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System-level analysis

= Conseguences of different mappings of tasks to
processors — software or hardware

= Effects of different RTOS selections — scheduling,
synchronization and resource allocation policies

= Effects of different Network topologies and
communication protocols.
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= Motivation

= Abstract RTOS model

= Extension to handle networks
= Example

= Design space exploration

= Conclusions
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-== Framework — abstract RTOS modelling
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-== Framework — abstract RTOS modelling
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- Uni-processor ...

Framework to experiment with
different RTOS strategies

Focus on analysis of timing
and resource sharing

Abstract software model, i.e.
no behavior/functionality

Easy to create tasks and
Implement RTOS models

Based on SystemC
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System model
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System model
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= Task messages:
= ready
= finished

= RTOS commands:
= run

= preenpt
= Resune

\
scheduler
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- System model - SystemC

pa = new
task("task_a", 1,50, 3, 12, 0, ready);
regi st er Task( pa, cpul);

pb = new
task("task_b", 2,40, 2,10, 0, ready) ;
regi st er Task( pb, cpul);

pc = new
task("task_c", 3, 30, 1, 10, O, r eady) ;

- % cptin® '\

identifier offset
period WCET

priority
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= Link model
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Aim: Adding tasks without
having to create seperate
communication links

Uses the SystemC master-
slave library

If two tasks send a message
at the same time — they are
executed in sequence, but Iin
undefined order

Global "clock” i1s used to
keep track of time
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-+ Task model

= Periodic task
= Aperiodic task
= Sporadic task
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Task model
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= Task model - SystemC

SC_MODULE( per Task) {

sc_out mast er <nessage_t ype>
sc_i nsl ave<nessage_t ype>
sc_in_clk cl ock;

sc_event

voi d next _state();
voi d update_state();

SC_HAS PROCESS( per Task) ;

per Task(sc_nodul e_nane nanme_, int id_,
sc_nodul e(name_),id(id), ...)

{
SC METHOD( next state);

sensitive << newSt at eEvent ;

SC METHOD( updat e_st ate);
sensitive << cl ock;

}

private:
t state
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- Scheduling model

= Aim: Simple way to describe
the scheduling algorithm

= Scheduler should only
handle one message at a

)
O time
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= Schedulers:
= RM
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= Scheduling model - SystemC

Rate monotonic scheduling
voi d RM schedul er: : doSchedul e() { u t | . message I‘ecelved

ti = in_nessage; .
it (ti.comme=ready) { from from task |
Q push(ti);

i e o = tj:message from task j
U= elior) with highest priority from

if (tj.id !'=0) { '
if (tk.id !'=0) { ready IISt
if (tk <tj) { .
out _command = *(preenpt Task( & k, &Q); - t k message Of the
tk =tj; .
out _command = *(runTask(&j, &Q); currently running task
} else {
}
} else {
tk = tj;
out _command = *(runTask(&j, &Q);
}
} else {
}
}
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-+ Data dependencies

synchronizer

scheduler
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- Resource sharing

Y
synchronizer
allocator

scheduler
| I—

=
a—
—

ESCUGM?9 - DATE'04, Paris, France

i



p)
| -
O
p)
7p)
Q
O
O
LS.
T
m
-
=




- Multi-processors
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-2 Networked multi-processors

= Data transfers between processors are
considered as message tasks

= The network can be considered as a
communication processor on which message
tasks are scheduled

= The network provides,
= Topology = resource allocator
= Protocol = scheduler
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= Network-on-Chip model
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= Simple MPSoC example

m,: Ry,L1Ro 2R3 (1 ©—06
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-== Example: concurrent communication

PE=.Tazkl
MNoC. CommTasks
PEc.Task3
PEc. Task2
MNoC.CommTask? R
L] I

SystemC.cycle
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-+ Example: system deadlock!

PEa.Taskl
MNoC. CommTasks [ —
PEc.Task3 3
PEc.Task2 I S &
Mol CommTasks T D R T
PEbL. Taskd N O S S S

SystemC.cycle

Assuming buffers in the routers, there
o—@ o is no problem
e

But, assuming wormhole routing,

message task x would be stalled until
task 3 is ready

However, task 3 has to wait for task 2,
which cannot complete as it requires
the network (L1) to deliver its result
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-+ Design space exploration

imi b | Bl - R : |
Timing Aware g T | L ml . I - |
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JPEG Decoder MP3 Decoder
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OL\IS\ | 1\0u\s | | 2(\)“5\ | | 3\0u\s | | 40\u\s | | 59“\5 | eo\u\s | | 79U‘S
SystemC.task_mp3_0[7:0] 00 00 00
SystemC.task_mp3_1[7:0] 00 X 01
SystemC.MessageTask1[7:0] 00 [ 00 X 01
SystemC.task_mp3_2[7:0] 00 X 01
SystenC.task_mp3_3[7:0] X 00 Y 01
SystemC.task_mp3_4[7:0] b 00 X 01
SystemC.task_nmp3_5[7:0] f:] 00 X 01
SystemC.task_nmp3_6[7:0] ] 00 X 01
SystemC .MessageTask2[7:0] |01 00 X 01
SystemC.task_nmp3_7[7:0] 0302 00 [02Y 00 X 01
SystemC.task_mp3_8[7:0] [ 01 | 00 X 01
SystermC.MessageTask3[7:0] [ 01 | 00 01] 00 X 01
SystemC.task_nmp3_9[7:01 | 01 | 00 X 01
SystemC.task_mp3_10[7:0] [ 01 X 00 Y 01
SystenC.task_mp3_11[7:0]1 0L X\ 00 Y 01
SystemC.task_mp3_12[7:0]f 01 X 02 00 X 01
SystenC.task_mp3_13[7:0]1] 01 X 02 00 Y 01
SystemC.task_mp3_14[7:0] 01 X 02 Y 00 X 01
SystemC.task_mp3_15[7:0] 01 X 02 X 00 X 01
SystemC .task_jpge_0[7:0] Jo303] 03 Y62 00
SystemC.task_jpge_1[7:0] 01 X 02 X 00
SystemC.task_jpge 2[7:0] 01 o3 02 X 00
SystemC.task_jpge_3[7:0] 01 X 02 X 00
SystemC.task_jpge_4[7:0] 01 00
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= Conclusions

= System-level modeling framework which
combines application, RTOS and execution
platform

= Extension to model network-on-chip

= Example
= System-level analysis
= Early design space exploration
= Work In progress
= Power modeling
= Reconfigurable platforms
= Modeling mobile sensor networks
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