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Future Internet Applications - Why adaptation?

I0S: Internet of Services

e.g., response to failures of

> rd i
3¢ party services devices and sensors;

» Changing context
& requirements

resource limitations
(battery, memory, CPU)

N—

e.g., addressing diversity of
delivery requirements

IoT: Internet of Things

» Connected objects & sensors

\ (age, religion, country);
> Ident|f|cat|on & measu I‘ement changes in content
availability
- IoC: Internet of Content ~
» Content creation & delivery e.g., switching and routing
# between heterogeneous

NoF: Networks of the Future | technologies (optical, wireless,

sensor, satellite, etc.);

> Ubiquitous connectivity changes in bandwidth and

quality of connectivity
il
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FIApps: How?

Socio-Economic
Green Efficient Cheap Reliable Secure Traceable Layer

FI Application
Layer

Transport & m
Logistics

oy oy oy FI Platform

Layer

[Source: FP7 project S-Cube, Fl-ware,
Dutch Freeband AWARENESS project]
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Adaptive FIApps: How?

* Engineer FIApps with capabilities for dynamic and
autonomous to changes on

* Service provisioning
* Availability of things and contents
* Network connectivity

What are the adaptation capabilities to be

considered in FIApps?
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Objectives

Characterize adaptation capabilities of FIApps

Assess the importance of characterized adaptation
capabilities of FIApps
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Agenda

e |ntroduction
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* Characteristics of Adaptive FIApps

* Transport and Logistics Use Case
e Discussion about each identified characteristic

 Assessment of Adaptive Characteristics Importance
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Characteristics of Adaptive FIApps
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Human-in-
the-Loop

)

0 > Context-
%‘ & aware
5 S
) N
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o & Proactive
O Q

Autonomic \O\

[ ]
] Reactive

.~

Cross-Area
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Transport & Logistics: Use Case

Off Shore Wind Engine Plant
Construction
Current Transport and Logistics Process

3) Final
Assembly

us

2) Trial

‘ Assembl/.
.ﬁ 1) Storage

of parts

\DE

FR

® Supplier ﬁ System integrator

e Individual
components
produced by
different
suppliers

* OEM or system
integrator
receives the
components

 OEM does trial
assembly for full
operational test

 Plantis
disassembled and
transported to
final destination

» Limited visibility
on T&L processes
and critical events

» Closed logistic
supply chains
limits agile inter-
organizational
information
exchange and
collaboration

» Highly manual
processes
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Transport & Logistics: Use Case

Off Shore Wind Engine Plant T&L execution based on
Construction Future Internet Applications

Current Transport and Logistics Process

3) Final
Assembly

us

2) Trial o \a /\ ®

~ Assem:ly
‘@ 1) Storage

of parts

by 07 &
Y
@ ®
® Supplier ﬁ System integrator @ U
FR

FR
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Cross-Layer Adaptation

Transport &
Logistics

s 4 4

[ Bucimecs rocecs | Current adaptive strategies in Service-based
Mgt. (BPM) . . .
— applications:
Com.posi.tion & .
Coordination (SCC) 1. Focusonlyin loS area
2. Cross-Layer restrict to service technologies layers
Infra-structure (SI)

12
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Cross-Layer Adaptation

T&L execution based on

Q _____________ Q""'""""D:::Q Future Internet Applications
L -

Transport &
Logistics

s 4 4

Cross-Layer

Situation 1: loT from Vessel informs damages on
transported goods
. Cross-Layer on service technologies layers not enough

. Adaptation actions related to loT up to the Socio-Economic Layer

13
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Cross-Area Adaptation

T&L execution based on
s e e | Future Internet Applications
LI

Transport &
Logistics

ﬁ ﬁ ﬁ P
G — /74
Cross-Area 4 v@@ @ |

Situation 2: sensors from Vessel are damaged
. It is necessary to keep proving the information about the containers status

*  Adaptation actions could change the source of information from sensors (1oT)

to image from cameras on the Vessel (loC)
14
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Distributed Adaptation

T&L execution based on
Future Internet Applications

@ @

Situation 3a: gathering accurate information © © ©

. Due to the scope, centralized monitoring to provide accurate information for
the adaptation mechanism is not feasible

Situation 3b: need for recomposing services of supply chain
. Central entity cannot decide for all T&L partners, because it has no access to

the parties business and infrastructure information
15



PARLUJUMrMo
The Ruhr Institute for Software Technology

Context-Aware Adaptation

T&L execution based on
.. I Sy s M— Future Internet Applications

I

Context-
aware

Situation 4: No Information from Vessel is received

The supply chain should not start adaptation actions before check context of
the Vessel

. Check network connectivity and weather forecasts

16
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Autonomic and Human-in-the-loop Adaptation

T&L execution based on

S Future Internet Applications
m——

Autonomic
1>

L

Situation 5a: How to decide to change from loT ©

information into loC?
Solely manual intervention might not scale.

Situation 5b: How to deal with re-contracting when

the vessel is delayed?
Solely autonomous decisions are not acceptable in the domain. 17
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Reactive and Proactive Adaptation

T&L execution based on

W - s Future Internet Applications
T
Proactive

. LJ

Reactive ® °

Situation 7: Adapt supply chain in face eventual
delays on the Vessel arrival

. Use weather forecast to predict deviations on the execution of
the T&L process

. Proactively increase warehousing or change the transport mode i,
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Agenda

* [ntroduction

* QObjectives

* Characteristics of Adaptive FIApps

 Assessment of Adaptive Characteristics
Importance

e Conclusions

19
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Survey Study
I

* Importance of different characteristics of FIApps

* Importance of adaptation for layers, areas, and domains

* 6% Future Internet Assembly — Budapest 2011

http://www.fi-budapest.eu/

* Session Slll.3 - Dynamically Adaptive Fl-Applications:
Beyond Adaptive Services

* Forum composed of international practitioners, academics,
and policy makers (38% of response rate)

Registered Participants 26 (51%) 24 (47%) 1 (2%)
Survey Respondents 10 (53%) 8 (42%) 1 (3%) 19 20


http://www.fi-budapest.eu/
http://www.fi-budapest.eu/
http://www.fi-budapest.eu/
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Survey Study

* Questionnaire (4 Questions)

FIA Budapest 2011 — Session [11.3: “Dynamically Adaptive Fl Applications: Be L]
This survey sims ta capturs the spinizn of the FIA community on impartant issuss of adaptive Blturs Int=rnet apphications.

1. Mow impoeuet wm fa Glowieg miasttcs ceamcweatm dor (TS [T Py Vary
i M ) msst Imseat I—scoant

Respondents have to rate

— = = = each option of each
T — ——— = —: qguestion
e e e .| Un- Oflittle | Somewhat very

= = = important importance important Important Important

T mew imremmt aw miaswien cmesiaer we e Glmweg un
i=tamat pvmi impodtaet | impocdwece | imosdast | imsodaet | mgedeet
—a=w1 cfSams (o8] =] =] o o E]
—a=a e beT) =] =] =] E] E] D
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aTewmam o [=] ju} ju} a
et Cteaens U tea o (n] ju} o a
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ju} ju} ju} ju} a
ju} ju} ju} ju} a
a a a a a
&. Comments
Thank you very much for participating!
Redrom Wcipe, Claias Vasuoas, Celees Wes aS D dmabor (Bo U1 ammce cgeizs)

Sy masin wil ba wailatle n Ene e a-sste-nates dus 2 1
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Analysis Q1

* How important are the following adaptation
characteristics for Future Internet Applications?

* Indicates the need to better understand the role of users
=» (Context-aware associated usage factors; Cross-layer associated with business and socio-

economic layers)
®m Unimportant  m Of little importance @ Somewhat important B Important = Very Important

e Literature points to distributed SOS
* Fl areas not established 22
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Q2: How important are adaptation capabilities within the
following Future Internet areas?

E Unimportant m Of little importance = Somewhat important ® Important m Very Important

111
- -
= EE

e Adaptation of loT is less
important

* loT perceived so far as
static environment

Internet of Security, Networks of  Internet of | Internet of Other
Services (loS) Privacy and  the Future Content (loC) | Things (loT)
Trust (SPT) (NoF)

23
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Analysis Q3

* Q3: How important are adaptation capabilities for the
following layers?

° COUId indicate B Unimportant | Of little importance = Somewhat important ™ Important B Very Important
contradiction
(adaptation is
more important
for oS in Q2)

* Adaptationin loS
is strongly related
to communication
infrastructure

* Computing
infrastructure
(e.g., Cloud)

24
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Analysis Q4

* How important are adaptive Future Internet
Applications for the following domains?

B Unimportant  m Of little importance ~ ® Somewhat important ~ ®Important  ® Very Important

o s A 5 QA 2 e X Qo > 2 <
FoooE & § & & ¢ & & S « & 5
g S d &S ¢ ) IS 3 N N @ @ & 3
3 N < 9 F & N & 2 & o <
QQ (\%é {‘fb’ b??o 004 \O‘0 A\be
& & &L * ¢ @ &
& 0y ® RS & *
& R «(b (<0 & Q}
G X & N
(.}Q '\63 A\K @Q
le' <& ®

25
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Conclusions

* Engineering adaptive FIApps

* Need to identify which adaptive characteristics are
relevant for the target domain of the application

e Survey Study
* Confirmed some expectations
* Importance of adaptation for oS
* Presented unexpected results

* Minor importance of cross-area and distributed
adaptive characteristics

* Further investigations are necessary

26
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Detalls of the Survey Design

* Based on psychological findings™®
* Raking time consuming
* People prefer to rate

* Answers choices™*

* “No opinion” not used -> can compromise the data
quality

* Verbal scale labels
* Five point scale started from negative to positive answers

* Pre test of questionnaire with 10 respondents

* Krosnick, J.: Survey research. Annual review of psychology 50(1), 537{567 (1999)
** Narasimhan, B., Nichols, R.: State of cloud applications and platforms: The cloud adopters' view. IEEE Computer 44(3), 24{28 (2011)
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Threats to Validity

e Construct validity
* Addressed by the design choices and pre test
* Internal validity

* Careful interpretation of results on Q4 related to eHealth,
Media and T&L

* Dedicated presentations about those topics
e External Validity

* Demographic distribution of respondents x registered
participants

* Participants were not randomly chosen
 Careful generalization of results

29
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Survey Study

* Questionnaire

FIA Budapest 2011 — Session I11.3: “Dynamically Adaptive Fl Applications: Beyond Adaptive Services”

This survey sims to capturs the spinien of the FIA community an impartant Bsues of sdaptive Future Intemat spplications.

e e I D

Question

e M m m— t 1 (Ql)

e [ [ | e [ o

s.:““,,-m 1. How important are the following adaptation characteristics for Future
o il s Internet applications?
e e T T==T | Cross-layer (e.g., change workflow to compensate for failure of cloud)
—_— Cross-area (e.g., use video data to compensate for failure of RFID sensors)

o | = Human-in-the-loop (e.g., allow system operator to modify running application)
"::" — -: - "‘:" ‘?‘:’ Context-aware (e.g., change application GUI based on end-user device)
= Proactive (e.g., modify application before predicted failure of service occurs)
E::_f Distributed (e.g., exploit decentralized decision-making processes)
—— Autonomic (e.g., use reasoning capabilities to autonomously adapt)

. Reactive (e.g., compensate for failed service by using alternative service)
It S aes _"j‘f‘jﬁ'_:f'j_,.__, e L — Other (please state):
e bhaion ot S
ey e 0 i e el ' 30
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Survey Study

* Questionnaire

FIA Budapest 2011 — Session I11.3: “Dynamically Adaptive Fl Applications: Beyond Adaptive Services”

This survey sims to capturs the spinien of the FIA community an impartant Bsues of sdaptive Future Intemat spplications.

1. sew imzodsst mm ta delloweg miaststcs chamseatm o ot _-:‘:-‘ _M“ ?:.::|w|-::‘n-
::»:'_—Sn——-lv-ﬁ--w-lﬁxuﬂ'—l-blm'-w— s |_mi-. s:-.u-n| | vary
e e e .

| SR Question 2 (Q2)
;Ij:-m-ﬂsuﬁﬁlw'—hn? -:;-|mn-. s:::| wl _::- !
e e =——=—— | 2. How important are adaptation capabilities within the following Future
s - = - | Internet areas?
T == = [==[== | Internet of Services (loS)
— =———— | Internet of Things (loT)
——— =———— | Internet of Content (loC)
e =———=———= | Networks of the Future (NoF)
g == = | Security, Privacy and Trust (SPT)

- ° | Other (please state):

5. Are you from? [multiple ssiection pcus'lhle.| G.Cnnmu‘ns-‘_ _
T B e oo metie (5 s s e
Swremy maslt owll be selatle e waenaodte-cates Ras/fa I 3 1
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urvey Study

® QU eStIO NNAa | e 3. How important are adaptation capabilities on the following layers?

Socio-economic

FIA Budapest 2011 — Session 111.3: “Dynamically Adaptive Fl Applications: Beyond Ad:

This survey sims to capturs the spinian of the FIA community an impartant ssues of sdaptive Futurs Int Business prncesses

1. sew imzodsst mm ta delloweg miaststcs chamseatm o ot _Il- _M“ |?—-u~| . .
et [ e | e |« | Application
=] =] =]
o o o C H H f
R : omputing infrastructure
o o o
ju} ju} ju} - - -
o o o Communication infrastructure
o a a
= = s Other (please state):
ue- | e [r—
imseteet | imscdwce | imgodaet | w
o a a
=] =] =]
=tamat =f Czmtned hl] o =] =]
Natwoon ST ot =R El El El
=] a a =] a
juj ju} ju} juj juj
[ ]
I Howimoount s sactnicn cisasites on B fsicwe meat [ | =N [ | | Vasy
— uestion
Sccc-acomcmic o =] =] =] o
Terman s B B B B Bl
ErEr e o [=] ju} ju} a
e e ] o o a a a
Com =it cmes cimtuouw o (=] a a a
Othar (slons 1)
a a a a a
3. row o Enta or B = - | e [r— | | Vamy
domaina? P L S I —— e
i o o o o a
faget Tamazed & logato =} =1 =1 =] a
Masta ju} ju} ju} ju} a
e tmagy ju} ju} ju} ju} a
Fimamce =] =] =] =] a
aTewmam o [=] ju} ju} a
et Cteaens U tea o (n] ju} o a
Toaamgar Wy =] =] =] =] a
[, =] =] =] =] =]
Provacy, Secesty s=d Tasd o =] [=] =} a
vm—aciw Chaeemies o o o o a
ju} ju} ju} ju} a
ju} ju} ju} ju} a
a a a a a
5. Are you from? |multigle sslection possiie| & Comments
Ogeeawtion: O acetomia 7lome vac #c oftor side of e guols e
Actete O Taaest
Thank you very much for participating!
Sedmm wotgm Clwsan Vamuoas Clenes Wes aef Dmed dmaber (B2 03 imvcs szl
Swremy maslt owll be selatle e waenaodte-cates Ras/fa 3 2
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Survey Study

¢ QU eSt ionnailre 4. How important are adaptive Fl applications for the following application
domains?

eHealth
FIA Budapest 2011 — Session [11.3: “Dynamically Adaptive Fl Applications: Beyont

This survey sims ta capture the opinian of the FIA community on impartant issues of adaptive Futy F re Ight Tra ns pﬂ-” & Lﬂgl Stl Cs

1. Mow mooas=t sw ta klowsg sotstos chawcumito dor fune Us- T |!=-uH -
=—uE == | Media
o =} =}
o o o
o o o
= z z eEnergy
=] a a
o o o -
s = = Finance
o o o
o o o eTourism
1 How imgcetant am sdactmtcs cacetilites wtie e Solloweeg funw [ o e |5=_“H
(=w=at gani | —coemet —zcdmce i

= Smart Cities and Utilities

~ta—at of Sececes fod) o (=] a
mtamat of Thingn (=T} =] =] =]
=ta=at of Comtmmt o) o =] =] H -
= R R Passenger Mobility
Sacusty, Peuscy amd Tasa 52T o o a
[y p————

o o o

Food and Agriculture

I Mow imsoeast awm mSaztmcs cazaritan o G dhoweg mmat u- il | Semwwin . .

= ==—==="===| Privacy, Security and Trust
Environmental Observation
—— Computer and Video Games

;_? e or ue B | St

o — — —— — | eGovernment

== Other (please state):

Sman Geaa wes dviaa

e ]
[EEEE e

ooy, Secety amd Taad
Evme—acim Ciascemes

S— Question 4 (Q4)

Ogueization: O Acefomia O seduazry (10 3 | Ol ceioweiac)
=L O oowdepment O ot 1

olo|ofofojojojolo|olo|o]o
olo|ofofojojojolo|ofo|o]o
olo|ofofojojojolo|ofo|o]o

]
o
o
o (o
o fof
—
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