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Project Intro

Target: Use FPGA to accelerate the inference process of a CNN architecture
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CNN Architecture
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MATLAB Golden Model

Purpose: Model every single output from accelerator for verification

%perform the convolution and max pooling process
conv2dl_result = conv2d(img_f8, conv2dl_weight_2D_f8, conv2dl_bias_f8, F8, wordlength§, fractionlengths, 1): bt
poolingl_result = maxpooling2by2 (conv2dl_result, F8, wordlengthd, fractionlengthd) ; %fir

conv2d?_result = convZd(poolingl_result, conv2d?_weight_2D_f8, conv2d2_bias_f8, F8, wordlength8, fractionlengths, 1) :
pooling?_result = mazpoolingZby2 (conv2dZ_result, F8, wordlengths, fractionlengths) ; b=

conv2d3_result = conv2d(pooling2_result, conv2d3_weight_2D_f8, conv2d3_bias_f8, F8, wordlengthS, fractionlengths, 1); '

flatten_result = flatten(conv2d3_result, F8, wordlength8, fractionlength8) ;

densel_result = dense(flatten_result, densel_weight_£8, densel_bias_f8, F8, wordlengthS, fractionlength§, 1) :

denseZ_result = dense(densel_result, dense2_weight_f8§, dense2_bias_f8, F8, wordlength8, fractionlengths, 0);

Input/Output: 8-bit fixed point
Computation (Addition & Multiplication): 16-bit fixed point
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Accuracy in TF: ~95%
Accuracy in MATLAB: ~92%




Hardware Top Level
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HW/SW Interface

e 32-bit Avalon bus: pass the image, weights and biases data before all the
computation.

e Bus connected to “data_reg” and “control_reg” 32-bit registers in hardware
e “set_data” function passes Avalon bus data to “data_reg”

III

e “set_control” functions passes Avalon bus data to “control_reg”
e “read_ready” functions continuously check if the computation is completed

e “read_answer” functions read the computation result from the FPGA
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HW/SW Interface

Current Problem:
* The frequency of software (HPS) is higher than the frequency of hardware (FPGA)

* Timing requirement of Mem_Write is very strict, which cannot be fulfilled by HPS

e It is difficult to perfectly align the timing of software and hardware

[screen 0: ttyUSBO] - o

File Edit View Search Terminal Help

hello.c:184:42: warning: 'return' with a value, in functien returning void
if (fgets(line,512,ptr)== NULL) return @;

##++driver and program compiled*##*
#AARMOD TNSTALL kA hkk

%k kMOD LOADED* #+++%%

***** LIST MODEL*#:*

Vodule Size Used by
vga_ball 16384 0
****** RUN HELLO**%%%

initial state:

count k = 23244,

send control

ready: 1

counter: 146

send finished

The answer is ©.

send data time is ©.288261 s.
Excution time is ©.001441 s.
#4*kALL FINISHED**##:*
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NPU Architecture e ;

FSM control
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NPU Architecture

Features:

* 4 parallel MAC channels

e 8-bitinput

*  8-bit/16-bit output

» 7 flexible output options

* Auto saturation control

* Auto result recording

*  Auto maxpooling support

*  Auto output neuron comparison
* Activation function choice

spisi) 16
PIORD

NPU Core Archltecture V8

*Notes: red number means bus wid
*Notes: green signal means it Somes from SSFR

16-bit 2's Complement Adder with Saturation Control (16-bit 2CASC)
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Memory Operation
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Example of a 2D image (10 by 10)
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Memory Operation
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The transformation of four 4 by 4 regions after convolution and maxpooling
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Inference Procedure

Conv2d1 + maxpooling 1 Memory Use: 4 Image RAMs + 1 conv RAM, Results go to 4 Result RAMs
|
Conv2d2 + maxpooling 2 Memory Use: 4 Result RAMs + 1 conv RAM, Results go to 4 Result RAMs
|
Conv2d3 Memory Use: 4 Result RAMs + 1 conv RAM, Results go to 1 Result RAM
|
Densel Memory Use: 1 Result RAM + 4 dense RAMs, Results go to 4 Result_RAMs

l

Dense2 Memory Use: 1 Result RAM + 4 dense RAMs, Results go to 7-segment LED
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