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GOP/J

The need to support heterogeneous architectures

Energy efficiency a key constraint, e.qg. for

mobile systems
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Unconventional architectures close to
IPE
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Practical problem in automotive design

\

O Evaluate alternatives (,what if ?) Which
O Mapping . processor
0 Scheduling Early should run the
* Quickly software?

0 Communication o
* Cost-efficient

Zeit ist Geld — Echizeit ist viel Geld

L SYMTA VISION Marek Jersak, 08.-09.05 2007

~

& Symtavizion GmbH, Germany



A Simple Classification

Architecture fixed/ [Fixed Architecture

Auto-parallelizing

A rchltecture to be

Starting from given [Map to CELL,
Hopes,
iang XU (HK)
imunic (UCSD)

SystemCodeS|gner

Auto-parallelizing  Mnemee (Dortmund)
Franke (Edinburgh)

MAPS
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Example: System Synthesis

Given:

mappings architectures
Goal:

schedule mapping architecture

Objectives: cost, latency, power consumption
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diortrrurmd iirftormatik informatik 12, 2009



Basic Model — Problem Graph

Problem graph Gp(Vp,Ep):
Interpretation:
(D 2) P
+ Vp consists of functional
(5) (6) nodes fo (task, proce-
dure) and communication
3 nodes Vp°©.
(7) * Ep represent data depend-
@ encies
teenmirehe universitatt s fakitdtdir O p. marwedel,
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Basic Model: Specification Graph

7 N
Definition: A specifica-

tion graph is a graph

Gg=(Vg,Eg) consisting

9

RISC

N

of a problem graph Gp, :!;"
an architecture graph 7) / () | |HWM
Ga, and edges Eyy. In
particular, Vg=VpVy, | [ @ "{, O // PP
kEszEpuEAuEM JRNC 7) (Y Hwm2
. P Eyy Ga
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Design Space

ommunication TemplatesComputation Templates Scheduling/Arbitratior

4 N

Cipher FPGA

4 N
ﬂ @' i SDRAM RISC =
\ / LookU

ME
- P |/ /
Which architecture is better suited for our application?
Architecture # 1 Architecture # 2

/ LookU \

\ Cipher /
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Evolutionary Algorithms
for Design Space Exploration (DSE)

individual

decode allocation
0 selection !
@ recombination decode binding
® mutation
scheduling
design point
(implementation) \
fitness evaluation
fitness \
user constraints
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Challenges

* Encoding of (allocation+binding)

* simple encoding
* Q. one bit per resource, one variable per binding
* casy to implement
« many infeasible partitionings
* encoding + repair
* eg. simple encoding and modify such that for each v, Vy there
exists at leastone v, € V', witha fv,) = v,
« reduces number of infeasible partitionings

* Generation of the initial population, mutation
* Recombination

techninche universitdlt 7 raltAtdiir 0 p. marwedel, |
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EXPO - Tool architecture (1)

MOSES
system architecture
EXPO performance valuess SPEA 2
©
task graph, =

lorati

scenario graph, ycle

flows & resources

A

selection
of “good” architectures
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EXPO — Tool architecture (2)

- Moses 1.00+ [31-8-2001)
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EXPO - Tool (3)

&' EXPO, Institute TIK, ETH Zurich

‘ & Implementation Nr. 60641 (EXPO, Institute TIK, ETH Zurich)

| Save SVG || Save JPG || Save PNG || close |Scenarins:‘
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£ EXPO - A Tool for Design Space Explc Sl
File Help 5.0
a5
a0
stopqy |
- Reset | pres)
a |-
« 40
Initialization sequence started. ; RN
Static parameters read. a0k
Froblem specification read. |
Initial population constructed. 25
Initial population written ta file. 20r
Fopulation written to file. I
Generation counter setto 1. ez
A Generation 1 R 100
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Fopulation after cleaning: 101 elements.
Clean of population finished.

Fopulation written to file.
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ariation finished,

e Generation 2 TR

All active gene IDs read.

rrentpopll Scenario: Scen?

Optimal Scaling Factor: 0.530
Total Memory: 8.295

DSP

Utilization: 79%

CheckSum

Utilization: 4%

LookUp

Utilization: 7%

Flow: RTSend Priarity: 5

RTPtx
VoiceEnc
LinkTx
Schedule

Flow: NRTDecrypt Priarity: 4

ESPDecaps
ProcessIP
IPModify
LinkTx
Schedule
Decrypt
AHVerify
Classify
LinkRx

Flow: RTRecw Priarity: 1

Dijitter
VoiceDec
ProcessIP
RTPrx
Classify
LinkRx

Flow: NRTForward

Priority: 3

UDPtx
CalcCheck
BuildiP

VerifylP
CalcCheck

VerifylP
UDPrx

Acc. Waiting Time in Queue: 0.000

RoutelLU1
ARPLU

Acc. Waiting Time in Queue: 0.000

ARPLU
RoutelLU2

Acc. Waiting Time in Queue: 0.000

Acc. Waiting Time in Queue: 23.088
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Application Model

Example of a simple stream processing task structure:

ESP AH
Encaps Calc Encrypt

. Encryption/Decryption

] O Voice Processing
n

IP header Calc Check Flow NRT IP Forward
Modify Sum

Link Rx  Verify IP Process IP (agsi

Header Header

Voice RTPTx /° UDPTx  Build IP Route UDPRx  RTPRx \ Dejitter Voice
Encoder Header  Look Up Decoder
Flow RT Send Flow RT Recv
tecmisehe universitétt S Adakitatdnr O p. marwedel, _
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Exploration — Case Study (1)

behavioral specification of a video codec
for video compreassion

current frame . prediction emor
()P - DCT 1 Q-+ s RrC| -
a b — L&
¥
Q—l
¢
-1
predicted frame DCT
. .
. l\...|-|LI:-1
loop (b motion s
K ‘{ ﬁltgr - compensation frame menmr},r.a-—_ﬂ
. ©
motion 'r’t'E[Ul'] g .
. previous frame
motion  _
egtimation
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Exploration — Case Study (2)

problem graph of the video coder
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Exploration — Case Study (3)

frame memory dual ported frame memory block matching module input module

h261 architecture template
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DCT/IDCT module Huffman encoder
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More

0.6 T
0.4 Cost
0.6 /
ce
Performance for
encryption/decryption Performance for
RT voice processing
DSP Cipher DSP
NRT: 84%||NRT: 71% NRT: 35%
RT: 38%||RT: 0 % RT: 39 %
LookUp || Classifier LookUp || Classifier
NET: 15% || NET: 27 % NRT: 1% [|NRET: 1%
RT: 6% || RT: 11 % RT: 6% || RT: 11 %
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Design Space Exploration with SystemCoDesigner
(Teich, Erlangen)

= System Synthesis

comprises:
* Resource allocation
* Actor binding
* Channel mapping
* Transaction modeling

* |dea:

* Formulate synthesis problem
as 0-1 ILP

* Use Pseudo-Boolean (PB)
solver to find feasible
solution

* Use multi-objective
Evolutionary algorithm
(MOEA) to optimize Decision
Strategy of the PB solver

teehniseite universitétt
dortrrund

- tiaktatefir
ifftormatik

@Sy,slem

System Synthesis (Actor Binding)

» A denotes the set of actors

» Actor binding activation e. Ax R - {0, 1}

» «ofa,r) = 1binds actor a onto resource r

» Vac<A. ) «(a,r) = 1 (Each actor is bound exactly once)

e Z’ - ;g =~
L =

Hardware-Software-Co-Design

© J. Teich, U. Erlangen-Nurnberg

- 20 -
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A 3rd approach based on evolutionary algorithms:
SYMTA/S:

@ dynamic selection via GUI System Parameters

&) automatic update

Mutable
Parameter Set

Immutable
Parameter Set

Chromosome
Classes

| N
Phenotypes

(Population)
EEEN

7. ﬂeletionﬂ."arialiunT

1. Apply

5. Individuals +

{@f‘ﬂflﬂﬂﬂﬂ - Fitness

ptimization
Classes

! [R. Ernst et al.: A framework for modular
. analysis and exploration of
E. Xpl’ﬁ!' alion f_ﬂﬂp heteterogenous embedded systems,

Real-time Systems, 2006, p. 124]

tecmisehe universitétt = siakitateir O p. marwedel, o1
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A Simple Classification

Architecture fixed/ [Fixed Architecture
Auto-parallelizing

Architecture to be
designed

Starting from given-{Map to CELL,
pres

XU (H
imunic (UCSD)

ICOOL codesign tool;
EXPO/SPEA2

ISystemCodesigner

Auto-parallelizing  Mnemee (Dortmund)
Franke (Edinburgh)

MAPS

tecmisehe universitétt = dakutatdir O p. marwedel,
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A fixed architecture approach: Map - CELL

Ty

o W

O The problem of allocating and scheduling task graphs on processors in a
distributed real-time system is NP-hard.

Martino Ruggiero, Luca Benini: Mapping task graphs to the CELL BE processor, st
Workshop on Mapping of Applications to MPSoCs, Rheinfels Castle, 2008

technisgite universitatt - tiakutatdr 0 p. marwedel,
diortrrmuat jirffornaatik informatik 12, 2009
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Partitioning into Allocation and Scheduling
Master problem (MP)

Obj. Function

d—
INTEGER PROGRAMMING
L

No good: unfeasible SP
Optimality cut: SP solution
is optimal UNLESS a bettel
one exists with a different
allocation

All+Sch

Allocation UB for cost

LB for cost

Timing constraint

—- Dh‘] Functlon

CONSTRAINT PROGRAMMING

Subproblem (SP)

Iterations stop when MP becomes unfeasible!

teemireie universitétt y fEaktatdr [ p. marwedel, © Ruggiero, Benini, 2008
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C/D HOPES Proposal

Static C code analysis

&

HOPES

Model-based
Programming
(PeaCE model)

UML

KPN

l

l

[ Common Intermediate Code (CIC)

|

Generic API

CIC (w/ API) translator

¥

. Per-processor code ]

APT lib.

Perf. & power estimation

Virtual

&

Processor ISS —’_‘ | prototyping

SW
Platform 1

2

Target HW platform

Jan. 24, 2007
; techniseie universitt cr fakuatdir 0 p. marwedel,
' dortrmuumd L iirffornaatik informatik 12, 2009
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A Simple Classification

Architecture fixed/ [Fixed Architecture

Auto-parallelizing

Architecture to be
designed

Starting from given [Map to CELL,
Hopes,
iang XU (HK)
imunic (UCSD)

ICOOL codesign tool;
EXPO/SPEA2

ISystemCodesigner

Auto-parallelizing  Mnemee (Dortmund)
Franke (Edinburgh)

MAPS

tecmisehe universitétt S Adakitatdnr O p. marwedel, 26
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Daedalus Design-flow

Sequential
Explore, modify, select instances

Syst.e.m._. tevei ..........................

Specification = tf
Mapping Kahn Process Network
_Specllication _ s-ecmcaUOn

‘e o

C/C++ code for
processors

RTL-Level Synthesizable
Specification VHDL

Ed Deprettere et al.: Toward
Composable Multimedia MP-SoC

Design, 1t Workshop on Mapping of Xilinx Platform Studio (XPS)
Applications to MPSoCs, Rheinfels e
Castle, 2008

teenmirehe universitatt s fakitdtdir O p. marwedel, © E. Deprettere, 27
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JPEG/JPEG2000 case study

Example architecture instances for a single-tile JPEG encoder:

16KB 32KB 32KB 4KB
2KB o
\Vin,DCT |=——>| Q,VLE,Vout Vin,Q,VLE,Vout | _ DCT
2 MicroBlaze processors (50KB) 1 MicroBlaze, 1THW DCT (36KB)
2KB
4 DCT,Q YXZKB _DCT —> Q KB
2KB
32KB / \
8KB > oer,a N\ 8KB N
— SN
Vin VLE, Vout Vin | 8KB 32KB |VLE, Vout
. DCT, Q \ 8KB 77
4x2KB 2KB\| KB AKB
\\ DCT =—> Q
DCT. Q[ 4x16KB
6 MicroBlaze processors (120KB) 4 MicroBlaze, 2HW DCT (68KB)
teenmirehe universitatt s fakitdtdir O p. marwedel, © E. Deprettere,
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Millions of clock cycles / tile

Sesame DSE results:

Single JPEG encoder DSE

Performance-memory trade-off DSE

40
< implementable
35 © B implementable pareto front|
A non-implementable
30 —
® O homogeneous
25
20
m SO
15 @
10 [ @
i AS mo 0 © ®©
0 Ié I I I [ T I [ 1
0 25 50 75 100 125 150 175 200 225
Memory utilization (KB)
teehniseite universitétt s flakutatiir [ p. marwedel, © E. Deprettere, 29
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A Simple Classification

Architecture fixed/ [Fixed Architecture
Auto-parallelizing

Architecture to be
designed

Starting from given [Map to CELL,
Hopes,
iang XU (HK)

munic (UCSD)

ICOOL codesign tool;
EXPO/SPEA2

ISystemCodesigner

Auto-parallelizing nemee (Dortmund)
Franke (Edinburgh)

tecmisehe universitétt = dakutatdir O p. marwedel,
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Auto-Parallelizing Compilers

Discipline “High Performance Computing”:
= Research on vectorizing compilers for more than 25 years.
= Traditionally: Fortran compilers.

= Such vectorizing compilers usually inappropriate for Multi-
DSPs, since assumptions on memory model unrealistic:

* Communication between processors via shared
memory

* Memory has only one single common address space

% De Facto no auto-parallelizing compiler for Multi-DSPs!
% Work of Franke, O’'Boyle (Edinburgh)

© Falk

tecmisehe universitétt S Adakitatdnr O p. marwedel, 31
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Introduction of Memory Architecture-Aware
Optimization
The MACC PMS (Processor/Memory/Switch) Model

= Explicit memory architecture ENES _7

TH FRAMEWORK
ME

tecmisehe universitétt S Adakitatdnr O p. marwedel, 30
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[

MaCC Modeling Example via GUI

File Edit Navigate Search

Project

Macc - MaccTest/macedExamplel.maced - Eclipse SDK
Bun  Window Help

|eis B & | @ % |[50%

[+] @~ | #~ |

5. Mavigator &2

& % 8§ B S

%v

¥ = MaccTest
.project

& macedExamplel maced

mparm3.xml

=0 ] *macederamplel maced
i '
=

< Palette 3
[:; Selektieren

req '
i+ Markieren

} Bus -
Konnektor

} D -Konnektor

= Komponent... <

= e {}Prozessor
e R {E speicher
| {F cache
{E Komponente
o= Qutline (’ MACCConfigura £2 = E'_ | ‘ X = Busse -
| Container | ConfigMalue = > & Bus
boolcfg false | | , l |
intcfg 0 — o —
b AccessAspectHandler - ‘ - ‘ ‘ =
b AddrSpace e e
GuiContent
P Port
M’ MACC AddressSpaceView 22 - @ MACC_AddressMap\.ﬂeww =08
| Name | Adressraumbeginn | adressraumende
ProcessoraddrSpace 0x0 O FFFFFFF

e

[4]»]

I
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Toolflow Detailed View

(Sequential C Source Code)
START®

/MACC Eco-System

(1) Dynamic Data Type

Optimizations

(2) Map source code to
task graphs

(3) Parallelization Implem.

MPSoC Parallelization Assistant

(|‘v‘|P/':->I) .
emory Hierarchy (MH)

(4) Dynamic Memory
Management
Optimizations

< ===52 MOJj|O0] JINIANIN

technisgite universitatt - Akt

diortrmund iffornaatik

1. Optimization of dynamic
data structures

2. Extraction of potential
parallelism

3. Implementation of
parallelism;
placement of static data

4. Placement of dynamic
data

[ p. marwedel, Pag_esé4 )
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Toolflow Detailed View

(5) Scenario
Based
Mapping

(5) Memory
Aware
Mapping

<>

(6) RTLIB Mapping

(7) Scratchpad Memory
Optimizations per PE

\Platform DB

< ===s° MOJj001 JINININ

.

® END

(Optimized Source Code)
teeimmiseine universitétt s flakutatiir

diortrmund

ifftormatik

5. Perform mapping to

processing elements
* Scenario based
*  Memory aware

Transform the code to
implement the

mapping

Perform scratchpad
memory optimizations
for each processing
element

O p. marwedel, Page 335
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MAPS-TCT Framework

.QMIIOOIIOOIl..ll...l...l..ll...ll..l...ll..ll..ll'.ll..ll..ll..l.'

. pr— im o o] MAPS@RWTH Aachens
: [ | [ ien | :
E Parallelization E

TCT@Tokyo Tech

Performance
Evaluation

...................
'..I-...-..'......-

. ' ' - d
000000000000 RRRORRRO0RRO00RO00RRROO00ROROO0O0ROROOOROROOCROROROIORORORTOROOROROORER?

teenmirehe universitatt s fakitdtdir O p. marwedel,
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Integrated Framework for MPSoC Application
Parallelization, 1st Workshop on Mapping of
Applications to MPSoCs, Rheinfels Castle, 2008

Rainer Leupers, Weihua Sheng: MAPS: An

© Leupers, Sheng, 2008
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Summary

= Clear trend toward multi-processor systems for embedded
systems, there exists a large design space

= Using architecture crucially depends on mapping tools

= Mapping applications onto heterogeneous MP systems
needs allocation (if hardware is not fixed), binding of tasks
to resources, scheduling

= Two criteria for classification
* Fixed / flexible architecture
* Auto parallelizing / non-parallelizing
" Introduction to proposed Mnemee tool chain

Evolutionary algorithms currently the best choice

tecmisehe universitétt S Adakitatdnr O p. marwedel, 37
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