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Abstract

GPU computing is emerging in high performance application area since it can easily exploit
massive parallelism in a way of cost-effective computing. The power method which finds the eigen
vector of a given matrix is widely used in various applications such as PageRank for calculating
importance of web pages. In this research we made the power method efficiently parallelized on
GPU and also suggested how it can be improved to enhance its performance. The power method
mainly consists of matrix-vector product and it can be easily parallelized However, it should
decide the convergence of the eigen vector and need scaling of the vector subsequently. Such
operations incur several calls to GPU kemels and data movement between host and GPU
memories. We improved the performance of the power method by means of reduced calls to GPU
kernels, optimized thread allocation and enhanced decision operation for the convergence.

» Keyword : power method, GPU computing, GPGPU(General Purpose Computing on
GPU), parallel computing, CUDA(Compute Unified Device Architecture)
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T2l 1. NVIDIA GPU 7=
Fig. 1. Architecture of NVIDIA GPU
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PowerMethod(A, A, X)
Input: matrix A
Output: A and vector x (eigenvalue and eigenvector)
1 x<[10 10, .., 10"
2 for k < 1, 2, ..., MAX_ITERS do
3 y < Ax;
4 A < MaxElem(y);
5 y<yIN
6 if ( | MaxElem(y - x) | < 1)
7 return success;
8 X <y,
9 return failure;

12! 2. Power method 2 02IE
Fig. 2. Power Method Algorithm
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vy = Ax Fejo] FP-wEle] FAL power methodolA
7P A 98-S sk AR Agdelthad 2 darElselA
3 B, B3] B AFdAME 3|4 E(sparse matrix)

S ALE3EIH, ol5 98k Hlojy EHle® CRS(Compressed
Row Storage)7} ©l-&%tH14, 151 23 3& (RS &
HZ 34 PES 1A o5 HoF)

0/0]319]|0

olslololo val =13, 9,5 2 8 1, 7}

0l 0l 210 0] colidx=12231, 340 1}
0101008 row_ptr = {0, 2, 3, 4, 5, 7}
117/0]0]0

<A PE> <CRS>

T2l 3 34 80| CRS I
Fig. 3. CRS Format of a Sparse Matrix

CRS FdAM= 3719 wige] ARg-Eth o052 0°] of
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i = bx * blockDim.x + tx;
if (i < matsize) {
ysub = 0.0;
for (k = row_ptr[i]; k < row_ptr[i + 1]; k++)
ysub = ysub + vallk] * x[col_idx[k]];
yli] = ysub;
}
T2l 4. Si FRHE] F
Fig. 4. Sparse Matrix-Vector Product
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2nd Kernel Call

1st Kernel Call
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© OOO 000 O =thread
1 D memory

2! 5, Shared MemoryS 01&8t reduction 738 2F
Fig. 5. Reduction Using Shared Memory
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AXPYE aX +Y Felas 222he] wE duo
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o} 18 6& GPUYNAY AXPY 4t FE HES HoZFr)

i = bx * blockDim.x + tx;
if (i < vectsize) {
z[i] = alpha * x[i] + y[i];
}
T2l 6. AXPY
Fig. 6. AXPY
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3 SpMV_GPU(y, A, x); Iy <—nx
4 MaxElem_GPU(L, y); Il L <MaxElem(y )
5 CopyFromGPU(A, L ); IN L
6 DAXPY_GPU(y, 1/\ y, 0.0); Iy < 1/A\*y +0.0
7 DAXPY_GPU(z, -1.0, x, y); Iz (-1.0)*x +y
8 MaxElem_GPU(e, z); Il e <~MaxElem(z )
9 CopyFromGPU(err, e ); Iler e
10 if ( lerl<T)
1" CopyFromGPU(x, x ); II'x x
12 retum success; /I with \ and x
13 X <y,

2! 7. Power method2| 2K Hi2ds}
Fig. 7. Fully Parallelization of Power Method
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a7 79 SVV.GPU), MaxBlem GPU), DAXPY_GPU()
& GPUSIA o n 438 AIRRS P5A1717) 31
gk o5 A ZES] UHolx glgoR Qs 9s Zu
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ARRL Step20e B4 4 FHRRA]) Step3()
679 ZZ sFdEet a3 7914 MaxElem GPUO= At
A WY Ad 22 A etk ole N48A dE3d
AAY 2= BE ele 718t HA @7] wiizolth
SteplO2 9714 A HA A $E274A] 7 238hH, U
A& Step2()9lA F=3) gtk
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2 for k < 1,2, .., MAX_ITERS do
3 Stepi(y, A, x, mlist);
4 Step2( 1 , mlist);

5 CopyFromGPU(A, L ); /.
6 m = 1/\
7 Step3(m, x, y, T, b);
8 CopyFromGPU(b, b ); II'b b
9 if (b)
10 CopyFromGPU(x, x ); Il x X
11 return success; Il with A and x

12 X<y,

T2l 8. Power method Z[X{s}
Fig. 8. Optimized Power Method
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MaxElem_GPU: 1st Kernel Call
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MaxElem_GPU: 2nd Kernel Call Step2
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Fig. 9. Optimized Step1()
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2! 10. Reduction %5}
Fig. 10. Optimized Reduction
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HatA| okthke oujelrt. o]9h B2 WL reductions
gt Ad 5] HEAHR] 3ES AATOEN, ©A] ok
o =22 AHE =8 siET:

Step3(m, size, x, y, tolerance, B)

i = (bx * blockDim.x + tx);
if (i < size) {
res = y[i] * (m);

yli] = res;
if (fabs(res - x[i]) > tolerance)
B =1;
}

2! 1. Stepd() EXs}
Fig. 11. Optimized Step3)
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Fig. 12. Comparison of Performance
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Fig. 13. Performance According to Non—zeros
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Fig. 14. Elapsed Time for Each Component
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