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Computational complexity analysis on mixed-radix FFT
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Abstract: Through the research method of theoretical derivation, quantitative analysis and design of
experiment, the relationship among the computational complexity of the mixed-radix Fast Fourier
Transform(FFT) algorithm in which /Vis not the integer power of 2, different combinations and composite
sequences of NV's decomposition factors are analyzed. The experimental result indicates, under certain
conditions, for the mixed-radix FFT of the same FFT point /V, the computational complexity of the mixed-
radix FFT algorithm relates to the size of the total K of N/'s decomposition factors, but has nothing to do
with composite sequences of N’s decomposition factors. An idea is proposed to establish a matching
library of the combinations of /'s decomposition factors for mixed-radix FFT, acting as a reference table
for obtaining minimal computational complexity when using mixed-radix FFT. It can also provide reference
for the related research and engineering personnel in the practical applications.

Keywords: mixed-radix Fast Fourier Transform(FFT); spectrum spread; decomposition factor;

computational complexity

PR 8 B 78 4 (Fast Fourier Transform, FFT)NH R G/ WML, KR8 72098, 456 m sl Al
PFRESE B (5 5 A SERT AL B . S FRT Bk IR — B ot B A L& X

Flegirseaikrh, KEEN 2 BEQRRR FFT 2 HACHE HATHE T B AR ESEPRig TRERI T, Bl L)
R AR 2 BB BN E N E 2 BB ORI SE2FFTP R 5 i, LIRS B, (E7E K N AR5
WD R, NS S R ARSI, O e 1, Bl T DU IR A3 FFT SRl 2 80K
TR

1RG4 FFT 5568 A ghad b A A B i A8 s 55, a] LUK KOs FFT 78 TR ] B iy ad F Pk o SRR &
FFT ™ N(FFT B9 s 850 0 B 253 il I 0 [ 206 7 A0 Bk aa 8 (R 2% I () &2 2% ) R A 2 iy, 1Tl LA 7
—ER K FR . RIS 7RG EE FFT ks B /NS N M H AR H G T AU ERHG WP ER, B
Je i A SRS M ARG AIE, B n R T S AR A S FRT d5e/Nig 55 2 19 43 il R 7 DG B 224 Ry (IR 5 3% FFT B
Iy T A RS R A .

i BHEE: 2015-11-05; fEEIHEH: 2015-12-03



926 KMZMESEFEEFR 514 %

1 BEEFFTHHER

LR A 56 FFT 7EALBEAE 2 B B00CRE A8 FRT THRL AR 3, I — 4150 0 BLBIR E AT 43 Mt . 647 FFT
BREMES R A R
f(t) =sin(l+ 2w x50xt)+3sin(1.5+ 2w x100xt) +10sin(2.5+ 2 x150xt) +100sin(1.5+ 2w x 200 x t)

T F T Python i 5Py Spyder Bl 22T H M F & . 30
AR B IE P, BENE M 464 HESERAERNE, FARKER
W, 1 R AR FHANEAE 0T SO SUBC B 512 A AT 3
2-FFT 45 B M58 (&1, il 2 W& R N=464=2x8x29(N K =X 53 i
K 1 5 —Fh 20 6 7 X 26 WP )R IR A 5 FFT 459 2 94003 151 .

HAEAN A S 2-FFT SR A 2L FET 4 ARSI, T 5]

A

50 100 150 200 250 300
LABL, REHE FFT B35 458+ 0 Baf, mabZFrEE 2-FFT it i f/sz .
S ok T R AR o -~ 161 Fig.1 Radix-2 FFT spectrum diagram of zeroizing
FBRBEBOE W BT AR, SO BEAHE YT RCY . B, B 1 ANERIL 2-FFT Sk &

W— LTS IR G2 FFT A F B S, ML H 27 N
i 5 YO0 T A R 45 AR R 0O B3R &5 3 FET BT g i 5 vk s
AEIRIE, JUHORR AN BIR G2 FFT ks B0 .

A

2 RBRAEEFFTE X

PE L, REFFIKE N REARTCTUAMRAT), sifee 0 0 10T E0 s
RE T, ORI w0y 1 5 0 it A8 4t (Discrete Fourier Fig.2 (2x8x29) mixed-radi}\gT Spe;truj;n diagram
i S S g N Vi At Kl 2 (2 x 8 x 29)IRA5 3k FFT #iiii% K]
Transform, DFT)MIF A & 22 % T W IR EHR 5 ww-1) IR E B2 (2x 8 x29)ik i Pl

O 238 B ] 2
N =rn B, A L=2, WRAREHAACHER /NG TAERE, HIRG K FFT M H &
1) EZER 04 r 5 DFT: nr? R BORTE A nn (r —1) R E B0 ;
2) 7 N AFEsE T, N R E Bk ;
3) HEEZCR LA S DFT: e’ IE BORIEM o (n - 1) RE BN .
MEEEANG+I+D)REEFE S NG+ -2) REFMEZ M, B E®RIFE LT HERH, 4
N = roni-1i B, SR TR & 0300 i 0 19 2 B30 v R 80w

N[(Zr,)+L—l] (1)
BT B 52 B Bk R
NI 1)~ L] @)

IBAH FFT Fikia B m UL L& Z /.

P AT AR B DR 4548 76 Z 0 — SR S PEM /N2 i N R 5, 76 FFT s 80 N RN 0 I 80 L —
LT, IRAH FFT BB RN S5ASMMET 8 K fRNEX, mS5HEFRHAEGRF L,
N=9 990 I, HEHT AT LR 665x2x%3),(2x1665%x3),(111 x9x10)%, Hir, (1665x2x3)H(2x1665x%3)
s B RAME, W EIIRa @A R K BEEN 1670, (111 x 9 x 10)H 7 K 1 E A K=130, it il
(1665x2x3)HAMIREGHE FFT BEEREEETA11x9x10), HHd, (1665x2x3)HE5(111x9x10)4HE
1952 B L B 1 672N:132N, (1 665 x 2 x 3)ZHA 5 (111 x 9 x 10)4H A 19 2 BOmE AL Ll 1 667N:127N,

3 RBREEFFTEZXZCZESEXZMIWRIE

RAH FFT B R CHES e, B384 Visual Studio 2013, i547F A M. Intel(R)Core(TM)2 Duo
CPU, E# 2.94 GHz, W7 2.00 GB K#fE &S 32 i win7. HT Windows ¥e/E R %GB TIRLRIERS, £
1155 o B e 4y T AE DR UG AE 78 % 3 A7 B ) D00 3 B 7 7 — 28 R B[R] 25 0 O 7 49 380 0T 47 1Y) S 30 4 B R s,
11 2 UG A o Hok 1 N(E R IR A 2 FFT #4705K .



55 6 1] BEME. BEHE FFT EXIZEENH 927

TR BORE L E SOk E AR, A SRR, RN FEA K K. L B/NRRHET, 1T
TR A BT B RS S T R AR N[(Zr)+L 1]0\E§&iﬁ/£‘*%;%N[(Zr.)+L R E Bk
Mo TLMRE — R EEOREIEH S R EBNEETNzE# t 2R, B4 /aA% FFT Bk Sy #isisa i
A N[(in)+L—1]to

i=0

1 R 2R RN D 3 SLBORT 4 SZ B N TR L=3) I BL R, X 3 AR TR N RS RS A
AT o3 i 7 45 BEATIR B 2 FFT 5 i 5 e Xt e . b, Bg s R IE =1 IR 3] iR & %

FET SRR IS s NIE )+ L1 SR HCC R RIS BEIEOCT AL N B 1A 4060 B 1 2

B, 55 M0 mETHE Y E/NBE S0 F T 4A BT R A as 8 2 8] B X A
FUNAER 3 M8, AFRSHHAT FIRA 2 FFT fE 58X b

Tablel Mixed-radix FFT computation contrast when N is 3

point factor combinations theoretical computation theoretical multiple actual time/ms actual multiple
11x9x8 30xN1 1 1.439 965 563 1
66x2x6 76xN1 2.533 33333 3.923 220 020 2.724 5235
N1=792 2x6x66 76xN1 2.533 33333 3.871 004 560 2.688 2619
132x2x3 139xN1 4.633 33333 6.624 359 690 4.600 359 8
2x3x132 139xN1 4.633 33333 7.091 997 720 49251162
11x8x10 31xN2 1 1.466 275 433 1
88x2x5 97xN2 3.129 032 26 4.396 886 860 2.998 6773
N2=880 2x5x88 97xN2 3.129 032 26 4.669 397 220 3.184 5294
110x2x4 118xN2 3.806 451 61 5.681 014 810 3.874 4527
2x4x110 118xN2 3.806 451 61 5.752 801 60 3.923 4113
11x15%6 34xN3 1 1.606 993 825 1
55%6x3 66xN3 1.941 176 47 3.380 612 340 2.103 687 2
N3=990 3x6x55 66xN3 1.941 176 47 3.189 229 180 1.984 593 3
165%2x3 172xN3 5.058 823 53 8.496 754 070 5.2873595
2x3%165 172xN3 5.058 823 53 8.258 531 050 5.139 118 1
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Table2 Mixed-radix FFT computation contrast when N is 4

point factor combinations theoretical computation theoretical multiple actual time/ms actual multiple
133x7%8 150xN1 1 8.372 966 573 1
133x2x28 165xN1 1.1 9.323 48533 1.113 52234
N1=7 448 28x2x133 165xN1 1.1 10.009 353 1.195 436 88
532x7%2 543xN1 3.62 30.736 813 4 3.670 958 57
Tx2x532 543xN1 3.62 31.704 513 7 3.786 532 94
267x10%3 282xN2 1 15.622 691 3 1
267x2x15 286xN2 1.014 184 4 15.620 715 8 0.999 873 55
N2=8 010 2x15%x267 286xN2 1.014 184 4 16.097 148 1 1.030 369 72
1 335%x2x3 1 342xN2 4.758 865 25 75.531344 18 4.834 720 39
2x3x1 335 1 342xN2 4.758 865 25 73.512 881 53 4.705 519 69
111x10%x9 132xN3 1 7.167 652 229 1
555x2%9 568xN3 4.303 030 3 30.727 908 31 4.287 025 56
N3=9 990 2x9x555 568xN3 4.303 0303 31.183 83393 4.3506 343 4
1 665%x2x3 1 672xN3 12.666 666 7 89.135 350 57 12.435780 6
2x3x1 665 1 672xN3 12.666 666 7 90.753 164 94 12.661 491 1
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