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Automatic Parallelization of Small Point FFT
on Multicore Processor

Yuuki Furuvyamal Hirokl Mikamr! Kei KIMURA!  HIRONORI KASAHARA!

Abstract: Fast Fourier Transorm (FFT) is one of the most frequently used algorihtms in many applications
including digital signal processing and image processing to compute Descrite Fourier Transform (DFT).
Although small size FFT programs must be used in baseband signal processing such as LTE and so on,
it’s difficult to use special hardwares like DSPs for computing such a small problem because of their rela-
tively large data transfer and control overhead. This paper proposes an automatic parallelization method to
generate parallelized programs with low overhead for small size FFTs suited for shared memory multicore
processor by applying cache optimization to avoide false sharing between cores. The proposed method has
been implemented in OSCAR automatic parallelizing compiler, parallelized small point FFT programs from
32 points to 256 points and evaluated them on RP2 multicore processor having 8 SH-4A cores. It achieved
1.97 times speedup on 2 SH-4A cores and 3.9 times speedup on 4 SH-4A cores in a 256 points FFT program.
In addition to the FFT programs, the proposed approach is applied to Fast Hadamard Transform (FHT)
which has similar computation to the FFT. The results are 1.91 times speedup on 2 SH-4A cores and 3.32
times speedup on 4 SH-4A cores. It shows effectiveness of the proposed method and easiness of applying the
method to many kinds of programs.
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/¥ 0000 1 %/
for (i = 0; i < 1; i++)
for (j = 0; j < 32; j++)
butterfly(alj+0],alj+32],a[j+64],alj+961);

/* 0000 2 %/
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butterfly(al[i*8+j+0],ali*8+j+8],a[i*8+j+16],a[i*8+j+24]);

/* 0000 3 %/
for (i = 0; i < 16; i++)
for (j = 0; j < 2; j++)
butterfly(al[i*2+j+0],a[i*2+j+2],a[i*2+j+4] ,a[i*2+j+6]);
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void fft(Int16* fftin_i, Int16x fftin_q) {
/x OO 4 FFT */
for(i=0;i<num_rx4;i++){
for(j=0;j<num_rot;j++){
for (k=0;k<num_btf ;k++){

butterfly(fftin_ilal, fftin_i[b], fftin_il[c], fftin_il[d]);

}
}
num_rot<<=2;
num_btf>>=2;

}

/* 00O 2 FFT */
for(i=0;i<num_rx2;i++){
for(j=0;j<num_btf;j++){
butterfly(fftin_ifal, fftin_i[bl);
¥
¥
}
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/* 00 4FFT 0000 1 */
for (j = 0; j < 32; j++) {
/» 000000000 =/
xOre=fftin_i[a]+b2re;

x0im=fftin_q[al+b2im;
butterfly(xOre, xOim, ...);

/+ 00000000 =/
NEWAOOOO1[k_NO76 % 8 + k_NO76 / 8 * 32]=(Int16) (bOre>>1);
NEWA00002[k_NO76 % 8 + k_NO76 / 8 * 32]=(Int16) (b0im>>1);
¥
/+* OO0 4FFT 0000 2 */
for (j = 0; j < 4; j++) {
for (k = 0; k < 8; k++) {
/+ 000000000 =/
x0re=NEWAOOO001[8 * j_NO77 + k_NO78]+b2re;
x0im=NEWA00002[8 * j_NO77 + k_NO78]+b2im;

butterfly(xOre, xOim, ...);
/* 00000000 =/

ps2_fftin_il[index_al=(Int16) (bOre>>1);
ps2_fftin_qlindex_al=(Int16) (b0im>>1);
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void fht(Int16* CQI_MtrFHT, Int32 u4_num_stg) {
/* OO 4 FHT */
for (i = 0; i < num_rx4; i++) {
for (j = 0; j < num_rot; j++) {
for (k = 0; k < num_btf; k++) {
index_a = a+k+(num_btf+(btf_stp2>>1))*j;
index_b = b+k+(num_btf+(btf_stp2>>1))*j;
index_c = c+k+(num_btf+(btf_stp2>>1))*j;
index_d = d+k+(num_btf+(btf_stp2>>1))*j;
x0 = CQI_MtrFHT[index_a] + CQI_MtrFHT[index_c];
x2 = CQI_MtrFHT[index_a] - CQI_MtrFHT[index_c];
x1 CQI_MtrFHT [index_b] + CQI_MtrFHT[index_d];
x3 = CQI_MtrFHT[index_b] - CQI_MtrFHT[index_d];
CQI_MtrFHT[index_a]l = (Int16) (x0 + x1);
CQI_MtrFHT [index_b] (Int16) (x0 - x1);
CQI_MtrFHT [index_c] (Int16) (x2 + x3);
CQI_MtrFHT [index_d] (Int16) (x2 - x3);
}
}
}
/+* 00O 2 FHT */
for (i = 0; i < num_rx2; i++) {
for (j = 0; j < num_btf; j++) {
x0 = CQI_MtrFHT[a + 2 * j] + CQI_MtrFHT[b + 2 * jl;
x1 = CQI_MtrFHT[a + 2 * j] - CQI_MtrFHT[b + 2 * jI;
CQI_MtrFHT[a + 2 * j] (Int16)x0;
CQI_MtrFHT[b + 2 * j] = (Int16)x1;
}
}

}
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