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Abstract FFT (Fast Fourier Transform) is a common fast algorithm of discrete Fourier transform
or its inverse transform. It is one of the most important basic core algorithms in the field of high-
performance computing. It is widely used in science, engineering and mathematics. Real number
FFT algorithm, whose input or output is real number, including R2C(Real-to-Complex) and C2R
(Complex-to-Real) and other transformation types. R2C’s input is real number and output is
complex number. C2R’s input is complex number and output is real number. Compared with the
complex FFT algorithm, the real FFT algorithm plays an irreplaceable role in graphics, image
processing, data compression and other fields. Therefore, the implementation and optimization of

the real FFT is significant. The traditional real number FFT implementation is aimed at the even
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number of input scale, which generally converts real number into complex number, and then the
complex number FFT operation is performed, and finally the final result is split. However, there
are few efficient implementations of real FFT with an odd input scale, which is usually converted
to an even scale by padding 0, and then the real FFT is calculated. For this problem, this paper
proposes a real number FFT efficient algorithm (DRFFT), which can effectively avoid the short-
comings of traditional real number FFT, and adopts butterfly network optimization, butterfly
calculation optimization, memory access optimization, SIMD optimization and data transposition.
The performance of real FFT algorithm is greatly improved, and a high-performance algorithm
library for real FFT is finally constructed. And the algorithm library has achieved good performance.
The experimental results show that the DRFFT R2C transform implemented in this paper has an
average performance improvement of 37. 6% compared with the FETW library in single-precision
floating-point number processing, and an average improvement of 4. 6 % in double-precision floating-
point number processing. Compared with the ARMPL library performance, the single-precision
floating-point number processing has an average improvement of 67. 6% and the double-precision
floating-point number processing has an average improvement of 28. 1% . Compared with the FFTW
library, the DRFFT C2R transform has an average improvement of 58. 6% and 10.8% in single
and double-precision floating-point number processing, and an average improvement of 121. 8%
and 85. 2% compared with the ARMPL library. The main contributions of this paper are as follows:
(1) Based on the complex FFT algorithm, this paper proposes a new real FFT implementation
algorithm (DRFFT) and utilizes the symmetry, periodicity and reducibility of the twiddle factor
to optimize the calculation of the butterfly computing kernel. This paper carries out the optimization
to significantly improve the running efficiency of the real FFT algorithm. (2) This paper designs
a real-number FFT algorithm optimization system for the ARMvS8 architecture. This optimization
improves the performance of the real-number FFT algorithm on the ARMvS8 platform. Besides,
this optimization provides a certain reference for the implementation and deployment of other
algorithms in the ARM ecosystem. (3) This paper implements a high-performance real number
FFT algorithm library, and which has better performance compared with the famous open source
library FEFTW and ARM’s commercial library ARMPL.
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H4-C2R - H4-C2C F:4-C2R_IT H3-C2R £:3-C2R_IT #2-C2R

B2 BUELR 24 ) C2R BEIE M 4 A

il R2C BEIE ) 2 5] [7] 24, 3X L Stockham 25401
LT — 2 X3 X4 =R M 454544 (stage-section-
butterfly) .

D “Stage”. & —
R = W 4.

@ “Section”. B T & R2C HEIE M 2% 1Y) 3 4k
IEE — M AL & 1A section, FE A7 4 PN IRETE .
143 4-C2R METE .2 N3t 4-C2C T L & 1 43
4-C2R_TI M 58 — 2R MR X 248 22602 4 /> section:

ST or B R B — 2. K] 2

1 A4 3-C2R BB FH 5 T 1 A A 4R Y 3L 3-C2R_IT
TR AL 1 4> section. 55 = G TE X 45 Hh (1) B —
section LAY & 1 5L 2-C2R BEFE 4k 12 TR,

@ “Butterfly”. C2R [ £ ) C2R 7% F1 C2R_
11 i FE [ KE 2 43 1) A R2C W) 2% o i) R2C Wt 2 Al
R2C_TI B IE S A 16 000 58 4 AH . 3 4-C2C 3P
M5 R2C k&5 (g A ).

C2R MIE W 2% v, WP 1 g A 20 K RN i 2P K
5 R2C BETE W 4% 11 W8 AH B X 57, C2R (5 25 K
Shy it AR DAY 9 I 2% iR T 55 (N/RD L g A
KN I TR — G T SR FH 3 (4 (8 A e, B Je — S
ALK R 1L 2 dis — P 1 AP K b5

TRV g 4% TR FH B 3 R TR (3 X 2) T B e —
KW AL KN 1.

2 METE W25 v L 5 — G 4% VB 2 TS
=R L R RS section B —PMIEIE 5 R2C 8P
iy N UAH R, PR SR B C2R TR 45 g 55 52 11
Bl AL (R AE S5 — 90 2% 2SI 2% v B S
section [ JF — M IE AL 5 R2C_IT 8 ¥ 1% Bl HH
B K A B A7 e LB 0 FR M B R B RBUR A
g 1R R L DR 2R ] C2R_IT M TR R 47 S2 3R 1
C2R BETE M 2% b iy C2C WETE 11 5 B, 54> C2C
}&E*%ﬁ%wa(;H)~ﬂN—n¢mﬁ
B KEA T I (D~ (5 1) 4% I R AW
é&ﬂ%$iﬁﬁﬁﬁ&tﬂn~4—fQWﬁm
R AT R B, 54 M B A0 58 — e W 2% 1, 2 —
AHE4-C2C BB AL R A C.Cr Cs Fl Cry s fH
Ci; ~Coy J'JFﬂiliEXa EJ EE C, ~C,, E@i%ﬁ@%ﬁ%‘:{ﬂ? ’
53 4 5 Cos A Coo SEFS AR 55 FE R AH J 19 Coo A1
Cs AT MEFBELU e 2y Cos B C.

4.2 WERMEILMSMHUL

(1) BETE ) 45 11 52 30

Bk 1451 T DRFFT A 1 stage- section-butterfly
SR 45 1 S BT iR AR 1 R R 5
1 AT4MNZ 1 for E 3 2R 45 1 8L stage_num, 2f
547 for fEH RN BIE M 48 () B4 section_num, £
7 47 for 1§ ¥ F/m WEIE 1 B L butterfly_num. & —
REIE T BB 2 A SR LR (N/R) B — 3k
section flf—2 stage #R /D FH —MIRIE. 76 F
W 2 [ rh A Sk BB S section B S — AN ERE
R2C #)E 5 C2R BRIE , [ LA SCHE g S g v, 25 7
17 for EFF s B C2C MO 7258 5 AT AEE 7
T section B I FN C2C BT 50 14 425 11 22 ] 52 R
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R2C 5 C2R 8EJE . 25 10 47 M2 11 47 %02 & $ho AT
R2C_IT 8P 5 C2R_IT SEIE 3 17 4] I A 52 B 92
P15 kernel YSCEL, A SO RS 5 W THE R

3% 1. DRFFT bk,

B Fin[ 15 AR5 s radic[ ] 8T8 31 550 9 25 5
twiddlel | : e T 5 stage_num : WETE P 28 9 %0 5
section_num ; W TP AR He g

i i« Fowt[ ] iy 1 ¢ 31

1. FOR m=<1 TO stage_num DO

2 R=radix[ m]

3 butter fly_num=butter fly_num * R

4 section_num= section_num/R

5. FOR j <0 TO section_num DO

6 R2C_kernel(Fout, Fin,twiddle,0)

7 FOR k<=0 TO butter fly_num DO

8 C2C_kernel(Fout s Fin,twiddle,
butter fly_num,0)

9. END FOR

10. IF butter fly_num= =1 DO

11. R2C_II_kernel(Fout,Fin,twiddle,0)
12. END FOR

13. END FOR

(2) BB M 25 Ak

SECFET B8 W 28 w4k £ 258 =4 J5 i -

@ S — P MG — Rk, BT R2C 8OE
R2C_IT #E7E L C2R ST At C2R_IT W] A i A B i LA
S PR AR AERR R L mT o/ g A i DL S AR
AT A8 W e e DXL R 3T 1) 15 0 AL O o Sk TR 4 L
AT LA BB A% U8 /0 T % IR F R AR B 5 1.

@ Wl D Vi AE B . Z A ALK R A P N 25 v 3k
B S R ) TS R A Y HEAT T A B X RE AN A
REAZ I B i, I L BB S AR U A7 TS

Vi BEAR S 5 IR BE I e 45 A B M 45, FFT
W TE S A P Rl PRAT U « 98 B AL S AR B 5. o
— M7 XIS 2« T — REIE 1 557 %
3| b — IR T 58 A RE T 4R 5. Y AR
FEH KB Y W G TS 45 R F — JUE 115
I AR R R A 2. B A A S 3 3
L1 cache miss. K 1 AW /> L1 cache miss, & B
FHBEUR A SCR TR BE AR 56 TN 58 BE AL e 256 W 7 i
TE 22 98 0E I 46 v i T 2 SR FH TR 32 A0 56 1) SR A7 I
¥ A SR 98 B AR e BT IS

5 DRFFT R 50

5.1 R2C @ # it & kernel
O, — A 3EHCh R 19 R2C #0B 1

5 kernel BYJERE N TR FE AT LR R A SF 0D, 5
SO AT L Y3 HL R Ry 23 Bomt . R R — 1. 75 1
o R.WeRE A HEFE N R'/2 45,

WhoWh WL e Wi Wi
Wi Wy Wi e WP WY
W?e W?e W}% Wk ' Wi ’
. . . . . . (1)
2 R —2 2—R LK
Wy Weo Wi ° Wk Wr?
® , , ®

SRR S BORE T ) 3k R R SO i 5 R R
SIS R SRR e, DR 0kl A 2 (1 1) AR B e i R R
B SR A I A A AR B SR (12, Horh - fRR
SR AR R B
X0)o=x200)+x(1)+-+2(R—1),

X(0).i=0,
XDor=xz(O)+x(DWgr+-+2(R—DW'.r,
X(Di=x(DWg.it-+x(R—DWg'i,

e
)

X( ).r=x<o>+x<1>W;§’f2_r+...+
2(R—DWR"? r,
X(%)":f(DWE-iJr"-ﬂ(Rfl)WR"’"’2.1' (12)

1 A8 LD A i e R 5 A I T DU R — 47 1Y

W o™ AT S AR 5 K AT I 0 % B BRI B AT LS
SRR PR R 5 0 4 R (12) HEAT HE— 2 Ak T
PSR AL %50 (130 BD R SE 4 R O 45 OnT . 45
ENORANEIATTE 2w

X(0).r=a(0)+ > [xGn) +x(R—m) ],
m=1

X(O).Z:()9

R—1

R—1
2

X<n>.i=2[x(nn—x<R—m>]W};“.zﬁ,ne[1,1%]
(13)

2 R B EN e P T AR B b e R — AT Y e
BER T 9 WRE Gn g lie e I TR 81D, HLqE R 1
s — 1 AT VR S X(R/2) (5 aT L3k 20
A7 Ak L 8 B R A SRk [ I v ) ) 9 T e TR
Tl W (n g el T4 BE AT Al de o 1 3
H— 1 AR SOR B EOE X Go 38, ohal 4y

() B PR MBI T 4 1. R O R2C

m=1



5 B

T ARMvVS Ak #1455 B9S2 80 FET sS85 PR RE AL BT 5 1011

WL kernel W] RIAEfA] A AE 20 (14).

R

X (0). r—x(O)-f—x( )+Z [xGn)+x(R—m)],
X(0).i=0,
X)) r=x(0)+(—D"x (%) +

R
31

R,
371

X(n).i:z [x(m) —x(R—m) WY i, n€E [L%-lj ,

m=1

X(%).r:r(0)+(—1)§1(5

2)*

R
,_771

2 (—D"[x(m)+x(R—m) ],

m=1

X(%).izo (14)

5.2 R2C_II B it & kernel

Hy 4 X (10D A 20 3 Bk A RS o BT A 1Y
R2C_IT B2 1158 kernel g% AR [ Al LA 3R h 46
K15, HHERX QO M, YL R A& H Ry
R, &N R—1. ek R FH M4 (R'+1) /2 17

~YH70 1 2 R—2 R—1 -
0 3 6 R—6 R—3
o Wog 2R Wik Wik

Wie Wi Wi Wit W
Wi e
Wi WS
(15)
Hetk X5 R2C B 115 kernel {1k )5 X
HA TR W LS50 R 350 43 FF 153 5308 3K ) 7R
16D, 50 B i PR - % B P ) 403 ] 24
SR ALT
X0 r=2(0) +ax(DHWigr+-+2(R—DW5 ' r,
X(0).i=2(DWigit -+ 2x(R—DW5, ',
X(D)o=2(0)+2(DWigr+-+2(R—1DW * 7,
X(D.i=x(DWig.it 4+ x(R—DWi * i,

0 R"—2 2(R"—2)
W2R 2R WZR
0 R” 2R"
LWor Wik Wik

R'—1
2

X( ) =20 F o (DWE e
2(R—1DWE X o,
R"—1
2

X( )-izx(l)Wﬁé.ivL---+1(R—1)W§;R”,i
(16)
Fh DR o W L W S5 A e A

S5 o T JCE 2 PR R A 1 b D X — 26

PR 5 2 (16) [i] R2C 889 315 kernel —#f i 17
B BB R R — AT RN T Wik Gm g
Ji& e IR 7 2E MR 41D L LA 1 B — 1, PR AR SOKE B fs
—AT ML RS A AR R R2C T BRE i 55
kernel B]fLfR] M EE R (17).

X(n).or= T(O)—FE[JI(M)*JL(R*M)]W(Z O

X, 1_2 [x(m)+2(R—m) Wi " 4,

m=1

n& [O ,I%} ,
R—1

X(BGH) =2 +2 (=1 Lt —2(R=m) .
m=1

X(I%).i:o an

TE A8 R R2ZC_TT BEIP A Jie 5% D9 1 20 1 o B
5 51 f e e B o WU =W (n Ry e
PR RE A7)« 5 H A 5 1 e 5% 1 A B 3 B 2 A
A HHAE D L o & i o 1 sl — 1. it ()
(1 Hp ] 23 45 ] AT A AL e 2 B RO 9 R2C T
W5 kernel Al fL ] 450 (18).

R 1

X(n). r—1(0)+2 [xCm) —2(R—m) W&

X(n)i=(—1)"x (5

2) "

R1
2[1(m)+1(R m) Wt 716[0,%*1]

m=1
(18)
5.3 C2R @ #it & kernel

o DET A AL, X (k) Y38 2 3% 25 X (19).
FE B WO ok AR d b, C2R FET i 5 R2C FFT
55 BUAR R o 244 A2 B0 8 K 3 4y 5 R 2 S 4 5
BOR A5 M A BB TR O A5 SR O S s B e
C2R #JE 11 . kernel 9 52 Bl F1 R2C #IE it &
SR AT 1
X =z2(OWir+2(DWi+x () Wi+ +
2(R—=2DWyi+2(R—1D Wy,
XD =z(OWi+z(DOWk+z(2DOWi+ -+
2(R—2DWi +2(R—DW',
X2 =2(OWi+2(DWi+2(2)Wi+--+
2(R—2DWi' +2(R—DWg*,

kernel

X(R)=z(OWir+2(DWi+a(2) Wi+ -+
2(R=2DW +2(R—DWg' (19
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X O .

X(O):x(O).rthx(R *l

2

).r+2f<1>.r+

//

21‘(2).r+"'+21(%>.r»

//

X<1>=1:<o>.r—zx(R 2“

>.r+21‘(1).rW}e.r*

/7 R
21‘(1).iW}<.i+-"+21?(Rf>.rW,§ T

2
/ R
21(%).{,W§ i

R'+1
2

X(Z):I(O).rthx( ).rﬁLZ‘r(l).erg.r*

/!

21(1)'2.W§€'i+m+21'(%>.VW§,,;'—

21(%).1‘W£".i,

//

7 1 ).r+
20 (D oWy ' r—22(1)iWE it

R/’ R”(R;U R” ) R”(R?fn.
21‘(7).;’WR ‘ .r—21'<7).zWR toa
20)
By F C2R FFT 3 R2C FET {3 A5 6 . A 5

AFEBI 00 LT A Hkls ARUBOH9  ( ) #9 18
A0 H (D 2(R—1),x(2) 5 x(R—2)%
WO T o () RAHEREFREE. B3 5 50
SR T 2 B AP 1 59 3 PR
Bt o () IR AP 9 B BUE R (9 T

HEAE (200 #7 R A EE , 25 20 (20) 82 4 A
i 2 (R/2) 5 x(0) —FEASAF7E I % Fr b, HL X
o7 B T 2 R T W' (o S et IR TR MR AT B 1
B LA THETS—, A A Rt MRCA LY
HEBR AHFHA . t=0,R'=R;BHN t=1,R"=
R—1.

X QOB XGOF X(R—n)H, 1 F Wil
Wi " S PR A A 3 — 7 1k AT X 45 5 X Gm)
H X (R—m) H A S350 R0 R 38 [l e A 73150, R e Ay
B C2R B 1155 kernel 7] DL ] B AE 20 (2D).

HEOE C2R BB I kernel v, il F g% [+

FERER S 41 17 e BT Wi Gn e 7

FERER S HAE N 18— 1, (A b A SOk H ol fh
T 19 B e 4% 7 e vk L B B 1 C2R BB i &
kernel &b fif B SE 2 (22).

X(R—1)=1'(O).r—11~<R

R—1

2
X(0)=x(0)r+ > [22Gn) ],

m=1
R—1

2
X(n):I(O).r+2[I(7n).r* 2WR ] —
m=1
R-1
2
2 [x(m).ix2Wy".i],
m=1
R‘;l
X(R—n):.r(O).rJFZ [x(m).r* 2Wy" r]+
m=1

R—1

z
Z [x(m).ix2Wyg".i],
m=1

ne [1,%}, R—n¢& [RTH,R—I} 21)
4522 IF .
R

51
X0 =x(0).r+>) [21‘(7n).r]+1’(§>.r,
m=1

R
-1

1

2 [x(m).a»2WR' ]+ (—1D"x (
m=1

NS

NI~V

Jor

R—1
2

X(%) :x<o>.r+; (=D [220m).r )+

(*1)§1<§>.r»

R
?71

X(R—m)=x(0).r+ > [awlm).rx 2Wi' ]+
m=1

X
,”Z:l LaGm).i» 2Wy' i ]+ (—D"x (%).r,
nc [L%—l} » R—ne [%JFLR_I}(ZZ)

5.4 C2R_II #£F3t E kernel

TEAR B AL C2R FFT & gk, [Al £
FEAERE R2C_TT T8 A 306 1 155 0, L e 5% IR -7 o] A
TR BN (23).

0 0 0 0 0 5
FWZR WZR WZR W2R WZR
W) w3 W Woe Wiy
2R 2R 2R 2R 2R
2 6 10 —6 —2
Wik W Wk Wi Wi
(23)
R—2 R—6 R—10 6—R 2—R
Wik Wik Wik Wor™ Wig
R—1 R—3 R—5 3—R 1—R
LWk Wik Wik’ Wo™ Wil

HELHE LR L PR, C2R_TT Mt 342 45 X v
PR 2 (24).



5 1 B A

X(0)=x(OWix+a(DWig+-+2(R—1D Wi,
X(D=x2(OWix+a(DWig+-++2(R—DW,g ,
X(2)=2(OWi+x(DHWig+ -+ 2(R— W,

X(R—D=x(0OWi '+ x(DHWi 4 2 (R— D Wi ®

(24)

[ FE C2R_IT [ 38 TV s A A7 76 A1 5 6 50 %

B, ()5 2(R—1),2(1) 5 x(R—2)% 1K

ILHE KR L Al C2R_IT 815 P A2 7E Wk

5 Wi " B R X FRAE B B AT % C2R_IT 8%
B kernel AT ILTH].

XA O CoR_IT 8B i A ¥ 415 R2C_IT

SO o — 4 (S5 ) e L

XoF 7 B JE 2 R T Wi oA 1 B — 1 PRt o ) i 1
T BBk E AT T AR . de AT BOE C2R_TT 8 11 58
kernel ]k fa] BLEE R (25).

R 3
X(O):I(R )r—l—E[Zl(m) rls
Xto==Dr (R )t

R—3

2
E [xCm) . 2Wen " ]+

m=0
R 3

2[1(,’7) i % ZW(O n+1n i,

X(R—n)=(—DF "I(R*l).r—

2

=
w

2

E [xCm) . 2Wen' " ]+
m=0

=
w

7
E[I(m) ix W i,

116[1,%} R—ne[RTH R—@ (25)

T2 C2RTT IR e 1 T e+ 1

1T e T R W A S R TR 1
%—1 A U AT PR AR Ak B A A3, C2R_TT
WEIE 115 kernel n] fb &7 i 5520 (26).

R,

2
X =>[2x0m).r] .

L
X =D [xlm)r» Wi "]+

m=0

R_
71

E [x(m).i* ALY

m=0

t 1)71.1.] ,

JEF ARMVS b B389 5250 FET 523 151 A6 1K AL B 5t 1013
K
X(5) =2 (=1 L2 tm.i]
2 m=0 ' '
k
X(R—m)=— > [alm).rx 2Wi" " ]+
E[l(ﬂl) ix 2WeRt T a4,
R
n€[1,7—1:|, R—ne[?ﬂ,R—q (26)

C2C B4 kernel 5281 Ji B 3L A A [7] . 40
SCHUN S AR A B A TAED.
5.5 BERKERZEDH

P T I & 43 7T 40 . R2C, C2R, R2C_II, C2R_II I
o C2C 8% 1155 kernel #fE 5 28 #2 AT A1, FFT 155 o
SHGTRE MR B 5SRO B R LA R K
(25, 72 1 JB% T DREFT & 575 JLF I8 5 1y
izH . R2C B3 kernel 16 J5 &7 505E A8
K R2C B8 355 09 3 i B 43 i o (R—1)°/2
WH(R—2)%/2 YR I IR 4 9 o (RF —1) /2
WHI(R*—R-+2)/2 k. R2C_II #4158 kernel b
fi# IS 25 L AL B L R2C T M 3 24 1 o 12 1k
BB (R—1)%/2 AR —2R)* /2 I i Ik
BB (R —1)/2 IAN(R* —4) /2 Y. 1 C2R M
B C2R_IT 888 S5, AN EF 2 9 2 1
o A SR T e IR 1) 8 BB 4B LA 2 A% i T X it A7 1R
£E KRR S A 500 /0 T B3 i I A7 50EE R 2
Feiy C2R BETE 15 09 e i AL 43 1 o (R —1)7 /2
WA (R—2)%/2 W, Ik 43 9 (RP+1) /2 Ik Al

—R+6)/2 W. A HEEAEEOL ) C2R_IT B ¥
AR B IRECH (R—1)%/2 IR F(R* —2R) /2 K.,
T4 3o (RP 1) /2 WA R /2 YR i A 503 A
ALY C2C BB A1) 3fe B Ik $ 43 3 2 (R— 1)°
YR CR— 20 Y JInl s R 80433 24 2R* — 3R+3 Ik
Fl 2R —7R+10 IX.

K1 SREWEHROTHEERE

B KA ik W EK gk v
R2C(#H) (R—1)%/2 (R*—1)/2
R2C(f#) (R—2)%/2 (R*—R+2)/2
R2C_II(#) (R—1)?%/2 (R*—1D/2
R2C_II({#) (R?—2R)/2 (R*—41)/2
C2R(Z) (R—1)?%/2 (R*+1D/2
C2RU#) (R—2)%/2 (R*—R+6)/2
C2R_II(#F) (R—1)?%/2 (R*+1)/2
C2R_ITC{#) (R*—2R)/2 R?/2
C2C(#H) (R—1D? 2R?—3R+3
C2C(f#) (R—2)? 2R? —T7R+10
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AL
=B

iz B 5 T AR AL SR T RN B A SR i id 2
Sy i R2CLC2RVR2C_IT Az C2R_IT BEHE
TFRARI N 29 — A%, B, SR X U 2R R 3 B
FET sEB . fE % R IR B 32 71 1 5 v fig.

6 SEEFFTCH&MLL
6.1 SIMD [m=1k
SIMD(Single Instruction Multiple Data) 347,
R BAfE 4 Z 804 . BB % G 1 — 2598 4 [a) I 4k B 2
Bt g 3 AE TR AR BT AE AR T AR R OL T .
YRR R INE T 200 2548 2 A RESE B T SIMD o)
AL . — 248 A BB U8 [ B 58 AR DU 2 KA T
ARMvS Z2 1 3R I Neon 4 AR 3§ SIMD [ i 4k
P4 32 4> 128 bit BT i B AT > 7T ] i A0 L 4
A BRORS JBE F A5RCR B0H 5 TR SR T SIMD 4k Bie R
RE % ] B b B DU AN ME TR 31 S A AHR T b B
AE. TESSHL FET 533k S sl b, A SO g — 2 b AH 4
F18 ) 288 Y 8 JE 1E A7 106 BF e TT  BOKG BE 1153 b R TT 4
YR 2 0 XURG BETH3 b R TT 2 UK K MR e I i AH
[7i) 228 e AR R[] 37 007 7 e 10 AH L o7 . 2
PEPR UG 4 YR B 2 YOI, ) B4 (W) i A 3 4
5 2 MRIE kernel 715 BRI Z 4h. 72 C2C BIL 1
WIRFF 1 REE A SR B C2C ETE [a] — 43 7 Y 52350
AR PR TS R T 0 38 S A 2 — By PR A S
I R AR SORE SR A R Y C2C BEIE 5238 AR 3
TR [) — 25 A7 v LA 46 4 250

i1 K2

o[- I
o) -l
B
-

a| + [b| =
as |+ [by| =

I AR SIMD A & Ak 1
& 3 SIMD Ja] & &

ARM Neon 1 #2 Bt 1 2 A [/ R B/ 45 & A
SCHESR Al F I 2 £ 4 38 AR A nk B R 10 4 2 58
TR 8 ol A A T T A [T I R 4 B
. 4

(1) i A fmla/fmls 35 218 % fmul fl fadd/fsub
Pt 2.

() fdi [ 1d1/st1 8% 1dr/str.

6.2 HEMNL

B I R o A SO A B0 A7 15 O R

Il L B RO [R] ) 332 /5 48 41 L R % 18 35 42 T 1 A7 AL

Hdm1 B2

HRANE 1 R2C BIE M 45 . B — RP 2 Y s
KIS UL R d5 Ja — 2% T 1 i o e e i 1
& 2 1) C2R B W 46 b 5 — JOE 22 18] 79 it
T AR5 — i) i A\ B 2 3 S 0 X T R —
AT AL B BCR R 1L REAS — Uk 13 Oy A B
e — A A i, 80 R st] RE S — AT i
PO AN B TE 1 — At A3 BRI 2 Ah IR 1 SRR 9 2%
Hh B — G 2 1) R i L A R A SROE N 0
o> AT AR R SR . HAOE Z [ E— A BOE 5
oS T — O o g S LA 2 8P
W 45 H I — SRR i A ROH B9 A Bl O o
e BEIE R AT st2.1d2 SE P57 45 4 RE 8 i ACAS B
] T8 19 [A] B A1 BB 52 B v RO DT A7

4 JETR T AR SCRE R B — G 4% Dy k-3 R2C
TR 14 A R AT AR B L, SR 3 4% LdT 4
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Background

Fast Fourier Transform (FFT) is an implementation method
of Discrete Fourier Transform (DFT) of its inverse transform. It
was selected by IEEE Journal of Scientific and Engineering as one
of the top ten algorithms of the 20th century. The real FFT is a
type of fast Fourier transform whose input or output sequence is
a real number. It is widely used in the fields of science, engineer-
ing and mathematics, especially in image processing and data
compression.

Currently, on the ARM platform. the most widely used
FFT libraries are mainly the FFTW library and the ARMPL li-
brary. The FETW algorithm library was released in March 1997
by Frigo and Johnson of the Massachusetts Institute of Technol-
ogy. After more than 20 years of update and maintenance, the
latest version is FFTW 3.3.9. As a well-known FFT open
source library, FFTW has the characteristics of high per-
formance, good portability, one-dimensional and multi-di-
mensional conversion, and can well support Discrete Fourier
Transform (DFT) of any scale and various data types. The
ARMPL(ARM Performance Libraries) commercial library is a
high-performance commercial library launched by ARM for the
ARMVS8 platform to improve ARM’ s software ecology and

meet user’ high-performance computing needs. In the past,
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in the face of real FFT, the traditional approach was to con-
vert it to complex FFT for calculation, which was not the
most efficient approach.

This paper proposes a fast real FFT algorithm for odd
input scales and a calculation mode for real FFT odd radix,
which minimizes the complexity of the algorithm. At the same
time, a real FFT algorithm optimization technology system
for ARMvS architecture is designed. It not only improves the
performance of the real FFT algorithm on the ARMVS
platform, but also has a certain reference significance for the
implementation and deployment of other algorithms on the
ARM processor. This paper implements a high-performance
real FFT algorithm library. By comparing the performance of
the open source FFTW library and the ARM high-performance
commercial library CARMPL) . the algorithm library in this
paper has good performance advantages.
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