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Part I

 Starting your thesis project:
— What is a good thesis project?
— How do you start?
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Course format & staff ;

* 5x 2hlectures
« Lectures on academic English by Pamela Vang

* 6x 2h seminars
— theme-specific groups
— Ola Leifler, Aseel Berglund, Azeem Ahmad & Oscar Gustafsson
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Seminar Read Write

] Introduction, Thesis plan
Background
2 Introduction
3 Theory,
Method
4 Theory
5 Results,
Discussion,
Conclusion
6 Method
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Lectures

1. Introduction

2. Information search and evaluation

3. Introduction to academic writing in English
4. Scientific methods

5. Feedback on English writing and grammar
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Examination

« UPGai: First three chapter of your thesis report at the end of the
course

« UPG2: Preparation and participation in seminars during the course

UPG1

SE1 SE 2 SE 3 SE4 SE5 SE 6
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Seminars
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Final submissions

Review, rewrite

O Open 1 O Closed 0 @Al 1 N

SE 6 Assignee v Author v sort: Recantly Creatad ~ - U R K U N D

The research questicn Is very vague Checklist Other

End of HT2 January 6, 2018
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Workload distribution

10
20
15
20
15

160h total:

Plan your time,

look ahead and 20

read the course description document thoroughly

how o



Part 2
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What is a great thesis?

Thesis = project results + written presentation

« 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”

22
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What is a great thesis?

Thesis = project results + written presentation

« An evaluation with general and interesting results
— that others can use
— that others will believe

23
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What is a great thesis?

Thesis = project results + written presentation

* An authoritative report
— with a good focus (questions!)
— and results that answer the questions
— through a transparent, thorough description of the process

24
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Starting your thesis work

Why?

”Evaluate algorithms to be used

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

How?

”Find activities in sets of images”
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Relevance/Rigor

Rigor

A properly evaluated
solution to an irrelevant

Solve a
real problem

A properly evaluated
solution to a relevant

26

problem problem
Verify your
solution
A random solution to a
relevant problem
UNKOPINES
Il LINIVERSITE T Relevance



Why should even | read this report?

TheSiS OUtIine 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?

How can | use these results in my work?
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Abstract

TheSiS OUtIine Research Questions

Theory, Background

Method

Implementation

Results

Discussion

Conclusion
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What is a good research question in Computer Science?

Question type

Example question

29

Type of answer

Means of development

General method for analysis

Specific evaluation of systems

Generalization or characterisation

Feasibility study

What is the most efficient software
testing method for small teams?

How can you verify conformance to
realtime constraints in a multi-threaded
embedded system?

When is PhoneGap more economical to
use than NativeGoo for cross-platform
mobile development?

Given recent results in tuning deep
neural networks, which meta-heuristics
should be used for exploring the
parameter space?

Can you automate a car?

Procedure

Analysis method

Empirical predictive model based on
data

Classification, taxonomy

Specific implementation, empirical
observations



A Great Thesis

30
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| - The Problem

31
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The infamous “How can you ...?", ”Is it possible to ..."

« "How can you construct a web application?”
« "Is it possible to construct a mobile application X?”
« "How can you 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..

Y/}

32
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Better questions

 Start exploring a field:

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

« Then, use existing technical approaches and theoretical models:

« “Combining dynamic and static analysis of scheduling embedded
systems”

« "What is the efficiency of AFL at finding timing-related errors in
parallel software applications?”
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The journey to a better question

34

Approach Objection

How can you automate testing?

How can we select test cases?

How can we prioritise test cases?

What do you really want to optimise?

Applying automatic generation of test You end up with 1077 test cases, only

cases some of which are necessary..
Applying statistical/ML clustering Black-box solution, we need
techniques traceability

Optimize based on historical records to No weight given to critical functionality
maximise APFD

Listen, observe, collect data Requires an open mindset

Il UNKOPINES
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2 - the theory

Luiil ki ikl LI
T L‘W G e r
& Gl gl | BT u'%m I'l I

;'7 l"}” it L g |'l“_“\L AT ‘ “ TH'"W ”l”L H

Il.u UNXOPINES
UNIVERSITET




Theory .

Validation

Does it describe the

"There are seven dimensions of usability”
world?

"NP-hard problems are at least as hard as the hardest NP problems” Is it proven?

Characterization of knowledge, accumulated through scientific studies, published in peer-reviewed journals

ll UNXOPINEGS
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"It is just d theory”

« Empirical observations are based on expectations, informed by
theoretical frameworks:

« When reading energy consumption values of a user device in a 4G
network, you expect frequent radio transmissions to be costly due to
different power states

« When assessing usability, you assume that learnability is affected by
the consistency of an application

« Based on observations, you can test claims made by your theory
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Strong persuasion skills (aka a Method)

YOUNEEQL LI7T7ZE
CEoSCASsION
e Wkl

38
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© G. Fraser and A. Arcurl. Sourd emglrical evidence In software esling. In
Pruceedings of the 34Lh Inlernalional Conlerence on Soflware Sgineering,
ICSZ "12, vages 178-188, Piscalaway, NJ, USA, 2012. IEEE Press.
Arcur, Andrea, and Lionel Briand. "A hitchhiker's quide to statistical tests for
assessing randomized algorithms in software engineering." Software Testing,

Verificetion anc Reliaoility 24.3 (2014): 219-250.

For those who plan to study Macrine Learning toplcs (primarlly students In theme
7):

o Venschoren, Juaquin, el al. "Experiment dalavases." Machine Learning 87.2
(2012): 127-158.

< Caruara, Rich, and Alexandru Niculescu-Mizil. "An empirical comparison of
supervised |learning algoriihms." Proceedings cf the 23-¢ iniernational
conference on Machine learning. ACM, 2003.

For those who plan to make use of intemal codc quality evaluations (primarily
students in themes 1, 3, 4):

o Moser, Raimund, Witold Pedrycz, and Gianczrlo Succi. "A comparative
analysis of the efficiency of change metrics and static code attributes for
defect predicticn.” Froceadings of the 30th International Conference on
Software engneering ( CSE). ACM, 2008.
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| Algorithms

Implementations

|| Number of runs||

Hyper-parameters

nearest centroid classifier

NearestCentroid

3

metrice{"11";"12";"cosine"}

naive  Bayes  classifier
(multinomial distribution)

MultinomialNB

22

alpha€np.linspace(0,1,11)
fit_prior € {True;False}

Linear SVM

LinearSVC

20

Cenp.logspace (-4, 4, 10)
loss € {"squared_hinge";"hinge"}
class_weight="balanced"

Logistic Regression

LogisticRegression

40

dual=False
C€enp.logspace (-4, 4, 10)
class_weight="balanced"
solver € {"newton-cg";"sag";"1lbfgs"}
multi_class="multinomial"

dual=True
Cenp.logspace(—4, 4, 10)
class_weight="balanced"
solver="1liblinear"
multi _class="ovr"

Perceptron

Perceptron

13

penalty € {"12";"elasticnet"}
alpha€10.0xx—np.arange (1, 7)
class_weight = "balanced"

penalty=None
class_weight="balanced"

Stochastic gradient descent

SGDClassifier

120

loss € {"hinge";"log";"modified_huber";
"squared_hinge";"perceptron"}
penalty € {"12";"elasticnet"}
alpha€10.0xx—np.arange (1, 7)
class_weight="balanced"
average € {True;False}

Table 3.8: The different configurations of the experiment 4

Y
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The purpose of this tacsis is thus to answes the cuestion:
Fhar smpacs doex the rwee of agile principles and proctioes Bary ex the lappescade seftwre deveioparene fraecs

Proed 4 snd Propad B¢

The putpose will be answered Unough a muliple<ase swady of Project A and Projext D, The two
pmjects are crazen hecanse of “he differear exrents m which they have adeprad sgle princples
and peactices, Paojecs A is considered o represent 2 mose traditonal, plan-Cdvea development
process, with feser implemented practees, while Projec: B nepresents 8 more sgile approach with
more implemented practicss. The supposidon is that the two projects, Preject A and Project B,
differ sudiczty in their uppronch w software development thut the impact of sgle wftwure
development will be pessible to study by a compardica benwoen = nao peojoets.

1. 4.1 Definition of agile prindples and practices
Since PDIT X fallows the definition given hy the Aglle Alliaace thelr definitinn is coasidersd
sattuble wlso fuz tus thes "Thus we define
*  An agile sof-ware develapment ax a software cevelapment that fallows the valies and
pringples stated in the Agile Manifeso,
® A apile software development method ar a softwars deve'apment methad that falloors
the values and prnciples behind the Agmle Manizesto,
®  The agile principles o5 the twelve prnciples staced in the Agils Manifes:o
= Aaagle practice 2 2 nractice shat implemernts e values and priaciples behing the Apile

(2] E J. Abruntes wnd H. G, Travasus, "Common Agile Practices in Software Pod - Limitations

Ineeraernad Sysme o on Fapdeiend Vs fiware Eygmeerng and Meaturesmear, 2011

B hociMpration an testing prase: are the main phases urcer srudy, aor the presmdy and

13, 1, Dybi and 'L, Duwenovr, "Empincal studics o agnls x-mu?zc ol

UNKOPINES
LNIVERSITET

focus of the thesis is on internal Zactors. ‘This mreans that the design, implementation,

requisemeat inalysis aor the deployment. vsebility and acccptance testing er muinseassce. In
consequence there 3= @ forus on how agile panciple: and practices bave affeced the effciency of
the dovelopment, not the exterrally focused pastner of cfficiency — cffectivencss, Costomer
wtecactions andd leadbach are not investgaied,

Esicsson s a huge company with maay soltware development units, We will only study the agie
practices :nd metheds implemented in PDIT X and nnly in rthe twa chosen peojecrs, However =
discission of the genseal applicabulity of the sesults to other projects insice Lingsson aad even to

Athar anmne tlae ‘e made 1o chastar 10



A great thesis:

An interesting problem
A convincing theory

A reliable method
A working solution

Established effects

Great presentation
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But | will become a Master of Engineering, right?

44
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Engineering vs resedrch e

Engineering Research

Rationale Solve a problem Gain understanding

Activities Design, interviews, experiments,
implement, verify proofs, ...

Goal Satisfied customers New/shared

understanding

Il UNXOPINES
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In order to solve a problem, you need to gain understanding

of the problem

In order to verify your implementation, you may need to
do experiments, interviews or proofs

In order to have satisfied customers, you need to achieve
a shared understanding that the problem has been solved
appropriately
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Thesis types
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Thesis types

« Evaluations of new techniques or methods to improve existing
products or processes

« Design of a prototype application
« Incremental improvements of existing techniques of methods
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Evaluation

General problem: Does the code quality deteriorate over time? How
do we know?

Approach 1: Relate Git commits to code metrics such as cyclomatic
complexity and draw a graph
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Why is this not a good idea?

« We have not defined what we mean by "code quality”, and hence,
we have no way of knowing what to measure, or whether it relates
to our desired quality.

« There is no clear sense of how to assess what we have done.
« There is no mention of how this would be useful to know.
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Approach 2

General problem: Does the code quality deteriorate over time? How do we
know?

Approach 2: Based on interviews, we define code quality as detected faults.
Determine whether detected faults correlate with cyclomatic complexity.

We define the purpose as being able to answer the question “What do we need
to improve in order to produce long-term maintainable software?”
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Why is this a better approach?

« We now have a definition of code quality
e The result can be assessed
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Design

General problem: Create a new Foo application at our company

Approach 1: Read about the latest techniques that can be used on Wikipedia and on
project sites, implement the system and ask the company supervisor if he/she is happy

53

ll UNXOPINEGS
LNIVERSITET



Why is this not a good approach?

« We don’t know why the company wants the Foo application, how to
evaluate it, or how long time it would take to implement it in full.

— IF the requirements are not clear from the start, and the
estimated time to implement the working, full solution is > 10
weeks, do not aim for a full solution
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Approach 2

If the projected time to implement a full solution is > 10 weeks

 Conduct a set of semi-structured interviews to understand the
problem domain and the goal,

» a literature survey to understand solutions to similar problems,

» and a few structured iterations of development and documented
customer feedback, to produce a set of requirements based on the
initial prototypes.
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Approach 3

If the projected time to implement a full solution is <= 10 weeks

* Determine functional and non-functional requirements,

» a literature survey to understand solutions to similar problems and
how to assess them,

 develop the application iteratively, and evaluate the resulting
application based on the non-functional requirements
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Incremental improvement

General problem: We would like to perform testing of Telecom equipment with less
hardware resources

Approach 1: Implement a booking system that automatically releases resources upon
expired time slots.
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Why is this not a good approach?

« We do not know how and why people use hardware resources, so
we do not know how to optimize something.

 Isthis a technical, an organizational problem or a cultural issue?
« How do we even measure utilization?
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Approach 2

« Conduct an interview series to establish how different people
perceive the problem

« Conduct an observational study to determine how people actually
use resources

« Find a suitable model for resource utilization in the literature and
apply it
« Measure utilization and relate to the results of the interviews
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What’s next?
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Write a draft of your thesis plan by next Monday. Focus on the main topic,
relate to previous courses, both the WHAT and the HOW.
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summary

« Write a draft thesis & plan, prepare for and participate in seminars

« A great thesis is a marriage between solid engineering skills,
genuine scientific approach to validate your work, and a lucid
presentation.

« There are three main types of industry theses: evaluations,
prototypes and improvements.
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