A A A A A a4 A

-~

~

e ¥R o A~ o &

HiGH=8E8342 PAGE BAHA!

A<+ /sz Erory UcopiE

HIGH=BBB342

SYMBOL TaBLE'

SYNBOL VALUE | T
FIFFT EB@BAEE | o | 1)
YFLT  BB8@24 V A AFI \\Q\
CFFT  282@sH CErT S

VSHFX @Rarz7y’

1L0Gc2 888113 -
FFTZ geg2g4 )~ W
FFT4 Bag224 FETY ‘

§T5Ta? BOBEE?S Y

LS TaT - v/ AN , ) 3 > F:ﬁ;~——
cusTer gatia | W27 frEC > A0S , ELRN - 1270 > yep o

apvs omEiza ¥
BITREY DRE13E &~
N AL

AR
NAM S
10
shos
1

¥

1

Also | will include the uCode listing | found which seems to be the diagnostic that runs an FFT and IFFT and checks that the input and output are the same (within some
tolerance). This was the test that was run overnight at extended voltages before the unit was shipped.
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18FAL
REY 1
PAaSSs 1
PASS 2

¢

ELELE
BEBAB 1
BABaE2
BEEEas

aapag4

BRBERES

AREHEES

aaapag
gggapl

Bg@Egaz

B42823
174888
a8B8888
ggBasg

B4Bz04d
BaBRBOA
BadBRd
aapepg

gE1cE4
HEBBeH
gazgegd
daggal

B4d114
nERBEAd
gapean
ggpuan

Bi1214
ggegpg
gapean
17?777

846484
ggpaag
agBeRa
agpean

ggis18

“FFT IDENTITY TEST

$TITLE FIFFT
$ENTRY FIFFT.3
$EXT YFLTLCFFT.Y¥SHFX,ILOG2

]

“COMPRATABLE WITH 'FIFFT' CALLING PROGRAM IH THE HOST

#

o

“S-Pal PAHARAMETERS:
N O$EGY B "HUMBER OF COMPLEX POINTS
B OSEQU I *H=LO0G2(H) CIGHORED 2

BHSE %EGU 2 "BASE ADDKESES OF THE ARRAY

i

"SETUP FOR FLOAT
FIFFT: MOVL B.,4; REFR

Moy 2.8

Hoy 1.3

JSE OYFLT "CARALL YFLTCEASE 1. BASE., 1, H*2 )

~ O

“SETUF FOR FORWARD COMPLER FFT
MOYR 4,1

LDSPI 2: DE=1

FRGE HBHL



4+obY
"
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1aFau

@

- ggapa’

Beag1 &

gpgaptli

~Baggt 2
;§EEIE
BEge1 4
BREELS
BEB81S

BBABL?

BagBzg

gggees
gBzg8g
gggagl

11814
agBBae
Bggeag
1772977

Bai1s1@
BaBpas
ag2a8g
1772777

B11814
agpgnge
BeBean
agpeg?

B4B174
gageaa
gg8@8Bea
pgppen

211814
ggpaea
HaBHEeEnR
17evey

ga1e24
Bappag
pEpeEBA
gapBan

grivad
BBpeeEn
Baaeng
agBsesde

B42124
HABBnE

aggaes

ggaenn

g48818
Gpagag
gpagesg
agBpBBE

Bg1684
gggpges
g@28468
BgBaag!

JSR CFFT

"SETUP FOR INVYEREE COMPLEW
LDSPI 2:

JSE CFFT

"SETUP FOR SHIFT AMD FI1X
Moy 1,17

JSR ILOG2

CLR 5

SUB 17.5

LDSPI

bB=-1

bB=1

FFT

“CaALL CFFT{(BASE.N, 1>

"CaALL CFFT(BASE.N,-1

"GET LOGE(HY INTO SP(L1T72

“SHIFT IS - POWER OF 2

FARGE BEBZ
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1#FAL

agggaz1

apBaz2

a@@nz3

L EE K ]

SYMBOL
YFLT
CFFT
YSHFX
1LOG2
N

]

BASE

- FIFFT

B4B114
gggaan
gggaaa
gaaean

B11d14
ggpgpa
gaggen
1772777

2apae3
i7aggn
gapaes
agbaga

PaGE BBAEZ

HOV 1.3
JSR VSHFX ’§7 "CALL VYSCL(BASE.!1,BASE.1,N%x2,8)
HatT

$END

B ERRORS * ok

YALUE
BEABE 4
TEETR
BEEE22
BEER13
BEREAE
BEERE1
BBERA2
BEABRE

EXT 7
EXT
EXTV
EXT

ENT
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" A »

LAFAL
REV

1

PASS |1

Fass

| W)

aa@BanR

agpgag1

apgeeE:

“AP-128B SCURCE WFLT

712-BB34-BEA-A-13 VECTOR FLOAT

$TITLE VFLT
SENTRY YFLT, 5
"YECTOR FLOAT
" --- GBETRACT ---
"FLOATS A VECTOR OF INTEGERS (28-BITS WIDTH MaX)
" --- STATISTICS ---
"LANGUAGE : AFP-1288 ASSEMBLER (APALD
"EQUIPMENT AP-12BB, 2 CYCLE MD
“STORAGE: PS - 9
" HD - FOR YECTORS
" TH - NONE
" DPX - 1 C(SCRATCHD
" DPY - NOMNE
. SP - 5 (PARAMETERS), ¢ (SCRATCH)
“SPEEL: @.833 US. + .66 US. TO 1.8 US. PER POINT
"AUTHGR | A.E. CHARLESWORTH
"DATE . 0CT. 75
"VERZION 1.3 FER 76 CHANGED SENTRY
" --- USEAGE ---
"SAMPLE CALL:  JSR WFLT
"WRGUEMENTS - SFAD:
" 2 4 BASE ADDRESS OF VECTOR A
" 1 I INCREMENT FOR A
“ 2 c BASE ADDRESS VECTOR C©
" 3 K INCREMENT FOR C
" 4 N NUMBER OF ELEMENTS IN C
“SCRATCH: S-PAD 12.-15.
&
" --- ALGORITHN ---
“1 INFUT: 2'5 CGNPLEMENT INTEGERS IN THE MANTISSA PORTION OF
" MEIN DATH MEMORY WORDS
"2, FLOATING I8 DOME BY ADDING THE INTEGERS TO 8.8. THE ADDER
" NILL NORMALIZE THE ANSWERS. THE “MDPX® FLOATING ADD OPERAND
‘ I THE INSTRUCTION AT LOCATION "LOGP" CAUSES THE MANTISSA FROM
" DP¥ ¢1.E. GUR INTEGER> TO BE CGMBINED WITH SPFH AS THE
‘ EXFONEMT T GIVE A FLOATING POINT MUMBER (ALTHOUGH
" UN-MORMALIZEDY TO ADD T0 @.B. 27 15 THE PROPER EXPONENT

fi

4

YGLUE SINCE &7 LEFT SHIFTE MILL NORMALIZE AN INTEGER I (A |
IK THE LSB» INTO A HORMALIZED FRACTION GF B.S

-FAD MNEMOHNICS!
$ECY 8

$EQU 1

3’ i

gL 2

m

PaGE BHEE!L
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TREL

ggagas
negBB4
BEpEl 4
agan1s
gugei e

286817

<
papgAy Q48874
aggean
agaeea
Bagged
BEdEAl HEleed
gpgaan
agz2pag
agaa3s
BEBEA2 B4B408
gepean
ragEen
gBpEgn
peaBEez gBzogirvg
gapend

B45864

BEBEGH
gEaEas B4B274

LEYFTY:
SW:LEELT:

:LYELT:
AEERAES BIAITH
BERERE
CLEETY:
CEEEEE
BBBEEE 241563
156888
345484
BAABEE
BEDEE? EB2B178
BEBEEH
BABEEA
CEEETY:
BEEEIE BE1261
188888
EEELE
BEREEH

YFLT:

LOOF:

K $EQU 3

N $EQU 4

CTR $EQU 14

T $EGY 15

APTR 2EGU 16

CPTR $EGU (7

MOY A, AFTR: SZETHA

HOY M.CTR

ApD I.AFTR;
DRXMD

Moy C.LPTR

SUB K,CFTR

DREOMD
FAlD ZERD.MDFX:
HoWw 7.7

#DD I,AFTR:! SETHA

FaLbb:DEC CTR

SETHE

"FETCH a8

TEAFOHENT

"FETCH A1)
" SAYE AlB>

YSaYE ACH+L:
OFLGRT AaTh

" SUFPLY EXPOMNENT

"FETCH A{H+22

"SEE IF DOHETDY?

o~

b.

. -
lg
r



e 8 e o 6 06 06 6 6 6 &6 06 06 5 06 8 5 8 5 &

gpapL 1

ggaai 2

& e ok

SYMBOL

TR

- ) ERCOI =D

APTR
CPTR
VFLT
LOCP

828374
2BEeS5S
aapaeg
ggg1em

Raa348
:
gEREna

B ERROGRS

VAL UE

BapeaR
-1:3: 1512
aggaaz
gaggEa3
agaBe4
BREB14
#8a815
ggpale
gaan1?
aapean
BaagBe

ENT

RDD K, CPTR:
BNE LOGP

RETUER

$END

LEE RS

SETHMA:

MI{FA; “STORE C(HMD

"DONE

20

35

FAGE HBBZI
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L

&

tAFPAL
REY 1
PasSs
Pass

[

BEREEE

)
aRaga iy’

BEERE 21

Bagann

ZERE2E]

Bg@ges

agp8g4

BEABAS

3pAB8e

g4ppag
angeps
Boegag
gggBen

BA1638
agageg
BE 2880
apa|3s

B3@s3ag
ggpBnp

"VECTOR SHIFT AND FI:, RELEASE: REV &

$TITLE WSHFY 4
SENTRY WEHFX. 6 7
" --- ABSTRACT --- .
"SHIFTS (MULTIPLIES EY A FOMER OF 23 AND FIXES -
. —-- 5TATISTICS --- [ e
“EQUIFMENT: AP-128E .
“LANGUAGE : AF-12BE ASSENBLER o
"GUTHOR s A.E. CHARLESWORTH
“DATE : SEPT 1376
“SIZE: 3 LOCATIONS
“SPEED: 2 MEMORY CYCLES FER POINT
"SCRATCH: 5-PAL: B.2.4.6
. -~ USEAGE ---
"3-PAD PARAMETERS:
A OSEGU B "EASE ADDRESS OF A
I $EQU 1 "INCREMENT FOR #
¢ $EQU Z "BASE ADDRESS OF C
K $ECU 3 "INCREMENT FOR C
HO$EGU 4 "ELEMENT COUNT FOR
SHFT $EGU 5 “SHIFT (POWER OF 2 MULTIFLY) DESIRED BEFGRE FIRING

o+ IS LEFT ESHIFT, -~

I5 RIGHT SHIFT

" I.E. -2 WILL SHIFT RIGHT 2 (DIVIDE BY 43
" BEFORE DOIMG 8 FIX (RIGHT JUSTIFY

O IM 23 BITE:

“SCRATCH S-PaD:
T 3EGU &

HSHFEX T MOV f. A SETHA "FETLH FIREST w

2%
LDSFT T osquf

SUB SHFT,T

§)

> T/
N #i

Ny
N

"THIS IS THE FSCALE VYALUE

FPRGE BBAL
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1AFEL

AERAA3Y "

TP

gpapgsy”

BEBEEG <

ggpBae
BpagEADB

g3zpita
g@gpBag
gapeBg
geBBEg

S5uB K, €

g4@e38 SLOOP: MOV T.T: FSCLT MO

A34B88
paggae
ggggan

B28181
igpaaa
BeBgang
BGBRe B

ggi1228
pagBEn
HaEABA

BBa@gBAA

gpapa;

1

BABBLIE

kK K

SYMBOL
A
R
c
K
M
SHFT
T
YSHFX
SLOGF

gz2Bpzig
d@BeSS
ggapag
BlB1cH

BEBERRB
AgB348@
gapean
HapBan

B ERRORS

YALUE
gogneEn

~HpBaEAl

ggagaz
BEBRAZ
pgaag4
ga@gegs
HEBEBe
BEBABEEB ENT
BaBBE4

RDD I.,a: SETH&: FADD

DEC N

MI<FA; ADD K.C; SETHaAL

BNE SLOOP

RETURH

$END

LR R R

“FI¥ INTEGER

“FETCH NEXT &

"STORE C

FaGE BBE@Z
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i

AGE HEBHI

[

1APRL
REV 1
PASS 1
PASS 2
"MAIMLINE FOR A COMPLEX FFT

$TITLE CFFT
$ENTRY CFFT.3

$EXT FFT2.FFT4.5TSTAT, CLETAT, ADYZ2, ADY4,BITREY

“ --- ABSTRACT ---
"DOES A COMPLEX FFT

" --~ STATISTICS ---

“EQUIFMENT AF-1288

"SIZE: 2B LOCATIONS

"RUTHER A.E. CHARLESHWORTH 5o LN
“DATE: JUNE 197¢ N
“RELEASE: REY 2 ' B
" --- USEAGE ---

"DOES & COMPLEX FFT

u

"S-PAD PARAMETERS:

" NANKE HUMEER PURPOSE
26QRB88 C $EQU B "BHSE ADDRESS OF ARRAY
agppa1 N $EQU 1 " OF CONPLEX POINTS IN THE ARRAY
agpgR2 F $EQU 2 "DIRECTION: 1= FORWARD., -~1= INVERSE

! --- SCRATCH (OVERALL)Y ~---

YL-PADR: =17

“LaTa PAD A -4 THROUGH +3 (RELATIVE TO0 DFa>
“LaTa PAD v -4 THROUGH +3 ({RELATIVYE TO DPa>
! --- ALGORITHM -~--

1. CaLL ’STSTaT’ THIS TAKES "MW’ AND 'F’, AND S5ETS THE BIT-REVERSE
" AND FFT-MOGDE BITS IN THE S5TaATUS REGISTER. AHD

! LEAYES 2#+f IH SPADCLIT

e, FRRAMETER INITIALIZE SET THE FGUR *"FA55 YaRIAEBLES’



-

5

pgeeas

ganBig
aegg14
g888135
gapRls

288817

a4 888

B4B27H
poeenng
Ba@8AB
gaagean

"3 OO THE FIRST PASS:

Y4 po 7

*5. WHEHN

“OTHER S§-Pab
H2

Wh

MDEL

ooy

JEGU

1%

i

"S§IZ2E OF IRS
TBLS
"SET UF FOR

HE REST

DOME .

HAMES:
s§EQU

$EQU

$EQY

NT $EGU

NT $EQU

TRLLED
ZE $EQU

THE FFT

WO = TRLSZE * 2

MDEL = 2

JCOUKRT = 1

ICOUNT = N/74 IF N A POWER OF 4

Hs2 IF H A& PONER GF 2

AND SET N2 = 2

RADIX 2 (FFT2> IF N WAS & FOWER OF 2
AMD ADYANCE (aDY2H

RabIx 4 (FFT43 IF N WAS A4 POWER OF 4
AND ADYANCE (abDY4)

OF THE RADIX 4 FASSES.

CaLL

18
14
15

1é

FFT TAEBLE
'FFTSZ

"INITIALIZE POINHTERSG:

H

"SET 4F-£Tart
"SET AF-STAT
"SCOUNT (L
"WDCYFFTSE w2
"MDELLZ
"Hz{2
"TCOUNTCNA4
“TCOUNTINSZ

CFFT: MOV

Us FOR FORUWARD

CalL FFT4  (T0 DO THE NEXT FFT PASSED
Call aDV¥4  (TOD ADVANCE TO THE NEXT PASS)

TEST ICOUNT (SPFN AFTER nDV¥4) FOR ZERO TO TEST

FGOGR DOHNE

FLLATAT? TO CLEAR THE BIT-REWERSE AHD FFT-MODE

3Taruys BITE

"COHTAIHNS 2
"W DELTA
"MEMORY DELTA
“T-L00F COUNT

“J-L00P COUNT

( = 77 77

OR IHYERSE FFT

Us FOR BIT-REVERSE S1ZE

IF 18T F&SS RADIX 4

IF 18T FARSE

F:le

RADIX 2

"SET-UP FOR STSTRT



1AFAL

apaBEal  B48174
gagpan
gaopaea
pgonag

dg@gEz B11814
aganes
gapeEsa
177¢77

BEBEA: H11B14
Bapga@
agpBaG
177vesd

|
aad§%4 21668
BABAGE
282808

EILLLEY
REARAS BBi1ce4
agpgen
ggzgan
aapaee

BRBBBc BHE1648
aggean
2@z pen
ggBgez

g@aBEy B47774
gEaBeEA
BE@ABAR
2pBagA

BEBB1IE B@A1@814°
Bg@Bz3
agaegad
28pBRE

paAaBll H44178
fppBRa
gppERa
jepegeeioped

ABEB12 BE1&74
Be@iz2s
ggz2pe8
BaBBaE1

BREB12 B4e178

MOy MN.17

JSE STSTAT

JERE BITREY

LDEPI WD OB=TBLSZE=Z

——

~F 20000

"

l(a

R2

0

]
s

LbSPI MDEL; ODB=2

LESPT NZ) GB=2

HOYR 17.17

BNL R2Z2

FOR FIRST RADIX 4 PASS
MOVER M, ICDUNT

LODEPT GCOUNT: DB=1;
BR LGOP

FERbIX 2 PASS FIRET
I NT

HOYR H.

"SET FFT STATUS BITS

"BIT-REVERSE THE ARRAY

"SEET WD=IFFTS5Z%2

(Lo

“PUT

"WAS

"IF 50,

"SETY

"AHD

2 IHTO HZ
LOG2UNx ODD

ICOUNT=N/4

COUNT=1
GO LOOF

ICOUNT=H/ 2

00 a4 FADIX

FAGE BadEs



tafFal

ggpgan
appBe8ee
feyopchagel

BBEEEI4 B11B14 JSR FFTEZ
BoBEAE
aagBns
177777

aBgaIs BR1ev4 LDSPI JCOUNT: DB={ "SET JCOUNT=1
gapaBg
gagzpBg
agpgnl

BeEg1e 811814 dSR mDVE "RADIK 2 ADVAKRCE
agpgen
BEapaase
177727

"

“LO9P HERE TO DO ALL THE PASES
aBaBg1y 811814 LOOP: JER FFT4 DO A RARIX 4 PA
BepgeaB
apgaBn
177e77

[
o«

RAREZE  B11B14 JSR apy4 "RADIX 4 PASS ADVANCE  —
CEEEL]: /
EEETY:
177777

0

H

"DONE IF “abY’ HaAS SHIFTED ICOUNT T8O ZERGD
BBABE21 GBB7HEB BNE LOCGF "IF HOT DONE. GO BaRCK FOR MORE
aBBes56 '
nEpeen
gEp2a8

"WHEN DOHE. CLE®AR FFT MWODE BITS

BBABz22 4911814 JER CLSTHT "CLEAR STATUS REGISTER
apaeAn
BopEaa
i777v7e7?

8REB2I AGPBEB NOP
nepag
Banpag
agBEepe

BpEBz4 BOBBREA RETURH
BAB348
BaBEEA
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¢ "

*ra
6

1aFPaL

LE X X 3

SYMEOL
FFT2
FFT4
STSTAT
CLSTAT
ADY 2
ADV4
BITREY
C

N

F

N2

WD
MDEL
ICOUNT
JCOUNT
TBLSZE
CFFT
R4

R2
LOOP

pageEaR

B ERRORS

YALUE

Baga1 4

gaget’?
gagpa2
ggpg22
BggBi 6
ggapad

EXT
EXT
EXT
EXT
EXT
EXT

BEABA3 EXT

gegean
gggen!
aggagz
peagig
BapER1 4
Ba@BLs
BEBBle
gagaty
Ba4a88
BaaBgEon
gagal i
BggnL3
naaBLvy

ENT

L E XX 3

$END

foa]

Iwi.

=

[Ay]
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IHFHL

1AFAL
REY 1
PASS 1
PAass 2

ggagaE

Bgangl

giigt4
papaag
gggeen
aemB1 3

B23¢748
Bgpaeag
BEBREBA

$TITLE &Tatds
$ENTRY STSTAT
$ENTRY E£LSTAT
$ENTRY 1LOGZ
"FFT UTILITY SUBROUTIHNES

"

" --- ABESTRACT ---

*THESE SUBROUTINES PERFORN THREE TASKS COMHMON TO FFT RELATED PROGRAMS

" -~ STATISTICSE ---
"L ANGUAGE | 4P-1288 AZSEMBLER
"EQUIPMENT : aP-1288

“STORAGE: 13 PROGRAM LOCATIONS
"SPEED: NEGLIGHELE

"AUTHOR : 4. E. CHARLEZWORTH

“DATE : JUNE 1376

i --- USEHGE ---

" S5TSTAT

“SETS THE FFT-MGDE AND BIT-REYERSE BITS IN THE AP-S5TATUS REGISTER
"HRGUMENTS !

" SF{17) HW: HUMBER OF COMPLEX POINTS

" SPC1g LaG: +f FOR DIRECT., -1 FOR INYERSE TRANSFORH
" GR B FOR MO TEANSFORH
"RESULTS:

" SPC172 SET TO LOGGEIN?

“SCRATCH: SP{14-173

" CLETHT

“CLERRS THE FFT MODE BITS IN THE AP STATUS REGISTER
"RESULTS: AP-STATUS RETURMNED IN SPRC14)

"SCRATCHY 5SPO14-152

“ Losz

“COMPUTES LOG2 ( SPCE?Y 2
"HRGUMEMTS: IHPUT SPOLT
! ANSHER SPOLT
"SCRATCH: SFPi16-173

"BTSTART - SET THE 7THO FFY MODE STATUS BITS
" DEPEHDIHNG OH SPOIED
" AN THE BIT-2ENYERSE BITS DEPEHDING UFON SPOLF:
STSTaT: JsR CLETHT “CLEAR THE FIVE BITS -;7g"
ADDL 16,16 “SHIFT LEFT 2 PLACES

FPAGE ABA1
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CE e A roa

g&

{fF &L

apapg2

Bpapa3

BpaRa4s

Bpge@ABS

BgBaBde

geggar

pEgaig

BEEB1

gggate

BAdGEL 3

BgpRans

gd31664
daBBEDR
Bgzged
BaBo1 4

853578
pEgEELE
aggens
aa@enp

g41668
Bappga
apgpag
gBBRER

gi11814
BgBgABg
BEag8sa
gggg1 !

BE167@
agReaR
gezaga
gg@BEL?y

Bgii17vge
sgBBAR
BEBERE
ggagan

BEi1ceo4d
pgp@eg
ag22R8
gaERA?

BS1578
2A3BEA
Z288880
#aaBER

BEleeld
1863248
agoung
gapanp

BE1463
il6B88
appgaa
HagReR

LDsPI 15; DB=14

ANDL 15.186

JSRE ILOGZ

LDSPTI té&: DR=15.

SUB 17.1¢

LDSPI 135 DB=7

AND 15,16

14; DB=SFFH:
FS: RETURN

"CLEAR THE TWO FFT MODE STATUE

CLETAT:

RAPS: LDSPHL 14

FAGE BBRBZ

“MASK FOR FFT-MGRE BITS

“PROPER FFT-MGDE BITS

"GR INTD STATUS REGISTER

"GET LOGEC Spéiéﬁiél

"WE WANT 15.-LOG2¢NY €F:;/*“’f"*"/ O ijb
“§1T REYERSE SHIFT

"MASK FOR SHIFT /

ﬁi3#+€ﬂﬁ ;3 l é?

C:'
ey

"PROPER EBIT-REVERSE BITS

"OR OINTO STuTUS REGISTER

"AHD RETURH

BITS

“GET #F STATUS ! 'r§
-7
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- N A N A

e & ¢ 0 ~ ~ »

HEAR=vE Y PAGE BBEZ

REBB14 @BB1664 LDSPI 1S: DE=177748 "GET MASK "y
L ‘ /
g@zaEa
177748

BBaR1S BS51563 AND 15.14: DE=SPFH: "MASK OUT THE UNUWANTED BITS
18¢3248 LOAFS: RETURN * PRESET STATUS
ddeBRE
ggadan

*ILdGe --- HERE WE GET LOGZ ¢ SPCLI?Y
“NOTE: IF THE INPUT IS NGT A FOWER OF 2., THE RESULT WILL BE THE
" NEXT LOWER PLHER oF 2

oA DS 5
BBAA1E B4177B  ILOG2: MOV 17.16 TAY <P/ /) - [ 7 =D
ABRBAE
RABEEH

BeBpBER > = ,

BEOB17 BE1374 CLR 17 “CLEWR OUR COUNTER
TEELL) QL — 2
ZBEEga !
gERBER

agpaas
papegd Ly

GARRRH 'fé -

BREBBE2I BB1i74 IHC 17 BGTY LOOP “COUNT UP RESULT
BEE?SY / SO s
gapBEs
agpgBeg

-
N
BEBBEZE B4767B  LOOP: MOYE 16.16 "DIVIDE BY 2 f /KE;" 6;

EBE340
L) —
aa@Reag 16606 o=

% E N T i\:? o N u‘)

4
' O ":‘:f§
gBaRz2 BEi1:z74 DEC 17! RETURN "ODECREMENT ANSUWER AND RETURH /‘” o

& ok & B ERRORS X ¥k k

SYMBOL WALUE
STSTAT EBB8BBABE ENT
CLSTAT 888813 ENT
ILaGe BEBRB1e ENT
Looe BABRzA
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1MF

1APAL
REV 1
PASSE 1
PRSE 2

"ADYANCE FROW A RabI¥ 4 OR RADIK 2 FFT PASS
$TITLE aDvY
$ENTRY ADY4
$ENTRY ARDW¥WZ

" --- ABSTRACT ---

“ADVANCES THE POINTERS USED IN AH FFT FROM OHE PASS 70 AMOTHER

L]

* --- STATISTICE ---
“EQUIFMENT: AP-1288B

"SIZE: % LOCATIONS
“AUTHOR ! f.E. CHARLESWORTH
"DATE: JUHRHE 1976
"RELEASE: REYV 2

" --- USEAGE ---

“THIS IS *CALLED® AT THE EMD OF EACH PASS OF AN FFT.,
“ AbY4 FOR A RADIX 4 PASS

" RbV2 FaR a RADIX 2 PASS

"THE FOUR PARAMETERS WHICH DEFINE THE PASS OF AW FFT
"RRE UPDATELR!

i S~-PAD # NAME PURPOSE

* 14 WD W DELTA (INCREWMENT BETWEEN SUCESSIVYE W'S)

" 15 MDEL MEMORY DELTA (IHCREMENT BETWEEH COMPLEX PARIRSD
" 1o ICOUNY  I-LOOFP COUNT

" 17 JCOUMY J-LOOF COUNT

"THESE ARE ADYANCEDR AS FOLLOHS:

" Wb = WD / R

N MDEL = HMBEL * R

! JOOUNT JOOUNT # R
! ICOUNT ICQUNRT R

(1

"HHERE °"R*® IS5 THE RablIx QOF THE PRECEEDIHG FFT FASS,
" EITHER 2z oGR 4.

“IN ADLITIGH, THE LAST “ESFFHY IS5 ICOUNHT / R

"WHICH SHOULD BE TESTED BY THE CALLING PROGRAM IH THE
"INSTRUCTIGH FOLLOWIHG THE RETURHW TO SEE WHETHER THE
"FFT IS DOHE.

]

"THE FFT 18 DOGNE WHE®H ICOUMT I5 SHIFTED DOWH T0O ZERG

L

FRGE HBBL

AoV
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~
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BBBEB1 4

Ba@E81s

BggBie

ggga1?

120

gpanaag
ABagel
nBE@a 2

BEARE 3

>

gapBEE4

822564
naBgan
napgeang
BepBER

B453468
2apERD
ggBEAn
gapBEA

823774
pegaBan
apgans
BpapBan

345678
gEB34n
agpaeng
ggoggs

B43%64
appase

"$-Pab

i

DEFINITIONS:!

WD $EQU 14
MDEL $EQU 15
ICOUNT $EGU 16

JCQUNT $EGU 17

“ADYANCE POQINTERS FROH

L

“MDEL<{MDEL %4
TWDLWDA4
"JCOUNTCICONT=4

¥

abv4:

"TCOUNT<ICOUNT /4

ADDL HMDEL . MDEL

MOYRE WD, WD

ADDL JCOQUHT.JCG

HOYRE
RETURH

"ADYANCE FROM f RaDIX 2

apy2:

HODEL{MDEL*2Z
WDIWDAE
JCOUNT=JCOUNT*Z
ICQUNTLICOUNT 2

MOoYL MDEL.MDEL

OHE RADIXR

UHT

FOOQUNT  ICOUNRT

-~~ SCRATCH ---

"W DELTA
"WEMORY DELTA
"I-LOGP COUNT
"J-LOOP COUNT

4 FASS TO THE HERT

"MDEL=MDEL %4

"WD=WYD/4

"ICOUNT=JCOUNT#4

"ICOGUNT=ICOUNT/ 4

“MDEL=MDEL %2

PAGE BBHZ

vl



A A A A A 5 A A 4 »

-~

-~

e ¢ 6 A o & =a

TuFaL

gagaan
pagean
BEBBAT B47468 MOVR WD.HWD "WD=WD/2
papepa
apge8s
gaggeas
ABBEBAe B43774 MOYL JCOUNT,JCOUNT *JCOUNT=JCOUNT*2
gpdaae
gg@agag
gagepd
5¢79
ABEBA7 H4LeZR 9 MOYR ICOUNT, ICOQUNT: “TLOUNT=ICOUNT 2
geg34m@ RETURN
2agean
gagegaa
$END
ok ok 8 ERRORS * ok k
SYMBOL VALUE
) BggpB14
MDEL BagE1s
ICOUNT BB88B1s6
JCOUNT gABBLY
AhY 4 B8BEAB ENT
RDVZ2 AABBE4 ENT

FRAGE BBES

A
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FAGE HBE81

1aPaL
REY L
PASS 1
PASS 2

$TITLE EBITREY - "
FENTRY BITREY ‘ S
“BRIT SEVERSE ORDER AN ARRAY

* --- ARESTRALT ---
“TAKES A COMPLEX DATH ARRAY AND PUTS IT INH BIT-REVERSED (RADIX 2 ORDER
" --- ETATISTICE ~---
"LANGUARGE ! AF-1Z8E ASSEMBLER
"EQUIFHENT: AP-12BB WITH 1 CYCLE (FAST)» MEROGRY
"SIZE:
"SPEED: B.%2 US PER POIHT
“AUTHOR: A.E. CHARLESUWORTH
"ORATE: ARUGUST 1376
"RELERSE: REV 2
" --- USEAGE ---
“L-ral PARAMETEERE:
! g BASE BASE ADDRESS OF ARRAY
" . 1 H HUMBER OF COMPLEX ELEMENTS
“AlLS0G: THE S5TaTus REGISTER BITREWERGSE BITS SET PROFERLY TO
" TANDOIS-LOG24 M2, 72
A -=~- SCRATLCH --~
"SePRAE: 13-16 (0CTAL:
"DATA PAD: xo- 8. ¥ - 8 CRELATIVE T0 DFPAS
* ~=~ ALGORITHH ---
" WE USE THE ADDRESE BIT-REYERSING BUILT INTO THE 5-PAD., WHICH
" BIT-REYERSES THE SUBSCRIFT TO A COWPLEX DATA ARRAY C(ELEMENTS
" GCCUPY PAIRS OF MEMORY LOCATIONS S50 THE LS5B OF THE SUBSCRIPT
" IS TRKEN TO BE B.
" WE SPECIFY THE AREAY LENGTH (MUST BE & POWER OF 2 IN THE
" STATUE REGISTER BITS 13-1%:0 15-LOG2CHD
“WE HARYE T¥0 SEFARATE LOCOFS, DEPENDIMG UFON WHETHER M IS LESS THAN 256.
" IF N I5 SHMaLL WE SET THE STATUS BITE TO 7P-L0G2{HI, AND THEN
) SHIFT THE SUBSCRIPT LEFT & FLARCES BEFORE BIT-REYERSING. WHICH
" TOGETHER GIYES THE PROFER BIT-REVERSEDR SUBSCRIPT,
", - PabD REGISTER MHEMONILS
paanga BALSE $ECU @ "AREAY BASE ARDDRESSE
BEABRE1L Ho3EGY 1 "N OCHUMBER OF COMPLERX POIHNTS .
B@pB13 I $EGU 132 "AREAY POIHTER
BEREBL 4 ) T $EGU 14 "SHIFTED ARRAY POIMTER
BeavisS OT $EBU 15 "LELTH FOR T (256 .3
BREBib DI $EQU 14 "DELTA FOR I (2.3



L

s~ o~ »

/

BppABa
ggapal
EiBéEQ
zggaaz

2BEABR4

BHpEags

ABEEEE

BREERT

\ 40

negatt

B42154
npBBune
g@aagad
BaBRALE

BA166@
BABEEE
BEZEDE
BBA4EH

B31484
2878848
BaBEoe
gegeng

BOie?H
gggr22
gB2888
ggRpagz

B11218
BoEgeEag
AEpERA
gagBz 1

131254
Bpge4n
Bpgeag
ngpean

B?1£54
388717
BHEBA
2HB4R

i\

2]

7
S

I &

B21eG4
A58 BAH
aapagn
ABHEER

B21288
BEBR4B
BauBEe
BEBBeB

Bogenn
gpagae
napERg
Hapgze

BITREY: NMOYL H.I
LBEPT T DE=256.

SUE# T.H
ﬂJw”www /f/éf ‘+ﬁ;1~

BGE BIG:
LBSPI DIy LE=2 .

e,
T,

I M f.:: ”g’fim'{:-twm v e e i 7

Tt
Hi
e

“SEE

REGISTER

"HREAY 256 ELEMENTS OR LA&RGER
EIT-SEYERSE BITS OF STATUS
gIG SUEBR 2T}

suE DIn I
BGE BIG

"BE COME HERE IF HE
ARD LI

HE SR N
HaWE T

AbDE I.,ER!

o3
m

SETHA

THLMA

SWARP

RIEi

N r
ay (2
el !
2  (1.E. I1T*3 A COMPLEX ARRAY)

IF H .GE. 254

WMM .
G ‘BIG' ARRAY -
DELTH I TO 2

B SMALL ARRAY

SET TO 15 -LOG2OND

“TEST BITREVW(I D AGRINST I

"DECREMENT I
"ERANLCH

ONE LOCATION
IF BITREYCT X LT.1

"FETCH REALCID

“FETLH INAGOID




Lol R

~

poBa1 2

BBEAL3

AEAG1 4

BBRABALS

BEaB1e

aBegiv

ABRBEZA

pRaGzt

pv

1%

BEBE:

r

pagazz

Bpgaaz4

121388
gggBRag
BERBER
BBBB6R

BZ1653
154848
peaRpEaE
Bagezg

BeggE1
154625
Bagaen
gapgag

121361
154848
apgBAE
g8@ich

BEanB i
154888
gapRgg
aggizg

B217E1
1gpa4d
agpeen
dBRie@

B31634
BEE18S
ngpBasg
ggg1z2n

121381
154848
gaagan
HEBle@

Be2pge!l
1548088
dppgRg
dggiz28

g213781
188848
gagBeead
BERicB

BEaEag
gapa4a
2488817

7

£

“FIRIGSH
DOHEBIG:

ADD# &1 .BASE) SETHA

THCMA;
FalDd ZERG. MG
SUER DI

i .

Sx—

FADD ZERD.HD
EEQ DONBIG

ADD#® 2T .BASE: SETHAD MNICFa!
Fapl ZERO, B

IHOWMA: MI<FR;
Fabh ZERG. Mk

ADDE 1.EBASEY SETHRY MIJFA:
FRDD '

THOHA: MISFA:

SUB DI.,15 EBR BIG

LAST LOGP
ADDE %1 .BR5E: SETHAG: MICFa: Faoph

IRCHA: MI<FAD FabD ZERG, MD

RDDE 1.EBa%E: SETHa: MILFA; FADRD

INCHA: MI<FA! RETURH

"FETCH REALCBITREY(L 22

"FETCH IMAGIBITREVY(I >3
“S5AYE REALCI:
“BACK UF T OKE FLAaCE

"SHYE IMAG(T)

"BRAWCH IF DONE (T DOWUN TO B

"STORE MEW EEALCBITREV(I »)
"SAYE OLD REALCBITREV(I ¥

"STORE HEW IMAG(BITREV(I >’
"SAYE OLD IMAG(BITREVW(IX)

"STORE HEW REAL(CI D

“STORE MEW IMRG(ID
"RESTORE I AND LOOF

ZERG . ME
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gagi128

p

157

BggaEzs
gEgabze
gBEg27?
apgE3g
BEaE31
BpgBaz
BEARZ3
s

BBRB3S

BpEEAEIG

Baiéc4
papana
ggzagg
pg1@a8e

B4336R
gggeag
ggpean
Bgapgan

823468
gaanRp
aggeas
gpAgEg

B234e8
pagBegB
pgpEaR
agggEag

823468
pgpean
ggBEEB
BEBERE

843408
ag@BER
apgagag
2488888

A31568
gBgBeEgE
BE@BER
pgagsg

B21654

2apReg
pagpan
Bgapon

131454
AEBR4B
BpgBRae
Bg@gep

831568
2ag71e
ggageg
aaaBaoe

"ARRAY

SMALLER THAN 256 ELEMENTE

“BIT-REVERSE FIELD OF STATUS REGISTER SET T8 V-LOGZ{H?

SMALL:

LOOPS:

LDSPI DT: DB=5izZ. "DELTA FOR T

MOYL I.7 "SHIFT I LEFT & PLACES TO GET 7T
#ROOL T.7 N ok ok

GDDL T, T "ok

AODL T. T gk

HOWL 7.7

SUB BT, T “DECREMENT T

Sue DILI "DECREMENT I

SUE$ &T.1 "COMPARE BITREW(T > AND I
SUB LT.T: BGE LOOPS "BRAMCH IF BITREV(T I .LT.I1:

»”

e

FaGE dBd4



Jagiiﬁdi ~ ~

-

50
Loy

o dl

A

B@Ea83v B213E8
aggB4d
ggpgan
nE@Ben

ABaR4E HB215e@
pgspen
BegRAQ
EB@R28

Aapag41 121488
BaBg4d
neapeQA
pggeen

BBAE42 BI1655
154848
BBRERA
BaABE:2M@

HEAR4I BEBEEI
154625

M
. - A@ABAN
~-pappug
ABEE44 1214B1
154348
(- ,/ 2802EE
7 ' pE@ied

BBEEB4S HHEBZE]L
154888
PERBHEB
aag128

BAEB4E  H212E81
18BE48
apREEnR
BBfteR

BEBGE4Y BIlSed
BAR18S
ggepaa
ag@g128

BBRABSH 121481
154848
aggaan
A@B168

ag@sEs1 BRABGE1Q
1548488
ggagan

"SWAP ELEMENTS

L

*FINIGSH
DONSHML:

ADDE T.ERSE! SETHA

IRCMA abD DT, T

ADDHE &T.BASE! SETHA

THONA:
Fabph ZERO, MD:
SUE® DI.I

Fallh ZERO.HD:
BEG DOHSML

abb# 27.BRSE; SETHAD MICFR;

FaALD ZERD . BD

THORAD MI<FR:
FAODD ZERO.HD

ALDE I.BASE; SETHAD MILFA:

Falkb

THOHA) HWIJFR:
SUB DBT.T) BR LOGRE

O0FF LAST LOCF

ADTH 4T.BASE: SETHa: MI{Fda:

[HCHAD MI<FR) FADD ZERG.HD

"FETCH FEALCTD

"FETCH IMAGLITH,

"FETCH REAL(BITEEVII 22

"FETCH IMAGCBITREW(CI ¥

"SAYE REALCI ¥
"TEST FOR DOHE

"SAYE IMAGCL )

"BRANCH IF DONE

"STORE NEW REALCBITREV(I»?
"SAVE OLD REALCBITREV(ID

"STORE NEW IHMAGL(BITREW(I 23
"SHRYE OLD IMAGIBITREW(I2)D

"SETORE REGLCID

*STOGRE IMAGOLS
"LOQP BACK

ZERG.MD -~

/-

DECREMENT 7

¢I DOWN TO ZEROD?

Fabe BHES
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IaFaL

Bgaas2

a@ges3

d % % Kk

SYMBOL
BASE

N

I

T

DT

b1
BITREVY
BIG
DONBIG
SMALL
LOOPS
DONSML

g@B1284

a21281
148848
aappaa
BdAled

aggaBag
2B8@ 348
aganen
agpi28

B ERRORS

YALUE

gpapagng
gagaal
gBgBL3
agRB1 4
BaBBIS
gapgRle
gogean
gapees
gagggz1
BEaB2s
nEaAR3 4
gaa@Rsae

ENT

ADDE I.BASE:

INCHA;

$END

HIKFA;

SETHA

RETURN

HILFA;

Fabh

FRGE BHB®
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TAFAL

1araL
REV 1
PAaSs 1
PasSs 2

peBBER

"RADIX 2 FIRST
$TITLE
$ENTERY

#H

FRES

FFT2
FFT2

"DOES THE FIRST RADIX 2

"POWER OF THO

L3
"

#

FORE FAST

1

FFT PASS

NUMBER OF POINTS

CYCLE > MEMORY

--- ABSTRACT ~---
BHERE THE DATA aRRAY HAS & ODD

[2x]

TATISTICE ~---

"LANGIRGE: aPatL

"EQUIPMENT: AP-128B WITH FAST {1-CYCLE MEMORY)
*SIZE: le PROGRAM LOCATIOHS

"AUTHOR: A.E. CHRLESWORTH

"DATE: JUNRE 1976

"REY 2

* ~~= YSEAGE ---

" DOES THE FIREST PRSS OF A COWMPLEX FFT WHERE A RADIX 2 PASS IS5 NEEDED
“ITHPUT PARAMETERS:

" SPARD 4 HANME FURFOSE

" 5 BasSkE BaASE ADDRESS OF ARRAY

" 15 MOEL MEMORY DELTA (BETWEEN COMPLEX POINTS?

" ie ICOUNT & OF PARIRS OF CONWPLERX POINTS

“SCRATCH:

"S-PaD: 3-3 ’

"DATA PaD K -1 (RELATIVE TO DPA:

"DATA PAD Y -3 (RELATIVE TQ DPAS

“SINCE THIS IS5

“  AND HENCE HO MULTIPLIES

#

THE FIRST FASS GF

“THUS. THE 'BUTTERFLY'

" At = A+ C

" €’ =a -¢
"WHERE A AND © ARE LCONF
"DATA PAD NAMES:

" ~ DATA PAD X:

CR $EGU B

1&:

HEED

~=-= ALGORITHHWN -~~~

THE FFT. THE TWIDDLE FACTORS ARE B .8.
BE DOMNE.

"C EEAL

1

[

Ty

Hagi
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o EE e

aral

BRBREA

BBBBEA1

gBagaz

BAERBAZ

geaBp1

ggoBBRd
gapRaE1
BEBER2

Ba2e883

ggpEag
geBBE2
gaEBE4
BABEBS
Bga@E8ls

aapBle

gap814
gappap
gBpBaa
E@gBed

H4ppea
BBpBeY
Bagpag
zgpaz2p

Bz1514
napaag
repaag
2888608

g31s528
napagg
gisaan
148828

€1 %

" DATA

AR ¢

Al 3

AR1

Al

"S-PAD HARES
BackE

READ

WRIT

ICTR

MDEL

ICoU

"INTREO TO TH
"INITIALIZE
“READCBASE

"WRITE(BASE-
*ICTR{ICOUNT

FFT2! Mow

IMCH
MOV

A0D

INCH
BFY{
SUB

EGU 1
PRD Y
EQU B
EaU 1
$EQU 2

$EQU 3

3
H

$EGU 8
s$EQU 3
E $EQU 4
$EGU 5
$EGU 15

HT $EQU 16

E LGOF .
FOINTERS

MDEL

BRSE, REAL:

Ai
BASE., WRITE

MEEL.READ:

Al
AR Y MD
MREL, WRITE

SETHA

SETHSA

[

INAGIHARY

A KEAL

IMAGTHARY

v

"BRASE ADDRESS OGF ARRAY

"REARD POINTER

"HRITE POINTER

"LOOP COUNTER

“MEWMORY DELTA

"LOOP COUNT

"i1. FETCH AR

FETCH Al

[ ]

"I. FETCH CR

"4. FETCH CI

“SET WRITE=BASE-MDEL
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Ikr

BBEEE4

RBABAS

2EEERC

nEERa’?

pBBBA1E

pEeEtl

BppEgt 2

BEgRt 3

ABREAEL 4

BEaA@! s

BBdBl ¢

B41e24
npopgagB
B15888H
1286888

gappRa
ggpaBg
B45884
ngpean

B21514

gepeEd
645885
d8BBec B

aggggn
ggapBaR
B14858
158828

Bz1515
122888
G8B4eB
BEpged

g8BRE1
1329088
815578
igpB8za

Bz21521
#3z2888
815468
i2B81e8

BEAER1
grouen
B453574
pggiza

B21521
18BEHE8
B458835
BBB1ieB

BB1z224
BEBEAD
BapaaA
Bgp12m

B21514
BBBeS
B14848

L3

DEYCAT 2{MD
MOY ICOUNT.,ICTR

DRECCRI(HD

ADD MOEL. EEAD:

“THE LOGOP

LoopP:

THOHA:

60D HMDEL,REARD: SETHA;'

THOMA

DRYCARR MDDy

DRYCAT D{MD:

DFXCER 24MD:

BPYOCT 3<MDy

ADD MDEL.READ: SETMA:

SETHA: |

DRROCT 3O ND

DEYLaILM{DPY(AL 2

FADbD DPYCARY Y, DPXCCRY

FADD DPFYCARI1 2, DPROCID

FSUB DRY{(ARL:.DPR(LCR
MI<FR, ADD MDEL.WRITE:

FSUB GPYCARIL L DPRACLDY 23
MI<FA: IHCHA

MI<Fa: AabD MDEL.WEKITE;
Fapb

MI{Fa: ITHCHA:

DEC ICTR

DEY(ARL J{(DPYCAR 3
BHE LOOF

“SET LOGP COUNTER  —

1‘6‘

*1. FETCH AR

"2, FETCH fl

\

“3. FETCH CR
"AR' =AR+CR

“4. FETCH L1

AT =AI+CI

wg
“LR*'=AR-CR

SETMA "STORE AR’

.
ut

[ I

5.
“CIf=RI-CI
“STORE AL’

2

4

ETHR;"STORE CR'

‘8. STORE CI°
"DONE 277

“1. FETCH AR

"GO0 BACK

Prra

~d

B

e

;‘:":l
ax

o,

=

£}
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1APAL

ggaai vz

ok Ak

SYMBOL
CR

CI

AR

RI

AR1L
All
BARSE
READ
WRITE
ICTR
MDEL
ICOUNT
FFT2
LOOP

148868

gapgad
B@B244d
Bapaan
aagaas

H

YDONE WITH LOOP

@ ERRORS

YALUE

gagapag
gagagl
gaagag
gggeatl
gggaaa
ggagas
gaEEER
ggagRs

© gp@Rg4

a8@@|s
agagLs
pgdgie
BEBagp
aggear

ENT

RETURN

$END

FAGE BBB4



*RADIX 4 FFT PRES FOR FAST

L]

$TITLE FFT4
$ENTRY FFT4

(1-CYCLE HMEMORY)D

-~ HBSTRACT ---

“LOES ONE RADIKXK 4 COMPLEX FFT P4&SS

a
#

]

"LANGUAGE !
"EQUIFPMENT:
“PROGRAM SIZE:
"AUTHGOR:

"DATE: JUHME 76
“REVISION 2

"DOES OHE RADIAXK 4 FFT P

" 5-FaD REG HAME

# 14 Wl
" 135 MDE
" 16 ICO

" 17 JLO
"SCRATCH:

" §-PADY 2 TO 12
! DATA PRD ¥ -4
" aTa Pab ¥: -4

"PROGRAN FLOW:

ILOGP4<
# ' +
" ) +

H v(} l.!

--~ STASTICS ---

APAL

AP-128B WITH FAST (1 CYCLED
81 LOCATIONS

A.E. CHARLESWORTH

--- USERAGE ~--~

ASS, AS DETERMINED BY:

PURPOSE

W (THIDDLE FRACTOR: DELTA
L MEMORY DELTA
UNT HUMBER OF I1I-LOOFPS IN THI3 PASS

UNT HUMBER OF J-LOOPS IHN THIS PASS

ThO +3 (RELATYE T4 DPAD

TD +3

--~ ALGORITHM ---

HEMORY

PAGE BBAI
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TRFAL
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Tt
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Al

*
T s
»

<
oy
[e]

Y b 4+ ko + 4
~
r

+
b
+ +

+ JERCK +
¥ ~ TOILL

Is3

Y

+ +

A I I

IDOHRE
+

R YHi{---+

+

Y
DONCON

+

V .
RETURH

B RADIX 4 FFT FASS INVOLVES FETCHIHG, PROCESSIHG.

AN

TUY

D STORING ALL OF THE DATA POINTS, 4 COMPLEX POINTS AT A TIHE.
0 NESTED LGOPS ARRE INYOLYED IN & PASS!
J-Lo0op

I-LODP

I[-LOGP DOES THE °“BUTTERFLIES® OH GUADS OF POINTS., ‘HDELS
LOCATIGHS APART IN MENWORY. STARTING AT THE STARY GF THE ARRAY
AND WORKING TOWARD THE END OF THE ARRAY. A FIXED SET OF
TWIDDLE FACTORS (., W#++x2. W+x3) IS USED THROUGHOUT AN I-LOOF

J-LOGP RESETS THE I-LOGGP TO THE TOP 0OF THE AERAY AND ADVANCES
THE TWIDDLE FACTOR ‘W’ BY ‘WD’

JCAUNT I8 THE NUMBER OF J-LOOPS
ICOUNT IS THE NUMBER GF I-LOOPS



~ o

“THE RADIX 4 BUTTERFLY IS AS FOLLOWS:

it

“1. FOUR COMPLEX POINTS: 4, C, B, D

" ARE FETCHED IN THAT ORDER FROM MEMORY

#

"2 THREE COMPLEX MULTIPLIES ARE DOHE:

" B =B % U

" C = C % Wwk2

# D = D % W*x3

it

*3. THEN THE FOLLOWING SET OF COMPLEX ADDS & SUBTRACTS ARE DONE
" #' = p + B + C + D

" B* = A ~+4B - © +-JD

N ¢ =n - 8+ C - D

" D= A +-4B - © -+JD

" -+ MEARNS -~ FOR FORWARD FFT, + FOR INVERSE FFT
* +- MEARNS + FOR FORUWARD FFT, -~ FOR INYERSE FFT
4. . B*. Cf, D7 ARRE THEN STORED B6CK INTO MEMORY

“TO MINIMIZE COMPLEX ADDS THE COWMPUTATION IN THE BUTTERFLY IS
* FACTORED AS FOLLOUWS:

" APC = A + C

" AMC = A4 - C

" BPD = B + [

" JBNMD - J % (B - D> = (DI-B1. BR-DR?
" A’ = APLC + BFD

" C* = ARC - BFD

*DIRECT FFT:!

" B* = AWML - JEND

" fpr = AMC + JEBHD

"IHYERSE FFT!
" B' = aMC + JEND
" L' = ANC JEMD

“THIS GIVES A TOTAL OF 22 REAL ADDS ARD 12 REAL MULTIPLIES

"OUTLINE OF THE INNER LOOP COMFUTATION:

1. FETLCH AR AMCR=AR-CR
" SAYE APCE

3

e
o]
mi
]
jacn]



-~

-Lé)iU*

’

1AFRL

“18.

"11.

"14.

"13.

FETCH al

FETCH CR

FETCH WZR
SAVE AR

FETCH CI
FETCH Wzl
SAVE Al

CRE=W2R*CR

FETCH BR
FETCH WZ2ZR
CIR=W2I*CR

CII=W2I#C1
FETCH WIR

FETCH BI
CRI=WZR*CI
FETCH W1I
SAYE LCRR

BRR=WIR*BE
SAYE CIR

FETCH DR
BIR=WII+*BR
CR=CRR-CII
FETCH WIR

BIT=W1I+BI
CI=CRI+CIR
FETCH W2R

FETCH DI
BRI=WIR#BI
FETCH W31
SHYE BRR
SAVE CR

BRR=W3R*DR
SAVE BIR
SAVE CI

DIR=W3II*DR
FETCH W3R
SAYE BT11

DIT=631D1

AMCI=AI-CI
SAYE APCI

BR=BRR-BII
SAYE AMCR

BI=BRI+BIR
SAYE AMCI

DR=DRR-D1I
SAYE BR
DI=DRI+DIR
SAYE BI
BPDR=BR+DR
SAYE DR
BPDI=BI+DI
SAYE DI

JBMDR=DI-BI
SAVE BPDR

JEBMDI=BR-DR
SAYE BPDI

SAVE JBMNLR

SAYE JBNMDI

AR’ =aFCR+BPDR

Al =APCI+BPDI

BR’ =ANCR-+JBHDR

STGRE AR

BI'=AMCI-+JBHDI

FARGE HBE4



fRFARL

17¢774

177775

1777735

177778

1777707

gapapng

nagagl

gagepe

pagee:z

gEBRA3

HBEBB3

177774

177775

N SAVE BRI
"17. DRI=WIR*DI
“ SAVE DRE
“18. SAvE DIK

o

"19. SAVE DII
“28. SaveE DRI
v21. RPCR=aR+CR
v2z. APCI=AT1+CI

"DATEHE FAD X HAMES!
BPDR SE&U

BRR  $EGU

BPDI $E

foa)
<

DIR 3$EQU

AMCR $EGU

AMCI $EQU

CR $EQU
Ll $EQU
BBRE $EGU
BII s$E&U
81 $EGU
BRI S$E&U

“DAaTA PRD Y NAMES:
HPCR $EBU

AFCI $ERQU

JBMOR $EGU

-4
-3

-~

&

STORE AT’

CR*=APCR-BPDR
STORE BR'

CI*=AFCI-BPFDI
STORE BI’

DR’ =AMCR+-JEDHNR
STORE CR'

DI’ =ANCI+-JBMNDI
STORE CL°

STORE DR’

STORE DI

"9 THROUGH 17 BE + DE
"17 THROUGH S W3R = DR
"18B THROUGH 18 Bl + DI

“18 THROUGH 6 W31 * DR
N #R - CR
" al - €I
" L REAL

" C IMAGINARY

“3 THROUGH 18 B REAL

"13 THROUGH 3 W1l * BI

“6 THROUGH 3 B IMAGIHARY
“14 THROUGH 4 WiR * BI

" AR + CR

! A1 + C1

“11 THROUGH 19 J % (BR - DR

BEAS



iRFAL

177776
177776
177777
177777
177777
ugapan
BEgRgl
Hageez
pageg:
#E88863

g4apBpp3

aggaan
agasgl
dgnpee
A6RBE3
BABBE4
aaBgds
3 BBEe
HBBRER?
238618
dgg@til
ag@gg1 2
agag13
BABB14
a88815

gggRi e

DIl
CRR
JBMDI
LRI
CIR
AR

Rl

Y
BRE

L1

"S-rab HAN
) ]

BASE
H
JBASE
READ
WRITE
ICTR
JCTR
TE®F
N2

41

WD
MDEL

TCOUHN

$EGU -

$EGU -

$EOU

$EGU -

$EQU -

FELU

$EGU

$EGU

$EQU

$EGY

s$EQU

$EGU

$EQU

$EQU

$EQU

$EQU

$EQU

$EQU

$EQU

$E QY

$EGU

$EQU

$EGU

$EQU

T $EQU

2

2

1

1

iR

]

1

[N

g

13

14

15

16

“19 THROUGH 5
“9 THROUGH 11
"12 THROUGH 28

3[2 THROUGH 6

“18 THROUGH 12

5

"Y THROUGH 18
13 THROUGH 3
"3 THROUGH 2

“te THROUGH 4

W31 * [1

W2R % CR

4 # (BRI - DR

W3R * DI

#21 * CR

A RERL

f IMAGINARY

D REAL

WIR * BR

D IMAGIHARY

Wil % BR

"BASE aDDRESS OF ARRAY

"% OF CORMPLEX POINTS

"BASE FOR EACH J-LGOF

"READ POINTER

"HRITE POINTER

“I-LO0P COUNTER

"J-LO0F COUNMTER

“TEMPORAERY

"COHTAINE 2

“Waxxl POINTER

"Yxx2 POINTER

"We+3 POINTER

"W DELTH

"MEWMORY DELTA

“I-LOO0OP COUNT

v

[ ]

mi

Y]

[



BaEpAay

BBRE#1L

agppaz

BeaaBeE3

Baangs

ABRERT

Baas1?

B48B18
HBBpBAR
ga8ppa
aapBAA

B41s24
BgpERAE
gpgpdd
BEgBEE

B48214
2aBaEaR
H@gpBage
BE@Bel

Bagaz
Ba@aBEd
g588He
158828

gz1314
agnpBEH
258881
B488e68

8313248
gagBap
#156888
iggBza

JCOUNT sEGU 17

"INTRO 7O ILGOP

L]

"INITIALIZE POINTERS:
"JBASECBASE
“READ<JBASE
“WRITE<JBASE-MDEL
“ICTRSICOUNT
“dCTRCICOUNT

"Wi<e

"Wa<H@

“W3d

L}

H

"START COMFUTATION:
YFETCH arR.RI.CR.CI
"SET: BRR=BR, BRI=BI. DRR=DR.
YSET:Y BIR=B.B. EBII=B.B. DIR=8

FFT4: MOV BASE.JBASE

HOV ICOUNT.,ICTR

MOY JBASE.READ: SETMA

ITHCHa:
MOY JBASE.WRITE;
DPECBIIMCZERD:
DEY{BRIRI{ZERD

ADD MDEL,READ: SETHA;
DRE(DIRICZERD
DRYCDITX<ZERD

INCH&:
DRYCAR DOMD
SUB HWDEL.MWRITE

"J-pL00GP

PRI=DI

.8,

bIiI=8.8

COUNT

YSET JBASE

“SET ICTR

"FETCH AR

"FETCH

T
o

"BII=8.
“BIR=8.

xR

"FETCH CR
“DIR=8.4
“DlI=8.8
“FETCH €1

“SET WRITE

—y

[

N

L

]

17y

-t

i

=



.%gl g;;

~

1AFAL

BEapAs

pE@pav

nga@E1 @

BEABL 1

gBAB1 2

BBaA:z

aERR14

BBEABLS

Bgggte

apaaEtly

B21314
agpBgaa
ga1s5B@mQ
128868

BB 1844
pagBARE
B45884
pggE2m

Bzi1314
gapean
B458E5
HgBBeR

Hg 1858
H8RBEH
BisBanR
148828

gg1854
RagBaga
Basag?
gepgag

BE1:225
132888
#45448
BREBEA

B417321
13z¢e2
g415558
BeBBEd

Bi1818
B@pBas
aggsae
a8ap4e

B2151%9
B3z22a8
820448
BaRBeB

Bapeal
B3zgag
828558
a2aegzn

ADD MDEL, FERL; SETHA:
DRYCAT D(MD

ITHCHAD
DFACCR 2<HMD;
CLR W1

ADD MDEL, READ: SETHA
DRPYECCT (D

INCHA:
DRYCBRR I{ME:
CLR W2

DPAIBRT XKD
CLR #3

DPRIDRRE Y<MD
FabbD DFYCAR I, DPROCR X
DEC ICTR

DEY(DRI »{MD:
FROD DRFY(ALl Y, DPRICT 23
MOY JCOUHT,JCTE:

BHE ILOGOP

5"

u

“IF ICTR ALREADY ZERG, GG TO J-LOOP

JMP JLOGP

ILOOP:  ADD MDEL.READ: SETHA:

ITNCHA

FSUB DPYCARD,DPR(CR Y
DPY{APCRIC(FA

FEUB DPYLaT, DPE(CT 3:
DREYCAPCI x<F4

"FETCH

"FETCH

“CLEAR

“FETCH

“FETCH

"CLERR

"CLERR

"APCR=AR+CER
"GO TQ J-LOOP

"APCI=AT+CI

BR

-3¢

Wi

bR

DI

e

"SET JCTR

“T0 I-LOGP
“I1F NHOT YET 2EROD

"1. FETCH AR
"AMCR=AR-CR

"2, FETCH nl
"anCI=al-CI

FRGE BRES



THRPAL

gEgBZRE

BERBEZ21

BRBBE22

BBEAZ23

BRBB24

gEgazs

gEgaze

ABEAZ 7

88828

Baan3l

Bz21518%
832888
{BHee2
Bg@ABed

H41251
123888
115773
1888432

gagee!
423888
115828
128821

BEaBE!
12284d8
188137
B17488

B21513
1218488
a2BcBi
1574¢e2

841143
121888
BzB7E4H
177443

a@gge i
gizaap
138778

B57 421

BEAEEL
B23888
13Bg¢ 1
grv408

213514
113848
BzBg:zg
457462

B41355
1138468
az2Ba34
B7 7483

ILOGP4:

ADD MDEL.,READ: SETHA:

MOV B2.uW2:
DPY(AR 2<HMD;

SETTHA:

INCHA!
INCTHNA;
DPYCRT 2(HD;

FMUL TM.MD:

AbD MDEL.READ; SETHMA:
GECTHMA;
FMUL TH.MD;

HOY Wl.,Wi:
FHUL TH. MD:

SETTHA:

ITHCH#AS
TRCTHA

FMUL TH.MD:
DPY(CRR D{FH:

FMUL TH.MND)
DPY(CLCIRXFH:

ADD MLEL.READ:
DECTHA

FMUL TH.MD:
FSUBR FM,DPYCCRR Y

SETHAS

HOY W3, W3
FMUL TH,.MD:
FADD FHLDPY(CDIRG

SETTHMA

FEUE DPYC(BRREIIL.DPXKIBII N
DPACAMCR 2<(Fa

FaDl GPX(BRI.DFY(BIRM!
DRFAECANCT D{FA

FSUB DPACDRREI.DPY(DII 2
LPACBER Y{FA

FADD DRYCDRID.DPR(DIRY:
DPRCBIMFA
—

FADD DPHCBBRY.FA:
DEYCDRICFA

FADD DPX(BI).FAai
DRY{DIS(FA

S

FSUB DPY{DIX.DPX(BL}; \
DPX(BFDRE{FQ

FESUB DPR(BEBRI,DFY{DR ¥
DPACBFRLI X{FA

DPY{JEBMDRICFA

DRPYCJBHDI(FA

*3. FETLCH LR
"BR=ERR-BII

/ [_//,4
"4, FETCH HW2R S o
“BI=BRI+BIR

"5, FETCH €1

"FETCH W21

“DR=DRR-DII

"e. WZR*CE
"DI=DRI+DIR

“7. FETCH BR
“FETCH W2R
"CIR=W2I%CR

“BPDR=BR+DR
“8. FETCH W1R A

"CII=W2I=CI
"BPDI=BI+DI

3. FETCH BI
"FETCH W11
"CRI=W2ZR=*CI

"JBMDR=0T-BI

"1{B. BRR=WIR+BER

YJeMDPI=BR-DR

“11. FETCH DR
“FETCH Wik
"BIR=W1I#*ER
"CR=LRKR-CII

“12. FETCH W3R
*BIT=W1I#Bl
“CI=CRI+CIR

]

e}

]

BN



.Lﬁuug

~

1aFAL

g@gEz2

BBag33

RBEBI4

a8ga3

f
[%1]

HB@B3e

HBEBIT

gaapgE1
132123
iiBBE4
157421

aBdBE1
122183
BEBAS5R
REgiz2 A

B21315
3422185
1BBee 2
a888eR

B18B31
122827
128115
177480

21521
423888
148226
B175¢2

BaBge1
Bz3gdn
1482327
B175z4

ITHCMA! "13. FETCH DI
IHCTHA “FETCH H31I
FMUL TH,HD; "BRI=WiIR=*RI

DRY(BRRE CFHM

DRECCRI(F A
FADD DPFYCAFCR . DPACBPOR Y "4R ' =APCR+BPDR
BR ISKFP YSKIF AROUND

*THIS IWSTRUCTIGN I5 aCTUALLY THE LAST

“INSTRUCTIOH OF ILO0P., IT 1§ INSERTED HERE 50 THAT THE LOOF CaN
“BE CLOSED WITH “BRAWMCH’ OP-CODES, WHICH HAVE 4 MAXIMUN

"REANGE OF -1e TO + 15

i

IBACK: FADLD DPRYCAID.DEXK(CT M "22. APLCI=qI+C1I
INCHA: MI{FA: "STORE BI°
BR ILOGP "LOOP AGAIN

“HERE I8 TOIL3I ON THE WaY TO0 ILOOP AT ILOGOFP4

i

TOIL3: ADD RMOEL.READ: SETHA: “3. FETCH CR
FSUB DPY(BRR).DPH(BII>: "BR=BRR-BII
DRX{ANCROILFA:
BER ILOOP4

12KP ¢ FMUL TM,MD; “14. DRR=WIR*DR
CDPYCBIRY(FH:
CDPR(CIDEFAT
S ‘ FADD DPYC(APCI Y, DFX(BFDI "4l =APCI+BFDI
BIFN IHY "INYERSE FFT2727

iy

"FORWARED FFT. COMPUTE B, C’, aND D’

IFOR: DECTHA: 15, FETCH W3R
FHUL TH,MD: "DIR=WII*DR
DRECBIT »<FH:

FRUB DPHIAMCR Y, DPY(JBHDED); "BR=AMCR-JEMDR

#DDL MDEL.WRITE: SETHA: HMICKFA "STORE AR°

FMUL THM.MD: “1e. DII=W3I%DI
DPECBRI $CFM;

FEUuB UPH{AMCTI . DPYC{JBMDRIY) “BI'=ANCI-JBMIDI

INCHMa; MI(FA “STORE AL’



inFRL

BBEB4H

BBBE4L

Bagg4z

BEBE43

BBdg4dq

BEBRB4S

ABRB4s

BEBB47

BHEBASA

ggaRst

821521
g43z8a8a
148804
B175¢8

BgBgg1
B3zgan
148114
gigi128

gz15z1
1238288
g3@zzag

21321
123888
{48z22¢
B175¢2

ABRBE1
1228849
1483237
4173528

gz2is:

g328449
14880818
417568

288EE1L
B3z2888
148111
g1g128

d21321
23288
B3@z28
258168

BR1225
A23388
8383238
BeBiz2H

#

H

L

"

FHUL TH.HD;
DPR{DRRE FH!

GPECDIRIOFHM:
FuuL:

DPYCDIT »(FM:
FMUL:

LRPYCDRIDCFH:

*"ITHYERSE FFT: COMPUTE
TNV

Y

£

;

Ed

|

~
0

Iy

DECTHA
FHUL TH.MD:
DPHOBIT 2<FHM;

FRHUL TH.HMD:
DPACBRI JLFNM:

FHUL TH.MD:
DPACDRR »{FH:

DRECDIR $<FM:
FRUL:

DRY{DIT 2(FM:
FMUL:

DRY(DRT 3CFH

"17. DRI=W3IR*DI

FS5UB DPYCAPCRY, DPH{(BPFOR); "CR’=APCR-BPDR

ADD MDEL.MRITE:

SETHA; HILKFA "STORE BRS

18
"PUSH

FSUB DRYCAPCI D, DPX(BPBI S "CLI°=AFCI-BPDI
INCMA: MIJFA

“STORE BI®

“13.
“PUSH

FADD DPXCANMCR ), DPYCJBMDEY: "DR'=AMNCR+JEBMDR

ADD MDEL.WRITE:

SETHA; HMILFA "STORE CR

“28.

FADD DPRCAMCI 2, DPYCJBMDIY: "DI’=AMCI+JBHDI

INCH
DEC
ER 1

B.s

FapD
ADD

# HICFA:
ICTR:
COH

DPACAMCR 2,
MDEL .WEITE:

"STORE CI°
“ILOGP DONER??
"BACK TOGETHER

"15. FETCH W3R
"DIR=WII*DE

DPY{JBMDR>: “"BR'=ANCR+JEBWDR
SETHA; NMILKFA "STORE ARY

1. DIT=W3IxDI

FADD DPXOANCI 2, DPYUJBMDI; YBI ' =AMCI+JEMDI

INCH

FZUER
ADD

FSUR
RDD

A MILFA

"STORE Al"

Y17 . DRI=WIR*DI

GRY{APCR Y, DPXIBPDRE Y, "CR'=pPCR-BPLE

MDEL,MRITE:

e

T

DFACAMCR X, DPY CJBENDR 2

MOEL CWRITE:

SETHA; MILFA “"STORE BR'

"ia .
"PUSH

FLAPCI 3, DRACBRDI ¥ "CI'=AFCI-BPDI
R HICFA

"STORE EBI1°

R

"PUEH
"DR=AMCR-JENDR
SETHA: MIKFA "GTORE CR

" 28

FSUEB DFACANMCTI >, DRYLJBMDI Y "DI =aMCI-JEMDI

INCH
DEC

R MICFA:
ICTE

“STORE CI°
“ILOOP DONE 777

t

[RH]

|

il



%&ifl&i

~

TRFARL

"BACK TOGETHER AGALN '
BEAB52 ©21521 ICOM:  FADD DPY(AR),DPXCCRY; “21. APCR=AR+CR
132641 ADD MDEL.WRITE; SETMA; MICFA:"STORE DR’
BAB44E BNE IBACK “BRANCH IF NOT DONE
BAA 168
[
“COME HERE WHEN DONE WITH ILOOP,
" DO #22 GND THEW FALL INTO JLODOP
. : tFaLL
AARES3 EAAEE1 FADD DPYCAL ), DPKCCI ;| “22. APCI=AL+CI
132122  INCHAS MICFA: “STORE DI° .
BEESSH BR JLOOP
Bag12a
“KERE 15 TQILZ GK THE WAY BACK TO ILOOP
BEBES4 WEBBE1  TOIL2: INCHAS “2. FETCH Al .
g32188 FSUB DPYCAID,DPXC(CID:  “AMCI=AI-CI =0
428550 DPYCAPCIICFAS
828020 BR TOIL3
“RESETING OF POINTERS FOR J-LOOP
"JBASECJEASE2
"READ¢JBASE
"YU UD
L FIURET:
A ETL LR
"ICTRCICOUNT
"WRITECJEASE-MDEL
BEBASS B21811 JLOOF: ADD MZ.JBASE: SETHAI "1. FETCH AR
§12608 — “ADYANCE JBASE
B2B448 FSUE DFYCAR).DPH(CR?:  "AMCR=AR-CR
BEBEGD DEYC(APCRICFA
BEBBSG B21445 IHCHAS “2. FETCH AI
42220 K RDD 1D .05 “ADVANCE W1
RZBISE FSUB DPYCAT),DPACCID:  °ANCI=4l-CI



BBBEESY

BpBBe K

gBaBe 1

BRARG 2

BBBBRG3

ReBBod

BHEABE S

BBBBo e

ABBE6 Y

BzBBeB

B21511
43z@8b
i88¢6 3
288868

FE i S a % |
9w Py g
Zad 1Al

=
a2 B I o0 I )

[ 24 B B~ IR
Od L] B3 e

Ll N <% I s ]
LA i
A BRI PN o}

Lo ot I LV
[DCT ORI o« B
(el AT+

B21513
iz18p8
428688

1574c2

B4114%5
1210388

BS7 421

B41:23%5

S3EB8
13B8¢6
gv7488

B21%14
1138818
B2BBZH8
A574¢2

.....

ADD MDEL.JE

Lo
(2]
i
[Xg)
m

L

pom
pec:3
p ol
\

MOWL W1, W2 SETTHA

5P?iﬁ9){ﬁbi,é

INCHAS

MGy JEBSE.REGD!:
THCTHA :

DPYCRT MDD

FMUL TH,MD: =
SUB MODEL, JBGSE;

RBD MDEL.READ: SETHA:
CECTHA! o

FHUL Tﬁaﬁﬁsfép

MOy Wil.Wl: SETTMA
FHUL TH.HD:ST

i

THONAL

Moy JERSE.TEWP:
INCTHE

FMUL TH.HMD:
GFYCLRE »{FM!

FHUL TM.HD!
HOW WE, W3

LPYCCIR 2OFM:

ADD MEEL,READS
DECTHA:

FMUL TH.MD:
FSUBR FM,DEY{CRR:

S E Ij‘j{—«a“‘é‘

DREYCARCT 2FS

FSUR DPY(BRRI,DPXCRIT }
DPECARCR X4FR

AV

FADD DPHXIBREI.DPY(BIR»:

DRPXCARCT 24Fx

'/

FolUR DPECDRE Y,
DRECBRR 3<F &

!){f’i

DEYCDIT »

FADD DPYC(DRI S.DPECDIRY
DPH{BIYFA

ot

Faph DPACBBR ¥, FA;
DRYCDRI{FA

FADD DRXCBIM,FA:
DPY{DI<{FA

o

L i

.

FSUB DPY{DI,DPECET M
DPXCBPDR 2CFA

FSUR DPECBERDI.DPYCDR Y
DRECBPDI X(F4

i e m———

“I. FETCH CR
"GDYANCE JBASE ONE
“STEP TOO FeR
“BR=ERR-BII

"4, FETCH
2=l k2

Yar

r'a
50/
"RI=EBRI+BIR

“3. FETCH C1
"SET REaAD=JEASE
"FETCH W21

205

"DR=DRER-DII

e, WZR%CE - -/
“RESET JBASE O [

“DI=DRI+DIR

"¥. FETCH BE
"FETLH HaR
“CIM=W21+CR
"BPDRE=BR+DR

3a 7/

“&. FETCH Wik
"CII=W2I%C1 R
“BPDI1=Bl+DI /

i et v

e et

"9, FETCH Bl
“T0 SETUR WRITE
"FETLCH Wil
"CRI=WZ2R*CI]

FIBHDR=DI-BI

™
“18. BRR=WI1R*xEBR < /
"TO SETUP W3 -
STO W1+ E

"JEMDI=ER-DR

"{1. FETCH DR - = 7
“FETCH WIER ’ i
"BIR=W1I#ER
PCR=CRR-CII

5

[

ey ]



BERB7E
(

. 8@@EAET!
\

4

agagy e

a88R73

BBEBET 4

2" BBBBE?S

—

D
4"

¢

B21155
113888
B28838
g7 r483

331535
122123
138884
157421

g48721
132183
88558
agpizd

d215135
Bizigt
B20448
A0Bden

B1BBa1
132B27
138115
177488

B21S821
gz3€68

ADD WI.uW3: B5ETTHMA:

FMUL TM.MD:
FADD FM. DFY(CIRDS)

SUB MDEL. TEWMF!
INCTHA!

FHUL TM.MD;
DRY(BRR Y(FH#:
DFXICRMSFR!

DRPYCJBMDE<FA

fDPY(JBﬁ&I)ﬁFﬁﬁ

“12. FETCH W3R
TR T
“BIT=W1I*BI ’

CCI=CRI+CIR

LA

"13. FETCH DI P
"SETUP WRITE <o \
“FETCH W31 J
“BRI=Y1R*EBI

FADD DPYCAPCR D, DPH(BPDR ) "AR’ =AFCR+BPDR

BR JEKFP

YSKIP AaROUND

“THIS IHSTRUCTIGON I5 ACTURLLY THE LAST

"INSTRUCTIGN OF JLOOF, 1T
"BE CLOSED WITH *BRANCH’

"RANGE

14

JEAT K

[

n

"HERE IE

i3

TOILL!

JEKP

"FORUWARRED

JFOR

OF -1& T4 + 13

IS INSERTED HERE SO THAT THE LOOP CaH

oP-~-CORES,

FADD DPRYCALI 2L DPROLT 23

Moy TEMP,WRITE:

TOILL GH THE WaY

BACK

ARD MDEL.READ! SETMAI

FMUL THM.MD;
DPY{BIRCFM
DPHICT 2<FA;

FFT. COMFUTE B .
DECTMAL
FHUL THM.MD:

Coy

INCHA: NILFa:
ER JLOOP

TO 1LOOF

FEUB DPY(RE:,DPR{CRY

DPYCAPCR 2{Fa:
BR TOILZ

WHICH HAYE A MAXIMUN

g2, APCI=AI+C]
"WRITE=JBACK-MDEL
“STORE DI°

"LOOP AGAIN

"1, FETCH AR oo
"AMCR=AR-CR o

“14. DRE=UWIR*DR

FADD DPYCARCI », DPXCBPDI» "AI'=APCI+EBPDI

BIFH JHY

AHD D

TIHYERSGE FFT277

"15. FETCH W3R
"DIR=W3II*DR

N



0887 e

BAE1EE

BE181

#gpigz

BBg1gz

ABB184

ABB18S

BHE1de

148226
817364

B41i2s
Bz28848
148237
Bivs3528

421521
8328488
1434988
Biv36H

Ba1z31
R3izgER
148111
g1

FaoLn
O ol O
o I v B ORI

[N %1

5]
LN B SR a9 |

ol G PO

00 1 ~8n

[t B R
151 053 ()
LS B S  O%

Ll

[

[ A o AN

55 = = 5
Ll - S X
Y I < N % I ol
| A T A ]

L1 I DV 5

L)

L3 = e (R}
Lo S R £ N
~} oo

B - B g
LAY ef ES3 05

fo2 a4 £22 P2

[acr ]

Ra13z1
g3:z884d
148288
817568

Bd1z231
g83z82488
148111

it

H

7

DPR{BII X{FH

FHUL TH.MD:
MOY ICQUNT,ILTE:
DPR(ERT »{F#:

FMUL TH.HD:
BPRCDRR 3 FHN

GPRCDIR »FH
S RH

DRY(DIT »(FM:
FHuL:

fPi'DPI M

DECTHA:
FHUL TH.MD:
DPFAIBIT 4 FH:

FruL TH.HD:
MOV ICOUNT.ILTE;
GPRIBRI 24 FH#;

FHUL TH.ND;
DREAIDRR 2PN

DFHECDIR 2{FH
FMUL:

“IHYERSE FFT: COMFUTE B’.CQ

JHY

K

K

FiUk ﬁ?aiﬁﬁfFJ;DEYtdENﬁP); "BR=AMCR~JENDR
AbD MDEL . MEITES ETHA: MI<FH4 "STORE AR’

“16. DII=W3T#DI1
"RESET ICTR=ICOUNT

FSUB DPHIANMCI », DPYCJBHDI ) "Bl =AMCI-JEMDI
IHCHA: HICFH "STYORE A7

"17. DRI=WIR*DI

Faug DPYCAPCRX DPACBPDR ) “"CR =aPCR-BPLR
#0D MDEL.WRITE: SETMA; HWICFa "STOGRE BRY

“i8.

"PUSH
FSUB DPY(APCI ), DPHY(BPDI > “CI' =4PCI-BPDI
INCHA: HIJFA! “’TDRE g1’
DEC JCTR SHLOGP DONE 777

"19.

“PUSH
FADD DPEX(ANCR >, DPYC(JEBNDRY: “DR=AMCR+JEMDR
A0 MDEL.WRITE: SETHR; HMIL{FA:"STORE CR
BEER FDONE "BRAHCH IF JLOGP DOHE

Y

FaDD DPYXCAMCTI 2, DRPYSJBMDI ! DI =aNCI+JEMDI
INCHA: MI<Fa: e “STURE €I°

LEC ICTR: T e TLGOP DONE??7

ER JCOM “BACK TOGETHER

AND [

“13. FETCH W3R
"PIR=HZI*DE

FADD DRXCAMCRILDPYCJBHDRE Y "BR'=ANCR+JBMNDR
A0D MDEL . WRITE: SETMA! HWI{F& "STORE 4R’

16, DIT=W3I*DI
"RESEY ICTR=ICOUNT

FRDOD DPRCAMCT 2, DPYCJEMDI X! “BI'=@gNCI+JEBHDI
INCHMAa: MIJFA "STORE al’

Y17 . DRI=WIR*DI

FEUB DPY(APCRY, DPXCBPORY: "CR’ =4 PLR-EFDR
ADD MDEL.WRITE: SETHA; HICFA "STORE BR
18
"FUSH

FEUe DPYCAPCI Y. DPY(BPDI Y YCI'=AaFCI-BRDI

ol

o
H

i

ot

[£3)



.~ T

iRafFrL

apgiav

gpdi1@

BEg1t1

BBEi1Z

gEE11]

[7%]

gEE114

BBEELILS

BB81223
gzz8@8
838338
gepize

213521
132661
BEg448
BEaicg

g4gavz1
132181%
d4aB 358
Bggi1z28

BE8BER1
12312z
g@gzia
Bdgizg

a8gBa1
Bz 3888
BERIIA
BEB12B

[12]
[AN]
—
[51]
[
95

FRGE HB1s

IHCMA: MI<FaL "STORE BI'

DEC JCTR "JLOOP DONE 777
DPY(DRIT RN “19.
FHUL: "FUSH

FSUB DPHC(AMCR >, DFY(JBHDR): "DR’=AMCR-JEMDR
00 MODEL.WRITE; SETMA} MI<FA;"STORE CR

BEQ® IDONE “BRANCH IF JLOOP DONE
DPY(DRI J(FM "28.
s FEUB DPHCAMCI 2, DPYCJEBMDID: "DI'=ANCI-JBNDI
' IHCHMA) HMI<CFA: "STORE €1I°

DEC ICTE "1L00P DOHE 777
"BACK TOGETHER AGAIN
JCOM: FADD DPYCLAR Y, DPECDR ¥ #21. RPUCR=AR+CR

ADD MDEL.WRITE: SETMA: MILFA;"S5TORE DR’

BEG JBACK "BRANCH IF WE MUST

“85TaY IN JLOOP

i

L

*COME HERE IF WE MUST LOOP BaCK T8O ILOOP . . . WHICH WE DO
" IN THREE STEFS
FRDD DRPYCRIMLOPRCCT 3 "22. APCI=AI+C]
HOY TEMF.UWRITE: "WRITE=JBABE-MNDEL
ITHCHWA: MICFaS "STORE DI°
ErR TOILL

“COME HERE WHEN DONE UITH £ FORWARD FFT FASS

FDOKNE: xe FADRD DPRCANCT 2L, DPRY(JEBHDI ) 2B, DI’ =AMCI+JEBNRDI

;0 INCHA: MICFA: “STORE CI°
) BR DONCOM

“COME KERE WHEN DOGNE WITH AN INVERSE FFT PRSS
IDONE: FSUB DPHACANMCI X, DPY(JBNDI; “2B. DI’ =ANMCI-JBNDRI
IHNCHMA: MILFA "S8TORKE CI°

#

#

"COMMCGHN WHEH DOME WITH A FASSE
COHCONK: FabD: “21. PUSH



FaGE

18pange ADD MDEL,WRITE:; SETMA; HICFA "STORE DR’
nggeag
BEE168

BBB11¢ ©BBERAHE INCHa: MIL{FAa: “22. S5TORE DI’
ngdz48 RETURH
ggpgnag
agpizge

$END

* ok ok B ERRORS *kk A

SYMBOL VALUE

BPDR 177774
DRR 177774
BPDI 177775
DIR 17?775
AMCR 17777¢
AMCI 177777
CR HEBEBADR
CI HEBBE1
BBR agpgEEZ2
BII pgBe@z2
Bl Bggaage3
BRI 2apBA3
APCR 177774
RPCI 177775
JEMDR i7vP776
DIl 177776
CRR 177776
JBMDI 177777
DRI 17?7¢7
CIR 1veveev
RR Haggan
Al gaaeal
DR gggenz
ERR Bgggga
DI BaR8Rz2
BIR BaRaAER3
BASE BggEan
N BAgag!
JBASE Bggagz
READ BEABE3
WRITE nggag4
ICTR BEgpREEsS
JCTR BapEEs
TEMP 4gBgyy
N2 gapRLg
Wi pEga1l
W2 apag1 a2

W3 gEaaL3

53]
e



-Le\‘li“

LAFHAL

WD
MDEL
ICOUNT
JCOUNT
FFT4
ILOGP
ILOGPY
IBACK
TOIL3
ISKP
IFOR
INY
ICOM
ToIL2
JLOGP
JBACK
TOILY
J SKP
JFOR
JHY
JCON
FDONE
IDOHE
DONCOHN

Bganl 4
BEaABLS
gagat e
ggap1?
Boapag
BEdBBie
BaE@pBa21
g@@B33
agBEB34
BARAB3S
BgnR3s
BpBB44
gg@asz2
BEABS4
BERBSS
gggdrz
a@aRB73
BEBB7 4
aABer S
pgg183
gggiit
BEg113
aEEil 4
BEA1LLS

ENT

PAGE dB18§



1aPaL

1APARL
REV 1
PASS 1
PASS 2

HBBd

gap1

gpaz

apas

BBB4

agas

gB@de
A g

apaz

B148

gaag
BBIF
6648
7EDS

gaag
BEz2H
B517
ccis

pgap
BBIF
D19
A2BD

BEEE
BB28
B7FF
FFFF

gega
B@zg
1488
pead

gBgag
pg28a
1648
7EDS

Bgag
BB1IF
44F¢6
BFD&

agan
agzn
BAaDS
18Fa

“TBLGEN MICROCODE GENERATES  , —
“FFT TABLE USING COSINE MICROCODE t F:f>ﬁi,

CUUEP(Sy = THA

DELTH:

TBLS:

FPONE:

=

“$P{12) = COUNT = 2B48
*SP(15) = TMA COEFF ADDR
"SR{(16) = PS COEFF ADDR
SP(17) = COEFF COUNTER
“DPX(B) = ARGUMENT
"DPX(2) = MULTIPLIER
*DPY(2> = PI/4B9%6
"DPY(3) = 1.8

COS sEQuU 588

$¥al B,37.63118.,77325

$FP B.6366197724 "2/P1

$FP B.79689678%46E-1 “C

$§FP B.9999999925 “FRACTION MASK
$FP 1.8 “0DD BIT MASK
$FP 1 . 57B79631844 "P1/2

$FP B.151485129E-3 "E

$FP - .6459%963718599 '8

FAGE BERA1L

T RAR OBSoLETE)



1APAL

ggas

gBg9

gaaa

a8@s

gpac

gaep

gaBE

BBBF

gE1g

BE11

ag1e2

BBag
agLr
9836
€CCoS

sgeg
apza
2488
aegs

B394
BBan
B40808
Asdn

Bag3
SEdN
g4p8
BREs

B3B4
pBaag
g4gp
B8CS

B3B8
BBEg
g4gm
gge1

BgiscC
Baay

B488

Ban9

1204
gagn
4884
gegs

Bavv?
cagn
Bvead
gpag3

gagc
BBgan
gegsn
gaan

Bz2ve
Bgiab
Bpap
gea3s

START:

LPS:

$FP - .467376661E-2

$FP 2.8

LDSPI 5; DB=4R48

LDDA; DB=3S

LDSPI 15; DB=1S8HCS~1

LDSPI 1¢: DB=TBLS

LDSPI 17; DB=9.

RPSFT; DPX<DB

INC 13: SETTHA: OUT:

DEC 17

“D

"NEXT 00D BIT MASK

"2K FPOINTS

“SET DEVICE ADDRESS

"SET 1ST THA

"SET PS5 POINTER

“SET UP COEFF COUNT

"FETCH NEXT COEFF

DE=DPX "DUMP TO THMRAN

“DONE?

BNE LP5: INC 16; SETTMA “SET NEXT PSA

FAGE BB8Z



1aPAL

Bg13

gB14

BE15

Ba16

ag1v

B@18

ag19

ga1a

BB1B

BB1C

Bt b

BBIE

Ba@3
8CcEB
B484
geen

B3AB
8e@g
4486
pees

12CC
ggad
i8de
FFEB

12CF
cgag
1887
FFEE

Bz95
B480
B1B8
gaBag

agei
8196
Beag
pBad

gage
Bega
8836
1888

ngaa
agag
Bega
1gg8g

BBad
BBE8
pgdn
14888

1284
gaag
ceg4
gi48

BZ2eB
cB4a
gprvaa
gBa3

#gg3

LOOP:

DONE:

LDaFS; DB=8 “CLEARR

DPX(2)<DB; DB=B;LDTMA;: LDSPI

DPY(23¢(DB; RPSF DELTH

DFY(3XDB; RPSF FPOMNE; QUT

FADD DPY(3)>,DPK(2);DEC 5

FabD: BE® DOKNE

FMUL DPY(2),FA; DPX(2)<{Fn

FMUL

FMUL

DPKC(BY FM; JSRA COS

AP STATUS

12 “"SET TMa =

=

“GET AHGLE

"GET CO0S(B>=1.4

"GENERATE POINTER

“PUSH

"GENERATE ANGLE

“PUSH

“PUSH

"GET COSINE

OUT; DB=DPXC(@B>; INC 12; SETTMA; Bk LOOF “BUMP ADR., PUT IN

HALT

TMHA

FAGE BRE3



1APAL PAGE BBA4
311 ]
anan
ARaA
$END
EX T 8 ERRORS ' TTY

SYNMBOL VALUE

cos @148
DELTH geaa
TBLS aeg1
FPONE aad4
START BREA
LPS aaar
LooP 2817
DONE BE1E
1

o 6060606 0 0 0 0 06 0 @60 08 5 0

e

s o o 8 o




