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Abstract  With the development of ARM architecture, especially the introduction of ARMvS8
architecture, ARM’s application fields are more and more extensive. Research on ARM architecture
has become a hotspot. Therefore, it is important to build a complete ARM software ecosystem.
It is of great research significance and practical value to study the implementation and optimization of
Fast Fourier Transform (FFT) algorithm in ARMvS platform. Its computing ability has been
greatly improved and application area has become more extensive. FFT is a fast algorithm for
calculating Discrete Fourier Transform (DFT) or its inverse operation. It is widely used in
engineering, science and mathematics. So far, there is a little implementation and optimization of
high-performance FFT algorithm based on ARM platform. We implement and optimize a high-
performance multi-dimensional FFT library on the ARMv8 platform which is PerfFFT. It is opti-
mized by FFT butterfly network optimization, butterfly optimization, butterfly auto-generation,

SIMD optimization, assembly optimization, memory alignment, cache-aware blocking algorithm,
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efficient matrix transposition and other optimization methods. These approaches greatly enhance
the FFT algorithm performance. The results of experiments show that PerfFFT achieves a 10%
to 591%, and 13% to 44% performance improvement compared to ARM high-performance
commercial library (ARM Performance Library). Our main contributions are as follows: First,
we propose a set of FFT algorithm implementation and optimization on ARMvS8 platform, which
not only improves the performance of FFT algorithm on ARMvS8 platform, but also has practical
Guiding significance for implementation of other algorithms on ARM platform. Second, we pro-
pose a set of FFT butterfly calculation code automatic generation scheme. A computational tem-
plate is formed by abstracting and extracting typical computational patterns of butterfly calculations
for different radix of the FFT. And on this basis, it can automatically generate high performance
code of different radix FFT butterfly calculation. By analyzing the FFT’s various radix butterfly
calculation methods, we abstract the core computational model into a computational template
library, thus realizing the automatic generation of FFT butterfly calculation. Specific steps are as
follows: (1) Building an atomic calculation template library. (2) Building a hybrid computing
template library. (3) The butterfly calculation of the radix-N is automa-tically generated. (4)
SIMD optimization: Based on the calculation template library obtained above, a mapping of the
calculation template to the SIMD optimized template library can be constructed. Specifically, a set
of parameterized code templates are used to obtain a SIMD instruction sequence that matches the ¢
code, and the high performance parameterized code template is combined to obtain a butterfly
computing kernel of different radix. Finally, we implement a high-performance multi-dimensional
FFT algorithm library: PerfFFT. Compared with FEFTW and ARM Performance Library, PerfFFT
is the highest performance multi-dimensional FFT library on ARMvS8 platform.

ARMv8; FFT algorithm; FFTW; ARMPL; SIMD optimization; Cache optimiza-

tion; matrix block
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48 C2R FFT 28 #e oy — 4k R2C FFT 28 #u 1y
WiAs e, 23k R2C FET 1155 0 808 . v L4 5
C2R FFT 72 4 3 [7] 4 # 4. Hoas 5 ok 8
Fe X i A BCHE 5 i — 4k C2C FFT 84, B3 X017
—4E C2R FFT e, i AN ny X (n, /2 + DA E
B AR S o X o, DL BRI 6
(D 7R,

(4) — 4t R2R(Real to Real) FFT 25

T4k R2R FFT 24, Jefiift B —4 R2R FET
A, A8 E—4E R2R FFT 484, i1 T — 4 R2R
A IE T RE S5y R2ZHC HC2R KR, R —
4k R2R HE3 J5 o VO AP A B0, 47 50 43 5] 8 R2ZHC
R2HC.R2HC HC2R.HC2R R2ZHC.HC2R HC2R.
Hogg AN my Xy S B B A g X, S SE 3K 12

=S i 2019 &
SRR 6 Ce) TR,
n, n, n,
rowFEFT columnFFT
n - _—
1 n, n
in buffer out
(a) ZHEFFTA MR
n, n, n,
rowe2c columnc2c
n - _—
1 n, n,
in buffer out
(b) Z4EC2C FFTA e fE
n, n,/2+1 n,/2+1
rowr2c columnc2c
n, I ’
n m
in buffer out
(¢) Z#R2C FFTA i A
n,/2+1 n,/2+1 n,
columnc2c rowc2r
n, > >
n, m
in buffer out
(d) Z4EC2R FFTZE 2
n, n, n,
rowrdr columnr2r
n - _—
1 n, n,
in buffer out
(e) Z4ER2R FFTAE i A&
Bl 6 4k FET 722 46 i 72 5]

4.3 =% FFT 3|
AR 0<<n, <N, —1,0<n,<<N,—1,0<n,<<
N, =1 EW =455 fLnon, ons T 28 8O B AR
e L

N, =1 N,—1 N,—1

Flkykosks 1=07 D3 D0 f Dy WS W W™,

ny =0mn,=0n;=0

0=k, <<N,—1, 0=k, <<N, —1, 0=k; <<N,—1 (14)
SYEFFT LA BT 48 FFT, B~
PA—4E FET fl 4k FFT Sy 5Ll #4752 B Y. T LA
AESE o N WA BB L C2C FET A8 4y i) H A 5
BLANIE 7 PR,
(D BEX Z AR/ XOKY 1y fh A7 — 48 FET

2 FE Z TF R X XY DMREN Z 188 )7 51
PEAT—4E FFT A2 .



1 BROBREE . BT ARMVS P51 Z4E FFT SC 85 b ik 5 2391

—— e 2D C2C
— 1DC2C

X X

Bl 7 =4 C2C FFT A i A2 A

5 FFT 7# ARMvS £ & FRyfLik

5.1 —% FFT W1k

B THE AT, 24k FRT 5 525 -2 98
— 4 FET 3H5. Ak, #2271 — 4 FET 893t Rk fext
T4 FET IR PR RER Ul 2 Q2L
5.1.1 OB MLtk

(1) L BR AL 1) SRTE ) 45

b ST A B Y I A IO 9 2% dn B e A
by N\ i X iy A\ B R AT A R A L X — U7 TH
By — W NAEAEBOT 8 5 — 5 T AR TR A 5
TERAEZE RS . O 1 S A 0 A [ Y R 4 G gk [
— A PERESRIE W 48 HE R L AR SO AP AS 20 K 42
&y fstride fl mstride , fstride ] LL$E 75 WETE ) 2% A
F— )2 (stage) 15 1Y section X H . 1M mstride M)
878 B — > section T 60 & AL R H L oE 1M1 5 — %
TE 0 2% 1) 25 48] 150 % 258 ) I Sel o JBCARE T e 4% 7 3] Mt
FF LA » I St RO I 285 dn &1 8 BT .

DITFFT

[0] \Z / / > X[0]
AN/ v
_1\XX/ > X[2]

> X[3]

—1

8 WU A S B FET 4 14

@ EBR AL 8 5 £ A, — 7 11 Wk > A7 U5 1] T
B 73— 77 i A3 0 P 25 AE 2R ) R A A

@ fstride ¥ a5 AT 45 6 A [\ 09 JE 78 B — 4
stage FL 1Y section $H L iZ 4 il #5403 T AL
7 AR o BB T A b R Y AL R I 2%, T 45—
W W 2% DL R i p Ak

@ mstride FI LG 7R B — > section B4 5 11
W ECH 5 #3547 SIMD $8 44k b 2 £ 76.

PRI U 38 2o P AR T 2 138 FET B8 M 48 1 = 9%
454 (stage-section-#8 T8 ) , BE % 48 — WE TP I 2% % A
R VI AEAT A 1T B — i 2 MRk T s

(2) 55— FFT & o4k

H & 2 FFT A5 455 15 ] 0, 7E 38R 47 — 4k FFT
THREE B — R T B e B o WL =18
FHAZ e i IR 7 ofe 1 38 S O R el AR ds B 4 AL
U, 56— FET i1 5 A5 B3 LUE % I 7 31X 2 5
— P E S HEHITFEAR M. 5T 10 FEAR
i) FFT se B b, 528 — 9% FFT A LT oK
FFT 35053 85 1, Sopk 0 47 31 58 AR k. 3 B AT 47
e =05 TR AL A BEAR T AR DT ) R L 5 —
Pt SN T B O % TR 5 L B AR T ST
B — T SR T X T B TR Y AR vk O A 5 B
J&i s FEHEAT SIMD £ 4k B BE % DX ) 3 1 4 B B 4 i)
HATRR AL 58 — PO R R E AR LN,
T ZH zip #5447 B0 E AL, W L GO AR R
F SIMD AT s ANTG EE T zip 464, B H X145
REFT store #EAERIA].

(3) /N AL

MHEAT FET A2 4 i 0B /N Cln iy A B S
3.5.7 Z) I, R TR E A R B FET 1184 )5 5
HEATIRSE T AR FET Sk i SGHEAT A
AL PRI T AR W] B R 2 ) 7 TR e
i DR I DT 08 /0 T 2 IR 1) 3 53 AR TR )
PERE.

WAk X HA P2 stage 9 FET i Ay 51 1
5 o IR T DL AT /N BRSSO A B A L L an A B R
9.25,49 SEHLBL. X RPN B AT LASR R 5 K EAT
faj Ak«

@ 5t F25—A stage, | FHEHRF FH AR
(1,00, AT DL A5 g 0] e e R B 4 s 4
WD DA ERAE AT AR5

@ B X T25 = A stage, i 1 258 X7 X B4 GE
SCH T AT B R T TG T R YA A O
5.1.2 WUBIHAME

TR 1) S BEPAT N W TR T 5 bR B AR SO X B
it E AL # AT S5O0k, Ak DL radix-5 2k



2392 it "

Hl

i 2019 4F

Y,
&

HEATULWY. P BE 4% 9 7 1 JR 38 1 W =W i
REFRE W = — WA S (D fi A
TIE:
X(0)=xay+ax; +a,+x; T4
X(D=x, W e, +Wi e, +W: 2, +W._ 'z,
XD =x0 +Wie +W, ', +Wle, +W; 22,
XD =ag+W: e, +Wla, +W. 'z, + Wiz,
XD =xo+W. "o +W e, + Wi, +Wla, (15)

NHEKWIE W o k=012, 765 Bk br
AR WEBRET o B PR, ot Ul e 1A H F Y
SR AN EL Ay R S SR RE TR R AR E A DT Y 3 R R
PE X 2 5) AT SR IO G I R 28 34k ) e 445 3
A 16) Frns e R L 2 5

X)) =z, +(x;,+x)+ (s +x3)
X()=zx,+A—B,

X(2)=x,+C+D,

X3)=zx,+C—D,

X4)=x,+A+B,

A= (1 +x )XW r+(x,+ax) XWiir,
B:[(xl*14)XWé.iﬁ—(xz*xg)XWg.i]X(*j)a
C="(x, +«T,1)><W§.r+(fg Fa ) XWir,
D=[(x;—x ) XW:ii—(x,—x;) XW'..i]X; (16)

2 (16) W] A1, radix-5 AYMETZ 3155 kernel
F A 2+ 2000 — 2 v2p T v — s H
YOt EARR IR A B.C. D, 5 J5 7] 1§ 3] kernel {1y
i H 5 R 3 L 5 47 A A X e [m]  fel HCA) R Ak
Ja & 2 2 SR T AR X T AL T R SB35
kernel, J /> 1 R & B ST IT 85 DL S A &
5.1.3  JETHONAYEIE A 34 il

FET X%+ K [a] iy 5 (40 radix-2,3.4,5,7,11,
13, ) HA AN [R] A SR TE o i 220 4 F 0P 0 47 45 0
S HNE E LA Z A G R R Z DA
[Fi] F 2 AR BEAR R R AT RE 98 4 T 32 B Rt
TEJS /> T AR 1 B0 T 5 52 3 &% Al RS A1
= FET 8B 155 A 3 A s e o #

TEX PGB0 A SCil AL o3 A FET 48 il B 1) 45
Tt 7 2o Hh B % 0 T AR U 4 o T AR
M B N SE 3L T FET B+ 50 B 2 4 . BAR
HIRINE

(1) Fy g Jgt 7o+ R %

TESOE A B S AR O b i e e FET 1)
FESC I /MEBRIE TSR S 2 B, 40 5. 1. 2 1 T id
SRJE XS FET 2 Fpdk i 808 i+ 55 5 il A7 e — F i

At e N FET 8O 5 i g 5 R0t 5
J¥ 3 B AR AR S it — 2P AU T R AR
JE. I 5 AN T T SR A 2L A L AT LA A
Fpf FET £ Fp I M8, X 5 A5 7 - A an &l 9
B,

-
PERF_ATOM_ODD_ADDSUB(CMPLE, SUM, ORI)
{

SUM.r=SUM.r-+SUM.r;
SUM.i=SUM.i+SUM.j;
CMPLE.r=SUM.r—ORLy;
CMPLE.i=SUM.i—ORLi;
}
L
f PERF_ATOM_ADDSUB(OUT1, OUT2, IN1, IN2)
{
OUTLlr=INLr+IN2.r;
OUTLi=INLi+IN2.i;
OUT2.r=INLr—IN2.r
OUT2.i=INLi—IN2.i;
}

= J
(" PERF_CPX_ADD_NEG_I(Z1, 72, A, B, S) h
{
B.r=B.r*S
Bi=B.i*S
Z1r=Ar+Bi
Z1i=A.i-Br,
Z2r=A.r—Bi;
72.i=A.i+Bx
N\ ) J
(" PERF_FORMER_ODD_WITH_F(OUT, INI, IN2, TWR, TWT1,
TMP, F, SUM)
{
SUM.r=F.r + TWR*INLr;
SUMLi=F.i +TWR*INLi
TMP.r=TWI*IN2.i;
TMP.i=TWI*IN2.r;
OUT.r=SUM.r—TMP.;
OUT.i=SUM.i+ TMP;

J

U

/PERF_F()RMER_()DD_TW( OUT, IN1, IN2, TWR, TWI, TMP1,

TMP2, SUM )

{
TMP1.r=TWR*INLr;
TMPLi=TWR*INL.i
TMP2.r=TWI*IN2.j;
TMP2.i=TWI*IN2.r;
OUT.r=0UT.r+TMP1l.r—TMP2.r;
OUT.i=0UT.i+TMPLi+TMP2.i;
SUM.r=SUM.r+TMPl.r;
SUM.i=SUM.i+TMPL.i;

AN

K9 a7 AR

(2) Mt IR & AR AR

DT T RN 2 O B ] » A g 5 — A el
AT R 21 2 P ) SRR SR A AR
RIS N RO TSR, Horh 2 A Y OB TR
BN TR 2 IR B A ER ML, T 2 (R
WA P R R N twiddles H AT AR 58 £9 X AR
SR ESB: e A AR BURE R T ESR R R WD <
e LIAH ] twiddles ELTT & B TC A 153 4 43 2
PUACSE 1 2 1 e W 3 A R A IR > T 3



11 # MR g, BT ARMvS F

B4 FFT st 5 it se

2393

twiddles Fr Z A1 33 I 55 . = ok G 1 &
T T AR

OFAE T SR ¥

EF X T4 AR 2 M FET 284, Hot 5
i radix-2,4,8,+,2"(M€E N ) IR A F M ). A
LA radix-2 radix-4 BT IR B AR U TR
Mo W53 ) 75 2 1A 2 A SRR IR AT A 2 B AT
JEF BB 4> 3 S PERF_ ATOM _ ADDSUB () I
PERF_CPX_ADD_NEG_I10), ¥ & Bk 4 4354
FeglantE 10 frs.

2%

R2_MIX_ATOM_TEMPLATEC...) /%2
{

}

R4_MIX_ATOM_TEMPLATE(...) //%4
{

P g

PERF_ATOM_ADDSUB(Fout[0], Fout[1], Fin[0], Fin[1]);

PERF_ATOM_ADDSUB(scratch[0], scratch[1], Fin[0], Fin[2]);

PERF_ATOM_ADDSUB(scratch[ 2], scratch[3], Fin[1], Fin[3]);

PERF_ATOM_ADDSUB(Fout[0], Fout[2], scratch[1], scratch[3]);

PERF_CPX_ADD_NEG_I(Fout[0], Fout[2], scratch[1], scratch[3],
TW4_11)

B 10 2 iR TSR AR

@4k 2 MR IP TR AR

FEXT T AB AR 2 B R FET /}E‘}ﬁéq,\fr
il radix-3,5,, LM(LEP.ME N HKIRE
M. B TAFTETCSS A B A SCLL radix-n E‘J%ﬂ%
TEE Ry B A BT T SRS DU R A o B R R
8 3 R F ISR . 450 K

PERF_FORMER_ODD_WITH_FQO) .
PERF_FORMER_ODD_TW QO f1
PERF_ATOM_ODD_ADDSUBOQ).

B = AR AR B K B R = [n/2]
WS4 B A radix-n (038 TS0 AR, 3T 5T
75 ) 41 A U

14~ PERF_FORMER_ODD_WITH_FQ) .

m—2 4 PERF_FORMER_ODD_TWO #l

14~ PERF_ATOM_ODD_ADDSUBOQ).

PLEE 7 FOBE 11 S TR S s A an &) 11.

(3) 3 N BIEIEH3 | 3h A4 %

BT 5 B WM R A N Y
W NP 12 .

O F X F 2 WA FET oK, B3 0H A
T 25 LR 43 1) radix-2/4 (8 TE I 26 7 4.

@ EXAE 2 B R ST EON radixon AR
WETE 15 7 4 H T R R S SRR 1 IR B
m=[n/2 1. ¥ A L0 BETE 1 AR kernels iz A

A2 1t
R7_MIX_ATOM_TEMPLATE(...)//3£7
{
PERF_FORMER_ODD_WITH_F(Fout[1], scratch[0],

scratch[1], TW7_1R_F, TW7_11, scratch[10], in_0, sum);
PERF_FORMER_ODD_TW (Fout[1], scratch[2],

scratch[3], TW7_2R_F, TW7_21, scratch[10], scratch[11], sum);
PERF_FORMER_ODD_TW (Fout[1], scratch[4],

scratch[5], TW7_3R_F, TW7_31, scratch[10],

PERF_ATOM_ODD_ADDSUB(Fout[6], sum, Fout[1]);

scratch[11], sum);

}

R11_MIX_ATOM_TEMPLATEC...)//%E11

{
PERF_FORMER_ODD_WITH_F(Fout[1], scratch[0],
scratch[1], TW11_IR_F, TW11_11, scratch[10], in_0, sum);

PERF_FORMER_ODD_TW (Fout[1], scratch[2],
scratch[3], TW11_2R_F, TW11_21, scratch[10], scratch[11], sum );
1,

PERF_FORMER_ODD_TW (Fout[1], scratch[4
scratch[5], TW11_3R_F, TW11_31, scratch[10], scratch[11], sum );

PERF_FORMER_ODD_TW (Fout[1], scratch[6],
scratch[7], TW11_4R_F, TW11_41, scratch[10], scratch[11], sum );

PERF_FORMER_ODD_TW (Fout[1], scratch[8],
scratch[9], TW11_5R_F, TW11_51, scratch[10], scratch[11], sum );

PERF_ATOM_ODD_ADDSUB(Fout[10], sum, Fout[1]);

11 HE 2 BT 31 3 R
Radix-7UEI 751

(FFT_R7_KERNEL(...) h

{

loading source data...

R7_MIX_ATOM_TEMPLATE(scratch_out[1], scratch_out[6],
scratch, TW_TABLE, in_0, sum);

R7_MIX_ATOM_TEMPLATE((scratch_out[2], scratch_out[5],
scratch, TW_TABLE, in_0, sum);

R7_MIX_ATOM_TEMPLATE(scratch_out[3], scratch_out[4],
scratch, TW_TABLE, in_0, sum);

storing output data...
\> J
Radix-111J% 53
("FFT_R11_KERNEL(...) R
{

loading source data...

R11_MIX_ATOM_TEMPLATE(scratch_out[1], scratch_out[10],
scratch, TW_TABLE, in_0, sum);

R11_MIX_ATOM_TEMPLATE (scratch_out[2], scratch_out[9],
scratch, TW_TABLE, in_0, sum);

R11_MIX_ATOM_TEMPLATE (scratch_out[3], scratch_out[8],
scratch, TW_TABLE, in_0, sum);

R11_MIX_ATOM_TEMPLATE (scratch_out[4], scratch_out[ 7],
scratch, TW_TABLE, in_0, sum);

R11_MIX_ATOM_TEMPLATE(scratch_out[5], scratch_out[6],
scratch, TW_TABLE, in_0, sum);

storing output data...

L /
K12 gk N SETEIE A SRR A

FIMETE W 2% Hp s Az % i FET 43 fif 7 =X 0 e &
FFT {0,
5.1.4  SIMD {4k

(DL 4wtk

ARMVS E &4 41E T 32 4~ 128 bit 1 7% M 2 47
s B RUAT AT AR AR IS AT 4K 4 D 32 bit (1 UK 2




2394 it "

Hl

i 2019 4F

TR R R FE4R A AT TR, — S5 48 A e i b 21
A AHE R T AR R AT A B RE . IR B L FET
THEEAA W5 AL - O BB TR N A U
[ RANZELE N, XT3 T Ui BOR AR @ B4
WO R A B Y AT IR AT AL 2 A IR
XAEE LT R A SIMD fifl, — W 581 4 AN E 1T
BTV R ORI VBRI . X EEAR S TR
1Al : —J7 T SIMD #8 4 AJ LL— R Ab 3 2 A 5040 . A 3L
FERABRE 09 FFAT 5 3 — J5 1 AT LA 7843 48 & cache
line B F) FH & , 57> cache miss.

it P 4 6 20 o F S 24T D0 A6, T B fin {6 e
P ) A5 A A T AN S A 0 HEAT L TR R 4R TR ik
PERE. R R AE S — 2% FFT B3t f SIMD {1k
BRI 1Y 1 IO 1 SE 1Y L (H S FET 31545
15 AR A % 2L 0 . I B B3R AT g 45 4 10 zipl
S5 ] J5 5 A 80 o) K s AT AL W], A faddp

B4 A A A b B ] B A PN R ERCE 0% AR DA S
I KR 1 LA K fmla/fmls 3 fin 3fe sk 15 4> B 4 b
24 14 E.

BT b0 B0 R TSR P L AT AL SR AR
F| SIMD i A A5 A 22 1 e S5 Gl 13 e o HAK
oA — HSEARE RS 25 o fCRSAH
VERLH) SIMD 84 7 91, 416 1% = M fig 2 5e A5
P R A B AN [R] 56 19 T8 11 3 kernel. #55RREL {4 527t
LU

O AR H LTI 5

@ MAE ARMVS B {1 5 R P 26 5 1 BE o e
48 4> 5

@ R AFE 2 K, b i K R stall.

(2) 2 A7 g il AL

ARMvS SEE LT 32 4~ 128 bit {7 5 2F 17 2% »
XA AEARRE S S A HHE R R B FET f2 )7 1
RE 42 TH e ) e A R IE I 1 00 T .

A A 1A D0 Ak Y 32 AR AR 8 ) R X 2
FELR AT 3 4L, IF ™ 28 A5 20 3 A7 4 1 1 FHT 0 0.
1E FET 808 S v 4 32 D27 20 i T U4
By N FFAEAR 4 ctwiddles FRAE R 4L P ] TH A 45 R 2F
A4 i A7 A A AL A L A A A i 5 R A T A
OFS/ I

O TE/NEEFIEN T U0 radix-3, radix-4, radix-5
TR A . I A A T AR A A 2T A
fitt A L twiddles 7577 25 41 H 507 A7 45 K twid-
dles . Hr[a] 155 25 5 77 7 45 41 2 00 52 47 o [l o F 450 45
Rofh Al R i A I & FFT 15

45

CiEE %A

/PERFJ\T( IM_( )DDﬁADDSUB\
(CMPLE, SUM, ORI)
{

SUM.r=SUM.r+SUM.r;

L9624
s N

PERF_ATOM_ODD_ADDSUB
(CMPLE, SUM, ORI)

{
SUM.i=SUM.i-+SUM.i; i> "fadd v1.4s, v1.4s, v1.4s \n\t”
CMPLE.r=SUM.r—ORLr; "fsub v3.4s, v1.4s, v2.4s \n\t"
CMPLE.i=SUM.i-ORL;
U AN y,
(PERF_ATOM_ADDSUB N N
(OUT1, OUTZ, IN1, IN2) PERF_ATOM_ADDSUB
{ (OUTI, OUTZ, IN1, IN2)
OUTLr=INLr+IN2.5; o {
OUTLi=INLi+IN2.j "fadd v1.4s, vdds, v5.4s \n\t"
OUT2.r=INL.r—IN2.1; “fsub v3.4s, vd.4s, v5.4s \n\t"
OUT2.i=INLi-IN2.i; }
L ) N\ J
(PERF_CPX_ADD_NEG_I(Z1, \ (PERF_CPX_ADD _NEG I(Z1, )
{22, A B, S) 72, A, B, S)
{
g~¥f§~r:§; "frulv1.ds,v0.4s,%[S].s[0] \n\t"
Bi=Bl S5 B | fextv2.8b,v1.8s,v1.8s,4  \n\t”
Lr=A.rt B "fnegd2,d2 \n\t"
ZLIZ.I;{X?—%I?- "faddv3.4s,v10.4s,v2.4s \n\t"
sz:Al:’B;: >”fsubv4.4s,vl 0.4s,v2.4s \n\t”
| DA =
- N

PERF_FORMER_ODD_WITH_|  (bpRp FORMER ODD._WITH )
FOOUT, INL IN2, TWR, TWL | 15(OUT, IN1, INZ, TWR, TWI
TMP, F, SUM) CSuND
M TMP, F, SUM)
SUM.r=F.r+ TWR¥INLx;
SUMi=F.i+ TWR*INL;
TMPr=TWI*INZ:;

{
"fmla v10.4s, v20.4s, %[v_TW1].s[0] \n\t"
"fmul v12.4s, v1.4s, ¥[v_TW]s[1] \n\t"

o

TMP.i=TWI*IN2.r; "fsub v18.4s, v10.4s, v12.4s \n\t"
OUT.r=SUM.r—TMP.r, "fadd v19.4s, v11.4s, v13.4s \n\t"
\ OUT.i=SUM.i+TMP.j; i )
\_ J
(PERF_FORMER_ODD_ - ~
TW(OUT, INI, IN2, TWR, PERF_FORMER_ODD_

TWI, TMP1, TMP2, SUM) TW(OUT, IN1, IN2, TWR,
{ TWI, TMP1, TMP2, SUM)
TMPL.r=TWR*INl.;; {

TMPLi=TWR*INLj
TMP2.r=TWI*IN2.j
TMP2.i=TWI*IN2.r;
OUTr=0OUT.r+TMPL.r-TMP2.5;
OUT.i=OUT.i+TMPLi+TMP2.;
SUM.r=SUM.r+TMP1.;
SUM.i=SUM.i+TMPLj

)
-

"foul v12.4s, v22.4s, %[v_TW]s[2] \n\t"
"fmul v13.4s, v23.4s, %[v_TW].s[3] \n\t"
"fadd v18.4s, v18.4s, v12.4s \n\t"
"fsub v18.4s, v18.4s, v13.4s \n\t"
"fadd v19.4s, v19.4s, v12.4s \n\t"

U Y,

%
13 PR SIMD fhifk

@ ERFEM TN T 0 radix-13, g1 T4 4
HEAT FET AR 48 iy A i b R0 o33 57 0 P 0 27 A2 4
B ARG I, 2 BT AR NS0 A A O R
A BN AT ARAYS twiddles 27 F7 4 4
FETETE e IR Fia 5 Ja b 7 25 AR S B 4 A %5 FE 2
415 twiddles 27 7 4% 415 1k v 6] 45 25 47 28 41
[Fi) B 32 20 2 A7 2 B T JS PR ) B R i 21
TFREAR A BENe B KRR BE I 3hE f 2 A7 4 (8] 14 A 4K
J. X FE  TEFEAT MO T B4R A A A7 A A 2 i KAk
FIFH o Joe 2 A T HE MR A7 BUHE 4 85 P A7 A7 BUEE 4 1Y
R WD T TR RS BRI TR MR,

O TEFE B K FE MG LT o a0 radix-19 4§, b B
BRI 52 FH 2 A7 4 - TR AR A MOAR AN I8 F. D0 R SR T I
AR N A9 7 3. FE IR B0 T s BEARIEAE A N A7
(B A B AH G 25 A7 4 FLEN R W0 A S v el 4 A2




1 BROBREE . BT ARMVS P51 Z4E FFT SC 85 b ik 5 2395

i Z Wit E e 4.

T 3 A A A 0 Ay AL A AR, — T H B T
i 4> [a) 119 v () 25 7 e A6 o 3B A 1 K RS 5 O —
T A e 5 T LA g A A g =00F B
— Ak 5 vk DT B TR P RE.
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Background

Fast Fourier Transform (FFT) is a fast algorithm used to
calculate Discrete Fourier Transform (DFT) and its inverse
operation. It is widely used in the field of engineering,
science and mathematics. Currently, there are FFT library of
FFTW, PFFT, MPFFT, CUFFT, PKUFFT and so on. It
is only FFTW operate on ARM platform implementation and
optimization. It supports both shared memory multi-thread
parallelism and MPI parallelism, and its computational
performance is far ahead of other existing FFT software.
FFTW has been implemented and optimized for the ARM
platform since the FFTW version 3. 3.1, and has achieved
very high performance. In addition to FFTW, ARM has also
introduced a high-performance commercial library for the
ARMvS platform: ARM Performance Library.

Our main contributions are as follows: First, we propose
a set of FFT algorithm implementation and optimization on
ARMvS8 platform, which not only improves the performance
of FFT algorithm on ARMvS8 platform, but also has practical
Guiding significance for implementation of other algorithms
on ARM platform. Second, we propose a set of FFT butterfly
calculation code automatic generation scheme. A computational
template is formed by abstracting and extracting typical
computational patterns of butterfly calculations for different
radix of the FFT. And on this basis, automatically generate
FFT different radix butterfly calculation high performance
code. Similar to the butterfly calculation code automatically

generated template proposed in this paper, the template-based
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interests include high performance computing, the method of
programing and optimization for many-core computing plat-
form.

ZHANG Yun-Quan, Ph. D., professor. His research
parallel
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code automatic generation optimization framework AUGEM
is well applied in BLAS (Basic Linear Algebra Subprograms) ,
which can be used on multi-core CPUs. Several dense linear
algebraic DLA kernels (such as GEMM, GEMV, AXPY.
and DOT) automatically generate fully optimized assembly
code. Using the simple C implementation of the DLA core as
input, it automatically generates an efficient assembly kernel
for the input code through four components (optimized C
kernel generator, template recognizer, template optimizer
and assembly kernel generator). The average performance of
the automatically generated GEMM core in the AUGEM
architecture was 1.4%, 3.3%, and 89.5% higher on
Intel Sandy Bridge processors than Intel MKL, ATLAS
and GotoBLAS, respectively. Finally, we implement a high-
performance multi-dimensional FFT algorithm library:
PerfFFT. Compared with the performance of FFTW and ARM
Performance Library, PerfFFT is the highest performance
multi-dimensional FFT library on ARM platform.
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