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For WICSA 2016 the
theme

was “Architecting in
time” — exploring the
temporal aspects of
software architecture.

continuity, evolution and
decay,

the benefits, consequences
and debt from delaying
decisions,

architecting practices and
experiences in different
software development
processes, or the related
collaborative design activities
that fit into the life cycles of
systems and applications.




; s “Webtogo (Google
RSS Aggregation 100 million Youtube Gears‘,gAc(I obeiir,

f del.icio.us

amazon.com Inetant Search dominance Presence  Widgets (iGoogle, clips with a billion _i_| Silverligh}?
Discussion messaging Viral Podcasts netvibes) videsnaie Q  Web based
forums Y' Blogs advertising User generated ) storage Web
d‘ Tagging content GOOSI@ < .
Hoo! (Googl Phishin Geo ~ Social net
Ya I Google g - : !
) : Desktop OpenAPls  Movie tagging ' aggregation tools
Spam Eary social w03 search download 1 .
networking ) 3 piace for friends 3.5 million Aussie  OpenlD becomes Semantic weh?
DRM flickr Image/Video - Mashups Facebookers = mainstream?
o searc ‘ :
= " iTunes ; Wiy yszeene g i w Online Stock of 232 (over 4
Dnapster. = 8 Blogger Geail @ LIFE Swictey 3bilion | Jibraries? billion) IP addresses
P P 1 billion users Social Flickr photos | runs out in 2011
ersonalisation  Peer to peer WIKIPEDIA i networking | IPTV IPv6 expands.
Ussbilky ES eGovernment Integration Adwords/ Google Riche Enterprise 20 \idespread Vista Windows 7
eLeaming Knowledge Analytics Enterprise  _€aming . adoption? adoption?
Management Service & Transaction  yger experience saas  search Collaboration | )
o » websites i Customer experience : Interactive self Business
i B Tradnl«:mal New web Hosted . Aal-_se Mns ; Web 9 0 pushes user service websites?
thnr?eéarteer}esd Portals funding models Services funding models expectations & challeﬂgeSop':?\g fftige’! Government 2.0
Contert Mangganisit: Babe et Web CMS traditional markets ; :

2006 2008

intemet A e - Ca Faliomet “Windows 7 HTML5
il 4 ? " Wi é' gxp e Firefox o fg Office L@IEr;(péorera released
) 3 naows : Mgt ~ ]
NetsIEaséeS = Netscape  (gintemet ~ WindowsVita g Siverlight Ggg_agle ‘ Browser based Soffwars
Java  Netscape6 Flagh OfficeXP obsolete Explorer? oeatutfice fran s | MS Office
USB thumb Efcich dis . 240thousand Amazon | ) Intel Core i7
1Ghz Webcams Sl drives - Plasan: . :;;S ”53 “  Kindles sold Dial-up obsolete Wireless power
Dial-up processors i Affordable Multi core F'C.& mouse hit Electronic paper recharge by 2050
compac Digital camera sales Digital SLR Broadband Processors 40yearsold ,, —= " Technology One Laton Pes
[ﬂﬂg@ VOIP overtake film cameras ubiquity by Terra-byte CONVergence  Child project
10s0fGB  INiiecs, - Floppy disk B 100s of GB MutiGBRAM  Storage WimaX
storage °fMBRAM  obsolete miniaturisation 3G + GPS Netbooks =~ Home media Cloud Hardware &
DyD cSS Sorge Qll_ext ﬁeneration Laptops overtake centres computing techno,ogy
i desktop sales
Smart ; GPSapps 10 million
PDAs g Mobile 5: P .
SMS _ ®iPod phones Cameraphones Maps glfi?sra(fr;iﬂcét:&e WU “iPhonekillers Google Android iPhone target
Black & white Video calls Hard drive devices ~ Youtube etc) Mobile
screens MMS Mobile : 2G obsolete
Colour (eg. Camcorder) 3G subscribers  Mobile wallet
WAP e Mobile internet *:BlackBerry 6Fs overtake 2G Windows mobile 7
Vistec 9/ War against  Iraq Climate crisis Global Financial Crisis
o Dotcom terror - war London bombings filmed Bill Gates retires, Steve jobs health rumours Soci
bust Afghanistan on mobile phones Howard, Blair and Bush exit et}




WO main dimensions /

-~

The software architecture field
evolution over time

1992 today
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? How the So
. Architecture field evolved

over time?




We could travel over time...

5 disim Henry Muccini @ www.slideshare.net/henry.muccini/




... or, report information based on OUI
own know\edge, pretending to know




... a more systematic way to look at it...

The history
artifacts and works
(decorations, wigs,
scents) talk about
the culture of that
time.

They are not only
historical relic, but
they speak about

that time

Val Parks: https://www.youtube.com/watch?v=LMJh1WTkxws
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the Software Architecture
d evolved over time~?

5 disim Henry Muccini @ www.slideshare.net/henry.muccini/




The study (specifically)

conducted for this
speech




?How to travel over time?

Mixed method used for this study:

o Topics extraction:

Personal knowledge + Seminal papers

@ Data mining

From the WICSA, CBSE, ECSA, and QoSA
conferences

From 1999 to 2016
9 Reasoning on the results
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Personal knowledge + Seminal papers
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o opics extraction (by experience)

: Design
20 years of experience
in the field ISt SA Description
JAYBI S
|CSA steering committee
member Style

PC of WICSA, CBSE,
ECSA (ICSE, FSE, ASE)

Views

Member of the IFIP WG
2.10 on Software
Architecture

= arChItECtureS
DevOps
Agile P
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SOFTWARE

opics extraction (by reference e
papers)

1992-1994 seminal  "O>E 2000 & 2014

ACM SIGSOFT SOFTWARE ENGINEERING NOTES vol 17 no 4 Oct 1992 Page 40

Foundations for the Study of Software Architectur:

Software Architecture: a Roadmap
Dewayne E. Perry Alexander L. Wolf : sﬂ&m

AT&T Bell Laboratories Department of Computer Science ; ﬁ-n:hi-tﬁme'
600 Mountain Avenue University of Colorado i in Pmﬁ¢¢
Murray Hill, New Jersey 07974 Boulder, Colorado 80309 . . : e R
dep@research.att.com alw@cs.colorado.edu S oftwa re Arc h Ite ct u re = A Trave I og u e I
(© 1989,1991,1992 Dewayne E. Perry and Alexander L. Wolf DaVId Garlan
Carnegie Mellon University
An Introduction to Software Architecture 5000 Forbes Avenue

Pittsburgh, PA 15213 USA

garlan@cs.cmu.edu
David Garlan and Mary Shaw
January 1994

Lightweight and Flexible

PO Emerging Trends in Software

—— The past p'esent Architecture from the SATURN
e Bt SOFTWARE ARCHITECTURE
Also appears i d Nm ’ f , Conferences Fousparions, THEORY, AND PRACTICE .
an 'e n Michael Keeling
Software Architecture
Philippe Kruchten, University of British Columbia
Henk Obbink, Philips Research Europe | E E E S\/\/

Judith Stafford, 7.5 University
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Full set of topics
SA Description Quality

Reference
SA Frameworks architecture Assessment

SPL
i Style
ES ks
Decisions
TechDebt Architects role ADL
Views
Uncertainty
CPS
DevOps
8¢ disim
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From the CBSE. WICSA, ECSA. and QoSA
conferences

From 1999 to 2016
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Data Mining from WICSA, CompAch,
CSA

CBSE 2003-2016 F‘

WICSA’02
AT CompArch’10
WICSA’04 Prague WICSAS
oell CompArch’16
ECSA’10 Venice
2008

&

E

2011 § 2012

WICSA& WICSA&
CompArch’15

CompArch
Montreal

Boulder

WICSA’99 :
San Antonio WICSA'05 | |
Pittsburgh
WICSA’01
Amsterdam
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CompArch’13 ECSA’15
British Columbia

ECSA’13 '




o Data mining... in numbers

What: 4 conferences, 42 editions, 1999-2016,
8171 articles analysed

How: topics search

Search of topics and synonyms in
Title
Keyword
Abstract

5 disim Henry Muccini @ www.slideshare.net/henry.muccini/



Keywords
Abstract
pattern T
Pattern K+4
#papers
AnalysisT
consistency T
security K+a
fields) total| ,
Decision T

consistency K+

performance T

style # papers
view

Analysis K+A
performance K+a
Performance TOTAL
Analysis #papers [all
Design Decision T
Design Decision K+A

1999

1999 Design re
1999
1999
4999 e
1999
1999
1999 software
1999
1999|...
1999|.

1999|...
1999 |
1999]..csnci .
1999 creation a

1999
1999
1999

2001

2001
2001
2001
2001 KBAC, OR|
2001
2001
2001
2001 Software
2001
2001
2001 Architecty
2001|..... e
2001 architect
2001
TUTTO | Overall | Style | View

Analysis DesignDecision Productline Agile | DJOps | TechDebt | AD | ReferenceArc | CPS | Ecosys | Risk | CostEst | Fogliol note + 1 »
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=MIN{SOMMA(MAX(PRODOTTO(F3;0,8);PRODOTTO(G3;0,5));MAX(PRODOTTO(H3;0,6);PRODOTTO(13;0,3)));1)

C D E F

o

H |

Keywords

Abstract

style K+A
Pattern K+A
style # papers

Design req

If Title contains the keyword,
paper highly ranked with
respect to the keyword

If Keyword/abstract contains

the keyword, ... (1*0,8);(1*0,5)

|
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ests

This approximation formula has been tested
on:

50 papers

Two topics:
Ecosystems
Design Decisions
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The results presented here are
preliminary and partial, with respect to
the...

25 Years of Software Architecture:
impact on the Software discipline




Want to know more about this work?

Leave a comment at
WWW.henrymuccini.com

I Henry Muccini | Persona >+

O | henrymuccini.com

My Home: A snapshot

A software architect and engineer, Henry Muccini is an Associate Professor in Computer

WICSA/CompArch2016

WICSAS&COMPARCH
Clazee

Science at thelnformation Engineering and Computer Science and Mathematics

(DISIM) Department, University of L'Aquila, Italy. | got my PhD degree in Computer Science
from the University of Rome, La Sapienza and spent my PostDoc at the University of

California Irvine (USA).

I am leading research on software architecture descriptions, architectures for CPS,
collaborative Model Driven Engineering, and Group Decision Making in architectural

design.
AboutMe

I am also leading double degree international study programmes in software engineering
and computer science (GSEEM, 12COST), and | am involved in Erasmus Mundus and

Erasmus+ programmes.

Twitter PC Member

Tweets by @muccininenry

ICSE 2017
Henry Muccini

Proud to be a board member of IEEE Software! PC member
Inkd in/eiSJ5-p http:/ ficse2017.gatech.edu/
IEEE Computer Society Wins AP...

LOS ALAMITOS, Cali, July 21,

Newsw| 2016 PRNewswre-USNewsvire! MODELS 2016

\ LIBM plc company
PC member

models2016.irisa.fr
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Saftware Architecture: impact on the
discipline
Iuly 24, 2016

COMMIitMDE workshop @ MODELS 2016

m'n‘MtMD[ E:' b July 22,2016
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o Results and Reasoning
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Disclaimer

Topics Granularity (look at the trend!)

«Only» four (domain-specific) conferences

2016 is incomplete! (ECSA 2016 missing)
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OVERALL VIEW ON RESULTS




Overall View on Results: # of
publications per year

Publications (WICSA/CBSE/QoSA/ECSA) 1999-2016*

88
* 74
71
17 17
|ii

YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR
1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

s. dlSlm Henry Muccini @ www.slideshare.net/henry.muccini/

YEAR
2013

YEAR
2014

YEAR
2015

YEAR
2016

L)




Overall View on Results: Most published
topics ?

Quality
: Views
Analysis

Product Line
Style Architecture
Architecture

Description Design
- Languages Decisions
” d|S|m Henry Muccini @ www.slideshare.net/henry.muccini/
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Overall View on Results: Most published
topics (1/3)

Top five:
Analysis (194)

Performance (96)
Security (27)
Consistency (24)

Design Decisions (127)
Quality (104)

Style (68)

Views (67)

(TOT=811 papers)

5 disim Henry Muccini @ www.slideshare.net/henry.muccini/



# of papers on a topic

B TOTAL Analysis Design Decisions Quality mStyle ®View

76
74
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I 44 3 I 44 34 4 5
1
Il 1 TR R
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49
44
34
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4
1 . 0 0.
6, 7 55 6

3 3 34 33 44

111 122,71 Pt Por2a 11
° ° 1l
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YEAR 1999 YEAR 2001 YEAR 2002 YEAR 2003 YEAR 2004 YEAR 2005 YEAR 2006 YEAR 2007 YEAR 2008 YEAR 2009 YEAR 2010 YEAR 2011 YEAR 2012 YEAR 2013 YEAR 2014 YEAR 2015 YEAR 2016
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# of papers on Topb topics (without
repetition)

% of Top5 topics (over the total papers)

YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR
1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Overall View on Results: Most published

topics (2/3
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Overall View on Results: Most published

topics (3/3

Security vs Performance vs Analysis
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TRENDS



Overall View on Results: Trends 1999-
2016 (down-up
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Overall View on Results: Trends 1999-
2016 ReferenceArchitecture: % of papers

View: % of papers oo,
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Overall View on Results: Trends 1999-
2016 (emerging)

Agile [0% -> 3%] {emerging since 2009}

DevOps [0,5% -2%] {emerging since 2011}

Tech Debt [0% - 2%] {emerging since 2012}

CPS [0% - 2%)] {emerging since 2012} (pick 4% in 2016)

Ecosystems [0% -2%] {emerging since 2012} (pick 5% in
2016)

Risk [0% -> 3%] (non null since 2005)
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Overall View on Results:

2016

Style: % of papers 2010-2016

‘ 

View: % of papers 2010-2016

10%
20%
8%
15%
6%
10%
4%
5%
2%
0%
YEAR YEAR
2010 2011

0%
YEAR YEAR
2010 2011

YEAR YEAR YEAR
2012 2013 2014

YEAR YEAR
2015 2016

Design Decisions: % of papers 2010-2016

YEAR
2013

YEAR
2014
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rends 2010-

Analysis: % of papers 2010-2016

35%
30%
25%
20%
15%
10%19%

5%
YEAR YEAR YEAR
2013 2014 2015

YEAR

0,
2016 0%

YEAR YEAR
2010 2011

YEAR YEAR YEAR
2012 2013 2014

YEAR
2015

YEAR
2016

Quality: % of papers 2010-2016

20%
18%
16%
14%
12%
10%
8%
6%13%

4%

2%

0%

YEAR 2010 YEAR 2011 YEAR2012 YEAR 2013

y:  eaaay -

YEAR 2014 YEAR 2015 YEAR 2016




Overall View on Results: Trends 2010-
2016 (emerging)

Agility: % of papers 2010-2016 Bty Yo 1 DEpels 20L0-20IE

6%
5%
4%
3%
2%

2% 1%
1%
0%
YEAR YEAR YEAR YEAR YEAR
2012 2013 2014 2015 2016

Technical Debt: % of papers 2010-2016

o CPS: % of papers 2010-2016
5% 5%
4%
4% 4%
3%
3% 3%
2%
2% 2%
o 2% 1y
1% ° 1%
0% 0% 0% 1%

YEAR YEAR YEAR YEAR YEAR YEAR YEAR 0% 0% 0%

2010 2011 2012 2013 2014 2015 2016 YEAR YEAR VEAR VEAR VEAR

2011 2012 2014 2015 2016
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Overall |
Analysis

| Views | I

- Style '

I | CPS

today
| | Ecosystems
|

, Design decisioris
|

Architectu re: description

Ecosystem

Agility

|
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? How the Software Architecture
field evolved over time?

REFLECTIONS

looking at the near future from the past

ll“




Where we are today...

application domains: CPS, loT, Smart mobile
systems

type of (concern): Self-Adaptive, autonomous,
dynamic, uncertain

process: DevOps & Agile
style: micro services
analysis: security, resilience

description: collaborative, MDE, decisions
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Reflections

Multi-View boom: trends and issues

| From dependable to resilient systems in the era
of self-Adaptive and Autonomous architectures




0, .
AL View: % of papers
10%

o 70, 12% —

» e
o 7% 10% 11% /
1% 11%
YEAWEARYEARYEARYEAR 2% 8% 7% 16%

1999200120025003 5904 zggR YEAR YEAR yvEAR 5% 7%

52006 YEAR vEAR
2007 2008 YEAR  vyEAR
2009 2010 YEAR
2011 YEAR

2012 YEAR
2013 7014

2015

YEAR
2016

Multi-View Boom!

An industrial practice, being
consolidated over 15 years!
But still...
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Multi-View & Multi-stakeholder

|IEEE Std 1471 (2000) ->
ISO/IEC/IEEE 42010:2011

Type of views

Multi-view
consistency:
missing feature

Using multiple views has
become standard practice in
industry!! [Tse2013]

m 85% uses multiple views

Useful in past projects Useful for future projects

-1 0 +1 +2 Noexp. 2 -1 0 +1 42 Don’t know

Support for multiple architectural views 2 4 2 [0 49335 27 I




Analysis: % of papers
40%

20%
24% _
0% 9% 18% 149 18% 28% 28%

YE

Practitioners’ need for SA-based Analysis

Analysis Is a big need... and
practiced... but practitioners are
quite unhappy!
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Practitioners’ needs for Analysis rrsezo13

Need for analysis
Architectural Languages: Type of

needs

Eyes HEno Hblank

Dissatisfaction

with ALs

Kind of analyzed properties Level of satisfaction

M Extra-functional
properties
B Functional properties
Satisfied
HW/SW integration
/SW integrati H Neutral
. B Not satisfied
W Behavior

H No info
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o Architecture Description: % of papers

10% 15%18% 17%

It is time to «collaboratey!

Architecting = Group Decision
Making and Collaborative
Architectural Design
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Collaborative Design

Software_ 5%
Architect
ure

Descripti
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= 5-10 people involved in
decision making

= 77 different macro-

roles represented
[WICSA2014]

Issues experienced in GD
FAILURE TO REEVALUATE PREVIOUSLY —

REJECTED ALTERNATIVES

POOR INFORMATION SEARCH
LACK OF MULTIPLE PERSPECTIVES

INCOMPLETE LISTING OF OBJECTIVES

FAILURE TO EXAMINE RISKS OF PREFERRED
CHOICE

INCOMPLETELISTING OF ALTERNATIVES | i | | | im
J | | |

0 10 20 30 40 50 60 70 80 90

Need:

® Collaborative (group)

decision making
m Collaborative Design




CPS: % of papers

6%
4%
2%

o 0%=09
o O 0%-0%~0%—gos1%
YEARYEARYEAR

CPS, lol, Smart Systems:
From Software to System Architecture

New views, new challenges
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CPS, loT, SmartS

PERFORMANCE

SURVIVABILITY

PORTABILITY

MODIFIABILITY

COMPATIBILITY

DEPENDABILITY

RELIABILITY

FLEXIBILITY

MAINTAINABI...

SECURITY

TESTABILITY
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0

13

10 20 30 40 50 60

[SANCS2015]

B Sensors and Actuators

® New Modelling Languages
m Control theory
® Physical components




Adaptive: % of papers

From dependable to resilient systems in

the era of self-Adaptive and Autonomous
architectures

Self-Adaptive applications shall self-
fix themselves?
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Concluding

Analysis
9 Data mining... in numbers

What: 4 conferences, 42 editions, 1999-2016, 1

811 articles analysed VIeWS

How: topics search
Search of topics and

Synanyms in
Title

— - Style

Abstract Qu a I itv

CPS

Overall View on Results: Trends 2010-

Reflections
2016

- o :_ Multi-View boom: trends and issues

Practitioners’ need for SA-based Analysis

[t is time to «collaborates!

CPS, loT, Smart Systems: again from So
to System

able to resilient systems in the era

five and Autonomous architectures
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Keep in touch...
www.henrymuccini.com
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http://mobilesoftconf.org/2017/

My Home: A snapshot WICSA/CompArch2016
5 o : i WICSASCOMPARCH
Lty (MY Sdence at. thlnormation Eninee and Compe Scre and. Mt — MOBILESoft 2017 Call for Pape
izte P ISl University of L a, Ital PhD degree \
Jni b 4 from the University of Rome, La Sapienza and spent my PostDoc at the University of W P
5. California Irvine (USA).

f} 4th |EEE/ACM International Conference on Mobile Software Engineering and Systems

1 am leadin.research on software archtecture descipions, architecures for CPS \

MyHome A \ collsborative. Model Driven Engineering, and Group Decision Making in architectural
<% design.
Aooutire i Bt

1 am also leading double degree international study programmes in software engineering

ey e D Welcome to MobileSoft 2017

Erasmus+ programmes

.o
We are working on an exciting set of calls and tracks for the 2017 edition.
Other than the Technical papers, Technical Briefings, and Tool Demo tracks, we will run a Future
of Mobile Software Engineering track, as well as New Ideas.
Much more is being planned, and we want the entire MobileSoft community to contribute to
Twitter PC Member Events some of the decisions (e.g., selecting the new logo).
I C e i For this purpose, please register to the all new MOBILESoft Facebook Group
iriesp T S Sl I
L e General Chair
Newsy el Sy 22,2016

[ u/{ e Henry Muccini, University of L'Aquila, Italy
www.softwarearchitecture.org

ICSA 2017 COMMITTEES PROGRAM IMPORTANT DATES CALL FOR PAPERS VENUE SPONSCORS PREVIOUS EDITIONS

April 5-7 | Gothenburg, Sweden

Program Committee Co-Chairs

John Grundy, Deakin University, Melbourne, Australia

NEW AND EMERGING IDEAS

Goals William G.J. Halfond, University of Southern California, USA

The goal of the New and Emerging Ideas (NEMI) track at ICSA 2017 is to encourage the re architecture

ware architecture community to propose radical new
research directions that represent disruptive innovations in the making, which can challenge the status quo of the soft

re architecture discipline.

To support that goal, the NEMI 2017 track will publish two kinds o

@

ns (on the past) such as:

« Bold arguments against current research direc

ons;

« Results that challenge established results or beliefs giving evidence that call for fundamentally new dires

2. Visions and New Directions (of the future)

« Bold visions of new directions which may not yet be supported by solid results but rather by a strong and well motivated scientific intuition. An exampl

with other disciplines, or the importan

of such a vision

can be unusual synergie: of software engineering in problems w

)se software engineering aspects haws en studied

earlier

« Totally new approaches, techniques, or theories, never published before, that can bring new results to a field of research:

& architec

, NEMI submissions must clearly motivate and illustrate a rationale for changing current practice and/or research in s re. Note that evaluation results are not

required for NEMI papers (but if such results exist, then they may be presented, if only to give the rey ers a feel about the

aluation plan). ong argumentation and

reasoning is expect

to inspire the readers,
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