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1 __global__ void
2 culsp_kernel (float *d_t , float *d_X , float *d_P ,
3 float df , int N_t)
4 {
5

6 __shared__ float s_t [BLOCK_SIZE ];
7 __shared__ float s_X [BLOCK_SIZE ];
8

9 // Calculate the frequency
10

11 float f = (blockIdx.x*BLOCK_SIZE + threadIdx.x+1)*df;
12

13 // Calculate the various sums
14

15 float XC = 0.f;
16 float XS = 0.f;
17 float CC = 0.f;
18 float CS = 0.f;
19

20 float XC_chunk = 0.f;
21 float XS_chunk = 0.f;
22 float CC_chunk = 0.f;
23 float CS_chunk = 0.f;
24

25 int j;
26

27 for(j = 0; j < N_t; j += BLOCK_SIZE ) {
28

29 // Load the chunk into shared memory
30

31 __syncthreads ();
32

33 s_t [threadIdx.x] = d_t [j+threadIdx.x];
34 s_X [threadIdx.x] = d_X [j+threadIdx.x];
35

36 __syncthreads ();
37

38 // Update the sums
39

40 #pragma unroll
41 for (int k = 0; k < BLOCK_SIZE ; k++) {
42

43 float ft = f*s_t [k];
44 ft -= (int) ft;
45

46 float c;
47 float s;
48

49 __sincosf(TWOPI*ft , &s, &c);
50

51 XC_chunk += s_X[k]*c;
52 XS_chunk += s_X[k]*s;
53 CC_chunk += c*c;
54 CS_chunk += c*s;
55

56 }
57

58 XC += XC_chunk;
59 XS += XS_chunk;
60 CC += CC_chunk;
61 CS += CS_chunk;
62

63 XC_chunk = 0.f;
64 XS_chunk = 0.f;
65 CC_chunk = 0.f;
66 CS_chunk = 0.f;
67

68 }
69

70 float SS = (float) N_t - CC;
71

72 // Calculate the tau terms
73

74 float ct;
75 float st;
76

77 __sincosf (0.5f*atan2(2. f*CS , CC -SS), &st , &ct);
78

79 // Calculate P
80

81 d_P[ blockIdx.x* BLOCK_SIZE +threadIdx.x] =
82 0.5f*(( ct*XC + st*XS)*( ct*XC + st*XS)/
83 (ct*ct*CC + 2*ct*st*CS + st*st*SS) +
84 (ct*XS - st*XC)*( ct*XS - st*XC)/
85 (ct*ct*SS - 2*ct*st*CS + st*st*CC));
86

87 // Finish
88

89 }
90

Fig. 1.— Abridged source for the culsp computation kernel.

Accessing shared memory is typically as fast as access-
ing a register; however, global memory is two orders of
magnitude slower.

CUDA programs are written in the C language with ex-
tensions that allow computational kernels to be defined
and launched, and the differing types of memory be allo-
cated and accessed. A typical program will transfer input
data from CPU memory to GPU memory; launch one or
more kernels to process these data; and then copy the
results back from GPU to CPU. Programs are compiled
using the nvcc tool from the CUDA software develop-
ment kit (SDK).

A CUDA kernel has access to the standard C mathe-
matical functions. In some cases, two versions are avail-
able (‘library’ and ‘intrinsic’), offering different trade-offs
between precision and speed (see Appendix C of NVIDIA
2010). For the cos() and sin() functions, the library ver-
sions are accurate to within 2 units of least precision, but
are very slow because the range-reduction algorithm —
required to bring arguments into the (−π/4, π/4) inter-
val — spills temporary variables to global memory. The
intrinsic versions do not suffer this performance penalty,
but become inaccurate as their arguments depart from
the (−π, π) interval. As discussed below, this inaccu-
racy can be ameliorated through a very simple range-
reduction procedure.

4.3. Code Design

The culsp code is a straightforward CUDA imple-
mentation of the L-S periodogram in its refactored form
(equations 5–7). A uniform frequency grid is assumed,

fi = i∆f (i = 1, . . . , Nf ), (8)

where the frequency spacing and number of frequencies
are determined from

∆f =
Fover

tNt − t1
(9)

and

Nf =
Fhigh

2Fover
Nt, (10)

respectively. The user-specified parameters Fover and
Fhigh control the oversampling and extent of the peri-
odogram; Fover = 1 gives the characteristic sampling es-
tablished by the length of the time series, while Fhigh = 1
gives a maximum frequency equal to the effective Nyquist
frequency fNy = Nt/[2(tNt − t1)].

The input time series is read from disk and pre-
processed to have zero mean and unit variance, before
being copied to GPU global memory. Then, the compu-
tational kernel is launched for Nf threads arranged into
blocks of size Nb

3. Once all calculations are completed,
the periodogram is copied back to CPU memory, and
from there written to disk.

The sums in equation (7) involve the entire time se-
ries. To avoid a potential memory-access bottleneck, and
to improve accuracy, culsp partitions these sums into
chunks equal in size to the thread block size Nb. The
time-series data required to evaluate the sums for a given
chunk are copied from (slow) global memory into (fast)
shared memory, with each thread in a block transferring
a single (tj , Xj) pair. Then, all threads in the block enjoy
fast access to these data when evaluating their respective
per-chunk sums.

3 Set to 256 throughout the present work; tests indicate that
larger or smaller values give a slightly reduced performance.


