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Abstract With the development of ARM architecture, especially the introduction of ARM V8 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 FFT algorithm in ARM V8 platform. ARM V8 is the first ARM
processor architecture to support 64-bit instruction sets. It’s computing ability has been greatly improved and
application area has become more extensive. FFT (Fast Fourier Transform) is a fast algorithm for calculating
Discrete Fourier Transform (DFT) or its inverse operation. It is widely used in engineering, science and mathematics.
For example, in the project of Square Kilometer Array (SKA), FFT is one of the five algorithms for data processing,
accounting for 40% of the total computation. So far, there is a little implementation and optimization of high-
performance FFT algorithm based on ARM platform. However, with the increasing application of ARM V8
processor, it is increasingly important to develop the high performance of FFT algorithm on ARM platform. We
implement and optimizes a high-performance multi-dimensional FFT algorithm library on the ARM V8 platform
which is PerfFFT. It is optimized by FFT butterfly network optimization, butterfly optimization, butterfly auto-
generation, SIMD optimization, assembly optimization, memory alignment, Cache-aware blocking algorithm,
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 ARM
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V8 platform, which not only improves the performance of FFT algorithm on ARM V8 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, 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 automatically 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 the performance of FFTW and ARM Performance Library, PerfFFT is

the highest performance multi-dimensional FFT library on ARM V8 platform.
Key words ARM V8; FFT algorithm; FFTW; ARMPL; SIMD optimization; cache use; matrix block
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.
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T4k R2C FFT AR5 2 A, Jex B AT 4T
R2C —4E FFT 4246, S8 fa M Eds #1347 C2C —4E FFT
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R2R HE51 5 MDA RGO, 4751435 9: R2HC R2HC,
R2HC HC2R. HC2RR2HC. HC2RHC2R. H:#iA N
nq * nyNSEEL, FTH Amg « ny NS 1B SRR QA

6(e) i
n, N2 Nz
rOWFET columnFFT
Ny —_—
n; ny
in buffer out
(a) 4k FFT Zinife &
n, n N2
rowc2c columnc2c
n; E— —
ng Ny
in buffer out
(b) 4k c2c FFT i Az &
s no/2+1 ny/2+1
rowr2c columnc2c
n — —
Ny ny
in buffer out
(¢) 4 r2c FFT A4 fe
no/2+1 no/2+1 n,
columnc2c rowe2r
Ny —_— —
n n
in buffer out
(d) 4k c2r FFT 42 K
ny n N2
rowr2r columnr2r
n —_— E—
1 n
n; 1
in buffer out

(e) 4 r2r FFT A ¥iiifE K
Kl 6 —4E FFT 2 # i fe il
4.3 =4 FFT BYSEIR

AR 0<n,<N;-1, 0<n,<N,-1, 0<ns;<N;-1 b
1 =275 flng, ng, ng ]S A HL AR g S
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Flkq, ks, k3]=
Z 02 02 of[n1 ny, n3]W1\Z3n3W1\ZZn2W1\21n1
Fort 0<k,<N;-1, 0<k,<N,-1, 0<k3<N;-1 (14)

=4 FFT HEARBARLT =4 FFT, ©&L
—4E FFT il 4k FFT AEREIET LB AT DABESS
TR HANEIE, LA C2C FFT A8 5] Bk Szl fn
Kl 7 Bros e

(D) &FXF 2 DMK/ X*Y KIRIEAT 48 FFT
A s

(2) 7E Z Jilaxt X¥Y MNMKJE N Z2 B8 5
HEAT—4E FFT &,
2D C2C
1D c2C

T YA

B 7 =4 C2C FFT i fE K
5. FFT £ ARM V8 & /it

5.1 —4E FFT g9tk

H EWTHerrEn, 24 FFT ﬁﬁ;&fi‘iimﬂﬁﬂ
—4E FFT 15 B, $87—4E FRT it B ae
T 24k FFT THEMERE R B R E .

5.1.1 BRIEM 2L
(1) EBROLAE BT 2%

SRR 2 P B S BT X 5 Gn P, B
N i BN 7 AT AL S e A, XA — 7 T3
T IRNAAFBOTE, 51— T AR TR & Bt EAE
ZRFE R N T AN A SR A R — A m
REMETE I 2 HE S, A5 NS KA il 45 fstride Al
mstride, fstride F LAFE /R 5T M 2% o B — 4> 2 (stage)
L5 1Y section £ H , 1 mstride M8 7~%E—> section
A SRR, S — T M4 g5, itk
30 (1) I Sty HCUSE TR P9 2 45 3810 P i N\ BT s34t DU T2
W& P 8 Fira

) E RO R ERAE, —J7 > N AE T R T4,
I3 J7 T3 I X 8 HE SR () mT 7 F

2)fstride %1 %5 AT 42 6 A R IEAE B — 1 stage
HAL S section £ H , 145 Ml SR AR AT r S e Tt
1, et RV LT 2%, J7 (8 T 55— M N 4%
AR Ui AARAL

3)mstride FLAFE/REE—> section HLP AL 7 AH
EH, J7EHEHT SIMD 154101k E 245,

DAL, 383 FH 4% 2R FRT SSETR I 4% (1) — 25 2%
14 (stage-section-#5 ) , BE8 28— W 00 26 N\ Hin i 1)
VIAEAT R, Mg —KE .

DIT FFT

IS AVAVS

x[1] \ X[1]
V/o.l)'&ﬂw
wmmw
KKAX /A\
W /iw2 \W / \ .

x[7] X[7]

x[2] X[2]

X[3]

X[4]

X[5]

Pl 8 P i AN B I BN FFT M2 1

(2) %—%% FFT i+ 5k

m & 2 FFT R Sykmr i, ek T —4E FFT 1t
BN, SRR B e T O IW =1, (%
R HIREIZER, HAMIEELE R B, 2
— 9 FFT THEA TR Z IR LU % 7, 1IX 2 38 — it
HSH e EAFE T . 8T, RS FRT 5
WA, R FFT tFE R EHM) FFT iHE &
FE, BT AR Ak o SRR AT R = 5 T R U A
T, KT NAEUTRITRY, B — 0T EATR ZIE
WEEER s Hak, BRAR T UHEITRY, BB — gt S
1O R SR ea, 7EREAT SIMD Ak
I RS X X AN B AT R A A 2B —2t
HEE R BNRANELLR), FEM zip 821740
HH, ML EERA SIMD RALE, AR EH
zip 184, B THE S ST store #RAERIT] .

(3) /NBLAR AL

AT FRT 240N A AR 3,
5. 7 %) B, ARERIBAHEL FFT 5 7 ik
FTiH5E, AT EBARYE FRT Sk SGHAT ISR .
FEVHEOE R, AT E R F 2 e ST AP e e R
TFHME, MR e i IR 7 B H S LB R P P g

AL, B0 RGP stage ) FFT S\ F 5110 5
[FRE AT DLEAT /NAAR A 35E , b an i N 9, 25,
49 TERUARE . IXFP AL AT DUR A a0 R 7 AT R

LEXT T3 —A stage, T H K15 AE 2
(1,0), BRI TT DAAR W e i DR - A g fig 5, ks>
AR A E R TU A
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2)ET X T35 —A stage, 181 7 X7 R E L
R R R, TR R AR AR TR A U «

5.1.2 WEIETHE AL

FE 7 0 BEPAT A v ek A, A SO X g
WAtE A, HATa S0, ALl radix-5 Al
PEAT UL o RS R T I W RN = Wik,

HERHEWEN? = Wl A @) F L
TR

XO0)=xg+x;+x,+x3+x,

X(1) = xo + Wxy + Wx, + Wi 2xg + Wilx,

X(2) = xo + Wix; + Wilx, + Wxs + Wi2x,

X(3) = xo + W?xy + Wix, + Wilxg + Wex,

X(4) = xo + Wstxy + We2x, + Wexs + Wix, (15)

NI RAWk 5wk k=0, 1. 2, ELHBIR R
) UG ST x AR, AR Ui e A 1A AR [ S
FVE RSB B, AR e K7 (I Al oRi v, X
AR (AS)HATIRIGF & H R TR, &AHEH AKX
(16) AT R B faf 1k 24 2K

X(0) = xq+ (1 +x4) + (x5 + x3)
X(1)=x,+A—B

X(2)=x,+C+D

X(3)=x,+C-D

X(4)=x,+A+B

A= (x4 xy) * Wt + (x + x3) * WE.r

B = [(x; —x4) * Wi + (x, — x3) * W2.i] * (—))
C=(x1+x) * W1+ (xy + x3) x W

D =[(x; —xq) * WZ.i—(x, —x3) *xW.i]*xj (16)

i X (16) 7740 radix-5 (I8R5 kernel
BT EAM X, + x4s X — X408 Xy + X3+ X5 — X35
HUGHEMAETE AL B. C. D, #5153 kernel
g g5 . X BUdE 2 S U R R 0, A IR
W JE S A RE R R, AT 8 40 BT 1858 7 55
kernel, U/ T KR IITF s T ITAS LA ARAD &

5.1.3 FETHURAHETE H 304 K

FFT X T AR (U0 radix -2, 3, 4, 5, 7,
11, 13, .0 BAEAFREER, 75ZEXRF e dt17
FrEscil, #ik b, A2, MFEELIZ >
FIAFE R, HTAEEWRKR, ArrfeseaF LS
Rk, ERERDTF TRMIBO T, L. mT
FEMA T i) FFT W2 15 A 2 A s ARRE Ly B 2

FEIX I OUT » A SCEIE 73 M FFT S0 52 (1) i e

THE I KA RO TR GO TR
MTSEBL T FFT BOBTHER B M. B ik
hE
(1) s 7 TH SRR e

TR B ERINEY, ERRIEFFTIE
S B/MEBSTE TR RO E, W4 2% i AR5
XTFFT Mk R 8 1505 ST S8 — AL
Ja MEFTHRIE TSR il R i 5D 551, B
TSR, Rt P R T SRR . I
SR T ERAR A A, AT B RS P FFT 4 A
S o XS R AR A B9 R .

PERF_ATOM_ODD_ADDSUB(CMPLE, SUM, ORI)
{

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

SUM.i = SUM.i + SUM.i;

CMPLE.r = SUM.r - ORLr;

CMPLE.i = SUM.i - ORLi;
}

PERF_ATOM_ADDSUB(OUT1, OUT2, IN1, IN2)
{

OUTL.r = INL.r +IN2.r;

OUTL.i = INL.i + IN2.i;

OUT2.r=INL.r - IN2.r

OUT2.i = INL.i = IN2.i;
}

PERF_CPX_ADD_NEG_I(Z1,72, A, B, S)
{

B.r=B.r*s;

B.i=B.i*S;

Zl.r=Ar+B.j;

Z1i=Ai-Bur;

Z2.r=Ar - B.i;

22i=Ai+Br;
}

PERF_FORMER_ATOM_COMPLATE_WITH_F(OUT, IN1, IN2, TWR,
TWI, TMP, F, SUM)
{
SUM.r=F.r + TWR * INL.r;
SUM.i = F.i + TWR * INL.j;
TMP.r = TWI * IN2.j;
TMP.i = TWI * IN2.r;
OUT.r=SUM.r - TMP.r;
OUT.i = SUM.i + TMP.j;
}
PERF_FORMER_ATOM_COMPLATE_TW(OUT, IN1, IN2, TWR, TWI,
TMP1, TMP2, SUM)
{
TMPL.r=TWR * IN1.r;
TMPL.i=TWR * INL.i;
TMP2.r =TWI * IN2.i;
TMP2.i = TWI * IN2.r;
OUT.r=0UT.r + TMP1.r - TMP2.r;
OUT.i=0UT.i + TMP1.i + TMP2.i;
SUM.r = SUM.r + TMP1.r;
SUM.i = SUM.i + TMPL.i;

B 9 J Tk ST

(2) HRIRA TR A

DU P SR 22 B ait, iR — A ek & £
AN FEFUH R, BT R T EIR A BR, B
N EEN [PJREETE T SRASEAR, o L P 2 0 (1D W TR 1 SRS R A
T AR2 B B MR, T2 R Y o R
()i 2% (Rl F-twiddles B A R BRI R FR 1%, PR AR 1F 5
Hhod I A I R R T Bl T LAAE 25 PR 9fe AAH [F] twiddles
ERTIRVEEEAE, BB E P20 T A
B, AR RS T FetwiddlesH £ R ELITAY, £k
B S 110 5 1 B G  SARRR

1) 20T SRR
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EFXE T NS 92 (R I FFTAR 4, At 5
radix-2, 4, 8, ..2M MEN' [RAFEM K. AL
Phradix - 2+ radix - 485 F 1155 1 A RSORSE TS TF SRR AR
W73 530 9 BE N FI2A S5 AR EEA T AL R AT o oA
#® 4+ % A PERF_ATOM _ADDSUB() Al
PERF CPX_ADD NEG I(), W& HAEKHEITHF
I E10FT7R

2015
R2_MIX_ATOM_TEMPLATE(...)//%2

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

R4_MIX_ATOM_TEMPLATE(...)//54
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_|(Fout[0], Fout[2], scratch[1], scratch[3], TW4_1l)
}

10 2 [ T T SRR AR

FE2 0
R7_MIX_ATOM_TEMPLATE(...) //%7
{
PERF_FORMER_ATOM_COMPLATE_WITH_F(Fout[1], scratch[0],
scratch[1], TW7_1R_F, TW7_1l, scratch[10], in_0, sum);

PERF_FORMER_ATOM_COMPLATE_TW(Fout[1], scratch[2],
scratch[3], TW7_2R_F, TW7_2l, scratch[10], scratch[11], sum);

PERF_FORMER_ATOM_COMPLATE_TW(Fout[1], scratch[4],
scratch[5], TW7_3R_F, TW7_3I, scratch[10], scratch[11], sum);

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

R11_MIX_ATOM_TEMPLATE(...)//#11

{
PERF_FORMER_ATOM_COMPLATE_WITH_F(Fout[1], scratch[0],
scratch[1], TW11_1R_F, TW11_1l, scratch[10], in_O, sum);

PERF_FORMER_ATOM_COMPLATE_TW/(Fout[1], scratch[2], scratch(3],
TW11_2R_F, TW11_2I, scratch[10], scratch[11], sum);

PERF_FORMER_ATOM_COMPLATE_TW(Fout[1], scratch[4], scratch(5],
TW11_3R_F, TW11_3l, scratch[10], scratch[11], sum);

PERF_FORMER_ATOM_COMPLATE_TW(Fout[1], scratch(6], scratch(7],
TW11_4R_F, TW11_4l, scratch[10], scratch[11], sum);

PERF_FORMER_ATOM_COMPLATE_TW(Fout[1], scratch[8], scratch[9],
TW11_5R_F, TW11_5I, scratch[10], scratch[11], sum);

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

11 4E 2 BRI T SRR

2) ARG SRR

BEX T N FE2 I R IR FFT AR 4, HaH 5
tradix -3, 5, ...,IM LEP, MENIEA R
o HTFAFETT MR, A Phradix - nfH5E% i
HORBAE AT BASAR . T HR AT AR A
3MPEFUHERAR, A
PERF FORMER ODD CPX WITH F().
PERF FORMER ODD CPX TW()-
HMIPERF ATOM ODD_ ADDSUB().

H b = AN R T SRR 2H 25 K ym=[n/2] 1)
THEFS, B Aradix-n R HHEARR . iSRS
(PIZH A TN -

I"PERF_FORMER _ODD CPX WITH_F().
m-2/"PERF_FORMER _ODD_CPX TW().
F11/NPERF_ATOM ODD_ ADDSUB().

DAFETAE LN, HA SRR 11 .

(3) EENMUETEAT 5 B 3 A Bl

BT LA R, RN
TEunE 125 7R

)R T 20 R FFT P K, B ARG A
IR 43 B radix-2/4 H T R 2% 2 471

2)E R HE2 B, ¥ B i 2 Ny radix-nE U IE
SR, H P R T SRR K X m=]n/2]
Ko WA B MRETE 1T AR kernel st A\ BIMETE X 25
A R SEFFT 73 A 7 2 e 4 FFTAAD

Radix-7#¢IE /741
FFT_R7_KERNEL(...)
{

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...

}

Radix-1 151

FFT_R11_KERNEL(...)
{
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...

}

B 12 3 n TS E B Rk

5.1.4 SIMD 14k

(L Ittt

ARM V8 P& 4L T 32 4N 128bit [111F &5 27 17 2% »
BT R B AT AR RENS AT % 4 1 32Dt (1) BAKE P 17 A 80
BRI, fEFR 2 BATHATR], — 2538 2 REfg AL BE 4 AN 5dE,
Pem TS AT b BERE T . R, FRT tHEEAW
J7 T HIRHIE: 1 RN E I N AF UG A& Ak
(1), XA T VARSI 2) RN A
ALY, AIHATAEE S MR . ZFEER T,
KH SIMD ik, —K5EmRK 4 MR, BTk
BORHIMERESE T e X ELAGE TNA T : — 71
SIMD #5840 A— R 2 AN, A R80T KFZF 1)
HATPEs 5 —J7TH T LAFe 4> $2 5 Cache Line [ FH 2%,
Ji/b> Cache Miss.
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i FRVE gt Ao TS HEAT DAL, AT SE N5 (S8 g

fil] 2 A A B FH AR & B HRAT, AR IESR T SR L RE -

FEnRfE S — 2 FFT [FTHEA SIMD fliftdr, HIR
B SRR IESE 1, (22 FRT iFE RS A2k
TSR, R BRI Sn 8 40 zipl S50 5 A A%
e EE AT B . RIS, i faddp 484 1T A 2
Qb B ) B B A A AU AR I DA s B R BTt DA
fmla/fmls Fefinafeids 4 LURE b HidZ 4 14 B o

Cili s 20 L4522
PERF_ATOM_ODD_ADDSUB(CMPLE, PERF_ATOM_ODD_ADDSUB(CMPLE,
SUM, ORI) SUM, ORI)
{ {
SUM.r = SUM.r + SUM.r; "fadd v1.4s, v1.4s,v1.4s \n\t"
SUM.i = SUM.i + SUM.i; [> "fsub v3.4s,v1.4s,v2.4s \n\t"
CMPLE.r = SUM.r - ORLr; }

CMPLE.i = SUM.i - ORL;
}

PERF_ATOM_ADDSUB(OUT1, OUT2,
IN1, IN2) IN1, IN2)
{ {
OUTL.r = INLr + IN2.r; o>
OUTL. = INL.i + IN2.i;
OUT2.r =INLr - IN2.r; }
OUT2.i = INL.i - IN2.j;
}

PERF_CPX_ADD_NEG_I(Z1, 22, A, B,
S)
{

B.r=B.r*s;

PERF_ATOM_ADDSUB(OUT1, OUT2,

"fadd v1.4s, v4.4s,v5.4s \n\t"
"fsub v3.4s, v4.4s,v5.4s \n\t"

PERF_CPX_ADD_NEG_I(Z1, Z2, A, B,
S)
{

"fmul v1.4s, v0.4s, %[S].s[0] \n\t"

gll ::B )Ix t i;s i; E> "ext v2.8b, v1.8s, v1.8s, #4 \n\t"

D "fneg d2, d2 \n\t"
ZLi=Ai-Br; "fadd v3.4s,v10.4s,v2.4s  \n\t"
Z2r=Ar-Bj; "fsub v4.4s,v10.4s,v2.4s \n\t"
22.i=Ai+Bur; }

}

PERF FORMER ATOM COMPLATE PERF_FORMER_ATOM_COMPLATE_WITH_
WITH_F(OUT, IN1, IN2, TWR, TWI, F(OUT, IN1, IN2, TWR, TWI, TMP, F, SUM)
TMP, F, SUM) {

{ "fmla v10.4s, v20.4s, %[v_TW].s[0] \n\t"
SUM.r = F.r + TWR * INLr; E> "fmul v12.4s, v1.4s, %[v_TW].s[1] \n\t"
SUM.i = F.i + TWR * INL.i; "fsub v18.4s, v10.4s, v12.4s \n\t"
TMP.r = TWI * IN2.i; "fadd v19.4s, v11.4s, v13.4s \n\t"
TMP.i = TWI * IN2.r; }

OUT.r=SUM.r - TMP.r;
OUT.i=SUM.i + TMP.j;
}
PERF_FORMER_ATOM_COMPLATE_T
W(OUT, INL, IN2, TWR, TWI, TMP1, PERF_FORMER_ATOM_COMPLATE_TW(OUT
IMPZ' SUM) ,INL, IN2, TWR, TWI, TMP1, TMP2, SUM)
TMPLr=TWR* INLr; {
TMPLi=TWR * INLi;
TMP2.r = TWI * IN2.i; 2
TMP2.i = TWI * IN2.r;
OUT.rF=OUT.r + TMPLr - TMP2.r;
OUT.i=OUT.i + TMPLi + TMP2.j; }
SUM.r = SUM.r + TMPLr;
SUM.i = SUM.i + TMPL;

"fmul 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"

13 THERER SIMD it

BT BRI BB, AT R B TR F
SIMD R AKAR FE it n P 13 fios . BRI &, A
A —H S AR RS ¢ RIS AHILEL )
SIMD 52 741, G 1% 1t Re S A AR RS 21
AN[FI R 55 kernel . MR BRSBTS -

1) FESMHE LFIHER),

2) fR4E ARM V8 TP e, IEREMERE A =
484

3) MRALFEA WK, BEGIIKL stall,

(2) FAFAER AL

ARM V8 FLHE T 32 A 128bit (177 15 2 47 5% »
XUETFAER AT AR, BHEX R FFT 27 MEae
ERF, Rl R e REEE LT

BT 2% I A A0 1) = 2 S AR R AR R T e X 7
FERAT L, FEP A 8 SR 4 27 A7 25 0 A R
1 FFT M scBleg, Xt 32 N 72850 7 D4 :
BN a4 Twiddles ZFf7aS 4, whim) it gt Fay
s Al M3 A28 0 Al I #0A T2A%
IR

DAENFEREST, Wl radix-3, radix-4, radix-
5%, FAAARMEMEE . AN TFARE R 57
il ¥ N\« Twiddles 77 17 2% 20 W 17 53 17 i %% 2 1
Twiddles H[F] 1545 27 A7 2 240 R A 5T A7 (Al H
SR, S AR R ST IR A FFT THE 4
%,

DTERFEEMEN T, W radix-13, BTG
HEAT FET A8 (1046 N i b R0 550 i 45 R 1) 2 A7 2 0
wahn, SEHFAZR/AELH G RS
82 NS Twiddles 25 /725 417E e jie
BNTEEELTERRE, BaATFERAS
Twiddles FFfF#H S N A1 4 R ar 7 a4l R i%
Y T A7 A DR S P O R T R R 8 2 1T R
A, REME B KRS 1k 6 25 A7 2% 18] (1) AH ELAR A o IX
TEBAT M T SRR 2 A7 2815 B ORI A, &
W T HERRAT IR 2 BN A AP B A, 8 T
VIAEITR, 1Tt TR T TERE.

JIEHFHIRIEMIIEH T, Wl radix-19 %5, AR
SR8, AR A o T R RER I B
NN TTiE TEXME T, BN NAFT
Bt DL AR R AT AR A2 N, EdEAN R 2
RN R

I T AT o A AR, — T R T fE
A [A]HH ) BT AT B, e T K ER 2 S — T
AR 2 5, a7 LA R B s U g — 11k
ik, AR THRE 7 1 RE

5.2 Z4# FFT Mtk
5.2.1 4 FFT Ak rik
TESEBURIARAL SE R — 4 FFT A8¥e)E, —4E FFT
AR CACAE R 87 B o M — 5 S TGS 1R I R FE ) 25080
FIBEAT FRT A He, VifEIRANESE, X 2538 il RER
WK BRAR . ok, 4k FFT AL BORZ 24— THT
AR RS, A R EARA 7R a0 T
(1) Cache-aware f)53He 77k
AR LRAE X B HBEAT FFT AR i, VA7 AN 4
IR TT IR AEX AR AT #ET FRT TS, X1t
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LGS R RT3 B, XA Bm 51 FRT 115
WA BARAT 1) FFT U5, B Ja Bt AT — IR B 4
1k, BPAT1S B &0 SR ah R o (R FP 7 5 IR T4
BRI AR L ¥, i LY Cache BRI FH 4% 51
fik, Cache Miss FE& &, F#IK T FFT tHE IR X
I, ACHEH T Cache-aware ()23 B 7k, HEAR
R, FEXTAEREATHET 58 FFT HH5L)R, XHT54s RE
FESEATIZ ) 0B, PRAIEZE R G 447 F Cache H,
SR G WHZ B EGEAT FRT 1150, J6 i1 5 as AR
SERGERET . T HER A PURZAAE Cache 1, AT 25
Cache Miss, MIm#EFATHERE. BiAN: Bk, K
i L2 Cache M1 K/MEE G I& 1) HSR IS, B KA
[FJEE ] Cache T %dE . 78 4k FFT iHE RS
g, FRHEA ANFUB N H 73 B nb, RA70HE
SE AR HUNZE T * nb KN B, 2808 e
(PR GZAT T L2 Caches LU Z 8l s Husid % &
EAEAEAR R PR Buffer, JF7E1% Buffer thigh4T FFT 1t
B EE¥T Al B B A B e A AR

(2) WAFXF%

iEJd Cache-aware 787 VAR, 4k FFT it
HAREAL N T RHEREAT I FRT 5, Yl 7 WA DT 1)
HIASIESEFE R, BT Cache miss. AT, FEXTHERE
ATHEAT FFT 284y, BT N RERUBL AT e, Af
R 23 18 SR B B AT TR LR I AR A 5 I A
Xt 2P Cache line FIFHZ, MM FEKAR T GE
[, T AN 55 0 Ak Vi fe P Ae th 2 R % i,
ARSCHE 4 FRT A SEILI FE e ik xof Hh ) Buffer
47 m Padding F) 520, SEEL T Ar1E] Buffer BT 805 1
P55, % EF] ARM Cache line k7N 64Byte,
IEBATTH ) Buffer 54T 1 EHR A1 6 55 21 64 4> Byte o
XRELEREAT FFT i) SIMD bl , ARkia &AL
BLHUER R — AN 52 %K) Cache line, MBS T VifEIT
B4, BILAE A Buffer 1 Padding #:1E, AL
2RI KA 6%F] 8% 4T

(3) mEEERE

EASREH T Cache-aware 738712, AR FRE
TR S B AT I B R . (BAESGIN)Z for IR
I BT IR BRI SRR, X P MEREE R T — &
Isem. Rk, ASCH BRI, il 8 M7
HHEEAR R, FRRAE PR R 8 AMT E Hikik 4 i 4
A, {ETHE A B b 4 N RERU WA
HUERE 4 518 . 2R HERET R IT 8 IR, FIEIT
4%, BHRIEFRNRE—A 8 47 4 HIHEFE TR T
HEEH. X T s, e
cache FIHZ; H—4H, B> TIHEALERIITE,

BEAR 7 HHSROT 4 - HRAER Biz 5 1 SIMD 45
LTI, B ERRIEASEITH 4 DN EES], ARk
SIMD $5 23T A B, MR ERIREEFIFATIL,
Th T BRI RE .

5.2.2 4k FFT AL

(1) =4k C2C (Complex to Complex) FFT AF#

4t C2C 11 FFT A2 ¥ ALk 5 AL i 14(a) v
N BN R EECEAT L —4E C2C FFT A&
e, Frsh BAENEN padding 1) buffer0 o, SR 54 %1
P nb*nl K/hordk, BB bufferl i,
DB B oRAES Ll AT —4E C2C FFT 484, Honf#
HR X B /MM C2C FRT A8 i B A7 N o R R

(2)—4E R2C (Real to complex) FFT ZZ i

4 R2C FFT #5647 B Af—4E r2¢ FFT A2
Hi, R2C FFT ARt C2C ARl split #RAEM

(split F 5240 FFT 484), 7Efif5E C2C FFT A¢#e

J 5 B —A split B ¥, KR split H A2 I
—4E FFT 84t [1) kernel, [RGB ERAE AT LATE split £
AT AT EAT, —4E R2C 1) FFT A # i f2 4 & 14(b)
F7R o

(8)—4E C2R (Complex to Real) FFT Ak

4k C2R FFT 54/ —4E R2C FFT A2 e 138647
e, fERAEREFEERE —PREERME, Hik
padding IN{EfH 5 — buffer 4. — 4 C2R ) FFT 4%
B 14(c)Fim.

(4)—4k R2R (Real to Real) FFT Z&4it

fE 4t R2R FFT Z#fifbint, #8%)—4E R2R
FFT fJIE10 R2ZHC. HC2R 274, [F—4E R2R FFT
ABWHS JE I 4 FiiEil. 4k R2HC R2HC FFT 4%
A 5 AR B 14(d)r, —4E R2ZHC HC2R FFT
ARG RFEE W 14(e)fT~, 48 HC2R R2HC
FFT A5 mfE B 140w, —4E HC2R
HC2R FFT Z#ftb 52w 14(g) fiw, A
R2HC 5 HC2R H Ay IE30 AR 4, 1 1 25 (1) £ ZE X A«
R2HC A8 f5 34458 C2C J5 AT split #:4E, T
HC2R JUJ& Je AT split #:4F, Fif C2C. BILEHAT
R2HC I g B mT DURAE split #AF AT

n, nb p, padding b
c2c trans Ny c2¢c Ny trans
Ny ) %l |ﬁ| |
Ny nb nb oufferz M
bufferl utre
in buffero out

(a) 4k c2¢ FFT b fE iz Bl



13

n, r2csplitg N0 M padding nh No/2+1
n/2 trans n trans
c2c, c2c L
] o e ——
" huffero  na/2+1 M pufferz ™

in bufferl out

(b) 4k r2c FFT B #ii b 5 iz R

nb  Nnaf2+1 np N/2+1padding  p,
tans__ M o N trans
ny — R - LZN
M putfero M puffert ™ M
in buffer2 out
(c) 4 c2r FFT ZHefhib 52 K
n, rarSplit& nb M padding rarSplit& nb n,
nb ) N trans o2 n, trans
c2¢
N I = MY e e
o puffern o puffez ™
in bufferl out
(d) —4E4T r2he %1 r2he FFT Atk 5 iR B
Ny r2rsplit& nb_ny padding nbh M
nb 2 n, trans hear n, trans
n — > I
LI b putfer2 !
in bufferl out
(e) 41T r2hc #1 he2r FFT A8 J5 i FE &
. 1 b, padding 2rsplite 0
he2r N2 trans n, trans
N R e e il |3
nb - puffero M Mtz ™
in bufferl out
() =447 he2r 51 r2he FFT A AL 5 R AE
n nb M padding nb n,
nb hc2r  n, trans hear n, trans
T s ey
nb buffero : nb puffer2 !
in bufferl out

(g) —4E1T he2r ¥l he2r FFT AR # il J5 ke B
K 14 — 4 FFT i G e s 2 K

5.3 =4k FFT a9tk

=4t FFT PR AR T —4E FFT 1
Ak, T IS AR, i Z i —4E C2CFFT
I HH R AR 22, BRI S & S BU™ E Ui AT
SEIR, TEUL PerfFFT SR Cache blocking 5k, JFh¥
I %, WakiT—48 C2C FFT izHM%dE,
BRI B A, X I R S i B AT 4
C2C FFT #:4F, SRE g it B a5 NG R4l
BT R A ay DUR AR B4 (1) Cache BLEAME S, R &
RN B2H, AR T R, AR BIPET
=4t C2C FFT #iatERe, HFZLHEWE 15 Prox.

— e 2DC2C
——» 1bcC
X X X

—_—
—E5—

NB buffer out

in Cubin buffer

15 =4 C2C FFT Bttt FimfEn = K
6. TEEEITEh

RTINS "M =2 FRT UH SR I T S AT
FAVPAL AL o

6.1 MIRIMEIEE
(1) FEPFIARIEE
ASCFH ARM Cortex A57 CPU 15 g1tk g Ml -
£ . ARM Cortex A57 CPU X ARM V8 ZEH), A
(R SE BRI B a3 1 iR
*= 1| IWIMERE

BIERS Ubuntu 15.04 (GNU/Linux 3.19.0-rc4+ aarch64)
CPU #i& ARM CORTEX A57

WA 64 GB

L1 Cache 32KB

L2 Cache 2MB

CacheLine 64Byte

[NEEETES 2.1GHz

TFETH C; C++; ARM aarch64 544,

(2) BTG

ASCHIPEREXS EEX RAT AN — =2 H AT i
I PR FRT 5005 )% : FFTW3.3.6 filiA; — /& ARM
oy a4 Bk 2 ARM Performance Library 2.2.0 il
A, ASCH RN ARMPL-2.2.00 A SCSEIL & i
At FFT 28 PerfFFT.

At EL R PERE B2 A Gflops (Giga Floating-
point Operation per Second) EI&EFP AT HAT (K3 fiiH 5L
U THEE I N 5*x *y * z2* (logx + logy + logz) .

6.2 MEEITM
6.2.1 HUEE FFT P RETEAY

16,17 sr e T 5K R, C2C.R2C. C2R.
R2R DYMCANEI FFT AR 45 = 4% NFUBLT)
PEREE (ARMPL-2.2.0 AN HF R2R FFT A54) , A
HIRATRT DUE H: BRI AN 2 fRIE R
HRNAE 2 RIS OL T, PerfFFT [ REREAA -
T FFTW #1 ARMPL.,

(1) 4ERRERE FRT PERELLER
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W 16 Fiow, PerfFFT FXF FFTW 76 4k
Fi% C2C. R2C. C2R. R2R?2 % FFT A8t 4k 2%
Frb, RISZELT P 216%. 16%. 11%. 200%(F)
I EL, MY ARMPL 7E —4E 55 C2C. R2C.
C2R 2 % FFT Z#fRib s R, 25158l 713
40%. 44%. 32%HINNELL .

PerfFFT A% FFTW 7E — 4§ Fk £ C2C.R2C.
C2R. R2R FE 2 )% FFT AR flifb g S, 43 52l
TP 10%. 12%. 22%. 29% I E EL, AT T
ARMPL 7E 4k Hp% % C2C.R2C.C2R dF 2 ()% FFT
ARHARAGE b, 2 BISEEL TP 13%. 17%. 32%
(g L o

T4 FRT ARt 3R B R R — Uy T A —
Yt FFT A4 g , IR B2 #45, H SPE RR AR 1) 60%;
37 TH & P R PR BIE e« T RE R E S
CIFSIE

T AERORERE FFT MERE H /NS S O\ B8 )
R FUBLNE g S IR T R a5, % N 713 (9]
ZNIBE, PERE I S B Bl ME SR A A .
Hh 2R ) 5 R T A N BB /N, B e % 5 4
PIIE(E 2M [ L2 Cache ', IXFfiE4 T Cache %X
P&, BT Cache RIH2, Wb T UifrIr4s, LA
BT /NS A N B 1M REAE X T KB AR 1=

FLRSEHL FRT B PEREAE A T M RE R AR 11
B, X E R RS FRT A8 e ) split 3154
DA A 75 B0 B () B AR AT A 3, RS N A
BRKMELT, UABIEAESE, S8 Cache H
CacheLine 48 A R — I0FF A\ A5 b 2R IR A7 24 5080
Cache B ANEIFe 4RI, DR LAE SLE FRT AR 474
A I RE R OB R, S EIR T 4 OoF BLAE
split #AE (0 A7 U — IR T i B 4R, (79
REAS 3 0H B 0t

(2) =4 REE FRT HERE LR

Wik 17 FizR, PerfFFT MIX T FFTW 76 =4 %
¥ R2C. C2R. R2R 2 [ FFT A8l fb st R,
Oy ISEEL T P 36%. 47%. 529%[H i EE .

PerfFFT AR T FFTW 7E = 45 B k5 B R2C.C2R.
R2R 9F 2 3 FFT Zfifb g Rrb, 73 scsil 7%
Y] 2%. 7% 15%[F) I L .

(3) FRRERE FFT PRS0 M

TEENEFE FRT At 2, TR — A
GV MRS AT R 23 8] 32bit,  FRIETE ALK
(P FE R RE RS AT AR B ARM V8 B {14
ITARAL, g — AN p A A7 B BEAT T B 2 RS 1R
I EFFARACI RIS TE R4 . i A ST S Ak

W54 SIMD . B3R 55 U7 V5 BRI SRR AN 1)
T B AR

TEZ 4k FFT Attt #2941, KM Cache-aware
SHARAL I T, HRYE L2 cache 171 % & 2MB K1
B, HHERE T HCR n1*8 RIS, AT KBRS £
PP T B . R E R, A SORYE 7
HUies, Al 8 IRk, W — IR AT
BCR A SIMD #8237 A « XA S KRR S Hh 5
FT cache Hrf % . o HIGIN T 1F S AIIEAT R .

TESZE FFT AR Rtbit e, B Fse8 FRT
AR TR FRT BN T H T3 E A1
split #4F, ZEEAE R IEAZ KA kernel FMPISEIL, Kk
ARICH split #HAE 5 HARLT 3 B #E & —ie kb
B, 7E split HEHE A7 BRI E, b T —
YRR E . # 83 Cache R %, ASCTE split £
YEHEF SIMD #8541 [RII, 577 il 3% 2852 1 Bt A
— AT load. store #:1F, HRFIH T Cache H111%f

1EE 2 B FRT Bl 2, HE R
B (1) B — AT I E 4 MU A 2 #%< - Cache Line 64
Byte I 5%, 7 L1 Cache HUELH £ BN TU AR 14
RIEASCK: buffer 4247 #b_ L padding, 14 —1THI%L
P X155 64Byte, =R T L1 Cache.

6.2.2 XUFEE FFT MR VEAS

(1) ZHYEXUREFE FFT T RE LR

K] 18 o RS OL T, C2C FFT A HE
Aexf L, MAIRATAT LG e S NN 2 11
WO, TEREMT FFTW IEE] T 109% 1 ik
b, {HRZA ARMPL MIEEASH ER, R & 5EE
S| ERAR R UR

METNFRBONAE 2 IR IIE G, YEREAE X
FFTW i 2 T 18%IhniE bk, AH%f T ARMPL i£ 2] T
14% Nk b o

(2) =HYEXUREFE FFT T RE LR

Wk 19 Fras, PerfFFT AHX T FFTW 7E = 4EXU
K5 C2C. R2C. C2R. R2R2 K% FFT A8t A 45
b, RS EL T oYY 289%. 36%. 38%. 591%ff)
pI[IpTYs

PerfFFT AHXF FFTW 7E = 4 XU % C2C.R2C.
C2R. R2R JE 2 {15 FFT et bt v, o sz
T 4%, 8%. 27%. 11%[ .

(3) XUKERE FFT ERE AT

B DA ESE R bhmT R ZHEAL T, SRS
(YIS P B AF R BEAE B 1A o A BT B AR (BR LA
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un zipy 1d2 F8 455, IERTHRALEI S HAK .

Yt FFT ARAh) , FEERE

FFTW & SEHLIF 1Y

P

(V8 i§§4é§}§%

)

UK L SEH FRT 1A SO N 50A S8

AR T E T AR,

1)SIMD AL AN S o XK BEVF A KNl
64bit, ARM [F]&E A7 eI E N 128bit, IXFE

[ B A A

Zi I, PerfFFT J& M ATEF%T ARM V8 LA AbH 2%

P RE BRI FET FEZ —.

4

AETE 2 ANXURS BT R A

Hi
XU BEEF B2 TERE LU, LE

K

e

2)ARM

2D FLOAT C2C FFT FE2(9 %

Gflops

2D FLOAT C2C FFT 295

Gflops

4200x4200
4200x2520
4200x2100
4200x1260
4200x840
4200x420
2520x4200
2520x2520
2520x2100
2520x1260
2520x840
2520x420
2100x4200
2100x2520
2100x1260
2100x840
1260x4200
1260x2520
1260x840
840x4200
840x2520
840x2100
840x1260
840x840
840x420
420x4200
420x2520
420x2100
420x1260
420x840
420x420

2048x2048
2048x1024
2048x512
2048x256
2048x128
2048x64
1024x2048
1024x1024
1024x512
1024x256
1024x128
1024x64
512x2048
512x1024
512x512
512x256
512x128
512x64
256x2048
256x1024
256x512
256x256
256x128
256x64

< O N —H O

TEXY Y AN B R

—o— PerfFFT

XY Y i N A

—&«—FFTW  —8— ARM_PL

—&—FFTW  —8— ARM_PL

—e— PerfFFT

(b) 4 FLOAT C2C FFT HE 2 Byt aext LL &

(8) —4k FLOAT C2C FFT 2 fF M REXT EL I

2D FLOAT R2C FFT dE2R%

Gflops

2D FLOAT R2C FFT 25

Gflops

TSRO N Te R
< o3

W

~NO W< MmN

6300x6300
6300x4200
6300x2100
6300x840
6300x420
4200x6300
4200x4200
4200x2100
4200x840
4200x420
2100x6300
2100x4200
2100x2100
2100x840
2100x420
840x6300
840x4200
840x2100
840x840
840x420
420x6300
420x4200
420x2100
420x840
420%x420

4096x256
4096x128
2048x512
2048x256
1024x1024
1024x512
1024x256
1024x128
512x4096
512x2048
512x1024
512x512
512x256
512x128
256x8192
256x4096
256x2048
256x1024
256x512
256x256
256x128

THEXY Y PR N R IS
—e—PerfFFT —+—FFTW —=— ARM_PL

XY Y JEE i N\ Bl LA

—e—PerfFFT  —+—FFTW

—a— ARM_PL

(d) —#%E FLOAT R2C FFT HE 2 St aent b &

(c) -4k float r2c FFT 2 [F) 7 HEREXT LL

2D FLOAT C2R FFT k2%

Gflops

2D FLOAT C2R FFT 2/ %%

Gflops

6300x6300
6300x4200
6300x2100
6300x840
6300x420
4200x6300
4200x4200
4200x2100
4200x840
4200x420
2100x6300
2100x4200
2100x2100
2100x840
2100x420
840x6300
840x4200
840x2100
840x840
840x420
420x6300
420x4200
420x2100
420x840
420x420

101010 ¥ 1) 0 1)
n < o «

W

~ O < o N

4096x256
4096x128
2048x512
2048x256
1024x1024
1024x512
1024x256
1024x128
512x4096
512x2048
512x1024
512x512
512x256
512x128
256x8192
256x4096
256x2048
256x1024
256x512
256x256
256x128

ZHYEXY Y AN B A

—e—PerfFFT  —a— FFTW

THEXY 4 B A A\ B A

—e—PerfFFT  —a—FFTW

—a— ARM_PL

—a— ARM_PL

#E FLOAT C2R FFT HE 2 fUa M aexs th &

® =

(e) — 4 FLOAT C2R FFT 2 [tk fe %) b &
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2D FLOAT R2HC_R2HC FFT JE2#%

_ Gflops

2D FLOAT R2HC_R2HC FFT 2] %%

Gflops

6300x6300
6300x4200
6300x2100
6300x840
6300x420
4200x6300
4200x4200
4200x2100
4200x840
4200x420
2100x6300
2100x4200
2100x2100
2100x840
2100x420
840x6300
840x4200
840x2100
840x840
840x420
420x6300
420x4200
420x2100
420x840
420x420

4096x256
4096x128
2048x512
2048x256
1024x1024
1024x512
1024x256
1024x128
512x4096
512x2048
512x1024
512x512
512x256
512x128
256x8192
256x4096
256x2048
256x1024
256x512
256x256
256x128

THEXY 4 A B A

—eo— PerfFFT

XY B N el B
—o— PerfFFT —a—FFTW

—— FFTW

4 FLOAT R2HC_R2HC FFT 3F 2 iRk fExT LK

(h

(9) 4k FLOAT R2HC_R2HC FFT 2 (¥R fg st He

2D FLOAT R2HC_HC2R FFTHE 2/ %

Gflops

2D FLOAT R2HC_HC2R FFT 2%

Glops

45
3.5

W © < N O

6300x6300
6300x4200
6300x2100
6300x840
6300x420
4200x6300
4200x4200
4200x2100
4200x840
4200x420
2100x6300
2100x4200
2100x2100
2100x840
2100x420
840x6300
840x4200
840x2100
840x840
840x420
420x6300
420x4200
420x2100
420x840
420x420

4096x256
4096x128
2048x512
2048x256
1024x1024
1024x512
1024x256
1024x128
512x4096
512x2048
512x1024
512x512
512x256
512x128
256x8192
256x4096
256x2048
256x1024
256x512
256x256
256x128

=

THEXY Y BE i N B
—e— PerfFFT  —a—FFTW

XY R AN B R

—e— PerfFFT

—— FFTW

(j) 4k FLOAT R2HC HC2R FFT i 2 (5 AE %] E

(i) —4k FLOAT R2HC_HC2R FFT 2 ff) R AE T LL &

2D FLOAT HC2R_R2HC FFTHE 2(1) %%

Gflops

2D FLOAT HC2R_R2HC FFT 2%

Gflops

OO T MmN O

4.5

35

25

4096x256
4096x128
2048x512
2048x256
1024x1024
1024x512
1024x256
1024x128
512x4096
512x2048
512x1024
512x512
512x256
512x128
256x8192
256x4096
256x2048
256x1024
256x512
256x256
256x128

6300x6300
6300x4200
6300x2100
6300x840
6300x420
4200x6300
4200x4200
4200x2100
4200x840
4200x420
2100x6300
2100x4200
2100x2100
2100x840
2100x420
840x6300
840x4200
840x2100
840x840
840x420
420x6300
420x4200
420x2100
420x840
420x420

THEXY Y B A N R
—e—PerfFFT  —+—FFTW

THEXCY 2 A N A
—e—PerfFFT  —a—FFTW

() —% FLOAT HC2R_R2HC FFT E 2 FrIFHERENS LR

(k) -4 FLOAT HC2R_R2HC FFT 2 [P AEX LK

2D FLOAT HC2R_HC2R FFT JR2[) %

Gflops

4.5

2D FLOAT HC2R_HC2R FFT 2%

Gflops

35

;

OO < MANAO

6300x6300
6300x4200
6300x2100
6300x840
6300x420
4200x6300
4200x4200
4200x2100
4200x840
4200x420
2100x6300
2100x4200
2100x2100
2100x840
2100x420
840x6300
840x4200
840x2100
840x840
840x420
420x6300
420x4200
420x2100
420x840
420x420

4096x256
4096x128
2048x512
2048x256
1024x1024
1024x512
1024x256
1024x128
512x4096
512x2048
512x1024
512x512
512x256
512x128
256x8192
256x4096
256x2048
256x1024
256x512
256x256
256x128

THEXY Y B N U
—e—PerfFFT  —a— FFTW

XY 4R B A B A

—e—PerfFFT

—— FFTW

(n) — 4 FLOAT HC2R _HC2R FFT HE 2 (R REXT L &

Kl 16 —4E FLOAT FFT 1 agxt b &

4 FLOAT HC2R_HC2R FFT 2 ()Rt REXT LL &

(m)
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Gflops 3D FLOAT R2C FFT 2/ 7

2.5
2
1.5
1

N O © N OO N OO NDO©NOWDOND O N®© O N
AN O AN AL A ND AN AdND AN D A
W AHNL A AL AN AL AND AN, AN D

128256256256512512512256256256512512512128128128256256256512512512
128128128128128128128256256256256256256512512512512512512512512512

= kXY Z 4k FE i N B A

—e— PerfFFT  —a— FFTW

(a)=4E FLOAT R2C FFT 2 FySt: A% L&

Gflops 3D FLOAT C2R FFT 2/ %

AN

128256512128256512128256512128256512128256512128256512128256512
512512512128128128256256256512512512128128128256256256512512512
128128128256256256256256256256256256512512512512512512512512512

=YX Y Z 4k FE i N B A
—e— PerfFFT —a—FFTW

O, N WRA~OG

(C)=4E FLOAT C2R FFT 2 [JFEREXS Eb A

Gflops 3D FLOAT R2HC FFT 2/ 5

o = N
oculruINvUTW

0wo|onoolw o wlc oo o oo o o o o o ol a oo o
N L~ N O A0~ N0~ D N~ A0~ N D A0
HAL AL~ ANL A0~ AL AN A e A

1281281281281 281 281 281 281 225@5R5R5R5@5R50250256151515151515151512
ZYEXY Z 4 FE i N EE A

—&— PerfFFT —a—FFTW

(e) =4 FLOAT R2HC FFT 2 [ REXT EL I

3D FLOAT R2C FFT JE2f) %%

Gflops

3.2
3
2.8
2.6
24

162 486 162 486 162 486

50 250 50 50 250 250

162 162 486 486 486 486

= XY Z 4k FE i N K S
—e—PerfFFT  —a— FFTW

(b) =4 FLOAT R2C FFT 2 [k RERT LK

3D FLOAT C2R FFT JF2f %

Gflops
3.2
3
2.8
26
2.4
162 486 162 486 162 486 162 486
50 50 250 250 50 50 250 250
162 162 162 162 486 486 486 486
= XY Z 4 FE i N\ B A
—e—PerfFFT  —a—FFTW

(d) =4k FLOAT C2R FFT 2 [ @tk REx EL

Gflops 3D FLOAT R2HC FFT F2(1 %
3.2
3
2.8
2.6
2.4
2.2
2
162 486 162 486 162 486 162 486
50 50 250 250 50 50 250 250
162 162 162 162 486 486 486 486
ZHEXY ZYE BN B A
—e—PerfFFT  —a—FFTW

(f) =4k FLOAT R2HC FFT 2 H% P REXT L

& 17 =4t FLOAT FFT MHEXS LB

Gflops 2D DOUBLE C2C FFT 215
2
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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 ARM V8 platform: ARM Performance Library.
Our main contributions are as follows: First, we propose a
set of FFT algorithm implementation and optimization on ARM
V8 platform, which not only improves the performance of FFT
algorithm on ARM V8 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 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, GEMYV, 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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