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A.1 Optimized Complex FFT for the
DSP96002

B R s R R

*

* ok K % Ok X ok X

*

’
B R R

incl ude ‘r4tabl’
i ncl ude’ r max’

equ 1024 ; FFT-length, only 1024 possi bl e
equ 10 ; Id(points)
equ $800 input data, normal order
equ $Q00 out put data, nornal order
equ $1000 start of radix-4 twiddl e factors
; 766 conpl ex val ues)
tab4
p: $100
#$008A0000, x: $SFFFFFFFD ; zero wait states in BORB

#$008A0000, x: $FFFFFFFE

zero wait states in BCRA

#$0000FFFF, x: $FFFFFFFC ; Xport A Yand Pport Bin PSR

; Upper three noves won't count for the benchnark,
;only for initializing the similator or the DSP.
; They show how to configure the device.
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ok kkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk k%

R T

ATTENTI ON PLEASE!!IIN

STEP THROUGH THE FI RST THREE LINES, THEN LOAD THE SI MLATCR NEW
W TH RVAXS AND | NPUT VECTCRS, THEN GET A NEWRWN

rmaxpoi nt s, passes, dat a, odat a, t ab4

nop
nop
nop

end

COWLEX, RADIX-2,4 DT FFT : RVAX ASM

MACRO FCR A FAST LOCPED GCDE M XED-RADI X DI T FFT COMPUTATI ON

I N DSP96002

WR TTEN BY: KARL SCHWARZ, RAI MNND MEYER 10.11. 89

LEHRSTUHL FUER NACHR CHTENTECHN K
UN VERSI TAET ERLANGEN- NUERNBERG

REVISION : TH S PROGRAM | S SPEEDED UP FROM RM X1. ASM

PLEASE LOXK I N THE START FI LE RVAXS. ASM HOW TO CONFI GURE THE DEVI CE

FCR TH S PROGRAM THE FFTLENGTH |'S 1024 PQA NTS

SPEQ AL FEATURES : RADI X-4 BUTTERFLY I N FI RST AND LAST TWD STAGES
SI MPLE RADI X-4 BUTTERFLY IN 1. TO 6. STAGE | F NO TWDDLES ARE USED
TABLE IN USE : ONLY RATABL. ASM FCR RADI X-2 AND LAST RADI X-4 BUTTERFLY

LOX IN RATABL. M HONTO BU LT A TABLE

EXAVWPLE FCR THE 1024 PQ NT COWPLEX FFT (WTH Bl TREVERSAL)

MEMRY SIZE : PROGRAM : 219 WRDS

DATA : 4096 WORDS
TWDDLE FACTCRS : 1532 WRDS

CYCLES PER BUTTERFLY :

1. AND 2. STACE 2
3. A\D 4. STAGE 3.5
5. AND 6. STAGE 3. 875
7. STAGE : 4
8. STAGE 4.25
9. AND 10. STAGE : 4.25
AVERAGE CYCLES/ BUTTERFLY: 3.55
TOTAL BUTTERFLYCYCLES : 18176
I'NITI ALI ZATI ON OVERHEAD: 715 = 3.8 % CF TOTAL TI ME
TOTAL NUMBER CF | NSTRUCTICN CYCLES : 18891
TOTAL TIME FCR A 1024 PA NT FFT: 1.399 nsAT 27 Mt

*

ok b K R K R K ok K ok ok Gk % ok ok R ok R oy R % % ok % % F ok F ok F ok ok ko4 Ok % % F % %
*
*
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*

USED RADI X-2 BUTTERFLY

+
AR+ j Al e o T (o AR +j A’
\ I +
\ /
\ /
I\
/ \
/ \ o+
BR+j Bl ---- ( Q8- j SIN) --O---nnmeamnnn O--nmmn-- BR +j B’
TR=BR* G58 + B * SIN
T =BR* SIN- Bl * QB
AR = AR + TR
A=A - Tl
BR=AR- TR
BlI'=A + Tl

B R R R )

USED RADI X-4 BUTTERFLY

AR+ A cmemmmnen o P o PP O----0-- AR +| A’
\ / \
v /A
BR+ ] Bl ---(W)---O-mmnXemnn- o P O----0O-- BR +] B’
VLo -
/AR
R+j O == (W)---O----Xemmnn o P 0----0-- R +j Q'
I\ - \
/ \ I\
DR+ D ---(VB)---Ommmmmmn- O--(-j)---0----C-- DR +j D’

ko kK ok ok kK & Rk & R % ok R F 4 b E F b bk b % o % K % R % % o F

M XING GF RADI X-2 AND RADI X-4 BUTTERFLIES | S PCSSI BLE W THOUT TROUBLE !

B R T TR
’

---> about 10 %faster than | CASSP 89 Paper 40.D9.7 by Kl oker and Li ndsl ey

r maxnacr opoi nt s, passes, dat a, odat a, t ab4

points : FFT-length (power of 2)

passes : |og2(points)

dat a : start address of input vector

odat a : start address of output vector due to bitreversal

t ab4 : start address of radix-4 twiddle factors fromfile r4tab.asm
pand equ passes-5

pg2 equ poi nts/ 2
pg4 equ poi nts/ 4
pg8 equ poi nts/ 8
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pg 16 equ poi nts/ 16
pg 32 equ poi nts/ 32
pg 64 equ poi nt s/ 64
pg 128 equ poi nt s/ 128
pg 4ni equ points/4-1
pg 16ni equ poi nts/ 16- 1
pg 64ni equ poi nts/ 64-1

cokkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok

e FIRST 2 STAGES AS RADI X-4 BUTTERFLY - ---vnmmmmmmmaeemoaeee *

B
,

nove #-1,n0
nmove noO, nl
nmove noD, n2
nove nD,nB
nove noO,
move no, nb
move noD, nb
nmove no, nv¥

nove #data, rO
nove #(data+pg4),rl
nove #(datat+2*pg4),r2
nove #(data+3*pg4),r3
move  #2,n0
nmove no, n6
move n0O, n5
nove nO, n7
nmove  #pg4ni, nl

jsr _sr4

R L)
’

------------ PARTS CF 3. AND 4. STAGE AS SPEQI AL RADI X-4 BUTTERFLY ------ *

,
Cokkkkkkkkkkkk kA kkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkx
,

nove #data, rO
nove #(data+pgl6),ril
nove #(data+2*pgl6),r2
nove #(data+3*pgl6),r3
nove #pg 16nd, nl1

jsr _sr4

B T )
’

------------ PARTS CF 5. AND 6. STAGE AS SPECI AL RADI X-4 BUTTERFLY ------ *

’
ok kk kR Rk kkkk kA Ak kkkkkkkkkkkkhkk kA kkkkhhkhkkkkhkkhkkkkkkkhhkkkkkkkkkhkkkkkkkkkkkk
,

nove #data,rO
nove #(data+pg64),ril
nove #(data+2*pg64),r2
nove #(data+3*pg64),r3
nmove  #pg 64nd, nl

jsr _sr4
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Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk k&

s REST CF 3. STAGE AS RADI X-2 BUTTERFLY ----=zzzcccccccaaass *

R R
’

nove #3,n6 ; step for twiddle addressing in r4tab
nove #(tab4+3),r6 ; address of sin cos table
nove #(datatpg4),r0 ; input vector
nove #(data+pg4+pg8),ril
nove #3,n7 ; still 3 r2 groups to calculate
nmove #(pg 8-3),r7 ; pg8 r2 butterflies in a group
nove #(pg 8+1),n0 ; step to next group
jsr _nr2

R R R

D REST OF 4. STAGE AS RADI X-2 BUTTERFLY = --=c-nsmmemmmmmnammns *

Ckkkkkk Ak kkkkkkkkkkkkhhkhkkkkkkkhhkhkkkkkkkkhhkkkkkkkhhhkkkkkkkkhkkkkkkkkkkkkkkkkk k%
’

nmove  #(tab4+6),r6 ; address of sin cos table
nove #(data+pg4),r0 ; input vector
nove #(dat a+pg4+pgl6), rl
nove #6,n7 ; still 6 r2 groups to calculate
nmove  #(pgl6-3),r7 ; pglé r2 butterflies in a group
nove  #(pgl6+l), n0O ; step to next group

jsr _nr2

B R R R R R

e REST CF 5. STAGE AS RADI X-2 BUTTERFLY ------nccmmmcmmmmun-- *

Pk kk kR ARk ok k Kk kR Ak k ok hk ok kA Rk kkhhkhk kA Ak hkk kA Ak kkhkhkkkkkkkkkhkhkkkkkhkkkkkkkkk kK %
,

nmove #(tab4+3),r6 ; address of sin cos table
nove #(datat+pgl6),r0 ; input vector
nove #(data+pgl6+pg32),rl
nove #15, n7 ; still 15 r2 groups to cal cul ate
nmove  #(pg32-3),r7 ; pg32 r2 butterflies in a group
nmove  #(pg32+1), n0 ; step to next group

jsr _nr2

R R T T TR

e REST CF 6. STACE AS RADI X-2 BUTTERFLY -------nccmmmmcmmmn- *

R g e a T T
’

nove #(tab4+6),r6 ; address of sin cos table
nove #(datat+pgl6),r0 ; i nput vector
nove #(data+pgl6+pg64),rl
nove #30, n7 ; still 30 r2 groups to calcul ate
nove #(pg64-3),r7 ; pg64 r2 butterflies in a group
nove  #(pg64+1), n0 ; step to next group

jsr _nr2

B R R T T TR

e 7. STAGE AS RADI X-2 BUTTERFLY - - -nmmmmmmmcmmmemooeee oo *

R R
,

nove #(tab4),r6 ; address of sin cos table
nove #(data),rO ;i nput vector
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nove #(dat a+pg128),r1

nove #64, n7 ; still 64 r2 groups to calculate

nove #(pgl28-3),r7 ; pgl28 r2 butterflies in a group

nove #(pgl28+1), n0 ; step to next group
jsr _nr2
ckkkkkkkhkhkhkkhkhk kA Ak hkhhhkhkhkhhhhkhkhkhhhhhkhhhkhkhkhkhhdhhhhhhkhhkhkdhhkhhhhhhhhhhhkhkhhkhhrrhhhhx
D e 8. STAGE AS RADI X-2 BUTTERFLY === --smmmmmmeamme e *
Tk k kA kA AR A A AR A A A Ak Ak hhkhhkhhhhkhhhhkhh ko ko hkhkhhhkhhk ok ok hkhkhhkhkhkhkhkhhkhkhkhkhhkhkhkhkhkhkhkxxkkkx

nove #5, n0

nove #(data+4),r1l

nove #tab4,r6

nove #data, r0

nove ri1,r5

mover 0,r4

nove no, n1

nove no, n4

nove no, n5

nove x:(r6),d9.s y:,d8.s

nove x:(rl)+,do.s y:,dl.s

nove x:(r0),d4.s y:(r6),d2.s

nove y:(rl),d7.s

faddsub. s d4, d0 x:(rl)+d6.s y: (r6)+n6,d3.s
do #pg8, _end3 ; | oop of groups

f npy do9, dé6, do fsub. s d1, d2 do. s, x: (r4) y:(r0)+,d5. s

f npy do, d7, d1 faddsub. s d5, d2 d4. s, x: (r5) y:(rl1),d7.s

f npy ds, d6, d2 fadd. s d3, do x:(r0),d4.s d2.s,y:(r5+

f npy ds, d7, d3 f addsub. s d4, dO x:(rl)+,d6.s d5.s,y:(rd)+

f npy do, d6, do fsub.s di1, d2 do. s, x: (r4) y:(r0)+, d5. s

f npy do9, d7, d1 f addsub. s d5, d2 d4. s, x: (r5) y:(rl),d7.s

f npy ds, d6, d2 fadd. s d3, do x:(r0),d4.s d2.s,y:(r5)+

f npy dsg, d7, d3 f addsub. s d4, dO x: (rl)+nl, d6.s d5.s,y: (r4)+

f npy do9, d6, do fsub. s di, d2 do. s, x: (r4) y:(r0)+,d5. s

f npy do9, d7, d1 f addsub. s d5, d2 d4. s, x: (r5) y:(rl),d7.s

f npy ds, dé, d2 fadd. s d3, do x:(r0),d4d.s d2.s,y:(r5)+

nove x: (r6)+n6, d9. s y:,d8.s

f npy dsg, d7, d3 f addsub. s d4, dO x:(rl)+,d6.s d5.s,y:(r4)+

f npy do9, dé, do fsub. s di, d2 do. s, x: (r4) y: (r0)+n0, d5. s

f npy do9, d7, d1 f addsub. s d5, d2 d4. s, x: (r5) y:(rl),d7.s

f npy ds, dé, d2 fadd. s d3, do x:(r0),dd.s d2.s,y:(r5)+n5

f npy ds, d7, d3 faddsub. s d4, dO x:(rl)+,d6.s d5.s,y:(r4)+n4
_end3
:****************************************************************************
e LAST TWD STAGES AS RADI X-4 BUTTERFLY --------nomommommmaoom- *
Tk k kA kA A Ak ARk Ak A A A Ak Ak hkhkhkhh kA hkhhhkhkhkhhhkhkhkhkhkhhhkhkhkhhkhkhkhkhhkhkhkhkhkhhhhkdkhhkhkhkhkhkhkhkxkhhhx

move #$0, n2

nove n2, n8
Figure A-1 Optimized Complex FFT for the DSP96002 (sheet 6 of 20)
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novem 2, nb

novem 2,nv

nove #data, r0

nove #(data+l),r4
nove #(data+2),r1l
nove #(tab4+1),r6
nove #2,n4

nove #4, n0

nove no, n1

nove #odat a, r5

nove #(odat a+pg2),r2
nove #(odat a+pg4),r7
nove #(odat a+pg4*3),r3
nove #pg8, n5

nove n5, n2

nove n5, n7

nove n5, n3

nove

nove

faddsub. s di,d3
faddsub.s d5, d2

faddsub. s d7,do

faddsub.s d7,d5
faddsub.s do, d4

do #pg4ni, _er4
faddsub.s d3,dl
fnpy.s dé, d9, d5
f npy d7, d8, d3
f npy deé, dg, d1
fnpy. s d7, d9, d5
fsub.s di, d5

_er4

x: (r4)+n4,d3.s y:,d5.s ;d3=Br, d5=Bi

x: (r4)+n4,dl. s y:,d2.s ;d1=Dr,d2=D

x:(r0),d7.s ; d3=Br +Dr, d1=Br- Dr, d7=Ar

x:(rl),doO.sdl. s, y:(r7) ; d5=Bi +di , d2=Bi - O , dO=Cr,
;tenp store Br-Dr

d3.s,d4. s y:(r1l)+nl,dl. s ; dO=Ar +Qr, d7=Ar -
; O, d4=Br +Dr, d1=Q
Xx:(r4),d6.s y:(r0)+n0,d3.s ;d7=Ar-QO - (bi +D)

d7.s,x:(r3) y:(r4)+n4,d7.s

X:(r6)+,d9.sy:,d8.s

d5.s,x:(r7)
faddsub. s di, d2d4. s, x:(r5)d3.s,d4.s
fadd. s d5, d3dO. s, x: (r2)+n2dl. s, y:

x:(r6)+,d9.s y:,d8.s
X: (r4)+n4,d6.sy:,d7.s

fpy.s dé, d9, d1 y:(r7),d0.s

f npy d7, d8, d2 faddsub. s d4, do d2.s,y: (r5)+n5

f npy dé, d8, do fadd. s d2, d1 x: (r1),d6.sd0.s,y: (r7)+n7
f npy d7, d9, d2 faddsub. s di, d3 X:(r6)+,d9.sy:,d8.s

f npy deé, d9, do fsub. s do, d2 y:(rl)+nl,d7.s

f npy d7, d8, d3 faddsub. s d5, d2 d3.s,d4.d4.s,y: (r3)+n3
f npy d7, d9, d1 fadd. s d3, do x: (r0),d7.sdl.s,y: (r7)
f npy de, dg, d3 faddsub. s d7, do

faddsub.s d7,d5

faddsub. s dO, d4d7.s, x: (r3) y:(rd),d7.s

fsub.s d3, d1 x: (r4)+n4, dé. sy: (r0) +n0, d3. s

faddsub. s d3, di1ds. s, x:(r7)

faddsub. s di, d2 y:(r7),d6.s

nove do. s, x:(r2)dl.s, y:

faddsub. s d3, déd4. s, x:(r5)d2.s, y:

nove dé. s, y: (r7)

nove d3. s, y: (r3)

Figure A-1 Optimized Complex FFT for the DSP96002
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------------ SPECI AL RADI X-4 BUTTERFLY WTH SI MPLE TWDDLES ------------- *
;*****************~k*************~k*'k***********~k*'k***************************
*
_sr4
nove ro,r4
nove ri, r5
nove r3,r7
nove r2,ré
nove y:(r5)+dl. s
nove x:(r0)+,do.s y:(r7)+,d3.s
faddsub.s di, d3 x:(r2),d2.s
faddsub. s do0, d2 y:(r4),d5. s
faddsub.s doO, d1 x:(rl),d4.s y:(r6)+,d7.s
faddsub.s d5, d7 dl. s, x: (r2)+
faddsub.s d7,d3 x:(r3),d6é.s y:(r5)-,dl.s
faddsub. s d6, d4 do. s, x: (r3)+ d3.s,y: (r4)+
faddsub.s d2,d4 x:(r0)-,do.s d7.s,y: (r5)+n5
faddsub.s d5, d6 d2.s, x: (r1)+ y:(r7)-,d3.s
do nl, _st2
faddsub.s di,d3 x:(r2),d2.s d5.s,y: (r7)+n7
faddsub.s doO, d2 d4. s, x: (r0)+n0 y:(r4),d5. s
faddsub. s do, d1 x:(rl),d4.s y:(r6)-,d7.s
faddsub. s d5, d7 dl. s, x: (r2)+ dé. s, y: (r6)+n6
faddsub. s d7,d3 x:(r3),d6.s y:(r5)-,dl. s
faddsub.s d6, d4 do. s, x: (r3)+ d3.s,y:(r4)+
faddsub.s d2, d4 x:(r0)-,do.s d7.s,y: (r5)+n5
faddsub. s d5, d6 d2.s,x: (r1)+ y:(r7)-,d3.s
st2
nove d4. s, x: (r0) d5.s,y: (r7)
nove d6.s,y:-(r6)
rts

; _ponrj np_ponr ; REMOVE TH' S COWAND AND APPEND YOUR OM JCB
nop
nop
jrp *

T

e 2 o = = e *

Ckkkkkkkkkkkkhkk kA kkkkhhkkkkkkkkkkkkkkkkkhkhkkkkkkkhhhkkkkkkkkkkkkkkkkkkkkkkkkk k%
,

*

; SUBRQUTI NES FOLLOW NG

B )

R T
’
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* %

_nr2
nove
nove
nove
nove
nove
nove
nove

f npy.
fnpy
fnpy

do
do

fnpy
fnpy
f npy
f npy
_bfly
fnpy
f npy
f npy

fnpy
fnpy
f npy
fpy

nove

fnpy
fnpy
fnpy
fnpy
f npy
_endgrp
rts

endm

%
% Karl

fnpy. s

2]

fnpy. s

ro, r4
rl, r5
no, n1
no, n4
no, n5

ds, d7, d3

d9, d6, do

d9, d7, d1

ds, d6, d2

ds, d7, d3

n7, _endgrp

r7,_bfly

d9, d6, do
d9, d7, d1
ds, d6, d2
ds, d7, d3

d9, d6, do
d9, d7, d1
ds, d6, d2

ds, d7, d3
d9, d6, do
d9, d7, d1
ds, d6, d2

ds, d7, d3
d9, d6, do
d9, d7, d1
ds, d6, d2
ds, d7, d3

Schwar z,
% Lehrstuhl
% Universitaet

fsub.s

f addsub.

fadd. s

f addsub.

fsub.s

f addsub.

fadd. s

f addsub.

fsub.s

f addsub.

fadd. s

f addsub.

fsub.s

f addsub.

fadd. s

f addsub.

192

1]

[%2]

Rai nund Meyer
fuer Nachri chtentechni k

NCRVAL RADI X-2 BUTTERFLY

R
’

x: (r6)+n6, d9. s y:,d8.s
y:(rl1),d7.s
x:(rl)+,d6.s
y:(rl),d7.s
fadd. s d3,d0  x:(r0),d4.s
faddsub.s d4,d0 x:(r1)+d6.s

di1, d2
d5, d2
d3, do
d4, do

di1, d2
ds, d2
d3, do

d4, do
di, d2
d5, d2
d3, do

d4, do
di1, d2
d5, d2
d3, do
d4, do

Er | angen- Nuer nber g

; loop of groups
butterflyl oop

x:(rl)+nl,d6.s
do. s, x: (r4)
d4. s, x: (r5)
x:(r0),d4.s

x: (r6)+n6, d9. s

x:(rl)+d6.s
do. s, x: (r4)
d4. s, x: (r5)
x:(r0),d4.s
x:(rl)+ d6.s

% MATLAB-File to generate the radix-4 twiddl e factor table for the

% fast FFT-program RM X1. ASM .

% By increasing the variable fftlength you can make tabl es for higher
% FFT-1engths than 1024.

17.10. 1989

y:(r0)+,d5. s
y:i(rl),d7.s
d2.s,y: (r5)+
d5.s,y: (rd)+

r0)+ d5.s
rl),d7.s
2.s,y:(r5)+

s,y:(rd)+
(r0)+,d5. s
(r1),d7.s
2.s,y:(r5)+

y:,d8.s

(
(

y
y
d
ds.
y
y
d

d5.s,y: (rd)+
y: (r0)+n0, d5. s
y:(rl),d7.s
d2.s,y: (r5)+n5
d5.s,y: (r4)+n4

Figure A-1 Optimized Complex FFT for the DSP96002
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fftl engt h=1024
fog4=fftlength/ 4
fogdmi=fg4-1

x=0: f g4ndl

a=bi trev(x)
a=a(2:fg4)

i=1

c(i)=1

s(i)=0

=i+l

kon=2*pi /fftl ength
for k=1:fgdnl
c(i)=cos(kon*a(k))
s(i)=sin(kon*a(k))
i=i+1
c(i)=cos(kon*a(k)*3)
s(i)=si n(kon*a(k)*3)
=i+l
c(i)=cos(kon*a(k)*2)
s(i)=si n(kon*a(k)*2)
i=i+1

page 132,60

i ncl ude ‘ gen56’

reset equ
start equ
PA NTS equ
| DATA equ
CCEF equ

CDATA equ

;%real part of twiddle factor (cos)

;% i maginary part of twddle factor (sin)

Qptimzed Conpl ex FFT for the DSP56001/ 2
opt nond, nex, | oc, nocex, nu

incl ude ‘sincosc’
incl ude * bitrevtwd56’

include *cfft56'

; Latest revision - 14-Cct.-92

0

$40
512
$0
$800
$1000

si ncosc PQ NTS, GCEF

gen56 PA NTS, | DATA
opt nmex

org p: reset

jnp start

org p:start
nmovep #0, X: $FFFE

bi trevtwd56 PO NTS, CCEF
CFFT56 | DATA, CCEF, PO NTS, CDATA

;0 wait states
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nop
nop
jp *
end
Si ne- Cosi ne Table CGenerator for rfft56.asmand cfft56.asm

! Last Update 10/ 28/ 92
sincosc macro poi nt s, coef
sincosc ident 1,2

; sincosc - nmacro to generate sine and cosine coefficient

; | ookup tables for Decinmation in Time conplex FFT
; twiddle factors. Only points/4 coefficients

; are generted. For real FFT another points/4

; coefficients with higher freq. are created.

; points - nunber of points (2 - 32768, power of 2)
; coef - base address of sine/cosine table

; posi tive cosine value in X nenory

; positive sine value in Y nenory

D 812/92
pi equ 3. 141592654
;freq equ 2. 0*pi / @vf (poi nts*2)
; org x: coef - poi nts/ 2
; count set 0
; dup poi nts/ 2
; dc @os(@vf (count)*freq)
; count set count +1
; endm
; org y: coef - poi nts/ 2
; count set
; dup poi nts/ 2
; dc - @i n(@vf (count)*freq)
; count set count +1
; endm
freql equ 2. 0*pi / @vf (points)

;int i, j =1k, tnp=0;
; k=1<<(length-1);
;o for(i=0;i<length;i++){
; if (integer& ) tnp=tnp|k;
; 3 <<l
; k=k>>1;
org x: coef
count  set 0
dup poi nts/ 4
dc @os(@vf (count)*freql)
count  set count +1
endm
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org y: coef
count  set 0
dup points/ 4
dc @i n(@vf (count)*freql)
count  set count +1
endm
endm ;end of sincosr nacro
bi t r evt wd56 macr o PQ NTS, CCEF
bi t revt wd56 i dent 1,2
; bitrevtwd - macro to sort sine and cosine coefficient
; | ookup tables in bit reverse order for 56156
; PO NTS - nunber of points (2 - 32768, power of 2)
; QCEF - base address of sine/cosine table
; negative cosine (W) and negative sine (W) in X nenory
; Vi Chen
; July-28, 1992
nove #OCEF,rl ;twiddl e factor start address
nove #0, nD ;bit reverse address
nove #PQA NTY 8, n0 ;sincosr use N4 points data,
;offset for bit rev. is N8
nove #PQA NTS 4-1, n2
nmove r1,r0 ;rl ptr to nornmal order data
move (rl)+ ;no swap on 1st data
nove (r0)+n0 ;r0 ptr to bitrev
do n2, _end_bit ;does N 4-1 points swap
nove r1,x0
nove r0,b
cnp x0, b
jogt  _swap
nove (rl)+ ;N0 swap but update points
move  (r0)+n0
jnp _not hi ng
_svap
mve rl,r5
nmove r0,r4
nmove x:(r1),x0 y:(r5),y0
nove x:(r0),a y:(r4),b
nove X0, x:(r0)+n0 yO0,y:(r4)
nmove a, x:(rl)+ b,y: (r5)
_not hi ng
nop
_end_bit
endm ;end of bitrevtwd macro

Figure A-1 Optimized Complex FFT for the DSP96002

(sheet 12 of 20)

A-12

MOTOROLA




Input signal for FFT rfft56.asmand cfft56.asm
. Last Update 10/28/92
gen56  macro PO NTS, | DATA

; gen56 - macro to generate input signal for FFT test on 56001
; 2000 Hz sinewave with scaling factor PONTS in X and Y nenory

PQ NTS - nunber of points (2 - 32768, power of 2)

; | DATA - base address of signal
’sr ate set 44100 s He

ffreq set 2000 T H

ppi equ 3. 141592654

freq2 equ 2. 0*ppi *ffreq/ @vf (srate)

org x: | DATA
count  set 0

dup PA NTS

dc @i n(@vf (count)*freq2)/ PO NTS
count  set count +1

endm

org y: | DATA
count  set 0

dup PA NTS

dc @i n(@vf (count)*freq2)/ PO NTS
count  set count +1

endm

endm ;end of gen56 macro

512- Poi nt, 28174 clock cycles Non-In-Pl ace FFT.

; Sept. 11 92 Version 1.0

’CFI—‘I'56 nmacro | DATA, CCEF, PO NTS, CDATA
CFFT56 i dent 1,0

512 Poi nt Conpl ex Fast Fourier Transform Routine
using the Radix 2, Decimation in Tine, Cool ey-Tukey FFT al gorithm

This routine performs a 512 point conpl ex FFT by taking advant ages of
1). internal menory access by starting first half data at |ocation O,
avoi d cycl e stretching;
2). using N4 conplex twiddl e factors based on the fact that two
; consectivetwiddle factors in DT FFT has a difference -j
; 3). trivial twiddle factors (1,0) and (0,-1) are utilized.
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; Conpl ex input and output data

; Real data in X nenory

; I magi nary data in Y menory

; Normal |y ordered input data

; Bit reversed output data for 1024 real input FFT
; Coefficient |ookup table

; +Cosi ne val ues in X nenory

; -Sine values in Y nenory

Address pointers are organi zed as foll ows:

; rO = ar,ai input pointer n0 = group of fset n0 = nodul o (points)

; rl = br,bi input pointer nl = group of f set nml = nodul o (points)

; r2 = ext. data base address n2 = groups per pass n2 = 256 pt fft counter
; r3 = coef. offset each pass n3 = coefficient base addr. n8 = linear

; r4 = ar’,ai’ output pointer n4 = group offset m} = nodul o (points)

; r5 = br’,bi’ output pointer n5 = group offset nd = nodul o (points)

; ré = w,w input pointer n6 = coef. offset n6 = bit reversed

; r7 = not used (*) n7 = not used (*) ny = not used (*)

; * - r7, n7 and nv are typically reserved for a user stack pointer.

Aters Data ALU Registers

; x1 X0 yl yo0
; a2 al a0 a
; b2 bl b0 b
; Alters Address Registers
; ro n0 no
; rl nl mL
; r2 n2 ng
; r3 n3 nB
; ra n4 i
; r5 n5 nd
ré né 6

; Alters Program Control Registers
; pc sr

Uses 8 | ocations on System Stack

: Initialize pointers to r0->Ar,r1->Q,r4->Bi,r5->0, and r3->tenp | ocation
; 10,rl,r4, and r5 are nodul ar addressing with nodulo N2 ;

nmove # DATA r0 ;r0 -> Ar
nove ro, n3
nove #CDATA, r 3 ;13 always has CDATA
nove #QCEF+1, n6 ;n6 al ways has QCEF, (0,1) is not used
nove #PQA NTS/ 4, n0 ;offset and butterflies per group
Figure A-1 Optimized Complex FFT for the DSP96002 (sheet 14 of 20)
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nove #PQA NTS/ 2-1, n0 ; modul o addr essi ng
nmove r0,r6 ;r6=0 flag reg. for trivial groups
do #3, _end_trivial ;do three R4 passes
nove nO, nl ; poi nter of fset
nove nO, n4 ; poi nter of fset
move n0, n5 ;

| ea (r0)+n0, r4 r4 -> Bi

nove ,

| ea (rd)+n4,r1 rl -> QO

nmove nO, ni ;

move noO, n

| ea (r1)+nl, r5 ;r5->D

First two passes are conbined into a R4 pass wi thout multiplication ’ ;
; because W=1,W=0 in first R2 pass and W=0, W=-1 in 2nd R2 pass ;

A =AHQH(Br D) B sA+Q-(Br+D) Q' =(A-Q)#H(Bi-D) D =(A-Q)-(B-D);
. A=A+O+B+0) B'=A+0-(B+D) Q'=(A-Q)+«(D-B) D'=(A-0)-(Dr-B);

; This two passes fully ultilize internal nenory by storing input data at |ocation 0
; For 1024-poi nt conpl ex FFTs, only 256-point in internal, rest of themin

; external, 17+2 instructions are needed for one butterfly because first and next to
; the last instruction in the | oop takes two Icycles. Gher parallel nove seens to;

; take two cycles, but one of the two noves is internal, only one cycle is needed. ;
; 4.75 Icycles per R2 butterfly inthe fisrt two passes. ;

For 512-poi nt conpl ex FFT, 17+1 instructoins are used because first instruction |n
the | oop takes only one Icycle. 4.5 1cycles per R butterfly. ;

For 256 or | ess poi nt conpl ex FFT, 17 I cycl es are needed. 4.25 | cycl es/bfly.

nove x: (r0)+n0, a ; a= A r0 -> Br
nove x: (r1)+nl, b ; b=CO,r1 ->D
do noO, _t wopass
add a,b x:(r0)+n0,x1 vy:(r5)+n5,yl ;b=Ar+Q,x1=Br,yl=D,r0->Ar,r5->0
subl b,a b, x:(r0) y:(r4),b ;a=Ar-Or,save Ar+Or tenp in Ar, b=Bi
add yl,ba,x0 y:(rd)+n4, a ; b=Bi +Di , Xx0=Ar- O, a=Bi agai n,
;save Ar-Q in Dr,r4->A

sub yl,a b,x:(r3)x0,b ;a=Bi-Di,store Bi+D tenp in x: CDATA b=Ar-Or
sub a,b x:(rl1),x0 ;b=Ar-O-(Bi-D)=Dr",x0=Dr,r0 -> Ar
addl b,a b,x:(r1)+nl1 x0,b ;a=Ar-O+(Bi-D)=C",save D', b=Dr,rl1->O
sub x1,ba,x:(r1)+ X0, a ;b=Dr-Br,save ', a=Dr,rl1->nQr
add x1,ax:(r0)+n0,b b,yl ;a=Dr +Br, b=Ar+Or, y1=Dr-Br,r0->Br
sub a, b y: (r5),y0;a=Ar+O - (Dr+Br) =Br’, y0=G
addl b,a b,x:(r0)+n0 vy:(rd),b ;a=Ar+O +(Dr+Br)=Ar",save Br’',r0->Ar, b=A
sub y0,b a,x:(r0)+ y:(r4),a ;b=Ai-G,a=A again, save Ar’,r0->nAr
add vy0,ax:(r3),b b, yO ;a=Al +0,y0=Ai -Q ,b=Bi +D, r5->0
add a, b ; b=Al +Q +(Bi +Di ) =Ai’
subl b,a y0,b b, y: (r4)+n4 ;a=Al+G -(Bi+D)=B',b=A -G, save A’
add yl,by0,a a,y:(rd)+ ;b=A-A+(D-Br)=G"',a=Al -0, save B ', r4->nBi
sub yl,ax:(rl)+ni, b,y:(r5)+n5;a=Ai -G -(Dr-Br)=D’, b=nC, save G,
nove x:(r0)+n0, a a,y:(r5)+;a=nAr, save D', r5->nD

_twopass
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nove
_no_nore
nove
asr
asr
nove
4 pass
nove
nove
_end_trivial
nove
nove
nove
nove
nove
do
add
subl
add
sub
nove
_extra

| n each pass,

; Dorest of trivial group by 5 Icyc butterfly

; ACA ---->
; BryBio---->

n5, a ;n5 contains ptr to Ar al ready
a n5,rl i r1->Ar

a, nl ;get of fset

rl,r5 i r5->A

(r1)+nl,r4 ;r4->Bi

#2, n4 ; for pointer

rd,r0 ;r0->Br

x:(rl),a y:(rd)+b ;a=Ar, b=Bi,

nl, _no_nore ;w=(0,-1), R2 butterfly

a,b x:(r0),x0 y:(rd4)- ; b=Ar +Bi =Ar’ , X0=Br, yO=nBi

b,a b,x:(r1)+ y:(r5),b ;a=Ar-Bi=Br’, save A’ , b=A
x0,b a,x:(r0)+ y:(r5),a ;b=Ai +Br=Bi ', save Br’,a=Ai again
b,a y0,b b,y:(r4)+n4 ;a=A-Br=Ai’,save Bi’, b=nBi
x:(rl),a ay:(r5+ ; a=nAr, save A’

no, a

a n3,r0 ; 10- > DATA

a ar2

a, n0 ;(points in agroup)/4 after a radix
x:(r2)- ;dec r2

r2,nd

ro, r4 ;out put poi nter

nl, rl ;rl1->Br

rl, r5 1 r5->Bi

x:(r0),a s a=Ar

x:(rl),b ; b=Br

nl, _extra ;wW=(1,0)

a, b y:(r5),y0 ;b=Ar+Br=Ar’, yO0=Bi

b,a b, x:(r0)+ y:(r4),b ;a=Ar-Br=Br’,save Ar', b=A
y0,b a, x:(r1)+ y:(r4),a i b=A +Bi =Ai ' , save Br’', a=A
y0,a x:(rl1),b b,y: (r4)+ ;a=Ai-Bi=Bi’,save A, b=nBr
x:(r0),a a,y: (r5)+ ;a=nAr, save Bi’

;nomul tiplicationiscarriedout.

| |
| Radix-2]----> A'=A + W*Br
| Butterfly|----> Br'=A - W*Br
| | B =A - W
N
W W-jW

; Renai ni ng passes are broken down to PO NTS/ 256 sets, ;

; each set has 256-point R2 FFT ;
and runs on internal data and external coefficients.

first two groups takes advantages of trivial twddl e factors and

Renai ni ng gr oups use conpl ex twi ddl e fact ors.

; Radix 2, Decimation In Tine Cool ey- Tukey FFT al gorithm ;
A=A + W*Br

- W*Bi
+ W*Bi ;
+ W*B = 2*Ar - A ;
- W*Bi = 2*A - A’ ;

Figure A-1 Optimized Complex FFT for the DSP96002
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; r0->Ar1->B,r4->A ,r5->B,r6->TF, n0=of fset for B pointer,
; n2=nunberof bflies in a group ;
; n3=nunber of groups in a pass, nB=nunber of pass. r2=n3 or n3+1

nove n2, n0 ;linear address

nove ng, m

nove ng, i

nove n2, nb

nmove #PA NTY 4,10 ;start location of a pass
nove #4, n8 ;4 passes in first 256-point
nove #PQA NTS/ 16, n0 ;offset to point to Br and Bi
nove n0, n1

nove no, n4

nove no, n5

nove neé, r6 ; 1 6->CCEF

nove n0, n2 ;nunber of bflies in the first pass=R2 bfies/4
| ea (r0)+n0, r1 i r1->Br

nove ro,r4 T r4->A

| ea (r1)-,r5 ;r5->Bi-1 for pointer reason
jsr _body

The second 256-point FFT has no any trivial twiddl e factors,
; three nested | oops do it

nove #256, r0 ;start location of first pass in 2nd 256
nove #5, n8 ;5 passes in second 256- poi nt
nove #PA NTY 8, n0 ;offset to point to Br and Bi
nove #OCEF+1, r 6 ;twiddl e factor pointer

nove no, n1

nove no, n4

nove # DATA r4 ;r4->A = DATA

nove no, n5

| ea (rd4)+n4, r5 i r5->B

| ea (r0)+n0, r1 ir1->B

nove x:(r5)-,a ;r5->B -1 for pointer reason
jsr _body

jnp _end_FFT

; Al subroutines

body
nove #1,n3 ;nunber of groups in a pass
nove n3,r2 ;copy of n3
j set #0,nB, _set_grp; first 256-point has nunber of group 1,3,7,15,..
nove #2,r2
_set_grp
do n8, _i nner _| oop
jsr _inner_pass
nove no, a
asr a #| DATA, r 0; r 0=l DATA
nove a, n0 ;n0=of fset of B
nove r2,a
asl a nO, n1
nove a,r2 ,r2=r2*2
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asr b r2,n3 ; n3=nunber of groups in second 256
j set #0,n8B, _i nner_set ;set up start address, for 2nd 256-point rOis al ready ok
lea (r2)-,n3 ;n3=nunber of groups in first 256
nove n4,a
asl a neG, r6 ;for 1st 256, TF always starts at first location
nove a, r0 ;rO=start location of first 256-point
_inner_set
nmove nO0, n4
nove nO, n5
nove no,r4
lea (r0)+n0,r1 ;rl->B
nmove r0,r4 i r4->A
lea (rl1)-,r5 i r5->B
_inner_| oop

nmove #l DATA r0

nove #32,n2 ;n2=nunber of groups in the next to |ast
;pass for 1st 256

jset #0,n8,_no_set ;set up start address of TF, for 2nd
;256-point r6 is already ok

nove #QOCEF, n6 ;now n6 -> CCEF

nove no6,r6 ; r 6=CCEF

lea (r0)+n0,r1 ;r1->Br

move r0,r4 T r4->A

_no_set

nmove #-1,r5 ;r5->Bi

nove #3, n0

nove no, nl

nmove no, n4

nmove no, n5

jsr _next_|ast ;do the pass next to |ast

nove # DATA r 0 ; r0->| DATA
nmove r3, r4d ;r4->A output ptr -> external nenory
jelr #0, n8, _add_of f set ;set up output address for 2nd 256- poi nt
nove #256, n3
nove r6, n6 ;start address of TF for 2nd 256
| ea (r3)+n3,r4
_add_of f set

| ea (rO)+,rl ;rl->B
|l ea (rd)-,r5 i r5->B
nove #64, n2 ;nunber of blies in the |ast pass
nove #2,n0
nove n0, n1
nove no, n4
nove no, n5
nove ne, r6 ; 1 6=CCEF
jsr _last
rts
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_inner_pass

do n3, _end_grp ;do groups in a pass
nove x:(r5),a ;for pointer reason, a=sonet hi ng
nove x: (r6), x0 y:(r0),b ; X0=W, b=A
nove x:(rl),x1 y: (r6)+y0 ; X1=Br, yO=W
do no, _end_bfyl ;Radix 2 DT butterfly kernel
;with yo=W, x0=W
mac -x1,y0,b y:(rl)+yl ;b=A -BrW, yl1=Bi, rl->nBi
macr x0,yl,b a,x:(r5+ y:(r0),a i b=A -BrW+Bi W=A ",
;save prev.Br’, a=A
subl b, a x:(r0), b b,y: (r4) ;a=2Ai -A ' =Bi ', b=Ar, save A’
mac  x1,x0,b x:(r0)+a a,y:(r5) ; b=Ar +Br W, a=Ar, save Bi ', r0->nA
macr y1l,y0,b  x:(rl),x1 s b=Ar +Br W+Bi W=Ar', x1=nBr
subl b, a b, x: (r4) + y:(r0),b ;a=2Ar-Ar’ =Br’
;save Ar’, b=nAi, r4->nAr
_end_bfyl
nove a, x:(r5)+n5 y:(rl)+nl,b ;save preve. Br’ inc r5 and rl
nove x:(rd4)+nd,a y:(r0)+n0,b ;inc r0,r4
nove x:(rl),x1 ; X1=nBr
nove x:(r5),a y:(r0), b ;for pointer reason,
; a=sonet hi ng, b=nGAr
do no, _end_bfy2 s WE-j W
mac -x1,x0,b y:(rl)+ vyl ;b=Ai -BrW, y1=Bi, r 1- >nBi
macr -y0,yl,b a x:(r5)+y:(r0),a ;b=Ai -BrW-Bi W=A",
;save prev. Br’,a=A
subl b, a x:(r0), b b,y: (rd) ;a=2Ai -Ai'=Bi’, b=Ar, save A’
mac -x1,y0,b x:(r0)+a a,y:(rb) ; b=Ar-BrW, a=Ar, save Bi’, r0->nA
macr y1,x0,b x:(rl),x1 ; b=Ar- Br W+Bi W=Ar", x1=nBr
subl b, a b, x: (r4)+ y:(r0),b ;a=2Ar- A’ =Br',
;save Ar’, b=nAi,r4->nAr
_end_bfy2
nove a,x:(r5+n5 y:(r1)+nl,b ;save preve. Br’ inc r5 and r1
nove x:(r4)+nd,a y:(r0)+n0,b ;inc r0,r4
_end_grp
rts
_next _| ast
nove x:(r5),a y:(r0),b ; a=sorret hi ng, b=A
nove x:(rl),x1 y:(r6),y0 ; x1=Br, yO=W
do n2, _n_| ast ;do the pass next to |ast,
;internal to internal
mac  -x1,y0,b x:(r6)+, x0 y:(rl)+y ; b=Ai - BrW, x0=W, y1=Bi, r1->nBi
macr x0,yl,b a,x:(r5+n5 y:(r0),a cb=A -BrW+Bi W=A ",
;save prev. Br’',a=Ai
subl b, a x:(r0), b b,y: (r4) ;a=2Ai -A ' =Bi ', b=Ar, save A’
mac  x1,x0,b x:(rO)+ a a,y:(rb5) ; b=Ar+Br W, a=Ar, save B ', r0->nA
macr yl,y0,b  x:(rl),x1 s b=Ar +Br W+Bi W=Ar' , x1=nBr
subl b, a b, x: (r4)+ y:(r0),b ;a=2Ar- A =Br’,

;save Ar’, b=nAi, r4->nAr

mac -x1,y0,b y:(rl)+nl,yl ;b=A-BrW,yl=Bi, rl->nGBi
macr x0,yl,b a,x:(r5+ y:(r0),a ; b=A -BrW+Bi W=Ai ",

;save prev. Br’,a=A
subl b, a x:(r0),b b,y: (r4) ;a=2A -Ai'=Bi ', b=Ar, save A’
mac x1,x0,b x:(rO)+n0,a a,y:(r5) s b=Ar+Br W, a=Ar,

;save Bi’,r0->nCGA
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macr y1l,y0,b  x:(rl),x1 s b=Ar +Br W+Bi W=Ar" , x1=n@@r
subl b, a b, x:(r4)+n4 y:(r0),b ;a=2Ar-Ar’=Br’,save Ar’,
; b=nGA , r 4- >nGAr
mac -x1,x0,b y:(rl)+y1 ;b=Ai -BrW, y1=Bi, r 1- >nGBi
macr -y0,yl,b a,x:(r5)+n5y:(r0),a ;b=A -BrW-Bi W=A",
;save prev. Br’,a=A,r5->nCBi
subl b, a x:(r0), b b,y:(r4) ;a=2Ai-A’'=B’, b=Ar,save A’
mac -x1,y0,b x:(r0)+, a,y:(r5) ;b=Ar-BrW, a=Ar, save B ', r0->nCGA
macr y1,x0,b x:(rl),x1 s b=Ar-BrW+Bi W=Ar", x1=nBr
subl b, a b, x: (r4)+ y:(r0),b ;a=2A - A =B,

;save Ar’, b=nAi, r4->nGAr

mac -x1,x0,b y:(rl)+nl,yl ;b=A-BrW,yl=Bi,r1l->nBi
macr -y0,yl,b a,x:(r5+ y:(r0),a ;b=A -BrW-Bi W=A",
;save prev. Br’',a=A,r5->Bi
subl b, a x:(r0), b b,y:(r4) ;a=2Ai -Ai ' =Bi’, b=Ar, save A’
mac -x1,y0,b x:(rO)+n0,a a,y:(r5) i b=Ar-BrWwW, a=Ar,
;save Bi’, r0->nCGA
macr y1,x0,b x:(rl),x1 y:(r6),y0 ; b=Ar- Br W+Bi W=Ar",
; X1=nBr, yO=nW
subl b, a b, x:(rd4)+nd y:(r0),b ;a=2Ar- Ar’ =Br’ , save Ar’,
;b=nAi , r4->nG\r
_n_| ast
nove a, x: (rb5)
rts
_last
nmove Xx:(r5),a y:(r0),b ; a=sorret hi ng, b=A
nove Xx:(rl),xly:(r6),y0 ; X1=Br, yO=W
do n2, _end_| ast ;do last pass, internal to external

mac  -x1,y0,b x:(r6é)+ x0 y:(r1)+nl,yl ;b=A -BrW,x0=W,yl=Bi, rl1->nCBi
macr x0,yl,b a,x:(r5+n5 y:(r0),a ;b=A-BrW+BW=A",

;save prev. Br’',a=A
subl b, a x:(r0), b b,y:(rd4) ;a=2Ai-A'=Bi',b=Ar,save A’
mac  x1,x0,b  x:(rO)+n0,a a,y:(r5) ;b=Ar+BrW, a=Ar,save Bi',r0->nCGA
macr yl,y0,b  x:(rl),x1 ; b=Ar +Br W+Bi W=Ar" , x1=n@Br
subl b,a b,x:(rd4)+nd4  y:(r0),b ;a=2Ar-A’ =Br’,

;save A’ , b=nGA , r4->nGAr

mac -x1,x0,b y:(rl)+nl,yl ;b=A-BrW,yl=Bi,r1->nCBi
macr -y0,yl,b a,x:(r5)+n5 y:(r0),a ;b=A-BrW-B W=A",
;save prev. Br’,a=A,r5->Bi
subl b, a x:(r0), b b,y:(rd) ;a=2Ai-A’'=Bi’,b=Ar,save A’
mac  -x1,y0,b x:(rO)+n0,a a,y:(r5) ;b=Ar-BrW, a=Ar, save Bi ', r0->nCA
macr y1,x0,b x:(rl),x1 y:(r6),y0; b=Ar-BrW+B W=Ar",
; x1=nBr, yO=nW
subl b, a b, x:(r4)+n4  y:(r0),b ;a=2Ar-A’'=Br’,
;save Ar', b=nA,r4->nGAr
_end_| ast
nove a, x: (rb5)
rts
_end_FFT
endm
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