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Lampiran 1 Source code Program Serial YUV Video Super-Resolution
#include <stdio.h>
#include <stdlib.h>

#include <time.h>

void FSRCNN(double *img_hr, double *img_Ir, int rows, int cols, int scale);

void imfilter(double *img, double *kernel, double *img_fltr, int rows, int cols, int
padsize);

void pad_image(double *img, double *img_ pad, int rows, int cols, int padsize);
void PReLU(double *img_fltr, int rows, int cols, double bias, double prelu_coeff);
double Max(double a, double b);

double Min(double a, double b);

void imadd(double *img_fltr crnt, double *img_fltr prev, int cols, int rows);

void deconv(double *img_input, double *img_output, double *kernel, int cols, int
rows, int stride);

void double 2 uint8(double *double img, unsigned char *uint8 img, int cols, int
rOws);

double cpu_time accumulation;
time t wall time accumulation;

clock t
sl,sl_end,sum_sl,s2,s2 end,s3,s4,s5,s6,s7,s8,59,s10,s11,s12,s13,s3 end,s4 end,s
5 end,s6_end,s7 end,s8 end,s9 end,s10 end,sl1 end,s12 end;

clock t
p1.p2,p3,p4.p5.p6,p7,p8,p9,p10,p11,p12,p13,p1_end,p2_end,p3_end,p4_end,p5_e
nd,p6_end,p7 end,p8 end,p9 end,pl0 end,pll end,pl2 end,pl3 end;

clock t fconv,fconv_end,fprelu, fprelu_end, fimadd, fimadd end;

double

sum_fent=0,pl _sum=0,p2 sum=0,p3 sum=0,p4 sum=0,p5 sum=0,p6 sum=0,p7
_sum=0,p8 sum=0,p9 sum=0,p10 sum=0,sum_conv_1=0.0,sum _conv_2=0.0,su
m_conv_3=0.0,sum_conv_4=0.0,sum_conv_5=0.0,sum_conv_6=0.0,sum_conv_7
=0.0,sum_prelul=0.0,sum_prelu2=0.0,sum_prelu3=0.0,sum _prelu4=0.0,sum_prel
u5=0.0,sum_prelu6=0.0,sum_prelu7=0.0,sum_imadd2=0.0,sum_imadd3=0.0,sum
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_imadd4=0.0,sum_imadd5=0.0,sum_imadd6=0.0,sum imadd7=0.0,sum imadd8=
0.0;

int main(int argc, char *argv([])
{
char *inFile = argv[1];

char *outFile = argv[2];

//Upsampler parameters

int scale = 2;

//Compressed Assault Cube
int num,;
printf("Masukkan jumlah total frame video yang akan diupscale : ");

scanf("%d",&num);

int inCols = 176; //Width of input (downsampled) video

int inRows = 144; //Height of input (downsampled) video

int outCols = inCols*scale;

int outRows = inRows*scale;

FILE *inFp, *outFp;

//things that are used to measure cpu and wall time
//cpu time

clock tbegin = clock();

//wall time
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time _t start, ending;
time(&start);

s1=clock();

inFp = fopen(inFile, "rb");

if (inFp == NULL)

{

printf("\n We have null pointer \n");

}

outFp = fopen(outFile, "wb");

if (outFp == NULL)

{

printf("\n We have null pointer \n");

// 'To read and write each frame in an unsigned character format

unsigned char *inBuf = (unsigned char
*)malloc(inCols*inRows*sizeof(unsigned char));

unsigned char *outBuf = (unsigned char
*)malloc(outCols*outRows*sizeof(unsigned char));

// ' To work with each pixel in the range of 0~1

double *inBuf tmp = (double *)malloc(inCols*inRows*sizeof(double));
double *outBuf tmp = (double *)malloc(outCols*outRows*sizeof(double));
sl _end= clock();

sum_fent += (double)(s1_end - s1)/CLOCKS_PER_SEC;

for (int fent = 0; fent < num; fent++)

{



85

/11]1] Interpolate each frame using FSRCNN for Y component and simple
repitition for U and V components

// Pointer to obtain value of each tpixel of input frame
s2= clock();

unsigned char *inP = inBuf;

double *inP_tmp = inBuf tmp;

// Pointer to obtain value of each pixel of output frame
unsigned char *outP = outBuf;

double *outP_tmp = outBuf tmp;

/Y Component
fread(inBuf, sizeof(unsigned char), inCols*inRows, inFp);

int1i, J;

for (1 = 0; i<inRows; 1++)

for (j = 0; j<inCols; j++)

{

int cnt = i*inCols + j;

int X = *inP++;

*(inP_tmp + cnt) = (double)(x / 255.0);
b

s2_end= clock();

sum_fent += (double)(s2_end-s2)/CLOCKS PER SEC;
FSRCNN(outP_tmp, inP_tmp, inRows, inCols, scale);
s3= clock();

outP_tmp = outBuf tmp;
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for (i = 0; i<inRows*scale; i++)
for (j = 0; j<inCols*scale; j++)

{
int cnt = i*inCols*scale + j;

*(outP_tmp + cnt) = *(outP_tmp + cnt) * 255;

double 2 uint8( outP_tmp, outP, outCols, outRows);

fwrite(outBuf, sizeof(unsigned char), outCols*outRows, outFp);

//U Component

fread(inBuf, sizeof(unsigned char), inCols*inRows / 4, inFp);

inP = inBuf;

outP = outBuf;

for (1=0;1<inRows/2; i++)

for (j =0; j <inCols / 2; j++) {

int cnt =2 * (i * outCols / 2 +j);

unsigned char x = *inP++;

*(outP + cnt) = x;

*(outP +cnt+ 1) =x;
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*(outP + cnt + outCols / 2) = x;

*(outP + cnt + outCols /2 + 1) = x;

fwrite(outBuf, sizeof(unsigned char), outCols*outRows / 4, outFp);

//'V . COmponent
fread(inBuf, sizeof(unsigned char), inCols*inRows / 4, inFp);
inP = inBuf;

outP= outBuf;

for (1=0;1<inRows/2; i++)

for (j = 0; j <inCols / 2; j++) {

int cnt = 2 * (i*outCols / 2 +j);

unsigned char x = *inP++;

*(outP + cnt) = x;

*(outP +cent+ 1) =x;

*(outP + cnt + outCols / 2) = x;

*(outP + cnt + outCols /2 + 1) = x;

fwrite(outBuf, sizeof(unsigned char), outCols*outRows / 4, outFp);
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s3_end= clock();
sum_fent += (double)(s3_end-s3)/CLOCKS PER SEC;
b
//get cpu time end
clock tend = clock();
//get wall time end
time(&ending);
// calculate cpu and wall time
double time_spent = (double)(end - begin) / CLOCKS PER SEC;
time t wall time = ending - start;
//print out cpu and wall time
printf("CPU time spent to upscale the video is %lf seconds", time_spent);
printf("\nWall time spent to upscale the video is %f seconds\n", wall time);

printf("\nTime spent on running serial fraction is :  %lf
seconds\n",sum_fcnt);

printf("\nTime spent on running parallel fraction for layer 1 is : %f
seconds\n",pl _sum);

printf("\nTime spent on running parallel fraction for layer 2 is : %f
seconds\n",p2 sum);

printf("\nTime spent on running parallel fraction for layer 3 is : %f
seconds\n",p3 sum);

printf("\nTime spent on running parallel fraction for layer 4 is : %f
seconds\n",p4 sum);

printf("\nTime spent on running parallel fraction for layer 5 is : %f
seconds\n",p5 sum);

printf("\nTime spent on running parallel fraction for layer 6 is : %f
seconds\n",p6_sum);

printf("\nTime spent on running parallel fraction for layer 7 is : %f
seconds\n",p7 sum);

free(inBuf);

inBuf = NULL;
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free(inBuf tmp);
inBuf tmp = NULL;
free(outBuf);
outBuf = NULL;
free(outBuf tmp);

outBuf tmp = NULL;

void FSRCNN(double *img_hr, double *img_Ir, int rows, int cols, int scale)

{

// General Settings

s4= clock();

int num_layers = §;

/1111111111 Convolution] -------- Layerl

// Reading weights of first layer

FILE *weights layerl ptr;

weights layerl ptr = fopen("weights layerl.txt", "r");

if (weights layerl ptr == NULL) { printf("Error in the reading weights of

first layer\n"); };

double weights layer1[1400];

for (int i = 0; i < 1400; i++)

{
fscanf(weights layerl ptr, "%If", &weights layerl[i]);
/lprintf("%I1f\n", weights_layerl1[i]);

h

fclose(weights_layerl ptr);

/I Reading biases of first layer
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FILE *biases layerl ptr;
biases layerl ptr = fopen("biasess layerl.txt", "r");

if (biases layerl ptr == NULL) { printf("Error in the reading biases of first
layer\n"); };

double biases layer1[56];
for (int1=0; 1 < 56; i++)
{
fscanf(biases layerl ptr, "%lf", &biases layerl[i]);
b
fclose(biases layerl ptr);
// other parameters
int filtersize = 25; //5X5
int patchsize = 5;
int padsize = (patchsize - 1) / 2;
int num_filters = 56;

double prelu_coeff layerl =-0.8986;

// Convolution

double *img fltr 1 = (double *)malloc(rows * cols * num filters *
sizeof(double));

double *kernel = (double *)malloc(filtersize*sizeof(double));

double *img_ fltr pl = img fltr 1; // Pointer to img_fltrl ==>> Using this
way to be able to shift it to access data

int cnt_weight = 0;

double bias_tmp;
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s4 end= clock();
sum_fcnt += (double)(s4_end-s4)/CLOCKS PER SEC;
//cpu time
// clock tlayer begin= clock();
/I /lwall time
// time_t layer_start, layer ending;
// time(&layer_start);
pl = clock();
for (int 1= 0; 1 <num_filters; i++)
{
// reading corresponding weights to kernel pointer
for (int cnt_kernel = 0; cnt_kernel < filtersize; cnt_kernel++)

{

*(kernel + cnt_kernel) = weights_layerl[cnt weight + cnt_kernel];
b

cnt_weight = cnt_weight + filtersize;

imfilter(img_Ir, kernel, img_fltr pl, rows, cols, padsize);

bias_tmp = biases_layerl[i];

PReLU(img_fltr pl, rows, cols, bias_tmp, prelu_coeff layerl);

img_fltr pl =1img_fltr p1 + cols*rows;

b
pl_end = clock();
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pl _sum += (double)( pl end - pl )/CLOCKS PER SEC;

/1111111711 Convolution2 Layer 2~7

/1111111111 Layer2

// Reading weights of 2nd layer

s5= clock();

FILE *weights layer2 ptr;

weights layer2 ptr = fopen("weights layer2.txt", "r");

if (weights _layer2 ptr == NULL) { printf("Error in the reading weights of
2nd layer\n"); };

/I Note: weights must be saved in a way which that corresponding weights
of each channel can be read by pointer concept ==>> for this layer 12X56 matrix
is reshaped to (12X56)*1 vector

double weights_layer2[672];
for (int1=0;1<672; i++)
{
fscanf(weights layer2 ptr, "%If", &weights layer2[i]);
}
fclose(weights layer2 ptr);
// Reading biases of 2nd layer
FILE *biases layer2 ptr;
biases layer2 ptr = fopen("biasess_layer2.txt", "r");

if (biases_layer2 ptr == NULL) { printf("Error in the reading biases of 2nd
layer\n"); };

double biases layer2[12];
for (inti=0;1<12; i++)
{
fscanf(biases layer2 ptr, "%lf", &biases layer2[i]);
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fclose(biases_layer2 ptr);

// Other parameters

int filtersize2 = 1; //1X1

int patchsize2 = 1;

int padsize2 = (patchsize2 - 1) / 2;
int num_filters2 = 12;

int num_channels2 = 56;

double prelu_coeff layer2 = 0.3236;
/I Convolution

double *img fltr 2 = (double *)calloc(rows * cols * num filters2 ,
sizeof(double)); // use calloc to initialize all variables to zero

double *img_fltr 2 tmp = (double *)malloc(rows * cols * sizeof(double));
double *kernel2 = (double *)malloc(filtersize2*sizeof(double));

double *img_fltr p2 =1img_fltr 2;// Pointer to img_{ltr2

cnt_weight = 0;

s5_end= clock();

sum_fent += (double)(s5_end-s5)/CLOCKS PER SEC;
p2 = clock();

for (int1=0; 1 <num_filters2; i++)

{

img_fltr pl = img fltr 1; // Return pointer to the first of array which
contains feature map of previous layer

for (int j = 0; ) <num_channels2; j++)
{
// reading corresponding weights to kernel

for (int cnt_kernel = 0; cnt_kernel < filtersize2; cnt_kernel++)
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{
*(kernel2 + cnt kernel) = weights layer2[cnt weight +

cnt_kernel];

}

imfilter(img_fltr pl, kernel2, img fltr 2 tmp, rows, cols,
padsize?2);

imadd(img_fltr p2, img_fltr 2 tmp, cols, rows);

cnt_weight = cnt_weight + filtersize2;

img_fltr pl =1img fltr p1 + rows*cols;

}

bias_tmp = biases_layer2[i];

PReLU(img_fltr p2, rows, cols, bias_tmp, prelu_coeff layer2);

img_fltr p2 =img_fltr p2 + rows*cols;
b
p2_end = clock();
p2_sum += (double)(p2_end-p2)/CLOCKS PER SEC;
s6= clock();
free(img_fltr 1);
img fltr 1 =NULL;
free(kernel);

kernel = NULL;
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free(img_fltr 2 tmp);

img_fltr 2 tmp = NULL,;

/11111111111 Layer3

// Reading weights of 3rd layer

FILE *weights layer3 ptr;

weights layer3 ptr = fopen("weights layer3.txt", "r");

if (weights layer3 ptr == NULL) { printf("Error in the reading weights of
3rd layer\n"); };

double weights layer3[1296];
for (int1=0; 1 < 1296; i++)
{
fscanf(weights layer3 ptr, "%If", &weights layer3[i]);
}
fclose(weights layer3 ptr);
// Reading biases of 3rd layer
FILE *biases layer3 ptr;
biases_layer3 ptr = fopen("biasess_layer3.txt", "r");

if (biases_layer3 ptr == NULL) { printf("Error in the reading biases of 3rd
layer\n"); };

double biases layer3[12];
for (inti=0;1<12; i++)
{
fscanf(biases layer3 ptr, "%lf", &biases layer3[i]);
h
fclose(biases layer3 ptr);
/I Other parameters

int filtersize3 = 9; //3X3
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int patchsize3 = 3;

int padsize3 = (patchsize3 - 1)/ 2;
int num_filters3 = 12;

int num_channels3 = 12;

double prelu_coeff layer3 = 0.2288;
// Convolution

double *img fltr 3 = (double *)calloc(rows * cols * num filters3 ,
sizeof(double));

double *kernel3 = (double *)malloc(filtersize3*sizeof(double));
double *img_fltr p3 =img_fltr 3;// Pointer to img_{fltr2

double *img fltr 3 tmp = (double *)malloc(rows * cols * sizeof(double));

cnt_weight = 0;

s6_end= clock();

sum_fent += (double)(s6_end-s6)/CLOCKS_PER_SEC;
p3 = clock();

for (int1=0; 1 <num_filters3; i++)

{

img_fltr p2 = img_fltr 2; // Return pointer to the first cell of array which
contains feature maps of previous layer

for (int j = 0; j <num_channels3; j++)

{
// reading corresponding weights to kernel
for (int cnt_kernel = 0; cnt_kernel < filtersize3; cnt_kernel++)
{
*(kernel3 + cnt kernel) = weights layer3[cnt weight +
cnt_kernel];



imfilter(img_fltr p2, kernel3, img fltr 3 tmp, rows,

padsize3);
imadd(img_fltr p3, img_fltr 3 tmp, cols, rows);
cnt_weight = cnt_weight + filtersize3;
img_fltr p2 =img_fltr p2 + rows*cols;
b

bias_tmp = biases_layer3[i];

PReLU(img_fltr p3, rows, cols, bias_tmp, prelu_coeff layer3);

img_fltr p3 =img_fltr p3 + rows*cols;
b
p3_end = clock();
p3_sum += (double)(p3 end-p3)/CLOCKS PER SEC;
s7= clock();
free(img_fltr 2);
img fltr 2=NULL;
free(img_fltr 2 tmp);
img_fltr 2 tmp = NULL,;
free(kernel2);
kernel2 = NULL;
free(img_fltr 3 tmp);

img_fltr 3 tmp = NULL,;
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/111111111 Layer4

// Reading weights of 4th layer

FILE *weights layer4 ptr;

weights layer4 ptr = fopen("weights layer4.txt", "r");

if (weights _layer4 ptr == NULL) { printf("Error in the reading weights of
4th layer\n"); };

double weights layer4[1296];
for (int 1= 0; 1 < 1296; i++)
{
fscanf(weights layerd ptr, "%If", &weights layer4[i]);
b
fclose(weights_layer4 ptr);
/I Reading biases of 4th layer
FILE *biases layer4 ptr;
biases layer4 ptr = fopen("biasess layer4.txt", "r");

if (biases layer4 ptr == NULL) { printf("Error in the reading biases of 4th
layer\n"); };

double biases layer4[12];
for (int1=0; 1< 12; 1++)
{
fscanf(biases layer4 ptr, "%If", &biases layer4[i]);
b
fclose(biases_layer4 ptr);
// Other parameters
int filtersize4 = 9; //3X3
int patchsize4 = 3;
int padsize4 = (patchsize4 - 1) / 2;

int num_filters4 = 12;
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int num_channels4 = 12;
double prelu_coeff layerd = 0.2476;
/I Convolution

double *img fltr 4 = (double *)calloc(rows * cols * num filters4 ,
sizeof(double));

double *kernel4 = (double *)malloc(filtersize4*sizeof(double));
double *img_fltr p4 =img_ fltr 4;// Pointer to img_{fltr4

double *img_fltr 4 tmp = (double *)malloc(rows * cols * sizeof(double));

cnt_weight = 0;
s7_end= clock();
sum_fent += (double)(s7_end-s7)/CLOCKS PER_SEC;
p4 = clock();
for (int i = 0; i < num_filters4; i++)
{
img_fltr p3 =img_fltr 3;

for (int j = 0; j < num_channels4; j++)

{
// reading corresponding weights to kernel
for (int cnt_kernel = 0; cnt_kernel < filtersize4; cnt_kernel++)
{
*(kernel4 + cnt kernel) = weights layer4[cnt weight +
cnt_kernel];
}

imfilter(img_fltr p3, kernel4, img fltr 4 tmp, rows, cols,
padsize4);



imadd(img_fltr p4, img_fltr 4 tmp, cols, rows);

cnt_weight = cnt_weight + filtersize4;
img_fltr p3 =img_fltr p3 + rows*cols;

}

bias_tmp = biases_layer4[i];

PReLU(img_fltr p4, rows, cols, bias_tmp, prelu_coeff layer4);

img_fltr_p4 =img_fltr p4 + rows*cols;
b
p4_end = clock();
p4 sum += (double)(p4 end-p4)/CLOCKS PER SEC;
s8= clock();
free(img_fltr 3);
img_fltr 3 = NULL;
free(img_fltr 3 tmp);
img_fltr 3_tmp = NULL,;
free(kernel3);
kernel3 = NULL;
free(img_fltr 4 tmp);

img_fltr 4 tmp = NULL,;

/1111111111 Layer5
// Reading weights of 5th layer
FILE *weights layer5 ptr;

weights layer5S ptr = fopen("weights layer5.txt", "r");

100
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if (weights layer5 ptr == NULL) { printf("Error in the reading weights of
5th layer\n"); };

double weights layer5[1296];
for (int 1= 0; 1 < 1296; i++)
{
fscanf(weights _layer5 ptr, "%If", &weights layer5[i]);
b
fclose(weights_layer5 ptr);
/I Reading biases of 5th layer
FILE *biases layer5 ptr;
biases layer5 ptr = fopen("biasess_layer5.txt", "r");

if (biases_layer5 ptr == NULL) { printf("Error in the reading biases of 5th
layer\n"); };

double biases layer5[12];
for (int1=0; 1< 12; 1++)
{
fscanf(biases layer5 ptr, "%If", &biases layer5[i]);
}
fclose(biases_layerS ptr);
// Other parameters
int filtersize5 = 9; //3X3
int patchsize5 = 3;
int padsize5 = (patchsize5 - 1)/ 2;
int num_filters5 = 12;
int num_channels5 = 12;
double prelu_coeff layer5 = 0.3495;

// Convolution
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double *img fltr 5 = (double *)calloc(rows * cols * num filtersS ,
sizeof(double));

double *kernel5 = (double *)malloc(filtersize5*sizeof(double));

double *img_fltr p5 =1img_fltr 5;// Pointer to img_{fltr5

double *img_ fltr 5 tmp = (double *)malloc(rows * cols * sizeof(double));

cnt_weight = 0;

s8 end= clock();

sum_fent += (double)(s8_end-s8)/CLOCKS PER SEC;

pS = clock();

for (int 1= 0; 1 <num_filtersS; i++)

{

img_fltr p4 =1img_fltr 4;

for (int j = 0; j < num_channels5; j++)

{

cnt_kernel];

padsize5);

// reading corresponding weights to kernel

for (int cnt_kernel = 0; cnt_kernel < filtersize5; cnt_kernel++)

{

*(kernel5 + cnt kernel) = weights layerS[cnt weight +

imfilter(img_fltr p4, kernel5, img fltr 5 tmp, rows, cols,

imadd(img_fltr p5, img_fltr 5 tmp, cols, rows);



cnt_weight = cnt_weight + filtersize5;
img_fltr p4 =img_fltr p4 + rows*cols;
b
bias_tmp = biases_layer5[i];
/1 fprelu = clock();
PReLU(img_fltr p5, rows, cols, bias_tmp, prelu_coeff layer5);
// fprelu_end = clock();
// sum_prelu5 += (double)(fprelu_end-fprelu)/CLOCKS PER SEC;
img_fltr p5 =1img_fltr p5 + rows*cols;
}
pS_end = clock();
pS_sum += (double)(p5_end-p5)/CLOCKS PER SEC;
s9= clock();
free(img_fltr 4);
img_fltr 4 = NULL;
free(img_fltr 4 tmp);
img_fltr 4 tmp = NULL;
free(kernel4);
kernel4 = NULL;
free(img_fltr 5 tmp);

img_fltr 5 tmp = NULL;

/1111117711 Layer6
// Reading weights of 6th layer
FILE *weights_layer6 ptr;

weights layer6 ptr = fopen("weights layer6.txt", "r");
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if (weights layer6 ptr == NULL) { printf("Error in the reading weights of
6th layer\n"); };

double weights layer6[1296];
for (int 1= 0; 1 < 1296; i++)
{
fscanf(weights_layer6 ptr, "%If", &weights layero6[i]);
b
fclose(weights_layer6 ptr);
/I Reading biases of 6th layer
FILE *biases layer6 ptr;
biases layer6 ptr = fopen("biasess_layer6.txt", "r");

if (biases_layer6 ptr == NULL) { printf("Error in the reading biases of 6th
layer\n"); };

double biases layer6[12];
for (int1=0; 1< 12; 1++)
{
fscanf(biases layer6 ptr, "%If", &biases layer6[i]);
}
fclose(biases_layer6 ptr);
// Other parameters
int filtersize6 = 9; //3X3
int patchsize6 = 3;
int padsize6 = (patchsize6 - 1) / 2;
int num_filters6 = 12;
int num_channels6 = 12;
double prelu_coeff layer6 = 0.7806;

// Convolution
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double *img fltr 6 = (double *)calloc(rows * cols * num_filters6 ,
sizeof(double));

double *kernel6 = (double *)malloc(filtersize6*sizeof(double));

double *img_fltr p6 =img_fltr 6;// Pointer to img_fltr6

double *img_fltr 6 tmp = (double *)malloc(rows * cols * sizeof(double));

cnt_weight = 0;

s9_end= clock();

sum_fent += (double)(s9_end-s9)/CLOCKS PER SEC;

p6 = clock();

for (int 1= 0; 1 <num_filters6; i++)

{

img_fltr p5=1mg_fltr 5;

for (int j = 0; j < num_channels6; j++)

{

cnt_kernel];

padsize6);

// reading corresponding weights to kernel

for (int cnt_kernel = 0; cnt_kernel < filtersize6; cnt_kernel++)

{

*(kernel6 + cnt kernel) = weights layer6[cnt weight +

imfilter(img_fltr p5, kernel6, img fltr 6 tmp, rows, cols,

imadd(img_fltr p6, img_fltr 6 tmp, cols, rows);
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cnt_weight = cnt_weight + filtersize6;
img_fltr p5 =img_fltr p5 + rows*cols;
b

bias_tmp = biases_layer6[i];

PReLU(img_fltr p6, rows, cols, bias_tmp, prelu_coeff layer6);

img_fltr p6 =img_fltr p6 + rows*cols;
b
p6_end = clock();
p6_sum += (double)(p6_end-p6)/CLOCKS PER SEC;
s10= clock();
free(img_fltr 5);
img fltr 5=NULL;
free(img_fltr 5 tmp);
img_fltr 5 tmp = NULL,;
free(kernel5);

kernel5 = NULL;

/1111111111 Layer7

// Reading weights of 7th layer

FILE *weights layer7 ptr;

weights layer7 ptr = fopen("weights layer7.txt", "r");

if (weights layer7 ptr == NULL) { printf("Error in the reading weights of
7th layer\n"); };

double weights layer7[672];

for (int1=0; 1< 672; i++)
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{
fscanf(weights layer7 ptr, "%If", &weights layer7[i]);
b
fclose(weights_layer7 ptr);
/I Reading biases of 7th layer
FILE *biases layer7 ptr;
biases layer7 ptr = fopen("biasess layer7.txt", "r'");

if (biases_layer7 ptr == NULL) { printf("Error in the reading biases of 7th
layer\n"); };

double biases layer7[56];
for (int1=0; 1< 56; 1++)
{
fscanf(biases layer7 ptr, "%lf", &biases layer7[i]);
}
fclose(biases_layer7 ptr);
// Other parameters
int filtersize7 = 1; //1X1
int patchsize7 = 1;
int padsize7 = (patchsize7 - 1)/ 2;
int num_filters7 = 56;
int num_channels7 = 12;
double prelu_coeff layer7 = 0.0087;
/I Convolution

double *img fltr 7 = (double *)calloc(rows * cols * num filters7 ,
sizeof(double));

double *kernel7 = (double *)malloc(filtersize7*sizeof(double));
double *img_ fltr p7 =1img_ fltr 7; // Pointer to img_fltr7

double *img_fltr 7 tmp = (double *)malloc(rows * cols * sizeof(double));
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cnt_weight = 0;

s10_end= clock();

sum_fcnt += (double)(s10_end-s10)/CLOCKS PER SEC;

p7 = clock();

for (int 1= 0; 1 < num_filters7; i++)

{

img_fltr p6 =1img_fltr 6;

for (int j = 0; j < num_channels7; j++)

{

cnt_kernel];

padsize7);

}

// reading corresponding weights to kernel

for (int cnt_kernel = 0; cnt_kernel < filtersize7; cnt_kernel++)

{

*(kernel7 + cnt kernel) = weights layer7[cnt weight +

imfilter(img_fltr p6, kernel7, img fltr 7 tmp, rows, cols,

imadd(img_fltr p7, img_fltr 7 tmp, cols, rows);

cnt_weight = cnt_weight + filtersize7;

img_fltr p6 =1img_fltr p6 + rows*cols;

bias_tmp = biases_layer7[i];

fprelu = clock();

PReLU(img_fltr p7, rows, cols, bias_tmp, prelu_coeff layer7);
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fprelu_end = clock();
sum_prelu7 += (double)(fprelu_end-fprelu)/CLOCKS PER SEC;
img_fltr p7 =img_fltr p7 + rows*cols;

}

p7_end = clock();

p7_sum += (double)(p7_end-p7)/CLOCKS PER SEC;

/1 //get cpu time end

/I clock_tlayer end = clock();
/I //get wall time end

// time(&layer _ending);

// calculate cpu and wall time

//" cpu_time accumulation += (double)(layer end - layer begin) /
CLOCKS PER SEC;

// wall_time accumulation += layer ending - layer_start;
s11= clock();

free(img_fltr 6);

img_fltr 6 = NULL;

free(img_fltr 6 tmp);

img_fltr 6 tmp = NULL,;

free(kernel6);

kernel6 = NULL;

/1111111111 Convolution3 Layer 8

/1111111711 Layer8

// Reading weights of 8th layer



110

FILE *weights layer8 ptr;
weights layer8 ptr = fopen("weights layerS8.txt", "r");

if (weights layer8 ptr == NULL) { printf("Error in the reading weights of
8th layer\n"); };

double weights layer8[4536];
for (int 1 = 0; 1 <4536; i++)
{
fscanf(weights layer8 ptr, "%If", &weights layer8[i]);
b
fclose(weights_layer8 ptr);
/I Reading biases of 8th layer
double biases_layer8 = - 0.03262640000;
// Other parameters
int filtersize8 = 81; //9x9
int patchsize8 = 9;
int num_filters§ = 1;

int num_channels8 = 56;

/I Decvolution ==> output is the img_hr

double *img fltr 8 = (double *)calloc((rows*scale) *(cols*scale) *
num_filters8 , sizeof(double));

double *kernel8 = (double *)malloc(filtersize8*sizeof(double));

double *img fltr 8 tmp = (double *)malloc((rows*scale) *(cols*scale) *
sizeof(double));

cnt_weight = 0;

img_fltr p7 =1mg_fltr 7;
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for (int j = 0; j <num_channels8; j++)
{
// reading corresponding weights to kernel
for (int cnt_kernel = 0; cnt_kernel < filtersize8; cnt_kernel++)

{

*(kernel8 + cnt kernel) = weights layer8[cnt weight +
cnt_kernel];

}

cnt_weight = cnt_weight + filtersize§;

deconv(img_fltr p7, img fltr 8 tmp, kernel8, cols, rows, scale);
fimadd = clock();

imadd(img_fltr 8, img_fltr 8 tmp, cols*scale, rows*scale);
fimadd_end = clock();

sum_imadd8 += (double)(fimadd end-fimadd)/CLOCKS PER SEC;

img_fltr p7 =1img_fltr p7 + rows*cols;

for (int i=0;i<rows*scale;i++)
for (int j = 0;j<cols*scale; j++)
{

int cnt_fnl = i*cols*scale + j;

*(img_hr + cnt_fnl) = *(img_fltr 8 + cnt_fnl) + biases_layersS;

[*for (int1=0;1<10; i++)
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{
printf("%f\n", *(img_hr + 1));

i ¥/

free(img_fltr 7);
img_fltr 7=NULL,;
free(img_fltr 7 tmp);
img_fltr 7 tmp = NULL,;
free(kernel7);

kernel7 = NULL;

free(img_fltr 8);
img_fltr § = NULL,;
free(img_fltr 8 tmp);
img_fltr 8 tmp =NULL,;
free(kernel8);

kernel8 = NULL;
sl1_end= clock();

sum_fent += (double)(s11_end-s11)/CLOCKS PER SEC;

void imfilter(double *img, double *kernel, double *img_fltr, int rows, int cols, int
padsize)

{
// img_pad is the pointer to padded image

// kernel is the pointer to the kernel which used for convolution
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// img_fltr is the pointer to the filtered image by applying convolution
// $12= clock();

int cols_pad = cols + 2 * padsize;

int rows_pad = rows + 2 * padsize;

int 1, j, cnt, cnt_pad, cnt_krnl, k1, k2;

double sum;

double *img pad = (double *)malloc(rows pad * cols pad *
sizeof(double));

pad_image(img, img_pad, rows, cols, padsize);

//'s12_end= clock();

// sum_fent += (double)(s12_end-s12)/CLOCKS _PER_SEC;
// p8 = clock();

for (1 = padsize; i <rows_pad - padsize; i++)

for (j = padsize; j < cols pad - padsize; j++)

{

cnt = (1 - padsize)*cols + (j - padsize); // counter which shows current
pixel in filtered image (central pixel in convolution window)

sum = 0;

cnt_krnl = 0; // counter which determines kernel elements
for (k1 = -padsize; k1 <= padsize; k1++)

for (k2 = -padsize; k2 <= padsize; k2++)

{

cnt_pad = (i + kl)*cols_pad + j + k2; // counter which shows each
neighbouring pixel of padded image used for convolution with kernel

sum = sum + (*(img_pad + cnt_pad))*(*(kernel + cnt_krnl));

cnt_krnl++;



114

*(img_fltr + cnt) = sum;
}
// p8_end = clock();

// p8 sum += (double)(p8 end-p8)/CLOCKS PER SEC;

free(img_pad);

img_pad = NULL;

// Replicate image padding by the factor of "padsize"
void pad_image(double *img, double *img pad, int rows, int cols, int padsize)
{ // This function receives an image and paddes its border in a replicative manner
int cols_pad = cols + 2 * padsize;
int rows_pad = rows + 2 * padsize;
int 1, j, k, cnt, cnt_pad, k1, k2;
// Centeral pixels
for (1 = padsize; 1 <rows_pad - padsize; i++)
for (j = padsize; j < cols_pad - padsize; j++)
{
cnt_pad =1* cols_pad + j;
cnt = (1 - padsize)*(cols) + j - padsize;
double x = *(img + cnt);
*(img_pad + cnt_pad) = x;
}
/I ' Top and Bottom Rows
for (j = padsize; j < cols_pad - padsize; j++)

for (k = 0; k < padsize; k++)



{
// Top Rows

cnt_pad =j + k*cols_pad;
cnt = j - padsize;
*(img_pad + cnt_pad) = *(img + cnt);
// Bottom Rows
cnt_pad =j + (rows_pad - 1 - k)* cols_pad;
cnt = (j - padsize) + (rows - 1)*cols;
*(img_pad + cnt_pad) = *(img + cnt);
}
/I Left and Right Columns
for (1 = padsize; i <rows_pad - padsize; i++)
for (k = 0; k < padsize; k++)
{
// Left Columns
cnt = (i - padsize)*cols;
cnt_pad = 1*cols_pad + k;
*(img_pad + cnt_pad) = *(img + cnt);
// Right Columns
cnt = (i - padsize)*cols + cols - 1;
cnt_pad = 1*cols_pad + cols pad -1 -k;
*(img_pad + cnt_pad) = *(img + cnt);
b
// Corner Pixels
for (k1 = 0; k1 < padsize; k1++)
for (k2 = 0; k2 < padsize; k2++)

{
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// ' Upper Left Corner

cnt_pad = kl*cols pad + k2;

*(img_pad + cnt_pad) = *(img);

// Upper Right Corner

cnt_pad = kl*cols pad + cols_pad - 1 - k2;
*(img_pad + cnt_pad) = *(img + cols - 1);

// Lower Left Corner

cnt_pad = (rows_pad - 1 - kl)*cols pad + k2;
*(img_pad + cnt_pad) = *(img + (rows - 1)*cols);
// Lower Right Corner

cnt_pad = (rows_pad - 1 - kl)*cols pad + cols_pad - 1 - k2;

*(img_pad + cnt_pad) = *(img + (rows - 1)*cols + cols - 1);

void PReLU(double *img_fltr,int rows, int cols, double bias, double prelu_coeff)
{

int cnt = 0;

/1 p9 = clock();

for (int i = 0; i < rows;i++)

for (int j = 0; j < cols; j++)

{

cnt = i*cols + j;

*(img_fltr + cnt) = Max(*(img_fltr + cnt) + bias, 0) + prelu coeff *
Min(*(img_fltr + cnt) + bias, 0);

b
/' p9_end = clock();
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// p9_sum += (double)(p9_end-p9)/CLOCKS PER SEC;

double Max(double a, double b)

{
double c;
c=a>b?a:b;
return c;

b

double Min(double a, double b)

{
double c;
c=a>b?b:a;
return c;

}

void imadd(double *img_fltr sum, double *img_fltr crnt, int cols, int rows)
{
// *img_fltr crnt ==> pointer to current feature map

// *img_fltr sum ==> pointer to the cumulutive feature map

int cnt = 0;

// p10 = clock();

for (int i = 0; i < rows;i++)
for (int j = 0; j < cols; j++)

{
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cnt = i*cols +j;

*(img_fltr sum + cnt) = *(img_{fltr sum + cnt) + *(img_fltr crnt + cnt);
b
// p10_end = clock();

// p10_sum += (double)(p10_end-p10)/CLOCKS PER SEC;

void deconv(double *img_input, double *img_output, double *kernel, int cols, int
rows, int stride)

{
int border = 1;
int fsize = 9;
int rows_pad = rows + 2 * border;
int cols_pad = cols + 2 * border;

double *img input padded = (double *)malloc(rows pad * cols pad *
sizeof(double));

pad_image(img_input, img_input_padded, rows, cols, border);

int rows_out_pad =rows_pad * stride;
int cols_out pad = cols pad * stride;

double *img output tmp = (double *)calloc((rows out pad + fsize - 1)*
(cols_out pad + fsize - 1), sizeof(double));

double *kernel modif = (double *)malloc(fsize * fsize * sizeof(double));

int idx, idy;
for (int 1= 0; 1 <rows_pad; i++)

for (int j = 0; j < cols_pad; j++)
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int cnt_img = i*cols_pad + j;
1dx = i*stride;
idy = j*stride;

int cnt_img_output = idx*(cols_out pad + fsize - 1) + idy; // (idx,idy)
coordinate in temporal output image

int cnt_kernel = 0;
for (intk r=0;k r<fsize; k r++)
{
for (intk c¢=0; k c<fsize; k ct+)
{
cnt_kernel =k r*fsize +k c;

*(kernel _modif + cnt_kernel) = (*(kernel +
cnt_kernel))*(*(img_input padded + cnt_img));

*(img_output tmp + cnt img output + k c¢) = *(img_output_tmp
+ cnt_img_output + k _c¢) + *(kernel modif + cnt_kernel);

}

cnt_img_ output = cnt_img_output + (cols_out pad + fsize - 1);

}

int rows_out = rows*stride;

int cols_out = cols*stride;

for (int 1= 0; 1 <rows_out; i++)

for (int j = 0; j <cols_out; j++)
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{
inti tmp =i+ ((fsize + 1)/ 2) + stride*border - 1;
intj tmp=j+ ((fsize + 1)/ 2) + stride*border - 1;
int cnt_img_out = i*cols_out + j;

int cnt img out tmp = 1 _tmp*(cols out pad + fsize - 1) + j tmp; //
(cols-pad+fsize-1) is the number of columns in the img_out tmp

*(img_output + cnt_img_out) = *(img_output tmp + cnt_img_out tmp);

free(img_input_padded); img_input_padded = NULL;
free(img_output_tmp); img_output tmp = NULL;

free(kernel modif); kernel modif=NULL;

void double 2 uint8(double *double img, unsigned char *uint8 img, int cols, int
rows)

{

int 1, j, cnt, k;

for (1= 0; 1 <rows;i++)
for (j = 0; j <cols; j++)
{

cnt = i*cols + j;

if (*(double_img + cnt) < 0)
* (uint8_img + cnt) = 0;

if (*(double img + cnt) > 255)
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* (uint8_img + cnt) = 255;

for (k =0; k <255; k++)

{
if (*(double_img + cnt) >= k && *(double_img + cnt) < (k+0.5))
*(uint8_img + cnt) = k;
if (*(double img + cnt) >= (k+0.5) && *(double img + cnt) <
(k+1))
*(uint8_img + cnt) =k + 1;
}
b
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Lampiran 2 Source code Program Paralel YUV Video Super-Resolution

// ' This code is the C implementation of FSRCNN algorithm for YUV 4:2:0 video
interpolation

// Milad Abdollahzadeh, 09/02/2017

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

#include <omp.h>

void FSRCNN(double *img_hr, double *img_Ir, int rows, int cols, int scale);

void imfilter(double *img, double *kernel, double *img_fltr, int rows, int cols, int
padsize);

void pad_image(double *img, double *img_pad, int rows, int cols, int padsize);
void PReLU(double *img_fltr, int rows, int cols, double bias, double prelu_coeff);
double Max(double a, double b);

double Min(double a, double b);

void imadd(double *img_fltr crnt, double *img_fltr prev, int cols, int rows);

void deconv(double *img_input, double *img_output, double *kernel, int cols, int
rows, int stride);

void double 2 uint8(double *double img, unsigned char *uint8 img, int cols, int
rows);

int main(int argc, char *argv[])
{
char *inFile = argv[1];
char *outFile = argv[2];

omp_set num_threads(8);
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#pragma omp parallel

printf("Hello World... from thread = %d\n",

omp get thread num());

//Upsampler parameters

int scale = 2;

//Input jumlah frame yang akan diinterpolasikan
int num,;
printf("Masukkan jumlah total frame video yang akan diupscale : ");

scanf("%d",&num);

//Compressed Assault Cube

int inCols; //Width of input (downsampled) video
int inRows; //Height of input (downsampled) video
printf("Masukkan ukuran video\n");

printf("Lebar video (Width)\t: ");
scanf("%d",&inCols);

printf("Tinggi video (Height)\t: ");

scanf("%d",&inRows);

int outCols = inCols*scale;

int outRows = inRows*scale;
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FILE *inFp, *outFp;

inFp = fopen(inFile, "rb");
if (inFp == NULL)
{
printf("\n We have null pointer \n");
b
outFp = fopen(outFile, "wb");
if (outFp == NULL)
{

printf("\n We have null pointer \n");

// To read and write each frame in an unsigned character format

unsigned char *mBuf = (unsigned char
*)malloc(inCols*inRows*sizeof(unsigned char));

unsigned char *outBuf = (unsigned char
*)malloc(outCols*outRows*sizeof(unsigned char));

/I ' To work with each pixel in the range of 0~1
double *inBuf tmp = (double *)malloc(inCols*inRows*sizeof(double));
double *outBuf tmp = (double *)malloc(outCols*outRows*sizeof(double));
//things that are used to measure cpu and wall time
//cpu time
clock tbegin = clock();
//wall time
time t start, ending;
time(&start);

/[#pragma omp parallel for
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for (int fent = 0; fent < num; fent++)

{

/1111]] Interpolate each frame using FSRCNN for Y component and simple
repitition for U and V components

// Pointer to obtain value of each tpixel of input frame
unsigned char *inP = inBuf;

double *inP_tmp = inBuf tmp;

// Pointer to obtain value of each pixel of output frame
unsigned char *outP = outBuf;

double *outP_tmp = outBuf tmp;

/Y Component

fread(inBuf, sizeof(unsigned char), inCols*inRows, inFp);
int1, j;

// #pragma omp parallel for

for (i = 0; i<inRows; i++)

for (j = 0; j<inCols; j++)

{

int cnt = 1*inCols + j;

int X = *inP++;

*(inP_tmp + cnt) = (double)(x / 255.0);
}

// #pragma omp parallel for collapse(2)
// for (1= 0; i < inRows; i++)
/14
// for (j = 0; j <inCols; j++)

/I
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/! int cnt =1 * inCols + j;
/l int X = *InP++;
/l *(inP_tmp + cnt) = (double)(x / 255.0);
I}
/1'}

FSRCNN(outP_tmp, inP_tmp, inRows, inCols, scale);

outP_tmp = outBuf tmp;

for (i = 0; i<inRows*scale; i++)

for (j = 0; j<inCols*scale; j++)

{
int cnt = 1*inCols*scale + j;

*(outP_tmp + cnt) = *(outP_tmp + cnt) * 255;

double 2 uint8( outP_tmp, outP, outCols, outRows);

fwrite(outBuf, sizeof(unsigned char), outCols*outRows, outFp);

//U Component

fread(inBuf, sizeof(unsigned char), inCols*inRows / 4, inFp);

inP = inBuf;

outP = outBuf;
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for (1=0;1<inRows/2; i++)

for (j = 0; j <inCols / 2; j++) {

int cnt =2 * (i * outCols / 2 +j);

unsigned char x = *inP++;

*(outP + cnt) = x;

*(outP +cent+ 1) =x;

*(outP + cnt + outCols / 2) = x;

*(outP + cnt + outCols /2 + 1) = x;

fwrite(outBuf, sizeof(unsigned char), outCols*outRows / 4, outFp);
//'V COmponent

fread(inBuf, sizeof(unsigned char), inCols*inRows / 4, inFp);

inP = inBuf;

outP= outBuf;

for (1= 0; 1 <inRows/ 2; i++)

for (j = 0; j <inCols / 2; j++) {

int cnt =2 * (i*outCols / 2 +j);

unsigned char x = *inP++;
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*(outP + cnt) = x;
*(outP +cent+ 1) =x;
*(outP + cnt + outCols / 2) = x;

*(outP + cnt + outCols /2 + 1) = x;

fwrite(outBuf, sizeof(unsigned char), outCols*outRows / 4, outFp);

}

//get cpu time end
clock tend = clock();
//get wall time end

time(&ending);

// calculate cpu and wall time

double time_spent = (double)(end - begin) / CLOCKS PER SEC;

time t wall time = ending - start;

//print out cpu and wall time

printf("CPU time spent to upscale the video is %lf seconds", time spent);
printf("\nWall time spent to upscale the video is %f seconds\n", wall time);
free(inBuf);

inBuf=NULL;

free(inBuf tmp);

inBuf tmp =NULL;

free(outBuf);



void FSRCNN(double *img_hr, double *img_lr, int rows, int cols, int scale)

{

outBuf = NULL;
free(outBuf tmp);

outBuf tmp =NULL;

// General Settings

int num_layers = §;

/1111117711 Convolution] -------- Layerl
// Reading weights of first layer
FILE *weights_layerl ptr;

weights layer]l ptr = fopen("weights layerl.txt", "r");
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if (weights _layerl ptr == NULL) { printf("Error in the reading weights of
first layer\n"); };

double weights layer1[1400];

for (int 1 = 0; 1 < 1400; i++)

{
fscanf(weights layerl ptr, "%If", &weights layerl[i]);
/lprintf("%If\n", weights layerl[i]);

b

fclose(weights layerl ptr);

// Reading biases of first layer

FILE *biases layerl ptr;

biases layerl ptr = fopen("biasess_layerl.txt", "t");

if (biases_layerl ptr == NULL) { printf("Error in the reading biases of first
layer\n"); };
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double biases layer1[56];
for (int1=0; 1 < 56; i++)
{
fscanf(biases layerl ptr, "%lf", &biases layerl[i]);
b
fclose(biases layerl ptr);
// other parameters
int filtersize = 25; //5X5
int patchsize = 5;
int padsize = (patchsize - 1) / 2;
int num_filters = 56;

double prelu_coeff layerl =-0.8986;

// Convolution

double *img fltr 1 = (double *)malloc(rows * cols * num filters *
sizeof(double));

double *kernel = (double *)malloc(filtersize*sizeof(double));

double *img fltr pl = img_fltr 1; // Pointer to img_fltr] ==>> Using this
way to be able to shift it to access data

#pragma omp parallel for
for (int 1= 0; 1 <num_filters; i++)
{

// reading corresponding weights to kernel pointer

// for (int cnt_kernel = 0; cnt_kernel < filtersize; cnt_kernel++)
114
/! *(kernel + cnt_kernel) = weights layer1[cnt weight + cnt kernel];

/'
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/I ent_weight = cnt_weight + filtersize;

imfilter(img_lr, weights layerl+i*filtersize, img_ fltr pl+i*cols*rows,
rows, cols, padsize);

PReLU(img_fltr pl+i*cols*rows, TOWS, cols,biases_layerl[i],
prelu_coeft layerl);

// img_fltr pl =1img_fltr pl + cols*rows;

/111111111 Convolution2 Layer 2~7

/1111111111 Layer2

// Reading weights of 2nd layer

FILE *weights layer2 ptr;

weights layer2 ptr = fopen("weights layer2.txt", "r");

if (weights layer2 ptr == NULL) { printf("Error in the reading weights of
2nd layer\n"); };

// Note: weights must be saved in a way which that corresponding weights
of each channel can be read by pointer concept ==>> for this layer 12X56 matrix
is reshaped to (12X56)*1 vector

double weights layer2[672];
for (inti=0; 1< 672; i++)
{
fscanf(weights layer2 ptr, "%If", &weights layer2[i]);
b
fclose(weights_layer2 ptr);

/I Reading biases of 2nd layer
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FILE *biases layer2 ptr;
biases layer2 ptr = fopen("biasess_layer2.txt", "r");

if (biases_layer2 ptr == NULL) { printf("Error in the reading biases of 2nd
layer\n"); };

double biases layer2[12];
for (inti=0; 1< 12; i++)
{
fscanf(biases layer2 ptr, "%lf", &biases layer2[i]);
b
fclose(biases layer2 ptr);
// Other parameters
int filtersize2 = 1; //1X1
int patchsize2 = 1;
int padsize2 = (patchsize2 - 1) / 2;
int num_filters2 = 12;

int num_channels2 = 56;

double prelu_coeff layer2 = 0.3236;
// Convolution

double *img fltr 2 = (double *)calloc(rows * cols * num filters2 ,
sizeof(double)); // use calloc to initialize all variables to zero

double *kernel2 = (double *)malloc(filtersize2*sizeof(double));
double *img_fltr p2 =img fltr 2;

double img_fltr 2 tmp[rows*cols];

#pragma omp parallel for firstprivate(img_fltr 2 tmp)

for (int 1= 0; 1 < num_filters2; i++)

{

for (int j = 0; j <num_channels2; j++)
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imfilter(img_fltr 1+j*cols*rows,weights layer2+i*num_channels2+j,
img_fltr 2 tmp, rows, cols, padsize2);

imadd(img_fltr p2+i*cols*rows, img_fltr 2 tmp, cols, rows);

}

PReLU(img_fltr p2+i*cols*rows, TOws, cols, biases layer2[i],
prelu_coeff layer2);

}

free(img_fltr 1);
img fltr 1 =NULL;
free(kernel);

kernel = NULL;

/11111111111 Layer3

// Reading weights of 3rd layer

FILE *weights layer3 ptr;

weights layer3 ptr = fopen("weights layer3.txt", "r");

if (weights layer3 ptr == NULL) { printf("Error in the reading weights of
3rd layer\n"); };

double weights layer3[1296];
for (int i = 0; i < 1296; i++)
{
fscanf(weights layer3 ptr, "%If", &weights layer3[i]);
b
fclose(weights layer3 ptr);
// Reading biases of 3rd layer

FILE *biases layer3 ptr;
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biases layer3 ptr = fopen("biasess layer3.txt", "r");

if (biases_layer3 ptr == NULL) { printf("Error in the reading biases of 3rd
layer\n"); };

double biases layer3[12];
for (inti=0;1<12; 1++)
{
fscanf(biases layer3 ptr, "%lf", &biases layer3[i]);
}
fclose(biases_layer3 ptr);
// Other parameters
int filtersize3 =9; //3X3
int patchsize3 = 3;
int padsize3 = (patchsize3 - 1)/ 2;
int num_filters3 = 12;
int num_channels3 = 12;
double prelu_coeff layer3 = 0.2288;
/I Convolution

double *img fltr 3 = (double *)calloc(rows * cols * num filters3 ,
sizeof(double));

double *kernel3 = (double *)malloc(filtersize3*sizeof(double));
double *img_fltr p3 =img_ fltr 3;// Pointer to img_fltr2

// double *img fltr 3 tmp = (double *)malloc(rows * cols *
sizeof(double));

img_fltr p2 =img_fltr 2;
#pragma omp parallel for

for (int i = 0; i <num_filters3; i++)
{

double img_fltr 3 tmp[rows*cols];
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for (int j = 0; j <num_channels3; j++)

{
// reading corresponding weights to kernel
// for (int cnt_kernel = 0; cnt_kernel < filtersize3; cnt_kernel++)
11 {
/1 *(kernel3 + cnt _kernel) = weights layer3[cnt weight +
cnt_kernel];

// // printf("index : %d\ttesting: %d\n",cnt weight +
cnt_kernel,i*num_channels3+j+filtersize3);

/Y

imfilter(img_fltr p2+j*cols*rows,
weights_layer3+(i*num_channels3+j)*filtersize3 , img fltr 3 tmp, rows, cols,
padsize3);

imadd(img_fltr p3+i*cols*rows, img_fltr 3 tmp, cols, rows);

// ent_weight = cnt_weight + filtersize3;
// img_fltr p2 =1img_fltr p2 + rows*cols;

}

PReLU(img_fltr p3+i*cols*rows, TOWS, cols,  biases layer3[i],
prelu_coeft layer3);

// img_fltr p3 =1img_fltr p3 + rows*cols;

free(img_fltr 2);
img fltr 2 =NULL;
free(kernel2);

kernel2 = NULL;
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/1111111111 Layer4

// Reading weights of 4th layer

FILE *weights layer4 ptr;

weights layerd ptr = fopen("weights layer4.txt", "r");

if (weights layer4 ptr == NULL) { printf("Error in the reading weights of
4th layer\n"); };

double weights_layer4[1296];
for (int1=0; 1 < 1296; i++)
{
fscanf(weights layer4 ptr, "%If", &weights layer4[i]);
}
fclose(weights layer4 ptr);
// Reading biases of 4th layer
FILE *biases layer4 ptr;
biases layer4 ptr = fopen("biasess_layer4.txt", "r");

if (biases_layer4 ptr == NULL) { printf("Error in the reading biases of 4th
layer\n"); };

double biases layer4[12];
for (inti=0; 1< 12; i++)
{
fscanf(biases layerd ptr, "%lf", &biases layer4[i]);
b
fclose(biases layer4 ptr);
// Other parameters
int filtersize4 = 9; //3X3
int patchsize4 = 3;

int padsize4 = (patchsize4 - 1) / 2;
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int num_filters4 = 12;

int num_channels4 = 12;

double prelu_coeff layerd = 0.2476;
// Convolution

double *img fltr 4 = (double *)calloc(rows * cols * num_filters4 ,
sizeof(double));

double *kernel4 = (double *)malloc(filtersize4*sizeof(double));
double *img_fltr p4 =img_fltr 4;// Pointer to img_fltr4

// double *img fltr 4 tmp = (double *)malloc(rows * cols *
sizeof(double));

img_fltr p3 =img_fltr 3;
#pragma omp parallel for
for (inti=0; 1 <num_filters4; i++)
{
double img_f{ltr_4_tmp[rows * cols];

for (int j = 0; j <num_channels4; j++)

{
// reading corresponding weights to kernel
// for (int cnt_kernel = 0; cnt_kernel < filtersize4; cnt_kernel++)
114
/1 *(kernel4 + cnt kernel) = weights layer4[cnt weight +
cnt_kernel];
/1y

imfilter(img_fltr p3+j*cols*rows,
weights_layerd+(i*num_channels4+j)*filtersize4, img_ fltr 4 tmp, rows, cols,
padsize4);

imadd(img_fltr p4+i*cols*rows, img_fltr 4 tmp, cols, rows);
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// cnt_weight = cnt_weight + filtersize4;
//img_fltr p3 =1img_fltr p3 + rows*cols;

}

PReLU(img_fltr p4+i*cols*rows, rOws, cols, biases layer4([i],
prelu_coeff layer4);

// img_fltr p4 =1img_fltr p4 + rows*cols;

free(img_fltr 3);
img_fltr 3 =NULL;
free(kernel3);

kernel3 = NULL;

/111111111 LayerS

// Reading weights of 5th layer

FILE *weights_layer5 ptr;

weights layer5 ptr = fopen("weights layer5.txt", "r");

if (weights _layerS ptr == NULL) { printf("Error in the reading weights of
5th layer\n"); };

double weights layer5[1296];
for (int 1= 0; 1 < 1296; i++)
{
fscanf(weights layer5 ptr, "%If", &weights layer5[i));
b
fclose(weights_layer5 ptr);
// Reading biases of 5th layer

FILE *biases layer5 ptr;
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biases layer5 ptr = fopen("biasess layerS.txt", "r");

if (biases_layer5 ptr == NULL) { printf("Error in the reading biases of 5th
layer\n"); };

double biases layer5[12];
for (int1=0; 1< 12; 1++)
{
fscanf(biases layer5 ptr, "%If", &biases layer5[i]);
}
fclose(biases_layerS ptr);
// Other parameters
int filtersize5 =9; //3X3
int patchsize5 = 3;
int padsize5 = (patchsize5 - 1)/ 2;
int num_filters5 = 12;
int num_channels5 = 12;
double prelu_coeff layer5 = 0.3495;
/I Convolution

double *img fltr 5 = (double *)calloc(rows * cols * num filters5 ,
sizeof(double));

double *kernel5 = (double *)malloc(filtersize5*sizeof(double));
double *img_fltr p5=1img fltr 5; // Pointer to img_fltr5

// double *img fltr 5 tmp = (double *)malloc(rows * cols *
sizeof(double));

img_fltr p4 =1mg_fltr 4;
#pragma omp parallel for
for (int 1= 0; 1 <num_filtersS; 1++)

{
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double img_fltr 5 tmp[rows*cols];

for (int j = 0; j <num_channels5; j++)

{
// reading corresponding weights to kernel
// for (int cnt_kernel = 0; cnt_kernel < filtersize5; cnt_kernel++)
114
/l *(kernel5 + cnt kernel) = weights layer5[cnt weight +
cnt_kernel];
/1'}

imfilter(img_fltr p4+j*cols*rows,
weights_layer5+(i*num_channels5+j)*filtersize5, img_ fltr 5 tmp, rows, cols,
padsize5);

imadd(img_fltr p5+i*cols*rows, img_fltr 5 tmp, cols, rows);

// cnt_weight = cnt_weight + filtersizeS5;
//img_fltr p4 =1img_fltr p4 + rows*cols;
}
// bias_tmp = biases_layer5[i];

PReLU(img_fltr pS+i*cols*rows, TOWS, cols,  biases layer5[i],
prelu_coeft layer5);

// img_fltr p5 =1img_fltr p5S + rows*cols;

free(img_fltr 4);
img fltr 4 =NULL;
free(kernel4);

kernel4 = NULL;
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/111111111 Layer6

// Reading weights of 6th layer

FILE *weights layer6 ptr;

weights layer6 ptr = fopen("weights layer6.txt", "r");

if (weights layer6 ptr == NULL) { printf("Error in the reading weights of
6th layer\n"); };

double weights layer6[1296];
for (int1=0; 1 < 1296; i++)
{
fscanf(weights layer6 ptr, "%If", &weights layero6[i]);
}
fclose(weights layer6 ptr);
// Reading biases of 6th layer
FILE *biases layer6 ptr;
biases layer6 ptr = fopen("biasess_layer6.txt", "r");

if (biases_layer6 ptr == NULL) { printf("Error in the reading biases of 6th
layer\n"); };

double biases layer6[12];
for (inti=0; 1< 12; i++)
{
fscanf(biases layer6 ptr, "%lf", &biases layero6[i]);
b
fclose(biases layer6 ptr);
// Other parameters
int filtersize6 = 9; //3X3
int patchsize6 = 3;

int padsize6 = (patchsize6 - 1) / 2;
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int num_filters6 = 12;

int num_channels6 = 12;

double prelu_coeff layer6 = 0.7806;
// Convolution

double *img fltr 6 = (double *)calloc(rows * cols * num_filters6 ,
sizeof(double));

double *kernel6 = (double *)malloc(filtersize6*sizeof(double));
double *img_fltr p6 =img_fltr 6;// Pointer to img_fltr6

// double *img fltr 6 tmp = (double *)malloc(rows * cols *
sizeof(double));

img_fltr p5=img fltr 5;
#pragma omp parallel for
for (inti=0; 1 <num_filters6; i++)
{
double img_{fltr 6_tmp[rows*cols];

for (int j = 0; j <num_channels6; j++)

{
// reading corresponding weights to kernel
// for (int cnt_kernel = 0; cnt_kernel < filtersize6; cnt_kernel++)
114
/1 *(kernel6 + cnt kernel) = weights layer6[cnt weight +
cnt_kernel];
/1y

imfilter(img_fltr p5+j*cols*rows,
weights_layer6+(i*num_channels6+j)*filtersize6, img_ fltr 6 tmp, rows, cols,
padsize6);

imadd(img_fltr p6+i*cols*rows, img_fltr 6 tmp, cols, rows);

// ent_weight = cnt_weight + filtersize6;
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//img_fltr p5 =1img_fltr p5 + rows*cols;
}
// bias_tmp = biases_layero6[i];

PReLU(img_fltr p6+i*cols*rows, TOWS, cols, biases_layer6[i],
prelu_coeft layer6);

// img_fltr p6 =1img_fltr p6 + rows*cols;

free(img_fltr 5);

img fltr 5=NULL;

free(kernel5);

kernel5 = NULL;

/111111111 Layer7

// Reading weights of 7th layer

FILE *weights_layer7 ptr;

weights layer7 ptr = fopen("weights layer7.txt", "r");

if (weights _layer7 ptr == NULL) { printf("Error in the reading weights of
7th layer\n"); };

double weights layer7[672];
for (inti=0; 1< 672; i++)
{
fscanf(weights layer7 ptr, "%If", &weights layer7[i]);
b
fclose(weights_layer7 ptr);
// Reading biases of 7th layer

FILE *biases layer7 ptr;



144

biases layer7 ptr = fopen("biasess layer7.txt", "r");

if (biases_layer7 ptr == NULL) { printf("Error in the reading biases of 7th
layer\n"); };

double biases layer7[56];
for (int1=0; 1 < 56; i++)
{
fscanf(biases layer7 ptr, "%If", &biases layer7[i]);
}
fclose(biases_layer7 ptr);
// Other parameters
int filtersize7 = 1; //1X1
int patchsize7 = 1;
int padsize7 = (patchsize7 - 1)/ 2;
int num_filters7 = 56;
int num_channels7 = 12;
double prelu_coeff layer7 = 0.0087;
/I Convolution

double *img fltr 7 = (double *)calloc(rows * cols * num filters7 ,
sizeof(double));

double *kernel7 = (double *)malloc(filtersize7*sizeof(double));
double *img_fltr p7 =1img_ fltr 7; // Pointer to img_fltr7

// double *img fltr 7 tmp = (double *)malloc(rows * cols *
sizeof(double));

img_fltr p6 = img_fltr_6;
#pragma omp parallel for

for (int i = 0; i <num_filters7; i++)
{

double img_fltr 7 tmp[rows*cols];
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for (int j = 0; j <num_channels7; j++)

{
// reading corresponding weights to kernel
// for (int cnt_kernel = 0; cnt_kernel < filtersize7; cnt_kernel++)
11 {
/1 *(kernel7 + cnt _kernel) = weights layer7[cnt weight +
cnt_kernel];
/}

imfilter(img_fltr p6+j*cols*rows,
weights_layer7+(1*num_channels7+j)*filtersize7, img_fltr 7 tmp, rows, cols,
padsize7);

imadd(img_fltr p7+i*cols*rows, img_fltr 7 tmp, cols, rows);

// ent_weight = cnt_weight + filtersize7,

//img_fltr p6 = img_fltr p6 + rows*cols;
}
// bias_tmp = biases_layer7[i];

PReLU(img_fltr p7+i*cols*rows, TOWS, cols, biases_layer7[i],
prelu_coeft layer7);

// img_fltr p7 =1img_fltr p7 + rows*cols;

free(img_{fltr 6);
img fltr 6 = NULL;
free(kernel6);

kernel6 = NULL;
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/1111111]] Convolution3 Layer 8

/111111111 Layer8

// Reading weights of 8th layer

FILE *weights_layer8 ptr;

weights layer8 ptr = fopen("weights_layerS8.txt", "r");

if (weights _layer8 ptr == NULL) { printf("Error in the reading weights of
8th layer\n"); };

double weights layer8[4536];
for (int 1 = 0; 1 <4536; i++)
{
fscanf(weights layer8 ptr, "%If", &weights layer8[i]);
b
fclose(weights_layer8 ptr);
/I Reading biases of 8th layer
double biases layer8 = - 0.03262640000;
// Other parameters
int filtersize® = 81; //9x9
int patchsize8 = 9;
int num_filters§ = 1;

int num_channels8 = 56;

/I Decvolution ==> output is the img_hr

double *img fltr 8 = (double *)calloc((rows*scale) *(cols*scale) *
num_ filters8 , sizeof(double));

double *kernel8 = (double *)malloc(filtersize8*sizeof(double));

double *img fltr 8 tmp = (double *)malloc((rows*scale) *(cols*scale) *
sizeof(double));
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img_fltr p7 =img_fltr 7;

// private(cnt_weight,img_fltr p7)

for (int j = 0; j <num_channels8; j++)

{

deconv(img_fltr p7-+j*cols*rows, img_fltr 8 tmp,
weights layer8-+j*filtersize8, cols, rows, scale);

imadd(img_fltr 8, img_fltr 8 tmp, cols*scale, rows*scale);

for (int i=0;i<rows*scale;i++)
for (int j = 0;j<cols*scale; j++)
{

int cnt_fnl = i*cols*scale + j;

*(img_hr +cnt_fnl) = *(img_fltr 8 + cnt fnl) + biases_layer8;

/*for (int1=0;1<10; i++)
{
printf("%f\n", *(img_hr + 1));

i/

free(img_fltr 7);
img fltr 7=NULL;

free(kernel7);
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kernel7 = NULL;

free(img_fltr 8);
img_fltr 8 = NULL;
free(img_fltr 8 tmp);
img_fltr 8 tmp = NULL,;
free(kernel8);

kernel8 = NULL;

void imfilter(double *img, double *kernel, double *img_fltr, int rows, int cols, int
padsize)

{
// img_pad is the pointer to padded image
// kernel is the pointer to the kernel which used for convolution
// img_fltr is the pointer to the filtered image by applying convolution
int cols_pad = cols + 2 * padsize;
int rows_pad = rows + 2 * padsize;
int 1, j, cnt, cnt_pad, cnt_krnl, k1, k2;

double sum;

double *img pad = (double *)malloc(rows pad * cols pad *
sizeof(double));

pad_image(img, img_ pad, rows, cols, padsize);

for (1 = padsize; i <rows_pad - padsize; i++)
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for (j = padsize; j < cols pad - padsize; j++)
{

cnt = (1 - padsize)*cols + (j - padsize); // counter which shows current
pixel in filtered image (central pixel in convolution window)

sum = 0;

cnt_krnl = 0; // counter which determines kernel elements
for (k1 = -padsize; k1 <= padsize; k1++)

for (k2 = -padsize; k2 <= padsize; k2++)

{

cnt_pad = (i + kl)*cols_pad + j + k2; // counter which shows each
neighbouring pixel of padded image used for convolution with kernel

sum = sum + (*(img_pad + cnt_pad))*(*(kernel + cnt_krnl));
cnt_krnl++;

}

*(img_fltr + cnt) = sum;

free(img_pad);

img_pad = NULL;

// Replicate image padding by the factor of "padsize"

void pad_image(double *img, double *img_ pad, int rows, int cols, int padsize)

{ // This function receives an image and paddes its border in a replicative manner
int cols_pad = cols + 2 * padsize;
int rows_pad = rows + 2 * padsize;
int 1, j, k, cnt, ent_pad, k1, k2;

double x;
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/I Centeral pixels

for (1 = padsize; 1 <rows_pad - padsize; i++)
for (j = padsize; j < cols_pad - padsize; j++)
{
cnt_pad =1 * cols_pad + j;
cnt = (i - padsize)*(cols) + j - padsize;
X = *(img + cnt);
*(img_pad + cnt_pad) = x;
}
// Top and Bottom Rows
/I#pragma omp parallel for private(k, cnt _pad, cnt) shared(j)
for (j = padsize; j < cols pad - padsize; j++)
for (k = 0; k < padsize; k++)
{
// Top Rows
cnt_pad =j + k*cols_pad;
cnt =j - padsize;
*(img_pad + cnt_pad) = *(img + cnt);
// Bottom Rows
cnt_pad =j + (rows_pad - 1 - k)* cols_pad;
cnt = (j - padsize) + (rows - 1)*cols;
*(img_pad + cnt_pad) = *(img + cnt);
}
// Left and Right Columns
/[#pragma omp parallel for private(k, cnt_pad, cnt) shared(i)

for (1 = padsize; 1 <rows_pad - padsize; i++)
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for (k = 0; k < padsize; k++)
{
// Left Columns
cnt = (i - padsize)*cols;
cnt_pad = i1*cols_pad + k;
*(img_pad + cnt_pad) = *(img + cnt);
// Right Columns
cnt = (i - padsize)*cols + cols - 1;
cnt_pad =1*cols_pad + cols pad -1 -k;
*(img_pad + cnt_pad) = *(img + cnt);
b
// Corner Pixels
/I#pragma omp parallel for private(k2, cnt pad) shared(k1)
for (k1 = 0; k1 < padsize; k1++)
for (k2 = 0; k2 < padsize; k2++)
{
// ' Upper Left Corner
cnt_pad = kl*cols pad + k2;
*(img_pad + cnt_pad) = *(img);
// Upper Right Corner
cnt_pad = kl*cols pad + cols_pad - 1 - k2;
*(img_pad + cnt_pad) = *(img + cols - 1);
// Lower Left Corner
cnt_pad = (rows_pad - 1 - kl)*cols pad + k2;
*(img_pad + cnt_pad) = *(img + (rows - 1)*cols);
// Lower Right Corner

cnt_pad = (rows_pad - 1 - kl)*cols pad + cols_pad - 1 - k2;
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*(img_pad + cnt_pad) = *(img + (rows - 1)*cols + cols - 1);

void PReLU(double *img_fltr,int rows, int cols, double bias, double prelu_coeff)
{

int cnt;

#pragma omp parallel for simd collapse(2) private(cnt)

for (int 1 = 0; 1 < rows;i++)

for (int j = 0; j < cols; j++)

{

cnt = i*cols + j;

*(img_fltr + cnt) = Max(*(img_fltr + cnt) + bias, 0) + prelu coeff *
Min(*(img_fltr + cnt) + bias, 0);

}

double Max(double a, double b)

{
double c;
c=a>b?a:b;
return c;

b

double Min(double a, double b)

{

double c;
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c=a>b?b:a;

return c;

void imadd(double *img_fltr sum, double *img_fltr crnt, int cols, int rows)
{

// *img_fltr crnt ==> pointer to current feature map

// *img_fltr sum ==> pointer to the cumulutive feature map

int cnt = 0;

#pragma omp parallel for simd collapse(2) private(cnt)

for (int 1 = 0; 1 < rows;i++)

for (int j = 0; j < cols; j++)

{

cnt = i*cols + j;

*(img_fltr sum + cnt) = *(img_fltr sum + cnt) + *(img_fltr crnt + cnt);

void deconv(double *img_input, double *img_output, double *kernel, int cols, int
rows, int stride)

{
int border = 1;
int fsize = 9;
int rows_pad = rows + 2 * border;
int cols_pad = cols + 2 * border;

double *img input padded = (double *)malloc(rows pad * cols pad *
sizeof(double));
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pad_image(img_input, img_input_padded, rows, cols, border);

int rows_out pad =rows_pad * stride;
int cols_out pad = cols_pad * stride;

double *img output tmp = (double *)calloc((rows out pad + fsize - 1)*
(cols_out pad + fsize - 1), sizeof(double));

double *kernel modif = (double *)malloc(fsize * fsize * sizeof(double));

int idx, idy,cnt_img,cnt_img_output;

int cnt_kernel =0;

for (int 1 = 0; 1 < rows_pad; i++)
{
for (int j = 0; j < cols_pad; j++)
{
cnt_img =1 * cols_pad +j;
1dx =1 * stride;
idy =j * stride;

cnt_img output = idx * (cols _out pad + fsize - 1) + idy; //
(idx,idy) coordinate in temporal output image

cnt_kernel = 0;

for (intk r=0;k r<fsize; k r++)

{

for (intk c¢=0; k c <fsize; k ct++)

{

cnt_kernel =k r * fsize + k c;
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*(img_output tmp + cnt img output + k c¢) =
*(img_output tmp + cnt img output + k ¢) + *((kernel + cnt kernel)) *
(*(img_input_padded + cnt_img));

}

cnt_img_output = cnt_img_output + (cols_out pad + fsize -

1);

}

int rows_out = rows*stride;

int cols_out = cols*stride;

for (int 1 = 0; 1 < rows_out; i++)

for (int j = 0; j < cols_out; j++)

{
inti_tmp =1+ ((fsize + 1)/ 2) + stride*border - 1;
intj tmp =j + ((fsize + 1)/ 2) + stride*border - 1;
int cnt_img out =i*cols_out + j;

int cnt img out tmp = i tmp*(cols out pad + fsize - 1) + j tmp; //
(cols-pad+fsize-1) is the number of columns in the img_out tmp

*(img_output + cnt_img out) = *(img_output tmp + cnt_img out tmp);

free(img_input padded); img_input padded = NULL;
free(img_output tmp); img_output tmp = NULL;

free(kernel modif); kernel modif = NULL;



156

void double 2 uint8(double *double img, unsigned char *uint8 img, int cols, int
rOws)

{
int 1, j, cnt, k;
for (1= 0; 1 <rows;i++)
for (j =0; j <cols; j++)
{
cnt = 1*cols +j;
if (*(double_img + cnt) < 0)
* (uint8_img + cnt) = 0;
if (*(double_img + cnt) > 255)
* (uint8_img + cnt) = 255;
for (k= 0; k <255; k++)
{
if (*(double_img + cnt) >=k && *(double img + cnt) < (k+0.5))
*(uint8_img + cnt) = k;
if (*(double img + cnt) >= (k+0.5) && *(double img + cnt) <
(k+1))
*(uint®_img + cnt) =k + 1;
}
b



