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» Partners:
POLITECNICO DITORINO lItaly
UNIVERSITA DEGLI STUDI DIVERONA ltaly
ATEGO United Kingdom & France

CEA France (Commissariat a I'énergie atomique
et aux énergies alternatives)

CSEM Switzerland (Centre Suisse d'Electronique
et de Microtechnique)

AKHELA SRL Italy (AKH)
UNIVERSITY OF YORK United Kingdom (UY)

“1» Type of project: FP7 Collaborative Projects
» Budget Total: 3970 K€
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WP Organization %M@F@
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Specification and Modelling of Reconfigurable Heterogeneous
Multicore Platform WP1

WP3

Compiler Ext.
Customization for
Energy Efficient,
Customized Code Reconfigurable, Automatic
Generation from Heterogeneous Runtime Engine
High Level Models Multicore Customization
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Target Application Specification - Toolchain Validation
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Project Themes S'M.[F@

» More Functionalities

» Cost Saving @@

» Time To Market

» Energy Saving @@

» More Speed @

» Faster Prototyping %
» Focus on Application rather then on

Infrastructure
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Project Motivations Q’MF@
Recent trends in embedded system architectures brought a
rapid shift towards multicore, heterogeneous and
reconfigurable platforms.

This makes chip design enormously complex and imposes a
large effort for the programmers to develop their applications.
For this reason, new and more efficient tools for software
development are needed to ensure software productivity and
time to market of new applications.

The automation of the software design process starting from
high level models all-the-way down to a customized and
implementation on specific architectures is a key factor to
increase programmer productivity.

From TOUCHMORE Website
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ToucHMore Concept S"M@F@
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Why Multicores for
Speed?
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RESULT 4 {T "~ WHY DOUBLE IS BETTER THAN 2 SINGLES?

Multicore by itself does
Speed, it always depeffids on:
1.Each Core efficiency
2.Programmer experience

SOLUTION
Intelligent Tool-Chains will become a MUST
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antee Energy saving &

1. 2 Singles require wiring (EMI+Dissipation)
2. Speed will be affected

WHY SLOW IS BETTER THAN FAST?
FAST cores use prediction. If prediction is wrong
some Energy is wasted.
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Why Automotive for Explotation? eMare

http://www.wijjeeps.com/ecm_02.jpg

. Al
. Mechanical Instrument Cluster (MIC)
\ . Electronic Vehicle Information Center

Transmission Control Module (TCM)
. Sentry Key Immobilizer Module (SKIM)
9. Memory Seat Module
10. Heated Seat Control Module
11. Door Module Switch, Driver
12. Powertrain Control Module (PCM)
13. Sunroof Module
14, Rain Sensor Module
15. Adjustable Pedals Module
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The Automotive Industry need to reduce #of
ECU to:

Save Costs

Reduce Power Consumption
Reduce EMC problems
Reduce Wiring...

...While integrating more Features, which
means:

More Speed and
computational power.
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Car Infotaiment Evolution Wm.[r@

Consumer world:
Data Storage, Portable, Connectivity
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Tool Flow — Overview %M@F@

Application specification

(source code, UML diagrams) Platform specifications

ArtisanStudio-TMProfile

Application Model (UML) Mapping Model Platform Model (SysML) WP1
-Core type (e.g. MIPS, Mephisto, icyflex2)
-Core props (frequency, leakage, dynamic power)
-Memory organization (shared, private..)

-Offloadable operations -Map operations to core type
-Parallelizable operations -Map operations to specific cores
-Energy-aware operations -Determine targets of offloading

TM CodeGenerator

Reusable IPs

Annotated code
-@offload
-@energy
-@parallel

WP4
XMI parser

WP1

TM Annotation Analyzer Energy
Variability
Info

-build process
control

Java code
+TMAPIs Abstraction
Optimized RTL to C

: WP1/2
PercPico RTLto SysML

-Offload target
selection
-Comm mechanism
-Energy management
-Reconfiguration

Multicore Heterogeneous Reconfigurable Platform + Support Software

@RTS%,,Q a=8 CSeMizsm=trr

POLITECNICO
DI TORINO




BUC[H]
MBare

www.touchmore-project.eu

K=l

Artisan Application Model
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NEPY Platform eMare
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The G
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CLUSTER CLUSTER
| 1 1
I | I Vs
1 1 + 7
CLUSTER
CLUSTER CLUSTER
| Sensors I )
Control Processing
P
R I Communication Data storage
] ‘\
CLUSTER CLUSTER ———}—__ |

+“ « Control is GPP

"=~ e+ Processing is DSP

l ! l « Data Storage for Program & Data

« Sensor & Actuators for Energy saving
« Communication Interface
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Software Platform

C Application

Java Application

PERC Pico VM

FreeRTOS M*API

A

MIPS / Memory / Comms
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Touchmore Runtime / Middleware

FreeRTOS M*API

MIPS / Memory / Comms
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Offloaded Computation

minimal OS M*API

DSP / Memory / Comms
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The RTL2C++ Proposal eMare

www.touchmore-project.eu
VERILOG verilog2hif

Ed

C++ IP
Reuse as HW-to-SW " <pp
(sp\::::::f: translatign Coe VO Cas
methodology) (automatic) gameEmeess functionality
1
RTL IP ' -
V."‘o(g_"é?h.mc) PE1 PE2 PES PEnNn
HDL /O interface

| 1 1 1
HDL functionality < Bus/NoC >
| Concurrent l ]

Sequental

FPGAS
— statements 2t ASIC HMPSoC
-4 /\ e
'
Reuse as E RTL P
HWV block T T T T T T T T T T T T T T T T T T e e > (VHDL, Verilog.
(standard SystemC)
floves)
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Re Sults www.touchmore-project.eu
C++1P Manual code H2C++ code
C++ | Assembly | main_IP() Sim. C++loc | Assembly | Main_IP() C++ Sim. Time | Sim. Time
loc loc invoc. time(s) loc invoc. scheduler w.out with
invoc.(s) abstract abstract
types(s) types(s)
I ROOT 18 79 100,000 0.26 223 985 100,000 7,200,004 0.92 0.37
GCD 25 45 100,000 1.58 114 186 100,001 700,101 10.38 1.77
ECC 224 1,538 100,000 0.31 390 1,724 200,001 200,259 0.65 0.34
IT | ADPCM | 271 318 100,000 3.96 284 749 738,000 738,000 58.81 4.30
FFT 876 2,731 100,000 0.41 3,643 8,858 210,000 2,731,000 1.83 1.28
DSPI 353 721 100,000 2.13 2,891 3,112 200,000 1,605,020 9.12 3.87
11 DIST 37 203 100,000 1.46 116 247 100,065 800,520 13.13 1.70
DIV 22 34 100,000 1.45 67 74 200,001 1,000,001 12.72 1.55
CRC 235 714 100,000 3.49 1,621 5,275 1,520,000 100,000 13.52 5.36

* ROOT: Square root device (VHDL).
* GCD: Greatest common divisor (VHDL).
* ECC: Error Correction Code (VHDL).

* ADPCM: Adaptive Differential Pulse Code Modulation (SystemC).

* FFT: Fast Fourier Transform (VHDL).
* DSPI: Synchronous Peripheral Interface (Verilog).

* DIST: Pixel Distance Encoder (VHDL).
* DIV: Filter for RGBA representation of pixels (VHDL).

* CRC: Cyclic-Redundancy Checking (VHDL).

RTS /o«

@<

| = complete C++ implementation available
Il = Partial equivalent C++ implementation.
[l = Manually implemented from scratch (DIST,

NOTE:

DIV, CRC).

The synthesis of the C++ code has been
instantaneously accomplished by H2C++, while 28

person-days have been spent for implementing and
verifying the equivalent C++ code by hand.
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Infotainment Target Components %M@F@

Xilinx FPGA ——

Audio Function
12SMux  p——>p|  Mixing

Equalization
Noise

Reduction
Code/Decode
HMI Balance
ADO Fading
- Filtering

~€
Audio Mgm

7 Tuning
Function
Tuner Mgm RDS Tuner
ﬁ
T"PP < > RT Tuner
uncr
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Maj.n OutCOme and Result www.touchmore-project.eu

» A complete automatic customizable tool-chain for
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multicore platform will be developed and evaluated on a
complex heterogeneous next generation multicore chip
designed by CEA and CSEM including clusters of general
purpose processors as well as DSPs.

The evaluation is obtained using automotive infotainment
applications provided by AKHELA. Target application

The generated code will be optimized for the selected
platform considering energy-efficiency and robustness
with respect to process variabilities.
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Exploitation Expectation Q'M.[F@

» Consistent (20%) reduction of time to market
and cost for the design of complex multicore
systems

» Reduction in the cost of the system design by
| 5% through automation and customization of
code generation

» Achievement of energy efficiency and robustness
in next generation multicore platforms
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