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ARTS objectives

= System-level modeling framework

= Bridging,
= Application
= RTOS

= Execution platform

= Processing elements
= NoC

= Supporting
= System-level analysis

= Early design space exploration
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. Cross-layer optimization
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ARTS framework

ARTS model in SystemC

PE1 PE2

U U .
interface Iz
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ARTS Framework =\

02
\

I ‘ V 1 = ARTS Simulation framework based on
5 N e SystemC

:(%l ] =  ARTS PE module:

_ —_— N L.
— \ =  Application
v = 0S
Synchronnizer = IO ports (OCP 2.0 interface)
=  |O device drivers
) s ¢ =  ARTS Communication module:
R -
i Aeni?;i:f)? v m':\ével =  Network topology and protocol
¢ OCP 10 device = Network adapters
= |O ports (OCP 2.0 interface)
Scheduler Master| | Slave = Applications of ARTS:
(- =  MPSoC (NoC exploration)
=  Wireless sensor networks
SoC communication interface (OCP) =  Automotive systems (TT vs. ET)
1 =  Dynamic reconfiguration
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Formalizing ARTS =V

Application
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Execution P‘hjf( I *
v » ready. run;
i 7
051 082 053 Limigh. preempt,
i i ] ExecutionPlat form
peq pes pes v
. . e 00 pej [ B N
Communication

System = Application || EvecutionPlatform
Application = ||, T;

EzxecutionPlatform = |72, pe,
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Timed Automata for a task B 2

ReadyDyn

/Time unit completion
x==1
updateDynamicScheduling() //Ensure update of dynamic scheduling
x<1 && x>0 &&
i i cp<=dead-cr
cp==ptime . - N
IfinishSignalsPending() setWaitForUpdateDynamicScheduling()
/1ssue ready si - 3 : :
S ety Siy) //Detection of missed deadline

ltaskHasOffset() ready! >0 && cp>dead-
Start _  initNoOffset() ldle initNextPeriod() SR _
@ ’% £ = missedDeadline() O
/IStart of perio x<1 MissedDeadli
cp<=ptime o issedDeadline
taskHadOffset() %==0 && shouldThisTaskRun() &&
"c; tt.'“S heduli /lEnable missed deadline detection
setStatipScheduling() cp>ptime-1 cp<=dead-cr
- ) setPend() raLLa';sk receives run signal taskHasMoreRuntime()
/IFinished waiting for offset Task preempted
x==offset-1 -
it
fose.tf\ setPeriodClock() P //Finished at end of period preamp
CJ =f taskHasFinished()
i iz Sl IdleWai && cp==ptime
X{=a|;;fs'33rt_°.| A [IWaiting for next period//Task finishec
cp<ptime finishl
finishAtPeriod
/{Finished before end of period
taskHasFinished
&& cp<ptime
/Mask finished Risining //

finishl
finishBeforePerodEnd()

readyForNextTimeStep()

1 i
[/{Complete one time step itOneTimeStep()

X: —
runOneTimeStep()

x<1

[/Continue time step
x>0
ensureTimeStepCompletion()
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MOVES =V
4 N

E<>m ssedDeadl i ne

E<>t ot al Cost Used( Menory) >=23 / \

E<>t ot al Cost Used( Ener gy) >=15

\_Required specification

Model checking
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Applic Task = & o
T, 10 10 O
O30 1z::
10 10 0
T, 10 5 0
| \ A 1
| # b 1
Exedution Platform \ 1 PE, f=1MHz, os = RM
| Task bcef weet sm dm pw
* 4 ¥ ; P
054 053 os 1 1 3 1 3 5
L 2 2 F % 8
PE, PE, PE, T 2 2 1 610
o1 o1 2 910
T period [s]
& : deadline [3]
P @ : offset [s]
beet : best case execution time [cycles]
3 weet : worst case execufion time [cycles]
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sm : static memory [Byte]

dm : dynamic memory [Byte]

pw : power [mW]

f: frequency [Hz]

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

Example: MPSoC specification ==
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Specifying the application ==

Task ©n o6 o

51 10
%ﬁs 0
Task t1 = new Task(1, 3,10, 1007 |

10 10 0
Task t2 = new Task(2, 10, 0, 2); T3 0 5 0o
Task t3 = new Task(2, 2, *

Taskt4 = new Task(1, 1,5, 1
E.f=1MHz, os =RM
}as& et weet sm dm pw
3 5

T 1 3

L 2 2 175
L o2 2 1 610
W1 1 2 910
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Execution platform ==

PE.f=1MHz, os =R Execution Platform
Task bcet \wcet sm dm p
o 3 5 os, os, os,
2 2 7 5
2
1

1

T 2\ 1

T, 2\ 1 6 10 PE, PE PE
T 1 \2 9 10

4

Processor p1 = new Processor(1, Processor.RM);
Processor p2 = new Processor(1; Processor.RM);
Processor p3 = new Processor(1, Processor.RM);

Processor pm = new Processor(1, Processor.RM);
Resource r1 = new Resource();
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Mapping application onto platform

Task[][] tasks =

{1 hAE2,835,{t4},{tm1,tm2}}; |
|

Exejution Platform

Task tm1 = new Task(3, 3, 10, 5);
Task tm2 = new Task(1, 1, 10, 6);

apps.useResource(tmi,rl);
apps.useResource(tm2,rl);

apps.addDep(tl,tm1);
apps.addDep(tm1,t2);
apps.addDep(t3,tm?2);
apps.addDep(tm?2,t4);
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Traces B\ s

e(ty)=[1:3]

L = $
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Handling realistic applications? ==

',
PN 2

GSM Decoder

JPEG Encoder

Smart phone:

A=)

JPEG Decoder

A A
@)
@)
@) DD«

@D

[Application from Marcus Schmitz, TU Linkoping] DTU

DATE'07 Workshop, April 20, 2007 Jan Madsen [17] D<€




Smart phone ==

JPEG Encoder

A=)

JPEG Decoder

A

GSM Decoder

: Tasks: 114
S o ol ¢ «# Deadlines: [0.02: 0.5] sec
“m Execution: [52 : 266.687] cycles
£ W?:*I?yperperiod: 12.500.000 cycles
\ == ~2.500 task executions
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