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Multi-Processor on Systems on Chip (MPSoCs)

O HW complexity
O Increasing number of cores
O Increasing heterogeneity
Multi-cores everywhere

O Ex.: Smartphones, tablets and
e-readers
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ITRS Trend: PE Count
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MPSoCs: SW productivity gap

O SW-productivity gap: complex SW for ever-
increasing complex HW

> Cannot keep pace with requirements

Evolution (log)

> Cannot leverage available parallelism
O Difficult to reason about time constraints

O Even more difficult about energy consumption

O Need domain-specific programming tools and
methodologies!

= In this presentation: Dataflow/process networks
for signal processing and multimedia
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Dataflow and process networks

O Graph representation of applications

O Implicit repetitive execution of tasks

0 Good model for streaming applications

O Good match for signal processing & multi-media
applications

PnTransformsdfToKpn(D, S); PnTransformPthreads(D, S, traces);
D .I. ColectChanelaccessiangesiD) ) sinchude “PrTVPUtgHY =
e r e o | | q q U | o | e r Prrsteralieres e Hinclude "PrTVPUmap " o
sk #include "clang/AST/ASTContext.h" PrintForSystemC(D, S, traces,
‘streamFactory(BasePath); using namespace clang; ErasePnDefs(D);
switch (transTarget) { break;
clang::PnTransform(TransTarget PrintForVPUtg(D, S,
transTs t, bool traces, streamFactory);
ErasePnProcessTemplates(D); strMappingFileName, ASTContext break;
reak; Sema &S, const PrintForVPUmap(D, S,
case TransPthread: Ilvm::sys::Path &BasePath) { strMappingFileName,
PnTransformPthreads(D, S, traces); assert(transTarget = Translnvalid); streamFactory);
ErasePnDefs(D); TranslationUnitDecl *D = ErasePnDefs(D);
break; Ctx.getTranslationUnitDecl(); break;
case TransSystemC: PnTransformsizeof(D, S); case Translnvalid:
PrintForSystemC(D, S, traces, PnTransformTask(D, S); sert(false);
streamFactory); switch (transTarget) { break;
ErasePnDefs(D); case TransSystemC: ‘&BasePath)
PrintForVPUtg(D, S, PnTCopying(D, S); Ctx.getTranslationUnitDecl();
streamFactory); break; PnTransformsizeof(D, S);
ErasePnDefs(D); default: PnTransformTask(D, S);
break; ; switch (transTarget) {
case TransVPUmap: } case TransSystemC:
PrintForVPUmap(D, S, case TransVPULg:
streamFactory); PnTCopying(D, S);
Y assert(false); }
iter r
}
[r— }
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Dataflow models: static vs. dynamic

O Static: Synchronous dataflow models

Synchronous Dataflow | !
(SDF) spec. Unfolded cycle "Blocked" DAG scheduling
PE \
2
O KPNs (& DDFs) oy -
3 No “hardcoded” rates 5 [ read(&c0); 1
. EL(...); £f2(...); :
[ More expressiveness Co |write(&c2);| |write(s&cl);
2 More difficult to analyze [ ; |
) u u CHAIRFOR
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Dealing with dynamic behavior: tracing

.........................................

iPl read(&c0);
HEL(-- ) £2(...); E
|lwrite(&c2);| |write(&acl);|]:

O White model of processes: source code

analysis and tracing

.........................................

for (;i < x;i++) { ¢
write(&c2); :

fl( e o o ) ’ } wICQ w§2 ng 1,.16'1 ,,,.2611
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read(&cl);
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Trace-based mapping and scheduling

A
" A Mapping &

“i'v vy oW scheduling

W W Process AA AMAA
G‘e @ tracing T+T vﬁv +T 'gw

Parallel P Valid mapping
implementation TT ﬂ T L 5
O Mapping: Trace-based heuristics e
O Mapping & scheduling: Analyze traces and propose mapping
O lterate: Improve mapping (if required)
| u CHAIRFOR
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Trace-based algorithms 7

O Event traces can be represented as large dependence graphs

o>

Cs wgz

wf2 Wy
'1 Blocking read
P —-
>
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Blocking write, size(chan. 2) = 1

Y 4

T T l l l T Blocking write, size(chan. 2) = 2
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Trace-based algorithms (2)

O Sample trace graph

10

size(chan. 2) = 2, size(chan. 1,3) =1

O Possible to reason about
a Channel sizes and memory allocation

3 Mapping and scheduling onto heterogeneous processors

uuuuuuuuu
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Dealing with heterogeneity: group-based mapping (GBM) =

App. elements

1) Initialize: All to all Cy
@ ¢

2) Select element: Trace

graph critical path

Resources
= = 5 oeoo

3) Reduce group =B

4) Assess & propagate

5) Quasi-homogeneous
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Dealing with real-time applications

O Idea: intelligently add resources until a valid mapping is found

[ Resources: memories and processors

O Graphically

o>

C ml=
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Dealing with SW/HW acceleration

" e : ol ~
W (O ERE = Comie
@‘@ @ m e | g AR > Select/config.
Q] HW Accel.
7
Parallel ,
implementation Valid mapping
[SDR10, ALOG11]

O Specialized platforms: HW /SW acceleration

O Compilation and source-based performance estimation not applicable

O Approach
O Framework for marking accelerated routines

0 Tool flow to select and configure accelerators
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Dealing with SW/HW acceleration (2)

O “Nucleus” tool flow [MILCOMO9, Castrillon14]

. Waveform 1 Waveform n
Nuclei Library ._. L L

L] B[] .
N- Waveform x Transceiver
SPE - ;

- Constraints
[] o ——

|11
I

(Possible nucleus mappings ------- ) PN e T
Board support IFBI ---- IF33
package: '
i Fs1
N — [ [
Platform model +
flavor descriptors PE, PE, PEs P15
I I I I
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Implementation: C extension for KPNs

O FIFO Channels typedef struct { int i; double d; } my struct t;
__PNchannel my struct t C;
__PNchannel int A = {1, 2, 3}; /* Initialization */
___PNchannel short C[2], D[2], F[2], G[2];

O Processes & networks

___PNkpn AudioAmp _ PNin(short A[2]) _ PNout(short B[2])
___PNparam(short boost) {
while (1)
__PNin(A) _ PNout(B) {
for (int i = 0; 1 < 2; i++)
B[i] = A[i] *boost;

}}
___PNprocess Ampl = AudioAmp _ PNin(C) __ PNout(F) __ PNparam(3);
__PNprocess Amp2 = AudioAmp _ PNin(D) _ PNout(G) __ PNparam(10);

[PARCO’.I4] u u CHAIRFOR
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Implementation: platform model

O Example: Texas Instruments Keystone

—<Platform>
<Processors List="dsp0 dspl dsp2 dsp3 dsp4 dsp5 dsp6 dsp7"/>
<Memories List="local mem dsp0 L2 local mem dspl 12 local mem dspZ

<CommPrimitives Llst—“IPCll 'SL2 IPCll _DDR EDMA3 SIQ EDM—\B DDR DN
</Platform>
<Processor Name="dsp0" CoreRgF~ DSPCHO™R
<Processor Name="dspl" CoreR&{="DSPC66"/

<Processor Name="dsp7" CoreRef="DSPC66"/>
—<Memory>
<LocalMemory Name="local mem dsp0 L2" Size="524288" BaseAdd
</Memory>
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MEM Communication
subsystem AWASRAV.VA nDP support
VLIW DSP HW queues
DMAs, -
sema- L2 | IWI
. 1 phores R
> <CommPrimitive>

—<CPDMA Name="EDMA3 DDR">
<Description>EDMA over DDR</Description>
—<Costs>
<Cost End="800" Function="11442.60163-0.15775*x"/>
<Cost Start="801" Function="11204.94186+0.316143*x"/>
</Costs>
<DMAs List="local mem dsp0 DDR local mem dspl DDR local
</CPDMA>
</CommPrimitive>

\ —<Core Name="DSPC66" CoreType="DSPC66" Category="DSP">

—<MultiTaskingInfo MaxNumberOfTasks="-1">
<ContextSwitchInfo StoreTime="1000" LoadTime="1000"/>
<SchedulingPolicies List="FIFO PriorityBased"/>

</MultiTaskingInfo>

—<CostTable>

—<Operation Name="Load">
—<VariableType Name="Char">

<Cost>1</Cost>
1 </VariableType>
Lol —<VariableType Name="Double">
u u CHAIRFOR
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Example: multi-media applications =

O Platform: 2 RISCs, 4 VLIW, 7 Memories

Affinity — Balancing GBM s
Random walk =  Sim. mapping XZZH
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Example: multi-media applications (2)

O Dealing with real-time constraints

300

Makespan (Mcycles)
R SR
o o U1
o o O

(e)

18
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(@)
T

a1
(@)
T

Iterative Mapping

Real-time :algorithnll _—
Real-time constraint ===« .

10 15 20
LP-AF Trials

(e}
o1 F

~1 min. for LP-AF, ~7 min. for MJPEG

25

—_
— N

Makespan (Gceycles)

.« ~6 days for LP-AF, ~24 for MJPEG

R e
o N B & ®
T T T
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Iterative Mapping

'Real-time Ialgorlithm —

10 15 20 25 30 35 40
MJPEG Trials

~10 min.

~10 days (~x103)
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SDR results: portable performance 7
O Application: MIMO OFDM reeiver
O Hardware i
ibrary
O Platform 1: Baseline software Constraints Platform

— VLIW VLIW VLIW Description

0 Platform 2: Optimized software
O Platform 3: Optimized SW + HW | aml ) swepr o

Achieved rate @ 100 MHz

1758241,758

128000

Flavor

% 1,00E+06
o
Library

£ 1,00E+04 -

7680

g 1,00E+02 - Constrain Platform

1,00E+00 - — vuw || FFT FFT | |Viterbi [Rescription
1) 2) 3) — —
bsp1l (sw, bsp2 (sw, bsp3 (hw) xml HW-PT

unoptimized) optimized) xm|

] B cuaRFOR
19 © J. Castrillon. Pegpum workshop, Jan. 2015 L.,

I 4 A




20

EEEEEEEEE

Summary

O Programming methodology for dataflow applications

O Programming model adapted to application domain
O Energy-efficiency

0 Aware of heterogeneous platforms with hardware acceleration

0 Do not use more resources than needed

<
>

O Outlook — Adaptability within HAEC CRC
O Adapt HW to SW needs (e.g., wireless on-chip interconnect)
O Adapt parallelism (with implicit parallel constructs) for scalability

O More abstract application-specific software synthesis
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Thanks!
Questions?

.
TECHNISCHE DRESDEN (‘ WISSENSCHAFTSRAT
cfaed.tu-dresden.de UNIVERSITAT concept \v)' DFG WR

DRESDEN
Y — T @ $ @ O



