20154 28 MAS3| ==X A 52 A 2 =

Journal of The Institute of Electronics and Information Engineers

= 20156-52-2-12

Vol. 52, NO. 2, February 2015

http://dx.doi.org/10.5573/ieie.2015.52.2.097

SIMD 125 Zt= 22 A|Mo| A FFT dAt 71538}

( Acceleration of FFT on a SIMD Processor )

°] o] @ 4"

( Juyeong Lee, Yong—guen Hong, and Hyunseok Lee®)

ok
oF

e

o] =#2 SIMD T%Z zHe= Z2AAAM FFT 948 a8 ow xgss Wile thdk Aotk FFTE vxd A& 3
Lokl A g AMEEE WS duElEoR ol aHARl AHEe 4T il dolA wlg FLa3Ith Bruun €S
HHE K o] olR=REE Fa] FdE = FFT daglgoz, dd A85E Cooley-Tukey &zl Hld] HAg FAlo] ofd
A FAoR g 538 e AHS AL Qe SIMD ZEAA A FdsHs s WE dlolEe] AH He
7 Bsla At Hod ASFES AR RIS ¢ o2 = wHo] gtk A3 A waw do| 10242 FFT
TR AN Fs=E 9lolA Bruun €ag]Ee Cooley-Tukey €arz]Zol vlajA o 12919 o =& Ay

wolAwk, o 4 vj o 2 dolg) WwelE Bez Ak webd doje Wweldl e Aokl 2 P9} ohehd
SIMD ZZ A Aol Bruun o] FFT d4tell #gsheh.

Abstract

This paper discusses the implementation of Bruun’s FFT on a SIMD processor. FFT is an algorithm used in digital
signal processing area and its effective processing is important in the enhancement of signal processing performance.
Bruun's FFT algorithm is one of fast Fourier transform algorithms based on recursive factorization. Compared to popular
Cooley-Tukey algorithm, it is advantageous in computations because most of its operations are based on real number
multiplications instead of complex ones. However it shows more complicated data alignment patterns and requires a larger
memory for storing coefficient data in its implementation on a SIMD processor. According to our experiment result, in the
processing of the FFT with 1024 complex input data on a SIMD processor, The Bruun's algorithm shows approximately
1.2 times higher throughput but uses approximately 4 times more memory (20 Kbyte) than the Cooley-Tukey algorithm.
Therefore, in the case with loose constraints on silicon area, the Bruun's algorithm is proper for the processing of FFT on
a SIMD processor.
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Fig. 1. Signal flow graph of Cooley— Tukey FFT, N=16.
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Table 2. Instructions of the eXpenmental SIMD process that control its SIMD datapath.

Category

Instruction

Description

Vector shuffle

vshuf VR1 VRO

V.

shuffling: VRI1[i]

= VRO[suffle_meml[r15][i]]

vmult VR2 VRO VRI1

v. multiplication: VR2[i] = VRO[i] * VR1[i]

vcadd VRZ2 VRO VR1

v.conditional add: VR2[i] = con_meml(r14][i] ? (VRO]+VRI1[HD:(VRO[]-VRI1[1])

Vect vlsl VR1 VRO 10 v. logical shift left: VR1[i] = VRO[i] << 10
anithmetic vlsr VRL VRO 10 v. logical shift right: VRI[i] = VRO[] >> 10
vadd VRZ2 VRO VRI1 v. addition: VR2[i] = VRO[i] + VRI1[i]
vsub VR2 VRO VR1 v. subtraction: VR2[i] = VRO[i] - VRI1[i]
Vector vld VRO [rn, imm] v. load: VRO = vmem[rn + imm]
memory vstr VRO [rn, imm] v. store: vmem[rn + imm] = VRO
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algorithms.
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