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AEmbarrassing confessions
‘aSeven years of mistakes

‘WMP-SoC Silver Bullets
‘aPlatform Programming Models
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Key SoC Market Trends

P
4 Continued reduction intime-to-market

‘¥ Fast changing specs, requirements
‘a¥Need for high-level capture and mapping

‘I ncreasing cost of SoC platform design
a#10M$ to >100 M$ for today’s 65nm SoC'’s

Need to increase time-in-market

» Implies higher flexibility is needed

‘& Majority of all SoCs have 2~ 4 processors
‘& eading edge (20%) have 8~ 16 processors
‘@ Rising proportion of SoC function in eS/W
@ Currently 50% to 75% of design costs
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Confessions of a Dummy

Error #1: Faster processors

‘aError # 2. Software-only solutions

‘@ Error #3: Homogeneous multiple processors
‘aError #4:. General-purpose O/S

@Error #5: Single Programming Model

‘aError #6: Focus only on processor loading

‘A Error #7. Automatic serial-to-parallel conversion
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Power Efficiency: MIPS Example

24K
620 MHz 225 MHz
900 MIPS 330 MIPS x 3

4X
VS. a. Power
efficiency
3 x 32mW S
— ource.
366mwW =96 mW M PS

DATE 2008, Munich SoC Platform 4
Automation




Confessions of a Dummy

‘A Error # 1: Faster processors
MError #2: Software-only solutions

& Error #3:
aError #4:
aError #5:
aError #6:
aError #7:
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Homogeneous multiple processors
General-purpose O/S

Single Programming Model

Focus only on processor loading
Automatic serial-to-parallel conversion




MPEG4 Codec Exploration

B 30 frame/sec, VGA resolution
» 4.1 GIPS required (ARM RISC)

ARM
H/W SIW

S/W: 5 RISC, 8 threads S/W: 12 RISC, 16 threads
Coproc: Clip Div Abs Sgn Coproc: Clip Div Abs Sgn
H/W: H/W:
DCT, iDCT, SAD, DCT, iDCT, SAD
BDIFF, BADD, BQ, BIOQ
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MPEG4 Video Codec (VGA, 30fps)

jzo% of &

performance
(0.9 GIPS)

STBus :
H/\\ | Badd/Bdiff Q
—— j>80% of

DCT/iDCT|[ B
%ot ' — performance
functionality SAD | [Ba/Biq (3.2 GIPS)

95% of

Reference functionality
C code
(4.1 GIPS)

®» Flexibility in S/ W (plus tightly coupled coprocessors)
®» Performance in H/' W (loosely coupled)
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Sony PlayStation 2

Multimedia Performance Needs

‘aAudio:
‘aHigh-end set top box 800 MIPS
‘a#Graphics (HD 720p, 30fps):
a0penGL 1.1 -> 240 Ops/Pixels 7 GOPS
‘#0penGL 2.0 -> 400 Ops/Pixels 11 GOPS
‘wH.264 encode (HD 720p, 30fps)
‘an\/ideo pipeline coder : 8 GOPS
‘aBit stream processor: 8 GOPS
aDeblocking filter: 8 GOPS
@ Hierarchical motion estimation: 25~160 GOPS
@Digital TV
a#2004: 9000 Ops/ Pixel 450 GOPS
a#2008: 18000 Ops/Pixel 900 GOPS
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Confessions of a Dummy

‘A Error # 1: Faster processors

‘aError # 2. Software-only solutions

aError #3: Homogeneous multiple processors
‘aError #4:. General-purpose O/S

@Error #5: Single Programming Model

‘aError #6: Focus only on processor loading

‘A Error #7. Automatic serial-to-parallel conversion
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Subsystem Optimization

Freq Gops/  Efficiency

MHz mm 2 %
GP Core,
Host 1000 1 20%
Application
Oriented 400 2 40%
Cores

Coarse grain 150 c 80%
Reconf.

Specialized II II II II 150 15 100%

HW

Effective
Gops

0.8

4

O,

2 orders of

» Heterogeneity essential to magnitude

obtain efficient platforms
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Confessions of a Dummy

‘A Error # 1: Faster processors

‘aError # 2. Software-only solutions

‘@ Error #3: Homogeneous multiple processors
MWError #4: General-purpose O/ S

‘aError #5: Single Programming Model

‘aError #6: Focus only on processor loading

‘A Error #7. Automatic serial-to-parallel conversion
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Mobile Multimedia

Global Scheduler (S/W)

Linux,
Symbian,
Win CE
GP No H/W S/W
O/S O/S Scheduler || Scheduler

S/W

Scheduler

Lightweight
Kernel

Host GPP

ARM
1$ D$

In

% Subsyst|

s

Subsyst. |

System Interconnect

Audio Lﬁ Shared

| Subsyst. || SRAM

lIl

Eiiing
DSOC/SM
Schedulers

1L

SRAM

Out
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Confessions of a Dummy

‘A Error # 1: Faster processors

‘aError # 2. Software-only solutions

‘@ Error #3: Homogeneous multiple processors
‘aError #4:. General-purpose O/S

M@Error #5: Single Programming Model
‘aError #6: Focus only on processor loading

‘A Error #7. Automatic serial-to-parallel conversion
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MPEG4 Video Codec (VGA, 30fps)

Reference
C code
(4.1 GIPS)

STBus

H/\W | Badd/Bdiff

DCT/iDCT

Bsum

SAD

Bq/Biq

®» Use of two progr. models: SMP, client/ server

®» Streaming version under development
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-'V'BZ MBS3 H.264 Dataflow

HDTV
_ ME reference
o PregIC]:tfed PCR frame 1 720p
icture Buffer — 25-160 J @30fps
HME GOPS
Constructed T T 1>
Picture Buffer grbzhme Targets:
CPB T ~100mW
GRB <10mm?
Flexibility
grb2vpc
{ [ T +—
Reconstructed RPB
Picture Buffer |[ 11 ™
L T T
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H.264 Video Encoder (VGA,

XVGA)

0 HME [—1 vpC [—] BSP [—] DBF [

\_

Refine

HME [FIFO VPC FIFO BSP FIFO

mﬂl-lﬁﬁ

HME Subsystem (SMP)

RAM

MT-STxP
[SIMD]

DBF

RAM RAM
IMT-STXP|  |MT-STxP
| [SIMD] I [SIMD]

=" NoC el =

g%ﬁ?

S

rchitecture

\_
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Programming Model Use

Application / Prog. Model Client/ SMP Stream
Server

|Pv4 packet fwd. X

Traffic manager X X

MPEG4 encoder vl X X

MPEG4 encoder v2 X X

H.264 encoder X X X

Dig. Still Cam. (demosaic) X X

Wimax modem PHY X X

Video IQI (Flexible VP) X
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Confessions of a Dummy

‘A Error # 1: Faster processors

‘aError # 2. Software-only solutions

‘@ Error #3: Homogeneous multiple processors
‘aError #4:. General-purpose O/S

@Error #5: Single Programming Model

MError #6: Focus only on processor loading
‘A Error #7. Automatic serial-to-parallel conversion
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MPEG4 Video Codec

Architecture

DDR External
Memory

< 200 MHz
(DDR rate)

L]

System STBus

Pipe1| T+ Tm Pipe1| TT Tm II'.
Pip:eP Pip;eP
Data$ _m Data$ _m
ARM1 —{ ] ARMS5 —{ ]
_leata _leata ...... 1]
Program |i Cache #1 i .. Program | i Cache#N !
Cache #] | it Cache N | Interleaver
Local STBus
['3] smp 4| -
Video ’ 3 | HW Badd/Bdiff Bsum
1/0O DSOC
scheduler] | Blocks| Data ||DCT/iDCT|(Bg/Biq|| Bzigzag ||Bie
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MPEG4 video codec: Load balancing

‘& The total load average is about 88%

4 The load is well balanced over the 5 ARMSs
thanks to SMP concurrency engine

Load average

0.8 -
0.6 1 @ I-frame
04 - B P-frame
0.2 -
O |
1 2 3 4 5

ARM
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Data Throughput on
Communication Channel

DCT/IDCT
BADD/BDIFF
BZIGZAG

340MB/S (ARM)

Total data bandwidth 3.2 GB/ s



Comm. channel configuration:
STBus Partial Crossbar

High bandwidth solution

Relatively high cost
Implementation

Power is potential issue
Conseguence

Focus on data
movement

Explore dataflow
programming models
‘Streaming’

| External Channel |

DRAM

| acheg Ica;he rh ‘Ch AIcache A
= H
=SS =
S e e
L. . y a——
\ 4 \ 4




Confessions of a Dummy

Error # 1: Faster processors

Error # 2:
Error # 3:
Error #4:
Error #5:
Error #6:

Software-only solutions
Homogeneous multiple processors
General-purpose O/S

Single Programming Model

Focus only on processor loading

Error #7: Auto serial-to-parallel conversion




MPEG4 Video Codec (VGA, 30fps)

Fz:zh
Reference [ [ ﬁeﬁfmﬂs
C code - LIE
(10K lines) = | P
S/W “LARMIIS
STBus

H/\W | Badd/Bdiff

DCT/IiDCT|| Bsum

SAD | |Bg/Biq

» Parallelization of application
In less than 1 month



Summary: Lessons of a Dummy

Error # 1: Faster Processors
Parallel processors at 100-500 MHz

Error # 2: Software-only solutions

Error # 3: Multiple identical processors
RISC + ASIP + Configurable H/W + H/W

Error # 4. General-purpose O/S
GP O/S + Micro Kernel + H/'W O/S + Static sched.

Error #5: Single Programming Model
SMP + Client/Server + Streaming

Error #6: Focus only on processor load
Focus on data flow and loading

Error #7: Auto serial-parallel conversion

Auto mapping of parallel tasks on MP-SoC
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Embarassing confessions
Seven years of mistakes

MPSoC Silver Bullets
Platform Programming Models




GP
Core,
Host

Application
Oriented
Cores

Coarse
grain
Reconfig.

Specialized
HW

GP O/S
APIs

5 8

Today’'s ‘Open’ Platforms

Access to multimedia

functions via API
Predefined functions
Narrow access

Rather comfortable
(IDM’s perspective)
Pre-defined use cases
Stability
Predictability
Limited support

But differentiation iIs In
multimedia subsytem
Perceived value-added



GP
Core,
Host

Application
Oriented
Cores

Coarse
grain
Reconf.

Specialized
HW

Open Platform Objective

GP O/S

|

ISV's Worldwide

=

®!

T

True open platform

Access host
and multimedia
subsytems

Customer-specific
differentiation



SoC Programming Model Definition

High-level abstraction of
heterogeneous SoC Platform
Abstracts
Heterogeneity of components
Heterogeneity of tools

Low-level communication
mechanisms

Exposes

[ AN

Control

r—J

\ =

Audio |=]

rVideo _]

e T

Prog. Model

—

RISC

L

DSP

X

/O

Mem

H/W

High-level parallelism supported by platform
Message passing, shared-memory, streaming

Functions performed on all components
S/W, H/W, communication, storage, |/O



Symmetric Multi-Processing

@




SMP Pros/ Cons

Pros

Well understood programming model
Legacy code support
Load balancing

Ccons

Complexity, correctness

Need to maintain coherence of
local, shared data

High data bandwidth
Limited scalability

No support for heterogeneous subsystems



Client/ Server Message Passing

E

. NE]
1€ <
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Client-Server Pros/ Cons

Pros
Supports heterogeneous systems

Potential for scaling, load balancing
If using a broker

Good support of control-oriented applications

Ccons

“The Marshalling problem”
Serializing potentially complex data structures

Infrastructure often heavy

Lack of streamlining
If using synchronous communication semantics



Streaming for
Dataflow-dominated Applications

Ll KL Y

= ﬁ =1 . ~




Streaming Pros/ Cons

Pros
Streamlined, low-overhead communication
(More) deterministic behaviour

Cons
Poor support for control-dominated applications
Timing of control and data
Lower productivity (typically)

“The Marshalling problem”
Still need to serialize data

However, it is typically lighter than client/server
frameworks



Component-based Progr. Models

Encapsulation & Interfaces
Good for distributed memory

Binding through link components
] S/W Architecture,
Heterogeneity @
. Interfaces
Control interface %
Mem

Introspection “’4\ o
o Interfaces Binding
Observability =~
_ | tink ||
Semantic neutral Component_l Component
Can be used to
support multiple Direct Call

prog. models ﬁ ﬁ ﬁ



Components for Multiple
Programming Models

Synchronous Push Model

(streaming)
component-l}al\i—component component-I/\‘I-component

L
N fro /S
NG A
OQ\ L XS
\@\\)G’\’e(\@“‘a'
X S/W Architecture,
Q\

e \\\; '
o® \0’& ' Components,
Asynchronous 4
O Interfaces
| s Tools
component component;,  _.-

e ADL =
* IDL ‘@)
- Nk
*Priority-based \ \/(\/
Preemptive Z RN

*Non-preemptive
*Real-time



MultiFlex MP Mapping Tools Evolution

< More: general purpose
More: constrained, understandable, efficientW

Programming
Model

SMP Client/Server Streaming

Mapping More Dynamic l More Static
Tools

Intermediate

. ST Component Framework
representation

MPEG4 Mobile XxSTream,
Platform FlexMP H.264 Multimedia | Video IQI




ST MultiFlex Platform Mapping

Application Application Specification
core >
C functions Client/server Streaming
v
Component Intermediate Representation
. Map, Transform & Schedule of IR
Application

Profiling

Visualization

constraints, j—»

( Client/server

Streaming

Static
Tools

(Client/server

Streaming

Dynamic
Tools

J

v

Component Assembly

y

Target platform

xSTream

Video
[e]

Mobile
M-media

Abstract

<+ platform

specification

\

Performance
Analysis



MultiFlex Applications (2002-2008)

Packet processing
2.5/10 Gbps IPv4 forwarding, traffic manager

Hardware scheduler

) Nomadik mobile multimedia
Heterogeneous platform, O/S interoperability
Video codec exploration

MPEG4: Small grain, SMP + Client/Server

H.264: Streaming model
Digital Still Camera (demosaicing, CNR)
Wimax modem PHY: Stream + Client/Server
Video Image Quality Improvement

Parallel H/'W and S/W: Streaming (SDF)
xSTream: Video codecs, Dig. Still Camera




Summary

Increasing use of multi-processors in
high-end SoCs

Multiple programming models required
SMP, Client-Server, Streaming
Trade-off between time-to-market and performance
Trade-off between control-dominated
and data-dominated

Components
Semantic neutral capture and deployment infrastructure
Can support multiple programming models

Supports wide range of applications
Networking, Wireless, Multimedia



