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Background

® Background of the speaker... Principal Investigator (Pl)

® (Reminder) What is Software Engineering (SE) and SE research?
. @ Our research philosophy and approach )

= Experience in industry-academia collaborations (IAC)

= Challenges, best practices, and collaboration models
for IAC




My background (international experience)

Work experience:

Associate Professor, Queen’s University Belfast, UK, 2019-

Associate Professor, Wageningen University, Netherlands, 2017-2019

Associate Professor, Hacettepe University, Ankara, Turkey, 2015-2017
Associate Professor, University of Calgary, Canada, 2006-2014
CEO and Managing Consultant, Bahar Software Engineering Consulting, since 2001-

Software Engineer, Offshore office of Corsha Software Inc., Quebec, Canada, based in:
Tehran, Iran, 1998-2001

PhD in Software Engineering, Carleton University, Ottawa, Canada, 2006
MSc in Computer Engineering, University of Waterloo, Canada, 2003

BSc in Software Engineering, Sharif University of Technology, Tehran, Iran, 2000
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(Reminder) What is Software Engineering?

= Software engineering is the systematic application of
engineering approaches to the development of software.

= Software Development Life Cycle (SDLC): Phases and
knowledge areas:

e Requirements engineering
e Software design
e Implementation

(coding, programming)

. SOftware teStlng and QA Software/SSysEnII_[Svelopment

Life Cycle - SDLC

e Software maintenance

and evolution
e Software project management
e Software process

Dr. Vahid Garousi



Software Engineering (SE): Example Research Questions

= How can we manage software requirements in an effective and efficient
manner?

= How can we design software systems in an effective and efficient manner?

= How can we implement software in an effective and efficient manner? (such as
OO concepts)

= How can we test a given software system in an effective and efficient manner?

= How can we maintain (evolve) a given software system in an effective and
efficient manner?

= Howe should we manage a software project in an effective and efficient
manner?




(Many!) Motivations for applied SE research...

* Did you know that the global cost of detecting and fixing
software defects has risen to $312 billion annually?

A UNIVERSITY OF

AP CAMBRIDGE
Judge Business School

G

Financial Content: Cambridge University study states software
bugs cost economy $312 billion per year

8 January 2013

insight.jbs.cam.ac.uk/2013/financial-content-cambridge-university-study-states-software-bugs-cost-economy-312-billion-per-year

l:omptnerWee

Induslr\r Technulu-gy Blogs Multimedia : White lobs Research

0TS Papers

Lack of software testing to blame for
Terminal 5 fiasco, BA executive tells MPs

Home = Applications =

MNews

Applications

Jaguar recalls 18,000
cars over cruise control
software fault

Car system upgrade needed, but no hardware affected
By Leo King | Computerworld UK | Published 10:23, 24 October 11

* Thus, we really need effective and efficient Software

Engineering practices...




Goal of software engineering (SE) research

= What we, SE researchers, do:

1-Characterize /
formalize software
engineering

Train young

res«_aarchers practices,
in SE challenges, etc.
_
—
2-Develop

SE approaches to help

engineers develop,

and test software in
an effective and
efficient manner

researcher

Publish
papers

Software companies
and engineers

Engineer and

release Software
software
Software
to be
used by
Solicit Clients
requirements (customers)
I needs using software

systems



Hacettepe University Software Engineering (HUSE) (2015-2017)

= Founded and led by myself C' [} huse.cs.hacettepe.edu.tr
» 3 faculty members

= 20+ graduate students HACETTEPE UNIVERSITY
= 10+ industry partners Software Engineering Research Group




Research in University of Calgary, Canada (2006-2014)

« Established and led the Software Quality Engineering
Research Group (SoftQual)

« www.softqual.ucalgary.ca

« Research team: ‘
® 2 Post-doctoral fellows A N x
® 3 PhD students 4
® 9 MSc students
® 30+ undergraduate research
students

« Almost all our projects were applied R&D projects in
collaboration with the industry.

 More than 10 industrial partners such as IBM
« More than $1.3 Million CND in funding in 6 years

 Output:
* More than 30 journal papers and 45 conference papers
« Several software tools
* One start-up firm and one commercialized software “ W’
product —

Optimal Pipeline
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Our research goal and philosophy

* Goal: To help software companies and engineers
“engineer” (develop, test and maintain) large-scale
software systems in an effective and efficient manner

validation
0/ \
here...‘o
Release )
validation
(5
(B g sl
Academia Problem @ Candidate

formulation | -+ ' ‘Solution

sttlli"tll‘:es:lartte \? vamil:“""

Gorschek et al., "A Model for Technology Transfer in Practice, IEEE Software, vol. 23, pp. 88-95, 2006

Starts
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Research Projects in the UK, EU and Turkey

Research Project: XANDAR: X-by-Construction Design
framework for Engineering Autonomous & Distributed Real-
time Embedded Software Systems (2020-2024)

® Eight (8) partners from across Europe, including five industry and three
academic partners — Project will start in November 2020

® Budget: €5 million Euros

Research Project: TESTOMAT (The Next Level of Test
Automation)

® Industry partners: Two large companies, project funded by the EU
® Budget: €21 million Euros

® www.testomatproject.eu (2018-2020)

Research Project: Multi-objective regression test selection
(2016- 2017)

® |ndustry partner: An aviation contractor (anonymous)

Research Project: Improving test automation practices

® Industry partner: HAVELSAN A.S. (Hava Elektronik Sanayi, Aviation
Electronics Industries), (2015-2017)

Research Project: Automated testing of law-management software
suite

® Industry partner: Innova IT Solutions, Ankara, Turkey (2016-2017)

Research Project : Approach and tool-set for automated
inspection of software design documents (2016)
® |ndustry partner: Turkish Aerospace Industries, Inc. (TAI)

BMW Group
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The TESTOMAT project: The Next Level of Test Automation

= Topics:
e Model-based testing
e Visualization of test results
e Test prioritization and selection
e Improving the quality of automated test-code

= Project is funded by the ITEA3 program and the government of the six
countries involved in the project

e “ITEA is atransnational and industry-driven R&D&I programme in the
domain of software innovation [in Europe]”

KUVEYTTURK

SAGLAM BANKACILIK

= www.testomatproject.eu -

&« C (@ Notsecure | testomatproject.eu @ g,

v TESTINIUM
TESTOI\/IAT

PROJ ECT

e Next Level of Test Automation
Project Overview
‘ NEWS  PROJECT OVERVIEW  CONSORTIUM  ADVISORY BOARD EVENTS  PUBLICATIONS TOOLS  IMPRINT

Partners: 34
About ITEA3 TESTOMAT Project BEEEY || ciare October 2017

-l— End: September 2020
striving for reliability and striving for agility. The TESTOMAT project will support software teams to strike

. 4
the right balance by increasing the development speed without sacrificing quality. The project will E ffu re 1 68' 2 PT
ultimately result in a Test Automation Improvement Model, which will define key improvement areas in custs. 2 1 ?52 kg

test automation, with the focus on measurable improvement steps.
—ﬁ l , Cluster: ITEA 3 Call 3

Nowadays, guality software has come to mean “easy to adapt” because of the constant pressure to
change. Consequently, modern software teams seek a delicate balance between two opposing forces:

15



The TESTOMAT project

= Benefit:

e Automating both the test-case design
and test-case execution

e Testing almost all possible paths
(would be impossible to do in manual
testing)

= |et’s see the video below’:

TESTOMAT

PRI EC ]

e www.youtube.com/watch?v=RizUbM

hBTho

D YouTube

model based garousi

| S S

TESTOMAT, Model-based Testing (MBT); SUT: Testinium; LARGER model view

il LIKE &) DISLIKE 4 SHARE + SAVE  .un

estovsiBem. . B T Bd2=: 8 Dapap | L
B (=) O 5] I

1200B00 AN 5
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The TESTOMAT project T

TESTINIUM

= Several papers are in the pipeline: Q@ Diteas

KUVEYTTURK

SAGLAM BANKACILIK

Model-based testing 1n practice: An experience
report from the banking domain

Serafettin Sentiirk, Abdurrahman Akin, Ayse Betiil Karagoz Vahid Garousi
Kuveyt Tiirk R&D Center Queen’s Universitey Belfast, UK
Kocaeli, Turkey v.garousi@qub.ac.uk
{serafettin.senturk, abdurrahman.akin, s
ayse.karagoz}(@kuveytturk.com.tr g o
Abstract— Model-driven software engineering has become more . HUUEVTTORK ey

popular in recent years. Due to the high number and diversity
of users, new testing approaches are necessary to reduce the
occurrence of faults and ensure higher quality in industrial
applications. The objective of this paper is to evaluate the use of
Model-Based Testing (MBT) practices in the development and
exeuction of automated test suites to verify and validate
internet-banking solutions in the context of a large banking
institution in Turkey.

Keywords— Model-based testing, graphwalker, infernet banking,
expereine report, industrial case study

Figure 2-A view from the physical test setup and hardware

Pragmatic model-based testing: Experience from the web
applications domain

Vahid Garousi Alper Bugra Keles, Yunus Balaman, Zeynep Andrea Arcuri
Queen’s University Belfast Ozdemir Giiler Kristiania University College
Saha Intormation Technologies A.S.

Abstract: In the context of a large software testing company, we have [4]. Several papers on MBT have been published in IEEE
deployed the model-b_ased telsting (MBT) approach to take the Software in the past, e.g., [51 However, many studies
company’s test automation practices to the next level. We have chosen, ) P e i S 4 A .
from a set of MBT tools, an open-source tool named GraphWalker, and report that “most developers [still] don't view MBT as a
have pragmatically used MBT for end-to-end test automation of several mainstreain [testing] approach” [5].

systems. The MBT approach has provided various tangible and

1 - 1 i PR 1 i c 17



Projects in Canada I * I

» Project 1: Decision-support for deciding “when to automate testing”
and "what (test cases) to automate” 2010-2012 pa @
® Industry partner: Pason Systems Corporation, Calgary, Canada ~

= Project 2: Optimizing amount and level of software documentation
2009-2012

® Industry partner: NovAtel Inc., Calgary, Canada

* Project 3: Development and assessment of effective test
automation infrastructure 2008-2011
® Industry partner: MR Control Systems International, ‘M RControI Systems
Calgary, Canada INTERNATIONAL INC

* Project 4: Development and assessment of effective automated
“environment configuration” testing infrastructure 2007-2009 . ERC B

® Industry partner: Alberta Energy Resources Conservation Board E,,WesmWaﬁm&m
(ERCB), Calgary, Canada

® Challenge: The cost of manual “environment configuration” testing
was very high. Need for test automation

18



Research project #2: Summary

Industry partner:

® NovAtel Inc., Calgary, Canada, a global leader in GPS
and GNSS software and systems (embedded software
with C/C++ code inside)

® The company had CMMI Level-3 certification \
Clients: |

® Military, agriculture, ....
Challenge:
® Huge amounts of effort (cost $$$) were spent for

developing and maintaining software documentation in

the last several years

% Reminder: According to the literature and various
empirical studies, software maintenance typically
consumes 40 to 80% of software project costs.

Solution:

® A systematic approach for reducing cost of software
documentation was developed and deployed in the
industrial context

4 HEXAGON @A
Nowite]

Agriculture
High-Precision GNSS for Prec

ision Agriculture & Farming

Precision Farming and
Agriculture Technology and
Autonomy

GNSS receivers and

19



documentation?

For requirements and design documents NDVAM
/ Legend \

How did we systematically optimize cost of software ‘a

SW Architect Approver
(Requirements Engineer, (Team lead, etc.)

Business analyst...) -
Oa
@ First Draft ———
|

Activity using
documentation
(benefits)

=

Next Version Wo\rVki‘n Bug J Feature J
Draft & "ob, 0c, ... reports Requests
Draft P
2a l
Approved |/
Version 1a SW maintenance

(super) activity

- E.g., fault
Activity 1... L
y 1 localization, root-
T cause analysis,
impact analysis
changes to fix the

bug at hand \y

-5
Activity n...
<may lead to a chg

|
E.g., do the actual




Cost Metrics Benefit Metrics

. Initial cost . Benefit (usage) during development cycle

. Number of minutes . Benefit (usage) after the development:
during maintenance

. Which sections of a certain
documentation are used?

. The above .
. How much help a certain

) * Amount_of change from documentation artifact has made for
each version to the next a task at hand?

. Number of words in the file
. Maintenance cost

Bug/maintenance
Reports

Requirements Design Implementation  Test Cases

%A

Artifacts

\ A ) 7
\ /\
\ /[ \
\ [\
\ /o
\ /

A — | |
é/o 0:0 0 0 O
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How can we systematically optimize cost of software
documentation?

NowvAtel

Design Document Editing time vs. # of accesses

250
200 *
150 - —
2
e . D882244
b r
:
100 —————
F
S . @
505 &
\"n
\""0 *
D998877
0 L 2 L L
0.0 500.0 1000.0 1500.0 2000.0 2500.0

Total Editing Time (hours)

Dr. Vahid Garousi 22



Projects in Canada

* |Industry partner: NDI/Atﬂ

® NovAtel Inc., Calgary, Canada

= Solution:

® A systematic approach for optimizing cost of software documentation was
developed and released to the industrial context.

= More details in the following articles:

Usage and usefulness of technical software documentation: An industrial
case study

Golara Garousi *”, Vahid Garousi-Yusifoglu “"*, Guenther Ruhe ", Junji Zhi ¢, Mahmoud Moussavi",
Brian Smith'

2 geolOGIC Systems Ltd., Calgary, Alberta, Canada

b Department of Electrical and Computer Engineering, Schulich School of Engineering, University of Calgary, Alberta, Canada

“System and Software Quality Engineering Research Group (SySoQual), Department of Software Engineering, Atilim University, Incek, Ankara, Turkey
4 Department of Computer Science, University of Calgary, Calgary, Alberta, Canada

¢ Department of Computer Science, University of Toronto, Toronte, Ontario, Canada

"NovAtel Inc., Calgary, Alberta, Canada

Cost, benefits and quality of software development documentation:

. . .
A systematic mapping e —

Systems rmd Softw

Junji Zhi®, Vahid Garousi-Yusifoglu"* Bo Sun®°, Golara Garousi®", “Il
Shawn Shahnewaz ¢, Guenther Ruhe®

2 Department of Computer Science, University of Toronto, Ontario, Canada

b System and Software Quality Engineering Research Group (SySoQual), Department of Software Engineering, Atilim University, Incek, Ankara, Turkey
¢ Department of Electrical and Computer Engineering, University of Calgary, Alberta, Canada

d Department of Computer Science, University of Calgary, Alberta, Canada

¢ iSolutions Inc., Calgary, Alberta, Canada

f ae0l OGIC Systems Ltd., Calgary, Alberta, Canada

Dr. Vahid Garousi 23
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Challenges and best practices

Synthesized the findings of 33 primary studies

Information and Software Technology 79 (2016) 106-127

Contents lists available at ScienceDirect

Information and Software Technology

Collaborative
Research:

Action Principles for
Industry-Academia
Collaboration

journal homepage: www.elsevier.com/locate/infsof

Challenges and best practices in industry-academia collaborations in
software engineering: A systematic literature review

Anna B. Sandberg, Ericsson

Vahid Garousi®"* Kai Petersen®, Baris Ozkan4

2Software Engineering Research Group, Department of Computer Engineering, Hacettepe University, Ankara, Turkey
® Maral Software Engineering Consulting Corporation, Calgary, Canada

< Department of Software Engineering, School of Engineering, Blekinge Institute of Technology, Sweden

4 Department of Information Systems Engineering, Atilim University, Ankara, Turkey

Lars Pareto and Thomas Arts, Chalmers University of Technology

Action Research as a Model for Industry-Academia
Collaboration in the Software Engineering Context

Kai Petersen Cigdem Gencel Negin Asghari
Blekinge Institute of Free University of Bolzano Ericsson AB
Technology Faculty of Computer Science Kista, Sweden

Karlskrona, Sweden Bolzano, Italy negin.asghari@ericsson.com

kai.petersen@bth.se cigdem.gencel@unibaz.it

Dejan Baca Stefanie Betz
Ericsson AB Karlsruhe Institute of
. Karlskrona, Sweden Technology
dejan.baca@ericsson.com Karlsruhe, Germany
Stefanie Betz@kit.edu

The 4+1 View Model of Industry—Academia Collaboration

Data from: 33 “primary”

L
Per R Sten Miné
Stu d Ies LR Th ree Of th e m : Dept. of (r]omuprl?tfrosncience MAPCI - Maobile aen?j Pelgagi\re Computing
Lund University Institute at Lund University

Sweden Sweden
per.runeson@cs.lth.se sten.minor@cs.lth.se

Dr. Vahid Garousi
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A typical simplified process for industry-academia collaborations

influence

Inception (formation) phase:
approachingand to pic selection

Initiator
discussions
o

influence

Anoth er up coming collaborative project?

influence—

Motivations

influence

-
—

~N

(

influence

influence\

/ influence

Cross-cutting

Chalenges

Success factors (patterns)

Anti-patterns

Planning Op erational phase: controlling and Transition p hase: technology/ \
monitoring projects knowledge transfer and impact
Joint t’\ Outcomes
efforts @ '- o
i - e
‘ “ «—> “ Joint used to measure
define T Joint [ efforts
[ \efforts | contribute positively
review study impact
+ study +
Projectplan \ ] Measures of success
biecti " Research Project/case and satisfaction
[objectives; ste) Research Project/case literature under study
literature under study
used to
measure
AN . »
R f define P Success criteria

Vahid Garousi'”

Industry-academia collaborations in software testing:
experience and success stories from Canada and Turkey

+ Matt M. Eskandar® - Kadir Herkiloglu*
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‘ormation and Software Technology 79 (3016) 106- 137

Contents lists available at ScienceDi

Information and Software Technology

Challenges and best practices in industry-academia collaborations in
software engineering: A systematic literature review

Vahid Garousi*", Kai Petersen®, Baris Ozkan*
Hacerrepe University, Ankara, Turkey

* Maral Softwisre Engineering Consulting Corporarion, Calgan, Canada

Dr. vanid Garousi

Knowledge management (communication,
terminology, transfer, training and skills)

Ensure engagement and manage commitment
Consider and understand industry's needs,
challenges, goals and problems

Ensure giving explicit industry benefits and solve the
right problem

Have mutual respect, understanding and
appreciation

Be Agile

Work in (as) a team and involving the "right"
practitioners

Consider and manage risks and limitations
Researcher's on-site presence and access

. Follow a proper research/data collection method
. Manage funding/recruiting/partnerships and
contracting privacy

. Understand the context, constraints and language
. Efficient research project management

. Conduct measurement/ assessment

. Test pilot solutions before using them in industry
. Provide tool support for solutions

27



Another work

2016 IEEE International Conference on Soltware Testing, Verification and Validation

Selecting the right topics for industry-academia
collaborations in software testing: an experience report

Vahid Garousi Kadir Herkiloglu
L Engineering R h Group, Department of Computer Quality, Test and Process Management Directorate
Meetup and initial synergy OR Incering, Hacettepe University, Ankara, Turkey HAVELSAN A.S., Ankara, Turkey
Approach by either side vahid.garousi(@hacettepe.edu.tr kherkilogluf@havelsan.com.tr
Project inception . . . .
PDF in: www.researchgate.net/profile/Vahid_Garousi2
[ Presentations by researchers
Meeting for
finding topic(s) Focus of this
[ Presentations by industry partner paper
Lost Unsuccessful + Successful topic selection
interest, etc. topic selection Tnp@—
Still-born Inception of
collaboration new topics
L2
OC—{ Operational phase ](—[ Project planning ]7
Project |

TABLE 4- RANKING OF THE TOPICS IN OUR CASE BASED ON THE CRITERIA DEFINED BY MISIRLIET AL. [1]

Dr.

Topics

Fitness criteria for topics (1: Low, 2: Medium, 3: High)

Prior domain
experience of
researchers

Suitability for
experimentation

Relevance to

Concreteness 4
research community

Average

Need for more test automation for test group X

%

Need for more test automation for test group Y

Need for more test automation for test group Z

Assessing and improving an in-house test automation
framework for test group Q

2
2
2

Establishing a systematic, effective and efficient GQM-based
measurement program for the testing department

Assessment and improvement of test process maturity using
TMMI and TPI-Next

Bi-directional knowledge transfer (in software testing)
from/to international organizations in the aviation industry

Vahid Garousi
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