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Outline
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Validation and Performance
Analysis in UPPAAL




UPPAAL
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e datatypes
e=id user defined functions

Rgady :
donel 6 Rl

cost variable

e==id
ax==CJid] un?
ax=0
Rumgning t=DYid]
ax<=C[id]

fb'Startl J @Calendar...l andhakke...l (2 wind. .. v| @Z Firefox vI @4 Micro... v| @Microsoft...l - adobe A... ”gwl::fDocu... J 100% ' &£ |« i.au 10:34

ARTIST2 WS: Tool Platforms for ES Modelling, Analysis & Validation

Kim Larsen [6]




UPPAAL
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e cTisl S SIS - visualization
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UPPAAL

£ [:/Documents and Settings/kgl/Desktop/KIM/UPPAAL /uppaal-4.0.1/demo,/train-gate.xml - UPPAAL =

File Edit ‘ew Tools Opkions Help

IDa@aeafa--=.

Editor | Simulakor Verifier |

Crerigm
E<> trainz(0).Cross and trains(l).3top .:I
E<» trainz(0).Cros3 and (forall (i : id t) i '= 0 imply trains(i).5top) .
o Check
4[] forall (i : id_t) forall (j @ id_t) trains(i).Cross && trains(j).Cross imply i == 3 . Insert
A[] gate.lizt[N] == 0 ] Remove
0 Camments
trains(0).Appr --> trains(0).Cross .

trains(l).ippr --» trains(l).Cross
QuEry
hrains(4).Appr—-=trains(4).Cruss

—

Verifier
e Exhaustive & automatic

checking of requirements
e .. including validating, safety, liveness,
bounded liveness and

[EFain] 1), BppF — = Crains| 1. foss
Property is satisfied.

trains(2). Appr -- > trains(2). Cross
Froperty is satisfied,

trains{3), Appr -- = trains(3).Cross
Froperty is satisfied.

trains{4). Appr -- > trains(4).Cross
Property is satisfied.

trains(S). Appr -- = trains(S). Cross
Property is satisfied.

A[] not deadlock

Froperty is satisfied,

response properties
e .. generation of debugging information
for visualisation in simulator.
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“Impact”

UPPAAL downloads
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Impact

Academic Courses @
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Impact
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Impact
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Timed Automata -
[Alur & Dill’'89]

Resource
Synchronization
Idle
use? donel
=0 InUse X>=4
_ X<=7
Invariant
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Timed Automata

[Alur & Dill’89]

Resource
Synchronization
Idle
use? donel
=0 InUse X==4
: - X<=7 Semantics:
nvarian (Idle , x=0)
- (Idle , x=2.5) d(2.5)
- (InUse , x=0) use?
- ( InUse , x=5) d(5)
- (Idle , x=5)
- (Idle , x=8) d(3)
- ( InUse , x=0
OmOm® ( )
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Composition

Task

Resource -
Synchronization

use? donel usel done?
‘. -~
<:> B=6 ‘' }{:D

X:=0 InUse x>=B //
: Shared variable
v<=R _——
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Composition

Task

Resource T
Synchronization

ldle

—O—

Using

Done

use? donel © use! — )@ done? >O

Init

X:=0 InUse x>=B /
: Shared variable
v<=R —

Semantics:
( Idle , Init , B=0, x=0)
- (Idle, Init, B=0, x=3.1415) d(3.1415)
- ( InUse , Using , B=6, x=0) use
- ( InUse , Using , B=6, Xx=6) d(6)
- ( Idle , Done , B=6 , x=6)
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Task Graph Scheduling
Optimal Static Task Scheduling

= Task P={P,,.., P}

= Machines M={M,,..,M_}

= Duration A: (PxM) — N_,
= <:p.o.onP (pred.)

= A task can be executed only if
all predecessors have
completed

= Each machine can process at
most one task at a time

= Task cannot be preempted.
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Task Graph Scheduling
Optimal Static Task Scheduling

Task P={P,,.., P} @

= Machines M={M,,..,M, } 16,10
= Duration A: (PxM) — N
= <:p.o.onP (pred.) -

Idle

e

Tasks

usel? done1!

x1:=0 InUse | x1==B1

?

x1<=B1

B1=8 B2=2
done1? f5=1’O<f5=1 done2:
00,0

ARTIST2 WS: Tool Platforms for ES Modelling, Analysis & Validation Kim Larsen [18]



Experimental Results

name | #tasks | #chains | # machines | optimal TA
001 437 125 4 1178 1182
000 452 43 20 537 537
018 730 175 10 700 704
074 1007 66 12 891 894
021 1145 88 20 605 612
228 1187 293 8 1570 1574
071 1193 124 20 629 634
271 1348 127 12 1163 1164
237 1566 152 12 1340 1342
231 1664 101 16 t.o. 1137
235 1782 218 16 t.o. 1150
233 1980 207 19 1118 1121
294 2014 141 17 1257 1261
295 2168 965 18 1318 1322
292 2333 318 3 8009 8009
298 2399 303 10 2471 2473

Abdeddaim, Kerbaa, Maler
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Optimal Task Graph Scheduling

Power-Optimality

Py
= Energy-rates: 16,10

C:M—=N

Taskh

x1<=B1 && cost'==

B1=8 B2=2 \2:)

.@- £ w2 ,\ 1w 2w
donel1? f5=1 f5=1 done2: = AW W
O |
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Dynamic Voltage Scaling
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Task Scheduling utilization of CPU

P@), [EC(I), L()], .. : period or

earliest/latest arrival or .. for T;
C(i): execution time for T,
D(i): deadline for T,

T
ready

done Scheduler

IN
H
w

{T,,T,, T3} ready
T, is running ordered according to some
given priority:
(e.g. Fixed Priority, Earliest Deadline,..)
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Modeling Task

ready ready!
1 d{ne‘ Scheduler :

e=id t=0,
a e=id
Rgady .

p 4 1|3 done! 6 t>Diid]
. 4 )

stop e==id

run =="[i
T sl run?
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Modeling Scheduler

Free
nonempty?
s @i )
empty?

reml

ready eady?
= d{ne‘ Scheduler

a add!
: / 4 1|3 Salect CC:)

hd! done?

addl run!

reacy?
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MOdeling Queue In UPPAAL 4.0

User Defined Function

void addiid £ element)
{

int i=len;

int tewmp=0;

if (len==0)

{ list[len]=e;

ready len=1;
= d{ne‘ Scheduler |

a else
/ { lizt[len]=e;
- 4 13 i=len;

stop len=len+l1;
T run while (i1 && P[list[i]]> P[list[i-111}
n { temp=list[i-1];

list[i-1]=1li=t[4i];
list[i]=tewmp;

i=i-1;
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Schedulability = Safety Property

May be extended with preemption

—(Task0.Error or Taskl.Error or ...)

A0 —(TaskO.Error or Taskl.Error or ...)
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Energy Optimal Scheduling

ready
- {mA Scheduler

“Choose”
Scaling/Cost

(Freg/Voltage)
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Cost Optimal Scheduling =
Optimal Infinite Path

—(Task0.Err or Task1.Err or ...)

Value of path o: val(c) = lim c /t,

Optimal Schedule ¢™: val(c™) = Inf_ val(c)
QOm®u®

ARTIST2 WS: Tool Platforms for ES Modelling, Analysis & Validation Kim Larsen [28]

Nn—o00




Cost Optimal Scheduling =
Optimal Infinite Path

lt2

Optimal Schedule ¢™: val(c™) = Inf_ val(c)
QOm®u®
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RELATED SITES: TIM LUPP&AL ¢ UPPAAL TROMN | UPPAAL

UppaaL is an integrated tool environment for — LICE'I‘ISE'
rmodeling, walidation and verification of real-time . §
. F The Urpaal tool is free for non-profit
systemns modeled as networks of timed automata, - - J L . . .
) . A 4 applications, For information about comrercial
extended with data types (bounded integers, arrays, , .
licenses, please email sales{atjuppaal{dot)com.
etc.), o L »
SN | . T T " ! " To find out more about UppaaL, read this short
B toobiE e\;e Dfe |n-c:0 s o;a |||3n Fuwaen Ie . ) . introduction . Further information may be found
[n] i t 1 t T t U s g . L
e-pa r_nen or lnformation Technology at Uppsala A at this weh site in the pages About,
University, Sweden and the Departrnent of Computer st il K
. . T | | . Docurmnentation, Download, and Examples.
Science at Aalborg University in Denmark, == Yy J
o | a ; a1z .
= Mailing Lists
Download B g

Figure 1: UPPAAL on screen.

. . UpPaaL has an open discussion forum group at

Mews: We are proud to officially release UppaaL 4.0.2 {Aug 7, 2006}, available from the Download page. .
. X Yahoo!Groups intended for users of the toal. To
The 4.0 release is the result of over 2.5 years of development, and many new features and improvements ..
join or post to the forum, please refer to the

are introduced (see also this release note and the web help section new features), To support models

. . . . . information at the discussion forurn page. Bugs
created in previous wersions of UPP&AL, version 4.0 can convert most old models directly from the GUI

should be reported using the bug tracking

alternatively it can be run in 3.4 compatibility mode by defining the environment variable .
( t & \’r Y s systern, To email the development team

UPPLAL_ OLL_SYNTAM, see also itern 2 of the FAQ), directly, please use
’

uppaal{at)list{dot)it{dotiuuidot)se,

&

AALBORG UNIVERSITY
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Formalizing the ARTS
MPSoC Model in UPPAAL

Jan Madsen and Michael R. Hansen

Embedded Systems Engineering Group

Informatics and Mathematical Modeling
Technical University of Denmark
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Motivation

D2

\_ Application model /

-0 R

DATE'07 Workshop, April 20, 2007

System-level
design tasks

Model of system
K implementation J

Madsen & Hansen [33]
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ARTS objectives ==

= System-level modeling framework

= Bridging, ( \

= Application ) ©
= RTOS . Cross-layer optimization
= Execution platform ) B 9
= Processing elements
= NoC

= Supporting
= System-level analysis
= Early design space exploration

Model of system
K implementation J

Madsen & Hansen [34]
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Formalizing ARTS

Application

Ol0I0I0I0]

et
Execution P‘h’r&n m
v V) ready, run;
J J
081 082 083 finish, preempt ;
) ) ) FaecutionPlat form
peq pes pes v
i . . [ 3N N ) ])E"J [ BN I ]
(:(ﬁ)HlIIlLIIllC"&tIOH

System = Application || EvecutionPlatform
Application = ||, 7

ExecutionPlatform = |72, pe,

OBONO
DATE'07 Workshop, April 20, 2007

DTU
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Timed Automata for a task

ReadyDyn

/ITime unit completion
x==1
updateDynamicScheduling() //Ensure update of dynamic scheduling
x<1 && x>0 &&
time 88 cp<=dead-cr
cp==ptime . - .
IfiFr)wisr?SignalsPending() setWaitForUpdateDynamicScheduling()
i Si : : : :
STl l/Detection of missed deadline

ItaskHasOffset() ready!
~- x>0 && cp>dead-cr
Sta”O initNoOffset() ldle  initNextPeriod() eady &
C = = : : =
O T perit}d x<}" missedDeadline() O
cp<=ptime MissedDeadline
taskHadOffset( x==0 && shouldThisTaskRun() &&
2 a.‘" ~ set() o //Enable missed deadline detection
setStaticScheduling() cp>ptime}-1 cp<=dead-cr
setPe¢nd() /Mask receives run signal taskHasMoreRuntime()
;Elznc;?fgg?_}ma|1lng for offset /ITask preempted
; ) reempt?
Offsé_) setPeriodClock() p B &
IdleWai
lIWait for offset . . .
- ~ [fWaiting for next period//Task finis
Sl oG cp<ptime finish!
finishAtPeriod
/IFinished before end of period
taskHasFinished(
&& cp<ptime
/[Task finished .
finishl Running

finishBeforePeriodEnd()

//Complete one time step
x==1
runOneTimeStep()

readyForNextTimeStep()
WitOneTimeStep()

x<1

//IContinue time step
x>0

L) ensureTimeStepCompletion()

x<=1

DTU

Madsen & Hansen [36]
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\_ Application model /

DATE'07 Workshop, April 20, 2007

System-level

/- \ design tasks

Model of system
K implementation /

Madsen & Hansen [37]
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MOVES
4 N

E<>missedDeadline

E<>totalCostUsed (Memory) >=23 / \

E<>totalCostUsed (Energy) >=15

k Required specification

Model checking

SR $  tomm, S
. { ! [ PN g, !
5 b = !
. T | Attt om, t
o Jm | ot _mmm ¢
et w3t m $

Model of system
\_ K implementation J

Madsen & Hansen [38]
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Example: MPSoC specification

DATE'07 Workshop, April 20, 2007

Applic Task n o o0
T, 10 10 O
510 10 0
T, 10 5 0
| A N |
| 5 1
Exedution Platform \ 1 PE,f= 1MHz, os = RM
| Task bcet weet sm dm pw
¢ 4 hJ ;‘ P
os, 0s, 0s, 1 1 3 1 3 5
L o2 2 17 5
PE, PE, PE, o2 2 1 8610
LT 1 2 9 10
7 : period [s]

8 : deadline [s]

oy @ offset [s]

beet : best case execution time [cycles]
weet | worst case execution time [cycles]
sm : static memory [Byte]

dm : dynamic memory [Byte]

pw : power [InW)]

f: frequency [Hz]

os: operating system[{FP, RAM, DA EDF}]

Madsen & Hansen [39]
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Specifying the application

Task ©n o6 o

. 5 10 8 O
Task t1 = new Task(1, 3, 10, 1OW .

3 10 10 O
Task t2 = new Task(2, T 10 5 0
Task t3 = new Task(2, 2, )

E.f=1MHz, os =RM
}aﬂc\ et weet sm dm pw
3 5

1

a

3

7 5
6 10
9 10

oS Madsen & H 40 DTU
DATE'07 Workshop, April 20, 2007 adsen & Hansen [40]

1 1
2 2 1
2 2 1
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Execution platform

PE.f=1MHz, os =R Execution Platform

Task bcet \wcet sm dm p

2 ; 2 1 : Z os, os, 0s,
T, 2 2\1 6 10 PE, PE, PE,
o1 1 \2 910

Processor p1 = new Processor(1, Processor.RM);
Processor p2 = new Processor(X; Processor.RM);
Processor p3 = new Processor(1, Processor.RM);
Processor pm = new Processor(1, Processor.RM);
Resource r1 = new Résource();

oS Madsen & H 41 DTU
DATE'07 Workshop, April 20, 2007 adsen & Hansen [41]




Mapping application onto platform

Task[][] tasks =

{{t1},{t2,t3},{t4} {tm1,im2}}; | \\ \\
| \

Task tm1 = new Task(3, 3, 10, 5); ExeTtion Platform Ml
Task tm2 = new Task(1, 1, 10, 6); < ly
of, 0s, Op,
apps.useResource(tml,rl); PE, PE, 3
apps.useResource(tm2,rl);
.
apps.addDep(tl,tm1l); 3

apps.addDep(tm1,t2);
apps.addDep(t3,tm?2);
apps.addDep(tm2,t4);

DTU

DATE'07 Workshop, April 20, 2007 AAEIBC &4 (REMEE )



Traces

e(ty)= [1:3]

DTU

Madsen & Hansen [43]
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Handling realistic applications?

GSM Decoder

JPEG Encoder

Smart phone:

e

MP3 Decoder

A

()
JPEG Decoder Q a
:
() () ()
() (x)
& ORCY
) ()
() ,
@ @ 2
= = e
= [Application from Marcus Schmitz, TU Linkoping]

oS Madsen & H 44 DTU
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Smart phone

GSM Decoder

JPEG Encoder

‘ Tasks: 114
PO @ P @ Deadlines: [0.02: 0.5] sec

e 53,@<ecution: [52 : 266.687]
weycles

& G
%; = Platform.:
@ Tzz"@‘"m olei= ‘=.=,.-v.'<71f.§‘§:»_ \
| T ooy (o
P>, 4" "S 57
(94 s
@

ed In
sing & granul

A

JPEG Decoder

D)
)

DU
@)
D

€)
€
€
@)
)
N
&)
g

A AHD A
@+
@)
£ s ) (£ <) ¢
&) $ g*%“
O o
@))€ 1«
@) &) ‘
D
7))

DTU
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Discussion Points

= Accuracy versus scalability
= UPPAAL & SymTA/S (Network Calculus)

= Verification versus simulation

= UPPAAL & ARTS (System C)
= UPPAAL & Ptolemy
= UPPAAL & TrueTime

= Efficient verification methods for optimal infinite
scheduling for PTA.
= Negative rates
= Discounting
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