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Appendix-A 

Modular arithmetic routines for the following microprocessors 

i) TMS9900 

ii) MC6809 

iii) ZBO 

iv) 6502 

32/16-bit · division routine for the MC6809 microprocessor 
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ALL THE MODULAR ARITHMETIC ROUTINES IN APPENDIX-A CONSISTS 
OF UNSIGNED (16-BIT) ADDITION, SUBTRACTION AND MULTIPLICATION 
MODULO 65521. PLEASE REFER TO S~CTION 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, Z80, 6502, FOR THE DESIGN 
OF THE PARALLEL MICROPROCESSOR SYSTEM. IN ADDITION A 
32-BIT I 16-SIT UNSIGNED DIVIDE ROUTINE IS ALSO INCLUDED. 

A-1 

THE METHOD USED FOR MDDULARISING THE 32-BIT UNSIGNED PRODUCT 
INTO 16-BIT PRODUCT REDUCED MODULO 65521, IS AS FOLLOWS. 
LET· XXXX REPRESENT A 16-BIT UNSIGNED NUMBER, AND XX 
REPRESENT AN 8-BIT UNSIGNED NUMBER. 

xxxx 
xxxx 

XX XX XXXX 32-BIT PRODUCT 
8-BITS 8-BITS 16-BITS 

CHI-MSB) (LO-MSB) CLSB) 
I I 
1 I 
I MULTIPLY BY 
I 15 (MOO 65521) 
I. AND ADO (MOO 65521)-> 
I 

MULTIPLY BY 
3840 (MOD 65521) 
AND ADO (MOD 65521)----------> 

XXXX 16-BIT PRODUCT MOD 65521 
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.... . ,. 

* MODULAR ARITHMETIC ROUTINES FOR TMS9900 MICROPROCESSOR * 
************************************************************ ·'· .,. 

•'• .,. 

OPTION XREF,SYMT 
AORG >4000 

************************************************************ * ROUTINE : MODULAR ADDITION * PURPOSE : PERFORM UNSIGNED ADDITION MODULO 65521 
·'· ... 
... . ,. 

************************************************************ 
•'• .,.. 
START 

OVER 

OVR 
·'· ... 

LWPI 
MDV 
1"10V · 
A 
JNC 
AI 
JNP 
C! 
JL 
AI 
MOV 

WKS 
@A01,R1 
@A02,R2 
Rl,R2 
OVER 
R2 ,15 
OVR 
R2,65521 
OVR 
R2,15 
R2,@SUM 

LOAD WORKSPACE 
LOAD IST OPERAND 
LOAD 2ND OPERAND 
R2=R1+R2 
BRANCH TO OVER FOR NO CARRY 
ADO 15 IF A CARRY IS GENERATED 

COMPARE R2 WITH 65521 

ADO 15 IF THE SUM EXCEEDS 65521 
SAVE RESULT IN SUM 

* ROUTINE : MODULAR SUBRTRACTION * PURPOSE : PERFORM UNSIGNED SUBTRACTION MODULO 65521 ... . ,. 
*********************************************************** .... ... 

OVERl 
•'• .,. 

MDV 
MDV 
~10V 

s 
c 
JHE 
AI 
MDV 

@SUBTl,Rl 
@SUBT2,R2 
Rl,R3 
R2,Rl 
R3,R2 
OVERl 
Rl,65521 
R1,a>RES 

LOAD IST OPERAND 
LOAD 2ND OPERAND 
COPY Rl INTO R3 
R1=Rl-R2 
COMPARE Rl AND R2 
IF SUBTRAHEND > MINUEND ADD 
65521 TO IT, OTHERWISE IGNORE 
SAVE RESULT IN RES 

*********************************************************** * ROUTINE : MODULAR MULTIPLICATION * PURPOSE : REDUCE 32-BIT UNSIGNED PRODUCT MODULO 65521 

"'· .... 
MDV @MPR,Rl MOVE MULTIPLIER TO R1 
MDV @~I PO, R2 MOVE MULTIPLICAND TO R2 
MPY Rl,R2 2-BIT PRODUCT IN R2:R3 
DIV @~100, R 2 DIVIDE BY 65521 
MOV R3,@PROO REMAINDER IN R3 
8 @)0080 BRANCH TO MONITOR ... . ,. 

WKS sss 32 WORKSPACE AREA 
ADl BSS 2 

) '· ,. 

·'· .,. 
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AD2 BSS 2 
SUN BSS 2 
SUBTl 8SS 2 
SUBT2 BSS 2 
RES BSS 2 
I"'PR BSS 2 
MPD BSS 2 
PROD BSS 2 
MOD DATA 65521 
LAST END START 
·'· ., . 
.... ..• 
... . ,. 
... .,. MODULAR ARITHMETIC ROUTINES FOR MC6809 MICROPROCESSOR "'· .,. 

************************************************************ 
•'• .,. 

•'• .... 

NAM M6809 
OPT CRE,L,S,W,P 
ORG $30 

*********************************************************** * ROUTINE : MODULAR ADDITION 
* PURPOSE : PERFORM UNSIGNED ADDITION MODULO 65521 

... . ,. 
"'· .... 

*********************************************************** ... . ,. 
START LOX #ADS INTITIALISE THE INDEX REGISTER 

SKIP 
SKIP1 

ADS 

... . ,. 

LDD 
ADOD 
BCS 
CMPD 
BLO 
ADDD 
STD 
J t1P 
FOB 
FOB 
FOB 

,X++ 
,X++ 
SKIP 
#65521 
SKIP1 
#15 
,x 
OVER 
0 ' 
0 
0 

FETCH FIRST OPERAND IN 0 
ADO SECOND OPERAND 

COMPARE SUM WITH 65521 

ADD 15 IF SUM EXCEEDS 65521 
SAVE RESULTS 

*********************************************************** 
::~ROUTINE: f'IODULAR SUBTRACTION * PURPOSE : PERFORM UNSIGNED SUBTRACTION MODULO 65521 

"'• .,. 
., .,. 

*********************************************************** 
..; . .... 
OVER 

... . ,. 
SKIP2 

SBTN 

LOX 
LOD 
SUBD 
BCC 
ADOD 

STO 
JMP 
FOB 
FOB 

#SBTN INITIALISE INDEX REGISTER 
,X++ FETCH MINUEND 
,X++ SUBTRACT 2ND OPERAND 
SKIP2 
#65521 ADD 65521 IF SUBTRAHEND WAS 

GREATER THAN MINUEND 
,x SAVE RESULTS 
OVERl 
0 
0 

A-3 
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..,;,. .,. 
FOB 0 

*********************************************************** * ROUTINE MODULAR MULTIPLICATION * * PURPOSE : PERFORM UNSIGNED 16*16-BIT MULTIPLICATION AND * 
* REDUCE THE PRODUCT ~ODULO 65521 * 
*********************************************************** ... . ,. 
OVER1 LOX 

LOY. 
#MLTR 
#MLTN 
#PR001 
o,u 
1,U 
l,X 
l,Y 

CLEAR PR001 
CLEAR PROD2 
LOAD LS BYTE OF MULTIPLIER 
LOAD LS BYTE OF MULTIPLICAND 

A-4 

LOU 
CLR 
CLR 
LOA 
LOB 
MUL 
STD 
LOA 
LOB 
MUL 
AOOO 

z,u 
o,x 

SAVE 16-BIT PRODUCT IN PR003:PR004 
LOAD MS BYTE OF MULTIPLIER 

•'· .,. 

SKIP3 

SKIP4 

·'· .,. 

STO 
sec 
INC 
LOA 
LOB 
MUL 
.fl. DOD 
STO 
BCC 
INC 
LOA 
LOB 
MUL 
AODD 
STD 

1 ' y 

l,U 

l,U 
SK!P3 
o,u 
l,X 
o,y 

l,U 
l,U 
SKIP4 
o,u 
o,x 
o,Y 

o,u 
o,u 

LOAD LS BYTE OF MULTIPLICAND 

ADD PREVIOUS PARTIAL PRODUCT 
WHILE MAINTAINING THE SIGNIFICANCE 
SAVE IN PROD2:PR003 

INCREMENT PRODl IF THERE WAS A CARRY 
LOAD LS BYTE OF MULTIPLIER 
LOAD MS BYTE OF MULTIPLICAND 

ADD PR002!PROD3 
SAVE IN PR002:PROD3 

INCREMENT PRODl IF THERE WAS A CARRY 
LOAD MS BYTE OF MULTIPLIER 
LOAD MS BYTE OF MULTIPLICAND 

ADD PROD1:PROD2 
SAVE IN PP001:PROD2 

*********************************************************** * NOW THE 32-BIT UNSIGNED PRODUCT IS IN 
* PR001:PROD2!PROD3:PR004 

* ROUTINE REDUCE PRODUCT MODULO 65521 

... . ,. 

... ... 

... 
'•' * PURPOSE : ROUTINE FOR REDUCING 32-BIT UNSIGNED PRODUCT ... ... 

* MODULO 65521, BY USING MUL INSTRUCTION ... . ,. 

·'· .,. 
LOA l,U GET PROD2 
SEQ OMIT IGNORE MUL TIPLIC.ATION IF PR002 
LOB #15 
MUL 
.4000 z,u ADD INTO PR003:PR004 

= 0 
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SKIP6 
SKIP7 
OMIT 

SKIPS 

SK!PA 

SKIPE 
SKI PO 

SKIPB 
SKI PC 
OMITl 
MLTR 
MLTN 
PRODl 
PROD2 
PR003 
PROD4 
TEMP 

BCS 
CMPO 
BLO 
AODD 
STO 
LOA 
BEQ 
LOY 
CLR 
CLR 
CLR 
LOB 
~IUL 

STD 
LOA 
BEQ 
LOB 
MUL . 
. ADDD 
BRA 
LDD 
ADDD 
scs 
CMPD 
SLO 
ADDD 
STD 
JMP 
FOB 
FOB 
FCS 
FCS 
FCB 
FCB 
r::os 
END 

SKIP6 
#65521 
SKIP7 
#15 
z,u 
o;u 
OM!T1 
#TEt>lP 
o,y 
l,Y 
z,v 
#15 

o,v 
o,v 
SKIPE 
#15 

1,Y 
SKI PO 
l,Y 
z,u 
SKIPB 
#65521 
SKIPC 
#15 
z,u 
$F564 
0 
0 
0 
0 
0 
0 
0 

A-5 

ADO 15 IF SUM EXCEEDS 65521 

GET PR001 
IGNORE MULTIPLICATION IF PRODl = 0 

MULTIPLY BY 3840 AND ADO IN PR003:PROD4 
(HEX EQUIVALENT OF 3840 $0F00) 
REDUCE PRODUCT BY 3840 MODULO 65521 

ADD INTO PROD3:PR004 

ADD 15 IF SUM EXCEEDS 65521 

RETURN TO EXBUG 

********************************************************** 
·'· . ,. MODULAR ARITHMETIC ROUTINES FOR ZBO MICROPROCESSOR 

* ROUTINE : MODULAR ADDITION * PURPOSE : PERFORM UNSIGNED ADDITION MODULO 65521 

... ... 

.... . ,. 

... . ,. 
********************************************************** 

START: 
ORG 
LO 
LD 
ADD 
JP 
LO 

100H 
HL,(AD01) 
BC,(AD02) 
HL,SC 
C,OVERl 
A,255 

;LOAD CONTENTS OF ADD1 IN H:L 
;LOAD CONTENTS OF AOD2 IN B:C 
;ADD S:C TO H:L RESULT IN H:L 
;IF CARRY SET GOTO OVER1 
;LOAD REG A WITH FF 
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. 
t 

OVERl: 

OVER: 

ADDU 
ADD2! 
SUM: 

CP 
JP. 

LD 
CP 
JP 
JP 
LD 
ADD 
LD 
JP 

DATA 

DEFW 
DEFW 
DEFW 

H 
NZ,OVER 

A,241 
L 
z,ovERl 
NC,OVER 
BC ,15 
HL,BC 
(SUM),HL 
SKIP 

FOR PROCESSING 

0 
0 
0 

;COMPARE WITH REG H 
;C=O WHEN A>H 
;C=l WHEN A<H 
;Z=O WHEN A=H 
;LOAD REG A WITH Fl 
;COMPARE WITH REG L 

;ADD 15 TO H:L 
;STORE RESULT IN SUM 

* ROUTINE : MODULAR SUBTRACTION * PURPOSE : PERFORM UNSIGNED SUBTRACTION MODULO 65521 

... ... 

... ... 
********************************************************* 

SKIP: LO HL,(SUBTl) ;LOAD 1ST OPERAND IN H:L 
LD DE,(SU8T3) ;LOAD 2ND OPERAND !N o:e 
AND A ; C L ·EAR CARRY FLAG 
sse HL,DE ;SUBTRACT O:E FROM H!L 
LO A,(SUBT3) ;LOAD REG A WITH LS BYTE 
LD D,A ;TRANSFER TO REG 0 
LD A,(SUBTl) ;LOAD A WITH LS BYTE OF OTHER 
CP 0 ;COMPARE REG .~ & REG D 
JP NC,OVR ;IF REG A > REG D GOTO OVR 
JP Z,ZERO ;IF A=O GOTO ZERO 

BACK: LD BC,65521 
ADD HL,SC 
JP OVR 

ZERO: LO A,(SUBT4) ;LOAD A WITH MS BYTE 
LD D,A ;TRANSFER TO 0 
LD A,(SUBT2) ;LOAD A WITH ~IS BYTE 
CP 0 ;COMPARE REG A f.. REG 0 
JP NC,OVR 
JP z,ovR 
JP BACK 

OVR: LD (RES),HL ;STORE RESULT IN RES 
JP SKIP2 

DATA FOR SUBTRACTION 

SUBTl: OEFB 0 
SUBT2: DEFB 0 
SUBT3: OEFB 0 
SUBT4: DEFB 0 
RES: DEFW 0 

A-6 
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********************************************************** 
* ROUTINE : MODULAR MULTIPLICATION 
* PURPOSE : REDUCE 32-BIT UNSIGNED PRODUCT MODULO 65521 

... ... 

... ... 
********************************************************** 

SK!P2: LD A,(MPRi) ;LOAD LS BYTE OF MULTIPLER 
LD H,A 
LD A, (fv1PD1) ;LOA.D LS BYTE OF MULTIPLICAND 
LD E,A 
CALL MULT ;CALL SUBROUTINE MULT 
LD CPR003),HL ;PR003!PROD4 CONT.AIN U=L 
LD A,(MPR2) ;LOAD MS BYTE OF f~PR 

LD H,A 
LD A,(MP02) ;LOAD MS BYTE OF MPD 
LD E,A 
CALL MULT 
LD (PRODl),HL ;PR001:PROD2 CONTAIN H:!:H 
LO A,(MPR2) ;LOAD LS BYTE OF MPR 
LD H,A 
LD A,(MPOl) ;LOAD MS BYTE OF MPD 
LD E,A 
CALL MULT 
LD (PRODS),HL ;PR005:PROD6 CONTAINS H~:L 

LD A,01PR1) ; LOAD MS BYTE OF MPR 
LD H,A 
LD A, 01P02) ;LOAD LS BYTE OF MPD 
LD E,A 
CALL MULT 
LO OE,(PROD5) 
.ADD HL,DE ;ADO PR005:PROD6 TO H:L 
JP NC,BAK 
LD B,l 
LD A,(PR002) 
ADO A,B 
LO (PR002),A 

BAK: LO (PR005),HL 
LD A,(PR004) 
LD E,A 
LD A,(PRODl) 
LD D,A 
ADO HL,DE 
JP NC,BAKl 
LD 8,1 
LO A,(PROD2) 
ADO A,B 
LD (PROD2),A 

BAKl: LO CPROOS),HL 
LD A,H 
LD (PRODl),A 
LD A,L 
LD (PR004),A 

********************************************************* 
"· 32-BIT UNSIGNED PRODUCT.NOW IN PR001:PROD2:PROD3:PROD4* ~· 

A-7 
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. 
t 

********************************************************* * NOW TO REDUCE 32-BIT UNSIGNED PRGOUCT MODULO 65521 
********************************************************* 

LD A,CPR001) 
LD H,A 
LD E,lS 
CALL MULT 
LO OE,CPROD3) 
ADD HL,DE 
JP NC,SAK2 

·LD BC,15 
ADD HL,BC ;ADD 15 IF CARRY FLAG SET 
LO CPROD3),Hl 
JP BAK3 

BAK2: LD CPROD3),HL. 
LD A,255 ;LOAD REG A WITH FF 
CP H ;COMPARE WITH H 
JP NZ,BAK3 
LD A,241 ;LOAD REG A WITH F1 
CP L ;COMPARE WITH REG L 
JP Z,BAK6 
JP NC,BAK3 

8AK6: LD BC ,15 
ADD HL,BC ;ADD 15 IF CARRY FLAG SET 
LD CPR003),HL 

BAK3: LD A,CPROD2) 
LD H,A 
LD E ,15 
CALL MULT 
LD A,L ;LOAD LS BYTE OF PRODUCT IN A 
LD (TMP2),A ;STORE IN TMP2 

H ALREADY CONTAINS t~S BYTE OF PROD1~::15 
4 

' LD A,O 
LD CTr--IPl),A ;INITIALISING HIPl=O 
LD E,lS 
CALL ~1UL T 
LD OE,CTMP1) 
ADD HL,OE 
LD DE,(PROD3) 
ADD HL,OE 
JP NC,BAK4 
LO BC,lS 
ADD HL,SC ;ADD 15 IF CARRY FLAG SET 
JP BAKS 

BAK4: LD (PR003),HL 
LD A,255 ;LOAD REG A WITH $FF 
CP H ; C 0 ~! P A R E W IT H H 
JP NZ,BAKS 
LO A,24l ;LOAD A WITH $F1 
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CP L ;COMPARE WITH L 
JP Z,BAK7 
JP NC,BAKS 

BAK7: LD BC ,15 
ADD HL,BC ;ADO 15 IF CARRY FLAG SET 

BAKS: LO (PROD3),HL 
JP OOOOH ; JUMP TO MONITOR . 

' ********************************************************* * ROUTINE MULTIPLICATION 
* PURPOSE : SUBROUTINE FOR UNSIGNED MULTIPLICATION ·'· .... 
* (8 *. 8-BIT) 

MULT: LD L,O 
LD o,o 
LD B,S 

JU~1P: ADD HL,HL 
JR NC,NOAOD 
ADO HLIDE 

NOAOO: DJNZ JUMP 
RET 

MPD1: DEF3 0 
f'IPD 2: DEFB 0 
MPR1: OEFB 0 
MPR2: DEFB 0 
PRD01: DEFB 0 
PRDD2: DEFB 0 
PR003: DEFB 0 
PROD4: DEFB 0 
PRODS: DEFB 0 
PROD6: DEFB 0 
TMPl: DEFB 0 
TMP2! DEFB 0 

END ... . ,. 
"'· ... ... . ,. 

;RETURN FROM SUBROUTINE 

... ... 

* MODULAR MULTIPLICATION ROUTINES FOR 6502 MICROPROCESSOR * 
... ... 

... . ,. 
NAM M6502 
ORG $1024 

* ROUTINE : MODULAR ADDITION ... . ,. 
* PURPOSE : PERFORM UNSIGNED ADDITION MODULO 65521 "'· ... 
... . ,. 
START LOX 

CLC 
LOA 
AOC 

#AD1 

l,X 
3,X 

LOAD AORESS OF OPERAND 
CLEAR CARRY FLAG 
LOAD ACCUM WITH LOW ORDER BYTE 
ADD WITH CARRY LOW ORDER BYTE 

A-9 
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OVR 
SKIP1 

SUBTl ... . ,. 

AD1 
AD2 
SUM 
SU~11 ... . ,. 

STA 
L DA 
AOC 
STA 
BCS 
01P 
BNE 
LOA 
CMP 
SEQ 
BMI 
LOA 
CLC 
AOC 
S TA 
LOA 
ADC 
ST.~ 

J~1P 

ORG 
FOB 
FOB 
FCB 
FCB 

s,x 
o,x 
2,X 
4,X 
OV R 
#$FF 
SUST1 
5,X 
#$F1 
SK!Pl 
SUBT1 
5,X 

#15 
5,X 
#0 
4,X 
4,X 
SUBT 

$0023 
0 
0 
0 
0 

A-10 

STORE ACCUM IN LOW ORDER BYTE 
LOAD ACCUM WITH HIGH ORDER BYTE 
ADD WITH CARRY HIGH ORDER BYTE 
STORE ACCUM IN HIGH ORDER BYTE 

COMPARE ACCUM WITH $FF 

LOAD LOW ORDER BYTE OF SUM 
COMPARE WITH $Fl 

RESULT STORED IN SUM:SUM1 

* ROUTINE : MODULAR SUBTRACTION ... ... 
* PURPOSE : PERFORM UNSIGNED SUBTRACTION MODULO 65521 

·'· ... 
SUBT 

JMP 
JI1P 1 

BRK 
ORG. 
LOX 
LOA 
S T.A 
LOA 
CMP 
SEQ 
BCS 
INC 
LOA 
SEC 
SBC 
STA 

$1024 
#SUB 
P.O 
CHECK 
o,x 
2,X 
OMIT 
J~1P 

CHECK 
l,X 

3,X 
s,x 

SET BREAKPOINT 

LOAD LOW ORDER BYTE 
SET CARRY FLAG 
SUBTRACT LOW ORDER BYTE 
STORE IN SUB1 

LOA 
SBC 

o,x 
2,X 

LOAD ACCUM WITH HIGH ORDER OPERAND 
SUBTRACT HIGH ORDER OPERAND 

... . ,. 
STA 4,X STORE ACCUM IN SUB 

* IF CHECK=O THEN SUBTRAHEND < MINUEND 
* CHECK NON ZERO WHEN SUBTRAHEND GREATER THAN MINUEND 

.... 
~-... 
~-

************************************************************ 
..; . . ,, 
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MULTl 
OI"IIT 

OMITl 

SUB 
SUBl 
SUB2 
SU83 
CHECK ... . ,. 

LOA 
BEQ 
CLC 
LOA 
ADC 
STA 
LOA 
ADC 
STA 
J~IP 

LOA 
CMP 
BEQ 
BCS 
INC 
JMP 
LOA 
STA. 
STA 
JMP 
ORG 
FOB 
FOB 
FCB 
FOB 
FCB 

CHECK 
~1UL T 1 

s,x 
#$Fl 
s,x 
4,X 
#/$FF 
4,X 
MULT 
l,X 
3,X 
OMITl 
JMPl 
CHECK 
JMPl 
#0 
4,X 
s,x 
MULT 
$0023 
0 
0 
0 
0 
0 

* ROUTINE MULTIPLICATION 

A-ll 

CLEAR CARRY FLAG 

ADO $FFF1 (65521) IS SUBTR.AHEND 
IS GREATER THAN MINUEND 

* PU~POSE : PERFORM UNSIGNED MULTIPLICATION MODULO 65521 •'··· * (16 * 16-BIT) 

MULT 

... . ,. 

BRK 
ORG 

LOX 
LOA 
STA 
LOA 
STA 
JSR 
LOA 

STA 
LOA 
S T.A 
LOA 
STA 
LOA 
STA 
JSR 
LOA 
STA 

.$1024 

#MPLR 
s,x 
z,x 
6,X 
o,x 
SUBRT 
4,X 

16,X 
3,X 
15,X 
7,X 
z,x 
6,X 
o,x 
SUSRT 
4,X 
14,X 

SET BREAKPOINT 

LOAD LS BYTE OF MCNO 
STORE IN MCN02 
LOAD LS BYTE Of MPLR 
STORE IN MPLR 
JUMP ro· SUBROUTINE 

.... ... 

PARTIAL PROD FROM SUBROUTINE IS 
STORED IN LOCATION 3!4 
LOCATION 15:16 CONTAINS L*L 

LOAD HIGH ORDER BYTE OF MCNO 
STORE IN r!CND2 
LOAD ACCUM LS BYTE OF MULTIPLIER 
STORE IN MPLR 

13:14 CONTAINS PRODUCT OF L*H 
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LOA 3,X 
STA 13,X 
LOA a,x LOAD LS BYTE OF MNO 
STA z,x STORE IN MCND2 
LOA s,x LOAD HIGH ORDER BYTE OF MPLR 
STA o,x STORE IN NPLR 
JSR SUBRT 
LOA 4,X 
STA 12,X 11!12 CONTAIN PRODUCT OF H*L 
LOA 3,X 
STA 11,X 
LOA 1,X LOAD MS BYTE OF MCND 
STA z,x STORE IN r4CN02 

.... . ,. 
LOA s,x LOAD ACCUM WITH MS BYTE OF MULTIPLIER 
STA o,x STORE IN MPLR 
JSR SUBRT 
LOA 4,X 
STA 1o,x 9:10 CONT.tHN PRODUCT OF H*H 
LOA 3,X 
STA 9,X ... ... 

*********************************************************** * LOCATION 9!10,11!12,13!14,15!16 NOW CONTAIN FOUR 
* PARTIAL PRODUCTS, ADDING UP PARTIAL PRODUCTS 

... . ,. 
CLC CLEAR CARRY FLAG 
LOA 14,X 
AOC 12,X 
STA. 14,X 
LOA 13,X 
ADC 11,X 
S TA 13,X 
LOA #0 
ADC 9,X 
STA 9,X 
CLC 
LOA 15,X 
ADC l4 1 X 
STA 15,X 
LOA 13,X 
ADC lO,X 
STA 14,X 
LOA #0 
ADC 9,X 
STA 13,X 

·'· .,. 

... .... 

*********************************************************** 
•'· ., . 

... ... 
LOCATION 13!14!15:16 NOW CONTAIN 32 BIT PRODUCT 

* NOW REDUCING THE 32-BIT UNSIGNED PRODUCT MODULO 65521 

* 

.... ... 
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~... 

JfviPB 

JMPA 

OVRA 

·'· '•' 

LOA 
01P 
BNE 
LOA 
CMP 
BEQ 
BCC 
CLC 
ADC 
STA 
LOA 
AOC 
STA 
LO.A 
STA 
LOA 
STA 
JSR 
CLC 
LOA 
AOC 
STA 
LOA 
ADC 
S T A. 
sec 
LOA 
01P 
BNE 
LOA 
01P 
BEQ 
BCC 
CLC 
AOC 
STA 
LOA 
ADC 
STA 
LOA 
STA 
STA 
STA 
LOA 
STA 
LOA 
S T A. 

JSR 
LOA 
STA 
LOA 

15,X 
#$FF 
JMPA 
16,X 
J'HFl 
JMPB 
JMP.A 

#15 
16,X 
#$0 
lS,X 
15,X 
14,X 
z,x 
#.15 
o,x 
SUBRT 

16,X 
4,X 
16,X 
lS,X 
3,X 
lS,X 
OVRA 
15,X 
#$FF 
OVRA 
16,X 
#$Fl 
JMPC 
OVRA 

#15 
16,X 
#SO 
1s,x 
15,X 
#0 
17,X 
18,X 
19,X 
13,X 
z,x 
#15 
o,x 

SUBRT 
4,X 
18,X 
3,X 

STORE PROD2 IN MCND2 

STORE 15 IN MPLR 
CA.LL SUBROUTINE 

CLEAR TMPl 
CLEAR H1P2 
CLEAR TMP3 

STORE PRODl IN MCND2 

STORE 15 IN ~1PLR 
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STA 2,X STORE MS BYTE OF PARTIAL PROD IN MCND2 

JUNPC 

OVERl 
•'• .,. 

LOA 
S TA 
JSR 
CLC 
LOA 
ADC 
STA 
l DA 
.CiDC 
STA 
CLC 
LOA 
AOC 
STA 
LOA 
ADC 
STA 
BCS 
CMP 
BNE 
LOA 
CMP 
B EQ 
sec 
CLC' 
LOA 
AOC 
STA 
LOA 
AOC 
STA 
BRK 

#15 
o,x 
SUBRT 

4,X 
19,X 
19,X 
3,X 
18,X 
18,X 

16,X 
19,X 
16,X 
15,X 
18,X 
15,X 
JUMPC 
#$FF 
OVERl 
16,X 
#$Fl 
JUT-1PC 
OVERl 

16,X 
#15 
16,X 
#0 
15,X 
lS,X 

*********************************************************** * ROUTINE 8 * 8-SIT MULTIPLICATION * PURPOSE : PERFORM UNSIGNED MULTIPLICATION USING SHIFT 
* AND ADD ALGORITHM 

..J • . ,. 
•'• .,. 

*********************************************************** ... . ,. 
SUBRT 

OVER 

BAK 

LOA 
S T .A 
STA 
STA 
LOY 
JMP 
A SL 
ASL 
BCC 
LOA 
ORA 
STA 
CLC 
ROR 

#0 
l,X 
3,X 
4,X 
#8 
BAK 
1, X 
2,X 
BAK 
#1 
l,X 
1, X 

o,x 

CLEAR MCNOl 
CLEAR TEMPl 
CLEAR TENP2 

SHIFT LEFT MCN02 
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BCC 
CLC 
LOA 
AOC 
STA 
LOA 
ADC 
STA 

BAKl DEY 
SEQ 
JMP 

OUT RTS 
ORG 

MPLR FCB 
I~C NDl FCB 
MCN02 FCS 
TEMPl FCB 
TEMP2 FCB 
~IPR FOB 
MND FDS 
PROOl FCB 
PROD2 FCB 
PROD:3 FCB 
PR004 FC8 
PRODS FCB 
PROD6 FCB 
PROD7 FCB 
PRODS FCB 
TMPl FCB 
T~\P2 FCB 
TMP3 FCB 

END 
•'• .,. 
... . ,. 

BAK1 

z,x 
4,X 
4,X 
l,X 
3,X 
3,X 

OUT 
OVER 

$0023 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
START 

LOAD ACCUM WITH MCND2 
ADO TEMP2 
STORE IN TEMP2 
LOAD ACCUM WITH MCNDl 
ADO TEMPl 
STORE IN TEMPl 

BYTE NUMBER 
0 
1 
2 
3 
4 
5!6 
7:8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

.... . ,. DIVISION ROUTINE FOR THE MC6809 MICROPROCESSOR ... ., . 
************************************************************ .... . ,. 

NAr-1 DIVISION ... ... 

:::ROUTINE 
::: PUTPOSE : 
·'· . ,. ... . ,. 
•'• . ,. 

•'• .,. 

START 
ORG 
LOX 
LOY 
LOU 
CLR 

MULTIPLICATION I DIVISION ROUTINE 
FIRST PRODUCING A 32-BIT PRODUCT OF UNSIGNED 
NUMBERS IN MLTN AND MLTR AND THEN DIVIDING 

•'· .... 
•'• .,. 
.... .,. 

BY 65521 TO REDUCE 32-BIT UNSIGNED NUMBER INTO * 
A 16-BIT UNSIGNED NUMBER 

$0000 
#MLTR 
tH1L TN 
~PRODl 

,u 

... ., . 
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... . ,. 

SKIP3 

SKIP4 

CLR 
L D.O. 
l DB 
MUL 
STO 
LO.A 
LOB 
MUL 
ADOD 

STD 
BCC 
INC 
LOA 
LOB 
r~UL 

AODO 
STD 
sec 
INC 
LOA 
LOB 
t<IUL 
ADDD 
STD 

2,U 
,x 

l,Y 

l,U 

l,U 
SKIP3 
,u 

l,X 
,y 

l,U 
l,U 
SKIP4 
,u 
,x 
,y 

,u 
,u 

GET LS BYTE OF MULTIPLIER 
GET LS BYTE OF MULTIPLICAND 

A-16 

SAVE PARTIAL PRODUCT IN PR003:PROD4 
GET MS BYTE OF MULTIPLIER 
GET LS BYTE OF MULTIPLICAND 

ADD PREVIOUS PARTIAL PRODUCT MAINTAINING 
THE SIGNIFICANCE 
SAVE IN PROD2:PROD3 

INCREMENT PRODl If A CARRY IS GENERATED 
GET LS BYTE OF MULTIPLIER 
GET MS BYTE OF MULTIPLICAND 

ADD PROD2:PROD3 
SAVE IN PR002:PROD3 

INCREMENT PROD! IF A CARRY IS GENERATED 
GET MS BYTE OF MULTIPLIER 
GET MS BYTE OF MULTIPLICAND 

ADD PROOl INTO PARTIAL PRODUCT 
SAVE IN PRODl 

.;. .,. 
•'• ., . 

PROOl!PRDD2:PROD3:PROD4 NOW CONTAIN 32 BIT UNSIGNED 
PRODUCT OF TWO 16-BIT NUMBERS IN MLTN AND MLTR 

•'• •('> 

... . ,. 

* ROUTINE DIVISION ROUTINE * PURPOSE : 32-BIT I 16-BIT UNSIGNED DIVIDE BY 65521 
* DIVISION ROUTINE 

•'• ... 

*********************************************************** 
:;r: 

LDD PRODl 
STO DVN02 
LOO PR003 
STO OVND4 
LDD #0 
S T.A DVNOl CLEAR DVNDl BEFORE STARTING THE DIVISION 
STD QUOTl QUOTIENT IF REQUIRED 
LOA #16 
STA COUNT 

DIVIDE ASL DVNOS SHIFT DIVIDEND LEFT 1 BIT 
ROL DVND4 
ROL DVND3 
ROL DVN02 (MSB OF DIVIDEND) 
ROL DVNOl 
LOA DVNDl CHECK IF AFTER SHIFTING DIVIDEND LEFT ONE 
BNE SKIP BIT IS STILL ZERO OR NOT 
LDD DVND2 
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CMPD OVSR2 IS TRIAL SUBTRACTION SUCCESSFUL? 
scs CHECK IF CARRY SET BRANCH TO CHECK 

SKIP LOA DVND3 
SUBA OVSR3 YES, SUBTRACT AND SET BIT IN QUOTIENT 
STA OVND3 
LOA DVN02 
SBCA DVSR2 
STA DVND2 
L DA DVNDl 
SBCA DVSRl 
STA DVNDl 
ASL QUOT2 
ROL QUOTl 
INC QUOT2 INCRENENT QUOTIENT 

CHECK DEC COUNT DECREMENT COUNT 
BNE DIVIDE 
l DO OVN02 
STD REM STORE RE~1AINDER, QUOTIENT 
J/'IIP $0283 JUfviP TO MONITOR 

COUNT FCB 00 
OVSRl FCB 00 
OVSR2 FCB 00 
DVSR3 FCB 00 
REM FCB 00 
QUOTl F CB 00 
QUOT2 FOB 00 
t-1L TR FOB 00 
MLTN FCB 00 
PRODl FCB 00 
PROD2 FCB 00 
PROD3 FCB 00 
PR004 FCB 00 
DVNDl FCB 00 
DVND2 FCB 00 
DVND3 FCB 00 
DVN04 FCB 00 
DVND5 FCB 00 

END 
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Assembler program source listing for a 15-point WFT A (TMS9900) 

FORTRAN program source listing for a 15-point WFT A 
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************************************************************ 
* 15-POINT WINOGRAD FOURIER TRANSFORM ALGORITHM FOR THE * 
* TMS9900 MICROPROCESSOR USING MULTIPLY/DIVIDE INSTRUCTIONS* 
************************************************************ .-. . ,. 

START 

·'· .,. 

IDT 
OPTION 
AORG 
LWPI 
LI 
LI 

'WIN015' 
XREF,SYMT 
)6000 

WSP 
R4,YREG 
RS,XREG 

INPUT DATA IN YREG ARRAY 
XREG ARRAY USED FOR INTERMEDIATE 
COMPUTA-TIONS 

*********************************************************** * PERFORM THE INPUT SHUFFLE AND MOVE DATA FROM YREG INTO 
::: XREG ... . ,. 
*********************************************************** .... . ,. 

... . ,. 

·'· ... 
LOOPl 

... . ,. 

MOV 
f'10V 
NOV 
MDV 
MDV 
MDV 
MDV 
~10V 

t-1DV 
MOV 
~~ov 

~10V 

t<IOV 
MDV 
MDV 

MOV 
MDV 
BL 
MDV 
MDV 
MDV 
BL 
MDV 

~:R4,;':R5 

@6(R4),@2(R5) 
@12(R4),@4(R5) 
@18(R4),@6(R5) 
@24(R4),@8(R5) 
@10(R4),@10CR5) 
@16(R4),@12CR5) 
@22(R4),@14CR5) 
@28CR4),@16CR5) 
@4(R4),@18CR5) 
@20(R4),@20(R5) 
@26(R4),@22(R5) 
@2(R4),@24CR5) 
@8(R4),@26(RS) 
@14(R4),@28(R5) 

@lO(RS),RO 
@20(RS),Rl 
@AODSUB 
R2,@10(R5) 
R3,@20(R5) 
~::RS,R3 

@ADD 
R3,*RS 

MDV @12(RS),RO 
r-IOV @22CRS),Rl 
BL, @AOOSUB 
MOV R2,@12(R5) 
MOV R3,@22(R5) 

RS CONTAINS ADDRESS OF XEG 
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-·· .,, 

.; . . ,, 

-·· .,. 

-·.,, 

MDV 
BL 
r1DV 

~IOV 

r'IOV 
BL 
~10V 

MDV 
~10V 

BL 
NOV 

MDV 
MDV 
BL 
MDV 
MOV 
MOV 
BL 
MDV 

MDV 
fviOV 
BL 
r-1ov 
r-tDV 
~10V 

BL. 
MDV 

@2(R5),R3 
@ADO 
R3,@2(R5) 

@14(RS),R0 
@24(R5),Rl 
@ADOS US 
R2,@14(R5) 
R3,@24(R5) 
@4(R5),R3 
@ADO 
R3,@4(R5) 

@16(R5),R0 
@26(R5),Rl 
@ADDS US 
R2,@16(R5) 
R3,@26(R5) 
@6(R5),R3 
@ADO 
R3,@6(R5) 

@18(RS),RO 
@28(R5),Rl 
@ADD SUB 
R2,@18(R5) 
R3,@28(R5) 
@8(RS),R3 
@ADD 
R3,@8(R5) 

* NOW PERFORM THREE 5-POINT PRE-WEAVES ON XREG AND MOVE 

-·.,, 

.;, ··-

-·· .,. 

L! 
MOV 
MDV 
BL 
fv1DV 
MDV 

t-IOV 
MDV 
BL 
t-10V 
MOV 
~10V 

BL 
r1DV 

MDV 
MDV 

R6,ZREG 
@2(R5),R0 
@8(R5),Rl 
@ADDS US 
R2,@2(R5) 
R3,@6(R6) 

@6(RS),R0 
@4(R5),Rl 
@AOOSUB 
R2,@4(R5) 
R3,@10(R6) 
@6(R6),R2 
@ADD 
R3,@8(R6) 

@2(RS),RO 
@4(R5),Rl 
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BL @ADD SUB 
t•tOV R2,@2(R6) 
~lOV R3 1 @4(R6) 
~10V ~::RS,R3 

BL @ADD 
HOV R3,~:R6 

·'· ., . 
... . ,. 

MOV @12CR5),R0 
r-tov @18(R5),Rl 
BL @AODSUB 
MDV R2,@12(R5) 
r4DV R3,@18(R6) 

"'· .,. 
MDV @16(R5),R0 
MDV @14(R5),Rl 
BL @ADD SUB 
f·10V R2,@14CR5) 
MDV R3,@22(R6) 
~IOV @18(R6),R2 
BL @ADO 
~10V R3,@20(R6) ... . ,. 
MDV @12(R5),R0 
~10V @14(R5),Rl 
BL @AODSUB 
r~ov R2,@14(R6) 
MDV R3,@16CR6) 
Mov· @10(R5),R3 
BL @ADO 
MOV R3,@12(R6) 

"'· .,. 
MDV @22(R5),R0 
~10V @28(R5),Rl 
BL @AOOSUB 
t·10V R2,@22CR5) 
f40V R3,@30(R6) 

.... . ,. 
MDV @26(R5),R0 
MDV @24(R5) 1 Rl 
SL @AOOSUB 
MDV R2,@24(R5) 
~10V R3,@34(R6) 
r-tov @30CR6),R2 
BL @ADD 
MDV R3,@32(R6) 

"• .,. 
r~av @22(R5),R0 
~10 v @24(RS),Rl 
.BL @ADDSUB 
MDV R2,@26(R6) 
MDV R3,@28CR6) 
MDV @20CR5),R3 
BL @ADD 
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... ... 
MDV R3,@24(R6) 

************************************************************ * MULTIPLICATION WITH THE TRANSFORM COEFFICIENTS. THERE * 
* ARE TWO SETS OF MULTIPLIER COEFFICIENTS. THE FORWARD AND * 
* AND THE INVERSE TRANSFORM COEFFICIENTS, THE CHOICE OF * 
* THE COEFFICIENTS DEPENDS UPON THE VALUE IN THE VARIABLE * 
* FWD. IF FWD=O THE MULTIPLICATION ROUTINE USES FORWARD * * TRANSFORM COEFFICIENTS OTHERWISE INVERSE COEFFICIENTS * 
* ARE USED. * .... ... IF EXTERNAL HARDWARE MODULAR MULTIPLIER IS TO BE USED * * THEN REPLACE THE CODE FOR MULTIPLY (MPY) AND DIVIDE (OIV)* 
* BY THE EQUIVALENT CODE GIVEN IN FIGURE (5.6) * 

... ... 

B-4 

... ... 

~IOV. 

JEQ 
LI 

@FWO,Rl 
FRWD 
R7,COEFR LOAD ADDRESS OF INVERSE TRANSFORM 

COEFFICIENTS 

FRWD 

OVER ... . ,. 

LOOP 

... •.. 

JMP 
LI 

LI 

LI 
NOV 
MDV 
r~PY 
DIY. 
MDV 
INCT 
CI 
JNE 

OVER 
R7,COEFF 

R4,0 

R8,65521 
t.~R7+,Rl 

@ZREG(R4),R2 
Rl,R2 
R8,R2 
R3,@ZREG(R4) 
R4 
R4,36 
LOOP 

LOAD ADDRESS OF FORWARD TRANSFORM 
COEFFICIENTS 
R4 USED AS INDEX FOR ADDRESSING THE 
ZREG AND AS A LOOP COUNTER 
LOAD THE DIVISOR IN R8 
SEQUENTIAL INDEXING INTO THE ARRAY 

R3 CONTAINS THE MODULAR PRODUCT 

* PERFORM THREE 5-POINT POST-WEAVE FROM ZREG 
::~INTO XREG 

... ... ... ... 
************************************************** 
•'• .,. 

MDV t;;R6,R3 
MDV R3,t.:RS 
MDV @2(R6),R2 
BL Q:\ADO 
MDV R3,@2(R6) 
MDV @6(R6),R0. 
r~ov @8(R6),Rl 
BL @SUB 
MDV R3,@6(R6) 
MOV @8(R6),R2 
1·10V. @10CR6),R3 
BL ·@ADD 
140V R3,@10(R6) 
f.10V .il2(R6),RO 
NOV @4(R6),Rl 
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BL @ADD SUB 
MDV R2,@2(R6) 
MOV R3,@4(R6) 
MOV @2(R6),RO. 
MDV' @6(R6) 1 Rl 
BL ·@AODSUB 
t40V R2,@2(R5) 
MOV R3,@8(R5) 
MDV @4CR6),R0 
MDV @10(R6),Rl 
BL @ADDSUB 
MDV R2,@4(R5) 
MDV P.3,@6CR5) 

.... . ,. 
MOV @12CR6),R3 
~IOV. R3,@10(R5) 
MDV @14(R6),R2 
BL @ADO 
MOV R3,@14(R6) 
MDV @18(R6),RO 
MOV @20(R6),Rl 
BL @SUB 
MDV R3,@18(R6) 
t~OV' @20CR6),R2 
~10V @22(R6),R3 
BL @ADD 
MDV R3,@22CR6) 
~IDV @14CR6),R0 
~1 DV. @16(R6),Rl 
BL @AODSUB 
MDV R2,@14CR6) 
fviDV R3,@16(R6) 
MDV @14CR6),RO 
MDV' @18(R6),Rl 
BL @AODSUB 
r·IOV R2,@12(R5) 
lv!DV R3,@18(R5) 
MDV @16CR6),R0 
~IOV @22(R6),Rl 
BL @ADDSUS 
r~Dv R2,@14CR5) 
~IDV R3,@16(R5) 

.,_ 
...... 

MDV @24(R6),R3 
MDV R3,@20(R5) 
MOV. @26(R6),R2 
BL @ADD 
fviOV R3,@26(R6) 
MDv· .@34CR6),R2 
~10V @32CR6),R3 
BL @ADO 
MOV R3,@34CR6) 
fvtOV @30CR6),RO 
MDV @32(R6) 1 Rl 
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BL @SUB 
t40V R3,@30CR6) 
MDV @26CR6),R0 
MDV @28(R6),Rl 
BL @ADOS US 
~10V R2,@26(R6) 
MDV R3,@28(R6) 
~IOV @26(R6),RO 
MDV @30CR6),Rl 
BL @ADOS US 
MDV R2,@22CR5) 
MDV R3,@28CR5) 
MDV @28(R6),R0 
MDV @34(R6),Rl 
BL @AOOSUB 
f40 v R2,@24CR5) 
~10V R3,@26(R5) ... ... 

* PERFORM FIVE 3-POINT POST-WEAVE IN XREG 

... ... 

.... ... 

.... ... 

.... ... 

... ... 

.... . ,. 

.... ... 

MDV' 
~10V 

BL 
t40V 

MDV 
MDV 
BL. 
MDV 

MDV 
MDV 
BL 
NOV 

MDV 
MDV 
BL 
1•1DV · 

MDV. 
MDV 
BL 
~10V 

MDV 
r~ov 

BL 
NOV 
MDV 

t·1D v 

~::RS,R3 

@10(RS),R2 
@ADO 
R3,@10CR5) 

@2(RS),R3 
@12CRS),R2 
@ADD 
R3,@12CR5) 

@4(RS),R3 
@14CRS),R2 
@ADO 
R3,@14CR5) 

@6(R5),R3 
@16CRS),R2 
@ADO 
R3,@16CR5) 

@8(R5),R3 
@18(R5),R2 
@ADD 
R3,@18CR5) 

@10(R5),R0 
@20CRS),Rl 
@ADDS US 
R2,@10(R5) 
R3,@20(R5) 

@12(RS),R0 

·'· ... 
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····· 

····· 

.. , ... 

.. , ... 

~10V 

BL 
MDV 
MDV 

MDV 
MDV 
BL 
NOV 
MDV 

MDV 
MDV 
BL' 
r~ov 

fv10V 

MDV' 
fv10V 
BL 
MDV 
MDV 

:J22(R5),Rl 
@AODSUB 
R2,@12(R5) 
R3,@22(R5) 

@14CRS),RO 
@24(R5),Rl 
@ADDSUB 
R2,@14(R5) 
R3,@24(R5) 

@16(R5),R0 
@26CRS),Rl 
@AOOSUB 
R2,@16(R5) 
R3,@26CR5) 

@18CRS),R0 
@28CR5),Rl 
@AOOSUB 
R2,@18CR5) 
R3,@28CR5) 

************************************************** * PERFORM'OUTPUT SHUFFLE ON XREG AND STORE THE 
* FINAL RESULTS IN ZREG 

... . ,. 
MOV ::~Rs,~~R6 

MDV @12(R5),@2(R6) 
MDV @24CR5),@4(R6) 
1-IOV @6(R5),@6CR6) 
MDV' @18CR5),@8(R6) 
MDV @20CR5),@10CR6) 
MDV @2(R5),@12CR6) 
MDV @14CR5),@14CR6) 
MDV @26CR5),@16CR6) 
MDV @SCR5),@18(R6) 
MOV @10(R5),@20CR6) 
MDV @22(R5),@22CR6) 
MOV @4(R5),@24CR6) 
MDV @16(R5),@26CR6) 
MOV @28(R5),@28CR6) 

..... .... 

.. , ,,.. 

... . ,.. 

B @>0800 BRANCH TO MONITOR 
··-.,. 
************************************************************ 
':~ROUTINE: 

;~ PURPOSE : 

* ·'· ... 
... . ,. 
·'· .,. 

AODSUB 
PERFORM ADDITION AND SUBTRACTION 
MODULO 65521 
PARAMETERS ARE PASSED TO THE SUBROUTINE 
VIA RO AND R2 AND THE MODULAR SUM AND 
MODULAR SUBTRACT RESULTS RETURNED VIA 
R2 AND R3 RESPECTIVELY 

... .... 
··.... 

.. , . .. 
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... ... 
•'• . ,. SUBROUTINE ADDSUB ... ., . 
************************************************************ ... ... 
AODSUB 

PLUS 
SUB 

MDV 
A 
JOC 
CI 
JL 
AI 
tv1ov· 
s 
c 
JL 

Rl,R2 
RO,R2 
PLUS 
R2,65521 
SUB 
R2,15 
RO,R3 
Rl,R3 
R1,RO 
FIN 

SAVE CONTENTS OF Rl 
R2=R2+RO 
ADO 15 IF A CARRY IS GENERATED 
OTHERWISE COMPARE WITH 65521 

ADO 15 IF SUM > 65521 

R3=R3-Rl 
COMPARE If SUBTRAHEND > MINUEND 

AI R3,65521 ADD 65521 IF SUBTRAHEND > MINUEND 
FIN ... ... 

RT REJURN FROM SUBROUTINE 

************************************************************ 
:~ROUTINE 

:~ PURPOSE : ... ... 
... . ,. ... ... 

ADD 
PERFORM ADDITION MODULO 65521 
THE PARAMETERS ARE PASSED TO THE SUBROUTINE 
VIA R2 AND R3 AND THE MODULAR SUM IS 
RETURNED IN R3 

... . ,. 

... . ,. 

. .. .,. 

... . .. 
************************************************************ ... . ,. 
ADO 

PLUSl 
TAG ... . ,. 
•'· .,. 

.t.. 
JOC 
CI 
JL 
AI 
RT 

R2,R3 
PLUS1 
R3,65521 
TAG 
R3,15 

R3=R2+R3 
ADD 15 IF A CARRY IS GENERATED 
COMPARE WITH 65521 

ADD 15 IF SUM > 65521 
RETURN FROM SUBROUTINE 

************************************************************ ... ... 

COEFF 

•'• ... 
... ... 

FORWARD TRANSFORM COEFFICIENTS 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

1,16379,13376 
19136,18005,48647 
32759,8192,45457 
36817,5753,25311 
16087,29032,8748 
23174,43615,1465 

INVERSE TRANSFORM COEFFICIENTS 

•'• .,. 

... ., . 
************************************************************ 
·'· ... 
COEFR DATA 

DATA 
DATA 
DATA 

61153,5460,18364 
46773,20640,5493 

6552,57331,37975 
28122,34561,24521 
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WSP 
YREG' 
XREG 
ZREG 
LIM 
FWD 
LAST 
c 
c 
c 
c 
c 

DATA 
DATA 

BSS 
BSS 
BSS 
-BSS 
BSS 
BSS 
END 

29504,28641,12521 
5913,24748,21938 

32 
30 
30 
36 
2 
2 
START 

WORKSPACE AREA 

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

c 
c 
c 
c 
c 
c 

************************************************************* 

c 

c 

IMPLICIT REAL*B(A - H,O - Z) 
DIMENSION X(15), Y(15), COEF(18), Z(18), OUT(15), COEFR(18) 
I_NTEGER IRF(l5), IRFI(15) 
REAL*8 MODO 

C INPUT SHUFFLE VECTORS CALCULATED USING CHINESE REMAINDER 
C THEOREM (~RT). SEE SECTION 4.2.1. 
c 

c 

DATA IRF 10, 3, 6, 9, 12, 5, 8, 11, 14, 2, 10, 13, 1, 4, 7/ 
FRO = 0.0 

C OUTPUT SHUFFLE VECTORS CALCULATED USING CRT 
c 

DATA IRFI lOt 6, 12, 3, 9, 10, 1, 7, 13, 4, 5, 11, 2, 8, 14/ 
c 
C FORWARD TRANSFORM COEFFICIENTS 
c 

c 

DATA· 
1 
2 
3 

COEF /1.00, 16379.DO, 13376.DO, 19136.00, 13005.00, 
48647.00, 32759.00, 8192.00, 45457.DO, 36817.00, 5753.00, 
25311.00, 16087.00, 29032.00, 8748.00, 23174.00, 43615.00, 
1465.DO/ 

C INVERSE TRANSFORM COEFFICIENTS 
c 

c 

DATA 
1 
2 
3 

COEFR /61153.00, 5460.00, 18364.00, 46773.00, 20640.00, 
5493.00, 6552.00, 57331.00, 37975.00, 28122.00, 34561.00, 
24521.00, 29504.00, 28641.00, 12521.00, 5913.00, 24748.00, 
21938.00/ 

C READ INPUT DATA ARRAY IN ARRAY Y. PERFORM INPUT 
C SHUFFLE AND REARRANGE DATA INTO X ARRAY 
c 
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C READ VALUES IN FREE FORMAT 
c 

READ (5,*) (Y(I),I=l,15) 
c 
C CALL TIME ROUTINE TO MEASURE CPU TIME USED 
c 

CALL TIME(O, -1) 
c 
C PERFORM INPUT SHUFFLE FROM ARRAY Y INTO ARRAY X 
c 

DO 10 I = 1, 15 
10 XCI) = YCIRF(I) + 1) 

c 
C PERFORM FIVE 3-POINT PRE-WEAVE 
c 

c 

DO 20 I = 1, 5 
T = MOOO(X(5 + I) + X(lO + I)) 

XCI) = MODO(X(I) + T) 
XClO + I) = MODO(X(5 + I) - XClO + I)) 
X(S + I) = T 

20 CONTINUE 

C PERFORM THREE 5-POINT PRE-WEAVE 
C MOVE THE DATA INTO ARRAY Z 
c 

c 

J = 1 
DO 30 I = 1, 3 

IND = 5 * CI - 1) 
S1 = MODOCXCIND + 2) + XCIND + 5)) 
S2 = ~1000(X(IND + 2) - XCIND + 5)) 
53 = MOOOCXCIND + 4) + X(IND + 3)) 

$4 = MOOOCXCIND + 4) - XCINO + 3)) 

55 = MODOC51 + 53) 
56 = MODOC51 - 53) 
57 = MODOCS2 + S4) 
SS = MOOOCSS + XCIND + 1)) 
Z(J) = S8 
ZCJ + 1) = SS 
ZCJ + 2) = S6 
ZCJ + 3) = S2 
Z(J + 4) = S7 
ZCJ + 5) = S4 
j = J + 6 

30 CONTINUE 

C IF FRO = 0 PERFORM MODULAR MULTIPLICATIONS WITH FORWARD 
C TRANSFORM COEFFICIENTS, OTHERWISE PERFORM MODULAR 
C MULTIPLICATIONS WITH THE INVERSE TRANSFORM· COEFFICIENTS 
c 

IF (FRO .EQ. 1.00) GO TO 50 
DO 40 I = 1, 18 

40 Z(!) = MODOCZ(I)*COEF(I)) 
GO TO 70 

50 DO 60·! = 1, 18 

8-10 
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c 

60 ZCI) = MOOOCZCI)*CDEFR(!)) 
70 J = 1 

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

c 
80 

DO 80 I = 1 ' 3 
INO = 5 .. , CI - 1) ... 
S9 = ~IOOO(Z(J) + ZCJ 
S10 = M000($9 + ZCJ + 
Sll = MOOOCS9 - ZCJ + 
S12 = MODOCZCJ + 3) -
513 = MOOOCZCJ + 4) + 
$14 = 1·1000 ( s 10 + S12) 
S15 = MOOOCS10 - Sl2) 
$16 = MODOCS11 + S13) 
S17 = MODOC$11 - S13) 
XCI NO + 1) = zc J) 
XCIND + 2) = $14 
XCIND + 3) = $16 
XCIND + 4) = $17 
XCI NO + 5) = $15 
J = J + 6 

CONTINUE 

+ 1)) 
2)) 
2)) 
ZCJ + 4)) 
ZCJ + 5)) 

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

c 

DO 90 I = 1, 5 
T = MOOO(X(I) + XCS + I)) 
T2 = MOOOCT + XC10 + I)) 
XClO + I) = MOOOCT - XClO + I)) 
xes + I) = T2 

90 CONTINUE 

C PERFORM OUTPUT SHUFFLE AND MOVE DATA INTO ARRAY OUT 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 

DO 100 I = lt 15 
OUTCIRFICI) + 1) = XCI) 

100 CONTINUE 

CALL TIME ROUTINE AND PRINT 

CALL TIMEC15t -1, CPU) 

I~RITE OUT THE RESULTS. 

PRINT INPUT ARRAY 

WRITE (6,110) (Y(I),!=1,15) 
110 FORMAT (' ', SF10.2) 

WRITE (6,120) 

CPU SEC 

B-11 



Appendix-B 

C PRINT TRANSFORMED VALUES 
c 

c 

120 FORMAT (' ', II) 
WRITE (6,130) COUT(I),I=l,15) 

130 FORMAT (' ', SF10. 2") 
STOP 
END 

C THIS FUNCTION PERFORMS ARITHEMETIC MOD 65521 
c 

DOUBLE PRECISION FUNCTION MODOCF) 
REAU:8 F, MOO 
t·100 = 65521.00 
IF (f .LT. 0.000) GO TO 10 
MODO = DMODCF,MOO) 
GO TO 20 

10 MOOD = MOD - DMOO(-F,MOO) 
20 RETURN 

END 

B-12 
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. FORTH program source listing for a 60-point WFTA (TMS9900) 
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( TO FIND CURRENT WORKING BASE ) HEX 
MGl STRING $ HEX $ SAY ; : MG2 STRING $ DECIMAL $ SAY ; 
MG3 STRING $ OCTAL $ SAY ; : MG4 STRING S BINARY $ SAY ; 

: MSG CRLF STRING $ CURRENT BASE IS $ SAY BASE 1 -
DUP F = If MG1 DROP ELSE DUP 9 = IF MG2 DROP ELSE 7 
= IF MG3 ELSE MG4 THEN THEN THEN CRLF ; 

HEX : ERASE 07 SEND 18 SEND 28 SEND .1S ; 
( FOR PRINTING HEX BYTES ) 
,, DUP 8 RIGHT DUP 10 < IF '0 'SEND THEN , 08 SEND 

FF AND DUP 10 < IF ' 0 ' SEND THEN , 08 SEND 
( FOR PRINTING ARRAYS ) 0 INTEGER CNT 

: PRT 0 CNT ! LIMITS DO I @ ,, 2 SPACES CNT@ 1 + 

: s 

CNT !·CNT@ 8 =IF CRLF 0 CNT ! THEN 2 +LOOP CRLF 

( THIS PROGRAM PERFORMS WINOGRAD LENGTH 60 
FORWARD AND INVERSE TRANSFORM ) 

( INPUT ARRAY IS Y AND THE RESULT OF TRANSFORM 
IS ALSO STORED IN ARRAY Y ) 

( COMMANDS FOR PERFO~MING FORWARD TRANSFORM 
AND INVERSE TRANSFORMS ARE 'FRO' AND 'REV' 
RESPECTIVELY) 

C--1 

: MESAG CRLF CRLF STRING $ INPUT AND OUTPUT ARRAY IS Y $ SAY 
CRLF STRING $ TYPE 'FRO' FOR FORWARD TRANSFORM $ SAY 
CRLF STRING $ & TYPE 'REV' FOR INVERSE TRANSFORM 

:s 

:s 

$ SAY CRLF ; 

DECIHAL 
0 INTEGER SO 0 INTEGER Sl 0 INTEGER S2 0 
0 INTEGER S4 0 INTEGER SS 0 INTEGER T1 0 
0 INTEGER T3 0 INTEGER T4 0 INTEGER TS 0 
0 INTEGER TM1 0 INTEGER TM2 0 INTEGER TM3 0 
0 INTEGER Tt~ 

INTEGER 
INTEGER 
INTEG=R 
INTEGER 

S3 
T2 
TMO 
TM4 

14~ ARRAY FCOEF 144 ARRAY RCOEF 120 ARRAY X 144 ARRAY Y 
120 ARRAY RF 120 ARRAY RFI 
SINT 0 SO ! 2 S1 ! 4 S2 ! 6 S3 ! 8 S4 ! 10 SS ! ; 
INTZ 0 TMO ! 2 TM ! 4 TM1 ! 6 TM2 ! 8 TM3 ! 10 Tf~4 ! ; 
1CHG TMO @ 10 + TMO ! TM @ 10 + TM ! TM1 @ 10 + TM1 ! 

TM2 @ 10 + TM2 ! TM3 @ 10 + TM3 ! TM4 @ 10 + TM4 
2CHG SO @ 12 + SO ! S1 @ 12 + Sl ! S2 @ 12 + S2 

! S3 a·12 + S3 ! S4@ 12 + S4 ! ss@ 12 + ss 1 ; 

( INPUT SHUFFLE VECTORS ) 
0 72 24 96 48 90 42 

30 102 54 6 78 80 32 
20 92 44 116 68 110 62 
10 82 34 106 58 100 52 

RF FILL 
114 66 18 
104 56 8 

14 86 38 
4 76 28 

60 12 
50 2 
40 112 
70 22 

84 
74 
64 
94 

36 108 
26 98 
16 88 
46 118 
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C OUTPUT SHUFFLE VECTORS ) 
0 24 48 72 96 30 54 

90 114 18 42 66 40 64 
100 4 28 52 76 10 34 
110 14 38 62 86 20 44 

: s 

RFI FILL 
78 102 6 
88 112 16 
58 82 106 
68 92 116 

C COEFFICIENTS 
FCOEF FILL 

FOR FORWARD TRANSFORM ) 

: s 

1 16379 
1 16379 
1 16379 

41224 13991 
32759 8192 
32759 8192 
32759 8192 

3685 11774 
49434 36489 
49434 36489 
49434 36489 
33074 56939 

( COEFFICIENTS 
RCOEF FILL 

:s 

64429 1365 
64429 1365 
64429 1365 

3681 11779 
1638 30713 
1638 30713 
1638 30713 

27239 15092 
58145 9220 
58145 9220 
58145 9220 
50784 2041 

13376 
13376 
13376 
53009 
45457 
45457 
45457 
18768 
56773 
56773 
56773 

32 

64390 
64390 
64390 
26608 
34457 
34457 
34457 
25609 
45080 
45080 
45080 

5797 

46385 
46385 
46385 
10376 
28704 
28704 
28704 
49957 
23174 
23174 
23174 
28796 

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

FOR INVERSE TRANSFORM ) 

4591 
4591 
4591 

30785 
25874 
25874 
25874 
52104 
13250 
13250 
13250 
30577 

9847 
9847 
9847 

35388 
17990 
17990 
17990 
12439 
44432 
44432 
44432 
40308 

4687 
4687 
4687 
4541 

25730 
25730 
25730 
25949 
50619 
50619 
50619 
60673 

50514 
50514 
50514 
64807 
55271 
55271 
55271 

1071 
27276 
27276 
27276 
45578 

C MODULAR ADDITION ) HEX 

60 84 
70 94 
80 104 
50 74 

CODE MOD 1 POP 2 POP 0 1 0 2 A FNC IF ELSE F 1 AI 
THEN FFF1 1 CI FH IF F 1 AI 1 PUSH ELSE 
1 PUSH THEN RETURN 

C MODULAR MULTIPLICATION ) 
CODE 0/ 7 POP 5 POP FFFl 4 LI 5 0 7 MPY 

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

C MODULAR SUBTRACTION ) 

108 
118 

8 
98 

CODE SBT 2 POP 1 POP 0 3 0 1 MDV 0 1 0 2 S 0 2 0 3 C 
FLT IF FFF1 1 AI 1 PUSH ELSE 1 PUSH THEN RETURN 

12 
22 
32 

2 

36 
46 
56 
26 

C-2 
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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 

C-3 

CODE CALC 0 8 1 2 MOV 0 9 1 3 MDV 1 4 0 7 MDV 7 PUSH RETURN 
:s 

:s 

( 3 POINT TRANSFORM INPUT ) DECIMAL 
3AD 40 0 DO I 40 + X + @ I 80 + X + @ OVER OVER MOO I 

4 0 + Y + ! S 8 T I 8 0 + Y + ! 2 + L DO P 
3DAO 40 0 DO I 40 + Y + @ I X + @ MOD I Y + 

! 2 +LOOP 
I3PT 3AO 3DAD ; 

( 4 POINT TRANSFORM INPUT ) 

41AD 10 0 DO I y + @ I 20 + Y + @ MOO I X + ! 2 +LOOP 
42AO 10 0 DO I 10 + Y + @ I 30 + Y + @ OVER OVER MOO 

I 10 + X + ! SBT I 30 + X + ! 2 +LOOP 
42$8 10 0 DO I y + @ I 20 + Y + @ SBT I 20 + X + 2 

+LOOP . , 
43AD 10 0 DO I X + @ I 10 + X + @ MOD TM I X + @ I 

X + @ SBT I 10 + X + ! TM @ I X + 2 +LOOP 

44AO 10 0 DO I 40 + y + @ I 60 + y + @ OVER OVER MOD 
I 40 + X + ! SBT I 60 + X + 2 +LOOP . 

t 

45AD 10 0 DO I 50 + y + @ I 70 + y + @ OVER OVER MOD 
I 50 + X + ! SBT I 70+ X + ! 2 +LOOP . 

' 48AD 10 0 DO I 40 + X + @ I 50 + X + @ MOO TM ! I 40 
@ I 50 + X + @ SBT I 50 + X + ! H1 @ I 40 + X + 

49AO 10 0 DO I 80 + y + @ I 100 + y + @ OVER OVER MOO 
I 80 + X + ! S BT I 100 + X + 2 +LOOP . 

' 4AAD 10 0 DO I 90 + y + @ I 110 + y + @ OVER OVER MOD 
I 90 + X + ! SBT I 110 + X + ! 2 +LOOP . , 

10 + 

+ X + 
! 2 +LOOP 

40AO 10 0 DO I 80 + X + @ I 90 + X + @ MOD TM ! I 80 + X + 

:s 

@ I.9Q + X + @ SST I 90 + X + ! TM @ I 80 + X + ! 
I4PT 41AD 42AD 42SB 43AO 44AO 45AO 48AD 49AD 4AAD 4DAD 

( MULTIPLICATION WITH COEFFICIENTS ) 
0 INTEGER FL.Il.G 
FMULT 144 0 DO I FCOEF + @ I Y + @ Dl I Y + 2 +LOOP 
RMULT 144 0 DO I RCOEF + @ I Y + @ 0/ I Y + 2 +LOOP 
MULT FLAG @ 0 = IF FMULT ELSE RMULT THEN 
( 5 POINT TRANSFORM INPUT ) 
I15PT TM @.X + @ TM3 @ X + @ OVER OVER MOO 51 a Y + ! 

SBT· SS @ Y + ! ; 
I2SPT TMl @ X + @ TM2 @ X + @ MOO S2 @ Y + TM2 @ X 

+ @ TMl·@ X + @ SBT S4 @ Y + ! ; 
I35PT Sl @ Y + @ S2 @ Y + @ OVER OVER MOO Sl @ Y + 

2 

SBT S2 @ Y + ! TMO @ X + @ Sl @ Y + @ MOD SO @ Y + 
I45PT S5 @ Y + @ 54 @ Y + @ MOD S3 @ Y + 

. : ISPT INTZ SINT 24 0 DO I15PT I25PT I35PT I45PT 2CHG 
lCHG 2 +LOOP ; 

:s 

+LOOP 
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: s 

: s 

( 5 POINT TRANSFORM OUTPUT ) 
FVPT SO @ Y + i OUP Sl @ Y + @ MOO T1 TMO @ X + 
lFVPT S3 @ Y + @ SS @ Y + @ MOO TS ! 
2FVPT S3 @ Y + @ S4 @ Y + @ SST T3 ! 
3FVPT Tl @ S2 @ Y + @ OVER OVER MOO T2 SBT T4 
4FVPT T2 @ T3 @ OVER OVER MOO TM @ X + ! SBT 

TM3 @ X + ! ; 
SFVPT T4 @ TS @ OVER OVER MOO TMl @ X + ! SBT 

TM2 @ X + ! · 
OSPT INTZ SINT 24 0 00 FVPT lFVPT 2FVPT 3FVPT 

4FVPT SFVPT 2CHG 1CHG 2 +LOOP ; 

( 4 POINT POINT TRANSFORM OUTPUT ) 
401 10 0 DO I X + @ I Y + ! 2 +LOOP 
140 10 0 00 I 20 + X + @ I 30 + X + @ OVER OVER 

MOO I 10 + Y + ! SBT I 30 + Y + I 10 + X + @ I 20 
+ Y + ! 2 + LOOP ; 

402 10 0 DO I 40 + X + @ I 40 + Y + ! 2 +LOOP 
240 10 0 DO I 60 + X + @ I 70 + X + @ OVER OVER MOO I 

50 + Y + SST I 70 + Y + ! I 50 + X + @ I 60 + Y + 2 
+ LOOP ;·· 

403 10 0 00 I 80 + X + @ I 80 + Y + 2 +LOOP 
340 10 0 DO I 100 + X + @ I 110 + X + @ OVER OVER MOD I 

90 + Y + ! SBT I 110 + Y + I 90 + X + @ 

I 100 + Y + ! 2 + LOOP ; 
04PT 401 140 402 240 403 340 

( 3 POINT TRANSFORM OUTPUT ) 
: 03PT 40 0 DO I Y + @ I 40 + Y + @ MOO 

:s 

I 80 + Y + @ OVER OVER MOO I 40 + X + SBT I 80 
+ X + ! I. Y + @ I X + ! 2 +LOOP 

( INPUT RE-ORDERING VECTOR RF ) 
!ORO 120 0 00 I RF + @ Y + @ I X + ! 2 +LOOP ; 
( OUTPUT RE-ORDERING VECTOR RFI ) 
OORO 120 0 DO I X + @ I RF! + @ Y + ! 2 +LOOP 
TRANSFORM !ORO I3PT I4PT ISPT MULT OSPT 

04PT 03PT ODRO Y PRT 
REV 1 FLAG TRANSFORM ; 
FRO 0 FLAG TRANSFORM'; 

MESAG CRLF X EMPTY Y EMPTY MSG 

C-4 
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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 WFT A (MC6809) 



FLOW DIAG.RAM FOR SLAVES 

SET =0 
FLAG=O 

READ 
INPUT 
LATCHES 

' 
SEM 

15~0INT 

-

=1 .. SET 

FlAG=1 

-L-..--~ TRANSFORM...._ __ ...._. 
WFTA r"" 

SAVE =0 
TRANSFORMED FLAG 
VALUES , 

=1 
MULTIPLY 
WITH 

>-~TRANSFORMED 
VALUES WHEN 
SEM=O .. 

REARRANGE 
DATA 

INVERSE 
15-POJNT 
TRANSFORM 
WFTA 

WRITE 
RESULTS IN 
OUTPUT 
LATCHES 

_ .... 
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·'· .,. 

•'• ... 
•'· . ,. 
.... . , . ... . ,. 
OUTPUT 
STATUS 
T6 

· T2 
INPUT 
R6 
R2 
SEM 

"'· .,. 

BEGIN 

START 

FRO 

NEXT 

·'· .,.. 
OVER 

SKP12 

NAM 68091· 

************************************************************** 
PROCESSOR NUMBER 1 .... .... 

************************************************************** 
EQU' 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

ORG 
NOP 
ORCC 
LOU 
CLRA 
S T.4 
LOA. 
SEQ 
LO.Il 
STA 
LOY 
LOX 
LOA 
STA. 
SYNC 
CLRA 
STA 
LOD 
BRA 
LOY 
LOX 
SYNC 
LDO 

SYNC· 
SYNC 
ADDD 
BCS 
C ~1PO: 
BLD 
AOOO 

$0400 
$0402 
$0403 
$0405 
$0410 
$0412 

'$0414: 
$0416 

$F800 

#%01010000 
#PRODl 

FLAG 
SEt~ 
FRO 
tH 
FLAG 
#MCNO 
#MLTFR 
#1 
STATUS 

STATUS 
INPUT 
OVER 
1H1CNO 
#MLTRR 

SAVE 

R6 
SKP12 
#65521 
SKP13 
#15 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR NO 6 
.TRANSMIT DATA TO PROCESSOR NO 2 
INPUT COMMUNICATION -LATCH 
RECEIVE DATA FROM·PROCESSOR NO 6 
RECEIVE DATA·FROM PROCESSOR NO 2 

SET FLAG=O IF SEM=O 

SET FLAG=l IF SEM=l 

SET STATUS LATCH=! 
WAIT: FOR OTHER PROCESSORS 

READ INPUT LATCH 

WAIT FOR·OTHER PROCESSORS 

ADD DATA RECEIVED FROM 6 
.... . ,.. 
... . ,. 

... ... 
MODULAR ADDITION 
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SKP13 SYNC WAIT FOR ·oTHER PROCESSORS 
SYNC 
SYNC WAIT FOR DATA FROM 2 
.4000 R2 ADO DATA RECIEVEO FROM 2 
BCS SKP14 .... . ,. 
Ct·1 P 0 #65521 ... MOOUL AR ADDITION . ,. 
BLO SKPlS ... ..... 

SKP14 ADOO #15 ... . , . 
... ... 
SKP15 STD MCND STORE RESULT IN MCND 

CLR ,u ... . ,. 
CLR l,U .... 

-.~ 

LOA l,X ... . ,. 
LOB 1,Y ... MODULAR.MULTIPLICATION ~-

MUL ... WITH. TRANSFORM COEFFICIENTS ... 
STD z,u .... ... 
LOA ,x .... ... 
LOB 1,v· ... . ,. 
MUL ... . ,. 
ADDD 1,U :'• ,. 
STD 1,U ..... .... 
BCC SKP16 ... 

~-

INC ,u *1 
SKP16 LOA l,X ... ... 

LOB ,y ... . ,. 
MUL .... . ,. 
AOOD 1,U ... . ,. 
STO l,U ... ... 
BCC SKP19 * INC ,u ... ... 

SKP19 LOA 'X 
.... .... 

LOB ,v ·'· .... 
MUL ... . ,. 
ADOO ,u "· .,. 

STD ,u ... 
~-

.... ... . ,. ., . 
LOA l,U ... ... 
LOB :1#15 .... ... 
MUL ~·~ . . ,. 
ADDD z,u ... ... 
scs SKP20 ... ... 
CMPO #65521 :;t 

'BLO SKP21 ... ... 
SKP20 AODD #15 ... ... 
SKP21 STD z,u .... ... 
... "· ... . .. 

LOA ,u ... ... 
LOX #TE~IP 

.... . ,. 
CLR 'X 

... . ,. 
CLR 1,X ... . ,. 
CLR z,x ..... . ,. 
LD8 #15 ·'· ,. 
1•1UL ... . ,. 
STD 'X 

... .,. 
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SKP22 
SKP23 ... ... 

.... ... 

CONV 

... .... 

LOA 
LOB 
t-1UL 

. ADDO 
ADDO 
BCS 
C~1PD. 

BLO 
AOOO 
SYNC 

STO 
SYNC 
SYNC 
SYNC 
STD 
SYNC 
SYNC 

STD 
LOA 
01PA 
BEQ 
01PA 
SEQ 
LDD 
STO 
LBRA 
LDO 
STO 
LBRA 

... ... CHECK FLAG 

,x 
#15 

l,X 
z,u 
SKP22 
#65521 
SKP23 
#15 

T2 

T6 

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

... ... ... . ,. 

.... ... 

... ... ... ... 

... ... 

... . ,. 

... ... 

... ... 
WAIT FOR OTHER PROCESSORS TO 
COMPLETE THE MULTIPLCATION 
SEND DATA TO 2 
WAIT 
WAIT 
WAIT 
SEND D.A.TA TO 6 
WAIT 
WAIT 

SAVE RESULT 
CHECK. FLAG 

WRITE RESULT IN OUTPUT LATCH 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE ... ... 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 ..... ... 
..... .... 
I-1UL T INC FLAG 

LOX #SAVE PER FOR~\ MULTIPLICATION OF 
LOY #RES THE TWO TRANSFORMED VALUES 
CLR ,u ... ... 
CLR l,U ... MODULAR MULTIPLICATION .... 
LOA l,X .. ... 
LOB 1,Y .... ... 
MUL ... •.• 

STD z,u ... ... 
LOA . 'X "· . . ,. 
LOB l,Y "'· . . ,. 
MUL ... .... 
AODD l,U :',c 

STO l,U .-.. 
~· 

BCC LOP16 ... ... 

0-4 
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LOP16 

LOP19 

•'• .... 

LOP20 
LDP21 

LOP22 
LDP23 

INC 
LOA 
L DB 
MUL 
AODD 
STD 
BCC 
INC 
LD.Ll. · 
LOB 
MUL 
. Ll.DOO 
STD 

LOA 
LOB 
MUL 
AODD 
scs 
CMPO 
BLO 
ADDD 
STD 

l O.A. · 
LOX 
CLR 
CLR 
CLR 
LOS 
MUL 
STO 
LOA 
LOB 
NUL 
ADOD 
AODD 
BCS 
CMPD 
BLO 
ADOD 
STD 

,u ... ... 
l,X ... ..• 

,y ::' ... ... 
l,U ... , i 

~, .. : 

1,U ... . ,. 
LDP19 ... . ,. 

,u ... ... 
,x ... ' .,. 
'y ... . ,. 

... .... 
,u ... ... 
,u .. ,, t .... ... . ... 

1tU ... ... 
.iF 15 ... . ,. 

.... . ,. 
2,U .... ... 
LOP20 ... .... 
#65521 .... .... 
LOP21 .... ~ .,. 
#15 ... .... 
z,u ... .... ... ... 
,u ... .... 

#TEMP .... . ,. 
,x .... ... 

ltX .... . ,. 
z,x ... ... 
#15 ... .... ... ... 

,x ... . ,. 
,x ... ... 

#15 ... ... 
... ... 

1, X ... ,, ... 
z,u ... ... 
LOP22 ... . ,. 
#65521 .... ... 
LOP23 ... ... 
#15 .... ... 
SAVE SAVE RESULT 

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

.... .,. 

* ************************************************************ ... .... 
SYNC 
SYNC 
SYNC 
SYNC 
LBRA NEXT PERFORM INVERSE TRANSFORM . 

D-5 
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"" ... 
MLTFR 
MLTRR ... ... 

MCNo· 
PROD1 
PROD2 
PROD3 
PROD4 
TEr~P 

TEMPl 
TH1P3 
SAVE 
FLA·G 
RES 
.... ... 

STRT 

·'· .... 
.... ... 

FD8 
FOB 

ORG 
FDS 
FCS 
FCB 
FCB 
FCB 
FCB 
FCB 
FCS 
FDB 
FCB 
FOB 

ORG 
EQU 
END 

NAM 

1 FORWARD TRANSFORM COEFFICIENT 
61153 INVERSE TRANSFORM COEFFICIENT 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$FSOO 
BEGIN 

68092 

* ************************************************************** ... . , . 
... ... 

OUTPUT 
STATUS 
T7 
T5 
T3 
T1 
INPUT 
R7. 
RS 
R3 
Rl 
SEM ... . ,. 

BEGIN 

START 

FRO 

PROCESSOR NUMBER 2 .... . .. 
************************************************************** 

EQU 
EQU. 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU. 
EQU 
EQU 
EQU ·. 
EQU 

$0400 
$0402· 
$0403 
$0405 
$0407' 
$0409 
$0410 
$0412 
$0414 
$0416 
$0418 
$041A 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 7 
TRANSMIT DATA TO PROCESSOR 5 
TRANSMIT;OATA TO PROCESSOR 3 
TRANSMIT DATA TO PROCESSOR 1 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 7 
RECEIVE DATA FROM PROCESSOR 5 
RECEIVE DATA FROM PROCESSOR 3 
RECEIVE DATA FROM PROCESSOR 1 

ORG $F800 
NOP 
ORCC 
LOU 
CLRA. 
STA 
LOA 
BEQ 
LOA 
STA 
LOY 
LOX 
LOA 
ST.~ 

#%01010000 
#PR001 

FLAG SET FLAG=O IF SEM=O 
SEM 
FRO 
#1 
FLAG SET FLAG=l IF SEM=1 
#MCND 
#ML T FR 
#1 
STATUS SET STATUS LATCH=! 
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SYNC \o/AIT ·FOR OTHER PROCESSORS 
CLRA 
STA STATUS SET STATUS LATCH=O 
LOD INPUT READ INPUT LATCH. 
8RA OVER 

NEXT· LOY #MCND 
LOX #MLTRR 
SYNC WAIT FOR OTHER PROCESSORS 
LOO SAVE 

•'• .,. 
OVER SYNC WAIT 

SYNC \4AIT FOR DATA FROt4 PROCESSOR 7 

AOOO R7 ADD DATA F ROf4 PROCESSOR 7 
BCS SKP12 ... . ,. 
01PO #65521 :::;MODULAR ADDITION 
BLO SKP13 ...... .... 

SKP12 AODD #15 .... . ,. 
SKP13 STO TS TRANSMIT DATA TO PROCESSOR 5 

SYNC WAIT 
AOOD R5 ADD DATA FROM PROCESSOR 5 
BCS SKP14 •'• .... 
CI4PD · #65521 * ~10DULAR ADDITION 
BlD SK?lS ... . ,. 

SKP14 ADDD #15 ,, 
'i" 

SKP15 STO T3 TRANSMIT DATA TO PROCESSOR 3 
SYNC WAIT FOR DATA FROM PROCESSOR 3 
AODO R3 ADO DATA . FROM PROCESSOR 3 
ecs SKP16 , .... 
CMPO #65521 *'MODULAR ADDITION 
BLO SKP17 ..... . ,. 

SKP16 ADDO #15 •'• .,.. 

SKP17 STD T1 TRANS~1IT DATA TO PROCESSOR 1 
SYNC WAIT~ 

STO MCND SAVE RESULT IN MCNO 
CLR ,u •'• ..... 
CLR l,U .... . ,.. 
LOA ltX :::·MODULAR MULTIPLICATION 
LOB l,Y ,, WITH TRANSFOR~1 COEFFICIENTS .,.. 

MUL ... . ,.. 
STD z,u ... . ,. 
LOA ,x ... . ,. 
LOB l,Y ........ 

·~ ... 
MUL ..... . ,. 
ADOD 1, u. .... . ,. 
STD l,U ..... . ,. 
BCC SKP18 ... ... 
INC ,u ·'· .,. 

SKP18 LOA. l,X ... .... 
LOS 'y ~-., . 

. ~1UL ... .... 
ADDD l,U ..,, .... 
STD l,U .. , .,. 
BCC SKP21 ~·, '\ .,. 
INC ,u .., .,. 
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SKP21 LOA 'X ~-,. 
LOB 'y 

... . ,. 
MUL ... ,. 
ADDD ,u ... ,. 
STO ,u ... , . 

... , ... ' ... ... 
LO.A l1U ... ... 
LOB #15 ... ... 

. MUL ... ... 
ADDD 2,U ... ... 
BCS SKP22 ... ... 
CMPD #65521 .... ,. 
BLO SKP23 ... 

" 
SKP22 AODD #15 ... ... 
SKP23 STD z,u "· ... 
-'• ..... ... .,. 

LOA ,u· -·· ... 
LOX #TEMP ... ... 
CLR ,x "· " 
CLR 1,X ... .,.. 
CLR z,x "• .,. 
LOB #15 ... . .. , ... 
MUL ... .... 
STD ,x .... .,. 
LOA 'X 

... . ,. 
LOB #15 .... ... 
t-1UL ... . ,. 
ADDO l,X ::~ 

AOOO z,u "• ..... 
BCS ·sKP24 ... ... 
Clv!PD #65521 .... ... 
BLO SKP25 ... ... 

·sKP24 ADDO #15 ... . ,. 
SKP25 SYNC ·wAIT' FOR OTHER PROCESSORS TO 
... COMPL "ET E MULTIPLICATION ... 

SYNC WAIT FOR DATA FROM PROCESSOR 1 
AOOO Rl ADD DATA FR0~1 PROCESSOR 1· 
BCS SKP26 . ... ... 
CMPD #65521 *MODULAR MULTIPLICATION 
BLO SKP27 !:t 

.SKP26 .ADDD #15 ... 
•f' 

SKP27 STD T3 TRANSMIT· 0.4TA TO PROCESSOR 3 
SYNC WAIT FOR.OATA FROM PROCESSoR· 3 
ADDD R3 ADO DATA. FROr-t PROCESSOR 3 
BCS SKP28 ... . ,. 
CMPD #65521 *'MODULAR. ADDITION 
BLO SKP29 ,t.' .,. 

SKP28 ADDD #15 ... ... 
SKP29 STD TS TRANSMIT DATA TO PROCESSOR 5 

SYNC WAIT FOR DATA· FROM PROCESSOR 5 
AODO RS ADD OAT A FROM PROCESSOR 5 
BCS SKP30 ... . ,. 
CMPO #65521 ... r.,ODULAR .A DO IT ION .... 
BLO SKP31 ... ... 
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SKP30 
SKP31 

.... ... 
.... . ,. 

AOOD #15 
STD T7 
SYNC 
SYNC 

STD SAVE 

... . ,. CHECK' FLAG 

... . ,. 
TRANSMIT DATA TO PROCESSOR 7 

SAVE RESULT 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 

* 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 "· ... 

•'· ... 

CONV 

·'• .,. 
HULT 

LOP15 

LOP16 

LOP19 

LOA 
CMPA 
BEQ 
CMPA 
SEQ 
LOD 
STD 
L BRA 
LOO 
STO 
LBRA 

!NC 
LOX 
LOY 
CLR 
CLR 
LOA 
LOB 
MUL 
STD 
L 0.0. 
LOB 
MUL 
. 6. DOD 
STO 
BCC 

·INC 
L DA 
LOB 
MUL 
AODO 
STD 
sec 
INC 
LOA 
LOB 
~1UL' 

ADOD 
STD 

FLAG 
#1 
MULT' 
#2 
CONV 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 

. 'u 
l,U 
l,X 
l;Y 

2,U 
,x 

l,Y 

l,U 
1 'u. 
LOP16 

,u 
l,X 

,y 

l,U 
l,U 
LOP19 

,u 
'X 
,y 

,u 
,u 

WRITE ~ESULT IN OUTPUT LATCH 

PERFORM MULTIPLICATION OF THE TWO 
TRANSFORMED VALUES 
•'• .. , ... 

... . ,. 

.... ... 

* ~.,. 
•'• ... 
..... ... 
..... 
~- . 

~.,. 
.,. .... 

.... . ,. .... ... ... . ,. 
"'· . .. , .. ' 

"'· ... 
.... .,. 
.... ,. 
.... ... 
... . ,. 
"'· .,. 

MODULAR MULTIPLICATION 

0-9 
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LOP20 
'LOP21 

•'• ... 

LOP22 
•'• ... 

LOA· 
LOB 

. ~1UL 
AOOD 
BCS 
CMPO 
BLO 
ADOO 
STD 

LOA 
LDX 
CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LOA 
LOB 
~1UL 

AODD 
ADOD 
8CS 
CMPO 
BLO 
ADOD 

J • . . ,. 
l,U ... .,. 
#15 ... . , . ... . ,. 
z,u ... .... 
LOP20 ... 

~·. 

#65521 .... ,. 
LOP21. w ... 
#15 ,. ,. 
z,u .... . ,. 

.... ., . ,. 
,u ... ,, .... 

#TEMP ... .... 
,x ... ... 

l,X w .,. 
z,x ... ... 
#15 ... ... 

J., .,. 
,x ... . ,. 
,x .... . ,. 

#15 ... . ,.. .... ... 
1, X· ·'· ,. 
z,u ... ... 
LOP22 ,J, ,, ... ' 

#65521 "' .. , .. ' 

LOP23 .... . ,. 
#15 ..... ... . 

************************************************************ ... ... ... .,. 
... . ,. 

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

..... ... 

.... ... 
'..I., • ., . 

*~********************************************************** 

LOP23 

MLTFR 
MLTRR. ... ... 

MCNO 
PROOl 
PROD2 
PROD3 

STO 
SYNC 
LDO 
STD 
SYNC 
SYNC 
SYNC 
LOO 
STD 
LBRA 

FOB 
FOB 

T3 

R3 
TS 

R3 
SAVE 
NEXT 

16379 
5460 

ORG $0000 
F OS 0' 
FCB o· 
FCB 0 
FCB 0 

TRANSMIT DATA TO. PROCESSOR 3 
WAIT FOR DATA FROM PROCESSOR 3 
READ DATA AND 
TRANSMIT TO PROCESSOR 5 
WAIT 
WAIT 
WAIT 
RECEIVE OATA.FROM PROCESSOR 3 
SAVE: DATA IN SAVE 

fORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

D-10 
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PROD4 
TEMP 
TEfiiPl 
TEMP3 
SAVE 
FLAG 

-RES 
.... 
~.-

STRT 

... ... 

FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

NAfvl 

D-11 

0 
0 
0 
0 
0 
0 
o· 

$FFFE 
$F800 
BEGIN· 

68093 

************************************************************** ... . ,. •'• .,. PROCESSOR NUMBER 3 ... ... 
* ************************************************************** ... 
~.-

OUTPUT 
STATUS 
TS 
T4 
T2 
INPUT 
RS 
R4 
R2 
SEM 
•'• ... 

BEGIN 

START 

FRO 

NEXT 

•'• ... 
OVER 

EQU 
EQU. 
EQU 
EQU 
EQU 
EQU. 
EQU 
EQU 
EQU 
EQU 

ORG 
NOP 
DRCC. 
LOU 
CLRA 
STA 
LOA 
SEQ 
LOA 
STA 
LOY 
LOX 
LOA 
STA 
SYNC 
CLRA 
STA. 
LDD 
BRA 
LDY 
LOX 
SYNC 
LDO 

SYNC 

$0400 
$0402 
$0403 
$0405 
$0407 
$0410 
$0412 
$0414 
$0416 
$0418 

$F800 

#%01010000 
#PRODl 

OUTPUT 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 

'FLAG SET FLAG=O IF SEM=O 
SE~1' 

FRD 
#1 
FLAG SET FLAG=1 IF SEM=1 
#MCND 
#MLTFR 
#1 
STATUS SET STATUS LATCH=1 

WAIT FOR OTHER PROCESSORs· 

STATUS SET STATUS LATCH=O 
INPUT READ INPUT LATCH 
OVER 
#MCND 
#MLTRR 

WAIT 
SAVE 

WAIT. 
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SYNC WAIT fOR DATA FROM PROCESSOR 8 
ADOO RS ADD DATA FROM PROCESSOR 3 
BCS SKP12 •'• .,. 
CMPD #65521 ... MODULAR ADDITION . ,. 
BLD SKP13 ~-...... ' 

SKP12 ADDD #15 •'• .,. 
SKP13 STD T4 TRANSf'1IT DATA TO PROCESSOR 4 

SYNC WAIT DATA FROM PROCESSOR 4 
ADDD R4 ADO OAT A FROM PROCESSOR 4 
BCS SKP14 ... . ,. 
U1PD #65521 ·'· I~OOULAR ADDITION .,. 
BLO SKP15 •'• .,. 

SKP14 ADDD #15 ... 
"' 

SKPlS STD T2 TRANSMIT DATA TO PROCESSOR 2 
SYNC WAIT FOR DATA FROM PROCESSOR 2 

STD SAVE ... ... 
LOO R2 ~~ MOOU LAR SUBTRACTION ,. 
SUBO SAVE •'• .,. 
BCC SKP16 ·'· .,. 
ADOO #65521 ..... 

~· 

SKP16 SYNC WAIT 
•'• .,. 

STD MCNO •'• .,. 
CLR ,u ..... MODULAR MULTIPLICATION . ,. 
CLR l,U ... WITH TRANSFORM COEFFICIENTS ,. 
LOA l,X ... ... 
LOB lilY ·'· .... 
I~UL 

... . ,. 
STO z,u .... 

~· 

LOA ,x ... .,. 
LOB l,Y ... ... 
MUL .... .... 
ADOO l,U •'• .,. 
STD l,U ... 

; ... . 

sec SKP18 .... 
~·. 

INC ,u }',c 

SKP18 LOA l,X ... .... 
LOB 'y 

... . ,. 
MUL ::: 

ADOD l,U .... ; . 
~· . 

STO l,U ... . ,. 
BCC SKP21. ... .,. 
INC ,u ...... .... 

SKP21 LOA ,x ... 
¥ 

LOB. ,y .... .... 
~IUL 

... . ,. 
ADDD ,u ... .... 
STD ,u ... . , . 

.... ... . ,. ., . 
LOA l,U ... . ,. 
LOB #15 •'• .,. 
MUL. ... ... 
ADOO z,u ~- . ,. 
acs SKP22 •'• .,. 
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SKP22 
SKP23 
..... . ,. 

SKP24 
SI\P25 ... .... 

SKP26 

SKP28 
SKP29 

... ... 

... . ,. 

CMPD 
BLO 
ADDD 
STO 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LOA 
LOB 
t4UL 
ADDD 
ADDD 
BCS 
CMPD 
BLO 
AODD 
SYNC 

SYNC: 
STD 
SYNC 
STO 
LDD 
SUBD 
BCC 
AODD 
STO 
SYNC 
ADOD 
BCS 
CMPD 
BLO 
ADOD 

· STD 
SYNC 
SYNC 

STD 

•'• ... CHECK FLAG 

#65521 
SKP23 
#15 
2,U 

,u 
#TEMP 
,x 

1,X 
z,x 
#15 

,x 
,x 

#15 

l,X 
z,u 
SKP24 
#65521 
SKP25 
#15 

T2 

SAVE 
R2 
SAVE 
SKP26· 
#65521 
T4 

R4 
SKP28 
#65521• 
SKP29 
#15 
T8 

SAVE 

•'• .,. 
•'• .,. 
..... . ,. ... . , . .. . .,. 
... . ,. 
... .... 
.... ... 
... . ,. 
.... ... 
* ... ,. 
.... . ,. 
.... ... 
... . ,. 
-·· ... 
... ,, 
... ... 
.... . ,. 
WAIT FOR OTHER PROCESSORS'TO 
COMPLETE MULTIPLICATION 

TRANSMIT DATA TO PROCESSOR 2 
WAIT FOR DATA FROM PROCESSOR 2 
.... ... 
* MODULAR SUBTRACTION ... . ,. 
·'· ... 
.... . ,. 
TRANSMIT· DATA TO PROCESSOR 4 
WAIT FOR DATA FROM PROCESSOR 4 
ADO DATA FROM PROCESSOR 4 ... . ,. 
* MODULAR ADDITION 

•'• .,. 
TRANSMIT DATA TO PROCESSOR 8 
WAIT 
WAIT 

SAVE RESULT 

0-13 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 
-·· ... AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE 
* IF FLAG=Z PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 
•'• .,. 
"'' .,. 

THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH 

LOA FLAG 
CMPA #1 
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CONV 

·'· .... 
I~ULT 

LOPlS 

LOP16 

. LDP19 

........ . ,.. 

LCP20 
LOP21 
.... .... 

SEQ 
CMPA 
BEQ 
LDD 
STD 
LBRA 
LDO 
STD 
LBRA 

INC 
LOX 
LOY 
CLR 
CLR 
LOA 
LOS 
MUL 
STO 
LOA 
LOB 
MUL 
ADOO · 
STD 
BCC 
INC 

.. LOA 
LOB 
MUL 
ADOD 
STD 
BCC 
INC 
LOA 
LOB 
MUL 
ADDD 
STO 

LOA 
LOB 
MUL 
AOOO 
BCS 
Ci'4PD 
BLO 
ADOO 
STO 

LOA 
LOX 
CLR 
CLR 
C LR 

I'-1UL T 
#2 
CONV 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 
,u 

l,U 
l,X 
l,Y 

z,u 
,x 

l;Y 

l,U 
l,U 
LOP16 

,u 
l,X 

,y 

l,U 
l,U 
LOP19 

,u 
'X 
,y 

,u 
,u 

l,U 
#15 

2tU 
LOP20 
#65521 
LOP21 
#15 
z,u 

,u 
#TEMP 
,x 

l,X 
z,x 

WRITE RESULT IN OUTPUT LATCH 

PERFORM MULTIPLICATION OF THE 
THE TWO TRANSFORMED SEQUENCES 
"· .,. 
* MODULAR MULTIPLICATION 

"' . . ,. 
.... 
~· . 

·'· .,. 

.... 
~· 

-'• .,. 
.... . ,. 
~- . ... 
..... . , . 
.... . ,. 
... . ,. 

.... ...... 

... ... 

.... ... 

..... 
~·-

·'· .,.. . 

... . , . 

. ... 
~· ... ... 
.... .. , ... 
... . ,. 
•'• .,. 
•'• ... 
... ... 
•'• .,. 
... ... 

* . ... . .. 
... . ,. 
~... 
... . ,. 
.... . ,. 

0-14 
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LOB #15 "· ' .... 
MUL ...... . ,. 
STD ,x ·'· .,. 
LOA ,x * LOB #15 ... ... 
MUL ... ' .. , .... 
ADDO 1-,X .... ., ' ... 
ADOO z,u t,c 

BCS LOP22 .. .,. 
CMPD #65521 "• .... 
BLO LOP23 .... . ,.. 

LOP22 AOOD #15 * ..... ... 
************************************************************ ... .... 
.... ....... 
... ... 

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

... .... . .. ... 

... .,.. 

************************************************************ .... ... 
.LOP23 

... ... 
MLTFR 

.MLTRR ... . ,.. 
lv1CNO 
PROOl 
PROD2 
PR003 
PROD4 
TEMP 
TEMPl 
TEMP3 
SAVE 
FLAG 
RES 
.... . ,. 

STRT 

•'• 
' .... 

STO 
SYNC 
LDO 
STO 
SYNC 
SYNC 
LDO 
STD 
SYNC 
LBRA 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FCB 
FC8 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

NAM 

T2 

R2 
SAVE 

R4 
T2 

NEXT. 

13376 
18364 

$0000 
o· 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

68094 

TRANSMIT DATA TO PROCESSOR 2 
WAIT FOR DATA FROM PROCESSOR 2 
RECEICE DATA FROM PROCESSOR 2 
SAVE DATA 
W.AI T 
WAIT FOR DATA FROM PROCESSOR 4 
RECECIVE DATA FROM PROCESSOR 4 
TRANSMIT DATA TO PROCESSOR 2 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

0-15 

... .... ************************************************************** .... .... •'• .,. PROCESSOR NUMBER 4 
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* ************************************************************** ... ,,. 

OUTPUT 
STATUS 
T9 
T3 
T16 
INPUT 
R9 
R.3 
R16 
SEM .. , ,,. 

BEGIN 

START 

FRO 

NEXT 

... ,,. 

OVER 

SKP12 
SKP13 

SKP14 

EQU 
EQU 
EQU 
EQU 
EQU· 
EQU 
EQU 
EQU. 
EQU' 
EQU 

$0400 
$0402 
$0403 
$0405 
$0407 
$0410 
$0412 
$0414 
$0416 

. $0418 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 9 
TRANSMIT DATA TO PROCESSOR 3 
TRANSMIT DATA TO PROCESSOR 16 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 9 
RECEIVE DATA FROM PROCESSOR 3 
RECEIVE DATA. FROM PROCESSOR 16 

ORG $F800 
NOP 
ORCC 
LOU 
CLRA 
STA 
LOA 
BEQ 
LOA 
STA 
LOY 
LOX 
LOA 
STA 
SYNC 
CLRA 
STA 
L DO 
BRA 
LOY 
LOX 
SYNC 
LOD 

SYNC 
SYNC 
ADOD 
BCS 
CMPO 
BLO 
AOOD 
STO 
SYNC 
·suso 
sec 
.ADOO 
STD 
SYNC 
SYNC 

STO 

#~01010000: 
#PRODl 

FLAG SET FLAG=O IF SEM=O 
SEM 
FRO 
#1 
FLAG SET FLAG=1 IF SEM=l 
IMCND 
#ML T FR 
#1 
STATUS SET STATUS LATCH=1 

WAIT. FOR OTHER PROCESSORS 

STATUS SET STATUS LATCH=O 
INPUT READ INPUT LATCH 
OVER 
#MCNO 
#~1LTRR 

SAVE 

R9 
SKP12 
#65521 
SKP13 
#15 
T3 

R3 
SKP14 
#65521 
Tl6 

MCND 

WAIT FOR DATA 'FROM PROCESSOR 9 
ADO DATA FROM PROCESSOR 9 .... . ,. 
* MODULAR ADDITION 
.. f ... ' ... 
.,, .,. 
TRANSMIT DATA TO PROCESSOR 3 
WAIT FOR.OATA FROM PROCESSOR 3 

* MODULAR SUBTRACTION ... . ,. 
TRANSMIT DATA TO PROCESSOR 16 

,o, .,. 

----~~~~~~-
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CLR ,u J. MODULAR t-1UL TIPLICATION "" 
CLR 1tU ... WITH TRANSFORM COEFFICIENTS ,. 
LOA l,X "· ... 
LOB l,Y ... . ,.. 
MUL ... ... 
STD z,u .... . ,. 
LOA ,x ..... .,. 
LOB 1,Y ... ... 
MUL J. ... 
ADDO l,U "• . . ,. 
STD l,U ... ... 
BCC SKP16 ... . ,. 
INC ,u .... ... 

SKP16 LOA l;X ..... ,. 

LOB ,y "• .,.. 
t-1UL ... . ,.. 
ADDO 1,U "' .,. 
STD l,U ... ... 
sec SKP19 ... . ,. 
INC ,u ... ,. 

SKP19 LOA ,x "· ... 
LOB ·,Y ... ,. 
,..1UL ... ... 
AOOD ,u ... ... 
STO ,u .... ... 

"'' ... ... .,. 
LOA ltU ... . ,. 
LOB #15 ... ... 
t·1UL "' .,. 
ADOO z,u ..... = ... 
scs SKP20 ... ... 
CMPO #65521 ... ... 
BLO SKP21 ... ... 

SKP20 ADDO #15 .... . ,. 
SKP21 STD 2,U "• ...... 
·'· "· ... ... 

LOA ,u .... . ,. 
LOX #TEMP "· ,. 
CLR ,x ... ,. 
CLR l,X .... .... 
CLR z,x "· .,.. 
LOB #15 ...... ... 
MUL ... ... 
STD ,x ... 

'(' 

LOA ,x ... ... 
LOB #15 ... . ,. 
t·IUL .... ... 
AOOO 1,X ... . ,. 
ADOD 2,U "• .,. 
BCS SKP22 ... . ,. 
01PD· #65521 ....... ... 
BLO SKP23 "• .,. 

SKP22 AODD #15 ... . ,. 
SKP23 SYNC WAIT FOR OTHER PROCESSORS TO 



Appendix-a 

... ... 

SKP24 
SKP25 

SKP26 

... ... 

SYNC 
ADDD 
8CS 
CMPD 
BLO 
AOOD 
SYNC 
STD 
SYNC 
STD 
LDD 
SUBD 
sec 
ADDD 
STD 
SYNC 
SYNC 
STD 

... ... CHECK FLAG 

Rl6 
SKP24 
#65521 
SKP25 
#15 

T3 

SAVE 
R3 
SAVE 
SKP26 
#65521 
T9 

SAVE 

COMPLETE NULTIPLICAT!ON 
WAIT.FOR DATA FROM PROCESSOR 16 
ADO DAT.A FROM PROCESSOR 16 ... . ,. 
:;;~MODULAR ADDITION .... ... 
,.,.,., 
~-

TRANS~HT OAT.n TO PROCESSOR 3 
WAIT FOR DAT.!l FROM PROCESSOR 3 ... ... 
... MODULAR SUBTRACTION ... 
... . ,. 
... . ,. 
... ... 
TRANSMIT DATA TO PROCESSOR 9 

SAVE RESULT 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 

* AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE 

0-18 

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

LOA 
C~1PA 

SEQ 
Cr4PA 
BEQ 
LDD 
STD 
LBRA. 

CONV LDO 
STD 
LBRA 

.... ... 
MULT INC 

LOX 
LOY 

LOP15 CLR 
CLR 
LOA 
LOB 
MUL 
STD 
LOA 
LOB 
MUL 
AOOO 
STD 
BCC 

FLAG 
#1 
MULT 
#2 
CONV 
SAVE 
RES 
BEG!N 
SAVE 

·OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 
,u 

1,U 
l,X 
liY 

z,u 
,x 

1,Y 

l,U 
1,U 
LOP16 

WRITE RESULT IN OUTPUT LATCH 

PERFORM MULTIPLICATION OF THE 
TWO TRANSFORMED SEQUENCES ... ... 
* MODULAR MULTIPLICATION 
:::: 
•'• ..... ... . ,. 
"· ... 
·'• .,. ... ... 
... ... ... . ,. ... ... 
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LOP16 

LOP19 

... .... 

LOP20 
LOP21 ... .,. 

LOP22 ... . ,. 

INC 
LOA 
LOB 
MUL 
AOOO 
STO 
sec 
INC 
LOA· 
LOB 
MUL 
ADOO 
STO 

LOA 
LOB 
MUL 
ADDO 
BCS 
CMPD 
BLO 
ADDO 
STD 

L 0~ 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STO 
LOA 
LOB· 
MUL 
AODD 
ADDD 
BCS 
CMPD 
BLO 
ADOD 

,u ~-
~-

1,X ::c 
,y ·" ~·. ... 

~· 

l,U ... ~ ' .,. 
l,U .... ... 
LOP19 ... . ,. 

,u •'• .,. 
,x ~-.,.. 
,y •'• ... ... . ,. 
,u ... ... 
,u ~· .. , ... 

~ .... 
l,U ... . ,. 
IllS ... . ,. 

.... . ,. 
z,u ... ... 
tOP20 ~-.,.. 
#65521 .... ..• 
LOP21 .... ... 
#15 * z,u ... . , . 

... .,. 
,u ... . ,.. 

!HEMP .... . ,. 
,x ... . ,. 

1,X .... . ,.. 
2,x ~ .,. 
#15 .... ... 

•'• .,. 
,x ... . ,. 
,x •'• .,. 

#15 ... . ,. 
~ .,. 

1,X .... .,.. 
z,u ·'· .,. 
LOP22 •'· .,. 
#65521 ... ... 
LOP23 ... ... 
#15 ... ... 

************************************************************ ... . ,. RESHUFFLING THE DATA B~FORE PERFORMING THE 
* INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 

THE EXISTING COMMUNICATION LATCHES ..• . , . 
... . ,. 
LOP23 SYNC 

SYNC 
STD 
L DO 
STD 

·SYNC 

T3 
R16 
SAVE 

WAIT FOR DATA FROM PROCESSOR 3 
ADD DATA FROM PROCESSOR 3 
RECEIVE DATA FROM PROCESSOR 16 
SAVE RESULT 

... ., . 

... ..,. 

... .. . 

D-19 
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... .... 
MLTFR 
MLTRR 
.... ... ... . ,. 

~1CND 

PR001 
PR002 
PR003 
PROD4 
TENP 
TEMPl 
TEMP3 
SAVE 
FLAG 
RES ... ... 

STRT 

.. , .,. 
.... .... 

"· . ,. 
·'· .,. 

OUTPUT 
STATUS 
TlO 
T2 
Tl6 
INPUT 
RlO 
R2 
Rl6 
SEM 
·'· ... 

BEGIN 

START 

FRO 

SYNC 
LBRA NEXT 

FOB 48647 FORWARD TRANSFORt-1 COEFFICIENT 
FOB 5493 INVERSE TRANSFORM COEFFICIENT 

ORG $0000 
FOB 0 
FCB 0 
FCB 0 
FCB 0 
FC8 0 
FCB 0 
FCB 0 
FCB 0 
FOB 0 
FCB 0 
FOB 0 

ORG $FFFE 
EQU $F800 
END BEGIN 

NAM 68095 

"' ., . ... ... PROCESSOR NUMBER 5 
************************************************************** 

EQU $0400 
EQU $0402 
EQU $0403 
EQU $0405 
EQU $0407 
EQU $0410 
EQU $0412 
EQU' $0414 
EQU $0416 
EQU $0418 

$F800 

#%01010000 
#PROOl 

OUTPUT COMMUNICATION LATCH 
ST.~TUS LATCH 
TRANSMIT DATA TO PROCESSOR 10 
TRANSMIT DATA TO PROCESSOR 2 
TRANSMIT DATA TO PROCESSOR 16 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 10 
RECEIVE DATA FROM PROCESSOR 2 
RECEIVE DATA FROM PROCESSOR 16 

ORG 
NOP 
ORCC 
LOU 
CLRA 
STA 
LOA 
SEQ 
LOA 
STA 
LOY 
LOX 
LOA 

FLAG SET FLAG=O IF SEM=O 
SEM 
FRO 
#1 
FLAG SET FLAG=l IF SEM=l 
#~1CND 
#MLTFR 
#1 
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STA STATUS SET STATUS LATCH=l 
SYNC 
CLRA 
STA STATUS SET STATUS LATCH=O 
LDD INPUT RE.AO INPUT LATCH 
BRA OVER 

NEXT LOY #MCND 
LOX #MLTRR 
SYNC 
LDO SAVE 

.,J. 

-·· 
OVER SYNC 

SYNC WAIT FOR DATA FROM PROCESSOR 10 
ADOD RlO ADD DATA FROM PROCESSOR 10 
3CS SKP12· "'' ... 
CMPO #65521 *. ~10DUL AR A.DOITION 
BLO SKP13 ..... 

~-

SKP12 AOOD #15 "" .,. 

SKP13 STD T2 TRANSMIT DATA TO PROCESSOR 2 
SYNC WAIT FOR DATA FROM PROCESSOR 2 
STD SAVE J • .... 
LOD R2 ... 1400ULAR SUBTRACTION ... 
SUBO SAVE ... ... 
sec SKP14 ··-... 
AODO #65521 J • ... 

SKP14 STD T16 TRANSMIT. D.ATA TO PROCESSOR 16 
SYNC 
SYNC ... ... 
STD MCNO ··-... 
CLR ,u "" MODULAR MULTIPLICATION ... 
CLR l,U ,., WITH TRANSFORM COEFFICIENTS ... 
LOA 1,X ... ... 
LOB 1,Y ... . ,. 
MUL "" ... 
STO z,u J • ... 
LOA 'X 

J • ... 
LOB 1,Y "'· ... 
MUL ....... ... 
AOOO 1,U ... .... 
STD 1,U ... ,, .... 
sec- SKP16 .... .... 
INC ,u ... . ,. 

SKP16 L DA 1tX *' 
LOS ,y J. 

~-

MUL ..... . ,. 
AOOD l,U ... .... 
STD l,U ... ... 
BCC SKP19 ... ... 
INC 'u. J • .. , ... 

SKP19 LOA 'X 
J, ... 

LOB ,y ... .... 
MUL ... ... 
ADOD ,u .... . ,. 
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... . ,. 

SKP20 
SKP21· 

SKP22 
SKP23 

SKP24 

SKP26 

... ... 

STO 

LOA 
LOB 
MUL 
AODD 
8CS 
01PD 
BLO 
AODD 
STD 

LOA 
LOX 

. CLR 
CLR 
CLR 
LOB 
NUL 
STO 
LOA 
LOB 
MUL 
ADOD 
ADOO 
BCS 
CMPD 
BLO 
ADDO 
SYNC 

SYNC 
SUBD 
BCC 
AODD 
SYNC 
STD 
SYNC 
STD 
LDD 
SUBD 
BCC 
AODD 
STO 
SYNC 
SYNC 

'' u 

l,U 
#15 

z,u 
SKP20 
#65521 
SKP21 
#15 
2,U 

,u 
~TEMP 

,x 
l,X 
z,x 
#15 

'X 
'X 

#15 

1 1 X 
z,u 
SKP22 
#65521 
SKP23 
#15 

Rl6 
SKP24 
#65521 

T2 

SAVE 
R2 
SAVE 
SKP26 
#65521 
TlO 

STD SAVE 
·'· .,. 
... . ,. CHECK FLAG 

... ... 

... . ,. 

... ,. .... ,. 

.... ,. 

... ... ... ... 
* ... . ,. ... .... 
.... . ,. 
.... . ,. 
... . ,. 
... ... 
·'· .,. 

... . ,. 
... .... 
... . ,. 

... . ,. 

... . ,. 

..... . ,. 
WAIT FOR OTHER PROCESSORS TO 
COMPLETE MULTIPLICATION 
WAIT FOR DATA FROM PROCESSOR 16 ... ' ... 
* MODULAR SUBTRACTION ... . ,. 

TRANSMIT DATA TO PROCESSOR 2 
WAIT FOR DATA FROM PROCESSOR 2 
TRANSMIT DATA TO PROCESSOR 2 .... . ,. 
* MODULAR SUBTRACTION ... ...... 
... ... 
TRANSMIT DATA TO PROCESSOR 10 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 
AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE ... . ,. 

* IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 

0-22 
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... THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH ... ... ... 
LOA FLAG 
CMPA #l 
'BEQ . MUL T 
OIPA #2 
SEQ CONV 
LOO SAVE 
STO RES 
LBRA SEGIN 

CONV LDD SAVE 
STO OUTPUT \~RITE RESULT IN OUTPUT LATCH 
LBRA BEGIN ... . ,. 

MULT INC FLAG 
LOX #SAVE PERFOR~1 NULTIPLICATION OF THE 
LOY #RES. TWO TRANSFOR~1EO SEQUENCES 

.LOPlS CLR ,u ... 
•{" 

CLR ltU *.MODULAR MULTIPLICATION 
LOA l,X ... ... 
LOB ltY ... ... 
r~UL 

... .... 
STD 2,U ... . ,. 
LOA 'X 

... .... 
LOB l,Y ... 

'\' 

t~UL 
... . ,. 

AOOO l,U .... ... 
STO l,U .... .... 
sec LOP16 ... . ,. 
INC ,u ... .,. 

LOPl6 LOA. l,X ... , • . ... 
LOB ,y .,, .... 
MUL ... . ,. 
ADDO l,U ·'· .,. 
STO l,U ... .... 
BCC LOPl9 .... .... 
INC ,u ... . ,. 

LOPl9 LO.A ,x ... ... 
LOB ,y ... ... 
~1UL 

.... . ,. 
AOOD ,u ... .... 
STD ,u ., . ... 

·'· ... . ,. ., . 
LOA l,U ... . ,. 
LOB #15 ... ... 
MUL ... ' .,. 
ADOO z,u ... .... 
8CS LDP20 ... .... 
CMPO #65521 ... ... 
BLO LOP21 ... .... 

LOP20 AODO #15 ... ... 
LOP21 STO z,u .... .. , ... 
... ... ... .... 

LOA ,u .... . ,. 

Q 
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LOX #TEMP "'· .,. 
CLR ,x ... . ,. 
CLR 1,X .. 

~-

CLR z,x .. . ,. 
LOB ~15 .... . ,.. 
MUL ... . ,. 
STD 'X ... 

~-

LOA 'X *' 
LDB #15 ·'· .,. 
r~UL .... ... 
ADOD l,X .. ' .,. 
ADDD z,u ·'· .,. 
acs LOP22 .. .. ,._.. 

CMPD #65521 •'• .,. 
BLO LOP23 ... . ,. 

LOP22 ADOD #15 ... ... 
•'• .,. 
************************************************************ ... .,. 
•'• .,. RESHUFFLING THE DATA BEFORE PERFORMING THE 

INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 
THE EXISTING COMMUNICATION LATCHES 

•'• .,.. 
... .,. 
... ... 

************************************************************ 
•'• ... 
LOP23 

... .... 
MLTFR 
MLTRR 
·'· .,. 

MCND 
PRODl 
PROD2 
PROD3 
PROD4 
TEMP 
TEMPl 
TEMP3 
SAVE 
FLAG 
RES ... . ,. 

·sTRT 

·'· .,. 

·'· .,. 

STD 
SYNC 
SYNC 
LOO 
STO 
SYNC 
SYNC 
L BRA 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FDS 

ORG 
EQU 
END 

NAM 

Tl6 

R2 
SAVE 

NEXT 

19136 
46773 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 

$FFFE 
$F800 
BEGIN 

68096 

TRANSMIT DATA TO PROCESSOR 16 

WAIT FOR DATA FROM PROCESSOR 2 
RECEIVE DATA FROM PROCESSOR 2 
SAVE RESULT3 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

0-24 
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... . ,. 

.... .... 
"'· ... 
., . ... 
OUTPUT 
STATUS 
T11 
T1 
T7 
INPUT· 
Rll 
R1 
R7 
SHI ... ... 

BEGIN 

START 

FRO 

NEXT 

.... .... 
OVER 

SKP12 
SKP13 

************************************************************** 
PROCESSOR NUMBER 6 

************************************************************** 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU. 
EQU 
EQU 

ORG 
NOP 
ORCC 
LOU 
CLRA 
ST4 
LOA 
BEQ 
LOA 
STA 
LOY. 
LOX 
LOA 
STA 
SYNC 
CLRA 
STA 
LOO 
BRA 
LOY 
LOX 
SYNC 
LOO 

STD 
SYNC 
.4000 
BCS 
CMPD 
BLO 
. 0. ODD 
STO 
SYNC 
SYNC 
SYNC 
SYNC 
ADDO 
BCS 
CMPD 

$0400 
$0402 
$0403 
$0405 
$0407 
$0410 
$0412 
$0414 
$0416 
$0418 

$F800 

#~~01010000 

#PROD1 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 11 
TRANSMIT DATA TO PROCESSOR 1 
TRANSMIT DATA TO PROCESSOR 1 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 11 
RECEIVE OATA'FROM PROCESSOR 1 
RECEIVE DATA FROM PROCESSOR 7 

FLAG SET FLAG=O IF SEM=O 
SEM 
FRO 
#1 
FLAG SET FLAG=1 IF SEM=1 

.#MCND 
#MLTFR 
#1 
STATUS SET STATUS.LATCH=1 

STATUS SET STATUS LATCH=O 
INPUT 
OVER 
#MCND 
#MLTRR 

SAVE 

Tll 

R11 
SKP12 
#65521 
SKP13 
#15 
Tl 

R7 
SKP14 
#65521 

TRANSMIT DATA TO PROCESSOR 11 
WAIT FOR DATA FROM PROCESSOR 11 
ADO DATA FROM PROCESSOR 11 ... ... 
* MODULAR ADDITION ... ... 

TRANSMIT DATA TO PROCESSOR 1 
WAIT 
WAIT 
WAIT 
WAIT FOR DATA FROM PROCESSOR 7 
ADO DATA FROM PROCESSOR 1 
* MODULAR ADDITION ... ... 
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BLO SKP15 .... . ,. 
SKP14 AOOD #15 
·'· .... 
SKP15 STO ~1CN 0 ... ... 

CLR ,u ~:. MODULAR ~1ULTIPLICATION 

CLR ltU "· WITH TRANSFORM COECCIENTS ... 
LOA t,x "· ... 
LOB 1 J y ...... ... 
MUL ... ... 
STD z,u .... . ,. 
LOA , X "' ... 
LOB l,Y ... . ,. 
MUL ... ... 
AODO l,U ..... ... 
STD ltU ... ... 
BCC SKP16· ... . ,.. 
INC ,u ·'• ... 

SKP16 LOA l,X "· .,. 
LOB ,y .... ... 
MUL "· ,. 
ADOO ltU 

.,_ ... 
STD l,U "• ... 
sec SKP19 .... ... 
INC ,u- "· .,. 

SKP19 LOA ,x .... . ,. 
LOB ,y .... . ,.. 
MUL •'• ... 
AOOD ,u t.: ; 
STO ,u "'· . ... 

•'• ... . ,. ... 
LOA l,U ... . ,. 
LOB #15 .. . ,. 
MUL "· ... 
ADDD z,u "· ... 
BCS SKP20 .... . ,. 
OIPD #65521 .. ... 
BLO. SKP21 "• ... 

SKP20 AOOD #15 ... ..,. 

SKP21 STO z,u .... ... 
: ::: ... ... 

LOA ,u "· ... 
LOX #TEMP ... ... 
CLR ,x .... ... 
CLR l,X ... . ,. 
CLR z,x "· . . ,. 
LOB·· #15 .... . ,. 
MUL ... . ,. 
STD ,x "· .,. 
LOA ,x .... ... 
LOS #15 .... ... 
MUL ... ... 
ADOO l,X t.c 
AODO z,u .... ... 
BCS SKP22 "· ... 
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SKP22 
SKP23 ... . ,. 

SKP24 
SKP25 

SKP26 ... ... 
SKP27 
-·· ... 

CMPD 
BLO 
AOOO 
SYNC 

STD 
SYNC 
SYNC 
SYNC 
SYNC 
ADDD 
BCS 
Cfv1PD 
BLD 
AODD 
STD 
SYNC 
ADDD 
BCS 
CMPO 
BLO 
ADOO 

STO 

CHECK. FLAG ... ... 

#65521 
SKP23 
#15 

T7 

R1 
SKP24 
#65521 
SKP25 
#15 
Tl1 

Rll 
SKP26· 
#65521 
SKP27 
#15 

S.AVE 

... ... 

WAIT FOR OTHER PROCESSORS TO 
COMPLETE MULTIPLICATION 
TRANSMIT DATA TO PROCESSOR 7 
WAIT 
WAIT 
~.JA IT 
WAIT FOR DATA FROM PROCESSOR 1 
ADD DATA FROM PROCESSOR 1 
::t 

* MODULAR ADDITION 
~ . ... 
... . ,. 
TRANSMIT DATA TO PROCESSOR 11 
WAIT FOR DATA FROM PROCESSOR 11 
ADD DATA FROM PROCESSOR 11 

* MODULAR ADDITION ... . ,. 
... ... 

* IF FLAG=O PERFORM. FORWARD TRANSFORM OF FIRST SEQUENCE 
~:: IF FLAG=1• PERFORM FORWARD TR.~NSFDRt-1 OF SECOND SEQUENCE 

AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE ... . ,. 

0-27 

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

CONV 

... ... 
MULT 

LOP15 

LOA 
CMPA 
BEQ 
CMPA 
BEQ 
LDD 
STD 
LBRA 
LDO 
STD 
LBRA 

INC 
LOX 
LOY 
CLR 
CLR 
LOA 
LOB 
MUL 
STD 
LOA 

FLAG 
#1 
MUL T. 
#2 
CONV 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 

·,u 
l,U 
1,X 
ltY 

2;U 
'X 

WRITE DATA IN OUTPUT LATCH 

PER~ORM MULTIPLICATION OF THE 
TWO TRANSFORMED SEQUENCES ... . ,. 
* MODULAR MULTIPLICATION 
"· ... 

... . ,. 
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LOP16 

.... .... 

LOP20 
LOP21 
•'• . ,.. 

LOP22 
.... . ,. 

LOS 
MUL 
AODD 
STD 
sec 
INC• 
LOA 
LOB 
MUL 
ADOD 
STO 
BCC 
INC 
LOA 
LOB 
MUL 
AODO 
STO 

LOA 
"LOB 

t4UL 
AODD 
BCS 
01?0 
BLO 
AOOD 
STD 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
t-1Ul 
STO 
LOA· 
LOB 
~1UL 

ADDD 
AOOO 
BCS 
CMPD 
BLO 
ADDD 

l,Y "· .,. 
•'• ... 

l,U ... 
~· 

l,U ... . ,. 
LOP16 ·'· .,. 
,u .... . ,. 

ltX "- . . ,. 
,y ... ... ... ... 

ltU * l,U "· i ~· ' 

LOP19 ... ... 
,u ... .,. 
,x ....... ... 
,y ... ... 

.... . ,. 
,u. . .. . ,. 
,u ... ....... . .. .,. 

l,U "· .,. 
tHS .... .,. 

·'· .,. 
z,u "-.,. 
LOP20 ... ... 
#65521 ·'· .,. 
LOP21 .... . ,. 
#15 •'• ... 
2tU ... . ,. 

... .,. 
,u ... .,. 

#TEMP ..... . ,. 
'X ... . ,. 

l,X "· 'I" 

z,x ... . ,. 
#15 ... ..,. 

... . ,.. 
,x ... ... 
'X 

..... .,. 
#15 .... ... 

,.1,..-... 
1,X .... . ,. 
z,u .... .,. 
LOP22 ~c 

#65521 ... . ,.. 
LOP23 .... . ,. 
#15 ... ., . 

************************************************************ ... ... 
·'· .... ..• . ,. 

RESHUFFLING THE DATA BEFORE PERfORMING-THE 
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 
THE EXISTING COMMUNICATION LATCHES 

... .,. 

... .,. 

... . .. 
************************************************************ ... . ,.. 
LOP23 STO T11 TRANSMIT DATA TO PROCESSOR 11 

0-28 
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... . ,. 
MCTFR 
MLTRR ... . ,. 

MCND 
PROD1 
PROD2 
PROD3 
PR004 
TEMP 
TH1P1 
TEMP3 
SAVE 
FLAG 
RES 
•'• .,. 

STRT 

•'• .,. 

.... . ,. 

... . ,. ... ... 
·'· ,,. 
.... ,. 
OUTPUT 
STATUS 
Tl2 
T2 
T10 
T8 
T6 
INPUT 
R12 
R2 
RlO 
R8 
R6 
SEM ... . ,. 

BEGIN 

SYNC 
L DO R 11 
STD SAVE 
SYNC 
SYNC 
SYNC 
LBRA NEXT 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU· 
END 

32759 
6552 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$FSOO 
BEGIN. 

N.l\M 68097 

WAIT FOR DATA fROM PROCESSOR 11 
RECEIVE DATA FROM PROCESSOR 11 
SAVE RESULT 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

************************************************************** . .. .,. PROCESSOR NUMBER 7 ... ., . 
************************************************************** 

EtJU $0400 OUTPUT COMMUNICATION LATCH 
EQU $0402 ST.~TUS LATCH 
EQU $0403 TRANStUT 0.1\TA TO PROCESSOR 12 
EQU $0405 TRANStHT DATA TO PROCESSOR 2 
EQU $0407 TRANSMIT DATA TO PROCESSOR 10 
EQU · $0409 TRANSIHT DATA TO PROCESSOR 8 
EQU $0408 TRANSMIT DATA TO PROCESSOR 6 
EQU $0410 INPUT COMMUNICATION LATCH 
EQU $0412 RECEIVE DATA FROM PROCESSOR 12 
EQU $0414 RECEIVE DATA FROM PROCESSOR 2 
EQU $0416 RECEIVE DATA FROM PROCESSOR 10 
EQU $0418 RECEIVE DATA FROM PROCESSOR 8 
EQU $041A RECEIVE DATA FROM PROCESSOR 6 
EQU $041C 

ORG $F800 
NOP 
ORCC #%01010000 
LOU #PRODl 
CLRA 
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START 

FRO 

NEXT' 

... ... 
OVER 

SKP12 
SKP13 

SKP14 
SKP15 

SKP16 
SKP17 

... ... 

STA 
LOA 
SEQ 
LOA 
STA 
LOY 
LOX 
LOA 
.STA 
SYNC 
CLRA 
STA 
LDD 
BRA 
LOY 
LOX 
SYNC 
LOD 

STD 
SYNC 
ADDD 
8CS 
CMPD 
SLO 
ADDD 
STD 
SYNC 
STD 
SYNC 
AODO 
scs 
CMPO 
BLO 
AOOD 
STO 
SYNC 
ADDO 
scs 
CMPD 
BLO 
ADDD 
STD 
SYNC 

STD 
CLR 
CLR 
LOA 
LOB 
t-1UL 
STD 
LOA 
LOB 

FLAG 
SEM 
FRO 
#1 
FLAG 
#MCND 
#MLTFR 
#1 
STATUS 

STATUS 
INPUT 
OVER 
#MCND 
#MLTRR 

SAVE 

T12 

R12 
SKP12 
#65521· 
SKP13 
#15 
T2 

TlO 

R10 
SKP14 
#65521 
SKP1S 
#15 
T8 

R8 
SKP16 
#65521 
SKP17 
#15 
T6 

MCND 
,u 

l,U 
l,X 
1,Y 

2;U 
,x 

1 'y 

SET FLAG=O IF SEM=O 

SET FLAG=l IF SEM=1 

SET STATUS LATCH=1 

SET STATUS LATCH=O 
READ INPUT LATCH 

WAIT FOR OTHER PROCESSORS. 

TRANSMIT DATA TO PROCESSOR 12 
WAIT FOR.OATA FROM PROCESSOR 12 
ADD DATA FROM PROCESSOR 12 ... . ,. 
* MODULAR ADDITION 

* .... . ,. 
TRANSMIT DATA TO PROCESSOR 2 

TRANSMIT DATA TO PROCESSOR 10 
WAIT FOR DATA FROM PROCESSOR 10 

·ADD DATA FROM PROCESSOR 10 .... . ,. 
* MODULAR ADDITION ... . ,. 
... . ,. 
TRANSMIT DATA TO PROCESSOR 8 
WAIT FOR DATA FROM PROCESSOR 8 
ADO DATA FROM PROCESSOR 8 ... . ,. 
* MODULAR ADDITION 

... ... 
TRANSMIT DATA TO PROCESSOR 6 

* * MODULAR MULTIPLICATION 
* WITH TRANSFORM COEFFICIENTS ... . ,. 
"'· ... 
... ... 
... . ,. 
"'' .,. 

D-30 
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MUL .... .... 
. A ODD 1tU .... . ,. 
STO 1,U ,t,, ... , ... 
8CC SKP18 J. ... 
INC ,u ..... ... 

SKP18 LOA 1, X ... .... 
LOB ,y •'• ... 
MUL t.~ ' 

ADDD 1,U ... ... 
STD l,U ... ... 
sec SKP21 •'• .,. 
INC ,u •'• ... 

SKP21 LOA ,x ,. . . ,. 
LOB ,y .... . ,. 
MUL ... ., . . ,. 
AOOD ,u .... . ,. 
STD ,u ... ... 

... * .,. 
LOA 1,U .... ... 
LOB #15 t.~ 

MUL· ... ... 
AODD z,u- .... .... 
scs· SKP22 ... ... 
01 PO #65521 ... . ,. 
BLO SKP23 ..... ... 

SKP22 ADDO #15 .... . ,. 
SKP23 STD 2,U .... . , . 
... "• ... . .. 

LO.~ ,u ... . ,. 
LOX #TH1P ... ,. 
CLR' ,x ... . ,. 
CLR 1tX ·'· .,. 
CLR z,x .... ... 
LOS #15 ... . ,. 
MUL ·'· ... 
STO ,x .... . ,. 
LOA ,x ... ... 
LOB· #15 :(( 

MUL ... ... 
ADOO 1,X ..... ... . 
AODD z,u ·'· ... 
BCS SKP24 .... ... 
CMPD ~65521 •'• ... 
BLO SKP25 ... ... . 

SKP24 ADDD #15 ... . ,. 
SKP25 SYNC WAIT FOR OTHER PROCESSORS TO 
... C0~1PLETE MULTIPLICATION . ,. 

SYNC ·wAIT FOR OAT .A FROM PROCESSOR 6 

AODD R6 ADD OAT A FROM PROCESSOR 6 
BCS SKP26 .... ... 
CMPD #65521 .... MODULAR ADDITION ,. 
BLO SKP27 .... ... 

SKP26 .ADOD #15 ... ,. 
SKP27 STO T8 TRANSMIT DATA FROM PROCESSOR 8 
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SKP 28 
SKP29 

SKP30 
SKP31 

SKP32 
SKP33 

SKP34 
"'· .,. 
SKP35 ... ... 

SYNC 
ADDD 
BCS 
CMPO 
BLD 
AODD 
STD 
SYNC 
AODD 
BCS 
C~IPO 

BLO 
ADDD 
SYNC 
ADDD 
BCS 
CMPD 
BLO 
ADDO 
STO 
SYNC 
AOOO 
BCS. 
CMPD 
BLD 
ADDD 

STD 

... ... CHECK FLAG 

R8 
SKP28 
#65521 
SKP29 
#15 
TlO 

RlO 
SKP30 
#65521 
SKP31 
#15 

R2 
SKP32 
#65521 
SKP33 
#15 
T12 

R12 
SKP34 
#65521 
SKP35 
#15 

SAVE 

WAIT FOR DATA FROM PROCESSOR 8 
ADD DATA FROM PROCESSOR 8 
.... . ,. 
*; MODULAR ADDITION 
.... ... 
·'· .,. 
TRANSMIT DATA TO PROCESSOR 10 
WAIT FOR DATA FROM PROCESSOR 10 
ADO DATA FROM PROCESSOR 10 
..... ; .. , .... 

*.MODULAR ADDITION ... . ,. 
.... . ,. 
WAIT FOR DATA FROM PROCESSOR 2 
ADO DATA FROM PROCESSOR 2 

* MODULAR ADDITION 
.... . ,. 
... , . . ,. 
TRANSMIT DATA TO PROCESSOR 12 
WAIT FOR DATA FROM PROCESSOR 12 
ADD DATA FROM PROCESSOR 12 
•'• .,. ) 

* MODULAR ADDITION ... ... ... . ,. 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 
AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE 
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* IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH ... ..• ... . ,. 

CDNV 

•'· ... 
I~ULT 

LOP15 

LOA 
C~1P A 
BEQ 
CMPA 
BEQ 
LOO 
STD 
L BRA 
LDD 
STD 
L3RA 

INC 
LOX· 
LOY 
CLR 
CLR 
LOA 

FLAG 
#1 
MULT 
#2 
CONV 
S .n. V E 
RES 
BEGIN 
S.AVE 
OUTPUT 
BEGIN 

FLAG 
#.SAVE 
#RES 
,u 

1,U 
1,X 

WRITE IN OUTPUT LATCH 

PERFORM MULTIPLICATION OF THE TWO 
TRANSFORMED SEQUENCES 
.,, .,. 
* MODULAR MULTIPLICATION 
.... ... ,, . 
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LOP16 

LOP19 

... ... 

LOP20· 
LOP21 ... ... 

LOP22 
•'• .,. 

LOB 
~IUL 

STO 
LOA 
LOS 
MUL 
ADDO 
STD 
BCC 
INC 
LO.A 
LOB 
MUL 
ADDD 
STO 
BCC 
INC 
LOA 
LOB 
HUL 
ADOO 
STD 

LOA 
L DB 
MUL 
AODO 
BCS 
CHPD 
BLO 
ADDO 
STD 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STO 
LOA· 
LDB 
MUL 
AODD 
AODO 
BCS 
01PO 
BLO 
ADOO 

l,Y ... . ,. 
... ... 

z,u ... ..• 
'X 

... ... 
l:.Y .. ... .... . ,. 
ltU ·'• ... 
l,U ... . ,. 
LOP16 ... ,. 

,u ... . ,. 
1,X ... . ,. 
.,Y * ... ... 
l,U .. ... 
l,U ... ... 
LOP19 ... . ,. 

,u ... . ,. 
,x ... ... 
,y ... ... 

... ... 
,u .. ,. 
,u .. .... ... .... 

l,U ... ... 
#15 ... 

~· ... . ,. 
z.u J. 

'(' 

LOP20 .... ... 
116.5521 J • . ,. 
LOP21 "'· ... 
#15 ... . ,. 
2~U ... . , . 

·'· . .. 
,u ... . ,. 

#TEMP .... .... 
,x "'• ' ... 

l:.X ... .... 
z,x "" ... 
#15 ~· .. ' .,. 

.... ... 
,x .. ~: ....... 
,x :::' 

#15 ... ... ... ... 
l,X ... ' , .. 
z,u ..... ... 
LOP22 ... ... 
#65521 "'• .,. 
LOP23 ... . ,. 
#15 ... . ,. 

************************************************************ ... . ,. 
... ... 

RESHUFFLING THE DATA BEFOR= PERFORMING THE 
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 

... .. . 

.... .,. 

D-33 



Appendix-D 

* THE EXISTING COMMUNICATION LATCHES .... . ,. 
************************************************************ 
LOP23 

·'· ... 
MLTFR 
MLTRR 
.... ... 

MCND. 
PROOl 
PR002 
PR003 
PR004 
TEMP 
TH1P1 
TEMP3 
SAVE 
FLAG 
RES 
.... . ,. 

STRT 

.... ... 

... . ,. 

STD 
SYNC 
LDD 
STO 
SYNC 
LOO 
STO 
SYNC 
LOD 
STO 
SYNC 
LBRA 

FOB 
FOB 

ORG 
F08 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

NAM 

T12 

Rl2 
T8 

R8 
T12 

R12 
SAVE. 

NEXT 

8192 
57331 

$0000 
o· 
0 
0 
0 
0 
0' 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

68098 

TRANSMIT DATA TO PROCESSOR 12 
WAIT FOR DATA FROM PROCESSOR 12 
RECEIVE DATA FROM PROCESSOR 12 
TRANSMIT.OATA TO PROCESSOR 8 
WAIT FOR'OATA FROM PROCESSOR 8 
RECEIVE DATA FROM PROCESSOR 8 
TRANSMIT DATA TO PROCESSOR 12 
WAIT FOR DATA FROM PROCESSOR 12 
RECEIVE DATA FROM PROCESSOR 12 
SAVE RESULT 

FORW~RD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

D-34 

* ************************************************************** 
•'• .... ... ., . PROCESSOR NUMBER 8 

* ************************************************************** .... . ,. 
OUTPUT 
STATUS 
T13 
T3 
T9 
T7 
INPUT 
Rl3 
R3 
R9 
R7 
S!:M 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU. 
EQu· 
EQU 
EQU 

$0400 
$0402 
$0403 
$0405· 
$0407 
$0409 
$0410" 
$0412 
$0414 
$0416· 
$0418 
$041A 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO. PROCESSOR 13 
TRANSMIT· DATA TO PROCESSOR 3 
TRANSMIT DATA TO .PROCESSOR 9 
TRANSMIT DATA TO PROCESSOR 7 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 13 
RECEIVE DATA FROM PROCESSOR 3 
RECEIVE DATA 'FROM PROCESSOR 9 
RECEIVE DATA FROM PROCESSOR 7 
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... ... 
ORG $F800 
NOP 
ORCC #%01010000 
LOU #PROOl 

BEGIN CLRA 
STA FLAG SET. FLAG=O IF SEM=O 
L O.CI SEM 
SEQ FRO 

START LOA #1 
STA FLAG SET FLAG=l IF SEM=1 

FRO LOY #fi-1CNO 
LOX #I~L TFR 
LOA #1 
STA STATUS SET STATUS LATCH=1 
SYNC 
CLRA 
STA STATUS SET STATUS LATCH=O 
LOO INPUT READ INPUT LATCH 
8RA. OVER 

NEXT LOY #MCNO 
LOX #MLTRR 
SYNC 
LOO SAVE ... ... 

OVER STD T13 TRANSMIT OAT.A TO PROCESSOR 13 
SYNC WAIT FOR DATA FROM PROCESSOR 13 
AOOD R13 ADO DATA FROM PROCESSOR 13 
BCS SKP12 .... ... 
CMPD #65521 ... MODULAR ADDITION ... 
SLO SKP13 ... 

~· 

SKP12 ADDD #15 ~-... 
SKP13 STD T3 TRANSMIT DATA TO PROCESSOR 3 

SYNC 
STO T9 TRANSMIT DATA TO PROCESSOR 9 

SYNC WAIT FOR DATA FROM PROCESSOR 9 

AODO R9 ADD DATA FROM PROCESSOR 9 

BCS SKP14 ... ... 
CMPO #65521 ... MODULAR ADDITION ... 
8LO SKP15 .... . ,. 

SKP14 AODO #15 .... ... 
SKP15 STO T7 TRANStHT DATA TO PROCESSOR 7 

SYNC WAIT FOR DATA FRO~! PROCESSOR 7 

STD SAVE ... . ,. 
LDO R7 ::~ MODULAR SUBTRACTION 
SUBO SAVE ... ... 
sec SKP16 ... . ,.. 
AOOD #65521 ... ... 

SKP16 SYNC ... ... 
STO MCNO ... ... 
CLR ,u ... ~10DULAR ~1UL TIPLICATION ... 
CLR l,U :::. WITH TRANSFORM COEFFICIENTS 
LOA l,X ... ... 



Appendix-a D-36 

LOB 1 'y "· .,. 
MUL ... ... 
STO 2,U .... . ,. 
LOA 'X 

... _ 
"'("; 

LOB 1;Y ... ... 
MUL ,_ .... 
ADDD 1,U ..... ... 
STD 1,U ... . ,. 
sec SKP18 .... .,.. 
INC ,u .... . ,. 

SKP18 LO.~ l,X ... .,. 

LOB ,Y .. ... 
MUL ... ... 
ADDO 1,U .. .... 
STD 1,U .... , ,. 
BCC SKP21 ~-.,. 
INC ,u .... . ,. 

SKP21 LOA ,x ·'· .,. 
LOS ,y .. ... 
MUL .... . , . 
. A ODD ,u .... .,.. 
STD ,u .... ... 

... . .. ... .,. 
LOA l,U .;, .,. 
LOB #15 ... . ,. 
HUL * ADDD 2,U ... . ,. 
BCS SKP22 ... . ,. 
CMPO #65521 ... ... 
BLD SKP23 ... ... 

SKP22 ADOO #15 .... .. , .... 

SKP23 STD 2jU .... ... 
... ... . ... .,. 

LOA ,u ... ... 
LOX #TEMP ... . ,. 
CLR 'X 

... . ,. 
CLR l,X ... ... 
CLR 2tX ... ... 
LOB #15 .... .,. 
MUL ~~. 

STD ,x ... .. , ... 
LOA ,x * LOB #15 .... . ,. 
MUL. ~:: ; 

ADDD 1,X ... . ,.. 
ADDD z,u ·'· .,. 

BCS SKP24 .... ... 
CNPD #65521' ... .... 
BLD SKP25 ·'· .,. 

SKP24 ADDO #15 * SKP25 SYNC l..JAIT· FOR OTHER PROCESSORS TO 
... COMPLETE MULTIPLICATION . ,. 

SYNC WAIT FOR DATA FROM PROCESSOR 7 

STD T7 TRANSMIT .DATA TO PROCESSOR 7 
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SKP26 

SKP28 
SKP29 

SKP30 
SKP31 

SKP32 

SKP33 
. ""'* ... 

SYNC 
STO 
LDD 
SUBD 
sec 
AODD 
STO 
SYNC 
ADOO 
BCS 
CMPD 
BLO 
ADOD 
SYNC 
ADOO 
BCS 
Ct1PD 
BLO 
ADOO 
STD 
SYNC 
AOOO 
BCS 
CMPO 
BLO 
·ADDD 

STD 

... .... CHECK FLAG 

SAVE 
R7 
SAVE 
SKP26 
#65521 
T9 

R9 
SK!'28 
#65521 
SK!'29 
#15 

R3 
SKP30 
#65521 
SKP 31 
#15 
T13 

R13 
SKP32 
#65521 
SKP33 
#15 

SAVE 

WAIT FOR DATA FROM PROCESSOR 7 

* * MODULAR SUBTRACTION ... ... ... . ,. 
... ... ". 
TRANSMIT DATA TO PROCESSOR 9 
WAIT FOR DATA FROM PROCESSOR 9 
ADD DATA FROM PROCESSOR 9 .... .,. 
* MODULAR ADDITION 
.... ,, ... 
::C. 
WAIT FOR DATA FROM PROCESSOR 3 
ADO DATA FROM PROCESSOR 3 ... . ,. 
* MODULAR ADDITION .... ,. 
•'• ... 
TRANSMIT DATA TO PROCESSOR 13 
WAIT FOR DATA FROM PROCESSOR 13 
ADD DATA FROM PROCESSOR 13 

* MODULAR ADDITION 

* .... . ,, 

* IF FLAG~O PERFORM FORWARD 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 
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... ... THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH ... ... 

CONV 

··-.,. 
MULT 

LOP15 

LOA 
CMPA 
SEQ 
CMPA• 
SEQ 
LDD 
STO 
LSRA 
LDD 
STO 
LBRA 

INC 
LOX 
LOY 
CLR 
CLR 
LOA 

FLAG 
#1 
MULT 
#2 
CONV 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 
,u 

l,U 
1,X 

WRITE DATA IN OUTPUT LATCH 

PERFORM MULTIPLICATION OF THE TWO 
TRANSFORMED SEQUENCES 

*MODULAR MULTIPLICATION ... . ,. 
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LOP16 

LOP19 

LOP20 
LOP21 
-·· ... 

LOP22 
-·· ... 

LOB 
MUL 
STO 
LOA 
LOB 
MUL 
. 1\000 
STO 
ace 
INC 
LOA 
LOS 
NUL 
AODD 
STD 
sec 
INC 
LOA 
LDB 
NUL 
AODD 
STO 

LOA 
LOS 
MUL 
ADOD 
BCS 
CMPO 
8LO 
AOOD 
STO 

LOA. 
LOX 
CLR 
CLR 
CLR 
LOB 
t·1UL 
STO 
LOA 
LDB 
MUL 
ADOD 
ADOD 
BCS 
CMPD 
BLO 
ADDD 

ltY ... . ,. 
... ... 

z,u ... ... 
,x "· ... 

l,Y .... ' .... 
·'· .... 

l,U .,_ .,. 
l,U .,_ .,. 
LDP16 -·· .,. 
,u •'• ... 

l,X ... ... 
,y ... . ,. 

... -. 1 ... 
l,U .,_ .,. 
l;U •'• 

"'f" 

LOP19 ... ... 
,u ·'· .,. 
,x "· .,. 
,y ... , . . ,. 

.,. .,. 
,u ... ... 
,u .,. .... 

... . ,. 
1,U ... .... 
#15 ... .... 

.... . ,. 
2,U .... . ,. 
LOP20 ... .... 
#65521 ·'· ... 
LOP21 .... . ,. 
#15 ... . ,. 
z,u ... .... . 

... . .. 
,u ... . ,. 

#TEMP ;': 

,x .... ... 
1,x ·'· ... 
z,x ... ... 
#15 .... ... 

.... . ,. 
,x- .... .... 

'X 
.... ... 

#15 .... . ,. 
.... ... 

l,X .... ,. 
2 ,u. ... .... 
LOP22 ·'· ..,.. 

#65521 ... ... 
LOP23 ·'• ... 
#15 ... .... 

************************************************************ 
-·· ... RESHUFFLING THE DATA BEFORE PERFORMING THE 

INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 

... .,. 
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* THE EXISTING COMMUNICATION LATCHES 
************************************************************ ... ... 
LOP23 

... .... 
MLTFR 
MLTRR 
) .. .. 

MCND 
PROD1 
PROD2 
PROD3 
PROD4 
TEMP 
TEf~Pl 

TEMP3 
SAVE 
FLAG 
RES ... . ,.. 
STRT 

... .,. 

... ... 

STD 
SYNC 
LDD 
STD 
LDD 
STD 
SYNC 
LDD 
STD 
SYNC 
SYNC 
LBRA 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCS 
FCB 
FCB 
fcs· 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

N.~M' 

T13 

R9 
T7 
R13 
T9 

R7 
SAVE 

NEXT 

45457 
37975 

$0000 
0' 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.0 

$FFFE 
SFBOO 
BEGIN 

68099' 

TRANSMIT DATA TO PROCESSOR 13 
WAIT FOR DATA FROM PROCESSOR 9 
RECEIVE DATA FROM PROCESSOR 9 
TRANSMIT DATA TO PROCESSGR 7 
RECEIVE DATA FROM PROCESSOR 13 
TRANSMIT DATA TO PROCESSOR 9 
WAIT FOR DATA FROM PROCESSOR 7 
RECEIVE DATA FROM PROCESSOR 7 

.SAVE RESULT 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 
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'* ************************************************************** .... .... . .. ... PROCESSOR NUMBER 9 "'· ~· 

* ************************************************************** 
~ ... 
OUTPUT 
STATUS 
Tl4 
T4 
T8 
T17 
INPUT 
R14 
R4 
R8 
Rl7 
SEM 

EQU 
EQu·· 
EQU 
2QU 
EQU 
EQU 
EQU 
EQU 
EQU" 
EQU 
EQU 
EQU 

$0400 
$0402 
$0403 
$0405 
$0407' 
$0409' 
$0410 
$0412 
$0414 
$0416 
$0418 
$041A 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 14 
TRANSNIT· D.Jl.TA TO PROCESSOR 4 
TRA.NSMIT DATA TO PROCESSOR 8 
TRANSMIT· DATA TO PROCESSOR 17 
INPUT COMMUNICATION LATCH-
RECEIVE DATA FROM PROCESSOR 14 
RECEIVE DATA FROM PROCESSOR 4 
RECEIVE DATA FR 0~1 PROCESSOR 8 
RECEIVE DATA FROM PROCESSOR 17 
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... ... 
ORG $F800 
NOP 
ORCC #~01010000 

LOU #PR001 
BEGIN CLRA 

ST.~ FLAG SET FLAG=O IF SEM=O 
LOA SEM 
SEQ fRO 

START LOA #1 
STA FLAG SET FLAG=1 IF SEM=1 

FRO LOY #MCNO 
LOX #MLTFR 
LOA #1 
STA STATUS SET STATUS LATCH=1 
SYNC 
CLRA 
STA STATUS SET STATUS LATCH=O 
LDO INPUT READ INPUT LATCH 
BRA OVER· 

NEXT LOY #MCNO 
LOX #MLTRR 
SYNC 
LDD SAVE ... ... 

OVER STO Tl4 TRANSMIT DATA TO PROCESSOR 14 
SYNC WAIT: FOR DATA FROM PROCESSOR 14 
ADOO R14 .ADO DATA FROM PROCESSOR 14 
BCS SKP12 ... 1 • ... 
CMPD ~65521 .... MODULAR ADDITION . ,. 
BLO SKP13 "'· .,. 

SKP12 ADOD #15 ... 
~· 

SKP13 STD T4 TRANSHIT DATA TO PROCESSOR 4 
SYNC 
STD T8 TR A NStH T O~.TA TO PROCESSOR 8 
SYNC WAIT FOR DATA FROM PROCESSOR 8 
SUBO R8 ... 

~· 

BCC SKP14 ;'( MODULAR SUBTRACTION 
AODO #65521 ... ... 

SKP14 STD T17 TRANS~1IT DATA TO PROCESSOR 17 
SYNC 
SYNC ... ... 
STO /-10lD .... . ,. 
CLR ,u ... MODULAR MULTIPLICATION . ,. 
CLR l';U *.WITH TRANSFORM COEFFICIENTS 
LOA l,X ... . ,. 
LOS l,Y ... ... 
MUL ... .,. 

STD 2,U ... .... 
LOA ,x ... . ,. 
LOB l,Y *:· 
MUL ... .,. 

AOOD 1,U ... . ,. 
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STD. 1 'u ... ... 
sec SKP16 * INC ,u ... ... 

SKP16 LOA l!X ... ... 
LOS ,y ... .... 
MUL ... ..-
AODD l,U ... . ,. 
STO l,U ... . ,. 
sec SKP19 .... . ,. 
INC ,u .... ..-

SKP19 LOA 'X 
... . ,. 

LOB ,y ... . ,. 
~4UL 

.... ... 
AODD ,u .... . ,. 
STD ,u ... . , . 

... ,::· ... 
LD.~ l,U •'• ... 
LOB #15 "• .,. 
MUL ... .... 
ADDO z,u ... ... 
BCS SKP20 "· ... 
Ct1PD #65521 ... ... 
BLO SKP21 ... .... 

SKP20 ADOD #15 ... .... 
SKP21 STD z,u ..... ... 
... . .. . ,. .... 

LOA ,u ... ... 
LOX #TEMP ... ... 
CLR ,x :!,: 

CLR ltX .... .... 
CLR z,x ... .... 
LOB #15 ..... ... 
~1UL 

... ... 
STD ,x "• .... 
LOA ,x .... ... 
LOB #15 ... ... 
MUL ..... ... 
. ~DOD l,X * AODO z,u ... . ,. 
BCS SKP22 ... . ,. 
CMPO #65521 ... ... 
BLO SKP23 .... . ,. 

SKP22 AOOO #15 ....... . ,. 
SKP23 SYNC WAIT FOR OTHER PROCESSORS TO 

·'· COMPLETE MUL TIPL!CA.TION ... 
SYNC WAIT FOR DATA FROM PROCeSSOR 17 
AODO R17 ADD DATA F ROt1 PROCESSOR 17 
scs· SKP24 ... . ,. 
CMPO #65521 ... tv!ODULA R ADDITION ... 
SLO SKP25 ... ... 

SKP24 AOOO #15 ... . ,. 
SKP25 SYNC 

STD T8 TRANSfUT DATA TO PROCESSOR 8 

SYNC WAIT FOR DATA FROM PROCESSOR 8 
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SKP26 

SKP28 
SKP29 

SKP30 
'" .,. 
Sl<.P31 
·'· .,. 

STD 
LDD 
SUBD 
BCC 
ADDD 
SYNC 
ADDO 
BCS 
CMPO 
BLO 
ADOO 
STD 
SYNC 
.~DOD 

BCS 
CI~?D 
BLo· 
AOOO 

STD 

.;, .,. CHECK FU~G 

SAVE 
R8 
SAVE 
SKP26 
#65521 

R4 
SKP28 
#65521 
SKP29 

·#15. 
T14 

Rl4 
SKP30 
#65521 
SKP31' 
#15 

SAVE 

.... . ,. 

.... MODULAR SUBTRACTION .... 

.... : .,. 

.), .... 
·'· .... 
WAIT· FOR DATA FROM PROCESSOR 4 
ADO DATA F R 0~1 PROCESSOR 4 
.... 
"'I"' • 

:~·MODULAR ADDITION 
.... . ,. 
·'· .,. 
TR.~NSMIT DATA .To PROCESSOR 14 
W.~IT FOR DATA FROM PROCESSOR 14 
ADD DATA FROM PROCESSOR 14 
~-.. , ... 
~- MODULAR ADDITION .... 
.... .... 
... . ,. 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE 
* IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 
~.,. AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE 
* IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 

0-42 

•'• .,. THE TWO TRANSFORMS' AND STORE RESULT IN THE OUTPUT LATCH 
•'• .... 

CONV. 

.J • . ,. 
~1UL T 

LOP15 

LOA 
CMPA 
BEQ 
CMPA 
BEQ 
LDD 
STD 
LoRA 
LDD 
STD 
LBRA 

.INC 
LOX 
LOY 

.CLR 
CLR 
LOA 
LOB 
MUL 
STD 
LOA 
LOB' 
MUL 
AOOO 
STO 

FLAG 
#1 
MULT 
#2 
CONV 
SAVE 
RES 
BEGIN 

·sAVE 
OUTPUT 
BEGIN 

FLAG 
.#SAVE 
#RES 
,u 

1,U 
1, X 
l,Y 

z,u 
,x 

l,Y 

l,U 
1,U 

WRITE RESULT INTO OUTPUT· LATCH 

PERFORM MULTIPLICATION OF THE TWO 
TRANSFORMED SEQUENCES 
..... ..,. 
* MODULAR MULTIPLICATION ... . ,. 
... . ,. 

,J,' ... 
... ... 
..... ... 
.), ... 
•'• ... 
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LDP16 

'LOP19 

LOP20 
LOP21 

LOP22 
, .. . ,. 

BCC 
INC 
LDA 
LOB 
MUL 
AODD 
STO 
sec 
INC 
LOA 
LOB 
MUL 
AOOO 
STD 

LO.A 
LOB 
r~UL 

ADDD 
BCS 
CMPD 
BLO 
ADDD 
STD 

LOA 
LOX 
CLR 
CLR 
CLR 
LD8 
MUL 
STD 
LD.I\ 
LOB 
~1UL 
ADDD 
ADDO 
BCS 
C~1PD 

BLO 
ADOD 

LOP16 .... .,. 
,u :;t 

1JX ... . ,. 
,y ... . ,. 

.... ... 
1 t u. . .. .,. 
1tU *. 
LOP19 ::',: 

,u .... , .... 
,x ..... ; .... 

y· , ' 
.... .,. 
... .,. 

,u .... ... 
,u ... . ,. 

"• ... 
1 'u .... ... 
#15 ... . ,.. 

.... ... 
z,u ..... .,. 
LOP20 .... . ,. 
#65521 ... ... 
LDP21 ... ... 
#15 ... . ,. 
z,u ... . ,. . 

... .,. 
,u :;c 

#THIP ... . ,. 
,x ... . ,. 

liX ... ... 
z,x ... . ,. 
#15 ... .,. ... .... 
,x .\. .,. 
,x .... . ,. 

#15 ... .,. 
•'• .,. 

1,X ... ... 
z,u .... . ,. 
LOP22 ... . ,. 
#65521 ... . ,. 
LOP23 .... . ,. 
#15 .... .... 

************************************************************ 
"" ... 

'"'· . ,. 
•'• ... 

RESHUFFLING THE DATA BEFORE PERFORMING THE 
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 
~HE EXISTING COMMUNICATION LATCHES 

* .... . .. 
.... . .. 

************************************************************ .... ... 
LOP23 STD T 8 

SYNC 
SYNC 
LDD Rl7 
STO Tl4 

TRANSMIT DATA TO PROCESSOR 8 

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

0-43 
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·'· .,. 
MLTFR 
MLTRR 
·'· .,. 

Y.ICND 
PRODl. 
PROD2 
PROD3 
PR004 
TEMP 

.TEMPl 
TEMP3 
SAVE 
FLAG 
RES ... . ,. 

STRT 

·'· .... 

.... .... 

.... . ,. 

LDO 
STD 
SYNC 
LDD 
STD 
SYNC 
LBRA 

FOB 
FOB 

ORG 
FDS 
FCB 
FC8 
FCB 
FCB 
FCS 
FCB 
FCB 
FOB 
FCB 
FDS 

ORG 
EQU 
END 

NAM 

R8 
Tl7 

R14 
SAVE 

NEXT· 

25311 
24521 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

680910 

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 

PROCESSOR NUMBER 10 

0-44 

. .. ..,. 
... .... ************************************************************** .... ... 
OUTPUT 
STATUS 
T15 
T5 
T7 
T17 
INPUT· 
R15 
RS 
R7 
Rl7 
SEM ... . ,. 

BEGIN 

EQU 
EQU 
EQU 
EQU 

·EQU 
EQU 
EQU 
EQU. 
EQU 
EQU 
EQU 
EQU. 

ORG 
NOP 
ORCC 
LOU 
CLRA 
STA 
LOA 

$0400 
$0402 
$0403 
$0405 
$0407 
$0409 
$0410 
$0412 
$0414 
$0416 
$0418 
'$041 A 

$F800 

#%01010000 
#PR001 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 15 
TRANSMIT DATA TO PROCESSOR 5 
TRANSMIT DATA TO PROCESSOR 7 
TRANSMIT DATA TO PROCESSOR 17 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 15 
RECEIVE DATA FROM PROCESSOR 5 
RECEIVE DATA FROM: PROCESSOR 7 
RECEIVE DATA FROM PROCESSOR 17 

FLAG SET FLAG=O IF SEM=O 
SEM 
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START 

FRD 

NEXT 

..... .... 
OVER 

SKP12 
SKP13 

SKP14 

... ... 

SKP16 

BEQ 
LD.~ 

STA 
LOY 
LOX 
LOA 
STA. 
SYNC 
CLRA 
STA 
LOO 
BRA 
LOY 
LOX 
SYNC 
LOO 

STD 
SYNC 
ADDD 
BCS 
01PO 
BLO 
ADDO 
STD 
SYNC 
STO 
SYNC 
STD 
LDD 
SUBO 
sec 
ADDO 
STD 
SYNC 
SYNC 

STD 
CLR 
CLR 
LOA 
LOB 
t-IUL 
STD 
LOA 
LOS 
MUL 
AOOO 
STD 
BCC 
INC 
LOA 
LOB 
NUL 

FRO 
#1 
FLAG 
i\!NCNO 
#MLTFR 
#1 
STATUS 

STATUS 
INPUT 
OVER 
#MCNO 
#t·1LTRR 

SAVE 

T15 

IUS 
SKP12· 
#65521 
SKP13 
#15 
TS 

T7 

SAVE 
R7 
SAVE 
SKP14 
#65521. 
Tl7 

t-1CNO 
,u 

l,U 
l,X 
l,Y 

z,u 
' X 

l,Y 

l,U 
l,U 
SKP16 
,u 

1;X 
,Y 

SET FLAG=l IF SEM=l 

SET STATUS LATCH=1 

SET STATUS LATCH=O 
READ INPUT LATCH 

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

*'MODULAR ADDITION ... . ,. ... . ,. 
TRANSMIT:OATA FROM PROCESSOR 5 
WAIT .FOR DATA FROM PROCESSOR 7 
TRANSMIT DATA TO PROCESSOR 7 
WAIT FOR DATA FROM PROCESSOR 7 ... .... 
* MODULAR SUBTRACTION 
., . . ,. 
...... ! ... . ... ' .,. 
TRANSMIT DATA TO PROCESSOR 17 

... .... 
*'MODULAR MULTIPLICATION * WITH TRANSFORM COEFFICIENTS ..... ,,.. 

,J, • . ,.. 
"· .,. 
... .... 
.,_ ... 
.,_ .,. 
··.,. 
"· . ... . 

"-· .,. 
•'• .,.. . 
... . ,. 
.,. .,. 

0-45 
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ADOO l,U ... .... 
STo· ltU ·'· .,. 
sec SKP19 ;<t 

INC ,u ...... ' .. , ... 
SKP19 LOA ,x ... . ,. 

LOB ,y .... ... 
~1UL 

.... . ,. 
ADDD ,u "• ... 
STO ,u .J • . ,. 

"" 
•'• ... 

LOA 1,U ... . ,. 
LOB #15 ,I,.. I ... 
MUL .... .... 
ADDO 2,U .... . ,. . 
BCS SKP20 .... .... 
CMPD #65521 ... ,. 
BLO .SKP21 ... 

"'j'• 

SKP20 ADDO #15 ... . ,. 
SKP21 STD z,u ... 

.. f ... : 

,J, ....... ... .... 
LOA ,u .... . ,. 
LOX #TEMP ... ... 
CLR ,x ·'· ... 
CLR l,X ... ... 
CLR 2,X "• ... 
LOB #15 ... ... 
MUL ... ... 
STO 'X 

.... ... 
LOA ,x ... .... 
LOS #15 .... ... 
MUL .... 

"" 
ADOD l,X J, .,.. 

ADDO 2tU "• .,. 
BCS St<P22 .J • .... 
C~IPD #65521 ... .,.. 
SLO St<P23 "· ... 

SKP22 ADOO #15 .... ... 
.-. ... 
St<P23 SYNC 

SYNC WAIT FOR DATA FROM PROCESSOR 17 
SUBD R17 ... . ,.. 
BCC SKP24 1,: t40DULA R SUBTRACTION 
ADDO #65521 .... ... 

SKP24 SYNC WAIT FOR DATA FROM PROCESSOR 7 
STO T7 TRANSMIT DATA TO PROCESSOR 7 
SYNC WAIT FOR DATA FROM PROCESSOR 7 
STD SAVE ... .... 
LDD R7 -'• MODULAR SUBTRACTION .... 
SUSD SAVE ~: 

BCC SKP26 .... . ,. 
.ADDO #65521 .-. . ,. 

SKP26 SYNC WAIT- FOR DATA FOM PROCESSOR 7 
ADDD R5 ADD DATA FROM PROCESSOR 5 
BCS SKP28 ·'· ..,. 
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SKP28 
SKP29 

SKP30 
.... . ,. 
SKP31 
.... . ,, .. 

CMPD 
BLO 
AODD 
STD 
SYNC 
AODD 
BCS 
CMPD 
BLO 
AODD 

STD 

* CHECK FLAG 

#65521 
SKP29 
#.15 
TlS 

Rl5 
SKP30 
#65521' 
SKP31 
#15 

SAVE 

~~ MODULAR ADDITION 
.~. < .... 
J • . ,. 
TRANSMIT OAT.~ TO PROCESSOR 15 
WAIT FOR DATA 'FROM PROCESSOR 15 
ADD DATA FROM PROCESSOR 15 
•'· ., ... , 

... MODULAR ADDITION ... 
J • .... ... ... 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE 
* IF FLAG=! PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 
.... ... AND MULTIPLY WITH TRANSFORM OF'FIRST SEQUENC= 
* IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 

0-47 

... . , . THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH ... ... 

CONV 

... ... 
MULT 

LOP15 

LOP16 

LOA 
CMPA 
SEQ 
CMPA. 
BEQ 
LDO 
STD 
LBRA 
LDO 
STD 
LBRA 

INC 
LOX 
LOY 
CLR 
CLR 
LOA 
LOB 
MUL 
STD 
LOA 
LOB 
MUL 
ADOD 
STD 
BCC 
INC 
LOA 
LOB 
MUL 
AODD 
STD 
BCC 

FLAG 
#1 
MULT 
.i! 2 
CONV. 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE PERFORM MULTIPLICATION OF THE TWO 
#RES TRANSFORMED SEQUENCES 
,u .... ... 

l,U ... MODULAR MULTIPLICATION . ,. 
t,x ... . ,. 
l,Y ... ... ... .•. 
z,u ....... ... 
,x ... .... 

l,Y ... .... 
J • ... 

l;U' ... , .. 
l,U ... . ,. 
LOP16 ... . ,. 
,u J. < .,. 

ltX ... ... 
'y ·'· ... 

... < ,. ' 

t,u· ... . ,.. 
t,u ... ... 
LOP19 ... . ,. 
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LOP19 

... .,. 

LOP20 
LOP21 ... . ,. 

LOP22 

INC 
LOA 
LDB 
MUL 

· ADOO 
STD 

LOA 
LOB 
MUL 
ADDD 
BCS. 
CMPD 
BLO 
AODO 
STD 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LOA 
LOB· 
MUL 
ADDO 
ADDO 
BCS 
CMPO 
BLO 
AODD 

,u ..... .,. 
,x ... . ,. 
,y ..... . ,. 

.), .... 
,u ·'· .,. 
,u •'• ... . ... .,. 

l,U •'• ... 
#15 ·'· .,. 

"· .... 
z,u .,_ .,. 
LDP20 * #65521 . .,_ .,. 
LOP21· ..... .,. 
#15 .... . ,. 
21U ..... .. , .. ' .... . .. 

,u ... .... 
#TEMP "· .,. 
,x ... . ,. 

1,X .. 1, . ... 
z,x ... ... 
#15 ... .. , ... 

., ... 
'X .... .... 
,x .... .,. 

#15 .... ... 
.... ... 

l,X ... ... 
2 ,.u ... . ,. 
LOP22 ... . ,. 
#65521 ... .,. 
LOP23 ... ... 
#15 ., .,. 

************************************************************ ... . . ,. 
•'• .,. 
"· . ,. 

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

"· ., . 
.... ., . 
.... ..• 

************************************************************ ... ... 
LOP23 

... ... 
MLTFR 
MLTRR 
.... . ,. 

STO 
SYNC 
SYNC 
SYNC 
SYNC 
LDO 
STO 
LSRA 

FOB 
FOB 

T17 

R17 
SAVE 
NEXT 

36817 
28122 

ORG $0000 

TRANSMIT DATA TO PROCESSOR 17 

RECEIVE DATA FROM PROCESSOR 17 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

0-48 
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MCND 
PROD1 
PROD2 
PR003 
PR004 
TEMP 
TEMP1 
TEMP3 
SAVE 
FLAG 
RES ... . ,. 
STRT 

... . ,. 

·'· .,. 

f06 
FCB 
FC8 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

NAM 

0-49 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

680911 

* ************************************************************** 
•'• ... 
"• ... 

OUTPUT 
STATUS 
T6 
T12 
INPUT 
R6 
R12 
S E t'l 
•'• .,. 

BEGIN 

START 

FRO 

NEXT 

PROCESSOR NUMSER 11 ... ., . 
************************************************************** 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU. 
EQU 
EQU 

ORG 
NOP 
ORCC 
LOU 
CLRA 
STA 
LOA 
BEQ 
LOA 
STA 
LOY 
LOX 
LOA 
STA 
SYNC 
CLRA 
STA 
LOO 
BRA 
LOY 
LOX 
SYNC 
LOD 

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

SF800 

#%01010000 
#PROD1 

OUTPUT 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 

FLAG SET· FLAG=O IF SEM=O 
s=M 
FRO 
#1 
FLAG SET FLAG=1 IF SEM=1 
#rKNO 
#MLTFR 
#1 
STATUS SET STATUS LATCH=1 

STATUS SET STATUS LATCH=O 
INPUT READ INPUT LATCH 
OVER 
#MCNO 
#MLTRR 

SAVE 
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·'· .,. 
OVER STD T6 TRANSMIT DATA TO PROCESSOR 6 

SYNC WAIT· FOR DATA FROM PROCESSOR 6 
STO SAVE ,.I,.. I .... 
LOD R6 .... MODULAR SUBTRACTION . ,. 
SUBD SAVE ... . ,. 
sec SKP12 ... 

~ .... 
ADDO #65521 ,_ .,. 

SKP12 SYNC 
SYNC 
SYNC 
SYNC WAIT FOR DATA FROM PROCESSOR 12 
ADOO R12 ADD DATA FROM PROCESSOR 12 
BCS SKP14 .... ... 
OIPD #65521 ::::MODULAR ADDITION 
BLO SKP15 ~-.,. 

SKP14· .AOOO ~15 :;: 1 

•'• ... 
SKP15 STD ~1CNO 

CLR ;u ... ... 
CLR ltU •'• r~OOULAR MULTIPLICATION .,. 
LOA l,X *.WITH TRANSFORM COEFFICIENTS 
LOB l,Y .... ,. 
MUL 

,_ .,. 
STO z,u ... ... 
LOA 'X 

... ,. 
LOB l,Y ,_ ... 
MUL .... .. , ... 

·AoDo l,U ,_ . 
...... ' 

STD 1, u. .... .,. 
BCC SKP16 ... . ,. 
INC ,u ... . ,. 

SKP16 LOA 1,X ... . ,. 
LOB , y .... ... 
MUL ... 

~, ... 
ADOO l,U ... 

~, .... 

STD ltU ... . ,. 
BCC SKP19 * INC ; u. . .. ,. 

SKP19 LOA ,x .... ... 
LOB ,y ... ... 
MUL ... . ,. 
ADDO •. u ... . ,. 
STO ,u .... .... 

•'· ... . ,. ... 
LOA l,U .... ... 
LOB #15 ... . ,. 
MUL J• ... 
ADOO z,u ... ,. 
8CS SKP20 ..... . ,. 
CMPO #65521 ,_ ... 
BLO SKP21 ... ... 

SKP20 ADDO #15 "' ... 
SKP21 STD z,u .... ... 
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... ..,. 

SKP22 
SKP23 

SKP24 
·'· ... 

LOA. 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STO 
LOA 
LOB 
MUL 
ADOD 
ADDO 
BCS 
CMPO 
BLO 
ADDO 
SYNC 

STD 
SYNC 
SYNC 
SYNC 
SYNC 
STD 
SYNC 
STD 
LOO 
SUBD 
BCC 
ADDD 

STD 

... . ,. CHECK FLAG 

,u 
#TEMP 

,x 
l,X 
z,x 
#15 

'X ,x 
#15 

l,X 
z,u 
SKP22 
#65521 
SKP23 
#15 

T12 

T6 

SAVE 
R6 
SAVE 
SKP24 
#65521 

SAVE 

..,_ . ... 

..,. ... 

... ... ... ... ... ... 

... . ,. 

... . ,. 

.... .... 

... . ,. 
..,. .... ... ... 
•'• .... 
... ... ... . ,. 
... ... 
"'• ... ... ... 
) '• ,. 

TRANSMIT DATA TO PROCESSOR 12 

WAIT- FOR DATA FROM PROCESSOR 6 
TRANSMIT DATA TO PROESSOR 6 
WAIT ... . ,. 
* MODULAR SUBTRACTION 

•'• ... 
"'• .,. 

:* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE ... .... AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE * IF FLAG=2· PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 
•'··· 
•'• ... 

CONV 

... . ,.. 

THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH 

LOA FLAG 
CMPA #1 
SEQ MULT 
CMPA #2 
SEQ CONV 
LDD SAVE 
STD RES 
LBRA BEGIN 
LDD SAVE 
STD OUTPUT 
LBRA BEGIN 

0-51 
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MULT · !NC FLAG ·'· ... 
LOX #SAVE PERFORM. MULTIPLICATION Of THE TI~O 

LOY #RES TRANSFORMED SEQUENCES 
LOP15 CLR ,u ·'· .,. 

CLR l,U ... MODULAR t-1UL TIPICATION ... 
LOA l,X ... . ,. 
LOB l,Y ... . ,. 
NUL ·'· ... 
STD z;u .... . ,.. 
LOA ,x ... ' .,. 
LOB l,Y "· .,.. 

MUL ... 
"•"' . 

ADOD l,U ·'• .,. 
STO l;U ::: ·. 

sec LOP16 ... .... 
INC ,u ·'· .,. 

LOP16 LOA l,X .... ... 
LOB ,Y .... . ,. 
f.IUL ... .... 
ADDD l,U "' ... 
STO l,U ... . ,. 
BCC LOP19 .... . ,. 
INC ,u "'· .,. 

LOP19 LOA ,x "'· .,. 
LOB ,Y ... . ,. 
r-1UL ~( 

AOOO ,u "' .,. 
STO ,u .... . , . 

·'· .... . ,. ., . 
LOA l;U "'· .... 
LOB #15 w .,. 
MUL •'• ... 
AODO z,u ... . ,. 
scs LOP20 ... ' .,. 
CMPO #65521 ... . ,. 
SLO LOP21 ...... . ,.. 

LOP20 ADOO #15 ... ... 
LOP21 STO z,u .... . , . 
•'• ... .... ... 

LOA ,u ... . ,. 
LOX #TEMP ... . ,. 
CLR ,x ... ., ' ... 
CLR ltX ... ....... 

CLR z,x ... . ,.. 
LOB #15 ... ' .... 
MUL .... . ,. 
STD ,x ·'· ... 
LOA ,x ... ,. 
LOS #15 •'• •.. 
f'lUL .... .... 
AOOO 1, X .... . ,. 
ADDD z,u ... ..• 
BCS LOP22 ::: . 

01PD #65521 ... . ,. 
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... ...... 
LOP22 

BLO. LOP23 
ADDD #15 .... . , . ... . ,. 

·'· .... 
... .,. 
·'· ... 

RESHUFFLING THE DATA BEFORE PERfORMING THE 
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 
THE EXISTING COMMUNICATION LATCHES 

.... . .. 

... .,. 

************************************************************ ... .... 
LOP23 

•'• ... 
MLTFR 
MLTRR ... . ,. 

MCND. 
PRODl 
PROD2 
PROD3 
PROD4 
TEMP. 
TEMPl 
TEMP3 
SAVE 
FLAG 
RES 
•'• ... 

STRT 

•'• .,. 
.... . ,. 
.... . ,. . .. . .. 

STD T6 
SYNC 
LDD R6 
STD SAVE 
SYNC 
SYNC 
SYNC 
LBRA NEXT 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

16087 
29504 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

NAt~ 680912 

TRANSMIT DATA TO PROCESSOR 6 
WAIT FOR DATA FROM PROCESSOR 6 
RECEIVE DATA FROM PROCESSOR 6 
SAVE RESULT 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

PROCESSOR NUMBER 12 

D-53 

... ... . 
... ... ************************************************************** .... . ,. 
OUTPUT 
STATUS 
T7 
Tl5 
Tl3 
Tll 
INPUT 
R7 
Rl5 
Rl3 

E QU 
EQU 
EQU 
EQU 
EQU 
E QU 
EQU 
EQU 
EQU 
EQU. 

$0400 
$0402 
$0403 
$0405 
$0407 
$0409 
$0410 
$0412 
$0414 
$0416 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANStHT· O.Q.TA TO PROCESSOR 1 
TRANSt-IIT DATA TO PROCESSOR 15 
TRANSMIT DATA TO PROCESSOR 13 
TRANSMIT DATA TO PROCESSOR 11 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 7 
RECEIVE DATA FROM PROCESSOR 15 
RECEIVE DATA FROM PROCESSOR 13 
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Rll EQU $0418 RECEIVE DATA FRO~l PROCESSOR 11 

SEM EQU $041A 
., . . ,. 

ORG SF800 
NOP 
ORCC #%01010000 
LOU #PROD1 

BEGIN CLRA 
STA FLAG SET FLAG=O IF SEM=O 
LOA SEM 
SEQ FRO 

START LOA #1' 
STA FL.A.G SET FLAG=1 IF SH1=1 

FRO LOY #MCND 
LOX #11LTFR 
LOA. #1 
STA STATUS SET STATUS LATCH=l 
SYNC 
CLRA 
STA STATUS SET STATUS LATCH=O 
LOD INPUT READ INPUT LATCH 
BRA OVER 

NEXT LOY #MCND 
LOX #MLTRR 
SYNC 
LDD SAVE 

·'· ... 
OVER STD T7 TRANSMIT DATA TO PROCESSOR 7 

SYNC WAIT FOR DATA FROM PROCESSOR 7 
STO SAVE "" ... 
LOD R7 ... MODULAR SUS TRACTION .. , ... 
SUBD SAVE ... ... 
sec SKP12 ... . ,. 
ADDO #65521 ... . ,. 

SKP12 SYNC 
STD T15 TANS MIT DATA TO PROCESSOR 15 
SYNC WAIT FOR OAT.4 FROM PROCESSOR 15 
AODD R15 ADO DATA FRO~l PROCESSOR 15 
BCS SKP14 ... ...... 
CMPD #65521 •'• ... 
13LO SKP15 ·'· .,. 

SKP14 AODD #15 ... . ,. 
SKP15 STD Tl3 TRANSMIT 04TA TO PROCESSOR 13 

SYNC WAIT FOR 0.4TA FROM PROCESSOR 13 
.4000 Rl3 ADD DATA FROM PROCESSOR 13 
BCS SKP16 "'• .,. 
CMPD #65521 ... ADD DATA FROM PROCESSOR 13 ... 
BLO SKP17 ... .,. 

SJ<.P16 ADDD #15 ... 
. '!'" 

SKP17 STD T11 TRANSMIT DAT.n TO PROCESSOR 11 
SYNC ... . ,. 
STO MCND 
CLR ,u "· ' .,. 
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CLR l,U ... - MODULAR MULTIPLICATION .... 
LOA 1, X ... WITH. TRANSFORM COEFFICIENTS . ,. 
LOS l,Y ~-~, ... 
~1UL 

... .... 
STD 2,U .... . ,. 
L D /l. ,x . .. . ,. 
LOB l,Y ... . ,.. 
HUL .... . ,. 
ADDO l,U .... . ,. 
STD l,U ... ... 
BCC SKP18 ~- . . ,. 
INC ,u .... ... 

SKP18 LOA l,X .... 
'\"'! 

LOB ,y ~-.,. 
MUL .... . ,.. 
ADDD l,U ... . ,. 
STD l,U ~( 

sec SKP21 ... . ,. 
INC ,u ..... ... 

SKP21 LOA ,x ... . ,. 
LOB. ,y . .. .... 
~1UL 

.... .... 
ADOO ,u .... . ,.. 
STD ,u .... . , . 

.... .... .,.. .,.. 
LOA 1,u· ... ... 
LOB #15 .... ... 
MUL .... . ,. 
ADDD 2,U .... ... 
BCS SKP22 .... ... 
CMPO #65521 ... .... 
BLO SKP23 ... . ,. 

SKP22 -'~ODD #15 .... .... 
SKP23 STO 2,U ):: 
... . .. ... . .. 

LOA ,u ... ... 
LOX !HEM? ... . ,. 
CLR ,x ... . ,. 
CLR l,X .... .... 
CLR z,x ... . ,. 
LOB #15 .... . ,. 
MUL ... ... 
STO -,X ... ... 
LOA ,x ·'· ... 
LOB #15 ... . ,.. 
MUL .... ... 
ADDD l,X .... ...... . 

ADDD z,u ... ... 
BCS SKP24 .... . ,. 
CMPD #65521 ... . ,. 
BLO SKP25 .... . ,. 

St<.P24 ADDD #15 ... . ,. 
SKP25 SYNC ... ... 
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SKP26 
SKP27 

SKP28 
SKP29 

SKP30 
SKP3l 

* SKP32 
.... ... 

SYNC 
ADOO 
BCS 
CNPD 
SLO 
AODO 
STD' 
SYNC 
ADDO 
BCS 
CI'IPO 
BLO 
ADOD 
STD 
SYNC 
AODD 
BCS 
CMPD 
BLO 
ADDD 
SYNC 
STD 
SYNC 
STO 
LDD 
SUBD 
BCC 
ADDD 

STD 

... . ,. CHECK. FL.4G 

R11 
SK?26 
#65521 
SKP27 
#15 
T13 

Rl3 
SKP28 
#65521 
SKP29 
#15 
T15 

Rl5 
SKP30 
#65521 
SKP31 
#15 

T7 

SAVE 
R7 
SAVE 
SKP32 
#65521 

SAVE 

WAIT FOR DATA FROM PROCESSOR 11 
ADD DATA FROM PROCESSOR 11 ... . ,. 
* MODULAR ADDITION ..... . ,. 
... . ,. 
TRANSMIT DATA TO PROCESSOR 13 
WAIT FOR DATA FROM PROCESSOR 13 
ADD DATA FROM PROCESSOR 13 ... ... 
* MODULAR ADDITION ... ... 
.... ... 
TRANSMIT DATA TO PROCESSOR 15 
WAIT FOR DATA FROM PROCESSOR 15 
ADO DATA FROM PROCESSOR 15 
•'· 
~· * MODULAR ADDITION 
.... .... ... . ,. 

TRANSMIT DATA TO PROCESSOR 7 
WAIT FOR DATA FROM PROCESSOR 7 ... . ,.. 
* MODULAR SUBTRACTION 
~.,. 
-'• .,. 

* IF FLAG=O PERFORM· FORWARD TRANSFORM OF FIRST SEQUENCE 
* IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE ... . ,. .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 "" ... 
.... ... 

CONV 

-'• ... 
~1UL T 

LOP15 

LOA 
CMPA 
BEQ 
CMPA 
BEQ 
LDD 
STD 
L6RA 
LOO 
STD 
L i3RA 

INC 
LOX 
LOY 
CLR 

FLAG 
#1 
MULT 
#2 
CONV 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 
,u 

PERFORM MULTIPLICTION OF THE TWO 
TRANSFORMED SEQUENCES 
·'· .,. 
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LOP16 

LOP19 

... ... 

LOP20 
LOP21 ... . .,. 

LOP22 ... . ,. 

CLR 
LOA 
LOB 
MUL 
STD 
LOA 
LOB 

. MUL 
ADDD 
STO 
ace 
INC 
LOA 
LOB 
MUL 
ADDD 
STO 
BCC 
INC 
LOA 
LOB 
f'-1UL 
ADOO 
STD 

L O.tl 
LOB 
MUL 
AODD 
BCS 
C~1PO 

SLO 
AODO 
STO 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LOA 
LOB 
MUL 
AOOD 
.ADDO 
BCS 
CMPD 
8LO 
ADDO 

1,U ' ... NODULAR MULTIPLICATION ... 
l,X ... . ,. 
l,Y ... .,. 

... . ,. 
z,u .... .,. 

,x ... .,. 
l,Y .,_ ., . 

.,_ .,. 
ltU .... . ,. 
l,U •'• .,. 
LOP16. "'• .,. 

,u ... . ,. 
l,X ..... . ,. 

,y ... .. , ... 
.,_ .,. 

l,U .... .,. 
l,U .... .,. 
LOP19 ..,_ ..• 
,u ... . ,. 
,x ... .. , .. : 

,y ..... .,. 
... .... 

,u ..,_ .,. 
,u .... ... 

"'· .. .... 
l;U .... . ,. 
#15 ... . ,. 

... .,. 
z,u "'· .,. 
LOP20· •'• .,. 
#65521 .... . ,. 
LOP21 •'• .,. 
#15. .. .. . ,. 
z,u ..,_ ., . 

.... .,. 
,u ·'· .,. 

#TEMP .,_ .,. 
,x * 1, X ... ... 

z,x· ... .,. 
#15 ... . ,. 

•'• .,. 
,x ... . ,. 
,x .... . ,. 

#15 ·'· ... 
.... . ,. 

l,X .... . ,. 
z,u ~~: 

LOP22 .... . ,. 
#65521 ·'· .,. 
LOP23 "· .,. 
#15 .... ., . 

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

... . ,. 

.... .... 

************************************************************ .,_ .,. 
LOP23 

"'• .,. 
MLTFR 
MLTRR 
·'· .,. 

tKND 
PR001 
PROD2 
PR003 
PR004 
TEMP 
THIPl 
TEMP3 
SAVE 
FLAG 
RES 
.,. .,. 

STRT 

•'• .,. 
..,_ .... 
·'· ..... ... .,. 

STD 
SYNC 
LOO 
STO 
SYNC 
LDD 
STO 
SYNC 
LDO 
STO 
SYNC 
LoRA 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG · 
EQU 
END 

NAt-1 

T7 

R7 
T13 

R13 
T7 

R7 
SAVE 

NEXT 

29032 
28641 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

SFFFE 
$F800 
BEGIN 

680913 

TRANSMIT DATA TO PROCESSOR 7 
WAIT FOR DATA FROM PROCESSOR 7 
RECEIVE DATA FROM PROCESSOR 7 
TRANSMIT DATA TO PROCESSOR 13 
WAIT FOR DATA FROM PROCESSOR 13 
RECEIVE DATA FROM PROCESSOR 13 
TRANSMIT DATA TO PROCESSOR 7 
WAIT FOR DATA FROM PROCESSOR 7 
RECEIVE DATA FROM PROCESSOR 7 
SAVA RESULT 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

PROCESSOR NUMBER 13 

D-58 

., . . , . ************************************************************** ... ... 
OUTPUT 
STATUS 
T8 
Tl4 
Tl2 
INPUT 
R8 
Rl4 
Rl2 
s er~ 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU. 
EQU 

$0400 
$0402 
$0403 
$0405 
$0407 
$0410 
$0412 
$0414 
$0416 
$0418 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 8 
TRANSMIT DATA TO PROCESSOR 14 
TRANSMIT· DATA TO PROCESSOR 12 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 8 
RECEIVE DATA FROM PROCESSOR 14 
RECEIVE DATA FROM PROCESSOR 12 
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* 
ORG $F800 
NOP 
ORCC #%01010000 
LOU #PROD1 

BEGIN CLRA 
STA FLAG SET FL.~ G=O IF SEM=O 
LOA SEM 
BEQ FRO 

START LOA #1 
STA FLAG SET FLAG=1 IF ScM=1 

FRO LOY #t,ICND 
LOX #MLTFR 
LOA #1 
STA STATUS SET STATUS UlTCH=l 
SYNC 
CLRA 
STA STATUS SET ST.O.TUS LATCH=O 
LOD INPUT READ INPUT LATCH 
BRA OVER 

NEXT LOY ·*MCNO 
LOX #MLTRR 
SYNC 
LDD SAVE 

~" 
OVER' STD T8 TRANSMIT DATA TO PROCESSOR 8 

SYNC WAIT FOR DATA FROM PROCESSOR 8 

STO SAVE ... . ,. 
LDD RS ... MODULAR SUBTRACTION .. , ... 
SUBD SAVE .... . ,. 
sec SKP12 ·'· ... 
AODD #65521 ~-.,. 

SKP12 SYNC WAIT FOR DATA FROM PROCESSOR 14 
STD T14 TRANSMIT: DATA TO PROCESSOR 14 
SYNC WAIT FOR DATA FROM PROCESSOR 14 
ADDD R14 ADD DATA FROM PROCESSOR 14 
ecs· SKP14 .... ... 
CMPD #65521 ... MODULAR ADDITION ... 
SLO SKP15 ... . ,. 

SKP14 ADDD #15 ... .... 
SKP15 STD T12 TRANSMIT DATA TO PROCESSOR 12 

SYNC WAIT FOR DATA FROM PROCESSOR 12 
STD SAVE ... . ,. 
LDD R12 •'• ~100ULAR SUBTRACTION .,. 
SUBD SAVE ... . ,. 
sec SKP16 .... . , . 
. AODO #65521 ., . .... 

SKP16 SYNC 
·'· .... 

STD MCNO ... .... 
CLR ,u ... MOOULAR'MULTIPLICATION . ,. 
CLR l:.U ... WITH TRANSFORM COEFFICIENTS ... 
LOA 1tX ... ... 
L09 l,Y ..... .... . 
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SKP26 

SKP28 
SKP29 

SKP30 . 
.... . ,. 

STO 
LDD 
SUBO 
BCC 
. t\.000 
STO 
SYNC 
ADOD 
8CS 
CMPO 
BLO 
ADDD 
SYNC 
STD 
SYNC 
STO 
LDD 
SUBD 
BCC 
.L\000 

STO 

•'• ... CHECK FLAG 

SAVE 
Rl2 
SAVE 
SKP26 
#65521 
Tl4 

R14 
SKP28 
#65521 
SKP29 
#15 

TS 

SAVE 
R8 
SAVE 
SKP30 
#65521 

SAVE 

... ... 
:;: .fvlOOULAR SUBTRACTION ... ... 
..... ' .... ... .... 
TRANSMIT DATA TO PROCESSOR 14 

·WAIT· FOR DATA FROM PROCESSOR 14 
ADD DATA FROM PROCESSOR 14 .... .... . 
... ~100ULAR ADDITION ... ... . ,. 
... . ,. 

TRANStv1IT DATA TO PROCESSOR 8 
WAIT FOR DATA FROM PROCESSOR 8 ... ... 
t.c: MODULAR SUBTRACTION 
.... ... ... .... 
.... .... 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=1 PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE ... . ,. AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE 
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* IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 
THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH ... . , . 

. ... ,.. ... 

CONY 

•'• .,. 
MULT 

LOP15 

LOA 
CMPA 
BEQ 
CMPA 
BEQ 
LOO 
STD 
LoRA 
LOO 
STO 
LBRA 

INC 
LOX 
LOY 
CLR 
CLR 
LOA 
LOB 
MUL 
STO 
LOA 
LOB 
1'-1UL 

FLAG 
#1 
MULT 
#2 
CONY 

·sAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES. 
,u 

1,U 
liX· 
l,Y 

z,u 
,x 

1,Y 

WRITE RESULT IN THE OUTPUT LATCH 

PERFORM MULTIPICATION OF THE TWO 
TRANSFORMED SEQUENCES ..... ... 
* MODULAR.MULTIPLICATION .... . ,. .... . ,. ... , ... 
... ... 
... ... ... ... 
... ... 
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MUL ... . ,.. 
STO 2;U ... . ,. 
LOA ,x ~-..• 
LOB l,Y ... •.. 
MUL .... . ,.. 
AODD l,U ~-... 
STO l,U ... ... 
sec SKP18 .... 

~· 

INC ,u ... ... 
SKP18 LOA ltX ... . ,. 

LOB ,y .... . ,. 
t-1UL ... .... 
ADDD 11U· .... .... 
STO l,U ...... ., .. 
sec SKP21· .... .... 
INC ,u .... . ,. 

SKP21 LOA ,x ... . ,. 
LOB ,y .... ... 
~1UL 

.... . ,. 
AOOD ,u .... .... 
STD ,u ... .... 

... ~-.,. .,. 
LOA l,U .... . ,. 
LOS ~15 .... ..• 
MUL ... .... 

. AODO 2,U .... .... 
8CS SKP22 ~-

~· 

01PO #65521 .... .... 
BLO SKP23 .... . ,. 

SKP22 AOOO -#15 ... ,. 
SKP23' STD z,u ... ... 
.... ... .. . ,. .. ..... 

LOA ,u .... . ,. 
LOX #TEMP ... ... 
CLR ,x .... ... 
CLR l,X ... ... 
CLR z,x ... ... 
LOB #15 ..... , ... 
MUL ... 

• .. 1 .. 

. STO ,x ... .... 
LOA ,x .... . ,. 
LOB #15 .... .. ~.. . 

MUL .... . ,. 
ADOO l,X ... .... 
AODD 2tU ...... .,. 
BCS SKP24 ·'• .,. 

C~1PO #65521 ... . ,. 
BLO SKP25 ... . , . 

SKP24 • 0. DOD #15 ... .... 
SKP25 SYNC ... . ,. 

SYNC 
STO T12 TRANSNIT DATA TO PROCESSOR 12 
SYNC WAIT FOR DATA FROM PROCESSOR 12 
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LOP16 

LOP19 

-·.,. 

LOP20 
LOP21 
•'• . ,. 

LOP22 ... . ,. 

ADDO 
STD 
BCC 
INC 
LOA 
LOB 
MUL 
ADOD 
STD 
sec 
INC 
LOA 
LOB 
MUL 
ADOO 
STD 

LOA 
LOB 
MUL 
ADDD 
BCS 
CMPD 
BLO 
AOOD 
STO 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LOA 
LOB 
MUL. 
ADOO 
AOOD 
scs· 
cr~Po 

BLO 
ADDO 

l,U ·'• .,. 
l,U .... . ,. 
LOP16 .... 

~-

,u .... 
~-

1, X t.: ' 
,y .... . ,. 

..... . ,. 
l,U .... 

~-

l,U .,, .,. 
LOP19 ..... . ,. 

,u .,_ .,. 
,x .... .... 
,y .... . ,. 

-·-.,. 
,u •'· .,. 
,u .... ... 

.,, .,. 
l,U •'• .... 
#15 ... ... 

..... 
'•' 

z,u •'• .,. 
LOP20 -·-.,. 
#65521 .... .... 
LOP21 •'• .,. 
#15 .... ... 
z,u .... . ,, 

.... ... 
,u .,, .,. 

#TEMP )~ 

,x .... . ,. 
l,X .... . ,. 
z,x .... . ,. 
#15 .... . ,. 

... . ,. 
,x .,, .,. 
'X .... . ,. 

#15 .... . ,. 
. .. ... 

ltX .... . ,. 
z,u .... . ,. 
LOP22 .... .,. 
#65521 •'• .... 
LOP23 ::: ' 

#15 .... . ,. 

************************************************************ 
-···· 
·'· .,. 

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

************************************************************ 
LOP23 STD T 8 

SYNC 
LDD R8 

TRANSMIT DATA TO PROCESSOR 8 
WAIT FOR DATA FROM PROCESSOR 8 
RECEIVE DATA FROM PROCESSOR 8 
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•'• .,. 
MLTFR 
MLTRR 
•'• ... 

MCNO 
PRODl 
PR002 
PR003 
PR004 
TEMP 
Tct4Pl 
TEMP3 
SAVE 
FLAG 
RES ... . ,. 

STRT 

... ... 

.... ... 

STO 
LDD 
STO 
SYNC 
LDD 
STD 
SYNC 
SYNC 
LBRA 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FC8 
FCB 
FCB 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

NAM 

T14 
Rl4 
T12 

R12 
SAVE 

NEXT 

8748 
12521 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

680914 

TRANSMIT DATA TO PROCESSOR 14 
RECEIVE DATA FROM PROCESSOR 14 
TRANSMIT DATA TO PROCESSOR 12 
WAIT FOR DATA FROM PROCESSOR 12 
RECEIVE DATA FROM PROCESSOR 12 
SAVE: RESULT 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM' COEFFICIENT 
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* ************************************************************** ... ... ... ... PROCESSOR NUMBER 14 * * ************************************************************** ... ... 
OUTPUT 
STATUS 
T9 
T13 
T18 
INPUT 
R9 
Rl3 
R18 
SEM ... .,. 

.BEGIN 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU. 
EQU 
EQU 
EQU 

ORG 
NOP 
ORCC: 
LOU 
CLRA 
STA 
LOA 

$0400 
$0402 
$0403 
$0405 
$0407 
$0410 
$0412 
$0414 
$0416 
$0418 

$F800 

#%01010000 
#PROD! 

FLAG 
SEM 

OUTPUT COMMUNICATION L~TCH 
ST.I\TUS LATCH 
TRJl.NSMIT DATA TO PROCESSOR 9 
TRANSMIT DATA TO PROCESSOR 13 
TRANSIHT DATA TO PROCESSOR 18 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FRO~I PROCESSOR 9 
RECEIVE DATA FROM PROCESSOR 13 
RECEIVE DATA FROt-1 PROCESSOR 18 

SET FLAG=O IF SEM=O 
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BEQ FRO 
START LOA #1 

S T.A FLAG SET FLAG=1 IS SEM=l 
FRO LOY-· #~1CND 

LOX #MLTFR 
LOA. #1 
STA STATUS SET STATUS LATCH=l 
SYNC 
CLRA 
STA STATUS SET STATUS LATCH=O 
LOD INPUT READ INPUT L.ATCH 
BRA ·OVER 

NEXT· LOY #t·1CND 
LOX #MLTRR 
SYNC 
LDO SAVE 

-·-"' 
OVER STD T9 TR.~NSM!T DATA TO PROCESSOR 9 

SYNC WAIT FOR DATA FROM PROCESSOR 9 
STD SAVE .... . ,. 
LDD R9 .... MODULAR SUBTRACTION . ,. 
SUBD SAVE * BCC SKP12 :',:· 

AODD. #65521 . ... .,.. 

SKP12 SYNC 
STD T13 TRANSMIT DATA TO PROCESSOR 13 
SYNC . WAIT FOR D.ATA FROM PROCESSOR 13 
SU80 R13 .... ... 
BCC SKP14 ·'• MODULAR SUBTRACTION ... 
AODO #65521 .... . ,. 

SKP14 STD T18 TR.ANSMIT ·oATA TO PROCESSOR 18 
SYNC 
SYNC 

-·-... 
STO MCND 
CLR ,u .,, ... 
CLR l,U •'• MODULAR MULTIPLICATION ... 
LOA l,X ..,. WITH TRANSFORM COEFFICIENTS .,. 

LOB 1' y "· ... 
MUL ::: 
STD z,u ...... .... , ·. 

LOA 'X- •'· ..• 
LOB 1,v· ... ... 
MUL .... . , . 
. t\000 l,U .,. .,. 
STO l,U "· ,. 
BCC SKP16 .... . ,. 
INC ,u ... . ,. 

SKP16 LOA l,X * LOB , y .,. .,. 
MUL ·'· ... 
. 4000 1 'u .... ... 
STD ltU ... ... 
BCC SKP 1-9 ... . ,. 
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INC ,u -·· .,. 
SKP19 LOA 'X. ~-... 

LOB ,y •'• ... 
MUL ~-.,. 
AODD ,u ..... ,, 
STD ,u ·'· .,.. 

•'· ~-.,. .,. 
LD.D. l,U .... . ,. 
LOB #15 -·· .,. 
MUL· .... . ,. 
ADDD z,u ::: r 

scs SKP20 ·'• .... 
C~1PD #65521 .... ... 
BLO SKP21 -·· .,. 

SKP20 AOOD #15 •'• .,. 
SKP21 STD z,u .... ... 
"· ... ... . .. 

LOA ,u •'• .... 
LOX #TEMP ·'· .,. 
CLR ;X ,J • ... 
CLR 1tX "'· ... 
CLR 2,X ... . ,. 
LOB #15 ... .... 
MUL ·'· ... 
STD ,x .... .,. 
LOA ,x ·'· ... 
LOB #15 .... . ,. 
MUL ., . . ,. 
ADOD 1,X ... . ,. 
ADOD z,u ·'· ,. 
8CS SKP22 .... . ,. 
CMPO #65521 ... . ,. 
BLO SKP23 -·· .,. 

SKP22 ADDD #15 ~-... 
SKP23 SYNC ... ..,. 

SYNC HAIT FOR DATA FROM PROCESSOR 18 
ADDD Rl8 ADD OAT A FROM PROCESSOR 19 
BCS SKP24 "• .,. 
CMPD #65521 ·'· MODULAR ADDITION .,. 
BLO SKP25 ... ... 

SKP24 AODO #15 ... ... 
SKP25 SYNC 

STD Tl3 TRANSMIT· DATA TO PROCESSOR 13 
SYNC WAIT FOR DATA FRO ~1 PROCESSOR 13 
STD SAVE .... ... 
LDD R13 .... MODULAR SUBTRACTION . ,. 
SUBD SAVE ·'· .,. 
BCC SKP26 ... ,, 
ADDD #65521 .... . ,. 

SKP26 SYNC WAIT FOR DATA FROM PROCESSOR 9 
STD T9 TRANSMIT DATA TO PROCESSOR 9 
SYNC 
STD SAVE 
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LOO 
suao 
ace 
ADOO 

•'• .,. 
SKP28 STO ... . ,. 
•'• ... CHECK FLAG 

R9 RECEIVE O.AT A FROM PROCESSOR 9 
SAVE ~{ 

SKP28 :;: t-IODULAR SUBTRACTION 
#65521 ... . ,. 

SAV!: 

* IF FLAG=O PERFORM FORWARD TRANSFORM OF FIRST SEQUENCE * IF FLAG=l PERFORM FORWARD TRANSFORM OF SECOND SEQUENCE 
.... . ,. AND MULTIPLY WITH TRANSFORM OF FIRST SEQUENCE 
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~: IF FLAG=2 PERFORM INVERSE TRANSFORM OF THE PRODUCT OF THE 
THE TWO ~RANSFORMS AND STORE RESULT IN THE OUTPUT LATCH .... . ,. 

•'• .,. 

eO NV 

MULT 

LOP15 

LOP16 

LOP19 

LOA 
CMPA 
SEQ 
CMPA 
SEQ 
LOO 
STO 
LBRA 
LDD 
STO 
LBRA 

I·NC 
LOX 
L DY 
CLR 
CLR 
LOA 
LOB 
MUL 
STD 
LOA 
L DB 
MUL 
ADDD 
STO 
sec 
INC 
LOA 
LOB 
MUL 
AOOO 
STD 
ace 
INC 
LOA 
LOS 
MUL 
ADOO 
STO 

FLAG 
#1 
1'-IUL T· 
#2 
CONV 
SAVE 
RES 
BEGIN 
SAVE 
OUTPUT 
BEGIN 

FLAG 
#SAVE 
#RES 
,u 

l,U 
l,X 
l,Y 

z,u 
,x 

l,Y 

l,U 
l,U 
LOP16 

,u 
l;X 

,y 

l,U 
l,U 
LOP19 

,u 
,x 
,Y 

,u 
,u 

WRITE DATA IN OUTPUT LATCH 

PERFORM MULTIPLICATION OF THE TWO 
TRANSFORMED SEQUENCES 
.... .,. 
* MODULAR MULTIPLICATION 

... . ,. 
·'· ..,. 
... . ,. .. ... ... . ,. 
...... . ,. 

... . ,. ... . ,. 

... ..,. 

..... ... 

... . ,. 

... .,. 

... . ,. 

..... . , . 

.... .,. 

... . ,. 
·'· ..,. 
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•'• . ,. 

LOP20 
LOP21 
.... .,. 

.LOP22 ... ... 

LOA 
LOB 
MUL 
ADDD 
BCS 
CMPD 
BLO 
ADOD 
STD 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
~1UL 

STO 
LOA 
LOB 
t-1UL 
AOOD 
ADDO 
BCS 
CMPO 
BLO 
ADOD 

... .,. 
1,U ... ... 
#15 ... . ,. 

•'• .,. 
2 'u. ... ,. 
LOP20 ... ,. 
#65521 •'• .,. 
LOP21 ... . ,. 
#15 ·'· ,. 
z;,u ... . , . 

·'· '•' 
,u ... .... 

#TEMP ~-.,. 
,x ... .,. 

1,X •'• ..• 
z,x .... . ,. 
#15 ~-.,. 

·'· ... 
,x ~ ., . 
,x .... ... 

#15 •'• .,. 

*' l,X .... ... 
z,u ::: ' 

LOP22 •'• .,. 
#65521 .~ . . ,. 
LOP23 ·'· .,. 
#15 .... . , . 

************************************************************ 
-'• . ,. 

·'· .,. 
RESHUFFLING THE DATA BEFORE PERFORMING THE 
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 
THE EXISTING COMMUNICATION LATCHES 

.... ... 

.... . ,. 

************************************************************ 
•'• .... 
LOP23 

.... . ,. 
MLTFR 
t~L TR R 
•'• .,. 

MCNO 
PRODl 

STD 
SYNC 
SYNC 
LDO 
STO 
LDD 
STO 
SYNC 
LDD 
STD 
SYNC 
LBRA 

FOB 
FOB 

ORG 
FOB 
FCB 

T13 

R13 
T18 
R18 
T9 

R9 
SAVE 

NEXT. 

1465 
21938 

$0000 
0 
0 

TRANSMIT DATA TO PROCESSOR 13 

WAIT FOR DATA FROM PROCESSOR 13 
RECEIVE DATA FROM PROCESSOR 13 
TRANSMIT DATA TO PROCESSOR 18 
RECEIVE DATA FROM-PROCESSOR 18 
TRANSMIT'OATA TO PROCESSOR 9 
WAIT FOR DATA FROM PROCESSOR 9 
RECEIVE DATA FROM PROCESSOR 9 
SAVE RESULT 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

0-67 
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PROD2 
PROD3 
PROD4 
TEMP 
TEMPl 
TEMP3 
SAVE: 
FLAG 
RES 
•'• ... 

STRT 

... . ,. 

... . ,. 

FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FOB 
FCB 
fOB 

ORG 
EQU 
END 

NAM 
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0 
0 
0 
0 
0 
0 
0 

0 
0 

$FFFE 
$F800 
BEGIN 

680915 

************************************************************** .... . ,. 
... ... 
OUTPUT 
STATUS 
TlO 
Tl2 
Tl8 
INPUT 
RlO 
Rl2 
Rl8 
SEM 

•'• ... 

BEGIN 

START 

FRO 

NEXT 

... . , . 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU' 
EQU 
ORG 

ORG 
NOP 
ORCC 
LOU 
CLRA 
STA 
LOA 
8 EQ 
LOA 
STA 
LOY 
LOX 
LOA 
STA 
SYNC 
CLRA 
STA 
LOO 
BRA 
LOY 
LOX 
SYNC 

$0400 
$0402 
$0403 
$0405 
$0407 
$0410 
$0412 
$0414 
$0416 
$0418 
$F800 

$F800 

PROCESSOR NUMBER 15 

OUTPUT COMMUNICATION LATCH 
STATUS LATCH 
TRANSMIT DATA TO PROCESSOR 10 
TRANSMIT OAT~ TO PROCESSOR 12 
TRANSMIT DATA TO PROCESSOR 18 
INPUT COMMUNICATION LATCH 
RECEIVE DATA FROM PROCESSOR 10 
RECEIVE DATA FROM PROCESSOR 12 
RECEIVE DATA FROM PROCESSOR 18 

#%01010000 
#PROOl 

FLAG 
SEM 
FRO 
#1 
FLAG 
#MCND 
#MLTFR 
#1 
STATUS 

STATUS 
INPUT 
OVER 
#MCND 
#MLTRR 

SET FLAG=O IF SEM=O 

SET FLAG=1 IS SEM=1 

SET STATUS LATCH=1 

SET STATUS LATCH=O 
READ. INPUT LATCH 

/ 

~.. . 
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LDD S.~ VE ... . ,. 
OVER STD T10 TRANSMIT DATA TO PROCESSOR 10 

SYNC WAIT FOR DAT.A FROM PROCESSOR 10 
STD SAVE ... . ,. 
LDD R10 ... MODULAR SUBTRACTION . ,. 
SUBD SAVE .... . .,. 
sec SKP12 ... ... . 

AODO #65521 ,,,.· ... 
SKP12 SYNC 

STD Tl2 TRANSMIT DATA TO PROCESSOR 12 
SYNC ~JAIT FOR DATA FROM PROCESSOR 12 
STO SAVE ... . ,. 
LDD R12 ... MODULAR SUBTRACTION ... 
SUBO SAVE ... ... 
6CC SKP14 ... ... 
AOOD #65521 ... .... 

SKP14 STO T18 TR.l~NS~1IT DATA TO PROCESSOR 18 
SYNC 
SYNC ..• ... 
STO MCNO 
CLR ,u .... ... 
CLR ltU ... MODULAR MULT!PICATION ... 
LOA l;X .... WITH TRANSFORN COEFFICIENTS .... 
LOB ltY ... ... 
t-1UL ... .... 
STD z,u .. , ... ... 
LOA 'X ·'· ... 
LOB l,Y ... . ,. 
NUL ... ... 
AOOO l,U ... ... 
STO ltU "'· .,. 
sec SKP16 ... . ,. 
INC ,u ... ... 

SKP16 LOA ltX ... ... 
LOB ,y ... ... 
f.lUL .... . ,. 
AODD l,U ... .... 
STO 1,U .... . ,. 
BCC SKP19 ... ... 
INC ,u ... . ,. 

SKP19 LOA ,x ... . ,. 
LOB ,y ... . ,. 
MUL "'• .,. 
AOOO ,u ... ... 
STO ,u ... . ,. 

•'• ... ... ... 
LOA l,U ... ... 
LOS #15 ... . ,. 
MUL ... ... 
AODO z,u J • . ,. 
BCS SKP20 .... .... 
CI1PO #65521 ... . ,. 
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SKP20 
SKP21 
.... . ,. 

·sKP22 
SKP23 
·'· .,. 

SKP24 

SKP26 

•'• .,. 
SKP28 
.... . ,. 

BLO SKP21 
AODD #15 
STO 2,U 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LOA 
LOB 
MUL 
AODD 
AOOO 
BCS 
CM?D 
BLO 
AOOO 
SYNC 

SYNC 
SUBO 
BCC 
AOOO 
SYNC 
STO 
SYNC 
STO 
LDD 
SUBD 
ace 
ADDD 
SYNC 
STD 
SYNC 
STO 
LDD 
SUBD 
BCC 
ADOD 

STD 

,u 
#TEMP 

'X 
1,X 
z,x 
#15 

,x 
,x 

#15 

1,X 
2,U 
SKP22 
#65521 
SKP23 
#15 

R18 
SKP24 
#65521 

T12 

SAVE 
R12 
SAVE 
SKP26 
#65521 

T10 

SAVE 
R10 
SAVE 
SKP28 
#65521 

SAVE 

.... . ,. CHECK FLAG 

•'• .,. 

... .. ... 
·'· .,. 
... ... 
.... ; .,. 
"· .,. 
... . ,. 

·'• ... 
•'• ... ... . ,. 
•'• .... 
.... . ,. 
"· .,. 
... . ,. 
,. .,. 
... . , .. 

WAIT FOR DATA FROM PROCESSOR 18 
.... ... . 

* MODULAR SUBTRACTION 
.... . ,. 

TRANSMIT DATA TO PROCESSOR 12 
WAIT FOR DATA FROM PROCESSOR 12 ... . ,. 
* MODULAR SUBTRACTION 
.... . ,. .... . ,. 
... ... 

TRANSMIT DATA TO PROCESSOR 10 
WAIT FOR DATA FROM PROCESSOR 10 
J • ... 
* MODULAR SUBTRACTION 

•'• .,. 
.... . ,. 

* IF FLAG=O PERFORM FORWARD-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 
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"· ... THE TWO TRANSFORMS AND STORE RESULT IN THE OUTPUT LATCH 
.... . ,. 

LOA FLAG 
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C t1PA #1 
8EQ MULT 
CMPA #2 
BEQ CONV 
LDD SAVE 
STD RES 
LSRA BEGIN 

CONV LOO SAVE 
STD OUTPUT WRITE DATA IN OUTPUT LATCH 
LBRA BEGIN 

.... . ,. 
MULT INC FLAG 

LOX #SAVE PERFORM I'IUL TIPL!CAT!ON OF THE TWO 
LOY #RES TRANSFORMED SEQUENCES 

LOP15 CLR ,u ... 
"I' 

CLR l,U "· ' ~10DULAR MULTIPLICATION '•' 

LOA l,X ... . ,. 
LOS l,Y ... . ,. 
MUL •'• .,, ' 

STD z,u •'• "I' 

LOA .. 'X 
. .. . ,. 

LOB· 1 'y ·'· .,. 
MUL ... . ,. 
AODD l,U ,. ... 
STO l,U "· ,. 
sec LOP16 ~- . ... , .... 
INC ,u ... 

"I' 

LOP16 LOA l,X •'• .... 
LOB ,y ·'· ... 
MUL ::: l 

ADDD l,U .... ... 
STO ltU * BCC LOP19 ... . ,. 
INC ,u ... . ,. 

LOP19 LOA ,x ... ... 
LOB ,y ::: 

t-1UL ... ,. 
ADOD ,u ... ... 
STO ,u •'· ., . 

... . .. . ,. .... 
LOA l,U ~ . ... 
LOB #15 •'• .... 
MUL ... . ,. 
AODD z,u .... ,. 

BCS LOP20 .. ., ~ .,. 
C1"1PO #65521 ... ... 
BLO LOP21 ... . ,. 

LOP20 ADDD #15 ... ... 
LOP2l STO 2,U ... . ,. 
·'· "• .,. .,. 

LOA ,u ·'· .,. 
LOX #TEMP ... ... 
CLR 'X 

... . ,. 
CLR 1, X ... . ,. 
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CLR z,x ... ,. 
LOB #15 •'• ... 
MUL .... . ,.. 
STD ,x "'· ... 
LOA ,x ~-.,. 
LOB #15 .J • ... 
MUL ... . ,.. 
AODO 1,X ... ... 
. 4000 2' u' ... . ,. 
BCS LOP22 ... . ,. 
CMPO :165521 "• ... 
BLO l0?23 ... ...... ' 

LOP22 ADDO #15 ... . ,.. 
... ... 
.... .,. 
.... . ,. ... ... 

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

... ... 
LOP23 

-·· ... 
MLTFR 
MLTRR 
.... ... 

r-1CND 
PRODl 
PROOZ 
PROD3 
PROD4 
TEMP 

'TEMPl 
TH1P3 
SAVE 
FLAG 
RES 
"'· .,. 

STRT 

... ... 

-·· . ,. ..;. ... 

STD 
SYNC 
SYNC 
SYNC 
SYNC 
LOO 
STO 
loRA 

FOB 
F08 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FC6 
FCS 
FCB 
FOB 
FCB 
FOB 

ORG 
EQU 
END 

T18 

R18 
S.L\VE 
NEXT 

23174 
5913 

$0000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

NAM. 680916 

TRANSMIT DATA TO PROCESSOR 18 

WAIT FOR DATA FROM PROCESSOR 18 
RECEIVE DATA FROM PROCESSOR 18 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

PROCESSOR NUMBER 16 

... ... . .. ... .. . ., . 

D-72 
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"'· .,. 
T4 EQU $0410 TRANSNIT DATA TO PROCESSOR 4 
T5 EQU $0412 TRANSMIT DATA TO PROCESSOR 5 
R4 EQU ·. $0414 RECEIVe DATA FR0!'-1 PROCESSOR 4 
RS EQU $0416 RECEIVE DATA FROM PROCESSOR 5 
Str-1 EQU' $0418 
-·· _ ... , .. 

ORG $F800 
NOP 
ORCC #%01010000 
LOU #PROOl 

BEGIN CLRA 
STA FLAG SET FLAG=Q, If SEM=O 
LOA s er-1 
BEQ FRO 

START LOA #1 
STA FLAG SET FLAG=1 IF SEM=l 

FRO LOY. #MCND 
LOX #MLTFR 
SRA OVER 

NEXT LOY #MCND 
LOX #MLTRR 

OVER SYNC 
SYNC 
SYNC 
SYNC 
SYNC W.AIT FOR DATA FROM PROCESSOR 4 
LDO R4 RECEIVE DATA FROt-1 PROCESSOR 4 
ADOD RS ADD OAT A FROM PROCESSOR 5 

BCS SKP12 •'• ... 
CMPD #65521 ... MODULAR ADDITION . ,.. 
BLO SKP13 ... .. , ... 

SKP12 ADOO #15 ,.,. ... 
SKP13 SYNC 

* sr-D MCND 
CLR ,u •'• .,. 
CLR ltU ... MODULAR MULTIPLICATION ~- . 

LOA l,X ... WITH TRANSFORM COEFFICIENTS ... 
LOB l,Y ,.,. .,. 
MUL t,c 

STO z,u ... . ,.. 
LOA ,x ... 

~-

LOB ltY .... ~ .... ~ 

MUL ·'· .,. 
ADDO l,U J, .... 
STO l:,U ... ,_ . . ,. 
BCC SKP14 ... 

~ 

INC ,u .... .,.. 
SKP14 LOA l,X ·'· .,. 

LOB ,y "" .,. 
MUL .... . ,. 
AODO l,U ... . ,.. 
STO l,LJ ... .,. 
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BCC 
INC 

SKP17 LOA 

... . ,. 

LOB 
MUL 
ADDD 
STO 

LOA 
LOS 
t-1UL 
AODD 
BCS 
CMPD 
BLO 

SKP18 .4000 
SKP19 STD ... ... 

SKP20 
SKP21 ... ... 

LOA 
LOX 
CLR 
CLR 
CLR 
LOB 
MUL 
STO 
LOA 
LOB 
MUL 
ADDO 
ADDD 
BCS 
CMPO' 
BLO 
ADOD 
SYNC 

STO 
STO 
SYNC 
SYNC 
SYNC 
SYNC 
SYNC 

SKP17 
,u 
,x 
,Y 

,u 
,u 

l,U 
#15 

2,U 
SKP18 
#65521 
SKP19 
#15 
2,U 

,u 
#TEMP 

,x 
l,X 
z,x 
#15 

,x 
'X 

#15 

1, X 
2,U 
SKP20 
#65521 
SKP21 
#15 

TS 
T4 

LOA FLAG 

SKP 

CMPA 
BEQ 
LBRA 
INC 

#1 
SKP 
BEGIN 
FLAG 

•'• ... 
"· .,. 
:~ < 

... ' .,. 

... ...... 

... ... 

... ... . .. . .. 

... . ,.. 
~!! ... ... 
... .... .... ... 
.... ... ... ... 
... ... 
.... ' ... . .. .,. 
... . ,. 
... ... 
"' .,. 
... .... 
.,, ... 
.... ' .,. 
•'• ... ... ... 
... . ,. 
•'• .,.. 
-'• .,. 
... . ,. 
... . ,. 
~( 

... . ,. ... . ,. 
:!: 

WAlT FOR OTHER PROCESSORS TO 
COMPLETE MULTIPLICATION 
TRANSMIT OATA TO PROCESSOR 5 
TRANSMIT DATA TO PROCESSOR 4 

************************************************************ ... . ,.. 
... ... ... ... 

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

.. . .... 

. .. ... 
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************************************************************ ... 
'I"' 

,., 
'•' 

MLTFR 
MLTRR 

tKND 
PR001 
PR002 
PROD3 
PR004 
TEMP 
TEI"'Pl 
TEfvtP3 
SAVE 
FLAG ... 
'•' 

STRT-

* 
,o, ... 
.. , .... ... . ,. 
T9 
TlO. 
R9 
RlO 
SEM . 
.... 
'•' 

BEGIN 

START 

FRO 

SYNC 
LOO RS 
STO T4 
SYNC 
SYNC. 
SYNC 
LBRA NEXT 

FOB 
FOB 

18005 
5493 

ORG SOOOO 
FOB . 0 
FCB 0 
FCB 0 
FCB 0 
FC8 0 
FCB 0 
FCB ·o 
FCB 0 
FOB 0 
FCS 0 

ORG 
EQU 
END 

$FFFE 
$F800 
BEGIN 

NAt~ 680917 

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

FORWARD TRANSFORM COEFFICIENT 
INVERSe TRANSFORM COEFFICIENT 

************************************************************** ... ... PROCESSOR NUMBER 17 . .. .,.. 

************************************************************** 
EQU 
EQU 
EQU 
EQU 
EQU 

ORG 
NOP 
ORCC 
LOU' 
CLRA 
STA 
LOA 
BEQ 
LOA 
STA 
LOY 
LOX 
BRA. 

$0410 
$0412 
$0414 
$0416 
$0418 

$F800 

#%01010000 
#PROOl 

FLAG 
SEM 
FRO. 
#1 
FLAG 
#MCNO 
#MLTFR 
OVER 

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

SET FLAG=O IF SEM=O 

SET FLAG=l IF SEM=l 
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NEXT LOY #MCND 
·LOX #MLTRR 

OVER SYNC 
SYNC 
SYNC 
SYNC 
SYNC WAIT FOR OAT.!~ FROM PROCESSOR 9 
LOO R9 RECEIVe DATA FRm1 PROCESSOR 9 

ADOO RlO ADD DATA FROM PROCESSOR 10 
8CS SKP12 .... ... 
CHPO #65521 ... t~OOULAR ADDITION . ,. 
BLO SKP13 ... . ,. 

SKP12 AOOO #15 
SKP13 SYNC 
-'• ... 

STO MCNO 
CLR ,u * CLR 1,U *' t-IODULAR MULTIPLICATION 
LOA l,X ... WITH TRANSFORM COEFFICIENTS . ,. 
LOB . ltY ... .... 
t·1UL ~c 

STO 2,U ·'· .,. 
LOA ,x ... . ,. 
LOB l,Y ... . ,. 
fv1UL .... ... 
AOOO 1,U ... ... 
STD l,U ... . ,. 
BCC SKP14 ... . ,. 
INC ,u ... ... 

SKP14 LOA l;X ... . ,. 
LOB ,y ..... . ,. 
MUL ... - .,. 
ADDD 1,U .... .... 
STO l,U •'• .,. 
BCC SKP17 :!': 

INC ,u ... .... 
SKP17 LOA ,x •'• .,. 

LOB 'y .... ' ..... 
MUL .... , . . ,. 
ADOO ,u •'• .,. 

STD ,u .... ... 
·'· ... ..... .,. 

LOA l,U ·'· .... 
LD8 #15 ... .... 
~1UL · ... . ,. 
AODD z,u ·'· ~, ... ' 

BCS SKP18 ..... ... 
Ct4PD . #65521 .... ..... 

BLO SKP19 ·'· .,. 
SKP18 ADDD #15 .. ~: .,.. 
SKP19 STO 2,U .... .... 

* 
.... . ,. 

LOA. ,u ..... .... 
LOX #TEMP .... .... 
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CLR 
CLR 
CLR 
LOB 
MUL 
STD 
LO.A 
LOS 
MUL 
ADDD 
ADDD 
BCS 
01PD 
BLO 

SKP20 ADDO 
SKP21 SYNC ... ... 

SKP ... . ,. 

STD 
STD 
SYNC 
SYNC 
SYNC 
SYNC 
SYNC 
LOA 
U1PA 
BEQ 
LBRA 
INC 

,x 
1,X 
z,x 
#15 

,x 
,x 

#15 

1,X 
z,u 
SKP20 
#655 21 
SKP21 
#15 

T10 
T9 

FLAG 
#1 
SKP 
BEGIN 
FLAG 

·'· ~-

""' .,.. 
... .... 
... 
~· .,.. .,. 
•'· ... 
... . ,.. ... ... 
... .,. 
... . ,. 
... ... , .... 
... . ,. 
... . ,. 
.... ... 
... ... 

TRANSMIT DATA TO PROCESSOR 
TRANSMIT DATA TO PROCESSOR 

... ... 

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

10 
9 

... . .. 

.... ... 

.... .,. 
************************************************************ ... ... 

SYNC 
LDD 
STD 
SYNC 
SYNC 
LOD 
STD 
SYNC 
LBRA ... .,. 

MLTFR FOB 
t-ILTRR FOB ... ... 

ORG 
MCND FD3 
PROD1 FCS 
PROD2 FCB 
PROD3 FCB 

R10 
T9 

R9 
TlO 

NEXT 

5753 
34561 

$0000 
0 
0 
0 
0 

RECEIVE DATA FROM PROCESSOR 10 
TRANSMIT DATA TO PROCESSOR 9 

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

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

0-77 
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PROD4 
TEMP· 
TEMP1 
T'Et4P3 
SAVE 
FLAG ... ... 

STRT 

... ... 

.... .... 

FCB 
FC8 
FCB 
FCS 
FOB 
FCB 

ORG 
EQU 
END 

N Ar-1 

0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

680918 

* ************************************************************** ... ... 
... . , . 
.... ... 
T14 
T15 
Rl4 
R15 
SEM ... . ,. 

BEGIN 

START 

FRO 

NEXT 

OVER 

SKP12 
SKP13 

....... ... 

... . .. PROCESSOR NUMBER 18 
************************************************************** 

EQU 
EQU 
EQU 
EQU 
EQU 

$0410 
$0412 
$0414 
$0416 
$0418 

ORG $F800 
NOP 
ORCC 
LOU 
CLRA 
STA 
LOA 
BEQ 
LOA 
STA 
LOY 
LOX 
BRA 
LOY 
LOX 
SYNC 
SYNC 
SYNC 
SYNC 
SYNC 
LOO 
A ODD 
BCS 
CMPD 
BLO 
ADDD 
SYNC 

STD 
CLR 
CLR 

#%01010000 
#PROD1 

FLAG 
SEr-1 
FRO 
#1 
FLAG 
#MCND 
#MLTFR 
OVER 
#MOJO 
#MLTRR 

R14 
R15 
SKP12. 
#65521 
SKP13 
#15 

MCND 
,u 

l,U 

TRANSMIT DATA TO PROCESSOR 14 
TRANSMIT DATA TO PROCESSOR 15 
qECEIVE DATA FROM PROCESSOR 14 
RECEIVE DATA FROM PROCESSOR 15 

SET FLAG=O IF SEM=O 

SET FLAG=l IF SEM=1 

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

* MODULAR ADDITION 

* 

... . ,. 
* MODULAR MULTIPLICATION 
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LOA l,X .... WITH TRANSFORM COEFFICIENTS . ,. 
LOB l,Y •'• .,. 
MUL ... 

~· 

STD 2,U ... ,. 
LOA ,x ·'• .,. 
LOB l,Y ... . ,. 
~1UL 

... ... 
ADDD l,U .. ,. 
STD ltU ... . ,. 
BCC SKP14 ... ,,.., 

INC ,u .... ' .,. 
SKP14 LOA 1, X .,. .,. 

LOB ,y ... 
,~ .... 

MUL •'• .,. 
AOOO ltU t,t 

STD l,U ... ... 
BCC SKP17 ... . ,. 
INC ,u ... . ,. 

SKP17 LD.~ 'X •'• .,. 
LOB ,y ... ... 
MUL :!: 

ADDD ,u ... . ,. 
STO ,u ... . , . 

... .. . .... .,. 
LOA l,U ... . ,. 
LOB #15 ... . ,. 
MUL ... . ,. 
AOOO z,u ... . ,. 
BCS SKP18 ·'· ... 
Ct4PO #65521 ... . ,. 
BLO SKP19 ·'• .,. 

SKP18 ADOO #15 .. ... , .... 

SKP19 STD z,u ... . , . 
.... ·'· .,. ... 

LOA ,u ... ... 
LOX #TEMP .... . ,. 
CLR 'X 

... . ,. 
CLR l,X ... 

4' .... 

CLR z.x ... .... 
LOB #15 ... ... 
MUL ........ ... 
STO ,x ... ... 
LOA ,x .; . ... 
LOB #15 ... ... 
MUL ... . ,. 
AOOO 1,X ·'· ... 
ADOD z,u ... ... 
8CS SKP 20 .,. .,. 
CMPD #65521 ... . ,. 
BLO SKP21 ... ..• 

SKP20 .L\ ODD #15 ... . ,. 
SKP2l SYNC WAIT FOR OTHER PROCESSORS TO 

·'· COMPLETE MULTIPLICATION .,. 
STO T15 TRANS~1IT DATA TO PROCESSOR 15 
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SKP ... .... 

STO 
SYNC 
SYNC 
SYNC 
SYNC 
SYNC 
LOA 
CMPA 
BEQ 
LBRA 
INC 

T14 

FLAG 
#1 
SK P 
BEGIN 
FLAG 

TRANSMIT DATA TO PROCESSOR 14 

•.. ... ... . ,. ... . , . 
RESHUFFLING THE DATA BEFORE PERFORMING THE 
INVERSE TRANSFORM. THE DATA IS EXCHANGED THROUGH 
THE EXISTING COMMUNICATION LATCHES 

... . ,. 

... . ,.. 
MLTFR 
MLTRR ... ... 
MCND 
PRODl 
PR002 
PR003 
PR004 
TEMP 
TEM?l 
TEMP3 
SAVE 
FLAG 

STRT 

... .... 

... . , . 

... . ,. 

SYNC 
LOO 
STO 
SYNC 
SYNC 
LOO 
STO 
SYNC 
LSRA 

FOB 
FOB 

ORG 
FOB 
FCB 
FCB 
FCB 
FCB 
FCB 
FC8 
FCB 
FOB 
FCB 

ORG 
EQU 
END 

NAM 

R15 
T14 

R14 
Tl5 

NEXT 

43615 
24748 

$0000' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

$FFFE 
$F800 
BEGIN 

1..JIN015 

WAIT FOR DATA FROM PROCESSOR 15 
RECEIVE DATA FROM PROCESSOR 15 
TRANSMIT: DATA TO PROCESSOR 14 

WAIT FOR DATA FROM PROCESSOR 14 
RECEIVE DATA FROM PROCESSOR 14 
TRANSMIT DATA TO PROCESSOR 15 

FORWARD TRANSFORM COEFFICIENT 
INVERSE TRANSFORM COEFFICIENT 

... .,. 
•'• . .. 
.... ., . 

* ******************************************************* .... . ,. 
... . ,. ... .... ... .... 

"· . , . 
·'· ..• 

WINOGRAD'S 15 POINT ALGORITHM 
Performs 15 point transform on array in 'ARYIN' 

.... ., . 

.... . ... 

******************************************************* 

D-80 
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WIN15 
ORG 
LOX 
LOY' 

$EOOO 
#AX 
#ARVIN 

LOAD ADDRESS OF AX IN INDEX REG X 
LOAD ADDRESS OF ARVIN IN INDEX REG Y 

·'· ... 
* ******************************************************* ... ... 
... ... 

... . ,. 

... ... 
...... ... ... . , . 
... .... ... ..• 
SKP2 

JMPl 
JMP2 

. .. .,. 

LOD 
STD 
LDD 
STO 
LDD 
STO 
LOO 
STO 
LDD 
STD 
LDD 
STO 
LDO 
STD 
LDD 
STO 
LDD 
STD 
LOO 
STD 
LOD 
STO 
LDD 
STD 
LDD 
STD 
LDD 
STD 
LOD 
STD 

... . .. REORDERING THE INPUT ARRAY 

,y 

' X 
6,Y 
2,X 

12,Y 
4,X 

18,Y 
6,X 

24,Y 
s,x 

lO,Y 
lO,X 
16,Y 
12,X 
22,Y 
14,X 
28,Y 
16,X 

4,Y 
18,X 
20,Y 
20,X 
26,Y 
22,X 

2,Y 
24,X 
s,v 

26,X 
14,Y 
28,X 

******************************************************* 
3 POINT PREWEAVE .... .... 

******************************************************* 

LOO 
ADDD 
BCS 
CNPD 
BLO 
ADOO 
STO 
AOOD 
BCS 
01PD 

10,X 
20,X 
JMPl. 
#65521 
JMP2 
#15 
TMPl 

'X 
Jt1P 3 
#.65521 

INDEX REGISTER STILL 
CONTAINS ADDRESS OF ARRAY AX 
******************************* . .. ... 

. ..,,., . ,. 
·'· ... 

MODULAR ADDITION 
.. . . , . 
... .... 

* ******************************* 
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BLO JMP4 
J~1P3 AODD .# 15 
Jl'-iP4 STD ,x 

LDD 10,X 
SUBD zo,x ******************************* 
BCC JMP5 ... MODULAR SUBTRACTION * . ,. 
ADDD #65521 ~·~~···~~·~·~···~·-·~~~-··~-·-· ¥¥¥¥¥¥¥¥~~¥¥¥¥¥~¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 

JMP5 STD 20,X 
LDO TMP1 
STD 10,X 
LDD 12,X 
ADDO 22,X 
BCS JMP6 
Ct~PO #65521 
BLO JMP7 

JMP6 AOOO #15 
JMP7 STO TMP1 

AODO z,x 
BCS JMP8 
CMPD· #65521 
SLO JMP9 

Jf-1P8 A. DOD #15 
JMP9 STD z,x 

LDO 12,X 
SUBO 22,X 
BCC JMPlO 
AODD #65521 

JHPlO STO 22,X 
LOO TMPl 
STO 12,X 
LDO 14,X 
AOOD 24,X 
BCS JMP11 
C~1 PO #65521 
8LO J~1Pl2 

Jt~Pll ADDD #15 
JIJ\Pl2 STO TMPl 

AODO 4;X 
BCS Jr-1?13 
01PD #65521 
BLO JMP14 

.,JMP13 AODO #15 
Jt-lP14 STD 4,X 

LDD 14,X 
SUSD 24,X 
BCC JMP15 
AODD #65521 

JMP15 STD 24,X 
LDO TMPl· 
STD 14,X 
LOO 16,X 
AOOO 26,X 
BCS JMP16 
Ct~PD #65521 
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JMP16 
J~1Pl 7 

JMP1B 
JMP19 

JNP20 

JMP21 
JMP22 

JMP23 
JMP24 

Jr1P25 

•'· .,. 

BLO 
ADDO 
STD 
ADDD 
BCS 
CMPD 
BLO 
ADOD 
STD 
LDD 
SUBD 
BCC 
AODD 
STD 
LOD 
STD 
LDD 
.~ODD 
BCS. 
CMPO 
BLO 
AODD 
STO 
AODD 
BCS. 
01PD 
BLO 
ADOO 
STD 
LOO 
SUBD 
BCC 
ADDD 
STD 
LDD 
STD 

JMP17 
#15 
TMPl 
6,X 
JMP18 
#65521 
JMP19 
#15 
6,X 
16,X 
26,X 
Jr4P20 
#65521 
26,X 
TMPl 
16,X 
lS,X 
28,X 
JMP21 
#65521 
J~1P 22 
#15 
Tt4Pl 
s,x 
JMP23 
#65521 
JMP24 
#15 
s,x 
18,X 
28,X 
JMP25 
#65521 
28, X 
TMPl 
18,X 

... -.· •'• .,. 5 POINT PREWEAVE ... .,. 
* ******************************************************* ... . ,. 

JMP26 
J~1P27 

JMP28 

LOY 
LOD 
ADDD 
BCS 
01PO 
SLO 
ADDD 
STD 
LDD 
SUBD 
BCC 
ADOD 
STD 

#Z 
z,x 
s,x 
JMP26 
#65521 
JMP27 
#15 
2,Y 
z,x 
s,x 
JMP28 
#65521 
6,Y 

0-83 
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LDO 4,X 
AOOO 6,X 
BCS JMP29 
CHPO #65521 
BLO Jt4P30 

Jf4P29 AODD #15 
Jt~P30 STD 4,Y 

LOD 6,X 
SUBO 4,X 
sec Jt-1P31 
AOOO #65521 

JMP31 STO lO,Y 
AODO 6,Y 
BCS JMP32 
CMPO #65521 
BLO Jr-1P33 

JMP32 AODD #15 
JMP33 STD s,v 

LOD 4,Y 
AOOO 2,Y 
BCS JMP34 
CNPO #65521 
SLO JMP35 

JMP34 .0.000 #15 
JMP35 STD TMPl 

ADOO ,x 
BCS JMP36 
CMPO .~65521 

BLO JMP37 
Jt·1P36 ADDO #15 
JMP37 STO 'y 

LOO 2,Y 
SU80 4,Y 
BCC JMP38 
ADOD #65521· 

Jf•IP38 STD 4,Y 
LDO TMP1 
STO 2,Y ... . , . ... . ,. 

·'· ... 
LDO 12,X 
ADOD 18,X 
BCS JMP39 
CM?o· #65521 
BLO JMP40 

JMP39 ADDD #15 
JMP40 STD 14,Y 

LDO 12,X 
SUBD 18,X 
sec JMP41 
ADDD #65521 

Jt1P41 STO lS,Y 
LDD 14,X 
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AODO 16,X 
scs· JMP42 
01 PO #65521 
BLO JMP43 

Jt-1P42 AODO #15 
J/4P43 STO 16tY 

LOO 16tX 
sueo 14,X 
BCC JMP44 
ADOD #65521 

JMP44 STD 22,v 
ADDO 18,Y 
BCS JMP45 
CMPD #65521 
BLO J~1P46 

JMP45 .~ODD #15 
J~1P46 STD 2o,v 

LDO 16,Y 
II. DOD 14,Y 
BCS JMP47 
CMPO #65521 
BLO JMP48 

J~1P4 7 .4000 #15 
JMP48 STD TMPl 

ADDD 10,X 
BCS JMP49 
CMPD #65521 
BLO JMPSO 

J~IP49 AODD #15 
J~1P50 STO 12,Y 

LOD 14,Y 
SUBO 16,Y 
BCC JMP51 
ADOO #65521 

J11P51 STD 16,Y 
LOO TMP1' 
STO 14,Y .... 

c .. , ... 

•'• ., . ... . ,. 
LDD 22,X 
ADDD 28,X 
BCS JMP52 
C~1PO #65521 
BLO JMP53 

J~1P52 ADOD #15 
JMP53 STD 26,Y 

LDO 22,X 
SUBO zs,x 
ace JMP54 
ADDO #65521 

JMPS4 STO 30,Y 
LDD 24,X 
ADDO 26,X 
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JMP56 
JMP57 

JMP58 

JMP59 
Jt1P60 

JMP61 
J~1P62 

JMP63 
JMP64 

JMP65 

....... .,. 

BCS 
CMPD 
SLO 
AOOD 
STO 
LOO 
suao 
BCC 
AOOD 
STO 
AOOD 
6CS 
CMPD 
BLO 
ADDD 
STD 
LOD 
ADOD 
scs· 
01?0 
BLD 
.A DOD 
STD 
ADDO 
ecs· 
CMPO 
BLO 
ADDD 
STD 
LDD 
SUBD 
BCC 
ADDD 
STD 
LDD 
STO 

JMP56 
#65521 
JMP57 
#15 
za,v 
26,X 
24,X 
JMP58 
#65521 
34,Y 
30,Y 
JMP59 
.l(i65521 
J ~1 p 6 0 
#15 
32,Y 
26,Y 
2S,Y 
JMP61 
#65521 
JMP62 
#15 
TMPl 
zo,x 
J~1P63 
#65521 
JMP64 
#15 
24,Y 
26,Y 
28,Y 
JMP65 
#65521 
28,Y 
TMP1' 
26,Y 

•'· .,. ******************************************************* ... .,. 
... . ,. 
•'· .,. 
•'• .... 
•'• .,. 

LOOP 

•'• . ,. START. OF MULTIPLICATION .... ., . 
******************************************************* 

ROUTINE FOR 16*16-BIT UNSIGNED MULTIPICATION 

INO INDEX FOR MULTIPLIER 
#Z 

CHECK FRO 

0-86 

CLRA 
STA 
LOS 
LOA 
BEQ 
LOY 
BRA 
LOY 
LOA 
LOO 

FRO 
OVER1 
#COEFR 
OVER2 
#COEFF 
IND 
A,Y 

LOAD INVERSE TRANSFORM COEFFICIENTS 

·OVER1 
OVER2 

LOAD FORWARD TRANSFORM COEFFICIENTS 
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STD MLTR 
LDD 's 
STD t-tL TN 
LOX #MLTR 
LOY #MLTN 
LOU #.PRODl 
CLR. ,u 
CLR l,U 
LOA l,X 
LOB l,Y 
MUL 
SiD z,u 
LOA ,x 
LDB l,Y 
MUL 
AOOD l,U 
STO 1,U 
BCC SKIP3 
INC ,u 

SKIP3 LOA l,X 
LOS ,y 
MUL 
AODO 1,U 
STD 1,U 
BCC SKIP4 
INC ,u 

SKIP4 LD.A ,x 
LOB ' y 
~1UL 

AODO ,u 
STO ,u 

··-.,. 
.... MODULAR! SING THE 32-BIT PRODUCT ..... 

·'· .,. 
LOA l,U 
LOB #15 
MUL 
AOOO z,u 
8CS SKIP6 
CMPD #65521 
BLO SKIP7 

SKIP6 AOOD #15 
SKIP7 STO z,u 

LOA ,u 
LOY #TEMP 
CLR ,y· 
CLR l,Y: 
CLR z,y 
LOB #15 

· MUL. 
SKIPA STO 'y 

LOA ,Y 
SEQ SKIPE 
LOB #15 
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SK!PE 
SKI PO 

SKIPB 
SKI PC 

.. , .,. 

·'· .... 
•'• .,. 
•'• ...,. 

JMP67 
JI"IP68 

Jt1P69 
JMP70 

JMP71 

JMP72 
J~1P73 

J~IP74 

... .,. 

MUL 
ADDD 1,Y 
BRA SKI PO 
LOD 1,Y 
ADDD 2,U 
BCS SKIPB 
CMPD #65521 
BLO SKI PC 
ADDD #15 
STD ,$++ 
LOA INO 
ADOA #2 
STA INO 
CMPA #34 
LBLS. LOOP 

5-POINT POSTWEAVE 
******************************************************* 

LOX #AX 
LOY #Z 
LDO 'y 
STO 'X 
ADDD 2,Y ,. 

BCS JMP67 
01PO #65521 
BLO .JMP68 
ADDD #15 
STD z,x 
LDD B,Y 
ADDD 10,Y 
BCS JMP69 

. CMPD #65521 
BLO JMP70 
ADOD #15 
STO lO,Y 
LDO 6,Y 
SU80 s,v 
sec JMP71 
ADOO #65521 
STD a,x 
LOD z,x 
AODO 4 'y' 
BCS JMP72 
CMPO #65521 
BLO J~1P73 

ADOD #15 
STO TMPl 
LOD z,x 
SUBD 4 1 Y 
sec JMP74 
ADOD #65521 
STO 4,X 

D-88 
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SUBD 10,Y 
BCC JMP75 
.AODD #65521 

J~1P7 5 STD 61X 
LDD H1!'1 
STD z,x 
LDD 4,X 
ADDD 10,Y 
BCS JMP76 
CMPO #65521. 
RLO JMP77 

JriP76 ADOD #15 
JMP77 STD 4,X 

LDO 2,X 
AODO s,x 
BCS Jf.1P78 
CMPD #65521 
BLO JMP79 

JMP78 ADOD P.15 
JMP79 STD TMP1 

LOO 2;X 
SUBD s,x 
sec JMPSO 
ADOO #65521 

JMP80 STD e,x 
LDD TMP1 
STD 2,X ... . ,. 
LOO 12,Y 
STO lO,X 
AOOD 14 9 Y 
BCS JUP67 
CMPD #65521 
BLO JUP68 

JUP67 ADDD #15 
JUP68 STD 12tX 

LDD 20,Y 
ADOD 22,Y 
BCS JUP69 
C ~1PD #65521 
BLO JUP 70 

JUP69 ADDO #15 
JUP70 STD 22,Y 

LDD 18,Y 
SUBO zo,v 
sec JUP71 
ADDO #65521 

JUP71 STO 18,X 
LDD 12,X 
ADDO 16,Y 
BCS JUP72 
CMPD #65521 
BLO JUP73 

JUP72 ADDO #15 
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JUP73 STD TMPl 
LDD 12,X 
SUBD l6,Y 
sec JUP74 
ADDD #65521 

JUP74 STD 14 1 X 
SUBD 22' y. 
sec JUP75 
ADDD #65521 

JUP75 STD 16,X 
LOO TMP1 
STD 12,X· 
LDD 14,X 
ADDD 22,Y 
BCS JUP76 
CMPD #65521 
BLO · JUP77 

JUP76 ADDD . # 15 
JUP77 STD l4,X 

LOD 12,X 
ADDD 18,X 
BCS JU?78 
CMPD #65521 
8LO JU!'79 

JUP78 AODO #15 
JUP79 STO TMPl 

LDD 12,X 
suso 18,X 
BCe JUP80 
ADDO #65521 

JUP80 STO 18,X 
LOO TMPl 
STD 12,X 

·'· ... 
LDD 24,Y 
STD 20, X 
ADDO 26,Y 
ecs SKP67 
CHPO #65521 
SLO SKP68 

SK P6 7· AOOO #15 
SKP68 STO 22,X 

LDD 32,Y 
.~ODD 34,v· 
BCS SKP69 
CMPO #65521 
SLO SKP70 

SKP69 ADDD #15 
SKP70 STO 34,Y 

LDO 30,Y 
sueo 32,Y 
BCC SKP71· 
ADDO #65521 

SKP71 STD 28,X 
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SKP72 
SKP73 

SKP74 

SKP75 

SKP76 
SKP77 

SKP78 
SKP79 

SKPSO 

•'• .,. 
·'· •r 

•'• .,. 
.... . , . ... . ,. 

JMP81 
Jt-IP82 

·"' .,. 

LDD 22,X 
ADOD 28,Y 
8CS SKP72 
CMPD i¥65521 
BLO SKP73 
ADDD #15 
STD TMP1 
LDO 22,X 
SUBD 2 8' y 
ace SKP74 
ADDD .#65521 
STD 24,X 
SUBD 34,Y 
BCC SKP75 
ADDD #65521 
STO 26,X 
L·oo TMPl 
STD 22,X 
LDD 24,X 
A. DOD 34,Y 
BCS SKP76 
CMPD #65521 
BLO SKP77 
.0. DOD #15 
STD 24,X 
LDD zz,x 
.o. ODD 28,X 
BCS SKP78 
CMPO #65521 
BLO SKP79 
AODD #15 
STD H1P1 
LDD 22,X 
SUBD zs,x 
BCC SKP80 
AODD #65521 
STD zs,x 
LDD TMP1 
STO 22,X 

THREE POINT POST-WEAVE 
******************************************************* 

LDD 
ADDD 
BCS 
C~1PD 

BLO 
ADDO 
STD 
LDD 
ADOD 

,x 
1o,x· 
JMP81 
#65521 
JMP82 
#15 
lO,X 

2,X 
12, X· 

0-91 
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BCS Jt~P83 

CMPO #65521 
BLO JMP84 

JM?83 ADDD #15 
Jr~P84 STO 12,X 

LDD 4,X 
AOOO 14,X 
BCS JMP85 
CMPD #65521 
BLO JMP86 

JMP85 ADDD . #15 
Jt-1P86 STD 14,X 

LDD 6,X 
ADDO 16,X 
BCS Jt~PS7 

CNPD #65521 
BLO. JI'1P88 

JMP87 ADOD #15 
JMP88 STD 16,X 

LOD a,x 
ADDD lS,X 
BCS JMP89 
CMPD #65521 
BLO JMP90 

Jf>1P89 ADDD #15 
JMP90 STO 18,X 

LDO 10,X 
ADDD 20,X 
BCS JMP91 
01PD #65521 
BLO JMP92 

JMP91 ADDD #15 
JMP92 STD TMPl. 

LDD lO,X 
SUBD zo,x 
BCC JMP911 
AODD #65521 

JtvlP911· STD 20,X 
LDD TMPl 
STD lO,X 
LOD 12,X 
ADDD 22;X 
BCS JMP922 
cr., Po #65521 
SLO JMP93 

Jt-1P922 AODD #15 
JNP93 STO TMPl 

LDD 12,X 
SUBD zz,x 
BCC JMP94 
ADDD #65521 

Jt-1?94 STD zz,x 
LDD TMPl 
STO 12,X 
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JMP95 
JMP96 

JMP97 

JMP98 
Jt-\P99 

JMPlOO 

JMPlOl 
JNP102 

Jt-1P103 

* 

LDO 
ADOD 
BCS 
01PO 
8LO 
AODD 
STD 
LOD 
SUBD 
sec 
ADDD 
STD 
LDO 
STO 
LDD 
ADOD 
BCS 
Ct4PO 
BLO 
ADDD 
STD 
LDD 
SUBD 
BCC 
ADOO 
STD 
LDD 
STO 
LDD 
ADDD 
BCS 
U1PO 
8LO 
.!\DOD 
STD 
LDD 
SUBD 
BCC 
ADOD 
STD 
LOD 
STD 

14,X 
24,X 
JMP95 
#65521 
JMP96 
#15 
TMPl 
14,X 
24,X 
JMP97 
#65521 
24,X 
TMP1 
14,X 
16,X 
26,X 
JMP98 
#65521 
J~1P99 

#15 
H1P1. 
16,X 
26,X 
JMP100 
#65521 
26,X 
H1P1 
16,X 
ta,x 
28,X 
JMP101 
#65521 
JMP102 
#15 
TMPl 
18,X 
zs,x 
Jr·1P103 
#65521 
zs,x 
H\Pl 
13,X 

•'• .,. ******************************************************* 
•'• . ,. ·'· .,. OUTPUT REORDERING ... . .. 
* ******************************************************* .... . ,. 

LOX #AX 
LOY . #OUT 
LDo· 'X 
STO ,y 
LDO 12,X 
STO 2,Y. 
LDO 24,X 

D-93 
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·'· .,. 
... . ,. 
•'• .,. 
COEFF 

"'· .,. 
... . ,. 
•'• .,. 
COEFR 

•'• .,. 

STD 4, y. 
LDD 6,X 
STD 6,y· 
L DO .18,X 
STO 8,Y 
LDD zo,x 
STD 10,Y 
LDD z,x 
STO 12,Y 
LOO 14,X 
STD 14,Y 
LDD 26,X 
STD 16,Y 
LOD s,x 
STO lS,Y 
LOO lO,X 
STO zo,v 
LDD 22,X 
STD 22,Y 
LDD 4,X· 
STD 24,Y 
LOD 16,X 
STO 26,Y 
LDD zs,x 
STD 28,Y 

FORWARD TR.ANSFOR~I MULTIPLIER COEFFICIENTS 

FOB 1,16379,13376,19136,18005 
FOB 48647,32759,8192,45457 
FOB 36817,5753,25311,16087,29032 
FOB 8748,23174,43615,1465 

INVERSE TRANSFORM MULTIPLIER COEFFICIENTS 

FOB 61153,5460,18364,46773,20640 
FOB 5493,6552,57331,37975,28122, 
FOB 34561,24521,29504,28641,12521 
FOB 5913,24748,21938 

RAM START ADDRESS $0000 - $3FFF 
Stack is from SFF to $00 

... .... 

., . . ,. 
************************************************************ ., . . .... 

ORG $0100 
STACK R~1B 1 ADDRESS OF THE START OF STACK 
MLTR FOB 0 MULTIPLIER DOUBLE BYTE 
MLTN FOB 0 MULTIPLICAND DOUBLE BYTE 
PROOl FC6 0 32 BIT PRODUCT IS STORED IN 
PR002 FCB 0 PROOl!PR002!PR003:PROD4 
PROD3 FCS 0 
PR004 FCB 0 
TEMP FDB 0 TEMPORARY MEMORY LOCATION FOR 

0-94 
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TEMPl 
TEMP2 
FRO 
TMPl 
TMP2 
CNT 
CNTl 
CNT2 
!NO 
STATUS 
AX 
z 
OUT 
ARRAY 
PADl 
ARYIN 
PAD2 

FCB 
fCB 
fCB 
R t48 
R t'1B 
Rl·18 
R~18 

!H-16 
RMB 
RMB 
RMB 
RMB 
Rl·18 
R t~B 
RMB 
RMB 
Rt~B 

END 

0 
0 
0 
2 
1 
1 
1 
1 
1 
1 
1 
36 
30 
30 
2 
30 
2 

STRT 

0-95 

HOLDING INTERMEDIATE VALUES 

IF FRD=O FORWARD OTHERWISE INVERSE TRANSFORM 

CNT,CNT1,CNT2 ARE USED AS COUNTERS 

USED FOR INDEXING PURPOSES 
CONTAINS COPY OF CONTRL LATCH 
CONTAINS INTERMEDIATE RESULTS 
HOLDS INTERMEDIATE RESULTS 
RESULT OF 15 POINT TRANSFORM FOR VERIFYING 
CONTAINS COPY OF PARALLEL TRANSFORM 0/P 

READS INPUT ARRAY FROM'VDU INTO THIS ARRAY 
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Appendix-£ 

Backplane wiring connections for the parallel microprocessor 
system 
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BOARD NO B - (PROCESSOR 4 5 16) 

SIDE A 

PIN# FUNCTION PROCESSOR# 
1-8 DATA IN 4 5 
9-12 CLOCK 4 5 
13-20 DATA OUT 4 5 
21-24 OUTPUT 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 TRANS~1IT 5 -> 10 5 -> 2 
65-68 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 8 

PIN# FUNCTION 
74 STATUS OUT 
75 SYNC' OUT 
76 SYNC IN 
77 SYSTEI'<I CLOCK 
78 HALT 
79 RESET 
29-61-93 +VCC 
32-64-96 GROUND 

BOARD NO c - (PROCESSOR 6 7 8) 

SIDE A 

PIN# FUNCTION PROCESSOR# 
1-8 DATA IN 6 7 8 
9-14 CLOCK 6 7 8 
15-22 DATA OUT 6 7 8 
23-28 DATA OUT ENABLE 6 7 8 
29-36 TRANSMIT 6 -> 11 6 -> 1 
37-40 CLOCK 6 -> 11 6 -> 1 
41-48 RECEIVE 11 :-) 6 
49-50 CLOCK 11 -> 6 
51-58 RECEIVE 1 -> 6 
59-60 CLOCK 1 -> 6 
61-68 TRANSMIT 7 -> 12 7 -> 2 7 -> 10 
69-74 CLOCK 7 -> 12 7 -> 2 7 -> 10 
75-52 RECEIVE 12 -> 7 
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83-84 CLOCK 12 -> 7 
85..;92 RECEIVE 2 -> 7 
93-94 CLOCK 2 -> 7 

SIDE B 

PIN# FUNCTION PROCESSOR# 
1-8 RECEIVE 10 -> 7 
9-10 CLOCK 10 -> 1 
11-18 TRANSMIT 8 -> 13 8 -> 3 8 -> 9 
19-24 CLOCK 8 -> 13 8 -> 3 8 -> 9 
25-32 RECEIVE 13 -> 8 

.33-34 CLOCK 13 -> 8 
35-42 RECEIVE 3 -> 8 
43-44 CLOCK 3 -> 8 
45-52 RECEIVE 9 -> 8 
53-54 CL·OCK 9 -> 8 

74 STATUS OUT 
15 SYNC OUT 
76 SYNC IN 
77 SYSTEM CLOCK 
78 HALT 
79 RESET 
29-61-93 +VCC 
32-64-96 GROUND 

BOARD NO D - (PROCESSOR 9 10 17) 

SIDE A 

' 
PIN# FUNCTION PROCESSOR#. 
1-8 DATA IN 9 10 
9-12 CLOCK 9 10 
13-20 DATA OUT 9 10 
21-24 OUTPUT ENABLE 9 10 
25-32 TRANSMIT 9 -> 14 9 -> 4 9 -> 8 

33-38 CLOCK 9 -> 14 9 -> 4 9 -> 8 
39-46 RECEIVE 14 -> 9 

47-48 CLOCK 14 -> 9 
49-56 RECEIVE 4 -> 9 
57-58 CLOCK 4 -> 9 
59-66 RECEIVE 3 -> 9 
67-68 CLOCK 8 -> 9 
69-76 TRANSMIT 10 -> 15 10 -> 5 10 -> 7 
77-82 CLOCK 10 -> 15 10 -> 5 10 -> 7 
83-90 RECEIVE 15 -> 10 
91-92 CLOCK 15 -> 10 

SIDE B 

PIN# FUNCTION PROCESSOR# 
1-8 RECEIVE 5 -> 10 
9-10 CLOCK 5 - > 10 
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11-18 
19-20 

74 
75 
76 
77 
78 
79 
29-61-93 
32-64-96 

BOARD NO 

PIN# 
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 

74 
75 
76 
77 
78 
79 
29-61-93 
32-64-96. 

E -

RECEIVE 
CLOCK 

STATUS OUT 
SYNC OUT 
SYNC IN 
SYSTEM CLOCK 
HALT 
RESET 
+VCC 
GROUND 

(PROCESSOR. 11 

SIDE A 

FUNCTION 
DATA IN 
CLOCK 
DATA OUT 
OUTPUT ENABLE 
TRANSMIT 
CLOCK 
RECEIVE 
CLOCK 
TRANSIHT 
CLOCK 
RECEIVE 
CLOCK 
RECEIVE 
CLOCK 
TRANSMIT 
CLOCK 

SIDE B 

FUNCTION 
RECEIVE 
CLOCK 
RECEIVE 
CLOCK 

STATUS OUT 
SYNC our· 
SYNC IN 
SYSTEW CLOCK 
HALT 
RESET 
+VCC 
GROUND 

7 -> 10 
7 -> 10 

12 13) 

PROCESSOR# 
11 12 13 
11 12 13 
11 12 13 
11 12 13 
11 -> 6 
11 -) 6 

6 -> 11 
6 -> 11 

12 -> 7 12 
12 -> 7 12 

7 -> 12 
7 -> 12 

15 -) 12 
15 -> 12 
13 -> 8 13 
13 -> 8 

PROCESSOR# 
8 -> 13 
8 -> 13 

14 -> 13 
14 -> 13 

13 

E-4 

-> 15 
-) 15 

-> 14 
-> 14 
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BOARD NO F - (PROCESSOR 14 15 18) 

PIN# 
1-8 
9-12 
13-20 
21-24 
25-32 
"33-36 
37-44 
45-46 
47-54 
SS-56 
57-64 
65-68 
69-76 
77-78 
79-86 
87-88 

PIN# 
74 
75 
76 
77 
ZY-61-93 
32-64-96 

SIDE A 

FUNCTION 
DATA IN 
CLOCK 
OAT.~ OUT 
OUTPUT EN.ABLE 
TRANSMIT 
CLOCK 
RECEIVE 
CLOCK 
RECEIVE 
CLOCK 
TRANSrHT 
CLOCK 
RECEIVE 
CLOCK 
RECEIVE 
CLOCK 

SIDE 8 

FUNCTION 
STATUS OUT 
SYNC OUT 
SYNC IN 
SYSTEM CLOCK 
+VCC 
GROUND 

PROCESSOR# 
14 15 
14 15 
14 15 
14 15 
14 -> 9 14 
14 -> 9 14 

9 -> 14 
9 -> 14 

13 -> 14 
13 -> 14 
15 -> 10 15 
15 -> 10 15 
10 -) 15 
10 -) 15 
12 -) 15 
12 -) 1 5 

-> 13 
-> 13 

-> 12 
-> 12 

. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

PIN# 
1-8 
17-18 
19-20 
21-22 
23-24 
25-26 
27-28 
29-30 
31-32 
33-34 
35-36 
37-38 

CONTROL SOARD 

SIDE A 

FUNCTION 
DATA OUT 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 
CLOCK 

PROCESSOR# 

1 
4 
1 
10 
13 
6 
9 
12 
15 
3 

11 

E-5 
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39-40 
41-42 
43-44 
45-46 
47-54 
63-64 
65-66 
67-68 
69-70 
71-72 
73-74 
75-76 
77-78 
79-80 
81-82 
83-84 
85-86 
87;..88 
89-90 
91-92 

PIN# 
1-6 
7-12 
13 
14-19 
20 
21 
27 
29-61-93 
32-64-96 

CLOCK 
CLOCK 
CLOCK 
CLOCK 
DATA IN 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT EN-"BLE 
OUTPUT ENABLE' 
OUTPUT EN.~BLE 

OUTPUT EN-ABLE 
OUTPUT EN.ABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 
OUTPUT ENABLE 

SIDE 8 

FUNCTION 
STATUS IN 
SYNC IN 
SYNC OUT 

14 
2 
5 
8 

1 
7 

13 
4 

10 
11 

2 
8 

14 
5 
6 

12 
3 
9 

15 

SYSTEM CLOCK OUTPUT TO PROCESSORS 
RESET TO OTHER BOARDS 
HALT TO OTHER BOARDS 
-9V FOR RS-232 RECEIVER 
+VCC SV POWER FOR ALL BOARDS 
GROUND 

E-6 


