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e(t)
0010 T

s(t) Algor ithme

Tf

ex. s(n) = max(moy(e), s(n-1))
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Function Description Application Examples
Real block finite impulse response (FIR) filter FIR filter that operates on a block of 

real (not complex) data
G.728 speech encoding, other speech processing

Complex block FIR filter FIR filter that operates on a block of 
complex data

Modem channel equalisation

Real single-sample FIR filter FIR filter that operates on a single 
sample of real data

Speech processing, general filtering

Least-mean-square adaptive FIR filter LMS adaptive FIR filter that operates on 
a single sample of real data

Channel equalisation, servo control, linear predictive 
encoding

Infinite inpulse response (IIR) filter IIR filter that operates on a single 
sample of real data

Audio processing, general filtering

Vector dot product Sum of the pointwise multiplication of 
two vectors

Convolution, correlation, matrix multiplication, 
multidimensional signal processing

Vector add Pointwise addition of two vectors 
producing a third vector

Graphics, combining audio signals or images, vector 
search

Vector maximum Discovery of the value and location of a 
vector’s maximum value

Error-control coding, algorithms using block floating-
point arithmetic

Convolutional encoder Application of convolutional forward 
error-correction code to a block of bits

North American digital cellular telephone equipment 
(IS-54 standard)

Finite-state machine (FSM) A contrived series of control operations 
(test, branch, push, pop) and bit 
manipulations

Control operations appear in nearly all digital signal 
processing applications

256-point, radix-2, in-place fast Fourier 
transform (FFT)

FFt conversion of a normal time-domain 
signal into the frequency domain

Radar, MPEG audio compression, spectral analysis

 ¢¡¤£¦¥s§9¨�©�ªs¥«©�¬­£¦ª¯®&°7±
²´³ £�¨�©�µ9£�ªs¶¸·«ª´¥s§s¹­¨�º
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ASIC

Embedded
FPGA

DSP

F
lexibility

Efficiency : MIPS / Watt

Reconfigurable
    Processor

Embedded
Processor

SA110
0.4 MIPS/mW

Alpha
0.007 MIPS/mW

2 V DSP
3 MOPS/mW

Pleiades
10-50 MOPS/mW

100-1000 MOPS/mW

❚
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❙ RISC, VLIW
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❚

❚

Processeur  MIPS    Vdd  Pmoy        MIPS/Watt
CoolRisc        14       3V    2.8 mW          5000
TMS C54x   30-200     1.8V             460 mW     1500-3000
TMS C6x      1600        2.5V          2W                800

Dec α             500    1.8-3V    50 W              7-10

41%

41%

18%

Proc. Prog (comm.) Prog. Proc. (maison) ASIC

[Après P. Paulin]
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TAP
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REGISTER
FILE A

L
U

PC

A
D

D
R

E
S

S
R

E
G

IS
T

E
R

M
E

M
. D

A
T

A
R

E
G

IS
T

E
R

MUX

MEMORY DATA BUS

MEMORY ADDRESS BUS

Code example:
multiply & accumulate
r2 = r2 + #imm * r1

mov #imm,r3
mul r1,r3
add r3,r2

⇒ 3 instructions, >3 cycles d’horloge

❚
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❚

❙

❙

❙

l oop:
mov * r 0, x0
mov * r 1, x1
mpy x0, y0, a
add a, b
mov y0, * r 2
i nc r 0
i nc r 1
i nc r 2
dec ct r
t st  ct r
j nz l oop

Data Path Memory

Exécution en 15 à 20 cycles
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MULTIPLIER
ALU

REGISTERS
ACCUMULATORS

AGU-A
AGU-B

PROGRAM
CONTROL

PROGRAM
RAM/ROM

DATA
RAM-A

DATA
RAM-B

PROGRAM ADDRESS BUS

DATA ADDRESS BUS

PROGRAM DATA BUS

DATA BUS - A

DATA BUS - B

Address Generation Processing Unit
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X0
X1
Y0
Y1

Multiplier

A (56)
B (56)

Shifter
(-1, 0, +1)

Shifter/Limiter
(-1, 0, +1)

ALU

Operand
Registers

Accumulators

DATA BUS - A
DATA BUS - B

24 24

24 24

24

24

24 24

5656

5656

56

Motorola DSP 5600x
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in@2 in@1 in
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❚

l oop:
acc=acc+P

/ /  P=T* PM( * r 0+)
/ /  T=DM( * r 1+)

j nz l oop

Data Path

Program
Memory

Exécution en 1 cycle
Data

Memory

ALU

P

MULT

T

ACC C25
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100 millions de produits intègrent ces DSP
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Adress from PC Request Instruc

IM

Receive Intstruc.

IM

Receive State 
from DP

Determine
Operand Adress

DP

Decode
Send to DP

DPDP
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Receive Instruc.
Receive Operand

Adresse

DM

Request Operands

IP

Return State Store Results

DM

Execute Instruction

DM

IP

IP

Receive Operand
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DM

DP

IM

IP

Classification de E. Lee (1989)TMS320C10

❚

❚
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Comment améliorer l’architecture Harvard
de base ?

❚
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❚
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❚

❙
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❚

❚

DM

DP

IM/DM

IP

1-vers-2

AT& T DSP32 et DSP32C
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❚

❚

Fuj itsu MB86232 (3 por ts en mémoire interne)

DM

DP

IM

IP
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❚

❚

TMS320C25 : cache 1 instruction pour  les boucles
DSP16 : cache 15 instructions
ADSP-2100 : cache 16 instructions

DM

DP

IM/DM

IP

1-vers-2 cache
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❚

❚

Motorola DSP 56001 et 96002
TMS320C30 et C40

DM 1

DP

IM

IP

1-vers-2

DM 2



35

http://archi.enssat.fr

❚

❚

❚

Hitachi DSPi (6 bancs mémoire)

DP

IM

IP

1-vers-4

DM DM DM DM

1-vers-4

EIU IOM

2-vers-2

gihkjmlonqpsrutolvrxwyjmt{z#|~}
��� jxpsru�qjBto���vt�lono�yps�
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[ICE97] B. McCleanICE, “Status 1997: A Report on the
Integrated Circuit Industry”, Integrated Circuit
Engineering Corporation (ICE), Scottsdale, 1997

Military
5%

Consumer
5% Industrial

12%

Computer
27%

Communications
51%

❚

❚
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Worldw ide Sales of Single-Chip DSPs in 1996
Analog Devices

11%
Motorola

11%

Lucent 
Technologies

28%

Other
4%

Texas Instruments
46%
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1995 Custom
15%

ASSP
35%

General Purpose
50%

2000
Custom

27%

ASSP
47%

General Purpose
26%
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‘C1x
‘C2x

‘C2xx

‘C54x
‘C5x

‘C3x
‘C4x

‘C6x

‘C8x

‘AVxxx

16-bit FixP

32-bit FloP

FixP
+

FloP

Multi-
processor

Application
Specific

Generation

Performance

8.8 MIPS8.8 MIPS

12.5 MIPS12.5 MIPS

40 MIPS40 MIPS

30 MIPS

30 MIPS

3 or 5 x 60 MIPS3 or 5 x 60 MIPS

50 MIPS50 MIPS

100 MIPS100 MIPS

200-1600 MIPS200-1600 MIPS

TMS 320 Family Roadmap
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FLASH
32Kx16

Dual-Access
Prog/Data RAM

544x16

Single-Access
Prog/Data RAM

4Kx16

ROM
4Kx16

Scan-Based Test/
Emulation Control

P
O

W
E

R
 M

A
N

A
G

E
M

E
N

T

PROGRAM/DATA busses

P
E

R
IP

H
E

R
A

L
 B

U
S

SYNCHRONOUS SERIAL PORT

ASYNCHRONOUS SERIAL PORT

TIMER

SOFTWARE WAIT STATES

I/O PORTS

16-BIT
SHIFTER (L)

16-BIT T-REGISTER

16x16 MULTIPLY

32-BIT P-REGISTER

SHIFT L (0,1,4-6)

32-BIT ALU

32-BIT ACCUMULATOR

SHIFT L (0-7)

8 AUXILIARY REGISTERS

8-LEVEL H/W STACK

REPEAT INSTRUCTIONS

2 STATUS REGISTERS

D(15-0)D(15-0)

A(15-0)A(15-0)
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MPY ADDMPY ADD MV STW ADD ADD

MPY ADDSHL SUB STW STW ADDK B

ADD LDWSUB LDW B MVK NOP NOP

MPY ADDMPY ADD STW STW ADDK NOP

256256

Functional
Unit

.L1

Functional
Unit

.S1

Functional
Unit

.M1

Functional
Unit

.D1

Functional
Unit

.D2

Functional
Unit

.M2

Functional
Unit

.S2

Functional
Unit

.L2

Register File A Register File B

Data Memory Controller

Internal Memory

DataData Address Address 1 1 DataData Address Address 2 2

Fetch

Dispatch Unit
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32-BIT
BARREL SHIFTER

C
O

N
T

R
O

L
L

E
R

MULTIPLIER

ALU

REGISTERS

COM PORT 0

COM PORT 5(3)

TIMER 0

TIMER 1

PORT CONTROL
GLOBAL/LOCAL

DMA
CONTROLLER

CACHE
(512 bytes)

RAM block 0
(4kbytes)

RAM block 1
(4kbytes)

ROM block
(Reserved)

PDATA Bus
PADDR Bus
DDATA Bus
DADDR 1 Bus
DADDR 2 Bus
DMADATA Bus
DMAADDR Bus
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Advanced
DSP

Advanced
DSP

Advanced
DSP

(‘C80 only)

Advanced
DSP

(‘C80 only)

RISC
MP

Video
Controllers
(‘C80 only)

Crossbar

50 KBytes SRAM - TMS320C80
44 KBytes SRAM - TMS320C82

Transfer
Controller

C
lo

ck
s/

JT
A

G

32 32 64 32 32 64 32 32 64 32 32 64 3264

6464

Display/
Capture

Memory
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a1a1 a2a2 b1b1 b2b2

c1 = a1 + b1c1 = a1 + b1 c2 = a2 + b2c2 = a2 + b2

muxmux

16-bit ALU 16-bit ALU

32-bit ALU

c_out

 “0”

c_in

ADD/HADD

Ra Rb

[Pirsch97]
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TC Pipeline Flush; VC PTs; Externally Initiated PTs;
Cache, DEA, and Urgent PTs

MP

TC High-Priority PTs

TC Low-Priority

ADSP Round Robin

ADSPx
Local

ADSP0
Global

ADSP1
Global

ADSP2
Global

ADSP3
Global

Highest Priority

Lowest Priority
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TWO INDEPENDENT
DUAL PORT BLOCKS

ADDR

ADDR
ADDR

ADDR
DATA

DATA

DATA

DATA

B
LO

C
K

 0

B
LO

C
K

 1

PROCESSOR PORT JTAG

TEST &
EMULATION

ADDR BUS
MUX

MULTIPROCESSOR
INTERFACE

DATA BUS
MUX

HOST PORT

IOP
REGISTERS

(MEMORY MAPPED)

CONTROL,
STATUS &

DATA BUFFERS

DMA
CONTROLLER

SERIAL PORTS
(2)

LINK PORTS
(6)

MULTIPLIER

DATA
REGISTER

FILE BARREL
SHIFTER

ALU

BUS
CONNECT

(PX)

DAG 1
8x4x32

DAG 2
8x4x24

TIMER 

PROGRAM
SEQUENCER 

INSTRUCTION
CACHE 

PM ADDRESS BUS 

DM ADDRESS BUS 

PM DATA BUS 

DM DATA BUS 

24

32

48

40/32

32

48

4

6

6

36

CORE PROCESSOR
DUAL-PORTED SRAM

I/O PROCESSOR

EXTERNAL
PORT
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ALE
core

P

ME
core

P P P

ALEs MEs BEs OEs

Switch
Matrix

Inputs

Outputs

Silo
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shift shift shift

mux mux mux

ALU
ALE core

program

from switch matrix

to switch matrix
load

A B C

P Q R

silos

constant

switch matrix
control

65

http://archi.enssat.fr

❚

❚

❚

❚

❙

❚

❙

❙

+ +

ME core

program

from switch matrix

to switch matrix
load

read
address

write
address data in

silos

RAM
2048
words

constant

switch matrix
control
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VSP1 VSP2
Technology 1,2µ CMOS 0,8µ CMOS

Chip size 90 mm^2 156 mm^2
Transistors 206 000 1 150 000

Package QPF160, PGA 176 QPF208
Dissipation 1W < 5W

Clock 27 MHz 54 MHz
Word size 12 bit 12 bit

ALEs 3 12
MEs 2 4

Size MEs 512 x 12 2k x 12
Memory style single port dual port

BEs 0 6
Inputs 5 6

Outputs 5 6
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SDRAMSDRAM

MAIN MEMORY
INTERFACE

VLD
COPROCESSOR

VIDEO OUT

TIMERS

SYNCHRONOUS
SERIAL INTERFACE

IMAGE
COPROCESSOR

PCI INTERFACE

VIDEO IN

AUDIO IN

AUDIO OUT

I2C INTERFACE

VLIW CPU

INSTR.
CACHE

DATA
CACHE

Huffman decoder
Slice-at-a-time
MPEG-1 & -2

CCIR601/656 YUV 4:2:2

V.34 or ISDN Front End

Down & upscaling
YUV to RGB

to PCI bus

CCIR601/656 YUV 4:2:2

Stereo digital audio
I2SDC-100kHz

8 Ch digital audio
I2SDC-100kHz

I2C bus to camera, etc.
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VLIW Compilation System

Source & Machine-level
debugging

TriMedia

ISV

Customer-Developed

Highly Optimised SIMD

Code Profiling

Optimisation Tools

Reporting

Tri
Media

Simulator

System
Tools

Multimedia
Libraries

C-callable
Multimedia

Ops

C/C++ Development

Performance Analysis
and Enhancement

Execution
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Function Description Application Examples
Real block finite impulse response (FIR) filter FIR filter that operates on a block of 

real (not complex) data
G.728 speech encoding, other speech processing

Complex block FIR filter FIR filter that operates on a block of 
complex data

Modem channel equalisation

Real single-sample FIR filter FIR filter that operates on a single 
sample of real data

Speech processing, general filtering

Least-mean-square adaptive FIR filter LMS adaptive FIR filter that operates on 
a single sample of real data

Channel equalisation, servo control, linear predictive 
encoding

Infinite inpulse response (IIR) filter IIR filter that operates on a single 
sample of real data

Audio processing, general filtering

Vector dot product Sum of the pointwise multiplication of 
two vectors

Convolution, correlation, matrix multiplication, 
multidimensional signal processing

Vector add Pointwise addition of two vectors 
producing a third vector

Graphics, combining audio signals or images, vector 
search

Vector maximum Discovery of the value and location of a 
vector’s maximum value

Error-control coding, algorithms using block floating-
point arithmetic

Convolutional encoder Application of convolutional forward 
error-correction code to a block of bits

North American digital cellular telephone equipment 
(IS-54 standard)

Finite-state machine (FSM) A contrived series of control operations 
(test, branch, push, pop) and bit 
manipulations

Control operations appear in nearly all digital signal 
processing applications

256-point, radix-2, in-place fast Fourier 
transform (FFT)

FFt conversion of a normal time-domain 
signal into the frequency domain

Radar, MPEG audio compression, spectral analysis
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ARM7 TDMI/picolo 70 MHz

Intel MMX Pentium 266 MHz

Texas Instruments TMS320C3x 80 MHz

Texas Instruments TMS320C67xx 167 MHz

Analog Device ADSP 2106x 60 MHz

Intel Pentium 200 MHz

Motorola - IBM PowerPC604e 333 MHz

P
ro

ce
ss

eu
rs

Score



79

http://archi.enssat.fr

Algorithm Kernel BenchmarkingAlgorithm Kernel Benchmarking (FFT  (FFT [BDT[BDT June June 1995] 1995]))

0 100 200 300 400 500 600 700 800 900

Execution Time (µs)
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Lucent Technologies DSP 1627
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Texas Instruments TMS320C209

Texas Instruments TMS320C31

Texas Instruments TMS320C44

Texas Instruments TMS320C52

Texas Instruments TMS320C541

Texas Instruments TMS320C80

Zoran ZR3800x
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[Ackland ISLPD98]

❚

❙

❘ ´Jµ$¶¸·W¹�º
¶\¶h»½¼5¾6µ$¿À¿ÂÁ3ÃAÄ2ÃAµ$¶Åµ$¼*ÆÈÇÉº
¹�Ê�Ë<Ì µ2¾ µ$¼*ÆÍÇÉº
¹
Ê:Ë<ËÏÎ
❘ ÐÒÑ8Ó-Ô<Õ:Ñ<Ö�Ô�×�Ñ<Õ:Ø5Ù�Ó-Ñ<ÚnÓ Ñ�Û=Ü3Ý�ÜÞÓ-Ü3ß!à<Ñ$ß�Ó-Ô<Ö=Ù1á=â�Ù�Ô2ã<ã<Ô$Ý�Ü�Ó Ü3ß!à
❘ ä�å2æAç
å�èWé'ê
è¤ëíì=î�ï2ð5ñ�ò3ñ!ó2ëWôÀõ(ö1÷<ï$ñGï$ö1ò3ñ!ø�÷<ó$ñ�ò'ì�î�ù

1

10

100

1000

10000

100000

1980 1985 1990 1995 2000

M68K $200

I286 $200

I386 $300
Pentium $500

Pentium MMX $700

DSP1 $150

DSP32C $250

DSP16A $15

DSP1600 $10
DSP16210 <$10



81

http://archi.enssat.fr

Algorithm Kernel BenchmarkingAlgorithm Kernel Benchmarking (FFT  (FFT [BDT[BDT June June 1995] 1995]))
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Lucent DSPs à 3.3 Volts [Ackland ISLPD98]
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ur µCtrl
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[Bier97]

Assembler

C Compiler

C/ASM Generator

Linker

Simulator

DSP Development Board

Hardware Emulator

Final Product

Debugger

Binary
Executable

Object Code
Libraries

Object Code

Assembly
Libraries

Assembly
Code

C/C++
Libraries

C/C++
Code

Block-diagram-based
Code-generation Environment
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Méthode Avantages Inconvénients

Augmenter le
nombre d'UE

Augmentation limitée de la
consommation, du coût et
de la densité de code

Compatibilité maintenue

Augmentation importante de la
complexité

Difficulté à programmer et à
compiler

Perspectives limitées

Augmenter les
capacités

SIMD

Gain en performance très
important pour des
traitements par blocs

Modifications
architecturales limitées

Nécessité d'avoir un parallélisme
au niveau des données important

Consommation mémoire
importante

Matériel dédié Gain en performance
important

Nécessite une bonne
connaissance de l'application
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Méthode Avantages Inconvénients

Multiprocesseur
2 jeux d’instructions ≠
Les 2 cœurs travaillent en //
Pas de conflits de ressources

Duplication de ressources

Deux outils de
développement

Coprocesseur Les 2 cœurs travaillent en //
Modèle de programmation
plus complexe

Transferts de données

Extension
Modèle de programmation plus
simple

Contraintes imposées par
l'architecture initiale

Solution Hybride Architecture plus "propre" Développement plus risqué

❚
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Méthode Avantages Inconvénients

VLIW

Grand bon dans les performances

Architectures plus orthogonales ⇒
meilleures cibles pour les
compilateurs

Bande passante vers la
mémoire importante
Forte consommation
Séquencement délicat
Augmentation de la taille du
code importante

Superscalaire

Grand bon dans les performances

Architectures plus orthogonales ⇒
meilleures cibles pour les
compilateurs

Pas de problèmes de
séquencement

Bande passante vers la
mémoire importante

Plus forte consommation
Séquencement délicat

Temps d'exécution
difficilement prédictible
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2 ACC

ALU

MULT

❚

DO N TI ME:
acc=acc+P

/ /  P=X* Y
/ / Y=* r 0++
/ /  X=* r 1++

Exécution en N cycles

Bus X 16b

Bus I 16b
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DO N/2 TI ME:
acc=acc+P0+P1

/ /  P0=X0* Y0
/ /  P1=X1* Y1
/ / Y=* r 0++
/ /  X=* r 1++

Exécution en N/2 cycles

8 ACC

ALU

MULT

Bus X 32b

ADDER

MULT

Bus I 32b

Retour
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16 bits

x,+,-

16 bits 16 bits

x,+,-

16 bits

16 bits 16 bitsRetour
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Mémoire

Contrôleur mémoire instruction

Contrôleur mémoire donnée

UC

UT UA

@d

❙

❙

❙

110

http://archi.enssat.fr

ST100 TriCore

N1x 32 bits 16 x 32 bitsregistres

N2x 40 bits =
2N2x16 bits

1 x 32 bits =
2 x 16 bits

UAL

N3 x 17 b 2 x 16 bitsMultiplieur

8, 16 bits 8, 16 bitsSIMD

Registre en barillet
40 bits

saturation, support
pour division,
détection d’exposant

Autres
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MémoireCPUREGs
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❚

❚

Fetch1 Fetch2 Decod
1

Decod
2

Read 1 Read 2 Exec Write-
Back
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Retour
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INS 1

INS 2

INS 3

.

.

INS N

?

ALU MAC MU ...

INS3

INS6

INS1

INS5

INS2

INS4
...

T
im

e

– Ordonnancement
des instructions
(compilation ou
dynamique)

– Unité de dispatch
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MPY ADDMPY ADD MV STW ADD ADD

MPY ADDSHL SUB STW STW ADDK B

ADD LDWSUB LDW B MVK NOP NOP

MPY ADDMPY ADD STW STW ADDK NOP

256256

Functional
Unit

.L1

Functional
Unit

.S1

Functional
Unit

.M1

Functional
Unit

.D1

Functional
Unit

.D2

Functional
Unit

.M2

Functional
Unit

.S2

Functional
Unit

.L2

Register File A Register File B

Data Memory Controller

Internal Memory

DataData Address Address 1 1 DataData Address Address 2 2

Fetch

Dispatch Unit

32x8=256 bits

L:ALU
S:Shift+ALU
M:Multplier
D:Address U
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❚

LOOP

 ADD . L1 A0, A3, A0

/ /  ADD . L2 B1, B7, B1

/ /  MPYLH . M1X A2, B2, A3

/ /  MPYLH . M2X A2, B2, B7

/ /  LDW . D2 * B4++, B2

/ /  LDW . D1 * A7- - , A2

/ /  [ B0]  ADD . S2 - 1, B0, B0

/ /  [ B0]  B . S1 LOOP 

Exécution en N/2 cycles

Pipeline logiciel
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MAC
ALU
Shift

MAC
ALU
Shift

MAC
ALU
Shift

MAC
ALU
Shift

BMU
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ALU MAC Shift ALU MAC Shift

instruction SIMD

4 MAC 16 bits 4 MAC 16 bits
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EXP SHIFT UAL1 MAC1 UAL2 MAC2UE1 UE2

6 accus 40 bitsmémoire

Distribution des données

mémoire
UA, UCDonnée immédiate

Distribution des données

❚

❙

❙
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BSP

BDP

ASP

ADPB
an

c 
A

B
an

c 
B
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C DFEHGJI�K�LNMPO�K�ERQ<GJI:LNSUT<MPVHEHWULNXUI:YJXZD\[^]JE K_I
C `/EHGJI�K�LNMPO�K�ERQ<GaLNSUTJMJVHEHWbLcXZYJX6[,dF]<E K�I
C `/e�fJfJXUV<ghMJGPXZEHGJI�K�LNMPO�K�ERQ<G!ikjmlonpYJX6[,dq]JE K�I
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LOOP   / /  FI R on LSI 401Z

 LDDU R4,  R14,  2

 LDDU R8,  R15,  2

 MAC2. A R4, R8

 AGN0 LOOP 
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File de registres

UF1 UF2 UF3 UF4

File de
registres 1

File de
registres 2

UF1 UF4UF2 UF3

Cluster 1 Cluster 2
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Algorithmes
spécifié en C fixe ou flottant

       Profiling
– Extraction d'une primitive (motif)

– Représentation sous forme de SFG

Sélection d'un DSP Optimisation sur un DSP
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Function Cycles/8x8 Block Cycles/Frame
Color Conversion 192 589824
DCT 320 983040
Quantisation 64 19660

8Encoding 160 491520
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23%

3%

5%

32%

19%

18%

Color conversion Downsampling Extract MCUs and Blocks
FDCT Quantification and Zig-Zag Huffman

❚
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Synthèse
– ordonnancement du SFG
– allocation des opérations sur les ressources
– allocation des variables sur les registres
– optimisation

– imbrication des calculs
– pipeline logiciel

Sélection d'un DSP
Modèle du DSP idéal

Optimisation sur un DSP
Modèle du DSP

Gestion de l’adressage
– organisation des mémoires
– table de transferts, gestion de la cohérence
– gestion des modes d'adressage

Sélection d'un DSP
Comparaison UT/jeu d’instructions

Optimisation sur un DSP
Code du DSP

156

http://archi.enssat.fr

❚

❙
������������ "!�#$�"%��"��&('�%)�*�,+ -�.0/�1�2�34165"7)891":�;=<6>@?A3*<6B

❙ CEDGF�HJI�KMLNH�O�L@P�Q�H�C�RSH"T�CEH"UGO�P�LNV�RWD$U)CYXZD
❙ [6\ ]_^�`ba_cMdN`�e�d@f�g�`�h�iS`kj�hY[�d@lm^�`"h�\onE`�d@g*hp]qg�\)r$sutGe�f�dN[�iS\9t)hYvZ\)`�g4i_j�he�d@f6^)f�lA`�g4g�`�j�dw^�`xvq]q^�[�hEg*r$`6g*y{zA|
❙ }�~��6���4�6�x���9�"���x���6�$�6�$�*�6���W�@�"�9�S���@�6�S�9�G�E�*�4�E�A�A�����4� �E�6�

❚ ���

x(n) y(n)

y(n) = bi .x(n - i)
i =0
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+
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x
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+
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b0

b1

b2

a1
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[Madisetti98]
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inxneihih

nyndne

inxihny

nn

N

i
n

µ

LI RE x( n)
y=0
POUR i  de 0 à N- 1 FAI RE

h( i )  = h( i )  + er r  *  x( n- i - 1)
y = y + h( i )  *  x( n- i )

FAI T
ECRI RE( y)
er r  = ( d- y)  *  µ

x
x(i-1)

  err
+

h(i)

x
x(i)

x
 y

h(i)
 y

Tcycle
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❙

❙

❙

Add

R4

R3
Mult

B

R1
R2

B

Ressource Cycle 1 Cycle 2 Cycle  3 Cycle  4
R1 err err err err
R2 ---- err.x(i-1) ---- h(i).x(i)
R3 ---- ---- h(i) h(i)
R4 y y y y
B x(i-1) h(i) (lecture) x(i) h(i) (écriture)

R2 := Bus B *  R1 avec x(i-1) sur le bus B
R3 := R2 + Bus B avec h(i)  sur le bus B
R2 := Bus B *  R3 avec x(i)  sur le bus B
R4 := R4 + R2 || Bus B := R3 h(i) est écrit sur le bus B
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❚

❚

Add

Acc

Mult

Bus

T
P

Add

A

Mult

Bus
X

P
Y

B

1

2

T := err
P := T *  bus
Acc := bus
Acc := Acc + P
bus := Acc sauve h(i)
T := bus
P := T *  bus
Acc := bus charge y
Acc := Acc + P
bus := Acc sauve y
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