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Computation resources

Communication bandwidth Power consumption

Service requirements
*QoS
Availability
*Fault tolerance

Environment assumptions
*Timing constraints
*Hybrid behavior

*Arrival rates Costs Memory usage
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We apply Improve Quantitative aspects
(techniques/tools) — Modeling, notation, semantics
them to several — Analysis/Abstraction

complex industrial techniques
case studies. — Code/controller synthesis

— Test generation

C Th ,
studies |l Algorithms
oy
[ES
Tools

- Provide unique tool components to be used as plug-ins in industrial
tools / tool chains

- Create first prototypes of an integrated tool environment
- Disseminate
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Work Tasks

WPI1
Modeling and
Specification

T1.1
Model Process
Improvement

T1.2:

Modeling of
Quantitative
System Aspects

T1.3:
Design Notation
and Tools

WP2
Analysis

T2.1:

State Space
Representation
and Model
Checking

T2.2:
Abstraction,
Refinement and

WP3
Implementation

T3.1:
Controller
synthesis and
scheduling

T3.2:
Implementability
and code

Compositionality generation

T2.3:
Approximate
Analysis
Techniques

WP4
Testing

T4.1:
Test Generation

T4.2:
Approximate
Testing

Quas/moo’o

WP5

Case Studies,
Tools, Disse-
mination and
Exploitation

T5.1:
Case Studies

T5.2:

Tool Plugins and
Tool Chain
Integration.

T5.3:
Dissemination
and Exploitation
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Quantitative System Properties in Model-Driven-Design of Embedded Systems

Welcome to Quasimodo Website! News & Events

Quasimodo is an European research project funded by the
+ 14 October zo008

3rd Project Meeting 17-1g
February in Brussels

European Commission under the IST framework programme 77 for

Information and Communication Technology, ICT.

+ 1z September 2008
PhD defense: Marcel Verhoef
Tnformaiion Bociety i (Takes place in Nijmegen 21
Texhukagies g SVEDH Ao January 2009 )

. . . . » 2 April zo08
The main goal of Quasimodo is to develop new techniques and First Version of Case Studias
tools for model-driven design, analysis, testing and code-generation
» 2 April zo08

for advanced embedded systems where ensuring quantitative ond Mesting June 9-4 in Aachen

bounds on resource consumption is a central problem.

11 December 2007
Kick-off Meeting January 15-16in

Quantitative Constraints Links Azlborg

» 1January zoo8

Quantitative constraints Embedded Systems Official Project Start

involve theresources thata ARTIST
system may use, assumptons The "real” Quasimodo
abl?util:he environmentin Our Logo Project Information
which it operates, and I
requirements on the services
that the system has to provide + Partners
ete.
+ Technical Deseription
Read more...
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WP1: Modeling and Specification@%

Leader: Frits Vaandrager (ESI/RU)

= How to obtain adequate and faithful models of

embedded systems?

— Modeling formalisms integrating timed, hybrid, cost and
stochastic aspects

— Overarching design notation for embedded systems with
accompanying tool support?

— Modeling process and model management

T1.1: Model T1.2: T1.3: Design
Process Modeling of Notation and
Improvement Quantitative Tools
System
Aspects
4 4 4
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Timed Automata

counter<PROBE NUM &&
x>=PROBE_MIN"
send_reqg!
packet.senderHA =,
packet.senderP:=0,
packet.targetiP:=1P[j],
packet.request:=true,

Q uasimodo

counter < ANNOUNCE NUM &&
== ANNOUNCE_INTERVAL

send _reg!

packet.senderHA :=I!5

packet.senderlP:=1P[j],

packet.targetlP:=1P[j],

packet.request=true,

cpu[_?tem +; :0:151 Ok
W UselP[j]:=true
\ ] x==ANNOUNCE_WAIT /
coun‘[‘er:=0, H’
counter:=0 \ counter-~PROBE NUM e NNOUNGE INTERVAL |/
x:=PROBE_MAX 'y urg! - -
e @ ® ¢
WAIT P —% PROBE "~PRE_CLAIM TUSE

res et[i]?\

x<=PROBE_WAIT

X <= PROBE_MAX x<=ANNOUNCE_WAIT

reset[]]? reset[j]?

P10, IP[j]:=0, IP[]:=0,
address:ini[1,m] x=0 \ x:=0 x:=0
IP[j]:=address,
x:=0 \
uCOTflic!Num < MAK_CONFLECE_ ‘"’ COLLISION
o —— e x<=RATE_LIMIT INTERVAL
,___,f""f ConflictNum == MAX_CONFLICTS &&

-

- e

e ¥x==RATE_LIMIT_INTERVAL

counter < ANNOUNCE_NUM impl
x<=ANNOUNCE_INTERVAL

reset[j]?
IP[j]:=0,
UselP[j]:=false

INIT Wﬂ;_—_—




Probabilistic Timed Automata Q o
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Timed automata

fnite

+ probabilistic branching




Priced Timed Automata m

cost’=1 cost’=2 .
X<3 X<3 cost’™=0
Q cost+=4 ) Q
y>2
a {x:=0} b C

= Timed Automata + Costs on transitions and locations
— Cost of performing transition: Transition cost
— Cost of performing delay d: (d x location cost )

2.5
(a,x=y=O)T> (b,x=y=0) 28(;)2 (b,x=y=2.5§0—> (a,x=0,y=2.5)

Cost of Execution Trace: Sum of costs:4 + 5 + 0 = 9
Problem: Find minimum cost of reaching location C



Priced Probabilistic Timed
Automata . Quas/moo’o

=¥ - =~ target location with cost bound 5

A

0.5 answer received

0.5 x==2
answer lost y =1
x:=0
listenin
3
y:=0

0.7 packages sent

0.3
collision
x=0

talking




Arcade (SU/UT)

Dependability
Annotation
(User)

Result

Std. solver

~/ Control System

Process 1

K Processor 1

S

Process 2

ﬁ

Processor 2

.

Dependability analysis@

2

simodado

Other analyses




|/O Interactive Markov Chains (Do
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In_puthutput Interactive Markov Chains

@ Combination of I/O automata and 1 R?
Markov chains, close to IMCs

@ Discrete state space

@ Labelled transitions

@ Markovian transitions (3)
@ [nput transitions (?)

@ Output transitions (1)

@ Internal transitions (;)

@ Input enabled, outputs cannot be
delayed

@ Parallel composition, hiding,
renaming, lumping, etc.

i




WP2: Analysis (Do
N o —

Leader: Joost-Pieter Katoen (RWTH)

= How to accurately, effective and efficientl
(algorithmically) analyze quantitative models?

— Design of data structures for representing and exploring
behavior of (combined) quantitative models.

— Support for interrelating different quantitative models
preserving properties.

— Methods for allowing partial analysis of very complex models
(size or quant. aspects considered).

T2.1: T2.2: T2.3:
Statespace Abstraction, Approximate
Representation Refinement Analysis
and Model and Composi- Techniques
checking tionality

4 4 4

Page 18



WP2: Analysis m

= Discrete-time Markov decision chains:
- Trace equivalence for labeled MDPs

- Decision algorithms for (strong and weak) probabilistic
simulation on DTMCs
- Probabilistic CEGAR for MDPs

- Regular expressions for PCTL counterexamples

= Continuous-time Markov chains:
- Discrete-event simulation for CSL model checking
- Parameter synthesis for time-bounded reachability
- Infinite-state CTMC model checking
- Advances in three-valued abstraction
- Minimization of acyclic phase-type distributions




WP2: Analysis m

= Probabilistic timed automata:
— Complexity results for 1-2C PTA model checking
— Probabilistic semantics of timed automata
— Probabillistic time-abstract bisimulation
— Uppaal-PRO tool for PTA model checking
— Undecidability of CBPR in priced 3C PTA

— Decidability and data structures for Pareto-optimal
reachability in multi-priced TA

— Decidability for optimal infinite scheduling for priced
TA using mean pay-offs and discounting metrics

— Heuristic guided search for TA using Russian Doll
principle




WP3: Implementation m
uasinmoaqo

Leader: Jean Francois Raskin (CFV/ULB)

= How to algorithmically synthesize correct
implementations of (continuous time) models on
imperfect (digital) hardware/ software components?
— Controller and scheduler synthesis
— Property preserving code generation

T3.1: T3.2:
Controller Implementa-
synthesis and bility and code
scheduling generation

4 4




Controller Synthesis & Scheduling m
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7|l Env = ¢

Cont

methods




Controller synthesis and scheduling m
uasimoao

Highlight: imperfect information

The temperature
memometer | 1S 1N the interval
l (c—1,c+1)

Digital

Controller
Gas _/
burner

(O

Typical hybrid system




Case Studies

HYDAC: Accumulator Charge Controller
T

Accumulator Charge Controller (HYDAC) | ———

y==2"D

v
——

initial volume (I)

n (=] == [=x) w
! | |
! 1 T

......

Quasimodo

~_| Uppaal-TIGA controller synthesis:
.| strategies are correct and robust

by construction

+2.2 litres/second

Performance simulation:

33% improvement over “human”

designed strategy
45% wrt bang-bang strategy

= Ymax

Vmin




Implementability and code
generation . _ Quas/moo’o

f(A)

The AASAP semantics define a tube a strategies

AASAP semantics define a “tube” of strategies
instead of a unique strategy in the ASAP
semantics.

This tube can be refined into an implementation
while preserving all LTL properties




Highlight: robustness analysis in
UppAal Q uasimodo

I 0 s

= Robust semantics is ===
available within e |
UppAal; E :

= Original results were |__— _ = '*
formulated on E=. B L
regions; - : |

= For implementation, | .. e |
we need a zone * el 1l | & 41|

Figure 1: UpponL On screen.

based formulation;



WP4: Testing (Do)

Leader: Arne Skou (AAU)

= How to automatically generate test cases from
models with quantities?
— Theory, algorithms, tools

— Test selection methods, guidance and heuristics for
optimal testing, and to define coverage metrics

— Approximative testing methods to handle measurement
and observation imprecisions

T4.1: T4.2:
Test Approximate
generation Testing

4 4




WP4: Model Based <\<'\
Conformance Testing - offline Brasimoad

Model Test suite

DBLclick! Test
22 | gjicko Test execution
X:=0 Generator tool
l click? oo Adaptor
X<2
Selection &
optimization

Does the behavior of the (blackbox)
Implementation comply to that of the specification?




WP4: Model Based
Conformance Testing - online Quasmdo

Model bass
DBLclick! Test ‘
22 | gjicko Test execution
x:=0 Generator tool )

ail

tool

Adaptor

click?
X<2

O_

Selection &
optimization

Test generated and executed
event-by-event on-the-fly
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Does |, (rt-ioco) conform ] (L asimond
__- e
11 12

S1

©) @ @
coin? coin? coin?

) @) (@)
Qife’? give? gife?
x=0 x=0 x=0

@ <=5 @ @ <=5
x>=3 X>=

coffee! tea!
@) ()




WP4 m

= Further work on timed conformance:

— Conformance wrt. quiescence:
- tioco¢: Unbounded delays are observable
- tiocoy,: Delays up to M are observable

- tiocog: Delays up to M and tau-moves are
observable



Timed Conformance m
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image M-Quiesence
finiteness land s
tioco,g tioco, tiocoy
strong
M-Quiesence
land s
(r)tioco tiocog



Quantitative Testing Theory Q o
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The General Picture for Quantitative Systems

Impl Tester Spec

@ 4. noise in communication
@ ~: inherent imprecision due to faulty implementation

Results:
* A new conformance relation defining the 'distance’ from Spec
» Sketch of algorithms for testing the ’distance’



Quantitative Testing Theory m

cof?(150ml)
" cof1(150ml)

espr?(37ml)




Quantitative Testing Theory m
uasirnmoqo

Quasimodo Review, Bruxelles, February 19, 2009



WP5: Case Studies, Tools,
Dissemination and Exploitation (3. asimodd

— How to evaluate and disseminate research
- Case Studies

- Integration of tool components into industrial tools or
tool chains

- Continuous dissemination to industry
- Demonstrating the applicability of our approach

T5.1: T5.2: T5.3:
Case Studies Tool Plug-ins Dissemination
and Tool Chain and
Integration. Exploitation
4 4 4




Main Achievements Y1
WP5 Case Studies Quas,-modo
= Accumulator Charge Controller . -

(HYDACQ)

— Simulink & Stateflow Models E =
— Tool Chain: UPPAAL Tiga, Phaver, Simulink:

= Wireless Sensor Network (CHESS)

— gMAC protocol analyzed using UPPAAL
minumum waiting time for synchr.) and
MODEST (prob. Of collision rates)

= Control Software for satellites Hershel |55
and Planck (TERMA)

— Recently started. A UPPAAL for
schedulability analysis partially complete.

= Self-Balancing Scooter (CHESS)




CHESS m

= Wireless Sensor Network (CHESS)

— gMAC protocol analyzed using UPPAAL (minumum waiting
time for synchr.) and MODEST (prob. Of collision rates)




Hydac
y Quas/moo’o
= Accumulator Charge Controller (HYDAC)

— Simulink & Stateflow Models
— Tool Chain: UPPAAL Tiga, Phaver, Simulink

AV

Ll




Terma
Q uasimodo

. sl
= Control Software for satellites Hershel and Planck
(TERMA)

— Recently started. A UPPAAL for schedulability analysis
partially complete.




Chess
Quas/moo’o
I

= Self-Balancing Scooter (CHESS) r

Quasimodo Review, Brussels, February 19, 2009




Tool Components (Do
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WP1 Quan. ext of UML
Modeling and Specifications Eclipse plugin for MODEST

Datastr. for quant. analysis
Cuant. CEGAR

Lo Quant. refinement checking
Analysis
Quant. discrete simulation
Waorst-case analysis component
Controller synthesis under partial observability
Tool Cumponents Schedulability analysis
WP3

: Implementability
Implementation
Optimal schaduling

Code generation

Cin-line real-time testing
Run-time verification

WP4 Off-line generation of
Testing real-time testing strategies

Oin-line testing for hybrid systems

On-line testing for stochastic systems




Tools for Probabilistic and
Stochastic Model Checking Quas,-modo

RWTH: Continuous- and discrete-time
Markov chains+ rewards-. CSL..

Time-bounded reachability. -
- xternal
Numerical techniques. :

' Probabilistic Analysis |

SU: Predicate abstraction.
Large MDP’s. CEGAR.

|'- Real-Time Analysis }

SU, Twente, RWTH: Rich
modeling formalism. MOTOR
simulation environemnt.

SU: Time-bounded
reachability for CTMC.

AAU: Probabilistic | “JPPAAL PROB '

TA.Symbolic
Abstraction/Refinement.

C




Tools for Real-Time Analysis (D
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~ UML 2.0/ Rhapsody, ..

AAU: Verification of TA wrt
CTL-.

Concrete Simulator.

Robust reachability.

~ Matlab / Simulink /
 Stateflow.

Stopwathes. | Probabilistic Analysis
| Scilab / Scicos | "
__ | | Real-Time Analysis |
W, — "{_ UPPAAL } AAU, CNRS: Cost-optimal reachability for PTA.
Y Agent-based search engine.
L Tools L S _n{ UPPAAL CORA Directed MC using heur. Al functions
< UPPAAL TIGA AAU, CFV: Controller synthesis.

‘ Partial observability.

[ UPPAAL TRON
AAU: On-line testing of real-

| { ToRX | time systems.

\

| _ Twente: On-line testing.
 UPPAAL PROB New version JToRX.




WP5-T1: Case Studies

HYDAC: Accumulator Charge Controller

Quasimodo

v y==2'D T y==4"D (=t y==BD c===y  y==10'D

¥ <12°[
o =TTy
"\ 4 % '\ . S i
©§ V_rate-=12 )d V_rate+=12 :5 V_rate-=12 :j V_rate-=13 ,:5

.. . . i

y==2'D y<=4"D S y<=8"0 ~, Ye=10"D =T y==12°0

Moise(time 2'D]‘ “~<. No sei\?lD] "Jcise{i'r’le Dre) . H’o‘seitime D"6) |
. = b -
e ~ i’ -

“\_bad/

]
y==20"D && final_Noise() Tl -7 y==12"D E

V_rate+=25 |
i

a" /, 1 S
Noise(10*D} -~~~ Noise(timg=D"8)  Noisé{time-D"8) ~~ Noise(6"D)

\
y==20"D fo..s  y==18D Joo.t  y==16"D Seeol  y==14'D

time (s)

ye=20'D .ye=20°D_L--7"  ye=18'D 7 “ye=16"D Tl ye=14'D !
- - i

O~ somzie Q " T ;Q‘ Uitz " ﬁ} Ve " Q‘

, . .

= Ymax

Reservoir

A v

Machine/Consumer

Vmin




WP5-T1: Case Studies
HYDAC: Accumulator Charge Controller Quasimodo

Accumulator Charge Controller (HYDAC) | ———— |

~% | Uppaal-TIGA controller synthesis:
| strategies are correct and robust
by construction

‘ 6(10°D) -~ m; +2.2 litres/second
ye=20°'D - 3,:20'?_,»"' ye=18"D ,*~ — P
i R s v W = - Vmx
, Performance simulation:
Stot 33% improvement over “human”
L .
£ : . designed strategy r Venin
S 45% wrt bang-bang strategy
BT
T ot
5 >




WP5-T1: Case Studies
HYDAC: Accumulator Charge Controller Quas/moo’o

= Timed-Gamed Automata (UPPAAL-Tiga)

— controller synthesis

— robust (unsettled for HYDAC controllers yet)
= PHAVer

— analysis and verification
— HYDAC controllers are safe: pressure within margins
= Simulink and Stateflow

— simulation, experimental validation (test of model, no proof):
- HYDAC Smart Control uses less energy than Bang Bang Control

— performance of synthesized controllers provide improvement
- over HYDAC Smart Control: 33%; over Bang Bang Control: 45%



WP5-T1: Case Studies
CHESS: Wireless Sensor Network Quas/moo’o

Uppaal modeling

Spatially distributed autonomous nodes
Mobility
Clock synchronization

— synchronization in gMAC protocol

Different kinds of applications




WP5-T1: Case Studies

CHESS: Wireless Sensor Network Quas/moo’o
N ccBEE——
Time Frames — -~ i ] | | | [=====

Frame Slots

= Each node owns a slot to send (TX)

= Each node listens to other slots (RX)
= In TX slot: sender waits guard time g | TX Time Slot
before and after sending a message |
. . Guard Time uard Time
to allow for synchronization e —
| b B |
| |
Which g? | , [
. . RX Time Slot
critical for functional correctness

and for energy consumption



WP5-T1: Case Studies

CHESS: Wireless Sensor Network Quas/moo’o
clk[i]l==g h start_message? N
START TX start_message SENDING - csnfi] < n && toplil[csnli]] -

csnfi] == tsn[i]

x =0,
clk[i] := (clk[i] + 1) % kO

O X0 X >= min
X <= max tick[i]!
clk[il==k0 - g
[—‘r][j_[]'l&‘\\i-ig[—"

tick[i]?
clklil=g+ 1

(C-d)ky—-g - min
(C-d)ky-1 max

(d=tsn_, —tsn_. )

clk[i]==k0-1
tick[i]?

csnli] := (csnfi]+1) % C

= UPPAAL models and formalization of network synchronization:
if node n is sending in slot s, all other nodes are also in slot s:

A[] forall(i:Nodes) forall(j:Nodes) (WSN(i).SENDING imply csn[i] = csn[j])

= Uppaal proves whether g leads to a synchronized network

= Generalized to formula for synchronization of connected networks



WP5-T1: Case Studies
CHESS: Wireless Sensor Network Quas/moo’o

another result:
every network will eventually fail with increasing #nodes

g (C-1)ko-1

= because nodes get out of sync

" " = fixed guard time, #active slots,
T T T clock drift, ...

(C-2)ko (C-2)ko-1

Bl O R — 0. ORI -5 = generalizes Fan&Lynch,
P S I oS . = - Meier&Thiele with decreasing
o ! clocks

5 a0+ o0+ o—o—o—»; CEeee o —— g, TR

= result of mathematical nature,
manually proven; Uppaal used

Future to generate counter-examples
= non-fully connected networks that were generalized
= different topologies
= dynamic networks in UPPAAL

(C-2)ke-g 2kg

& ' - . —_—— — s > T i e W TN

practical implications?



WP5-T1: Case Studies
CHESS: Wireless Sensor Network Quas/moo’o

MoDeST modeling

= discrete event simulation
— vary #active slots (now synchronization, and others, assumed)
— determine probability of collisions vs. #active slots
— analysis of effectiveness of collision detection mechanism
— how this affects performance and energy consumption

= results
#active slots «——> #collisions

| |

energy consumption «—— latency



WP0O: Management (Dociron

= Efficient, flexible and reactive project management

————————————————————————

General Assembly EHE

| France-Telecom R&D !
| Robert Bosch GmbH
_____________________________________________________________________________________________ .+ Reactive Systems

i Management Team TietoEnator

i - 1 Novo Nordisk A/S

Kim G. Larsen 5 T vy

Strategic Scientific Coord. | /,*\ISX'\QL

| Philits

Brian Nielsen Marlene K. Sparre
Daily Scientific Coord. Administrative Mgr.
WP leaders




Resources Q o
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= 1.995 M€ EC contribution of a total 2.6 M€
= ~/.5 person year/year

WPO WP1 WP2 WP3 WP4 WP5 Total
AAU 18 2 6 6 8 46
ESI 0 16 11 14 25 72
CNRS 0 0 8 13 0 7 28
RWTH 0 4 14 0 10 28
SuU 0 5 11 4 8 28
CFV 0 0 4 20 0 4 28
Terma 0 2 0 3 5 10
Chess 0 2 0 0 8 10
Inchron 0 1 0 2 5 10
Hydac 0 2 0 2 6 10
Total 18 34 54 47 31 86 270




Schedule

Quasm?odo

IO [Task Mame 2008 | 2005 | 2010 2011
Qir2 | Qi3 | Qwd | Qw1 | Qtr2 | Qtr3 | Otrs | ©r1 | Qtr2 | Qtrd | Qtrs | Qir1 | Gir2 | Qtr3 | Gtrd | Qir 1
1 WP0: Management 1 1 1 1 1 1 1
2 WP1: Modelling and specification | | ; \ \ \
3 T 1.1, D 1.3 Model process improvement 1 1 || 1 || 1 1
4 T 1.2, D 1.1: Modelling guantitative system aspects | i i i : : : :
5 T 1.3, D 1.2: Design notations | 1 1 I| 1 1 1 1
B T 1.3, D1.4: Modelling tools : | : | H : ]
T WP2: Analysis
1 1 It
8 T 2.1, D 2.1: Model checking real-time probabilistic models | | | || : : : 1
9 T 2.1, D 2.2: Symbolic data structures and analysis of multiple quantitative models 1 || T T | I I 1
. 1 1 i 1 1 1 1
10 T2.2,D 2.3 Abstraction 1 1] I 1 1 | 1
11 T 2.2, D 2.4: Abstraction-refinement ! ! | F i N | !
I I I 1 1 1 |
12 T 2.3, D 2.5: Approximate analysis 1 1 I 1 | 1 1 ||
13 |WP3: Implementation ﬁ
14 T 2.1, D 3.1:Transfer of comectness properties from model to implementation | 1 1 || | | | 1
15 T3.1, 0 3.2 Taol for implementability checking | : : H : : X
16 T 2.1, D 3.5: Extended timed automata for scheduling 1 I| 1 1 | 1 1 1
17 T 2.2, D 3.3: Model checking of controllability properties | : : ;| : : : :
18 T 3.2, D 3.4: Synthesizing confrollers with bounded resources I I I| T I| | 1
1 1 1 } }
19 T 2.2, D 2.6: Code generation from untimed specifications | | 1 1 1 || : :
20 T 2.2, D 3.7: Code generation from timed specifications 1 1 I 1 1 T '|
1 1 I 1 4 +

WP4:Testing
T 2.1, D 4.1: Quantitative testing theaory

T £.1, D 4.2: Algorithms for off- and on-line guantitative testing

T 4.1, D 4.3: Test selection and coverage

T £.1, D 4.5: Final algorithms and evaluation

T £.1, D 4.6: On-line hybridistochastic testing

T£.2, D 4.4 Approximate tesiing

WP5: Coherence, Application, Dessimination and Exploitation

T 5.1, D 5.2 Preliminary description of case studies

T 5.1, D 5.5: Case studies: models

T 5.1, D 5.7: Case studies: validation

T 5.2, D 5.4 Plan for integration of tocl components

T 5.2, D 5.8 Teol components and tool integration

T 5.2, 0 59: Tool components

T5.1, T5.2, D 5.10: Final report on case studies and tool integration

T 5.3, D 5.1 Quasimodo web site

T 5.3, D 5.3: Dissemination and use plan

T 5.3, D 5.6: Dissemination and exploitabion

T 3535, D E v Finanieperi on disserninaticn ana cxgoiation

T 5.3, D 5.12: Indusfrial handbook

S I
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Quasimodo
Progress for Y1 |

Kim G. Larsen & Brian Nielsen
Aalborg University, DK



Objectives Y1 m

N _ —
= Consolidate quantitative modeling
formalisms.

— Theoretical foundation
— Precise semantics (QLTS)
— Formal refinement relations

» |ndustrial Case Studies.
— Initial Descriptions
— First Models.

= A first iteration of research loop:
— Application=>Theory 2> Tools>Application



Deliverables Y1 (D
uasirmoaqo
... Qg

No Deliverable name Due Date
D1.1 Modeling quantitative system aspects 12
D1.2 Design notations 12
D2.1 Model checking real-time probabilistic models 12
D3.1 Transfer of correctness properties from model 12

to implementation

D3.3 Model checking of controllability properties 12
D4 .1 Quantitative testing theory 12
D5.1 Quasimodo website

D5.2 Preliminary description of case studies 6
D5.3 Dissemination and use plan

D5.4 Plan for integration of tool components 12
D5.5 Case studies: models 12




Milestones Y1 (D
uasirmoaqo

No. Name Date Means of verification (Check Availability of: )
M1 Project 1 Kick-off Meeting
Start

—
[

M2  Definition 6 Precise descriptions of case studies.
phase 2. Plan for tool components and their integration in
industrial tool chain.

M3  Modeling 12 1. Semantic foundation of quantitative models in terms

formalisms of labelled transition systems including semantics of
composition of models, refinements between models.
2. Formal definition of conformance and robustness

between quantitative models and implementations.

First models of case studies.

4. Quantitative extensions identified by the needs of case
studies.
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Main Achievements Y1
WPI Modeling Quas/moo’o

= Quantitative Modeling Formalisms

— Extensive use of Timed Automata in Industrial
Case Studies

— Probabilistic Timed Automata
— Priced Timed Automata
— Probabilistic Priced Timed Automata

= Design Notations
— AADL - Probabilistic Automata
— UML = Timed Automata
— UML = Markov decision processes




Main Achievements Y1
WP2 Analysis * Quas/modo

= Improved search engines for TA
— Agent based | directed using Heur. Funct.

= Probabilistic Timed Automata
— discretization | symbolic abstr./refin.

= Multi-Priced Timed Automata

= Refinement for Timed Automata as
Games

= CEGAR for probabilistic programs
» Discrete-event simulation used in MRMC




Main Achievements Y1

e o
= Controller Synthesis

— Fundamental results for ATL*

— Synthesis for games with imperfect information.
Implemented in UPPAAL-Tiga.

— Application to HYDAC case study.
= Implementability & Code Generation

— Robustness for Timed Automata and transfer for
LTL. Implementation in UPPAAL.

— New notion of robustness for Timed Automata
based on probabilistic semantics




Main Achievements Y1
WP4 Testing Quas/moo’o

= Various timed ioco conformance
relations defined and related.

= General quantitative ioco conformance
relation provided.

= Advances on on-line testing tools for
(timed) systems (ToRX, UPPAAL Tron).

= Off-line test generation as game
problems using UPPAAL Tiga.



Main Achievements Y1
WP5 Case Studies Quas,-modo
= Accumulator Charge Controller . -

(HYDACQ)

— Simulink & Stateflow Models E =
— Tool Chain: UPPAAL Tiga, Phaver, Simulink:

= Wireless Sensor Network (CHESS)

— gMAC protocol analyzed using UPPAAL
minumum waiting time for synchr.) and
MODEST (prob. Of collision rates)

= Control Software for satellites Hershel |55
and Planck (TERMA)

— Recently started. A UPPAAL for
schedulability analysis partially complete.

= Self-Balancing Scooter (CHESS)




Main Achievements Y1
WP5 Tools & Tool Integration
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Main Achievements Y1
WP5 Tool Components Quas,-modo

WP1 Quan. ext of UML-

Modeling and Specifications Eclipse plugin for MODEST

okl ‘Quant. refinement checking
Analysis

Quant. discrete simulation

Waorst-case analysis component

Controller synthesis under partial observability
Tool Components ‘Schedulability analysis
e Implementabity
Implementation

Optimal scheduling

Code generation

Run-time verification

WP4
Testing
On-line testing for hybrid systems

On-line testing for stochastic systems



Main Achievements Y1
WP5 Dissemination (. asimod
——— B

wes: Publications

Cases, Tools, Exploit,, Dissem,, 7

49 papers
107 authors
22 invited talks



Main Achievements Y1
WP5 Dissemination () csrmoes
= Organisation & Contribtuion

— Conferences, Workshops,
— PhD Schools, Courses

= European Projects
— E.g. Design, FP7 NoE

= National Projects

= Coming Events
— FM Week Industry day at Nov. 2009, Eindhoven

— QUANTLOG 2009 - Workshop on Quantitative Logics.
Rhodes, Greece, July 5-12 at ICALP 2009

— GASICS, Workshop on Games for Design, Verification and
Synthesis. at CAV 2009, Grenoble, June 26-July 2

— Quantitative Model Checking, PhD School, Copenhagen,
December 2009 (with ARTIST Design)

— Quantitative Models: Expressivenss & Analysis, Dagstuhl
Workshop, January 17-22, 2010.




