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I Stages

k10 = k31 + N;;

kil = k3l + N/2;:;
§12 = 331 + 1;:

J10 = 3§31 + 2;;

J11 = 431 + 4is

k20 = k31 + STAGES;;

_stages_loop:
§O = 331 + j29;;:
k0 = k31 + k3D;;
J13 = §31 + 0;;

el = §12:;
_group_loop:
xrl:0 = L{k0 += k10];;
§1 = 30 + j10;;

LCO = ki11;;

_butterfly locp:
xr3:2 = L{jO += 0];;
xr5:4 = L[j1 += 0];;
*fré = xd * x0;;
#fx7 = ¥5 * rl;;
#fr8 = ¥6 - 7
#fr9 = rd * rl;;
xfrl0 = x5 * r0;;
xfrll = r% + rl0;;
xfril2 = r2 + r8, frl4 = r2 - r@;;

L{0 4= 11] = xrl3:12;;
L1 += j11] = xrl5:14;;

§13 = §13 + 255
j0 = 29 + J13;;
if NLC1E, jump _group loop (NP);;

k10 = lshiftr k10;;
k1l = lshiftr ki11;;
j12 = §12 + j12;;
j10 = j1o + j10;;
J11 = j11 + ji1;:

k20 = k20 - 1;;
if NKEQ, jump _stages loop (NP);;

xfrli = r3 + rll, fri5 = r3d - rll;;

if NLCOE, jump _butterfly loop [NP);;

// twiddles stride

// butterflies/group
// groups

/f width of butterfly
// butterfly stride

// 30 -> internal buff
// kO -> twiddles

[/ xro=cos, xri=-sin
// §1 -» second input to butterfly

// xr2=Rel, xri=Iml
// xré=Re2, xrS5=Im2
// xr6=Re2+*cos

[/ #r7=Im2*sin

// xr8=Re(z2*twid)
// xré=Re2*sin

// xr7=Im2*cos

/f xr8=Im{z2*cwid)
// Re(butterfly)

// Imi{butterfly)

// offset for the next group

// twiddles stride

// butterflies/group
// groups

// width of butterfly
// butterfly stride

Y1 fft32_unoptimized.asm
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Bk ik LiRE

B3R T R AT AL R AR TR 1, #iJoR
RSP o A SR I i Sk 7 i ok B A 4
AR S5 R S A A AL AR AR AE F, IA T 42 25
e 58 R AT PR IE B OB 8 1 . A 2k B
Sl —FhBHZE, FEAIR

K2 -> M1, M2, M3, M4

F1, F2-> M1, M2, M3, M4, A3, A4

M1, M2 > Al

M3, M4 -> A2

AL, A2 -> A3, A4

XA, R AR A i B 1 ) T R
KRR BRAE, LR R IEWRY, ER
MPAT R R — AN %E . e, et
T, W G5 AL A BILEE A 3R 1 2 AR F5 1 4% LA
BRI,

BB EIARNIETFIHI K NE
Xt PRI SAH SR M ) B i WL 5% R LA 90T it K £ 45 1 )
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IR UL B A e 5 B S BT B 7 A7 8 B

BB B 5 ik Ze B EAr 7 ) i 5 2k 7 17
poay

WRTATE, SE4iik &R e 2ok — A 4J B
SIMD¥ i 5xt, MifiA LA T
Pipelined_CB_Registers_Per_State_Output =
Unpipelined_CB_Registers_Per_State_Output *
([Maximum_Dependency_Cycles/4]+1)

X HL ) X R R ROy B B 4y o BB FRATT AT DA
BsE BT B TH BT eI AR A B, RSP
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TAME F FAFnE 31 Fid 5 (mnemonics)
S Ik PR M se e RAEIL, WAKLERMERT
o, Hop#fEdl “+7 SRRIZBES T
—HEBREX N, 7 SRS RN
W 38 BB AR B
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P, XA A K e 1 IR B A 4XT TR
B, REOPIGI N A — B AR 2 bl i 4
MR BT ) .

Ri5

BAE, BERIGERM %, ADSPTS2014EH# R
I, el A AL SE kRS, R T EE R
PR K R e, RABERZ5E R, HERD
R (RIGEHRERIN) WIIR2PR,

E—WRIER R IMRE — A HEFEIEIS, E*
i NVt 9% o 25 AT ping-pong#R AR I Hf B 3E e
EAE R Dl Wb R

o i B BEFR AR R b4y B ok, A
CATHSIRE, BRI BIMEL-—- I
BRGNS H, FIMEBBTEN., B,
A BEREE AN T AR Bt e, B, BRIk
B, VAR 2 KIte? fERTHRITES
RIS NS, SHREEIMER T RS, *t
TRT%AF (larger-than cache) HIFFT, fEIRITEL
BOH3RELL b, X TIERCAFHIFFT , fESA R
Relr T FJHADSP-TS101AL PRSI R I,  HLALFRZS
BRI 2 A7 BN A7 S R I ] ], HL R PRI AE
T3 LV RS AE A T HE = /MR ETEMA
BE, MIKKED T, X—RE e LI
FHEIADSP-TS101, egieH B, WERTTIR,
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.align_code 4;

_BflyLoop:
qli2+=41=r27:26; kS=kS+k9; fré=ri0o*ri2; £rl6=ré-r7;; /f 82----,K3-, Ml-, Al--
yr3:0=qg[j0+=4]; k3=k5 and k4; fri5=r23*rd4; fr24=r8+rl8, fr26=r8-rl8;; /! F1, K1, Mi--, AI---
xr3:0mg[j0+=4]); r5:4=1[k7+k3]; £rT7=r3l*rl3; f£raS=ro+rl9, £r27=r9-rld;; I F2, K2, M2-; M-~
qljlemd] mr25:24; £ridmri0*rld; friT=rl4+rlS;; /f 81---, M3-, A2--
qlj2+=4]1=r27:26; k5=k5+k9; fré=raerd; fri8=r6-r7;; /7 82---, X3, M1, Al-
yril:8=q[j0+=4]; ki3=ks and ki; £r15=r31r12; fr24=r204rl6, fr26=r20-rl6;; // Fl+, Kl+, Md-, A3--
xrl1l:B=q[j0+=d]; r13:12=l[k7+k3]; fri=rivrs; £r25=r21+rl7, fr27=r21-rl7;; // B2+, K2+, M2, Ad--
qljlemd] =x25:24; frider2*r5; fri9=rld+rlS;; /f 81--, M3, Az-
qli2+=4]=x27:26; kS=k5+k9; £r6=r10*ri2; frié=ré-rl;; /) 82--, K3+, M1+, AL
yr23:20=qljo+=4]; ki=k5 and kd; friS=ri*rd; fr24=r28+r18, fr26=r28-ris;; // Ples, Klss+, M4, A3-
%r23:20mq[J0+=4] ; r5:4wl[k7+k3]; E£rT7erll*rll; £r2S=r29+rl9, fr27=r29-rl9;; [/ F2a+, K24+, M2+,  Ad-
qljle=4]=r25:24; £r14=r10°r13; fri7=rlé+rls;; {1/ 81, M3+, A2
qli2+=4]=x27:26; kS=kS+k3; fré=ra2*rd; Erl8=x6-x7;; I 82—, K3++, Ml++, AL+
yril:28=q(j0+=4]; k3=kS and kd; fri5arll*ri2; fr2d=r0+rl6, £ri6=ro-rl6;; / Flets, Kle++, Md+, A3
xr31:28=qg[j0+=4]; ¥13:12=1[k7+k3]); fr7=r23+*r5; fraS=rl+rl?, £r27=rl-rl7;; I P24+, K244+, M2++, A4

«align_code 4;
if HLCOE, jump BElyLoop:
qlile=d] =r25:24; £rld4erd2*r5; £rl9=rld+rlS;; /81, M3++, A2+

FiA2 fft32.asm--- 7 4

&1 N RHFET AR AR BrEi X E451H)

s F AE ) JEA
input -> FFT 4 AZBh22,
CHT iR A2 BOFF T B 7 R R nput-> FET 5\ gkrae

FFT32( &(input), &(ping_pong_bufferl), output -> FFT fir ti Z= 1 25

&(pi buffer2), &(output), N, F);
(ping_pong_buffer2), &(output) ) ping_pong_bufferx’ping pong4z i1 5%,

JJADSP-TS201 TigerSHARC®4b #2545 173 U A 77 J5FFT (EE-218) 9



N=52 80 B
F=0 ZFFT A8 F=1 HFFTAEH.

MR, BRI ENHDY, HERARREEAR
g, W # 17 pingpong # fF . X M,

ping_pong_bufferl #ping_pong_buffer2iit s Z 2 i
BOAR ISR ES, Ak, BURTBHTR PRI -
R, RSN T LIREI, AnRinput N
TR, AR 2Ping_pong_bufferl mf LI Ayinputsz op
A UE R, b, fniRLog2(N) 8%, R4
outputZe e il 15 ping_pong_buffer2 [R5 fdi i s 4n
HLog2(N) Ay #7%%, IB2.output 5ping_pong_bufferl
R TR BH TR HERRAG, B

B 3%

RALFFT Y 5 8 JARRS
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A PIAE

FFT32( &(input), &( input),

&( output), &(output), 1024, 1);

FFT32( &(input), &(input),

&( ping_pong_buffer2), &( input), 2048, 1);

J BRI AE BTG A o 5E, inputdl 20 SE 88 AE— A
A T ping_pong_buffer2 i) g ££ e v, e 5% BRI
A6 25 5 B8 AE— A JF pingpong £% i 8% 1 Y
g, M8, AL EEEE -4NS
It A BOHE 9% oh 28 B AS [l i BT ¥ b, {HPing-
pongZg i 2§ ] BE I T — AN AR - [a] — JE Y
B A H8 2 IR 5 ] 5 4> ping-pong 4% o 2%

J9ADSP-TS201 TigerSHARC®4L 2% 4 5 v R 0% 25 FF T (EE-218)
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f* f£fe32.asm

Prelim rev. October 19, 2003 - BL
Rev. 1.0 - added real inputs case - PM

This is assembly routine for the Complex radix-2 C-callable FFT on TigerSHARC
family of DSPs.

I. Description of Calling.

1. Inputs:
j4 =-> input (ping-pong buffer 1)
45 -> ping-pong buffer 1
36 -> ping-pong buffer 2
37 -= output
j27+0x18 -> N = Number of points
j27+0x19 -> REAL or COMPLEX

2. €-Calling Example:
£fr32(&(input), &(ping pong bufferl), &(ping pong buffer2), &(output), N, COMPLEX);

3. Limitations:
a. All buffers must be aligned on memory boundary which is a multiple of 4.
b. H must be between 32 and MAX FFT SIZE.
c. If memory space savings are required and input does not have to be
preserved, ping pong bufferl can be the same buffer as input.
d. If memory space savings are required, output can be the same buffer
as ping pong buffer2 if the number of FFT stages is even (i.e.
Log2 (N) is even) or the same as ping pong_bufferl if the number of
FFT stages is odd (i.e. Log2(N) is odd).

4. MAX _FFT_SIZE can be selected via f#define. Larger values allow for more choices
of N, but its twiddleas will occupy more memory.

5. This C - callable function can process up to 64K blocks of data on TS201
(16K blocks on TS101) L C envi itself itates memory.
Therefore, if more input points are ¥ bly 1 develop 1
may become a must. On TS5201, a block of memory is 128K words long, so
maximum ¥ is 128K real points or 64K complex pointe. TS101 contains
only 2 blocks of data memory of 64K words and 4 buffers must be
accommodated. Therefore, maximum N is 32K real words or 16K complex words.

II. Description of the FFT algorithm.
1. The input data is treated as complex interleaved N-point.
2. Due to re-ordering, no stage can be done in-place.
3. The bit reversal and the firat two stages are combined into
a single loop. This loop takes data from input and stores it
in the ping-pong bufferl.

4. Each subsequent stage ping-pongs the data between the twe ping-pong
buffers. The last stage uses FFT ocutput buffer for its output.

5. Although the FFT is designed to be called with any point size
N <= MAX FFT SIZE by subsampling the twiddle factors, for ADSP-TS20x
processors, the best cycle optimization is achieved when MAX FFT_SIZE=N.
For ADSP-TS101 all choices of MAX FFT SIZE are equally optimal.
III. Description of the REAL FFT algorithm.

1. The input data is treated as complex interleaved N/2-point. The N/2 point complex
FFT will be computed first. Thus, N is halved, now number of pointas = N/2.

2. Details and socurce code of the N/2 point complex FFT are in II above.
3. Real re-combine:
Here the complex N/2-point FFT computed in the previous steps is recombined to
produce the N-point real FFT. If G is the complex FFT and F is the real FFT,
the formula for F is given by:
Fin) = 0.5*(G({n)+conj(G(N/2-n))-0.5*ivexp(-2*pi*i*n/N)*(G(n)-conj(G(N/2-n}]}.
From this the following can be derived:
conj (F(N/2-n)) = 0.5%(G(n)+conj (G(K/2-n))+0.5*i*exp(-2¢pi*i*n/N}* (G(n) -conj (G(N/2-n) ).

‘Thus, this can be computed in (n,N/2-n} pairs, as follows (dropping factor of 2):

L= R BEesssssssssssssssssssae Beeseseas = Fin}
YAl it
\/ \/
N A

conj / =\ expl-2*piti*n)*i [/ -\ conj

G{N/2-n} ----- > conj (G(N/2-n))-----~ P Semmm—am > F(N/2-n)

This is very efficient on the TigerSHARC architecture due teo the add/subtract
instructicn.
IV. For all additiocnal details regarding this algorichm and code, see EE-218
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application note, available from the ADI web site.
i
1 . waw * Includes #wsxw .

#include "FFTDef.h"
finclude "defte201.h®

Jjavsanasavassutraransieans EXCArTE HAASSATIISSAIATAR AR TR IR a A ay

.extern _twiddles;

Jjeeesesassssaiessssasatanessssanes FPT Routine s4essssssssatsssssatentassntasans
.section program;
-global FFT32;

_FFT32:

B e L T R T

mENTER

mPUSHQ (xR31:28)
mPUSHQ (xR2
mPUSHQ (YR31:28)
mPUSHO (yR27:24)

B L e T Setup EnbaraEEE .
417 = [§27 + ox18]; £1317 = N
311 = [327 + 0x18]:; // j11=COMPLEX or REAL, off the stack

comp (11, COMPLEX) ; ; // Complex or Real?

if jeq, jump _FFTStagesland2;;

j17=ashiftr §17;; /{ if Real, half N
l.f(.‘!#‘ll'iotlhﬂltﬂlcﬂl'ﬂh'l!'(!'!l.!v"t'IbﬂIl‘lh‘l0‘!0'IoﬂD!ﬂboﬂloﬂilli"#'ll‘l!'&
_FFTStagesland2:

§11 = §31 + §17;; ff §11=n

xr3=jll; k7=k31l+ twiddlea;;

k1=311; jBelshiftr j11;; [/ kleN, j8eN/2

j9=1shiftr j8; xr0=MAX FFT_SIZE; xr3=LD0 r3;; /f je=t/4, compute the twiddle stride

k8=lghiftr kl; xro=LDO r0; xril=jll;;

kB=1sghiftr kf; xrl=LD0 rl; xr2=(31-3};; // kB=N/4, Compute Stages-3

kO=j4; klO=lshiftr kB; xrlsrl-rd; xrO=lshifc r0 by -32;; {{ k0->input, xrlsbit difference between MAX and N

klo=1shiftr ki10; xrO=bset r0 by rl; xr30=r2-rd;; {f k10=N/16, xri0=Stages-3

k10=k10-1; xrO=lshift r0 by 2; LCl=xr30;; // Klo=N/16-1, LCl=Stages-3

k9exr0; ki=kils+ (MAX FFT SIZE/4-1);;

kd=not kd4; jlo=lshifer j9;; // initial twiddles pointer mask, j10=NH/8

J/etsvssansnssvasses Dit Reverse and Stages 1 & 2 sessesssvresssssssimatsiiniannn

kS=1shifer ki;; /! ks=N/2
40=331+36; kémwk&-k&;; // j0->ping_pong buffer2

j1=304§9; LCO=k10;; /! j1->ping_pong buffer2+N/4, LCO=N/16-1
J2=31+39; klmko+k5;; // j2->ping_pong buffer2+N/2, kl->input+N/2

J3=32+39; k2=kl+ks;; // J3->ping pong buffer2+3N/4, k2->input+N
312=43439; k3=k24k5;; // j12->ping_pong_buffer2+N, k3->input+3N/2
313=312+j9; kS=lshiftr kS;; // 313->ping pong buffer2+5M/4, kS=N/4

J14=313+39; rl:0=qlko+ks];; // J14->ping pong_bufferi+iN/2
315=314+39; r3:2=qlk2+ke];; {/ 315->ping_pona buffer2+7N/4
r5id=qlkl+ké] ; ;

r7:6mg(k3+ks] ;;

k6=k6+k5 (br); fr0=r0+r2, fr20=r0-r2;;
r9:8=g[k0+kE] ; £r2erl+rd, £rawrl-rid;;
r1l:10=g[k2+k6]; fri=rd+r6, frilerd-r6;;
ri3:12=qikl+ks]; Ers=r5+r7, Eri8=rs-ri;;

ri5:14=g[k3+k6]; fri8=r8+rl0, fr22=r8-rid;;
ké=k6+k5 (br); frig=rf+rll, frilar9-ril;;
£r26=r12+rld, £r2lerl2-rl4;;

£r27=r13+rl5, fri0=rll-rl5;;

£r20er20+x28, fr2Ber20-r28;;
fr29=r29+r21, fr2l=r2%-r2l;;
£r22=x22+xr30, fra30a=r22-ri0;;
fril=ril+r23, fr2l3=ril-rai;;

.align_code 4;

_Stagesland2Loop:
rl:0mg[ko+k6]; qlize=d]myr23:20; friferO+rd, fr2derd-rd;;
ri:2mqlk2+k6] ; g[j3+=4]=xr23:20; frli7=ri+r5, fr2Seri-r5;;
r5:4=qlkl+k6]; glild+=4]=yr31:28; fri8=rl8+r26, fr26=ris-r26;;
rT:6mqlk3+k6] ; q[j15+=d]mxr3l:28; Exrlo=rlS+r27, fr2Terl9-rl7;;

ké=k6+k5 (br); glij0+=4]=yr19:16; frO=r0+r2, fra20=r0-r2;;
r9:8ug(k0+k6] ; gljl+md]mxrlf:16; fr2erlsr3d, friferl-ri;;
rll:10=q[k2+k6]; qljl2+=4]=yr27:24; fri=rd+r6, fr2l=ri-r
r13:12=glki+k6]; qljl3+=4]=xr27:24; fr5=r5+r7, fr2@=rs5-r

r15:14=g[k3+k6]; friger8+rl0, £ra22ers-rl0d;;
ké=k6+k5 (br); friS=rS+ril, fril=rd-rill;;
fr26=r12+rl4, fr23=ri2-rld;;

£r27mrl3+rl5, fra0s=rl3-rl5;;

fr20=r20+r28, fr28=r20-r28;;
£r2gmr294r2l, fr2ler2s-r2l;;
Er22=r22+x30, friQer22-rid;;
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.align_code 4;
if NLCOE, jump Stagesland2Loop;
£ral=r3l+r23, £r23=r3l-r23;;

qli2+=4] =yr23:20; friferO+rd, fradero-zd;;
qli34=4]=xr23:20; £rl17=r2+r5, fr25=r2-r5;;

qljle+=4]=yr31:28; fri@=rl8+r26, Ffr26=rlf-ri6;;
qli15+=4] =xr31:28; fri19=rl9+r27, fr27=rl9-r27;;

gljos=4]=yrls:16;;
qlile=q]=xrl9:16;;
qljla+=4]ayr27:24;;
qli13+4=4]=xr27:24;;

Jf#wsswssnsnnrennnsnnesass Stages 3 to LogZ(N)-1 sesessssssssnssrsnsnsnssnsnsvns
§0=331416; kS=k3140;;

.align code 4;

_StageLoop:
yrd:0=g[jO+=d]; ki=k5 and kd;;
xrd:0ug[jO+=d] ; r5:4=1[k7+k3];;
LCO=k10; k5=k54+kS9; ;

yrll:8=qg[j0+=4]; k3=kS and kd4; frémraerd
xrll:8=q[j0+=4]; rl3:12=1(k7+k3]; fr7=ri*r5;;

frid=r2*rs;;
J1=331+35; kS=k5+k9; fréerld*rl2; frl6m=r6-17;;

yr23:20=g[j0+=4] ; k3=k5 and ki; friS=rived;;

Xxr23:20mq[jO4md] ; r5:4el[k7+k3]; Er7erlle*ril;;
frid4=ri10*rl1d; fri7=rld+ris;;
Ja=ji+jil; kS=kS+k9; Er6=xrd2eri; fri8=r6-r7;;
yr3l:28=q[j0+=4]; k3=kS and k4; fri5=rll*rl2; fr24=r0+rl6, fr2é=r0-rl6;;
xr31:28=q(j0+=4] ; r13:12=1[k7+k3]; frT7=r23*rs; fr25=rl+rl?, fr27=rl-rl7;;
gljl+=d]=r25:24; frid=r22+r5; fri9=rla+ri5;;
.align_code 4;
_BflyLoop:
qli2+md] wr27:26; kS=kS+ks; fr6mr30%rl2; frl6wr6-r7:;
yri:0=g[j0+=4]; k3=kS and ka; friS=r23*rd4; fr2d=ré+rlf, £r26=ré-rif;;
xr3:0eg[j0e=d]; rS:d=1[k7+k3] ; fr7=r3l*rll; fr25=r9+rl9, £r27r9-rl9;;
qljle=d] =r25:24; £rid=ri0*rld; fril7=rld+rl5;;
qlj2e=4]=r27:26; kS=k5+k9; fré=ra*rd; frif=r6-r7;;
yrll:8=q[j0+=4]; k3=k5 and k4; friS=r3l*rl2; fr2d4=r20+rl6, fra6=r20-rl6;;
xrl1l:B=q[j0+=4]; =r13:12=1[k7+k3]; Er7=ri*rs5; fr25=r21+rl7, fra2T=r2l1-ri?;;
gljle=4]=r25:24; Exld=r2#r5; Erl19=r14+rl5;;
qli2+=4]=r27:26; kS=k5+k9; fré=r10%rl2; fri6=r6-r7;;
yr23:20=q[j0+=4]; ki=k5 and kd4; frilS=ri*rd; fr24=r28+rl8, frié=r2s-ri8;;
xr23:20=g[j0+=4) ; rS5:4=1[k7+k1]; fr7mrlierli; friS=r29:rld, fri27=r29-rid;;
gljle=d] =x25:24; frid=rl0*rl3; frl7=rld+rl5;;
gli2+=4]=r27:26; k5=k5+k9; Eré=r22*r4; frl@=r6-r7;;
yril:28=q[j0+=4] ; k3=kS and k4; friSerllerl2; fr2d4=r0+rlé, £r26=xr0-rl
xr3l:28=g[j0+=4); r13:12=1[k7+k3]; Er7=r2i*r5; £ra5=rl+rl7, £r2%=rl-rl
-align code 4;

if NLCOE, jump BflyLoop;
qlj14=4]=r25:247 frid=r22*r5; £ri9=rld+riS;;

qlj2+=d] =x27:26; fréwri0rrl2; £rilber6-r7;;

jO=331+35; friS5=r23*rd; fr24=r8+rl8, fr26=ra-rlf;;

j5=131+36; fr7=ral*ri3; fr25=r9+rl9, fra7=r9-rld;;

qljlemd] =ra5:24; fridmr30*rl3; £riT7=rld+rl5;;

glj2+=4]=x27:26; EriB=ré-r7;;

j6=j31+50; £riS=r3l*ri2; fr24=r20+rl6, fr26=r20-rl6;;
Er25=r21+rl?, fri7=ral-ri?7;;

qljlemd]=r2s:24; £r19erld+rls;;

qlj2+=4]=r27:26; £r24=r28+rl8, fr22=r28-rls;;

§0=331+16; £r25er29+r19, fr23mr29-r19;;

qljle=4]=r25:24; kS=k3140;;
.align_code 4;

if NLC1E, jump _StageLloop;

qlj2+=4]=r23:22; kd=ashiftr kd;;

' LASE SLAGE *Fvssvississssisserstaserersirany

k9 = ashiftr k9;;//in this manner any MAX FFT_SIZE can be used

yri:0=g[j0+=4]; yrS5: 1[kT+=ks];;
xr3:0=q[jO+=4]; xr5:4=1[k7+=k9];;
J1=331+37; £r6=r2*rd; LCO=K10;;

yrll:8=g[jO+=d4]; yrid:12=1[k7+=ks];;

¥rll:B=q[j0+=4]; xrl13:12=1[k7+=k9]; £r7=r3*rS;;

j2=j1+j11; frldmr2*rs;;
fré=ri0*rid; frlé=r6-r7;;

yr23:20mg[j0+md] ; yrS:del[k7+mks]; £riSwerivrd;;
Xr23:20=q[j0+=4] ; xr5:4=1[kT+=ks]; E£r7=rll*rll;;
Erld=r10+*rl3; friT=rld+ri5;;
fr5mradsrd; fri8ers-r7;;

F1, K1
F2, K2
K3, M1
Fl+, Kl+
F2+, K2+, M2
I M3
Kis, M1+, Al
Fl+e, Kl++, M4

F2++, K2++, M2+
K3+4, Ml+s, Al+
Fl+++, Kl+++, MHi+, Al

F2+4+, Kl+ss, MI+s, A4
581, Mi+s, A2+

83----,K3-, Mi-, Al--
F1, K1, Mé-=, A3---
F2, K2, M2-, Ad---
81---, M3-, Al2--
89--=, K3} M1, Al-
Fl+, Kl+, M4-, Al--
F2+, K2+, M2, Ag--
81--, M3, A2~
82--, K3+, M1+, AL
Fl++, Kl4+, M4, A3-
Fa++, K2++, M2+, Ad-
51-, M3+, A2
52-, K3++, HMl+s, AL+

Flet+, Klé++, Mi+, A3
Fls44+, K244+, M244, BA4

81, M3+s, A2+
82----, Ml-, Al--
Mi==, A3-=-
awap ping-pong pointers
M2-, Ad---
81---, M3-, A2--
82-- Al-
Me-, A--
Ad--
81--, A2-
52-- Al-
Ad-
81-
§2-, shift the mask

P,
F2, K2
M1
Fl+
Fa+, K2+, M2
M3
M1+, Al
Fl++, M4
F2+4, K24+, M2+
M3+, A2
Ml++, Al+
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yril:28=q(j0+=4]; yri3:12=1[k7+=k9];EriS=rll*rl2; fr24=r0+rl6, £r26=r0-rl6;; H Fless, Mi+, A3
%r31:28=q[j0+=4]; xx13:12=1[k7+=kS]; £r7=r23*r5; f£r2S=rl+rl7?, £r27=rl-rl7;; [f F2e44, K244+, M24+, BAd
q[jl+=4]=r25:24; fri4=r22+r5; £rl9=rld+rls5;; /f 8L, M3++, A2+
.align_code 4;
_BflyLastLoop:
qli2+=4]=r27:26; £r6=r30*rl2; Eri6=ré-ri;; {liga=—=; Ml-, Al--

yr3:0=g[j0+=4]; [k7+=k9] ; £rlS=r23vrd; f£r24=r8+rls, fri2é=r8-rl8;; [l PL, Ma--, A3---

xr3:0=qljo+=4]; :4=1[k7+4=k9]; f£r7=r3le*rl3d; fr2S5=r9+rl9, f£r27=x9-rls;; [/ F2, K2, M2-, Ad---
qljl+=4]=r25:24; £frld=r30*rl3; £r17=rlé+rls;; Jf-8l=-=, M3-, A2--
qlj2+=d]=r27:26; fré=r2e*rd; fri18=r6-r7;; [l 82---, M1, Al-
yrll:B=q[j0+=4]; yr13:12=1([k7+=k9];Er15=r31%rl2; £r24=r204rl6, fr26=r20-rl6;; [/ Fls, M4-, A3--
xrll:8=g[j0+=4]; =xrl3:12=1[k7+=k9];ErT=ri*rs; fras5=r21+rl?, fx27=ra2l-ri?;; [l F2+, K2+, M2, Ad--
qljle=d]=ras:24; fri4m=r2*r5; £rl9=rld+riS;; i/ 81--, M3, A2-
qlij2+=4]=r27:26; fré=rl0*rl2; £rl6=r6-r7;; // 8z2--, M1+, Al
yr23:20=q[j0+=4]; yrS:4=1[k7+=k9); £riS=ri*rd; £r24=r28+rl8, fr26=r28-rlf;; /] Fle+, M4, A3-
xr23:20=g[j0+=4]; i4ml [k7+=k3]; £r7=rll*rl3d; f£r25=r29+rl9, fr27=r2%-rld;; /f P24+, K244, M2+, BAd-
gjlemid]aras:2 Erld=ri0*rl3; frif=rld+rlsS;; [/ 81-; M3+, A2
qlj2+=4]=r27:26; fré=r22%rd; frif=r6-r7;; /i 82-, Ml++, Als
¥r3l1:28=q[j0+=4]) ;¥yr13:12a] [K7+=k3]; £rl5=rll*rl2; fr2d4=r0+rl6, £r26=r0-rl6;; [/ Fless, M4+, A3
¥r31:2B=g[j0+=4] ;xr13:12=] [k7+=k8] ; ErT7=r23*rS; fr25=r1+rl7, £r2T=rl-rl7;; Jf F2+++, K244+, M2+4+, A4
.align_code 4;
if NLCOE, jump BflyLastLoop;
qljl+=4]=r25:24; £rid=r22*r5; £rif=rld+rls;; [/ 81, M3++, A2+
qlj2+=4]=r27:26; fré=r30ovrla; £rlé=r6-r7;; [/ 82---=, M1-, Al--
£r1S=r23+rd; f£r24=r8+rl18, f£ri6=r8-rls;; il Mé--, A3---
£r7=r3lvrld; £r25=r9+rl9, £r27=r9-rl9;; i M2-, RAd---
glil+=d]=ra5:24; £r14=r30*ri3; friTarld4+rls5;; /) 81---, Mi-, A2--
qlj2+=4]=r27:26; £r18=r6-17;; Il 82---, Al-
fr1S=r3l*rl2; fr24=r20+rlé, fr26=r20-ri6;; i Mé-, A3--
£r25=r214x17, £r27=r2l-rl7;; I Ad--
qljl+=d]=r25:24; frig=rid+rls;; L1 Bl==; A2-
qli24=4]=r27:26;; [/ 82--
fr24=r28+r18, fr26=r28-rls;; £ A3-
£r25=r29+r19, £ri7=-r29-r19;; I A4~
qljle=d]=ras:24;; // 81-
qlj2+=4]=r27 T /I 82~
j1i=[327+0x19];; // j11=COMPLEX or REAL, off the stack
comp (11, COMPLEX) ; ; // Complex or Real?
.align code 4;
if jeq, jump FFTEpilogue;; // 1f Complex, done
Jiwes ssssssssansnss Begl ro-combine $eeesssssessesnrssisantariinans
//317=N/2, §7=cutput
k8=k3l+ twiddles; jO0=331+37:; // kB->twiddles, jO->internal buffer
komashiftr k9; j10=j31+37;; // k8stwiddle stride, jl0->internal buffer
J1a=317+317;; // jl4=N (N/2 complex values)
jla=j14-4 £/ jl4=N-4 real=N/2-2 complex
J1l=j0+314;; // jl-sinternal buffers+(N/2-2)
§14=310+514;; // jla-sinternal buffer+(N/2-2)
329 = ashiftr j17;; [/ j29=N/4
k1S=k31+MAX FFT_SIZE/4; j3O=ashiftr 329;; // k15=N/4*twiddle_stride, j30=N/8
3§30 = ashiftr ji0;; // nj1e
kB8=kB+k9; r0=1[§7+317];:; // kB->twiddles+l, get GI(N/4)
0=30+42; kl2=k8+k15;; // jO0-»internal buffersl, kl2->twiddles+N/8+1
LCO=330; fr0=r0+r0; j2=3j0+j29;; // LCO=N/16, compute F(N/4)=2*conj(G(N/4)),
// j2-sinternal buffer+1+N/8
§3=31-929;; // j3-=internal buffers+3N/8-2
*fr0=-r0; j10=j10+2; kl0=yr0;; // jl0-»internal buffersl, kl0=Im(F(N/4))
j12=710+j29 // j12-sinternal buffers+N/8+1
if LCOE; j13=j14-329; kll=xr0;; // LCO=¥/16-1, j13-»internal buffer+3iN/8-2, kill=Re(F(N/4)
¥ri:0=DAB qljo+=d];; // Prime the DAB
Xr3:0=DAB glj2+=4];; // Prime the DAB
yr3:0=DAB g(j0+=4];; // yro=Re(G(n)), yri=Im(G(n)}), yr2=Re(G(n+l)), yr3=Im(G(n+1))
xr3:0=DAB glj2+=4];; // xr0=Re(G(n+N/8)), xrl=Im(G{n+N/8))
[/ xr2=Re(G(n+1+N/8)), xri=Im(G(n+l+N/8))
yr7:d=g[jl+=-4] ; xro:8=1[kl2+=k9];; // yri=Re(G(N/2-(n+1))), yrS=Im(G(N/2-(n+1)))

// yré6=Re(G(N/2-n)}, yr7=Im(G(N/2-n)]
// twiddles(n+N/8) - want to mult by sin(x)-icosix)
%17 :4ng[§34m-4]; xri1l:10=1[kl2+=ks];; // xrda=Re(G(N/2- (n+1+N/B))), xrS=Im(G(N/2-(n+1+N/8))
// ¥ré6=Re(G(N/2-(ns+N/8))], xrT=Im(G(N/2- (n+N/8)})
// twiddles (ns+1+N/8)
if LCOE; £ri6=ro+r6, fr20=r0-r6; yr9:8=1[k8+=k3];; [/ LCO=N/16-2, rl6=Re(G(n}+conj{Gi{N/2-n))),
// r20=Re(G(n)-conj (G(N/2-n})}
// twiddlea(n)
ErlBmr2+rd, fr22er2-rd4; yril:10=1[ks+=k9];; // riB=Re(G(n+l)+coni (G(N/2-(n+1)})),
// r22=Re(G(n+l) -conj (G(N/2-(n+1)})})
// twiddles (n+1)

£r24=r20*r9; fr2l=rl+r?, frif=rl-r7;; // r24=s8(n)*Re(G(n}-conj (G(M/2-n})}
/f r17=Im(G(n}+con] (GiN/2-n})), r2l=Im(Gin)-conj(G(N/2-n))}
£r26=r22%rll; fr23ard+r5, £rlS=rld-r5; xrd:0=DAB qlj2+=4];; // r26=8(n+1) *Re (G(n+1) -conj (GIN/2-(n+1})))

// r19=Im(G(n+l) +coni (GIN/2-(n+1)))),
// r23=Im(G(n+l) -conj (G(N/2- (n+1)) )}
// xri:0=next G(n+2+N/B), Gln+3+N/8)

£r25=r21%r8; yr3:0=DAB q[j0+=4];; // r2S=c(n)*Im(G(n)-conj (G(N/2-n))),

// yri:O=next Gin+2), G(n+3)
Er27er23*+rll;; £/ r27=cin+l) *Im(G(n+1) -conj (G(N/2-(n+1)}})
Er24=r244r25; £r25=r21+r9; yrl:4=gl[jl+=-4];; // r24=Re(-i*exp(2*pi*i*n) (Gin)-conj (G(N/2-n)}))

// rl3=sin)*Im(G(n)-conj (G(N/2-n)])
£/ yr7:d4=next GI(N/2-(n+2)), G{N/2-(n+3))
Er26=r26+r27; £ra7=r23+ril; xr7id=glid+=-41;; // r26=Re(-ivexp(2+pi*i*(n+1)) (G(n+1)-conj (G(N/2-(n+1)))))
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r27=8(n+1) *Im{G(n+1) -conj (G(N/2- (n+1))})

xr7:d4=next G(N/2-(n+2+N/8)), G(N/2-(n+3+N/8))
rli=c(n) *Re (G(n) -con] (GIN/2-n) )],

ri2=Re(F(n)), r3o=Re(F(N/2-n))

rl5=c(n+l} *Re (G(n+l) -con] (G(N/2- (n+1})})
rld=Re(F(n+1)), r28=Re(F(N/2-(n+1}})
rl3=Im(-i*exp(2*pi*i*x] (G(n) -conj (G(N/2-n)))),

next twiddles(n+2+N/8)

r1S=Im(-i*exp(2*pi*i*x) (G(n+l) -conj (G(N/2-(n+1)))))
next twiddles(n+3+H/8)

£ri3er200rs; frilerl6+r2d, fr30erl6-rad;; /
Erl5er22*rl0; frlderlBf+r26, fra8erls-ra6;; /
£r13eraS-rl3; xrd:8el[kl2+eks];; /

£rlSer27-rl5; xrll:10s=l[k12+=k3];; 7/

e o o o . o

-align code 4;
_combine stage:

£ri€=r0+r6, £r20=r0-r6; yrd:8el[kB+=k3]:; /{ rlé=Re(Gin+2)+con] (G(N/2-(ns2))]),
/ r20=Re(G(n+2)-conj (G(N/2-(n+2))))
/ next twiddles(n+2)
/ rl8=Re(G(n+3)+coni (GIN/2- (n+3))))
/ r22=Re(G(n+3) -conj (GIN/2-(n+3})))
// next twiddles(n+3)
/
/
/
/
/

fri8=r2+rd, £ra2=r2-rd; yril:10=1[ke+=k9];; /

£ri3=rl3+rl7, frilerl3-rl7;; // r13=Im(F(n)], r3l=Im(F(N/2-n))
fris=riS+rl9, fr29=ris-ri9; 1[j12+=2]=xr13:12;; J/ r1S=Im(Fin+1)), r29=Im({F(N/2-(n+1)}), store F(n+N/8)
£r24=r20%r9; Er2lerl+r?, Erllerl-r7; glild+=-4layr3l:2e;; // r24=8(n+2) *Re (G(n+2) -conj (G(N/2- (n+2])))
r2l=Im(G(n+2) +conj (G(N/2- (n+2} )]},
r17=Im(G(n+2) -conj (G(N/2- (n+2))})
[/ store F(N/2-n), F(N/2-(n+1))
£r26mr22*rll; fr23=rl+rS, £rl9arl-r5; xr3:0=DAB glj2+=4];; /! r26=8{n+3)*Re(Gi(n+3) -conj (G(N/2-(n+3})))
f/ r23=Im(Gin+3)+conj (GIN/2- (n+3})1),
[/ rl8=Im(G(n+3)-coni (G(N/2-(n+3))))
J// xri:0=next G(n+4+N/8), G(n+S+N/8)
£r25=r21%r8; yr3:0=DAB g[i0+=4];; f/ r25=c{n+2) *Im{G(n+2) -conj (G(N/2- (n+2})))
[/ yri:0=next Gin+4), Gin+5)
£r27=r23%r10; qljl3+=-4]=xr31:28;; // x27=c(n+3) *Im{G(n+3) -conj (G(N/2- (n43))])
// store F(N/2-(n+N/8)), F(N/2-(n+1+N/8))
£r24=r24+4r25; fra5=r21*r9; 1[j10+=2]ayrl3d:12;; // r24=Re(-itexp(2*pi*i*x) (G(n+2) -conj (G(N/2-(n+2)))])
// r25=8(n+2) *Im(G(n+2) -conj (G(N/2- (n+2)}}), store F(n)
£r26=x26+4r27; £r27=r23*rll; 1[j10+=2]=yrlS:14;; // r26=Re(-ivexp(2*pi*i*x) (G(n+3] -conj (G(N/2-(n+3)})))
// r27=a(n+3) *Im{G(n+3) -conj (G(N/2- (n+3})]), store Fin+l)
fri3=r20*r8; fri2=rl6+r24, £rifarlé-r2d; 1[jl2+=2]=xrl5:14;; /{ rll=cos(n+2) *Re(G(n+2) -conj (G{N/2- (n+2))])
// rlz=Re(F(n+2)), r30=Re(F(N/2-(n+2))), store F(n+1+N/8)
friS=r22¢rl0; frld=rlB8+r26, fr28=ri8-r26; xr7:4=q[jd+=-4];; // rl5=cos(n+3)*Re(G(n+3) -conj (G{N/2- (n+3))])
[/ Tl4=Re(F(n+3)), r28=Re(F(N/2-(n+3)})
J// %xr7:4=next G(M/2-(n+4+N/8)), G(N/2- (n+5+N/8))
£rilmr25-ri13; xr9:8=1[ki2+=k9]; yr7:4=q[jl+=-4];; S/ rl3=Im(-i*exp(2*pi*i*x) (Gin+2)-conj (G(N/2- (n+2)))))
// next twiddles(n+4+N/8)
[/ yri:d=next G(N/2-(n+4)), G(N/2-(n+5))
-align_code 4;
if NLCOE, jump _combine stage(P); £rlS=r27-rl5; xrll:10=1[k12+=k8];;// riS=Im{-i*exp{2*pi*i*x) (G(n+3)}-conj (G(N/2-(n+3)})})
// next twiddles(n+5+N/8)

£ri6=r0+r6, fr20=r0-r6; yrd:8=1[k8+=ks];; // rlé=Re(G(n+4)+con](G(N/2-(n+d)))],
// r20=Re(Gin+d) -conj (G(N/2-(n+d))})
// next twiddles(n+4)

ErlBerd+rd, fra22er2-rd4; yril:10s=1[ks+=k3];; [/ rlB=Re(Gin+5)+coni (G(N/2-(n+5))))
/! r22=Re(G(n+5)-conj (G(N/2- (n+5))))
// next twiddles(n+5)

£r13=r134rl7, £ril=rld-ri7;; f/ r13=Im(F(n+2)), ril=Im(F(N/2-(n+2]})
£r15=r15+rl9, fr29=r15-ri9;; [/ riS=Im(F(n+3)), r29=Im(F(N/2-(n+3)})
£r24=r202r9; £r2l=rl+r?, EriT=rl-r7; yrl:0=1[j31+j7]:; // r24=s(n+d)*Re(G(n+4)-conj (G(N/2-(n+d})))

// r21=Im(Gin+d) +coni (GIN/2-(n+d))]),
J/ r17=Im(G(n+4) -conj (G(N/2- (n+4})])
[/ yro=Re(G(0)), yrl=Im(G(0))
fr26=r22*rll; fr23=ri+r5, Erld=ri-r5;; // r26=8(n+5)*Re(G(n+5)-conj (G(N/2- (n+5)})))
[/ r23=Im(G(n+5) +conj (G(N/2- (n+5)))),
// r19=Im(G(n+5)-conj (G(N/2- (n+5})])

Er25=r21%x8;; // r25=cos(x)*Im{G(n) -conj (G(N/2-n)})
Er27=r23+rl0; 1[jl2+=2]=xr13:12;; // r27=cos(x)*Im{G(n)-conj (G(N/2-n)))
[/ store F(n:2+N/8)
yEfr0=ri+r0; yri=lshift rl by -32; qljlds+=-4]=yr3l:28;; [/ yrO0=Re(G(0))+Im{G(0)), yrl=0=Im(F(0})
// store F(N/2-(n+2}), F(N/2-(n+3))
yEro=ro+ro; gljli+=-4]=xr31:28;; // yro=Re(F(0))
[/ store F(N/2-(n+2+N/8)), F(N/2-(n+3+N/8))
£r24=r24+r25; Fra5=r21+*rs; 1[§10+=2]=yr13:12;; // r24=Re(-ivexp(2*pi*i*x) (G(n+4) -conj(G(N/2-(n+4)]1)))
S/ r25s8(n+d) *Im(G(n+d) -conj (G(N/2-(n+4))]}), store F(n+2)
Er26=r26+r27; fr27=r23*rll; 1[jl0+=2]=yrl5:14;; // r26=Re(-i*exp(2*pi*i*x) (G(n+5) -conj (G(N/2- (n+5)))))
ff r27=8(n+5) *Im(G(n+5) -conj (G(N/2-(n+5))}), store F(n+3)
Eri3=r20%r8; fri2=rl6+r24, fri0=rl6-r24; 1[jl2+=2]=xrl15:14;; [/ rli=c(n+4)*Re(G(n+4) -conj (G(N/2-(n+4))))
f/ rl2=Re(Fin+d4)), r30sRe(F(N/2-(n+d)}), store Fin+3+N/8)
fri5=r22+ri0; frid4=rif+r26, fr28=ri1f-r26; 1[j31+j7]=yrl:0;; f{ riS=c(n+5)*Re{G(n+5) -conj (G(N/2-(n+5))))

// rld=Re(F(n+5)), r28=Re(F(N/2-(n+5]))
// store F(0}

£r13er25-r13; 1[j7+j17]=k11:10;; £/ rlisIm(-ivexp(2*pivi*x]) (G(n+4)-conj (G(N/2- (n+4)})})
// store F(N/4)

frlS=r27-rlS;; /i rlS=Im(-isexp(2*pivi*x) (G(n+5)-con] (G(N/2-(n+5)))))
£r13=ri3+rl7, £ril=rlid-ri7;; // r13=Im(F(n+4)), r3l=Im(F(N/2-(n+d)))
fr15=rl15+rl9, £r29=r15-rl%; l[jl2+=2]=xrld:12;; f/ r1S=Im(Fi(n+5)), r29=Im(F(N/2-(n+5))), store Fin+4+N/8)
glijlé+=-4]=yr3l:28;; // store F(N/2-(n+4)), F(N/2-(n+5))
qlj134=-4] =xr31:28;; [/ store FIN/2-(n+d+N/8}), FIN/2-(n+S+N/8})
1[3104=2]=yr13:12;; // store F(n+d)
1[§10+=2) =yrlS:14;; // store F(n+5)
1[§12+=2] =xr15:14;; // store F(n+5+N/8)

I *+ Epilogue

_FFTEpilogue:

mPOPQ(YR27:24)
mPOPQ (YR31:28)
mPOPQ (XR27:24)
mPOPQ (xR31:28)
mMRETURN

il 3. fft32.asm
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