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Tasks:

Computation times Resources
Deadlines Execution platform
Dependencies Scheduling Principles (OS) PE, Memory
Arrival patterns EDF, FPS, RMS, DVS. .. Networks
uncertainties Drivers

uncertainties



= Performance Evaluation
= Estimate resources (e.g.

I SW Synthesis
: (optimal) SP
TIGA given objective.
n sounng. SP controls

= Verify that given SP
ensures deadlines.




= Scheduling

= Timed Automata

= Optimal Scheduling

» Priced Timed Automata

= Schedulability Analysis

= Stop-watch Automata
= Safety Criticial JAVA (FPGA)

= Synthesis
» Timed Game Automata
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Resource

ldle

use?
/

e
X:=0 InUse

~—>-.—J

K<=7
Semantics:

(Idle , x=0)
d(2.5) -2 (ldle, x=2.5)
use? -2 (InUse , x=0)

d(5) - ( InUse , x=5)
done! - (ldle , x=5)



Task

Resource
ldle
use? donel Init use! Using  4one? Done
© B--a>.
x:=0 InUse | x>=B
x<=B —

Semantics:
( Idle , Init , B=0, x=0)
d(3.1415) - ( Idle , Init , B=0, x=3.1415)
use - ( InUse , Using , B=6, x=0)
d(6) - ( InUse , Using , B=6, x=6)
done - ( Idle , Done , B=6 , x=6)



Task Graph Scheduling - Example

Compute

N (D*(C*(A+B))+((A+B)+(C*D))
@ using 2 processors )
P1 (fast) P2 (siow)
— +|2ps | | |+ |5ps
%“ * | 3ps * | 7ps
5 10 15 20 25
=T I B B — — — J .
PL| 2 3 5 63 'D/CO~S‘ )
P2 1 4 T

41
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Task Graph Scheduling - Example

Compute

N (D*(C*(A+B))+((A+B)+(C*D))
@ using 2 processors
P1 (fast) P2 (siow)
< 1 || + 5ps
'1.::{&;61.‘ * | 7ps

25

41
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} Et=H Et=1l
dmul?  fiwi dmul?  flwi Bl domad dmui? el dmai? el

Task5 Taskb Task?

Jp—"

dmul? =i dmulrt  [B=i demul?




#tasks

#chains

# machines

optimal

437

452

730

1007
1145
1187
1193
1348
1566
1664
1782
1980
2014
2168
2333
2399

125
43
175
66
88
293
124
127
152
101
218
207
141
965
318
303

4
20
10
12
20
8
20
12
12
16
16
19
17
18
3
10

1178
537
700
891
605
1570
629
1163
1340
L.0.
t.o0.
1118
1257
1318
8009
2471

-

AMETIST

advanced methods for timed systems

Symbolic A*
Branch-&-Bound
60 sec

Abdeddaim, Kerbaa, Maler



State Symbolic state (set)
(n, x=3.2, y=2.5) (n, 1<x<4, 1<y< 3)
Zone:
conjunction of
y1 y1 X-y<=n, X<=>n




(n, 2<x<4 N (n

1<y<3 A y-x<0
Y A == yx<0) Y A

| ] ] ] S |

, 2<X A
1<y A -3<yx<0) y

y

Delay
y (n, x=0 A 1<y<3 ) Y A& (0, 2<x<K40 1<y )
L. L2,
| | ] ] )? | ] ] N
Reset Extrapolation

(n, 2<x A
1<y<3 A y-x<0 )

N
7

Delay (stopwatch)
Y A

y

] ] ] ] \

Convex Hull




= Difference Bounded
Matrices (DBMs)

= Minimal Constraint
Form
[RTSS97]

= Clock Difference
Diagrams
[CAV99]

= PW List
[SPINO3]




Datastructures for Zones

= Difference Bounded
M RELATED SITES: UFP
The lihrarv used_to maninilate DBMs in UPPAAL
lelp | Contact us
= Latest News
F 02] are efficient data structures to represent clock constraints Draft manual available.
in UPPAAL [Ipy37, bv04, bdlD4] as the core data structure to 23 Oct 2006
ommon aperations such as up (delay, or future), down (past), . _ _

ARSI —|cgant RUBY bindings for
easy implementations

=] : ) = } E=L
and Verification @ * [—:@f ‘l N be1 g [;g: 23-*3?]
X ¥ x Y
" JM @ C.x eicx OlCx L RE SN TR
sEnung an Ccy ®cy Ocy Ccy ®Ccy CCy
e (1 0z (C7 €z GICE
- JiE:-=0n, and Wan
Alexand re DaVId Aputation Theory 1995, LNCS 965 pz
» [bengtsson02] Jehan Bengtsson. Clocks, DBM, and 5t
University 2002.
» [ads0] Rajeev Alur and David L. Dill. Automats fo: | - =
- PW Colloquium on Algorithms, Languages, and F’ru:ugrE||'|'||'|'|||'|g]:J EEE] T EEE] "E Bl
= [lpy37] Kim G. Larsen, Paul Pettersson, and Wang ¥i. |g x| b X a x b X == b
Software Tools for Technology Transfer , October 1997, 1 x y [ % y [ X y
[S » [bv04] Johan Bengtssen and Wang Yi. Timed Automata: @cx OCx @cx OcCx Ccx Ocx
mmd Pimbei Rlmbe TAAA RIS 3000 CCy @Cy Ccy CCy ® Cy CCy
Mimna IO £z (ICz gz ®Cz (0 Cz ®Cz
ARTIST Summer School, Autrans, France Kil-n Larsen [20]
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Gearbox Controller [TACAS’98]

Bang & Olufsen Power Controller [RTPS’99,FTRTFT’2k]

SIDMAR Steel Production Plant [RTCSA’99, DSVV’2k]

Real-Time RCX Control-Programs [ECRTS’2k]

Terma, Verification of Memory Management for Radar (2001)

Scheduling Lacquer Production (2005)

Memory Arbiter Synthesis and Verification for a Radar Memory Interface Card [NJC’'05]

= Adapting the UPPAAL Model of a Distributed Lift System, 2007

= Analyzing a x model of a turntable system using Spin, CADP
and Uppaal, 2006

= Designing, Modelling and Verifying a Container Terminal
System Using UPPAAL, 2008

= Model-based system analysis using Chi and Uppaal: An
industrial case study, 2008



Case Studies: Protocols

Philips Audio Protocol [HS’95, CAV’95, RTSS’95, CAV’96]
Bounded Retransmission Protocol [TACAS’97]

Bang & Olufsen Audio/Video Protocol [RTSS’97]

TDMA Protocol [PRFTS’97]

Lip-Synchronization Protocol [FMICS’97]

ATM ABR Protocol [CAV’99]

ABB Fieldbus Protocol [ECRTS’2k]

IEEE 1394 Firewire Root Contention (2000)

Distributed Agreement Protocol [Formats05]

Leader Election for Mobile Ad Hoc Networks [Charme05]

= Analysis of a protocol for dynamic configuration of IPv4 link
local addresses using Uppaal, 2006

= Formalizing SHIMG6, a Proposed Internet Standard in UPPAAL,
2007

= Verifying the distributed real-time network protocol RTnet
using Uppaal, 2007

= Analysis of the Zeroconf protocol using UPPAAL, 2009

= Analysis of a Clock Synchronization Protocol for Wireless
Sensor Networks, 2009

ARTIST Summer School, Autrans, France Kim Larsen [22] u e a
September 10, 2009



Using UPPAAL as Back-end

= Vooduu: verification of object-oriented designs
using Uppaal, 2004

= Moby/RT: A Tool for Specification and Verification of
Real-Time Systems, 2000

= Formalising the ARTS MPSOC Model in UPPAAL,
2007

= Timed automata translator for Uppaal to PVS

= Component-Based Design and Analysis of
Embedded Systems with UPPAAL PORT, 2008

= Verification of COMDES-II Systems Using UPPAAL
with Model Transformation, 2008

ARTIST Summer School, Autrans, France Kim Larsen [23] u e a
September 10, 2009
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Task Graph Scheduling - Revisited

Compute
D*(C*(A+B))+(A+B)+(C*D))

using 2 processors

P1 (fast) P2 (slow)
M-_“ -+ | 2ps -+ | 5ps
fﬁw * | 3ps * | 7ps
ENERGY:
10 20

ARTIST Summer School, Autrans, France
September 10, 2009




Task Graph Scheduling - Revisited

Compute
D*(C*(A+B))+(A+B)+(C*D))

using 2 processors

Pl (fast) P2 (slow)

b -+ | 2ps
=

x>

ENERGY:
10

ARTIST Summer School, Autrans, France

September 10, 2009
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P2 0P
= Energy-rates: 16102 2,3

C:M—=N

= Compute schedule with
minimum completion-cost ??




Behrmann, Fehnker, et all (HSCC'01)

Timed Automata + COST variable Alur, Torre, Pappas (HSCC'01)

X <2 |3
3y

c+=4

¥ cost update

cost rate




Behrmann, Fehnker, et all (HSCC'01)

Timed Automata + COST variable Alur, Torre, Pappas (HSCC'01)

l, X <2 5
3<y
c’'=4 ©
c+=4
cost rate
¥ cost update
e(3)
(I.x=y=0) 1> (I,x=y=3) 7> (I,,x=0,y=3) —> (I5,_,))



Behrmann, Fehnker, et all (HSCC'01)

Timed Automata + COST variable Alur, Torre, Pappas (HSCC'01)

l, X <2 5
3<y
c’'=4 ©
c+=4
cost rate
¥ cost update
e(3)
(I, x=y=0) > (. x=y=3) — (1.,x=0,y=3) —> (ls._,)

£(2.5) e(.5)
(1., x=y=0) e (Il,x=y=2.5)—l> (1,,x=0,y=2.5) T (I2,x=0.5,y=3)—4> (P

e(3)
(I1,x=y=0) T (I,,x=0,y=0) 'é‘> (I5,x=3,y=3) _O’ (I5,,x=0,y=3) 2 (Isz,_,)



R

Efficient Implementation:
CAV'01 and TACAS'04




f6>0 and f3>0 f6>0 and f3>0




f6>0 and f3>0

f6>0 and f3>0

done!

x1:=0 InUse x1==B1

)

—_~

x1<=B1 &&(cost'==4




f6>0 and f3>0

¢ Rwd+=1

End

f6>0 and f3>0

done1? J?;n*-ﬁﬂ: ~dgne?

Rwd+=1 N\

x1:=0

InUse x1==B1

)

—_~

x1<=B1 &&(cost'==4




Value of path o: val(c) = lim

c,/r,

N—o00

Optimal Schedule ¢™: val(c™) = inf_ val(c)



=00

Value of path o: val(c) = | __ c(t) A dt

Optimal Schedule ¢™: val(c™) = inf_ val(c)



f6>0 and f3>0

f6>0 and f3>0

X1:=0

done1l

InUse | x1==B1

~O-- - -

x1<=B1 £& cost'==-
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P(@), [E(1), L(1D], .. : period or

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

ready

done Scheduler
T~

/ 411 |3

stop Y

run \

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

B
>



ready
done
) stop
T run

Scheduler

done[id]!
ax==Cl[id]

|dle
S . t<=L[id]
t>=E[id]
ready[id]!
=0




ready
done

—

stop
run

_l

oS
N =

Scheduler

- OF

Free

: O-

e id_t
len ==
len >0
ready[e]?
run[front()]! enquﬂuL(E)
run([front()]!
.
e id_t e
ready[e]?
engueue(e)

e id_t

e == front()
donele]?
dequeue()



In UPPAAL 4.0

User Defined Function

A5 Put an element at the end of the gusus

Free void enqueue (id t element)
—— |
int trmp=0;
- e:id_j %ist[len++] = element;
e id_t - if (lenx0)
= e == front()
len >0 lreer;c;y_[e]’? done[e]? { e eend
run[front()]! ' dequeue ot AmLenTl;
[ 0l enqueue(e) d () while [(i>1 &£& P[list[i]]>P[list[i-111}
{
tmp = list[i-1];
li=t[i-1] = li=st[i];
run[front()]! list[i] = tmp;
i--;
\ J i
e id_t Oce }
ready[e]? }
enqueue(e)

A Remowe the fropnt slement of the gueue

void degueue ()



May be extended with preemption

o~ N

—(TaskO0.Error or Taskl.Error or ...)

A0 —~(TaskO.Error or Taskl.Error or ...)



Idle
f—’. et
t>=E[id]

ready(id]!
t=0

R :
donel[id]! sdy P
ax==Cl[id]

run[id]?

ax=0

Scheduler
Free
- O-
e:id_t
len ==
len >0
run[front()]! r;z?éiie)
run[front()]!

e:id_t e

ready[e]?
enqueue(e)

e:id_t

e == front()
done[e]?
dequeue()

run[front()]!



GSM Decoder
JPEG Encoder

JPEG Decoder

[Application from Marcus Schmitz, TU Linkoping]






With Bent Thomsen
Petur Olesen
Thomas Bgghholm







= JOP (Java Optimized
Processor)

= Native execution of Java
Bytecode

= Bytecode implemented
in Microcode

= Avoid unpredictable
data-cache

= Time predictable

= Developed new method
and stack cache

* Implemented in FPGA




Java Optimizing Processor

Cycion e.§7 M

EP1C12Q240C8
L BAAGGO313A

ARTIST Summer School, Autrans, France

September 10, 2009

RS-232 Line
Driver/Receiver

Configuration
PLD

20 MHz
Oscillator

Watchdog

Martin Schoberl

University of Tech., Vienna

Kim Larsen [52]

RAM 256Kx16
Bank A

NAND Flash
16 MB

Flash 512Kx8

RAM 256Kx16
Bank B



a2l &lo

i "?II{"?jﬂ dn Hi]

EP1C12Q24
L BAASGOS:

Fatch

3-4 different FPGAS
6 different boards

RAM 256Kx16
Bank A

NAND Flash
16 MB

Flash 512Kx8

RAM 256Kx16
Bank B



public static void main(String[] args)
new SporadicPushMotor(

new SporadicParameters(4, 4000, 60), 0);
new SporadicPushMotor(

new SporadicParameters(2, 4000, 60), 1):
Per 1cMotorSpooler motorSpooler =

new riodicMotorSpooler(
new PeriodicParameters(4000));

Deadline

new PeriodicReadSensor(
new PeriodicParameters(2000), motorSpooler);

RealtimeSystem.start();



protected boolean run()

if i<5{
=i+ 4;
} else {
| =1%*4;
}

return true;

Method: run ()Z

-aload 0
getfield
ifeq -> 20
aload 0O
dup
getfield
siconst_1
- ladd

. putfield
: goto -> 30
- aload 0O
- dup

. getfield
:iconst_1
- isub

. putfield
siconst_1
1: ireturn



Data J WaitingforRelease

protected boolean run() abstracted
if i<5 { run?
I =1+4; Ready
} else {
I=i1*4:
} =3 =3
return true; Ifthen
} t=2 t=6
Timing = WCET
from microcode Return

IfEIse




SARTS - from Safety Critical Java

public static void main(String[] args) {
new SporadicPushMotor(

new SporadicParameters(4, 4000, 60), 0);

handleBrick() {

rivate void handleBrick() £ |

void handleBrick() { |

private void handleBrick() {

sors svnchronizedReadSensors():

private void handleBrick() {
Sensors.synchronizedReadSensors();

int| private void handleBrick() {
Sensors.synchronizedReadSensors();
int input = (Sensors.getBufferedSensor(0) + Sensors
if (3 -getBufferedSensor(1)) >> 1;
if (awaitingBrick) {
if (input > lastRead) {
lastRead = input;
} else if ((lastRead - input) >= TRESHOLD) {
awaitingBrick = false;
if (lastRead > BRICK_DETECTED) {
brickFound(lastRead);

¥

new SporadicPushMotor( | private void
new SporadicPd J g
i| g private
PeriodicMotorSpooler motor | i| S8
new PeriodicMa ;| | " isnetr
new| |.
if
new PeriodicReadSensor( if (4
new PeriodicPa
RealtimeSystem.start();
}
TASKS 7
METHODS

ARTIST Summer School, Autrans, France
September 10, 2009
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SARTS - to Timed Automata

File Edit Wew Tools Options Help

Dal@ 2¢ A&A&Q K@

Editor |S|mulator| verifier

.Y
Template_0001_threads(1) | |[Template_0001_threads(2) |[Template_0001_threads(3) |[Template_0001_threads(4) | [Template_0002_threads(1) |[Template_0002_threads(2) E
L] L] [ ] L] L] L]
Scheduler = = v e e p
L '|'|'.:--"|I A 4 !
Y % UNIVERSITET  “#agpnt®
o N ‘_jg-g)"__"“—@ _threads(2) |[Template_0004_threads(3) ||[Template_0004_threads(4)
d N .;-‘,ﬂ . Template_0005_threads(1
b e / . . plate_0005_1 (1)
2 o i h .
N : @ exli by 3
Template_0002_threads(3 o -
: Detection of Deadline Violatio
UPPAAL 4.0,2 (rev. 24 I n I n I I n
W Visualize WCET in ECLIPSE
& e [ L] [ L] [ L] =

18 methods + 4 tasks = 76 components

ARTIST Summer School, Autrans, France Kim Larsen [58] a
September 10, 2009



Modular Execution Time Analysis using
Model Chekcing

With Rene R Hansen
Andreas Dalsgaard
Mads Olesen
Martin Toft




WCET: Worst Case Execution Time

= |solated, non-blocking [var

code var
var
= Annotation with loop var
counts. var
while (E < 11) 10 {
= Cache used for output B;
speeding up access of output C:
memory blocks. output A:
output Dj;
= Full associatively. output C

= |LRU replacement
strategy.

ARTIST Summer School, Autrans, France Kim Larsen [60] u a
September 10, 2009




WCET: Worst Case Execution Time

)

. In general:
hard
2 Ao impossible to
9 | BCET WCETR predict
®)
O
o //
>
Minimum Maximal Time
execution observed
time execution
observed time
|
KJOP: \ |
No data caching
No pipelining J
Kim Larsen [61]

BQJNO branch prediction

Autrans France

ARTIST Summer Sch
September 10, 2009




Annotated N -
Executable Main Memory
LPEAAL model [UPPAAL mode

disassemble ARM-to-UPPAAL)
(objdump, Dissy)

* Control Flow Graph . Caches
IAHM assembly (UPPAAL madel) P
(WALI) {LUPPAAL model) (UPPAAL)

WCET

Cache specs ﬁ

generate
(cache-gen)




Fle Mavigation Qptions Help

Lookup I

 Highlight

Address |size | Label

0x0000832¢ 84 fib
0x00008380 32 main

0x00010440 4 __init_array_end

Address 'bo bl b2 Instruction

0x000083230 4 libe_esu_fini

0x0000B3a4 116 _ libc_csu_init

0x0001043c O _'F rame_dummy_1inlt_array_entry
0x00010440 O i_do_global_dtors_au:(_ﬁni_array_entry

[2]

tint fibiint n)

q

0x00008330 fpush {lr}
0x00008334 C mov 1r, ro

Frew = 1; Fold = 0;
for | 1= 2;
1 == 30 && 1 == n;

Ox00008338 -~ movle ro, #1

Ox0DDOB33c ' ;bla 8378
Ox 00008340 Smov rz, #2
0x0D008344 o mov ri, #1
Ox00008348 ' ;mcv ip, #0

: i+ ]
Dx0000B34c i ;)Eadd rz, rz, #1

|

int 1, Fnew, Fold, temp,ans:

[

/% apsim_loop 1 @

int 1, Fnew, Fold, temp,ans;

Instruction Information




e Library written in Python for manipulating UPPAAL models
@ Import/Export UPPAAL models

@ Automatic layout of models

@ Used to generate most of our models

@ Open Source




Prototype Implementation

function: main function: fib
fetch! fetch! fetch! fetch!
CFG | | -»O—O—O- | | -»O—>O—>O-
Fetch stage Decode stage Execute stage Memory stage Writeback stage
. , fetch? decode? execute? memaory? writeback?
Pipeline | |O——Q || O—0O O—0 || §G—0
i L} L] y ‘Jr
decode! b execute! ' memaory! writeback! : =T
, F ¢ L
4------ ’ q4------ - 4------ - <" ’
Instruction Cache Data Cache
instrCacheWrite? _ instrCacheRead? dataCacheWrite? _ dataCacheRead?
o O | |0 o »O
Caches ! . . .
v instrCachewrite! instrCacheRead! i . dataCacheWrite! dataCacheRead!
‘h J" '-.“ __r
__________ '- - e wm m = am w a "-—..____.——P' -q—--____--"'
Main Memory
RAM dataCacheMM? instrCacheMM?
O 0 »O
v dataCacheMM! instrCacheMM! |
\.l__ ________ '- + ________ _..i

ARTIST Summer School, Autrans, France

September 10, 2009

Kim Larsen [65]



@ Conducted on the concrete implementation for the ARM920T
processor

@ Examine three qualities:

e Size and complexity of processes

e How much sharper WCETs are found by taking caching into account
o Resource usage (time and memory)

@ No evaluation of the pipeline
@ No reference WCETs available

e Benchmark programs from the WCET Analysis Project by
Malardalen Real-Time Research Center

o Wide selection of computation tasks
e Used to benchmark WCET analysis methods



@ [he most interesting findings:

e [aking the instruction cache into account yields WCETs that are up
to 97% sharper (78% on average at -02)

e Taking the data cache into account yields WCETs that are up to 68%
sharper (31% on average at -02)

e Almost all results are obtained within five minutes

@ Some programs fail due to

o State space explosion (9)
o Write to program counter (2)
e Floating point operations

o Value analysis problems



= Still work in progress

= UPPAAL provides flexible framework for
modularization

= Analysis times acceptable.

= |ntegration of abstract caches
= Better value analysis

= |ntegration of WCET and Schedulability
Analysis






<] UNFL

o +
Enpa A®

K

43 15®




When you are in
( Taskl.End Task2.End Task3._id2 Task4.End Task5. idO Task6._idO Task7._id0O M1._id4 M2._id7)
f1=1 f2=1 f3=0 f4=1 f5=0 f6=0 f7=0 f0=1 B1=0 B2=6
(4<=x2 && time==18 && x2<=8),

STRATEG
Task6. idO->Task6. idl1{a==1&& b ==1,usell,Bl1:=D1}

M1. id4->M1._id5{ 1, usel?, x1:=0}

When you are in
( Task1.End Task2.End Task3.End Task4.End Task5._idO Task6._id1 Task7._idO M1._id5 M2._id6 )
f1=1 f2=1 f3=1 f4=1 f5=0 f6=0 f7=0 f0=1 B1=3 B2=10
(18<=time && x1<=6 && time<=22 && time-x1<=18),
Take transition
Task5._idO->Task5._id2{a==1&& b ==1, use2!, B2 :=D2}
M2._id6->M2._id7 { 1, use2?,x2 :=0}

When you are in
( Taskl.End Task2.End Task3.End Task4. idO Task5._idO Task6._id1 Task7._id0O M1._id5 M2._id6)
f1=1 f2=1 f3=1 f4=0 5=0 f6=0 f7=0 f0=1 B1=3 B2=2
(x1-time==-10 && time==10),
Take transition
Task4. idO->Task4. id2{a==1&& b ==1, use2!, B2 :=D2}
M2._id6->M2._id7 { 1, use2?,x2 :=0}

When you are in
( Task1.End Task2.End Task3.End Task4.End Task5._id1 Task6._idO Task7._idO M1. id5 M2._id6 )
f1=1 f2=1 f3=1 f4=1 f5=0 f6=0 f7=0 fO=1 B1=8 B2=8
(x1<=3 && x1-time==-18) || (20<=time && x1-time<=-12 && time<=21 && time-x1<18),
Take transition
Task6._idO->Task6._id2{a==1&& b ==1, use2!, B2 :=D2}
M2._id6->M2._id7 { 1, use2?,x2 :=0}

When you are in




Optimal Scheduling under Uncertainty

Tasl

k7

Priced
f6==1 and f3== f6==1and 13==1 TIMED GAMES

Decidable with 1 clock BLMROG]
Acyclic LTMMO2]
Bounded length ABMO04] 3

Strong non-zeno cost-behaviour [BCHLO4]
Undecidable with 3 clocks or more !
[BBRO5, BBMOG6]

Open problem with 2 clocks

| g X1>=P1 gy X2>=B7
Xx1<=B1+3 |, cost'=4 x2<=B2+2 cost’'=3
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T'Finfl'“

Trainint

Trfliﬂ'n‘

Train(0)

x>=3
leave[0]!

Safe ._.
; —

1| appr[0]!
x=0

|| Appr
x<=20

x<=10
stop[0]?

go[0]?
X=

Stop

Cross
X<=5

x>=7
x=0

Start
x<=15

Gate

Free

len >0
go[front()]!

e :id_t
appr[e]?
enqueue(e)

O

e:id_t

len ==
appr[e]?
enqueue(e)

Occ

stop[tail ()]!

e:id_t

e == front()
leave[e]?
dequeue()




TrFi"'""“
Trainin |
Trf’i""“ I
Train(0)
X>=3
I
‘ Safe .< leave[0]! Cross
: | Xx<=5
1| apprion
x=0
X>=7
, x=0
: j Appr Start
x<=20 x<=15
x<=10 go[0]?
B stop[0]? X=

Gate




Truinfl’“

Trﬁin!ﬂ\

Tf"i"'"“

Train{0)

X>=3
leave[0]!

x<=10
stop[0]?

Cross
X<=5

e:id_t

leave[e]?




xl=1:%
Memoryless strategy: / x=1:c

F:Q>E.UA _><_>1__‘___\x<1

x<1 S o
\\
Winning Run: <2 10, Y x>2 |
: ]
States(p) NG = @ x>2: ¢ )
//
7’
Winning Strategy: « =~ "x:=0
Runs(F) € WinRuns x<1 ~__ i
x>1:c¢c
T~ xl=1:2
= * Uncontrollable x=1:c

— Controllable



Fil

C:/MDocuments and Settings/kgl/Deskto p/DESKTOP FEB 2007 /UPPAAI

e Edit View Tools Options Help

PAAL examples/Marktoberdorfi

0= ™

Simulator | Verifier

Q| e [{@-~>e

CONCUROS5,

leawe[2]: Traini2

Delay: 4[‘3‘]
[ | Take transition
Trace controls

44 First | 139.36 3 | Db Last
[ 4l Prev J[ b Play J[ I Mext ]

Speeder

S Reset

EP&

—J

—J

J¢ Random simulation

-

Train(0).x = 18617920
Train{d).z = 18.617920
Train{1).x =5.617919
Train{1).z = 18.617920
Train(Z).x = 4.000000
Train{2).z = 18.617920

[ Drag ouk ]: Drag out ]: Q]
Train(0).b = 1 LR L fram) 1
Transition chooser Train(1i.b=1
0.0 2.0 4.0 BO A ([TEn2).b=0
KO =10

CAVO07,
FORMATSO7

- 3

Train{0) Train{1)

Train(2) OpenGate

2[2]
2]
3
= stop (4T v




Quasimodo
(Cassez, Jessen Larsen, Rainier, Raskin - HSCCQ09)

s e —

Clamping Injection Cooling Ejection

. = Tool Chain

. = Synthesis:  UPPAAL TIGA
= Verification: PHAVer

= Performance: SIMULINK

e 3

| = 40% improvement of
~ existing solutions..




+2.2 litres/second

[ . J;——""‘“ = R1: stay within safe
‘|‘| interval [ 5, 25 ]

-

A

= RZ2: minimize
average/overall oil
volume

t=1T

Vmin

L

Machine/Consumer

o v(t)dt /T
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(any) swniop

Verification PHAVER

40% Improvement




Conclusion & Open Problems

= Priced Timed Games = Priced Timed Automata
> = Reachability & Model Qaticaallotioiie
= Checking
§ = Energy-Bounded Prb. Thanks for your
S = Safety attention!
@} « Probabilistic Priced Timed Wwwuppaal com
Automata
* Timed Automata .
= Fully Symboli ontrollers |
= Static Anal = From stategies =
? C-code APPLICATIONS %
17 = Timed Game Live Sequence Charts  j
= = Partial Obser Ty Gantt C.har.t _ -
= Alternating Probabilistic Timed
Automata
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