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The need to support heterogeneous architectures

Energy efficiency a key constraint, e.g. for

mobile systems e
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Unconventional architectures close to
IPE

Coolflux Audio ASIP

| Retargetable C compiler
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Practical problem in automotive design
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A Simple Classification

Architecture fixed/
Auto-parallelizing

Fixed Architecture

Architecture to be
designed

Starting from
given task graph

Map to CELL,
Hopes,

Qiang XU (HK)
Simunic (UCSD)

CO tool:
XPO/SPEA?2

ystemCodesigner

Auto-parallelizing

Mnemee (Dortmund)
Franke (Edinburgh)

MAPS

Daedalus
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Example: System Synthesis

Given:
algorithm

Goal:
sche;:lu]e_ ~ Mmapping architecture

Objectives: cost, latency, power consumption
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Basic Model — Problem Graph

Problem graph Gp(Vp,Ep):
(1) 2
(5 6)
(32

o

©

Interpretation:
* Vp consists of functional

nodes fo (task, proce-
dure) and communication

nodes Vp© .

+ Ep represent data depend-
encies

hJ technische universitat = fakultat fur
dortmund informatik

O p. marwedel,

informatik 12, 2010 © L. Thiele, ETHZ



Basic Model: Specification Graph

rDeﬁnitiDn: A smeciﬂca?
tion graph is a graph

Gg=(Vg,Eg) consisting
of a problem graph Gp,

D
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/]
A

an architecture graph 7) /4 HWM1
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Design Space

Communication Templates Computation Templates Scheduling/Arbitration

4 N )

Cipher FPGA

4 N

_ HE I\ Y

Which architecture is better suited for our application?
Architecture # 1 Architecture # 2

~

-

k Cipher /

tU technische universitat " fakultat fur 0 p. marwedel,
dortmund informatik informatik 12, 2010

© L. Thiele, ETHZ - 9-



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
* 9. one bit per resource, one variable per binding
« gasy to implement
« many infeasible partitionings

* encoding + repair
* 9. simple encoding and modify such that for each V,€E V' there

exists at leastone v, € V, witha fv,) = v,
« reduces number of infeasible partitionings
* Generation of the initial population, mutation

* Recombination

tu
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EXPO — Tool architecture (1)

MOSES
system architecture
EXPO performance valuess SPEA 2
. \(:
task graph, orati I
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)

TA
T.0
File Help B

5.5
control

Initialisation sequence started.
Static parameters read. 30
Froblem specification read.
Initial population constructed.
Initial population written ta file. 70
Fopulation written to file.
Generation counter setto 1.
A Generation 1 R 1.0
Al active gene IDs read. 0s
Faopulation before cleaning: 101 elements
Fopulation after cleaning: 101 elemeants.

stop 3
Reset {pres 45

=

4.0

345

mo— @

245

¥ axis

Clean of population finished.

Fopulation written to file.

Genes for variation read.
ariation finished.

R Generation 2 R

Al active gene IDs read.

Seenario: Scen2

Optimal Scaling Factor: 0.530

Total Memory: 8.295

DsP

Utilization:

CheckSum

Utilization: 4%

9%

LookUp

Utilization: 7%

Flow: RTSend

RTPtx
WoiceEne
LinkTx
Schedule

Flow: NRTDecrypt

ESPDecaps

ProcessiP
IPModify
LinkTx
Schedule
Decrypt
AHVerify
Classify
LinkRx

Flow: RTRecy
Dejitter
VoiceDec
ProcessiP
RTPrx
Classify
LinkRx

Flow: NRTForward

Priarity: 5

UDPtx
CalcCheck
BuildIP

Priarity: 4

VerifylP
CalcCheck

Priarity: 1

VerifylP
UDPrx

Priarity: 3

Acc. Waiting Time in Queue: 0.000

Routel U1
ARPLU

Ace. Waiting Time in Queue: 0.000

ARPLU
RoutelLU2

Ace. Waiting Time in Queue: 0.000

Acc. Waiting Time in Queus: 23.088
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Application Model

Example of a simple stream processing task structure:

....... >’ ‘ . Encryption/Decryption

7 AH ESP \3 | |
Flow NRT Encrypt i/Decrypt  Verify Decaps \% O Voice Processing
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DR § IPheader Calc Check Flow NRT IP Forward
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Lmk Rx  Verify [P Process IP ClaSSIfy 5 < ARP Schedule Link
Header = Header N o’ Look Up Tx
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Encoder Header  Look Up Decoder
Flow RT Send Flow RT Recv
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Exploration — Case Study (1)

behavioral specification of a video codec
for video compression
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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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More

Results

Performance for
encryption/decryption

Cipher

NET: 7T1%
RT: 0%

:

)

LookUp

MNET: 15%
RT: 6 %

Classifier

NET: 27 %
RT: 11 %

0.6 /

Performance for
RT voice processing

(

!

i

LookUp

Classifier

MET: 1% || NET: 1%
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

ldea:
Formulate synthesis problem
as 0-1ILP
Use Pseudo-Boolean (PB)
solver to find feasible
solution
Use multi-objective
Evolutionary algorithm
(MOEA) to optimize Decision
Strategy of the PB solver

® fakultat for
informatik

technische universitat
dortmund

System
esigner

System Synthesis (Actor Binding)

» A denotes the set of actors

» Actor binding activation e A x R - {0, 1}

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

» VacA: 3 a(a,r) = 1 (Each actor is bound exactly once)

/Eﬁ’ Y 4
4/?_,’/"7@
ey 4

& /

© J. Teich, U. Erlangen-Ntrnberg
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A 3rd approach based on evolutionary algorithms:

SYMTA/S:

@ dynamic selection via GUI
&> automatic update

System Parameters Mutable

Parameter Set

Immutable
Parameter Set

Chromosome
Classes

7. nmrmmriamnT

5. Individuals +
1 Fitness '

Classes

Dptimizatic

\ /

[R. Ernst et al.: A framework for modular
analysis and exploration of
heteterogenous embedded systems,
Real-time Systems, 2006, p. 124]
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A Simple Classification

Architecture fixed/
Auto-parallelizing

Fixed Architecture

Architecture to be
designed

Starting from
given task graph

Map to CELL,
Hopes

Simunic (UCSD)

COOL codesign tool;
EXPO/SPEA2

SystemCodesigner

Auto-parallelizing

Mnemee (Dortmund)
Franke (Edinburgh)

MAPS

Daedalus
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A fixed architecture approach: Map - CELL

Deadline

0 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, 1st
Workshop on Mapping of Applications to MPSoCs, Rheinfels Castle, 2008

technische universitat " fakultat fir O p. marwedel,
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Partitioning into Allocation and Scheduling
Master problem (MP)

Obj. Function

d—
INTEGER PROGRAMMING
@

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

All+Sch
UB for cost

Allocation
LB for cost

Timing constraint

—- Dh‘] Functlon

CONSTRAINT PROGRAMMING

Subproblem (SP)

Iterations stop when MP becomes unfeasible!

technische universitat " fakultat fir O p. marwedel, © Ruggiero, Benini, 2008 24
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Static € code analysis

4

¥

Perf. & power estimation

&

Processor ISS

Jan. 24, 2007
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HOPES Proposal HOPES
KPN
Model-based
Programming s
(PeaCE model)
7 l |
L Common Intermediate Code (CIC)
l Generic APL
CIC (w/ API) translator [
[ Per-processor code ] 5ijI 1o
it Platform 1 2
Virtual Target HW platform
_’_‘ * prototyping
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A Simple Classification

Architecture fixed/
Auto-parallelizing

Fixed Architecture

Architecture to be
designed

Starting from
given task graph

Map to CELL,
Hopes,

Qiang XU (HK)
Simunic (UCSD)

COOL codesign tool;
EXPO/SPEA2

SystemCodesigner

Auto-parallelizing

Mnemee (Dortmund)
Franke (Edinburgh)

MAPS
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Daedalus Design-flow

Sequential
Explore, modify, select instances application

. System o L eve I .......................... l ............................................................................................. T ........................................................... .,
. Specification ——
atform Mapping
Kahn Process Network

RTL-Level Synthesizable C/C++ code for
Specification VHDL processors
Ed Deprettere et al.: Toward
Composable Multimedia MP-SoC
Design, 1st Workshop on Mapping of Xilinx Platform Studio (XPS)
Applications to MPSoCs, Rheinfels

Castle, 2008

-tLj technische universitat " fakultat fir O p. marwedel, © E. Deprettere, 27
dortmund informatik informatik 12, 2010 U. Leiden B -




JPEG/JPEG2000 case study

Example architecture instances for a single-tile JP

16KB

Vin,DCT

32KB

2KB
ﬁ

Q,VLE,Vout

2 MicroBlaze processors (50KB)

32KB

EG

4KB

Vin,Q,VLE,Vout

q
h

encoder:

DCT

1 MicroBlaze, 1HW DCT (36KB)

8KB

DCT, Q

4x2KB

Vin

DCT, Q

32KB

VLE, Vout

DCT, Q

4x2KB

PAANN

DCT, Q

AV

__4x16KB

6 MicroBlaze processors (120KB)

2KB

DCT > O

2KB

8KB
32KB

8KB

%B

VLE, Vout

DCT > Q

AB

4 MicroBlaze, 2HW DCT (68KB)
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Millions of clock cycles / tile

Sesame DSE results:
Single JPEG encoder DSE

Performance-memory trade-off DSE

40
< implementable

3% © B implementable pareto front|
A non-implementable

30 —

@ O homogeneous
25
20
B 8L

15 @

10 e ®

i AS o 2 B ® ®

O \A I I I I I I 1

0 25 50 75 100 125 150 175 200 225

Memory utilization (KB)
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A Simple Classification

Architecture fixed/
Auto-parallelizing

Fixed Architecture

Architecture to be
designed

Starting from Map to CELL, COOL codesign tool;

given task graph | Hopes, EXPO/SPEA?2
Qiang XU (HK) SystemCodesigner
Simunie (UESD)

Auto-parallelizing

Mnemee (Dortmund)
Franke (Edinburgh)

MAP

Daedalus
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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
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Introduction of Memory Architecture-Aware Optimizat

The MACC PMS (Processor/Memory/Switch) Model

Explicit memory architecture

API provides access to memory information

o

BUS1

MM1

<)
BUS2

MACC_Syste m\

technische universitat

dortmund

® fakultat for
informatik

O p. marwedel,
informatik 12, 2010

lon

- 32 -



MaCC Modeling Example via GUI

Macc - MaccTest/macedExamplel.maced - Eclipse 5DK
File Edit MNavigate Search Eroject Bun  Window Help

e B/ & | ¢ % |[som [~ |@ & |&- 8-« ¢ = | &lava
= Navigator 32 = 0| mae 5le x =g

& =B @ B &% ¥ 4% Palette b
= l=F MaccTest [; Selektieren

.project

{1 Markieren

& macedExamplel.maced

. | Bus -
Konnektor

| D -Konnektor

mparm3.xmi

—

i

= Komponent... <
{"}Prozessor
{F speicher
{E cache
{E Komponente

o= outline | ® maccCenfigura . e

@BUsse £
| Container | Config™/alue < = &> Bus
boolcfg false ’—I
intcfg 0 —
P AccessAspectHandler o
b AddrSpace e
GuiContent
b Port
= Properties | @ MACC AddressSpaceView 25 2 MACC_AddressMap\ﬁew. =0
| Name | adressraumbeginn | Adressraumende
ProcessorAddrSpace Ox0 CnfFFFFFF
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Toolflow Detailed View

(Sequential C Source Code)
START®

vv—— =, Optimization of dynamic
1) Dynamic Data T data structures
ynamic Data Type ) :
Optimizations Extraction of potential
parallelism
(2) Map source code to _
task graphs - Implementatlon of
< I .
(3) Parallelization Implem. = para”ellsm’ _
MPSoC Parallelization Assistant I'ZI'I placement Of static data
(MPA)
Mernory Hierarchy (M) i Placement of dynamic
o
(4) Dynamic Memory ) data
Management E
Optimizations @
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Toolflow Detailed View

P _
(5) Scenario (5) Memory
Based Aware
Mapping Mapping =
Z
< <
=
M
_ —
(6) RTLIB Mapping =
o)
=
(7) Scratchpad Memory =
Optimizations per PE @
\Platform DB y

(Optimized Source Code)
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® END
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Perform mapping to
processing elements

Scenario based
Memory aware

Transform the code to
Implement the

mapping

Perform scratchpad
memory optimizations
for each processing
element
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MAPS-TCT Framework
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Parallelization

Performance
Evaluation

Bl

BREE

o T AT :

TCT@Tokyo Tech

MP-Platform

MAPS@RWTH Aachen

s eomoeesosssensne

© Leupers, Sheng, 2008

Rainer Leupers, Weihua Sheng: MAPS: An

Integrated Framework for MPSoC Application
Parallelization, 1st Workshop on Mapping of

Applications to MPSoCs, Rheinfels Castle, 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
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