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Approach : Methodology

( A
DNN Framework
| (Caffe, TensorFlow) )

CPU
GPU

KIRIN970

Al1, Apple AP

Power, Area,
Flexible, General

DNN Framework

L (Caffe, TensorFlow) )

CPU

DNN Accelerator

Nervana

1/N
Domain Applicable

|

(Optimized by SynapseCompiler)

V.I.C
(Analog/Digital Circuits)

[ Synapse Compiler ] { A/D Hybrid Neuron } [

Processor

Visual Intelligence ]

Domain Applicable

1/100 ]

4 N\ 7 N\ N\ 7 N
Software based Custom Hardware Modified Algorithm Emerging
Approach Accelerator Analog/Digital Circuits Device
\_ /L /L /L /
( ) ( ) ( ) Brain Inspired
Neural Network Neural Network Neural NeF’zwork
- / - / Neural Network - /

New Training

Algorithm ]

Emerging )
Process Tech. |
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* Green Color : Should be done by Hardware Guys
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Concept : General Object (Recognition + Detection)

General Object
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Flute Strawberry Backpack Traffic light  Matchstick Sea I|on Racket Bathing cap

airplane

[

v’ Ol X|(Perception) % F=Z(Localization) ]
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Main Technology ( ETRI )

r : N 4
Architecture Model Neural Network Compile E
Vag ﬁ Model Constraints
v_“!;:; A= Sgone]- - Target Accuracy
v L - -l - Quantization Bit-Width
it = VGG, GoogleNet, ZF - Performance Target
Circuits and Behavioral Model Initial Trained Network - Memory Bandwidth
4 . N\
Synapse Compiler
Optimization & Re-Training (HNN Algorithm)
Y Synaptic Code Gen (Sparse Coding) )
: - Reduce Synaptic Computation
Synaptic Code | _ poduce Synapse Memory
Network Connection | (Same Accuracy Performance)
Synapse Weight
Operation Scheduling
\ ] J
s N
s
NN [Ntft‘“ Net)
noc
(256bit Bus)
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Synapse Compiler Visual Intelligence Chip
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Synapse Compiler

Neural Network Compression and Optimization + Code Generation
- : \
Architecture Model Neural Network Compile Fl- 4 N )
e, @ | L2 g Model Constraints &0
v,.,[ﬁ,t:;-;' A b [‘ T | - - Target Accuracy
v L ™ o < ) - Quantization Bit-Width
1 == VGG, GoogleNet, ZF - Performance Target ,
Circuits and Behavioral Model Initial Trained Network - Memory Bandwidth /)
T T T | /| gede
s . N | Optimization |
Synapse Compiler : 4 ' @ Py
Optimization & Re-Training (HNN Algorithm) A an_ ) — /\g{)ta |
L Synaptic Code Gen (Sparse Coding) PAN Re-Training U y
\\\ \\\\ \ ® x J
- Reduce Synaptic Computation |
Synaptic Code | . Reduce Synapse Memory |
M Snapce waignt |~ Tiling, Code Scheduling " | synapse Code
Operation Scheduling | _ Connect LayerS \ y p
- /| Generation || )
4 A “\ Tiling
\ Code Scheduling (" Synaptic Operation with Binary Operation
\ Layer Connection i
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Visual Intelligence Processor

e Sparse & Dense Synapse Processing with Zero-Skip Support (Dynamic Exchangeable)

* General Object Recognition (Perception) & Detection (Localization)

* Massive Kernel-Array Based Parallel Processing

cmd_*
(ST:;Z‘j[L)’:r"tse S SSD & Misc. Layer
IRAM_| | BROM | remap . Processing
- " |
RPU BROM IRAM CSRU < flags_* KERNEL (sSD, BNRM, SoftMax, EltWise, etc.,)
IMEM Unit 0 VU
AXI4-Lite (M) AXI4 (S) AXI4 (S) \ Scratch
O ~ ~ NNU Video-In < 2|2
A/D=32/32 | |A/D=32/32 |A/D=32/32 o o oot it S =13 | Memory
| rbus (rclk:SOOMHZ) \ eura etworl rocessing nit
N AXI (S) AXI (M) AXI (S)
\
are2 nbus (nck=500MHz) | A/D=32/256 A/D=32/32 | A/D=32/256
pbus (pclk=100MHz) | | A/D=32/256
APB2 _ - AXI4 (S)
: A/D=32/256 A/D=32/256
A/D=32/32 A/D=32/32 Bridge
12C UART SSP (sPI) | ‘ 2B B MIV
SPI
NDMAR NDMAC NDMAR DMAC (DDRS3 / SSRAM)
CSR Descpt, Blob, uCode Cho
BootROM SDCARD ?
(xxGB) DDR3 (<16GB)
: Configurable 8 Channel SSRAM (64amB)
Configurable/S Channel NDMAC NDMAC

L)
Descriptor (Linked List)

Blob Mode Transfer
(blob segmenting & blob loop)

uCode Pgm

(Assembler like Descriptor Programming)
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VIC(Visual Intelligence Chip) Hardware Platform
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VIC Recognition and Detection (Localization)

s

ResNet-101
DL P’°C€‘SS'"9 Engme VGG+SSD (Single Shot Detection)
Synapse Framework IT?-_ M Video input

Architecture Model

Recognition &
Localization

Optimization & Re-Training (HNN Algorithm)
L Synaptic Code Gen (Sparse Coding) )

- Reduce Synaptic Computation

s’"‘”‘ Code - Reduce Synapse Memory
"mm (Same Accuracy Performance)
Operation

— ﬂ =

\¥_’/

Firmware

=  RISC-V Processor Unit Control
= SSD Box align & select

VI FPGA Platform Board

4 2¢ UART R
(; ) ) -
i Neural Network Compile h — S :
oy 4 Model Constraints R v
[ : | : : ‘ Target Accuracy RIS e an s s Mt g b
e e - Quantization Bit-Width
3 VGG, GoogleNet, 2F Performance Target
Circuits and Behavioral Model nitial Trained Network Memory Bandwidth /
\
4 o A . - ¥
Synapse Compiler > - — R N
’ -, [ p o
= ) et -k .
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Result

output

Host PC - )

VIC Hardware Platform
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VIC FPGA Platform Board

F-FVU440 Board + P-FVU440 Board + UMFT601X
@ v U

= Xilinx Virtex Ultrascale » Peripherals : RS-232, SPI, = USB 3.0 Interface
XCVU440-1FLGB2377C 12C, GPIO, etc.

= DDR3, DDR4, SDRAM,
Clock, etc.

FPGA Main Board

Oscillator #1 300MHz — = :
100MHz 71 pins 71 pins 59 pins
‘Oscillator #3 32.768Khz

For DDR3 For LPSDRAM For GPIOs
1.5V banks 1.8V banks 1.8V banks

52 pins
HOMIRX ey
b For HOMI

IN/OUT For Image

S .
~ | 52 pins (up to 4K) Processing *
IN/OUT .

1.8V banks
= 18Vbanks [

pairs
VCCo 1.2V, 3A

VCCO 1.5V, 3A
VCCo 2.5V, 3A

Power
Block

heral
e VCCO 5.0V, 150mA F°{ b
VCCO 3.3V, 124 (Max.
POWER ||
VCCO & VCCAUX
h 7 15 8 10 8 4 8 16 16 8 14 ] 16 J30 Total
Connector Blo 1.8V, 12A (Max.18A) h : N S Nt
(P1-004A) " pins pins pins pins | pins |'pins | pins | pins pins pins pins | pins [pins 163 pins
VCCINT 0,95V, 1808 [ |
12v 18V
Buffer
i d ~
VCC_3v3
3.3V, 6A (Max IZA)
NAND
Flash Micro SPl | 12C |PWM | QEl |GPIO
vee sv sDCard | 2ch | 4ch | 4ch | 2ch | 16ch
5V, 6A (Max 12A) Socket
Peripheral board
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Test Environment (1)

2|7 QE{Ho|A 7|5 AT
-9l AL ol x| o 2 2ol

- UsB 3.0 1 E{H| O] & X| & o & =}l
-H 22| AM A 7] =l

VIC FPGA Platform Board

ey o
Test Target FEEE

UART

Sm——

Host PC

Board Control
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Test Environment (2]

2| Q1A 5 Bt

-1005 O] 2| A 24 7|5
- CFS 24 M| recognition & localization 7| &

ResNet-101
VGG+SSD (Single Shot Detection)

VIC FPGA Platform Board

HDMI
Distributor

Test objects

gsn-°3-INaH

Video camera

Host PC

Board Control
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