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Introduction

® The goal is to compare the GPU and CPU
¢ For which matrix size, CPU or GPU
e A parallel and iterative algorithm are needed.

® Jacobi’s algorithm for Eigen Decomposition is suitable
for comparing GPU and CPU

e Eigen Decomposition is generally used for graphic
rendering, game programming etc.

e It has a high time complexity O(N”3)



acobi’s Tterative Algorit '* e

A=JTAJ

wvoid ClassicalJdJacobki (double prA[][SIZE], double pVI]II[SIZE]) {
int index = 0O;
double eps = T * Calculatefibsolute (paA)

while (CalculateCff(pin) > eps) {

for

Cint-p = 0 P <STZE =37 p¥FE) F

for (int g = p + 1; g < SIZE:; g++) {1
double c = =1
douable S. = "—=317

double J[SIZE] [SIZE]:;
double JI[SIZE]I[SIZE]:
double JTI_ A[SIZE] [SIZE]:;
double JI_A J[SIZE] [SIZE]:
double V_J[SIZE] [SIZE]:>

SyvmmetricSchurDecomposition(paA, p, 49, &c, &s):
FormMatrixJd(J, p, d9, <, =S):
CalculateTranspose (J, JX)

MatrixMultiply (JT, p&A, JI_A):

MatrixMultiply (JT_A, J, JI_&A J):
CopyvMatrix(JI_A J, pA):

MactrixMultiply(pV, J, V_J)°

CopvMatrix(V_J, pV):

index++;




aIcuIate Absoe and Off

acobi’s Iterative Algorithm —

double CalculateOff (const double matrix([] [SIZE]) {

double offvValue = 0.0;

double total = 0;
for (int i = 0; i < SIZE; i++) {
0; 3 < SIZE; j++) {
J) {

for (int j
AL {1 b=

)
total += matrix[i][3] * matrix[i]l[3J]:

}
offValue = sqgrt(total):

return offvVvaliue;

double Calculatelibsolute (const double matrix[] [SIZE]) {

double offvVvalue = 0.0;
double total = 0

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

total += matrix{il][3ji] * matrix{[i]([i]:

}
offValue = sgrt(total):

return offvValue;
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Decomposition

void SymmetricSchurDecomposition (const double matrix|[] [SIZE],
const int p, const int g, double *c,
double *s3) {

if (matrix[pllgl == 0) {
o = 1'-
g = 0:

} else {
twoMultiply = 2.0 * matrix([p] [gql:’
diff = matrix[qgl[g] - matrix[pl [pl:
r = (double) ((double) diff / (double) twoMultiply):

if (r > 0.0) {
i oF MKl oSH LBEX ofbe S3¥s BT
tSubk = sgrt(xrz2):
tSub = r + tSubk:
t = 1.0 / tSub:;

} else {
T2 ='W pl$-A7
tSub = sgrt(r2):
tSub = tSub - r;
t = -1.0 / tSub:;

}

t2 =t * t + 1;

tSR = sgrt(t2):;

*c =1 / tSR;

*3 = (*c) * t;
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Jacobi’s Parallel Algorithm
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Fig. 1. Chess toumament ordering

® Idea is pairs can play in parallel because they do not
disturb each other.

® Therefore, Symmetric Shur Decomposition and Matrix
Multiplication can be performed in parallel
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acobi’s Parallel Algorithm

whlle (CalculateOff (pA) > eps) {
double *pgs = ParallelSymShur (paA, pairs):
for (int j=0; J<SIZE/2; j++){
1f (pairMatrix[0][j] < pairMatrix([1][j]) {
p = pairMatrix([0][j]):
; g = pairMatrix[1]1[3]:
} else {
p = pairMatrix[1][3]:
g = pairMatrix[0][j]:

FormMatrixJ(J, p, 49, pgsii * 2], pgs[i * 2 + 1]):
CalculateTranspose (J, JI):
ParallelMatrixMultiplication(JT, pA, JI_A):
ParallelMatrixMultiplication(JT A, J, JI_A J):
CopyMatrix (JT_A J, pA):
ParallelMatrixMultiplication(pV, J, V_J):
CopyMatrix(V_J, pV):

3
free (pgs)

NextPeriod(pairs, pairMatrix)




Jecomposition
__glokal  wvoid SymShur (double *ph,

int id = threadlIdx.x * 2;

if (pairs{id] > pairsfid + 1]) {
: p = pairsfid + 1]1:

g g = pairs[idl:

}else. {

: p = pairs{id]l:

: g = pairsfid + 1]

}

int dataIndexPP = p * SIZE + p:
int dataIndexQQ = g * SIZE + g’
int datalIndexPQ = p *¥ SIZE + g’

double r» = 0.0;

double twoMultiply = 0.0;
double diff = 0.0;

double t = 0.0;
double r2 = 0.0
double t2 = 0.0
double tSub = 0
double tSR =
double c = 0.
double s = 0.

int *pairs,

double *results)



if (pAldatalIndexPQ] == 0) {

c = 1.0;
: S = 0.02
¥ else {
5 twoMultiply = 2.0 * pAl[dataIndexPQ]:
diff = pAfdataIndexQQ] — pAldataIndexPP]:
r = (doubkle) ((doukle) diff / (double) twoMultiply)

AL A >="0.0) A

r2 = r'¥® %+ 1.0
tSub = sgrt(x2):
tSub = r + tSub:
t = 1.0 / tSub:

} else {

: r2 = xr ¥ r» + 1.0;
tSub = sgrt({xr2):
tSub = tSub - x;
t = —1.0 / ESub:;

3

t2 = t ¥ t + 1.0;

tSR = sgrt(t2):

c = 1.0 / tSR:
: 8 =Tco R TR
¥
results[id] = c:2

results[id + 1] = s
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Thank you.
Questions?



