
concurrent software?”

LINKOPINGS
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The journey to a better question

How can we Applying automatic generation  We end up with 107 test cases, only
automate testing?  of test cases some of which are necessary...
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The journey to a better question

How can we Applying automatic generation  We end up with 107 test cases, only
automate testing?  of test cases some of which are necessary...
How can we select  Applying statistical/ML Black-box solution with no known
relevant test cases? clustering techniques accuracy, we need traceability
How can we Optimize based on historical No weight given to critical
automatically records to maximize average functionality
prioritize test cases? percentage faults detected

(APFD)
What do we really  Listen, observe, collect data Requires an open mindset

want to optimize?

HEOWYF UNIVERSITE]



2 - the Theory -"‘

“Theory”:

Rooting your work in your
subject area’s scientific
body of knowledge

1 lL
|1 (L

—> create trust in your work

- Background LT
- Formalization/Modeling guiifil u W
- Related Work g

LINKOPINGS
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“In God We Trust — All Others Must Bring Data!”

--- W. Edwards Deming

LINKOPINGS
Il.u UNIVERSITET



Convince the reader!

 In many cases, you will produce some code as part of your thesis
project.
This is not enough for your thesis work, though.
— Is this a relevant problem?
— Is this work based on the state-of-the-art techniques in the field?
— Does it improve or generalize over previous work? And how?
— Are all claims made proven in the thesis, or based on trustworthy sources?

* You need to convince your (critical) audience
that you have done a great job!

« By anchoring your work in the scientific body of knowledge of your
field
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Theory

Compare these two claims: L
Criteria:

"There are seven dimensions of usability” —
Validation

"NP-hard problems are at least as hard

Does it describe
as the hardest NP problems”

the world?

Theory: Characterization of knowledge, Is it proven?
accumulated through scientific studies,
published in peer-reviewed journals and conferences

LINKOPINGS
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Modeling / Formalization

« Isolate and abstract the core problem

 Models = abstractions
— Distill and formally describe the main relevant properties of a complex real system
— Example: Models of computation, CPU performance / energy models

— Formalization: Key parameters, set theory, equations, constraints,
graphs, abstract data types, formal logic reasoning, ...

- Empirical observations are based on expectations,
informed by theoretical frameworks (models):

— Example: When reading power consumption values of a modern CPU, we expect
that it depends on the CPU’s different power states (e.g., voltage/frequency level)

Based on observations, you can test claims made by your theory

> Generalizability of your result beyond the concrete problem instance

LINKOPINGS
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“There is Nothing so Practical as a Good Theory”
--- Kurt Lewin, 1890-1947, social psychologist
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How to convince the reader?
By using a solid, state-of-the-art method to answer the RQs

In industry as well as in academia,

well-presented working solutions

based on widely trusted state-of-the-art techniques
are the best means of convincing the reader.

In the scientific community, we also require
claims about solutions to be sound,
so others can rely on them in their work.

51
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Type of Method Example scenario
used to obtain and
validate results

Analysis | have conducted a formal analysis of my algorithm, and have
proved that it solves the TSP in O(N?), thus proving that P=NP

Evaluation | have compared code review results with interviews and
surveys, and found that if you test software, you are more
likely to find faults than if you do not

Experience | report on experience with aligning software architecture with
code based on 20 years of software development for Swedish
Social Security and have found that software architectures are
essentially useless

Example/Prototype This tool can recognize location and pose, so when you enter a
bathroom it will give you valuable advertisements on Facebook
while sitting down.

HE®WW; UNIVERSIIE
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Method

For theses that involve creating a product /
prototype, you need to assess the external
or internal qualities of what you produce
(e.g. usability, correctness, or scalability),
using qualitative or quantitative methods.

Other types of theses that do not involve
creating products/prototypes (e.g.,

systematic literature reviews) have their
own established criteria for assessment.

You want to ensure that what you are
studying does represent reality.
This is called external validity.

LINKOPINGS
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Reproducible Results

Alznrthms [mplementations umber of uns [ lyvper-parametbers

eprest ceri=igd clssaber M Meprestcan=ra.d |1 3 1 pebkoicEd911F %1 2% "cagdnin®

All details about your T o] [ —— % s Eap. 1 nspace L, 3,
assessment method need be = s | cae . B S

carefully documented " | — emomne
in the thesis | Sam_weighkeoatanced:

* e.g.,test data sets, benchmarks, Logistie Regression || Logist dssegress ion 2 | gl
code, system, experimental setup lasn_weight ="

Allows others to follow the " | [ pene "_f"'."..'; <71
samesetuptoobtainthe | | e 0 Sno s
same data I | o= =T ingerogmmmodiriod Tubex™;

Siochasbc gracient descent SEnClanaifiee 121 chmalbw B[ "L3™ e lantionet®|

- Reproducibility increases
trust in your work.

Table 3.4: The diterent cn:niigurati.nn.ti of the Ex]:-eri.luﬂnl 4
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Thesis structure and format For theses in

Bookmarks X . . .
1 Introduction science and eng|neer|ng
1.1 Motivation] . ..........
=2k . | recommend
1.3 Research Questions| . . . ... ... - A
Abstract 1.4 Delimitations]. . . ... .......... using L TEX
Contents (1.5 ThesisOverviewl . . . . ... .......... 3
List of Figures 2 Background| 4
. 2.1 DataPlane DevelopmentKit]. . . ... ... ... 4
List of Tables 22 ENCIYPUON| « & o v v e e e e 7
b, Intr

Pay attention to the structure, formatting and typesetting of your thesis,

21 21 217 23 321 3 2 23 23 2 27

Bac
. 1w and start to write early.
> [1 m Few people have accurate estimates of how long it takes to write a thesis.
> Results 3 Related Work| 15
N D . 3.1 Exploiting Integrated GPUs for Network Packet Processing Workloads| . . . . ... .. 15
seussion 3.2 Processing data streams with hard real-time constraints on heterogeneous systems| . 16
P Conclusions and Future 3.3 Machine Learning-Based Runtime Scheduler for Mobile Offloading Framework] . . . 16
Work 3.4 Machine learning based online performance prediction for runtime parallelization \
. and I’lSk schedulin ........................................ 17
[l Bibliography | — 2 1;

[45] B. Le Gal and C. Jego. I—Ilgh Thrc:ughput LDPC Decoder on Low-Power Embedded Proces- ning '\tntegx fc:-r Task ‘»Chedulmg of W SNq with ]'_VIOblle Nodes| 17

DOLI: 1“ J_l 9/LCOMM. 2015. 2477‘“81 18




summary so far:

A great thesis: * Aninteresting problem
* A convincing theory

* Areliable method
A working solution

 Established effects

* Great presentation
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To be continued in the next lecture ...

On zoom, tomorrow Tuesday 15:15 — zoom link see Lisam cooperative area

 Engineering vs. Science?
 Common thesis types at IDA/ISY

« Also:
Panel discussion (starting at 16:00 sharp):
Outlook to professional career paths in industrial or academic R&D
(and what the thesis topic selection may have to do with it...)

— Important for answering preparatory questions before Seminar 1
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