CRESITT INDUSTRIE - I
Centre de Ressources s z ressources

Technologiques en Electronique fechnologiques

i
CRESITT

INDUSTRIE
Christophe ALAYRAC - 12/10/2023 - 1.0

Réf du document : DT_PPT_CA IA&Composants2031012.odp

Le CRT CRESITT est soutenu par :

S Cofinancé par = @) ORLEANS
O Tecnmone I'Union européenne VJEF[])EEo:R’; METR®POLE
g

L'action de diffusion technologique est cofinancée par I'Union européenne.
L'Europe s’engage en région Centre-Val de Loire avec le Fonds européen de développement régional.

© CRESITT Industrie — FEO1 11 Ind H




C. CR SOMMAIRE & o, R

technologiques s

* Apercu rapide des réseaux d’lA
* Focus sur le CNN

* Application chiffres manuscrits
* Les ressources necessaires

* Les ressources du FPGA

* L’'implémentation

* Les performances

2
=
7]
=]
=}
=
=
=
(7]
w
o
()
©

12/10/2023 C.Alayrac - Intelligence Atrtificielle & Composants électroniques 2



, CRESITT Apercu rapide & /| o

) technaologiques

Source : https://www.ibm.com/fr-fr/topics/neural-networks

Les réseaux de neurones tentent d'imiter le cerveau humain, en combinant l'informatique et les
statistiqgues pour résoudre des probléemes courants dans le domaine de l'intelligence artificielle

Deep neural network

Input layer Multiple hidden layer Output layer COUCheS nOdaleS
Interconnexion des nosuds
A3 " ' posséde un poids et un seuil
Si out > seuil sortie utilisée

Ywixi + biais = wlx1 + w2x2 + w3x3 + biais

. oA @ données d'entrainement

sortie=f(x) =1siwix1+b>=0;0sidwixl+b<0

© CRESITT Industrie
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technaologiques

Source : https://www.ibm.com/fr-fr/topics/neural-networks

out(t)

 CRESITT Quelques types & /]
1

Le perceptron est le plus ancien réseau de neurones,
créé par Frank Rosenblatt en 1958.

we(t)= 8

* A propagation avant (perceptrons multicouches (MLP)) :
- une couche d’entrée, une ou plusieurs cachées et une de sortie.
— constitués de neurones sigmoides (fonction en forme de S)
car la plupart des problemes du monde réel sont non-linéaires.

» convolutifs (CNN)
- Similaires aux réseaux a propagation avant,
— reconnaissance d'images, de formes et/ou la vision par ordinateur.
- algebre linéaire, multiplication des matrices, identification motifs dans une image.

* recurrents (RNN)
— boucles de rétroaction.
— données de séries chronologiques
— prédictions résultats futurs

© CRESITT Industrie
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technologiques

l I Dhﬂq
e ||  bird
Convolution Pooling Convolution Pooling Fully-connected

+ RelU + RelU

\ I )\ ] J\ ' J

Image en Couches de Perceptron
entrée convolution et de multi-couches

pooling

source ; https://www.aspexit.com/
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o CRESNT Focus sur le CNN & 7] e

technologiques

Convolution
\ Rectified Linear Unit
| j E . /”
' -l relu 1
L]
L1
// ¥= relufz Wi X; + b\)
i |
/-/ / l' % -1 1
| activition bigs
: weights

Source https://yannicksergeobam.medium.com
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C.CR.EEJ!TTR! Focus sur le CNN &/ v

technologiques

Max Pooling Average Pooling
20 | 15 | 28 | 184 31 | 15 | 28 | 184
— | Fully connected
0 | 100 70 | 38 0 |100| 70 | 38
12 | 12 | 12 |12 | 7 | 2
12 | 12 | 45 | 6 12 | 12 | 45 | 6
= 1
2x2 2x2 ~
pool size pool size .
E__ v
100 [_! i ; s - 80 Source: https.//stanford.edu/
12 | 45 12 | 15

Source: https://www.researchgate.net/
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Convolution 1

3x3x2
Input image

2Bx28x1

12/10/2023

SN cw Ly -0
Bor D w0 NN
SY I NAYNWh~D

cenire de afao

- - - ¢ b=
Application chiffre manuscrit 57]

technologiques

& 02 000 Basededonnées MNIST
Vv /T Image 28x28 pixels
122 %22 60000images d'apprentissage
333333 10000images de test
d 4 ¢ 4 ¢4
& Sy
¢ 6 66 6 b
1 2% 7 7 7
Y3 Y 8 ¢ 8 Sorties 10 classes (0 a 9)
19 a9 9 Pas de classe chiffre absent
Fulby
98l connectad
Max pool Convolution 2 Convolution 3 Convolution 4 /{,_. lwwg\
2%2 stride 2 3x3x4 3x3x4 3x3x2 » / - - \
: — e 4 : /% N\ IRecognized
......... R e e || S | (M= ™
13x13x2 11n11£51’"| 9x9x4 Ix7x2 / ‘% g
| W |/ &/
g Y
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o CRESNT Les ressources nécessaires & /]

technologiques

Coeff: 9*2 + 29 Coeff : 9*8 + 49 Coeff: 9*4 + 1V Coeff: 9*4 + 1V Coeff : 98*10 + 10V
Mult : 9%2 Mult : 9*8 Mult : 9*16 Mult : 9*8 Mult !: 98*10
Add : (8 + 1)*2? Add:8*8 +4 + 42 Add : 8*16+2*4+1? Add : 8*8+2*2+1? Add : 98*10 +10?
Fully
connectad
Convolution 1 Max pool Convolution 2 Convolution 3 uti
Input image 3x3x2 2%2 stride 2 3x3x4 3x3x4 Con;)c()zl;;(tlzon 4 ‘—5\
— Max Recognized

i et "V — [ digt

11x11x4 | Ix7x2
f!ﬂﬂlﬂ T T
RAM : 784 pix RAM : 2x676 pix RAM : 2x169 pix RAM : 4x121 pix RAM : 4x81 pix RAM : 4x49 pix RAM : 10 pix
+ 980 Coeff

Note :
YCoeff : Conv + biais
2Accumulateur pix_bit*2+9
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o CREDITY Les ressources FPGA & /| o

technologiques

Kit Hello FPGA
Mircrosemi
Power LEDs FPGA JTAG
User Push Buttons User LEDs . Header Camera Sensor
. . el Board
20-pin Expansion 640x480 M2S-HELLO-FPGA-KIT
Header i
I . PICkit™ RGB565
SmartFusion 2 Header
FPGA o 7]
M2S010-1VF256 PIC32MX79SF512L
o Hello FPGA
aelllo SPG/;\ ECE _ Main Board
aln poar B
2|z uUsB 2.0
20-pin Expansion e‘
Header
LCD Board

l
Arduino” Compatible Interface

© CRESITT Industrie
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o CRESITT Les ressources FPGA & e B

technologiques

SmartFusion? Devices SOC : Systeme On Chip ‘

SmartFusion2 Devices Features | M2S005 | M2S5010

Mavimum logic' elerments (4LUT + DFF) 6,080 56,620 86,184 146,124
Mathblocks {18 x 18) TR a4 72 72 24 24¢
Logic/DSP Fabnc interface controtiers (FICs) . 2 . 1 . 2
" PllsandGCCs 8 2
Security AESZ56, SHAZSE6, RNG AESZ56, SHA56, RNG, ECG, PUF
Cortex=M3 + instruction cache Yes
""" CeNUM (KB] 128 256 ' 512
eSRAN (KB B4
eSRAM (KB} non-SECDED 20
CAN, 10/100/1000 Ethemet, HS USB 1 sach
Multi-mede UART, 8P, 2C timer 2Z-each
LSRAM 18K blocks | 10 : at | 69 108 | 236
Fabric memory uSRAM 1K blocks [ %% 22 a4 | 72 [ 112 | 240
Total RAM (koits) e | |sez | 1,314 2074 | 4488
DDR controllers {court « widt ' %18 | 2xa36 | %18 | 2x36
High-speed  SERDESlnes: | o [ & I N ' 15
° PCle endpoints | o || 1 ' o 4
g MSIO (3.3 V) |15 | a8 157 | 139 2771 aoe | 252
£ MSIOD (2.5 V) 28 40 52 40 106
E User /O j i ! - | | =
= DDRIO 2.5V) 66 70 176 76 176
& Total user 1/0s | 20m 233 267 377 387 425 | 574
o . .
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o CRESITT Les ressources FPGA & e B

technologiques

: _— : . Table7+  Read/Write Operation Selection’- 2
Figure 10 = Simplified Functional Block Diagram for LSRAM

A_DIN[1T 0]

Depth x Width A_WEN/B_WEN Operation

A_ADDR[13:0—m 16K x 1 00 Read
e p|  FortARowDaccde 8K x 2 operation

i - _ARST_N Feedhraugh MUK
A_BLK[2:0]— Vorite: Eantml it

e 2K x 8
2K x 9
1K x 16
A_DOUT[17 0] 1K x 18

A WhMODE > A_DOUT_LAT 16K x 1 1 Write
Mimoxy [_ 8K x 2 operation
‘::2:5‘5 A_DOUT CLK AK x 4

2K x 8
Column B DOUTIIT 0] 2K X g
e 1K x 16

BLWMODE B_DOUT LAT 1K x 18

>
r 512 x 32 A WEN[1:0] = "11” Write [31:0]
AR = B_DOUT GLK (Two-port write-Port B) B WEN][1:0]

B WEN [ 1:0] ——| Fort 8 Row Decode
= 10) —— B ARST N

B_EL:{ZEJ‘_, White Control - - 512 x 36 B_WEN[‘]O]
—> Fiyelre iy (Two-port write-Port B) A WEN[1:0]

Column
Decode

L

\i/

L il il

n

1
17 Write [35:0]
5

1. In dual-port mode, every port reads when the corresponding write
enable (A_WEN/BE_WEN) is "00" and corresponding port select
(A_BLK/B_BLK) is active.

B_DIN[1T:0]
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o CRESNT Les ressources FPGA &/ e

E . . " . Table 28 = Data Input Buses Used and Unused Bits
Figure 24 = Simplified Functional Block Diagram of ygSRAM

C_DIN FEcriture

A_ADDR[2:0] [ ] - Unused Bits (to

i Depth x Width  Used Bits be grounded)
1Kx 1 0] [17:]
A_ADDR_CLK > sl 512x2 [1:0] [17:2]
256 x 4 [3:0] [17:4]
128x8 [7:0] [17:8]
< 1289 [8:0] [17:9]
s ——= A_DOUT[17:0]
Port A 64 x 16 [16:9] [17]
C_ADDR[20]— o Dii:ge /]/ [7:0] [8]
C_OINIT-0——f , , 5 / |7 ARRUEEAL 64x18 [17:0] None
; === Memaory
SLEN £%3 Array A_DOUT CLK
s \l Table 29 = Data Output Buses Used and Unused Bits
B =B _DOUT[17:0]
Read A_DOUT/B_DOUT | acture
Decod
= A Depth x Width Used Bits  Unused Bits
C CLK— B_DOUT_LAT
- p 1K % 1 [0] [17:1]
| 512 x2 [1:0] [17:2]
B _DOUT_CLK
AR T Piraline Registars 256 x4 [3:0] [17:4]
2 B_BLK[1:0] ' 128 x 8 [7:0] [17:8]
E 128 x9 [8:0] [17:9]
=
- L B_ADDR_LAT 64 x 16 [16:9] [17]
E B_ADDR CLK [7:0] [8]
& 64 x 18 [17:0]
©
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o CRESITT Les ressources FPGA & 7] v

MAC C Figure 37 * Functional Block Diagram of the Math Block in Normal Mode
Figure 36 = Functional Block Diagram of the Math Block il Moxds sug

TV 18

A17:0]—

b
B{17:0]—|

CAFL_CARRYOLT + 44 P[43:0]
e

SUB
BuB AL M
sum 5L N S

SUB_EM o (4— sus o

LIy . M— susson

» i
#|cantire SLUB_BYPAES
»

o %8

NAT:0)
A_ARST i1
B SRET W1
& BN
LK1

¥

YYY Y™

tl— n EYPRIEID) F ARST N[1|
P_SRST_N[1]

P_EN[1]

COOUT430

: CARRYIN —
C[43:0] —~4—
D[43:0] 4 —»

BT 18-

B _ARST N1
= SRST 1]
2 BN
CLH o)
Cann) — A
CARRYIMN e
©_ARST_H[4:0}
C_SRET M10H
o EN1E)
CLKLO]

44 » o

7
P_ARST N0}l
PSRET N0 il
P_EN1-0] !
P BYPASE] 1] il
CLs o ——

>
Pl43:0]

YYYYY

— C avPass[Ig)

Y

Figure 38 * Functional Block Diagram of the Math Block in DOTP Mode
SuB

'y

AREHETIT AD
ARSHFT? S0 W

ARSHFTIT
ARCHFTIT AL |
AREHFTIT EL K

BREHFTIT_EN
ELIT)

OVFL_CARRYOUT SEL

DOT Product Mode

ARSHFT1T_BYFASE

A[17:9]

B[8:0]
{8:0] 8

CDSEL

B[17:9]
Al8:0] 4442, Pz

b — cosEL_EvRsss

CARRYIN ———
Cla3:0) 2|
D[43:0] 3% —»]

COIM43:0]
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o CRESNT Les ressources FPGA & 7] v
O technologiques

second coup d’horloge

A

premier coup d’horloge

A Data matric 28x28 sur 16 bits

e

Add: (8+1)2% |

Add : 8*8 + 4 + 42

Add : 8*16+2*4+1%

Add : 8*8+2*2+1%

Y
1 pixel
Coeff : 9*2 + 29 | Coeff ;: 9*8 + 49 Coeff: 9*4 + 1Y Coeff: 9*4 + 19 Coeff : 98*10 + 10Y |
Mult : 9*2 2 MACC Mult : 9*8 8 MACC Mult : 9*16 4 MACC Mult : 9*8 4 MACC Mult I: 98*10 2MACC

Add : 98*10 +10% |

' - ' P e

Convolution 1 Max pocl Convolution 2 Convolution 3 camvalian | e
Input image 3x3x2 2%2 stride 2 3x3x4 3x3x4 3x3x2 -
= [
1 e o i — ; : 1 " |Recognized
e 0 e S T i PR o) i R ) e MR | Mgt
26x26x2 | 13x13x2 11x11x4 l Ox9x4 IxTx2 '
| |
. ~ T :
£ fzmxﬂ 7— T T T 1
% RAM : 784 pix RAM : 2x676 pix RAM : 2x169 pix RAM : 4x121 pix RAM : 4x81 pix RAM : 2x49 pix T Registres: 10 pix
w
14
o - %
° 17 blocs LSRAM 1kx16 20 MACC 18x18 RAM : 27490 coeft
12/10/2023 C.Alayrac - Intelligence Atrtificielle & Composants électroniques
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L'implémentation

Maxpool Layer

CRT

cenire de afao
ressources

i

technologiques e

Maxpool Output

ramDualPort 4

MAXPOOL_LAYER

[ INDUSTRIE
Convalution Max poel Convolution Conval
Input Image 332 02 stride 2 $x3xd 3
“ 26x26x2 13x13a2 1114 | Convolution Layer 1 output
2808x1 ' ramDualPort_2
Convolution Layer 1 ==
e b5
addr 2[%i0) -
Layer 1 input i b
Lol CONV_LAYER 1 o
A 13:0)
==t ramDualPort
ik ram_read_en
ramDualPort_1 P ram_yer_=n_
. I ._‘ ram_raad_addr_o5:0]
i3 w S u;_nnrn_i[szo] "m—""'_‘dd'—o[ﬂ o
s DATAD Of15:0])
— i T 15:0
- ofs0) o b[15 DATAL Of15:0]
f2dr_b[5:0}
el CONV_LAYER 1 ramDualPort_3
ramDualPort e

ramDualPort

=af:s
zys ok ram_saad S .
et | ram_wr_en_s
sof | ram_wr_addr_o[5:0]
RAM DATAD I[15:0] DATAD. D15:0]]

RAM_DATA1_I[15:0] DATAL DJ15:0]

ramDualPort

ram_raad_sdds_o_0[2:0]

ramDualPort 5

ok

MAXPOOL_LAYER

]

L Juwet

bl15:4]
addr af3:0] ki

»ddr B[3:0]
d=tz =[15:07

ramDualPort
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o CREDITT L’implémentation & 7] v
echnologiques g

ramDualPort_6 ramDualPort_10
rQ % o e —
i a
3 3
- £ 5] = BlE0——
ackdr_a3:1] atl acdr_afsi] ati=n
Maxpool Output — i e o]
cizes_al16:0] dat a[15:40]
— —
ramDualPort ramDualPort
ramDualPort 7
w‘ o ramDualPort_11
i 5 pivhliiniehas s ey
" Comvolution Layer 2 i B
s e b =
s fos b e S ety a_b[1E0])
ackde_a[3:0] atlise #_:E::} R a blisa]
:‘b,[;‘f ke 21500 Convolution Layer 3 st 120}
L ai15:0] CONV_LAYER 2 e e dsta atEa]
E s o ramDualPo i
ramDualPort (+ e ramDualPort
ram_rsscd_sn o] | CONV_LAYER 3
ok TEO T BN E b
= rem_read_sarofli0] =L ramDualPort 12
Eal TEML Tt 20 o] ookt ram_read_en_; pr—
ramDualPort 5 :E:I:::E—‘: :::::g ramDualPort 8 = Wbt ok
ik & E - DRTAZ:OE“ ¥ ik Rent DATAY I 15:07 ra_m_w::ad:i': [3:0]] _b s
2 DATAZ O 15  a RAM_DATAL I150} DATA Of1sa] e a[G0] S
o (] = b _ RAm_DATAZ_ILIS:0] DATAL G150 atdr_h[5:0}
ekl a[3:0] bl i CONVY LAYER 2 ecid a[3:0] L RAM_DATAT 3[15:0] DATAZ O[150] dat= a[15:0]
e b[2:0] &5 = ot b[z:0] DATAT Of15:0] _'_
— ldat= sl15:0] fuizta_al15:07 ramDualPort
N Y
ramDualPort ramDualPort CONY. LATER 3
| | |
ramDualPort_9 I
20al Canvol Convel [N K
£ ide? Ix31d Sednd % !w
> “";'_aCm] wLH) i 2
3 = i~ o e o
£ i 1 1 o= = S 0 4 =z af15:0] AT )
= 11x11x4 9x9d ramDualPort addr_p[S:0] L
= data a[15a]
& E
u ramDualPort
o
©
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o CRESIT L'implémentation & 7] v
echnologiques

Convoution Layer 3 output

ramDualPort_10

AE_IEe_ D _u

LAYER 3uamn_read_en o
e e
ade (00 2
e )
e 5 1500 Convolution Layer 4
ramDuaPort
3 Convoliton Layer 4 output
ramDualPort_11 CONV_LAYER 4
& ramDualPort_14
5 e s =
T e :
Lo samy L e pran i) et AN O [ ':'. LRl
- At AN DATA 18] i3 TR e g
¥ M EATAZ J154] OWTAL S5t e
ramDualort v e e i b 158 i
ramDualPort
CONV_LAYER 4
ramDualPort_12 ramDualPort_15
s Fully Connected Layer
WRITE_LSRAM_WEIGHT_0 L]k Max Computation
T 154 g FC_LAYER
paos Al g fetr mieg =1] max_comp 0
S o e iy 1
B e R AERES 0T rambualPort :
TN 150 Mg
—_— o i 40 IS8
‘ WRITE_LSRAM_WEIGHT I AL
e pam b | uE T4
I | T180] il T4 EE R dign reeng resuk
WRITE_LSRAM_WEIGHT 1 Sy it
ramBea B A3 ! _ ramDualPort_16 g 31455 0 Lidey
s e 3150) KTH I 150
> il WTA, G TS0
JoTA VALTD T ':"_Im: — Vel
bl e s PNeaR I TlS ey wasa R
Wn 150 o max_comp
WRITE_LSRAM_WEIGHT R AR
alPort
()
=
7]
=)
°
£ ramDualPort_17
| ==
E 2
I |
@ [omgy (o050
x — Lot iy
(§) a5 g
o —
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O technologiques

Convolution 1

© CRESITT Industrie

3x3x2
conv_3x3_0
weights_init_layer1_0 o
{==a /)
=)
[=r o =]
{=r )
i of 150}
- RELU_O
ol
oo fier2 romai4T o] e
mew_Alter2 rowdfA70L ove g ol
v fimerd w150 | —
- " - “’ . " CDrI"-"_3){3 ] resdr o 15 Ol——
weights_init_layerl s
RELU
conv_3x3_1
Read_LSRAM_0 455
N frame_ond_0 om0 J
e it S S st of 1590} J
e
Fm_read_en
i
ram _acdr - oi'S0|
fone SO F
Bl of A7
pam_cetx Jf 1500 i
HrweZ_of AT T
i CONV_3X3
Read_LSRAM
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technologiques

ﬂ_I_?eLu

—— Top level output port assignments

Coefficients Convolution 1 _

s Top ].EVE]. Du‘tput por‘t aSSignments result_o <= (OTHERS5=>'0'"' JWHEN (s_resulc(l5) = "1') ELSE s_result;
- P
—— GENERATE blocks

convl filterl rowl <= x"E8B40AA227C9"; --

convl filterl row2 <= x"E8C51ED91D50"; TR

convl filterl row3 <= x"FAFA1F111C@D"; 1

COﬂVl_fi‘LtErl_biaS <= X“BGBZH: —— Asynchronous blocks

convl filter2 rowl <= x"23460FDFO5DD"; ——Na—-

convl filter2 row2 <= x"F345202C1CA9"; -

—— Synchronous blocks

convl filter2 row3 <= x"D9E@D613FOEF"; _
convl filter2 bias <= x"FFFD“;
N N —— Name : RAM ADDRESS GEN
—— Description: Generates the RAM address

Implanté en dur dans le FPGA. ST oo

JR&M ADDRESS GEN:PROCESS (RESETN_I,S5YS CLK I)

BEGIHN
- IF (RESETN I = '0O")THEN
: done o <= 'Q°';
'f:: - s_result <= (OTHERS=>'0"):
g 7 ELSIF::-_S-_:g_edg;_ (SYS CLE_T))THEN
= H done_o <= done_i:
'E : 5_result <= result i + bilas 1i;
o - END IF:
o END PROCESS;
©
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o CRESITT L’'implémentation & 7] v
echnologiques g

Convolution 2 m_, o 3z
3x3x2 L — ;5 %7_ 8 MACC
!

Coefficients Convolution 2 | = 4 Relu
Implanté en dur dans le FPGA.

weights_init_layer2_0 / — _ o S
e C B —(
conv2_filter 11_row1[47:0] | — / ]

conv2_filter 11_row2[47:0] }— /
conv2_fitter11_row3[47:01|— / ‘ il
conv2_filter 12_row 1[47:0] }— / g (LRLeRAr D ‘ om 33,2 prere—
conv2_filter 12_row2[47:0] 7’ — RELLL1
conv2_filtter 12_row3[47:0] }— — ___ﬂ _:El );
conv2_filter1_bias[15:0]}— sl I ! r
conv2_filter21_row1[47:0] }—
conv2_filter21_row2[47:0] | — —
conv2_filtter21_row3[47:0]}— | ADOER 2
conv2_filter22_row1[47:0] }— E :3137 fau
conv2_filter22_row2[47:0] }— i JE@
conv2_filter22_row3[47:0]|— oA 2
conv2_filter2_bias[15:0]] e
conv2_filter31_row1[47:0] }—
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Convolution 3

x4 Séquenceur

conv_scheduler_0
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L done o
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Start i [ fart 11 sesail o[15:03 - f1_result_of15:0]
sys_cli i ok i 12 pesal of15:0]

reset i CONV2D x4 0 e Pt 150 13 rosal 15:0]
Ea 14 eesell, 1503

conv_scheduler

Fi1 pix linel {47:0] J
i1 pix fine2 {47:0]

Fi1_pix_lined_i47:0]

12 pix finel i47:0} | | |

£13_pi_line3_47:0] | |
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conv3_weights_sch_0
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O B 14 row A7)
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coind ] Bes{15i)

conv3_weights_sch CONV2D_x4

ey e Coefficients Convolution 3
Implanté en dur dans le FPGA.
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Convolution 4 e
3x3x2 conv_scheduler_2stage_0 S eq uenceur

=
) ‘

rt | prep——

frimdone 3 e st
——po gl T80 e 25:g| ‘
conw_scheduier_2stage |
|Net: COMNVZD 54 0 result_o !

Drrven by: Pi CONVID: xd Diresult o CONVZD. x4 0

i

el A 15)—

convd_weights_sch_0

iy, e
e
‘ s e
CONVZD_x4
T 1

Coefficients Convolution 4
Implanté en dur dans le FPGA.
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‘i L
ram_weight_i_1[15:0] = ram done i e
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rRead erore rcL . Coefficients FC
Implanté LSRAM, chargé par processeur ARM a l'init
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Table 2-1. Resource Utilization

4LUT 7203 12084 59.61
DFF 7168 12084 59.32
User I/0 37 138 26.81
(single-ended)

RAM1K18 20 21 95.24
MACC 20 22 90.91
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! N~
python

stimuli Taux d’échec : 22,84 %
Generator =L
Résultat du CNN
AEd N EREYEATAEIERE
o |423] 10 348
1 68
2 |3l
3]l 1o
2 Résultat | 4 | 1 | 0
§ attendu | 5 3 0
2 50l 3 | 1
E 7 |57l 7
|-
@ 8| 710
o 9/ 7]0
(§)
©

Figure 12 : Tableau représentant la précision de l'algorithme de la carte FPGA
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pi camera camera USB | webcam intégrée | camera USB

2,77 2,75 29,88 28,66

Figure 13 : Tableau représentant les résultats des tests de performance

Autre exemple sur PolarFire
Microsemi_UG0943 CNN_Accelerator IP_User_Guide.pdf
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Optimisation d’intégration en fonction des ressources disponibles
- FPGA avec MACC et mémoire

localisation des coefficients, des résultats intermédiaires
- temps d'acces mémoire impact cadence du process

troncature des coefficients & des résultats intermédiaires
- dégradation performance sans précautions
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