W Durham
University

AR

Durham E-Theses

Design of microprocessor-based hardware for number
theoretic transform implementation

Shamim, Anwar Ahmed

How to cite:

Shamim, Anwar Ahmed (1983) Design of microprocessor-based hardware for number theoretic
transform implementation, Durham theses, Durham University. Available at Durham E-Theses Online:
http://etheses.dur.ac.uk/7213/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/7213/
 http://etheses.dur.ac.uk/7213/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

DESIGN OF MICROPROCESSOR-BASED HARDWARE FOR
NUMBER THEORETIC TRANSFORM IMPLEMENTATION

ANWAR A. SHAMIM

Yl 7

FULLY DOCUMENTED PROGRAM LISTINGS APPEARING IN
THE APPENDICES A - E

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.



' Tms,;,o
sq%’:'l SHA



Appendix-A

Modular arithmetic routines for the following microprocessors
i) TMS9900 |
i) MC6809
iii) Z80

iv) 6502

32/16-bit  division routine for the MC6B809 microprocessor



Appendix-A : A-1

ALL THE MDDULAR ARITHMETIC ROUTINES IN APPENDIX-A CONSISTS
OF UNSIGNED (16-BIT) ADDITION, SUBTRACTION AND MULTIPLICATION
MODULD 65521+ PLEASE REFER TO SECTION 3.6 IN THE THESIS FOR
EXAMPLES. THESE BENCHMARK PROGRAMS WERE SPECIFICALLY WRITTEN
TO TEST AND COMPARE THE PERFORMANCE OF THE FOLLOWING
MICORPROCESSORS TMS9900, MC6809, 2180, 6502, FOR THE DESIGN
OF THE PARALLEL MICROPRODCESSOR SYSTEM. IN ADDITION A
32-81IT7 / 16-8IT UNSIGNED DIVIDE ROUTINE IS ALSO INCLUDED.

THE METHOD USED FOR MODULARISING THE 32-BIT UNSIGNED PRODUCT
INTO 16-BIT PRODUCT REDUCED MODULD 65321, IS AS FOLLOWS.
LET XXXX REPRESENT A 16-8IT UNSIGNED NUMBER, AND XX
REPRESENT AN 8-BIT UNSIGNED NUMBER.

XXXX
XXXX
XX XX XXXX 32-8IT PRODUCT
8-BITS 8-BITS 16-BITS
(HI-MSB)Y (LO-MSB) (Lssd

I |

: !

MULTIPLY BY

15 (MOD 65521)

AND ADD (MOD 65521)->

i Samas Gt hovmat

l
MULTIPLY BY
3840 (MOD 65521)
AND ADD (MOD 65521)-=~—--—--=-- >

- XXXX 16-31I7 PRODUCT MOD 65521
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v
e
S e esiesiesieniasi ’”‘,:*::".,..:,':“ sedesikNesesiesiesiesi e s nesiosi sk sl ek o el sk
* NDDULAR ARITHMETIC ROUTINES FOR TMS9900 MICRDPQDCESSDR *
SRR R R e e B A ARk Ak Nesk e ek esle ek nesek skl ook folofeieiok iesioiollok ook
e
b .

OPTIODN XREF,SYMT

ADRG >4000
b
wie wlz vis wls als wle Whs als ale vle ale ol l. b b ‘o 2 s ate ‘o e ste ot 2 ate o wle wle e vis als sle wie Alr oy wle als afs abs te Ao vie wle ale Wlo sir ate vis la ale oo sle wie ale ads sto afe
SRS i ekt ok neior SR ook Sololoiek aekeioisisiorssiioroicioe siorskt

% ROUTINE ° MDDULAR ADDITION 3
* PURPOSE P‘RFOQM UNSIGNED ADDITION MDDULO 65521 i

a2 wis wis b#-‘- i¢~ e ~'-slo~4-\'¢n) -‘ J }, ‘ ~ o wis ale olo s wis ale vio alp ate \»J ~te i J 4 J ' J u—# e wte ‘ oo e ahe whe wla wle als o
PEPEP AP LS LHUP LD RPL P CPFP AP LI P ‘ ,u XSRS ESADLP LR LS X PRSP AR ,‘-, ¢n¢|so~r‘ (R IR R L4 ,- LS XS+ B FPLP LY

" START LWPI WKS LOAD WORKSPACE
MOV JADL,RY LOAD IST DPERAND
MoV JdAD24R2 LOAD 2ND OPERAND
A R1,R2 R2=R1+R2
JNC OVER BRANCH TO OVER FOR NO CARRY
Al R2,15 ADD 15 IF A CARRY IS GENERATED
JMP OVR
OVER CI . R2465521 COMPARE R2 WITH 65521
JL OvVR
Al R2,15 ADD 15 IF THE SUM EXCEEDS 65521
OVR MOV R2,3SUM SAVE RESULT IN SUM

e
P2

W abr als sle als e wls s ate wis whoate vha als sle 4le ale abs sl lo ale \" ~'4 e ~4 e \ Xd \ e oo ‘f Al s als Wl als ko Aty ats ate wbs als sle ale 3ls Al als s Wie als Wis ate ~‘ ‘ b
Rk ,‘ RER SR T IAP AP EPLP I S LPAPAPEPIPASEAP LS L PIPAPL P EP 1S IR PLPEEI LS LR XPIP P AP KPE AP AP LTI PEL LR IR LRI IR ADI PAPI L £ P ,. b4

% ROUTINE : MODULAR SUBRTRACTION %
PURPOSE : PERFORM UNSIGNED SUBTRACTION MODULO 65521

b\\--h 'v- \ iz sl ale ~‘-~“~4 ‘ad . fe o oo »J.w‘ ‘ad W\A:J l¢~) WJ J s \h ' J ‘ad .udoJoJ J -lo bdp\kJaJ oo J4
e o |“a“'t l"ilk’l l) S 3EIERT3R3 R ""‘ At l“c‘

e

MOV aSUBT1,R1 LOAD IST OPERAND

MOV dSUBT2,4R2 LOAD 2ND OPERAND

MOV R14R3 COPY R1 INTO R3

S R24yR1 R1=R1-R2
C R3,R2 COMPARE R1 AND R2
JHE OVER1 IF SUBTRAHEND > MINUEND ADD
Al R1,65521 65521 T0O ITy OTHERWISE IGNORE

OVER1 MOV R1,3@RES SAVE RESULT IN RES

< Sie s e e s e g e sl sle sl sk ¢ b of Neseste Ny sk Sesfedesledlevesiese ok
ARk SRR sk ek s ekl AP LRSS SRR FRATPR AR

* RDUTINE : MUDULAR MULTIPLICATION s
* PURPOSE 3 REDUC‘ 32- BIT UNSIGNED PRODUCT MODULO 65521 %

.ulw' ats
R <3

sl sz siesie sl sl e ole st denle e e stesie sl st st sle ste el slovte sie e sl stesie e stesle skt e ey sl stk 315 312 312 sle ste sl sle 3l e st
LIRS AR AP R TR AT LR AP AS L) 38 SR sie ez e e e N g ik eoiieiok

o

b2

Mov IMPR,HR1 MOVE MULTIPLIER 7O R1
Mav aMPDyR2 MOVE MULTIPLICAND TO R2
MPY R1,sR2 2-BIT PRODUCT IN R2:R3
DIV aMOD,sR2 DIVIDE BY 65521
MOV R3,aPRCD REMAINDER IN R3
B 2>00890 BRANCH TO MONITOR

WKS BSS 32 WORKSPACE AREA

AD1l- BSS 2



Appendix=-A

BSS
BSS
8SS
BSS
BSS
BSS
8SS
B8SS
DATA
END

st sl sie s
oL -1 ¢,~

ie -‘ '—J s b-‘vJ J \osah
-~ SRR Rk l"i‘!‘

ale
3L

NAM
OPT
ORG

3
b

(

's we ats o ,
Seasiesdese senesievesien

% ROUTINE
* PURPOSE
Pe 3l e s e sl e s ek

1‘ ’0

-‘- e we 5-
\

;

START LDX
LDD
ADDD
BCS
CMPD
8LO
ADDD
STD
JMP
£DB
FOB
FDB

SKIP
SKIP1

ADS

% ROUTINE
* PURPOSE
5 ' Jl\a\‘ J s’-—Jn
OVER LDX
LDD

SUBD
BCC

ADDD

S7D
JMP
FD8
FD8

ale 3!
. —r ‘—\r~

[ASIN AU RN SS RN NN AU RN N3N SR AN )

65521
START

AR

M6809
LRE
$30

e lo_‘os‘: bJow \ s‘¢ J,.I,J -ﬁ
B

PR d

MDDULAR ADDITION ES
PER=0RM UNSIGNED ADDITION MODULO 65521 *

Jo lc# J4 o wie Whs o a
pre ,,,. so, ‘ , pt' SRR .\'.\r‘~’.~t‘\ PXPL PP LRSI AP

3
< He et

#ADS
s X++
s X4+
SKIP
#65521
SKIP1
#15

» X
OVER
0.

0

0

i als alo nisp va; J l J who wie s u‘—~'o~‘—
EDAP LI SEP LS S+ 3-14 ,-a,s’p—,‘-

\-~‘b-¢‘: lo . o

--as ,.., »,

#SBTN
y X++
y X4+
SKIp2
#65521

» X
OVER1
0

0

l'\4‘~-~ad—b -~‘4\‘J ‘J l-qu-b‘n'J ‘J
t"‘l"'

* MDDULAR ARITHMETIC ROUTINES FDR

'g ¥z ve J:\bdo~o-k~ ~" ($+1
A

'-
PAP (-t

e wie ale alo o J¢J na\‘ds‘ '4
‘\t,\-\f.vr‘! SRIRNTSR

MC6809 MICRDPROC:SSOR

sl e ste she ik ste sl ste e e e e st sle s sl e
LA ARAY (R 3TN,

J‘ \J
pEP as

o vie wio o
Nesgsesk

Jb
J

4d¢J.-lw¢|.vl b‘ﬁ~s:l¢b

MR -~

’L,S WyP

o ws vl wis oty ol Wis o,
. LPAPIPLP LB

o wte J \'4 ‘a.‘ -‘ wlo»‘ "‘\' ale wls wls aly vs wlo Ui als ate whs wls o

INTITIALISE THE INDEX REGISTER
FETCH FIRST OPERAND IN D

ADD SECOND OPERAND

COMPARE SUM WITH 65521

ADD 15 IF SUM EXCEEDS 65521
SAVE RESULTS

— e ~‘¢ e \‘ J, e b sls wls o wlo whs s Wp Wle Wls e wbs aTs s WAe oo s ais
st ste sie sl shestesla st st sle e she s e sk sl sl et e ekl

MODULAR SUBTRACTION i
P:PFORM UNSIGNED SUBTRACTIDN MODULO 65521 -

u oo oz Jig ale o »l; ~ J sos \ o J s J ¢~..'-~u Ve LJ b‘ s Wls ate ale ofs
.“v LR RN o

SRS ,. ~ ERAPARRR1Y

INITIALISE INDEX REGISTER
FETCH MINUEND
SUBTRACT 2ND OPERAND

ADD 65521 IF SUBTRAHEND WAS
GREATER THAN MINUEND
SAVE RESULTS
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FDR 0
ek s ek sie e skl Besieskosiesioddo sl e sle e sl Sl et sleie sl e siesie e sie s sl ik e sie e sl sl sl e sl she sl sle e el sl sl sl e sic
= ROUTINE @ MODULAR MULTIPLICATIDN %
* PURPDSE : PERFORM UNSIGNED 16%16-BIT MULTIPLICATION AND =%
REDUCE THE PRODUCT MODULD 65521 ]
sz et sl el oo skl i e sieleslesieslesitsoisloltkdoloiointok ool koot il iolok okl
OVER1 LDX FMLTR
LDY EMLTN
LBU #PROD1
CLR 0,V CLEAR PROD1
CLR 1,U CLEAR PROD2
LDA 1,X LOAD LS BYTE OF MULTIPLIER
LDB 1,Y LOAD LS BYTE OF MULTIPLICAND
MUL
STD 24U SAVE 16-BIT PRODUCT IN PROD3:PRODS
LDA 09X LOAD MS BYTE QOF MULTIPLIER
LDB 1,y LOAD LS BYTE OF MULTIPLICAND
MUL
ADDD 1,U ADD PREVIOUS PARTIAL PROOUCT
% WHILE MAINTAINING THE SIGNIFICANCE
STD 1,U SAVE IN PROD2:PROD3
8CC SKIP3
INC 0sU INCREMENT PROD1 IF THERE WAS A CARRY
SKIP3 LDA 1,X "LDAD LS BYTE DF MULTIPLIER
LDB O,Y LOAD MS BYTE OF MULTIPLICAND
MUL
apoo 14U ADD PROD2:PROD3
STO i,V SAVE IN PROD2:PROD3
8CC SKIP4
INC 0sU INCREMENT PROD1 IF THERE WAS A CARRY
SKIP4 LDA 0,X LOAD MS BYTE OF MULTIPLIER
LDB GyY LOAD MS BYTE OF MULTIPLICAND
MUL”
ADDD OyU ADD PROD1:PRODZ
STD 04U SAVE IN PPDD1:PRODZ2
Sesiesiesie sieslesie siesie s sieslesfe sjesesle siesie slesiesie steslesie sie e sieslesie sie el siesle el sk gesioleieleosloei e ookl ok solo:
% NOW TH: 32-BIT UNSIGNED PRODUCT IS IN ES
S PRDDl PRDDZ PRODB PROD4 <
é RGUTINE ! REDUCE PRODUCT MODULO 65521 £
% PURPOSE ¢ ROUTINE FOR REDUCING 32-BIT UNSIGNED PRODUCT
] MODULD 65521, BY USING MUL INSTRUCTIDN %
skl sienie sl el st s s sl sie stesle st slesle st e st sl siesde destesisieo e sle sl sl i sl dlesle siesie sl sl sl sl el s e s siesioie sl siele

ESEARARARAS
s
pxd

PCRAPRPEPRPA

LDA
BEQ
LD8
MUL
ADDD

1,U
OMIT
#15

24U

GET PROD2

IGNORE MULTIPLICATION IF PROD2

ADD INTO PROD3:PROD4

0
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BCS

CMPD
BLO
SKIP6 ADDD
SKIPT STD
oMITY LDA
BEQ
SKIPS LDY
CLR
CLR
CLR
LD8
MUL
SKIPA STD
LDA
BEQ
LDB
MUL.
ADDD
BRA
SKIPE LOD-
SKIPD ADDD
BCS
cCMPD
8L0
SKIPB ADDD
SKIPC STD
OMIT1 JMP
MLTR FD8
MLTN FDB
PROD1 FC8
PRODZ FC8
PROD3 FCB
PROD4 FCB
TEMP FDB

END

3*

Rt MR Rt

‘a\‘s‘s b~'"~ Ja
WS

EARAP XA

%. ROUTINE ¢
# PURPGSE :

We we OGS We W WO Ve we We we W

skle sk

ORG
START: LD
LD
ADD
JP
LD

s' ~'¢~ \F nte als vl wie J Ja '
a, (- S5

s ot ;l J l ‘;\ o o
R S& e esiesiase

l-\ e o ..'-0‘
seskolsesens

SKIPs
#65521
SKIPT
#15
24U
05U
oOMIT1
RTEMP
0yY
1,Y
24 Y
#15

0,Y
O,Y
SKIPE
#15

1,Y
SKIPD
1,Y
24U
SKIPB
#65521
SKIPC
#15
2,U
$F564

OO O OCOOO

s J- ;

sesiedtes
‘l‘A ")

e MDDULAR ARITHM:TIC RGUTINES FDR 280 MICROPROCE

"JJ“Jsb Js'slo' J‘o\l.b' s obo s o, wis oo
-~ 3R —.~-,~e,~- <38

~'¢~|¢J \lvc‘nJos iav;»‘c bd tJ e wlo ol l
PP P

‘P 1) , I3n

MODULAR ADOITIDN
PERFORM UNSIGNED ADDITION MODULD 65521

~‘ ‘ J \b o sho ats wbe s hs‘ 5" ~L~ﬁ J J‘J N \‘v%# J- -~ s wlo b wio o Wlo Wis s
K14 pad) SRS SR IS

100H

HL, CADD1)
BCy(ADD2)

HL,8BC

CyOVER]

Ay255

—~¢~l¢ sle ols hw)s's‘\l.bwu'-‘ nJJ ‘ ' e Wy rta o
. —,~ <5

l sis ale als ale Whe o ale we o
ERPXP L EPAPAPEPLPA

slesiesiesiestesiesiesies!
3R3

ADD 15 IF SUM EXCEEDS 65521

GET PROD1
IGNORE MULTIPLICATION IF PRODY = 0

MULTIPLY B8Y 3840 AND ADD IN PROD3:PROD4
(HEX EQUIVALENT QOF 3840 s$0FO0O)
REDUCE PRODUCT BY 3840 MODULO 65521

ADD INTC PROD3:PROD4

ADD 15 IF SUM EXCEEDS 65521

RETURN TQ EXBUG

o 2 \»~., P A 2

Seste sleste st le steste sl sl st e sle sl e ste stesle sle

APASXPALPAS LD LY

Rk R S

;LOAD CONTENTS OF ADD1 IN H:L
s LOAD CONTENTS OF ADD2 IN B:C
;400 8:C TO HIL RESULT IN HSL
+IF CARRY SET GODTO OVERL
sLOAD REG A WITH FF
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“s we

OVER1:

. wlo
SRIISKSR '

(N we w9 wo s we v
'f

KIP:

BACK?:

ZERD:

OVR:

SUBT1:
SuUsT2:
SUBT3:
SUBT4:
RES:

3% RDUTIN: :
% PURPOSE 2

\5— JJ
L 92

A

ce
JP.

LD
ce
JP
JP
LD
ADD
LD
JP

H
NZ,OVER

Ay241

L
Zy0OVER1
NC,DVER
BC,y15
HL,8C
(SUM) yHL
SKIP

DATA FOR PROCESSING

DEFW
DEFW
DEFW

oo
2

,v o ate s ate ale
EP XD LD 294

LD
LD
AND
SB8C
LD
LD
LD
cp
JP
JP
LD
ADD
JP
LD
LD
LD
cp
JP
JP
JP
LD
JP

DATA FOR SUBTRACTION

DEFB
DEFB
DEFB
DEFB
DEFHW

32y '- s'e
™~ 'P l -

MODULAR
PERFORM

o abs ds uis ole \'
PPXPEPEPEP LS LA

0
0
0

s o
pa4 -,‘ r'n o~

HL, (SUBT1)D
DE, (SUBT2)
A

HLsDE

A, (SUBT3)
DyA

Ay (SUBTL)
D

NC,OVR
ZyZ1ERD
BCy65521
HL,3C

OVR

Ay, (SUBT4)
DyA

Ay (SUBT 2D
D

NCyDOVR
Zy0VR
BACK
(RES) »HL
SKIP2

OO0 DO

b'\J‘aJ

seste
l'l b it

~¢J e
n

SUBTRACTION
UNSIGNED SUBTRACTION MODULD 65521 S

~'. aly o ¢~
, SR

s COMPARE WITH REG H
+C=0 WHEN ADH
7C=1 WHEN A<H
32=0 WHEN A=H
sLOAD REG A WITH F1
s COMPARE WITH REG L

yADD 15 TO HIL
3y STGRE RESULT IN SUM

s oo ‘ W2 als ale ats vlo als vIs ls wle WV, Wfs o
AP REPAPSPAPEPLPARAE PAR XSRS LP-+4

bu‘~- asJ 'a‘ ‘

J3333 RS AP AP A

~J"»~l’:wd l‘J'J :J '45“4 J

;LOAD 1ST OPERAND IN H:L

s LOAD 2ND OPERAND IN DIE

yCLEAR CARRY FLAG

s SUBTRACT DIE FROM H:L

+yLOAD REG A WITH LS BYTE

sTRANSFER TO REG D

sLOAD A WITH LS BYTE OF OTHER OPERAND
sCOMPARE REG A & REG D

sIF REG A > REG D GOTO OVR

yIF A=D GOYOD ZERD

sLOAD A WITH MS BYTE

3 TRANSFER TO D

sLOAD A WITH MS BYTE
tCOMPARE REG A & REG D

tSTORE RESULT IN RES
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P2 3o wlesle o s
SEREAI A e e

¥ RDUTINE :
% PURPOSE

wleuls ale sts
RS PAP IR

te wto ats als ats '~‘¢\‘
APAPTDRSL SR DAL

(/) oo we ws ws we wo

>
-
0
rn

e

LD
LD
LD
LD
CaLL
LD
LD
LD
LD
LD
CALL
LD
LD
LD
LD
LD
CALL’
LD
LD
LD
LD
LD
CALL
LD
ADD
JP
LD
LD
ADD
LD
LD
LD
LD
LD
LD
ADD
JP
LD
LD
ADD
LD
LD
LD
LD
LD
LD

SRR ARk

BaK:

BAK1:

3ok
. Je

s X

J¢ Menlents
b

-I-. .

ts 1. \A
4

e \
SRRk

MODULAR MULT
REDUCE 32-8I

—~c~ » i o s te ple s -~¢~l¢-
SRR s s

Ay (MPR1)
HyA
Ay(MPDI)
EyA
MULT
(PROD3>,HL
Ay (MPR2D
Hy A ’
Ay, (MPD2)
EyA
MULT
" (PROD1),HL
Ay (MPR2)
HyA
A, (MPD1)
EyA
MULT
(PRODS), HL
Ay (MPR1)
Hy A
Ay (MPD2)
EyA
MULT
DE,(PRODS)
HL,DE
NC,BAK
Byl
Ay, (PROD2)
A,8B
(PROD2),A
(PRODS)yHL
Ay (PRODA&)
EyA
Ay, (PROD1)D
DyA
HL 4y DE
NC,BAK1
B,y1
A,(PROD2)
A,8
(PROD2),A
(PRODS),HL
AyH
(PROD1), A
A,L
(PRUDA),A

bJ» .»o.w~ :
SRR 7,

L~Io~b
PR

'JoJa J-kwbd sb ‘s ot hJ-JaJ..
-~

n‘oc

IPLICATIUN
T UNSIGNED PRODUCT MUDULD 655

'\.b~-
~ l"’v‘ﬁ ‘

s alo whs Ws uls s wis s wlr vie s Wiy o e Wo
E I PAPAPLP LD AL X PRPAPLIL PSP LD

21 *

sles!
13 EPIP A S

a W sl ol als als sleals iy als o als ats e ofy
PAR P EPEPXPAPLPRPAPAPXP LKLY 2,

sLOAD LS BYTE OF MULTIPLER
sLOAD LS BYTE OF MULTIPLICAND
yCALL SUBROUTINE MULT
yPROD3:PROD4 CONTAIN L3L
sLOAD MS BYTE OF MPR
s LOAD MS BYTE OF MPD
yPROD1:PROD2 CONTAIN
sLOAD LS BYTE OF MPR
sLOAD MS BYTE OF MPD
s PRODS5:PRODS CONTAINS H:L
sLOAD MS BYTE OF MPR

yLOAD LS BYTE OF MPD

;ADD PROD5:PROD6S TO HIL

\hb#bhnss'ss'y' J‘lachJ

skleeskor, sl neiesic

sb ‘r~'-.l
s:,\ A4 ‘l\‘

32-B1IT7 UNS;GNED PRDOUCT NOW TN PROD1: PRDDZ'DRDD3 PRDDA“
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3 Slemesiengsiesiesiiedenesienesieiesio e s ek ook oionsiok Sololoiok dologsiok ook foioieioi ok
s
s CRmEgsiciskaciediengesinesioseieiorcio ok oo ok ok ool ioeioikesioioisineioisik ok
} % NOW TO REDUCE 32-BIT UNSIGNED PRGDUCT MODULO 65521 s
s Sesksecskeciessksiok e ok ioiaiooiosioioiok ook oloiioiiesio ek ook soloiokskoioisio:
’
LD A, (PROD1)D
LD HyA
LD Eyl5
CaLL MULT
LD DE,(PROD3D
ADD HL,DE
JP NC,BAKZ
LD BC,y15
ADD HL,8C +ADD 15 IF CARRY FLAG SET
LD (PROD3),HL
JP BAK3
BAK2: LD (PROD3),HL"
LD Ay255 +LOAD REG A WITH FF
cp H yCOMPARE WITH H
JP NZyBAK3
LD Ay241 yLOAD REG A WITH F1
cp L s COMPARE WITH REG L
JP ZyBAKE
JP NC,BAK3
BAKS: LD 8C,15
ADD HL,8BC sADD 15 IF CARRY FLAG SET
LD (PROD3),HL
BAK3: LD Ay (PROD2)
LD Hy A
LD Ey15
CALL MULT
Lo Ayl +LOAD LS BYTE OF PRODUCT IN A
LD (TMP2),A4 ySTORE IN TMP2
’
H H ALREADY CONTAINS MS BYTE OF PROD1x15
’
LD A,Q
LD (TMP1),A s INITIALISING TMP1=0
LD Ey15
CALL MULT
LD DE, (TMP1)
ADD HL,DE
LD DE, (PROD3)
ADD HL,DE
JP NC,yBAK4
LO BCy15
ADD HL4BC »ADD 15 IF CARRY FLAG SET
JP BAKS5
BAK4: LD (PROD3),HL
LD Ay255 +LOAD REG A WITH S3FF
cP H ;COMPARE WITH H
JP NZ4BAKS5

LD Ay241 yLOAD A WITH $F1
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cp L s COMPARE WITH L

JP Z4BAKT

JP NCyBAKS5
BAKT: LD BCy15

ADD HL,8C $ADD 15 IF CARRY FLAG SET
BAKS: LO (PROD3D,HL

JP 0000H 3 JUMP TO MONITQOR

-

’

3 sesiosieisicioioioiokaeiiok sioloioknoioioioieioioeioio:iyeik ok Sl ookl el ekt siinioiok
s % ROUTINE : MULTIPLICATION

s % PURPOSE : SUBROUTINE FQOR UNSIGNED MULTIPLICATION 3
;o (8 % 8-BIT) %
* e ats wis wls ats vis bJ J J, a~r~4 '~-s J-Ja\b ’\'a\ s ~L ‘o J b.b 4—#- ‘. o Jad l 'J—Ja Yo o) \,44 1o Wl Ve ate ate b she als Wis als oo
I RGO R AR AR AR AR A < 3 skl e S5 2 RARARARI R SRk el
’

M

ULT: LD LsO
LD Dy0
LD B,8

JUMP S ADD HL s HL

JR NC,yNOADD

ADD HL3DE
NOADD: DJUNZ JUMP

RET yRETURN FROM SUBROUTINE
MpD1: DEFB
MpD2: DEFB
MPR1: DEFB
MPR2: DEFB
PROD1: DEFB
PRODZ: DEFB
PROD3: DEFB
PROD4: DEFB
PRODS: DEFB
PRDDé6: DEFB
TMP12 DEFB
TMPZ2: DEFB
END

O OO OO0 OOODDOO O

ate
pxd

b

b

d~\~b ssbJ‘a'J¢ JJJ s o wts 2ie o \lle\-.~ bJ ~A4l4 lo~b~‘a~'ad~l¢~.‘|¢w-"-‘¢ld~h JJoJ
el siane s e e Hesese ek SRk e e i e s e s e slesie HRRTE R
< MDDULAR MULTIPLICATTDN RDUTIN’S OR 502 MICRDPRDCESSDR
:“z‘:s‘ 4 w'c~o J o ate s whe oo wbe \.s % wle o ¢~4si ' il \ b\b b\‘ N s o ofs
¥ ek LA ez el e EARSSAPESS SRR sk < SR A e SRk e ek
Ped

b3

NAM M6502
CRG $1024

W Ve s ale sls Ve ois We Wls ' \. J- 0 ' wlo by ol o Wl
A KPP rd ,~ A REP A PAR

b sls aiz wbs als wis wls ats Wby ‘c o e Qu .A J-J ‘ ~ 2 ahe wte wls whe oty — 'y sle o Yo she vis

P \»pf,«,.u, BTSSR 33 3R geengsiens n,‘ PASADAPAPEPAPAPAP AP P AP p+4

% ROUTINE : MODULAR ADDITION %

3% PURPDSE ! PERFORM UNSIGNED ADDITIDN MUDULO 65521 %
ke o \v\‘ \vb’ o abo be wlo wle Ao ale vl s als als als als l e wlo '-~ o ‘ ; J o als W1y o "-" ' s ,~l o " 'y o o als aby ols W

‘l"\ I AR ‘l‘ 383838 aveS Nt A 'o b l 333383 c‘ MORORA u -~ | o t 3832343, l b l MOAO R l RO ﬂ# AN NSNS A S

START LDX #AD1 LOAD ADRESS OF QOPERAND
cLC CLEAR CARRY FLAG
LDA 1,X LOAD ACCUM WITH LOW ORDER BYTE
ADC 39X ADD WITH CARRY LOW ORDER BYTE
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STA SeX STORE ACCUM IN LOW ORDER BYTE
LDA 04X LOAD ACCUM WITH HIGH ORDER BYTE
ADC 29X ADD WITH CARRY HIGH ORDER BYTE
STA 44X STORE ACCUM IN HIGH ORDER BYTE
BCS OVR
cmp #3$FF COMPARE ACCUM WITH SFF
BNE SUBT1
LDA 54X LOAD LOW ORDER BYTE OF SUM
Cme #3$F COMPARE WITH $F1
BEQ SKIP1
BMI SUBT1
OVR LDA 54X
SKIP1 CcLC
ADC 15
STA 59X
LDA #0
ADC 44X
STA 4y X RESULT STORED IN SUMISUML
SusT1 JMP SUBT
ORG $0023
AD1 FDB 0
ADZ FDB 0
SUM FC8 0
SUMI FCB 0
* RUUTINE : MODULAR SUBTRACTION A
* PURPOSE : PERFDRM UNSIGNED SUBTRACTION MODULD 65521 *
SUBTY BRK SET BREAKPOINT
ORG~ $1024
LDX #SUB
LDA 20
STA CHECK
LDA" 0sX
cmP 29X
BEQ OMIT
BCS JMP
INC CHECK
JMP LDA 14X LOAD LOW ORDER BYTE
JMP1 SEC SET CARRY FLAG
sBC 39X SUBTRACT LOW ORDER BYTE
STA 59X STORE IN SUB1
LDA 0,yX LOAD ACCUM WITH HIGH ORDER OPERAND
SBC 29X SUBTRACT HIGH ORDER DPERAND
STA 4y X STORE ACCUM IN SUB
dRnaseslen e iesioololoe ettt sl leieioioiookoiosioeio kool ok siskoioioioiolot Solkoosioiolokesiesioikolk
% IF CHECK=0 THEN SUBTRAHEND < MINUEND %
% CHFCK'NON ZERD WHEN SUBTRAHEND GREAT‘R THAN MINUEND S
seseesioie oot sesioloi osioon skl el sl sl e e el slok el Rl e s e ek

~ie
P2
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MULT1 JMP
OMIT LDA

OMIT1 LDA

SUB FDOB
SuBl FDB
sSus2 FCB
SUB3 FDB
CHECK FC8

e
pAS

e e -4b- \ ‘sJ
SESRS s

S RDUTIN: :
% PURPOSE @

alo e Wl aty J whe abe als WY,

el

MULTY BRK
ORG
LDX
LDA
STA
LDA
STA
JSR
LDA

STA
LOA
STA
LDA
STA
LDA
STA
JSR
LbaA
STA

CHECK
MULT

54X
#3F1
59X
449X
#$FF
449X
MULT
1,X
39X
OMIT1
JMP1
CHECK
JMP1
#0
449X
54X
MULT
$0023

0
0
0
0
0

'\n\' l\‘ bJ-‘-I

MULTIPLICATIDN
PERFORM

Sl s 3le 3ig 'y Wl wta atb, ot
AP IR I RAPL PSP LR PER AP 2P & rese el s

%1024

#MPLR
8y X
29X
69X
0,yX
SUBRT
44X

164X
39X
15,X
T X
29X
6y X:
0, X
SUBRT
44 X
14, X

b J ' Al she ate 2ls Do ily als afs ads atp o s by J
PP A DA DEPAD) 8

UNSIGNED MULTIPLICATION MODULD 65521
* 16-81I7)

le ste Ao nte als by wls als ale Jc W o - b
AP AP EDRPAPAP NS b2

CLEAR CARRY FLAG

ADD $FFF1 (65521) IS SUBTRAHEND
IS GREATER THAN MINUEND

JR- b

ofs W1y ~'4 Wo als wls als s ofe als uts
SRR CRII ISR AR SR AR

"

'a b
APESEXPLPLPXY -,» ,\ EAPAP Y A )

36 38 36 36

e \ J- wr als als ads wle 2o Vo wbs ule 0's Vo e ale Wls s
PAPARLPEPEP AP AP RXP LR LT L RAPLPRPLED TS £

2R3 '\.—

SET BREAKPOINT

LOAD LS BYTE OF MCND

STORE IN MCND2

LOAD LS BYTE OF MPLR

STORE IN MPLR

JUMP TO SUBROUTINE

PARTIAL PROD FROM SUBRDUTINE IS
STORED IN LOCATION 3:¢

LOCATION 15316 CONTAINS L*L

LOAD HIGH ORDER BYTE QOF MCND
STORE IN MCND2

LOAD ACCUM LS BYTE OF MULTIPLIER
STORE IN MPLR

13:14 CONTAINS PRODUCT OF L=xxH
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LDA
STA
LDA
STA
LDA
STA
JSR
LDA
STA
LDA
STA
LDA
STA

3,X
13,X
84X

25X

54X

04X

SUBRT
4y X

125X
34X

11,X
T X

2,X

LDA 59X
STA 0y X
JSR SUERT
LDA 4y X
STA 10,X
LDA 39X
STA 94X

LOAD LS BYTE OF MND

STORE IN MCND2

LDAD HIGH ORDER BYTE 0OF MPLR
STORE IN MPLR

11212 CONTAIN PRODUCT OF HxL

LOAD MS BYTE OF MCND
STORE IN MCNODZ

LOAD ACCUM WITH MS BYTE OF MULTIPLIER

STORE IN MPLR

9:10 CONTAIN PRODUCT OF

sedse stk e sieesie e il e i sl sl sl sdoskoiesiesie e sieiesioiesiol e de s siesioioiesiok
% LDCATION 9:10411:12,132:14,15216 NOW CONTAIN FOUR %
* PARTIAL PRODUCTS, ADDING UP PARTIAL PRODUCTS *
Sgsesiese s e st sieiesie e e e s e sle i Sle sl sl s e s s s sl e e sle e g ek e sl sesle e e sl sie siesie s e slesiesiesie e e sie
P

cLC CLEAR CARRY FLAG

LDA 144X

ADC 124X

STA 14, X

LDA 135X

ADC 11,X

STA 13,X

LDA #0

ADC 9, X

STA 94X

cLc

LDA 155X

ADC 144X

STA 159X

LDA 13,X

ADC 104X

STA 144X

LDA #0

ADC 94 X

STA 13,X
3%
ste sz stene sle st sle ste e ste sl e sl et sl ste st e sle sie sl sl sl steste st sie e sie e s sleTesiesie sk sle s st sl sl sk il ikl siodokoiokok

DCATION 13:14:15:16 NOW CONTAIN 32 BIT PRODUCT X

siole e sosiesioseksioiokseiolosioieioreioioeiksioiioieiole
s

wle wlv sy ate als alo ale 2lo ale wip als 2l ste whe Vo wls abs 0is afr s Ao als oo ols
EXP AP LS LPEPEPKPRPLPEPLPLPIP COLPA PP LRLPEP LPXP LS

NOW REDUCIN

Ao als Wo ohs nis s
FRIRIICR RN

THE 32-BIT UNSI

~

O

=4
™

e
X

o ate

Ao ale als ale oo wis oo alo Mo wle
ERPEDEPEP LR P EP 1Y

io o st ale sls ols vz g sl ois
RN i<

PARE AP EP AP PR

s als ofs whs als oo ats ois olo ol ols
EPXR TP LPEPXPAPLPLP £P2Y

X

Wy iz als vlo ats Al Ws vio Vs wlo wis ais Wl Wi nte e
ERAPLR P LR RAR S PAPRPLPEP P A

21 *

ol2 vhs als e Vs sbs Wy als s wis dlo e Wy by
PERAPAPLPL AP LD APERLPAPRP LR LD PX

GNED PRODUCT MODULD 65

-

2

»
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LDa 154X
CMP #3FF
BNE  JMPA
LDA 16, X
CMP- #3F1
BEQ JMPS8
BCC JMPA
JMPB cLC
ADC #15
STA 164X
LDA #30
ADC. 154X
STA 13,X
JMPA LA 144X
STA 29X STORE PROD2 IN MCND2
LDA #15
STA 0sX STORE 15 IN MPLR
JSR SUBRT CALL SUBROUTINE
cLC
LDA 16X
ADC 44X
STA 16,X
L.DA 154X
ADC 34X
STA . 154X
B8LC OVvRA
LBA 15,X
CMP #$FF
BNE OVRA
LDA 164X
CMP #3F1
BEQ JMPC
8CC OVRA
JHMPC cLC
ADC #15
STA 164X
LDA #30
ADC 154X
STA 15,X
OVRA LDA #0
STA 174X CLEAR TMP1
STA 18,X CLEAR TMP2
STA 19,X CLEAR TMP3
LDA 13,X
STA 24X STORE PROD1 IN MCND2
LDA #15
STA. 04X STORE 15 IN MPLR
JSR SUBRT
LDA 44X
STA 18,X

LDA 34X
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STA
LDA
STA
JSR
cLC
LDA
ADC
STA
LDA
anc
STA
cLC
LDA
ADC
STA
LDA
ADC
STA
BCS
CMP
BNE
LDA
cMe
BEQ
BLC
JUMPC
LDA
ADC
STA
LDA
ADC
STA

OVER1 BRK

Al
P

als wis wle s wle !44 N
SRSESLSITIIIR

ROUTINE
PURPOSE

atle wha ols ute
PP R ERY

-
.
.
»

SUBRT LDA
STA
STA
STA
LDY
JMP
ASL
ASL
8CC
LDA
ORA
STA
cLC
ROR

OVER

BAK:

wlo ol we iy ote wla
PXPEPED LS EDLP K

29X STORE MS BYTE OF PARTIAL PROD IN MCND2
#15
0yX

SUBRT

44X
19,X
19,X
34X
18, X
18,X

164X
19,X
156,X
15,X
18,X
15,X
JUMPC
#S$FF
OVER1
15,X
#EF1
JUMPC
OVER1

cLC

164X
#15
164X
#0
15,X
154X

b ' "; als ot alo als Wls ol
124 LR AP XY '~

4 Mo abe ale o, Ao who wls ats ale wfa Wie s J
PRS- L) 4\"‘ , p

2 ats e .
AP APd p AP AP -~,p., —,~ PP AP EPA SIS

8 * 8- BIT MULTIPLICATION
PERFORM UNSIGNED MULTIPLICATION USING SHIFTY
AND ADD ALGORITHM

~:~’.\..4 bu‘ d J u
AGe

wis olo wl, z e al, ‘-' J‘w\.\ l ' l. | s ats 2ls l2 ale iy W als abs e als wle sl Us wlo whe e
< .‘ pE S AP XPAPA S A PAPEP AP EPAY 4 CRIPAPIPLP P LIRS

.
R AR RARAR SR A

#0

14X
34X
44X
£8

BAK
14X
24X
BAK
#1

1yX
1,xX

CLEAR MCND1
CLEAR TEMPIL
CLEAR TEMPZ2

SHIFT LEFT MCNDZ

0y X
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BCC BAK1
cLC
LDA 29X LDAD ACCUM WITH MCND2
ADC 44X ADD TEMP2
STA 44X STORE IN TEMP2
LDA 1,X LOAD ACCUM WITH MCND1
ADC 34X ADD TEMP1
STA 3, X STORE IN TEMP1
BAK1 DEY
BEQ ouT
JMP OVER
ouT RTS
ORG $0023 BYTE NUMBER
MPLR FCB 0 0
MCND1 FCB 0 1
MCND2 FC8 0 2
TEMP1 FCB 0 3
TEMP2 FCB 0 4
MPR FD8 0 56
MND FD8B 0 7:8
PROD1 FC8 0 9
PROD2 FCB 0 10
PROD3 FC8 0 11
PROD4 FCB 0 12
PRODS FCB 0 13
PRODG6 FCB 0 14
PRODT FCB 0 15
PRODS FCB 0 16
TMP1 FCB 0 17
TMP2 FC8 0 18
THP3 FCB 0 19
END START
= DIVISIDN ROUTINE rDR THE MC6809 MICQDPRUCESSGR *
sieg e N s ek ook ST e e e e sl e sl e e sk AT e ek
NAM DIVISION
(8 RDUTTN= : MULTIPLICATION / DIVISIUN RUUTINE %
* PUTPDSE ¢ FIRST PRODUCING A 32-BIT PRODUCT OF UNSIGNED
S NUMB3ERS IN MLTN AND MLTR AND THEN DIVIDING S
* BY 65521 TO REDUCE 32-BIT UNSIGNED NUMBER INTO =
% A 16- BIT UNSIGNED NUMBER *
ORG $0000
START LDX #MLTR
LOY #MLTN
LDU #PR0OD1
CLR y U
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CLR 1,U

LDaA 14X GET LS BYTE OF MULTIPLIER

LD8 1,Y GET LS BYTE OF MULTIPLICAND

MUL

$TD 24U SAVE PARTIAL PRODUCT IN PROD3:PROD4

LDA 2 X GET MS BYTE OF MULTIPLIER

LDB 1,Y GET LS BYTE OF MULTIPLICAND

MUL

ADDD 1,U ADD PREVIOUS PARTIAL PRODUCT MAINTAINING

: THE SIGNIFICANCE

$7D 1,U SAVE IN PRODZ2:PROD3

BCC SKIP3

INC 'Y INCREMENT PROD1 IF A CARRY IS GENERATED
SKIP3 LDA 1,X GET LS BYTE OF MULTIPLIER

LDB y Y GET MS BYTE OF MULTIPLICAND

MUL

ADDD 1,U ADD PROD2:PROD3

STD 1,U ’ SAVE IN PROD2:PROD3

BCC SKIP4

INC s U INCREMENT PROD1 IF A CARRY IS GENERATED
SKIP4 LDA » X GET MS BYTE OF MULTIPLIER

LDB Y GET MS BYTE OF MULTIPLICAND

MUL

ADDD yU . ADD PROD1 INTO PARTIAL PRODUCT

STD U SAVE IN PROD1

~'os}.--1 e e b# ~un‘ sa J -rn\a e ‘ .' e ‘-J \P ~a ' Ws‘ sbsb J &“Jﬂ"ﬂ"’n‘aw‘»s’--"J’s‘a*s‘as‘;#a- alo oo
SRR ,\- P Px P24 , S IR », . -3 2, AIRIE SRR X3 PR AP LS LPEP L PLFAPLPEPLPLPESAPHP 1S

* PROD1: PRDDZ PRDDB PR004 NOW CDNTAIN 32 BIT UNSIGNED 3
PRDODUCT OF TWO 16 BIT NUMBERS IN MLTN AND MLTR %

sl ate wie sl who als o0 wlo ste o als ois ~»~v~' alo ate ~|; ‘4 sl " 'a a s 3te o -sl. ' ‘osa l. u;d J \ ate vl o Jcs‘ J«J J4s‘4 s str alo ats vl slo W's W ats
PASARAPF RELEPEPLPAPEPRP LD AP ,. pXP-E824 AP ESRP XY , bxs - » «,n P2 LPARXY :, -,~ SRS ERIISR AR

s‘as;‘\‘4.‘.5‘,\.““\|‘~4~|'“ e ~ wte als e ~‘4\'¢\‘:\'¢~‘:~'»~'.~ ’v ‘ ~‘ \' e Vs -4 l‘J l \* \-ml ~' J " ~—\ ly v 4 J bsb DJ ‘c-ﬁoJ P B D
SRISASISIBRSISICRE , PP L OxS ~—-»,\ EPRP LR LS LS LD 2§14 ,\ 2R3 SERLRE e o PP AP LS .», S

% ROUTINE ¢ DIVISION ROUTINE
* PURPOSE : 32-BIT / 16-BIT UNSIGNED DIVIDE BY 65521
sk DIVISION POUTINE

she she st sie she ale w72 ale oty oty sty oty ale ate i o Yestes sl sk ste stz ste steste e steste sl sl st sle e st e s sl e st sl st sl e sle sl s sie sl s
EEPEP LRI PAPES EPr I SAP PR r PP d e 2 S ste sl sie sieie e sie ! S e s sl e e sl el e s sl sesie sk

ETS
”»

bt A

LDD PROD1
STD DVND2
LDD PRCO3
STD DVND4
LOD #0
STA DVND1 CLEAR DVND1 SEFORE STARTING THE ODIVISION
STO QuUOT1 QUOTIENT IF REQUIRED
LDA #16
STA COUNT
DIVIDE ASL DVNDS5 SHIFT DIVIDEND LEFT 1 BIT
ROL DVND4
ROL DVND3
ROL DVND2 B (MSB OF DIVIDEND)
ROL DVND1
LDA DVND1 CHECK IF AFTER SHIFTING DIVIDEND LEFT ONE
BNE SKIP BIT IS STILL ZERO OR NOT

LDD DVND2
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SKIP

CHECK

COUNT
DVSR1
DVSR2
DVSR3
REM

QUOT1
QuoT2
MLTR -
MLTN

PROD1
PRODZ
PRGD3
PROD4
DVND1
DVNDZ
DVND3
DVND4
DVND5

CMPD
8CS
LDA
SUBA
STA
LDA
SBCA
$TA
LDA
s8Ca
STA
ASL
ROL
INC
DEC
BNE
LDD
STD
JMP
FCB
FCB
FCB
FC8
FCB
FCB
FD8
FDB
FCB
FCB
FCB
FCB
FCB
FCB
FC8
FCB
FC8
FCB
END

DVSR2
CHECK
DVND3
DVSR3
DVND2
DVND2
DVSR2
DVND2
DVND1
DVSR1
DVND1
QUOoT2
QuUOT1
QuoT2
COUNT
DIVIDE
DVND2
REM
$D0283
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

0c

00

IS TRIAL SUBTRACTION SUCCESSFUL?
IF CARRY SET BRANCH TO CHECK

YES, SUBTRACT AND SET 8IT IN QUOTIENT

INCREMENT QUOTIENT
DECREMENT COUNT

STORE REMAINDER, QUOTIENT
JUMP TO MONITOR
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Assembler program source listing for a 15-point WFTA (TMS9900)

FORTRAN program source listing for a 15-point WFTA
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e
>R

s J—J-J—w'— ‘\ 4 \ -‘ sosﬁd wlo als ats wls le WV, ot ' J -\' J J J J b ‘ s ofe ' J \ﬁ Vo ots wly ofs e
—, -‘ )'s’ EPAPLD LD AP PR .‘ , b2 —-—irna,\—p ,s,\ pXY ‘ ,\ | , -p!,\ b2d ». ,« 2D P EPAP P 4

e lS POINT WINDGRAD FOURIER TRANSFORM ALGGRITHM FOR THE %
% MS9900 MICRUDRDCESSDR USING MULTIPLY/DIVIDF INSTRUCTIONS*

© wle nts wte oty b I s e I . by .
sie s stele sleste sl e sie e e sl el e e ste Bt siesleste s et sheshe sl sl st ol st s e sie st s sesie e e sie e slei s sl s sk e siesie sl e sk sk g

o

IDT “WIND15 "

OPTION XREF,SYMT

ADBRG >6000
START LWPI WSP

LI R4y YREG INPUT DATA IN YREG ARRAY

L1 RS XREG XREG ARRAY USED FOR INTERMEDIATE
% COMPUTATICONS

abe
EAY

o, :‘P :‘ ' J J a J ‘owd ~ie o, ~¢J¢~ s“sahd\b\ﬁ ‘ Ja~|4~;<-“d \'4444 ‘Ad Aa J s;v'o '

Mg sk e e e e e ik %3] Rk e NN N e ek ]
% PERFDRM T E INPUT SHUFFLE AND MOVE DATA FROM YR:G INTO &
* XREG *
skeesiesione ez ok doiokosioioioioaoioikioisiaioioksiois:i okoioielooisioesioioiokloi sk ok eleieioiesior
MOV R4,y %R5

Mav 36(R4)432(R5)

MOV 212(R4)y34(R5)

MOV 318(R4),36(R5)

MOV 324(R4),38(R5)

MOV 210(R4)4310(R5)

MOV 216(R4),212(R5)

MOV @22(R4),314(R5)

MOV d28(R4)4216(R5)

MOV 24(R4),a218(R5)

MOV 220(R4)4320(R5)

MOV d26(R4)y222(R5)

MOV ?2(R4) 9224 (R5)

MOV d8(R4),226(R5)

MOV 314(R4),328(R5)D

3t NDN TD PERFGRM THE FIVE 3 POINT PRc NEAVES IN XREG x*
LoOP1 MOV 210(R5),R0 RS CONTAINS ADDRESS OF XEG
MOV @20(R5)yR1
BL JADDSUB

MOV R2,@10(R5)
MOV R3,320(RS5)
Mav #R54R3 :
BL 2ADD

MOV R3yxR5

Mov 312CR5)4R0O
MOV ?22(R5),4R1
BL aADDSUB

MOV R2y212(R3)
MOV R3,y322(R5)
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MOV
BL
MOV

Mav
MOV
BL

MOV
MOV
MOV
BL

MoV

MOV
Mav
BL
MOV
Mav
MOV
BL
MOV

MOV
MOV
BL
MGV
MOV
MOV
BL.
Mov

a,
b
u‘— v ale wis slo 2t oo e " J

-.,. .,‘—‘~.,‘»-.~ ‘.4 ¢,~

= NOW PERFORM

‘ ~-~'—
LR

o ats ats wis ale o ade Ao s aly

slesje sie e e diesiesie e sle e

s

st
L:
MoV
MOV
BL
mMav

MOV

pi
)

MoV
MoV
BL

MOV
MOV
MOV
8L

MOV

Mgy
MoV

d2(R5)4R3
JADD
R3,32(R5)

314(R5)4R0O
A24(R5)yR1
2ADDSUB

R2,214(R5)

R24224(R5)

d4(R5)4R3
IADD
R3434(R5)

316(R5),R0
@26(R5)yR1
AADDSUB
R24316(R5)
R35326(RS)
F6(RS5)yR3
2ADD
R3,2d6(R5D

a18(R5)4R0O
?Z8(R5)4R1
JADDSUB
R2y218(R5)
R3,228(R5)
@8(R5)4R3
2ADD
R3428(RS)

‘4 o ate

Jo ‘- J 'y wlo
PA XY qs DAY

Wt o wls als nls s wts aty sle als Wis 4is ale wls wis wbs ats Wb
PEP XS EPFPEPEP LRI PR R AR EPAPEP LD LS04

R63ZREG
32(R5) RO
28(R5)4R1
Q2ADDSUB
R2ya2(R5)
R3ya6(R6)D

?6(R5) 4RO
34(R5)4R1
dADDSUB
R2y24(R5)
R3,310(R&D
26{R6),R2
JADD
R3,38(R6D

A2(R5) 4RO
24(R5) 4Rl

J
Senasesene ks

e ate e Vo S olo o
SR RSRL S

s wlo oty 2l wle o

e s
P29 s.. ps ,‘—-.P

THREE 5 PDINT PRE-WEAVES ON XREG AND MGVE

\Iolo '.¢~ bsl-l.dJc
MR O

s wte wlo We ots
.\s¢~‘~»s-..
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S
"~

abs
P29

o

BL
Moy
MOV
MOV
BL
Mav

MOV
MOV
8L

MOV
MOV

Mav
MOV
BL

MoV’

Mav
Mov
BL

MOV

MoV
MOV
BL

MOV
Mav

Mov®

BL
MOV

MOV
MoV
BL

MOV
Hay

MOV
Mov
8L

MOV
MOV
MOV
BL

Mov

MOV
MOV
8L

MOV
MOV
Mov
8L

DADDSUB
R2y22(R6E)D
R3434(RS6)
#R5,R3
DADD
R3,%R6

@12(R5)4R0
@218(R5)4R1
2A0DSUB

R25212(R5)
R34318(R6)

216(R5) 4RO
214 (R5)4R1
JADDSUB
R2y314(R5)
R3,322(R6D
?18(R6I4R2
dADD
R3,2320(R6)

?12(R5)4R0
214(R5),4R1
2ADDSUB
R2,314(R6)
R34216(R6)
d10C(RS5)4R3
JADD
R3,212(R6)

322(R5)yR0
228(R5)yR1
2ADDSUB

R29222(R5)
R3,330(R&D

226 (R5)4R0O
224(R5)yR1
2ADDOSUB
R2,224(RS)
R3y234(R6D
?30(R6IyR2
aADD
R3,332(R6)

222(R5) RO
a24(R5),4R1
ZADDSUB
R2y326(R6D
R3,328(R6)
320(R5)4R3
JADD
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Mov

te
.

WJJ ' ~-~| '
Sy

* MULTIPLICATION WITH THE TRANSFURM CGEFFICIENTS.
** ARE TWO SETS OF MULTIPLIER COEFFICIENTS.
x AND THE INVERSE TRANSFORM COEFFICIENTS,
< THE COEFFICIENTS DEPENDS UPON THE VALUE IN THE VARIABLE
IF FWD=0 THE MULTIPLICATION ROUTINE USES FORWARD

« TRANSFORM COEFFICIENTS OTHERWISE INVERSE CCGEFFICIENTS

% FWD.

* ARE USED.

x* IF EXTERNAL HARDWARE MODULAR MULTIPLIER IS TO BE USED

lb.ﬁ\-‘ :~~

R39224(R6)D

seslesiesiesesiene

‘\ Jv l.\l ~‘o

¢sbl l\r

b —J- J ~o b ¢ e e who of
pxd APt P-rd --

THERE
THE FORWARD AND
THE CHOICE OF

te og Szt
e NS S A

L3 e 4 3t 3 3 % ¥

* THEN REPLACE THE CODE FOR MULTIPLY (MPY) AND DIVIDE (DIV):

e BY TH: cQUIVALENT CDDE GIVEN IN FIGUR; (5 6) %
MOV’ dFWD,LR1
JEQ FRWD
LI R7,CDEFR LOAD ADDRESS OF INVERSE TRANSFORM
% COEFFICIENTS
JMP OVER
FRWD LI R7T,COEFF LOAD ADDRESS OF FORWARD TRANSFORM
3 COEFFICIENTS
OVER LI R&4,40 R4 USED AS INDEX FDR ADDRESSING THE
3 IREG AND AS A LOOP CCUNTER
LI R8,65521 LOAD THE DIVISOR IN RS
LGOoP MOV #RT+,4R1 SEQUENTIAL INDEXING INTO THE ARRAY
MOV DZREG(R4I4R2
MPY R14R2
DIV. R8sR2 R3 CONTAINS THE MODULAR PRODUCT
MOV R34,3IREG(RS)
INCT R4
CI R&4,36
JNE LOOP
s PERFORM THREE 5 POINT PQST WEAVE FRUM ZREG %
% INTO XREG %k
Sl sia sl iz sie sle sfe e Sl sie sfe sjesie sl sl sie e she e sie s slesiesie el e e s e siesiesie s daseof e el ok ook
MoV %“R6,4R3
MOV R3,4%R5
MOV D2(RE)4R2
8L 2ADD
MOV R3,32(R6)
Mov A6(R6D,4RO.
MOV 28(R6I4R1
BL aSUB
MOV R3,d6(R&D
MaV a8(R6D4R2
MOV 210(R6D,R3
BL "@dADD
MOV R3,210(R6)
MOV d2(R6) 4RO
MoV 34CR6)HR1
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3

1N
"

BL

Moy
MOV
MoV

MOV

BL

MOV
MOV
MOV
MOV
BL

MaV
Moy

MOV

MOV’

MOv
BL
Mov

MOV

MOV
BL
MOV

MOV’

MOV
8L

MoV

Mov

MOV.

BL

mMov
MOV
MOV

MOV’

BL

Mav
Mov
Mav
MOV
BL

MOV
MOV

MOV
MOV

MoV,

3L
MOV

MOV

MOV
BL

MoV
MOV
MOV

JADDSUB

R2532(R6)D
R3,3d4(R6)
P2(R6I RO
26(R6)4R1

"ZADDSUB

R2y32(R5)
R3y28(RS5)
D4(R6I 4RO
210(R6)I4R1
JADDSUSB

R2434(R5)D
R3,26(R5)

312(R6)I4R3
R34210(R5)
d14C(R6I9R2
dADD
R3,314(R6)
218(R6I,HRO
ad20C(R6I,yR1
asSuB
R3,218(R6D
@20(R6IyR2
322(R6)yR3
aADD
R3,322(R5)D
d14(R6IHRO
A16(R6IyR1
2ADDSUB
R2,214(R6)
R3,216(R6)
D14 (R6)IHRO
218(R6I,4R1
2ADDSUB
R2y212(R5)
R3,218(R5)
316(R6I,RO
222(R6)yR1
PADDSUSB
R2,3214(R5)
R35316(R5)

A24(R6I 4R3I
R3y220(R5)
226(R6)yR2
aADD

R3,226(R6)D
D34(REDyR2
@32(R6I4R3
JADD

R3y234(R6)
?30CR6I RO
a32(R6)JsR1
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8L aSuB

MOV R3,230(R6)
MoV 326(R6IHRO
MOV. 228(R6)J,yR1
8L 2AD0SUB
MoV R2y326(R6)D
MoV R3,328(R6)
MOV d26(R6)I4RO
Mov 230(R6IyR1
BL DADDSUSB
MOV R25322(R5)
MOV R3,228(R5)
Mav 228(R6I 4RO
MOV @34(R6D,HR1
BL 2ADDSUB
Mov R24224(R5)
MOV R3,a226(R5)

*» PERFORM FIVE 3-POINT POST-WEAVE IN XREG

e At ale o wls ats as ol o ale Ws als als Ws le ale whe e Wle 3te Vs le ats ats Ve ale o
< ZQIPAPLPXPRELPLIEPIP L) PEDLPRPEPLPLPS AP

s sle sho alo als ws o ale sfs Als ls sls We als sle sle wis ols o, e Ao Ve of. 1o o als als als als o als ale ws wle ale oo wie wie wle Slr W wia ate
APIPEP EP LD PIRARIP AP Pk PP ox SRS AESRSRSIPRSRSRCRSI SR 2R3 &%

wto wts wistp e ale nto Ws Wiy vl Wls als o

SRR SISISITES LAY EAS L PAP LR LT LRI SRR LR LI TP RPEPE & Py
3

PR

MOV’ RS4R3

MOV D10(R5),4R2
BL 2ADD

MDV R3,210(R5)

MOV~ D2CR5),R3
MOV 312(R5),R2
BL. . 2ADD

MOV R3,312(R5)
MOV~ 84CRS),R3
MOV~ d14(R5),R2
BL 2ADD

MOV R3,314(R5)
MOV 26(R5),R3
MOV @16(R5),R2
BL 240D

MOV. R3,316C(R5)
MOV: @8(R5),R3
MOV 218(R5),R2
BL AADD

MOV~ R3,318(R5)
MOV d10(R5),R0
MOV @20(R5),R1
BL AADDSUB
MOV R2,310(R5)
MOV R3,320(RS5)

MOV 212(R5)4RO
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Az
"

B

MOV
BL

MoV
Mav

MOV
MoV
BL

MOV
Mov

MOV
MOV
BL"

Mav
MOV

Mov-

MOV
BL

MOV
MOV

222(RS)H,yR1
2ADDSUB

R2,312(R5)
R3y222(R5)

d14(R5),R0
324(R5)4R1
2ADDSUB

R2,3d14(R5)
R3,4324(R5)

216(R5),4R0
P26 (RS5I4R1
2ADDSUB

R2,316(R5)
R3,326(R5)

d18(R5),4RO
228(R5),4R1
2ADDSUSB

R2,218(R5)
R3,228(R5)

s, do WL

* FINAL RESULTS IN ZREG

>

s
2y

o
-

at
Pk

Mo vis aleals wls sty wia ols ote
PA R A LRI PEPASLPAY

¥ ROUTINE
PURPQOSE

e
A
»le
-3
ale
R
o
-
s
33

At
<

Mayv
MOV
MOV
MOV

MoV

MOV
Moy
MOV

MOV

MoV
MOV
Mav
MOV
MOV
MOV

B

o wte J:

ARXRAPA

.
.
.
.

wo nie wle o nis Wis wls W whe Wb o alr als ats ale W,
EPR R L PAPEP LD LPLDIPEPLPESA SIS LD

v wts als Whe Wle nls ais 2l Wl als wie
EPEPAP ERAREPEP XL LP DAY

als ols wle
% .o 23

333537,

*RS,*Ré
212(R5),32(R6)
d24(R5),24(R6)
26(R5),26(R6)
218(R5),28(RS)
Z20(R5),210(RE)D
d2C(R5),312(R6)
214(R5),314(R6E)
#26(R5)y316(RED
28(R5),218(R&)D
210CR5),220(R&)D
A22(R5)4322(R&)
d4(R5)ya824(RED

ats ale iy y o
EREPFDLPLP LS 14

. e

o wbs 'z xls ale abe wte ols «ts * als alo wba afrals Wis ol obs ~k Ao wts s wle als 2l als wts o wls ol We ots oy AL Ve Wi Wl Wl ate wls wle als Al ats Wip ols als ate oiy
PAP LS LPAP AP LRI PRAP IS S AP F P PLPEPIPLPEPE PEPEF AP LR LPAPEG LPLP I RAPARLP LS ESLPLPLPAP T PER S PRI PEP X PR S PRSP X4

PERFORM CUTPUT SHUFFLE ON XREG AND STORE THE 3

W als wle wbs she als Vo Wo sl uhs wte e
PP XS CP P F P L1

916(R5),326(R6)D

?28(R5),328(R6)

2>0800 BRANCH TO MONITOR
Fesgsesiesiesesienesisiosionasie e sienesio s ekl sk sk e e siesie sl sl e e sk sl sic ok
ADDSUB %
PERFORM ADDITION AND SUBTRACTION %
MODULO 65521 3
PARAMETERS ARE PASSED TO THE SUBROUTINE %
VIA RO AND R2 AND THE MODULAR SUM AND kS

MODULAR SUBTRACTY RESULTS RETURNED VIA

R2 AND R3 RESPECTIVELY x*
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s wls nls whe ots wls abs Wis oo

ERAPAPLPEPLPEPLPIPLPEPIP LR CRFPEPERED L SFPXPLPEP ISR

Wo wte wis 3l Al wle als Wiy who Al als wls wls oo s wle wls Vo ato i s
SR X PI0ISE 2,

K st
e e e

o ats abs wle 4l wls wis Wi Gl abs ale Vs ale e als Wle ats ote
PR XPAPE S DL 1S

ERESXPAPERIPI PEP I AR TS

o wo wls Wy ol

ate als oty
PRI

abe nie oo
pASAE A

s
-

b Al Vo We ale ols obs

ale 2lo als wls oo o
PEREPAPEP I SR P2 PP XP PRSI EIRAS

wts wly o

W02 2l ate wls W Wls wle als s ats wls ule
AP PASAP LS LR LRI P (P AP AP AP PP LI

353

AP EP AR PR

ROl

SUBROUTINE

als wis aly oo ale e :‘: ale ais als wls sl ol vis oty o

s wio wle vle wis ale ats ale WMy als ols
EARF PAP LR AP EPXPFPADLPISEPRPESES

e wl,

P
pd

aly
P29

XX PLPX

RIS AN

oo why whe ale als als Wls \':

SREFIRGISA

s als ale ale nls
b4

W abe als wls ale oo sle sir wis vie At oy
SIS ARSI 5832

Meslave Be

SRORSRSICAII S

b2d

o wle wbe we abe als aly wls ol wle

PRI AP KDL PRP1S

Yo e ste als ols
LD A1 14

3

SAVE CONTENTS OF R1

R1,yR2
ROy4R2
PLUS

MoV

A

ADDSUB

als

R2+R0O
ADD 15 IF A CARRY IS GENERATED

OTHERWISE COMPARE WITH 65521

R2=

ADD 65521 IF SUBTRAHEND > MINUEND

COMPARE IF SUBTRAHEND > MINUEND
RETURN FROM SUBROUTINE

ADD 15 IF SUM > 65521

R3=R3-R1

R2465521
SUB
RO,4R3
R1,4R3
R1,4R0
R3,y65521

R2415
FIN

Mov-
S

JaocC
C

Cr.
JL
AT
JL
AT
RT

PLUS
SuUB
FIN

e

SRR

s als ato oo vis ale Ws als

.
ERLR PP EERY

SRR XS8R Y

SRIRSR IR OR 35

-

EARER RS XY

s wle als shr ate Vo Ws ol als at2 whe s Sl 8o ohs Wio Wl ats Vs ate Wb e
IR < <

e s
PRS-

PAPXS LD EPEPLPESAS

W Wt vis wls als wisale als wle by
~ pxd

$33

0

o alo nls als oJs o
S o &y

ADD

e
ISR

ROUTINE
PURPOSE

o als als

ate

PAPAR RS AP AR LT EPEY

wia ate s 3le aty

I 3% 3

b
-*»

PERFORM ADDITION MODULD 65521

THE

s
"~

PARAMETERS ARE PASSED 70 THE SUBROUTINE

0
o
°R

P
3

VIA R2 AND R3 AND THE MODULAR SUM IS

RETURNED IN R3

s
o~

ae,
D

Aty
o

WS

o als ols ol :‘; 3

AR EP LR LR LD EPLPAP XS DAY

RPAPS P £t 1 4

wle Wls Wo wts Wls Wy aie whs whe Wl Vo als als als sle s wls Wiy
L r e pd

LRy PLD4

'y wlo aly wir Wlo ale Whs ole aty ol oty
SREISASISR N ASR

als 8,
3338

Nt

o wlo whe
SRR

s ie 3o sy to
PRPRAIIRAR TSR ARSI SIIR AR SR

s
4

.‘: sle ats ale ale vt

s als ale als Wy
PEPEPLPARAL LR

g uis
"~

Ve
¢

R2+R3
ADD 15 IF A CARRY IS GENERATED

R3=
COMPARE

A

ADD

WITH 65521
SUBROUTINE

ADD 15 IF SUM > 65521

RETURN FROM

R2,4R3
PLUSI
R3,65521
TAG
R3,15

JoC
CI
JL

Al
RTY

PLUS1
TAG

-~
s

e

SRS SIS

.

s als whe Al wis Wl Wla ws e oy als s Wis ls als Ws Wl wle s Wlo o1s als wis Wl ate
KPS PAPAPCPAPEPLDEPEP L PP S PELLR

o wio W0
XPEPAPE L

te ste sle of
I3828%

et sl e Yoo

oo

e aie Ao w1s iz wls vie 2l wle wls wis ats e e Woais ole
PSP LPLPLPL DA ) P14

PEPEP-EPAPEPIPEPLSLP LP-X

e ate wls Wie Wlo

PN T
S5 R

FORWARD TRANSFORM CODEFFICIENTS

R
P24

[N

e ot

o als ats wle Ae ste

PASAPADED I PR LR R P LS LRI S LRAP LR LD D P LR R TSR RS

Vs sl sl aly sty als 2le wbs Ws als she 4l s als vie Ws by wls wie atp wte ale Wi
pX P29 <

PRSP Y

wio iz os vis oo ale o,
Py

EARES AR CP LRSS XD

2R

s wle wir wis als wie wis als We o
P9

e wts e o ale v,
PAREP AP LR LAY

o,
a2

1,16379,13376
19136,18005,48647
3275948192,45457

DATA

COEFF

36817,5753,25311
160874529032,8748
23174454361541465

DATA
DATA
DATA
DATA
DATA

ale
R

N
SRl

o

s Wiy o wte Ve
pX P-4 924

e ot

PEOAP L SAPAPXPLPLPLPEDEP LR LD LD P 1S

e oo ot :‘: 32 ate she sle Wiy sloals ols ale ale ols oty
"

als vl ot
SRECSRCISR

PR )d

s by ale st ve ato W 2ls s Wl wta

PARAPI SLPEP LD LDED L1 2

s ale by iy
SReieR

als ot
PPty

INVERSE TRANSFORM COSFFICIENTS

o~

o wlo als als vlg als als vls oty ats ale
PAPEPESA XS 1 S

PR P-AY

wla ale
RXPE

o,

e

o~

pre

e ate

sle e sl o
SASS SRR SR

o Wy

pr s

L Wls als ols oty
S SRS AN SR

s

Ao e wis Vo als wlo wle ote wls wts Wl o,
PAOEP S SLPLRIP RS

e
PR KO X - 934

EXPARPARL AP AP LD A

NN

P9 XP-£9

e abo Wis o 2ls Wl wis ale Vo \': Vo ale aly Vs wis als Ss e wbs wls wts e wie 4l als Wis b W AU Ve e o Vs ats
PAS RS AP PAPEPLPAPE PRSP AP g

EARE P AP LPAPAS

61153,5460,18364

46T73420640,456493
6552457331,37975

28122,34561,24521

DATA
DATA
DATA
DATA

COEFR

oo
PR
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DATA 29504,28641,12521
DATA 5913,24748,21938

WSP BSS 32 WORKSPACE AREA
YREG' BSS 30 '

XREG BSS 30

IREG BSS 36

LIM BSS 2

FWD BSS 2

LAST END START

O 0
:v::‘::": P;“: \:k '/ '4J4\'0J L-' ﬁt::asu LJ bJ \' ‘n '. b’l ~: b *:ﬁ‘\b s ~ ":: JF:. '_.u. ~h J- . l‘>: oo ‘4 ' : _.::::z::*s‘:: :: e

PROGRAM FOR 15-POINT WINOGRAD FOURIER TRANSFORM ®
S ALGORITHM (WFTA) %

Wo e wlo ats ale oty b ats wloaty 4\'.\ J 4-J bw‘ -~l W als ats W oo WSu als We whe als wls ale Ao Vs e vl e W e Wls Do Vo W sle we vhe wis ste B wle
siesiesiesie et sheslesiesienindle s e shesiesiesiesiesiedieslosie e sleslesie sk e sle e e e e e ok e sheslk sk sie e e sl e sl sle sl e

CYRKYR

PAPEPLDRPLPX

OO OO0OOOOOOOO0O0

IMPLICIT REAL%8(CA - H,0 - 1D

DIMENSION X(15), Y(15), COEF(18), Z(18)y OUT(15), COEFR(18)
INTEGER IRF(15), IRFI(C15)

REAL=8 MODO

INPUT SHUFFLE VECTORS CALCULATED USING CHINESE REMAINDER
THEOREM (CRTD>. SEE SECTION 4.2.1.

OO0

DATA IRF /0y 3y 6y 9y 124 5y 8y 11y 14y 25 10y 13, 1, 4y 7/
FRD = 0.0

QUTPUT SHUFFLE VECTORS CALCULATED USING CRT

OO0

DATA IRFI /0y 6y 12y 34 9y 104 1y 7y 134 44 5, 11, 2, 8, 14/

FORWARD TRANSFORM COEFFICIENTS

OO0

DATA COEF s1.00, 16379.D0y 13376.D0, 19136.D0, 13005.D0,

1 48647.D0y 32759.D00, 8192.00, 45457.D0, 36817.00, 5752.00,
2 25311.D0, 16087.00, 29032.00, 8748.D0, 23174.00, 43615.D0,
3 1465.00/

INVERSE. TRANSFORM COEFFICIENTS

aNeNe]

DATA COEFR /61153.D00y 5460.00, 18364.D0y 46773.D0, 20640.00,

1 5493,D0, 6552.D00, 57331.D0y 37975.,00, 28122.D0, 34561.00,
2 24521.00, 29504.00, 28641.D0, 12521.D0y 5913.D0, 24748.00,
3 21938.00/

READ INPUT DATA ARRAY IN ARRAY Y. PERFORM INPUT
SHUFFLE "AND REARRANGE DATA INTO X ARRAY

OO O
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C READ VA
READ (5

CALL T7I

laNeNel

CaLt T1I

SO0

0O 10 I
10 X(I) =

PERFORM

OO0

DD 20 I
T =M
xXco
XC10
X(s5 +
20 CONTINU

PERFORM
MOVE TH

aNeNeNeal

J =1
0D 30 I
IND =
S1
S2°
S3
S4
S5
Sé
S7
S8
FAED)
1(J +
1¢J +
¢4 +
I(Jd +
-+
J
U

LI T © T T T I T N I 1

20J
. J. =
30 CONTIN

IF FRD =
TRANSFOR
MULTIPLI

OO0

IF (FRD

DO 40 I
40 2(1) =

Gd 70 7
50 DG 601

LUES IN FREE FORMAT
2%) (Y(I)yI=1,15)
ME ROUTINE TO MEASURE CPU TIME USED

MECO, -1

PERFORM INPUT SHUFFLE FROM ARRAY Y INTQO ARRAY X

= 1, 15
YCIRF(CI) + 1D

FIVE 3-POINT PRE-WEAVE

= 1, 5
0DOCX(5 + I) + X(10 + I))
= MODOCXCIDY + T
+ I) = MODDCX(5 + I) - X(C10 + I

I =7

E

THREE 5-POINT PRE-WEAVE

E DATA INTO ARRAY Z

=1,3

5 %:(I - 1)
MODOCXCIND + 2) + XCIND + 5))
MODOCXCIND + 2) - X(IND + 5))
MODOCXCIND + 4) + X(IND + 3))
MODOCXCIND + 4) - XCIND + 3))

MODOCS1 + S3)
MODO(CS1 $3)
MODO(S2 + S4)
MODOCSS + XCIND + 1))

= s8
1) = §5
2) = S6
3) = S2
4) = S7
5) = S4
+ 6

E

0 PERFORM MODULAR MULTIPLICATIONS WITH FORWARD
M COEFFICIENTS, OTHERWISE PERFORM MODULAR
CATIONS WITH THE INVERSE TRANSFORM COEFFICIENTS

«£Q. 1.D00) GO TO 50
= 1’ 18
MODOCZ(ID*COEFCID)
0.

= 1, 18
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60 Z(I) = MODOCZCID*COEFR(ID)
70 J = 1

MODULAR MULTIPLICATIONS COMPLETE.
NOW PERFORM THREE 5-POINT POST-WEAVES AND MOVE THE
DATA INTO ARRAY X

OO

po g0 I =1, 3
IND 5 % (I - 1)
S9 = MODOCZ(J) + I(J + 1))
S1¢0 MDDOCS9 + Z(CJ + 2))
S11 MODO(S9 = ZICJ + 2))
S12 MODOCZ(J 3) - ICJd + 4
S13 MODOCZ(CJ 4) + 2(J + 5))
Si4 M0DQCS10 S12)
S15 MODO(CS10 S12
S1é MODO(S11 S13)
S17 MODD(S11 - S13)
XCIND + 1D ¢
XCIND 2) S14
XCIND 3) Si¢
XCIND 4) S17
XCIND 5) S15
J = J 6
80 CONTINUE

i
+ 1+ + o+

+ 4+ + + +

PERFORM FIVE 3-POINT POST-WEAVE
DATA STILL IN ARRAY X

OO0

D0 90 I = 1, 5
T = MODDCXCI) + X(5 + I))
T2 = MODOCT + X(10 + ID)
X¢10 + I)> = MODOCT - X(10 + I))
X¢Cs5 + 1) = T2
90 CONTINUE

PERFDORM OUTPUT SHUFFLE AND MOVE DATA INTO ARRAY 0OUT

oA o0

‘DO 100 I = 1,:15
: QUTCIRFICI) + 1) = x(ID
100 CONTINUE

CALL TIME ROUTINE. AND PRINT CPU SEC

OO0

CALL TIMEC15, -1, CPU)
WRITE OUT THE RESULTS

PRINT INPUT ARRAY

aNeNeNeNel

WRITE (65110) (Y(I)yI=1,15)
110 FORMAT (° “, 5F10.2)
WRITE (6,120)
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C PRINT TRANSFORMED VALUES

120 FORMAT. (C* *y /7D

WRITE (65130) (OUT(I)yI=1,15)
130 FORMAT (° °y 5F10.2D

STOP

END

THIS FUNCTiON PERFORMS ARITHEMETIC MOD 65521

OO0

DOUBLE PRECISION FUNCTION MODOCF)
REAL:x8 F, MOD

MOD = 65521.D0

IF (F «LT. 0.0D0) GO 7O 10

MODO = DMOD(F,MOD)

GO 70 20
10 MODO = MOD - DMOD(-FyMOD)
20 RETURN

END
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. FORTH program source listing for a 60-point WFTA (TMS9900)
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C TO FIND CURRENT WORKING BASE ) HEX
: MG1 STRING $ HEX & SAY  : MG2 STRING $ DECIMAL $ SAY
: MG3 STRING ¢ OCTAL $ SAY ;3 ¢ MG4 STRING $ BINARY $ SAY
¢ MSG CRLF STRING ¢ CURRENT BASE IS ¢ SAY BASE 1 -

.
.

]

’

DUpP F = IF MG1 DROP ELSE DUP 9 = IF MG2 DROP ELSE 7

HEX
¢ FOR
: .y, DUP
FF

( F

PRT 0 C
CNT

S
¢ THIS
FORWA

IF MG3 ELSE MG4 THEN THEN THEN CRLF
ERASE 07 SEND 18 SEND 28 SEND 1S
PRINTING HEX BYTES >
8 RIGHT DUP 10 < IF ° 0 ° SEND THE

OR PRINTING ARRAYS > 0 INTEGER CNT

.
?

N

.
1

08 SEND
AND DUP 10 < IF ° 0 “ SEND THEN , 08 SEND 3

NT ! LIMITS DO I @ 45 2 SPACES CNT 2 1 +
1. CNT @ 8 = IF CRLF 0 CNT ! THEN 2 +L00P CRLF ;

PROGRAM PERFORMS WINGGRAD LENGTH 60
RD AND INVERSE TRANSFORM )

(¢ INPUT ARRAY IS Y AND THE RESULT OF TRANSFORM

IS AL

SO STORED IN ARRAY Y )

C COMMANDS FOR PERFORMING FORWARD TRANSFORM
NVERSE TRANSFORMS ARE “FRD” AND °REV”®

AND I
RESPE
¢ MESAG

DECIMAL
0 INTEG
0 INTEG
0 INTEG
0 INTEG
0 INTEG
144 ARR

CTIVELY)D

CRLF CRLF STRING $ INPUT AND OUTPUT ARRAY IS Y $ SAY
CRLF STRING $ TYPE °FRD” FOR FORWARD TRANSFORM $ SAY
CRLF STRING $ & TYPE ‘REV® FOR INVERSE TRANSFORM

$ SAY CRLF 3

ER SO0 0 INTEGER S1 0 INTEGER S2
ER S4 0 INTEGER S5 0 INTEGER T1
ER T3 O INTEGER T4 0 INTEGER 75
ER TM1 O INTEGER TM2Z 0 INTEGER TM3
ER THM

AY FCOEF 144 ARRAY RCOEF 120 ARRAY

120 ARRAY RF 120 ARRAY RFI
S0 ! 23511 4521 6 S3 1 884! 10 S5

SINT 0

INTZ O

1CHG TM
™

¢ INPUT SHUFFLE VECTORS )

S
0 72
30 102
20 92

10 82

TMO 1 2 TM ! 4 TM1 I 6 TM2 ' B TM3

0 @ 10 + TMO ! TM @ 10 + TH | TM1 2 10 + TM1

(== o= 3 vo B =]

X

INTEGER
INTEGER
INTEGER
INTEGER

S3
T2
T™MO
TM4

144 ARRAY Y

10

TH4

.
?

2 2 10 + TM2 ! TM3 3@ 10 + TM3 | TM4 2@ 10 + TMé !
2CHG SO @ 12 + SO ! S1 & 12 + S1 ' 82 @ 12 + S2
' 1'S3 @12 + S3 ! 5S4 @ 12 + S4 1 S5 a 12 + S5

RF FILL

24 96 48 90 42 114 66 18 60
54 6 T8 80 32 104 56 8 50
44 116 68 110 62 14 86 38 40
34 106 58 100 52 4 16 28 10

12
2
112
22

84
74
64
94

36
26
16
46

108
98
88

118
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( QUTPUT SHUFFLE VECTORS )

0 24
90 114
100 4
110 14

HR)

48
18
28
38

72 96
42 66
52 176
62 86

30 54
40 64
10 34
20 44

RFI FILL

78 102
88 112

é
15

58 82 106
68 92 116

( COEFFICIENTS FOR FORWARD TRANSFORM )

FCOEF FILL
1 16379
1 16379
1 16379
41224 139391
32759 8192
32759 8192
32759 8192
3685 11774
49434 36489
436434 36489
49434 36489
33074 56939

$S

( COEFFICIENTS

RCOEF FILL
64429 1365
64429 1365
64429 1365

3681 11779
1638 30713
1638 30713
1638 30713
27239 15092
58145 9220
58145 9220
58145 9220
50784 2041

$S

( MODULAR ADDITION )
CODE MDD 1 POP 2 PGP 0 1 0 2 A FNC IF ELSE F 1 AI

13376
13376
13376
53009
45457
45457
45457
18768
56773
56773
56773

32

FOR INVERSE TRANSFORM

4591

4591

4591
30785
25874
25874
25874
52104
13250
13250
13250
30577

64390
64390
64390
26608
34457
34457
34457
25609
45080
45080
45080

5797

9847

9847

9847
35388
17990
17990
17990
12439
44432
46432
44432
40308

HEX

45385
46385
456385
10376
2B704
28704
28704
49957
23174
23174
23174
28796

4687
4687
46817
4541
25730
25730
25730
25349
50619
50619
50619
60673

48647
48647
48647
22681
25311
25311
25311
64260
64056
64056
64056
17202

50514
50514
50514
64807
55271
55271
55271

1071
27276
27276
27276
45578

60
70
80
50

84
94
104
T4

THEN FFF1 1 CI FH IF F 1 AI 1 PUSH ELSE
1 PUSH THEN RETURN

( MODULAR MULTIPLICATION )
CODE D/ 7 POP 5 POP FFF1 4 LI 5 0 7 MPY

( MODULAR SUBTRACTION )
CODE SBT 2 POP 1 POP 0 3 0 1 MOV 01 02 S0 203C¢C
FLT IF FFF1 1 AI 1 PUSH ELSE 1 PUSH THEN RETURN

5 0 4 DIV 6 PUSH RETURN
( REG4 CONTAINS DIVISOR D

108
118

93

12
22
32

36
46
56
25
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( MODULAR HARDWARE MULTPLIER )
HEX CODE CREG 0 7 CLR 0 8 CLR 0 9 CLR RETURN
CODE ALOAD 3FF2 2 LI 3FF4 3 LI 3FF6 4 LI RETURN :
CODE CALC 0 81 2 MOV 0 9 1 3 MOV 1 4 0 7 MOV 7 PUSH RETURN
HRY

( 3 POINT TRANSFORM INPUT > DECIMAL
¢ 3AD 40 0 DO I 40 + X + 3@ I 80 +# X + @ OVER OVER MDO I
40 + Y + 1 SBT I 80 + Y + | 2 +L0O0OP
¢ 3DAD 40 0 DD I 40 + Y + 2 I X + 2 MOD I Y +

{2 +L0O0OP
I3PT 3AD ‘3DAD

se

( 4 PDINT TRANSFORM INPUT )

41AD 10 O DO I Y + & I 20 + Y + @ MDD I X + | 2 +L00DP ;

42AD 10 9 DO I 10 + Y + 3 1 30 + Y + 2 OVER OVER MDD
T.1¢0 + X + !} SBT I 30 + X + | 2 +LOCP ;3

42SB 10 0 DO I.Y + 3 I 20 + Y + 2 SBT I 20 + X + 1 2
+L0gP

$ 43AD 10 0 DD I X + 2 T 10 + X + 2 MDD TM I T X+ 2 I 10 +
X + @ SBT I 10 + X + 1 TM 3 I X + | 2 +L00P 3

se

)
: 44AD 10 0 DD I 40 + Y 4+ 2 I 60 + Y + 3@ OVER OVER MDD
I 40 + X + 1 SBT I 60 + X + 1 2 +L0O0OP 3
¢ 45AD 10 0 DD I 50 + Y + 2 I 70 + Y 4+ @ OVER OVER MDD
I 50 +# X+ 1 SBT I 70+ X + ! 2 +L0O0P ;
P 4BAD 10 0 DO T 40 + X + 2 I 50 + X + 2 MDD TM 1 I 40 + X +
3 I 50+ X + @ SBT IS0+ X+ 1 TM 3 I 40 + X + 1 2 +L00P
P 49AD 10 0 DO I 80 + Y + 2 I 100 + Y + 3 OVER OVER MDD
I 80 + X + ! SBT I 100 + X -+ 1 2 +L0OGP 3
! 4AAD 10 0 DO I 90 + Y + @ I 110 + Y + 3 DVER OVER MDD
I.90 + X + 1 SBT I 110 + X + ! 2 +L00P ;
: 4DAD 10 0 DO I 80 + X + 3 I 90 + X + 3 MDD TM ! I 80 + +

X
2 I.90 +«+ X 4+ 39 S8BT I 90 + X + 1 TM 2 I 80 + X + ! 2 +LOOP
I4PT 41AD 42AD 4258 43AD 44A0 45AD 48AD 49AD 4AAD 4DAD

:S .
C MULTIPLICATION WITH COEFFICIENTS )
0 INTEGER FLAG

¢+ FMULT 144 0 DO I FCOEF + 2 I Y + 3 D/ I Y + 1 2 +L0O0OP 3
¢ RMULT 144 0 DO I RCOEF + 2 I Y + @2 D/ I Y + | 2 +L00P
¢ MULT FLAG @ 0 = IF FMULT ELSE RMULT THEN 3

( 5 POINT TRANSFORM INPUT >
I15PT TM 2.X + @ TM3 2 X + 2 OVER OVER MDD S1 2 Y + !
SBT "S5 3 Y + 1 3
I25PT TM1. @ X + @ TM2 @ X + @ MDD S2 2 Y + ! TM2 3 X
+ 2 TM1- 3@ X + 2 SBT S4 3 Y + | 3
¢ I35PT S1 3 Y + @ S2 @ Y + @ OVER OVER MDD S1 @ Y + !
SBT S2 2 Y + ! TMO @ X + @ S1 @2 Y + @ MDD SO a Y + | 3
I45PT S5 @2 Y + 2 S4 @ Y + 3 MDD S3 a Y + t
ISPT INTZ SINT 24 0 DO I15PT I25PT I35PT I45PT 2CHG
1CHG 2 +L00P 3
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( 5 POINT TRANSFORM CQUTPUT.)
FVPT SO @.Y + 2 DUP S1 2 Y + @ MDD T1 !
1FVPT S3 2 Y d S5 a2 Y + 2 MDD T35 I 3
2FVPT S3 2 Y a S4 2 Y + @ SBT 73 |
3FVPT T1 2 S2 @ Y + 2 OVER QOVER MDD 72 ! SBT 74 | 3
4FVPT T2 @2 T3 @ DOVER OVER MDD T™M @ X + ! S8BT

T™M3 & X + 1 3
SFVPT T4 2 T5 3 OVER OVER MDD TM1 @ X + | S8BT

TM2 @ X + 13
O5PT INTZ SINT 24 0 DO FVPT 1FVPT 2FVPT 3FVPT

4FVPT S5FVPT 2CHG 1CHG 2 +L00OP

TMO @ X + 1 3

+
+

e 98 *0 es Be

[

HRY
( 4 PDINT POINT TRANSFDRM QUTPUT )
401 10 0 DD I X+ 2 I Y + ! 2 +LDOP
14D 10 0 DD I 20 + X + 2 I 30 + X +
MDD I 10 + Y + 1 SBT I 30 + Y +
+ Y + 1 2 + LOOP 3
402 10 0 DD I 40 + X + 2 1 40 + Y + 1 2 +L0OOP ;
24D 10 0 DO I 60 + X + 2 I 70 + X + @ OVER QOVER MDD I
50 + Y + ! SBT I 70 + Y + ! I 50 + X + 3160+ Y+ 1 2
+ LOOP -
403 10 0 DD I 80 + X + 2 I 80 + Y + ! 2 +L0O0OP ;
34D 10 0 DO I 100 +# X + @ I 110 + X + 3 OVER DVER MDD I
90 + Y + ! SBT I 110 + Y + 1 I 80 + X + @
I 100 + Y + 1 2 + LOQP ;
¢ 04PT 401 14D 402 240 403 34D

OVER OVER
I 10 + X + 3 I 20

- ) we

'S v
( 3 PODINT TRANSFORM QUTPUT. )
$ D3PT 40 0 DD I Y + 2 1 40 + Y + 2 MDD
I 80 + Y + 2 DVER DVER MDD I 40 + X + ! SB8T I 80
+ X + 1 I.Y + 31 X + 1 2 +L00P ;
( INPUT RE-ORDERING VECTOR RF )
¢ ICRD 120 O DO I RF + 23 Y + @ I X + ' 2 +L00P ;
( BUTPUT RE-ORDERING VECTODR RFI )
O0ORD 120 0 DO I X + @2 I RFI + @2 Y + | 2 +L00P ;
TRANSFORM I0RD I3PT I4PT ISPT MULT 0O5PT
04PT 0O3PT OORD Y PRT 3
REV 1 FLAG ! TRANSFORM ; C
FRD Q0 FLAG ! TRANSFORM' 3}
MESAG CRLF X EMPTY Y EMPTY MSG

e és
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Assembler program source listings for the slave microprocessors
(1 to 18)

Assembler program source listing for the master microprocessor

Assembler program source listing for a 15-point WFTA (MC6809)



FLOW DIAGRAM FOR SLAVES

READ

i —>1 INPUT e
| LATCHES

SET
FLAG=0

SET
FLAG=!

15-POINT

TRANSFORM
"I WFTA '

SAVE
TRANSFORMED TRANSFORME D

VALUES . | VALUES WHEN
- l SEM=0 )

REARRANGE
DATA

l

INVERSE
15-POINT

TRANSFORM
WFTA

WRITE
RESULTS IN

OUTPUT
LATCHES

l i?

MULTIPLY
WITH




Append

L
"™

3

G

YRR VRV Y
3 %

s
"W

QuUTPUT
STATUS
T6

T2
INPUT
Ré
R2
SEM

e
X

BEGIN

START

FRD

s

+*

OVER

SKP12

ix-D

NAM

ale s 2ls ols wis ale ats als su ale als abs als W als als wlo ale W Wle Wie ahs Vs wle oTs Als 310 wbe Wlo ATr whs ale o wbs wls s wie Ao ohe s W vhe Vo uhs Bl als o,
PARAPAPLPL L PERXP AP EEERPLR AP LP IR APLPRP LR A LS TR AP AP X AP EE-EPAI-LP LT P LR LPURED DL P> EAP P

PP P (P 2Y

e
a

ORG
NOP
ORCC
LOU
CLRA
STA
LDA
BEQ
LDA
STA
LDY
LDX
LDA
STAY
SYNC
CLRA
STA
LDD
BRA
LDY
LDX

68091

~o\,‘-wJ4~l:~‘4sbJas‘n te Jo
SRIR SRS

o
P APE AP LY SRR

$FE00

#%01010
#PROD1

FLAG
SEM
FRD

#1
FLAG
#MCND
#MLTFR
#1
STATUS

STATUS
INPUT
OVER
4MCND
#MLTRR

SYNC.

LOD

SAVE

SYNC

SYNC
ADDD
BCS’

CMPD:

BLO
ADDD

R6
SKP12
#65521
SKP13
#15

PROCESSOR NUMBER 1

3¢ e sje esie sfesie sle e sk A sesje st sie sesiesie st e el e e fesiete ok ks
DUTPUT COMMUNICATION LATCH
STATUS LATCH
TRANSHMIT DATA TO PROCESSOR NO 6
TJRANSMIT DATA TO PROCESSOR NO 2
INPUT COMMUNICATION LATCH
RECEIVE DATA FROM.-PRQCESSOR NO 6
RECEIVE DATA FROM PROCESSOR NO 2

000

SET FLAG=0 IF SEM=0

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1
WAIT: FOR OTHER PROCESSORS

READ INPUT LATCH.

"WAIT FOR OTHER PROCESSORS

ADD DATA RECEIVED FROM 6

e

79

* MODULAR ADDITION
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SKP13

SKP14

SKP15

SKP16

SKP19

SKpP20
SKP21

o
2

SYNC
SYNC
SYNC
ADDD
BCS

CMPD
BLO

ADDD

STD
CLR
CLR
LDA"

LDB -

MUL
STD
LDA
LDB
MUL
ADDD
STD -
BCC
INC
LDA
LDB"
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD

LbA
LDB
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LOX
CLR
CLR
CLR
LD8
MUL
STD

RZ
SKP14
#65521
SKP15
#15

MCND

y U
1,U
1,X
1,Y

2yU
» X
1,7

1,U
1,4
SKP16

25U
SKP20
#65521
SKP21
#15
24U

s U
BTEMP

» X
15X
29X
#15

9 X

WAIT FOR OTHER PROCESSORS

WAIT FOR DATA FROM 2
ADD DATA RECIEVED FROM 2

"MODULAR ADDITION

I 3 A

STORE RESULT IN MCND

% MODULAR MULTIPLICATION
% WITH. TRANSFORM COEFFICIENTS

3¢ 3E 30 3

<

R I I T ST

Iy
"

e
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SKP22
SkP23

CONV

IF
IF

4
n

KR VRR TS
3¢ 3E 3R 3E aE SF 2 3

y
4

MULT

LDA
LDB
MUL
"ADDD
ADDD
BCS
CMPD.
BLO
ADDD
SYNC

STD

SYNC
SYNC
SYNC
STD

SYNC
SYNC

STD
LDA
CMPA
BEQ
CHMPA
BEQ
LDD
STD
LBRA
LDD
STD
LBRA

CHECK FLAG

s X
#15

1,X
2yU
SKP22
#65521
SKP23
#15

T2

Té

SAVE
FLAG
#1
MULT
#2
CONV
SAVE
RES
8EGIN
SAVE
guTPUT
BEGIN

KR T T T A

3¢ $F

WAIT FOR CTHER PROCESSORS TO
COMPLETE THE MULTIPLCATION
SEND DATA TO 2

WAIT

"WATIT

WAIT
SEND DATA T0 6
WAIT
WAIT

SAVE RESULT
CHECK FLAG

WRITE RESULT IN OUTPUT LATCH

FLAG=0 PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FDRWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

INC
LDX
LDY
CLR
CLR
LOA
LDB
MUL
$TD
LDA
LD8
MUL
AQDD
STO
BCC

FLAG
#SAVE
#RES
yU
1,y
1,X
1,Y

24U
o X
1,Y

1,U
1,U
LOP16

PERFORM MULTIPLICATION OF
THE TWO TRANSFORMED VALUES

* MOOULAR MULTIPLICATION
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- INC s U B
LOP16 LDA 1,X s
LDB s Y s
MUL sk
ADDD 1,U w1
STD 1,U %
BCC LOP19 S
INC ' U b3
LOP19 LDa s X %
LDB s Y %
MUL N
ADDD s U 3
STD s U %'
LDa 1,U ook
LDB #15 3
MUL x®
ADDD 2,U st
gCS LOP20 *
CMPD #65521 : S
8L0 LopP21 =
LOP20 ADDD #15 E
LopP21 STD 2,4 %
%
LDA U %
LDX $TEMP %
CLR s X =
CLR 14X bAoA
CLR 29X %
LD8 #15 3
MUL S
STD o X %
LDA s X b
LDB #15 X
MuL” S
ADDD 1,X %
ADDD 2,U . 3
BCS LOP22 *
CMPD #65521 3
BLO LQopP23 %
LorP22 ADDD #1565 ]
LOP23 STD SAVE SAVE RESULT
3N
Sje 3 siesfe sl sl e siooiz sje sfesiesie sfesig e sl sk sl e sje sfe e ke sl slesle e sfesie sl sie die sje sl sl slesieafe e sl e e siesie e st et deslesiesiesk %
RESHUFFLING THE DATA BEFORE PERFORMING THE %
% INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH b
THE EXISTING COMMUNICATION LATCHES %

a 3, U FUAN) U .. !, U . A o,
sikeme e ieiedesiosia e sieles sesie e siesioe it se oo siesie slestesie sl sie sie e sle el e fe i e e sk e sl sl e e e sfesie e s e stk

Y2
3¢

.
3¢

SYNC
SYNC
SYNC

SYNC
LB3RA NEXT PERFORM INVERSE TRANSFORM
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e
-

MLTFR FDB
MLTRR FDB

ORG
MCND- FD8
PROD1 FC8
PROD2 FCB
PROD3 FCB
PROD4 FC8
TEMP FCB
TEMP1 FCB8
TEMP3 FC8
SAVE FDB
FLAG FCB
RES FDB

ORG
STRT EQU

END

NAM

s
“te ls o o
P24 AR

e deo

R R
R

>R

QUTPUT  EQU
STATUS EQU

T7 EQU
T5 EQU
T3 EQU
T1 EQU
INPUT EQU
RT. EQU
R5 EQU
R3 EQU
R1 EQU-
SEM ‘ EQU
ORG
‘NOP
OrRCC
LDU
BEGIN CLRA.
STA
LDA
BEQ
START LDA
STA”
FRO LDY
. LDX
LDA

STA

DO OO O OODDODOD

s \‘r\'ad‘ b\'o-' ~A4 ‘4 ' sb s by whe o s by wio ale als io o s o
A P-Re P94 .\-, SR RSN SR AR IL 5 i) px

61153

$0000

$0400
$0402-
$0403

C SSDR NUMBER 2

o o I-J J,J .Ls-s‘v 'oJ J‘*"’J-s‘nu’o s vio e vis o o%2 o o o oty e o
~ EP AP APEP 2 PAS P EDXSED LD LS XSS PLP DD D P KPS 2

FORWARD TRANSFORM COEFFICIENT

INVERSE TRANSFORM COEFFICIENT

e ate Wy Ao o, -
12 e oo ¥e sfesie sl et skesie slesfe e sl sleslanle

CUTPUT COMMUNICATION LATCH
STATUS LATCH
TRANSMIT LATA TO PROCESSOR

by wbo ols wis J s JqJ-n‘:Jas'-JaJ,s'aJ-» aly o als ofe !
SRR ASAICR S 2,

TRANSMIT DATA
TRANSMIT: DATA
TRANSMIT CATA

$0405
$0407"
$0409

T0 PROCESSOR
TO PROCESSOR
TO PROCESSOR

= W~

$0410
$0412
$0414
$0416
$0418
$0414

$F800

#%01010000
EPROD1

FLAG
SEM
FRD
#1
FLAG
#MCND
#MLTFR
#1
STATUS

INPUT COMMUNICATION LATCH

RECEIVE DATA FROM PROCESSOR 7
RECEIVE DATA FROM PROCESSOR S
RECEIVE DATA FROM PROCESSOR 3
RECEIVE DATA FROM PROCESSOR 1

SET FLAG=0 IF SEM=0
SET FLAG=1 IF SEM=1

SET STATUS LATCH=1
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SYNC WAIT FOR GTHER PROCESSORS
CLRA
STA STATUS SET STATUS LATCH=0
LOD INPUT READ INPUT LATCH'
BRA" OVER

NEXT LDY #MCND
LDX ¥MLTRR
SYNC WAIT FOR OTHER PROCESSORS
LDD SAVE

QVER SYNC WAIT
SYNC WAIT FOR DATA FROM PROCESSOR 7
ADDD R7 ADD DATA FROM PROCESSOR 7
BCS SKP12 x
CMPD #65521 22 MODULAR ADDITION
BLO SKP13" %

SKP12 ADDD #15 %k

SKP13 STO TS TRANSMIT DATA TO PROCESSOR 5
SYNC WAIT
ADDD R5 ADD DATA FROM PROCESSOR 5
BCS  SKP1ls4 %
CMPD. #65521 % MODULAR ADDITION
BLO SKP15 2

SKP14 ADDD %15 %

SKP15 STD T3 TRANSMIT CATA TO PROCESSOR 3
SYNC WAIT FOR DATA FROM PROCESSOR 3
ADDD R2 ADD DATA .FROM PROCESSOR 3
8CS SKP16 X

CMPD #65521
BLO SKP17

3¢ 3%

"MODULAR ADDITION

SKP16 ADDD #15 b
SKP17 STD T1 TRANSMIT DATA TO PROCESSOR 1
SYNC WAIT:
STD MCND SAVE RESULT IN MCND
CLR ,U 5
CLR 1,U S
L DA 15X % MODULAR MULTIPLICATION
LD8 1,Y % WITH TRANSFORM COEFFICIENTS
MUL %
STD 2,V x
LDA s X %
LDB 1,Y e
MUL. %
ADDD 1,U *
STD. 1,0 Xk’
BCC SKP18 *
INC ' U s
SKP18 LDaA- 1,X %
LDB s Y 3
MUL x
ADDD 1,U S
STD 1,V %
BCC SKP21 i’

INC U ®
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SKP21

o
pre

SKP22
SKP23

"SKP24
SKP25

.SKP26
SKP27

SKP28
SKP29

LDA
LOB
MUL
ADDD
STD-

LDA
LDB

.MUL

ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LOX
CLR
CLR
CLR
LDB
MUL
STD
LDA
LDB

MUL.

ADDD
ADDD
BCS

CMPD
BLO

ADDD
SYNC

SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
ADDD
BCS
CMPD
BLD

s X
y Y

s U
s U

1,V
#15

24U

SKP22

#65521
SKP23
#15
25U

U~
#TEMP
s X
14X
29X
#15

s X
s X
#15

1,X%
25U

"SKP24

#65521
SKP25
#15

R1
SKP2é6
#65521
SKP27
#15

T3

R3
SKp28
#65521
SKP29
#15

T5

R5
SKP30
#65521
SKP31

36 3% 3 3 3%

R
”»

2
*

.
3+

R T T S ol gl + 1S

> s,
3 S

3+

PR Tt T S ST S 7

¢ 3t dE SF 3¢

"WAIT FOR OTHER PROCESSQORS 710

COMPLETE MULTIPLICATION
WAIT FOR DATA FROM PROCESSOR
ADD DATA FROM PROCESSOR 1-

3
psd

"% MODULAR MULTIPLICATION

5

e

TRANSMIT DATA TO PROCESSOR 3
WAIT FOR.DATA FROM PROCESSOR’
ADD DATA. FROM PROCESSOR 3

% MODULAR ADDITION

s
e

e

TRANSMIT DATA 7O PROCESSOR 5
WAIT FOR DATA - FROM PROCESSOR
ADD DATA FROM PROCESSOR 5

pxy

% MODULAR ADDITION

L
pd
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SKP30 ADDD

SKP31 STD
SYNC
SYNC
STD
% CHECK®FLAG

3638 de 3t 3 3%

LDA
cMpaA
BEQ
CMPA
BEQ
LDD
STD
LBRA
CONV LDOD
STD
LBRA

MULT INC
L DX
LDY
LOP15 CLR
CLR
LDA
LDB
MUL
STD
LDA
LD8
MUL
ADDD
STD
BCC
-INC
LOP16 LDA
LDB
MUL
ADDD
STD
8CC
INC
L8P19 LDA
' LDB
MUL®
ADDD
STD

#15
T7

SAVE

FLAG
#1
MULT
#2
CONY
SAVE
RES
BEGIN
SAVE
QUTPUT
BEGIN

FLAG
#SAVE
#RES
U
1,U
14X
1Y

25U
s X

1,Y

1,U
1,U°
LOP16
s U
1,X
' Y

1,U
1,U
LOP19
s U
s X
2y

s U
U

b

TRANSMIT DATA TO PROCESSOR 7

SAVE RESULT

IF FLAG=0 PERFORM FORWARD TRANSFORM QOF FIRST SEQUENCE

IF FLAG=1 PERFORM: FORWARD TRANSFORM DOF SECOND SEQUENCE
AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

IF FLAG=2 PERFORM INVERSE TRANSFDORM OF THE PRODUCT OF THE
.THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

WRITE RESULT IN OUTPUT LATCH

PERFORM MULTIPLICATION OF THE THWO
TRANSFORMED VALUES

MODULAR MULTIPLICATION

2% 2
& 9 3 3

(Y

& 4 3t

PR R B R O O T o 1

5 3¢

3t

W s
3¢ 3¢
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LDA” 1,U 3
£ D08 #15 %
MUL. 5%
ADDD 2,U 3
BCS LOP20 e
CMPD #65521 b
BLO LOP21. %
LorP20 ADDD #15 ¥
‘LgpP21 STD 29U e
LDA y U %
LDX ETEMP %
CLR s X %
CLR 1,X x
CLR 29X =
LDB #15 3
MUL %
STD s X T
LDA s X k-
LDB #15 %
MUL %
ADDD 14X %
A0DD 2,U sk
8CS LoP22 %,
CMPD #65521 SR
BLO LOP23 3
LUPZZ ADDD #15 *:

c‘:* *’:‘"':’:‘,’*::::,‘::‘/,:;' R:J s ol x: ~:4>:¢-l= als ! :“ :‘lo\kJ—MoJaJ-n‘g‘p;";“. \' ‘a-l 4.:". '-;4".~- b" .l :“; J:.‘a&%-ﬂos‘odax‘c#a b4 "

% RESHUFFLING THE DATA BEFORE PERFORMING THE
* INVERSE TRANSFDRM., THE DATA IS EXCHANGED THROUGH
% THE EXISTING COMMUNICATION LATCHES

- - W, U <ts
sl sl vl sieaieoste sestene siesie sl e sl sl sl sl v st e sle sl sie sl sle s sl st vie sie sl sk e et sk sl e st sl st e e sleslesiestesie ik

3% ﬁé R

4“

LopP23 STD T3 TRANSMIT DATA TO. PROCESSOR 3
SYNC WAIT FOR CATA FROM PROCESSOR 3
LDD e3 READ DATA AND
STD TS5 , TRANSMIT T0O PROCESSOR 5
SYNC WAIT
SYNC A WAIT
SYNC WAIT
LDD R3 ' RECEIVE DATA FROM PROCESSOR 3
STD SAVE ' SAVE  DATA IN SAVE
LBRA NEXT
e
MLTFR FOR 16379 FORWARD TRANSFORM COEFFICIENT
MLTRR, FD3 5460 INVERSE TRANSFORM COEFFICIENT
ORG $0000
.MCND FDB 0:
PROD1 FCB 0
PROD2Z FCB 0
PROD3 FCB- 0



Append

PROD4
TEMP
TEMP1
TEMP3
SAVE
FLAG"
-RES

28

STRT

P
"~
. wts
A
e
L

als
P23

'y
R

ouTPUT
STATUS
T8

T4

T2
INPUT
R8

R&

R2

SEM

BEGIN

e
R

OVER

ix-D

FCB
FCB
FCB
FCB
FD8
FCB
F08

ORG
EQU
END

NAM

e als J als ot
PARED PN

DODODOO0

SFFFE
$F800
BEGIN:

68093

2 slg 31 e plg sle de afe e she sk ste e st ste sk ofe ahe afe we wle sle sk e sle vle vl ofe e e Sl ste sl 3ig e e 8!
38383338 RSP R AR

o o wte
"‘\"l“‘c":’i SRR

e
25

MesteteseNedesie ek
SRRIZRBISAIIIAIIIACIZSR

EQU
EQU’
EQU
EQU
EQU
EQU’
EQU
EQU
EQU
EQU

ORG
NQP

ORCC.

LDU
CLRA
STA
LDA
BEQ
"LDA
STA
“LDY
LDX
LDA
STA

SYNC

CLRA
5TA
LDD
BRA
LDY
LDX

SYNC-

LDD

SYNC

$0400
$0402
$0403 -
$0405
$0407
30410
$0412
$0414
$0416
$0418

$F800

#%201010000
#PROD1

"FLAG
SEM”
FRD
#1
FLAG
#MCND
#¥MLTFR
#1
STATUS

STATUS
INPUT
OVER
#MCND
#MLTRR

SAVE

PROCESSOR NUMBER 3 ‘ 5

o wis wis afs -b\l u‘a\t e ale whs wle D*J J4~ 4:- ~;J ' ste <l ate '4 ’ s ate als wlo ate
SRS AP EP Pt

PPy

3¢
’w

LR R R SRR R AR

prp-e EP LR D1 r i

QUTPUT COMMUMNICATION LATCH
STATUS LATCH

TRANSMIT DATA TO PROCESSOR 8
TRANSMIT DATA TO PROCESSOR 4
TRANSMIT DATA TO PROCESSOR 2
INPUT COMMUNICATION LATCH
RECEIVE DATA FROM PROCESSOR 8
RECEIVE DATA FROM PROCESSOR ¢4
RECEIVE DATA FROM PROCESSOR 2

SET FLAG=0 IF SEM=0

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1
WAIT FOR OTHER PROCESSORS’

SET STATUS LATCH=0
READ INPUT LATCH

WAIT

WAIT.
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SKP12
SKP13

SKP14

SKP15

SKP16

SKP18

SKP21

3k

SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
ADDD
BCS
CMPD
8L0
ADDD
STD
SYNC
STD

. LDD

SuUBD
BCC

ADDD
SYNC

$TD
CLR
CLR
LDA
LDB
MUL
STD

LDA

LOB
MUL
ADDOD
STD
BCC
INC
LDA
LOB
MUL
AQDD
STD
BCC
INC’
LDA
LDB:
MUL
ADDD
STD

LDA
LDB
MUL.
ADDD
BCS

RS
SKP12
£65521
SKP13
#15

T4

R4
SKP14
#65521
SKP15
15

T2

SAVE
R2
SAVE
SKP1$§
#65521

MCND

s U
1,0
1,X
1Y

2yU
9 X
1,Y

1,U
1,U
SKP18
' U
1,X

Y

1,U
1,V
SKe21.

s U

9 X

' Y

s U
s U

WAIT FOR DATA FROM PROCESSOR 8
ADD DATA FROM PROCESSOR 8

3
2

** MODULAR ADDITION

o
s

TRANSMIT DATA TO PROCESSOR 4

"WAIT DATA FROM PROCESSOR 4

ADD DATA FROM PRQOCESSOR 4

% MODULAR ADDITION

TRANSMIT DATA TO PROCESSOR 2
WAIT FOR DATA FROM PROCESSOR 2

N

% MODULAR SUBTRACTION

pre

WAIT.

8 3%

MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

3t

I3

A I

KYRRETS
3 38

3%

£

3¢ S

“ X 2% D% N,
e b 4F Jb 3%

.
3

3 3% I 3%

kS B
Rty

3¢

20 a0 s
(O S
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SKP22
SKP23

e
R

SKP24

SkP25-

SKP26

SKP28
SKP29

% IF
% IF

* IF

CMPD
BLO
ADDD
STD

LDA
LDX

CLR
CLR
CLR
LDB
MUL
STD
LDA
LDB
MUL
ADDD
ADDD
BCS
CMPD
BLOD
ADDD
SYNC

SYNC:

"STD
SYNC
STD
LDD
SUBD
8CC
ADDD
STD
SYNC
ADDD
BCS
CMPD
BLO.
ADDD

- STD
SYNC
SYNC

STC

CHECK FLAG

#65521
SKP23
15
24U

s U

#TEMP

» X
1,X
29X
#15

s X
2 X
#15

1.X
25U
SKP24
#65521
SKP25
#15

T2

SAVE
R2
SAVE
SKpP26-

#65521

T4

R4
SKp2§8

#65521"

SKP29
#15
T8

SAVE

WAIT FOR OTHER PROCESSORS'TO
COMPLETE MULTIPLICATION

TRANSMIT DATA TO PROCESSOR 2

"WAIT FOR DATA FROM PROCESSGR 2

% MODULAR SUBTRACTION
TRANSMIT OATA TO PROCESSOR 4
WAIT FOR DATA FROM PROCESSOR 4
ADD DATA FROM PROCESSODR 4

% MODULAR ADDITIGN

e
ped

TRANSMIT DATA TO PROCESSOR 8
WAIT
WAIT

SAVE RESULT

FLAG=0 PERFDRM FORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
THE TWO TRANSFORMS ANDO STORE RESULT IN THE QUTPUT LATCH

LDA
-CMPA

FLAG
#1
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CONV

MULT

LOP15S

LOP16

"LOP19

Lep20
LopP21

sie
R

BEQ
CMPA
BEQ
LDD
STD
LBRA
LDD
STD
LBRA

INC
LDX
LDY
CLR
CLR
LDA
LOSB
MUL
STD
LDA
LDB
MUL

ADDD-

STD
8CC
INC

"LDA

LDB
MUL
ADDD
STD
BCC.
INC
LDA
LDB
MUL”
ADDD
STD

LOA
LDB
MUL
ADODD
BCS
CHMPD
BLO
ADDD
STO

LDA
LDX
CLR
CLR
CLR

MULY
#2
CONV
SAVE
RES
BEGIN
SAVE
ouTeuT
BEGIN

FLAG
#SAVE
#RES
s U
1,U
1,X
1,Y

25U
2 X
1,Y

1,U
1,U
LOP1S
s U
1,X
'Y

1,U
1,U
LoP19

1,U
#15

25U
LOP2O
#65521
LopP21
#15
25U

s U
¥TEMP

s X
14X
24X

WRITE RESULT IN OUTPUT LATCH

PERFORM MULTIPLICATION OF THE
THE TWO TRANSFORMED SEQUENCES

s

MODULAR MULTIPLICATION

e 3F 3k I 3%

EYS
”

T T S 1

3

3 3 3

. s "
3 3¢ 3T 3¢ 3t 3%

36 3% 3¢ 2%
O T [

PR R VR,
3¢ 3 3 2

24

(1)

e
bt e
b

R
e
"~

4
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LDB #15 %
MUL %
STD s X S
LDA » X %
LDB #15 %
MUL sk
ADDD 15X e
ADDD 29U %
BCS Lgp22 &
CMPD  #65521 %
‘ BLD Lop23 %
LOP22 ADDD #15 %
S A AR AR A A S R R T A R S R
] RESHUFFLING THE DATA BEFORE PERFORMING THE 3
% INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH X
3x  THE EXISTING COMMUNICATION LATCHES "3k
::::‘,:u:- ‘ ':4 L3 "I“"“Jl,‘ J \‘ ‘ 5‘ \Mt\\‘a\a ‘ s« ‘—Jos‘ \4\0:#':4 ~ ::"‘ ::;J :tﬁ :I J ~'o~k\-s"=~§o Jﬁ*;:::\'::‘,::k;’o:‘,::\::‘-**;‘:::a*
.LOP23 STD T2 . TRANSMIT CATA TO PROCESSOR 2
SYNC WAIT FOR 0ATA FROM PROCESSOR 2
LGD RZ- RECEICE DATA FROM PROCESSOR 2
STD SAVE SAVE DATA
SYNC WAIT
SYNC WAIT FOR DATA FROM PRDCESSOR 4
LDD R& RECECIVE DATA FROM PRQOCESSOR 4
STO- T2 TRANSMIT CATA TO PROCESSOR 2
"SYNC
LBRA NEXT.
MLTFER FDB 13376 FORWARD TRANSFORM COEFFICIENT
SMLTRR FDB- 18364 INVERSE TRANSFORM COEFFICIENT
ORG $0000
MCND . FDB 0
PROD1 FCB 0
PRODZ FCB 0
PROD3 FCB 0
PROD4 FCRB 0
TEMP FC8 0
TEMP1 FCB 0
TEMP3 FCB 0
SAVE FDB 0
FLAG FCB 0
RES FDB 0

.~

- ORG $FFFE"
STRT EQU $F300
END 8EGIN

als

.

J,
e

o s &t ot 3,
b sieesieesesieskiesisloiiok skl ookl ool ikl Seiesiokol ielololalosioisiok siloleik ook kool Roler

sk s PROCEZSSOR NUMBER 4
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e
a8

ate
Pk

guTPUT
STATUS
T9

T3

T16
INPUT
R9

R3

R16
SEM

e
R

BEGIN

START

FRD

NEXT:

OVER

SKP12
SKP13

SKP14

3

Seslese

Vo ool
2

Aa'als wle dls s Wty Jo e -': ol oty

0
el
APLPXP IR AP LPEPLPLPXPEP RSP PA

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU’
EQU
EQU

ORG
NQOP
ORrRCC
Loy
CLRA
STA
LDA
BEQ
LDA
STA
LDY
L.DX
L DA
STA
SYNC
CLRA
STA
L DD
BRA
LDY
LOX

SYNC-

LDD

SYNC
SYNC
ADDD
BCS
CHMPD
BLO
ADDD
STD
SYNC

SUBD

BCC
ADDD
STOD
SYNC
SYNC

STD

$0400
$0402
$0403
$0405
$0407
$0410
$0412
50414
30416

. 50418

$F800

#%01010000
¥PROD1

FLAG
SEM
FRD

#1
FLAG
#MCND
#MLTFR
#1
STATUS

STATUS
INPUT
OVER
#MCND
EMLTRR

SAVE

RS
SKP12
#65521
SKP13
#15

T3

R3 :
SKP14
¥65521
T156

MCND

s % o wlo ote tio wle oo s 332 aTs oo als ale Wls wie ol alp afe sle Wle s W ate Wlo o Whs 4is sl vis ols s
AR XRAP L PP S PP IPLPLPEP DI PLPLP-> PRPL DL P-£4 PX P12 P £

2
¢
3e

PASLSADY S 1P 4

DUTPUT COMMUNICATION LATCH
STATUS LATCH

TRANSMIT DATA TO PROCESSOR 9
TRANSMIT DATA TO PROCESSOR 3
TRANSMIT DATA TO PROCESSOR 1
INPUT COMMUNICATION LATCH
RECEIVE DATA FROM PROCESSOR 9
RECEIVE DATA FROM PROCESSOR 3
RECEIVE DATA FROM PROCESSOR 15

6

"SET FLAG=0 IF SEM=0

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1
WAIT FOR OTHER PROCESSORS

SET STATUS LATCH=0
READ INPUT LATCH

WAIT FOR DATA FROM PROCESSDR 9
ADD DATA FROM PROCESSOR 9

* MODULAR ADDITION

o
3R

o

TRANSMIT DATA TO PROCESSOR 3
WAIT FOR DATA FROM PROCESSOR 3
% MODULAR SUBTRACTION

X
"~

TRANSMIT CATA 7D PROCESSOR 16

RIS
"
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SKP16

SKP19

A Y
3¢

SKP20
SKP21

SKpP22
SKP23

CLR
CLR
LDA
LDB
MUL
STD
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LOB
MUL
ADDD
STD

LDA
LD8
UL
ADDD
8CS
CMPD
BLQ
ADDD
STD

LDA
L DX
CLR"
CLR
CLR
LDB
MUL
STD
LDA
L0B
MUL.
ADDD
ADDD
8CS

CMPD-

BLO
ADDD
SYNC

2sU
SKP20
#65521
SKP21
#15
24U

2 U
#TEMP

s X
1,X
29X
#15

s X
s X
#15

1y X
25U
SKP22
#65521
SKp23
#15

MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

3¢ 36 3¢

36 3¢ 3t 3%

R

e 3%

e 3% 3% 38 3 3¢ 3F 3¢ 3 9 3%

>
(33

3¢ 3F 3¢ 3k

YRR

"

bt

3¢ 3F 36 3¢ 3 2 3F 36 3F 3F S St

o
pd

WAIT FOR OTHER PROCESSORS TO

17
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Ry
ey

SKP24
SKP25

SKP26

SYNC
ADDD
BCS
CMPD
ELO
ADDD
SYNC
STOD
SYNC
STD
LDD
susD
BCC
ADDD
STD
SYNC
SYNC
STD

* CHECK FLAG
FLAG=0 PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE

FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE
AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

% IF
% IF

CONV

e
>

MULT

LOP1S

R1s
SKP24
#65521
SKP25
#15

T3

SAVE
R3
SAVE
SKP2é
#65521
T9

SAVE

COMPLETEZ MULTIPLICATION
WAIT . FOR DATA FROM PROCESSOR 16
ADD DATA FROM PROCESSGOR 16

%! MODULAR ADDITION

e
~

e
¥

TRANSMIT DATA TO PROCESSOR 3
WAIT FOR DATA FROM PROCESSOR 3

* MODULAR SUBTRACTION

e
PA
o
’~

e
>~

TRANSMIT DATA TO PROCESSOR 9

SAVE RESULT

‘FLAG=2 PERFCRM INVERSE TRANSFORM OF THE PRODUCT OF THE

THE TWO TRANSFORMS AND STORE RESULT 'IN THE QUTPUT LATCH

LDA
CMPA
BEQ
CMPA
BEQ
LDD
STD

LBRA.

LOD
STD
LBRA

INC
LDX
LDY
CLR
CLR
LDA
LDB
MUL
STD
LDA
LD8
MUL
ADDD
STD
BCC

FLAG
#1
MULT
#2
CONY
SAVE
RES

BEGIN-

SAVE

QUTPUT

BEGIN

FLAG
#SAVE
#RES
o U
1,0
1,X
1Y

29U
y» X
1,Y

1,U
1,U
LOP16

WRITE RESULT IN OUTPUT LATCH

PERFORM MULTIPLICATION OF THE
TWG TRANSFORMED SEQUENCES

% MODULAR MULTIPLICATION

3t

L
"

it 3¢
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INC s U % o
LOP16 LDA 1,X b
LOB s Y -
MUL S
ADDD i1,u %
STD 1,U b3
8CC LOP19 o
INC s U ]
LOP1S LDA" s X %
LpB - s Y b
MUL p
ADDD s U 3
STD s U %
LDA 1,U i
LDB #15 %
MUL %
ADDD 24U X
BCS LOP29. s
CMPD #65521 b
B8LO Loprp21 %
LOP20 ADDD #15s %
LOP21 STD 25U *
LD4a s U 5t
LDX #TEMP %
CLR- 9 X %
CLR 1,X b
CLR 29X b
LDB #15 s
MUL S
STD s X 5
LDA" s X W
LD8: #1565 W
MUL X
ADDD 15X %
ADDD 25U *
B8CS LOP22 <
CMPD #65521 X
BLO Lgp23 3
LogP22 ADDD #1585 ES
* R:SHUFFLING THL DATA B-FDRL PERFDRNIVG THE S
x "INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH %
* THE EXISTING CUMMUNICATIDN LATCHCS %
3
LOP23 SYNC-
SYNC WAIT FOR DOATA FROM PROCESSOR 3
STD T3 ADD DATA FROM PROCESSOR 3
LDD R16 RECEIVE DATA FROM PROCESSOR 16
STD SAVE SAVE RESULT

"SYNC
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SYNC
LBRA NEXT
MLTFR FOB 48547. FORWARD TRANSFORM COEFFICIENT
MLTRR FDB 5493 INVERSE TRANSFORM COEFFICIENT
ORG -$0000
MCND FDA3 0.
PROD1 FCB 0
"PROD2 FCB 0
PROD3 FCB 0 .
PROD4 FCB8 0
TEMP FCB 0
TEMP1 FCB 0
TEMP3 FCB 0
SAVE FDB 0
FLAG FCB 0.
RES FDB 0
ORG $FFFE
STRT EQu $F800
END BEGIN
NAM 68095
% % PRDCESSDR NUMBER 5 %
b 312 3¢ e S sle sl e vl siesle e e iz e e e Sesie e sfe siesie sfesieoslesje e sie e st sl sie sl sje sl sie e sfe e e sig e sfesfesieog slesfesie e sie slesfe e e e slesle slesle s
QuUTPUT EQU $0400 QUTPUT COMMUNICATION LATCH
STATUS EQU $0402 STATUS LATCH
T10 EQU $0403 TRANSMIT DATA TO PROCESSOR 10
T2 EQU $0405 TRANSMIT DATA TO PROCESSOR 2
T1l6 EQU $0407 TRANSMIT. DATA TO PRODOCESSOR 16
INPUT EQU $0410 INPUT COMMUNICATION LATCH
R10 EQU- $0412 RECEIVE DATA FRDM PROCESSOR 10
RZ EQuU’ $0414 RECEIVE DATA FROM PROCESSOR 2
R16 EQU $0416 RECEIVE DATA FROM PROCESSOR 18
SEM £QU $0418
ORG $F800
NQP
DRCC. #%201010000
LOU #PROD1
BEGIN. CLRA
STA FLAG SET FLAG=0 IF SEM=0
LDA SEM-
BEQ FRD
START LDA #1
STA FLAG SET FLAG=1 IF SEM=1
FRD LDY #MCND
LDX ¥MLTFR

LDA #1
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SKP12
SKP13

SKP14

SKP16

SKP1S

STA
SYNC
CLRA
STA
LDD
BRA
LOY
LDX
SYNC
LDD

SYNC
SYNC
ADDOD
8CSs
CMPD
BLO
ADDD
STD

"SYNC

STD
LDD
SuBD
BCC
ADDD
STD
SYNC
SYNC

STO
CLR
CLR
LDA
LDB
MUL
STD
LDA
LOB
MUL
ADDD

"STD

3CC-
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA.
LDB
MUL
ADDD

STATUS

STATUS
INPUT
GVER
#MCND
#MLTRR

SAVE

R10
SKpP12
#65521
SKP13
#195

T2

SAVE
R2
SAVE
SKP14
#65521
T16

MCND

1,V
1,X
1,Y

25V
s X
1,Y

1,U
1,V
SKP16
s U
1,X

1,0

1,U

SKP19
U
s X

U

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

WAIT FOR DATA FRCOM PROCESSOR 10
ADD DATA FROM PROCESSOR 10

wa
28

% .MODULAR ADDITION
TRANSMIT DATA TO PROCESSOR 2
WAIT FOR CATA FROM PROCESSOR 2
% MODULAR SUBTRACTION

e
“f

TRANSMIT. DATA TO PROCESSOR 16

3¢ 3¢

MODULAR MULTIPLICATION
WITH TRANSFDORM COEFFICIENTS

3 3t

>
"

P I

30036 A 3 3 3 3 3k

s st an
e I 3¢
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s
2

SKP20

SKP21-

e

i

SKP22
SKP23

s

SKP24

SKP26

3%
"

IF
IF

EYRRYERS VNS YRR YA
i

A
bX

IF

STO

LDA
LDB
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
L DX
.CLR
CLR
CLR
LDB
MUL
STO
LDA
LDB
MUL
AOQDD
ADOD
BCS
CMPD
BLO
ADDD
SYNC

SYNC
SUBD
8CC
ADDD
SYNC
STD
SYNC
STD
LDD
suep
BCC
ADDD
STD
SYNC
SYNC

STD

CHECK FLAG

U

1,U
#15

25U
SKP20
#65521
SKP21
15
29U

sU
FTEMP

» X
15X
29X
#15

15X

SKp22
#65521
SKp23
#15

R1é
SKP24
#65521

T2

SAVE
R2
SAVE
SKP25
#65521
T10

SAVE"

R TN 1

& 38

38 38

2o S,
T

WAIT FOR OTHER PROCESSORS TO
COMPLETE MULTIPLICATION
WAIT. FOR DATA FROM PROCESSOR 16

% MODULAR SUBTRACTION

g
RS

TRANSMIT DATA TO PROCESSOR 2
WAIT FOR DATA FROM PROCESSOR 2
TRANSMIT DATA TO PROCESSOR 2

Jo .
~

% MODULAR SUBTRACTION

e

o
3R

s
px4

TRANSMIT DATA 70 PROCESSOR 10

FLAG=0 PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE
AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFDRM INVERSE TRANSFORM OF THE PRODUCT OF THE
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CONV

e

2R

MULT

.LOP15

LOP16

LOP19

LoP20
Lopr21

THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

LDOA
CMPA
BEQ
CMPA
BEQ:
LDD
STO

LBRA.

LoD
STD

LBRA"

INC
LDX
LDY
CLR
CLR
LOA
LDB
MUL
STD
LDA
LDB
MUL
ADDD
STD
3CC
INC
LDA.
LDB
MUL-
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD

LDA
LO8
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA

FLAG
#1
CMULT
#2
CONV
SAVE
RES
BEGIN
.SAVE
DuUTPUT
BEGIN

FLAG
#SAVE
#RES
s U

15U

14X
1,Y

29U
s X
1,Y

1,U
1,U
LOP16
yU
1,X
s ¥

1,V
1,V
LOP19

s X
s Y

s U
YU

2y U
LOP20
#65521
LgpP21
#15
2y U

s U

WRITE RESULT IN OUTPUT LATCH

PERFORM MULTIPLICATION OF THE
TWO TRANSFORMED SEQUENCES

olo
R

% MODULAR MULTIPLICATION

3 38 38 36 3% SF 3 3 3t

k14

N
3¢

S
23

ST
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LDX #TEMP %
CLR ,X %
CLR 1,X b
CLR 29X x
LDB 415 %
MUL ‘ s«
STD s X n
LDA s X %
LDB #18 *
MUL %o
ADDD 1,X %’
ADDD 2,V ]
B8CS Lop22 %
CMPD #65521 =
BLO LopP23 %
LDPZZ ADDD #1565 %

SR s el e s e s sl sl e sl e sie e e e slesieniesie e sk

* RESHUFFLING THE DATA 8=FORE PERFDRMING TH:
% INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH
%k THE EXISTING COMMUNICATION LATCHES

~ J- vd—;}o:\:d -I.J Js»JJ hJ \‘~ o loJ-JaJ J‘Jt
0

wle uts wls why of o o, e st
e e st ek AR RARARAR
ate

b

LOP23 STD T1lé6 TRANSMIT DATA TO PROCESSOR 16
SYNC
SYNC WAIT FOR DATA FROM PROCESSOR 2
LOD R2 RECEIVE DATA FROM PROCESSOR 2
STD SAVE SAVE RESULT3
SYNC :
SYNC
LBRA NEXT

MLTFR FDB 19136 FORWARD TRANSFORM COEFFICIENT

MLTRR FDB 46773 INVERSE TRANSFORM COEFFICIENT
ORG $0000

MCND FDB 0

PROD1 FCB 0

PRODZ2 FCB 0

PROD3 FCB 0

PROD4 FCB 0

TEMP FCB 0

TEMP1 FCB 0

TEMP3 FCB 0

"SAVE FDB 0.

FLAG FCB 0

RES FDB 0:
ORG $FFFE

"STRT EQU $F800
END BEGIN-

NAM 68096

2 sl oo oo
w2 ez sl N ek ERER AR AR AR ARAR AR SRR

>l Vo vk Wls ate o vle wle e vis ale s wis wls als whe ale Al sl Wi Ao Wip vie Al wfp ate sis als st wle s Wle W Wl v's o whe * e
PAPEPAPLPAPAD AP LRI PLPLPAPEPEPLPI PEPLPAR T PP APAPLFL D LR APXPLP P2 P41l
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slz ot sle oo ote J—Jv ‘ ‘\‘ st 'o‘ sou‘ 2 sl sz dte
-~ R

ats
-~ P q» '~

o oo
P4

P2

e e als wle
P SAR3I3L

s
-

guTPuUT
STATUS
T11

T1

T7
INPUT
R11

R1

R7

SEM

Vo
e

BEGIN

START

FRD

NEXT

wte
5

OVER

SKP12
SKP13

pAa-re

EQU
EQU-
QU
EQU
EQU
EQU
EQU
EQU -
EQU
EQU

ORG
NOP
grCC
LDy
CLRA
STa
LDA
BEQ
LDA
STA
LDY.
LDX
LDA
STA
SYNC
CLRA
STA
LDD
8RA
LDY
LDX
SYNC
LOD

STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
SYNC
SYNC
SYNC
ADDD
8CS
CMPD

o lu wowle aly ata
AP A PRS-

> o -t -1 ‘~ ’~,,~

o Wy J- sla \:4 o ds -‘;J-J«J«J«Jod-sb\'o-'vJo-k.k.\o-bs‘:*.b;h%xks‘-
b3 3% 3i¢ g she s sle ste sl sle ol e sie she e ol sl sl e s e ste ke sle sk

RS N sl ey

PRDC SSOR NUMSEP 6

-':W —~‘ J':J‘: ow‘;-‘ ~\- -ﬁ J ~b\ Jo- ~la~h b-ﬂ ~<~‘v‘l¢~‘4\'

R

$0400
$0402
$0403
$0405
$0407
$0410
$0412
30414
$0416
$0418

$F800

#201010000
#PROD1

FLAG
SEM
FRD
#1
FLAG
“#MCND
#MLTFR
#1
STATUS

STATUS
INPUT
OVER
#MCND
FMLTRR

SAVE
T11

R11
SKP12
#65521
SKP13
#15

T1

RY
SKP14
#65521

-g
’i’
3t
&
kS
4
13
&
«
[+

o

¢

n
3
3¢
2
st
¢
13
3¢

QUTPUT COMMUNICATION LATCH
STATUS LATCH

TRANSMIYT DATA TO PROCESSOR 11
TRANSMIT DATA TO PROCESSOR 1
TRANSMIT DATA TO PROCESSOR 7
INPUT COMMUNICATION LATCH
RECEIVE DATA FROM PROCESSOR 11
RECEIVE DATA FROM PROCESSOR 1
RECEIVE DATA FROM PROCESSOR 7

SET FLAG=0 IF SEM=0

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0

TRANSMIT DATA TO PROCESSOR 11
WAIT FOR OATA FRCM PROCESSOR 11
ADD DATA FROM PROCESSOR 11

** MODULAR ADDITION

TRANSMIT DATA TO PROCESSOR 1
WAIT
WAIT
WAIT

‘WAIT FOR DATA FROM PROCESSOR 7

ADD DATA FROM PRODCESSOR 7
% MODULAR ADDITION
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SKP14

SKP15

SKP16

SKP19

SKP20
SKP21

o3

BLO
ADDD

STD
CLR
CLR
LDA
LDB
MUL
STD
LDA
LD8
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD
8CC
INC
LDA
LOB
MUL
ADDD
STD

LOA.
LDB
MUL
ADODD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR
CLR
CLR
LDB-
MUL
STO
LDA
LDB
MUL
ADDD
ADDD
BCS

SKP15
#15

MCND
s U
13U
1,X
1,Y

24U
s X
1,Y

1,V

1,U

SKP16-
s U

1,X
Y

1,U
1,U
SKP19
U
» X
' Y

s U
s U

1,U
#15

25U
SKP20
#65521
SKp21
#15
25U

s U
#TEMP

s X
14X
23X
#15

» X
s X
#15

1,X%
25U
SKpP22

e
"

.
3¢

O3 3 3% 3 3t 3¢

-MODULAR MULTIPLICATION
WITH TRANSFORM COECCIENTS

36 3% 38 I 9T

33

3 36 3% 34 s
& SE 3F 3F St SF 3F 3 S 3%

3¢ 2F 2% 30 3k 26 3 S 3 3t

B
"
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SKP22
SKP23

SKP24-

SKP25

SKP26

ale
>R

SKP27

33

IF
IF

3
"

3

BTN
3

IF

3¢ 3¢

Cany

ats
o=

MULT

LCP15

CHMPD
BLO

ADDD
SYNC

STD

SYNC
SYNC
SYNC
SYNC
ADDD
BCS

CMPD
BLO

ADDD
STD

SYNC
ADDD
8CS
CMPD
BLQO

ADOD

STD

CHECK . FLAG

#65521
SKp23
#15

TT

R1
SKP2é
#65521
SKP25
#15
Ti1

R11
SKP26-
#65521
SKP27
#15

SAVE

o
|

27

1

WAIT FOR OTHER PROCESSORS TO
COMPLETE MULTIPLICATION
TRANSMIT DATA TO PROCESSOR 7
WAIT

WAIT

WAIT

WAIT FOR DATA FROM PROCESSOR 1
ADD DATA FROM PROCESSOR 1

3

% MODULAR ADDITION

TRANSMIT DATA 70 PROCESSOR 11
WAIT FDR DATA FROM PROCESSOR 11
ADD DATA FROM PROCESSOR 11

P od
o

%. MODULAR ADDITION

o
brd

FLAG=0 PERFGRM FORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

LOA
CMPA
BEQ
CMPA
BEQ
LDD
STD
LERA
LDD
STD
LBRA

INC
LOX
LDY
CLR
CLR
LDA
LDB
MuUL
STD
LDA

FLAG
#1
MULT:
#2
CONV
SAVE
RES
BEGIN
.SAVE
guTPUT
BEGIN

FLAG

#SAVE

#RES
1,U
1,X
1,Y

25U
s X

WRITE DATA IM OQUTPUT LATCH

PERFORM MULTIPLICATION OF THE
TWO TRANSFORMED SEQUENCES

% MODULAR MULTIPLICATION

o
R

ki
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LD8 1,Y .

MUL ' £

ADDD 1,U *

$TD 1,U %

8CC LOP16 ®

INC: s U sk

LOP16 LDA 1,X- %

LDB s Y S

MUL N2

ADDD 1,V x

STD 1,U &

BCC LOP19 sk

INC s U £

LOP19 LDA s X %

LDB s Y S

MUL *

ADDD s U N

STD ,U -

LDA5 I,U s

"LDB #15 L

MUL 3

ADDD 2,U *

BCS LOP20 S

CMPD #65521 e

BLO Lop21 %

LOP20 ADDD #15 S

LoprP21 STD 25U ES

LDA y U %

L DX B#TEMP s

CLR ,X =

CLR 1,X %

CLR 23X X

LDB #15 £

MUL %

STD ,X 3

LDA: s X %

LDB #15 %

MUL ¥

ADDD 1,X %x

ADDD 2,U %*

BCS Lgp22 %

CMPD #65521 *

8LO LopP23 %

LUPZZ ADDD #15 s
:;‘:*'ﬁ:‘p# \‘(da.‘ s \r“:‘ s‘o\‘ *n‘ s‘ -‘ bJ'J ~¢ :' prd ""o ate Jo\‘- lodoul :“*Jv 3 " bJ J J | :‘4\‘;4 Q:-': JA:' s"‘-' d:o*ibw‘ ~: *:::**
% RESHUFFLING THE DATA BEFORE PERFORMING THE %
% INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH %

% THE EXISTING CBMMUNICATIDN LATCHES

"‘{J"‘ 'y Wo ols als o LJ b ' e ols als vir als vir wlo wfs wlo s ale Ve Vo wis als e oy
SRR TR s 2 SR SR SR AR D,

\4;4 cv s' \aua e ~'o\‘-\‘a}'<~“~" ~' J Jn ‘ ' s‘ J s o, l: o o, J
SR I3 533 < 5 e s skl sl s e s sl sl sk Akl e R e e s sk S e s skl e e s N sesle e

,\4~

x

LopP23 STD T11 TRANSMIT DATA 70O PROCESSOR 11
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e
3R

MCTFR
MLTRR

.
R

MCND
PROD1
PROD2
PROD3
PROD4
TEMP
TEMPL
EMP3
SAVE
FLAG
RES

s
2y

STRT

guTeUuT

STATUS
T12

T2

T1i0

T8

T6

INPUT

R12

R2

R10

R8

R6

SEM

s
pX

BEGIN

0-29

SYNC WAIT FOR DATA FROM PROCESSOR 11
LDD  R11 RECEIVE DATA FROM PROCESSOR 11
STD  SAVE SAVE RESULT
SYNC
SYNC
SYNC
LBRA NEXT
FDB 32759 FORWARD TRANSFORM COEFFICIENT
FOB 6552 INVERSE TRANSFORM COEFFICIENT
DRG $0000
FDB 0
FCB 0
FCB 0
FCB 0
FCB 0
FCB8 0
FC8 0
FC8 0
FDB 0
FCB 0
FDB 0
ORG  $FFFE
EQU"  $F800
END BEGIN'
NaM 68097

st o aookersssopsorok feloooooossolaok ool koo

PROCESSOR NUMBER 7 1

icksosororoso ok s ko ok o el ol
EQU  $0400 OUTPUT COMMUNICATION LATCH
EQU 80402 STATUS LATCH
EQU  $0403 TRANSMIT CATA TO PROCESSOR 12
EQU  $0405 TRANSMIT DATA TO PROCESSOR 2
EQU 0407 TRANSMIT DATA TO PROCESSOR 10
EQU"  $0409 TRANSMIT DATA TO PROCESSOR 8
EQU  $0408 TRANSMIT DATA TO PROCESSOR 6
EQU 30410 INPUT COMMUNICATION LATCH
EQU  $0412 RECEIVE DATA FROM PROCESSOR 12
EQU  $0414 RECEIVE DATA FROM PROCESSGR 2
EQU  $0416 RECEIVE DATA FROM PROCESSOR 10
EQU  $0418 RECEIVE DATA FROM PROCESSOR 8
EQUT  $041A RECEIVE DATA FROM PROCESSOR 6
EQY $041C

ORG $F800

NOP

ORCC #%01010000
LOu #PROD1
CLRA
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START

FRD

NEXT'

OVER

Skp12
SKP13

SKP14
SKP15

SKP16
SKP17

STA
LDA
BEQ
LDA
STA
LDY
LDX
LDa
STA
SYNC
CLRA
STA
LDD
BRA
LDY
LDX
SYNC
LDD

STD
SYNC
ADDD
BCS
cMPD
8L0
ADDD
STD
SYNC
STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STO
SYNC
ADDD
3CS
CMPO
BLO
ADDD
STD
SYNC

STD
CLR
CLR
LDA
LDB
MUL
STD
LDA
LDE

FLAG
SEM
FRD
#1
.FLAG
#MCND
#MLTFR
#1

STATUS

STATUS
INPUT
"DVER
#MCND
#MLTRR

SAVE
T12

R12
SKP12
865521
SKP13
#15

T2

T10

R10
SKP14
#65521
SKP15
#15

T8

R8
SKP16
#65521
SKP17
#15

Té

MCND

s U
1,U
1,X
1,Y

25U
2 X
1,Y

SET FLAG=0 IF SEM=0

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0

READ INPUT LATCH

WAIT FOR OTHER PROCESSORS’

TRANSMIT DATA TO PROCESSOR 12

WAIT FOR DATA FROM PROCESSOR 12-

ADD DATA FROM PROCESSOR 12

*

% MODULAR ADDITION

e

<

c 3

o

TRANSMIT DATA TO PROCESSOR 2

TRANSMIT DATA TO PROCESSOR 10

"WAIT. FOR DATA FROM PROCESSOR 10
- ADD DATA FROM PROCESSOR 10

oo,
x4

3
w

MODULAR ADDITION

¢ 3t

TRANSMIT DATA YO PROCESSOR 8
WAIT FOR CATA FROM PROCESSOR 8
ADD DATA FROM PROCESSOR 8

MODULAR ADDITION

¢ 3¢ 3

o
Etd

TRANSMIT DATA TO PROCESSOR 6

Y

MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

T I Tt

Y
w
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SKP18

SKP21

P
P

SKP22
SKP23

e
s

SKP24
SKP25

s
L

SKP26
SKP27

MUL
ADDD
STD
BCC
INC
LDA
LD8
MUL
ADDD
STD
8CC
INC
LDA
LDB
MUL:
ADDD
STO

LDA
LDB
MuL-
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR’
CLR
CLR
LOB
MUL
STOD
LDA
LDB-
MUL
ADDD
ADDD
BCS
CMPD
BLO
ADDD
SYNC

SYNC
ADDD
BCS
CMPD
BLD
ADDD
STD

1,V
1,U
SKP18
WU
14X
2 Y

1,U
1,V
SKp21

22U
SKpP22
#65521
SKP23
#15
25U

2 U
#TEMP

» X
14X
29X
#15

s X
s X
#15

14X
2yU
SKP24
#65521
SKP25
#15

Ré&
SKP26
#65521
SKP2T
#15

T8

3+ 3

36 3 3%

%

v

I 3

3 3 3

3 38 3%

38 S

36 3% 38 3% 3 2F SF 3F S s

‘.
Pt

36 36 36 a3 3% aF N 3%

e 3 3%

WAIT FOR OTHER PROCESSORS TO
COMPLETE MULTIPLICATION

“WAIT FOR DATA FROM PROCESSOR 6

ADD DATA FROM PROCESSOR 6

<l
o

%' MODULAR ADDITION

N

TRANSMIT .DATA FROM PROCESSOR 8
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SYNC WAIT FOR DATA FROM PROCESSOR 8
ADDD RS ADD DATA FROM PROCESSOR 8
BCS SKP28 *
CMPD #65521 3! MODULAR ADDITION
BLO SKpz29 %

SKP28 ADDD #15 %

SKP29 STD T10 TRANSMIT DATA TO PROCESSOR 10
SYNC WAIT FOR DATA FROM PROCESSOR 10
ADDD R10 ADD DATA FROM PROCESSOR 10
BCS SKP30 i
CMPD #65521 *- MODULAR ADDITION
BLO SKP31 s

SKP20 ADDD #15 *

SKpP31 SYNC WAIT FOR DATA FROM PRDOCESSOR 2
ADDD R2 ADD DATA FROM PROCESSOR 2
BCS SKpP32 ®
CMPD #65521 % MODULAR ADDITION
BLO SKP33 *

SKP32 ADDD #15 %

SKP33 STD Ti2 TRANSMIT DATA TO PROCESSOR 12
SYNC WAIT FOR DATA FROM PROCESSOR 12
ADDD R12 ADD DATA FROM PROCESSOR 12
BCS™  SKP34 %
CMPD #65521 % MODULAR ADDITION
B5LD SKP35 %

SKP34 ADDD %15 e

SKP35 STO SAVE
s« CHECK FLAG

% IF FLAG=0 PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE

sk IF FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

% AND MULTIPLY WITH TRANSFORM DF FIRST SEQUENCE

% IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
% THE TWD TRANSFORMS AND STORE RESULT IN THE OQUTPUT LATCH

LDA FLAG
CMPA #1
BEQ MULT
CMPA #2
BERQ CONV
LDD "SAVE
STD ‘RES
LBRA BEGIN
CONV LDD SAVE
STD QuUTPUT WRITE IN GUTPUT LATCH
L3RA BEGIN :
MULT . INC FLAG
LDX- #SAVE PERFORM MULTIPLICATION OF THE TWO
LOY #RES TRANSFORMED SEQUENCES
LOP15S CLR s U %
CLR 1,V % MODULAR MULTIPLICATION

LDA" leX o
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LD8 1,Y *
MUL i
STD 25U %
LDA 2 X M
LD8 1,Y oo%
MUL %
ADDD 1,U %
STOD 1,U £
BCC LOP16 3
INC YU ok
LOP1é6 LDA 1,X *
LOB ., %
MUL b
ADDD 1,U %
STD 1,U X
BCC LOP1l9 S
INC s U skt
LOP1S LDA » X *
LDB s Y %
MUL %
ADDD ' U %
STD s U %
LDA 1,U *
LD8 #15 %
MUL %
ADDD 2,U %
BCS 1LoP20 e
CMPD #65521 *
BLO LoP21 %
LOP20- ADDD #15 %
Lop21 STD  2,U s
LDA s U b
LOX ¥TEMP ¥
CLR 9 X b
CLR 19X I
CLR 29X S
LD8B #15 M
MUL %
STD s X %
LDA: ’X LA
LDB #15 %
MUL s
ADDD  1,X %
ADDD 253U b
BCS LagpP22 %
CMPD #65521 %
A BLO  LOP23 s
LOP22 ADDD #15 5

e
22

~'o wle s wiy 4l ale Wis Wi 2o whe s abs ws e Al als wie whe sle e Vo o ws Vo wle alo s WVs s als als e 4o Wis J:wd- ale o nls o2 2o wio ate Mo 3t ale Mo we ohs ole g ohe
el Nestesiesiesia el s e sl s sk sl s s e e st e e sl sl e stesisle st e s e sle e sk ste sl sl st e sle sl et sle sl sle e v olek

sk  RESHUFFLING THE DATA BEFORE PERFORMING THE
¥  INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH
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% THE EXISTING COMMUNICATION LATCHES

o
o JO
SRR A s Resee g el ek Rkl i ook ekl eiolololnintoiolaeok ol fokokdorkolskelos

-ﬁa

Lor23 STS T12 TRANSMIT DATA TC PROCESSOR 12
SYNC WAIT.  FOR DATA FROM PROCESSOR 12
LOD R12 RECEIVE DATA FROM PROCESSOR 12
STD T8 TRANSMIT.DATA TO PROCESSOR 8
SYNC ’ WAIT FOR DATA FROM PROCESSOR 8
LDD R8" RECEIVE DATA FROM PROCESSOR 8
STD T12 TRANSMIT DATA TO PROCESSOR 12
SYNC WAIT FOR DATA FROM PROCESSOR 12
LDD R12 RECEIVE DATA FROM PROCESSOR 12
STD SAVE " _ SAVE RESULT
SYNC :
LBRA NEXT

MLTFR FO0B 8192 FORWARD TRANSFORM COEFFICIENT

MLTRR FOB 57331 - INVERSE TRANSFDRM COEFFICIENT
ORG $0000

MCND | FD8 0O°

PROD1 FCB 0

PROD2 FC8 0

PROD3 FCB 0

PROD4 FCB 0

TEMP FC8 0

TEMP1 FCB 0

TEMP3 FCB 0

SAVE FDB 0

FLAG FC8 0

‘RES FD8 0

2

ORG $FFFE
STRT EQU $F800
END BEGIN

NAM 68098

* S oS s s sl sie el sk il siesfe esde sfe sie Seslesie oo sfe sle sie st s e et s sfe e sie sfeosle e sl el Xk sl e e el sfeoesiadesion
% S PROCESSOR. NUMBER 8
S Feslesesieseslesiesiesiens sie desieslesedesiolesiesie Bl see siefesiesie sl seiesislonie e s sl s el e siolesiofesioleoioieiolok s
QUTPUT EQU $0400 OUTPUT COMMUNICATION LATCH
STATUS EQU 30402 STATUS LATCH
Ti3 EQU $0403 TRANSMIT DATA TO.PROCESSOR 13
T3 EQU $0405- TRANSMIT DATA TO PROCESSOR 3
T9 EQU 30407 TRANSMIT DATA TO PROCESSOR 9
T7 - EQU $0409 TRANSMIT DATA 7O PROCESSOR 7
INPUT EQU ~ %0410 INPUT COMMUNICATIGN LATCH
R13 EQU $0412 RECEIVE DATA FROM PROCESSOR 13
R3 EQU"-  $0414 RECEIVE DATA FROM PROCESSOR 3
RY EQU’ $0616- RECEIVE DATA FROM PROCESSOR 9
- R7 EQU $0418 RECEIVE DATA FROM PROCESSCOR 7

SEM EQU 30414
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BEGIN

START

FRD

NEXT

e
P2

OVER

SKP12
SKP13

SKP14
SKP15

SKP1é6

s

ORG
NOP
ORCC
LDV

-CLRA

STA
LDA
BEQ
LDA
STA
LOY
LOX
LDA
STA
SYNC
CLRA
STA
LDD
BRA"
LDY
LDX
SYNC
LOD

STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
STD
SYNC
ADDD
8CS
CMPD
BLO
ADDD
STO
SYNC
STD
LDD

SuBD

3CC
ADDD
SYNC

STD
CLR
CLR
LDA

$F800

#%201010000
#PROD1

FLAG
SEM
FRD

#1
FLAG
#MCND
BMLTFR
#1
STATUS

STATUS
INPUT
OVER
#MCND
#MLTRR

SAVE
T13

R13
SKpP12
#65521
SKP13
#15

T3

T9

R9
SKP14
#65521
SKP15
#15

T7

SAVE
R7
SAVE
SKP1é
#65521

MCND
YU

1,U

14X

D-35

SET FLAG=0 IF SEM=0
SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

TRANSMIT DATA TO PROCESSOR 13
WAIT FOR DATA FROM PROCESSOR 13
ADD DATA FROM PROCESSOR 13

#« MODULAR ADDITION

s
a
we

TRANSMIT DATA TO PROCESSOR 3

TRANSMIT DATA TO PROCESSOR 9
WAIT FOR DATA FROM PROCESSOR 9
ADD DATA FROM PROCESSOR 9

P24

% MODULAR ADDITION

e .
RS

e

TRANSMIT DATA TO PROCESSOR 7
WAIT FOR DATA FROM PROCESSOR 7

d
24

MODULAR SUBTRACTION

e
pd
e
3
wao
RS
e
b

e
38

% MODULAR MULTIPLICATION
3% WITH TRANSFORM COEFFICIENTS

als
b
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SKP18

SKpP21

.
s¢

SKp22

SKP23-

b4

SKP24
SKP25

LDB
MUL
STD
LDA
LDB"
MUL
ADDD
STOD
BCC
INC
LDA
LDB
MUL
ADDD
STOD
BCC”
INC
LDA
LDB
MUL.
ADDD
STD

LDA
LDB
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR
CLR
CLR
LDB

MUL -

STD
LDA
LDB
MUL':
ADDD
ADDD
B8CS
CMPD
LD
AODD
SYNC

SYNC:

STD

25U
SKp22
#65521
SKP23
#15
25U

1,X
2yU
SKP24
#65521°
SKP25
#15

T7

3 3 SF SE 5b 30 SF St 9 3t

*
WAIT FOR OTHER PROCESSORS TO
COMPLETE MULTIPLICATION

WAIT FOR DATA FROM PROCESSOR 7
TRANSMIT .DATA TO PROCESSOR 7
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SKP26

SKP28
SKP29

SKP30
SKP31

SKP32
s
SKP33

SYNC
STD
LDD
Susb
BCC

ADDD-

STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
ADDD
8CS
CMPD
BLD
ADDD

STD

% CHECX FLAG
FLAG=0 PERFORM FDORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFDRM INVERSE TRANSFORM 0OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE QUTPUT LATCH

w IF
* IF

% IF

CONV

als
RS

MULT

LOP15

LDA
CMPA
BEQ

CMPA:

BEQ
LDD
STD
L8RA
LOD
STD
LBRA

INC
LDX
LOY
CLR
CLR
LDA

SAVE"
R7
SAVE
SKP26
#65521
TS

R9
SKP28
#65521
SKP29
#15

R3
SKP30
#65521
SKp31
#15
T13

R13
SKP32
#65521
SKP33
#15

SAVE

FLAG
#1
MULT
#2
CONV:
SAVE
RES
BEGIN
SAVE
ouUTPUT
BEGIN

FLAG
#SAVE
#RES
s U
1,U
1,X

WAIT FOR DATA FROM PROCESSOR 7

MODULAR SUBTRACTION

& 3 3¢

3¢

?

3,

TRANSMIT DATA TO PROCESSOR 9
WAIT FOR DATA FROM PROCESSOR 9
ADD DATA FROM PROCESSOR ¢

a»

% MODULAR ADDITION
-
WAIT FOR DATA FROM PROCESSOR 3
ADD DATA FROM PROCESSOR 3

-4
i

»

L3

% MODULAR ADDITION

TRANSMIT DATA TO.PROCESSOR 13
WAIT FOR DATA FROM PROCESSOR 13
ADD DATA FROM PROCESSOR 13

3¢ 3

- MODULAR ADDITION

& 3¢

WRITE DATA IN OUTPUT LATCH

PERFORM MULTIPLICATION OF THE TWO
TRANSFORMED SEQUENCES

% MODULAR MULTIPLICATION

31
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LOP16

LOP19

LOP20
Lor21

LDPZZ

e J¢ o 2ts o,
-~ Kok
oo
)

RcSHUFFLING THE DATA

LDB

MUL"
STD
LDA
LDB
MUL
ADDD
STO
8CC
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADODD
STD

LDA
LDB
MUL
ADDD
BCS'
CMPD
BLO
ADDD
STD

LDA"
LDX
CLR
CLR
CLR
LOB
MUL
STD
LDA
LDB
MUL
ADDD
ADDD
8CS
CMPD
5L0
ADDD

s wto wlo whe o
p£Y

SRR ‘\ , -p

1,Y
23U
1,Y

1,0
1,U
LOP16
s U
1,X
s Y

1,U°
1,U
LoP19

244
LOP20
#65521
LOP21
#15
25U

U
#TEMP
s X
19X
29X
#15

s X~
s X
#15

1,X
25U
LOP22
#65521
LOP23
#15

% INVERSE TRANSFORM.

N kY
36 3% 3% 3% SF 3¢ aF 3k 3k

LR T A 1 Tt

P R T i - S

e 38 3F 3 3 3%

3¢

2

-~

& 30 3 9 JF

LJ,‘;\:-A-J.J *J:‘\ r

BcFDRE PCRFDRMINu THE
THE DATA IS EXCHANGED THROUGH

o
J-Jos‘ "Q’o :: Jow*slc qA-- *~:¢J¢*

3¢ 3¢ #$

38



Appendix-D D-

%  THE EXISTING COMMUNICATION LATCHES %*

sjesiesiesiesiesleie e sl e s sesie sjesiesie e sl siesle sje e slesie e e Slesie siesielesie e e sleste sl sle st e e siesie e fesieiloininieiokoiok ook

LarP23 STh T13 TRANSMIT DATA TO PROCESSOR 13
SYNC WAIT FOR DATA FROM PROCESSOR 9
LDD R9 RECEIVE DATA FROM PROCESSOCR 9
STD 77 TRANSMIT DATA T0O PROCESSOR 7
LDD R13 RECEIVE DATA FRDM PROCESSCOR 13
STD T9 TRANSMIT DATA TO PROCESSOR 9
SYNC WAIT FOR DATA FROM PROCESSOR 7
LDD R7 RECEIVE DATA FROM PROCESSOR 7
STD SAVE .SAVE RESULT
SYNC
SYNC
‘LBRA NEXT

MLTFR FOB 65457 FORWARD TRANSFORM COEFFICIENT

MLTRR FDRB 37975 INVERSE TRANSFORM COEFFICIENT

A3
ORG 350000

MCND FOB 0

PROD1 FCB 0

PROD2 FCB 0

PROD3 FCB8 0

PRODA FCB 4]

TEMP FC8 0

TEMP1 FCB- 0

TEMP3 FCB 0

SAVE FDB 0

FLAG FCB 0

RES FDB 0
ORG $FFFE

STRT EQU $F300
END BEGIN

NAM® 68099

.
3¢

o v ats wie wis ale vie Whs ofe h'a\‘ -A-J s‘o ‘o MJ J‘ J:J obs o alo W o wis vhe Als 3
seesia e desie e e sl e e stk e sleslesle e sle 3

a2
W

do- s'=J0~ :\ ~:- -
bl v Q

3% e , . PROCESSOR NUVB:R 9

b T Seesiesloesiesio el sleielesiolo ook elesioleiesio sl el sl e soleste s e ekl sie ok e i el sk ke sk ek
QUTPUT EQU $0400 QUTPUT COMMUNICATION LATCH
STATUS EQu” $0402 STATUS LATCH

T14 £QuU $0403 TRANSMIT DATA TO PROCESSOR 14
T4 . EQU” $0405 TRANSMIT DATA TO PROCESSOR 4
T8 £Qu $0407 TRANSMIT DATA TCO PROCESSOR 8
Ti7 EQU . $0409: TRAMSMIT DATA TO PROCESSOR 17
INPUT EQU $04190 INPUT COMMUNICATION LATCH®

R14 EQU’ $06412 RECEIVE DATA FROM PROCESSOR 14
R& gEQu’ 30414 " RECEIVE DATA FROM PROCESSOR 4
R8 Eau $0416 RECEIVE DATA FROM PROCESSOR 8
R17 EQU $04182 RECEIVE DATA FROM PROCESSOR 17

SEM EQuU 80414
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BEGIN

START

FRD

NEXT

OVER

SKP12
SKP13

SKP14

ORG

NOP

ORCC
LDU
CLRA
STA
LDA
BEQ
LOA
STA
LDY
LDX
LDA"
STA
SYNC
CLRA
STA
LDD
BRA
Loy
LDX
SYNC
LDD

STD
SYNC
ADDD
BCS
CMPD
3L0-
ADDD
STD
SYNC
STD
SYNC
SuBd
BCC
ADDD
STD
SYNC
SYNC

STD
CLR
CLR
LDA
LDB
MUL
STD
LDA
LDB
MUL
ADDD

$F800

#7201010000
¥PROD1

FLAG
SEM
FRD

#1
FLAG
#MCND
#MLTFR
#1
STATUS

STATUS
INPUT
GVER"
#MCND
#MLTRR

SAVE
Tlé4

R14
SKP12
#65521
SKP13
#15

Ta

T8

Re
SKP14
#65521
T17

SET FLAG=0 IF SEM=0
SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

TRANSMIT DATA TO PROCESSOR 14
WAIT: FOR DATA FROM PROCESSOR 14
ADD DATA FROM PROCESSOR 14

% MODULAR ADDITION

e
2

PN

TRANSMIT DATA TO PROCESSOR 4

TRANSMIT DATA TO PROCESSOR 8
WAIT FOR DATA FROM PROCESSOR 8

¥

% MODULAR SUBTRACTION
T

RANSMIT DATA TO PROCESSOR 17

MODULAR MULTIPLICATION
*WITH TRANSFORM COEFFICIENTS

33 %
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SKP1é6

SKP19

SKP20
SKP21

ate
e

SKP22
SKP23

e
o8

SKP24
SKP25

STD®
BCC
INC
LDA
LDB
MUL
ADDD
STD
8CC
INC
LDA
LOB
MUL
ADDD
STD

LDA
LDB
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR
CLR
CLR
LDE
MUL
STD
LDA
LDB
MUL
ADDD
ADDD
BCS'
CMPD
BLO
ADDD
SYNC

SYNC
ADDD
BCS'
CMPD
BLO
ADDD
SYNC
STD
SYNC

25U
SKP20
#65521
SKP21
#15
25U

s U
#TEMP

s X
1,X
29X
#15

s X
» X
#15

-1 X

25U
SKP22
#65521
SKP23
#15-

R17
SkP24
#65521
SKP25
#15

T8

3¢ 36 3¢

,
3

& 3 3

2N >
At

W

3¢

u .
36 36 3 3 3% 3%

3¢ 3t

% 3E 3 3 3 2

AL 3 2%
”n I& ';\

R

e 30 e 3t S 3

WAIT FOR OTHER PROCESSORS TO
COMPLETE MULTIPLICATION

WAIT FOR DATA FROM PROCESSOR 17
ADD DATA FROM PROCESSOR 17

X

MODULAR ADDITION

R

TRANSMIT DATA TO PROCESSOR 8
WAIT FOR DATA FROM PROCESSOR 8
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SKP26

SKp28
SKP29

SKP390

SKP31

ol
-

* IF
IF

A
3¢ 3t

L4
&

IF

TREE TS
3¢ 3%

CONV.

MULTY

LCP15

STD
LDD
SUBD
BCC
ADDD
SYNC

ADDD

BCS
CMPD
BLD
ADDD
STD
SYNC
4DDD
BCS
CMPD
BLO"
ADDD

STD

% CHECK FLAG
PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE

FLAG=0

SAVE
R8
SAVE
SKP26
¥65521

R4
SKpP28
#65521
SKP29

-#15°

Tl4

R14
SKP30
$65521
SKP31~¢
#15

SAVE

* MODULAR SUBTRACTION
WAIT FOR DATA FROM PROCESSOR 4
ADD DATA FROM PROCESSOR 4

% MODULAR ADDITION

TRANSMIT DATA.TO PROCESSOR 14
WAIT FOR DATA FROM PROCESSOR 14
ADD DATA FROM PROCESSOR 14

e
b

3¢

MODULAR ADDITION

whe
"

e
-~

FLAG=1 PERFORM FCRWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFGRM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

LDA"
CMPA
BEQ
CMPA
BEQ
LDD
STD
L3RA
LOD
STD
LBRA

JINC
LDX
LDY

-CLR
CLR
LDA
LDB
MUL
STD
LDA
LDB:
MUL
ADDD
STD

FLAG
#1
MULY
#2
CONV~
SAVE
RES
BEGIN
"SAVE
CuTPUT
BEGIN

FLAG
HSAVE
#RES

WRITE RESULT INTO OQUTPUT LATCH

PERFORM MULTIPLICATION OF THE TWO
TRANSFORMED SEQUENCES

s
g

* MODULAR MULTIPLICATION

ae
Exd

e |
pade

¢ 36 3 3t uE S

Pt
»
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BCC LOP14 %

INC s U *
LDP16 LDA 15X e

LDB s Y %

MUL *

ADDD 1,U w

STD 1,U° %

8CC 1LOP19 %

INC [} U e
"LCP19 LDA s X by

LDB ' Y %

MUL *

ADDD s U %

STD sy U 3

LDA 1i,U =

LDB #15 S

MUL N

ADDD Z,U' e

3CS LOPZO *

CMPD  #65521 %

BLO LoP21 %
LOP20O ADDD #15 3
LoP21 STO 25U .

LDA" s U’ %

LDX #TEMP %

CLR 9 X b

CLR 1,X %

CLR 23X %

LOB- #15 %*

MUL *

STD s X %

LDA 9 X o

LD8 #15 S

MUL sk

ADDD  1,X %

ADDD 2,U S

BCS LoP22 *

CMPD #65521 *

BLO LOP23 #
LUPZZ ADDD #15 %
- sesiskess -f‘“‘ S sesienesiee e ekl ol el lojoinininialok s olkokioiniolioeioloioioioeisioioloisioiok
% RESHUFFLING THE DATA BEFORE PERFORMING TH: %
% INVERSE TRANSFORMe. THE DATA IS EXCHANGED THROUGH. S
% THE EXISTING COMMUNICATION LATCHES %
sesesesesieatese st e st deslele et e sk sk ol s sesleofe st e este ok skt e el sk sl et e sk ok s it el et s sl
LOP23. sSTD T8 TRANSMIT. DATA TO PROCESSOR 8

SYNC

SYNC WAIT FOR DATA FROM PROCESSOR 17

LDD R17 RECEIVE DATA FROM PROCESSOR 17

STO T1l4 TRANSMIT DATA TO PRDOCESSOR 14
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MLTFR
MLTRR

P
R

MCND
PROD1’
PRODZ
PROD3
PROD4
TEMP
"TEMP1
TEMP3
SAVE
FLAG
RES

STRT

o
“~
28
ats
P2y
s
a0

wte

PAY

guTPUT

STATUS

T15

T5

T7

T17

INPUT:
‘R13

R5

R7

R17.

SEM

e
23

BEGIN

LOD
STD
SYNC
LDD
STD
SYNC
LBRA

R8
T17

R14
SAVE

NEXT-

25211
24521

$0000

OO0 DOOODDOOO

$FFFE
$FR00.
BEGIN

630910

s wts sl ale Wl Vo ofe olo l‘ l b\a 'c als wis
2P APRPS PP P A ,,

RECEIVE DATA FROM PROCESSOR 8

TRANSMIT DATA FROM PROCESSOR-17
WAIT FOR DATA FROM PROCESSOR 14
RECEIVE DATA FROM PROCESSOR 14

SAVE RESULT

FORWARD TRANSFORM COEFFICIENT
INVERSE TRANSFORM COEFFICIENT

e
SRR3R

2 she she st slexie sk sl et sl sl seslesk sl e slene sk
2 e sl esesiosk ook

PRDCESSOR NUMBER 10

-’ da-—‘ s aly o -‘-~b~'¢~h~l

e e olo o o-ﬁ J¢~\-J ~bd

2 3 e st st sl s st ok o e ot s e e e o

$0400
$0402
$0403
$0405
$0407
$0409
$0410
$0412
$041¢4
$0416
$0418
$041A

$F800

7201010000
#PROD1

FLAG
SEM

laJ -!44 J",‘—\-J“w Jo::aJ»i\-'.‘

&

QUTPUT COMMUNICATION LATCH

STATUS LATCH
TRANSMIT DATA
TRANSMIT DATA
TRANSMIT DATA
TRANSMIT DATA

T0
70
T0
T0

PROCESSOR
PROCESSOR
PROCESSOR
PROCESSOR

INPUT COMMUNICATION LATCH
FROM PROCESSOR 15
FROM PROCESSOR 5
FROM:- PROCESSOR 7
FROM PROCESSOR 17

RECEIVE DATA
RECEIVE DATA
RECEIVE DATA
RECEIVE DATA

SET FLAG=0 IF SEM=0
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START

FRD

NEXT

SKP12
SKP13

SKPlia

SKP16

BEQ
LDA
STA
LDY
LDX
LDA
STA.
SYNC
CLRA
STa:
LOD
BRA
LDY
LDX
SYNC
LDD

STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
S70
SYNC
STO
SYNC
STD
LDD
SUsD
BCC:
ADDD
STD
SYNC
SYNC

STD

CLR
CLR
LDA
LDB
MUL
STD
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL

FRD

#1
FLAG
#MCND
AMLTFR
#1
STATUS

STATUS
INPUT
.OVER
#MCND
#MLTRR

SAVE
T15

R15
SKP12-
#65521
SKP13
#15

75

77

SAVE

R7

SAVE
SKP1l4
#63521 .
Ti7

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

TRANSMIT DATA TO PROCESSOR 15
WAIT FOR DATA FROM PROCESSOR 15
ADD DATA FROM PROCESSOR 15

ped

%" MODULAR ADDITION

TRANSMIT DATA FROM PROCESSOR 5
WAIT FOR DATA FROM PROCESSOR 7
TRANSMIT DATA .TO PROCESSOR 7
WAIT FOR.DATA FROM PROCESSOR 7

b

% MODULAR SUBTRACTION

e
5

ale ¢
'e L

i

38

TRANSMIT .DATA TO PROCESSOR 17

%' MODULAR MULTIPLICATION
#* WITH TRANSFORM COEFFICIENTS

36 3t 3F 9 SF
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SKP1S

%

SKP20
SKP21

SKP22

SKP23

SKP24

SKP26

ADDD
STD:
BCC
INC
LDA
LD3
MUL
ADDD
STD

LDA
LDB
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR
CLR
CLR
LDB
MUL
STD
LDA~
LDB
MUL
ADDD
ADDD
3CS
CMPD
5L0
ADDD

SYNC
SYNC
SUBD
BCC
ADDD
SYNC
STD
SYNC
STO
LOD
SUBD
BCC
ADDD
SYNC
ADDD
BCS

1,U
1,0
SKP19

24U
SKpP20
#65521

-SKP21

#15

25U

s U
E#TEMP

9 X
14X
25X
#15

s X
s X
#15

1,X
24U
SKpP22
#65521
SKp23
#15

R17
SKP24&
#65521

T7

SAVE
RT
SAVE
SKP26
#£65521

RS
SKP28

38 38 36 30 36 3F 3T 3 3 3 3

N
¢

ks

WAIT FOR DATA FROM PROCESSOR 17

% MODULAR SUBTRACTION

WAIT FOR DATA FROM PROCESSOR 7
TRANSMIT DATA TO PROCESSOR 7
WAIT FOR DATA FROM PROCESSOR 7

o
3

% MODULAR SUBTRACTION

%

WAIT. FOR DATA FOM PROCESSOR 7
8DD DATA FROM PROCESSOR 5

W
3
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CMPD #65521 2 MODULAR ADDITION
BLO SKP29 %

SKP28 ADDD #1°% %

SkpP29 STD T15 TRANSMIT DATA TO PROCESSOR 15
SYNC WAIT FOR DATA FROM PROCESSOR 15
ADDD R15 ADD DATA FROM PROCESSODR 15
BCS SKP30 s,
CMPD #65521: ¢ MODULAR ADDITION
BLO SKP31 %

SKP3Q AQDD #15 s

SKP31 STD SAVE

% CHECK FLAG

% IF FLAG=0 PERFORM FDORWARD TRANSFORM OF FIRST SEQUENCE

% IF FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

% AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

%* IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
sk THE TWO TRANSFORMS "AND STORE RESULT IN THE OQUTPUT LATCH

[N
o~

Iy

LDA FLAG
CMPA #1
BEQ MULT
CMPa-  #2
BEQ CONV.
LDD SAVE
STD RES
LBRA BEGIN
CONV LDD SAVE

STD ouUTPUT
LBRA BEGIN

MULT INC FLAG

LDX #SAVE PERFORM MULTIPLICATION OF THE TWO

LDY #RES TRANSFORMED SEQUENCES
LOP1S CLR s U -

CLR 1,U %t MODULAR MULTIPLICATION

LDA 1,X e

LD8 1,Y ES

MUL s

STD 25U w

LDA 2 X *

LDB 1,Y *

MUL %

ADDD 1,,U° X,

STD 1,U %

8CC LOP1¢6 %

INC s U %
LOP1S LDA 1y X p

Lp8" s Y x

MUL x

ADDD 1,U° %

STD i,U *

R
"

BCC® LOP19:
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INC [} u i
LOP1S LDA s X 3

LDB s Y P

MUL %

"ADDD s U <

STD U 3

LDA- 1,V %

LDB #15 S

MUL %

ADDD 2,U" %

BCS' LoP20 %*

CMPD #65521 %

BLO LOP21 %
LOoP20 ADDD #15 *
Lger21 STD 23U P

LDA s U -

LDX  HTEMP *

CLR s X sk

CLR 1,X %

CLR 29X *

LDB #15 %

MUL %

STD s X %

LDA s X %

LDB- #15 %

MUL %

ADDD 1,X R

ADDD 2,U %

BCS LOP22 s

CMPD #65521 £

BLO LOP23 B
LgopP22 ADDD #is5 s
e
sle 3k siesle ol slese sle ale st sle e sle et sie e e vl xie st she sl sl sle e wle st sle sle sie sl ol e slesie s ste ste sle sfe sl el sie e sl e ste e e e stedesiesle ste e sk ke
%k RESHUFFLING THE DATA BEFORE PERFORMING THE %*
% INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH %
%  THE EXISTING COMMUNICATION LATCHES s
Sedekdsosion oo soolororioe oo ol eeoolok ook ook oo ook
LOP23 STD T17 ' TRANSMIT QOATA TO PROCESSOR 17

SYNC

SYNC

SYNC

- SYNC

LDD R17 RECEIVE DATA FROM PROCESSOR 17

STD SAVE

LBRA NEXT
MLTFR FOB 36817 FORWARD TRANSFORM COEFFICIENT
MLTRR FD8B 28122 INVERSE TRANSFORM COEFFICIENT.

e

°~

BRG $0000



Append

BEGIN

START

FRD

ix=0

08
FCB
FC3
FCB
FCB8
FC8
FCSB
FCB
FDB
FCB
FDB

ORG
EQU
END

NAM

J-sb'J- s o

QOO OO0V ODOO

$FFFE
SF800
BEGIN

680911

»}, '4~bJ c—u‘

s s iefeslesitslenesis slesle s

Ve ahe oo wle st ot ofe

SR ZISRCICRSRR

EQU
EQu
QU
EQU
£QU
EQU’
EQuU-
EQU

ORG
NOP
OrRCC
LDU
CLRA
STA
LDA
BEQ
LOA
STA
LDY
L DX
LDA
STA
SYNC
CLRA
STA
LDD
BRA
LDY
LDX

SYNC -

LOD

2383

$0400°
$0402
$0403
$0405
$0410
$0412
$0414
$0416

$F800

#201010000

#PROD1

"FLAG

SEM
FRD

#1
FLAG
#MCND
#¥MLTFR
#1°
STATUS

STATUS
INPUT
OVER
#MCND
#MLTRR

SAVE

J Jc\b\lt\"J 4; bQ J‘ e oty oo Wle

PRUCESSOR NUMSER 11 %

Joi' \‘l~' Jas‘ ~Ao~‘ a\'o o! \‘ s’ ;J J: '4 ‘ ~ \LJ4-'0¢~ sb 12 ols olo ntls ois o n‘o‘ I.J .oh‘ddf\‘d\.‘\— oo ols by o of
SRASCRCRNISS p e PY Pt PV PP L P-h -t 4

" SET FLAG=0

o
]

49

2 sk sie sle sheste e sl e vt deole sl sl sl e
e e siesiesi e siesiedasie sk <SRN

“‘u‘v“v‘ NS AN SRS SR AN S AN At

CUTPUT COMMUNICATION LATCH
STATUS LATCH

TRANSMIT DATA TO PROCESSOR 6
TRANSMIT DATA TO PROCESSOR 12
INPUT COMMUNICATION LATCH
RECEIVE DATA FROM PROCESSOR 6
RECEIVE DATA FROM PROCESSOR 12

IF SEM=0

SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH
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als

OVER

SKkP12

SKP14:

SKP15

SKP1é6

SKP19

SKP20
SKP21

STD
SYNC
STD
LDD
SuBD
8CcC
ADDD
SYNC
SYNC
SYNC
SYNC
ADDD
BCS
CHMPD
BLO
ADDD

STD
CLR.
CLR
LDA
LD8
MUL
STD
LDA
LDB
MUL

"ADDD

STD
BCC
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD

LDA
LD8"

.MUL

ADDD
BCS
CMPD
8LO
ADDD
STD

76

SAVE
R6
SAVE
SKP12
#65521

-R12

SKP1¢4
#65521
SKP15
£15

MCND
2 U

[y
“w W -
-« X

23U
1,Y

1,U
1,U°
SKP16

1,U
#15

25U
SKP20
#65521
SKp21
#15
25U

TRANSMIT DATA TO PROCESSOR 6
WAIT- FOR DATA FROM PROCESSOR 6

P

% MODULAR SUBTRACTION

3t

WAIT FOR DATA FROM PROCESSOR 12
ADD DATA FROM PROCESSOR 12

% MODULAR ADDITION

MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

3 3t

3%

B Y R R Y N A VN TR R 1 X
56 3% 3 3 St 3F 3t 4t 3%

.
%

I

6 3% 4 SE



Appendix-D

BIA
I

SKkp22
SKP23

v
R

i
4

e
[A) e

sk IF
IF

% 4

IF

3 3

2
"

CONV

SKP24

LDA.
LDX
CLR
CLR
CLR
LOB
MUL
STD
LDA
LDB
MUL
ADDD
ADDD
BCS
CMPD
BLO
ADDD
SYNC

STO
SYNC
SYNC
SYNC
SYNC
STD
SYNC
STD
LDD
SUBD
8CC
ADQDD

STD

CHECK FLAG

s U
FTEMP

» X
1,X
29X
¥15

9 X
' X
#15

14X
25U
SKP22
#65521
SKpP23
15

T12

T6

SAVE
R&
SAVE
SKP24
#65521

SAVE

TRANSMIT DATA TO PRODCESSOR 12

WAIT. FOR DATA FROM PROCESSOR 6
TRANSMIT DATA TO PROESSOR 6
WAIT

',
o~

% MODULAR SUBTRACTION
2,

ole
R

o
b2

FLAG=0 PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1. PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

LDA
CMPA
BEQ
CMPA
BEQ
LOD
STD
LBRA
LDD
STD
LBRA

FLAG
#1

- MULT

#2
CONV
"SAVE
RES
BEGIN
"SAVE
QuUTPUT
BEGIN
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MULT.

LOP15

LOP16

LOP19

LorP20
LoP21

oo
P

INC
LDX
LDY
CLR
CLR
LDA
LOB
MUL
STD
LDA
LDOB
MUL.
ADDD
STD
8CC
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD

LDA
LDB
MUL
ADDO
BCS
cCMPD
BLO
ADDD
STO

LDA
LDX
CLR
CLR
CLR
LOB-
MUL
STD
LDA
LD8
MUL
ADDD
ADDD
BCS
CMPD

FLAG
#SAVE
¥RES
U
1,U
1,X
1,Y

25U
1,Y

1,U
1,U
LCP16

1,U
#15

24U
LOP20.
865521
LarP21
#15
2yU

#65521

e
pxd

PERFORM MULTIPLICATION OF THE TWO

TRANSFORMED SEQUENCES

\_..
3¢ 30 38 S 3% S 3 3

3¢

R

s% 20 a0
3¢ 3¢ St

R VR Y S VR TR 1)
3¢ 36 SF S 3% 3%

3,
e

S 3 3 3

Ne oyn An
PR T

"~

3¢ 3¢

'

.
vt

%

MODULAR MULTIPICATION
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LopP22

st

-

ste wa vle 3is afs ale whe ale wio ats is o o oo \‘p J- Ja ~\a o Vo als ole \' ----- K- Ja \'4 ~l’ wlo ~b wio sty J o wls Jc

ARSI P ERES LS4

» RESHUFFLING THE DATA BEFORE PERFORMING THE

BLO
ADDD

< slestesle e e e e

LOP23 %
#15 %

oo .
SRAPAPAP IR RAP AR < 3¢ 3 3je e sfesie e sl e s g sk sjesieosiesie e o

2= INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH
% THE EXISTING COMMUNICATION LATCHES

u\\ l¢~-'
<38

~‘4

Lop23

o bo 44
ol

who o
4\ .‘Q A4 ,‘a

Js

STD
SYNC
LDD
STD
SYNC
SYNC
SYNC
LBRA-

FDB
FDB

ORG
FDB
FCS8
FCB
FCB
FCB
FC8

"FCB

whe xto nle
SRR

FC8
08B
FC8
FD8

ORG
EQU
END

NAM

se wls wts ate ateonls
SRCRIRAIRSE

:J- ale wio wis wlo Aty

SRSRSI SR

gEQu
EQU
EQU
£QuU
EQU
EQu
EQU
EQU
EQU
EQu’

e nlo ots who e \4# ‘4-‘-&* ' o wlz wts 2ls wts oo b\l 4 by J J o wlo Ws wls W wlo wls whs wlo st o e s W Al whe vle s s
- o PRAPLLI AP LPLP LRI 1P~ 9 14 AL PRSP 14

< Rk AR PARAE AP AR AR R <

T6 TRANSMIT DATA TG PROCESSOR 6
WAIT FQOR DATA FROM PROCESSOR 6
Ré RECEIVE DATA FROM PROCESSOR 6
SAVE SAVE RESULT
NEXT
16087 FORWARD TRANSFORM COEFFICIENT
29504 INVERSE TRANSFORM COEFFICIENT
$0000
0
0
0
0
0
0
0
0
0
0
0
$FFFE
$F800
3EGIN
680912

s g nte \‘4\4 ~l¢\‘¢ l. r\“s‘ ety 'ovh 'oJl\v- oo ste e o,
-~ as l“v‘ AR R AR S AR ERARS R BARA DA ’¢ ‘t“\

PROCESSOR NUMBER 12

e e ale ale oo wls ts \ ~l4\bd o ws s ls s‘ “J ~‘4‘ JO\DJ;":J« ate wle wly Jv~‘4~‘ “o ste uie ats wby Who o
SRR < 23 She e e sie e st sienle sl sie s e sfe e sja sia slesie siede sle e sies s i Besie sk

c

30400 QUTPUT COMMUNICATION LATCH
$0402 STATUS LATCH
$0403 TRANSMIT DATA 7O PROCESSOR 7

- $0405 TRANSMIT DATA TO PROCESSOR 15
$0407 TRANSMIT DATA 7O PROCESSOR 13
$0409 TRANSMIT DATA 7O PROCESSOR 11
$0410 INPUT COMMUNICATION LATCH
$04612 RECEIVE DATA FROM PROCESSOR 7
$0414 RECEIVE DATA FROM PROCESSOR 15
$0416 RECEIVE DATA FROM PROCESSOR 13

AORRS

-lo
Ry

'4 J‘QJ ‘a‘ddsb‘JJJ aJ'J—-bna
RARAR R

whe ol ots oo

Rk

s oty o
b4

™
SRR

J
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R11
SEM

bAY

BEGIN

START

FRD

SKP12

SKP1¢
SKP15

SKP16
SKP17

s
<

EQU
EQU

ORG
NOP
grRCC
LDU
CLRA
STA
LDA.
BEQ
LDA
STA
LODY
LOX
LDA
STA
SYNC
CLRA
STA
LDD
BRA
LDY
LDX
SYNC
LDD

STOD
SYNC
STD
LOD
SUBD
BCC
ADDD
SYNC
STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
ADDD
BCS
CMPD
8L0
ADDD
STD
SYNC

STD
CLR

$0418
$041A

$F800

#201010000
$PROD1

FLAG
SEM
FRD
#1-
FLAG"
#MCND
#MLTFR
#1
STATUS

STATUS
INPUT
DVER
#MCND
#MLTRR

SAVE
T7

SAVE
R7
SAVE
SKP12
#65521

T15

R15
SKP14
#65521
SKP15
#15
T13

R13
SKP16
#65521
SKP17
#15
Ti1

MCND
s U

o
1

54

RECEIVE DATA FROM PROCESSOR 11

SET FLAG=0 IF SEM=0
SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

TRANSMIT DATA TO PROCESSDR 7
WAIT FOR DATA FROM PROCESSOR 7

e

pxd

<. MODULAR SUBTRACTION

.
s
b
P
b4

TANSMIT DATA TO PROCESSOR 15

WAIT FOR DATA FROM PROCESSOR 15
ADD DATA FROM PROCESSOR 15

TRANSMIT DATA TO PROCESSOR 13

WAIT FOR DATA FROM PROCESSOR 13
ADD DATA FROM PROCESSOR 13

P

% ADD DATA FROM PROCESSOR 13

s
3
f

TRANSMIT DATA TO PROCESSOR 11

Vs,
o~
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SKP18

SKPZy

3¢

SKp22
SKP23

ats
2

SKP24
SKP25

CLR
LDA
LDB
MUL
STD
LDA
LDB
MUL
ADDD
STD
BCC
INC
LOA
LOB
MUL
ADDD
STD
BCC
INC
LDA
LOB”
MUL
ADDD
STOD

LOA
LD8-
MuL.
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR
CLR
CLR
LDB
MUL
STD
LDA
LDB
MUL
ADDD
ADDD
8CS
CMPD
BLO
ADDD
SYNC

1,U
19X
1,Y

2yU

1,07
#15

25U
SKP22
#653521

"SKP23

#15
2yU

yU
#TEMP

» X
1,X
29X
#15

y X
s X
#15

1,X
23U
SKP24
#65521
SKp25
#15

o
px4

1!

e
R

ET%
"

&3 9F 3 e 3k dF %

3¢ 38 S¢

Y

5 3 3f

(YRS TY
W

k3

7"(.

M aL J3%
WO W

3 3¢

W e
3¢ 3%

BN S A T N T 1%
3 36 St e 3 S

ROl

MODULAR MULTIPLICATION

i WITH. TRANSFORM COEFFICIENTS
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SKP2é6
SKP27

SKP28
SKP2S

SKP30
SKP31

U 3¢
=
o
w
S

B
W

IF
IF

e

L.
"

IF

Bl
(5

3t

A
]

CONYV

ol
X4

MULT

LOP15

SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD”
SYNC
ADDD
BCS
CMPD
BLO
ADDD
STD
SYNC
ADDD
BCS
cMeD
BLO
ADDD
SYNC
STD
SYNC
STD
LDD
SUBD
8CC
ADDD

STD

CHECK. FLAG

R11
SKP26
#65521
SKP27
#15
T13

R13
SKP28
#65521
SKP29
#15
T1S

R15
SKP30
#65521
SKP31
#15

T7

SAVE
R7
SAVE
SKP32
#65521

SAVE

WAIT FOR DOATA FROM PROCESSOR 11
ADD DATA FROM PROCESSOR 11

% MODULAR ADDITION

o o

32

oo

TRANSMIT CATA TO PROCESSOR 13
WAIT FOR CATA FROM PROCESSOR 13
ADD DATA FROM PROCESSQOR 13

* MODULAR ADDITION
TRANSMIT DATA TO PROCESSOR 15

WAIT FOR CATA FROM PROCESSOR 15
ADD DATA FROM PROCESSOR 15

ale

ped

* MODULAR ADDITION

e
pxq

TRANSMIT DATA TO PROCESSOR 7
WAIT FOR DATA FROM PROCESSOR 7

o

% MODULAR SUBTRACTION

Pd
b2d

T e
=

FLAG=0 PERFORM FDRWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

"AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE
FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE

THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

LDA
CMPA
BEQ
CMPA
BEQ
LDD
STD
LERA
LDD
STO
LBRA

INC
LDX
LDY
CLR

FLAG
#1
MULT
#2
CONV
SAVE
RES
B8EGIN
SAVE
guUTPUT
BEGIN

FLAG
#SAVE
#RES
yU

PERFORM MULTIPLICTION OF THE TWO
TRANSFORMED SEQUENCES

XS
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CLR 1,U % MODULAR MULTIPLICATION

LDA 19X 5

LDB 1,Y %

MUL *

STD  2,U %*

LDA 9 X x

LD8 1,Y R

MUL *

ADDD 1,U *

STD 1,U %

8CC LOP16" %

_ INC s U %

LOP16 LDA 14X e

LDB Y *.

MUL %

ADDD 1,U %

STD 1,U %

BCC LOP19 %

INC 9 U %

LOP19 LDA » X b

LDB s Y %

MUL %

ADDD s U %

STD s U %

LDA 1,U %

LDB #15 %

MUL- LS

ADDD 2,U %

BCS LOP20" s

CMPD #65521 *

BLO LOP21 =

LoP20 ADDD #15 %

LOP21 STD 24U S

LDA U %

LOX #TEMP *

CLR 9 X *

CLR 1,X %

CLR 29X %

LD8B #15 (e

MUL %

STD s X *

LDA s X %

LDB #15 %

MUL %

ADDD 1,X b

ADDD 2,U %

BCS Lgr22 %

CMPD #65521 %

BLO LoP23 %

LopP22 . ADDD #15 %*
$***ﬁ&*****ﬁ*****$**********$*******4!*x'**‘$t¢4 % e
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LY
$¢

RESHUFFLING THE DATA BEFORE PERFORMING THE
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH
THE EXISTING CDMMUNICATIDN LATCHES

e o "- by pd
~;v:' 3 ‘ lag.z-:"-’. ":\ﬁ sies) l.\l 1‘ ' "‘ J-;: :A::"ov‘c . slt":: *J‘ abe o ::,h: J J.s’ :‘:J:-l \:':‘."’:‘**J :'A-Jo

-2\‘ ge -)(- ¢
-‘t- 36 3t 3¢

LOP23 STD 77 TRANSMIT DATA TO PROCESSOR 7
SYNC WAIT FOR CATA FROM PROCESSOR 7
LDO R7 RECEIVE DATA FROM PROCESSOR 7
STD T13 ‘ TRANSMIT DATA TO PROCESSOR 13
SYNC WAIT FOR DATA FROM PROCESSOR 13
LDD R13 RECEIVE DATA FROM PROCESSOR 13
STD T7 TRANSMIT DATA TO PROCESSOR 7
SYNC WAIT FOR CATA FROM PROCESSOR 7
LDD R7 RECEIVE DATA FROM PROCESSOR 7
STD SAVE: SAVA RESULT
SYNC
LBRA NEXT

MLTFR FDB8 29032 FORWARD TRANSFORM COEFFICIENT

MLTRR FDB 28641 INVERSE TRANSFORM COEFFICIENT
ORG $0000

MCND FDB 0

PROD1 FC8 0

PRODZ FC8 0

PRUD3 FC8 0.

PROD4& FCB 0

TEMP FCB 0

TEMP1 FCB 0

TEMP3 FCB 0

SAVE FDB 0

FLAG FCB 0

RES FDB 0

ORG"  sSFFFE
STRT EQU $FB800
© END BEGIN

NAM 680913

s als via o o s WMy J L~'J o ' 2t Vo wis ale Al wls ol ~I ate alo ate -- ale ~b-—. o ' s ats Vs Ao wls wfs ale bs o) who ale ~DJ ‘k-\'--'o y o aho s o
< .no‘u's ‘. .‘ ,s' SESER RIS NE 33385832 ., (RIS PAP A PAS LS LS 1 "' PR AR SRAR R .. \ﬂ\q PP AL P SEPL SRR PLPLSLH ¢4

ty
S
Ay

% 2 PROCESSOR NUMBER 13 %
¥ dekobokoksioorsoosksossossororseoseosooksoe ook
QUTPUT  EQU  $0400 OUTPUT COMMUNICATION LATCH

STATUS £QU $0402 STATUS LATCH

T8 EQU 0403 TRANSMIT DATA TO PROCESSOR 8

Tl4 EQU $0405 TRANSMIT DATA TO PROCESSOR 14

T12 EQU  $0407 TRANSMIT - DATA TO PROCESSOR 12

INPUT EQU"  $0410 - INPUT COMMUNICATION LATCH

RS EQU- 30412 RECEIVE DATA FROM PROCESSOR 8

R14" EQU  $0414 RECEIVE DATA FROM PROCESSOR 14

R12. EQU*  $0416 RECEIVE DATA FROM PROCESSOR 12

SEN £QU $0418
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BEGIN

START

FRD

NEXT

3

OVER’

SKP12

SKP14
SKP15

SKP16

ale

ORG
NOP
gRrRCC
Lbu
CLRA
STA
LDA
BEQ
LDA
STA
LOY
LOX
LDA
STA
SYNC
CLRA
STA
LOD
BRA
LDY
LOX
SYNC
LDD

STD
SYNC
STD
LOD
sSusD
8CC
ADDD
SYNC
STD
SYNC
ADDD
BCS’

-CMPD

BLO
ADDD
STD
SYNC
STD
LDD
SuBD
8CC
ADDD
SYNC

STD
CLR
CLR
LDA
LOB

$F800

#201010000
#PROD1

FLAG
SEM
FRD

#1
FLAG
EMCND
#MLTFR
#1
STATUS

STATUS
INPUT
OVER
EMCND
#MLTRR

SAVE
T8

SAVE
R8
SAVE
SKP12
#65521

T1l4

R1é
SKP14
#65521
SKP15
#15
T12

SAVE
R12
SAVE
SKP1é6
#65521

MCND
s U
15U
1,X
1,Y

SET FLAG=0 IF SEM=0
SET FLAG=1 IF SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

TRANSMIT DATA TO PROCESSOR 3
WAIT FOR DATA FROM PROCESSOR 8

%. MODULAR SUBTRACTION

L e
>~

WAIT FOR DATA FROM PROCESSOR 14
TRANSMIT: DATA TO PROCESSOR 14
WAIT FOR DATA FROM PROCESSOR 14

ADD DATA FROM PROCESSOR 14

3¢

% MODULAR ADDITION
TRANSMIT DATA TO PROCESSOR 12
WAIT FOR OATA FROM PROCESSOR 12

ste
o~

% MODULAR SUBTRACTION

3¢ 3t 3¢

% MODULAR MULTIPLICATION
= WITH TRANSFORM COEFFICIENTS
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SKP26

SKP28
SKP29

e

SKP30Q.

STD
LDD
SuBD
BCC
400D
STD
SYNC
ADDD
BCS
CMPD
BLO
ADDD
SYNC
STD
SYNC
STD
LDD
SUBD
BCC
ADDD

STD

s CHECK FLAG
FLAG=0 PERFORM FORWARD TRANSFORM QF FIRST SEQUENCE
FLAG=1 PERFDRM FORWARD TRANSFORM DF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM 0OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

% IF
x IF

#* IF

CONV

MULT

LOP1S

LDA
CMPA
BEQ
CMPA
BEQ
LDD
STD
LBRA
LDD
STD
LBRA

INC
LDX
LDY
CLR
CLR
LDA
LDB
MUL
STD
LDA
LDB
MUL

SAVE
R12
SAVE
SKP26
#65521
T14

R14

SKP28

#65521
SKP29
15

T8

SAVE
R8
SAVE
SKP30
#65521

SAVE

FLAG
#1
MULT
#2
CONV
"SAVE
RES
BEGIN
SAVE
SUTPUT
BEGIN

FLAG
#SAVE
#RES’
U
1,U
1,X-
1,Y

2V
s X
1,Y

(=)
|

61

aty

% MODULAR SUBTRACTION

aly
b2

ate .
A2

s

hed

TRANSMIT DATA TO PROCESSOR 14

"WAIT FOR DATA FROM PROCESSOR 14

ADD DATA FROM PROCESSCGR 14

e

10DULAR ADDITION

A s se s
& 38 3 3

TRANSMIT DATA TO PROCESSOR 8
WAIT FOR DATA FROM PROCESSOR 8

< MODULAR SUBTRACTICON

s

3 3¢ 3

WRITE RESULT IN THE OUTPUT LATCH

PERFORM MULTIPICATION OF THE TWO

TRANSFORMED SEQUENCES

% MODULAR MULTIPLICATION

W "
b9

Yo
pxe
e ¥
EXd

,
e e 3¢

Yo
4



Appendix-D

SKP18

SKP21

SKpP22

SKP23-

SKP24
SKP25

MUL
STD
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LD8
MUL
ADDD
STD

LDA
LDS
MUL

"ADDD

BCS
CHMPD
BLD
ADDD
STD

LDA
LDX
CLR
CLR
CLR
Lo8
MUL
STD
LOA
LDB
MUL
ADDD
ADDD
BCS
CMPD
8LO
ADDD
SYNC

SYNC
STD
SYNC

25U
SKp22-
#65521
SKP23
#15
FERY

s U
ETEMP
s X

1 [ X

29X
#15

s X
» X
#1535

1,X
25U
SKP24
#65521
SKP25
#15

RS
I

TRy
5

v

4% 5E 3E 38

kY]
k13

N
3¢

36 e 30 3k 3 3%

K73
*"n

A
k3

36 3% 3 38 3 3 3% SF SF F 3 4

o
s

+

.
36 36 3¢ 3F SE b

TRANSMIT BATA TO PROCESSOR 12
WAIT FOR DATA FROM PROCESSOR 12
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ADDD 1,U d

STD 1,U %

BCC. LOP16 ES

. INC s U b

LaP1é6 DA 14X e

LDB s Y ¥z

MUL %

ADDD 1,0 %

STO 1,U %

8CC LOP19 w®

INC s U %
LOP1S LDA 2 X %

LDB s Y 2

MUL %

ADDD s U s

STDH s U i

LDA 1,U 3

LDB #15 %

MUL s

ADDD 2,U e

3CS LOP20 ®

CMPD #65521 *

BLO LOP21 #
LoP20 ADDD #15 %
LoP21 STD 24U 5

LDA s U %

LOX FETEMP %

CLR ' X %

CLR 1,X s

CLR 29X *

LD® #15 *

MUL %

STD s X %

LDA s X #*

LD8 #15 %

MUL” %

ADDD  1,X *

ADDD  2,U %

BCS” LOP22 %

CMPD #65521 5

BLO LoP23 e
LoprP22 ADDD #15 %
=3-‘>.‘=*=¢<*>3 sie3je sie e sle e sie slesiesie sie sie sjesie sjesie Sjexe e siedesie e oo desiasie e sieesie sie sl e ook desleioieiok
% RESHUFFLING THE DATA BEFORE PERFORMING THE %
% INVERSE TRANSFORM., THE DATA IS EXCHANGED THROUGH %
#  THE EXISTING COMMUNICATION LATCHES %
sesesiosle ez siosiosiesionesis sl Siesle e e desie slesia sl sesie e desieoie siesiesk s siesiesiesi et slese e e il ool ik
LOP23 STD T8 TRANSMIT DATA TO PROCESSOR 8

SYNC WAIT FOR DATA FROM PROCESSOR 8

LOD RS RECEIVE DATA FROM PROCESSOR 8
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sle
R

-MLTFR
MLTRR

MCND
PROD1

PROD2
PROD3
PROD4
TEMP
TEMP1
TEMP3
SAVE
FLAG
RES

wle

-*

STRT

e

'r

e
P
o
o
e

A9

~l
R

ats
P

QUTPUT
STATUS
T9

T13
T18
INPUT
R9

R13
R18
SEM

s
5

.BEGIN

J\"-'J\QJ‘
SRS

ORGSR

e
-~

s whs abe
RXP LR LR

STO
LDOD
STD
SYNC
LDD
STD
SYNC
SYNC
LBRA

FDB’
FDB

ORG
FDB
FCB
£CB
FCB
FC8
FCB
FCB
FCB
FDB
FCB
FOB

ORG
EQU
END

NAM

e u sl
'~

EQU
EQU
EQU-
£Qu
EQU
EQU
EQU”
EQU
£QuU
EQU

arRG
NOP

ORCC:

Lou-
CLRA
STA
LDA

D-63
T14 TRANSMIT DATA TO PROCESSOR 14
R14 RECEIVE DATA FROM PROCESSOR 14
T12 TRANSMIT DATA TO PROCESSOR 12
WAIT FOR DATA FROM PROCESSOR 12
R12 RECEIVE DATA FROM PROCESSOR 12
SAVE SAVE RESULT
NEXT
8748 FORWARD TRANSFORM COEFFICIENT
12521 INVERSE TRANSFORM: COEFFICIENT
$0000
0
0
0
0.
0
0
0-
0
0
0
0
SFFFE
$F800
BEGIN
680914
e L B B e T e P e P Lo
PROCESSOR NUMBER 14 #
stk Ak detedeste e sk dele o e ek el ook o ok ol e s
$0400 OUTPUT COMMUNICATION LATCH
$0402 STATUS LATCH
$0403 TRANSMIT CATA TO PROCESSOR 9
$0405 TRANSMIT DATA TO PROCESSOR 13
$0407 TRANSMIT CATA TO PROCESSOR 18
$0410 INPUT COMMUNICATION LATCH
$0412 RECEIVE DATA FROM PROCESSOR 9
$0414 RECEIVE DATA FROM PROCESSOR 13
30416 RECEIVE DATA FROM PROCESSOR 18
$0418
$F800
#%01010000
#PROD1
FLAG SET FLAG=0 IF SEM=0
SEM
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START

"FRD

NEXT-

wty

OVER

SKP12

SKP1s4

wls
«~

SKP16

BEQ
LDA
STA
LDY"
LBX
LDA&
STA
SYNC
CLRA
STA
LDD
BRA
LDY
LDX

SYNC-

LDD

STD
SYNC
STD
LOD
SUBD
BCC

ADDD”
"SYNC

STD
SYNC
SuUs0
BCC
ADDD
STD
SYNC
SYNC

STD
CLR
CLR
LDA
Log:
MUL
STD
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
L.DB
MUL
400D
STD
8CC

FRD

#1
FLAG
#MCND
#MLTFR
#1
STATUS

STATUS
INPUT.
"OVER
#MCND
#MLTRR

SAVE
179

SAVE
R9
SAVE
SKP12
#65521

T13

R13
SKP1lé4
#65521
T18

MCND
s U
1,U
1,X:
1,Y

24U

1,Y°

15U
1,U
SKP16
s U
14X

1,V
1,U
SKP19

SET FLAG=1 IS SEM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH

TRANSMIT DATA TO PROCESSOR 9
WAIT FOR DATA FROM PROCESSOR 9

Pl
LSS

% MODULAR SUBTRACTION

3 3¢ 3¢

TRANSMIT DATA 70O PROCESSOR 13

"WAIT FOR DATA FROM PROCESSOR 13

% MODULAR SUBTRACTION

o

TRANSMIT DATA TO PROCESSOR 18

MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

3EO3F 3 9t 3t

3

Bl
"

Yy Y Iy
W 5 St e 3E

’Y)
o’

& 3t

.
3¢

a0
"

&3¢
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SKP19

SKP20
SKpP21

Skp22
SKP23

e

SKP2¢
SKP25

SKP26

INC
LDA
LO8"
MUL-
ADDD
STD

LDA
LD8
MUL-
ADDD
BCS
CMPD
BLD
ADDOD
STD

LDA
LDX
CLR
CLR
CLR
LDB
MUL
STD
LDA
LDB
MUL"
ADDD
ADDD
BCS
CMPD
8L0
ADDD
SYNC

SYNC
ADDD
BCS
cMPD
8L0
ADDD
SYNC
STD
SYNC
STO
LDD
SUBD
8CC
ADDD
SYNC
STD
SYNC
STD

s U
» X
' Y

s U
yU

1,U
#15

24U
SKP20
#65521
SKP21
#15
25U

s U
EXTEMP

s X
14X
29X
#15

s X
» X
#15

14X
24U
SKP22
#65521
SKP23
15

R13
SKpP2a
#65521
SKP25
#15

T13
SAVE
R13
SAVE
SKP2é6
#65521
T9

SAVE

a6
"

.
2 3t

38 3 38 38 3 e

v

3% L 36 3%
3 38 3 3%

YR PR YR Y R Y)
36 3 3% 38 4%

.
S¢

3% 3 S 3¢

3¢

WAIT FOR DATA FROM PROCESSOR 18
ADD DATA FROM PROCESSOR 18

MODULAR ADDITION

S 2
W e

3 2%

TRANSMIT - DATA TO PROCESSOR 13
WAIT FOR DATA FROM PROCESSOR 13

3
prd

% MODULAR SUBTRACTION

WAIT FOR DATA FROM PROCESSOR 9
TRANSMIT DATA TO PROCESSOR 9
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s
29

SKP28

4

LOD
SUBD
BCC
ADDD

STD

% CHECK FLAG
FLAG=0 PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE
FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
THE TWO TRANSFORMS AND STORE RESULT IN THE QUTPUT LATCH

- IF
% IF

% IF

CONYV

MULT

LOP15

LGP16

LOP19

LDA
CMPA
BEQ
CMPA
BEQ
LOD
STD
LBRA
LDD
STD
L8RA

INC
LDX
LDY
CLR
CLR
LDA
LD8B
MUL
STD
LDA
LD8
MUL
ADDO
STD
BCC
INC
LDA
LDB
MUL
AQDD
STD
BCC
INC
LDA
LD8
MUL
ADDD
STD

R9 RECEIVE DATA FROM PROCESSOR 9
SAVE %

SKP28 %. MODULAR SUBTRACTION

#65521 *

SAVE

FLAG
#1
MULT
#2
CONV
SAVE
RES
BEGIN
"SAVE
guTPUT WRITE DATA IN OUTPUT LATCH
BEGIN

FLAG
#SAVE PERFORM MULTIPLICATION OF THE TWO
#RES TRANSFORMED SEQUENCES
s U X
1,U * MODULAR MULTIPLICATION
1,X
1,Y

ST

.
3¢

254
» X

1,Y

2% 4 I
WS 3

1,U b
1,U *
LOP16 %
y U 3
15X %
s Y =

1,U 3
1,U
LOP19

s U

9 X

' Y

36 3 3t

3F 3 e 3%

s U
' U %
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K1
3

LDa 1,U st
LDB #15 %*
MUL s
ADDD. 2,U #
BCS LOP2O £
CMPD #65521 %
BLO LOopP21 %
LOP20 ADDD #15 £
LOP21 STD 2yU P
L.Da s U *.
LDX #TEMP *
CLR » X S
CLR 14X %
CLR Z,X %
LDB #¥15 %
MUL "
STG 9 X %
LDA s X Py
LDB #15 }
MUL £
ADDD 15X %*
ADDD 2,U° S
BCS LOP22 Es
CMPD #65521 sk
BLO LopP23 s

.LOoP22 ADDD #1°5 %

o o o SR 3 APEPLPRP LS4

RESHUFFLING THE DATA BEFDRE PERFORMING THE %
x INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH %
®*  THE EXISTING COMMUNICATION LATCHES *

wte 0'4"" ‘e v obe bn\.‘. ‘J-lo#‘-‘*s'v‘ '—des&bd‘sdon' JJJJL‘:bsnaJJ-'-J-J J:J«J-Ja
8 s ~,\\ 1\4\ P A LPAPED 14 LR L9 P} PXPAP LT R APER PP LR XD STARSRSAISINISR IR

s

o~

:: .~' *J‘\‘ J ‘ob‘ s " s olo sl a2 .b b\l \a J,J | J J 0 Ja :4 -‘ se vy ~"J oJ-J c‘ 3‘-~‘ s ofs Ws"*“:' -:4;1. "\-\: sl:\b |‘:::*>:<*=1:
e

-

s'-

Lop23 STD T13 TRANSMIT OATA TO PROCESSOR 13
SYNC
SYNC WAIT FOR DATA FROM PROCESSOR 13
LDD R13 RECEIVE DATA FROM PROCESSOR 13
STD T18 TRANSMIT DATA TO PROCESSOR 18
LOD -R18 RECEIVE DATA FROM PROCESSOR 18
STO T9 TRANSMIT DATA TO PROCESSOR 9
SYNC WAIT FOR DATA FROM PROCESSBR 9
LDD RS RECEIVE DATA FROM PROCESSOR 9
STD SAVE SAVE RESULT
SYNC
LBRA NEXT.

MLTFR FD8 1465 FORWARD TRANSFORM COEFFICIENT

MLTRR FDB 21938 INVERSE TRANSFORM COEFFICIENT
DRG $0000

MCND - FD3 0

PROD1 FCB 0
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PRODZ
PROD3
PROD4
TEMP
TEMP1
TEMP3
SAVE"
FLAG
RES’

STRT

e
P

s
R

guTPUT
STATUS

T10
T12
T18
INPUT
R10
R12
R18
SEM

BEGIN

START

FRD.

FC8
FCB
FCB
FCB
g
FCB
FD8
FCB
FDB

ORG
EQU
END

NAM

1o ats nlo wbs oio aby ado Ao nis
LCPAPRPAPRPLP P EPL

:Jaq‘ | |\‘\¢~'¢~‘
“S

EQU
EQU
£QuU
EQU
EQU
EQuU
QU
EQU

EQU”

EQU
ORG

ORG
NOP

ORCC

LDU

CLRA
"STA

LDA
BEQ
LDA

STA.

LDY
LDX
LDA
STA

SYNC
CLRA

STA
LDD
BRA
LOY
LDX

SYNC

OO DOODO

$FB800

#%01010000

#PROD1

FLAG
SEM
FRD
#1-
FLAG
#MCND
#MLTFR
#1
STATUS

STATUS
INPUT
OVER
#MCND
#MLTRR

DCESSOP NUMBER 15

2 st sl yle o ) vt
<R PRETIR EARAR SRR AR SRR R

i3
¢
7‘(‘

'Jo JaJoJ‘oJJb\‘-JJ' Jv-‘a»
SE38338% ROR

\‘s"-l-J.-d\\.hJu'l.J- 4#.4*: ‘J\a

DUTPUT COMMUNICATION LATCH
STATUS LATCH

TRANSMIT DATA TO PROCESSOR 10
TRANSMIT DATA TO PROCESSOR 12
TRANSMIT CATA 7O PROCESSOR 18
INPUT COMMUNICATICN LATCH
RECEIVE DATA FROM PROCESSOR 10
RECEIVE DATA FROM PROCESSOR 12
RECEIVE DATA FROM PROCESSOR 18

SET FLAG=0 IF SEM=0

SET FLAG=1 IS SgM=1

SET STATUS LATCH=1

SET STATUS LATCH=0
READ INPUT LATCH
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OVER

SKP12

SKP14

SKP1é6

SKP19

Eia
"

LDD

STD
SYNC
STD
LOD
sSusp
8CC
ADDD
SYNC
STD
SYNC
STO
LDD
susbh
8CC-
AQDD
STG
SYNC
SYNC

STD
CLR
CLR
LDA
LOB
MUL
STC
LDA
LDB
MUL
ADDD
STO
BCC
INC
LDa-
LOB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STO

“LDA

LDB
MUL
ADDD
8CS
CMPD

SAVE
T10

SAVE
R10
SAVE
SKP12
#65521

T12

SAVE
R12
SAVE
SKP1lé4
#65521
T18

MCND

s U
1,U
19X
1,Y

29U

1,Y

SKP1é6

1,U
#15

25U
SKP20
#65521

TRANSMIT DATA TO PROCESSOR 10
WAIT FOR DATA FROM PROCESSOR 10

% MODULAR SUBSTRACTION

33 3¢

TRANSMIT CATA TO PROCESSOR 12
WAIT FOR DATA FROM PROCESSOR 12

% MODULAR SUBTRACTION

3

2
3:

TRANSMIT DATA TO PROCESSOR 18

MODULAR MULTIPICATION
"WITH TRANSFORM COEFFICIENTS

SRR

s 2
¢ W

3% 3¢
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BLO SKP21 s

"SKP20 ADDD #1°5 %
SKP21 STD 23U %
LDA s U it
LDX £TEMP %X
CLR + X W
CLR 1,X %
CLR Z,X x
LDB #15 B
MUL. b
STD s X 3
LDA s X %
t.D8 #15 %
MUL *-
ADDD 1,X R
ADDD 2,U %
8CS SKP22 £
CMPD #65521 %
BLO SKP23 2
“SKP22 ADDD #15 L
SKP23 SYNC
SYNC WAIT FOR DATA FROM PROCESSOR 18
SUBD R18 L
8CC SKP24 % MODULAR SUBTRACTION:
ADDD #65521 %
SKP24 SYNC
STD T12 TRANSMIT DATA TO PROCESSOR 12
SYNC WAIT FOR DATA FROM PROCESSOR 12
STD SAVE x
LDD R12 MODULAR SUBTRACTION

SUBD SAVE
BCC SKP26
ADDD #65521

303 3% 3t S

SKP26 SYNC
STD T10 TRANSMIT DATA TO PROCESSOR 19
SYNC WAIT FOR DATA FROM PROCESSOR 10
STD SAVE S
LDD R10 % MODULAR SUBTRACTION
SUBD SAVE %
BCC SKP28 W
ADDD #65521. %
SKp238 STC SAVE

% CHECK FLAG

% IF FLAG=0 PERFDRM FORWARD TRANSFORM OF FIRST SEQUENCE

% IF FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE

3% AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE

% IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE
% THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH

LDA FLAG
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CONV

MULT

LOP1S

LOP16

LgP19

ate
A

LoP20
LopP21

CMPA
BE
CMPA
BEQ
LDD
STD
L8RA
LOD
STO
LBRA

INC
LDX
LDY
CLR
CLR
LDA
LOB
MUL
STD
LDAS
LDB"
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STO
BCC
INC
LDA
LDB
MUL
ADOD
STH

LDA
LDB
MUL
ADDD
BCS
CMPD
8LO
ADDD
STD

LDA
LDX
CLR
CLR

#1
MULT
#2
CONV
SAVE
RES
BEGIN
SAVE
QUTPUT
BEGIN

FLAG
#SAVE
#RES
' U
1,U
14X
1,Y

24U
s X
1,Y

1,U

15U

LOP16
y U

19X

s Y

1,U
1,U
LOP19

s U

s X

s Y

s U
s U

1,U
#15

24U
LOP20
#65521
L0pP21
#15
25U

s U
¥TEMP

s X
14X

WRITE DATA IN DUTPUT LATCH

PERFORM MULTIPLICATION OF THE TWO
TRANSFORMED SEQUENCES

e
Rt

% MODULAR MULTIPLICATION

e
23

a
"

"..,
3 9t 3% 3%

.
39 3 4t

e I

3 3% 3 3 Gk

3%

¢ 3 36 3F 3 e

36 36

YRR Y)
WO
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Lorp22

SRNENRNes

‘ s abe wio o
c'lcPv*‘P

CLR
LD8
MUL
STD
LDA
LDB
MUL
ADDD
ADODD
BCS
CMPD
BLO
ADDD

29X
#15

s X
s X
#15

1,X
25U
LOP22
#65521
LOP23
#15

Jos I.J~‘~-~L-

7%

"

34

3 38 38 b 3¢ SF

X RESHUFFLIVG THE DATA BEFORE PcRFDRMING THE

b

*.

*

%,

e

2y
'2 oo whe e als wls os o, ‘ s;s' '\‘45‘ ‘s ot 4.-‘- e ohe wte she oo 2'e dls whr vie 2fs oo of J - sle dleuls oty
St Ssiesie s siesiesie 33 Hesie s s sz e s e el sk e sl s sl sie e sje fesiesie

THE DATA IS EXCHANGED THROUGH

% INVERSE TRANSFORM.
* THE EXISTING COMMUNICATION LATCHES

Do
p-£4

LOP23

MLTFR
MLTRR

oo
pxd

MCND
PROD1
PRODZ
PROD3
PROD4
TEMP
"TEMP1
TEMP3
SAVE
FLAG
RES

pAY

STRT.

e
p2Y

e
b
s
P13

abe
BXS

e we nie o
"\a‘ ,‘- "\r —,so,. ‘\n\

s wip wlo wis

STD
SYNC
SYNC
SYNC
SYNC
LOD
STD
L3RA

FD8
FDB

ORG
FDB
FCB
FCB
FCB
FCB
FC8
FCB
FCB
FOB
FCB
FDB
ORG
EQU
END

NAM.

Wr Wls ws wie wts wis sle als wis
AR XPAPAPEPLPEP X

e
e

e who wio o e Yo
SRR ,\' nee 38R AR SR e

32 3l ale ahs ate o
PAPIP LD RS 12Y

e vl ole oo ale
R IRIASR 4,

T18

R18
SAVE
NEXT

23174
5913

$0000

OO O TCOOQOODODOO

$FFFE
$F800
BEGIN

680916

als obe oo slo ois by
EPEPAPEP AP PR LD

Js‘

fo stz o3ty o
Sesiedeshsies

shesionie sle st sl sle sl sle e ste e sle et s sle sl e s sl sl ok
ROR SR ERAR S R R

s'ey ’\‘oJ’ :\' e vte *sl.sb l J “ ' Dl bJ e e wle
RO NRORA PERIRCRAPAR 3 <3

TRANSMIT .DATA 7O PROCESSOR 18

WAIT FOR DATA FROM PROCESSOR 18
RECEIVE DATA FROM PROCESSOR 18

FORWARD TRANSFDRM COEFFICIENT
INVERSE TRANSFORM COEFFICIENT

i
3t
%

LORORARARN

PRUCtSSDR NUNBER 16

AR

< Bedesk 282 RATRIIRATIIRT

\k' l‘Jcnb 'y
PAP-ES RS-

e Jv~-Ja ') -bJ‘ w‘o ~-~ -Ao oJ bJ‘ Vo whe e te s Wo e s e als Wo als W Ve ale als o
pa i Ded AP LRI P LD LD XPA PP AP
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T4
T5
R4
RS
SEM

BEGIN

START

SKP12
SKP13
s

SKP14

EQU
EQU
EQU-
EQU
£QU”

GRG
NOP .
ORCC
LDU
CLRA
STA®
LDA
BEQ
LDA
STA
LDY"
LDX
8RA
LDY
LDX
SYNC
SYNC
SYNC
SYNC
SYNC
LDD
ADDD
BCS
CMPD
BLO
ADDD
SYNC

STOD
CLR
CLR
LDA
LD3
MUL
STD
LDA
LDB
MUL
ADDD
STD
8CC
INC
LDA
LD8
MUL
ADDD
STO

50410
$0412
$041¢
$0416
$0418

$F800

#7201010000
#PROD1

FLAG
SEM
FRD

#1
FLAG
#MCND
#MLTFR
OVER
#MCND
#MLTRR

R4

RS
SKpP12
#65521
SKP13.
#15

- MCND

s U
1,U
1,X
1sY

24U
» X
1Y

1,U
1,4
SKP1é4
yU
1,X%
s Y

1,U
i,U

TRANSMIT DATA TO PROCESSOR 4
TRANSMIT DATA TO PROCESSOR 5
RECEIVE DATA FROM PROCESSOR 4
RECEIVE DATA FROM PROCESSOR 5

SEY FLAG=0.IF SEM=0

SET FLAG=1 IF SEM=1

WAIT FOR DATA FROM PROCESSOR 4
RECEIVE DATA FROM PROCESSOR 4
ADD DATA FROM PROCESSOR 5

MODULAR ADDITION

i Sk 3 4

e
P24
2,

% MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

3¢ 3¢

3%

.
PR (O 4 1

36 3% 38 SF SF 3 3%
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SKP17

R

SKP18
SKP19

whe

SKXP20
SKP21

»tr
P4

SKP

0'\

Al wis Al s ats

BCC.
INC
LDA
LD8
MUL .
ADDD
STD

LOA
LD8
MUL
ADDD
BCS
CMPD
BLO
ADDD
STD

LDA
LDX
CLR
CLR
CLR
LD8
MUL
STD
LDA
LDB
MUL
ADDD
ADDD
BCS

CMPD-

BLO
ADDD
SYNC

STD
STD
SYNC
SYNC
SYNC
SYNC
SYNC
LDA
CMPA
BEQ
LBRA
INC

SKP17
s U
? X
s Y

s U
' U

1,U
#15

25U
SKP18
#65521
SKP19
#15
23U

#15

1,X
24U
SKP20
#65521
SKp21
#15

T5
T4

FLAG
#1
SKkp
BEGIN
FLAG

o ot ~h~ J ‘lo~‘ uw te w~h~b~b~ d ¢ ale le e ole Sl sl s J i Ao vio Ws abe whe ats s oo oo whs ol ! aJo J e o wlo o
SEREK P el pARAP LD LS

2 sle 3le 2l oo wte e ,,
SRORSRIIIE 4 SRS .|-¢,~ SRl

% RESHUFFLING THE DATA SCFDRE PERFDRMINu THE

% INVERSE

TRANSFORM.

Y
3 JE

o
FRtd

s
gE 3T 98 JE 3%

e 3 3 3% 3 3¢

WAIT FOR OTHER PROCESSORS 7O
COMPLETE MULTIPLICATION

TRANSMIT DATA TO PROCESSOR 5
TRANSMIT DATA TO PROCESSOR 4

MRk S A4S A A A At el s SRR

THE DATA IS EXCHANGED THROUGH

% THE EXISTING COMMUNICATION LATCHES

3t

2%

.
L 14

3¢
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MLTFR
MLTRR

b3

MCND
PROD1
PROD2
PROD3
PROD4
TEMP
TEMP]
TEMP3
SAVE.
FLAG

~
P

STRT-
%*

3

wle
3N

s

bs
pd

T9
T10°
RS
R10
SEM:

BEGIN

START

FRD

SYNC
LOD
STD
SYNC

SYNC.

SYNC
LBRA

DB
FD3

ORG
F08
FCB
FCB
FCB
FC8
FCB
FC8
FCB
FDB
FC8

ORG
EQU
END

NAM

OO0 O W

$FFFE
$F800
BEGIN

680917

Vo wd, e le wbs wle wle als uf, 1o vio whe
sk ok sioiesknosieesikaioisiok

e
LS

sho sls ate

EARAPAR

EQU-
EQU
EQU
EQU
EQU

ORG
NOP
DRCC
Lou
CLRA
STA
LDA
BEQ
LDA
STA
LDY
LDX
BRA’

L ,Jo wle ate aly abe wls aly wly ate wls 4: o oo
e s ok Sle sl aie e sl sl sle sfe sl sle e sle s

RPLS P13 2P XA

PR

e wls oty
.

$0410
$0412
$0414
$0416
$04138

$F800

#201010000
#PROD1

FLAG

SEM

FRD.
1l
FLAG
#MCND
#MLTFR
OVER

Jo J, Se \) w
g o ek e Nk e et desiesiook

WAIT FOR CATA FROM PROCESSOR 5
RECEIVE DATA FROM PROCESSOR 5
TRANSMIT CATA TO PROCESSOR 4

FORWARD TRANSFORM COEFFICIENT
INVERSE TRANSFORM COEFFICIENT

’h e als als vis ole s W 470 wle wls wls wix Wl Wis Ale Wle Wie s Wls
ERERLPAPLPAPESAPLPAPE PP EPAPLO LS 1S A1 314

ODCESSOR NUMBER 17

vz v sie abe abs ale abs wio Wlo Wy wle e 21s als als ols oo e e W whe Ve s ats ola 4ls 1o o
PAP DX PER P+ SEPEPEPLRAPAPFSAEI P LS LR LP CPAPIPIPEILP P RIEP 1Y

> o

TRANSMIT DATA TO PRGCESSOR 9

TRANSMIT BATA TO PROCESSOR 10
RECEIVE 0ATA FROM PROCESSOR 9
RECEIVE DATA FROM PROCESSOR 10

SET FLAG=0 IF SEM=0

SET FLAG=1 IF SEM=1

s als als wio s oo wle -‘: ate slo Wlo wts Wi ale W W15 Wis wlo oo wle
XD PAP L h ESXFAD I T ERARAPIPAPED LD I PP XY
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SKP12
SKP13

e
px s

SKP14

SKP17

SKP18
SKP19S

LDY

-LDX

SYNC
SYNC
SYNC
SYNC
SYNC
LDD

ADDO
8CS

cmeD
BLO.
ADDD
SYNC

STD
CLR
CLR
LDA
LDB
MUL
STOD
LDA
LDB
MUL

"ADDROD

ST9
BCC
INC
LDA
LD8
MUL
ADDD
STD
BCC
INC.
LDA
LOB
MUL.
ADDD
STD

LDA
LDB
MUL -
ADDD
8CS

CHPD .

BLO
ADDD
STD

LDA’
LDX

#MCND
#MLTRR

R9

R10
SKP12
#65521
SKP13
#15

24U
SKP18
#65521
SKP19
15
25U

»U
#TEMP

WAIT FDOR DATA FROM PROCESSOR 9
RECEIVE DATA FROM PROCESSOR 9
ADD DATA FROM PROCESSOR 10

W
R

* MODULAR ADDITION

e
Py

"MODULAR MULTIPLICATION
WITH TRANSFORM COEFFICIENTS

R e R 14

e 3

3 3

e 3%

R 1)

3¢

26 3 48 3¢

1Y
kN

3% 3¢

It 3 3

& F

R S B O Tl
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SKP20
SKpPz1

SKP

ale wla o JAJ ‘I ‘
B $532 ;

‘\f.

CLR
CLR
CLR
LDB
MUL
STD
LDa
LDSB
MUL
ADDD
ADDD
BCS
cCMPD
BLO
ADDD
SYNC

STO
STD
SYNC
SYNC
SYNC
SYNC
SYNC
Loa-
CMPA
BEQ
LBRA
INC

e desestesiesie)

s X
14X
29X
#15

» X
» X
#15

15X

25U
SKP20
£65521
SKpP21
#15

T10
T9

FLAG
#1
SKP
BEGIN
FLAG

-.'o s whe wle
LR X P4

(13

Ey

3 3

3 5t

36 38 36 Sk

YRRV
N S I+

3¢ 34

i
pxs

TRANSMIT DATA TO PROCESSOR 10
TRANSMIT DATA TO PROCESSOR 9

\bsbsl-#o b': 'u\‘ J- ‘as‘os—s‘ 'd b‘ob s 2l Wy ote o &s’ J

s
LR AL P pASAY EP AP EP LS L5 1. q. ﬁ‘q

% RESHUFFLING THC DATA BEFORE PERFORMING THE
% INVERSE TRANSFORM.
2 THE FXTSTING COMMUNICATION LATCHES

ate ats sb~l'~»J
223353585,

ots
P2

MLTFR
MLTRR

alg
"~

MCND

PROD1
PRODZ
PROD3

o t ,V-J 2wl ol

po2d

SYNC
LDD
STD
SYNC
SYNC
LOD
STD
SYNC
LBRA

FDB
FDB

ORG
FD3
FCS
FCB
FCB

ale oo nty
p ) s"~o‘ A

R10
T9

R9
T10
NEXT

5753
34561

$0000

0
¢
0
0

.-~.~h \.. s \.
t P xPLd

THE DATA IS EXCHANGED THROUGH'

aJ 4 Jrv\v e At oo ads o 'y whe A-\‘ s;s'. \. W siy she aty ada wls s 4ty als ats wly afs whs ahe o o e wte
P4 ~ EARE X PP Y AP XD XSSP LSS LY

AP -1 ,._\-\ PRSP A SRR RPER Y SE PR X

RECEIVE DATA FROM PROCESSOR 10
TRANSMIT DATA TO PROCESSOR 9

WAIT FODR DATA FROM PROCESSOR 9
RECEIVE DATA FROM PROCESSOR 9
TRANSMIT DATA TO PROCESSOR 10

FORWARD TRANSFORM COEFFICIENT
INVERSE TRANSFORM COEFFICIENT
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PROD4 FC8
TEMP:
TEMP1
TEMP3
SAVE
FLAG

s
P

FCB
FCB
F08
FCB

ORG
EQU
END

STRT

NAM

sz

~ut~4 e o

P 29 -,s; A

T14
T1i5
R14
R15
SEM

EQU
EQU
EQU
EQU

aRrG
NQP

ORCC

LDOU
BEGIN
STA
LDA

BEQ -

LDA
STA
LDY
LDX

START

FRD

BRA-

LOY
LDX

NEXT:

OVER

LDD

ADDD

8CS

CMPD

BLO
SKP12
SKP13
STD
CLR
CLR

FC8-

ale ste 3¢
See sz fesiese s

o3l e sl siesk
A58

EQU

CLRA

SYNC
SYNC
SYNC
SYNC
SYNC

ADDD
SYNC

DOO0OODOO

$FFFE
$F800
BEGIN

680918

e wis vl o, ‘-‘ ate
PARXR IR '4‘ “* A

J;'wlo\

“*

stesie e sfeste st st sl Mo sle sl e e st slesk
SRARIR SRR IRARAL R T R R PR REL

_‘L

PRDCESSOR NUMBER 18

't“l‘l l“"-’)'\

$0410
$0412
$0414
$0416
$0418

$FB00

#201010000
#PROD1

FLAG
SEM
FRD

#1
FLAG
#MCND
#MLTFR
OVER"
#MCND
#MLTRR

R14
R15
SKP12°
#65521
SKP13
#15

MCND
s U
1,V

s abz sle she sl wio wlo wie an JJ-J'J;‘J sle she ste sl
" -~

slesteste bw-‘;# oz Wy o
PASAS LD P24

LAR R RIS IR R AR08 A AR 5

AP EPAS

TRANSMIT DATA TO PROCESSOR 14
TRANSMIT CATA 7O PROCESSOR 15
RECEIVE DATA FROM PROCESSOR 14
RECEIVE DATA FROM PROCESSOR 15

SET FLAG=0 IF SEM=0"

SET FLAG=1 IF SEM=1

WAIT FOR DATA FROM PROCESSOR 14
RECEIVE DATA FROM PROCESSOR 14
ADD DATA FROM PROCESSOR 15

% MODULAR ADDITION

36

MODULAR MULTIPLICATION
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SKP14

SKP17

SKP18
SKP19

SKP20
SKp21

LDA
LD8
MUL
STD
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA.
LD8B
MUL
ADOD
STO
BCC
INC
LDA
LDB
MUL
ADDD
STH

LDA
LDB
MUL
ADDD
BCS
CMPD
BLO
ADDD
STO

L0A
LDX
CLR
CLR
CLR
LDB
MUL
STD
LDA
LD8
MUL
ADDD
ADDD
BCS
CMPD

BLO -

4ddDb
SYNC

STD

15X
1,Y

25U
s X
1,Y

1,U
1,U
SKP14
s U
19X
Y

1,U°
1,U
SKP17

25U
SKP18
#65521
SKP19
#15
24U

s U
#TEMP

2 X
1,X
29X
#15

s X
s X
#15

1,X
24U
SKP20
#65521
SKP21
#15

T15

% WITH TRANSFORM COEFFICIENTS

~ts
32

3
e

S
23

3¢ 3 3% 3F dF dF 3%

2
(1)

3 % 4% 3t

S

v Lo de e
36 3F SF 3k 3% dF 3% 3

3¢

WAIT FOR OTHER PROCESSORS TO

COMPLETE MULTIPLICATION
TRANSMIT DATA TO PROCESSOR 15
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STD
SYNC
SYNC
SYNC
SYNC
SYNC
LDA
CMPA
BEQ
LERA
SKP INC

* RESHUFFLING
® INVERSE TRAN

T1i4

FLAG
#1
SKP
BEGIN
FLAG

JJ J‘J\—J

IR ;~

SFORM.

TRANSMIT DATA TO PROCESSOR 14

% THE EXISTING COMMUNICATIDN LQTCH‘S

I 'odod o wte ot ~'¢ ~‘ J s‘o 'u

el
3338388 ,.' » PR

s
o8

SYNC
LOD
STD
SYNC
SYNC
LDD
STD
SYNC
LBRA
MLTFR FDB
MLTRR FDB
ORG
MCND FDB
PROD1 FC3
PRODZ2 FC8
PROD3 FCB
PROD4 FCB
TEMP FCB
TEMP1 FCB
TEMP3 FCB
SAVE FDB
FLAG FCB
ORG
STRT EQU
END

% NAM

o ' o '—J J \‘ ~) ~.‘ JA b "s‘a ' JcJo o~:w’ospn‘ \lo\F Jod’~ Jo#;\ﬁ W 815 We s i sl ale oty Wl ofs ate ate os‘a*wnﬁon'-ub\ks’:J-
A PP e ARAPAPFSLPLP LS PP FPLP PP P 1Y

e

o - ‘. ,\,\‘ P
o

2

THE DATA BEFDR: PERFORMING TH:
THE DATA IS EXCHANGED THROUGH

R15
T14

R1l4

T15

NEXT

43615
24748

$0000‘

OOOOOOOOOO

SFFFE
$F800
BEGIN

WINQO15

ats nls ots \l‘\‘ ale atols wis
SRSTIRCRSINICRSAN

< Sie g R < 5% esle Rk Heda s ek SRk e desinsk
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$E€E000
#AX

ORG
LDX

LOAD ADDRESS OF AX IN INDEX REG X

WIN1S

LOAD ADDRESS OF ARYIN IN INDEX REG Y

EARYIN

LOY"

e
pXY

s Vs ahe W e vl le olo Wty
SRARIR ORI

sk

REZORDERING THE INPUT ARRAY

(R PEPEP TPAPN P2

EAPX
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44X
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244Y
84X
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10,X
16,Y
12,X
224Y
14,X
28,Y
164X
4,Y
18,X
20,Y
204X
264 Y
224X
29Y
244X
8yY
264X
14,Y
284X

LOD
STD
LOD
STD
LDD
STD
LDO
STD
LDD
STD
LDD
STD
LDD
STD
LDD
STD
LDD
STD
LOD
STD
LDOD
STD
LDD
STD
LDD
STB
LOD
STO
LDD
STO
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ADDD
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MODULAR ADDITION

PAY
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‘o ol ale o ole

hae
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ADDD
STD
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JMP3
JMP 4

JMPS

JMPS
JMPT

JMPR
JMP9

JMP10

JMP11
JMP12

JMP13
JMP14

JMP15

BLO
ADDD
STOD
LDD
SUBD
BCC
ADDD
STD
LDD
STD
LOD
ADDD
BCS
CHMPD
8LD
ADDD
STD
ADDD
BCS

CMPD -

8L0
ADDD
STD
LDD
SUsD
BCC
4000
STD
LDD
STD
LDD
ADDD
BCS
CMPD
BLO

ADDD

STD
ADDD
8CS
CHMPD
BLO
ADDD
STOD
LDD
SUsD
8CC
ADDD
STD
LOD
STD:
LOD
ADDD
BCS
CMPD

JMP &
#15

» X
10,X.
209X
JMP5
#65521
204X
TMP1
105X
124X
229X
JMP& -
#65521
JMPT7
#¥15 .
TMP1
29X
JMPB
#65521
JMP9
#15
23X
12,X
224X
JMP10
#65521
224X
TMP1
124X
14, X
244X
JMP11
#65521
JMP12
#15
TMP1
449X
JMP13
#65521
JMP14
#15
44X
144X
244X
JMP15
¥65521
244X
TMPY-
144X
164X
269X
JMP15% |
#65521
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SRR
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JMP16
JMP17

JMP1E
JMP19

JMP2Z0

JMP21
JMpP22

JMP23
JMP24

JMP25

ale

R

wte
2R

4
-

JMP26
JMP2T

JMP28

BLO JMP17
ADDD #15
STD TMP1
ADDD 64X
8CS JMP18
CMPD #65521
BLO JMP19-
ADDD #15
STD 69X
LDD 164X
SUBD 264X
8CC JMP20
AODD #65521
STD 269X
LDD TMP1
STD 164X
LDD 18,X
ADDD  28,X
BCS JMp21
cCMPD #65521
8L0 JMP22
ADDD #15
STD THMP1
ADDD 84X
BCS’ JMP23
‘CMPD  #65521
2LO JMP24
ADDD #1565
STD 84X
LDD 184X
SUBD 284X
8CC JMP25
ADDD #65521
STD 284X
LO0D TMP1
STD 18,X

* 5 PDINT P?ENEAVE
LDY - A
LDD 23X
ADDD 8,X
BCS JMP26
CMPD #65521
8LO JMP2T
ADDD #1S5
STD 2y Y
LDD 29X
SUBD 84X
8CC JMp2s
ADDD #65521
STD 69Y

4

J e sle wts ate alo W o Vs whe oty ale uis ats
AR KRR AP AP A A R R R AP A

s oo sle whs She oo WVs ale ols al, s Mo
PEPER XA LPEPLPTPLPLIPLP
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JMP29
JMP30

JMP31

JMP32
JMP33

JMP34
JMP35

JMP36
JMP3T

JMP38

ate
R

JMP39
JMP4O

JMP&1

LDD
ADDD
BCS
CMPD
BLO
ADDD
STD
LOD
SUBD
BCC
AOQDD
STD
A0DD
BCS

CMPD

BLO
ADDD
STO
LDD
ADDD
BCS
CMPD
BLO
ADDD
STD
ADDD
B8CS
cMPD
BLO
ADDD
STD
LDD
SU8D
BCC
ADDD
STD
LDD
STO

LDD
ADDD
BCS

CMPD”

BLO
ADDD
STD
LDD
SUBD
8CC
ADDD
STD
LOD

49X
69X
JMP29
265521
JMP30Q
#15
49 Y
69X
49X
JMP31
#65521
10,Y
6sY
JMP32
#65521
JMP33
#15
ByY
4yY
23Y
JMP34
#65521
JMP35
#15
TMP1
s X
JMP36
#65521
JMP37
#15
' Y
24Y
by Y
JMP38

#65521-

4y Y
TMP1
2,Y

12,X
184X
JMP39
#65521
JMP4O
#15
14,Y
12,X
18,X
JMP41
#65521
18,Y
14,X
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JMP&2
JMP4&3

JMPG4

JMP4S
JMP46

JMP4T
JMP&3

JMP4S
JMP50

JMP51

s
o5

JMP52
JMP53

JMPS &

ADDD
5CS°
CMPD
BLO
ADDD
STOD
LDO
SusD
BCC
ADDD
STD
ADDD
BCS
CMPD
BLO
ADDD
STD
LDD
ADDD
BCS
CMPD
BLO
ADDD
STD
ADDD
BCS'
CMPD
BLO
ABDD
STD
LDD
SUBD
BCC
ADDD
STD
LDD
STD

LDD
ADDD
BCS
CMPD
BLO
ADDD
STD
LDD
Suso
8CC
ADDD
STD
LDD
ADDD

164X
JMP42
#65521
JMP43
#15
164Y
164X
144X
JMP44
#65521
22,Y
18,Y
JMP&5S
#65521

JMP46

#15
20,Y
16,Y
14,Y
JMP4T
#65521
JMP48
#15
TMP1
10,X
JMP4S
#65521
JMPSO
#15
12,Y
14,Y
16,Y
JMPS1
#65521
16,4Y
TMPL"
14,Y

223X
289X
JMP52
#65521
JMP53
#15
2645Y
229X
284X
JMP54
#65521
30,Y
244X
264X



Appendix-D : D-86

BCS JMP56
CMPD #65521
5L0 JMP5T

JMP56 ADDD #15

JMP5T - §TD 23,Y
LDD 264X
SUBD  24,X
BCC JMP58
ADDD #65521

JMP58 57D 34,Y
ADDD 30,Y
8CS JMP59

CMPD #6:5521
BLO JMP6EO

JMPS9 ADDD #15

JMPSO STD 32,Y
LOD 2645 Y
ADDD 28,Y
BCS™ JMPé61

CMPD  #65521
BLO JMP62

JMP61 ADDD #15

JMP62 STD TMP1-
ADDD 20,X
BCS JMP 63

CMPD #65521
BLO JMP64

JMP63 ADDD #15

JMPES $STD 24,Y
LDD 264 Y
SUBD 28,Y
BCC JMP6ES
ADDD #65521

JMP65 STD 238,Y
LDD TMPL®
STOD 26, Y

. oate

sty 40-‘4 ' ‘44:\‘ J«J ~'~ J J ~¢~I ( "O.Aaso\h las‘ Jos J J \A'w ‘JJ e oo wte ole ale wis ¥o als vis oo 32 2 VAo oy ot
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START OF MULTIPLICATION
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s ROUTINE FOR 16%16-8IT UNSIGNED MULTIPICATION
CLRA
STA IND INDEX FOR MULTIPLIER
LDS %1 .
LooP LDA  FRD
' BEQ  OVER1 CHECK FRD
LDY  #COEFR LOAD INVERSE TRANSFORM COEFFICIENTS
BRA  OVER2 :
"QVERL LDY  #CQEFF LOAD FORWARD TRANSFORM COEFFICIENTS
OVER2 LDA  IND

LDD A,Y
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SKIP3

SKIP4

33

RIS
”"w

SKIPs
SKIPY

SKIPA

STD
LDD
STD
LDX
LDY
LDV
CLR’
CLR
LDA
LDB
MUL

STD

LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA
LDB
MUL
ADDD
STD
BCC
INC
LDA”
LDB
MUL
ADDD
STO

MODULARISING

LDA
LD8
MUL"
ADDD
BCS
CMPD
BLO
ADDD
STD
LDA
LDY
CLR
CLR
CLR
LD8B

" MUL.

STO
LDA
BEQ
LOB

MLTR
'S
MLTN
#MLTR
#MLTN
#PROD1
s U
1,U
14X
1,Y

2y
2 X
1,Y

1,0
1,U
SKIP3
y U
1,X
' Y

1,U

1,U-

SKIP&
s U
X
y Y

' U
s U

THE 32-BIT PRODUCT

1,U
#15

2yU°
SKIPE
#65521
SKIP?
#15

29U
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MUL
ADDD 1l,Y
BRA SKIPD
SKIPE LDD 1,Y
SKIPD ADDD 25U
BCS SKIPR
CMPD #65521
3LO SKIPC
SKIPB ADDD #¥15
SKIPC STD sS++
LDA IND
ADDA #2
STA IND
CMPA  #34
LBLS LOOP
% * 5 PDINT PD:TW
LDX #AX
LDY #2
LDD 2 Y
ST6 » X
ADDD 2sY
BCS JMPET
CMPD 465521
BLO "JMP68
JMP&T ADDD #15
JMPES8 STD 29X
LDD ByY
ADDD 10,Y
BCS JMP69
.CMPD #65521
BLO JMPTO
JMP 69 ADDD #15
JMPTO STD 10,Y
LOD 69Y
SU8D 8,Y
8CC JMPT1
ADDD #65521
JMPT1 STD 8y X
LoD 29X
ADDD 4,Y°
BCS” JMPT2
CMPD #65521
BLO JMPT3
JMPT2 ADDD #15
JMPT3 STD TMP1
LOD 24X
SUBD 4,Y
BCC JMPT4
ADDD #65521
JMPT4 STD 49X

12 312 e slesiesie sl st sl sienke s
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JMPT5

JMPTE
JMPTT

JMPT8
JMPT9

JMPBO

JUP6T
JUpPé68

Juré®

JUPTQ

JUPT1

JUPT2

sugb
BCC
ADDD
STD
LDD
STD
LDD
ADDD
3CS
CMPD
RLO
ADDD
STD
LDD
ADOD
BCS
cMPOD
85L0Q
ADDD
STO
LDD
SUEBD
8CC
ADDD
STD
LDD
STD

LDD
STD
ADDD
BCS
CMPD
BLO
ADDD
STD

LDD-

ADDD
BCS
CMPD
BLO
ADDD
STD
LOD
SUBRD
BCC
ADDD
STD
LDD
ADDD
BCS
CMPD
8L0
ADDD

10,Y
JMPT5
#65521
65X
TMP1
29X
44X
10,Y
JMPT6
#65521:
JMPTT
#15
4y X
29X
8,yX
JMPT8
#65521
JMPT79
#15
TMP1
25X
8y X
JMPSO
#65521
8yX
TMP1
29X

12,Y
104X
14,Y
JUPET
#65521
Juprsg
#15
124X
20,Y
22,Y
JUP69
#65521
JUPTO
#15
225Y
18,Y
20,Y
JUPT1.
#65521
18,X
12,X
164Y
JUPTZ2
#65521
JUPT3
#15
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JUPT3

JUPT4

JUP75

JUPT6
JUPTT

JUPTE

JUPT79.

Juprso

SKPST’

SKPs8

SKP&9
SKPTQ

"SKPT1

STD
LDD
Suso
8CC
ADDD
STD
SUBD
BCC
ADDD
STD
LDD
STD
LOD
ADDD
BCS
CMPD
BLO-
ADDD
STD
LOD
ADDD
BCS
CMPO
BLO
ADDD
STD
LDD
SUSD
BCC
ADDD
STD
LDD
STD

LDD
STD
ADDD
BCS
CHMPD
BLO

~ADDD

STD
LDD
ADDO
BCS”
CMPD
BLO
ADDD
STD
LDD
SUBD
BCC
ADDD
STD

TMP1
124X
16,Y
JUPT4
#65521
144X
224
JUPTS
#65521
164X
TMP1

124X

14,X
224Y.
JUPT6
#65521
JUPT7

T %15

144X
12,X
18,X
JUr78
#65521
JUPTS
#15
TMP1
124X
184X
Jupgo
#65521
18,X
TMP1
12,X:

245Y

205X

269 Y
SKP&7
#65521
SKP68
#15
224X
32,Y
3447
SKP69
#65521
SKPTO0
#15
34yY
30,Y
32,Y
SKPT1:
#65521
284X
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SKP72
SKPT3

SKP74

SKP75

SKP76
SKPT7

SKPT73
SKP79

SKPSO

s
-
e
B
e
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.
P
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JMPB1
JMP82

ey
b \q«

s
X9

Yo wlo als Wl wls s
SO SRS

S35

LoD
ADDD
8CS
CMPD
BLO
ADDD
STD
LDD
susD
BCC
ADDD
STD
susbD
BCC
ADDD
STD
LDD
STD
LDD
ADDD
BCS
cMPD
2L0
ADDD
STD
LDD
ADDD
BCS
CMPD
BLO
ADDD
STD
LDD
susDd
BCC
ADDOD
STD
LDD
STD

e ato -‘.- ‘o s‘:- ‘[ xe slo
M RCAR

229X
28yY
SKPT2
#65521
SKPT73
#15
TMP1
224X
28,Y
SKP74
#65521
244X
34,Y
SKPT5
#65521
26, X
TMP1
224X
244X
344Y
SKP76
#65521
SKP77
#15
2449 X
224X
289X
SKPT78
#65521
SKP79
#15
TMP1
225X
284X
SKP8O
#65521
285X
TMP1
224X

‘\‘Jc\b'al --a
pARAR S LR

THREE POINT PDST -WEAVE

LOD
ADDD
BCS
CMPD
BLD
ADDD
STD
LDD
ADDD

Jﬁs‘as‘ ~'t:~':14
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JMP83
JMP8a

JMP85
JMPRE

JMPBY
JMPBS

JMPBY
JMPI9O

JMPSI1
JMPI2

JMPOll:

JMpPg22
JHP93

JMP 34

BLCS
CMPD
BLO
ADDD
STB
LOD
ADDD
BCS
CMPD
BLO
ADDD
STD
LDD
ADDD
BCS
CMPD
BLO.
ADDD
STD
LOD
ADDD
BCS
CMPD
BLO
ADDD
STD
LOD
ADDD
BCS
CMPD
BLO
ADDD
STD
LDD
Susd
BCC
ADDD
STD
LDD
STD
LOD
ADDD
BCS
CHPD
BLO
ADDD
STD
LDD
SUBD
BCC
ADDD
STD
LOD
STD

JMPB3
465521
JMP84
#15
124X
49X
14,X.
JMP85
#65521
JMP86

“#15

144X
69X
16,X
JMPSY
#65521
JMP88
#15
164X
84X
18,X
JMPBY
#65521
JMPSO
#15
18,X
104X
204X
JMPI1
#65521
JMP92
#15-
TMPY®
10,X
20,X
JMPI11
#65521
204X
TMP1
10,X
124X
225X
JMP922
#65521
JMP33
#15
TMP1
124X
224X
JMPI4
#65521
224X
TMP1
12,X
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LDD
ADDD
BCS
CMPD
8LO
JMPI5S ADDD
JMPSS STD
LDD
SUBD
BCC

ADDD

JMPIT STD
LDD
STD
LDD
ADDD
BCS
CMPD
BLO
JMP9I8 ADODD
JMPS9 STD
LDD
SuUBD
BCC
ADDD
JMP10O STD
LDD
STD
LDD
ADDD
acs
CMPD
BLO
JMP101 ADDD
JMP102 STD
LDD
susD
BCC
ADODD
JMP103 STD
LOD
STD

J;ﬂ: ‘s abs oo vis te

14,X
244X
JMP35
#65521
JMP9s
#15
TMP1.
14,X
244X
JMP9I7
#65521
249X
TMP1
14,X
16,X
264X
JMP9I8
#65521
JMP99
#15
TMP1.
165X
264X
JMP100
#65521
269X
TMP1
164X
1By X
284X
JMP101
#65521
JMP102
#15
TMP1
184X
284X
JMP10O3
#65521
284X
TMPL1
134X

Jéi‘d o wte b-ﬂ

o
see e ez ek sieesiesiesiesk

s w1s als Wiy nis -‘ stdas‘ o
AP AP AR

2 sfe Sie e

#AX

C#OUT
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12,X
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o
R R R AR AR AR

OUTPUT REGRDERING
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s
2
s
e

e
P

COEFF

LN
"

oty
pEs

bt

SR

STACK
MLTR

MLTN

PROD1
PRODZ
PROD3
PROD4

dix-D-
STD 44Y.
LDD 69X
STD 65Y°
LDD 184X
STD B,Y
LDD 204X
STD 10,Y
LDD 29X
STD 12,Y
LOD 14,X
STD la,Y.
LDD 269X
STD 16,Y
LOD By X
STD 18,Y
LDD 104X
STD 204Y
LDD 224X
STD 224Y
LDD 44X
STD 24,
LDD 164X
STOD 2645Y
LDD 28y X
STD 28,Y
FORWARD TRANSFORM MULTIPLIER COEFFICIENTS
FD8 -19163794513376,419136,18005
FDB- 4864793275998B192445457
=DB 3681745753,25311,16087,429032
FDB 8748,23174443615,1465
INVERSE TRANSFORM MULTIPLIER COEFFICIENTS
FD8 61153954609183364,446773,20640
FD8 5493,6552,57331,37975,28122,
FDB 34561,524521,29504,428641,12521
FD®8 5913,24748,21938
:It'l ”‘"o‘: :.I :‘l»~l s\-~'-~':=: ~.:s:¢\las‘4-' Jo ‘ ‘:::‘ s‘:" " l:"‘ :\44 Jo‘: e a's \‘4 :::: J ‘l,.; ’: *.\o:l':::o:::-:-* b \-Ja~ J !ﬁ' Jod J
RAM START ADDRESS $0000 - $3FFF *
Stack is from $FF to 200 %
S me el sie el Jesiasie el skl sle e sl sl sleslesie slesie sl sl siesle Sl e sl e e sie st sle ez e dle shesle shesle sle sie sl sie il e e sl sie e e
gRG $0100
RMB 1 ADDRESS OF THE START OF STACK
FDB 0 MULTIPLIER DOUBLE BYTE
FDB 0 MULTIPLICAND DOUBLE BYTE
FCB o 32 BIT PRODUCT IS STORED IN
FCB 0 PRDOD1:PROD2:PRCD3:PRODS
FC8 0
FC8 0
FDB 0 TEMPORARY MEMORY LOCATION FOR

TEMP
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TEMP1
TEMP2
FRD
TMP1
TMP2
CNT
CNT1
CCNT2
IND
STATUS
AX

z

ouT
ARRAY
PAD1
ARYIN
PAD2

FCB
FCB
FC8
RMB
RMB
RMB
RMB
RMB
RMB
RM8B
RMB
RMB
RM8
rRM3
RMB
RMB
RMB
END

NLWW WK PR R R OO0
DO O .

~n W
[

STRT

HOLDING INTERMEDIATE VALUES

IF FRD=0 FORWARD OTHERWISE INVERSE TRANSFORY

CNTo,CNT1,CNT2 ARE USED AS COUNTERS

USED FOR INDEXING PURPODSES

CONTAINS COPY OF CONTRL LATCH

CONTAINS INTERMEDIATE RESULTS

HOLDS INTERMEDIATE RESULTS

RESULT OF-15 POINT TRANSFORM FOR VERIFYING
CONTAINS COPY OF PARALLEL TRANSFORM 0O/P

READS INPUT ARRAY FROM VDU INTO THIS ARRAY



Appendix-E

Backplane wiring connections' for the parallel microprocessor
system
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BUARD NO 8 - (PROCESSOR 4 5 16)

SIDE A
PIN# FUNCTION PROCESSOR#
1-8 DATA IN 4 5
9-12 cLOCK P
13-20 DATA OUT 4 5
21-24 .~ QUTPUT ENABLE 4 5
25-32 TRANSMIT 4. => 9 4 => 3"
33-36 CLOCK 4 =>9 &4 => 3
37-44 RECEIVE 9 -> 4
45-46 CLOCK 9 -> 4
47-54 RECEIVE 3 -> 4
55-56 cLOCK 3 =>4
57-64 TRANSMIT 5 -> 10 5 => 2
65-638 CLOCK 5 =>10 5 => 2
69-76 RECEIVE 10 => 5
77-78 CLOCK: 10 -> 5
79-86 RECEIVE 2 => 5
87-88 CLOCK 2 => 5
SIDE B
PIN# FUNCTION
74 STATUS OUT
75 SYNC® OUT
76 SYNC  IN
77 SYSTEM CLOCK
78 HALT
79 RESET
29-61-93 +VCC
32-64-96  GROUND
BOARD NO C - (PROCESSOR 6 7 8)
SIDE A
PIN# FUNCTION PROCESSORE
1-8 DATA IN 6 7 8
9-14 CLOCK. 67 8
15-22 DATA OUT 67 8
23-28 DATA OUT ENABLE 67 8
25-36 TRANSMIT 6 => 11 6 =-> 1
37-40 CLOCK 6 => 11 6 => 1
41-48 RECEIVE 11:=> 6
45-50 CLOCK 11 => 6
51-58 RECEIVE 1->6
59-60 cLOCK 1 ->6
61-58 TRANSMIT 7 ->12 7 ->27 ->10
65-T4 CLOCK 7->127->27->10
2 -> 71

75-52 N RECEIVE 1
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83-84
85-=92
93-9¢4

PIN#
1-8
9-10
11-18
19-24
25-32
'33-34
35-42
43~44
45-52
53-54

T4
75
76
717
78
79
25-61-93
32-64-96

BUARD NO D -

PINE
1-8
9-12

'13-20
21-24
25-32
33-38
39-46
47-48
49-56
57-58
59-66
67-68
69-76
77-82
83-90
91-92

CLOCK
RECEIVE
cLockK

SIDE B

FUNCTION
RECEIVE
cLock
TRANSMIT
CLOCK
RECEIVE
CLOCK
RECEIVE
CLOCK
RECEIVE
CLOCK

STATUS QUT
SYNC ouT
SYNC IN
SYSTEM CLOCK
HALT

RESET

+VCC

GROUND

12 => 7

2 => 1

2 => 17
PROCESSOR#
10 => 7
10 => 7

8 ->13 8 -=>328->9
8 ->13 8 ~>38->9
13 =>
13 -5
3 =>
3 =>
9 =>
9 =>

o 0 0 0

(PROCESSOR 9 10 17)

SIDE A

FUNCTION

DATA IN

CLOCK

DATA 0OUT
DUTPUT ENABLE
TRANSMIT
CLOCK

- RECEIVE

CLOCK
RECEIVE
CLOCK
RECEIVE
CLOCK
TRANSMIT
cLoCK
RECEIVE
CLOCK

SIDE B
FUNCTION

RECEIVE
cLock

PROCESSOR#

10

10

10

10

-> 14 9 -> 4 9 -> 38
-> 14 9 -> 4 9 -> 8
->
->
-2

P ped
[0 o e QNN RN SN SN JSRVs BV IRV BEYe JRY o IRV}

(Vo EY> JEVs BEVs JRV o IRV )

10 -> 15 10 => 5 10 => 7
10 -> 15 10 =-> 5 10 =-> 7

15 => 10
15 => 10
PROCESSORE
5 -> 10
5 -> 10
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11-18
19-2¢0

74
75
16
17
78
79
29-51-93

32-64-96

BOARD NO E -

PINK
1-8
9-14
15-22
23-28
29-36
37-38
39-46
47-48
49-56
57-60
61-68
69-70
71-78
79-80
81-88
89-92

PIN#
1-8
9-10
11-18
19-20

T4

75

16

77

78

79
29-61-93
32-64-96.

RECEIVE
cLoCkK

STATUS
SYNC
SYNC
SYSTEM
HALT
RESET
+VCC
GROUND

(PROCESS
SIDE A

FUNCTION
DATA 1IN
CLOCK
DATA QU
QUTPUT
TRANSMI
cLack
RECEIVE
CLacCK
TRANSMI
CLOCK
RECEIVE
cLaoCkK
RECEIVE
CLOCK
TRANSMI
CLoCK

SIDE B

FUNCTION
RECEIVE
CLOCK
RECEIVE
CLoCkK

STATUS
SYNC
SYNC
SYSTEM™
HALT
RESET
+VCC
GROUND

7 -> 10
7 -> 10
our
ouT
IN
CLaCK
BR.11 12 13D
PROCESSOR#
1112 13
11 12 13
T 11 12 13
ENABLE 11 12 13
T 11 => 6
11 -> 6
6 -> 11
6 =-> 11
T 12 => 712 =>
12 -> 7 12 =>
7 -> 12
7 -> 12
' 15 =-> 12
15 -> 12
T 13 -> 8 13 =>
13 -> 8 13 ->
PROCESSOR#
8 => 13
8 -> 13
14 -> 13
14 -> 13
ouT
ouT -
IN
cLock

15
15

14
14



rm
|
w
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BOARD NO F - (PROCESSOR 14 15 18)

SIDE A
PIN# FUNCTION PROCESSOR#
1-8 DATA IN 14 15
9-12 CLOCK 14 15
13-20 DATA QUT 14 15
21-24 DUTPUT ENABLE 14 15
25-32 TRANSMIT 14 => 9 14 -> 13
'33-36 CLOCK 14 => 9 14 =-> 13
37-44 RECEIVE 9 => 14
45-46 cLOCK 9 => 14
47-54 RECEIVE Y13 -> 14
55-56 cLOCK 13 -> 14
57-64 TRANSMIT 15 -> 10 15 =-> 12
65-68 CLOCK 15 => 10 15 -> 12
69-76 RECEIVE 10 -> 15
77-78 cLOCK 10 => 15
79-86 RECEIVE 12 -> 15
87-88 - CLDCK 12 =-> 15
SIDE 8
PIN# FUNCTION
74 STATUS 0OUT
75 SYNC ouT
76 SYNC IN
77 SYSTEM CLOCK
29-61-93 +VCC
32-64-96 GROUND

® 4 8 2 8 9 0 % 6 5 9 28 5 5 8 08 0 6 5 0G0 S8 S P OGO 0PSSO NS 0SS LSS0
® 8 % 5 6 6 9 8 8 9 6 0 9 9 % 4 8 S S S G S E S E LSO P S0 IO L O PSS E 08O

CONTROL BOARD

SIDE A
PIN# FUNCTION PROCESSOR#
1-8 DATA QUT
17-18 cLoCK 1
19-20 CLOCK 4
21-22 CLOoCK 7
23-24 CLOCK 10
25-26 CLOCK 13
27-28 CLOCK 6
29-30 CLoCK 9
31-32 CLOCK 12
33-34 CLOCK 15
35-36 ‘ CLOCK 3

37-38 cLock 11
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39-40 CLOCK 14
41-62 CLOCK 2
- 43-44 CLOCK 5
45-46 CLOCK 8
47-54 DATA IN
63-64 DUTPUT ENABLE 1
65-66 QUTPUT ENASBLE 7
67-68 QUTPUT ENABLE 13
69-70 QUTPUT ENABLE 4
71-72 DUTPUT ENABLE 10
13-74% CUTPUT ENABLE’ 11
15-76 QUTPUT ENABLE 2
T7-78 QUTPUT ENABLE 8
79-80 DQUTPUT ENABLE 14
81-82 DUTPUT ENABLE 5
83-84 QUTPUT ENABLE 6
85-86 DUTPUT ENABLE 12
87-88 QUTPUT ENABLE 3
89-90 DUTPUT ENABLE 9
'91-92 QUTPUT ENABLE 15
SIDE B
PIN# FUNCTION
"1-6 STATUS IN
7-12 SYNC IN
13 SYNC ouT
14-19 "SYSTEM CLOCK DQUTPUT TO PROCESSORS
20 RESET 7O OTHER BOARDS
21 HALT T0O OTHER BOARDS
27 -9V FOR RS-232 RECEIVER
29-61-93 +VCC S5V POWER FOR ALL BOARDS
32-64-96 GROUND

m



