Jan Madsen, Michael R. Hansen
Aske Brekling, Jens Ellebak, Kristian S. Knudsen

Embedded Systems Engineering Group

Informatics and Mathematical Modeling
Technical University of Denmark

=
—
—

| 0



- Motivation BS

4 D
o ©

. - »
\__ Appli t'e del /\ o
iIcation mode
= w |
/ \ design tasks

/

Model of system
K System platform K implementation /I{TU
>
e
o0

Dagstuhl Seminar, March 2007 Jan Madsen [2]




= The ARTS framework

= Using ARTS

= A TA model based on ARTS
= MOVES

= Demo of MOVES

\ Model of system
iImplementation /6."]




-+ ARTS framework BS

ARTS model in SystemC

PE1 PE2 PEN / \

Dagstuhl Seminar, March 2007 Jan Madsen [4]

\ Model of system

iImplementation /I{TU
>
e
o0



—

Application

r o=
| .
T

|

Synchronnizer

'

N n
O
'E Resource aw
Allocator Y | model
¢ OCP IO device
Scheduler Master| | Slave

—

SoC communication interface (OCP)
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SoC communication layer model

ARTS Simulation framework based on
SystemC

ARTS PE module:

= Application

= OS

= |0 ports (OCP 2.0 interface)
= 10 device drivers

ARTS Communication module:
=  Network topology and protocol
=  Network adapters

= 10O ports (OCP 2.0 interface)

Applications of ARTS:

=  MPSoC (NoC exploration)

= Wireless sensor networks

= Automotive systems (TT vs. ET)
= Dynamic reconfiguration
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= System-level modeling framework
= Bridging,
= Application )
= RTOS

. Cross-layer optimization
= Execution platform

= Processing elements
= NoC

= Supporting
= System-level analysis
= Early design space exploration
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= Consequences of
= RTOS selection
= scheduling, synchronization and resource allocation policies
= Processor selection
= General purpose, semicustom or dedicated hardware
= Network selection
= topologies and communication protocols.

= Task mapping to processors
= software or hardware

= On
= Performance
= Power
= Memory profile
= Area
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PE type freq. | cost Mem/chip size static power | comm. power
(MHz) | ($) | (Bytes)/(u” or TLBs) (W) (W)

General Purpose Processors (ARM Famuly):

PEcppo 25.0 100 1024000 Bytes 800 2000

PEcprp1 10.0 50 1024000 Bytes 800 2000

PEcppo 6.6 50 1024000 Bytes 800 18000

PEcpps 10.0 50 1024000 Bytes 880 2000

ASIC (0.35):

PEasico 2.5 400 18374 ;1* 10 21

PEasic 2.5 300 50000 1 18 37

PEasico 2.5 500 24274 i” 10 21

PEasics 2.5 300 50000 1° 20 37

FPGA (Xilinx Family)

PErpca 25 250 1220 TLBs 127 42.79

Communication links (buses)

[Buso 66.0 65 NA 775 4881.648

IBUs1 33.0 48 NA 941 4781.648
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IP Type ASIC ASIC ASIC ASIC ASIC GPPO
oS - - - - - RM
Tasks

IP Type GPPO FPGA ASIC FPGA FPGA ASIC
oS RM RM - RM RM -
Tasks

IP Type ASIC FPGA ASIC GPPO ASIC GPPO
oS - RM - RM - RM
Tasks

ASIC FPGA ASIC GPPO ASIC GPPO
% - EDF - EDF - EDF
Tasks 15 15 15 18 19 32
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Application Applicat'iqrg ______

A
Executlon PTa:c I
\? \’ *) readyj I'LlIlj
081 082 053 f inishj preempt i
F on P
per pes T xeculion Z(V tform
[ 3N N ) pe} [ 3 M ]
Communication

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

ExecutionPlatform = |72, pe;




/fTime unit completion

x==1
updateDynamicScheduling() f/Ensure update of dynamic scheduling
x<1 && x>0 &&

cp<=dead-cr

cp==ptime && . h )
IfinishSignalsPending() setWaitForUpdateDynamicScheduling()
//1ssue ready signal : ) )
//Detection of missed deadline
ltaskHasOffset() ready! ¥>0 && cp>dead-cr
S initNoOffset() Idle initNextPeriod() Ady B
. . missedDeadline() ’.
IIStart of perio = MissedDeadline
cp<=ptime
T e x==0 && shouldThisTaskRun() &&
askHasOffset() //Enable missed deadiine detection
setStaticScheduling() cp>ptime-1 cp<=dead-cr
/IFinished waiting for of::et-tp e ‘;Ern%Sk e asKastiorertantimen
. u /iTask preempted
o x——offget il preempt?
"5‘ setPeriodClock()
IdleWai
ﬁz\l‘%:ffsc;rtgﬁset [IWaiting for next period//Task finis
cp<ptime finish!
finishAtPeriodErd()
/IFinished before end of period
taskHasFinished
&& cp<ptime
/[Task finished .
ﬁnig?\! Inishe Running
finishBefarePeriodEnd()
- readyForNextTimeStep()
ig;rnplete one time step itOneTimeStep()
runOneTimeStep() Running2

x<1
/IContinue time step
x>0

GO L) ensureTimeStepCompletion()

x<=1
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* MOVES

E<>missedDeadline
E<>totalCostUsed (Memory) >=23

E<>totalCostUsed (Energy) >=15

\ Required specification
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public class system {
public Application apps:;
public Platform pl;
public system(int M, int N, int granularity) {
Resource rl = new Resource();
iod, FP)

//t2.softDeadline() ;




Cost memory = new Cost(tasks);
Cost power = new Cost (tasks);
Cost[] ca = {memory, power};

Static memory ... ;s Dynamic memory

e --olication(tas.__,

- e 4

memory.set(tl1,1,0,0,3);
memory.set(t2,1,0,0,7);
memory.set(t3,1,0,0,9);

memory.set(t4,2,0,0,6) ;
memory.share(t2,t4,5); Data to be
transfered

power.set(t1,0,0,0,5);
power.set(t2,0,0,0,10);

power.set(t3,0,0,0,5); BUS iS a Shared

power.set (t4,0,0,0,10) ;

resource
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