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LAMPIRAN | BARIS KODE PROGRAM

Baris Kode Program Serial

#include <iostream>
#include <iomanip>
#include <sstream>
#include <fstream>
#include <string.h>
#include <stdlib.h>
#include <math.h>
#include <algorithm>
#include <omp.h>
#include <time.h>

#define MIN(a,b) (

((a)<(b))z(a): (b))
const int Faces = 40

const int Samples 9;

const int Width = 92; // 92 | 296 | 394 | 493

const int Height = 112; // 112 | 360 | 480 | 600

int Eigenfaces = 28;

const std::string DataPath = "faces/"; // faces | face360 | faced

80 | faceo600

const int N = Faces;

const int M = Width * Height;

const std::string SampleName = "10";

const int MaxValue = 255;

double **facearray, **A, **B, **S, **V, **U, **W, **X, **P, **Atra
ns, **tempsS;

double first, t, tsc;

void read training data() {
facearray = (double**) malloc (Samples*sizeof (double¥*));
for (int x=0; x<Samples; x++) {
facearray([x] = (double*) malloc (M*sizeof (double));

memset (facearray[x],0,M*sizeof (double));
}
for (int face=0; face<Faces; ++face) {
// perulangan setiap foto
for (int sample=0; sample<Samples; ++sample) {
std::stringstream filename;
filename << DataPath << "s" << face + 1 << "/" << sample +
1 << ".pgm";

// filename << DataPath << face + 1 << " " << sample + 1 <<
" . pgm" ;

std::ifstream image (filename.str().c str());

if (image.is open()) {

// baca foto

std::string line;

getline (image, line); // Skip P2 line
getline (image, line); // Skip width line
getline (image, line); // Skip height line
getline (image, line); // Skip max value line
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int val;

int x = 0;

while (image >> val) {

facearray[sample] [x] = val;
X++;

}

image.close () ;
} else {
std::cout << "Image was not opened.";

}

// mencari citra rata-rata
for (int x=0; x<M; ++x) {
double sum = 0;
for (int y=0; y<Samples; ++y) {
sum += facearraylyl] [x];
}
A[face] [x] = sum/Samples;
}
}
free(facearray);

}

void create mean image () {
// temukan mean image
tsc = omp _get wtime();
for (int c=0; c<M; ++c) {
double sum = 0;
for (int r=0; r<N; ++r) {
sum += A[r][c];

}

B[0][c] = sum / N;
}
tsc = omp _get wtime() - tsc;
printf ("Execution time create mean image : %.2fms\n", tsc*1000);

// output citra rata-rata
std::stringstream filename;
filename << "output/meanimage.pgm";
std::ofstream image file(filename.str().c_str());
image file << "P2" << std::endl << Width << std::endl << Height
<< std::endl << MaxValue << std::endl;

for (int x=0; x<M; ++x) {

int val = B[0] [x];

if(val < 0) {

val = 0;

}

image file << val << " ";
}
image file.close();

}

void normalized() {
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// kurangkan mean dari setiap gambar
tsc = omp_get wtime();
for (int r=0; r<N; ++r) {

for (int c=0; c<M; ++c) {

Afr][c] -= B[O0][c];
if(A[r][c] < 0) {
Aflr][c] = 0;
}
}

}
tsc = omp get wtime() - tsc;
printf ("Execution time mean subtraction : %.2fms\n", tsc*1000);

// output citra normalisasi
for (int x=0; =x<N; ++x) {
std::ostringstream filename;
filename << "output/normalized/" << x << ".pgm";
std::ofstream image file(filename.str().c_str());
image file << "P2" << std::endl << Width << std::endl << Heigh
t << std::endl << MaxValue << std::endl;
for (int y=0; y<M; ++y) {
int val = A[x][y];
if(val < 0) {
val = 0;
}
image file << val << " ";
}
image file.close();
}
}

void transpose matrixA()

for (int r=0; r<M; ++r)
for (int c=0; c<N; ++c
Atrans[r] [c] = A[c]

{

{

{

)

[r];
}

}

void get covariant matrix() {

for (int r=0; r<N; ++r) {

for (int c=0; c<N; ++c) {

Slrllc]l = 0;
for (int k=0; k<M; ++k) {
S[rllc] += A[r][k] * Atrans[k][c];
}
}
}
}
void calculate eigenvalues () {

// eigenvector pada matriks covarian
// eigensystem(S) .second.transpose ()
for (int r=0; r<N; ++r) {
for (int c=0; c<N; ++c) {
if (¢ == r) {
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// std::cout<<"P[0] [2] "<<P[0][2]<<std::endl;
int max rotation = 5 *
for (int 1=0; i<N; ++1)
for (int 3=0; Jj<N; ++
tempS[i] [J] = S[i]
}
}

double *eigenvalues;
eigenvalues = (double*) malloc (N*sizeof (double));
int small = 0;

for(int it=0; it<max rotation; ++it) {
double max = 0;
int k, 1;
// temukan elemen off-diagonal terbesar
for (int r=0; r<N-1; ++r) {
for (int c=r+1; c<N; ++c) {

if (fabs(tempS[r]([c]) >= max) {
max = fabs (tempS[r][cl):;
k = r;
1l =c;

}

if (max < 1.0e-12) {
for (int i=0; 1i<N; ++1i) {
eigenvalues[i] = tempS[i][i];
}
// normalisasi P
for (int c=0; c<N; ++c) {
double length = 0;
for (int r=0; r<N; ++r) {
length += P[r][c] * Plr]llc]:;
}

for (int r=0; r<N; ++r) {
1lc] =

Plr][c P(r][c] / length;
}
}
small = 1;
break;
}
else {
// melakukan rotasi
double diff = tempS[1l][1l] - tempS[k][k];
double t;

[1]) < fabs(diff)*1.0e-36) {

if (fabs (tempS[k]
[1] / diff;

t = tempS[k]
}

else {



double phi = diff / (2.0 * tempS[k]I[1l]);
t = 1.0 / (fabs(phi) + sqgrt(phi * phi + 1.0));

(phi < 0) {
t = -t
}

}
double ¢ = 1.0 / sgrt(t * t + 1.0);
double s = t * c;
double tau = s / (1.0 + c);
double temp = tempS[k][1l];
tempS[k] [1] = 0;
tempS[k] [k] = tempS[k][k] - t * temp;
tempS[1l][1] = tempS[1l][l] + t * temp;

for (int i=0; i<k; ++1i) {

temp = tempS[i] [k];
tempS[i] [k] = temp - s * (tempS[i][l] + tau * temp);
tempS[i] [1] = tempS[i][1l] + s * (temp - tau * tempS[i][1l]):

}

for (int i=k+1; i<1l; ++i) {

temp = tempS[k][i];
tempS[k] [i] = temp - s * (tempS[i][l] + tau * tempS[k][i]):
tempS[i] [1] = tempS[i][1l] + s * (temp - tau * tempS[i][1l]):;

}

for(int i=1+1; i<N; ++1i) {

temp = tempS[k][i];
tempS[k] [1] = temp - s * (tempS[1l][i] + tau * temp);
tempS[1][i] = tempS[1l][i] + s * (temp - tau * tempS[1l]I[i]);

}
for (int i=0; 1i<N; ++1i) {
temp = P[i] [k];
P[i][k] = temp - s * (P[1][1] + tau * P[i][k]);
P[i][1] = P[i][1] + s * (temp - tau * P[i][1]);

}

if (small == 0) {
std::cout << "Metode Jacobi tidak sesuai." << std::endl;
for (int i=0; 1i<N; ++1i) {
eigenvalues[i] = tempS[i][i];
}
}

// urutkan berdasarkan eigenvalues
// first = eigenvalues
// second = P
for (int i=0; i<N-1; ++i) {
int index = 1i;
double value = eigenvalues[i];
for (int j=i+1; Jj<N; ++3j) {
if (eigenvalues[]j] > value) {
index = j;
value = eigenvalues|[]j];
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if (index != 1) {
std: :swap (eigenvalues[i], eigenvalues[index]);
for (int r=0; r<N; ++r) {
std::swap(P[r][i], Plr][index]);
}
}
}
for (int r=0; r<N; ++r) {
for (int c=0; c<N; ++c) {
V[r][c] = P[c]llr];
}

}

void calculate eigenfaces() {
double **Urow, **eigenface;
Urow = (double**) malloc(l*sizeof (double*));
for (int x=0; x<1; x++) {
Urow[x] = (double*) malloc (M*sizeof (double)) ;
memset (Urow[x],0,M*sizeof (double)) ;

}

eigenface = (double**) malloc (l*sizeof (double*));
for (int x=0; x<1; x++) {
eigenface([x] = (double*) malloc (M*sizeof (double));

memset (eigenface[x],0,M*sizeof (double));

}

for (int r=0; r<Eigenfaces; ++r) {
for (int c=0; c<M; ++c) {
eigenface[0] [c] = O;
}
for (int re=0; re<l; re++) {
for (int c=0; c<M; ++c) {
for (int k=0; k<N; ++k) {
eigenface([re] [c] += V[r][k] * Alk][c];
}

}

for (int c=0; c<M; ++c) {
Ulr][c] = eigenface[0] [c];

}

double norm = 0;

for (int 1i=0; i<M; 1i++) |
norm += pow (U[r][i], 2);

}

norm = sqrt (norm) ;

for (int i=0; i<M; 1i++) {
Ulr][i] /= norm;

}
// output eigenface

// eigenface <- scale(U[r])
// temukan minimum dan maksimum saat ini



for (int c=0; c<M; ++c) {
Urow[0] [c] = Ulxr][c];
}

double min = 0, max = 255;
double m min Urow[0] [0];
double m max = Urow[0] [O];
for (int rs=0; rs<l; ++rs) {
for (int c=0; c<M; ++c) {
if (Urow([rs][c] < m min) {
m min = Urowl[rs] [c];

}
if (Urow([rs] [c] > m max) {
m max = Urowl[rs] [c];

}
}

double old range = m max — m _min;
double new range = max - min;

// buat matriks baru dengan elemen berskala
for (int re=0; re<l; ++re) {
for (int c=0; c<M; ++c) {
eigenface[re] [c] = (Urowl[re][c] -
m min) * new range / old range + min;
}
}

std::ostringstream filename;
filename << "output/eigenfaces/" << r << ".pgm";

// write pgm
std::ofstream image file(filename.str().c_str());
image file << "P2" << std::endl << Width << std::endl << Heigh
t << std::endl << MaxValue << std::endl;

for (int c=0; c<M; ++c) {

int val = eigenfacel[0] [c];

if(val < 0) {

val = 0;

}

image file << val << " ";
}
image file.close();

}

free (Urow) ;
free (eigenface);

}

void calculate weight () {
double **Arow, **ArowTrans;
Arow = (double**) malloc(l*sizeof (double*));
for (int x=0; x<1; x++) {
Arow[x] = (double*) malloc (M*sizeof (double));

memset (Arow([x],0,M*sizeof (double));

69



}
ArowTrans = (double**) malloc (M*sizeof (double*));
for (int x=0; x<M; x++) {
ArowTrans[x] = (double*) malloc (l*sizeof (double)) ;
memset (ArowTrans [x],0,1*sizeof (double)) ;

}

for (int re=0; re<Eigenfaces; ++re) {
for (int ce=0; ce<N; ++ce) {
double befW = 0;
for (int c=0; c<M; ++c) {
Arow[0] [c] = A[ce][c];
}

// Alce] transpose
for (int r=0; r<M; ++r) {
for (int c=0; c<1; ++c) {
ArowTrans[r] [c] = Arow[c][r];
}
}

// befW = U[re] * A[ce] transpose
for (int r=0; r<l; r++) {
for (int c=0; c<1; ++c) {
for (int k=0; k<M; ++k) {
befW += U[re] [k] * ArowTrans[k] [c];
}

}
Wlire] [ce] = befW;
}

free (Arow) ;
free (ArowTrans) ;

}

void calculate accuracy() {
double **Wx, **Xtrans;
Wx = (double**) malloc(Eigenfaces*sizeof (double¥*));
for (int x=0; x<Eigenfaces; x++) {
Wx[x] = (double*) malloc(l*sizeof (double));
memset (Wx[x],0,1l*sizeof (double)) ;

}

Xtrans = (double**) malloc (M*sizeof (double*));
for (int x=0; x<M; x++) {
Xtrans[x] = (double*) malloc(l*sizeof (double));

memset (Xtrans[x],0,1*sizeof (double)) ;

}

double accuracy = 0;

for (int i=1; i<=N; ++i) {
// baca sample gambar
std::stringstream filesample;



filesample << DataPath << "s" << i <<
gmll ;
// filesample << DataPath << i << " "

"/" << SampleName << ".p

<< SampleName << ".pgm";

std::ifstream imagesample(filesamplg.str().c_str());

if (imagesample.is open()) {
// baca foto

std::string line;

getline (imagesample, line); // Skip
getline (imagesample, line); // Skip
getline (imagesample, line); // Skip
getline (imagesample, line); // Skip
int val;
int x = 0;
while (imagesample >> val) {
X[0][x] = val;

xX++;

}

imagesample.close();
} else {
std::cout <<

}

// pengenalan (X, B, U, W)
// kurangi gambar rata-rata

for (int c=0; c<M; ++c) {
X[0][c] -= B[O][c]:;
1£(X[0] [c] < 0) {
X[0] [c] = 0;

}
}
// temukan bobot

for (int rw=0; rw<Eigenfaces; ++rw) {
double befWx = 0;
// transpose X
for (int r=0; r<M; ++r) {
for (int c¢=0; c<1; ++c) {
Xtrans[r] [c] = X[c][r];

}
}

// befWx = U[rw] * X transpose
for (int r=0; r<1; r++) {
for (int c¢=0; c<1; ++c) {
for (int k=0; k<M; ++k) {

befWx += Ul[rw] [k]
}
}
}
Wx[rw] [0] =
}

befWx;

P2 line

width line
height line
max value line

"Image was not opened.";

* Xtrans([k] [c];

// temukan wajah terdekat dari set pelatihan

71



double min distance = 0;
int image number = 0;
for (int img=0; img<N; ++img) {
double distance = 0;
for (int eface=0; eface<Eigenfaces; ++eface) {

distance += fabs (Wleface] [img] - Wx[eface] [0]);
}
if (distance < min distance || img == 0) {
min distance = distance;
image number = img;
}
}
// std:i:cout << i << ". " << image number + 1 << std::endl;
if (i == image number + 1) {

accuracy = accuracy + 1;
}
}

std::cout << "Accuracy : " << std::fixed << std::setprecision(2)

<< accuracy / N << std::endl;

free (Wx) ;
free (Xtrans);

}

int main(int argc, char *argv([]) {
srand (time (NULL) ) ;
first = omp get wtime();

// A berisi gambar sebagai baris. A adalah NxM, [A] i, j adalah

nilai piksel ke-j gambar ke-i.

A = (double**) malloc (N*sizeof (double*));
for (int x=0; x<N; x++) {
A[x] = (double*) malloc (M*sizeof (double));

memset (A[x],0,M*sizeof (double)) ;

}

// baca data latih

t = omp get wtime();
read training data();
t = omp_get wtime() - t;

printf ("Execution time read training data : %.2fms\n", t*1000)

// B berisi citra rata-
rata. B adalah matriks 1xM, [B] 0, j adalah nilai piksel ke-

j dari citra rata-rata.

B = (double**) malloc(l*sizeof (double¥*));
for (int x=0; x<1; x++) {
B[x] = (double*) malloc (M*sizeof (double));

memset (B[x],0,M*sizeof (double)) ;
}

create mean image();
normalized();
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// transpose matriks A

Atrans = (double**) malloc (M*sizeof (double*));
for (int x=0; x<M; x++) {
Atrans[x] = (double*) malloc (N*sizeof (double)) ;

memset (Atrans[x],0,N*sizeof (double)) ;
}
t = omp_get wtime();
transpose matrixA();
t = omp _get wtime() - t;

printf ("Execution time transpose matrix A : %.2fms\n",

// matriks covarian [A * Atranspose]
// S -> M*M
// tempS -> M*M
S = (double**) malloc (N*sizeof (double*));
tempS = (double**) malloc (N*sizeof (double*));
P = (double**) malloc (N*sizeof (double*));
V = (double**) malloc (N*sizeof (double*)) ;
for (int x=0; x<N; x++) {
S[x] = (double*) malloc (N*sizeof (double)) ;
tempS[x] = (double*) malloc (N*sizeof (double));
P[(x] = (double*) malloc (N*sizeof (double));
Vix] = (double*) malloc (N*sizeof (double)) ;
memset (S[x],0,N*sizeof (double)) ;
memset (tempS([x],0,N*sizeof (double));
memset (P[x],0,N*sizeof (double)) ;
memset (V[x],0,N*sizeof (double)) ;

}

t = omp get wtime();

// serial

get covariant matrix();
t = omp_get wtime() - t;

printf ("Execution time get covariant matrix : %.2fms\n",

t = omp_get wtime();
calculate eigenvalues();
free (tempS) ;

t = omp _get wtime() - t;

£*1000) ;

printf ("Execution time get eigenvalues : %.2fms\n", t*1000);

// temukan eigenface
U = (double**) malloc (Eigenfaces*sizeof (double*));
for (int x=0; x<Eigenfaces; x++) {
U[x] = (double*) malloc (M*sizeof (double));
memset (U[x],0,M*sizeof (double)) ;
}

t = omp_get wtime();
calculate eigenfaces();
t = omp _get wtime() - t;

printf ("Execution time get eigenfaces : %.2fms\n", t*1000);

// temukan bobot
W = (double**) malloc(Eigenfaces*sizeof (double*));
for (int x=0; x<Eigenfaces; x++) {

t*1000) ;
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W[(x] = (double*) malloc (N*sizeof (double));
memset (W[x],0,N*sizeof (double)) ;

}

t = omp get wtime();

calculate weight();

t = omp_get wtime() - t;

printf ("Execution time get weight : %.2fms\n", t*1000);

// menghitung akurasi
X = (double**) malloc(l*sizeof (double*));
for (int x=0; x<1; x++) {
X[x] = (double*) malloc (M*sizeof (double));
memset (X[x],0,M*sizeof (double));

}

t = omp get wtime();

calculate_ accuracy () ;

t = omp _get wtime() - t;

printf ("Execution time get accuracy : %.2fms\n", (float) (t)/CLOC
KS_PER SEC*1000) ;

first = omp get wtime() - first;

printf ("Total Execution time : %.2fms\n", first*1000);

Penambahan Baris Kode untuk menentukan eigenface

int main(int argc, char *argv([]) {

if (argc == 2){
Eigenfaces = atoi(argv[l]);

}
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Baris kode program paralel

#include <iostream>
#include <iomanip>
#include <sstream>
#include <fstream>
#include <string.h>
#include <stdlib.h>
#include <math.h>
#include <algorithm>
#include <omp.h>
#include <time.h>

#define MIN(a,b) (((a)<(b))?(a): (b))

(
const int Faces = 40;
const int Samples = 9;
const int Width = 493; // 92 | 296 |

const int Height = 600; // 112 | 360 |
int Eigenfaces = 28;

const std::string DataPath = "face600/";

ed480 | face600

const int N = Faces;

const int M = Width * Height;

const std::string SampleName = "10";
const int MaxValue = 255;

double **facearray, **A, **B, **S5, **V,
ns, **tempsS;

double first, t, tsc;

void read training data() {

394 | 493
480 | 600

// faces | face360 | fac

‘k‘kU, ‘k‘kW, ‘k‘kX, ‘k‘kP, **Atra

facearray = (double**) malloc (Samples*sizeof (double¥*));

for (int x=0; x<Samples; x++) {

facearray([x] = (double*) malloc (M*sizeof (double));
memset (facearray[x],0,M*sizeof (double));

}

for (int face=0; face<Faces; ++face) {
// perulangan setiap foto

for (int sample=0; sample<Samples; ++sample) {

std::stringstream filename;

// filename << DataPath << "s" << face + 1 << "/" << sample

+ 1 << ".pgm";

filename << DataPath << face + 1 <<

pom";

" " << sample + 1 << ",

std::ifstream image (filename.str().c str());

if (image.is open()) {
// baca foto

std::string line;
getline (image, line

; // Skip P2 line

; // Skip height line

)

getline (image, line); // Skip width line
)
)

(
getline (image, line
getline (image, line

int val;
int x = 0;

; // Skip max value line
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while (image >> wval) {
facearray([sample] [x] = val;
xX++;

}

image.close() ;
} else {
std::cout << "Image was not opened.";

}

// mencari citra rata-rata
for (int x=0; x<M; ++x) {
double sum = 0;
for (int y=0; y<Samples; ++y) {
sum += facearrayly] [x];
}
A[face] [x] = sum/Samples;
}
}
free(facearray);

}

void create mean image () {
// temukan mean image
tsc = omp_get wtime();
for (int c=0; c<M; ++c) {
double sum = 0;
for (int r=0; r<N; ++r) {
sum += Alr][c];

B[0][c] = sum / N;
}
tsc = omp _get wtime() - tsc;
printf ("Execution time create mean image : %.2fms\n", tsc*1000);

// output citra rata-rata
std::stringstream filename;
filename << "output/meanimage.pgn";
std::ofstream image file(filename.str().c str());
image file << "P2" << std::endl << Width << std::endl << Height
<< std::endl << MaxValue << std::endl;
for (int x=0; x<M; ++x) {
int val = B[0][x];
if(val < 0) {
val = 0;
}
image file << val << " ";
}
image file.close();

}

void normalized() {
// kurangkan mean dari setiap gambar
tsc = omp _get wtime();
for (int r=0; r<N; ++r) {
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for (int
[ I
f(A]

Alr

tsc = omp_get wtime() - tsc;
printf ("Execution time mean subtraction : %.2fms\n", tsc*1000);

// output citra normalisasi
for (int x=0; x<N; ++x) {
std::ostringstream filename;
filename << "output/normalized/" << x << ".pgm";
std::ofstream image file(filename.str().c str());
image file << "P2" << std::endl << Width << std::endl << Heigh
t << std::endl << MaxValue << std::endl;
for (int y=0; y<M; ++y) {
int val = A[x][vy];
if(val < 0) {
val = 0;
}
image file << val << " ";
}
image file.close();
}
}

void transpose matrixA()
for (int r=0; r<M; ++r)
for (int c¢=0; c<N; ++c
Atrans([r] [c] = A[c]
}

}

void get covariant matrix() {
int r;
fpragma omp parallel
{
#pragma omp single nowait
for (r=0; r<N; ++r) {
#pragma omp task firstprivate (r)
for (int c=0; c<N; ++c) {
S[r]llc] = 0;
for (int k=0; k<M; ++k) {
S(r][c] += A[r][k] * Atrans[k][c];

void calculate eigenvalues () {
// eigenvector pada matriks covarian
// eigensystem(S) .second.transpose ()
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for (int r=0; r<N; ++r)

{

for (int c=0; c<N; ++c)

if (¢ == r) {
Plcl([r] = 1;

}
}
// std::cout<<"P[0][
int max rotation = 5 *
for (int i=0; i<N; ++i)
]

2]

for (int j=0; J<N; ++]
tempS[i] [J] = S[i]l
}

}

double *eigenvalues;
eigenvalues = (double¥)
int small = 0;

- 2o

J

{

"<<P[0][2]<<std::endl;

17

malloc (N*sizeof (double)) ;

for(int it=0; it<max rotation; ++it) {

double max = 0;
int k, 1;

// temukan elemen off-diagonal terbesar
for (int r=0; r<N-1; ++r) {

for (int c=r+l; c<N; ++c) {
if (fabs(tempS[r][c]) >= max) {
max = fabs(tempS[r][cl):;
k = r;
1l =c;

}

if (max < 1.0e-12) {

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

eigenvalues[i] =

}

// normalisasi P

t

empS[i] [1];

for (int c¢=0; c<N; ++c) {

double length = 0;

for (int r=0; r<N;

’

++r) {

length += P[r][c] * P[r][cl;

}
for (int r=0; r<N;
P[r]lc] =
}
}
small = 1;
break;
}
else {
// melakukan rotasi

++r) {

P[r][c] / length;

double diff = tempS[1l][1l] - tempS[k][k];

double t;
if (fabs (tempS[k] [1]

)

< fabs(diff)*1.0e-36) {
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t = tempS([k][1l] / diff;
}

else {

double phi = diff / (2.0 * tempS[k][1l

t:
if (phi < 0) {
t = -t;

}
}
double ¢ = 1.0 / sqgrt(t * t + 1.
double s = t * c;
double tau = s / (1.0 + ¢);
double temp = tempS[k][1l];
tempS[k][1l] = 0;
tempS[k] [k] = tempS[k][k] - t *
tempS[1][1l] = tempS[1][1l] + t *

for (int 1=0; i<k; ++1) {

0);

temp;
temp;

temp = tempS[i][k];
tempS[i] [k] = temp - s * (tempS[i][1]
tempS[i] [1] = tempS[i][1l] + s

}
for (int i=k+1; i<1l; ++1i) {

* (temp

temp = tempS[k][i];
tempS[k][i] = temp - s * (tempS[i][1l]
tempS[i] [1] = tempS[i][1l] + s

}
for (int i=1+1; i<N; ++i) {

* (temp

temp = tempS[k][i];
tempS[k][i] = temp - s * (tempS[1l][i]
tempS[1l][i] = tempS[1l][i] + s

}

for (int 1
temp =

P[i][k]

P[i][1] =

=0; 1i<N; ++1) {
P[i] [k];

= temp - s * (P[i][1]
P[i][1l] + s * (temp

}

if (small == 0) ¢{
std::cout << "Metode Jacobi tidak
for (int 1=0; i<N; ++1i) {
eigenvalues[i] = tempS[i][i];
}
}

// urutkan berdasarkan eigenvalues
// first = eigenvalues
// second = P
for (int 1i=0; i<N-1; ++1i) {
int index = i;
double value = eigenvalues[i];
for (int j=i+1; J<N; ++3j) {
if (eigenvalues[j] > value) {
index = j;

* (temp

+ tau *
- tau *

sesuai.

1)

1.0 / (fabs(phi) + sgrt(phi * phi + 1.0));

+ tau * temp):
- tau * tempS|[

i1 [1]1)7

+ tau * tempS[k][i]);

- tau * tempS]|

+ tau * temp):

i1[11);

- tau * tempS[1]I[i]);

P[i] [k]);
P[i][1]);
" << std:

rendl;
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value = eigenvalues|[]j];
}
}
if (index !'= 1) {
std::swap (eigenvalues[i], eigenvalues[index]);
for (int r=0; r<N; ++r) {
std::swap (P[r][i], Plr][index]);
}
}
}
for (int r=0; r<N; ++r) {
for (int c=0; c<N; ++c) {
V[r][c] = Plcllr];
}

}

void calculate eigenfaces() {
double **Urow, **eigenface;
Urow = (double**) malloc (l*sizeof (double*));
for (int x=0; x<1; x++) {
Urow[x] = (double*) malloc (M*sizeof (double));
memset (Urow([x],0,M*sizeof (double)) ;

}

eigenface = (double**) malloc (l*sizeof (double*));
for (int x=0; x<1; x++) {
eigenface([x] = (double*) malloc (M*sizeof (double));

memset (eigenface([x],0,M*sizeof (double)) ;

}

int r;
#pragma omp parallel
{
#pragma omp single nowait
for (r=0; r<Eigenfaces; ++r) {
#pragma omp task firstprivate(r)
for (int c=0; c<M; ++c) {
Ulr][c]l = 0;
for (int k=0; k<N; ++k) {
Ulr] [c] += VI[r][k] * A[k][c];

}

}

for (int r=0; r<Eigenfaces; ++r) {

double norm = 0;

for (int i=0; i<M; i++) {
norm += pow (U[r][i], 2);

}

norm = sqgrt (norm) ;

for (int 1i=0; i<M; 1i++) {
Ulr][i] /= norm;

}

// output eigenface
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// eigenface <- scale(U[r])
// temukan minimum dan maksimum saat ini
for (int c=0; c<M; ++c) {
Urow[0] [c] = Ulr][c];
}

double min = 0, max = 255;
double m min = Urow[0] [0];
double m max = Urow[0] [O];
for (int rs=0; rs<l; ++rs) {
for (int c=0; c<M; ++c) {
if (Urow([rs][c] < m min) {
m min = Urowl[rs] [c];
}
if (Urow([rs] [c] > m max) {
m max = Urowl[rs] [c];

}

}

double old range = m max - m _min;
double new range = max - min;

// buat matriks baru dengan elemen berskala
for (int re=0; re<l; ++re) {
for (int c=0; c<M; ++c) {
eigenface[re] [c] = (Urow|[re][c] -
m min) * new range / old range + min;

}

std::ostringstream filename;
filename << "output/eigenfaces/" << r << ".pgm";

// write pgm
std::ofstream image file(filename.str().c_str());
image file << "P2" << std::endl << Width << std::endl << Heigh
t << std::endl << MaxValue << std::endl;

for (int c=0; c<M; ++c) {

int val = eigenfacel[0] [c];

if(val < 0) {

val = 0;

}

image file << wval << " ";
}

image file.close();

}

free (Urow) ;
free(eigenface);

}

void calculate weight () {
int r;
#pragma omp parallel
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#pragma omp single nowait

for (r=0; r<Eigenfaces; ++r) {
#pragma omp task firstprivate (r)
for (int c=0; c<N; ++c) {

Wlirllc]l = 0;
for (int k=0; k<M; ++k) {
W[r][c] += U[r][k] * Atrans[k][c];
}
}
}
}
}
void calculate accuracy() {
double **Wx, **Xtrans;
Wx = (double**) malloc (Eigenfaces*sizeof (double¥*));
for (int x=0; x<Eigenfaces; x++) {
Wx[x] = (double*) malloc(l*sizeof (double));

memset (Wx[x],0,1*sizeof (double)) ;

}

Xtrans = (double**) malloc (M*sizeof (double*));
for (int x=0; x<M; x++) {
Xtrans[x] = (double*) malloc(l*sizeof (double));

memset (Xtrans([x],0,1*sizeof (double));

}

double accuracy = 0;

for (int i=1; i<=N; ++1i) {
// baca sample gambar
std::stringstream filesample;

// filesample << DataPath << "s" << i << "/" << SampleName <<

" . pgm" ,.
filesample << DataPath << i << " " << SampleName << "
std::ifstream imagesample (filesample.str().c str());
if (imagesample.is open()) {

// baca foto

std::string line;

getline (imagesample, line); // Skip P2 line
getline (imagesample, line); // Skip width line
getline (imagesample, line); // Skip height line
getline (imagesample, line); // Skip max value line

int val;
int x = 0;
while (imagesample >> val) {
X[0] [x] = val;
X++;

}

imagesample.close () ;
} else {
std::cout << "Image was not opened.";

. pgm" ,.

82



// pengenalan (X, B, U, W)
// kurangi gambar rata-rata
for (int c=0; c<M; ++c) {

X[0][c] -= BI[O][c];
1f(X[0][c] < 0) {
X[0][c] = 0;

}

}

// temukan bobot

for (int rw=0; rw<Eigenfaces; ++rw) {
double befWx = 0;

// transpose X
for (int r=0; r<M; ++r) {
for (int c=0; c<1; ++c) {
Xtrans[r] [c] = X[c][r];
}
}

// befWx = U[rw] * X transpose
for (int r=0; r<1l; r++) {
for (int c=0; c<1; ++c) {
for (int k=0; k<M; ++k) {
befWx += Ulrw] [k] * Xtrans[k][c];
}
}
}
Wx[rw] [0] = befWx;
}

// temukan wajah terdekat dari set pelatihan
double min distance = 0;
int image number = 0;
for (int img=0; img<N; ++img) {
double distance = 0;
for (int eface=0; eface<Eigenfaces; ++eface) {

distance += fabs (W[eface] [img] - Wx[eface] [0]);
}
if (distance < min distance || img == 0) {
min distance = distance;
image number = img;
}
}
// std::cout << i << ". " << image number + 1 << std::endl;
if (i == image number + 1) {

accuracy = accuracy + 1;
}
}

std::cout << "Accuracy : " << std::fixed << std::setprecision(2)
<< accuracy / N << std::endl;

free (Wx) ;
free (Xtrans) ;
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int main(int argc, char *argv([]) {
int thread = 2;
if (argc == 2){
thread = atoi(argv[1l]);
}

srand (time (NULL) ) ;
first = omp get wtime();

omp set num threads (thread);

// A berisi gambar sebagai baris. A adalah NxM, [A] i, j adalah
nilai piksel ke-j gambar ke-i.

A = (double**) malloc (N*sizeof (double*));
for (int x=0; x<N; x++) {
A[x] = (double*) malloc (M*sizeof (double)) ;

memset (A[x],0,M*sizeof (double));

}

// baca data latih

t = omp_get wtime();
read training dataf();
t = omp_get wtime() - t;

printf ("Execution time read training data : %.2fms\n", t*1000);

// B berisi citra rata-
rata. B adalah matriks 1xM, [B] 0, j adalah nilai piksel ke-
j dari citra rata-rata.

B = (double**) malloc(l*sizeof (double*));
for (int x=0; =x<1; x++) {
B[x] = (double*) malloc (M*sizeof (double));

memset (B[x],0,M*sizeof (double)) ;

}

create mean image () ;
normalized() ;

// transpose matriks A

Atrans = (double**) malloc (M*sizeof (double*)) ;
for (int x=0; x<M; x++) {
Atrans[x] = (double*) malloc (N*sizeof (double)) ;

memset (Atrans[x],0,N*sizeof (double)) ;
}
t = omp get wtime();
transpose matrixA();
t = omp_get wtime() - t;
printf ("Execution time transpose matrix A : %.2fms\n", t*1000);

// matriks covarian [A * Atranspose]
// S => M*M
// tempS -> M*M

S = (double**) malloc (N*sizeof (double*)) ;
tempS = (double**) malloc (N*sizeof (double*));
P = (double**) malloc (N*sizeof (double*));
V = (double**) malloc (N*sizeof (double*));
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for (int x=0; x<N; x++) {

S[x] = (double*) malloc (N*sizeof (double)) ;
tempS[x] = (double*) malloc (N*sizeof (double));
P[(x] = (double*) malloc (N*sizeof (double)) ;
V[x] = (double*) malloc (N*sizeof (double));
memset (S[x],0,N*sizeof (double)) ;
memset (tempS([x],0,N*sizeof (double));
memset (P[x],0,N*sizeof (double)) ;
memset (V[x],0,N*sizeof (double));

}

t = omp_get wtime();

// serial

get covariant matrix();
t = omp get wtime() - t;
printf ("Execution time get covariant matrix : %$.2fms\n", t*1000);
t = omp get wtime();
calculate eigenvalues();
free (tempS) ;
t = omp_get wtime() - t;
printf ("Execution time get eigenvalues : %.2fms\n", t*1000);
// temukan eigenface
U = (double**) malloc (Eigenfaces*sizeof (double*));
for (int x=0; x<Eigenfaces; x++) {
U[x] = (double*) malloc (M*sizeof (double));
memset (U[x],0,M*sizeof (double)) ;
}
t = omp get wtime();
calculate eigenfaces();
t = omp_get wtime() - t;
printf ("Execution time get eigenfaces : %.2fms\n", t*1000);
// temukan bobot
W = (double**) malloc (Eigenfaces*sizeof (double¥*));
for (int x=0; x<Eigenfaces; x++) {
W[x] = (double*) malloc (N*sizeof (double))

memset (W[x],0,N*sizeof (double)) ;

}

t = omp get wtime();

calculate weight();

t = omp get wtime() - t;

printf ("Execution time get weight : %.2fms\n", t*1000);

// menghitung akurasi

X = (double**) malloc(l*sizeof (double¥*));
for (int x=0; x<1; x++) {
X[x] = (double*) malloc (M*sizeof (double));

memset (X[x],0,M*sizeof (double)) ;

}

t = omp get wtime();
calculate accuracy();
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t = omp get wtime() - t;

printf ("Execution time get accuracy : %.2fms\n", (float) (t)/CLOC
KS_PER SEC*1000) ;
first = omp get wtime() - first;
printf ("Total Execution time : %.2fms\n", first*1000);
free (X);
free(d);
free (Atrans) ;
free(B);
free(S);
free (P);
free (U);
free (V) ;
free (W) ;
return 0;
}
LAMPIRAN Il DATA HASIL PROGRAM
Nilai Akurasi setiap eigenface
Ngmber of Recognition Rate Ngmber of Recognition Rate
Eigenface Eigenface
1 3% 21 93%
2 17% 22 93%
3 38% 23 93%
4 50% 24 93%
5 55% 25 95%
6 47% 26 95%
7 62% 27 95%
8 60% 28 100%
9 65% 29 97%
10 75% 30 97%
11 70% 31 97%
12 72% 32 93%
13 70% 33 93%
14 80% 34 95%
15 80% 35 93%
16 82% 36 95%
17 88% 37 95%
18 85% 38 95%
19 88% 39 95%
20 90% 40 95%
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Waktu Eksekusi pada gambar berukuran 92x112

Waktu eksekusi (detik)
Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 3
read data 2,28 4,72 3,73 4,04 3,62
mean image 0,02 0,02 0,02 0,02 0,02
subtracted 0,04 0,04 0,04 0,04 0,04
transpose 0,03 0,02 0,02 0,02 0,02
1 covariance 3,61 1,55 0,81 0,67 0,55
eigenvalue 0,10 0,09 0,09 0,09 0,09
eigenfaces 1,35 0,61 0,37 0,31 0,28
weight 1,47 1,13 0,57 0,44 0,48
total 9,06 8,35 5,82 5,79 5,25
read data 2,26 3,60 3,32 4,93 4,46
mean image 0,02 0,02 0,02 0,02 0,02
subtracted 0,05 0,04 0,04 0,04 0,04
transpose 0,03 0,02 0,02 0,02 0,02
2 | covariance 3,66 1,57 0,81 0,59 0,55
eigenvalue 0,10 0,09 0,09 0,09 0,09
eigenfaces 1,35 0,61 0,37 0,31 0,27
weight 1,58 1,14 0,59 0,48 0,37
total 9,20 7,24 5,42 6,64 5,99
read data 2,28 3,55 4,57 4,75 3,85
mean image 0,02 0,02 0,02 0,02 0,02
subtracted 0,05 0,04 0,04 0,04 0,04
transpose 0,03 0,02 0,02 0,02 0,02
3 | covariance 3,62 1,55 0,81 0,59 0,56
eigenvalue 0,10 0,09 0,09 0,09 0,09
eigenfaces 1,35 0,61 0,38 0,31 0,28
weight 1,50 1,13 0,59 0,44 0,47
total 9,10 717 6,69 6,41 5,49
read data 2,28 4,55 4,42 4,57 417
mean image 0,02 0,02 0,02 0,02 0,02
subtracted 0,05 0,04 0,04 0,04 0,04
transpose 0,03 0,02 0,02 0,02 0,02
4 | covariance 3,66 1,56 0,81 0,61 0,56
eigenvalue 0,10 0,09 0,09 0,09 0,09
eigenfaces 1,34 0,65 0,37 0,32 0,29
weight 1,54 1,17 0,59 0,45 0,40
total 9,16 8,26 6,53 6,28 5,75




Waktu eksekusi (detik)

Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 3

read data 2,28 3,79 4,88 3,89 3,69
mean image 0,02 0,02 0,02 0,02 0,02
subtracted 0,05 0,04 0,04 0,04 0,04
transpose 0,03 0,02 0,02 0,02 0,02

5 | covariance 3,65 1,59 0,80 0,59 0,56
eigenvalue 0,10 0,10 0,09 0,09 0,09
eigenfaces 1,34 0,64 0,38 0,31 0,29
weight 1,47 1,11 0,58 0,44 0,46
total 9,08 7,49 6,98 5,56 5,33

Waktu Eksekusi pada gambar berukuran 296x360
Waktu eksekusi (detik)
Uji Fungsi . Paralel (jumlah thread
Serial > 7 6 3

read data 24,03 23,90 23,36 23,36 23,36
mean image 0,28 0,29 0,30 0,30 0,29
subtracted 0,50 0,48 0,53 0,53 0,53
transpose 0,29 0,29 0,29 0,29 0,29

1 covariance 47,32 23,74 12,16 8,52 7,29
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,51 7,40 4,50 4,02 3,81
weight 25,68 16,71 8,48 6,24 5,41
total 115,31 74,54 51,19 44,83 42,62
read data 23,41 23,39 23,37 23,36 23,60
mean image 0,27 0,30 0,29 0,29 0,30
subtracted 0,52 0,53 0,53 0,53 0,53
transpose 0,27 0,29 0,29 0,29 0,29

2 | covariance 47,37 23,91 12,15 8,77 7,25
eigenvalue 0,10 0,10 0,10 0,10 0,14
eigenfaces 15,55 7,49 4,50 4,02 4,01
weight 25,69 16,73 8,49 6,31 5,54
total 114,87 74,20 51,20 45,14 43,13
read data 23,00 23,35 23,36 24,08 23,39
mean image 0,27 0,30 0,30 0,30 0,29
subtracted 0,52 0,53 0,53 0,53 0,53
transpose 0,29 0,29 0,29 0,29 0,29

3 | covariance 47,33 23,87 12,29 8,87 7,07
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,59 7,40 4,50 4,19 3,89
weight 25,63 16,71 8,49 6,42 5,48
total 114,34 74,02 51,32 46,23 42,57
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Waktu eksekusi (detik)
Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 3

read data 23,07 23,34 23,35 23,34 23,36
mean image 0,27 0,30 0,30 0,30 0,29
subtracted 0,49 0,53 0,53 0,53 0,53
transpose 0,29 0,29 0,29 0,29 0,29

4 | covariance 47,19 23,87 12,15 8,94 7,15
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,45 7,46 4,51 4,31 3,84
weight 25,54 16,71 8,49 6,57 5,41
total 114,07 74,08 51,19 45,87 42,50
read data 23,77 23,36 23,34 23,35 23,37
mean image 0,27 0,30 0,30 0,29 0,30
subtracted 0,48 0,53 0,53 0,53 0,53
transpose 0,27 0,29 0,29 0,29 0,29

5 | covariance 47,12 23,90 12,12 9,05 7,31
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,45 7,40 4,51 4,23 4,03
weight 25,34 16,73 8,49 6,47 5,55
total 114,44 74,08 51,14 45,81 43,01

Waktu Eksekusi pada gambar berukuran 394x480

Waktu eksekusi (detik)
Uji Fungsi , Paralel (jumlah thread
Serial 5 4 6 3

read data 24,03 23,90 23,36 23,36 23,36
mean image 0,28 0,29 0,30 0,30 0,29
subtracted 0,50 0,48 0,53 0,53 0,53
transpose 0,29 0,29 0,29 0,29 0,29

1 covariance 47,32 23,74 12,16 8,52 7,29
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,51 7,40 4,50 4,02 3,81
weight 25,68 16,71 8,48 6,24 5,41
total 115,31 74,54 51,19 44,83 42,62
read data 23,41 23,39 23,37 23,36 23,60
mean image 0,27 0,30 0,29 0,29 0,30
subtracted 0,52 0,53 0,53 0,53 0,53
transpose 0,27 0,29 0,29 0,29 0,29

2 | covariance 47,37 23,91 12,15 8,77 7,25
eigenvalue 0,10 0,10 0,10 0,10 0,14
eigenfaces 15,55 7,49 4,50 4,02 4,01
weight 25,69 16,73 8,49 6,31 5,54
total 114,87 74,20 51,20 45,14 43,13
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Waktu eksekusi (detik)
Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 3
read data 23,00 23,35 23,36 24,08 23,39
mean image 0,27 0,30 0,30 0,30 0,29
subtracted 0,52 0,53 0,53 0,53 0,53
transpose 0,29 0,29 0,29 0,29 0,29
3 | covariance 47,33 23,87 12,29 8,87 7,07
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,59 7,40 4,50 4,19 3,89
weight 25,63 16,71 8,49 6,42 5,48
total 114,34 74,02 51,32 46,23 42,57
read data 23,07 23,34 23,35 23,34 23,36
mean image 0,27 0,30 0,30 0,30 0,29
subtracted 0,49 0,53 0,53 0,53 0,53
transpose 0,29 0,29 0,29 0,29 0,29
4 | covariance 47,19 23,87 12,15 8,94 7,15
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,45 7,46 4,51 4,31 3,84
weight 25,54 16,71 8,49 6,57 5,41
total 114,07 74,08 51,19 45,87 42,50
read data 23,77 23,36 23,34 23,35 23,37
mean image 0,27 0,30 0,30 0,29 0,30
subtracted 0,48 0,53 0,53 0,53 0,53
transpose 0,27 0,29 0,29 0,29 0,29
5 | covariance 47,12 23,90 12,12 9,05 7,31
eigenvalue 0,09 0,10 0,10 0,10 0,14
eigenfaces 15,45 7,40 4,51 4,23 4,03
weight 25,34 16,73 8,49 6,47 5,55
total 114,44 74,08 51,14 45,81 43,01

Waktu Eksekusi pada gambar berukuran 493x480

Waktu eksekusi (detik)
Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 8
read data 41,40 41,58 41,59 41,63 40,64
mean image 0,86 0,78 0,95 0,90 0,92
subtracted 0,86 0,94 0,94 0,92 0,90
transpose 0,55 0,55 0,55 0,52 0,53
1 | covariance 85,41 42,53 21,88 15,35 11,69
eigenvalue 0,09 0,10 0,10 0,10 0,10
eigenfaces 33,81 17,15 8,85 6,97 6,53
weight 46,23 29,68 15,06 11,04 9,21
total 212,22 135,92 92,53 79,95 73,05
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Waktu eksekusi (detik)

Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 3
read data 41,78 41,58 41,60 41,18 41,42
mean image 1,06 0,80 0,89 0,93 0,77
subtracted 0,89 0,94 0,94 0,90 0,92
transpose 0,55 0,55 0,55 0,53 0,55
2 | covariance 85,29 42,39 21,62 15,26 11,99
eigenvalue 0,09 0,10 0,10 0,10 0,10
eigenfaces 31,00 15,28 9,28 7,10 6,81
weight 46,55 29,88 15,06 10,89 9,38
total 209,80 134,12 92,64 79,48 74,51
read data 41,79 41,57 41,61 41,19 41,97
mean image 0,88 0,79 0,94 0,94 0,79
subtracted 0,90 0,94 0,94 0,89 0,93
transpose 0,55 0,55 0,55 0,55 0,53
3 | covariance 85,18 42,38 21,65 15,25 12,12
eigenvalue 0,10 0,10 0,10 0,10 0,10
eigenfaces 4415 15,62 9,23 7,88 6,40
weight 46,26 29,68 15,06 11,28 9,22
total 222,40 134,24 92,67 80,69 74,64
read data 41,71 41,60 41,59 41,57 41,60
mean image 1,01 0,79 0,96 0,67 0,91
subtracted 0,94 0,94 0,94 0,92 0,93
transpose 0,55 0,55 0,55 0,52 0,55
4 | covariance 85,20 42,38 21,53 15,33 11,90
eigenvalue 0,10 0,10 0,10 0,10 0,10
eigenfaces 30,66 15,37 8,65 6,81 7,10
weight 46,50 29,68 15,06 10,81 9,24
total 209,26 134,00 92,00 79,31 74,90
read data 41,69 41,59 41,59 41,60 42,15
mean image 1,07 0,82 0,79 0,88 0,94
subtracted 0,93 0,94 0,92 0,90 0,94
transpose 0,66 0,55 0,56 0,53 0,55
5 | covariance 85,32 42,39 21,51 15,54 12,08
eigenvalue 0,10 0,10 0,10 0,10 0,10
eigenfaces 30,92 15,48 8,76 7,27 6,69
weight 46,48 29,68 15,06 10,89 9,31
total 209,78 134,14 91,86 80,31 75,36
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Waktu Eksekusi pada gambar berukuran 493x480

Uji

Fungsi

Waktu eksekusi (detik)

Paralel (jumlah thread

Serial 5 4 6 3
read data 58,65 57,89 59,51 59,93 60,25
mean image 1,17 1,51 1,15 1,44 1,49
subtracted 1,39 1,39 1,42 1,40 1,50
transpose 0,81 0,83 0,87 0,95 0,88
1 | covariance 13,59 65,62 33,77 24,18 22,53
eigenvalue 0,09 0,10 0,10 0,10 0,10
eigenfaces 42,76 34,08 14,23 12,91 10,83
weight 71,94 46,17 24,28 17,23 15,91
total 314,91 212,07 139,37 122,09 117,58
read data 59,52 59,16 58,89 60,00 60,11
mean image 1,69 1,15 1,50 1,50 0,77
subtracted 1,43 1,42 1,46 1,43 1,51
transpose 0,83 0,82 0,82 0,85 0,83
2 | covariance 132,12 65,41 33,63 23,83 23,69
eigenvalue 0,10 0,10 0,10 0,10 0,10
eigenfaces 69,10 21,34 15,59 12,06 10,84
weight 71,32 45,91 23,55 18,63 15,67
total 340,08 199,30 139,63 122,48 117,68
read data 60,09 57,99 59,90 60,12 59,94
mean image 1,67 1,18 1,22 1,18 0,76
subtracted 1,43 1,42 1,44 1,42 1,48
transpose 0,85 0,83 0,82 0,86 0,84
3 | covariance 133,20 66,09 33,77 24.47 21,51
eigenvalue 0,10 0,10 0,10 0,10 0,10
eigenfaces 69,03 22,48 17,13 12,98 10,50
weight 72,59 46,57 23,55 17,41 16,94
total 342,91 200,61 141,92 122,51 116,21
read data 59,75 59,64 60,44 59,93 60,24
mean image 1,74 1,21 1,45 1,45 0,80
subtracted 1,44 1,40 1,43 1,43 1,52
transpose 0,85 0,84 0,84 0,84 0,85
4 | covariance 134,13 65,96 34,48 23,65 22,85
eigenvalue 0,10 0,10 0,10 0,10 0,10
eigenfaces 71,65 22,46 16,29 12,24 10,50
weight 72,23 46,34 23,83 18,89 15,81
total 345,91 201,92 142,87 122,52 116,83
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Waktu eksekusi (detik)

Uji Fungsi . Paralel (jumlah thread
Serial 5 4 6 3

read data 60,30 59,12 60,02 60,13 60,87
mean image 1,71 1,17 1,52 1,20 0,79
subtracted 1,43 1,43 1,41 1,43 1,47
transpose 0,84 0,84 0,82 0,86 0,84

5 | covariance 133,43 65,89 33,65 24,23 21,60
eigenvalue 0,09 0,10 0,10 0,10 0,10
eigenfaces 69,41 32,29 13,04 11,92 10,91
weight 72,81 46,60 23,56 18,76 15,35
total 343,96 | 211,36 138,17 122,70 116,11
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