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Software

CNN architecture
Quantization parameter tuning



struct layer{

// dimension parameter
Network Structure N e

Int size_In;
Int size_out;
int num_ouput_channel;
iInt num input channel;
iInt kernel_size;

struct network({
// input dimension parameter

Int width; p o .

: : . parameter to draw output boxes
!nt helght’ int classes;

int channels;, .

// pointer to each layer

|ayer *IayerS' // quantization parameter

. . float amax_w;
// pointer to calculation result -

float *output;

float *input; // pointer to data and calculation output
int8_t *int8_output: (/ data*.are qua_ntlzefi during loading
: . : _ Int8_t *int8_weights;
mt8—t |nt8_|nput, INt8_t *int8_biases;
} INt8_t *Int8_scales;

INt8_t *int8_rolling_mean;
INt8_t *Int8_rolling_variance;
INt8_t *Int8_output;

// forward function pointer
void (*int8_forward) (struct layer, struct network);

X

Fp32 weight: https://pjreddie.com/darknet/yolov2/



Inference

for (int 1 = 0; | < net->num_of_layer; ++i)

{
cur_layer = net->layers|l];
// loop each layer
cur_layer.int8_forward(cur_layer, *net);
net->int8_Iinput = cur_layer.int8_output;

net->input = cur_layer.output;




Inside the Forward Function

Convolution Layer

* Convolution (int8)
* Batch normalization (int8)
//Set the mean and variance of each kernel output to O and
* Apply Scaling (int8)
// make each kernel output have an equal weight
* Apply Bias (int8)
* Activation (int8)

* Apply Deqgquantization



Convolution

for (int oc = 0; oc < output_channel; ++oc) { // for each output channel N-Channel input Image
output_channel_offset_kernel = oc * ksize * ksize * input_channel; M N-Channel
. . . Filters
output_channel_offset_out = oc * output_size * output_size;
for (int ic = 0; ic < input_channel; ++ic) { // for each input channel
input_channel_offset_kernel = ic * ksize * ksize;
for (int r = O; r < output_size; ++r) { // for each row
row_offset_out = r * output_size;
for (int c = 0; ¢ < output_size; ++c) { // for each col
col_offset _out = c;
for (inti = 0; i < ksize; ++i) { // for row in kernel

T 2. L
Accumulation  n output

channels

row_offset_kernel = i * ksize; VA
for (int j = 0; j < ksize; ++j) { // for col in kernel Kilm ™ [
col_offset_kernel = j; .T.'

// get one kernel weight 8bit
iNt8_t int8_kernel_value = int8_weights|col_offset_kernel +
row_offset_kernel +
input_channel_offset_kernel +
output_channel_offset_kernel];
// get one input data 8bit
iINt8_t int8_image_value = int8_get_input_pixell(r, ¢, ic, i, |, pad, input_size, int8_input);
// update output data
inter_out|[col_offset_out +
row_offset_out +
output_channel_offset_out] += ((int8_kernel_value) * (int8_image_value));

SRR



Batch Normalization
for (int oc = 0; oc < out_channel; ++oc) { // for each output channel

iInt channel_offset = oc * size_out * size_out;
for (intr = 0; r < size_out; ++r) { // for each row
Int row_offset =r * size_out;
for (int ¢ = 0; ¢ < size_out; ++c) { // for each col
int col_offset = c;
INt iIndex = col_offset + row_offset + channel offset;

output[index] = (output[index] - rolling_mean]|oc]) / (rolling_variance[oc]);

b1}



Apply Scale

for (int oc = 0; oc < out_channel; ++oc)
{
int channel offset = oc * size out * size out;
for (intr = 0; r < size_out; ++r)
{
INt row_offset =r ™ size_out;
for (int c = 0; ¢ < size_out; ++cC)
{
iInt col_offset = c;

output[channel_offset + row_offset + col_offset] *= scales|oc];

b1}



Apply Bias

for (int oc = 0; oc < out_channel; ++oc) {
Int channel offset = oc * size_out * size out;
for (intr = 0; r < size_out; ++r1) {
Int row_offset =r * size out;
for (int c = 0; c < size_out; ++cC) {
Int col_offset = c;

output[channel_offset + row_offset + col_offset] += biases|oc];



Apply Activation

static inline float leaky_activate(float x) { return (x > 0) ? x : 0.125 * x; }



Apply Dequantization

* |nt8 quantization of one float number

 Deqguantization of the convolution result



Int8 quantization

Let w be a float weight . Let x be a float input . Let m be a float mean . Let v be a float variance ..

Find a,, thatw € [—a,,,a,].Finda_ thatx € [-a,,a ].Finda, thatm € [—a,,,a, ].Finda, thatv € [—a,,a,].
Then the quantized value can be found as below

W, = round(w/a,, X 123)

X, = round(x/a, X 123)

m, = round(m/a,, X 128)

v, = round(v/a, X 123)



Int8 quantization of one number
iINt8_t int8_quantize(float x, float amax, int bithum)
{ // x:valueto be quantized; xin[-amax , amax]; bithum: target bit number
INt8_t xq, out_max, out_min; float x_dq;
out_max = pow(2, (bitnum - 1))-1; // for int8 out_max = 127
out_min = -pow(2, (bitnum - 1)); // for int8 out_min = -128
Xd = round(x / amax * out_max);
// clipping to prevent overflow
Xd = (xg > out_max) ? out_max : xq;
Xg = (Xg < out_min) ? out_min : Xq;

return xq;



Deqguantization

Wq XX . —m
Result of Convolusion:

y 128a, a
aWaX - am

then the dequantized value equals

wx—m  WgX

WX
= —— X

»
Xg — My
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Int8 dequantization of Convolution

iINt8_t int8_dequantize(int8_t x, float a_m, float a_v)

{

Return (int)x*a_m / a_v;



Maxpooling Layer

for (int ic = 0; ic < input_channel; ++ic) {
Int channel offset_out = ic * size_out * size out;
iInt channel_offset_in = ic * size_in * size_In;
for (int r = 0; r < size_out; ++r1) {
Int row_offset =r * size_out;
for (int c = 0; c < size_out; ++c) {
int col_offset = c;
Int out_index = col_offset + row_offset + channel_offset out;
float max = -FLT_MAX;
for (int h = 0; h < filter_size; ++h) { // for each row in filter
Int h_input =r * stride + h;
for (int w = 0; w < filter_size; ++w) { // for each col in filter
iInt w_input = ¢ * stride + w;
int index_in = w_input + h_input * size_in + channel_offset_in;
int valid = (h_input >= 0 && h_input < size_in &&
w_input >= 0 && w_input < size_in);
float input_val = (valid != 0) ? net.input[index_in] : -FLT_MAX;
max = (input_val > max) ? input_val : max;

}
}
|.output[out_index] = max;
}
}
}
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Max Operation
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Hardware




Circular Buffer

TI=4

Circular Buffer

Input Images



Convolution Layer

1'1 kernels Pipelined Adder Tree
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Hardware software
Interface approach



HPS-FPGA Communication Pipeline

SDRAM

Software

HPS Linux

Read Data CNN Program » Write Data
T ¥
On chip On chip
memory s DMA Memory
A
HPS
management [€
\_ FPGA System .
HPS

1.Receive input;

2.Put the input data in memory
(SDRAM);

3.Data go through DMA to on-chip
memory;

4.Hardware files start to read and
process the whole data through
YOLO-CNN network;

5.0utput data being read and written
into on-chip memory;,

6. DMA transfer the data to SDRAM
then read by HPS software and get
the final result:



Read & Write Process Logic

On-Chip
Memory 0

Readdata[7:0]

addr[16:0]

chip

>

clk_enab

READ

start

» finish

data_out[7:0]

enable

input device

CNN-
PROESS

out_data[7:0] Readdata[7:0]
addr[16:0]
chip
clk_enab
WRITE
out_device
in_device
Reset
clk

On-Chip
Memory 1




DMA Application

h2p lw dma_addrl = virtual base + (

void *h2p_lw _dma_addrl = NULL;

clearDMAcontrol(h2p _lw _dma_addrl);
DMA_ REG_STATUS(h2p_lw _dma_addrl) = ©;

STATUS(h2p_lw _dma_addrl) = ©;
AD_ADDR(h2p_lw_dma_addrl) = 0;
_ADDR(h2p_1lw_dma_addrl) = physical addr2;
NGTH(h2p_lw _dma_addrl) = 4000;

XEG_CONTROL(h2p_l1lw _dma_addrl) = L[

STATUS(h2p_lw_dma_addre) = ©;
A\D ADDR(h2p_lw_dma_addre) physical addril;

_ADDR(h2p lw dma_ addre) 0;
NGTH(h2p_lw_dma_addr®) = image_size;

G_CONTROL(h2p lw dma addr®) = DMA CTR_E




Thank you



