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An in-place FFT algorithm for high data parallelism architecture
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Abstract: The on-chip memory in DSP is small, and applications for DSP are often data-intensive, which
requires that space complexity as well as time complexity must be considered when algorithms are
designed. So a in-place bit reverse algorithm was proposed. Then, to take advantage of memory bandwidth
offered by DSP, an effective in-place FFT algorithm with part bit reverse was designed and implemented on
BWDSP. Experiment result shows that, compared with the out-of-place FFT algorithm, its space
complexity is significantly reduced, while the loss of time efficiency for the proposed in-place FFT
algorithm is acceptable.
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Fig. 1 Illustration of whole bit reverse
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Fig. 2 Illustration of data block composition
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Procedure Inplace_BitReverse(Array.R) Array:Complex R:
unsigned int
//Array HEFHF SR NIZFE IR 8, Bl R=log, N, H:
o N R F SR
begin
N.,NN,step: unsigned int
N .= I<<<R
step : = 1
for(r ;= R; r>=2;r—=2)

NN .= N/step
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for(k := 0;k < N;k+=NN)
for(i : =0; i<step;it++)
ul = i+ step + k
u2z = NN/2 + i+ k
for(j := 03) << NN/23j += 2 * step)
templ : = Array[ull
temp2 : = Array[ u2]
Array[ul] := temp2
Array[u2] := templ
ul := ul + 2 * step
u2 .= u2 + 2 * step
od
od
od
step : = step * 2
od

end
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Fig.3 Illustration of part bit reverse(part = 2)
g DSP Ab B 4% /Y 32 2k 22 M ik 64 B8l 17 1) g
T30 BASERCF Ry 3967 3 %2 0 Oy log, B, Bl

PRAF MK Togy B A AN, Hb (1) JH Ay A3 BAO0] B 305 . Ak
T 1 B 0 DAL B BT B X 4
J B B S AL 3 B 1k
Bk 2.1 oy py e A5k
Procedure Inplace_PartBitReverse( Array, R, part) Array:Complex
R:unsigned int part:unsigned int
// Array J PSR T I B B R=log: N, H
o N R FF RN
//part K £ AL /MR E DA S 5T LK
begin
N, NN, innerN, Step, partR: unsigned int
blockl.oop, partSize: unsigned int
N .= I<<R
partsize ; = N>_>part
innerN := 1<{<{(R—2 % part)
for(partloop : = 0; partloop << (1<C<Tpart) ; partloop +
+)
step : = 1
partR : = R—2 % part
for(r ;=partR ; r>=2;r—=2)
NN := innerN/step
for(k := 0;k << innerN;k+=NN)
for(i :=0; i<<step;i++)
ul = i+ step + k
u2z2 = NN/2 + i+ k
for(j := 03] << NN/2;j += 2 * step)
for(blockLLoop : = 0;blockLoop <<(1<<part) ;
blockLoop—++) ;
templ = Array [ ul % (1 << part) +
blockLoop+ partLoop * partSize ]
temp2 = Array[u2 * (1 << part) +
blockLoop+ partLoop * partSize ]
Array [ ul * (1<C<Tpart) + blockLoop +
partLoop * partSize] = temp?2
Array [ u2 * (1 <C<Tpart) + blockLoop +
partLoop * partSize ] = templ
od
ul := ul + 2 * step
u2 .= u2 + 2 * step
od
od
od
step : = step * 2
od
od

end
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Fig. 4 Order status for input data after part bit reverse
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Procedure FFT(Array,R) Array:Complex R:unsigned int
// Array RFFF TP, R %7 51 B8k, Bl R=log: N,
oo N AR R/
begin
r: unsigned int
/5y
Inplace_PartBitReverse( Array,R,2)
if(R&1.:=0)
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fi
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i DY B
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fi
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end
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