068680 PROGRAM DESCRIPTION I .. .,

Program Title ~ Fast Fourier transform I

Contributor's Name Narmwon Kim

Address 784 Laurel Walk, #B

City : Goleta ... State/Country .. CA Zip Code 93117

Program Description, Equations, Variables _L1iS program can be used to evaluate the discrete
Fourier transform (DFT) or inverse DFT (IDFT) of an N-point sequence of complex

_numbers, where N must be a power of two, N=2M, and M is an integer of < 7.

This program is an implementation of the radix-2 decimation-in-time algorithm.

The input is first rearranged into "bipfreversed” order and then 1og2N stages of

"butterflies" are performed by program lines 67 to 176.

The DFT of {x(n)} is defined as

N-1
x(k)izngoix(n)exp(—jZNnk/N) ; k=0,1,...,N-1

The IDFT is defined as

N_l.;
x(n) = (1/N)k§0”X(k)exp(j2ﬂnk/N) ; n=0,1,...N~1

Necessary Accessories _ L1ne¢ additional memory modules according to the total registers;
TOT.REG = 62 + 2N

Operating Limits and Warnings

..N must be a power of 2 and S 128 for the storage limit. We can uge this program

to grasp the FFT algorithm and investigate the properties of DFT for N £ 16 reason-

ably. Above 16-point it takes much time to compute the FFT in this machine.

Reference(s) J.W. Cooley & J.W. Tukey, An Algorithm}for thg Machine Calculation of’

Complex Fourier Series, Math. Comp., vol, 19, pp. 297T301’ April 1965.

L.R. Rabiner & B. Gold, Theory and Application of Digital Signal Processing, Pren-
tice-Hall, Inc., Englewood Cliffs, N.J., 1975,

This program has been verified only with respect to the numerical example given in Program Description /. User accepls and uses this program material AT HIS OWN RISK. in refiance solely upon his own
inspection of the program material and without reliance upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS PROGRAM MATERIAL. INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM MATERIAL .
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TO OUR CUSTOMERS:

Page la

The following information was supplied by our reviewer for your use

with this program,

any complications that may inadvertently arise.

The comments are intended to be helpful in avoiding

-~

THE HEWLETT PACKARD USERS' LIBRARY STAFF

"FFT" does not initially clear flag #@. To include this in the program,

steps 1 - 4 should be replaced by:

01
02
03
04
05
06
07

LBL "IFF"
SF 00
GTO 03
LBL "FFT"
CF 00

LBL 03
RAD

If the above coding changes are made, STEP 219 should be eliminated.

The FIX = 0, 3, 4, and 8, although the output is displayed in FIX 3,

and the calculator is left in FIX 3.
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Sample Problem (Sketch if Desired)

Example 1: Find the DFT of a sequence, x(n) = ( 1, 1+j, 3, 1-j ).

Example 2: Find the IDFT of a sequence, X(k) = ( 6, 0, 2, -4 ).

SOLUTION:
Input Function Display Comments
* Insert a mempry module, load program and clear flhg 00 if set.
(XEQ;SIZEOZS .
Example 1: (XEQ)FFT » POINTS=? Prompting N.
4 (R/S) X0=Ret IM? Prompting input points.
1 (ENTER*) 1.0000 Input the real part of x(0),
0 (R/S) X1=RetIM? and _the imaginary part.
! (ENTER?) 1.0000 . Input.all points as prompting.
1 (R/S) X2=RetIM?
3 (ENTER%) 3.0000
0 (R/S) X3=RetIM?
1 (ENTER%) 1.0000 : : -
1 (R/S) X0=6.000,0.000 Display of output points in-the-
s (R/S) 1X1=0.000,0.000 form of ‘complex-rectangular formaf
(R/S) X2=2.000,0.000 | as X(k)=Real part,Imaginary part.
(R/S) 1 X3=-4,000,0.000 '
Example 2: | (XEQ) IFF POINTS=?
4 (R/S) X0=Ret IM?
6. . (ENTER+) 6.000
0 . (R/S) X1=RetIM?
0 (ENTER%) . 0.000
0 (R/S) X2=RetIM?
2 (ENTER#+) 2,000
0 (R/S) X3=Ret IM?
-4 (ENTER?®) -4,000 :
0 (R/S) X0=1.000,0,000
: (R/S) X1=1,000,1.000 Outputs of Example 2.
(R/S) X2=3.000,0.000
&R/S% X3=1.000,-1,000
R/S (R/S) to clear flag0O.




USER INSTRUCTIONS Page 3 of 8

SIZE: (17 + 2N)

(HP-41C)
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program and initialize by CF00,if sét.
2 | Set SIZE to a given points, N. ; (XEQ) SIZE nnn
.3 | Execute the program, FFT (XEQ) FFT POINTS=?
or IFF, if IDFT, or| (XEQ) IFF POINTS=?
4 | Input the points, N, power of 2 & < 128. N (R/S) X0=Re+IM?
5 | Input the sequence in complex forms as Re.X(0) | (ENTER%)
prompting. 'O' must be input for the Im.X(0) | (R/S) X1=RetIM?
imaginary part of a real point. Re.X(l) | (ENTERt)
Im.X(1) |@®R/S) = |X2=RetIM?
6 | Repeat step #5 until all the points have
been keyed in Im.X(N-1)| (R/S) - X0=Re.,Im.
7 | Press (R/S) to see successive solutions (R/S). .. ... |X1=Re.,Im.

properly labeled. All the solutions are

displayed in FIX 3 format for nice views

The,yalues”of real part and imaginary

part of a solution are retained in_the

stacks, X and Y respectively.
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Page 4 of 8
Oe7 097 RaiC
STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS
R 45 STO @2
JBlsLBL "IFF 46 DSE @1
B2 SF aa Ge 10 &S
JBSeLEL “FFT 42 RCL B2
84 RAD g? ST+ X
@S CF 29 +
85 "POIMTS= o= STO es
XY a3 1
S4 +
gg gigﬁg; Input N, 55 STa a7
89 STO @3 S6 PROMPT \
19 LDG 5? STO IND Store input in bit
11 2 ar reversed order.
13 - 52 STO IND
14 FI® 8 Campute & store o 1
15 RHD M=log . :
16 STO @S €1 ST+ aa
17 ERC 62 DSE B85
i2 STO an If N isn't power of 2' 63 GTO (Bl LOOP for .input
19 FACT display "DATA ERROR". 64 1 - [/ _shuffling.
20+LEL ©81 Stlart input shuffling. 6? STO a3
2D www gz‘ﬂéE‘L 15 Start FFT calculation.
23 ARCL @6 ot
24 “F=RetIM 69 RCL B3
on 7O YT
: 71 STO @1
26 RCL 65 72 RCL ©2
27 STO @1 £3 STO @8 |
22 RCL 80 g4 CLx |
22 STO B3 rS STO s
38 CLX £6 FI
31 STO @2 £ ST+ M |
IZ«LEL 85 Start bit reversal. 73 FC? B8 For IDFT, flag 00 set.
32 RCL 83 ‘ 72 CHS
34 EHNTER?T S8 RCL @1
35 EMTER®T 81 -
36 o 82 RCL @2 |
37 - 83 P-R |
33 INT 84 STO 16 |
39 STO a3 83 HL2Y |
48 ST+ ¥ 86 STO 11
a1 - 87 RCL B2
42 RCL @2 88 STO 12
43 ST+ 89<«LEL 15
44 3 28 RCL 12
91 STO 906

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for speaific informaton on ki

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.

eystrokes. The Function Index is found at the very back of the Handbook. Refer to Appendix E in



PROGRAM LISTING A

Oe67 097 K4ai1C

STEP/ KEY CODE STEP/ KEY CODE
LINE KEY ENTRY  (67/97 only) COMMENTS LINE KEY ENTRY (67/97 only) COMMENTS

9Z2«LEL 82 Start butterfly computat 132 RCL IHND |

93 RCL @2 | tion,| 13

24 15 | 133 RCL B85
95 RCL 66 | 134 +

95 ST+ X | 135 STO IND
97 + | 13

2 STO 13 | 136 RCL IND
99 + | 14
186 STO 14 137 RCL 87
181 LASTH 133 +
182 RCL ®1 139 STO IND
183 + {4
184 STO 1S 145 RCL ©1
185 RCL B2 141 ST+ B8
106 + 142 RCL o4
187 STO 16 143 RCL 68
162 ECL IND 144 H{=Y7 Loop for in-place
15 145 GTO B2 butterfly computation
189 RCL @& 146 RCL 18
118 * 147 RCL 88
111 RCL IND 142 *
16 149 RCL 11
112 RCL 89 158 RCL @9
113 * 151 *
114 - 152 -
115 STO 86 153 RCL @8
116 RCL IND 154 RCL 11
15 155 =*
117 RCL @9 156 RCL 89
118 = 157 RCL 1@
112 RCL IND 153 =*
16 152 +
1286 RCL 88 | 168 STO 892
121 * 161 X<>Y
122 + 162 STO @8
1232 STO @7 163 RCL @2
124 RCL IND | 164 ST+ 12
14 = 165 RCL @1
125 RCL @7 166 2
126 — 167 ~

27 STO IND 168 RCL 12
16 169 HL{=Y¥7?
128 RCL IND | 178 GTO 16
13 | 171 RCL B2
129 RCL 88 | 172 ST+ @83
136 - | 173 RCL 85
121 STO IMND | 174 RCL B3

175 #E{=¥7

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for specific information on k i i ix E i
! ¢ eystrokes. The Function Index is found at the very back of the Handbook. Refer to Appe
67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes. v raxEn



067 0O97

STEP/
LINE

KEY ENTRY

PROGRAM LISTING

R a1c

KEY CODE
(67/97 only)

STEP/

COMMENTS

LINE

KEY ENTRY

KEY CODE
(67/97 only)

Page ¢ of g

COMMENTS

176
177

G7T0 15
BEEP

Sig

51

nal the end of FFT.

178
173
i80
181
182
183
184
185

187

196

198
199
2808
281
28z
283
284
2835
286
287
2838
269
219
211
z212
213
214
215
216
217
218
213
229

185+LEL

197«LEL 86

CLZX
57O
17

STO
18

STO
RCL
STO

80
ag

as
a4
81
1
RCL IND

RCL IND
FC?
GTO
RCL
Vs
ALY
LASTH
Vs

A

aa
86
a4

FIX @
n}{n
ARCL 806
lll_:ll
FIX &
RHI
ALY
RHD

AL >Y
FIX 2
ARCL X
n'__’ £ 1}
ARCL ¥
FROMPT
RCL a2z
ST+ @aa
2
ST+
ST+
DSE a1
GTO 11
CF Bga
-EMD.

ae
a9

Sta

Rec

Divide by N for IDFT

Roupd off the round-
ing

Display the output

in
X(k
in

Ou

rt output display.

60

all output point.

70

80

errors.

complex form;

)=Re.,Im.,shown

90

FIX 3.

tput loop.

00

Note: Refer to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for specific information on keystrokes. The Function Index is found at the very back of the ¢

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" for exact keystrokes.

Refer to Appendix E in



Page 7 of ¢

REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

STATUS

00

Scratch

Scratch

Scratch

. Scratch

SIZE 1l7+2N

ENG
DEG

TOT. REG. 62+2N
FIX 3 .. scI
RAD x . GRAD

USER MODE
ON ......OFF X _

N

05

M
. Index for Re.X(n)

Index for Im.X(n)

INIT
# S/IC

FLAGS
SET INDICATES

CLEAR INDICATES

00 : C IFF(inverse DFT)

10

Index

Index

Index
Index
Index

Used

H:
Uy

29 C

FFT(DFT)
No decimal point.

sed

Used

. Used

(Beginning of

data storages).

N ]
o 2 Oee oo

<Je

ASSIGNMENTS

FUNCTION

KEY FUNCTION KEY
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KEYBOARD
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SYSTEM
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FAST FOURIER TRANSFORM 1
(UP TO 128-POINT)
IFF
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FAST FOURIER TRANSFORM | USERS’ LIBRARY PAGE 1
PROGRAM NUMBER: 00868C OF 2
PROGRAM REGISTERS NEEDED: 46

ROW 1 (1:3)

ROW 11 (82 : 93)
ROW 12 (94 : 104)

I
IR
TN
RO
O
[
QLT

—
—
—

ROW 13 (105 : 114)







FAST FOURIER TRANSFORM | USERS’ LIBRARY PAGE 2
PROGRAM NUMBER: 00868C OF 2

ROW 19 (167 : 176)

ROW 20 (176 : 185) *
ROW 21 (186 : 194)
ROW 22 (195 : 202)
I
ROW 23 (202 : 210)
ROW 24 (210:218)
]
ROW 25 (218 : 220)







