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Acceleration of Numerical Linear Computation by Using GPU and its Application to an Efficient
Implementation of Runge-Kutta Methods

FERF
Tomonori KOUYA*

Abstract: GPU (Graphics Processing Unit) is one of remarkable devices, which can extremely accelarate numerical
linear computation. In addition to numerical computaion, GPU has been providing its widely applications to various
area such as big data analysis day by day. The “CUDA” of NVIDIA Corporation is the most popular GPU environment
in the current world. In this paper, we firstly summarize the CUDA GPU'’s achitecture and functions. Secondly, we report
the results of benchmarking test for some existing numerical computation libraries accelarated by NVIDIA CUDA GPU,
and finally evaluate the performance of our implementation of ODE(Ordinary Differential Equations) solver based on
explicit and implicit Runge-Kutta formulas by using them. We used a high-priced Tesla C2070 in CUDA GPU family
throughout this paper, but added some comments of the results on a low-priced GT640.
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1:#include <stdio.h>

2:#include <cuda.h>

3:#include <cuda_device_runtime_api.h>
4:#include "bncuda.h"
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6:// AA v

7:int main()

8:{

9: DMatrix da, db, dx; // A MMUZE#

10: DMatrix dev_da, dev_db, dev_dx; //7 /°A A{HZEH

12:  // KA MUTITR, <7 FLEaEE
13: da = init_dmatrix(dim, dim);

14: db = init_dvector(dim);
15: dx = init_dvector(dim);
16:

17: // #Ey—uFEEt v b
18: get_dproblem(da, db, dans);

19:

20: /7 TR, <2 bET AL AR E

21: dev_da = _bncuda_init_set_dmatrix_rowmajor(da);
22: dev_db = _bncuda_init_set_dvector(db);

23: dev_dx = _bncuda_init_dvector(dim);

24:

25:  // LU 5rfig

26: ret = _bncuda_DLU(dev_da);

27:

28:  // AiiE& RN
29: ret = _bncuda_SolveDLS(dev_dx, dev_da, dev_db);

31: /7 Hcfilfig sk A Mz
32: _bncuda_get_dvector(dx, dev_dx);

34: // HEfIFET
35: print_dvector(dx);

370/ T AMEEONE

38: _bncuda_free_dmatrix(dev_da);
39: _bncuda_free_dvector(dev_db);
40: _bncuda_free_dvector(dev_dx);

42: /) RA MUEHOWEE
43: free_dmatrix(da);
44: free_dvector(db);
45: free_dvector(dx);

47: return 0;
48:}
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JlCEIETE S, 29: mat_element(j * mat_col_dim + k] -= mat_eleme
nt[j * mat_cel_dim + i] * mat_element[i * mat_col_dim +

1:// LU Srigech—For s (1 7o v 2) kl:

2:__global__ void _bnou DLU_pt(int *dev_ret, double *ma 38: }

t_element, int mat_row_dim, int mat_col_dim): 31: __syncthreads();

3 32: LA —F (ZZET)

4: int thread_index = threadldx.x + blockIdx.x *= block 133: }

Dim.x; 34:

5: int stride = blockDim.x * gridDim.x; 35: if(dev_ret != NULL)

6: int stride = blockDim.x; 36: *dev_ret = f;

7: __shared__ int i, j, k: 37:

§: __shared__ double dimp, dmaxii; 38: return;

s 39:}

18: for{i = 8; i < mat_row_dim; i++) 48:

1: { 41:// LU SR — 8 (S 0 e )

123 J L0 SRE—7F (Z i b)) 42:__global__ void _bncu DLU_pt2_in(int *dev_ret, double
13: dmaxii = fabs(mat_element[i * mat_row_dim + i]); *mat_element, int mat_row_dim, int mat_col_dim, int sta
14: if(dmaxii == 6.8) re_i)

15: { {85

161 if{dev_ret != NULL}

17: *dev_rer = =1; —_shared__ $EMHEA NS A BRILT o o F W TR
18: return; ERLy=aT—FARY [zl Z bicded. MEOSIRIZE
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24: __syncthreads():

25: _bncu DLU_pt2<<<7 00 » 78, ALl » FE:=(GI8U A 1)
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:#define MAX_NUM_THREADS 256

1
2:

3:// LU GfROR 2 B3

4:int _bncuda_DLU(DMatrix mat)

5:{

6 (B%)

7: num_threads = (row_dim <= MAX_NUM_THREADS) 7 row_di
m : MAX_NUM_THREADS;

8: num_blocks = (int)ceil((double)row_dim / MAX_NUM_T
HREADS) ;

9:

10: // 17 ov Z2{EHOEE

11: if(num_blocks == 1)

12: _bncu_DLU_pt<<<1, num_threads>>>(dev_ret, mat->el
ement, (int)(mat->row_dim), (int)(mat->col_dim))};

13: // #@ET o v 2 EROES

14: else

15: {

16: int i;

17: _bncuda_set_i(dev_ret, 8);

18:

19: for(i = 0; i < mat->row_dim; i++)

20: {

21 _bncu_DLU_pt2_in<<<num_blocks, num_threads>>>(d
ev_ret, mat->element, (int)(mat->row_dim), (int)(mat->co
1_dim), 1);

22: 1

23: }

24;

25: ret = _bncuda_get_i(dev_ret);

26:
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Bl ® i3 S
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Table 2: 7 % 6 (chbE) Runge-Kutta i (ERKT76) & 3 1% 6 %
i) Runge-Kuua i (IRK36) OFERETF & (7))

ERKT6 IRK 36
n CPU GPU CcPu | GPU
50 | 90x 107 | 0.0046 | 008 113
100 | 0.00026 | 00051 [ (.64 1.23
200 0.001 0.0062 | 496 23
5000 0.0062 0012 | 79.05 | 6499
1000 0.025 0.019 | 63337 | 1591
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Table 4: [319, [£) Runge-Kutta {EOMEREFEN (£2)(Tesla C2070
& GTe40)

ERK76-GPU IRK36-GPU
n Tesla | GT640 | Tesla | GT640
50 0.0046 | 0.0062 1.13 0.95
100 | 0.0051 | 0.0070 | 1.23 1.12
200 | 0.0062 | 0.012 2.30 235
500 0.012 0.021 6.99 9.48
1000 | 0.019 0.037 1591 | 4247
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