DAIS, Paphos, Cyprus, 6 June 2007

Observability and Controllability of
Wireless Software Components

Fabien Romeo

Liuppa, Universite de Pau

M LIUPP A /// \\k

fabien.romeo@fromeo.fr www.fromeo.fr




DAIS, Paphos, Cyprus, 6 June 2007

Background
Component-Based Software Engineering (CBSE)

W «A software component is a unit of composition with
contractually specified interfaces and explicit context
dependencies only. A software component can be deployed

independently and 1s subject to composition by third parties. »
— Szyperski et al (2002).

CBSE applied to Wireless Systems (WS)

® WS are heterogeneous systems and
software componentization allows adaptation

® WS are dynamic and open systems, and as such,
they often use Service-Oriented Architecture,
which relies on software components (eg. OSGi bundles)

fabien.romeo@fromeo.fr www.fromeo.fr 2




DAIS, Paphos, Cyprus, 6 June 2007

The need for management in WS

Toward Open-World Software: Issues and Challenges
(IEEE Computer Magazine, October 2006):

« A highly dynamic and open system necessitates runtime
monitoring to watch for situations that might require
suitable reactions to assure the desired level of global quality.
[...] As a result of monitoring, it should be possible to handle
deviations from expected behaviors and plan for a
reconfiguration. »

— Luciano Baresi, Elisabetta Di Nitto, and Carlo Ghezzi

|. Crnkovic, “Component-based Software Engineering for Embedded
Systems,” in ICSE’0S.

A. Mdller, J. Froberg, and M. Nolin, “Industrial Requirements on
Component Technologies for Embedded Systems,” in CBSE'04.
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Management in CBSE

Maintaining component-based systems is a difficult
problem — Voas (1998)

B Black-boxes, in particular COTS components

® No communication between providers and assemblers

® Management is often an after-thought

Three kinds of approaches in the literature:
W based on the components’ infrastructure
Lifecycle management, low-level states (attributes) access

B based on the application’s architecture
Components reify the architecture, control by replacement

M based on the components’ behavior
External observations are confronted against behavior models
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Our proposal

A runtime management infrastructure
B Address the internal behavior of software components
® Wireless remote access
® Deployment on constrained devices (PDA, mobile
phones, ...)
Model-Driven Engineering philosophy

® The components’ behavior is designed with UML State
Machines

® Direct execution and control of components’ behavior by
their internal managers which embed a PauWare Model
Execution Engine

® The same models designed at development time are
retrieved at runtime for management purpose

fabien.romeo@fromeo.fr www.fromeo.fr 5




DAIS, Paphos, Cyprus, 6 June 2007

Wireless Software Component’s
Architecture
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Statecharts

[Harel 1987] : Statecharts =

W state-diagrams : XOR ¥ + depth : hierarchie

restart/ / on \

create/ On stop/ =@ destroy/ =©

Process

W + orthogonality . AND request /

/ on N\ m + broadcast-communication :
request /

Asynchronous Communication
Queue->add(client)

O Notation: Asignal
. [Queue->isNotEmpty] /
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The PauWare Engine

Power the execution of Statecharts models
(simulation, verification, implementation)

® All-terrain Java Implementation (J2EE, J2SE et J2ME)

PauWare Engine

y
- PauWare Library
Statecharts \
[
L g /\ Model of the application dynamics
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The PauWare Library

Declaration of states : StatechAart
W Classes Statechart and Statechart__monitor
Composition of states : Statechart_monitor

® XOR and AND operators
Declaration of transitions :

B fires(String event, Statechart from, Statechart to,
boolean guard, Object target, String action, Object[] args);

Generation of events :

W statechart monitor.run to completion("event");
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Example : Light

SN~
/ Light \
/* UML statecharts */
turnOff Statechart On = new Statechart("On");

_On.doActivity(this, "display") ;

[ On |
| do/display )

Statechart _Off = new Statechart("Off");
_Off.inputState() ;

K turnOn j )
/* PauWare engine */

Statechart monitor Light = new Statechart monitor(_On.xor(_Off),"Light");

/* UML transitions */
_Light.fires("turnOn", Off, On);
_Light.fires("turnOff", On, Off);

Vit 2eg0) ~~~—~—""\  /[*the code is incomplete */

/* UML events */
public void turnOn() throws Statechart exception ({
_Light.run to completion("turnOn") ;
}
public void turnOff() throws Statechart exception {
_Light.run to completion("turnOff") ;

}
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PauWare Component Model

« interface »
Light functional interface

turnOn()
turnOff()
AN 4 Light N
turnOff
Light T | " on 1
/N\ __ do/display
«implement »

« class » K turnOn j

Light implementation class

« service » turnOn()
« service » turnOff()

« action » display()
_Light | 1

Internal Manager = > _Composytor::Statechart_monitor
1 StateMachine
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PauWare — WMX

PauWare with JMX provides a management
framework for non-wireless components

Too much for constrained devices

B PauWare

B Java Reflexion Mechanisms
l > é » JMX

Not feasible ® Web Server

Java ME
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WMX

Wireless Management eXtensions

W http://wmx.fromeo.fr

Application Side | Management Side

— Management Interface

i Manager N

_________________________

__________________________

Java SE
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Demo : Traffic Light

) [JDMK5.1_r01] Agent View - Moxilla Firefox Beta 2 M=E
File Edit View Go Bookmarks Tools Help

<;EI - I_L\; - @ :I @ [ htpsff127.0.0.1:3082 | v| @ Go |@, |

Agent View [JDMEK35.1_r01]

Filter by object name: i*i*

%3 Java Dynamic Management View of current_state invocation - Mozilla Firefox Beta 2

File Edit View Go Bookmarks Tools Help Admin

<:ZI - I_{) - @ :I @ |i_i http://127.0.0. 1:8082/InvokeAction//Powered-+ith M) V‘ ® o |@, |

current state Successful

The operation [current_state] was successfully invoked for the MBean [Powered with WM} name=GreenLight].
The operation returned with the value:

Light(On)

Back to MBean View Back to Agent View

< Powered with WMX
+ name=Greenlight
+ name=RedLight
+ name=TrafficLight

+ name=7Y ellowLight

Dane 19 |l wpyyeuld
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WMX: new problems

Wireless Management eXtensions

W http://wmx.fromeo.fr

Unreliable Communication:
Asynchronous Mode ?

4 £ D — Management Interface
Controle, M
.v“ :. -“ :.: anager \

_________________________

.
L )
. L ] L/
s & _____ [
¢ I
.
a

L)
L
ohL '
R 0 . ® ] 1 ]
o vy : i Statechart | ]
[}

1 1
! 1 1
‘l * “ » .“ _____________ !
. . e i | S ]
. L] . . - 1 1 1
0 ¥ . L 1 1

L) . N . !
. ] . ~ 'Y L ‘ 1 1 1
o re e 1 1 1
L J . & 1 1 ]
. 4 | 1 !
1

__________________________

S

Replication ?

Coherence ? What to transmit and how ?

- Events ?
- States ?
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Coherence of statecharts (1)

Application Side |

Management Side

Forwarding events causes
problems with guards

Unknown?

-

Component

/

R 4

N

turnOff [component.temperature < 40]

Eil‘

turnOn

Componeny \
&

g g g S S|

\_

v

/ |

p 4o \d
o Ay o° o
. e . .
® »
o D 2 . .
U »
s 2 . o . o .
.
LSy v Off
@ ' L
.
e v )
o |
event
|

turnOff [component.temperature < 40]

turnOn

/

turnOff

component.temperature = 43 ..o i’ .............. .><

And we don’t want to send
low-level states (attributes)
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Coherence of statecharts (2)

turnOff Application Side i Management Side

\ If we forward the transitions...

/ Component \

|
|
|
|
|
|
i
turnOff [component.temperature < 40] I
|
|
:
K
4

l- :“‘ .v‘ :“‘
~ lese
tran§1t10n

\ turnOn /

/ Component \

component.temperature = 43 ..o i’ .............. .><

as we still dont want to send
low-level states (attributes)...
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Coherence of statecharts (3)

turnOff Application Side i Management Side

... the statecharts are synchronized ...

/ Component \

/ Component \
turnOff [component.temperature < 40]

. * »
-‘ : “‘ :v‘ :“
- & . . Y oe
o : o : “ : .
Off RN
sy AR e.e
~ NIE
tran§1t10n

\ turnOn j '

On — Off

|
|
|
|
|
|
|
|
|
|
|
|
|
|
13

v

component.temperature = 39 ..o i’ .............. .><

we didn’t have to send >because the internal manager
low-level states (attributes) handled them for us...
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Composition Management

Desynchronization of automates
(example : Traffic Light)

Undetectable Error by Model Checking
Wit is supposed to work

Shows the possibility to define management
policies based on the replicated statechart
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-

RedLight )

turnOff

On

do / display J

turnOn /

/ TrafficLight
— 7 YellowLight
Start goRed/
ARedLight.turnOn turnOff
o ™ entry: goRed
ight.turnOn, [ On
_ ___ do/display
goGreen/
AGreenLight.turnOn, turnO
~RedLight.turnOff \\ urntn /

-

goYellow/~YellowLight.turnOn,
AGreenLight.turnOff

/\Gr\eenLight \

/

fabien.romeo@fromeo.fr www.fromeo.fr

On

do / display




States — Sub-states (2)
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-

RedLight I

turnOff

On W
do / display

turnOn /

/ TrafficLight \
Red/
Start ’\RedEi(z;hi.turnOn

® ™ entry: goRed

~—

goGreen/
AGreenLight.turnOn,
ARedLight.turnOff

-

AGreenLight.turnOff

/ YellowLight \

turnOff

(

On

do / display J

turnOn /

GreenLight \

/
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States — Sub-states (3)
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-

~

RedLight

turnOff

On

{
L

do / display

/ TrafficLight \
—— Red/
Start |, ¢ esiaht tarnon Red

® ™ entry: goRed

~—

goGreen/
AGreenLight.turnOn,
ARedLight.turnOff

-

YellowLight.turnOff

Yellow

goYellow/
sreenLi

ellowLight,
AarnOff

Green
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Composite Manager

/ CompositeManager

in(state) / “managed.in(state) i
i Control to state(state) / “managed.to_state(state)
Monitor state_changed(transition) ! Q
SRR S exconte(action)imanaged eXeoute(achion) NN
4 N 4 N
part state changed
g A et hmaed Undefined o Defined T
[not valid_state guard] | State / 7selfito_state(stdte) State [valid state guard]
Composition | [consistency_guatd] Composition
—@
- J \_ J
consistency guard = [( !(state = compositeState]l) &&
valid_state guard = [( part] Manager.managedIn(partl ComposedStatel) !(self.managedIn(compositeStatel))
&& ... && partNManager.managedIn(partNComposedStatel) ) && part] Manager.managedIn(part] ComposedStatel)
|| ... || ( partlManager.managedIn(part] ComposedStateN) && ... && partNManager.managedIn(partNComposedStatel) )
&& ... && partNManager.managedIn(partNComposedStateN) )] || ... || ( !(state = compositeStateN) && !(self.managedIn(compositeStateN))

&& partl Manager.managedIn(part] ComposedStateN)
fabien.romeo@fromeo.fr www.fromeo.fr && ... && partNManager.managedIn(partNComposedStateN) )]
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Part Manager

PartManager

in(state) / “managed.in(state)

. state_changed(transition)
Monitor / *CompositeManager.part state changed

Control to state(state) / “managed.to_state(state)

i

execute(action) / “managed.execute(action)
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Performances?

Deployed on a HP iPAQ hx4700
®JVM IBM J9

Complex Case Studies :
-/~ X\ mHome automation system

a lﬁailcar System (J2EE + JMS) ’7

tion Systel ot e i
N program g
—————— _ your system
= mmy
e Air condifioner relay
| A condiioner sn
Time backward v Auto! ooy wtive ‘
-00- AN

Railca

Railcar

fabien.romeo@fromeo.fr www.fromeo.fr




DAIS, Paphos, Cyprus, 6 June 2007

Performances — Quantitative Study

Benchmark

® 100.000 loops of state changes
(adapted from JAC Benchmark)
B Intel Centrino 1600MHz, 512 Mo RAM, WinXP, JVM 1.5 SUN

Implementation Benchmark Overhead per state
change
Pure Java 2 ms 0 s
Java + reflect API 14 ms 0,12 us
JMX (internal access) 721ms 7,19 us
PauWare (w/o cache) 1491 ms 14,89 s
PauWare (w cache) 1027 ms 10,25 ps
Velcro (w/o cache) 1529 ms 15,27 us
Velcro (w cache) 1038 ms 10,36 s
Following implementations include I/O or networking
Pure Java + System.out.print() 2584 ms 25,82 s
WMX (velcro + sockets) 3893 ms 38,91 ps
JMX + RMI connector 22077ms 220,75 ps

fabien.romeo@fromeo.fr www.fromeo.fr
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Conclusion

PauWare
B Components driven by executable statecharts

W But also a framework for experimenting research results
in MDA, CBSE, ...

Velcro + WMX

B Management of the software components’ behavior in the
context of wireless systems
Perspectives
B Integration into other component models (OSGi, Fractal, ...)

W Persistence at runtime of other types of models,
(other views for management)

® Autonomic Computing: a solution to put the human on the
loop...
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[PauWare] o
« Powr is not a means, it is an end. »

— George Orwell, Nineteen Eighty-Four

Thank you for listening!

Fabien Romeo, Franck Barbier, Jean-Michel Bruel,
Observability and Controllability of Wireless Software Components,
7th IFIP Conference on Distributed Applications and Interoperable Systems,
Paphos, Cyprus, 5-8 june, 2007.

Code available at http://www.pauware.com
http://wmx.fromeo.fr
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Bonus Track...
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Velcro

Servers & Servers & High-end PDAs Mobile Smart PauWare
enterprise personal TV set-top boxes phones & cards
computers computers Embedded devices entry-level
___ PDAs
Optional I
Packages § g et Sy
Optional

P ages

-.-I-'mra'- 2 - . Java e

Platform, Platform,
Enterprise Standard
Edition Edition

(J2EE) (J2SE)

Foundation Frofile

Velcro

ST

Java 2 Platform, Micro Edition (J2ME)
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Horizontal Composition

Components have the same granularity
B Client / Server or Peer to Peer

Provided Interfaces / Required Interfaces
Low coupling
Distributed Application

Statecharts Communication by signal
BmJMS, Message-Driven Bean
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Example : Traffic Light

O RedLight:Light =]
TrafficLight = O YellowLight:LightZ
O GreenLight:Light= |
/ TrafficLight \
)
Start goRed/
~RedLight.turnOn -
@ cntry: goRed » Red / Light \
— goRed/~RedLight.turnOn, wmoft
YellowLight.turnOff
goGreen/ [ On W
AGreenLight.turnon,| | YEllow do / display
ARedLight.turnOff
1 Yellow/~YellowLight.turnOn,
O R reentignttomort |\ tumon /

/
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Vertical Composition

(De)composition composite/compound
™ Hierarchie (cf. Fractal)

A higher coupling
W Life-cycle Dependances, encapsulation, ...

Theoretical Foundations

B Revised formalization of aggregation and composition in
UML (IEEE TSE 29(5) et 29(11) - 2003)

State Machines of compound components integrated into the
State Machine of the composite as concurrent macro states :

® public class Light extends PauWare.Composable {/* ... */}
¥ Light redLight, yellowLight, greenLight;

B Statechart monitor trafficLight =
new Statechart monitor (redLight.state machine ()
. .and (yellowLight.state machine ())
.and(greenLight.state_ﬁachine())
.and (start.xor (red) .xor (yellow) .xor (green))) ;
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Example : Traffic Light

TrafficLight =

« delegate » .
RedLight:Light =]

« delegate »

=

YellowLight:Light= |

GreenlLight:Light= |

-

« delegate »

\
A

TrafficLight

~

SR
Start

® ™ entry: goRed

~—

goRed/
Nself.RedLight::turnOn

goRed/”self.RedLight::turnOn,
~self.YellowLight::turnOff

goGreen/
~self.GreenLight::turnOn,
~self.RedLight::turnOff

Yellow

' goYellow/~self.YellowLight::turnOn,
~self.GreenLight::turnOff

L1

GreenlLight:Light YellowLight:Light RedLight:Light

@ @ @
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PauWare Component Model

A State Machine Execution Engine
(diagrammes UML 2)
® Model verification at development time
W Support for implementation
B Models persist at runtime

State Machine — Components ?

W Structure-Behavior Binding
(i.e. component-statechart)

B Support for horizontal composition
and vertical composition (hierarchical)
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PauWare Component Model

« interface »
Light functional interface

turnOn()
turnOff()

A 4 Light I

turnOff

Light T | [
On |
/\ L doJ dli:play )

« implement »

« class » K turnOn j

Light implementation class

« service » turnOn()
« service » turnOff()

« action » display()
_Light | 1

_Composytor::Statechart_monitor
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Behavior modeled with Statecharts

Managed Component
- B N

service2 [guardl] / "self.serviceX service2 [guard2] / actionl

S11 S10 S12

Lentry: actionl

entry: action0 entry: action2

servicel

A 4

SA

service2 service2

A

S2

\\entry: action3

with (guardl => not guard2) and (guard2 => not guardl)

servicel

serviceX / action4

service2

)]
(OV)
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Detailed Architecture

«interface»
Business Component functional interface
servicel()
service2()

«interface»
Internal Pushed Sensor

control_servicel()
control_service2()
control_serviceX()

I «implementy

~
~
~

Business Component @ E

«class»
Business component implementation class

«service» servicel()
«servicey service2()
«service» serviceX()
«action» action0()
«action» action1()
«actiony» action2()
«actiony action3()
«action» action4()
«guard» guard1()
«guard» guard2()

«interface»

External Pushed Sensor

state_changed(transition)

N
N\

N
AN

serviceX is not part of the functional
interface since it is only sent internally

\
\
\
«nterface» \ «require» «interface»
Internal Pulled Sensor \ / External Pulled Sensor
guard1() \ / in(state)
guard2() \ /
\ u /
v ! ﬁ
«require» \ \ /
\ \ / /
- A L -
«interface» < «interface»
: Internal Effector _ Internal Manager @ Externgl Effector
servicel() «require execute(action)
service2() . to_state(state)
serviceX() I «implement»
action0() "
actionl() «class»
action2() . .
action3() Internal Manager implementation class
actiond() control_servicel()
control_service2()
control_serviceX()
execute(action)
to_state(state)
in(state)
I
!
|
1
| _Composytor::Statechart_monitor |
38
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& - 33684199195 - PauWare
MIDlet  Help

Prngrammabl_e'.fhermsé:fai,

Target temp. 18.0°C

¢ IIIIIIIDDDDDDDDDDDUDDDHUH >

Asnbient temp. 18 872016°C
Season Fan

®caal -I [ Cata
- f Titme |+
C)Heat _I ®on
Cote
Status Fun indicator(Everything off)

Wireless Components

(J2ME)

File Edit

® SHE I EIS59407T 44
] stEd+33550407743
=] e IIEGH S5 855675
] st di+33550407743
2] stz if+336841 991 95:5679
] TS I EIS59407T 44

DFmer ? Fiter Settings Sort By: [Time v|

] Murmnber of shovwn messages: 6 out of 6

Management Communication
(WMA)
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) MBean View of PauWare technology:name-BIT_season_switch - Mozilla Firefox {.7||E‘E|
Fichier Editon Affichage Allera Marque-pages Outls 2

@- - g8 @] [ hitp:/1127.0.0. 1:8082NiewObjectres/Pa v | @ ok [V, |

~
MBean View [DMKS.1 01] —

¢ MBean Name: PavWars technologviname=BIT_season_switch
¢ MBean Java Class: com FranckBarbizr Java_Light_Home_:

system. N BIT_szason_switch

Reload Period in seconds:

Back to Asent View P [hee=d ]

MBean description:

Information on the manazement interface of the MBean

List of MBean attributes:

No Awributes

List of MBean operations:

Description of heat

Dezcription of cool

i

Dezcription of verboze

javalang String

Deszcription of off
void

Deseription of reset

void

Description of in

boolazn (javalang String)pl

AR S [ P e [ e == O

Management Console
(IMX)
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Home automation systeﬂ

Operate
time-out(1000,null)/ set time(+ 1) Setup
time-out(1000,null) [no input < 90}/ set no input(no input + 1)
temp down [target temperature > Min]/  temp up [target temperature < Max]/ -
“self.target temperature changed “self.target temperature changed Program refreshing \

time backward time forward

ﬁ‘arget temperature displavina
L entry/ display target temperature J

|, Period and program time refreshing
L entry/ display period and program time J

f-c/
switthmode @ —m——ou | |p--mmmmmmmmmeeemE
— temp down/ temp up/

_______ set no input(0) set no input(0)

fe time-out(1000,null) [alternately <> 2]/
m y — ||

lf— view program_{

Event

\ N |Program target temperature refr g

. R . entry/ display program target temperature
(Amblent temperature dlsplavmgﬂ l

L entry/ display ambient temperature N~ fec/
switch mode
~—

time backward time forward

[ Current date and time refreshing < set “;"“k
entry/ display current date and time < set day

time-out(1000,null) [alternately = 2]/
set alternately(0)

time-out(1000,null) [alternately = 2]/
set alternately(0)
'
Current date and time displayin;
entry/ display current date and time

—

Set program

view program [period = 8] view program [period <> 8]/
set period(1) set period(period + 1)

time-out(1000,null) [alternately <> 2]/
set alternately(alternately + 1)

temp down [target temperature > Min]/ temp up [target temperature
target temperature.decrement target temperature.increment

time backward/ time forward/
set program time(-15) set program time(+15)

I view prograny_|
Set program time set period(l)

| run program

temp up [program->at(period).target temperature < Max]/
program->at(period).target temperature.increment

time-out(1000,null) [not weekend]
set target temperature(1,4)

[Set program target temperature]

time-out(1000,null) [weekend]/ N
set target temperature(3.8) temp down [program-at(period).target temperature > Min}/
program->at(period).target decrement

hold nemp\_’> / Set time \

temp down [target temperature > Min]; time-out(1000,null) __J
target temperature.decrement [no input >= 90]

¢dd I TF

temp up [target temperature < Max]/
target temperature.increment

time backward/ time forward/
set time(-60) set time(+60)

Set current minute setclock —

time backward; time forward/
set time(-3600) set time(+3600)

set clock
Set current hour /

time backward,
set time(-86400)

/
—— “timer.to be killed

/
“timer.to be set(1000) time forward)

set time(+86400)

target temperature changed [scason switch in Is cool and  season switch turned off “air conditioner relay.stop, furnace relay
ambient temperature > target temperature]/ “fan relay.stop(fan switch in Is auto)."run indicator.off

“air conditioner relay.run.”fan relay.run."run indicator.on
V- v ~—

tacget temperature changed [season switch in Is cool and ambient ambient temperature changed(temperature) [season switch in Is cool and
e (target elsius — delta)] P ambient asCelsius < (target asCelsius — delta)]

12
ambient temperature > target temperature],
“air conditioner relay.run.”fan relay.run."run indicator.on

‘air conditioner relay.stop.”fan relay.stop(fan switch in Is auto), “air conditioner relay.stop, fan relay.stop(fan switch in Is auto),
run indicator.of R cator.off
Control run indicator.of
{arget temperature changed [season switch in Is heat and ambient ambient temperature changed(temperature) [scason switch in Is heat and
ambient temperature < target temperature]/

—
— *furnace relay.run.fan relay.run. run indicator.on
ambient temperature changed(temperature) [season switch in Is heat and
ambient temperature.asCelsius > (target temperature.asCelsius + delta)]/
“furnace relay.stop, fan relay.stop(fan switch in Is auto),
“run indicator.off

temperature < target temperature],
Aurnace relay.run, fan relay.run,*run indicator.on
target temperature changed [scason switch in Is heat and ambient
asCelsius > (target asCelsius + delta))/
Aurnace relay.stop,fan relay.stop(fan switch in Is auto),
“run indicator.off

fan switch turned on
“fan relay.run

fabien.romeo@fromeo.fr www.fromeo.fr

public void f_c() throws Statechart_exc

_Programmable_thermostat.fires(_ Ambjent |
erature_displaying);

DAIS, Paphos, Cyprus, 6 June 2007

PauWare Library

State-based
programming support

mperature_displaying, Ambient_temp

_Programmable_thermostat.fires(_Target temperature_displaying, Target temperat
ure_displaying,true,this,"switch_mode");

_Programmable_thermostat.fires(_Program_target temperature_refreshing, Progra
m_target temperature_refreshing,true,this,"switch_mode");

_Programmable_thermostat.run_to_completion();

UML-2 run-to-completion
model execution mode
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Home automation system

Operate
time-out(1000,null)/ set time(+ 1)

temp down [target temperature > Min]/ temp up [target temperature < Max]/
“self.target temperature change: “self.target temperature changed

fTarget temperature displaving]
L entry/ display target temperature

f-c/
switch mode
fe time-out(1000,null) [alternately <> 2]/
\ set alternately(alternately + 1)
N

[Ambient temperature displaying]
l entry/ display ambient temperature

time-out(1000,null) [alternately = 2]/
set alternately(0)

time-out(1000,null) [alternately = 2]/
set alternately(0)

I
(Current date and time displaying
L entry/ display current date and time

time-out(1000,null) [alternately <> 2]/
set alternately(alternately + 1)

temp down [target temperature > Min], temp up [target temperature < Max];
target temperature.decrement

target temperature.increment

|- run program

time-out(1000,null) [not weekend]/
set target temperature(1,4)

time-out(1000,null) [weekend]/
set target temperature(5,8)

hold temp

;__9

/ Setup \
1]

ime-out(1000,null) [no input < 907/ set no input(no input + 1)

Program refreshing

time backward

time forward

( Period and program time refreshing et view program_|
L entry/ display period and program time J

temp down/

temp up/
set no input(0)

set no input(0)

(Program target temperature refreshing]
entry/ display program target temperature J

™~ fo
switch mode
——

time backward

N
( Current date and time refreshing < sere

time forward

lock =1
L entry/ display current date and time set day
Set program
view program [period = 8]/ view program [period <> 8]/
set period(1)

set period(period + 1)

time backward/ time forward/
set program time(-15) set program time(+15)

It view prograny_|
Set program time set period(l)

temp up [program->at(period).target temperature < Max]/
program->at(period).target temperature.increment

temp down [target temperature > Min],
target temperature.decrement

time-out(1000,null) __|

temp down [program-at(period).target temperature > Min]
program->at(period).target temperature.decrement

[Set program target temperature]

Set time

IFeeg o

temp up [target temperature < Max]/
target temperature.increment

|

[no input >=90] time backward, time forward/
set time(-60) set time(+60)
Set current minute

set clock

time backward/

time forward
set time(-3600)  set time(+3600)

set clock
Set current hour

/ /
| ~timer.to be killed @ Atimer.to be set(1000)

target temperature changed [season sw
ambient temperature > target temperature] N
“air conditioner relay.run,"fan relay.run,"run indicator.on

—_—
target temperature changed [season switch in Is cool and ambient
temperature.asCelsius < (target temperature.asCelsius — delta)]
“air conditioner relay.stop,"fan relay.stop(fan switch in Is auto),

“run indicator.off

target temperature changed [scason switch in Is heat and ambient
temperature < target temperature]/
“furnace relay.run."fan relay.runrun indicator.on
target temperature changed [season switch in Is heat and ambient
asCelsius > (target asCelsius + delta)]/
“urnace relay.stop, fan relay.stop(fan switch in Is auto),
“run indicator.off

fan switch turned on/
Afan relay.run

& i\

Iscooland  season switch turned offf “air conditioner relay.stop,*furnace rela
“fan relay.stop(fan switch in Is auto), run indicator.off’

time backward/

time forward
set time(-86400)

set time(+86400)

Set current da

set day

ambient temperature changed(temperature) [season switch in Is cool and
ambient temperature > target temperature]
“air conditioner relay.run,fan relay.run, run indicator.on

ambient temperature changed(temperature) [season switch in Is cool and
ambient temperature.asCelsius < (target temperature.asCelsius — delta)]/
Aair conditioner relay.stop,fan relay.stop(fan switch in Is auto),
“run indicator.off
‘ambient temperature changed(temperature) [season switch in Is heat and
ambient temperature < target temperature]

“furnace relay.run."fan relay.run."run indicator.on
ambient temperature changed(temperature) [season switch in Is heat and
ambient asCelsius > (target asCelsius + delta)]/
“Murnace relay.stop,*fan relay.stop(fan switch in Is auto),

“run indicator.off
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Model Execution

Bl +33684199195 - PauWare

Programmable thermostat

Target temp. 18.0°C

¢ IIIIIIIDDDDDDDDDDDUDDDHUH >

Asmbient temp. 18 6872018°C

Season Fan
®caal

CIHeat _I e ;l R

@On
Do

Status Run indicator(Everything off)

L]

SELECT )
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Bl +33684199195 - PauWare
MIDlet  Help

Fanil
Programmable thermostat

Target temp. 18.0°C

¢ IIIIIIIDDDDDDDDDDDUDDDHUH >

Asmbient temp. 18 6720187
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Demo

/ Fan switch \

auto /]\
on/

Aprogrammable thermostat.fan switch turned
on

DAIS, Paphos, Cyprus, 6 June 2007

Season switch

( Is on |

Is cool

cool

heat off/
cool Aprogrammable thermostat.season switch
turned off

Is

heat < heat
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Demo : Home Automation System

Programmable thermos tat

et

¢ =) s mqusne mpee <L)

Emecudi 300l

Program refreshing

7Y 7Y + PauWareView

r Period and program time refreshing ] b e et |

Sy dapiay et oS moga e

mmny divplan orogram trget samsr AT s J

i 0
Li’rm:ram target temperature rtfre.hjxlg]

=
i

ems bxieaand e dorpand

Fan zwitch

Current date and time refreshing [~ = 'I -
=iy divglay corman dave 2od Sme ] g

Run program

64.399994°F

A

L

Air conditioner relay

Air conditioner on
entry activats

Set clock Time backward
Set day Mon Sep 04 09:09:2...

Time forward

Yiew program

Air conditioner off
entry disactivate

Run indicator.Bverything Off

hour )

Srand
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©
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MDA + CBSE

MDA (Model-Driven Architecture)
B Model Centric Developpements

(PIM)
B Model Transformation ‘ i
®UML : structural models @ @ @

and behavioral models

CBSE

B Structural Models :
architecture, composition, interfaces... O

B Technological Component Model
(model = format)
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Application Management

MOnitO ring Management System
B Sensors
Controlling I activators
B Activators _
Application

What to monitor?
What to control?

Where is the line between the application
and the management system?
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Towards Autonomic Computing

Autonomic Manager

- Self- | senr
r_:urmgtrﬂng Healing

Self- Self-
Dptrml zing Protec tmg

Managed resource touchpoint

Sensors | Efectos |
Managed resource

Cf. Cyril Ballagny’s on-going thesis...
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