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New Radix-8 FFT Kernel for Fused Multiply-Add Instructions

AKIRA NUKADA 5t AKIRA NISHIDA it and YOSHIO OYANAGIt

In this paper, we propose a new radix-8 FFT kernel for fused multiply-add instructions.
Although this kernel requires the same number of multiply-add instructions as conventional
radix-8 FFT kernels, it requires smaller size of twiddle factor table, that is, 3N/2 floating
point numbers for N-point FFT. Moreover, this kernel needs to load only 14 floating point
numbers for twiddle factors to compute a kernel. In the experiments on Itanium2 and Power4,

the number of cache miss was reduced, and higher performance was attained.
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Fig.1 Conventional Radix-8 FFT Kernel
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Table 1 Number of operations for radix-2,4,8
and Split-Radix FFT kernels

radix-2 radix-4 | radix-8 Split-Radix
load 4 8 16 8
store 4 8 16 8
fmul 4 12 32 8
fadd 6 22 66 16

KX TiEp =8, T748bb 8 HE FFT I —x/1
IZOWTEZD.

3. WXDS8EEFFT H—xIL

Kk 7o BRI R U CREFIE R A 3128 L7 FFT U —
FIVRHFFEENTE T 5. Linzer 1% 2,4,8 FEKR D
Split-Radix ® FFT % —%/L% | Karner % 2,3,5 JEJE
® FFT J—3%1% | Goedecker 1T 2,3,4,5 HED FFT
H—=FND BREL TN,

Pk 8 FIK FFT A —3/WdR 1 D X Hickb X
5. AJ7in(1) 75 in(7) (SO0 %5k % DT 1244,
8 M FFT 2175 b D Toh 5. Linzer DIRET BN
HEEAAIT D 8 HE FFT #—F /MIZNEUTD
K ORT AT T CREMBEE M L RIC A L
-bDThHD.

FFT 71—V TOH Y RE O R HH 55 TIIEREK
DERDOTZOIZ wr xx L wixy DL D REHHEITTH
b, ZOFFEITITEMERGSN 2 2OUNEE D,
THICKILTUTO LS REHAEEZ 5.



out(0)

in(4) —=N out(1)
in(2) N out(2)
in(6) al out(3)
in(1) il : m::ii out(4)
in(5) “N s out(5)
in(3) = — out(6)
in(7) “N W — out(7)

2 #RETDH 8 MK FFT h—>x/v
Fig.2 New Radix-8 FFT Kernel
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Table 2 Number of operations of Radix-8 FFT Kernels

Conventional Radix-8 New Radix-8
load 16 16
store 16 16
fmul 32 36
fadd 66 66
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Table 3 Table size of twiddle factors for computing N-point FFT

Normal Optimized for FMA
Radix-4 | Radix-8 | Radix-4 Conventional Radix-8 | New Radix-8
cos(z) 3N/4 7N/8 N/2 3N/8 N/2
sin(z) 3N/4 7N/8 0 0 0
sin(z)/ cos(x) 0 0 3N/4 7N/8 3N/4
cos(3z)/ cos(x) 0 0 N/4 N/4 N/4
cos(bz)/ cos(z) 0 0 0 N/8 0
cos(7z)/ cos(x) 0 0 0 N/8 0
cos(z)/V2 0 0 0 N/8 0
Total 3N/2 7N/4 3N/2 15N/8 3N/2
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Table 4 Itanium2 Computing Environment

CPU Clock | 1.3GHz

L2 cache 256kB,8-way, WB/WA ™, 128B line
L3 cache 3MB, 12-way, WB/WA, 128B line
Compiler Intel C Compiler 7.1(ecc -O3)
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Table 5 Power4 Computing Environment

CPU Clock 1.3GHz
L1D cache 64kB, 2-way, WT/NWA** 128B line
L2 cache 1440kB,8-way, WB/WA, 128B line
L3 cache 128MB, 8-way,WB/WA, 512B line
Compiler IBM XLC compiler
(xlc -q64 -O5 -qarch=pwr4 -qtune=pwr4)
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Table 6 Performance monitor data in computing 8%-point

FFT
Conv. radix-8 | New radix-8
CPU_CYCLES 192026 179051
L2_REFERENCES 82025 81401
L2_MISSES 675 563
L3_MISSES 293 173
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radix8(src,dst,ls,ns) {
for (i = 0; i < 1s; i++) {
/* ORI E AT */
for (j = 0; j < mns; j++) {
/x ANNT — R EGirirt  */
/* 8 LK FFT I —F NV EFHHT D */
/* MAT—42EXAT */
}
}
}

fft(src,dst,n) {
1ls = 1;
ns = n/8;
for (i = 0; i < logn; i++) {
radix8(src,dst,1ls,ns);

1ls = 1s * 8;

ns = ns / 8;

SWAP(dst,src);
}

B3 FFT 0Fff2—FK1
Fig.3 FFT Program 1
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Table 7 Mflops on Itanium2(FFT Program 1)

N Conventional radix-8 New radix-8 |
83 1402 Mflops 1494 Mflops
84 1748 Mflops 1792 Mflops
8° 906 Mflops 919 Mflops
86 280 Mflops 294 Mflops
87 184 Mflops 184 Mflops

£ 8 Powerd TOHEMRE (72— K1)
Table 8 Mflops on Power4(FFT Program 1)

N Conventional radix-8 New radix-8 |
83 1545 Mflops 1659 Mflops
84 1488 Mflops 1572 Mflops
8° 689 Mflops 693 Mflops
86 280 Mflops 286 Mflops
87 299 Mflops 314 Mflops
88 239 Mflops 239 Mflops

radix8(src,dst,ls,ns) {
if (ns != 1) {
for (i = 0; i < 1s; i++) {
/x ORI ETGFAT  */
for (j = 0; j < mns; j++) {
/* ANT—H EFidririte */
/* 8 LK FFT 1 — X VAFFE TS +/
/x BT —2aEEXAL */
}
}
} else {
for (j = 0; j < 1s; j++) {
/x ORI EFGHFAT  */
/x ANNT — R EGirAL  */
/* 8 LK FFT I —F NV EFHHT D */
/* M7 —4%EXATL */
¥
}
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Fig.4 FFT Program 2
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£ 9 Itanium2 TOEMERE (FT2—F 2)
Table 9 Mflops on Itanium2(FFT Program 2)

N Conventional radix-8 New radix-8 |
83 1490 Mflops 1749 Mflops
84 1872 Mflops 1960 Mflops
8° 843 Mflops 909 Mflops
86 429 Mflops 445 Mflops
87 397 Mflops 409 Mflops

% 10 Powerd TOREMRE (FiT2—F 2)
Table 10 Mflops on Power4(FFT Program 2)

N Conventional radix-8 New radix-8 |
83 1749 Mflops 1949 Mflops
84 1729 Mflops 1844 Mflops
8° 765 Mflops 835 Mflops
86 303 Mflops 316 Mflops
87 342 Mflops 355 Mflops
88 231 Mflops 233 Mflops
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wre = wnr(2j)

wry = wnr(47)
wrgy = wnr(j + N/8)
wiy = wni(j)

wig = wni(27)
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wig = umi(4j)

wigy = wni(j + N/8)
wigz = wni(3j + 3N/8)
wrg; = wn31(j)

wrgz1 = wn3l(j + N/8)
wrez = wn31(2j)

u0 = inr(0)
v0 = ini(0)
ul =inr(1)
vl = ini(1)
r = 1inr(2)
s = ini(2)

U2 =1 — S* Wiy
V2=r*wis+ 8
ud = inr(3)
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ud =1 — 5 * Wiy
v4d=7r*xwiqg+ s
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s =1ini(5)

UD =17 — §* Wiy
VO =r*xwig+ s
r = inr(6)

s = ini(6)

ub =r — s *x wig
v6 =7 % wig + S
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s =ini(7)

Ul =1 — S % Wiy
VT =r*xwiqg+ 8

r0 = u0 4 ud * wry
s0 =00+ v4d *x wry
rl = u2 4+ ub * wrge
s1 = v2 + v6 * wrgs
r2 = ul + ud * wry
s2 = vl + v5 *x wry
r3 = ud + u7 * wry
s3 =v3+v7 xwry
rd = u0 — ud * wry
s4 = v0 — vd x wry
rb = u2 — ub * wrgs
sb = v2 — v6 * wWrgs
6 = ul — ud *x wry
s6 = vl — vb * wry
7T =u3 — u? *xwry
ST =v3 —v7*xwry
w0 =70+ rl * wry
V0 = 50 + s1 * wry
ul =r0 —rl xwry
vl = s0 — sl x wry
r=7r2—52% Wiy

s=r2%xwiy + 82

p=1r3— 83 *wis

q=13*wisz+ s3
u2 =1+ pxwrs
V2 =54 q*wrs;
U3 =1 —pkwrsy

v3 =8 —q*wrs
outr(0) = u0 + u2 * wry
outi(0) = v0 + v2 % wry
outr(4) = u0 — u2 * wrq
outi(4) = v0 — v2 x wrq
outr(2) = ul + v3 * wrq
outi(2) = vl — u3d * wry
outr(6) = ul — v3 x wrq
outi(6) = vl + u3 * wry
u0 = rd + 85 * wry
v0 =54 — rb5 *xwry
ul =rd — sbxwry
vl = 54 4+ 1rd * wre
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r =16 — 56 * wigy
s =16 * wigy + s6

p=1r7— 587 *wigs

q =17 *wigs + s7
u2 =1+ p*wrssy
V2 =54 q * wrgsy
U3 =1 — Pk wrgsy

v3 =8 — q % wrssl
outr(1l) = u0 + u2 * wrg;
outi(1l) = v0 + v2 x wrg;
outr(5) = u0 — u2 * wrgy
outi(5) = v0 — v2 x wrg;
outr(3) = ul + v3 * wrs;
outi(3) = vl — ud * wrgy
outr(7) = ul — v3 * wrs;
outi(7) = vl + u3 * wrg;
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s = ini(3)
ud =1r — s *xwig
v3 =Tr*xwiz+ 8
r = inr(4)
s = ini(4)
ud =1 — 5 * Wiy
v4d=7r*xwisg+s
r = inr(5)
s = ini(5)
uUd =1 — 8 *Wis
vd =r*xwis+ 8
r = inr(6)
s = ini(6)
ub =17 — s * wWig

v6 =1 % wig + S

r = inr(7)

s =ini(7)

u? =1r—s*wir

vl =r*wir+ S

r0 = u0 + ud * wry
50 = v0 4+ v4 x wry
rl = u2 + ub * wrgs
s1 = v2 + v6 * wrgs
r2 = ul + ud * wrsy
s2 = vl + v5 * wrsy
r3 = ud + u7 * wrrg
§3 = v3 + VT * wrrs
rd = u0 — ud * wry
s4 = v0 — v4 * wry
D = v2 — V6 * Wwrgo
$5 = ub *x wrgy — u2
6 = ul — ud *x wrsy
s6 = vl — V5 * wrs,
r7 =03 — V7 x wrys
ST =uT*wrys —u3
u0 =r0+rl xwry
v0 = 50 + s1 * wre
ul =70 —rl xwre
vl =50 — sl xwry
u2 =124+ r3 * wrey
V2 = 82 + 83 x wry
u3 =12 —1r3 *wry
v3 = 82 — 83 *x wry
outr(0) = u0 + u2 * wry

outi(0) = v0 + v2 x wry
outr(4) = u0 — u2 * wry
outi(4) = v0 — v2 x wry
outr(2) =ul + v3 *wry
outi(2) = vl — ud * wry
outr(6) = ul — v3 * wry

outi(6) = vl + u3 * wry
u0 = rd + rb *x wrsy
v0 = s4 + s5 x wr3;
ul =rd —rd*xwrs;

vl = s4 — 85 * wr3;
u2 =16+ r7* wrs;
v2 = s6 + S7 * wrs3;
u3 =16 — r7 * wrsy
v3 = 86 — 7 *x wr3y

rd =u2 + v2
s4 = v2 — u2
rb =u3 —v3
sH=v3+u3

outr(1) = u0 + 74 * wrg;
outi(l) = v0 + s4 % wrg;
outr(5) = u0 — 74 * wrg;
outi(5) = v0 — s4 % wrg;
outr(3) = ul + 75 * wrg;
outi(3) = vl + 85 * wrg;
outr(7) = ul — r5 * wrg;
outi(7) = vl — 85 * wrg;

wnr(k) = cos(—2mwk/N)

0<k<N/4

wni(k) = sin(—2wk/N)/ cos(—2nk/N)
0<k<7N/8

wn31(k) = cos(—67k/N)/ cos(—27k/N)

0<k<N/4
wnd(k) = cos(—8nk/N)

0<k<N/8
wnbl(k) = cos(—107k/N)/ cos(—2wk/N)

0<k<N/8
wn73(k) = cos(—14wk/N)/ cos(—67k/N)

0<k<N/8
wn81(k) = cos(—2rk/N)/v/2

0<k<N/8



