
Seven Mistakes in 
Em bedded S/ W for 
Parallel Plat form s
(and how to avoid
them )

Pier r e  Pau l in ,  Di r ect o r
SoC Plat f o r m  
Au t om at ion ,
STMicr oe lect r on ics 



1DATE 2 0 0 8 , Mu n ich SoC Plat f o r m
Au t om at ion

Ou t l in e

Em barrassing confessions
Seven years of m istakes

MP-SoC Silver Bullets
Plat form  Program ming Models
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Key  SoC Mar k et  Tr en d s

Cont inued reduct ion in t im e- t o - m ar k et
Fast  changing specs, requirem ents
Need for high- level capture and m apping

I ncreasing cost  of SoC plat form  design
10M$ to > 100 M$ for today’s 65nm  SoC’s

� Need to increase t im e- in - m ar k et

I mplies higher f l ex ib i l i t y is needed

Major it y of all SoCs have 2~ 4 processors
Leading edge (20% )  have 8~ 16 processors
Rising proport ion of SoC funct ion in eS/ W
Current ly 50%  to 75%  of design costs

eFPGA
eFPGA

RISC,RISC,
DSPDSP
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Con f ession s o f  a  Du m m y

Er r o r  # 1 :  Fast er  p r ocesso r s
Error # 2:  Software-only solut ions
Error # 3:  Homogeneous mult iple processors
Error # 4:  General-purpose O/ S
Error # 5:  Single Programm ing Model
Error # 6:  Focus only on processor loading
Error # 7:  Automat ic ser ial- to-parallel conversion
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Pow er  Ef f i cien cy :  MI PS Ex am p le

vs.

3 x 32mW
= 96 mW365mW

24K 4K
4K

4K

225 MHz
330 MIPS x 3

620 MHz
900 MIPS

4X
Power
efficiency

Source:
MIPS
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Con f ession s o f  a  Du m m y

Error # 1: Faster processors
Er r o r # 2 :  So f t w ar e- on ly so lu t ion s
Error # 3:  Homogeneous mult iple processors
Error # 4:  General-purpose O/ S
Error # 5:  Single Programm ing Model
Error # 6:  Focus only on processor loading
Error # 7:  Automat ic ser ial- to-parallel conversion
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S/WH/W

21 
RISC

0 RISC

30 frame/ sec, VGA resolut ion
4.1 GI PS required (ARM RI SC)

MPEG4  Cod ec Ex p lo r at ion

Lower cost More FlexibilityExploration

S/W: 5 RISC, 8 threads
Coproc: Clip Div Abs Sgn

S/W: 5 RISC, 8 threads
Coproc: Clip Div Abs Sgn

H/W: 
DCT, iDCT, SAD, 

BDIFF, BADD, BQ, BIQ

H/W: 
DCT, iDCT, SAD, 

BDIFF, BADD, BQ, BIQ

S/W: 12 RISC, 16 threads
Coproc: Clip Div Abs Sgn

S/W: 12 RISC, 16 threads
Coproc: Clip Div Abs Sgn

H/W: 
DCT, iDCT, SAD

H/W: 
DCT, iDCT, SAD
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5% of
functionality

MPEG4  Vid eo  Cod ec ( VGA, 3 0 f p s)

SAD

DCT/iDCT

Badd/Bdiff

Bq/Biq

Bsum

H/W
hdl

STBusSTBusC

95% of
functionality

Flex ib i l i t y  i n  S/ W  ( p lu s t i g h t ly  cou p led  co p r ocesso r s)

Per f o r m an ce in  H/ W  ( lo ose ly  cou p led )

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

Pipe4

ARM 1..5

…..
T1 T8

I$

S/W
// C

Reference
C code
(4.1 GIPS)

80% of
performance
(3.2 GIPS)

20% of
performance
(0.9 GIPS)
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Mu l t im ed ia  Per f o r m an ce Need s

Audio:
High-end set  top box 800 MIPS

Graphics (HD 720p, 30fps) :
OpenGL 1.1 ->  240 Ops/ Pixels 7 GOPS

OpenGL 2.0 ->  400 Ops/ Pixels 11 GOPS

H.264 encode (HD 720p, 30fps)
Video pipeline coder :  8 GOPS
Bit  st ream  processor:  8 GOPS

Deblocking filter:  8 GOPS

Hierarchical m ot ion est im at ion: 25~ 160 GOPS

Digital TV
2004:  9000 Ops/ Pixel 450 GOPS

2008:  18000 Ops/ Pixel 900 GOPS
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Con f ession s o f  a  Du m m y

Error # 1: Faster processors
Error # 2:  Software-only solut ions
Er r o r  # 3 :  Hom og en eou s m u l t ip le p r ocesso r s
Error # 4:  General-purpose O/ S
Error # 5:  Single Programm ing Model
Error # 6:  Focus only on processor loading
Error # 7:  Automat ic ser ial- to-parallel conversion
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Su b sy st em  Op t im izat ion

GP Core, 
Host

Application 
Oriented 

Cores

Specialized 
HW

Coarse grain
Reconf.

Ef f ect i v e  
Gop s

Ef f i cien cy  
%

Gop s/
m m 2

Fr eq
MHz

1 51 0 0 %1 51 5 0

48 0 %51 5 0

0 .84 0 %24 0 0

0 .22 0 %11 0 0 0

2 orders of
magnitudeHet er og en ei t y  essen t ia l  t o  

ob t a in  ef f i cien t  p la t f o r m s



1 1DATE 2 0 0 8 , Mu n ich SoC Plat f o r m
Au t om at ion

Con f ession s o f  a  Du m m y

Error # 1: Faster processors
Error # 2:  Software-only solut ions
Error # 3:  Homogeneous mult iple processors
Er r o r  # 4 :  Gen er a l - p u r p ose O/ S
Error # 5:  Single Programm ing Model
Error # 6:  Focus only on processor loading
Error # 7:  Automat ic ser ial- to-parallel conversion
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Mob i le Mu l t im ed ia

Video
Subsyst.  

Out

System Interconnect

Audio
Subsyst.

In DSOC/SMP
Schedulers SRAM

Shared
SRAM

3D
syst.  

DMA   

Host GPP

D$I$
Imaging
Subsyst.  

GP
O/S

H/W
Scheduler

Lightweight
Kernel

S/W
Scheduler

S/W
Scheduler

No
O/S

Global Scheduler (S/W)
Linux,

Symbian, 
Win CE
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Con f ession s o f  a  Du m m y

Error # 1: Faster processors
Error # 2:  Software-only solut ions
Error # 3:  Homogeneous mult iple processors
Error # 4:  General-purpose O/ S
Er r o r  # 5 :  Sin g le Pr og r am m in g  Model
Error # 6:  Focus only on processor loading
Error # 7:  Automat ic ser ial- to-parallel conversion
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MPEG4  Vid eo  Cod ec ( VGA, 3 0 f p s)

Use o f  t w o  p r o g r . m o d els:  SMP, c l ien t / ser v er

St r eam in g  v er sio n  u n d er  d ev elop m en t

SAD

DCT/iDCT

Badd/Bdiff

Bq/Biq

Bsum

H/W
hdl

STBusSTBusC

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

Pipe4

ARM 1..5

…..
T1 T8

I$

S/W
// C

Reference
C code
(4.1 GIPS)
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H .2 6 4  Dat af low

HME

VPC

DBF

BSP

OUT

PCB

RPB

GRB
CPB

ME reference 
frame 1

Constructed 
Picture Buffer

Predicted 
Picture Buffer

Reconstructed 
Picture Buffer

grb2hme

grb2vpc
vpc2dbf

vpc2bsp

8 GOPS

8 GOPS

8 GOPS

25~160
GOPS

HDTV
720p
@30fps

Targets:
~100mW
<10mm2

Flexibility

MB1 MB2 MB3
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System 
Architecture

System 
Architecture

DSP

NoC

DSP
DSPBSP

I$

MEMDSPDSP
DSPVPC

I$

MEM DSPDSP
DSPDBF

I$

MEMDSPDSP
DSPHME

I$

MEM

HME
T0 Tn

VPC
T0 Tn

BSP
T0 Tn

DBF
T0 Tn

HME VPC BSP DBF

FIFO FIFO FIFO

Refine

Map

H.264 Video Encoder (VGA, XVGA)

L2 data banksL2 data banksL2 data banks (interleaved)

HME Subsystem (SMP)HME Subsystem (SMP)

NoC

SMP
SchedulerRAM

MT-STxP
[SIMD]

DMA H/W IP

MT-STxP
[SIMD]

MT-STxP
[SIMD]

RAM RAM RAM
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Pr og r am m in g  Mod el  Use

XVideo IQI  (Flexible VP)

XXWim ax m odem  PHY

XXDig. St ill Cam . (dem osaic)

XXXH.264 encoder

XXMPEG4 encoder v2

XXMPEG4 encoder v1

XXTraffic m anager

XIPv4 packet  fwd.

St reamSMPClient /
Server

Applicat ion /  Prog. Model
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Con f ession s o f  a  Du m m y

Error # 1: Faster processors
Error # 2:  Software-only solut ions
Error # 3:  Homogeneous mult iple processors
Error # 4:  General-purpose O/ S
Error # 5:  Single Programm ing Model
Er r o r  # 6 :  Focu s o n ly  on  p r ocesso r  l oad in g
Error # 7:  Automat ic ser ial- to-parallel conversion
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Local Local STBusSTBus

DDR External
Memory

Video
I/O

SMP
DSOC
scheduler

MPEG4  Vid eo Cod ec
Ar ch i t ect u r e

…

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Program 
Cache #1

Pipe1

PipeP

ARM 5

…..
T1 Tm

Data$

System System STBusSTBus

Program 
Cache #N

< 200 MHz 
(DDR rate)

CLIP

DIV

ABS

SIGN

CLIP

DIV

ABS

SIGN

L1 data 
Cache #N

L1 data 
Cache #1

L1 
Data Bank

(Stack,
Data)

Interleaver

L1 
Data Bank

(Stack,
Data)

L1 
Data Bank

(Stack,
Data)

L2 
Data Bank

(Data)

SAD

DCT/iDCT

Badd/Bdiff

Bq/Biq

Bsum

BieBzigzag
L1 

Data

L1 
Data Bank

(Stack,
Data)

H/W
Blocks
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MPEG4  v id eo  cod ec:  Load  b alan cin g

The total load average is about  88%
The load is well balanced over the 5 ARMs
thanks to SMP concurrency engine

Load average

0

0.2

0.4

0.6

0.8

1

1 2 3 4 5

ARM

lo
ad

 a
ve

ra
g

e

I-frame

P-frame
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Dat a Th r ou g h p u t  on  
Com m u n icat ion  Ch an n el

340MB/S (ARM)

DCT/IDCT
BADD/BDIFF

BZIGZAG

SAD

To t a l  d at a  b an d w id t h   3 .2  GB/ s
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Com m . ch an n el  con f ig u r at ion :  
STBu s Par t ia l  Cr ossb ar

� High bandwidth solution
� Relatively high cost 

implementation
� Power is potential issue
� Consequence

� Focus on data 
movement

� Explore dataflow 
programming models 
‘Streaming’

ARM0

Icache

ARM1

Icache

ARM2

Icache

ARM3

Icache

ARM4

Icache

H/W co-
processor

Cache

HORBA CE

Interleaver

bank0 bank1 bank2 bank3 bank4

External Channel

DRAM
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Con f ession s o f  a  Du m m y

Error # 1: Faster processors
Error # 2:  Software-only solut ions
Error # 3:  Homogeneous mult iple processors
Error # 4:  General-purpose O/ S
Error # 5:  Single Programm ing Model
Error # 6:  Focus only on processor loading
Er r o r  # 7 :  Au t o  ser ia l - t o - par a l le l  con v er sion
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MPEG4  Vid eo  Cod ec ( VGA, 3 0 f p s)

SAD

DCT/iDCT

Badd/Bdiff

Bq/Biq

Bsum

H/W
hdl

STBusSTBusC

Par a l le l i za t ion  o f  ap p l ica t ion  
in  l ess t h an  1  m o n t h

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

PipeP

ARM 1

…..
T1 Tm

Data$

Pipe1

Pipe4

ARM 1..5

…..
T1 T8

I$

S/W
// C

Reference
C code
(10K lines)
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Su m m ar y :  Lesson s o f  a Du m m y
Error # 1: Faster Processors

Parallel processors at  100-500 MHz

Error # 2:  Software-only solut ions
Error # 3:  Mult iple ident ical processors

RISC +  ASIP +  Configurable H/ W +  H/ W

Error # 4:  General-purpose O/ S
GP O/ S +  Micro Kernel +  H/ W O/ S +  Stat ic sched.

Error # 5:  Single Programm ing Model
SMP +  Client / Server +  St ream ing

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

Error # 7:  Auto ser ial-parallel conversion
Auto m apping of parallel tasks on MP-SoC
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Ou t l in e

Em barassing confessions
Seven years of m istakes

MPSoC Si lv er  Bu l le t s
Plat f o r m  Pr og r am m in g  Models
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Tod ay ’s ‘Op en ’ Plat f o r m s

GP 
Core, 
Host

Application 
Oriented 

Cores

Specialized 
HW

Coarse 
grain

Reconfig.

GP O/S

APIs

Access to mult imedia 
funct ions v ia API

Predefined funct ions

Narrow access

Rather comfortable
( I DM’s perspect ive)

Pre-defined use cases

Stabilit y

Predictabilit y
Lim ited support

But  different iat ion is in 
mult imedia subsytem

Perceived value-added
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Op en  Plat f o r m  Ob j ect i v e

GP 
Core, 
Host

Application 
Oriented 

Cores

Specialized 
HW

Coarse 
grain

Reconf.

GP O/S

True open plat form
Access host  
and mult imedia 
subsytems
Customer-specific 
different iat ion

ISV’s Worldwide
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SoC Pr og r am m in g  Mod el  Def in i t ion
High- level abst ract ion of 
heterogeneous SoC Plat form

Abst racts
Heterogeneity of components
Heterogeneity of tools
Low- level comm unicat ion 
mechanisms

Exposes
High- level parallelism  supported by plat form

Message passing, shared-m em ory, st ream ing

Funct ions performed on all components
S/ W, H/ W, com m unicat ion, storage, I / O

NoC

I/O Mem

RISC DSP 

H/W

Control

Audio VideoVideo

Prog. Model
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Sy m m et r ic Mu l t i - Pr ocessin g
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SMP Pr os/ Con s

Pros
Well understood programm ing model
Legacy code support
Load balancing 

Cons
Complexity, correctness
Need to maintain coherence of 
local, shared data
High data bandwidth
Lim ited scalability
No  support  for  heterogeneous subsystems
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Cl ien t / Ser v er  Messag e Passin g
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Cl ien t - Ser v er  Pr os/ Con s

Pros
Supports heterogeneous systems
Potent ial for scaling, load balancing

I f using a broker

Good support  of cont rol-or iented applicat ions

Cons
“The Marshalling problem”

Serializing potent ially com plex data st ructures

I nfrast ructure often heavy
Lack of st ream lining

I f using synchronous com m unicat ion sem ant ics
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St r eam in g  f o r  
Dat af low - dom in at ed  App l icat ion s



3 5DATE 2 0 0 8 , Mu n ich SoC Plat f o r m
Au t om at ion

St r eam in g  Pr os/ Con s

Pros
Stream lined, low-overhead communicat ion
(More)  determ inist ic behaviour

Cons
Poor support  for cont rol-dom inated applicat ions
Tim ing of cont rol and data
Lower product ivity ( typically)
“The Marshalling problem”

St ill need to serialize data

However, it  is typically lighter than client / server 
fram eworks
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Com p on en t - based  Pr og r . Models

Encapsulat ion & I nterfaces
Good for dist r ibuted memory

Binding through link com ponents
Heterogeneity

Cont rol interface
I nt rospect ion
Observabilit y

Sem ant ic neut ral
Can be used to 
support  mult iple
prog. models

Mem2

�

Proc2

Mem1

�

Proc1

RPC, Marshalling Demarshalling

Mem

�

Proc

Direct Call

Component

Interfaces

Component

Binding

S/W Architecture,
Components,

Interfaces

link
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Com p on en t s f o r  Mu l t ip le  
Pr og r am m in g  Mod els

component component

Synchronous
Call

RPC

component component

Asynchronous
Call

Scheduler

•Priority-based
•Preemptive
•Non-preemptive
•Real-time

component component

Push Model
(streaming)

S/W Architecture,
Components,

Interfaces

ADL
IDL

Tools

Proper G
lue-Logic

Automatically Generated

FIFO
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Mu l t iFlex  MP Mapp in g  Too ls Ev o lu t ion

Programming
Model

Execution
Infrastructure

Platform

SMP

Concurrency
Engine

FlexMP

Client/Srvr

H/W Horba

MPEG4
H.264

Client/Server

uKernel
S/W Horba

Mobile
Multimedia

Streaming

Horba2 
+ SW

xSTream,
Video IQI

More: constrained, understandable, efficient mapping

Mapping
Tools

More Dynamic                                           More Static

More: general purpose

Intermediate
representation

ST Component Framework

Client/Server
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ST Mu l t iFlex  Plat f o r m  Map p in g

Component Intermediate Representation

Map, Transform & Schedule of IR
Application 
constraints, 

Profiling

Component Assembly

Target platform
Mobile

M-media

Abstract
platform 

specification
Client/server

Static
Tools

Client/server

Dynamic
Tools

Streaming

Static
Tools

Streaming

Dynamic
Tools

xSTream
Video

IQI

Performance 
Analysis

Visualization

Application Specification

Client/server Streaming

Application 
core 

C functions
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Mu l t iFlex  Ap p l i cat ion s ( 2 0 0 2 - 2 0 0 8 )

Packet  processing
2.5/ 10 Gbps IPv4 forwarding, t raffic m anager

Hardware scheduler

Nomadik mobile mult imedia
Heterogeneous plat form , O/ S interoperabilit y

Video codec explorat ion
MPEG4:  Sm all grain, SMP +  Client / Server

H.264:  St ream ing m odel

Digital St ill Camera (demosaicing, CNR)
Wimax modem PHY:  St ream +  Client / Server
Video I mage Quality I mprovement

Parallel H/ W and S/ W:  St ream ing (SDF)

xSTream:  Video codecs, Dig. St ill Camera
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Su m m ar y

I ncreasing use of m ult i-processors in 
high-end SoCs
Mult iple program ming models required

SMP, Client -Server, St ream ing

Trade-off between t im e- to-m arket  and perform ance

Trade-off between cont rol-dom inated 
and data-dom inated

Components
Sem ant ic neut ral capture and deploym ent  infrast ructure

Can support  m ult iple program m ing m odels

Supports wide range of applicat ions
Networking, Wireless, Mult im edia


