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The beginning of all!

The problem statement
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O How to determine the strategic objectives of these
companies?

O How to turn the strategic objectives into tactical and
Implementation objectives?

O How to steer the overall process and be sure that it is
converging to these objectives?
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WELL, hereis
my answer:

Possible answers

d How to determine the strategic objectives of these
companies?
| think companies should know better than me, but they must be aware

of the trends! you know software is crucial:
every company will be a software company in the future;

1 How to turn the strategic objectives into tactical and
Implementation objectives?

Apply problem solving processes;

1 How to steer the overall process and be sure that it is
converging to these objectives?

Define a process that: (1) classifies companies according to their maturity
levels and identify the current level; (2) define maturation processes;

(3) steer the overall process!



The maturation process
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The intention is to enhance the maturity of
software techniques by guiding the
companies along this process

3 Looks like a
feedback
T control system

6. Leadership

5. Application

4. Adoption (‘? '7 Coordinator

3. Knowledge Academic research

generation | steering committee

2. Description | Company 1

Company 2

1. Transition

University M

0. Introduction ! Company N
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The process Is described and approved as a
report
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(1) companies present their strategic plans
to a team of researchers

The intention
Is to identify the
obstacles/challenges
In reaching the
objectives!
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(2) Researchers and company engineers
work together extensively to identify the
(future) challenges and prospective

solutions
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(3) Reports are written, discussed, modified
and accepted, by describing the definitions
of the terminology, the context, the observed
research challenges and the related research
work

Terminology,
State-of-the-art,
Current research,
Return on investment




A sample docu

Mapping
concerns from the
business domain
to CS research
domain!

ent

INEQratE] SOMAE EXCIENCE RESEATEA PrOgEAM

The Project “Model-Based Testing, Runtime Verification and
es” (TRDP}

Debugging for Verifying Product
Varslon: 1.0

Keywords: modelDasel wemnoalion of SOMWAre EYSIEMS, VerMeation of promuctines,

reducng false positves ana false nagatves In werficalon, reducing Sfors In deTning modss,

‘SCAEINY VETSUS PECISION, WEMMZAUON Of SOMWATE IN EXECUON ENVITMEN:, MOgEkD3sET
testing. . oebugging. 5 tecaniques.

Category: Moderbased verfication. The projects In his categery are.

- MGAP (integration of Mode:-Checking with Complementary Approaches for Vertying
Product-Lines; for On-Board Systems)

- TROP (Mode:Based Testng, Ruatme Verfication and Debuggig for Verfying
Praduct-Lines; for On-Board Systems)

- MVVP (Methods for Madel Based Verfication and Valdation Techalques for Product-
Lines; for On-Board Systems)

- ASVC (Agent System Verfization and Contra; for Simulation Systems)

- AEVF (Adaptve Enterprse Verfication Framework; for Mission-Gritical Enterprise
Systems)

- SCER (System-Wide Constraint Enforcement and Resoution: for Systems of
Systems)

Thars Is 2 ratation witn:

- SPLA (SYSISM prODUCHINE SngNESTNG: for OM-DOATD SYiEME] Vemcaton
cnanengss of prouct-Ings are consdred:

* ASVC (Agent System Verfication and Conirol; for Simulztion Systems): Although
SPECCAON [ANGUAGES WIN B LAICRED 10 M Nesss Of gENGDASEd SMUIEN
systems, the underlying mechanisms wil be partly based on mintime verfication
teenniues,

- AEVF (Adagtve Enterprise Verfication Framework: for Mission-Ciitical Enterprise
Systems |- AIMOLGN speCiicaticn [ENQUEges Wil D2 LHIDFEC 10 e NEstE of mission-
critical enterprise sysiems, the underlying mechanisms will be party based o
runtime vertfication techniques.

- KVWF (Adaptale and Veriaie Warkfiow Framework; for Mission-Critical Enterprise
Systems): Worklow specioations may be (partly) verifed using runtime verfication
techniques

Integrated Sofwase Excellence Research Program

‘STOrsEaTY, S0ME QEtECE] SITONS M3y ACIUANY NOTNEZPEN 1N PrACICE (1352 DOSITNES) QU 1
unspesiled environmental condiions, practcal consiraints, efc. N the model, Alsa, cenan
‘=mors may remain undetectsd (‘@S2 negatives) If the model doss nat Inchide e rekevant
pOrfion 0f e SOMWArE NEGSESATY 10 USlECt Me ENTDF. MOMSOVEr, MOTS! VENTGation oan be
Impractical dus fo the complexiy of e model. Thesefore, verficalion of sofware In
‘SXSCUON ENVIONMENT § CONSKIETEa 3 necessty.

W CONEIOET MOdS-D3EST SESUNG, TUNIME VEMNCatOn, Nd 0SDUDGING 36 tfEe IMpartant
‘3PPIOACNEE In VENTYING SOMWATE IN EXECUNDN ENVIFAMEN

In modetuased testing [1], models are used fo elther represent the desied behaviour of 3
‘system under test, or to represent testing strategles and 3 test environment Various dflerent
WINGE O MOUENNg tECNIGUES G2 DE LS SUCR 3% SLALS-TACHINES, Consirant legic
BrOGrammIng, symEQlc EXecuton, Mooek-checkng eic. The sslecton of me model can
depend on the specific characterlstics of sofware, Ifs lestng emvironment and the desired
testing mefhod to be used. One may adopt various ways to apply modekbased tesing In
Bractica, £Uch 3 OnINE festing, OMINE JENST3toN OF axacutatia 2515, 30 OMINE genaraton
of manually depioyable tests. Motekbased fesfing aim at affering a more systematic and
SeMantic 3pOMOACT 1N CONEMNG T CrIcal Pans Of SoMWare uncer test than radisonal
aynamic testing

IN FUNfiTe Verfoton [2], MOMMAtON IS SXtractsd oM 3 FUANING System and Werfied against
the desred properties of fe system. In IS approach, verfication of software Is generally
‘camled cut In ts actual deployment and sxscution environment. Various madels can be used
to spectly the desired and undesired propertes of software. It Is 3 common practice to
aulomaticaly generate the pproprate runfime verfication enviroament from the
speencatons.

Deougaing is oefnen 1 [3] a5 “The 155U of 0ebUGQINg s 10 Ioentiy the faction Gnain, o
N 5 detect, 3nd 10 Femove the defect SUCN M3t te TalUE 1o IONGET OCCUME". A Befect,
which Is 0 calied the oot cause (emor, 5 3 mistake Made by prograMMErsn the cods hat
30 CaUSEMMECHONS. INECHONS May CocUr AMET the eTECt IE EXSCUISD. AN ITPECHON I8 3
devialion af theactual exscution from the programmers” expectation. It propagates in the
folawing execution and leads o other Infections. A fallure I an obsenvabie unexpected
ZYMPOM, SUCh 35 3 WIGNOENVICUT OF 3 WFNg Program state. The cause-smect chain from
Gefect © AWM s CalEd aNMMecton chaln. Thers aMe VaNoUs dEpLgONg fechaigues
Introguced In the past such asinteractive dedugging. trace-based debugging. siat siding,
ete. [4. 5]

Integratea Safware Excellence Resears Program

In TAMOR, WEI-ISTNSCHYMIACS NG SEMANGS INMEMACSE MUSt b2 JHned fo e Mmode-
hecking tools which wil be developed witin the context of the MGAP project It Is therefore
Important 15 develop MEMNGIE, 00 3G teSANIgUES o eMctvel IdentTy me strong and
weak poinis of each technique 50 Ihat the veriMealion proossses can be shared among tem.
The echalenge In a muthmodedmult-tectnque verfication approach Is fo minimize the
AuMmBar of Modes 1o be eTNq, Since MOTEIINg IS 3 Costly TV, o Mis purpcss, mooel
raNSfOMSMion tECNKUES ©3N be USed, WNeTs S0pMOprIate. FINalY, Sefing modsis must b
Intultive and usasle for the software enginesrs.

Retumn on Investment

For companies that are deweloping safety-oiteal and mission-oriteal systems, comect
fnCtoning of SARWArE SYSEEMS K5 3t MOt IMPOMENL, Unforunately, by USIng radizonal
BrogrAMMINg MEMons and fECHIGUES. I 15 MPOSSIDIE 10 QUEMNNEE MAt COMPIEX SYStEME
Nave 2210 nOR-CrNCal TaURE. TO test SLGN SYSIEME aynamically I Very costy ana requies
1ang t5g PEnods. DESPTE SXNAUSHME 1ESNNG ST0ITS, QLS 10 3IMOS! UNIMIEA COMBINatANs
f exscution paths and data value varatians, cartain kinds of eitical erors may st remain
ungatecizd. Moreover, masimodenm sysiems are open reak-word systems In the sense tat
they are Subject T MIEQTEON WM QINEr SYStEMS NG ey Nave 1o OE3l WM contnual
20IUIoN QEMaNGS. FLTNEMMOre, WEMCSNON Of PrOQUCHINEs WIM Many possIe prouct
variations ean make the verfication process for each prouct very costy.

TNE project AIME at enhancing veMncabon fECNMIQUES In e EXSEUON EmANMENt of
software systems; i will provide an Integrated and uniform knawledge and experience In the

aovaneed

et based testing, nubme verfication and debisgging techniques Gomained
10geter, 50 INGT CTUC3l 0TS £3 DE CHUECIED IN g SXECUNON SNVICAMEN. MOTSOVET,
has tecnNqUES Wil D2 INEQTENE WIN MOTSHO3EED VEMICANon tECANIQUES SUCN 36 MOdE-
ehecking. Ta be able io realize an efiestive technalogy iranster fo the cumrent projects, tnis
DOJECHWI b2 2qUIPPE] Wi he ToIOWINg Meaures:

The reszarn astivties alm 3t Improving the skiis Instead of searching for a dedioated
suluton for 3 gven project. This heips In 3doping the obisined Knowiedge In Gfferent
projects as well

The activites wil gellver various models of the sxample sysiems considersd, techiguss
esCribed N the deMvErsle [200Ts 3N FROCITSONGERt IMpIETENIIONS. I 300TEN, 3
WErRDENn Wil DE GevEIcDes Mt Integrate Vanous 1ools. THEse 120l Wi D& Dased on open
sourc toois, where possile.

The project wil adogt real examples from the company. This wil increase the relevance of
the researsh project

© Mehmet /

Integraled Software Excellence Research Srogram

- SCER (SystemWide Constraint Erforcement and Resolufion: for Systems of
Systems): Although speciication languages wil be tallored to e needs of system of
systems applications. the underying mechanisms wil be parlly based on mntme
verfication techaiques.

APPIICation arsas: Al but PRTCUEATY S3Mey-CITCS! 310 MISSION-GTCal SyStams.
Application focus: On-board systems.

Humbar of Ph.0s plannsd: 3
Part 1: Description of the Project

Motivation

With the help of iraditional programming practices, It ks almost impossible to write comest
programs at least for the following four reasons. Fifst cumrent sofiwars systems are large and
comglex. This makes It very difiout for the Goftware engineer to comprehend saftware In
detall and 35 3 whoie. Sesond, modem software systems are usually distributed over
maltile pracessarsinodes and eresute Goncumenty. Concurently exesuting saftware
systems hawe to be frequently synchionized wih each other. This may oreate fime-
dependent emors which are In general very hard fo detest. Third, saftwara systems are not
designed for 3 single release and as such they are Subject to continuous ewolution. Mew
requirements, possibie Improvements to saftware and bug fxes Increase the compixlty of
‘software further. Last but nat least, productline approaches are becoming more and more
‘sommon. Somware Is g &ingle procuct out,

Due 1o the possullty of 3 large varety of configurations of products, assuing comectness of
‘£3CN INGVIAL3I POdUCE May be very Costy to realize,

Today's COMMON practics 1 D detect SOMWare STOrS KICAG Qynamic testng of somware, Sy
aynamic testng ons, 1 s exiremely MCUIt 1o CapIUre the SOTS INiDOUCEY OUTng the
Brogramming pnase, sino: MOGM SoMWaTe systms Contam pracocaly Infnte number of
‘executon patme.

Description

Thers are two DaSC CONGEMNS N VERYING SOMWAre SyStems’ 1o re0UCe Taise postVEs and
faigE NEgEIVES. A TalSE FOSMVE MEANS SSSUTING 3N STOT WHNE thare 5 IN TaCt N0 SO, 3
F3/E2 NegatvE MEANS MISSNG 3N STOT WRKE 1N f3CT Mere i 3 eor

W ciassity verffication teshinigues info bko complementary categories: verfication based o
abstract models of software and wertfcation based on (part-of) achual sofware In execution
EWITAMEN, ARMOUG VENSEON 0N S0TACE MOGHE CIN be useTul In Setecong somware

Integratea Somwane Excelence Reseantn Program

Since model-based testing, unime venfication, and deougging leehniques are fargely
complementary, tne projsct TROP 3IME 3t COMDINNG MESSechTiQues 1 reduce fase
DOSIVES 3ND THSE NEQITVES N ME VEMMCINON Of SOMWATE IN IS EXECUNON EMVIDAMEN:
Howsver, the combination of tese fechnigues should not resut In an unacceptable
overhead due o the defintion of multiple modsls and due to sstting up different verfication
environments.

Research challenges

Tragiicnally, ihe VEMNCaNon fECANKUES SUCN 35 MOOE CMECKNg, SINC ANYEE, MooE-
based testing, runtime verfication, are studied by sep: and
a5 such metnogs and tools developed for thess techniques are not well Integrated with each
oMmer. Moreover, emfcaion of open andevolvabie PrOUCHIME sysiems have not yet
FECEIVED M2 SEIMEd FMENYON, SMNCUGN VENMZANON Of ProdUCHINES 3pPIed for Sarey-canCal
‘and misslon-critcal systems s conskersd essential

E3Ch of the VEMICANoN teChqUES i3S 13 CWN CIAIENgES. FOr SXAMEE, [N ModsRDase
testing based on the iecting

the desired level of abstraction, and magping the absiract test cases to the
are not ral. Also, defiing the required models can be 100 Iabour In‘ensive. Moreover,
thare may be spECic IMERONS Of the selecten Moosling fECNUE. Far SX3mple, If mage-
checting tecaniqUes are seiectsd, e EMC3ON PrUCESS M3y Not be SoalatE GUE 10 the
‘complexity of the mods! [5).

IN FUNIME VErTCaton ECHNIGUS, 223N SCIVIIES Nave Deen Tocused O creatng ussbie
ECIEON ENVIDNMENts, QENeratng eMGeNt NG SMECIVE MOMMOTS AND WENMCENON
mechanims, defring expressive specfication languages, and coping with distibuted
envircments and mst-anguage envionments (2,

In dEsugging, dening expresslve languages for breskpaints, dealing wih Gomain specz,
dynamic andlor distrouled languages, and defining semantic models and techniques to trace
the root cause of falures have been consigersd as Imporiant challenges [3, 4, 13-15]
Ressarch actvities on automated Qlagnos's 1SCANIGUES SN Be WHIIZRd for IS pUIpasE [15,
17

This projest alms at addressing iese challenges within the cantext of product-ines.

In acdition to the above mentioned research challenges, the TROP project has lis speciic
‘cnallenges 1o overcome. The Most IMPONant challenge 15 1o seamIssly MIErate Me mage-
D3BE] 1EEUNG, MM VEMMCSNON, ENQ 0EOUGYING SCHMIQUES TOJEMnET, S0 Mat Each
technlque complements the oihers In the vertfication of soflware In s execution envioament

Imegraten Somwane Excallence Researen Program

The project wil camy out 3 number of experiments using realistic casss. The resuts of the
pllot prejects will be considersd to Improve the reszarch results

There will be 3 set of contnugus technology transfer actvities by the people who are
Imvolved In the ressarch activlty Dy means of paricibating fo lectures courses and
Involvement In the ongoing projects.
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product-lines

6. Leadership

9
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Research activities are grouped around the

Product-lines

5. Application

Required capabilities
(Ph.D. studies, etc

4. Adoption

3. Knowledge
generation

o

2. Description

1. Transition

0. Introduction

Company N: Product-line M

Company 1: Product-line 1 Cap..
Company 1: Product-line 2 Cap.. Cap.. Cap..
Company 2: Product-line 1 - Cap..
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Company-academia coordination (research)
centers

University 1 —_, Research «—1 University 3
centers

University 2 —_

.~ University n

Company 1: Product-line 1

Company 1: Product-line 2

el Company N: Product-line M
oMMt A

Me




A reactive feedback-control process model is
defined: An example: part of the process for level 3

The committee is
also responsible for
synergy &
coordination
& scientific

y

SETMM
SOFTWARE ENGINEERING TECHNOLOGY
MATURITY MODEL

Start

cccccc
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The technical results
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The Product Domain Categories

Company 1:
—On-board systems (14 Ph.D.’s);
—Simulation systems (10 Ph.D.’s);
—Mission critical enterprise systems (14 Ph.D.’s);
—Meission critical systems of systems (10 Ph.D.’s);
Company 2:
—Avionics systems (15 Ph.D.’s);
—Communication systems of systems (9 Ph.D.’s);
—Mission-critical hybrid control systems (6 Ph.D.’s);
—Sensor fusion systems (3 Ph.D.’s);
Company 3:
—Intelligent platforms (8 Ph.D.’s);
—Distributed simulation (6 Ph.D.’s);
—Intelligent control systems (6 Ph.D.’s);
Company 4:
—Modernization of flight systems (11 Ph.D.’s);
—Satellite systems (14 Ph.D.’s);
—Unmanned aerial systems (17 Ph.D.’s);
—Generic fault tolerant computing (2 Ph.D.’s);
—Generic fault-removal techniques (5 Ph.D.’s);

These are
large,
safety-critical
systems!

Including myself, this work has
been carried out together with:

Prof. dr. ir. Bedir Tekinerdogan;
Assoc. prof. Hasan Sozer;

Hakan Faruk Safi;
Meryem Ayas.



The Research Categories

Adaptability and reuse (25%)
Model-based verification (24%)
Domain-specific architectures (12%)
Domain-specific languages (10%)
Design methods (8%)

System design (6%)

Model building (6%0)

Data/cloud management (3%), Application frameworks (3%),
Architecture business assessment (3%):



Motivation 1:
from

Researcher’s point of view
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Needs for advanced research in companies

= Computer science and technology advances rapidly.This
makes software developing companies difficult to follow the
advancements effectively.

= Tight project schedules and limited budget for research and
development make this process even harder.

» As aresult, companies have difficulties in achieving the
excellence in computer science and software technology to
overcome their technical challenges.

© Mehmet Aksit




Methods used in research granting programs

Current university-industry collaborations are mostly based on
governmental grants of university research programs, Joint
Ventures (JVs) and Framework Programs (FP6, FP7, etc.).

* The existing university-industry cooperation methods are
based on writing grant proposals to financing organizations
and passing through strict selection processes. This s, in
general, a very inefficient and tedious process to undertake.

vlany good ideas may not go through simply because they do
10t fulfill the necessary procedural requirements.

Probability of
success is
very low




From the researcher’s perspective

» Researchers do not waste time in writing long and tedious
grant proposals;

» Researchers are directly involved in the maturation process of
the companies;

= Scientific quality is monitored and guaranteed by the steering
committee, but

- the universities & researchers must agree on the way of
working!

| must adapt!




Motivation 2:
from the perspectives of the

Trends In industry
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Trends (i)

1. Knowledge intensive manufacturing instead of
labor/resource-intensive manufacturing.

2. Focus on owning and managing knowledge and skills
and intellectual property rights instead of focusing on
labor/resource intensive manufacturing processes.

3. Dynamically managed and optimized, multi-asset
portfolio instead of fixed/ad-hoc, single-asset portfolio.

4. Mass customization instead of mass production.

© Mehmet Aksit




Trends (ii)

5. Proactive self-organizing companies instead of
Inflexible hierarchically-organized companies.

6. End-to-end alignment and optimization of
(manufacturing) processes instead of focusing only on
the improvement of individual phases.

7. Multi-disciplinary usage of teamed personnel instead of
working with solely operating individuals.

8. Organizing businesses/enterprises globally through
networks instead of isolated and/or localized
organizations.

© Mehmet Aksit




Trends (i)

9. Improved time-to-market instead of long sequences of
research, design, manufacturing and marketing phases.

10. Intensive use of state-of-art CS-ST as the “main enabler”
of modern businesses instead of considering CS-ST
just like any other technical skill.

11. Strong cooperation with universities for the purpose of
Innovation instead of considering universities mainly as
theoretical institutions that educate people.

We cannot debug
Reality!
So,...




What about Industry 4.07?

 Interoperability meaning that sensors, devices,
machines, and people can connect and exchange
Information with each other.

d Information transparency meaning that a rich set of data
can be gathered from various sources.

 Technical assistance meaning that machines, systems,
processes, human beings, etc. can be intelligently and
effectively assisted to monitor, control and optimize the
overall manufacturing process.

1 Decentralized decisions meaning that subsystems can
autonomously take decisions where possible.

© Mehmet Aksit



What they said about Industry 4.0

O With Industry 4.0, it is expected that machines and
systems will become more self-aware and self-learning
so that their effectiveness and maintenance can be
Improved.

 Due to networked data gathering and intelligent and
autonomous process control, the manufacturing
processes will be much more efficient and effective than
traditional manufacturing processes.

A It is claimed that Industry 4.0 is the 4" industrial
revolution in the history of manufacturing.
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u

Our assessment of Industry 4.0

We think that the concepts relevant to Industry 4.0 must
be defined and understood in the process of on-going
transition from traditional to modern manufacturing
processes. It is important to stress that such transitions
are not abrupt in nature but gradual, depending on the
characteristics of manufacturing, technological and
societal progresses.

4 It is clear from “the list of trends” in this presentation that
Industry 4.0 refers to (or a new name of) a part of a
natural transition in manufacturing processes which has
been taking place since several decades. We therefore
term “the list of trends” as “a list of attributes of

-w Mmanufacturing processes for Industry 4.0 and beyond”.



Motivation 3:
for

Re-shaping universities for the future
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Traditional universities

 Research, where academic personnel of the university "ﬁ
are expected to be expert in certain fields. The selection (é:%"?
of the topic of a field is not necessarily derived from S/
industrial and societal needs; it can be ad hoc. The "‘?i |
expertise is quite specific and theoretical. The excellence | %
IS measured according to number of publications in ‘
certain pre-classified journals.

1 Education, where academic personnel of the university
are expected to give lectures in their fields of expertise
and examine the students by oral and written tests. In
addition, students are expected to be supervised in
writing their theses.

© Mehmet Aksit




© Me

How universities should be! (i)

. The specializations must be derived from the needs of

the targeted society and industry instead of ad-hoc
selection of topics;

. The academic personnel must learn to work together in

multi-disciplinary teams.

. The academic personnel must be proactive in forming

networks to cooperate with national and international
Institutions and colleagues not only from his/her own
discipline but also from other disciplines.

. The academic personnel must be flexible enough to

adapt themselves in changing demands from industry
and society.



© Me

How universities should be! (i)

5. The education process must be tailored to answer the
mid-term and long-term needs of industry and society:

« |t must focus on the core concepts instead of hypes.

« It must focus on gaining analytical skills, critical thinking and
reasoning instead of memorizing what are in the books.

« |t must aim at teaching problem solving/synthesis instead of
gaining knowledge which cannot be utilized for solving actual
problems.

* It must emphasize working in multi-disciplinary projects instead
of only focusing on mono-disciplinary exercises.

* It must enhance communication skills, such as oral and written
presentation and argumentation skills instead of educating
students with non-communicative and introvert attitude.

e It must aim at increasing consciousness of students in ethical
concerns instead of educating students with irresponsible
and/or indifferent attitude.




How universities should be! (iii)

6. The university must create suitable organizational
structures to enable the academic personnel efficiently
and effectively fulfil the objectives listed above. These
Include:

« Proactive and self-adaptive organization to support the
objectives of the university in dynamically changing contexts.

« QOrganization to set-up and carry-out multi-disciplinary projects
for industry and society.

 Organization with an award system to motivate the academic
personnel and students along the objectives of the university.

« Organization which emphasizes CS-ST since it is the “main

'K enabler” of all disciplines at the university.
'7 University industry, hand in hand.. @




Important quality attributes (i)

 Relevancy: The university must be highly relevant in
addressing technical and social needs.

d Alignment with the current state-of-the-art research: The
research and education activities to be carried out must
advance the state-of-the-art so that the companies and
businesses can be matured to be the leaders in their
context.

O Cross-fertilization: Different university research and
education activities can benefit from each other.

© Mehmet Aksit



Important quality attributes (ii)

d Industry-as-laboratory: To identify the relevant problems
and to test the proposed solutions, it is important that
the principle investigators and the affiliated (Ph.D.
and/or M.Sc., etc.) students visit the companies
regularly and carry out experiments within industrial and
societal context.

O Academic research steering committee: To coordinate
the activities effectively and efficiently, it is important to
monitor the progress of research and education
activities and evaluate them with respect to the desired
objectives.
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Motivation 4
for

Computer Science!
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Cannot be without CS

CS-ST Is the main force in almost all industries: it creates
added value for products and businesses.

There is almost no product in the market which does not
contain software or is not produced by a process controlled
by software.

To accomplish the objectives of Industry 4.0 and beyond,
advanced CS-ST is needed.

| said,
You cannot debug reality!




Recent developments in CS

1. Large infrastructures, service-oriented architectures, cloud computing,
systems-of-systems.

2. Sensors, Internet of Things (I0T), and pervasive computing.

3. Big data and big data analytics.

4. Security and cybersecurity.

5. Cyber-physical systems.

6. Artificial intelligence and related topics including computational intelligence,
machine learning and multi-agent systems.

7. Graphical processing, and visualization including virtual reality.

8. High performance, and/or multi-core/parallel architectures including parallel

programming.

9. Theoretical and practical work on algorithms and/or constraint-based
“solvers” to address a large category of mathematical problems. In
general algorithms/solvers are applied to every category of computer
science specializations listed in this section.

10. Software (engineering) methods and techniques to fulfil the functional
and qualitative requirements of software systems. The concepts of
software engineering can be applied to every computer science
specialization listed in this section.
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Motivation 5
from the perspectives of

The role of software engineering
and technology
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The importance of software engineering
and technology comes from the economics..

1 Economical, sustainable and robust software systems
which fulfil functional and qualitative requirements are
essential for all software systems.

1 To accomplish the requirements of Industry 4.0 and
beyond, software engineering methods and techniques
are crucial.

 No matter how intelligent a software solution is, if it
cannot be realized with the desired quality attributes, one
cannot expect an economical value out of it.

 As such software engineering methods and technigues
- can be defined as crosscutting (meta-level) concerns that
ow.  relate to all developments within CS-ST.




The trends in software engineering
and technology
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Product-lines

Product-line instead of product
design. Most products are
developed and manufactured by
specialized companies, which
market families of products. It is
not economical to develop each
product from scratch.
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Designing Reusable and Run-Time Evolvable Scheduling
Software

Giiner Orhan - Mehmet Aksit - Arend Rensink

Abstract Scheduling processes have been applied to a large category of application
areas such as processor scheduling in operating systems, assembly line balancing in
factories, vehicle routing and scheduling in logistics and timetabling in public trans-
portation, etc. In general, scheduling problems are not trivial to solve due to complex
constraints. In this paper, we consider reusability and run-time evolvability as two im-
portant quality attributes to develop cost-effective software systems with schedulers.
Although many proposals have been presented to enhance these quality attributes
in general-purpose software development practices, there has been hardly any pub-
lication within the context of designing scheduling systems. This paper presents an
application framework called First Scheduling Framework (FSF) to design and im-
plement schedulers with a high-degree of reusability and run-time evolvability. The
utility of the framework is demonstrated with a set of canonical examples and evolu-
tion scenarios. The framework is fully implemented and tested.

1 Introduction

Scheduling is a decision-making process in which the resources are allocated to the
activities. Scheduling processes have been applied to a large category of application
areas such as processor scheduling in operating systems [43], car scheduling in ele-
vator systems [35], facility scheduling at airports [40], antenna scheduling in radar
systems [23], work-force scheduling in project management [30] and assembly line
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E-mail: g.orhan@utwente.nl
Mehmet Aksit

University of Twente
E-mail: m.aksit@utwente.nl

Arend Rensink
University of Twente
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Systems of systems

Systems of systems
Instead of systems
perspective. Software
systems for Industry 4.0 are
generally adopted in large
distributed settings. Scale-
ability and interoperability of
systems are essential.
Systems of systems
architectures, are therefore
the natural candidates of
the platforms of Industry 4.0
architectures

© Mehmet Aksit

Company 1:
—On-board systems (14 Ph.D.’s);
—Simulation systems (10 Ph.D.’s);
—Mission critical enterprise systems (14 Ph.D.’s);

—Mission critical systems of systems (10
Ph.D.’s);

Company 2:
—Avionics systems (15 Ph.D.’s);

—Communication systems of systems (9
Ph.D.’s);

—Mission-critical hybrid control systems (6
Ph.D.’s);

—Sensor fusion systems (3 Ph.D.’s);
Company 3:

—Intelligent platforms (8 Ph.D.’s);

—Distributed simulation (6 Ph.D.’s);

—Intelligent control systems (6 Ph.D.’s);
Company 4:

—Modernization of flight systems (11 Ph.D.’s);

—Satellite systems (14 Ph.D.’s);

—Unmanned aerial systems (17 Ph.D.’s);

—Generic fault tolerant computing (2 Ph.D.’s);

—Generic fault-removal techniques (5 Ph.D.’s);




Ecosystems

Ecosystem design instead
of platform design. Software
ecosystems are an effective
and economical way to
construct large software
systems for Industry 4.0 on
top of a software platform by
adding up software modules
developed by different
actors. In ecosystem design
software engineering is
spread outside the
traditional borders of
software companies to a
group of companies and
private persons.
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Company 1:
—On-board systems (14 Ph.D.’s);
—Simulation systems (10 Ph.D.’s);
—Mission critical enterprise systems (14 Ph.D.’s);

—Mission critical systems of systems (10
Ph.D.’s);

Company 2:
—Avionics systems (15 Ph.D.’s);

—Communication systems of systems (9
Ph.D.’s);

—Mission-critical hybrid control systems (6
Ph.D.’s);

—Sensor fusion systems (3 Ph.D.’s);
Company 3:

—Intelligent platforms (8 Ph.D.’s);

—Distributed simulation (6 Ph.D.’s);

—Intelligent control systems (6 Ph.D.’s);
Company 4:

—Modernization of flight systems (11 Ph.D.’s);

—Satellite systems (14 Ph.D.’s);

—Unmanned aerial systems (17 Ph.D.’s);

—Generic fault tolerant computing (2 Ph.D.’s);

—Generic fault-removal techniques (5 Ph.D.’s);




Auto-adaptive control architectures

Auto-adaptive control architectures
Instead of architectures without any
control mechanisms. To realize the
monitoring and controlling activities
In Industry 4.0 and to cope with the
changing requirements and context,
software systems are expected to be
more reactive and self-adaptive. This
generally requires built-in feedback
control mechanisms in software.
Self-adaptation can be realized at
system level, subsystem level and/or
at component-level. In addition,
different styles can be adopted, such
as single, master-slave, hierarchical
and/or peer-to-peer control
architectures.

Dynamic, Adaptive and Reconfigurable Systems
Overview and Prospective Vision

Mehmet Aksit
University of Twente
Departement of Computer Science
P.O. Box 217
7500 AE Enschede, The Netherlands
aksit@cs.utwente.nl

Abstract—

Systems are more and more expected to work in
dynamic environment, to deal with fluctuation of their
characteristics and to guaranty functional and non-

functional requirements. Systems should also keep

compliant with the contracted quality of service.
Moreover, when necessary, services and aspects should
be added or removed on line. In this paper, we overview
major approaches to deploy, reconfigure and adapt
applications and underlying software platforms. These
changes should be realized according to the evolving
context and execution environment so that sys
stay compliant with the specifications and requirements
of the application. We end this position paper with a
vision on future directions and developments.

Introduction

To cope with the new demands, software systems
have to evolve continuously. In addition, new systems
embody a rich set of components implementing complex
behavior such as distributed processing, various
communication protocols, presentation, data support,
fault-tolerance  management,  real-time  support,
transactional support, etc. Furthermore, the execution
context of modern distributed systems is not static but
fluctuates dynamically. To provide the expected
functional service with the desired qualities, systems
should be composable and adaptable. This requires
proper decomposition of system into components with
the appropriate composition operators and autonomous
and dynamic self-adaptation mechanisms that take into
account the evolution of the execution context and
environment fluctuations. We term such systems as auto-
adaptive systems (AAS).

The new multimedia telecom services could benefit
from AAS since they can be deployed optimally on
network equipments, be adapted to the available
resources and be reconfigured automatically according to
user’s mobility, preferences, profiles and equipments.

Zied Choukair
ENST Bretagne
Département Informatique
Technopole de I'Iroise
29285 Brest cedex France
Zied.Choukair@enst-bretagne.fr

To design AAS effectively, one has to deal with the
following concerns: The first one relates to the
deployment of the software on hardware platforms. This
requires considering various constraints such as safety,
security, liability, load balancing and performance. The
second concern is dynamic reconfiguration of the system
when the execution context changes to such an extend
that the present configuration is not optimal anymore.
The third concern is the continuous on-line adaptation of
the execution to the environment. This may take place,
for example, if the available resources fall below a
certain threshold. Last but not least, an overall concern is

to guarantee non-regression and safety when the system
changes its configuration.

This paper first gives an overview on the dynamic
reconfiguration and adaptation techniques. The paper
will end with prospective directions and a vision on the
perspectives of dynamic adaptable and reconfigurable
systems. We think that binding components on-line
through connectors and by using introspection and
inte on is a very promising approach in realizing
dynamic, adaptive and reconfigurable systems.

1. Dynamic reconfiguration

Traditionally, reconfiguration takes place during
maintenance or when a new version of the system is
installed. A reconfiguration process may be applied for
rearranging the elements of various parts of the system,
such as applications, platforms, system architectures,
underlying infrastructures and management facilities. A
dynamic reconfiguration process has to address the
following issues:

- Structural changes: These are the changes that impact
the topology of the application. Structural changes
usually consist of adding or removing components or
modifying connections among components.
- Geographical changes: Such changes impact the
distribution of the components and their localization.
Geographical changes are especially used for load

Proceedings of the 23 rd International Conference on Distributed Computing Systems Workshops (ICDCSW'03)
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Distributed problem solving

Distributed problem solving including distributed algorithms,
coordinating systems and multi-agent architectures instead
of centralized problem solving with monolithic and/or
localized architectures. Since computer systems for
Industry 4.0 are distributed, to reduce complexity and
enhance reliability/availability, algorithms and intelligence in
systems must be distributed as well. Accordingly,
programming languages and techniques must adequately
support distributed programming efforts by offering
expressive and flexible abstractions.
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Model-based development

Model-based development instead of
straight-forward programming. Since
more and more companies are
specialized in certain product categories
and in manufacturing processes,
deriving software architecture from
relevant domain models can help in
reducing complexity, enhancing reuse
and testability/verifiability of software
systems. Model-based development
has been adopted in various
approaches such as product-line
engineering (SPLE), model-driven
engineering (MDE), domain specific
architectures (DSA) and domain-
specific programming languages (DSL),
model-based verification (MBV).

© Mehmet Aksit

Deriving Object-Oriented Frameworks
From Domain Knowledge

Mehmet Aksit', Bedir Tekinerdoganl,
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Abstract

Although a considerable number of successful frameworks have been developed during the last
decade, designing a high-quality framework is still a difficult task. Generally, it is assumed that
finding the correct abstractions is very hard, and therefore a successful framework can only be
developed through a number of iterative (software) development efforts. Accordingly, existing
framework development practices span a considerable amount of refinement time, and it is
worthwhile to shorten this effort. To this end, this paper aims at defining explicit models for the
knowledge domains that are related to a framework. The absence of such models may be the
main reason for the currently experienced extensive refinement effort. The applicability of the
approach is illustrated by means of three pilot projects. We experienced that some aspects of
domain knowledge could not be directly modeled in terms of object-oriented concepts. In this
paper we describe our approach, the pilot projects, the experienced problems and the adopted
solutions for realizing the frameworks. We conclude the paper with the lessons that we learned
from this experience.

Correspondence address: Mchmet Aksit, TRESE Project, Department of Computer Science,
University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands.
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Multi-objective optimization

Multi-objective optimization
Instead of ad-hoc hand-
crafted and/or single
objective optimization. Along
the line of model-based
development, various
algorithmic techniques and
search-based methods have
been introduced to compute
the “optimal” architectural
decomposition with respect
to certain quality attributes.
In addition, various run-time
optimization techniques can
be adopted in computing
optimal control strategies

¢ and scheduling processes.

The Journal of Systems and Software 86 (2013) 2502-2519
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MOQ: An architectural framework for runtime optimization of multiple system
objectives in embedded control software
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ARTICLE INFO ABSTRACT
Artic frhmﬂry: Today's complex embedded systems function in varying operational conditions. The control software
Received 29 June 2012 adapts several control variables to keep the operational state optimal with respect to multiple objec-
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tives. There exist well-known techniques for solving such optimization problems. However, current
practice shows that the applied techniques, control variables, constraints and related design decisions
are not documented as a part of the architecture description. Their implementation is implicit, tailored
for specific characteristics of the embedded system, tightly integrated into and coupled with the control
software, which hinders its reusability, analyzal and maintainability. This paper presents an archi-
tectural framework to design, document and realize multi-objective optimization in embedded control

Keywords:
Architectural framewaork
Multi-objective optimization

Runtime adaptation software. The framework comprises an architectural style together with its visual editor and domain-
Embedded systems specific analysis tools, and a code generator. The code generator generates an optimizer module specific
Control software for the given architecture and it employs aspect-oriented software development techniques to seam-

lessly integrate this medule into the control software. The effectiveness of the framework is validated in
the context of an industrial case study from the printing systems domain.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

A current trend in embedded systems is toward adaptivity
under varying circumstances (e.g., environmental conditions, user
needs and input). For example, current high-end printing sys-
tems perform adaptive optimization of multiple system objectives,
such as maximizing productivity and minimizing energy consump-
tion. They apply trade-off decisions concerning several user needs,
conflicting quality attributes and objectives. Adaptive optimization
results in more competitive systems that leverage better customer
satisfaction and cost effectiveness.

Adaptive and optimized behavior is achieved by adjusting cer-
tain decision variables in the system. Examples of decision variables
are the speed of the system and the temperature setpoint of a heat-
ing device. The values of the decision variables are often subject
to constraints. For example, the speed of the system is limited to
a maximum speed and the amount of consumed power is limited
to the amount of power available. The problem of balancing mul-
tiple system objectives by influencing a set of decision variables

* Corresponding author at: School of Engineering, Ozyegin University, Nigantepe
Mah. Orman Sk. No. 13, Alemda - Cekmekiy 34794, istanbul, Turkey. Tel.: +90 216
564 9383; fax: +90 216 564 9057

E-mail address: hasan.sozer@ozyegin.ediir (H, Sizer)

0164-1212($ - see front matter © 2013 Elsevier Inc. All rights reserved
Tttp:fdx.doi.org/10.1016/j.js5.2013.04.002

that are subject to constraints is known as multi-objective opti-
mization (MOO) (Keeney and Raiffa, 1976). In modern embedded
systems, the set of strategies and techniques to facilitate MOO are
implemented in software, as part of the control logic.

Embedded systems can comprise many different controllers
implemented in several software modules, each controlling a part
of the system. As a result, MOO have to be realized by manip-
ulating and coordinating many controllers, scattered throughout
the embedded control software. For example, power consumption
and productivity of the system cannot be controlled by a specific
controller: they are influenced by the behavior of the system as
a whole. This manipulation and coordination of many controllers
introduces additional structural complexity within the embedded
control software.

There is a lack of systematic methods and techniques to design
and implement MOO in embedded control software and to man-
age the resulting complexity. Usually the implemented control
behavior is sufficient, but not optimal, as better optimizing solu-
tions would be too complex to implement. When implemented,
the applied optimization techniques, controlled variables, con-
straints and related design decisions are not documented as a
part of the architecture description. They usually remain implicit,
making it hard to communicate, analyze, maintain and reuse the
embedded control software. Moreover, the lack of explicit rep-
resentation of the decision variables and their interrelationships




Modularization of semantic concerns

Modularization of semantic concerns
Instead of traditional abstraction
mechanisms based on implementation
concerns such as data or function. As a
consequence of model-based
development, software abstractions more
and more correspond to the concerns of
models. The concerns of a model are
naturally based on the semantics of the
model, and these cannot always be
effectively represented as a data or
function. Moreover, concerns in Industry
4.0 systems can be emerging meaning
that they may appear or disappear
dynamically. As such, programming
languages and techniques must
adequately support programming efforts
by offering expressive and flexible
abstractions for emergent semantic
concerns.

On Liberating Programs from the von Neumann
Architecture via Event-Based Modularization

Somayeh Malakuti *

Software Technology group
Technical University of Dresden, Germany

somayeh.malakuti@tu-dresden.de

Abstract

From the early days of computers, researchers have been trying to
invent effective and efficient means for expressing software sys-
tems through the introduction of new programming languages. In
the early days, due to the limitations of the technology, the abstrac-
tions of the programming languages were conceptually close to
the abstractions of the von Neumann based realization platforms.
‘With the advancement of the technology, computers have been in-
creasingly applied for complex problems in different application
domains. This required the challenge of designing programming
languages that resemble more the semantics of software rather
than the concepts of underlying machinery. To this aim, various
new language concepts, such as object-oriented, aspect-oriented,
and event-based languages have been introduced. While these lan-
guages were successful in enhancing the expression power of lan-
guages towards more semantic concerns of application domains,
they fail in short in representing emergent behavioral patterns of
software effectively. We outline a set of requirements to overcome
these shortcomings, and explain the concept of event-based mod-
ularization as a possible solution.

Categories and Subject Descriptors D.3.3 [Programming Lan-
guages]: Language Constructs and Features—Modules, packages

General Terms  Languages, Design

Keywords Emergent behavior, modularity, von Neumann archi-
tecture

1. Introduction

Although there are many facets of software engineering, its main
objective is to create software systems that execute on hardware/-
software platforms [3, p.9-12]. From the early days of computers,
researchers have been trying to invent effective and efficient means
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for expressing software systems through the introduction of new
programming languages.

Along this line, we observe a continuous interplay between
programming languages and platforms. We claim that to create
better languages, one needs to understand the historical nature of
this interplay and the forces that influence it. From this perspective,
we will make an attempt to characterize platforms, programming
languages and the constraints among these.

During the last decades platforms have evolved dramatically.
They are now many magnitudes more powerful than their previ-
ous generations, they consist of multicores and they are based on
geographically distributed networked architectures. Despite these
developments, at their core, platforms still display typical charac-
teristics of von Neumann architecture of instructions, registers and
memory locations. In the literature [1, 5], programming languages
are generally classified based on the paradigms that they adopt.
Functional, logic, and imperative languages are considered as the
three basic categories: they all have equivalent expression power in
the sense that any executable program can be expressed in one of
these categories.

In practice, however, the main reason why a programming lan-
guage might be selected is more based on the pragmatic factors
such as availability of the tools, programmers” skills and on the
desired non-functional characteristics of programs such as adapt-
ability, flexibility and evolvability rather than the paradigm of the
language. Moreover, most commercial languages are not based on a
single paradigm but they borrow features from multiple paradigms.
Imperative languages have been much more successful in practice
and therefore in this paper we will mainly focus on these languages.

Every language provides a set of first-class abstractions that
are directly supported by the mechanisms of that language. For
example, a first-class abstraction may be passed as an argument
of a call, it may be returned as a result of a call, it may be stored
or retrieved, etc. The interplay between languages and platforms is
defined by the following constraint [1]: the first-class abstractions
of a language as much as possible must match natural abstractions
and semantics of the considered problem domain. On the other
hand, they must be concrete enough to compile them easily and
efficiently onto the available platforms.

With the enormous increase in the complexity of software, the
concept of separation of concerns have become more and more
important. Naturally, the first class abstractions of the languages
have become the essential way of expressing the separation of con-
cerns in programs. They become important factors in evaluating
languages because they define the direct support that a program-
ming language offers for expressing concerns in programs.

In the following sections, to analyze the programming lan-
guages historically, we will characterize them with respect to their
first-class abstractions, and we will historically categorize the de-




A rich set of composition mechanisms

A rich set of composition
mechanisms instead of a fixed set
of language constructs for
hierarchical organization of
programs (such as class-
Inheritance). To support flexibility in
control strategies and to cope with
various evolution schemes,
languages must offer generic and/or
domain specific composition
mechanisms to express, for
example, object, aspect and event
compositions and transformational
techniques in a uniform manner. The
languages must maintain their
closure property in compositions so
that scale-ability of systems can be
provided.

© Mehmet Aksit
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Abstract A considerable portion of software systems
today are adopted in the embedded control domain. Embed-
ded control software deals with controlling a physical sys-
tem, and as such models of physical characteristics become
part of the embedded control software. In current practices,
usually general-purpose languages (GPL), such as C/C++
are used for embedded systems development. Although a
GPL is suitable for expressing general-purpose computa-
tion, it falls short in expressing the models of physical
characleristics as desired. This reduces not only the read-
ability of the code but also hampers reuse due to the lack
of dedicated abstractions and composition operators. More-
over, domain-specific static and dynamic checks may not
be applied effectively. There exist domain-specific modeling
languages (DSML) and tools to specify models of physical
characteristics. Although they are commonly used for simu-
lation and documentation of physical systems, they are often
not used to implement embedded control software. This is
due to the fact that these DSMLs are not suitable to express
the general-purpose computation and they cannot be easily
composed with other software modules that are impl d

with modules specified in the GPL at the abstraction level of
both languages. As such, this approach combines the bene-
fits of using a DSML to model physical characteristics with
the freedom of a GPL to implement general-purpose compu-
tation. The approach is illustrated using two industrial case
studies from the printing systems domain.

Keywords Domain specific languages - Embedded
systems - Software composition - Composition filters -
Aspect-oriented programming

1 Introduction

A considerable portion of software systems today are adopted
in the embedded domain (e.g., medical equipment, mili-
tary applications, traffic control systems, consumer elec-
tronics) [54]. A major portion of embedded systems aim at
controlling physical systems in some way and as such, the
characteristics of the physical systems must be represented in
Software accordingly. For example, in state-of-the-art print-

in GPL. This paper presents a novel approach to combine a
DSML to model physical characteristics and a GPL to imple-
ment general-purpose computation. The composition filters
model is used to compose models specified in the DSML
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ing sysl the speed of the machine is adapted according
to the available power, temperature measurements obtained
from several components and the heat capacity. The embed-
ded software has to consider such physical characteristics to
apply a particular control strategy.

In embedded systems development, the current practice is
to use general-purpose programming languages (GPLs) such
as C and C++. Usually, both the control logic (i.e., computa-
tion of the controlling behavior) and the models of physical
characteristics are implemented together in a GPL. The con-
trol logic and the physical characteristics are two different
concerns and the lack of separation of these concerns leads
to implicit and complex dependencies in the code due to
tangling and scattering [11]. This results in decreased soft-
ware readability and maintainability. Changes in hardware
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Uniform integration of verification techniques

Uniform integration of verification
techniques instead of independent
tool- and technique-specific
verification approaches. There are
various model-based verification
and testing approaches available.
Examples are model-checking,
static and dynamic analysis, run-
time verification, model-based
testing, adopting model-specific
verification (simultaneously) based
on continuous and/or discrete
models, etc. Most of these
techniques are complementary and
as such combined usage of these
may help in finding faults with less
false-positive and false-negative
cases.
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Abstract. UML class and sequence diagrams are used as the basis for runtime
profiling along with either offline or online analysis to determine whether the
execution conforms to the diagrams. Situations where sequence diagrams are in-
tended to characterize all possible executions are described. The approach gen-
erates an execution tree of all possible sequences, using a detailed collection of
graph transformations that represent a precise operational semantics for sequence
diagrams, including treatment for polymorphism, multiple activations, reference
to other diagrams, and the use of frames in sequence diagrams. The sequence di-
agrams are also used to determine the information that should be gathered about
method calls in the system. Aspects that can follow the flow of messages in a
distributed system, are generated and the results of execution are recorded. The
execution tree is used to automatically check the recorded execution to detect
operations that do not correspond to any of the diagrams. These represent either
new types of sequence diagrams that should be added to the collection, or imple-
mentation errors where the system is not responding as designed. In either case,
it is important to identify such situations.

Keywords: runtime verification, UML class and sequence diagrams, execution se-
mantics, graph transformation, aspect-oriented profiling.

1 Introduction

Software models are increasingly used in different phases of the software development
life cycle. Here we consider class and sequence diagram models from the UML [1]
suite of design models, and use them as the basis for run-time verification and analysis
of implemented code. UML is a widely accepted/standardized modeling language for
Object-Oriented (OO) systems. Although many diagrams exist, the two most popular
are generally acknowledged to be class diagrams to describe the structure and interre-
lationships among the classes, and sequence diagrams to describe sequences of method
calls among objects that together describe important usage scenarios.

Class diagrams list the fields and methods in each class, and show which classes
use other classes, which inherit from others, and multiplicities of classes in various
relationships with other classes. Sequence diagrams are commonly used for partially




Conclusions

© Mehmet Aksit




Conclusions

* The trends in industry cannot be controlled! Therefore they
must be understood and managed, as much as possible;

» We have presented a unique set of features of these trends
and position these w.r.t. Industry 4.0;

= Define a company maturation process to help companies to
deal with the trends;

= We have applied this process to 4 large companies;

= We have evaluated these w.r.t. to the trends in CS and present
the expected challenges/topics in software engineering and
technology.

© Mehmet Aksit



