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Artificial Intelligent of Things

Network Infrastructure
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Server numerous of information.

M,
<
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Edge _
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* Al methods provide computational

_ power for decentralization.

= Al for 10T is needed in decentralized processing!

1/14/2022 Ngo-Doanh Nguyen 2




Outline

Motivation

Challenges & Solutions

HW Architecture for AloT

ANN IP under PULPIno Platform
CNN IP under Chipyard Platform

o ok~ W DM E

Conclusion

1/14/2022 Ngo-Doanh Nguyen 3



Outline

Challenges & Solutions

o ok~ W DM E

1/14/2022 Ngo-Doanh Nguyen 4



Challenges for AloT

Dataset Training
— Complexity 1, accuracy 1 R

Training duration
 Cloud Computing: 1
— High calculability O | = =4mPrivacy
t ) il )

— High resource

atency Bandwidth
Server Network Device
 Edge computing: [—— =\ a1 TIIIEN
— Low latency 10000 H o
— Low cost L Ik i ¢ %
11100 =0

JAN]L

Throughput’\‘!/ Power
Decentralization

= A Tiny Neural Network System is a solution for edge devices!
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RISC-V & Opensource Ecosystem Opportunity

. Ready to use SoC pIathFmS « RISC-V processors: Rocket chip, Arian
Simulator: Validator, Firesim (FPGA)

@ Si Flve %& CH I |‘P - Configurable IPs: SHA-3, testchip IPs
* Interconnect: AXI4, Tilelink
0% Pulp-platform

P

 Libraries

— BSG BaseJump STL: clk_gen, async_fifo, synchronizers, Front-Side
Bus, Network-on-chip IPs, etc.

— Chips Alliance

v' An opportunity for fast HW implementation at System level
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Solutions for Edge Computing

e Al for constrained devices:

% 703y % Human-invented :
— Low power 2222 0 architecture !

— Lightweight computation

— Small memory footprint
= Proposal solutions:

— Modified NN algorithms

— Lightweight computational

o
L
o=
[N}
=
=
o
|

component (MAC, Pooling,...)

— System Integration with low-

power RISC-V processors | B Low- BN W = Compact
= imati Y s i :“layer design
— Lightweight DMA design

Knowledge
distillation
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HW Architecture for AloT
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Neuron Network Model

Simulating human brains
Inputs Weightsg y = (P(E X; X w; + b)

X1

Sum of o

Xy Function

Deep Neural Network

2011 2016
ImageNet challenge

Classification error: 3%
Deep 1, Accuracy 1
CNN is one of best algorithms

humans

5% errors

26% errors 3% errors

J. Dean, ISSCC2020
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Overall Architecture for AloT

¢+ A tiny Al accelerator connected with a RISC-V for low-cost low-power

Al Accelerator RISC-V
(CNN, ANN,...) processor SRAM JTAG

i & § 3
I e S T

SPI SPI
ART
Slave s GRIO Master 12C

* Al Accelerator for high computational tasks
* Low power RISC-V core for configuration, control and data acquisition

* Communication interface (SPI, UART, I2C, ...) for peripheral devices
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A Tiny Neural Network Accelerator

LUT A 30%
el Instr. )
FF 10% RAM
BRAM - 75% SP| RISC-V UART
DSP{u 3% Data <>
101 33% RAM
MMM A 17%
o 2%  so 75 100 @ @ @ @
Ltilization (%) SYSTEM B US
HW utilization for ANN core with
VBP MAC on Arty-A7-100T 10
Weight System o
=< SRAMSs = . config. n | =
Different MACs: 7 2 ol regs D | =
= Stochastic MAC = o ©° 5| £
) . . 3 SRAMs c = = | =
= Variable-bit-precision D) gl.u% ® | C
—+ = ar )
MAC % " Result S Colgglc\)/:ler % =
\ SRAMSs

1. Nguyen et al., ‘An Efficient Hardware Implementation of Artificial Neural Network based on Stochastic Computing’, NICS’18
2. Tran et al., ‘A Variable Precision Approach for Deep Neural Networks’, ATC’19
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Multiple-Precision MACs
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Variable bit precision MAG

« Configure type of MAC
via MMIO Registers

« Parallel computation =

#MAC
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ANN IP under PULPIno Platform
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ANN IP under PULPIno platform

v' PULPIno uses RISC-Y as core processor and AXI4/AHB as bus interface

Instr.
SPI < L_RAM
Master RISC-V <> Data UART

& & i 8

e — ,”“'Jv"‘ _________
) ‘ P Yy
BT i | @77 i config regs O i
i< o ! c : 5 20
N AR : O =N | =1 5
H . c H H

|: 2 | 2 |9 feature SRAM =9 &35 ! ) 5 ;,’

\LE = : : Q_<ZE q;. Control g%ﬁ
3 £ 45 Partial sum : E == F M o
Q| Ly SRAM : o ST
e e o] ‘Neural Network 1P

= Slave: CPU writes configurations and reads core status

= Master + DMA: start data transfers from/to memory
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ANN IP Implementation Results on PULPIno

PULPino + ANN ANN IP core with Percentage
IP core Interface LT L
Frequency (MHz) 25 25 - LUTRA:;' e
7 10%
Slice LUTs 18873 2782 14.7% BRAM - -
Slice registers 13082 2745 21% DSPm 3%
Block RAM 101.5 37.5 36.9% 107 3%
MMCM 17%
DSP 8 0 0%
#cycles to load weight - 25,811 - 0 2 20 7 100
Itilization (%
#cycles to load image = 400 -
#cycles to load bias - 78 -

’ Accuracy HW vs SW (%)
Throughput - 584 (28x28) - 94 92.91
(input image/s) [ e 5 92.17 92.63 '

‘ : - o! 92
Mi;'er Pel”th' RISC-V UART 2| 9218 9247
i i 9 i g, 8190
s |
LB B '
w | 87.6
g =| Weight SRAM k= & System Bl 86 86.63 85.94
g |- 27 g config regs =) z ° '
> |8 52 <2\ |1 84
2 | £ |=| feature SRAM = é% ¥ g—; c |
%J 5 g% &= Control ° ‘2 | 82
8 | Partialsum o} g$ FSM @ | 16-Sigmoid 48-Sigmoid 64-Sigmoid 16-ReLU 48-RelLU 64-RelLU
a} SRAM o '
'” — : A Neural Network IP ! ——SW —HW
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CNN IP under Chipyard Platform
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Chipyard and Integration Steps

 What is Chipyard?
— A framework for designing and evaluating SoC
— A collection of tools and libraries for developing SoC

 How to integrate your IPs into Chipyard?
— IPs and Peripherals have specific addresses
— MMIO is the easiest way to associate with
RISC-V core Chipyard Template
* Integration within 4 steps %1 ___YourOwnConfig
— Design your own module il TL/AXI Businf
— Link your IPs with MM registers /MM Registers
— Add your specified bus interface ! _
— Configure your module’s params RTI\I;I/OthélS el
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SoC with CNN IP under Chipyard

. :
Flexible development A Chinyard empiac
— Define your own system bus 4
. / MM Registers
— Define your own memory //
— Define your own IPs // CNN Model using
Design Under Test (DUT) / RUECGEE
— -—
-— - .
- ey Chipyard Template
Businf - ”
o~ TL/AXI BusInf
System Bu? -~ ’ MM Registers
/ 4_%ic»_c 12 start
Tmr [ T|_bus [ L siod | nterface | g
SPI GPIO UART 1 =
L. = )
href 1| OV7670 [ 1 | &
data 1 | Interface ES (1_3 S ®
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CNN IP Implementation Results on Chipyard

Accuracy HW vs SW (%)

98.80%
98.70%
98.60%
31818 (50.19%) 7842 (12.37%) 42792 (67.50%) 18826 (29.69%) 98.50%

19765 (15.59%) 4248 (3.35%) 24218 (19.10%) 8701 (6.86%) Accuracy
m 16-bit HW ®8-bit HW = SW
9931 (62.66%) 2413 (15.22%) 12749 (80.44%) 5418 (34.18%)
72.5 (53.70%) 2.5 (1.85%) 72.5 (53.70%) 2.5 (1.85%)
0 (0%) 0 (0%) 0 (0%) 0 (0%)
LUT 5 | 50% LUT A ; 67%
LUTRAM | 17% . LUTRAM s 17% 0
FF 1 16% 8'b|t CNN IP FF N 19% 16-b|t CNN IP
BRAM = ; B 54% BRAM ; W 54
10 ' 359 104 N | 35%
MMCM I 33% MMCM ; 33
PLL 17%
PLL 1 17%
S| 0 25 50 75 100
8 25 ad il Utilization (%)
Utilization (%)
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Conclusion

* Open source hardware is maturing, especially for Al

tJCHIP & siFive
‘% Pulp-platform

-]

« Our tiny Neural Network Systems have been demonstrated
In those open source hardware.
— ANN IP on PULPIino platform
— CNN IP on Chipyard platform

— In future, more complex, more practical algorithms will be
implemented (SNN, GCN, ...)

« SISLAB is willing to support the community in Vietham
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Thank you for your attention!

Have a good day :)
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