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Prerequisites: Software and Tools

Efinity Design Environment
« Configurable Sapphire RISC-V® in

Efinity IP Catalog FPGA
» Create RTL Design s RTL Design
« Implement and program the FPGA Soflare
Efinity RISC-V IDE I |
» Eclipse IDE for managing projects Efinity RISC-V Efinity
« Create Software Code Write your C/C++ Embeddle(ljlsﬁffvrajre o Software Create your RTL
. Debug and Build Efinit;::giswé?r\l/: %rggtradded < RV @ >gg;’wglgrf: ;’;Z 57?:}’
th(:lr;] SRy e::n t:nt:-he </> Zg(g;:m it into the
'''''''' Create Hardware
Create Software Code (C/C++) (RTL) Design
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Prerequisites:

BEFINIX.

High-Performance Titanium FPGA Famil
Ti35 | Tie0 [ Tioo Ti120 Ti180 Ti240 Ti37s | Tiss0 [ Tiz50 [ Ti1000 |
LE (k) 36 | 62 92 123 176 237 370 533 727 969
10K RAM (Mb) 153 | 262 | 734 9.80 13.11 19.37 27.53 39.65 | 54.07 | 72.09
TSMC 16 nm Process DSP 93 | 160 359 478 640 946 1344 1936 | 2640 | 3520
) PLLs 4 4 10 10 10 10 10 10 10 10
A“" MIPI DPHY 1.5G, support CSI-2/DSI Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
' : MIPI DPHY x4 2.5Gbps Hard IP - - X4 X4 X4 X3 X3 X3 X3 X3
LPDDR4/X - - X32 X32 X32 2 X32 2 X32 272 | 72 | 2x72
RISC-V hardwired X X X X X
& 16 Gbps Serdes - - X8 X8 X8 X16 X16 X16 | X16 X16
M A SRR Seces - - 1 I;CIE 1 I;CIE 1 I;CIE - - 2 )I(DSCIE 2 )I(DSCIE 2 )Si:m
X X X X X X
Quantum Compute PCIE Gen4 (16G) hard controller - | Genaxa | Genaxa | Genaxa |2XPCIE Gendxd|2x PCIE Gendxd| ol = ol o C o
Accelerated Packages (HSIO/HVIO/LPDDR4/MIPI /S SERDES)
we4 0.4mm 3.5x3.4mm - 34/0 - - - - -
F100 (SIP) |0.5mm 5.5x5.5mm| 610 | 6o - - - - -
F225 0.65mm  |10x10mm | 140/23 | 140723 } ] ] -
M361 0.65mm 13x13mm - - 110/20/16/2/0 | 110/20/16/2/0 | 110/20/16/2/0 - - - -
L484 0.8mm 18x18mm - - 116/27/0/4/0 | 116/27/0/4/0 | 116/27/0/4/0 - - - -
M484 0.8mm 18x18mm - - | 116127732140 | 116/27/32/810 | 1167277321810 - - - -
A484 (SIP) [0.65mm  |15x15mm - - | 21058116/1/0 | 210/58/16/1/0 | 210/54/26/1/0 - -
Innovative M529 0.8mm 19%x19mm - - | 210/48/32/0/0 | 210/48/32/0/0 | 210/48/32/0/0 - -
chkqge Opﬁons N484** 0.65mm 15x15mm - - - - _ 60/29/32/1/8 60/29/32/1/8
M676** 0.8mm 21x21mm - - - - - 130/60/32/2/12 130/60/32/2/12
= N900**  |0.8mm 25x25mm - - - - - 172/60/322/1/16 | 172/60/32x2/1/16
S P1156 1.0mm 35x35mm - - - - - 256/118/32x2/3/16 | 256/118/32x2/3/16
>=6amb ** subject to change
% F100 (SIP)  Flash + 256Mbit
SPINORflsh A484 (SIP) 2Gb LPDDR4

System in Package
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High Level Summary

Efinix offers a platform
« based on an open-source TensorFlow Lite Micro C++ library
 running on Efinix Sapphire RISC-V SoC

« with custom TinyML accelerator.
TensorFlow* Lite

I Most popular Al Edge
Inference framework

Set Architecture TinyML Accelerator

R R, —_—

RISC-V Modular & Fully configurable
Extensible Instruction — Instruction Based Al
Y3EFINIX. | |



EFINIX TinyML Key Concepts

Acceleration Strategies Advantages of Efinix TinyML Platform:
o Efinix TinyML o User-Define « All Al inferences supported by TFLite Micro library
Accelerator Accelerator maintained by open-source community

I Custom Instruction Interface I

System Slave

Hardware Accelerator Multiple acceleration options |
(Pre-defined Socket) « performance-and-design-effort ratio
« speed-up overall deployment

B3EFINIX. N

Configurable RISC-V SoC

 Efinix TinyML Accelerator

« optional user-defined accelerator
« hardware accelerator socket




Efinix TiInyML Generator

Efinix TinyML Generator O X Example: Face Landmark
Resource Estimator
Parameter Value Layer/Module LUTs FFs ADDs RAM Blocks
~ SYSTEM . .
AXI.DW = - | | 11/coNv_DEPTHW 12516 8870 5323 41 » Reads tflite model files
~ CONV_DEPTHW_MODE STANDARD - | |15 a0D 1904 2674 247 0
CONV_DEPTHW_STD_IN_PARALLEL |8 m . .
CONV_DEPTHW_STD_OUT_PARALLEL |4 - | MOt 241 2168 o ° + Select Acceleration Optlons
CONV_DEPTHW_LITE_PARALLEL |4 4 MIN_MAX 926 936 139 0 « STANDARD / LITE / DISABLE
ADD_MODE STANDARD ~ | | |5|TINYML_CACHE 880 488 172 10
FC_MODE DISABLE )
MUL MODE STANDARD 1 i 065 10" 1 * * Resource Estimator shows the
MIN_MAX_MODE TANDARD _ 7 TINYML_ACCELERATOR 21707 16209 7192 77 expected utilization in the FPGA
~ TINYML_CACHE ENABLE - ||k S
CACHE_DEPTH 512 -

« Generate project specific files to
ki define.cc include in FPGA project and
ki’ defineh RISC-V SW Project

L defines.v
NOTES: |"..: mediapipe face landmark model data.cc ® Acceleration aChieved: x 20
Iy

1. Efinix TinyML platform supports .tflite model with full integer quantization.
2. LITE accelerator is a lightweight accelerator with less resource usage.
3. STANDARD accelerator is a high performance accelerator with more resource usage.

mediapipe_face landmark_model_data.h
4. TinyML cache is an optional feature to speed-up data access of STANDARD mode accelerator.

5. Resource Estimator estimates resource usage of TinyML accelerator based on configured parameter setting for hd Power for AI < 500 mW

Efinix Titanium FPGAs. Open .iflite model file to get started.

Model File: | C:/Work/tingml-main/tools/tinyml_generator/model/mediapipe_face_landmark.tflite Open Generate

B3EFINIX.




Conclusion

Standard Path
« TensorFlow* — TensorFlow Lite* — TensorFlow Lite Micro Library
Open RISC-V® Architecture
Free Efinix TinyML Generator
Free Efinity Software for FPGA Design Implementation
* Free FPGA project examples for Quick Start on github
« TinyML Hello World Design for Ressource Estimation
« TinyML Vision for Real Time Application (Video In and Out)

Free Efinix RISC-V® IDE to compile and run the RISC-V® code
« Example projects and Model Zoo for Quick Start on github

B3EFINIX. | " "9
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Development Kit Ti60F225 tor TinyML Evaluation

2 User DIP Switches 2 RGB LEDs 4 User Pushbuttons
8 Data, 2 Clock,

NOR « .
J ‘ Flash 6 GPIOs MIPI RX/TX, LVDS, GPIO
I Header

' USB Type-C FTDI : 8 Data, 2 Clock,
! Connector FT4232 6 GPIOs MIPI RX/TX, LVDS, GPIO
Tl o —

Header
Ti60 FPGA 8 Data, 2 Clock,
USE Type-C USB 3.0 6 GPIOs MIPI RX/TX, LVDS, GPIO
Connector =H PHY X i Header
Micro SD Card Slot ] 25 MHz, 33_333?| MHz, 74 25 MHz
HyperRAM X16, sclllators
256 Mbit

Ti60F225
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Development Kit Ti180J484C-DK for TinyML

Main Features:
* Efinix Ti180J484 FPGA in a 484-ball FineLine BGA package
 LPDDR4 or LPDDR4x 256 Mbit x16 bits memory:
* Upto 2.0 Gbps double-data rate (LPDDR4x)
 Upto 1.6 Gbps double-data rate (LPDDR4)
* Two 256 Mbit SPI NOR flash memories
* Four MIPI, LVDS, GPIO high-speed QSE connectors
e to attach daughter cards included in the kit or your own custom cards
* Micro-SD card slot
* FPGA mezzanine card (FMC) with low pin-count connector (LPC)
* USB Type-C connector to configure the development board
e 33.33, 50, and 74.25 MHz oscillators for Ti1l80 PLL input
e User LEDs and switches:
* 6 LEDs, 2 pushbutton switches
Ordering Code: TI180J484C-DK

B3EFINIX. .




Efinity® Integrated Development Suite

« Standard RTL-to-
bitstream FPGA
development tool
(free of charge)

« Core and
interface concept
enables system
integration

 Windows & Linux

Core Designer

FPGA Core Fabric
(Synthesis, Place and Route)

-3
EEEEEEEE ©
mEEEEEEEEEERE]

3

efinity.,

Interface Designer

Subsystems
(I/0, DDR, MIPI, etc.)

GROA
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Key Concepfts

* Google Colab
* TensorFlow Lite Converter

*» Generate model data files based on TensorFlow
Explore Efinix TinyML Generator Lite model (.tflite)

« [Customize Efinix ﬁn\rML Accelerator

* [RISC-V with Efinix TinyML Accelerator Optlmlzatlon Iterations

Run TinyML Hello World on » | Optional user-defined accelerator
Efinix Development Board * | Pre-defined hardware accelerator socket
* |Inference on static input data

*  RISC-V with Efinix TinyML Accelerator

*  Optional user-defined accelerator

*  Pre-defined hardware accelerator socket
*  Domain-specific 1/0 support

* Inference on real-time captured data

Explore Efinix Domain-Specific
TinyML Framework

*  Leverage on Efinix TinyML design flow, reference
design, and framework to get started
*  Quick deployment of TinyML solutions

Create Your Own TinyML Solution
Using Efinix Design Flow

B3EFINIX.




Model /oo - Examples

Trained Model uality Target
Application Framework Model Input Size Dataset Quality Targ
format (%)
Person Detection Darknet cfg, .weights Yolo 96x96x3 COCO(person) 20.30 (mAP@0.5)
. , Visual Wake
Person Detection Tensorflow pb MobilenetV1 96x96x1 84.0
Words
Image
. Tensorflow .h5 ResNet 32x32x3 CIFAR10 85.0
Classification
Keyword Spotti Tensorfl b DS-CNN aoxio | oPeeeh 90.0
eywor ottin ensorflow . - x10x i
L * : - Commands
468(3D
Face Landmark Tensorflow pb MediaPipe 192x192x3  Charade (
Landmark)
Anomaly Deep |
, Tensorflow .h5 1x640 ToyADMOS 0.85 (AUQ)
Detection AutoEncoder

All examples are converted to tflite. For conversion flow details please refer to
https://github.com/Efinix-Inc/tinyml/blob/main/docs/model conversion.md

B3EFINIX.
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Model Evaluation with TinyML Hello World Design

External Memory

!
FPGA 1 [ I_ ;

RISC-V

— DMA

™ TFlite Micro Controller

[l
= Library

Custom
Instruction

Interface Slave

e
System Module
Interconnect

> Print Results to Terminal

+— FIFO ~J

— FIFO —

TinyML Hello World Design is a FPGA Implementation for
estimating performance enhancement:
« Hello World runs Al inference on static input data

« No camera or display needed

» Deploy to Ti60 or Ti1l80 Development Kit

« Print information to a terminal

Evaluation Strategy:
For evaluation generate project files with all accelerators
included (set STANDARD).
« Enable or disable accelerators in software
* Quick iterations to compare cost and performance

Provided Hello World Design includes the accelerators to
support all examples in Efinix” Model Zoo (next page)
« Hex File for FPGA programming allows Quick Start

* No need to implement the FPGA design for first steps

B3EFINIX.



Evaluation lterations

Efinix TinyML Generator - =} X ¥ SapphireSoc - tinyml_fl/src/model/define.cc - Efinity® RISC-V Embedded Software IDE - m} X
e e ety File Edit Source Refactor Navigate Search Project Run Window Hel
Parameter Value
= evsTem Layer/Module WTs Fs ADDs RAM Blocks = B~ R BiE- S G ritrOrQhri® s Bi%iu|
AXLDW 128 ~| 1 conv_pepTHW 12516 8870 5323 Z :
! A AR = Q |
~ CONV_DEPTHW_MODE STANDARD ~ | 2a00 1904 2674 747 0 = -
CONV_DEPTHW_STD_IN_PARALLEL |8 & Hlor 16 o w05 . (5 Project Explorer < E% Y ¢ O [ definecc x B ox ™ g
(CONV_DEPTHW_STD_OUT_PARALLEL 4 = #! Includes ~ #include "define.h" BlEa s e
CONV_DEPTHW_LITE PARALLEL |4 4 MIN.MAX 926 936 139 0 & build *
AADD_MODE STANDARD ~ | | |5[TINYML_CACHE 830 488 172 10 v & sre int conv_depthw_mode=2; g
FC_MODE DISABLE el common 2065 073 6 2 v & model :.mt conv_depthw_lite parallel=4; o defineh A [ X N ]
MUL_MODE STANDARD - int add mode=2; . 4
i X - conv_de
MINMAX MODE SANDARD) .| 7 TINYMLACCELERATOR 21707 16209 7192 77 ~ ¢ define.cc int fc_mode=0; . A
~ TINYML_CACHE ENABLE | It 5 H define.h int mul_mode=2; conv_de
CACHE_DEPTH 512 - ® add_mode: int int min_max_mode=2; ® add_mo
@ conv_depthw_lite_parallel : int int tinyml_cache=1; & fc_mode
f . £ o
I‘_‘ define.cc @ conv_depthw_mode : int const char* layer_mode B ® mul_mo —
W defineh @ fc_mode:int ® min_ma
@ define,
= & |ayer_mode : const char* ® tinyml_c
definesy @ min_max_mode : int @° laver mi ¥
, ) < >
nores: - it et ! mediapipe_face_landmark_model_data.cc @ mul_mode :int
1. Efinix TinyML platform supports .tlte model vith fullinteger quantization. . . - . 3 =
2. LITE accelerator is a lightwelght accelerator with less resource usage. = — #® tinyml_cache : int I#1 Problems < ¥ Tasks & Console [ Properties v 8 =]
3. STANDARD accelerator is a high performance accelerator with more resource usage. & mediapipe_face_landmark_model_data.h ) X
4. TinyML cache is an optional feature to speed-up data access of STANDARD mode accelerator. [5 defineh 0 errors, 2 warnings, 0 others
5. Resource Estimator estimates resource usage of TinyML accelerator based on configured parameter setting for . =
Efinix Titanium FPGAs. Open .tlite model file to get started. [0 face_landmark_detection.h Description Resource
[¢ input_geoffrey_hinton_192x192x3.cc vz >
Model File: |C: y L face_landmark.tit open Generate . T
Jtinyml_fl/src/model/define.cc

Acceleration options in TinyML Generator Run Efinity RISC-V IDE Hello World Example

« All ,Standard" for max acceleration « Use define and data files created by

« Implement FPGA (Hello World Design) TinyML Generator Print Resul

- Deploy Design to Development Kit + Load and Run the RISC-V application rint Results

« Connect Terminal (Time) to Terminal

« Set Accelerator on/off, recompile, run
« Parameter per layer in define.cc

B3EFINIX.




Face Landmark Example Evaluation Results

Minimum and maximum Inference Time
No accelerator enabled: 9105 ms

All accelerators in Standard Mode: 479 ms Performance Impact per
Layer, Off versus Standard

Resource Estimator

Layer/Module LUTs FFs ADDs RAM Blocks DSP Blocks Time RefTime | Acceleration
1|CONV_DEPTHW 12516 8870 5323 A1 A8 7006 ms | 479 ms 14.63
3| ADD 1904 2674 747 C 1415ms | 479 ms 2.95
3|MUL 2416 2168 C 7 842 ms | 479 ms 1.76
4| MIN_MAX 926 C C 1280 ms | 479 ms 2.67
S| TINYML_CACHE 488 172 1C ( 943 ms | 479 ms 1.97
6 COMMON 3065 1073 116 26 0
7 TINYML_ACCELERATOR 21707 16209 7192 77 63

TinyML Generator Resource Estimation (Face Landmark)

B3EFINIX.




Face Landmark Example Evaluation Results

Impact on dynamic power dissipation of RISC-V and TinyML Accelerators

RISCV + all Standard Accelerators for Face Landmark 498 mW
Same in Titanium Low Power Device 377 mW Estimated per Module
Resource Estimator

Layer/Module LUTs FFs ADDs RAM Blocks DSP Blocks Tie0 Tie0L
1/ CONV_DEPTHW 12516 8870 5323 41 48 177 mW | 135 mW
2| ADD 1904 2674 747 0 8 38mW | 28 mW
3/ MUL 2416 2168 695 0 7
4/ MIN_MAX 926 936 139 0 0 13 mW 8 mW
5 TINYML_CACHE 880 488 172 10 0
6 COMMON 3065 1073 116 26 0
7 TINYML_ACCELERATOR 21707 16209 7192 77 63

TinyML Generator Output (Face Landmark)

B3EFINIX. - .



Go Live with TinyML Vision FPGA Design

Based on Hello World Design estimation results and accelerator selection
« Generate files for target implementation (TinyML Generator)
 Build your custom FPGA design starting from TinyML Vision
« TinyML Vision Example on github (Efinity Project)
 Similar to Hello World Design, but

» Prepared for Video input and output
« Deploy to Ti60 or Ti180 ‘Development Kit

« Camera, Display or HDMI Video Adapter included
 TinyML Vision is ready to use with models in Model Zoo
 Adapt to your target configuration and to your target hardware

B3EFINIX. | " "9
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