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|. Multiprocessor System on Chip: HW-SW Architectures

SoC Design Cost
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|. Multiprocessor System on Chip: HW-SW Architectures

Global optimization required
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|. Multiprocessor System on Chip: HW-SW Architectures

Key Technology: HW/SW Interfaces

Application Processor
\ architecture
I
protocols  ~__ // oS
architecture
| 4 DMA, HW I/O | ——
7 MINATEC
[O'Nils2001]

SW Code / OS

Interrupt
Hardware
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|. Multiprocessor System on Chip: HW-SW Architectures

HW/SW interfaces design Challenges

® HW/SW interfaces design requires
pluridisciplinary knowledge

B HW/SW interfaces are crucial for both cost and
performances

e Costissues:

¢+ Hardware dependent Software is tedious to develop,
difficult to debug and validate

‘ {’ M.,;’.;“E,; +* Non optimized software leads to larger footprint and
: consequently to larger embedded memory

e Performances :

+ Non optimized HW/SW interface introduces non
acceptable global latencies

+ Processor + cache + embedded memory are responsible
of the major power consumption part in a SoC

A major challenge in MPSoC design is to
efficiently design the HW/SW interfaces.
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Il. HW/SW interfaces abstraction: Programming models

Outline

B HW/SW Interfaces abstraction:
Programming models
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Il. HW/SW interfaces abstraction: Programming models

Defining HW-SW Interfaces

Application SW Designer: A set of
system calls used to hide the
underlying execution platform. Also
Called Programming Model

HW designer: A set of registers, Call HW (x, y, 2)
control signals and more AP
sophisticated adaptors to link CPU

to HW subsystems.

System SW designer: Low level SW
implementation of the programming

Sequential SW program

7 Model for a given HW architecture. HW-SW
® CPU is the ultimate HW-SW Interfaces
Interface

B Sequential scheme assuming HW is
ready to start low level SW design

W SoC Designer

e Abstracts both HW and SW in HW fl_Jnction
addition to CPU walt start

Toute reproduction totale ou partielle sur quelque support|
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Il. HW/SW interfaces abstraction: Programming models

Programming Model

B The Classical Solution to SW modules

Abstract HW-SW Interfaces [sw1][sw 2] [SWr]

e Programming language with implicit
primitives (e.g. module hierarchy & API
threads in SystemC)

e API: Application Programming
Interface (MPI, Posix Threads)

e Simulation model (MPICH, Linux)

B Used by SW community to
free the SW designer from
knowing HW details.

B Facilitate porting of
application SW over
different architectures that
support the same API.

API

Execution

Environment
HW

architecture
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Il. HW/SW interfaces abstraction: Programming models

Programming models, the GAP

SoC Desigr <Gis Tibuted SWDesigi>

Rxog@mming Model

Virtual
RTL Prototype .
(Verilog, (RTL HW, IXed
BinSW) BinSW, e.g.
SystemC) Abstract

(Explicit concepts L AWAS)
Interfaces
model

RTL HW
CPU orga-
nization

CPU imple-

mentation NONE
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Il. HW/SW interfaces abstraction: Programming models

Virtual
Prototype
(RTL HW,

BinSW, e.g.

SystemC)

@%ﬁ‘tit concepts

ALL || ALL

RTL HW
CPU orga-
nization

CPU imple-

mentation

Transaction
Accurate
(TLM HW,

TLM SW , e.g.

SystemC++)

- 0S
- Specific
I/O

CPU
Subsystem

- Explicit HW

modules

Virtual
Architecture

(Abstract HW,

Threads, e.g.
SystemC,
Simulink)

Communication/
Computation

Modules

Abstract

Interconnect

£

Programming Models for MPSoC

istributed SW Des:@

B New HW-SW Abstractlon Ievels

CORBA
MPI RT-CORBA SDL
Synchro- || Communi- || - concurrency
nisation cation - Threading
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Il. HW/SW interfaces abstraction: Programming models

Virtual Prototype Model

- Explicit HW

- Implicit CPU Implementation (I1SS)

- Cycle accurate Model

- Typical Model: Cosimulation, SystemC .
Binary SW execution

- Explicit SW (Binary)

on CPU
’
’
P Software | | Software
, 4 Thread 1 Thread 2

-
-
”
'
 d
sw sw
Node Node
N
N
N
N
Interconnect ] Mo

CPU/ “
m 1SS HDS API

Cio—

I oS Specific
Network /O
interface [\
\

HAL API

i utilisation du contenu x“
liut f the information
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Il. HW/SW interfaces abstraction: Programming models

Transaction Accurate moq’well

- Explicit OS

- Explicit CPU Subsystem Architecture
- Implicit CPU/HAL (TA_BFM)

- Transaction cycle accurate HW

=== _Typical Model : Native SW Execution
=L [ST/TIMA] X
CHpEe S IE N
-7 TA_BEM ’

P - to abstract HDS API
SW SW CPU & Hal
Node Node | I
\ OS Specific
. o \ P
~ Network \
. . interface \

N
N
[ Interconnect ] N \\ HAL API
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Il. HW/SW interfaces abstraction: Programming models

W HdS responsible for task and
HW resources management

M Task code integration with
OS and HdS API

SW code at Transaction Accurate level
T2 T3

HDS API

Comm

0S

HAL API

i ; CPU-SS1
|mplem entation Abstract Abstract
CPU1 Memory T CPU2 Memory
B Communication (Explicit : . . .
. . Interface Periph Interface Periph
communication protocol ) . . -
| Interconnect |

Example of TA SW code

main.c

Communication SW

void recv_data (ch,dst,size) {
switch (ch.protocol){
case FIFO:
If (ch.state==EMPTY) __schedule();

extern void task_t2 (void);
void __ start (void){

create_task(task t2);
2}
case REG:

dst = _io_read_reg (ch.addr,size);

QS
void __schedule(void) {
int old_tid=cur_tid;

task T2.c
channel ch_fifo,ch_reg;
void task_t2(void ) {...
recv_data (ch_fifo,B, 10); cur_tid=new_tid,
recv_data (ch_reg,C,20); —cxt_switch(old_tid.oxteur_tid.oxty; L o e e

} } e of the information contained herein is prohibited without the prior written consent of CEA
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Il. HW/SW interfaces abstraction: Programming models

Virtual Architecture model

- Explicit SW communication API

- Explicit System Interconnect

- Implicit HDS (OS, Communication
Implementation)

- Typical Models: TTL, DSoC, Pthreads
i:._-M_'N‘n‘TEC P -7 | VA—BFM to Software Software

//’ Abstract HDS & Thread 1 | | Thread 2

SW SW CPU Sub-

Node Node

System HDS API
S~ Model -
Explicit Interconnect TS~ Native SW execution
on Host

© CEA 2007. Tous droits réservés
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Il. HW/SW interfaces abstraction: Programming models

SW code at Virtual Architecture level

® Memory declaration

T1 T2 T3
@ Computation code — — || =
HDS API HDS API || HDS API
B Communication code ;
us | N g H d S API Abstract e Abstract
CPU SS1 CPU SS2
() 1fi I | I |
| Specific mapping to platform | —L— |
4 channels
MINATEC L L
~ Task code of T1 Communication primitive
L : Memory void recv_data (REG_Ch* ch, void* dst, int size) {
\S/f:gct;r;ti[rllo(] ’)C[ZO]’ DL10% }dst = ch->read (ch->address,size);
{
Wh"{e(l) class REG_Ch : public sc_prim_channel {
: Communication API || word *buffer;
L(elC\é_ggta (reg_ch, B, 10); public: word * read (unsigned int addr,int size) {
F2(C, D)" }Computation code for (i=0; i<size; i++)
(C.D); . *(ret+i)=*(buffer + addr +i);

send_data (gmem_ch, D, 10); Communication API return ret:
} )

} .. }, © CEA 2007. Tous droits réservés.
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Il. HW/SW interfaces abstraction: Programming models

WA E

System Architecture model

- Explicit thread/subsystems & HW-SW
partition

- Implicit communication

- Typical Models: MPI, Simulink, KPN

, Software Software

Sw sw Thread 1 Thread 2
Node Node

\
[ Abstract Interconnect ] \\ 11D
N 0T

\

Implicit SW execution as a simulation module

© CEA 2007. Tous droits réservés
dite sans l'autorisation écrite préale
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* (( MINATEC

Il. HW/SW interfaces abstraction: Programming models

System Architecture Modeling in Simulink

Capture application
and mapping to

architecture Subsystems Tasks
: Functi

Task (set of functions: e "KS SW-SS 1 SW-SS 2
Simulink blocks, S- N /
functions) I — T2 T3
Subsystem (set of Fy @
tasks) FIFO Y
Abstract - L. N
communication types REG Comm.
(Intra-SS , Inter-SS) R Intra-SS
Communication GMEI\&
p!’OtO_CO| (Generic o < ParamNamel = lValuel
Slmullr][k V?S, Explicit ParamName2 = Value2
annotation for
implementation) Commn.

Inter-SS

© CEA 2007. Tous droits réservés.
Toute reproduction totale ou partielle sur quelque support que ce soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA
All rights reserved. Any reproduction in whole or in part on any medium or use of the information contained herein is prohibited without the prior written consent of CEA

AG DCIS 2008, Conception :perspectives et évolutions,, Ahmed Jerraya| 18



lll. Hardware dependent software design

Outline

B Hardware dependent software design

© CEA 2007. Tous droits réservés.
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lll. Hardware dependent software design

Heterogeneous MPSoC

Diopsis Tile
[ESWEEKOG]
ARM9 SS

DSP SS
MEM SS

POT SS
(Perlph On Tile):

— |/O peripherals
— System peripherals

e |nterconnect:
AMBA bus

MEM SS

ARM9 SS

DXM SRAM

Timer

mailbox

S S S -

AlC

« Local & global memories accessible by both processing units

> Different communication schemes between CPUS

© CEA 2007. Tou d l S.
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lll. Hardware dependent software design

Multiple SW Stacks

SRAM

DXM

HDS A

| | — —
[ Brige | A?ﬂg I LRiM_l (OS A, COM A)

< I AMBA AH BL l >

[ Bridge | [ Bridge | [ DMA |
- [Timer] [mailbox] | [[Pic ] En
P = ||~ | HDSB
ﬁ [aic ] REG DiE ] DSP (OS B, COM B)
" (( MINATEC
C POT SS 5SP SS
® Reduce the design cost ® ARM specific OS and COM
e Small memory footprint e DXM & DSP REG access
® Increase performances ® DSP specific OS and COM
e Specific platform devices e PIC, Mailbox, DMA
e Efficient communication schemes e REG & DXM access

EA 2007. Tous droits réservés
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lll. Hardware dependent software design

SW Stack organization

| AT

Layered SW Stack
— Application code

» SW code of tasks mapped on
the CPU Tasks T |eeeeeed Tn
e INIT Init.
— HdS (Hardware dependent SW)
* OS + Communication + HAL
(Hardware Abstraction Layer) H DS API

e Comm. :
. MBS o Different SW components need to library U5 lilrLy
be validated incrementally

— Layers corresponds to Different HAL API

SW abstraction levels

— SW development platforms at HAL
each abstraction level

Software Stack

© CEA 2007. Tous droits réservés
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lll. Hardware dependent software design

Classical SW deS|gn flow to mterface HW

= Programming Model:
¥ Abstract HW at Different

=Discontinuities:

Program
+ API Calls

=Compilation: Generally
ignore the CPU
environment (Interrupts,
Complex 1/0)

»Sys.lib: adapt for different
HW

*MMAP: Adapt to diff

CPU-memory archite Linker

-User lib: to make the

© CEA 2007. Tous droits réservés
Toute reproduction totale ou partielle e document est interdite s ation écrite préalable du CEA
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lll. Hardware dependent software design

Code generation from a high level Model d

_ o High level
® High level description description
e Contains the application behavior, partitioning
and resources mapping
e Difficult to capture architecture specificities
_ _ ﬂppllcatlom SW stack )
¢ SW architecture exploration composition
L . \qmw /
| ® Application SW generation ‘ |
= e Multitask and multiprocessor Task codes
{ MINATEC : : .
e Various operating systems and specific
communications support
e Speed and/or size code optimizations
® Software stack composition Final binary
: . production
e Using existing or generated tasks
e Various operating systems and specific ,
communications support Final binary

© CEA 2007. T d l S.
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lll. Hardware dependent software design

Software generation environment

Hiah level anbplication model (funm‘inn + mnpping)
7 T T

- T2
S T3 T4
"
]
e \ 4
Software Application
architecture software
parameters generation COM
lation, i / \ library
iperformances:
: analysis
b '2./. .......... SOftware StaCk Tasks Tasks
: T T4 code init.
HDS AP
O com | os ‘ ‘ —
Software stack composition
HAL API
HAL

OS
library

HAL
library

\ J
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V. Long term trends: HW-SW codesign

Outline

M Long term trends: HW-SW codesign.
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I\VV. Long term trends: HW-SW codesign

Challenges

Affordable programming model for MPSoC end

USers

e Easy to port new application by end user
e Based on high level programming model

W Seamless HW-SW Integration
e Architecture exploration and Application SW mapping

* (( MINATEC

® Quality Proven SW Modules
e Ensure better design success using proven IP
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I\VV. Long term trends: HW-SW codesign

ldeal Design Flow

~

ARM/ Mem [ .
] ] i v
[ LocalBus | ia.lL]
| 1
|interface|| Periph| ﬂ
|

Global Interco

S Hardware
Architecture
- Template

[ MINATEC l HW Lib \

Inter -SS
Comm

Inter-SS Comm

( cpuss:

O

(" cpusst = =
[1ss | | pic | | wem Software Main
HDS API
Comm.
Prol Library 0S
I:Iz)i(l NI Timer HAL API

HAL
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IVV. Long term trends: HW-SW codesign

Fully implicit
{ HW/SW Interface

Hardware

-
( MINATEC

System Level

Functional Partition

specification

ning

A

Sub-System

Software
Thread 1

Software
Thread 1

Abstract

Binar
|SW Appli|

Classical HW/SW Design : The GAPS

Fully explicit

HW/SW Interface

M
Hardware

v

HW/SW Interface

i\

Software design

Virtual Prototy

Early HW/SW integration

Integration ISA/RTL

Hardware design

[Gerin ASPDAC 07]

Allr » e;e\w—mA eprodu x H

AG DCIS 2008, Conception :p

| Correction cycle
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I\VV. Long term trends: HW-SW codesign

HW and SW I\/Iixed I\/Iodels

e Simulink Combined Algorithm and Architecture Model (Simulink CAAM)
e HWY/SW Interfaces refinements

Software
Design

T4 I2

Intra-S CPU1SS &
T2

Software Main

Automatic Ged_—Genera TeYea

Library -
,. ------------------------- L APl HAL API ll:u
. | act CPU+BFM HAL N |
E ﬁ CPU SS2 CPU SS2 |
. CPU SS1 :
" cPU3sS) Hardware >st i CPU SS1 |
@ 3 . Em | PIC ISS PIC
; Design s ] [re] [
. Local bus
Platform based | rS.
_+ 3 4 * 3
Interconnect : Interconnect |
System |evel mOdeI IIIII ?l IQIilr;:JIé;I;lrlCI;]li;IeICltll;Irlel IIIIIIII g IIIIIIIIIIII TrrmTmmmmmmmmmm——— ~. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
(Simulink CAAM) : : Transaction accurate

: Virtual prototype
(SystemC) : (SystemC)

© CEA 2007. Tous droits réservés.
Toute reproduction totale ou partielle sur quelque su

pport que ce soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA
All rights reserved. Any reproduction in whole or in part on any medium or use of the information contained herein is prohibited without the prior written consent of CEA

Model (SystemC)

AG DCIS 2008, Conception :perspectives et évolutions,, Ahmed Jerraya| 30



V. Long term trends: HW-SW codesign

Simulink CAAM of M-JPEG Decoder

B Three CPUs (ARM, Xtensa) [RSP2007 DACO7]
B Communication Units ,_ =
(GFIFO, HWFIFO, SWFIFO) ,.,“T

BN B Biock Properties: GFIFO B 51lock Properties: CPUI P5iock Properties: SYFIFO

’Gem”aﬂ Annctaton | [Catbacks lGeneraI |aouck Annatation |Cullbadcs IGemrai”Eum:k Annotation| catsacks |

Usage Usage Usage
Description: Texd saved with the block in the Desaiption: Teod zaved with ihe block In the Descriptiore Text saved with the block inthe 1 g ST
Priority: Specifies the block's order of execy Priority: Specifies the blocks order of execut Priority: Specifies the block's order of execut J I
the same model. the same model the same model, : —y
Tag: Text that appears in the biock label thal Tag: Text that appears in the block label that Tag: Text that appears in the block label that ¢ .

D
Description: Description: Description: | ]
ResourceType=GFIFO ResourceType=ARM7 ResourceType=SWFIFO
GlobalmemType=SRAM

e Thread Layer

>
S

)
"sssssssEEEEEEEEEE Y

CPUT - 7 S-Functions
7 Delays

26 Links

4 |ASs

Thread1 SWFIFO Thread2

Subsystem Layer

© CEA 2007. Tous droits réservés.
ale ou partielle sur quelque support que ce soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA
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I\VV. Long term trends: HW-SW codesign

Experiment Results of MJPEG

CPU1 CPU2 CPU3

RTW: sequential program on the host machine

Simulink: Simulation in Simulink GUI SARM ARM7 ARM?7 | ARM7
VA: System C model without HW information 'Z\AXTlAR Xtensa | Xtensa | ARM

1 TA: Abstract CPU + Other devices (SC TLM) vk AR ~ ~
VP: Cycle Accurate ISS + Other devices (SC TLM) | 7 ensa | xtensa

3XT Xtensa Xtensa Xtensa

Simulation time m

218 Execution time (MegaCycles)

I I 59

The architecture models at different
abstraction levels provide trade-off
alternatives between simulation time
and architecture detail.

b—n_._.j 50
0.16
E0 === BN W 0

(¢
= N
a o
e o

Execution tim
—-—
o
o

7 RTW Simulink VA TA VP 1ARM 3ARM 2XT- 1ARM 3XT
1ARM -2XT
Th ree A R M 7 S u b SySte m S © CEA 2007. Tous droits réservés.
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I\VV. Long term trends: HW-SW codesign

Performance Analysis of MIPEG

Computation - Communication Idle

Wait for Data

@ 3ARM 0 e Heavy

% 70 % go, \Synchronization M Computation

5% 60" 59 51 %) 70" Load

€ 50 £ 60

) 4 L

E 40 > 38 35 =20 Q)
27 I_l ? 407 —

q;,

1et Using these performance analysis results, designers
e can optimize task allocation to the processors so
that each processor has enough margins for future
additional functions.

- J
S 50 s 407
@ s 30 283 26,22
% % 27 oo [
£ 50 19 17 18 16 g 200 |13
© 10 4 2 107
g 0 20
CPU1 CPU2 CPU3 CPU1 CPU2 CPU3

] ime oris
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Conclusions

o

| HW-SW interfaces

e Heterogeneous MPSoC require multiple SW stacks
e Application-specific hardware & software

¥ Programming models for SoC

e Abstract specific architectures for a better match between
HW & SW

Ratribads e Different abstraction levels for early application SW &

* (( MINATEC HDS validation

W HDS design: Platform based SW development at
different abstraction levels

W Future trends: Architecture Exploration
e HDS-CPU codesign
e HW-SW interfaces architecture exploration
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