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Applications
criticity

® Verifying applications prior to run time

@ Testing applications at run time

Primitive services

heterogeneity

® Integration of existing and future entities
® Common interface model

dynamicity
@ Late binding

Physical parameters
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@ Detecting situation
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PROGRAMMING UBIQUITOUS APPLICATIONS

Heterogeneity

Component-based systems
+ More verifications
= Incomplete handling of dynamicity
Distributed systems
- Few static verifications
Ubiquitous systems
i + Higher-level abstractions for dynamicity

Y - - - Few verifications
Criticity Dynamicity

* No approach handling dynamicity AND verifications
* No approach abstracting underlying technologies

* No 1ntegrated approach to test ubiquitous applications






To provide a high-level and integrated approach
for developing reliable ubiquitous applications

® Specifying ubiquitous environments
@ DIASPEC, a software architecture language
® Developing ubiquitous applications

® Dedicated programming frameworks
® Programming support to handle dynamicity

® Static verifications

® Testing ubiquitous systems at runtime

@ DIASIM, a simulator
® |Integrated approach
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DIASPEC

SOFTWARE ARCHITECTURE LANGUAGE

@ Motivations
® Easier to declare needs rather than program them
@ Declaring types of services

@ Declaring functionalities and connections
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service Sensor(Location location) extends Service {}

service TagReader() extends Sensor {
provides event Presence to NewscastManager;

}

service NewscastManager() extends Manager {
requires event Presence from TagReader;
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® To interact with services
® To abstract underlying technologies
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FRAMEWORKS INTERACT WITH SERVICES

® Service filtering
@ Service discovery

@ Event subscription / unsubscription

® Data exchange

® Invoking commands

® Receiving events
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PROGRAMMING

FRAMEWORKS 1O STATICALLY VERIFY APPLICATIONS

@ A service may only communicate with the services it is
connected to in the specification (communication integrity)
® How? => Using the Java type system
® By supporting interaction with declared service types and its

descendants

@ By forbidding to communicate with other types of services
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“PRAMEWORKS SERVICE REGISTRATION

DIASPEC

service Service(Owner owner) { }

service Actuator(Location location) extends Service { } («r»
[...] =
e tag reader

service NewsNotification() extends TextualNotification { }

Framework

class MyNewsNotification extends NewsNotification {

MyNewsNotification() {
super(Owner. ADMIN, new Hall());

[...]
}
[...]

}

@
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DIASPEC

service Service{Owner owner) { }

service Actuator(Location location) extends Service { } «‘Y’»
[...] -
e tag reader

service NewsNotification() extends TextualNotification { }

Framework

class MyNewsNotification extends|NewsNotification|{
MyNewsNotification() {
| super(Owner.ADMIN, new Hall());
[...]
;
[...]

}

@
e % INRIA



"ERAMEWORKS. SERVICE FILTERING

DIASPEC

service NewsNotification(Location location) extends TextualNotification {

}

Framework

NewsNotificationFilter filter = NewsNotification.getFilter();
filter.setLocation(Location.Hall);
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FRAMEWORKS PROGRAMMING COMMAND

VJ Invoker . ==  Invokee
newscast manager 'news notification
DIASPEC ;
service NewscastManager() extends Manager { |service NewsNotification() extends
requires command DisplayNews from TextualNotification {
NewsNotification; provides command DisplayNews to
} NewscastManager;
3
Framework :
class MyNewscastMng extends NewscastManager |class MyNewsNotification extends
{ NewsNotification {
News news;
NewsNotification notifier = public void display(News news) {
getDisplayNewsService(filter);
notifier.display(news); }
3 3
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Invoker . ==  Invokee

newscast manager 'news notification

DIASPEC

service NewscastManager() extends Manager service NewsNotification() extends

requires command DisplayNews from TextualNotification {
|NewsNotification; L‘ provides command DisplayNews to
} NewscastManager;

}

Framework

class MyNewscastMng extends NewscastManager |class MyNewsNotification extends
{ NewsNotification {
News news;
NewsNotification notifier = public void display(News news) {
getDisplayNewsService(filter);
notifier.display(news); }

I3 }
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Invoker . ==  Invokee

newscast manager 'news notification

DIASPEC

service NewscastManager() extends Manager service NewsNotification() extends

requires command DisplayNews from TextualNotification {
|NewsNotification; L‘ provides command DisplayNews to
} NewscastManager;

}

Framework

class MyNewscastMng extends|NewscastManager |class MyNewsNotification extends
{ NewsNotification {
News news;
NewsNotification notifier = public void display(News news) {
getDisplayNewsService(filter);
notifier.display(news); }

}
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newscast manager 'news notification

DIASPEC

service NewscastManager() extends Manager service NewsNotification() extends

requires command DisplayNews from TextualNotification {
|NewsNotification; L‘ provides command DisplayNews to
} NewscastManager;

}

Framework

class MyNewscastMng extends|NewscastManager |class MyNewsNotification extends
{ NewsNotification {
News news;
NewsNotification notifier = public void display(News news) {
|getDisplayNewsService[filter);
notifier.display(news); }

}
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Invoker . ==  Invokee

newscast manager 'news notification

DIASPEC

service NewscastManager() extends Manager service NewsNotification() extends

requires command DisplayNews from TextualNotification {
|NewsNotification; L‘ provides command DisplayNews to
} NewscastManager;

}

Framework

class MyNewscastMng extends|NewscastManager |class MyNewsNotification extends
{ NewsNotification {

News news;
NewsNotification notifier = public void display(News news) {

etDisplayNewsService[filter);
notifier.display(news)] }
3
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3
Framework :
class MyNewscastMng extends NewscastManager |class MyNewsNotification extends
{ NewsNotification {
News news;
NewsNotification notifier = public void display(News news) {
getDisplayNewsService(filter);
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newscast manager 'news notification
DIASPEC ;
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FRAMEWORKS PROGRAMMING EVENT
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Consumer

newscast manager

DIASPEC\

service NewscastManager() extends Manager { |service TagReader() extends Sensor {
requires event Presence to TagReader; provides event Presence from
} NewscastManager;
3
Framework 5
class MyNewscastMng extends NewscastManager |class MyTagReader extends TagReader {
{ [-..]
subscribePresence(filter); publish(new Presence(123456789,
new SchoolHall()));
public void receive(Presence presence) { [...]
}
3
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Framework 5
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newscast manager

DIASPEC\

service NewscastManager() extends Manager { |service TagReader() extends Sensor {
requires event Presence to TagReader; provides event Presence from
} NewscastManager;
3
Framework 5
class MyNewscastMng extends|NewscastManager |class MyTagReader extends TagReader {
{ [...]
subscribePresence(filter) publish(new Presence(123456789,
new SchoolHall()));
public void receive(Presence presence) { [...]
3
3
3
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Consumer

&
JT Producer

tag reader

service NewscastManager() extends Manager {

requires event Presence to TagReader]

}

service TagReader() extends Sensor {
provides event Presence from
NewscastManager;

}

Framework

class MyNewscastMng extends

{

subscribePresence(filter) ]

NewscastManager

}

public void receive(Presence presence) {

}

class MyTagReader extends TagReader {

[...]
publish(new Presence(123456789,
new SchoolHall()));
[...]

}
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DIASPEC\

service NewscastManager() extends Manager { |service TagReader() extends Sensor {
requires event Presence to TagReader; provides event Presence from

1 NewscastManager;
3
Framework 5
class MyNewscastMng extends NewscastManager |class MyTagReader extends TagReader {
{ [-..]
subscribePresence(filter); publish(new Presence(123456789,
new SchoolHall()));
public void receive(Presence presence) { [...]
3
3
{1
v

o

INRIA



o

PROGRAMMING

FRAMEWORKS

Consumer

newscast manager

DIASPEC\

&

tag reader

PROGRAMMING EVENT

2
‘JT Producer

service NewscastManager() extends Manager {
requires event Presence to TagReader;
}

service TagReader() extends Sensor {

NewscastManager:;

provides event Presence from

}

Framework

class MyNewscastMng extends NewscastManager

{

subscribePresence(filter);

public void receive(Presence presence) {

}

class MyTagReader extends

[-..]

[...]
3

TagReader}{

publish(new Presence(123456789,
new SchoolHall()));

}
v
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PROGRAMMING

FRAMEWORKS PROGRAMMING EVENT

~ 31/ Consumer

newscast manager

DIASPEC\

&

tag reader

2
JT Producer

service NewscastManager() extends Manager {
requires event Presence to TagReader;
}

service TagReader() extends Sensor {

NewscastManager:;

provides event Presence from

}

Framework

class MyNewscastMng extends NewscastManager

{

subscribePresence(filter);

public void receive(Presence presence) {

}
}

class MyTagReader extends

[...]

TagReader}{

publish(new Presence(123456789,
new SchoolHall()));

[...]
}
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PROGRAMMING

FRAMEWORKS PROGRAMMING SESSION

G Invitee

speaker

Binder

newscast manager

DIASPEC\

service NewscastManager() extends Manager { service Speaker(AudioCapacities) extends
binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
3
Framework
class MyNewscastMng extends NewscastManager { |class MySpeaker extends Speaker {
SpeakerFilter filter1; public AudioMessageSession
AnnouncementCenter filter2; connect(AudioMessageSession s)
AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
3 { 3
}
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FRAMEWORKS PROGRAMMING SESSION

G Invitee

Binder

newscast manager

speaker
DIASPEC
service NewscastManager() extends Manager { service Speaker(AudioCapacities) extends
binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
3
Framework
class MyNewscastMng extends NewscastManager { |class MySpeaker extends Speaker {
SpeakerFilter filter1; public AudioMessageSession
AnnouncementCenter filter2; connect(AudioMessageSession s)
AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
3 { 3
}
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PROGRAMMING

FRAMEWORKS PROGRAMMING SESSION

Binder

newscast manager

DIASPEC

G Invitee

speaker

service NewscastManager() extends Manager {

service Speaker(AudioCapacities) extends

binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
}
Framework

class MyNewscastMng extends|NewscastManager(|{
SpeakerFilter filter1;
AnnouncementCenter filter2;

-

class MySpeaker extends Speaker {
public AudioMessageSession
connect(AudioMessageSession s)

1o,

@/

/@

AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
{ 3
}
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service NewscastManager() extends Manager { service Speaker(AudioCapacities) extends
binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
3
Framework
class MyNewscastMng extends|NewscastManager|{ |class MySpeaker extends Speaker {
SpeakerFilter filter1; public AudioMessageSession
AnnouncementCenter filter2; connect(AudioMessageSession s)
AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
3 { 3
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Binder

newscast manager

DIASPEC\

service NewscastManager() extends Manager { service Speaker(AudioCapacities) extends
binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
|3
Framework
class MyNewscastMng extends NewscastManager { |class MySpeaker extends Speaker {
SpeakerFilter filter1; public AudioMessageSession
AnnouncementCenter filter2; connect(AudioMessageSession s)
AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
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speaker

Binder

newscast manager

DIASPEC\

service NewscastManager() extends Manager { service Speaker(AudioCapacities) extends
binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
|3
Framework
class MyNewscastMng extends NewscastManager { |class MySpeaker extends|Speaker|{
SpeakerFilter filter1; public AudioMessageSession
AnnouncementCenter filter2; connect(AudioMessageSession s)
AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
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PROGRAMMING

FRAMEWORKS PROGRAMMING SESSION

Binder

newscast manager

DIASPEC\

Invitee

speaker

service NewscastManager() extends Manager {

service Speaker(AudioCapacities) extends

binds session AudioMessage from Speaker, Device {
AnnouncementCenter provides session AudioMessage to
} NewscastManager
3
Framework

class MyNewscastMng extends NewscastManager {

-

class MySpeaker extends|Speaker|{

1o,

@/

/@

SpeakerFilter filter1; public AudioMessageSession
AnnouncementCenter filter2; connect(AudioMessageSession s)
AudioMessage msg; { }
AudioMessageSession session public void
= bindAudioMessage(filter1, filter2, msg); disconnect(AudioMessageSession s)
{ 3
}
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~IM APPROACH:
APPLYING DIAGEN
TO SIMULATION

Testing




DiAsIM MOTIVATIONS

@ Testing applications in actual environments
® Time-consuming
® Money-consuming
® Not always possible

® Simulation

® Fast if appropriate tools are provided
@ Cheap

® Any scenarios

O :470?
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DIASIM

UBIQUITOUS COMPUTING ENVIRONMENTS

e
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information \ Applications 7 commands
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DIASIM

UBIQUITOUS COMPUTING ENVIRONMENTS
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‘f jd’ rf .
| I \ s I ] ﬁ
\ ' / o /

information \ Applications 7 commands
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To simulate
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DiAsIM REQUIREMENTS (1)

Testing applications against multiple simulated environments

ﬁ = appllcatlons Jﬁ

raw context data commands

¢ %%?»@J =

S|mulated sensors S|mulated actuators
Primitive Services

Simulated
Environment

stlmull act|ons
R
/V\
stimulus producers
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DiAsIM REQUIREMENTS (1)

Testing applications against multiple simulated environments

ﬁ = appllcatlons Jﬁ

raw context data commands

¢ %%?»@J =

S|mulated sensors S|mulated actuators
Primitive Services

v | scenario |

Simulated
Environment

stlmull act|ons
SN
<IOI>
/V\
stimulus producers
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DiAsIM REQUIREMENTS (1)

Testing applications against multiple simulated environments

ﬁ = appllcatlons Jﬁ

raw context data commands

v | scenario |
v | scenario 2
%%f»» @ @ C
Simulated
. S|mulated sensors 5|mulated actuators
Environment Primitive Services
StImU“ aCtIOHS

stimulus producers
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DiAsIM REQUIREMENTS (1)

Testing applications against multiple simulated environments

ﬁ = appllcatlons Jﬁ

raw context data commands

;

v | scenario |
-~ -~ ~ | V| scenario 2
= — — | V| scenario 3
Simulated , | scenario 4
Environment %‘%ﬁ? @ @ (@[ v/ | scenario 5
S|mulated sSensors S|mulated actuators %
Primitive Services
stlmull actlons
TR
<Q>
| /V%
9/5.29 o stimulus producers
o Y
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DiAsIM REQUIREMENTS (2)

Testing applications without code modification

Applications

Testing PV woyment phase

(D) o9 (T (0

simulated actuators

Primitive Services , : Primitive Services
stlmull actlons :
L@ <%/>
stimulus pr od ce s .
Simulated Environment § Actual Environment
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THE DIASIM APPROACH

@ Testing applications from various application domains
® Parameterizing the simulator w.r.t.a DIASPEC specification

® Testing applications against multiple simulated environments
® Supporting the development of simulated services
® Integration of actual primitive services

® Testing applications without code modification

® Emulation of simulated environments
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Application logic ™) Application developer
_ ! '

o | ] :

¢ o Programming framework

DIASPEC
DIASPEC compiler
specification

X
Simulator Middleware
Simulation framework > Integration framework
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Driver developer
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Application logic "% Application developer
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e : |

¢ o Programming framework

DIASPEC
DIASPEC compiler
specification

e
Simulator Middleware
Simulation framework > Integration framework
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DIASIM

SPECIFYING SIMULATED ENVIRONMENTS

® Stimulus producers e o
® Simulated sensors S | . = li
. — hlmulated s;\;;/r;_ﬂ—/ Simulated actuators ———/
® Simulated actuators 1
stimuli

Q NP :_
VOFER

\—————— Stimulus producers ———
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DIASIM

SPECIFYING SIMULATED ENVIRONMENTS

® Stimulus producers e Applications

® Simulated sensors

“— Simulated sensors —

@ Simulated actuators

commands

\ 4

= [

Simulated actuators —~

actions

stimuli

1

A

0 )=

AT\

Q

\—————— Stimulus producers ———

e

service LuminosityStimulusProducer() {
provides command |ILuminosityStimulusProducer to [...];

}

icommand ILuminosityStimulusProducer {
LuminosityStimulusProducer[] getStimuli(Time time);

}

INRIA



DIASIM

® Stimulus producers

® Simulated sensors

@ Simulated actuators

SPECIFYING SIMULATED ENVIRONMENTS

raw context data

commands

“— Simulated sensors —

A

stimuli r N

Simulated actuators —~

\ 4
~

=)

actions

¢

\—————— Stimulus producers ———

service LightSensor() extends [...] {
provides event Luminosity to [...];

}

}

service SimulatedLightSensor() extends LightSensor {
requires event LuminosityStimulus from [...];

INRIA



DIASIM

SPECIFYING SIMULATED ENVIRONMENTS

commands

@ StimUIus Producers raw context data

= [

“— Simulated sensors — Simulated actuators —~

@ Simulated actuators t |

® Simulated sensors

actions

stimuli (;@K <\l$>ﬂ \J

\—————— Stimulus producers ———

service Light() extends [...] {
provides command lLight to [...];

}

service SimulatedLight() extends Light {
provides event Action to [...];
¥
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o DEVELOPING SIMULATED ENVIRONMENTS

B oot

A

N

o
DIASPEC
specification : :
Simulator Middleware
Simulation framework > Integration framework

|

3 oD
& S

compiler

O'ls
I Tstr
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oIS DEVELOPING SIMULATED ENVIRONMENTS

@ Inherited support from classes of actual services

m @ Simulation-specific support

A

®
i ® Stimulus reception, action event notification

DIASPEC
specification

Simulator Middleware

Integration framework

DIASPEC
compiler

Q .55 O simulated services actual services
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DIASIM TESTING APPLICATIONS

WITHOUT CODE MODIFICATION
Deployment phase

- v f \ {
Simulated X~ P . .
Textual )
Notification Simulated
Audio
Notification
j /
/
/
/

Simulated
News
Notification
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DIASIM TESTING APPLICATIONS

WITHOUT CODE MODIFICATION
Deployment phase location=1st floor

Simulated X ~ Ny
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Notification Simulated
Audio

Notification

—

Simulated
News
Notification

INRIA



DIASIM

TESTING APPLICATIONS

WITHOUT CODE MODIFICATION

Testing phase

Simulated
Textual
Notification

Simulated
News
Notification

Simulated
Audio
Notification
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DIASIM TESTING APPLICATIONS

WITHOUT CODE MODIFICATION
Polymorphism

Simulated
Textual
Notification

Simulated
Audio
Notification

Simulated
News
Notification
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DIASIM TESTING APPLICATIONS

WITHOUT CODE MODIFICATION
Encapsulation

Simulated
Textual
Notification

Simulated
Audio
Notification

class MyNewscastMaflager extends NewscastManager {

Notification lter = Notification.getFilter();
filter.setLo (new FirstFloor());

Notification notifier = getNotificationService(filter);
notifier.notify(news);

4
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DIASIM TESTING APPLICATIONS
IN HYBRID ENVIRONMENTS
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DIASIM TESTING APPLICATIONS
IN HYBRID ENVIRONMENTS

location=1st floor
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DIASIM TESTING APPLICATIONS

IN HYBRID ENVIRONMENTS

Why integrating actual entities!?
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o SIMULATION RENDERER

5 Simulating ENSEIRB=Siafi

Simulation Options Help

T " Feb 2, 2009
L v 2 8:40 AM 9
[ 2 [ Bl 1 1 L el s I
Tl R
(.13 [ DO & B M
:1. ; **':M, n Agents /l‘ Places N Overlays
PR R RRRRARR

e i e o e
T DT T T A
AT RRRRRR AR

/ - c ,,,,,

[ //127.0.0.1:1200/SimulatedNewsNotification +

% Julien B, =

Position: N 49 0.207 E 8 0.412
Destination: none

Language: french
Location: News Notification Area
Name: Julien B.
Study Course: telecommunication

Y ) Type: People
w " !

GlassBreak: talse
A I o Heat: false
Luminosity: LOW

] T Z ManualPull: false
— TR 2l

Motion: false
Smoke: false

angu W D [[] Moves freely
/ : . B F 0 //127.0.0.1:1214/SimulatedLight =

Position: N 49 0.208 E 8 0.412
Destination: none

~

‘ )
o
IU
Da 9
|
=
o) J ~J
g= |
-~
D

Va!
~J

Language: None
Location: 1006

Name: SimulatedLight
Study Course: None
Type: Service

GlassBreak: false
Heat: false
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actual services simulated services
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o SIMULATION RENDERER

v SIMUatngIENSEIRBESS ATt

Simulation Options Help

T " Feb 2, 2009
8:40 AM [} X,

A
[ B I 1 2T 2l
R "
FREE TR
T Tt L B
Bt e e
RRRRRRRR
R
BRI
TR R AR
C

n Agents /I‘ Places| M Overlays

\//127.0.0.1:1200/Simulated[\lewsl\lotiﬁcation =
ENSEIRB News

© INGENIB : Industry Day

% Julien B, =

Position: N 49 0.207E 8
Destination: none

The INGENIB forum is organized in partnership with the engineering
school Matmeca and IDC. This event gathers every year more than 25
companies. This is a chance for companies to present their activity and
spread their job and internship offers

© The Science Festival 2008 and the Campus Tour

The CAMPUS tour takes place at ENSEIRB, on thrusday, the 20th of
Circuit Campus ~ november.
e ENSEIRB proposes 4 workshops :
Linformatique se méle a la musique animé » by M. D. Catherine.
Robotique dans le monde industriel diaujourdhui » by P. Melchior.

« La robotique dans tous ses états » by EIRBOT association.
* .« Pervasive Computing with DiaGen by B. Bertran

GlassBreak: talse
Heat: false

Luminosity: LOW
ManualPull: false

© The PRES « University of Bordeaux »
\ ] ENSEIRB is a pioneer member of the center of research and higher

education (PRES) in the University of Bordeaux with the 4 others
Universities of Bordeaux, ENSCPB, ENITAB, IEP.

UNIVERSITE DE

BORDEAUX .
Motion: false
Smoke: false
[[] Moves freely [ sMs received
From: Intrusion Manager
A 1] Intrusion detected in Server room
y
9] :1214/SimulatedLight =
N JWW !
J c ’\‘
\ ! Position: N 49 0.208 E 8 0.412
® C Destination: none
2 " 0 Language: None
Q Location: 1006
Nouv.
Name: SimulatedLight
Study Course: None L - il
Type: Service @ @ w
GlassBreak: false
Heat: false <
: ‘

actual services
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CONCLUSION C O N C LU S I O N

@ Integrated approach for specifying, developing and testing
® Parameterized approach

® Programming frameworks

® Dynamicity and communication integrity

@ Abstracting underlying technologies

® Test of applications

® Without code modification

® In hybrid environments
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CONCLUSION RE LAT E D P ROJ E CTS

® Pantaxou approach - Julien Mercadal, Nicolas Palix (GPCE’08)
@ Domain Specific Language
® Pantagruel approach - Zoé Drey, Julien Mercadal (DSL'09)

® Visual language

® HomeSIP project - Orange Labs (IPTComm’08)
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A PERSPECTIVES

® Ubiquitous computing concerns
® Context
® Dynamic reconfiguration
® Non-functional concerns
® Security
® Quality of Service

® Concurrence

® Deployment framework
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