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Extended Precision Radix-4 Fast Fourier Transform
Implemented on the TMS320C62x

Robert Matusiak Digital Signal Processing Solutions

ABSTRACT

This application report discusses a method by which the Texas Instruments TMS320C62x
high-performance, fixed-point digital signal processors (DSPs) overcome the traditional
advantage held by floating-point DSPs — precision and speed.

Using the Radix-4 Fast Fourier Transform (FFT), this document illustrates how extended
precision arithmetic, multiplication in particular, can be performed on the C62x0. Using the
techniques outlined here, the 16-bit multipliers of the C62x can exceed the performance of
the 32-bit floating-point arithmetic logic units and multipliers found in floating-point DSPs.

List of Figures

Figure 1. 32-Bit Multiplication Using 16-Bit Multiplies ........... .. . e 2
Figure 2. C-Source Listing for an Extended Precision Multiply . ......... .. ... ... . ... 3
Figure 3. C62x Assembly Listing for a C-Callable Extended Precision Multiply .................... 4
Figure 4 C62x C-Callable Assembly Language Functin Source Listing for an Extended Precision
RadiX-4 FFT .o e 5

The TMS320C62x generation of high-performance fixed-point DSPs features two independent
16-bit multiplier units. Because the multiplier units have been designed primarily for the
processing of 16-bit data, special consideration must be made for implementing algorithms that
require multiplication of numbers with precision of greater than 16 bits. This spplication report
uses the Radix-4 Fast Fourier Transform (FFT) as an example of how extended precision
arithmetic, multiplication in particular, can be performed on the C62x. It is in the findings of this
exercise that the C62x can exceed the performance of floating-point DSPs using the techniques
outlined.

Typically, the two most notable advantages that a floating-point DSP has over a fixed-point DSs
is precision and range. Most floating-point DSPs feature 32-bit floating-point arithmetic logic
units (ALUs), multipliers, and a 32-bit register file, whereas most fixed-point DSPs feature 16-bit
integer units and a register file. In addition, the floating-point arithmetic units feature hardware
that allows numbers to be represented in a wider range than in fixed-point. Floating-point units
have the ability to automatically scale numbers. For example, in a 16-bit fixed-point adder unit if
we added two numbers together producing a result that was larger than 16-bits, an overflow
would occur, and the result would be erroneous. Whereas, a floating-point adder would detect
the condition, scale the number, and move the decimal point to the right. In effect, the
floating-point adder gains precision in the integer portion of the result, and loses precision from
the fraction portion of the result.

TMS320C62x and C62x are trademarks of Texas Instruments.
Trademarks are the property of their respective owners.
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Because the C62x DSP features 32-bit ALUs and a 32-bit register file, the precision of
floating-point DSPs can be easily achieved. The only stumbling block is that the C62x features a
16-bit multiplier. However, we will show how the C62x can easily perform a 32-bit multiply.

The C62x can perform extended precision multiplication by performing several 16-bit multiplies.
In the case of performing a 32-bit multiply, four 16-bit multiplies and some additional arithmetic
are required. Let’s take a look at how we can multiply two 32-bit numbers, A times B, using
16-bit multiplies. Figure 1 pictorially describes how this would be performed. Note that in the
multiplies the u and s to the right and/or left of the multiplication symbol indicate whether the
operand is signed or unsigned. Also, it should be noted that a 32-bit multiply generates a 64-bit
result. In the example, we keep the most significant, or upper 32-bits. Figure 2 shows a listing of
a C function for an extended precision multiply. Figure 3 shows a listing of a C62x C-callable
assembly function for an extended precision multiply.

Figure 4 contains the source listing for an extended precision radix-4 FFT implemented as a
C62x C-callable assembly language function. This implementation executes a 1024 point radix-4
FFT in 704 usec. Using the 32-bit multiplication technique, we can see that the C62x can
perform computations with the precision comparable to 32-bit floating-point processors, at a
performance greater than most floating-point processors.

: 32 -
— 16—
A Ay ‘ AL
B X AH } AL
y 64 -
SSSSSSSS AL(U)*uy BL
SSSSSSSS Ax(s)*(u) BL 0000000
SSSSSSSS ALw)*(s) BH 0000000
X AH(s)*(s) BH 0000000
RND A*B
A*B

Figure 1. 32-Bit Multiplication Using 16-Bit Multiplies

2 Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x
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/***********************************************************************

dpnpy() — function used to multiply two signed 32-bit integers and

return the nost significant 32-bits of the result.
***********************************************************************/

int dpnpy(int A int B)
{

i nt AhBh, AhBI, Al Bh, Al BhH, AhBIH,
unsigned int A Bl, AhBIL, Al BhL, ABLI;

short Ah, Bh;

unsi gned short A, Bl;
| ong ABL;

int ABLov, ABH

Ah = A>>16;

Bh = B>>16;

Al = A & 0x0000FFFF;
Bl = B & 0xO0000FFFF;
AhBh = Ah * Bh;

ABl =A * Bl;

Al Bh = Al * Bh;

AhBl = Ah * Bl;

AhBI H = AhBl >> 16;
AhBlI L = AhBlI << 16;
Al BhH = Al Bh >> 16;
Al BhL = Al Bh << 16;

ABL = Al Bl + Al BhL;

ABL = ABL + AhBIL;

ABLov = (int)(ABL >> 32);

ABLI = (unsigned int)(ABL & Oxffffffff);
ABH = AhBh + AhBIH + Al BhH + ABLov;

ret ur n( ABH<<1) ;

Figure 2. C-Source Listing for an Extended Precision Multiply

Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x 3
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dpnpy. asm — C6x assenbly source code for a fixed-point double precision

mul tiply Ccallable assenbly | anguage function. The functions take 2 32-bit
signed integers and perfornms a 32-bit by 32-bit nultiply which produces a
64 bit product. The upper 32-bits of the product are returned as a signed

i nteger. The C6x CPU core has 61-bit nultipliers, thus 4 16-bit nultiplies

is required to realize a 32-bit rmultiply.
RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEESS

PROTOTYPE

int dpnpy(int, int);
BRIk S Ik o kR I O

USAGE
int A B, prod;

prod = dpnpy(A B);

CEE O b S R R R S R R R R Ik kO b R R S ok S R R R Rk kS R S ok S S Rk o

. gl obal _dpnpy

A . set a4

B . set b4

Al Bl . set al

AhBI . set bl

Al Bh . set a2

AhBh . set b2

Al BhH . set a3

AhBI H . set b7

Al BhL . set a8

AhBI L . set b6

ABH . set b5

return . set a4

ABLO . set a7

ABLe . set a6

_dpnpy:
mpyhsl u . mlx B, A Al Bh ; Al u*s Bh

| ] mpyhsl u . n2x A, B, AhBl ; Ah s*u Bl
nmpyu . mlx A, B, Al Bl ; Al u*u Bl

| ] mpyh . nm2x B, A, AhBh ; Ah s*s Bh
shr .sl Al Bh, 16, Al BhH ; AlBhH = Al Bh >>s 16

| ] shr .s2 AhBIl , 16, AhBl H : AhBIH = AhBl >>s 16
b .82 b3 ; return
shl .sl Al Bh, 16, Al BhL : Al BhL = Al Bh << 16

| ] shl .82 AhBI , 16, AhBI L . AhBI L = AhBlI << 16

|| add 12 AhBh, AhBI H, ABH : ABH = AhBl + AhBIH
add .1 2x ABH, Al BhH, ABH . ABH = ABH + Al BhH

| ] addu .1 1x Al Bl , AhBI L, ABLo: ABLe ; (long)ABL = AIBI + AhBIL
addu 1 Al BhL, ABLo: ABLe, ABLo: ABLe

; (long)ABL = Al BhL + (I ong)ABL

add L dx ABLoO, ABH, r et urn ; ABH = ABLhi gh + ABH
shl .s1 return, 1, return

Figure 3. C62x Assembly Listing for a C-Callable Extended Precision Multiply

4 Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x
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ERE R I R R O S O O
1

; FILE

; dpfft.asm — C6x assenbly source code for a Ccallable, double precision
; fixed-point, radix-4, in-place, conplex FFT assenbly | anguage function.

EE R I I O S kS S O R S O O kR o

; PROTOTYPE
; void dfft (int *x, int *y, int *wcos, int *wsin, int n, int m;

; where: x is a pointer to the real data array of length n

; y is a pointer to the imaginary data array of length n

; wcos is a pointer to the real twiddle factors array of length n

; wsin is a pointer to the inaginary twiddle factors array, length n
; nis the nunber of data points (nust be a power of 4)

; mis the nunber of stages in the radix-4 FFT

EE R R Rk kR SRk I b b Sk R R R Rk O bk O S O R Rk O bk O R Rk O

;  PERFORMANCE
; ~ # of cycles = M* (N4 * 54 + 37) + N3 * 7

R R S R S S S R kS b R R O S S S O R S R R

; MEMORY REQUI REMENTS

; 4*N bytes (real data)

; 4*N bytes (imag data)

; 4*N bytes (real coefficents)
; 4*N bytes (inmag coefficents)
; 200 bytes (stack)

; 16*N + 200 bytes (Total)

REE R R S R R R R S b Sk S b R Rk o S Rk R bk kS R R R Ik Rk O R R Rk kO

; ASSUMPTI ONS

; 1) All data is assuned to be in on-chip data nenory
; 2) Digit reversal is not performed
; 3) Further optimzation could inprove perfornance

)
EEE R I R R O R O O S O

xaddr . set a4
yaddr . set b4
wcaddr . set ab
wsaddr . set b6
npoi nts . set a8
nst ages . set b8
STACKSI ZE . set 200
N2 . set 1
E . set 2
A . set 3
B . set 4
C . set 5

Figure 4. C62x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT

Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x 5
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10 . set 6
11 . set 7
|2 . set 8
13 . set 9
R1 . set 10
R2 . set 11
S1 . set 12
S2 . set 13
N1 . set 14
N . set 15
K . set 16
J . set 17
st ack . set b7
KCNT . set b0
JCNT . set bl
| CNT . set b2
nl . set b2
n2 . set b3
e . set b5
ea . set ab
j . set b9
ja . set a9
m . set alo
n . set b8
nt . set bl
i Ot . set b0
i1t . set b4
nlt . set b4
ra . set a4
s4 . set b4
col . set a8
r3 . set al
colhr 3l . set a2
coll r3h . set a3
coll r 3l . set a4
colhr 3h . set ab
coll r 3hH . set a0
colhr3lH . set al
coll r 3hL . set a2
colhr3lL . set a3
colr 3H . set ab
colr3Lo . set a3
colr3Le . set a2
sil . set b8
s3 . set bl
si 1hs3l . set b2
si 11 s3h . set b3
si 1l s3I . set b4
si 1hs3h . set b5
si 11 s3hH . set b0
si 1hs3I H . set bl
si 11 s3hL . set b2
si 1hs3I L . set b3
si 1s3H . set b5
si 1s3Lo . set b3
si 1s3Le . set b2
s3_A . set a9

Figurecé2x C-Callable Assembly Language Functin Source Listing

for an Extended Precision Radix-4 FFT (Continued)
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colhs3l . set alo
coll s3h . set all
coll s3I . set al2
colhs3h . set al3
coll s3hH . set a8
colhs3lH . set a9
coll s3hL . set alo
colhs3lL . set all
cols3H . set al3
cols3Lo . set all
cols3Le . set alo
Xi 1l . set al
xi 0 . set a5
r3_B . set b9
si 1hr 3l . set b10
si 11 r3h . set bl1
si 1lr3l . set b12
si 1hr 3h . set b13
si 11 r3hH . set b8
si 1hr 3l H . set b9
si 1l r3hL . set b10
si 1hr 3l L . set bl1
si 1r3H . set b13
si 1r 3Lo . set b1l
si 1r3Le . set b10
yil . set b13
yi 0 . set b5
co2 . set a0
r2 . set al
co2hr 2l . set a2
co2l r2h . set a3
co2lr2l . set a4
co2hr 2h . set ab
co2l r2hH . set a0
co2hr2lH . set al
co2l r2hL . set a2
co2hr2l L . set a3
co2r 2H . set ab
co2r2Lo . set a3
co2r2Le . set a2
si 2 . set b0
s2 . set bl
si 2hs2l . set b2
si 21 s2h . set b3
si 21 s2l . set b4
si 2hs2h . set b5
si 2l s2hH . set b0
si 2hs2l H . set bl
si 2l s2hL . set b2
si 2hs2I L . set b3
si 2s2H . set b5
si 2s2Lo . set b3
si 2s2Le . set b2
co2_A . set a8
S2_A . set a9

Figurecé2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)

Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x 7
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co2hs?2l . set alo
co2l s2h . set all
co2l s2l . set al2
co2hs2h . set al3
co2l s2hH . set a8
co2hs2l H . set a9
co2l s2hL . set alo
co2hs2I L . set all
c02s2H . set al3
co2s2Lo . set all
co2s2Le . set alo
Xi 2 . set al
xi 0 . set a5
si2 B . set b8
r2_B . set b9
si 2hr 2l . set b10
si 2l r2h . set bl1l
si 2l r2l . set b12
si 2hr 2h . set b13
si 2l r 2hH . set b8
si 2hr 2l H . set b9
si 2l r2hL . set b10
si 2hr2l L . set b1l
si 2r2H . set b13
si 2r2Lo . set bl1l
si 2r2Le . set b10
yi 2 . set b13
yi 0 . set b5
co3 . set a0
rl . set al
co3hr 1l . set a2
co3lrih . set a3
co3lril . set a4
co3hr 1h . set ab
co3lr1hH . set a0
co3hrll H . set al
co3l r1hL . set a2
co3hrillL . set a3
co3r1H . set a5
co3rlLo . set a3
co3rlLe . set a2
si 3 . set b0
sl . set bl
si 3hs1l . set b2
si 3l s1h . set b3
si 3l sil . set b4
si 3hs1h . set b5
si 31 s1hH . set b0
si 3hsi1l H . set b1l
si 3l s1hL . set b2
si 3hsil L . set b3
si 3s1H . set b5
si 3slLo . set b3
si 3slLe . set b2
co3_A . set a8
s1_A . set a9
co3hsil . set alo
co3l s1h . set all

Figurecé2x C-Callable Assembly Language Functin Source Listing

for an Extended Precision Radix-4 FFT (Continued)

8 Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x
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co3l sil . set al2
co3hsih . set al3
co3l s1hH . set a8
co3hsilH . set a9
co3l s1hL . set alo
co3hsil L . set all
co3sl1H . set al3
co3sllLo . set all
co3sllLe . set alo
Xi 3 . set a5
si3_B . set b8
rl B . set b9
si 3hr 1l . set b10
si 3l r1h . set bl1l
si 3lril . set b12
si 3hr 1h . set b13
si 3l r1hH . set b8
si 3hrll H . set b9
si 3l r1hL . set b10
si 3hrll L . set bl1
si 3r1H . set b13
si 3riLo . set b1l
si 3riLe . set b10
yi 3 . set b13
y . set b6
X . set b7
i0 . set b14
il . set b14
i2 . set b14
i3 . set b14
Wwe . set a7
Wws . set a6
a . set al4a
b . set al4d
c . set ald
bb . set al3
cc . set al2
Xi Ot . set a0
Xi 1t . set al
Xi 2t . set a2
xi 3t . set a3
r 1t . set al3
r 2t . set a9
r 3t . set alo
r 4t . set all
yi Ot . set b0
yi 1t . set bl
yi 2t . set b2
yi 3t . set b3
slt . set b13
s2t . set b9
s3t . set b10
s4t . set bl1l

.global _fft4

Figurecb2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)

Extended Precision Radix-4 Fast Fourier Transform Implemented on the TMS320C62x 9



{'.f TEXAS

SPRA297 INSTRUMENTS
_fft4:
; code to preserve the Cruntinme environent
mvk .82 STACKSI ZE, st ack ; move stack size into a reg.
sub .12 B15, stack, B15 ; allocate space on stack
stw .d2 B14, *B15++[ 1] ; push Bl14 onto stack
stw .d2 B13, *B15++[1] ; push B13 onto stack
stw .d2 B12, *B15++[ 1] ; push B12 onto stack
stw .d2 B11, *B15++[1] ; push Bl11l onto stack
stw .d2 B10, *B15++[1] ; push B10 onto stack
stw .d2 B3, *B15++[ 1] ; push B3 onto stack
stw .d2 Al5, *B15++[ 1] ; push Al5 onto stack
stw .d2 Al4, *B15++[ 1] ; push Al4 onto stack
| ] 1% A wcaddr , we ; copy argument to register
stw .d2 Al3, *B15++[ 1] ; push Al13 onto stack
| nmv A wsaddr, ws ; copy argument to register
stw .d2 Al2, *B15++[ 1] ; push Al12 onto stack
| ] nmv A xaddr, x ; copy argument to register
stw .d2 All, *B15++[1] ; push All onto stack
| ] 1% A yaddr,y ; copy argument to register
stw .d2 A10, *B15++[ 1] ; push A10 onto stack
nmv A B15, A15 ; copy argunment to register
; begin FFT processing
N2 = n;
;e =1;
stw .d2 npoi nt's, *+B15[ N2]
| mvk .s2 1, e
stw .d2 e, *+B15[ E]
| stw .d npoi nts, *+A15[ N|

KLOOP:

10

A

| dw

zero
zero

stw
stw

stw
stw

| dw

nl
n2

- Qo oo

n2;

; for(k=0; k<m k++)

n2 >> 2;

nmst ages, KCNT
KCNT, *+B15[ K]

*+B15[ N2], nl

a
i

a, *+A15[ Al
j,*+B15[J]
j,*+B15[10]

a, *+A15[B]
j,i0

*+x[i 0], xiOt

: nl = n2
;a
v

; store a on stack

0
0

; store i0 on stack
;. store b on stack

; xi0 = x[i0]

Figurecé2x C-Callable Assembly Language Functin Source Listing

for an Extended Precision Radix-4 FFT (Continued)
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stw .d nl, *+B15[ N1]
| ] shr .82 nl, 2, n2 ; N2 = n2 >> 2;
stw .d2 n2, *+B15[ N2] ; store n2 on stack
| nv 12 n2, JCNT ; Initialize JLOOP counter
stw .d a, *+Al15[(C ; store c on stack
| ] | dw .d *+y[i 0], vyiOt ; yi0 = y[iO0]
| add | i0, n2, il ; i1 =10+ n2
JLOOP:
| dw .d *+x[i1], xilt ;oxil = x[i1]
| ] stw .d i1, *+A15[11] ; store il on stack
| dw .d *+y[i 1], yilt oyl = ylil]
| ] add | i1, n2,i2 ;i2=1i1+ n2
| I dw .d *+A15[ A], a
| LOOP:
| dw .d *+x[i2], xiz2t ;o Xi2 = x[12]
| ] stw .d i 2, *+Al15[1 2] ; store i2 on stack
| dw .d *+y[i2], vyiz2t ;poyi2 = yli2]
| ] add | i 2, n2, i3 ; 13 =102 +n2
| dw .d *+x[i3], xi3t ;o xi3 = x[i3]
| ] stw .d i 3, *+Al15[ 1 3] ; store i3 on stack
| dw .d *+y[i 3], yi3t yi3 = y[i3]
| dw .d *+B15[10], i0 ; store i0 on stack
| ] | dw .d *+wc[ al , col
add A xiOt, xi2t, rlt ;o rl = x[i0] + x[i2]
| ] sub .S xi0t, xi2t, r3t ; r3 = x[i0] — x[i2]
| ] | dw .d *+ws[a],sil
add | yi Ot, yi2t, silt ; sl = y[i0] + y[iZ2]
| | sub .S yiOt, yi2t, s3t ; 83 = y[i0] — y[iZ2]
add | xilt, xi3t, r2t ;or2 = x[i1] + x[i3]
| ] sub .S xi1lt, xi3t, r4t ;ord = x[i1] - x[i3]
add N yi 1t, yi3t, s2t ; s2 = y[il] + y[i3]
| ] sub .S yi 1t, yi3t, s4t 7 s4 = y[il] — y[i3]
| ] add | rit, r2t, xi Ot ;o Xi0=rl1 +r2
sub N s3t, r4t, s3 ;. 83 =s3 —-r4
| ] add | r3t, s4at, r3 ; r3=r3 + s4
| ] stw .d xi Ot *+x[ i 0] ; X[i0] =rl +r2
mpyhslu . ml r3, col, collr3h ; coll u*s r3h
| ] npyhslu . n2 s3,sil,sills3h ; sill u*s s3h
| | dw .d *+A15[B], b
| ] add | slt, s2t, yi Ot ; yi0 =s1 + s2
| ] sub | rit, r2t, r2t pr2=rl1-r2

Figurecb2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)
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mpyhslu . ml col, r3, colhr3l : colh s*u r3l
| nmpyhslu . n2 si 1, s3, si 1hs3l ; Ssilh s*u s3I
| ] sub N slt, s2t, s2t ; 82 =sl1 — s2
| stw .d yi Ot *+y[i 0] ; y[i0] = sl + s2
| stw .d r2t, *+A15[ R2]
| ] sub N r3t, s4t, r 1t crl =r3 - s4
npyu .ml col, r3,collr3l ; coll u*u r3l
| ] npyu .2 si 1, s3,si 1l s3Il ; sill u*u s3I
| ] stw .d s2t, *+B15[ S2]
| add N s3t, r4t, s1t sl =s3 +r4
[ stw .d rit, *+Al15[ R1]
npyh .ml r3,col, colhr3h ; colh s*s r3h
| npyh .nR s3,si 1, si 1hs3h : silh s*s s3h
| ] nv N s3,s3_A
| ] nmv N r3, r3_B
| ] stw .d slt, *+B15[ S1]
shr .sl coll r3h, 16, coll r 3hH : collr3hH = coll r3h >>s 16
| ] shr .82 si 11 s3h, 16, si 11 s3hH ; sills3hH = si 1l s3h >>s 16
| npyhslu . ml s3_A col, coll s3h ; coll u*s s3h
| npyhslu . n2 r3_B,sil,sillr3h ; Sill u*s r3h
shr .s1 colhr3l, 16, colhr3IH colhr3lH = colhr3l >>s 16
| shr .s2 si 1hs3l, 16, si 1hs3I H ; Silhs3lH = silhs3l >>s 16
| ] mpyhslu . ml col, s3_A colhs3l ; colh s*u s3I
| ] mpyhslu . n2 si1l,r3_B, silhr3l ; silh s*u r3l
| | dw .d *+ws[ b], si 2
| ] | dw .d *+B15[ R2],r2
shl .s1 coll r3h, 16, coll r3hL ; collr3hL = collr3h << 16
| ] shi .82 si 11 s3h, 16, si 11 s3hL ; sills3hL = sills3h << 16
| ] nmpyu .m col, s3_A coll s3I ; coll u*u s3I
| ] npyu . sil,r3_B,sillr3l ; sill u*u r3l
| | dw .d *+we[ b], co2
| ] | dw .d *+B15[ S2], s2
shl .sl colhr3l, 16, colhr3lL ; colhr3lL = colhr3l << 16
| shl .s2 si 1hs3l, 16, si 1hs3l L : silhs3lL = silhs3l << 16
| npyh .l s3_A col, colhs3h ; colh s*s s3h
| ] nmpyh .2 r3_B, sil,silhr3h ; silh s*s r3h
add 1 colhr3h, colhr3l H colr3H ; colr3H = colhr3l + colhr3lH
| ] add |2 si 1hs3h, si 1hs3I H, si 1s3H ; si 1s3H = si 1hs3l + si1lhs3lH
| ] shr sl coll s3h, 16, coll s3hH ; coll s3hH = coll s3h >>s 16
| ] shr s2 si 11 r3h, 16, si 1l r 3hH ; sillr3hH = sillr3h >>s 16
add 1 colr 3H, coll r 3hH, colr 3H ; colr3H = colr3H + coll r3hH
| add |2 si 1s3H, si 1l s3hH, si 1s3H ; Si1s3H = si1s3H + si 1l s3hH
| ] shr sl colhs3l, 16, colhs3I H ; colhs3lH = colhs3l >>s 16
| ] shr s2 si 1hr3l, 16, si 1hr3I H ; silhr3lH = silhr3l >>s 16

Figurecé2x C-Callable Assembly Language Functin Source Listing

for an Extended Precision Radix-4 FFT (Continued)
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addu 1 coll r3hL, colhr3l L, colr3Lo: colr3Le ; (long)colr3L =
collr3l + colhr3lL
| ] addu A2 si 11 s3hL, si 1hs3I L, si 1s3Lo: si 1s3Le ; (long)sils3L =
si 1l s3I + silhs3lL
| ] shl .s1 coll s3h, 16, coll s3hL : coll s3hL = coll s3h << 16
| ] shl .s2 si 1l r 3h, 16, si 11 r 3hL : sillr3hL = sil1llr3h << 16
| | dw .d *+B15[C], c
addu 1 collr3l, colr3Lo: colr3Le, colr3Lo: colr3Le ; (long)colr3L =
coll r3hL + (long)colr3L
| ] addu 12 si 11 s3I, si 1s3Lo: si 1s3Le, si 1s3Lo: si 1s3Le ; (|l ong) si 1s3L =
si 11 s3hL + (long)si 1s3L
| ] shl .s1 colhs3l, 16, colhs3l L ; colhs3lL = colhs3l << 16
| ] shl .82 si 1hr3l, 16, si 1hr3I L ; silhr3lL = silhr3l << 16
| ] | dw .d2 *+B15[11],i1 ; load i1 from stack
| ] nmpyhslu . ml r2,co2,co2lr2h ; €02l u*s r2h
| mpyhslu . n2 s2,si 2,si2ls2h ; Si2l u*s s2h
add 1 colr3Lo, colr 3H, colr 3H ; colr3H = colr3Lhigh + colr3H
| ] add 02 si 1s3Lo, si 1s3H, si 1s3H ; Si1s3H = si 1s3Lhigh + si 1s3H
| ] add .dl colhs3h, colhs3l H, cols3H : co0ls3H = colhs3l + colhs3lH
| ] add .d2 si 1hr3h, si 1hr3IH,si1r3H ; si1lr3H = silhr3l + silhr3lH
| ] nv .S s2,s2_A
| ] nv .S r2,r2_B
| ] npyhslu . ml co2, r2,co2hr2l ; co2h s*u r2
| ] mpyhslu . nR si 2, s2, si 2hs2l ; si2h s*u s2
shl .s1 colr3H, 1, colr 3H
| ] shl .82 si 1s3H, 1, si 1s3H
| ] add 1 c0l1s3H, coll s3hH, cols3H ; cols3H = cols3H + coll s3hH
| ] add A2 si 1r 3H, si 1l r 3hH, si 1r 3H ; silr3H = si1r3H + si 1l r3hH
| ] 1% .d c02, co2_A
| ] nm .d si2,si2_B
| ] npyu .l co2,r2,co2lr2l ; co2l u*u r2
| ] npyu .2 si 2,s2,si2ls2l ; si2l uru s2l
add .slx colr3H, si 1s3H, xi 1 : xil = col*r3 + sil*s3
| ] addu 1 coll s3hL, colhs3l L, cols3Lo: cols3Le ; (long)cols3L =
coll s3I + colhs3lL
| ] addu A2 si 1l r3hL, si 1hr3lL,silr3Lo:silr3Le ; (long)silr3L =
sillr3l + silhr3lL
| ] npyh .l r2,co2, co2hr2h ; co2h s*s r2h
| ] mpyh 2 s2, si 2, si 2hs2h ; si2h s*s s2h
addu 1 coll s3I, cols3Lo: cols3Le, cols3Lo: cols3Le ; (long)cols3L =
coll s3hL + (Il ong)cols3L
| ] addu 02 si 1l r3l,silr3Lo:silr3Le,silr3Lo:silr3Le ; (long)silr3L =
si 1l r3hL + (1l ong)si 1r3L
| ] shr .s1 co2l r 2h, 16, co2l r 2hH ; co2l r2hH = co2lr2h >>s 16
| ] shr .s2 si 2l s2h, 16, si 2| s2hH ; Si2ls2hH = si 2l s2h >>s 16
| ] npyhslu . ml S2_A c02_A, co2l s2h ; €02l u*s s2h
| ] nmpyhsl u . n2 r2_B,si2 B, si2lr2h ; si2l u*s r2h

Figurecb2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)
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stw .d2 xi 1, *+x[i 1] ; X[i1l] = col*r3 + sil*s3
| add 01 cols3Lo, cols3H, cols3H ; €0ls3H = cols3Lhigh + cols3H
| ] add 12 si 1r 3Lo, si 1r 3H, si 1r 3H ; silr3H = si1lr3Lhigh + silr3H
| ] shr .s1 co2hr2l, 16, co2hr 2l H; co2hr2l H = co2hr2l >>s 16
| shr .s2 si 2hs2l, 16, si 2hs2l H; si 2hs2l H = si 2hs2|l >>s 16
| ] mpyhslu . ml Cc02_A s2_A co2hs2l ; co2h s*u s2
[ npyhslu . n2 si2_B,r2_B,si2hr2l ; si2h s*u r2
shl .sl cols3H, 1, cols3H
| ] shl .s2 si1r3H, 1, si 1r 3H
| ] | dw .d *+ws[c], si 3
| ] | dw .d *+B15[R1],r1
sub .| 2x cols3H,silr3Hyil ; yil = col*s3 — sil*r3
| ] shi .s1 co2l r2h, 16, co2l r2hL; co2lr2hL = co2lr2h << 16
| ] shl .s2 si 2l s2h, 16, si 2l s2hL; si 2l s2hL = si 2l s2h << 16
| ] npyu .m C02_A s2_A, co2ls2l ; co2l u*u s2
| npyu .2 si2 B r2 B,si2lr2l ; si2l u*ur2
[ I dw d *+we[ c], co3
N | dw d *+B15[ S1] , s1
stw .d2 yi 1, *+y[i 1] ; y[il] = col*s3 — sil*r3
| shi .sl co2hr2l, 16, co2hr2l L; co2hr2lL = co2hr2l << 16
| ] shl .s2 si 2hs2l, 16, si 2hs2l L; si2hs2lL = si2hs2l << 16
| ] npyh .l S2_A co02_A co2hs2h ; co2h s*s s2h
| npyh .2 r2_B,si2 B,si2hr2h ; si2h s*s r2h
add 1 co2hr 2h, co2hr 2l H,co2r2H ; co2r2H = co2hr2l + co2hr2lH
| ] add 12 si 2hs2h, si 2hs2l H, si 2s2H i Si2s2H = si 2hs2l + si2hs2lH
| ] shr .sl co2l s2h, 16, co2l s2hH; co2l s2hH = co02l s2h >>s 16
| shr .s2 si 2l r2h, 16, si 2l r2hH; si 2l r2hH = si 2l r2h >>s 16
add 1 co2r 2H, co2l r 2hH, co2r2H; co2r2H = co2r2H + co2l r 2hH
| ] add 12 si 2s2H, si 21 s2hH, si 2s2H; si 2s2H = si 2s2H + si 2l s2hH
| shr .s1 co2hs?l, 16, co2hs2l H; co2hs2l H = co2hs2l >>s 16
| ] shr .82 si 2hr 21, 16, si 2hr 2l H; si 2hr2l H = si 2hr2l >>s 16
addu 01 co2l r 2hL, co2hr 2l L, co2r 2Lo: co2r2Le ; (long)co2r2L =
co2lr2l + co2hr2lL
| ] addu 12 si 2l s2hL, si 2hs2| L, si 2s2Lo: si 2s2Le ; (long)si2s2L =
si 21 s2l + si2hs2lL
| shl .s1 co2l s2h, 16, co2l s2hL; co2l s2hL = co2l s2h << 16
| ] shl .82 si 2l r2h, 16, si 2l r2hlL; si2lr2hL = si2lr2h << 16
addu 01 co2lr2l, co2r2Lo: co2r2Le, co2r 2Lo: co2r2Le ; (l ong)co2r2L =
co2l r2hL + (1l ong)co2r2L
| addu .12 si 21 s21, si 2s2Lo: si 2s2Le, si 2s2Lo: si 2s2Le ; (|l ong) si 2s2L =

si 2l s2hL + (1l ong) si 2s2L

Figurecé2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)
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| ] shl .s1 co2hs2l, 16, co2hs2l L; co2hs2lL = co2hs2l << 16
| ] shl .82 si 2hr 21,16, si 2hr2lL; si2hr2lL = si2hr2l << 16
| ] | dw .d2 *+B15[12],i2 ; load i2 from stack
| ] npyhslu . ml ri,co3,co3lrlh ; co3l u*s rlh
| ] npyhslu . n2 sl1,si 3,si3lslh ; si3l u*s silh
add 1 co2r 2Lo, co2r 2H, co2r2H ; co2r2H = co2r2Lhi gh + co2r2H
| ] add A2 si 2s2Lo, si 2s2H, si 2s2H ; si2s2H = si 2s2Lhi gh + si 2s2H
| ] add .dl co2hs2h, co2hs2l H, co2s2H ; co02s2H = co2hs2l + co2hs2lH
| ] add .d2 si 2hr 2h, si 2hr 21 H, si 2r 2H ; Si2r2H = si 2hr2l + si2hr2lH
| ] npyhslu . ml co3,r1, co3hril ; co3h s*u rll
| ] npyhslu . n2 si 3, s1, si 3hs1l ; si3h s*u si
| ] nmv .S sl,s1 A
| ] nmv .S ri,r1 B
shl .s1 co2r2H, 1, co2r 2H
| ] shl .s2 Si 2s2H, 1, si 2s2H
| ] add 1 c02s2H, co2l s2hH, co2s2H ; co02s2H = co2s2H + co2l s2hH
| ] add 12 si 2r 2H, si 21 r 2hH, si 2r 2H 7 Si2r2H = si2r2H + si 2l r2hH
| ] npyu .l co3,r1,co3lr1il ; co3l u*u rl1l
| ] npyu .2 si 3,s1, si 3l sll ; si3l u*u sl
| ] nv .d co3, co3_A
| ] nv .d si 3,si3_B
add . s1x co2r2H,si2s2H,xi2 ; xi2 = co2*r2 + si2*s2
| ] addu 1 co2l s2hL, co2hs2l L, co2s2Lo: co2s2Le ; (long)co2s2L =
co2l s2l + co2hs2lL
| ] addu A2 si 2l r2hL, si 2hr2l L, si 2r2Lo:si2r2Le ; (long)si2r2L =
si2lr2l + si2hr2lL
| ] npyh .l ri1,co3, co3hrlh ; co3h s*s rlh
| ] npyh .ne s1, si 3, si 3hslh ; si3h s*s silh
addu 1 co2l s2l, co2s2Lo: co2s2Le, co2s2Lo: co2s2Le ; (long)co2s2L =
co2l s2hL + (1l ong)co2s2L
| ] addu 12 si2lr2l,si2r2Lo:si2r2Le, si2r2Lo:si2r2Le ; (long)si2r2L =
si2lr2hL + (long)si2r2L
| ] shr .s1 co3l r1h, 16, co3lr1hH; co3lr1lhH = co3lr1lh >>s 16
| ] shr .s2 si 3l s1h, 16, si 3l s1hH; si 3l slhH = si3lslh >>s 16
| ] nmpyhslu . ml sl A co3_A co3lslh ; co3l u*s slh
| ] nmpyhslu . n2 ri B,si3 _B,si3lrlh ; si3l u*s rilh
stw .d2 Xi 2, *+x[i 2] 7 X[12] = co2*r2 + si2*s2
| ] add 1 co2s2Lo, co2s2H, co2s2H ; c02s2H = co2s2Lhi gh + co2s2H
| ] add A2 si 2r2Lo, si 2r2H,si 2r2H ; si 2r2H = si 2r2Lhigh + si2r2H
| ] shr .s1 co3hr1l, 16, co3hr1l H; co3hrl1llH = co3hrl1ll >>s 16
| ] shr .s2 si 3hs1l, 16, si 3hs1ll H; si3hsllH = si3hsll >>s 16
| ] nmpyhslu . ml c03_A sl _A co3hsll ; co3h s*u sl
| ] npyhslu . n2 si3_B,r1_B,si3hrll ; si3h s*url
shl .sl c02s2H, 1, co2s2H
| ] shl .s2 si2r2H, 1, si 2r 2H
| ] | dw .d *+B15[ N1], nilt

Figurecb2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)
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sub .| 2x c02s2H,si2r2H yi2 ; yi2 = co2*s2 — si2*r2
| shl .sl co3lr1lh, 16, co3lr1hL; co3lrlhL = co3lrlh << 16
| ] shl .s2 si 3l s1h, 16, si 3l s1hL; si3lslhL = si3lslh << 16
| ] npyu .m c03_A ,s1_A co3lsll ; co3l u*u sll
| npyu .ng si3 B r1 B,si3lrll ; si3l u*u ril
| | dw .d *+B15[10],i Ot
shi .s1 co3hrll, 16, co3hrllL; co3hrllL = co3hrll << 16
| ] shi .82 si 3hsll, 16, si 3hsll L; si3hsllL = si3hsll << 16
| ] mpyh .m sl A co3_A co3hslh ; co3h s*s slh
| ] nmpyh . rl B,si3 _B,si3hrlh ; si3h s*s rilh
| stw .d2 yi 2, *+y[i 2] ; y[i2] = co2*s2 — si2*r2
add 1 co3hr 1h, co3hr1l H,co3r1H ; co3rl1lH = co3hrll + co3hrillH
| ] add 12 si 3hs1h, si 3hs1l H, si 3s1H : Si3s1H = si 3hsll + si3hsllH
| ] shr .s1 co3l slh, 16, co3l s1hH; co3l slhH = co3l slh >>s 16
| shr .82 si 3l r1lh, 16, si 3l r1hH; si3lrlhH = si3lrlh >>s 16
| ] | dw .d *+B15[ N, nt
add 01 co3r 1H, co3l r 1hH, co3r1H; co3r1H = co3r1H + co3l r1hH
| ] add 12 si 3s1H, si 3l s1hH, si 3s1H; si3s1H = si3s1H + si 3l s1hH
| shr .sl co3hsll, 16, co3hsll H; co3hsllH = co3hsll >>s 16
| shr .s2 si 3hr1l, 16, si 3hr1l H; si3hrllH = si3hrl1ll >>s 16
| | dw .d2 *+B15[ N2] , n2
addu 1 co3lr1lhL, co3hril L, co3rlLo: co3rlLe ; (long)co3rilL =
co3lrll + co3hrillL
| addu 12 si 3l s1hL, si 3hs1l L, si 3s1Lo: si3slLe ; (long)si3siL =
si 3l sll + si3hsllL
| ] shl .sl co3l s1h, 16, co3l s1hL; co3lslhL = co3l slh << 16
| ] shi .82 si3lrlh, 16,si3lrlhL; si3lrlhL = si3lrlh << 16
addu 1 co3lrll,co3rlLo:co3rlLe,co3rllo:co3rlLe ; (long)co3riL =
co3lr1lhL + (long)co3rlL
| addu 12 si 3l s1l, si 3slLo: si 3slle, si 3s1lLo:si3slLe ; (long)si3slL =
si 3l s1hL + (long)si3slL
| ] shi .sl co3hsll, 16, co3hsll L; co3hsllL = co3hsll << 16
| shi .82 si3hrll, 16,si3hrllL; si3hrllL = si3hrll << 16
| ] | dw .d2 *+B15[13],i3 ; load i3 from stack
add 01 co3rlLo, co3r1H, co3r1H ; co3r1H = co3r1Lhigh + co3r1H
| add 02 si 3sllLo, si 3s1lH, si 3s1H ; si3slH = si3slLhigh + si3slH
| ] add .S co3hslh, co3hsll H, co3s1H : €c03s1H = co3hsll + co3hsllH
| ] add .d2 si 3hrlh,si3hr1llH,si3r1H ; si3rlH = si3hrll + si3hrillH
| add .S iot, nit, i Ot
| | dw .d *+A15[J],ja
shi .s1 co3r1H, 1, co3r1H
| ] shl .s2 si 3s1H, 1, si 3s1H
| ] add 1 co03s1H, co3l s1hH, co3s1H ; co03sl1H = co3s1lH + co3l s1hH
| add .d2 si3r1H,si3lrlhH si3r1H ; si3rlH = si3r1H + si 3l rlhH

Figurecé2x C-Callable Assembly Language Functin Source Listing
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| ] cnpl t | iot, nt, | CNT
| ] stw .d i Ot, *+Al15[ 1 0] store i 0 on stack

add six co3r 1H, si 3s1H, xi 3 Xxi 3 = co3*rl + si3*sl
| ] addu 1 co3l s1hL, co3hsll L, co3sl1lLo: co3slLe

; (long)co3slL = co3lsll + co3hsllL
| ] addu | 2 si 3l r1hL, si 3hr1l L, si3rilLo:si3rilLe
; (long)si3rlL = si3lrll + si3hrilL

| | [ CNT] b .S | LOOP
| ] | dw .d *+y[iOt], yiOt ; yi0 = y[i0]
| ] | dw .d *+A15[ E] , ea

addu 11 co3l sl1l, co3slLo: co3slle, co3sllLo: co3sllLe ; (long)co3slL =

co3l s1hL + (1 ong)co3slL
| ] addu |2 si3lrll,si3rlLo:si3rllLe,si3rllo:si3rlLe ; (long)si3rlL =
si3lr1hL + (long)si3rilL

| | dw .d *+x[i0t], xi Ot xi 0 = x[i0]
| ] add .S iot, n2,ilt; i1l =i0 + n2

stw .d2 xi 3, *+x[i 3] ; X[13] = co3*r1 + si3*sl
| ] add 1 co3sllLo, co3s1H, co3s1H co3s1lH = co3slLhi gh + co3s1H
| ] add 12 si3rlLo,si3r1H si3r1H ; si3rlH = si3rlLhigh + si3r1H
| ] stw .d i 1t, *+A15[ 1 1] ; store il on stack

shl sl co3s1H, 1, co3s1H
| ] shl .s2 si3r1H, 1, si 3r1H
| ] | dw .d *+x[i1t], xi 1t ;oxil = x[i1]
|| add N ja, 1, ja S

sub . 2x co3s1H,si3r1H yi3 ; yi3 = co3*sl — si3*r1l
| | [ 1 CNT] | dw .d *+y[i1t], yilt ;poyil = yli1]
| ][I CNT] stw .d j a, *+A15[ J]

stw .d2 yi 3, *+y[i 3] ; Yy[i3] = co3*sl — si3*rl
| ] add .S ilt, n2,i2 12 =1i1 + n2
| ] cnpl t | ja, n2, JCNT
| | dw .d *+A15[ A], a
| LOOPEND:
[JCNT] b .82 JLOOP
[l npy .m ja, ea, a pa=(j +1)%e

nv | ja,i0

stw .d a, *+Al15[A] ;. store a on stack
| ] add | a, a, bb i b=a+a
| ] stw .d i 0,*+B15[10] ; store i0 on stack

stw .d bb, *+Al5[ B] store b on stack
| ] add N bb, a, cc i c=b+a

| dw .d *+x[i 0], xiOt xi 0 = x[i0]

Figurecb2x C-Callable Assembly Language Functin Source Listing
for an Extended Precision Radix-4 FFT (Continued)
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stw .d cc, *+Al5[( ;. store c on stack
[ | dw .d *+y[i 0], vyioOt yi 0 = y[i0]
[ add A i0, n2, il ; i1 =10+ n2
JLOOPEND:
| dw .d *+B15[ E], e
| dw .d *+B15[ K] , KCNT
nop 3
shl .S e, 2, e ;e = e << 2;
stw .d e, *+B15[ F]
| | [ KCNT] sub A KCNT, 1, KCNT
stw .d KCNT, *+B15[ K]
| | [ KCNT] b .S KLOOP
nop 5
KLOOPEND:
; code to restore the C runtime environment, and return to calling
function
| dw .d2 *——B15[ 1], Al10; pop A10 fromthe stack
| dw .d2 *——B15[ 1], All; pop All fromthe stack
| dw .d2 *——B15[ 1], Al2; pop Al2 fromthe stack
| dw .d2 *——B15[ 1], Al3; pop Al3 fromthe stack
| dw .d2 *—B15[ 1], Al4; pop Al4 fromthe stack
| dw .d2 *——B15[ 1], Al5; pop Al5 fromthe stack
| dw .d2 *——B15[ 1], B3 ; pop B3 fromthe stack
| dw .d2 *——B15[ 1], B10; pop B10 fromthe stack
| dw .d2 *——B15[ 1], B11l; pop Bll fromthe stack
| dw .d2 *——B15[ 1], B12; pop Bl12 fromthe stack
| dw .d2 *——B15[ 1], B13; pop B13 fromthe stack
b .82 B3
| ] | dw .d2 *——B15[ 1], Bl4; pop Bl14 fromthe stack
mvk .82 STACKSI ZE, st ack ; move stack size into a reg.
add .12 B15, stack, B15; de-allocate space on stack
nop 3
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Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.
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