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THE SOFTWARE FOR TREE EXPERIMENTAL TELEVISICN CENTER CCMPUTER
BASED VIDEC SYNTKESIZER 1S DESIGNED TO SATISFY TKEE FOLLGWING CRITERIA.
FIRSTLY», THE SOFTWARE 1S CONCERNED WITH GRAPKIC DESIGN AND COMPOSITION
SECCNDLY, TRE SGFTWARE WILL BE ABLE TO ANALYZE AND SYNTHESIZE IMAGES.
AND FINALLY, THE SOFTWARE PROGRAM WILL REPROUGGRAM ITSELF IN RESPONSE
TC EXTERNAL STIMULAE. IN OGRDER TOG MEET THESE CRITERIA THE PRUGRAM MNMUST
BE REAL-TIME AND INTERACTIVE. THE ARTIST WILL CREATE IMAGES AND
SEQUENCES OF IMAGES IN DIALCGUE WITE TEE PROGRAM. ‘

IN WRITING THE SOFTWARE I HAVE WORKED FROM THRESE DEFINITIONS.
THE VIDEOC SYNTFESIZER IS A GROUP OF PRUGRAMMABLE MOUDULES FOR CREATING
IMAGES. TEE COMPUTER PROGRAMS THEHE MCDULES COMPRISING TEE SYNTHESIZER.
THE IMAGE CONTAINS BOTE TEMPURAL AND SPATIAL INFORMATION WHEICE GONCERNS
TEE ARTIST AND THEE PROGRAMMER. THE IMAGE IS RESURRECTED EVERY FIELD

( 1762 SEC ) AND TEIS BECGMES TEE TIME-BASE FCR THE PRUGRAM. NEW CONTROL

PARAMETERS ARE TRANSFERRED TO THE SYNTHESIZER MODULES EVERY FIELD.
A COMMON MISTAKE IN DEVELCOPING NEW PROGRAMS IS TO BORROW FROM
AND TG IMITATE RELATED MEDIA SUCK AS ELECTRONIC MUSIC. I AM INCLUDING

IN THE PROGRAM COMMANDS TO EFFECT TEE ELEMENTS AND ATTRIBUTES OF GRAPEIC

DESIGN SUCE AS:

1« CREATING POINTS LLINES AND BASIC SEAPES

Z« CREATING TEXTURES

3. DEFINING AREAS AND BOGUNDARIES

4s DEFINING OBJECT/FIELD RELATIONSEIPS

5« GONTROLLING VALUE, LUMINENCE AND CONTRAST

6 CONTRCLLING CEROMA, SATURATIOGN AND HUE ,
‘7« CREATING SEQUENCES GF IMAGES., TIMING PATTERNS
&. CONTROLLING DENSITY

Ge CONTRCLLING BALANCE AND SYMMETRY

1¢. CONTROLLING DEPTE., SCALE AND PRGPGRTION

i1. CREATING FCGCAL PGINTS

12« CREATING HARMONY, REYTEM AND COUNTERPGINT

13« CREATING MOTICGN: TRANSLATIGN, ROTATION. WARPS. ETC.

THIS PECULIAR APPROACE TC DESIGNING SCFTWARE IS NECESSARY IN
CRDER TO DEVELCP A PROGRAM USEFUL TO TEE ARTISTS; A PRUOGRAM THAT SPEAKS
THE ARTIST'S LANGUAGE. TEE TASK IS NGT AS HOPELESS AS IT APPEARS3 TEHE
SOFTWARE DESCRIBED SU FAR RUNS ON EIGE SCHOGL MATEEMATICS. IT DEPENDS
N THEE DEVELCUPMENT OF SPECIALIZED KARDWARE TG CONTROL YARIGUS ASPECTS
OF THE IMAGING PRUCESS AND TG ANALYZE REAL AND PRERECGRDED IMAGES.
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USING SPECIAL PRGGRAMS AND PROGRAMMING TECENIQUES, TKE COMPUTER
WILL BE ENDOWED WITE A MINIMAL 1.Q. OGN TEE ARTIFICIAL INTELLIGENCE
SCALE. THE COMPUTER WILL NGT RESPOUND IN A TOTALLY PREDICTABLE WAY. TEE
LEGREE OF UNPREDICTABILITY IS DETERMINED BY THE ARTIST.

ENCLCSED WITH THIS REPCGRT IS A FIRST ATTEMPT AT A PRGGRAM GF
TEIS TYPE. THE IMAGING PRGCESS IS CCNTROGLLED EITHER NUMERICALLY AS IN
DUN MCARTHUR'S XY GENERATOR, OR WITHE DIGITAL TO ANALGG CONVERTERS.
IMAGES ARE ANALYZED USING TEE ANALGG TO DIGITAL CONVERTERS. FINALLY.,
THE ARTIST AND THEE COMPUTER CCGNVERSE USING THE TELETYPE AND THE REAL-
TIME INTERFACE.

THEE PROGRAM PCGLLS A SET OF DATA BUFFERS ( RESERVED AREAS OF
COMPUTER MEMORY ) EVERY FIELD. EACH DATA BUFFER CONTROLS A PARTICULAR
HARDWARE MGDULE. TEE DATA IN TEE BUFFERS IS TIME DEPENDENT ALLOWING
FOR THE CREATION GF CUMPLEX TIMING PATTERNS USING THE FIELD AS TEE
BASIC TIME UNIT.

AT PRESENT ONLY THE SIMPLEST CONTRGL PARAMETERS ARE PRUGRAMMED.
I AM MODIFYING TEE PROGRAM TU ACCEPT TELETYPE INPUT IN REAL-TIME.

TEIS WILL ALLOW THE ARTIST TO TALK TG TEE PRCGRAM AND TO SYNTEESIZE AND
MCDIFY IMAGES AS THEY ARE BEING GENERATED.



CEAPTER £ - DESCRIPTICN GF MAIN PROUGRAM
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2.1 HARDWVARE CONFIGURATION
Ak 3 3 26 o ook ok o ok R o o o o ok o o o ok

TEE FIRST PRUGRAM WAS DEVELGPED FOR WGODY VASULKA WHO USES
AN LSI-11 MICRGCOMPUTER INTERFACED TO VIDEG SYNTHEESIS MCDULES INCLUD-
"ING DIGITAL TC ANALGG CGNVERTERS ( D/A'S ), ANALGG TO DIGITAL CGNVERTORS
¢ A/L'S ), DON MCARTEUR'S MODULES DESCRIBED ELSEWEERE IN TEIS REPGRT.
JEFF SCHIER'S ALU MODULES AND GECRGE BROWN'S MULTIPLE LEVEL KEYER.

TEE D/A'S AND A/D'S ARE CGNTROLLED TERGUGHE FGUR WGRDS IN
MEMORY AS FCLLOWS: o

I. LEWSTA STATUS WCGRD 16777¢

. LEwWCUT CUTPUT WORD 167772
3. LEWIN INPUT WORD 167774

4+« LEWCEA CHANNEL ALDDRESS 167776
- A

MCARTHUR'S MODULES ARE COGNTROLLED TERCUGE TEE BUFFER MEMCORY
WHKICKE APPEARS AS NURMAL MEMORY TO THE PROGRAM. ANY LGCATION IN BUFFER
MEMORY CAN BE READ IN OR WRITTEN TG» AND ARITEMETIC AND LGGIC GPERATIONS
CAN BE PERFORMED TEEREUPON. TRIS TECENIQUE OF "™ MEMORY-MAPPED I/0C "
MAKES THEE PROGRAMMER'S LIFE MUCE EASIER AND BESIDES IT'S QUICK; IMPORT-
ANT BECAUSE ALL MODULES MUST BE UPDATED IN LESS THAN 1/62 SEC. CONTROL
WORDS FOR MCARTHEUR'S AND SCEIER'S MOUDULES ARE LOCATED IN THE UPPER
REACEES OF MEMCRY AS FOGLLOWS:

1. DONGUT RED 16:1 SELECT 171042
e« DONOQUT+Z GREEN 16:1 SELECT 17124z
3« LONOUT+4 BLUE 16:1 SELECT 171044
4. DONGUT+6 INVERSIOGN REGISTER 17146
5« LEDS LED DISPLAY 17151¢
6+« DONIN REAL TIME INPUT 171622
7. DONSTA STAUS REGISTER 171776
€. JEFOUT RED ALU 17110€Q
G« JEFOUT+Z GREEN ALU 171122
1€« JEFGUT+4 BLUE ALU 1711¢€4
PAGE 3



2«2 INITIALIZATION
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2+2¢1 GLOBALS AND SYSTEM MACRGS
3ok ok oo o ok ook 3o o o o oK o oo ok K oo o

THE FIRST STEP IN THE PRGGRAM IS TO INITIALIZE TEE MOGDULES ONE
BY ONE SETTING EACH TC ITS NOGRMAL DEFAULT CONDITION. HOWEVER THERE'S A
LITTLE HOUSEKEEPING TO BE DGNE. TEE TABLES AND DATA BUFFERS ARE DECLARED
AS GLOBAL VARIABLES WHIGE ALLOVS TEEM TO BE ASSEMBLED SEPERATELY FROM
TEE MAIN PROGRAM. THIS IS5 DONE WITKE THE FOLLOWING STATEMENT:

+GLOBL TABLES,EBUF,DBUF

MORE ABGUT THESE TABLES AND DATA BUFFERS IN CHAPTER 3. NEXT THE
SYSTEM’MACROS ARE INVCKED WITE TEE FOLLOWING STATEMENTS:

1 BEGIN: oMCALL ++VZ..s sREGDEF,+EXIT
2) ,.vz,.
3) +REGDEF

THE LINKING LOADER TO IDENTIFY THE
THIS IS DONE USING TEIS STATEMENT AT

THE LABEL BEGIN IS USED BY

ENTRY POINT TO THE MAIN PROGRAM.
TEE END OF THE PROGRAM:
« END BEGIN

TEE +¢VZ.. MACRG IDENTIFIES THE MOGNITGR SYSTEM USED BY THE LSI-
11« THE .REGDEF MACR(G DEFINES THE'LSI-IITS INTERNAL REGISTERS USING ‘

TWO CHARACTER MNEMONICS AS FOLLOWS:
l« RZ GENERAL PURPGSE REGISTER ¢
€+ RI! GENERAL PURPGSE REGISTER |
3. RZ GENERAL PURPGSE REGISTER 2 -
4« R3 GENERAL PURPGSE REGISTER 3
S5+ R4 GENERAL PURPGSE REGISTER 4
6« RS5 GENERAL PURPOSE REGISTER 5
7+ SP STACK POINTER REGISTER 6
€+ PC PRUGRAM COUNTER REGISTER 7



€eZ2.Z DIGITAL TG ANALGG CONVERTERS
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NOwW WE:RE READY TO INITIALIZE TEE D/AfS WHICK 1S ACCOMPLISHED

THUS :

D MOV 1222¢C, € 4LEVOUT
2) MOV #17,Re

3) BGN1:  DEC 104

4) | MOV RZ.€#LEWCEA

£) TST RE

6) BEQ BGN]

THE FIRST LINE OF COGDE MOGVES THE OCTAL NUMBER 102¢€¢ TO TEE
OUTPUT WGRD IN MEMGRY WEICE CONTROLS THE D/A'S. THIS CAUSES THE D/A
TO CUTPUT A CONSTANT ZERU VOLTS ¢ +1¢V= 1777¢¢ AND =-1@V= ¢ ). TEE
PREFIX # DEFINES A REAL NUMBER. AND THE PREFIX @# DEFINES A LOCATION:
IN MEMORY. HOWEVER THEE DATA TRANSFER IS NOT CONSUMMATED UNTIL TEE D/A
CEANNEL IS ADDRESSED TEROUGH THE CHANNEL ADDRESS WORD. TEERE ARE & D/A
CEANNELS NUMBERED ¢~7. THEREFORE WE SET REGISTER ¢ EQUAL TO 8, OR OCTAL
1¢ (LINE 2). THEN WE COUNT DOWN REGISTER ¢ WITE A LGOP ( LINES 3,5 AND
6 ) AND AT THEE SAME TIME ENABLE THE D/A'S BY MOVING TEE CONTENTS OF
REGISTER ¢ TG THE CHANNEL ADDRESS WORD ( LINE 4 ).



2.2+3 BUFFER MEMORY
A AR Ak R Rk K

AND WE INITIALIZE TEE BUFFER MEMORY AS FOLLOWS:

1) MGV #DONGUT,RE

2 CLR (REZ O+
3) CLR (REZO+
4) - CLR (RZI+
S CLR (REZ)+
6l MOV # EFQUT,RE
7 CLR (rgI+
) GLR (RZO+

S CLR (RZ )+

THIS CODE USES THE AUTO-INCREMENT MCDE OF ADDRESSING (R)+ .
LINE 1 MOVES #DCNOUT ¢ 171€42 ) INTO REGISTER €. THEN WE CLEAR TEAT
MEMORY LGCATION AND ADD +Z2 TC REGISTER ¢ WEICH NOW POINTS TO THE NEXT
WGRD IN MEMCRY ( LINES £-5-J« THIS SETS THE RED, GREEN AND BLUE 16:1
SELECT CHEANNELS TO BLACK AND THE INVERSION REGISTER TC NORMAL OR NON-
INVERTING. SIMILARLY TEE ALU'S ARE SET TO PASS RED »GREEN AND BLUE
RESPECTIVELY ( LINES 6-5 ). ~



}

(

2e¢2.4 DATA BUFFER CONTRGL
Rk kR kR Rk R Rk R KK kKR

THE MAXIMUM NUMBER OF DATA BUFFERS IS SET:
MOVB f2¢, TMRY

THAT IS, THE PROGRAM TOLERATES NO GREATER TEAN 16 BUFFERS
(¢ GCTAL 22 )« THEIS FACT 1S RECORDED IN THE BYTE LABELLED TMRY.
EACE DATA BUFFER IS ASSOCIATED WITH FOUR PARAMETER WORDS AND
THESE 64 WORDS ( 4%64 ) ARE KEPT IN THE PARAMETER BUFFER PBUF. WE
INITIALIZE THIS BUFFER AS FOLLCGUS:

1 MGV {PBUF,RE
) SUB t12.RC

3) - BGNZ:  CMPE TMRXs TMRY
4) BPL TMR

5) INCB TMRX

6) ADD {12,RE

7 CLR (RZ)

gy MOV 11,2(RE)
$) MOVE TMRX» R1
12) ' DEC R}

11) SWAB RI

12) ADD # DBUF» R
13> MOV R1,4(RE)

14) GLR 6(RE)
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15 BR BGNE

16 PBUF: e=.4200

AGAIN WE USE A LOOP; WE SET REGISTER ¢ TC THE LGCATION OF
PBUF ( LINES 1 AND 2 ). NOTE PBUF IS CREATED BY CAUSING THE PRGGRAM
COUNTER ¢ « ) TO SKIP OVER 64 WORDS OUF MEMGRY ¢ LINE 16 ) THE LGCOP
1S CONTROLLED BY TMRX AND TMRY. TMRX COUNTS UP TO TEE MAXIMUM NUMBER
GF DATA BUFFERS, THEEN A BRANCK TG THE NEXT BLOCK OF CUDE IS EXECUTED
( LINES 354-5 AND 15 ). THE FGUR PARAMETER WORDS ARE:

1« TIMING CCUNTER
€. TIMING INTERVAL
3« POINTER TC DBUF
4« DATA WORD

THE FIRST WORD IS CLEARED ( LINE 7 ). THE TIMING INTERVAL IS SET
T0 A SINGLE FIELD ¢ LINE € ). NEXT ADDRESS OF THE DATA BUFFER IS CALCU-
LATED AND PUT IN THE TEIRD WGRD ( LINES $-13 ). THERE ARE 16 DATA
BUFFERS EACK CONTAINING 128 WOURDS. TEEREFOR THE POCINTER IS SET INITIALLY
AS FOLLOWS: ‘ ’

PUINTER= #DBUF+(Z256%(TMRX-1))

TEIS FORMULA 1S CODED FROM RIGHT TO LEFT. IN LINE ¢ TMRX IS
MGVED INTCG REGISTER 15 THE DECREMENT INSTRUCTICN IN LINE 1¢ SUBTRACTS
I FROM TEE REGISTER; THEE SVAP BYTE INSTRUCTION IN LINE 11 EFFECTIVELY
MULTIPLIES THE REGISTER BY 256 ( EQUIVALENT TO & LEFT SEIFTS )5 DBUF IS
ADDED TG REGISTER 1 IN LINE 12 AND FINALLY IN LINE 13 THEE RESULT IS
STORED IN THE PARAMETER BUFFER USING THE INDEXED ADDRESSING MODE
X(R) THE CONTENTS OF TEE REGISTER PLUS THE INDEX PRODUCE THKE EFFECTIVE
ADDRESS »



L,

€+3 -TIMING ROUTINE
Ak 2 o 0 ok K ok o ko ok

€+3«1 INTERRUPT SERVICING
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FRCM EERE WE GO TG TEE TIMING RGUTINE ( TMR ). THEIS RGUTINE EN-
ABLES TEE 1/6¢ SEC INTERRUPTs AND EVERY 1/6¢ SEC POLLS TEE PARAMETER
BUFFER CHECKING FOR TIME OUTS ( TIMING COUNTER EQUAL TIMING INTERVAL ).
IF A DATA BUFFER TIMES GUT A BRANCE TO TEE NEXT BLGCK GF CODE IS
EXECUTED. ‘ '

TEE BUFFER MEMORY TRANSFERS DATA TG TEE MGDULES DURING TEE
VERTICAL INTERVAL BETWEEN EACE FIELD OF VIDEG. THEN THE BUFFER MEMORY
GENERATES AN INTERRUPT TELLING TEE COMPUTER TC GET WORKING ON DATA FOR
TEE NEXT FIELDe. TEIS INTERRUPT IS ENABLED OR DISABLED WITKE THE STATUS
WORD DONSTA. IF TEE STATUS WORD EQUALS | TEE INTERRUPT 1S ENABLED; IF
¢ TEE INTERRUPT IS DISABLED. S0 MUCRK FOR TEE BUFFER MEMORYS THE LSI-11
FANDLES INTERRUPTS THUS. THE COMPUTER INTERRUPTS ITS NCRMAL FLOW GF
CPERATIONS AND AS A PRECAUTION PUSEES THEE CURRENT PRCGRAM COUNTER ( PC
OR REGISTER 6 ) AND THE PROGRAM STATUS WGRD ( PSW ) ONTO TEE STACK. TEE
STACK PUGINTER ( SP ) IS DECREMENTED BY 4. THEN THEE CCMPUTER GOES TO A
PREDETERMINED LOCATION IN MEMORY ¢ IN TEIS CASE LGCATICN 17¢ ) AND USES
THE CONTENTS AS THEE NEW PRGGRAM COGUNTER ( PC ). EXECUTION BEGINS ANEVW
FRCM TEE LGCATION PGINTED TG BY €#17¢. USUALLY TEIS IS AN INTERRUPT
SERVICE ROUTINE,» HCWEVER 1 BAVE TAKEN & SHGRTCUT AS EXPLAINED BELGW.:

1" TMR: MOV {TNR1, 84172
2> GLRE  TMRX

H ING € /DONSTA

4) | BR .

5) TMRI:  CLR €4 DONSTA

6) ADD 43P



IN LINE | WE PREPARE FGR THEE INEVITALBLE INTERRUPT BY LOADING
LOCATION 17¢ WITH THE LCCATION #TMRI; THE LGCATIQON WEERE WE WILL RESUME
EXECUTION. NEXT TEE BUFFER COUNTER ( TMRX ) IS CLEARED AND TEE INTER-
RUPT IS ENABLED ( LINES 2 AND 3 )« WE WAIT FOR TEE INTERRUPT BY EXECUT-
ING THE BRANCE INSTRUCTION ON LINE 4. FOLLGWING THE INTERRUPT WE RETURN
TC LINE 5 AND DISABLE FURTHER INTERRUPTS BY CLEARING TEE STATUS WORD IN
THE BUFFER MEMORY. THEN IN LINE 6 WE DO SOME ECUSEKEEPING, RESTORING
TEE STACK POINTER ¢ SP ).
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2.3.2 POLLING THE DATA BUFFERS
33 2k 3 oK ok o 0 oK o o ok 3K 0K K e ok ok ok ko

WE ARE NOW READY TG POLL TKE DATA BUFFERS:

1 MoV /PBUF,RE
£) SUB £125R0
3)  TMRZ: CMPB TMRX, TMRY
4) BPL THMR
5) INGE  TMRX
6) ADD 1125 RGC ‘
7 | MOVE TMRX»,RE
& DEC RE
$) ADD # EBUF, RS
12> TSTE (RZ)
11) BEQ TMRZ
12) ING (RC)
13) cmp (RO
14) BLE TMREZ
15) TMR3:  CLR (RE)
16) JSR PC. INT
17> BR TMRZ
18) TMRK:  +BYTE @
19) TMRY:  +BYTE €.
PAGE 11



AGAIN WE FAVE A LOOP SIMILIAR TO TEE LOGOP USED TG INITIALIZE
TEE PARAMETER BUFFER. LINES | AND 2 LCAD REGISTER ¢ WITH #PBUF-~8. IN
LINE 3 TEE COUNTER TMRX ( INITIALLY ¢ ) AND THE NUMBER OF BUFFERS TMRY
ARE COMPAREDe ASSUMING ALL THEE BUFFERS WERE CHEECKED WE BRANCKE BACK TOC
WAIT FOR TEE NEXT INTERRUPT ( LINE 4 ). OTHEERWISE WE INCREMENT REGISTER

¢ BY 8 ( LINE 6 ) AND CEECK THE ENABLE BUFFER ( LINES 7 TC 1€ ). IF THE .

BUFFER IS DISABLED ( THE CONTENTS OF LGCATION ¢EBUF+(TMRX-1) EQUAL € )
WE BRANCH BACK TO TMRZ ( LINE 11 ). IF THE BUFFER IS ENABLED TEE TIMING
COUNTER IS INCREMENTED ( LINE 12 ) AND COUMPARED WITE TEE TMING INTERVAL
¢ LINE 13 ). IF THE COUNTER IS LESS TEAN OR EQUAL TO TEE INTERVAL WE
BRANCE BACK TU TMRZ ( LINE 14 ). OTHERWISE WE CLEAR THE TIMING COUNTER
AND JUMP TO TEE INTERPRETER ROUTINE ( LINES 15 AND 16 ). UPOGN RETURNING
FROM THE INTERPRETER ( LINE 17 ) WE BRANCE BACK TO TMRZ COMPLETING TEE
TIMING ROUNTINE. LINES 18 AND 16 RESERVE SPACE IN MEMGRY FOUR TEE

BUFFER COUNTER TMRX AND TEE NUMBER OF BUFFERS TMRY.
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2«4 TEE INTERPRETER
3K o o o o Aok o o 3 ok ok ke ok ok ok

2+4.]1 SUBROUTINE CROSS-REFERENCING
Aok b 2 e o o 3 o ok ok e ok ok 3 3K oK ok ok o o ke ok ok ok ok o ok K

TEE INTERPRETER READS A COUMMAND WCGRD FROM THE DATA BUFFER AND
USES TEIS WORD TO CREATE A SPECIAL JUMP SUBROUTINE INSTRUCTION. TEE
SUBROGUTINE IN TURN EXECUTES THE COMMAND READING ADDITIGNAL DATA WORDS
FROM THE BUFFER AS REQUIRED.

1 INT: MOV 4(RZ),RI
a? | MOV (R1)+,RE
3) ASL RZ

4) ADD # JBUF,RE
5) | MOV (RE),RZ
63 SUB #INT1,RE
& MOV RZ, INT1-2
&> CLR RS

) JSR PC,EXIT
12) INTI: MOV  Rl1,4(R@)
11) TST RS

12) ‘ BEGQ INT

13) RTS PC
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REMEMBER THEAT REGISTER € CONTAINS TEE ADDRESS GF THE FIRST
PARAMETER WORD CONTROLLING THE DATA BUFFER. IN LINE | TEE DATA POINTER
4(RZ)> 1S MOVED TO REGISTER 1. TEEN THE COMMAND WORD (Rl>+ IS MOVED
FROM THE DATA BUFFER TG REGISTER 25 AND TEE DATA PGINTER IN AUTG-INCRE-
MENTED ( LINE £ ). THE JUMP SUBROUTINE TFROUGE THE PROGRAM COUNTER IN-
STRUCTICN ( LINE & ) IS DECOUDED BY THE ASSSEMBLER AS TWO WORDS - ¢r4767,
XKXXXXX. TEE FIRST THREEL DIGITS OF THE FIRST WORD (€f4) INDICATE A JSR
INSTRUCTION. THE FOURTE DIGIT (7) INDICATES THAT REGISTER 7 ( PC ) WILL
BE THE LINKAGE PUINTER. TEE FIFTE AND SIXTH DIGIT REPRESENT THE DESTI~-
NATICN, TRE FIFTHE DIGIT SPECIFIES TEE INDEX ADDRESSING MODE AND TEE
SIXTE DIGIT INDICATES THAT THE INDEX VALUE FOLLOWS TEE INSTRUCTICN.

THE INDEX VALUE PLUS TEE PRUGRAM COUNTER EQUALS TEE DESTINATION ADDRESS-
IN LINES 3 - 6 TEE INDEX VALUE IS CALCULATED USING THESE FORMULAE:

INDEX = SUBROUTINE ENTRY PT-#INTI
SUBROUTINE ENTRY PT = #JBUF+(ZxCOMMAND WORD)

TEE INDEX VALUE IS MOVED TC LGCATION INT-2 ( LINE 7 ). REGISTER S IS A

DONE FLAG SET FOLLOWING TKE COUTPUT COUMMANDs, IT IS CLEARED INITIALLY

( LINE & >« TEE JUMP SUBROUTINE INSTRUCTION IS EXECUTED ¢ LINE 9 J. THE
PROGRAMEXECUTES THE APPROPRIATE SUBROGUTINE, AND RETURNS TO RESTORE TEE

DATA BUFFER PCINTER ( LINE 1€ )« THE DONE FLAG ( R5 ) IS TESTED ( LINE

11 )5 IF ZEROG THE PRUGRAM BRANCHES BACK AND READS THE NEXT CUMMAND WORD
( LINE 12 ), OR RETURNS TO THE TIMING ROUTINE ( LINE 13 ).

A CROSS-REFERENGCE TABLE JBUF FOLLOWS THE INTERPRETER. THE ENTRY
POINTS FOR THE SUBROUTINES ARE STORED SEQUENTIALLY AND ARE ACCESSED
WITH THE COMMAND WORD.
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2«5 TIMING CONTROL SUBRGUTINES
Ao o o oo kR A o A ok Rk ok R Rk R ek kK

€¢5+.1 SET THE TIMIMG INTERVAL
A6 o 0 o o o o o o ok oo o 2 o o ok o o ok ok o

COMMAND WORD @¢¢ SETS THE TIMING INTERVAL ( SECOND WORD ON TEE
PARAMETER LIST ) EQUAL TO THE NEXT WORD IN THE BUFFER.

1 SUB¢Z: MOV (RIJ+,2(RE)
2) RTS PC

2+5.2 ADD TO TRE TIMING INTERVAL
ek 3k 3 0 3 o 3 2K o ok o3 ok e ok ok 3 o 3K o ok 3 ok o ok ok 3k oK K K

COMMAND WORD €1 ADDS THE NEXT WORD IN THEE DATA BUFFER T O THE
TIMING INTERVAL.

1 SUBZ1: ADD (R1)Y+,2(REZ)
e RTS PC

2¢5¢3 SUBTRACT FROM THE TIMING INTERVAL
Hob o ok ok ok A AR RO o ok kR ok o kR ok ok ok ok ok

COMMAND WORD €2 SUBTRACTS THE NEXT WORD IN THE DATA BUFFER FROM
THE TIMING INTERVALf ‘ ‘

N SUBCS: SUB (RI)+,£(RE)
2) _ RTS PC

2¢5.4 COMPLEMENT THE TIMING INTERVAL
3o ok o o AR ok o o 2 ok Kok R KK KK R Rk Rk kR

COMMAND WORD ¢3 COMPLEMENTS THE TIMING INTERVAL, EQUIVALENT TGO
177777- TIMING INTERVAL.

1) SuBZ3: COM Z2(RE)

2) RTS PC
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Ze5+5 SHIFT TEE TIMING INTERVAL RIGET
scafe 2 3 o e o 3 e 2k o ok 3 3 3 ok 2 3 e 3 o ok o ok o oK ok ok o o of ok o ok 3 ok ok

CUMMAND WORD 24 SEIFTS TEE TIMING INTERVAL TO THE RIGET, TEE
MOST SIGNIFICANT BIT ( BIT 15 ) 1S CLEARED., EQUIVALENT TO TIMING
INTERVAL/Qf” ' ' ’

1 SUBZ4: CLC
2) ROR Z(RE)
3? RTS PC

2¢S¢6 SHIFT THE TIMING INTERVAL LEFT
2 3 3 ok o e o6 o 3 o 26 3 o o o o K ok o o ok ok 2k 3K ok o o ok ok ok ok ok ok ok

CUMMAND WGRD ¢5 SKIFTS THE TIMING INTERVAL TG THE LEFT, THE
LEAST SIGNIFICANT BIT ( BIT ¢ ) IS CLEARED, EQUIVALENT TG 2% TIMING
INTERVAL. - ‘

1 SUBZS: CLC
2) ' ROL 2(RE)
3) ' RTS PC

‘ COMMAND WOURDS €6 AND €7 ARE NOT USED» TEEREFORE TEEY ARE CROSS-
REFERENCED TG TEE ERROR ROUTINE ERR IN JBUFf
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2.6 DATA CGUT SUBRGUTINES
A o o Aok o o 2 ok o o ok ok ok ok ok ok ko ok

Z+6+1 SET THE DATA WCRD
Sk 3 2 s 2k ok o 3k ok 2 3 o o o ok ok ok ok Aok A ok

COMMAND WORD 1¢ SETS THE DATA WORD ( FOURTE WORD IN THE PARA-
METER LIST ) EQUAL TO TEE NEXT WORD IN TEE DATA BUFFER.

1) suBlg€: MOV (R1J)+,6(RZ)
27 RTS PC

2+6+.2 INCREMENT THE DATA WGRD
Ak e ok ook kKR ok o ok ok sk ok ok

COMMAND WCRD 11 INCREMENTS THE DATA WORD, EQUIVALENT TG DATA

WORD+1.
1) Susll: INC 6C(RE)
) RTS PC

2+6+3 DECREMENT THE DATA WORD
*iti**************t*******§***

COMMAND WORD 12 DECREMENTS THE DATA WORD, EQUIVALENT TO DATA
WRD- l .

D SUBIZ: DEC 6 (RE)

2) RTS PC
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2+6+4 ADD TC TEE DATA WORD
ok 3 oo 3ok 0 ok A Rk K kR Rk

COMMAND WCGRD 13 ADDS TEE NEXT WORLD IN THE DATA BUFFER TG TEE
IaTA WORDe.

1) SUB13: ADD (R1JX+, 6(RED
a) RTS PC

2e6+5 SUBTRACT FROM THE DATA WORD
A kb kA k ok ki k o kok Rk ko kok ok kok Kk

CCMMAND WORD 14 SUBTRACTS THE NEXT WORD IN THE DATA BUFFER
FROM THE DATA WORD.

i) SUBl4: SUB (R1)+,6(RED
2) RTS pC

2¢6¢6 COMPLEMENT TEE DATA WGRD
e 26 o 246 2k ok 2 o ¢ i 3 3 o o e ok 2 o A 0 A oK ok ok ok ok ok ok ok

COMMAND WORD 15 COCMPLEMENTS THE DATA WORD, EQUIVALENT TG
1777T77-DATA WORD: ' ' :

1) SUB15: COM 6(REZ)

2) RTS PC
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2+647 SHEIFT THE DATA WOGRD RIGET
A6 2 A o ok 2 2 3K O o ok A 3k o e a0k o e o 36 o o oK K

COMMAND WORD 16 SEIFTS TEE DATA WORD TO TEE RIGHT» TEE MOST
SIGNIFICANT BIT ( BIT 15 ) IS CLEARED, EQUIVALENT TO DATA WORD/Zf

BIT N BECOMES BIT N-Il

15 '4
T .o - .- +
~> BIT ¢ DROPPED
tremcccmr s s e e c e —— - +
D SUBI6: CLC
e ROR 6(RE)
3 RTS PC

Ce6e8 SHIFT THEE DATA WORD LEFT
3 o 356 K o a0 ok 3 ok o 3 3k ok ok ok o ok e ok ok ak ok 3 ok ok ok kK

COMMAND WORD 17 SHIFTS THE DATA WORD TO THE LEFT, THE LEAST
SIGNIFICANT BIT ( BIT ¢ ) iS CLEARED, EQUIVALENT TO 2% DATA WORD.

BIT N BECGMES BIT N+l

15 4
tomnnccm et e ———— +
<= ‘ BIT 15 DROPPED
toemm—— e e m—e e ———————— +
1) SUB17: CLC
2) ROL 6(REZ)

3) ) RTS PC
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Z2¢6¢9 ROTATE TEE DATA WORD RIGHT
oK 3 o 2 3 ok o 3k 3 3 38 3 ok 3 ook 6 o ok o ok o 3k o ok ok ok ok ok

COMMAND WORD 2¢ ROUTATES TEE DATA WORD TO THE RIGET, SHIFTS
THE BITS RIGHT AND TEE LEAST SIGNIFICANT BIT ( BIT ¢ ) IS ROTATED
ARQUND TG BECOME THE MOST SIGNIFIGANT BIT ¢ BIT 15 de '

15 4
o - - - - - +
-> -> BIT ¢ BECOMES BIT 15

- - - - - - +
1 SUBZZ: MOV 6(RZ),RE
2) ROR RE
3> ROR 6(RE)
4) RTS PC

£¢6+1¢ ROUTATE TEE DATA WORD LEFT
Aok ok 3 ok e ok e 3ok o 3 o ook o o o ak 2 o ok ok ok ok o ok 3K ok ok

COMMAND WORD 21 ROTATES THE DATA WORD TO THE LEFT, SHEHIFTS THE
BITS LEFT AND TEE MOST SIGNIFICANT BIT ( BIT 15 ) BECOMES THE LEAST
SIGNIFICANT BIT ( BIT € Yo~

15 4
L T TP, + » _
<= <- BIT 15 BECGMES BIT ¢
e +
1 SUBZ1: MOV 6(RZ),RE
2) | ROL RE
3 ROL 6 (RE)
&) RTS PC
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26411 BIT CLEAR WITH DATA WORD
K o6 o oo 3 20 3 o 3R o 3 b 3 o ok ok ok ok ak ok 3k ok ok ok

COMMAND WORD ZZ TAKES TEE NEXT WORD IN THE DATA BUFFER AND
CLEARS EACH BIT IN THE DATA WORD WHICHE CORRESPONDS TO A SET BIT IN THEE
FORMER, EQUIVALENT TO:

DATA WOURD= NEXT WORD IN BUFFER DATA WORD

NEXT WORD IN BUFFER g eee el 212 €11 10¢€
DATA WORD g eee eg1 eg1 221 el
DATA WORD g eee eee @1 C1¢ 121
1 suBzZ: BIC (Rl)faé(ﬁ?)
2 RTS PC

2+6¢12 BIT SET WITE DATA WORD
e 3 3 3 3 2 o o o ok o o e ok 3 o ok 3k ok 3 3 o 2k Aok o 3K

COCMMAND WORD 23 TAKES THE NEXT WORD IN THE DATA BUFFER AND SETS
" THE COGRRESPONDING BITS IN THE DATA WORD, EQUIVALENT TO:

DATA WORD= NEXT WORD IN BUFFER DATA WORD

NEXT WORD IN BUFFER ¢ e€¢ eel eig e11 120

DATA WORD , ¢ eZee ee1 e¢l eel ¢

DATA WORD g gz ee1 €11 211 121
1) SuBE3: BIS (R1J2+,6(RED

&) RTS PC
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£.6+13 XOR WITHK DATA WORD
ok 2 3 e o o 3 o oK ok 6 o o o ok ok ko ok ok ok oF

COMMAND WORD 24 TAKES THE NEXT WORD IN THEE DATA BUFFER AND
EXCLUSIVE OR'S IT WITE THE DATA'VGRD,

NEXT WORD IN BUFFER ¢ eee ¢e1 ¢1¢ €11 1¢¢
DATA WORD ¢ eze g1 ee1 21 271
DATA WORD ¢ eee eee g1 1z 12

1 SUBZ4: MOV (R1)+,RE

.€) - XGR REs6(RE)

3 RTS PC

COMMANL WORDS 25, 26 AND £7 ARE NOT USED, THEREFOGRE THEY ARE
CROSS-REFERENCED TG THE ERRCR ROUTINE ERR IN JBUF.
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2.7 DATA IN SUBRQUTINES
3k ok ok 2k o b o6 3k ok e o o s ok o o o R ok ok ok oF

2¢7.1 INPUT DATA WORD
e 3 2 ok o 3 2 3 3 ook o oK oK sk o ok ok 3K ok

COMMAND WORD 3¢ CALLS THE INPUT ROUTINE AND SETS THE DATA WORD
EQUAL TO INPUT DATA ¢ IN REGISTER £ ).

1D SUB3Z: JSR PG, IN
2) : MOV RZs 6(RE)
3) RTS PC

2.7.2 ADD INPUT TO DATA WORD
Ak 3k o o o ok ok ok 3k ok ok Ak ok

COMMAND WORD 31 CALLS TEE INPUT ROUTINE AND ADDS THE INPUT DATA
TC TEE DATA WORD.

1 SUB31: JSR PC, IN
£) ADD RZs 6(RC)
3 RTS PC

Z.7.3 SUBTRACT INPUT FROM DATA WORD
********{k***************************

COMMAND WORD 32 CALLS THE INPUT ROUTINE AND SUBTRACTS TEE INPUT
DATA FROM TRE DATA WORD.

’

» SUB3SZ: JSR PC, IN
2) SUB  RZs6(REZ)
3) RTS PC
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2¢7.4 BIT CLEAR INPUT WITE DATA WORD
3k o o oo o o oo o o o ok o ok Kok o K K o A o ok ok K K

COMMAND WORD 33 CALLS THE INPUT ROUTINE AND CLEARS EACHE BIT IN
THE DATA WORD AS IN SUBZZ.

1) SUB33: JSR PC, IN
&) ’ BIC RZ» 6(RE)
3D RTS PC

275 BIT SET INPUT WITE DATA WORD
W 3k o ek 3 3k o ok 6 3 3 2k o o o ok ok ko ok ok ok ok ok ok ok ko

COMMAND WORD 34 CALLS TEE INPUT ROUTINE AND SETS EACHE BIT IN
TEE DATA WORD AS IN SUBZ3.

b SUB34: JSR PC, IN
) BIS RZs 6(RE)
3 RTS PC

£¢7+6 XOR INPUT WITHE DATA WORD
*¥*¥***********************#***

COMMAND WORD 35 CALLS TEE INPUT ROUTINE AND 'EXCLUSIVE OR 'S TEE
INPUT DATA VITE THEE DATA WOURD AS IN SUBZ24.

/

1 SUB35: JSR PC, IN ,
2) XGR RZs 6(RE )
3) RTS PC

COMMAND WORDS 36 AND 37‘ARE NOT USED» THEREFGRE THEY ARE CROUSS-
REFERENCED TO THEE ERROR ROUTINE ERR IN JBUF:



X}

2.& BUFFER CONTROL SUBROUTINES
S 2 2 o o o R o A ok ok e o ok ok ok R KRR

2.8.1 LOOP ROUTINE
A ko ok o ok ok ke ko ok ok ok

COMMAND WORD 4¢, TEIS SUBROUTINE USES THEE NEXT TEREE WORDS IN
TEE DATA BUFFER TO CREATE A REPEATING LOCOP IN THE DATA BUFFER. TEE
TEREE WORDS ARE: ) .

t« A COUNTER, INCREMENTED EACK REPETITION
&+ MAXIMUM NUMBER OF REPETITIUNS
3. PO;NTER TO THE TOP OF THE LOOP

EACKE TIME A LOOP COMMAND (4¢) IS ENCOGUNTERED IN THE DATA BUFFER.
TEE LOGP SUBROUTINE FIRST COMPARES THE COUNTER WITHE TEE MAXIMUM NUMBER
OF REPETITIONS (LINE 1). IF TEE CGUNTER IS LESS THAN THEE MAXIMUM NUMBER
THE COUNTER IS INCREMENTEDs THE PGINTER TC DBUF (THIRD WOGRD IN THE PARA-
METER LIST) 1S UPDATED WITE TEE POGINTER TO THEE TOP OF THE LOUP, AND
RETURN TO THE INTERPRETER (LINES 3 - S5). IF TEE COUNTER IS EQUAL TO
OR GREATER THAN TEE CUGUNTER WE BRANGCHE TU LGOGP 1 (LINE 2), CLEAR THE
COUNTER (LINE 6)» STEP THE DATA BUFFER POINTER (LINE 7), AND RETURN TO
TEE INTERPRETER (LINE 8). ' :

1 LGOP:  GMP (R13,2(RI)
) BEPL LGGOP1

3 INC (R1)

4 MOV 4(R17,RI
3} RTS PC

6) LOGP1: OCLR (R1)

D ADD 16sR1

&) ~ RTS - PC

COMMAND WORDS 41-45 ARE NOT USED, THEREFORE TEEY ARE CRGSS-
REFERENCED TO THE ERROR ROUTINE ERR IN JBUF. THE ERROR RGUTINE IS IN
REALITY TEE EXIT ROUTINE ( SEE SECTIOGN 2.9.3 e
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2. PROGRAM COUNTROL SUBROUTINES
Ak 2 o o ol b o 0 o ok o o oK K oK ok ok ok o ok ok ek ok

Z+S.1 INPUT ROUTINE ' ' o
ok ok o 3 o 2 3k ok a6 36 oK ok o ok ok ok K K '

THEE INPUT SUBROUTINE SERV;CES THESE FOURTEEN INPUT DEVICES:

1-8. DATA TABLES DEFINED BY USER
S-1Z. ANALGG TC DIGITAL CONVERTERS
135 REAL TIME INTERFACE
14, RANDGM NUMBER GENERATCR

THE FIRST PART OF TEE INPUT ROUTINE RETRIEVES DATA FROM TEE
TABLES ( INPUT DEVICES 1-8 ):

1 ©IN: MOV (R1)+,RZ
2) cMp RE, 411
3 BPL N1

4 MOV (R1)4,R3
5) DEC ‘RE

6) / ASL RE .

7 ASL RE

) aSL RE

) " ASL RZ

12) DEC R3

11) ASL R3

12) ADD R3,RE
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13> ADD 4 TABLES,RZ
14> MOV (RZ)sRE
15) RTS PC

IN LINE | TEE INPUT DEVICE NUMBER IS TRANSFERRED FROM THE DATA
BUFFER TO REGISTER !, AND THE BUFFER POINTER INCREMENTED. IF TEE DEVICE
NUMBER 1S GREATER THAN & BRANCE TG INI ¢ LINES 2 AND 3 ). IF NGT MOVE
TEE TABLE ENTRY NUMBER TO REGISTER £ AND CALCULATE TEE LUCATION GF TEE
DATA ¢ LINES 4 TO 13 ) AS FOLLOVS:

LOCATION= #TABLES+Z#(ENTRY NUMBER-1)+16*(DEVICE NUMBER-1)

FINALLY REGISTER £ TRANSFCRMS iTSELF INTC THE REQUESTED DATA
¢ LINE 14 ) AND WE RETURN TO THEE CALLING SUBROUTINE ¢ LINE 15 ).

TEE SECOND PART OF TEE INPUT ROUTINE SERVICES TEE ANALGG TO
DIGITAL CONVERTERS ( INPUT DEVICES $- 12 )3

D IN}: cMP RZ,#15

2) ~ BPL INS

3) SUB #11,RE

4) MOV RZ,&4LEVCHA
5) MOV € fLEWIN,RE
6> RTS PC

AGAIN WE TEST THE DEVICE NUMBER. IF GREATER THAN 12 BRANCE TG
Ing ¢ LINES | AND & ). TEE CHANNEL ADDRESS IS CALCULATED AND MGVED TG
THE CONTROL WORD LEWCHA ( LINES 3 AND 4 ). TEE DATA APPEARS AT THE INPUT
WORD LEWIN AND IS TRANSFERRED TG REGISTER & ( LINE 5 )« WE RETURN TO THE
CALLING SUBROUTINE ( LINE 6 ).. a
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A

THE THIRD PART OF THE INPUT ROUTINE SERVICES DON MCARTHUR'S REAL
TIME INTERFACE ( A REGISTER LOADED FROM THE OGUTSIDE WORLD USING TOGGLE
SWITCRES. INPUT DEVICE NUMBER 13 )s '

1 INZ:  CMP RE, 416

£) . BRL INS

3 . MOV € #DONIN,RE
4? RTS .. PC

A MOGDEL OF TEE EFFICIENCY OF MEMGRY MAPPED I1/G, BUT FIRST WE
TEST THE DEVICE NUMBER. IF GREATER THAN 13 BRANCE TO IN3 ( LINES I AND
€ Je IN A SINGLE LINE UF GCOLDE TEE DATA IS TRANSFERRED TG REGISTER £
¢ LINES 3 ) AND WE RETURN TO THE CALLING SUBROUTINE ¢ LINE 4 ). GOOD
WORK DON! o

THE FINAL SECTION OF THE INPUT ROUTINE IS A RANDOM NUMBER
GENERATOR OF SGRTS ( INPUT-DEV@CE 14 D: )

N
DI IN3: ~ CMP R2.#17
) BPL ING
£) MOV TEMP, RZ
& CLC -
5) ROL TEMP
6) BCC RNDI
7) INC RZ
8) RNDl:  ROL TEMP+Z
) BCC RNDZ
1) ING RZ



11) RNDZ ¢ ROL TEMP+4

12) BCC RND3
13) ING RE

14) RND3: ROL TEMP+6
15) BCG RND4
16) ING RE

17 RND4: COM RE

18) ADD RE, TEMP
1) MGV TEMP, RE
2e) IN4:  RTS PC

1) TEMP:  «WORD ~ €.2.0.€

TEST TEE DEVICE NUMBER», IF GREATER TRAN 14 RETURN TO TEE CALLING
PROGRAM VIA IN4 ( LINES 1, 2 AND 2¢ ). NOW WE PERFORM A LEFT SHIFT ON
TEMP ( A GIANT 64 BIT WORD ). THIS IS DONE IN FOUR STEPS OF SIXTEEN BITS
FACE THROUGE THE CARRY REGISTER ( | BIT ).

R + Ammmea- + demmmna- T +
<-TEMP+6 <-TEMP+4 <-TEMP+Z <=TEMP

temmcnet tomcment tecmeo- + temmece-- +
Ca c3 cz c1

TEMP= TEMP+(~]1)*%(TEMP+C4+C3+C2+C1)

THE INITIAL VALUE OF TEMP IS STORED IN REGISTER £ AND THE CARRY
REGISTER CLEARED ( LINES 3 AND 4 ). NOW THE SHIFTS ARE EXECUTED AND TEE
RESULTANT CARRYS ADLDED TO REGISTER £ ( LINES 5 - 16 )« WE WRAP IT UP
( LINES 17 AND 18 ), MOVE TEE LOW ORDER BITS TO REGISTER £ ( LINE 19 ),
AND RETURN TO WHERE WE CAME FROM ( LINE 2¢ ). SPACE FUR TEMP IS CREATED
WITH THE .WORD MACRG ( LINE 21 ). ’
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€.5.2 OUTPUT ROUTINE
A S ok ok ok ok kR Rk

COMMAND WORD 46 - TEE GUTPUT SUBROUTINE SERVICES THESE FIFTEEN
DEVICES: '

1-g. DIGITAL TO ANALUG CONVERTERS
S RED 16:1 SELECT CEANNELS
17. GREEN 16:1 SELECT CHANNELS
11 BLUE 16:1 SELECT CEANNELS
12. INVERSIGN REGISTER
13. RED ALU ¢ ARITHEMETIC LOGGIC UNIT )
144 GREEN ALU ' '
15. BLUE ALU

TERCUGE AN UNACCCUNTABLE MENTAL LAPSE ON MY PART.» THE DATA
BUFFERS CORRESPOND DIRECTLY TO TEE GUTPUT DEVICES: DATA BUFFERSETC 1-€
CONTROL TEE A/D'S», DATA BUFFER ¢ CONTROLS THE RED 16:1 SELECT, ETC.
TEE FIRST PART OF THE OUTPUT RGUTINE CONTROLS TKFE A/D'S: ’

1 OUT: CMPB  TMRXs711

) EPL GUT1

3) . MOUVB  TMRX»RS

&) DEC RZ ..

5) MOV RZ. €4 LEWCHA

6) MGV 6(RZ)s & FLEVOUT
7 | ING RS

8) RTS PC

IF THE BUFFER NUMBER IS GREATER TEAN & BRANCKE TO OGUT!1 ( LINES |
AND 2 )« IF NOT CALCULATE THEE CEANNEL ADDRESS AND MOVE IT TG THE
CONTROL WORD LEWCEA (LINES 3 AND S ). NEXT MOVE THKE DATA TO TEE
CUTPUT WCRD LEWGUT. SET TEE DGNE FLAG ( REGISTER 5 )» AND RETURN TO THE
CALLING PRUGGRAM ( LINES 6 = 8 D).
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TEE SECOND PART OF TEE ROUTINE CONTROLS MCARTHURYS 16:1 SELECTS
AND INVERSION REGISTER:

1) CUT!: CMPB TMRX»#15
) BPL GUTES

3 MGVB TMRX» RE

4) SUB £11,RE

5) ASL RE

6) . ADD # DGNGUT»RE
A ' MOV 6(RE ), (RZ)
8) INC RS

$) RTS PC

IF THE SUFFER\NUMBEH IS GREATER THAN 12 BRANCE TO OUTEZ ¢ LINES
! AND 2 J. IF NOT CALCULATE THE OUTPUT ADDRESS ( LINES 3 - 6 )J:

OUTPUT ADDRESS= #DONQGUT+Z*(TMRX-9)

FINALLY WE TRANSFER THE DATA VORD TG THE OUTPUT ADDRESS, SET THE
DONE FLAG» AND RETURN TO THE CALLING PROGRAM ( LINES 7 - § ).

PART TEREE OF THE ROUTINE IS SIMILAR; IT CONTROLS JEFF SCEIER'S
ARITEMETIC LGGIC UNITS: i

1 GuTS: CMPB TMRX, #2C
ey BPL GUTS3

3 MOVE TMRXs RS
4 SUB #15,RE
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5 ASL REZ B

6> ADD 4 JEFOUT.REZ
P MOV 6(RZ s (RZ)
8) oUT3: INC RS
$) RTS PC

IF THEE BUFFER NUMBER 1S GREATER THAN 15, GAME GVER», WE RETURN
TC THE CALLING PROGRAM VIA QUT3 ¢ LINES 1» 25 8 AND ¢ ). IF NOT CALCU-
LATE THE OUTPUT ADDRESS ( LINES 3 AND 4 )J: '

OUTPUT ADDRESS= #JEFOUT+Z*(TMRX-13)

FINALLY WE OUTPUT TEE DATA WORD» SET TEE DONE FLAG, AND RETURN ( LINES
7= ). )

. 2¢9.3 EXIT RCUTINE
3 3 o e o o b o o o o ok o ok 3k K ok

CUOMMAND WGRD 47 - TEIS SUBROUTINE 1S INVGKED GUVERTLY BY COMMAND
WORD 47 AND COVERTLY BY Z6s» €7+ 25+ £6s £7+ 36, 37> 4ls 42, 43, 44 AND
45. IT ENDS THE PROGRAM IN A RELATIVELY PAINLESS MANNER AND RETURNS
CGNTROL TG THE 'SYSTEM MONITOR: ]
1) ERR:

2) EXIT: « EXIT
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CEAPTER 3 - DESCRIPTIUGN GF DATA BUFFERS
ok 3 3 38 o o o o oK e A 3 ok o 3 ok 3 o ok 3 ok ok ok sk e o ok o o ok ko

3el SOFTWARE CGNFIGURATION
ok ok o o o o ok o ok ok o ok ok ok koK ok ok K o

LGCATION LABEL FUNCTICN
17¢ INTERRUPT VECTOR
1eee BEGIN: INITIALIZATION
1146 PBUF: CONTROL WORDS FOR DATA BUFFERS
1346 TMR: " TIMING ROUTINE
147¢ INT: INTERPRETER
1536 JBUF 3 COMMAND WORD TO SUBROUTINE CROSS-REFERENCE

1656 - SUBEE: TIMING CONTROL SUBROGUTINES
1664 SUBCZ1:
1672 suBlz:
17¢€ SUBZ3:
17¢6 SUBZ4:

1716 SUBEZS:
1726 SUB1Z: DATA GUT SUBRUUTINES
1734 Subll: ‘ :
1742 SUBlZ:
175¢ SUB1G:

1756 SUEl4:
1764 SUB15:

1772 SUBl16:.

sees SUB17:

ze1z SUBZE :

2026 SUBZI :

2e4s SUBZZ:

2es¢ SUBZ3:

£€56 SUBZ4: :

2266 OUT: GUTPUT ROGUTINE
2216 SUB3Z: DATA IN SUBROUTINES
223e SUB31: ’

224z SUB3Z :

2254 SUB33:

£266 SUB34:

z3ee SUB3S: -
2312 IN: INPUT RGUTINE
2512 LGCP:  LOGP ROGUTINE
254¢ BEXIT:  EXIT ROUTINE
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2541
2741
2751

167772
167772
167774
167776

171242
171€ 42
17144
1712046
1711¢@
171122
171124
17151¢
171622

171776

THE DATA BUFFERS.»

TBL1I:

EBUF 3

DBUF1 ¢
LEWSTA:
LEWGOUT:
LEWIN:
LEWCEA:

DONQUT:

JEFOUT:

LEDS:
DOGNIN:

DONSTA:

TABLES
ENABLE BUFFER
DATA BUFFERS

STATUS WORD
CUTPUT WORD
INPUT WORD
CEANNEL ADDRESS

RED  16:1 SELEGT
GREEN 16:1 SELECT
BLUE 16:1 SELECT
INVERSION REGISTER
RED  ALU

GREEN ALY

BLUE ALU

LED DISPLAY
REAL-TIME INPUT

STATUS REGISTER

«GLOBAL TABLES, EBUF, DBUF
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BEGINNING AT LOCATION 2541, BECUME A SEPERATE
PROGRAM WHKICE 1S LINKED TG THE MAIN PROGRAM BY THE SYSTEM LOADER BEFORE
EXECUTION. FIRST WE ESTABLISH TEE GLOBALS IDENTIFYING THEE LABELS CUMMGN

TC BOTH THE MAIN PROGRAYM AND THE DATA PROGRAM:



3¢2 TABLES
A3 kR ok ke Rk

THERE ARE EIGET.TABLES OF SIXTEEN WORDS ( 8%16= 12E& ). THE
FOLLOWING SEQUENCE OF CGDE WILL RESERVE MEMORY FGR THE TABLES:

1) TABLES

2) TBLI1 ¢

3) 1=TABLES+EZ
4 TBLZ:

5) +«=TABLES+4¢
6) TBEL3:

7) 7=TABLES+6?
&) TBL4:

9) - +=TABLES+1¢¢
12) TELS:

11 «=TABLES+12¢
12) TBL6:

130 +=TABLES+14¢
14) TBL7:

15) f=TABLES;162
16) TBLE8: .

17) ‘ :=TABLES*2??

NOTE THE FIRST TWO LABELS ARE SYNONYMOUS ( TABLES AND TAEBL1.
LINES 1 AND £ ) FOR CONVENIENCE. AFTER EACH TABLE HEADING ¢ TBLl. TBLZ.
ETC > A BLOCK OF SIXTEEN WORDS 1S RESERVED BY SETTING THEE PROGRAM
COUNTER ( « ) TO THE NEXT KEADING OR LABEL (LINE 3, ETC ).
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3.3 THE ENABLE BUFFER
*'*****'****************

FOLLOWING THE TABLES IS THE ENABLE BUFFER ( EBUF J)» A SHORT
BUFFER OF SIXTEEN BYTES ( 8 WORDS ) SET 2 FOUR AN INACTIVE BUFFER., AND
1 FOR AN ACTIVE BUFFER.

l? EBUF: ° +BYTE CoBoCr2,2.0.2.¢
2l «BYTE 151510150 ,2.0.2
3) t=EBUF+l€

IN THE EXAMPLE ONLY BUFFERS S» 1€, 11 AND 12 ARE ACTIVE AND TEHE
REMAINDER INACTIVE. TEE BLGCK OF EIGET WORDS IS CREATED ( LINES | AND 2)
AND THEE PROGRAM COUNTER SET TO TEE NEXT LABEL ( LINE 3 ):
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3«4 ©DATA BUFFERS
e ook o e 3 o ok A ok ok ok ok ok

-

NOW WE RESERVE MEMOGRY FOR THE SIXTEEN DATA BUFFERS AS FOLLOWS:

1 DBUF :
£ DBUFI :

3) «=DBUF+4¢¢

4) DBUFZ :

5) +=DBUF+12@¢

6) DBUF3 : \
(P +=DBUF+14¢¢

8> bBUFA:

$) «=DBUF+20¢0

12> DBUFS:

11) ' +=DBUF+24€¢

12) DBUF6:

133 +=DBUF+320¢

14) DBUF7:

15) +=DBUF+340¢

16) DBUFE:

17) «=DBUF+42¢¢

18) DBUFS :

19) +=DBUF +440¢
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c¢) DEUF1@:
21) «=DBUF+502¢
£2) DEUF11:
- 23) +=DBUF+542¢
24) DBUFIS:
£5) =DBUF +6¢¢¢
26) DBUF13:
27) «=DBUF +640¢
28) DBUF14:
2$) +=DBUF+72¢¢
~ ag) DBUF15:
31 «=DBUF+74€¢
32) DBUF16:
33) «=DBUF+1222¢¢
34) +END TABLES
AGAIN THE FIRST TWO LABELS ¢ DBUF AND DBUF!, LINES | AND 2 )
ARE SYNONYMOUS. AFTER EACE BUFFER HEADING ( DBUFl. DBUFZ, ETC ) A BLOCK
OF ONE HUNDRED AND TWENTY=- EIGHT WORDS IS RESERVED B4Z,Z,1C0CZ.,L121
+IPYV 2 ewemccecccaa- L R L A W o e - -
* ¥ * %k %
* ¥ * % * %
*  * * % * X
* % *  x * %
Y mm——— i bt St T T
* * * * * * *
* * %k * %k *®
* * Kk * %k * ¥
~ % * % *% **
-1gVv e mmm———— hmmmmm———— P —— kemm——
T =g T = 16 FIELDS
¢ 1

DELTA T= 1 FIELD




DELTA V= 1

CHAPTER 4 - PRUGRAMMING TECENIQUES
3k 3o 3 oK o 3 3 3 ok 3K 3 o o 2k ok 3k o ook kKoK K K ok ok

4.1 CREATING TABLES
e 3 ok Ak ok o o ok o o ok ok ok ok 3 ok ok ok ok ok

4e1.1 A SAMPLE TABLE
A o e ok ook o e ok ok o o o

TABLES ARE FILLED IN AS ILLUSTRATED IN THIS EXAMPLE:

1 TBLI:  +WORD  10421¢€
2) *WORD 177777
3. | «WORD 167356
4 *WORD 156735
5) *WORD 146314

;\‘ 63 iwoan 1356173

- D «WORD  12525%
&> *WORD 114631
$) *WORD 73567
12 - *WORD 63146
1) *WGRD 52525
12) +WORD  421€4
13) *WORD - 31463
14) | +WORD  £104%
15) *WORD 1242l
16) *WORD @
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TEIS TABLE CONTAINS TEE SIMPLEST BAR PATTERNS AVAILABLE GN

DON MCARTHUR:S 16:1 SELECT MOGDULES.

LINE | <-REPRESENTS A SGLID FIELD
LINE 2 =-TW0O HORIZONTAL BARS

LINE 3 ~FGUR EORIZOGNTAL BARS

LINE 4 <-EIGHT HORIZONTAL BARS

LINE 5 =SIXTEEN HGRIZONTAL BARS
LINE 6 =THIRTY-TWC EORIZONTAL BARS
LINE 7 =-SIXTY-FOUR EORIZONTAL BARS
LINE 8 =-ONE HUNDRED AND TWENTY-EIGHKT KORIZONTAL BARS
LINE ¢ =TWO VERTICAL BARS '
LINE 1¢ -FGUR VERTICAL BARS

LINE 11 -EIGHT VERTIGAL BARS

LINE 12 <~SIXTEEN VERTICAL BARS

LINE 13 -TEIRTY-TWG VERTICAL BARS

LINE 14 ~-SIXTY-FOUR VERTICAL BARS

LINE 15 -GNE EUNDRED AND TWENTY-EIGHT VERTICAL BARS
LINE 16 -TWO HUNDRED AND FIFTY-SIX VERTICAL BARS

OTHER TABLES ARE USEFUL., SHADED BAR PATTERNS, CROUSSHATCHE
PATTERNS AND MASKS FOR EXAMPLE.
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4.2 CREATING A DATA BUFFER
K o ok o ok e o 2k ok o o ok ok ok ok ok ok ok ok Rk

4.2«1 A SAMPLE BUFFER
ol ok 3 ok ok o ok ok e o ok ok o ok ok o K

AN,6 EXAMPLE (F A REAL DATA BUFFER FOLLGWS:

D DBUFY: +WORD 2,60

£’ *WORD  12,3102C "
3) «WORD 46

4) LS¢1:  «WGRD 1312421

5) +WORD 46 |

6 *WORD  42.€,777,LSZ1

77 *WORD 47

TEE DATA BUFFER IS FILLED WITE A SEQUENCE OF COMMAND WORDS USED

BY THE MAIN PROGRAM TO CONTROL, IN TEIS EXAMPLE, THEE MCARTHUR RED 16:1
SELECT MODULE. FIRST THE TIMING INTERVAL IS SET TO | SEC ( 6¢ FIELDS.
LINE | ). THE COMMAND WORD IS ¢, THE INTERVAL IS 6., THE PERIGD
INDICATING A DECIMAL RATHER TEAN AN OCTAL NUMBER. THE COMMAND 1¢ SETS
THE DATA EQUAL TGO THE OCTAL NUMBER 3122¢ ¢ LINE £ ). FINALLY A 46 CAUSES
THE DATA TO BE TRANSFERRED TO THEE BUFFER MEMORY. THE MAIN PROGRAM GOES
ON TO THE NEXT BUFFER AND WILL NOT RETURN TU TEIS BUFFER FOR ANOTKER 6¢
INTERRUPTS OR 1 SEC. WEEN IT DGES RETURN ( TC LINE 4 ) IT ADDS TEE GCTAL
NUMBER 1242] TO TEE DATA AND TRANSFERS THEE SUM TC THE BUFFER MEMORY

( LINE 5 )« AGAIN THE MAIN PRUOGRAM RETURNS AFTER | SEC. IT RETURNS

TGO LINE 6 AND FINDS TEE LOGP COMMAND 4¢. INITIALLY TEE CCUNTER IS €. TEE
' NUMBER OF TIMES THROUGH TEE LOOP WILL BE 777 OCTAL, AND THE DATA BUFFER
PCINTER WILL BE SET BACK TG LSC¢l. THE MAIN PRUGRAM WILL REPEAT LINES 4-
6+ 777 GCTAL TIMES AND THEN EXPIRES ¢ LINE 7 ). )

- PAGE 41



4.3 PRUGRAMMING THE DIGITAL TU ANALOG CGNVERTERS
S o o o 3 o 3k o e ok ok o e ko e ok o o o ok ok 3K o oKk oK ok ko ok sk o o e ok ok sk ok ok o oK

4.3.1 PRGTOGCCGL
i s 3 ok b s e ok e sk ok

NOW FOR SOME SIMPLE ( MINDED ) EXAMPLES GF PRGGRAMMING TECH-
NIQUES. TEE EASIEST DEVICES TO PRGGRAM ARE TEE D/A CONVERTERS ( OUTPUT
DEVICES 1-8 ) WHICHE TRANSLATE A NUMBER INTU A CONTROL VGLTAGE:

1777*%=  +1¢V

10¢2%* = gv
g** = =12V
*% - LCW CRDER BITS €- 5 NOT USED

4¢53«2 A SIMPLE RAMP
3k 3 o ok ok o 3k ok ke ok ok ok sk koK ok

B Z, 60

£) 12,¢

3> 46

4 Lig1:  13,1¢e¢

5) 46

6 42,2517765L171
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~1¢v ¥ = = = = - - e e - o

T=¢ T = 1€£24 SEC

DELTA T= | SEC
DELTA V= 2271024 V
DURATION = 1224 SEC

AMPLITUDE= 2V PP

IN LINE | WE SET TEE TIMING INTERVAL TO 6¢ FIELDS GR I SEC.
WE SET THE D/7A TO =12V ( LINE £ ) AND OUTPUT TEIS. VALUE TG TEE D/a -
( LINE 3 ). NOW WE CONSTRUGT A LOGP ( LINES 4-6 ). THE LABEL L1721
SETS TEE TUP OF THE LOOP. THE COMMANDS TO BE REPEATED ARE ADD 1¢¢ GCTAL
TG THE DATA AND OUTPUT THE NEW VALUE TO THE D/A. TEIS IS REPEATED
1776 TIMES. ' ’ :
A SIMPLE METHOD FOCR UNDERSTANDING A LOOP IS A TABLE:

# REPEATS OLD DATA NE¥ DATA

1 4 ' ¢ +1er= 1¢¢
c 1e¢ 1gg+ige= zeg
3 2ee cee+1¢e= 32¢
4 3ee 3gg+iee= 4¢¢
5 4ze - 427+102= SCQ
6 5¢¢ See+1¢2= 62C
7 Y44 6Ze+1ee= 72¢
g 722 eeriee=1¢ee
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433 A REPEATING SAWTOOTH
3l a3 Aok ook ok ok o o e ot ok ok o ok ok ok ok ok ok ok ok

1) . sl
2) Ligt: 12.¢
3) 46
4) Ligc: 13,1¢¢0¢¢
5] 46 .
6) 4.2, 17,1102
7 P .2, 1022 .,L1¢21
M A DL L R bttt ¥mmmmm— - Fo e
' *% % * %
* % * & * *
*  *x * % * %
. * * % * * %k
YU =memw- L L Rt R e LT
* * * ‘% * * %
* * % * % * ¥
* * %k k% * *
* *% ¥k *%
-{gv mmmm—m———— Rm o mm——— Fommmmmc—— S it
T =€ T = 16 FIELDS
4 1
DELTA T= 1| F;ELD-
DELTA VU= I:ZSV
FREQUENCY= APPRUX 4 HZ
AMPLITUDE= 22V PP
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TEIS COULD BE A NEGATIVE GOUING SAWTOOTH:

1 2,1

2) Ligl:  12,1777¢¢

3) 46

4) Ligs:  14s1ce€

5) o 46

6) | 4C.C,17,L1C%

3 14,770€

8) ’ 46

) 42,2,10222.,L1C1

IN BOTE EXAMPLES A PAIR OF NESTED LOOPS IS USED» A LOOP LIZ1
REPEATS THEE BASIC WAVE FORM 1€.,¢¢¢ TIMES ( LINES 2-% ) AND LOOP L1gZg
BUILDS THE WAVEFORM ( LINES 4-=6 )e

THERE IS A SIMPLER WAY OF BUILDING A SAWTOOTH WHICH USES TEHE
GPU" 'S WRAP-AROUND FEATURE:

o 2,1

2 12.¢

3 46

4 Liel:  13,12000

5) 46

& 4Z,2.2¢,L1C1

7 . 4g.g.12007.,L101

THIS PRODUCES EXACTLY THE SAME WAVEFORM AS THE FIRST EXAMPLE.

ON TRE SIXTEENTH REPETITION WE GET 17¢¢¢¢+ 1¢2¢C= ¢, WHICE COMPLETES

THE INSIDE LGOP. THE OUTSIDE LOGCP REMAINS THE SAME.
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4e3+4 A REPEATING TRIANGLE

A o o Aok ook ok ook 3Kk kKK

1)
2>
3

4

6)
7
8)

S

Lieg1i:

Liez:

€51

12.¢

46
13-1¢¢0e¢
46 |
4¢,2,17,L1€1
13.77¢¢
46
14.772¢€
46
l4.122¢¢€
46

4e2.,2,17.L102¢2

42:?:12?7::L!?1
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* * * %
* * * *
* * * *
* * * *
gy  mme-- ¥ ———— Fmm—mmm e —— Fmmmmem L *
* ' * * * %*
* * * * *
* * * * *
* * * * ¥
-1V Lt R e Hrmm et —————— o
T =7 T = 32 FIELDS
z 1

DELTA T= 1 FIELD

DELTA U= 1.25V

FREQUENCY= APPRX 2 EZ

AMPLITUDE= 2V PP

AGAIN THE TIMING INTERVAL IS SET TG 1 FIELD AND THE D/A
CONVERTER SET TO 2V ¢ LINES 1-3). THE OUTSIDE LOGP ¢ LINES 4-14)
REPEATS THE WAVEFORM 1¢¢¢ TIMES. THE FIRST INSIDE LOGP BUILDS THE
PGSITIVE GOING SLOPE GF THE. TRIANGLE ( LINES 4-6 ). TEEN THE PEAK OF

THE TRIANGLE IS FORMED ( LINES 7-1¢ ). THE SECCND INSIDE LOGP BUILDS
TEE NEGATIVE SLOPE ( LINES 11-13 ).
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4.3+5 MAKING A SINE WAVE
K 3 3 3K ok o o o 2k 3 ok o 3k ok ok ok ok o ok ok ke ok ok ok

FIRST EXAMINE TEIS TABLE:

1. ¢ +1ge 15. 127702 v
Zo 122 r2ee 16¢ 117700
3¢ see +agg 17. 1277¢2 ¢
4. 700 r1eee . 1e. 137700 *
5. 17¢¢ +2ee 1. 147722
6 370¢ +azee ze. 157722
7 7722 +1geee 1. 167722  +agee
e 177¢¢ ¢ zz. 17372¢  +zeee
S 110 v 23.  17572¢ +1ege
2. 3770 ™ Z4s 176702 +42¢
SETR at720 £s. 177322  +ze¢
1Z. s7700 ™ o 26+ 177522 +1¢¢
13+ 67720 ™ 27. 177622 +1e¢
14+ T 28, 17770€
N—
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n

33
4

5)

6)

Q)

16)

177

18

163

eZ)

NEXT THE TABLE IS GCODED AS FOLLOWS:

Liet:

Zs 6‘.'
12,2
46

13,1272

46
135 420

46

13-1¢02

46

13.2¢0¢

46

135 400¢

46

13- 1¢ecee
46

4250+ 14,L171
13- 40000

46
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z1) 13.2080¢
ge) 46
23> 13-.1e00
£4) 46
25) 13,407
26) 46
27> 13,2¢¢
2D 46
2%) 13,122
-~ 32 46
+]fV e memmecwccccmaa- * %k
) * ¥k
*%
*
3
gv piatabebdetebted DAL L L DL B
x*
*
*%
*%
-1gv ¥R mrcmm— e —r e ——
T=4¢ T = 156 FIELDS
4 1 ‘
DELTA T= 6 FIELDS
DELTA V VARIES
THIS IS TGO MUCE WORK FOR A SINE WAVE, IMPRGUVEMENTS WILL BE
MADE. AT THIS PGINT DEVELGPMENT STOPS. )
— "
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CHAPTER 5 - SUMMARY
36 o 3 3k 3 o S o o ak s sl b o ok ok ok ok %k

Sel L;MITATIGNS GF PRESENT SUFTWARE
Ak ok oKk ok 2 3 6 33K A 3k K o o o oo ok ok ok o o ok ok ok o e ok ok ko

AS (GBVIGUS THE PROGRAM FAILS TO SATISFY THE ORIGINAL DESIGN
CRITERIA. THE PROGRAM IS NOT INTERACTIVE. IT IS NOT CONCERNED WITE
GRAPHIC DESIGN CR COMPUSITIGN. IT CANNGT REPROUGRAM ITSELF IN RESPONSE
T0 EXTERNAL STIMULAE. HOWEVER IT'S NGT A TOTAL LUSS: THE BASIC
‘GROUNDWORK 1S COMPLETE. THE ELEMENTS OF TRKE LANGUAGE QUTLINED IN
APPENDICES A AND B ARE STILL BEYOND THEE UNINITIATED. BUT», FRGM THESE
ELEMENTS A HIGHEER LEVEL LANGUAGE WILL BE CREATED. TEIS NEW LANGUAGE WwILL
- FACILITATE THEE DIALGGUE BETWEEN TEE ARTIST AND THE PROGRAM ALLGVING EIM
TG CREATE THE IMAGES AND SEQUENCES OF IMAGES IN A LANGUAGE KE UNDER-
STANDS; A GRAPHIC DESIGN LANGUAGE. ’ ,

TEE PRESENT PROGRAM RUNS IN BATCH MODE. TRAT 1S, THE DATA MUST
BE PREPARED EEFORE THKE PROGRAM IS RUN. THEN TEE MAIN PROGRAM AND TEE
IATA ARE LINKED. LOADED AND FINALLY PROGCESSED. IF TEE RESULTS ARE NOT
QUITE AS EXPECTED ( TEE NORM RATEER THAN THE EXCEPTIGN ) THEN TEE WEGLE
PRUCESS MUST BE REPEATED; FEARDLY INSTANT GRATIFICATIGN.

AGAIN, THEIS MODE OF OPERATICN IS ONLY TEMPGOGRARYS REAL-TIME
INTERACTICN WILL BE ADDED BY EXPANDING TEHE INTERPRETER ROUTINE TO
INCLUDE THE ABILITY TO LISTEN AND TALK BACK.

IF THE PRUGRAM LISTENS AND TALKS THEN IT CAN LEARN. COMBINING
THE RANDOM NUMBER GENERATOR WITE A SIMPLE ALGGRITEM FOR ANALYZING
IMAGES WE CAN ENDCW THKE PRUGRAM WITH A PERSCNALITY ( OR SEVERAL PERSON-
ALITIES de

BUT WHAT IS THEE LANGUAGE SPOKEN BY THE ARTIST AND TEE PROGRAM?
THAT S A QUESTION FOR CONTINUING RESEARCF-
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S5¢2 PROGPGSED SOUFTWARE DEVELOPMENT
K 3 ok ok ook ok e ok o o ok K ok o ok ook ok koK kR ko ok ok ok

- PRCPUSED PROGRAM DEVELGPMENT INCLUDES:

Te

8-

ADDING A TERMINAL INPUT AND OUTPUT RCUTINE TC TEE
INTERPRETER.

ADDING MACRC COMMANDS INVOKING COMMAND WORD SEQUENCES.
ADDING A DATA BUFFER TGO CUTPUT DEVICE CRGSS-REFERENCE
TABLE.

. ADDING EDITING COMMANDS TOU MODIFY DATA BUFFER CONTENTS IN

REAL-TIME.

ADDING CONDITICGNAL BRANCE COMMANDS.

DESIGNING A EIGHER LEVEL LANGUAGE BASED ON THEE ELEMENTS AND
ATTRIBUTES OF GRAPEIC DESIGN. ‘

EXPANDING THE MANUAL GF PROGRAMMING TECHNIQUES.

CREATING A PERSONALITY FOR THE PQGGRAM: ANTERGPOMORPEIZATION
CF TEE PRGGRAM. ‘

AND FINALLY I WILL ATTEMPT TO KEEP UP WITE TEE BREAK-NECK PACE
UF EARDWARE DEVELOPMENT.
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Div ) €71RSS - DIVIDE = © <R>» <R/S>
ASH ¢72RSS ARITEMETIC SHEIFT

ASEC ¢ 73RSS SEIFT COMBINED

FADD €75¢¢R FLOATING ADD

FSUB - €75¢1R FLOATING SUBTRACT

UL €75¢ZR FLOATING MULTIPLY

FD1V €75¢3R FLOATING DIVIDE

BER ¢ee42? DBRANCE UNCONDITIONAL

BNE ge1ge? BRANCE IF 2,2 = ¢

BEQ €Z142¢ BRANCE IF = ¢, Z= |

BPL 1¢eeee BRANCE IF PLUS, N= @

BMI 12242¢ BRANCE IF MINUS, N= |

BUC 1¢2¢e¢ BRANGCH IF OVERFLOW CLEARs, V= ¢
BVS 12242¢ BRANCH IF GVERFLGW SET» V= |
BECC 1¢3¢¢¢ BRANGCE IF CARRY CLEAR, C= ¢
BCS 1€342¢7 BRANCHK IF CARRY SET. C= |

BGE ggcgge BRANCE IF @, N v= ¢

BLT ZZc4¢¢ BRANCE IF ¢, N V= |

BGT ge3gee BRANCE IF @2, 2 (N V)=¢

BLE 773422 BRANCE IF g, Z (N W)=|

BEI 1¢1¢2¢ BRANCKE IF HIGEER, G z=¢

BLOS 1¢14¢¢ BRANCE IF LOGWER GR SAME, C 2Z=1
BEIS 123¢¢¢ BRANCH IF HIGHER GR SAME., C=¢
BLG 1¢342¢ BRANCKE IF LOWERs C=1

JMP : gee1DD JUMP PC <D>
JSR ZC4RDD JUMP SUBROUTINE

RTS ggece¢rR RETURN FROM SUBROUTINE

MARK ZZ64NN MARK

SOB Z77RNN SUBTRACT 1 AND BRANCE IF ¢
EMT 1Z4%%% EMULATOR TRAP

TRAP 124%%% TRAP

BPT geeZe3 BREAKPOINT TRAP

10T gegee4a INPUT/OUTPUT TRAP

RTI Zege¢¢z RETURN FROM INTERRUPT

RTT geeee6 RETURN FROM INTERRUPT» INKIBIT TRAP
FALT ¢eeegee HALT

WAIT gezggl WAIT FOR INTERRUPT

RESET gegges RESET BUS

NOP gegz4¢ NO UPERATION

CLC gZze4l CLEAR C cC ¢
CLV gZgc4z CLEAR V vV e
CLZ geez44 CLEAR Z z e
CLN gggcsg¢ CLEAR N N
cce geZz257 CLEAR ALL

SEC gggz6l SET C c 1
SEV gegz6c SET V v o1
SEZ geeze4 SET Z z 1
SEN eggez7¢ SET N N 1
ScC €eee77 SET ALL

NEA REPORT

APPENDIX A - COMMAND WORDS

Z.N 5SET THE TIMING INTERVAL



INTERVAL= N, WHERE <N<ZECEC¢ OGTAL

THEE INTERVAL IS THEE NUMBER OF FIELDS TEE MAIN PROGRAM WAITS
BEFORE RETRUNING TO THE DATA BUFFER FOR THE NEXT CGMMAND WORD.

1,N JADD TO THE TIMING INTERVAL
INTERVAL= INTERVALfN

25N JSUBTRACT FROM TEE TIMING INTERVAL
INTERVAL= INTERVAL=-N

3 JCOMPLEMENT TEE TIMING INTERVAL
INTERVAL= INTERVAL 177777 »

4N JSHEIFT TEE TIMING INTERVAL RIGET
INTERVAL= INTERVAL/Z

AN INTERVAL COF 1 SEC BECOMES 2 SEC,

(&1

JSEIFT TEE TIMING INTERVAL LEFT
INTERVAL= INTERVAL#*Z
AN INTERVAL OF | SEC BECOMES 2 SEG.
12,N 5SET THE DATA WORD
DATA= N, WHERE -1<N<Zg@gZ¢ GCTAL
1 3 INCREMENT THEE DATA WORD

DATA= DATA+1, 177777+1= ¢

12 3DECREMENT THE DATA WORD
DATA= DATA-1, €-1=-177777

135N \ JADD TG THE DATA WORD
DATA= DATA+N

14N 5SUBTRACT FRGM THE DATA WORD
DATA= DATA-N |

15 SCOMPLEMENT THE DATA WORD
DATA= DATA 177777

16 , SSHIFT TEE DATA WORD RIGHT
DATA= DATA/Z

17 SSHIFT TEE DATA WORD LEFT
DATA= Z2%DATA

ze SRGTATE THE DATA WORD RIGHT

is '
BIT N BECOMES BIT N-1



—

BIT ¢ BECOMES BIT 15
£l SROTATE THEE DATA WORD LEFT

15 4
BIT N BECOMES BIT N+l

BIT 15 BECOMES BIT ¢
22,N 5BIT CLEAR DATA WORD WITH N
DATA= DATA ¢ N)

DATA ¢ 11¢ ¢gel 1) €1z 111 265327

N - € 1ge ee1 121 12e e1e g41542
DATA g 212 1ez eig 21e 121 24225
£3sN JBIT SET DATA WORD WITH N

DATA= DATA N

DATA ¢ 11g 1¢1 211 ¢e1¢ 111}

N g 1ge¢ ge1 121 1¢¢ ¢1¢
DATA g 112 121 111 11e 111 765767
E4,5N 5XGR DATA WCRD WITH N

DATA= DATA N o

DATA g 11e 1¢1 ¢11 212 111
N ¢ lee ey 121 122 212

DATA g g1 12¢ 11¢ 112 121 224665
SZsN1.NZ sGET DATA

VITE Nl= 1 TO & AND N2= | TO 16 REGISTER 2 BECOMES THE
VALUE CONTAINED IN TABLE N1- ENTRY NZ. '

WITH Ni= ¢ TO 1£ REGISTER £ BECUMES THE VALUE sENSED BY
ANALGG TG DIGITAL CONVERTER N1

WITH N1= 13 REGISTER 2 BECGMES THE VALUE SENSED BY THE REAL-
TIME INTERFACE, ’

WITE NI=14 REGISTER 2 IS SET BY THE RANDOM NUMBER GENERATER{

IF NI= & TG 14 THEN N2 IS NGT USED AND THEE COMMAND TAKES TEE
FGRM=- 3€,N1.

. 31/N1.NE JGET NEW DATA AND ADD TO GLD DATA

COMBINES GGMMANDS 3¢ AND 31f
32,N1.N2 JGET NEW DATA AND SUBTRACT FROM GLQ DATA
| COMBINES CGMMANDS 3¢ AND 14.
33+ N1, NZ 5GET NEW DATA AND BIT CLEAR WITHE OLD DATA
COMBINES COMMANDS 3¢ AND 22+

34sN1.NZ 5GET NEW DATA AND BIT SET WITE CLD DATA



N

35sN1,N2

4F.N1.NE

4)
2
6J
7

46

TC THE BUFFER MEMORY AND TEE MAIN PROGRAM

BUFFERf

47

COMBINES COMMANDS 3¢ AND £3.

JGET NEW DATA AND XCR WITE OLD DATA

COMBINES COMMANDS 3¢ AND S4.

»LABEL

5LGCP CCGMMAND

TEE PRCGGRAM IS SET TOU REPEAT A SEQUENCE GF COMMANDS WHERE:

N1

N2
LABEL
EXAMPLE

LABEL1:

EXAMPLE
LABEL! :

LABELZ :

EXAMPLE

LABEL] :

LABELZ:

- ¢» USED AS A CGUNTER BY PROUGRAM
= € TG 177777, NUMBER OF REPETITIONS
- PCINTER TO TGP GF LOGOP

GF A SINGLE LOCP:

COMMAND

COMMAND

QQJZ:IZE:JLABELI

CF A NESTED LCOPS:

COMMAND

COUMMAND

COMMAND

42,2,1Q0F « » LABELZ
AEJQJIQZgaLABELl

OF MULTIPLE LOOPS:

COMMAND

COMMAND ;

AQJEJ’E?AJLABELl

COMMAND

COMMAND

Qfa?flffiaLABELz
QZJEJIQEiJLABELl k

JOUTPUT COMMAND

TEE DATA WORD CONTAINED IN THE PARAMETER LIST IS

sTHE EXIT COMMAND, THE ENDs FINIS

TRANSFERRED

GOES ON TU TEE NEXT DATA



NEA REPORT

APPENDIX A - LSI-11 OPERATION CODES

B - ¢ FOR WORDs | FOR BYTE
ss - SOGURCE FIELD 6 BITS
DD - DESTINATION FIELD 6 BITS
R - GENERAL REGISTER 3 BITS, 2= 7
- AND
- INCLUSIVE GR
- EXCLUSIVE OR.» XOR
- NOT )
<S> - CONTENTS GF SGURCE
<D> - CONTENTS OF DESTINATIGN
<R> -CONTENTS OF REGISTER
<= - BECOMES '
N - SIGN CONDITION CODE .
Z - ZERO CONDITION CODE 1 BIT
v - OVERFLOW CONDITIN COUDE 1 BIT
c - CARRY CONDITION CGDE 1 BIT
MNEMONIC OPCODE INSTRUCTION - NOGTES
CLR(E) . BZSEZDD CLEAR : <D> ¢
COM(B) BZS51DD GOGMPLEMENT ‘ <D> <D>
~ INC(B) | BESZDD INCREMENT <D>  <D>+l
DEC (B) ~ BE53DD DECREMENT <D> <D>-1
NEG(E) BZ54DD NEGATE <D>  ~<D>
TST(E) BZ57DD TEST» SETS STATUS BITS
ROR(E) BC6¢DD ROTATE RIGET <C»D>
ROL(EB) Bg61DD ROTATE LEFT <C.D>
ASR(E) BE6SDD SEIFT RIGKT <D> 2
ASL(B) BZ 630D SEIFT LEFT c %< D>
SWAB ¢7g¢3DD SWAP BYTES
ADC(B) BZSSDD ADD CARRY <D> <D>+<(C>
SBEC(B) BZ56DD0 SUBTRACT CARRY <D> <D>~<(C>
SXT ¢¢67DD SIGN EXTEND ¢ GR -1
MFPS 126700 MOVE BYTE FROM PS <D> PS
MTPS 126455 MOVE BYTE TG PS PS <D>
MOV (B) B1SSDD MOVE <D> <§>
CMP (B) 325SDD  COMPARE : <S-D>,SETS STATUS BITS
 ADD g6SSDD  ADD <D> <S+D>
SUB léSSDD SUBTRACT <D>» <D~-S>
BIT(B) B35SDD BIT TEST <S D>,SETS STATUS BITS
BIC(B) B4SSDD BIT SET <D> <( S) D> )
BIS(B) B5SSDD BIT SET <D> <S D>
XOR g 74RDD XOR <D> <R D»

MUL €7¢RSS MULTIPLY <R> <R*S>




