












































































































































































































































































































































FUNCTION OF TRE RESULT OF THE SUBTRACTION OPERATION, ROTATE THE CONTENTS
OF TRE DIVIDEND (WHETHER IT*S ORIGINAL VALUE OR THE NEV “"REMAINDER™) ONE
POSITION TO THE RIGHT, AND SIMILARLY ROTATE THE QUOTIENT ONCE TO THE
RIGET TO ALLOV ROOM FOR THE NEXT LEAST SIGNIFICANT BITe NOV REPFAT THEY
ENTIRE PROCEDURE UNTIL ONE HAS PERFORMED THE ABOUF OPFRATIONS AS MANY
TINES AS THERE ARE BIT POSITIONS IN THE REGISTFR USED TO HOLD THE OR1@6l~
NAL DIVIDEND! (TRAT WOULD BE 23 (DECIMAL) TIMES FOR THE FLOATING-POINT
PACKAGE BEING DISCUSSED HERE.)

TRE ALGORITHM MAY BE VISUALIZED A LITTLF MORE CLFARLY BY STUDYING
THE FLOV CHART PRESENTED BFLOWe ADDITIONALLY, A STEP«BY«STFP PRESEN-
TATION ILLUSTRATING THE ALGORITHM BEING USFD TO DIVIDF THF BINARY EQUlVe
ALENT OF 15 (DEGIMAL) BY S IS PRESENTED ON THF NEXT PAGF, THE LENGTH
OF THE REGISTERS HAVE BEEN REDUCED TO SHORTEN THF ILLUSTRATIONe. REMEM-
BER, THE ALGORITHM SHOWN 1S FOR TRE MANTISSA PORTION OF NUMBERS ALREADY
STORED IN "NORMALIZED™ FLOATING-POINT FORMAT,

SUBTRACT DIVISOR
FROM DIVIDEND

IS
RESULT
® OR +

YES

Y

PLACE 1" IN LSE
OF QUOTIENT

PLACE "@" IN LSB
OF QUOTIENT

PLACE REMAINDER AS
+ NEW DIVIDEND

T_¢

ROTATE CURRENT
DIVIDEND LEFT

I

ROTATE WUOTIENT
" TO THE LEFT

NO Y ES
ANSWVER 1IN
QUOTIENT
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g . 1111 ORIGINAL DIVIDEND AT START OF ROUTINE.

g .1010 DIVISOR (NOTE FLOATING-POINT FORMAT!)

g .01801 RESULT OF FIRST SUBTRACTION OPERATION
THIS IS THE "REMAINDER"™ FROM THE SUB~
TRACTION OPERATION. SINCE RESULT WAS
“POSITIVE" A "1" IS PLACED IN THE LSB
OF THE QUOTIENT REGISTER:

@ «. 06 01 QUOTIENT AFTER I1ST LOOP

NO¥ BOTH QUOTIENT AND DIVIDEND (NEW REMAINDER) ARE ROTATED LEFT

g . 10180 NEV DIVIDEND (VHICH IS THE LAST REMAIN-
DER ROTATED ONCE TO THE LEFT)

o .1018 DIVISOR (DOES NOT CHANGE DURING ROUTINE)

e . 00600 RESULT OF THIS SUBTRACTION 1S ZERO AND

THUS QUALIFIES TO BECOME NEW DIVIDEND.
QUOTIENT LSB GETS A "1™ FOR THIS CASE!

@ . 808 11 QUOTIENT AFTER 2ND LOOP

AGAIN BOTH QUOTIENT AND DIVIDEND (NEW REMAINDER) ARE ROTATED LEFT

? .0020080 NEV DIVIDEND (WHICH IS THE LAST REMAIN-
DER ROTATED ONCE TO THE LEFT)

g .10180 DIVISOR - STILL SAME OLD NUMBER

1 .26 1180 RESULT OF THIS SUBTRACTION IS A MINUS

NUMBER (NOTE THAT THE "SIGN™ BIT CHANG-
ED!) THUS, OLD DIVIDEND STAYS IN PLACE
AND QUOTIENT GETS A “@*" IN LSB POSITION.
® . 1 1 6 QUOTIENT AFTER 3RD LOOP

NOW BOTH QUOTIENT, AND IN THIS CASE THE OLD DIVIDEND ARE ROTATED LEFT

2 .00800 OLD DIVIDEND ROTATED ONCE TO THE LEFT
g .10 10 SAME OLD DIVISOR
1 .6 1180 RESULT OF THIS SUBTRACTION IS AGAIN A

MINUS. OLD DIVIDEND STAYS IN PLACE.
QUOTIENT GETS ANOTHER “@"™ IN LSB.

@ . 11868 QUOTIENT AFTER 4TH LOOP

SINCE THERE WERE JUST 4 BITS IN THE MULTIPLICAND REGISTER, THE ALGO~-
RITHM VOULD BE COMPLETED AT THE END OF THE FOURTH LOOP AND THE ANSWER
WOULD BE THAT SHOWN. IN THE QUOTIENT. REMEMBER, THAT SINCE. FLOATING-
POINT FORMAT. IS BEING USED, THAT THERE WOULD BE BINARY EXPONENTS INVOLV-
ED. SIMILAR TO THE WAY ONE WOULD HANDLE EXPONENTS IN DECIMAL FLOATING-
POINT NOTATION, ONE SUBTRACTS THE EXPONENTS FOR THE TWO NUMBERS (DIVISOR
EXPONENT FROM THE DIVIDEND EXPONENT) TO OBTAIN THE EXPONENT VALUE FOR A
DIVISION OPERATION. IN THE ABOVE EXAMPLE, THE MULTIPLICAND WOULD HAVE
HAD THE BINARY EXPONENT. & (DECIMAL) TO REPRESENT THE NORMALIZED STORING
OF 15 AND THE DIVISOR WOULD HAVE HAD A BINARY EXPONENT OF 3. THE ABOVE
ALGORITHM RFEQUIRES A COMPENSATION FACTOR OF + | AFTER SUBTRACTING THE
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EXPONENTS (CAN THE READER THINK OF WAYS IN WHICH THIS COULD BE AVOIDED?)
IN ORDER TO HAVE THE CORRECT FLOATING-POINT RESULT. IN THE SAMPLE IL-
LUSTRATED ABOVE, (4 -~ 3) + 1 = 2, AND INDEED IF THE ANSVWER SHOWN WAS
MOVED TWO PLACES TO THE LEFT (OF THE IMPLIED "BINARY POINT"™) ONE CAN
VERIFY THAT THE RESULT IS THE BINARY FQUIVELANT OF 3 (DECIMAL)! THE
READER MIGHT WANT TO TRY USING OTHER SMALL VALUED NUMBERS TO TEST THE
VALIDITY OF THE ALGORITHM AND DEVELOP A THOROUGH UNDERSTANDING OF THE
PROCESS. A GOOD CASE T0 EXAMINE IS ONE WHERE THE RESULT 1S "NON-ENDING"
SUCH AS THE NUMBER ! DIVIDED, SAY, BY 3.

JUST AS IN THE MULTIPLICATION ROUTINE, THERE ARE SEVERAL OTHER PARA-
METERS THAT MUST BE CONSIDERED IN DEVELOPING THE DIVISION ROUTINE. FOR
INSTANCE, THERE IS AGAIN THE MATTER OF THE SIGNS OF THE NUMBERS. THE
ALGORITHM REQUIRES THAT THE NUMBERS BE IN POSITIVE FORMAT SO AGAIN ONE
MUST KEEP TRACK OF THE SIGNS OF THE ORIGINAL NUMBERS AND CONVERT ANY
NEGATIVE ONES TO POSITIVE FOR THE ROUTINE. IF THE SIGNS OF THE TWO
NUMBERS INVOLVED ARE IDENTICAL, THE RESULT MUST BE POSITIVE, IF THEY ARE
DIFFERENT, THEN THE PROGRAM MUST NEGATE THE ANSWER OBTAINED FROM THE AC~-
TUAL DIVISION PROCESS. AND, BECAUSE SOME CALCULATIONS VWILL RESULT IN A
NON=-ENDING SERIES FOR AN ANSWER, SOME "ROUNDING*" CAPABILITY MUST BE IN-
CLUDED IN THE PROGRAM. THEN, THERE IS A SPECIAL CASE IN DIVISION THAT
ONE MUST CHECK FOR: DIVISION BY ZERO! IN THAT CASE THE PROGRAM MIGHT
BRANCH OFF TO TELL THE OPERATOR A THING OR TWO0., THE FLOATING=-POINT
DIVISION ROUTINE SHOWN BELOW CONSIDERS THESE MATTERS AS THE READER WILL
OBSERVE.

MNEMONIC COMMENTS

FPDIV, CAL CKSIGN /SET UP REG*'S AND CHECK SIGN OF NUMBERS

LLI 126 /SET POINTER TO MSV OF FPACC (DIVISOR)

LAl 200 /CLEAR ACCUMULATOR

CPM /SEE 1IF MSW OF FPACC = ZERO

JFZ SUBEXP /IF FIND ANYTHING - PROCEED TO DIVIDE

DCL /DECREMENT POINTER

CPM /SEE IF NSW OF DIVISOR = ZERO

JFZ SUBEXP /IF FIND ANYTHING - PROCEED TO DIVIDE

DCL /DECREMENT POINTER

CPM /SEE IF LSV OF DIVISOR = ZERO

JTZ DERROR /1F DIVISOR = ZERO, TELL SOMEBODY!
SUBEXP, LLI 137 /SET POINTER TO DIVIDEND (FPOP) EXPONENT

LAM /FETCH DIVIDEND EXPONENT

LLI 127 /SET POINTER TO DIVISOR (FPACC) EXPONENT

SUM /SUBTRACT DIVISOR EXP FM DIVIDEND EXP

ADI @01 /COMPENSATE FOR DIVISION ALGORITHM

LMA /STORE EXPONENT RESULT IN FPACC EXP
SETDCT, LLI 182 /SET POINTER TO BIT COUNTER STORAGE

LMI 827 /SET IT TO 27 OCTAL (23 DECIMAL)

DIVIDE, CAL SETSUB /MAIN DIVISION RTN - SUB DIVIS FM DIVID
JTS NOGO /1F RESULT 1S NEGATIVE - PUT @ IN QUOT

LEl 134 Z1IF « OR 8, MOVE REMAINDER INTO DIVIDEND
LLI 131 /SET POINTERS
LBl 083 /AND PRECISION COUNTER
CAL MOVEIT /AND MOVE REMAINDER INTO DIVIDEND
LAl 061 /PUT A "1” INTO ACCUMULATOR
RAR /AND MOVE IT INTO THE CARRY BIT
JMP QUOROT /PROCEED TO ROTATE IT INTO THE QUOTIENT
‘NOGO, LAl 088 /VHEN RESULT IS NEG, PUT “@%" INTO ACC
RAR /AND MOVE IT INTO CARRY BIT
QUOROT, LLI laa /SET POINTER TO LSW OF QUOTIENT
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MNEMONIC COMMENTS

LA L L L X0 L XX XX X 1 X X 2 2 L X L L X 3 4

LBl 0883 /SET PRECISION COUNTER

CAL ROTL /7MOVE CARRY BIT INTO LSB OF QUOTIENT
LLI 134 - /SET POINTER TO DIVIDEND LSW

LBl 863 /SET PRECISION COUNTER

CAL ROTATL /ROTATE DIVIDEND LEFT

LLI 182 /SET POINTFR TO BITS COUNTER

CAL CNTDWN /DECREMENT BITS COUNTER

JFZ DIVIDE /IF NOT FINISHED - CONTINUE ALGORITHM
CAL SETSUB /DO ONE MORE DIVIDE FOR ROUNDING OPS
JFS DVEXIT /2A4TH BIT = B, NO ROUNDING

LLI 144 /24TH BIT = 1, SET PNTR TO QUOTIENT LSW
LAM /FETCH LSW OF QUOTIENT
ADI 001 /ADD "1 TO 23RD BIT
LMA /RESTORE LSV
LAl 0990 /CLEAR ACCUMULATOR WHILE SAVING CARRY
INL /ADUVANCE POINTER TO NSW OF QUOTIENT
ACM /ADD WITH CARRY
LMA /RESTORE NSV
LAl 009 /CLEAR ACCUMULATOR WHILE SAVING CARRY
INL 7ADVANCE POINTER TO MSV OF QUOTIENT
ACM /ADD WITH CARRY
LMA /RESTORE MSWV
JFS DVEXIT /IF MSB OF MSW = @, PREPARE TO EXIT
LBl 8063 JOTHERVWISE SET PRECISION COUNTER
CAL ROTATR /MOVE QUOT RIGHT TO CLEAR SIGN BIT
LLI 127 /SET POINTER TO FPACC EXPONENT
LBM /FETCH EXPONENT
INL /INCREMENT IT FOR ROTATE RIGHT OP ABOVE
LMB /RESTORE EXPONENT
DVEXIT, LLI 144 /SET POINTERS TO TRANSFER
LEl 124 /QUOTIENT TO FPACC
LBl 863 /SET PRECISION COUNTER
JMP EXMLDV /EXIT THRU FPMULT RTN AT "EXMLDV
SETSUB, LLI 131 /SET PNTR TO LSW OF WORKING REGISTER
CAL SWITCH /SAVE POINTER
LHD /SET H = @ FOR SURE
LLI 124 /SET POINTER TO LSV FPACC
LBI 003 /SET PRECISION COUNTER
CAL MOVEIT /MOVE FPACC VALUE TO WORKING REGISTER
LEI 131 /RESET PNTR TO WORKING REG'S LSW (DIVISOR)
LLI 134 /SET PNTR TO LSW OF FPOP (DIVIDEND)
LBl 603 /SET PRECISION COUNTER
CAL SUBBER /SUBTRACT DIVISOR FROM DIVIDEND
LAM /GET MSV OF RESULT FROM SUBTRACTION OPS
NDA /AND SET FLAGS AFTER LOAD OPERATION
RET /BEFORE RETURNING TO CALLING ROUTINE

DERROR, CAL DERMSG /**USER DEFINED ERROR ROUTINE FOR ATTEMPT-
JMP USERDF /ING DIVISION BY @ - EXIT AS DIRECTED#*x*

THE FIVE FUNDAMENTAL FLOATING-POINT ROUTINES, °*FPNORM,*" *FPADD,*"
“FPSUB,'" *“FPMULT" AND "FPDIV,” WHEN ASSEMBLED INTO OBJECT CODE VWILL
FIT WITHIN THREE PAGES OF MEMORY IN AN 8808 SYSTEM. ADDITIONALLY, THE
ROUTINES AS PRESENTED IN THIS CHAPTER USE SOME SPACE ON PAGE 66 FOR
STORING DATA AND COUNTERS. NEEDLESS TO SAY, THE PROGRAMS AS DEVELOP-
ED FOR DISCUSSION COULD BE MODIFIED TO USE OTHER MEMORY LOCATIONS WITH
LITTLE DIFFICULTY. FOR REFERENCE PURPOSES, THE LOCATIONS USED ON PAGE
83 BY THE FUNDAMENTAL FLOATING-POINT ROUTINES JUST PRESENTED ARE LISTED
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HERE:

LOCATION(S) USAGE

100 SIGN INDICATOR

181 SIGNS INDICATOR (MULT & DIVIDE)
192 BITS COUNTER

123 FPACC EXTENSION

124 FPACC LEAST SIGNIFICANT WORD
125 FPACC NEXT SIGNIFICANT WORD
126 FPACC MOST SIGNIFICANT VWORD
127 FPACC EXPONENT

136 - 133 WORKING ARFA

a

134 FPOP LEAST SIGNIFICANT WORD
138 FPOP NEXT SIGNIFICANT VORD
136 FPOP MOST SIGNIFICANT WORD
137 FPOP EXPONENT

146 - 147 WORKING AREA

THE FUNDAMENTAL FLOATING-POINT ROUTINES WHICH HAVE BEEN PRESENTED
AND DISCUSSED ARE EXTREMELY POWERFUL ROUTINES WHICH SHOULD BE OF CONSID-
FRABLE VALUE TO ANYONE DESIRING TO MANIPULATE MATHEMATICAL DATA WITH AN
8008 SYSTEM. THE ROUTINES IN THE FORM PRESENTED FOR ILLUSTRATIVE PUR=-
POSES ARE CAPABLE OF HANDLING BINARY NUMBERS THAT ARE THE DECIMAL EQ-
UIVALENT OF 6 TO 7 SIGNIFICANT DIGITS RAISED TO APPROXIMATELY THE PLUS
OR MINUS 38TH POVER OF TEN! THE ROUTINES. CAN BE USED TO SOLVE A VIDE
VARIETY OF MATHEMATICAL FORMULAS BY SIMPLY CALLING THE APPROPRIATE SUB~-
ROUTINES AFTER LOADING THE “FPOP" AND “FPACC*" REGISTERS WITH THE VALUES
THAT ARE TO BE MANIPULATED (WHEN THEY ARE IN NORMALIZED FLOATING-POINT
FORMAT). FURTHERMORE, THE BASIC ROUTINES ILLUSTRATED CAN BECOME THE
FUNDAMENTAL ROUTINES IN MORE SOPHISTICATED PROGRAMS THAT MIGHT BE DEVE-
LOPED TO CALCULATE SUCH FUNCTIONS AS "SINES"™ AND "COSINES' USING NUMER~-
ICAL TECHNIQUES THAT CLOSELY APPROXIMATE THOSE FUNCTIONS BY TECHNIQUES
SUCH AS "EXPANSION SERIES™ FORMULAS.

THE INTERESTED PROGRAMMER SHOULD HAVE LITTLE DIFFICULTY IN MODIFYING
THE ROUTINES ILLUSTRATED TO UPGRADE THEIR CAPABILITY TO PROVIDE MORE
SIGNIFICANT DIGITS (BY INCREASING THE LENGTH OF THE MANTISSA) OR TO EX-
TEND THE " EXPONENTS* CAPABILITY BY PROVIDING DOUBLE OR TRIPLE-PRECISION
REGISTERS FOR THE EXPONENT PORTION. FOR MANY APPLICATIONS, HOWEVER, THE
USER MAY BE VELL SATISFIED WITH THE CAPABILITY PROVIDED BY THE ROUTINES
AS THEY HAVE BEEN PRESENTED FOR EDUCATIONAL PURPOSES.

THE FLOATING~POINT ROUTINES WHICH HAVE BEEN PRESENTED CAN BE USED TO
MANIPULATE NUMBERS ONCE THEY ARE IN BINARY FORMAT. IN SOME APPLICATIONS
SUCH AS WHEN FORMULAS ARE BEING SOLVED BY THE COMPUTER TO CONTROL THE
OPERATION OF A MACHINE, OR TYPES OF APPLICATIONS WHERE THERE 1S LITTLE
OR NO NEED TO COMMUNICATE WITH HUMANS, THE ABOVE ROUTINES COUPLED WITH
SOME 170 ROUTINES AND WHATEVER OTHER OPERATING PROGRAMS ARE DICTATED BY
THE APPLICATION WOULD BE SUFFICIENT FOR HANDLING THE MATHEMATICAL OPERA-
TIONS« HOWEVER, IN PROBABLY THE MAJORITY OF APPLICATIONS, AT SOME TIME
OR OTHER IT WILL BE DESIRABLE FOR HUMANS TO COMMUNICATE VWITH THE COMPU-
TER AND FOR THE COMPUTER TO PRESENT INFORMATION BACK TO HUMANS. NOW, IT
SEEMS THAT THE VAST MAJORITY OF PEOPLE PREFER TO MANIPULATE MATHEMATICAL
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DATA USING DECIMAL NOTATION AND WOULD NOT WANT TO CHANGE THEIR WAYS BY
WRKING IN FLOATING-POINT BINARY NOTATION. SO, MOST PROGRAMMERS WOULD
FIND IT BENEFICIAL TO HAVE SOME CONVERSION ROUTINES THAT WOULD CONVERT
NUMBERS FROM DECIMAL FLOATING-POINT NOTATION TO BINARY FLOATING~-POINT
NOTATION AS WELL AS THE REVERSE. THE NEXT SECTION OF THIS CHAPTER IS
DEVOTED TO DISCUSSING AND DEVELOPING ROUTINES THAT ACCOMPLISH SUCH A
WORTHWHILE OBJECTIVE!

CONVERTING FLOATING-POINT DECIMAL TO FLOATING-POINT BINARY

MOST USER°'S OF A COMPUTER FOR MATHEMATICAL FUNCTIONS WOULD PROBABLY
DESIRE TO INPUT DATA IN THE FORM:

1234.567
OR
1.234 E+15

USING AN INPUT DEVICE SUCH AS A KEYBOARD OR TELETYPE MACHINE. IN ORDER
TO ACCEPT DATA IN SUCH FORMAT ONE NEEDS TO DEVELOP A PROGRAM THAT WILL
FIRST CONVERT THE INFORMATION FROM THE DECIMAL MANTISSA AND EXPONENT
FORM OVER TO THE BINARY EQUIVALENT. THE PROCESS 1S FAIRLY STRAIGHT-FOR~
WARD CONCEPTUALLY. .

FIRST, ONE NEEDS TO DEVELOP A METHOD FOR BREAKING DOWN THE MANTISSA
PORTION INTO A "DECIMAL NORMALIZED" FORMAT. THIS CAN BE DONE QUITE
READILY BECAUSE:

1234.567 = 1234567.8 E-3
AND
1.234 E+15 = 1234.0 E+12

THUS, TO EFFECTIVELY "NORMALIZE“ A DECIMAL NUMBER ONE HAS TO SIMPLY KEEP
TRACK OF WHERE THE DECIMAL POINT IS PLACED BY THE OPERATOR IN THE MANT-
ISSA AND COMPENSATE FOR THAT FACTOR BY REMOVING THE DECIMAL POINT (MAK-
ING THE MANTISSA AN INTEGER VALUE) AND CHANGING THE EXPONENT PORTION TO
ACCOUNT FOR THE REMOVAL OF THE DECIMAL POINT!

NEXT, ONE NEEDS TO CONVERT THE MANTISSA PORTION OF THE NUMBER FROM
DECIMAL TO ITS BINARY BEQUAL. THAT CONVERSION PROCESS CAN ACTUALLY BE
ACCOMPLISHED AS EACH DECIMAL NUMBER 1S INPUTTED BY THE OPERATOR BY USING
THE ALGORITHM DESCRIBED BELOV.

DECIMAL TO BINARY CONVERSION:t EACH TIME A DIGIT IS RE~-
CEIVED IN DECIMAL FORM, IMMEDIATELY CONVERT IT TO IT'S
BINARY FQUIVELANT. IN MANY CASES THIS CONSISTS OF SIM~-
PLY “"MASKING OFF” EXTRA BITS TO LEAVE A VALUE IN BCD
FORMAT. NEXT, IN ORDER TO COMPENSATE FOR THE POVERS OF
TEN DENOTED BY THE POSITIONAL VEIGHT OF DECIMAL NUMBERS.,
MULTIPLY ANY PREVIOUS NUMBER(S) THAT ARE ALREADY STORED
IN BINARY FORM BY MULTIPLYING THEM BY 1@ (DECIMAL).

THEN ADD IN THE BINARY EQUIVALENT OF THE NUMBER THAT HAS
JUST BEEN RECEIVED.

THE ALGORITHM CAN BE ILLUSTRATED BY CONSIDERING THE FOLLOWING EXAM-
PLE WHERE AN OPERATOR ENTERS THE DECIMAL NUMBER " 63" BY FIRST ENTERING
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THE NUMBER " 6' AND THEN *"3* FROM AN INPUT DEVICE SUCH AS AN ASCI1 CODED
KEYBOARD?

o8 6006 000 INPUT REGISTER INITIALLY CLEARED

OPERATOR INITIALLY TYPES IN THE CHARACTER FOR A "6."
THIS 1S IMMEDIATELY CONVERTED TO 1 1 @ AS IT'S BINARY
EQUIVALENT. SINCE IT IS THE FIRST CHARACTER RECEIVED
IT 1S NOT NECESSARY TO MULTIPLY TME PRESENT VALUE OF
THE STORAGE REGISTER BY TEN. THE BINARY VALUE 1 1 @
CAN SIMPLY BE PLACED IN THE INPUT REGISTER GIVING:

66 6666 110 INPUT REGISTER AFTER IST # RECEIVED

THE OPERATOR THEN ENTERS THE CHARACTER FOR A "3." ONCE
AGAIN THIS 1S IMMEDIATELY CONVERTED TO @ 1 1 AS IT'S
BINARY EQUIVALENT. BUT, BEFORE THIS NEW DIGIT IS ADDED
TO THE BINARY STORAGE REGISTER, THE CONTENTS OF THE
REGISTER MUST BE MULTIPLIED BY TEN TO ACCOUNT FOR THE
POSITIONAL VALUE OF THE PREVIOUS DIGIT. A SIMPLE VAY
TO MULTIPLY A BINARY REGISTER BY TEN IS TO PERFORM THE
FOLLOWING STEPS:

g0 66 1186 INPUT REGISTER CONTAINS I1ST # “6."

a 2061 106080 ROTATE LEFT = MULTIPLY BY 2

0
g0 @11 86060 ROTATE LEFT = MULTIPLY BY 4
2

a 11 1180 ADD IN ORIGINAL VALUE = MULT BY 5

#686 111 1028 ROTATE LEFT = MULTIPLY BY 18

WITH THE PREVIOUS VALUE OF "é" NOW MULTIPLIED BY TEN TO
REPRESENT "60'" IN THE BINARY REGISTER, THE NEW VALUE OF
*3" CAN NOV BE ADDED IN TO YIELD:

20 111 111 BINARY EQUIVELANT OF " 63" DECIMAL.

THE ABOVE ALGORITHM IS THUS REPEATED EACH TIME AN ADDITIONAL DECI-
MAL CHARACTER IS RECEIVED TO MAINTAIN THE BINARY EQUIVALENT. NATURAL-
LY THE ALGORITHM IS VALID FOR MULTIPLE-PRECISION STORAGE OF NUMBERS.

FINALLY, IT IS NECESSARY TO CONVERT THE DECIMAL EXPONENT VALUE
(WHICH AGAIN IS IMMEDIATELY CONVERTED TO A BINARY NUMBER AS IT IS RE-
CEIVED FROM THE INPUT DEVICE) TO REPRESENT THE BINARY NUMBER RAISED
TO AN EQUIVALENT VALUE. CONVERSION AT THIS POINT MAY BE ACCOMPLISHED
BY FIRST CONVERTING THE BINARY REPRESENTATION OF THE MANTISSA TO IT'S
“NORMALIZED” FORMAT (USING THE SPECIAL CAPABILITY OF THE “FPNORM"™ ROUT-
INE TO CONVERT THE REGULAR FORMATTED BINARY NUMBER TO IT'S NORMALIZED
FORM) AND THEN MULTIPLYING THE NORMALIZED FLOATING-POINT BINARY NUMBER
BY 180 (DECIMAL) FOR EACH UNIT OF A POSITIVE DECIMAL EXPONENT OR MULTI-
PLYING IT BY @.1! FOR EACH UNIT OF A MINUS DECIMAL EXPONENT. THIS CAN
BE ACCOMPLISHED BY USING THE “FPMULT" ROUTINE PREVIOUSLY DESCRIBED!

THE DECIMAL TO BINARY INPUT PROGRAM TO BE PRESENTED SHORTLY HANDLES
THE ABOVE CONSIDERATIONS PLUS ALLOWS SEVERAL OTHER FUNCTIONS TO BE PER-
MRMED. THE ROUTINE WILL ALLOW AN OPERATOR TO SPECIFY THE SIGN OF THE
DECIMAL MANTISSA AND EXPONENT AND TAKES APPROPRIATE ACTION TO NEGATE

s - 32



NUMBERS DESIGNATED AS BEING MINUS IN VALUE. IT ALSO ALLOWS FOR ERASURE
OF THE CURRENT INPUT STRING BY TYPING A SPECIAL CHARACTER. THE ROUTINE
ASSUMES THAT CHARACTERS ARE RECEIVED FROM AN INPUT DEVICE THAT USES
ASCII CODE AND THAT AN OUTPUT DEVICE USING ASCII CODE IS USED TO "ECHO™
INFORMATION RECEIVED BACK TO THE OPERATOR. NEITHER THE ACTUAL INPUT OR
OUTPUT ROUTINES ARE SHOWN IN THE SAMPLE PROGRAM. (INFORMATION ON ACTUAL
Ir0 ROUTINES VILL BE PRESENTED IN A LATER CHAPTER). THE ROUTINE ALSO
ASSUMES THAT CERTAIN LOCATIONS ON PAGE 006 VWILL BE USED FOR STORAGE OF
NUMBERS RECEIVED AND FOR MAINTAINING COUNTERS AND INDICATORS. A LIST-
ING OF THE LOCATIONS USED VWILL BE PROVIDED LATER. ADDITIONALLY, THE
PROGRAM CALLS ON OTHER ROUTINES PREVIOQUSLY DETAILED IN THIS MANUAL SUCH
AS "FPNORM*" AND “FPMULT."

MNEMONIC COMMENTS
DINPUT, LH1 000 7/SET POINTERS TO INPUT
LLI 150 /STORAGE REGISTERS
XRA /CLEAR ACCUMULATOR
LBI 010 /SET A COUNTER
CLRNX2, LMA /AND CLEAR MEMORY LOCATIONS 158 - 157
INL /BY DEPOSITING @6°'S AND ADVANCING PNTR
DCB /AND DECREMENTING LOOP COUNTER
JFZ CLRNX2 7UNTIL FINISHED
LLI 163 /SET POINTERS TO CNTR/INDICATOR STORAGE
LBl @60a /SET A COUNTER
CLRNX3, LMA /AND CLEAR MEMORY LOCATIONS 103 - 186
INL /IN A SIMILAR FASHION BY DEPOSITING @6°'S
DCB /AND DECREMENTING LOOP COUNTER

JFZ CLRNX3 /UNTIL FINISHED
CAL INPUT /NOVW BRING IN A CHARACTER FROM 1/0 DEVICE

CP1 253 /TEST TO SEE IF IT IS A “+" SIGN

JTZ SECHO /IF YES, GO TO ECHO AND CONTINUE

CP1 255 /1F NOT "+ SEE IF "= S1GN

JFZ NOTPLM /IF NOT "+ OR "-" TEST FOR VALID CHAR
LLI 163 /1F MINUS, SET POINTER TO "INPUT SIGN"
LMA /AND MAKE IT NON-ZERO BY DEPOSITING CHAR

SECHO, CAL ECMO /70UTPUT CHAR IN ACC AS ECHO TO OPERATOR
NINPUT, CAL INPUT /FETCH A NEW CHARACTER FROM 1/0 DEVICE

NOTPLM, CPl 377 /SEE IF CHARACTER 1S CODE FOR *“RUBOUT"
JTZ ERASE /1F YES, PREPARE TO START OVER
CPI 256 /1F NOT, SEE 1F CHARACTER 1S A PERIOD "."
JTZ PERIOD /IF *." PROCESS AS DECIMAL POINT
CP1 305 /1F NOT, SEE IF CHAR IS “E" FOR EXPONENT
JTZ FNDEXP /IF “E" PROCESS AS EXPONENT INDICATOR
CP1 260 /1F NOT, SEE 1F CMAR A VALID NUMBER
JTS ENDINP 7I1F NONE OF ABOVE, TERMINATE INPUT STRING
CPl 272 /STILL CHECKING FOR VALID NUMBER
JFS ENDINP /IF NOT, TERMINATE INPUT STRING
LLI 156 /MAVE A ¢#, SET PNTR TO MS¥W OF INPUT REG'S
LBA /SAVE CHARACTER IN REGISTER "B"
LAl 370 /FORM A MASK AND CHECK TO SEE IF INPUT
NDM /REG'S CAN ACCEPT LARGER NUMBER
JFZ NINPUT /1F NOT, IGNORE PRESENT INPUT
LAB 7/1F 0.K., RESTORE CHARACTER TO ACC
CAL ECHO /AND ECMO # BACK TO OPERATOR
LLI 165 /SET POINTER TO DIGIT COUNTER
LCM /FETCH DIGIT COUNTER
INC 7/ INCREMENT IT'S VALUE
LMC /7AND RESTORE IT TO STORAGE
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PERIOD,

ERASE,

MNEMONIC

CAL
JMP
LBA
LLI
LAM
NDA
JFZ
LLI
LMA
INL
LMB
LAB
CAL
JMP
LAl
CAL
LAl

- CAL

FNDEXP,

EXECHO.
EXPINP,
NO EXPS.,

ENDINP,

CAL
JMP
CAL
CcAaL
CPI1
JTZ
CP1
JFZ
LLI
LMA
CAL
CAL
CPI
JTZ
CPI
JTS
CP1
JFS
NDI
LBA
LLI
LAl
CPM
JTS
LCM
LAM
NDA
RAL
RAL
ADC
RAL
ADB
LMA
LAl
-ADB
JMP
LLI
LAM
NDA
JTZ

DECBIN
NINPUT

186

ENDINP
185

ECHO
NINPUT
274
ECHO
240
ECHO
ECHO
DINPUT
ECHO
INPUT
253
EXECHO
255
NO EXPS
104

ECHO
INPUT
377
ERASE
260
ENDINP
272
ENDINP
217

157
863

EXPINP

260

EXECHO
183

FININP

COMMENTS

/PERFORM DECIMAL TO BINARY CONVERSION
/GET NEXT CHARACTER FOR MANTISSA

/SUBRTN TO PROCESS *"."™ - SAVE IN "B"”
/SET POINTER TO "." STORAGE INDICATOR
/FETCH CONTENTS

/SET FLAGS AFTER LOAD OPERATION

7IF *." ALREADY PRESENT, END INPUT STRING
/0THERWISE SET PNTR TO DIGIT COUNTER
/AND RESET DIGIT COUNTER TO @

/ADVANCE POINTER BACK TO “." STORAGE
/AND PUT A "." THERE

/RESTORE "." TO ACCUMULATOR

/AND ECHO IT BACK TO OPERATOR

7GET NEXT CHARACTER IN NUMBER STRING
/PUT ASCI1 CODE FOR "<" IN ACCUMULATOR
/DISPLAY IT

/PUT ASCII CODE FOR "SPACE" IN ACC

/AND LEAVE A COUPLE OF SPACES

/BEFORE GOING BACK TO

/START THE INPUT STRING OVER

/SUBRTN TO PROCESS EXPONENT, ECHO "E"
/GET NEXT PART OF EXPONENT

/TEST FOR A "+" SIGN

7/1F YES, PROCEED TO ECHO IT

7/1F NOT, TEST FOR A "-'" SIGN

/1F NOT, SEE IF A VALID CHARACTER

/1F HAVE "=-" THEN SET PNTR TO “EXP SIGN"
/SET “EXP SIGN" MINUS INDICATOR

/ECHO CHARACTER BACK TO OPERATOR

/GET NEXT CHARACTER FOR EXPONENT PORTION
/SEE IF CODE FOR 'RUBOUT"

7/1F YES, PREPARE TO RE~ENTER ENTIRE STRING
70THERWISE CHECK FOR VALID DECIMAL NUMBER
71F NOT, END INPUT STRING

/STILL TESTING FOR VALID NUMBER

/1F NOT, END INPUT STRING

/HAVE VALID #, FORM MASK AND STRIP ASCII
/CHARACTER TO PURE BCD, SAVE IN REG "B"
/SET PNTR TO INPUT EXPONENT STORAGE LOC
/SET ACCUMULATOR = 3

/SEE 1F 1ST EXPONENT # WAS GREATER THAN 3
/1F YES, IGNORE INPUT (LIMITS EXP TO < 48)
7IF 0.K., SAVE PREV EXP VALUE IN *“C*"

/AND ALSO PLACE IT IN ACCUMULATOR

/CLEAR THE CARRY BIT

/MULT X 10 ALGORITHM, 1ST MULT X 2

/MULT X 2 AGAIN

/ADD IN ORIGINAL VALUE

/MULT X 2 ONCE MORE

/ADD IN NEW ¢ TO COMPLETE THE DECIMAL TO
/BINARY CONV FOR EXP AND RESTORE TO MEMORY
/RESTORE ASCI! CODE BY ADDING "268"

/TO0 BCD VALUE OF THE NUMBER

/AND ECHO # THEN LOOK FOR NEXT INPUT

/SET POINTER TO MANTISSA '"SIGN' INDICATOR
/FETCH SIGN INDICATOR

/SET FLAGS AFTER LOAD OPERATION

/1F NOTHING IN INDICATOR, # IS POSITIVE
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FININP,

POSEXP,

EXPOK,

EXPFIX,

FPX10,

MINEXP,

FPDI10,

MNEMONIC

LLI
LBI
CAL
LLI
XRA
LDA
LMA
LEI
LBI
CAL
LBI
CAL
LLI
LAM
NDA
LLI
JT2Z
LAM
XR1
ADI
LMA
LLI
LAM
NDA
JTZ
LLI
XRA
SUM
LLI
ADM
LMA
JTS
RTZ
CAL
JFZ
RET
LEI
LDH
LLI
LBI
CAL
LLI
LMI
DCL
LMI
pCL
XRA
LMA
DCL
LMA
CAL
LLI
CAL
RET
cAL
JFZ
RET
LEI

154
P63
COMPLM
153

123
004
MOVEILT
627
FPNORM
164

157
PO SEXP

377
a0l

186

EXPOK
185

157

MINEXP

FPX10@
EXPFIX

134

124
804
MOVEIT
127
284

120

FPMULT
157
CNTDWN

FPD16@
MINEXP

134

COMMENTS

/SET PNTR TO LSV OF INPUT MANTISSA

/SET PRECISION

/PERFORM 2°'S COMPLEMENT TO NEGATE NUMBER
/SET PNTR TO INPUT STORAGE LSV-1

/CLEAR ACCUMULATOR

/CLEAR REG *'D"

/CLEAR INPUT STORAGE LOC LSW-1

/SET PNTR TO FPACC LSW-1

/SET PRECISION COUNTER

/MOVE INPUT & LSW=-1 TO FPACC & LSV-1
/SET SPEC FPNORM MODE BY SETTING BIT CNT
/IN REG "B" AND CALL NORMALIZATION ROUTINE
/SET POINTER TO EXPONENT SIGN INDICATOR
/FETCH FXPONENT SIGN INDICATOR TO ACC
/SET FLAGS AFTER LOAD OPERATION

/SET POINTER TO DECIMAL EXP STORAGE

/1F EXP POSITIVE, JUMP AHFAD

/1F EXP NEGATIVE, FETCH IT INTO ACC

/AND PERFORM TWO0'S

/COMPLEMENT

/THEN RESTORE TO STORAGE LOCATION

/SET POINTER TO PFRIOD INDICATOR

/FETCH CONTENTS TO ACCUMULATOR

/SET FLAGS AFTER LOAD OPERATION

/1F NOTHING, NO DECIMAL POINT INVOLVED
/1F HAVE DECIMAL POINT, SET PTR TO DIGIT
/COUNTER THEN CLEAR ACCUMULATOR
/SUBTRACT DIGIT CNTR FROM @ TO GIVE NEG
/SET POINTER TO DECIMAL EXPONENT STORAGE
/ADD IN COMPENSATION FOR DECIMAL POINT
/RESTORE COMPENSATED VALUE TO STORAGE
/1F COMPENSATED VALUE MINUS, JUMP AHEAD
/1F COMPENSATED VALUE ZEROt FINISHED!
/COMPEN DEC EXP 1S +, MULT FPACC X 10
/LOOP TIL DECIMAL EXPONENT = @

/EXIT WITH CONVERTED VALUE IN FPACC
/MULT FPACC X 18 RTN, SET PNTR TO FPOP LSW
/SET D = @ FOR SURE

/SET PNTR TO FPACC LSV

/SET PRECISION COUNTER

/MOVE FPACC TO FPOP (INCLUDING EXPONENTS)
/SET PNTR TO FPACC EXPONENT

/PLACE FP FORM OF 18 (DECIMAL) IN FPACC

” L1 ” *"” " " " ”
" " 50 L1 " " (1] (1]
LU " *"” » o L0 " *"”
” " " ” ” 4] " "
" " [ 4] ” ” " " L1

" " L 1] ” L " " [ 1]

NNN NN

" L 1] " ” " " (1] ”

/NOW MULTIPLY ORIG BIN ¢ (IN FPOP) X 10
/SET POINTER TO DECIMAL FXPONENT STORAGE
/DECREMENT DEC FXP VALUE

/RETURN TO CALLING PROGRAM

/COMPEN DEC EXP IS -, MULT FPACC X @.1

/LOOP TIL DECIMAL EXPONENT = @

/EXIT VWITH CONVERTED VALUE IN FPACC
/MULT FPACC X 8.1 RTN, PNTR TO FPOP LSV
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WNENONIC COMMENTS

LA L L L 2 L X 2 XX X 4 2 J L L L X 2 2 X 1 X 2 4

LDR /SET D = @ FOR SURE
LLI 124 /SET POINTER TO FPACE
LBl @@a /SET PRECISION COUNTER
€AL MOVEIT /MOVUE FPACE TO FPOP (INCLUDING EXPONWENT)
LLI 127 /SET POINTER TO FPACC EXPOMENT
LMI 378 /PLACE FP FORM OF @41 (DECIMAL) IN FPACC
CAL FPMULT /NOV MULTIPLY ORIG BIN # (IN FPOP) X Bl
LLl 187 /SET POINTER TO DECIMAL EXPONENT STORAGE
LBM /FETER VALUE
INB /INCREMENT IT
LMB /RESTORE IT TO MEMORY
RET /RETURN TO CALLING PROGRAM

DECBIN, LLI 153 /DEC TO BIN CONV, SET PNTR TO TEMP STORAGE
LAB /RESTORE CHARACTER TO ACCUMULATOR
NDl 617 /MASX OFF ASCI! BITS TO LEAVE PURE BED ¢
LMA /PLACE CURRENT BED # 1IN TEMP STORAGE
LEI 1S@ /SET POINTER TO VORKING AREA LSV
LLY 1S4 /SET AROTHER PNTR TO LSB OF INPUT REB®S
LDR /SET D = @ FOR SURE
LBl @63 /SET PRECISION COUNTER _
€AL. MOVEIT /MOVE ORIGINAL UVALUE TO WORKING AREFA
LLI 183a /SET PNTR TO LSV OF INPUT STORAGE
LBl @63 /SET PRECISION COUNTER '
€AL ROTATL /ROTATE LEFT (X 2) (TOTAL = X 2)
LLL 18a /SET PHNTR TO LSV AGAIN
LBl @63 /SET PRECISION COUNTER
CAL ROTATL /ROTATE LEFT (X 2) (TOTAL WOV = X 34)
LELl 184 /SET PNTR TO LSV OF ROTATED VALUE
LLl 1%@ /AND ANOTEER TO LSW OF ORIGINAL UALUVE
LBl @03 /SET PRECISION GOUNTER
€AL ADDER /ADD OR1IG TO ROTATED (TOTAL NOW = X S)
LL1 18a /SET PNTR TO LSV AGAIN
LBl 083 /SET PRECISION COUNTER
€AL ROTATL /ROTATE LEFT (X 2) (TOTAL WOV = X 18)
LLI 1852 /SET POINTER TO CLEAR WORKING ARFA
XRA /CLEAR AECUNULATOR
LMA /BEPOSIT IN NSV OF WORKING AREA
DEL /DECREMENT PNTR TO NSW
LKA /PUT ZFRO TRERFE TOO
LL! 183 /SET PNTR TO CURRENT DIGIT STORAGE
LAM /FETER LATEST BED NUMBER
LLl 1850 /SET PNTR TO LSV OF WORKING AREFA
L¥A ' /DEPOSIT LATEST BCD NUMBER IN LSV
LEI 184 /SET UP POINTER
LBl 663 /SET PRECISION COUMTER
€AL ADDER /ADD IN LATEST # TO COMPLETE DECBIN CONV
RET /RETURN TO CALLING PROGRAM

CONVERTING FLOATING+POINT BINARY TO FLOATING-POINT DECIMAL

THE FOLLOWING PROGRAM WILL CONUERT BINARY NUMBERS STORED IN FLOAT-
ING=POINT FORNAT TO DECIMAL FLOATING~POINT FORMAT AND DISPLAY THNEM ON AN
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OUTPUT DEVICE SUCH AS A TELETYPE MACHINE IN THE FOLLOWING FORMAT:
+0.1234567 E+087

THE ROUTINE WHICH IS SHOWN BELOW OPERATES ESSENTIALLY IN THE REVERSE
MANNER TO THE INPUT ROUTINE. FIRST THE FLOATING-POINT BINARY NUMBER IS
CONVERTED TO A REGULARLY FORMATTED BINARY NUMBER, AND THEN THE NUMBER 1S
CONVERTED TO A DECIMAL NUMBER USING A MULTIPLY BY TEN ALGORITHM. SINCE
THE READER SHOULD NOW BE QUITE ADEPT AT FOLLOVING THE OPERATION OF A
PROGRAM FROM THE COMMENTED SOURCE LISTING, THE FLOATING=-POINT BINARY TO
FLOATING-POINT DECIMAL CONVERSION ROUTINE WILL BE PRESENTED WITHOUT FUR-
THER DISCUSSION AT THIS POINT. IT SHOULD BE REMEMBERED THAT THE ROUTINE
ILLUSTRATED ASSUMES AN ASCII CODED OUTPUT DEVICE IS BEING UTILIZED. IN
ADDITION, SEVERAL SUBROUTINES USED BY THE PREVIOUSLY ILLUSTRATED. INPUT
PROGRAM ARE CALLED BY THE ROUTINE.

MNEMONIC COMMENTS
FPOUT, LLI 157 /SET POINTER TO DECIMAL EXPONENT STORAGE
LM1 000 /CLEAR DECIMAL EXPONENT STORAGE LOCATION
LLI 126 /SET POINTER TO MSW FPACC MANTISSA
LAM /FETCH MSW FPACC MANTISSA TO ACCUMULATOR
NDA /SET FLAGS AFTER LOAD OPERATION
JTS OUTNEG /IF MSB = | HAVE NEGATIVE NUMBER
LAl 253 /0THERVISE # 1S POS, SET ASCII CODE FOR +
JMP AHEAD] /GO TO DISPLAY *+' SIGN
OUTNEG, LLI 124 /HAVE NEG #, SET PNTR TO LSW FPACC MANT
LBl @03 /SET PRECISION COUNTER
CAL COMPLM /PERFORM TWO'S COMPLEMENT ON FPACC
LAl 255 /SET ASCI1 CODE FOR "~ SIGN
AHEAD], CAL ECHO /DISPLAY SIGN OF MANTISSA
LAl 260 /SET ASCI1 CODE FOR "@g"
CAL ECHO /DISPLAY "@*
LAl 256 /SET ASCil CODE FOR ",.”
CAL ECHO /DISPLAY *,"
LLI 127 /SET POINTER TO FPACC EXPONENT
LAl 377 /PUT ~1 IN ACCUMULATOR
ADM 7EFFECTIVELY SUBTRACT *1" FROM EXPONENT
LMA /RESTORE COMPENSATED EXPONENT
DECEXT, JFS DECEXD /1F COMPEN EXP @ OR POS, MULT MANT X @.1
LAl 0804 /1F COMPEN EXP NEGATIVE
ADM /ADD 4" (DECIMAL) TO THAT VALUE

JFS DECOUT /IF EXPONENT @ OR POS NOVW, OUTPUT MANTISSA
CAL FPX10 /0THERWISE, MULT MANTISSA BY 18

DECREP, LLI 127 /SET POINTER TO FPACC EXPONENT
LAM /GET EXPONENT AFTER MULTIPLICATION RTN
NDA /SET FLAGS AFTER LOAD OPERATION

. JMP DECEXT /REPEAT ABOVE TEST FOR @ OR POS CONDITION
DECEXD, CAL FPDI1#0 /MULTIPLY FPACC X 0.1
- JMP DECREP /CHECK STATUS OF FPACC EXP AFTER MULTIP

DECOUT, LEI 164 /SET POINTER TO LSW OF OUTPUT REGISTERS
LDH /JMAKE D = @& FOR SURE
LLI 124 /SET POINTERS TO LSW OF FPACC
LBl 003 /SET PRECISION COUNTER
CAL MOVEIT /MOVE FPACC TO OUTPUT REGISTERS
LLI 167 /SET PNTR TO MSW+1 OF OUTPUT REGISTER
LMl @00 /AND CLEAR THAT LOCATION
LLI lea /NOV SET POINTER TO LSW OF OUTPUT REG'S

LBl 203 /SET PRECISION COUNTER - PERFORM ONE

5 - 37



MNEMONIC

COMPEN,

OUTDI1G,

OUTDGS,

DECRDG,

ZERODG.,

oUTX10,

CAL
CAL
LLI
LBM
INB
LMB
JTZ
LLI
LBl
CAL
JMP
LLI
LMl
LLI
LAM
NDA
JTZ

LLI.

LAl
ADM

CAL.

LLI
CAL
JTZ
CAL
JMP
LLI
CAL
LL1
LAM
NDA
JFZ
DCL
LAM
NDA
JFZ
DCL
LAM
NDA
JFZ
LLI
LMA
JMP
LL1
LMl
LLI
LDH
LEl
LBI
CAL
LLI
LB1
CAL
LLI
LBI
CAL
LLI1
LEl

ROTATL
oUTX1@
127

O0UTD1G
167
084
ROTATR
COMPEN
167
087
167

Z ERODG
167
260

ECHO
187
CNTDWN
EXPOUT
ouUTX1@
OUTDGS
157
CNTDWN
166

DECRDG

DECRDG

DECRDG
157

DECRDG
167
000
164

1608
804
MOVEIT
164
004
ROTATL
164
804
ROTATL
160
164

COMMENTS

L X B X X T X X ¥ E X X ¥ 1

/ROTATE OP TO COMPEN FOR SPACE OF SIGN BIT
/7MULT OUTPUT REG X 18, OVERFLOW INTO MSW+l
/SET PNTR TO FPACC EXPONENT
/COMPENSATE FOR ANY REMAINDER IN BINARY
/EXPONENT BY PERFORMING A ROTATE RIGHT ON
/0UTPUT REG'S UNTIL BIN EXP BECOMES ZERO
/G0 TO OUTPUT DIGITS WHEN COMPEN DONE
/BIN EXP COMPENSATION ROTATE LOOP
/SET PNTR TO OUT MSW+1 AND SET COUNTER
/PERFORM COMPENSATING ROTATE RIGHT OP
/REPEAT LOOP UNTIL BIN EXP = @
/SET PNTR TO OUTPUT DIGIT COUNTER
/SET DIGIT COUNTER TO "7" TO INITIALIZE
/SET PNTR TO MSD IN OUT REG MSW+l
/FETCH BCD FORM OF DIGIT TO BE DISPLAYED
/SET FLAGS AFTER LOAD OPERATION
/SEE IF 1ST DIGIT WOULD BE A *@%
/1F NOT, SET PNTR TO MSwW+!1 (BCD CODE)
/FORM ASCII NUMBER CODE BY ADDING 260
/TO BCD CODE
/AND DISPLAY THE DECIMAL NUMBER
/7SET POINTER TO OUTPUT DIGIT COUNTER
/DECREMENT VALUE OF OUTPUT DIGIT CNTR
/WHEN = @, GO DO EXPONENT OUTPUT RTN
/0THERVISE MULT OUTPUT REG'S X 10
/AND OUTPUT NEXT DECIMAL DIGIT
/1F 1ST DIGIT = @, SET PNTR TO DEC EXP
/DECR VALUE TO COMPEN FOR SKIPPING DISPLAY
/OF 1ST DIGIT, THEN SET POINTER TO MSW
70F OUTPUT REG'S - FETCH CONTENTS
/SET FLAGS AFTER LOAD OPERATIONS
7CHECK TO SEE IF ENTIRE MANTISSA IS "@*

"

" " [ 1] *"” L] " .
L [ L) " " " " " "
" L] " " " (L] ” L]
" " *” " " ” .” "
" " " L1 *"” " "
*” *” ” *” " " *” [ L]
*" ” " " ” 11 " "

" " ” " [ " " "

/1F ENTIRE MANTISSA 1S ZERO, SET PNTR TO
/DECIMAL EXPONENT STORAGE AND SET IT TO @
/BEFORE PROCEEDING TO FINISH DISPLAY
/7MULTIPLY OUTPUT REG'S BY 10 TO PUSH OUT
/BCD CODE OF MSD, IST CLEAR OUTPUT MSW+l
/SET PNTR TO LSV OF OUTPUT REGISTERS
/MAKE SURE D = @ :

/SET ANOTHER PNTR TO WORKING AREA

/SET PRECISION COUNTER

/7MOVE ORIGINAL VALUE TO WORKING AREA
/SET POINTER TO ORIGINAL VALUE LSV

/SET PRECISION COUNTER

NNNNNNNN
H

/START MULT X 18 ROUTINE (TOTAL = X 2)
/RESET PNTR
/AND COUNTER
/JMULT X 2 AGAIN (TOTAL = X 4)

/7SET POINTER TO LSV OF ORIG VALUE
/AND ANOTHER TO LSV OF ROTATED VALUE
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MNEMONIC COMMENTS

LBl 88a /SET PRECISION COUNTER
€AL ADDER /ABD OR1@ VALUE TO ROTA‘!’ED (TOTAL = X 8)
LLI. 1 6A /RESET PNTR
LBl @da /AND COUNTER
€AL ROTATL /MULT X 2 ONCE MORE (TOTAL = X 10)
RET /FINISRED MULT OUTPUT REG®S X 18

EXPOUT,» LAl 2308 /SET ASGIl CODE FOR “E™
CAL FCNO /DISPLAY “E™ FOR “EXPONENT®
LLI 187 /SET POINTER TO DFEIMAL EXP STORAGE LOC
LAU /FETCR DECIMAL EXPONENT TO ACC
NDA /SET FLAGS AFTER LOAD OPERATION
JTS EXOUTN /1F MSB = 1, VALUE IS NEGATIVE
LAl 283 /1¥ VALUE 1S POSs SET ASCII CODE FOR “e¢*
JMP AXEAD2 /G0 TO DISPLAY S16N

EXOUTN, XRI 377 /FOR WE@ EXP, PERFORM TWO®S COMNPLEMENT
ADl1 @01 /IR STANDARD MANNER
LXA /AND RESTORE TO STORAGE LOCATION
LAl 283 /SET ASEI1 CODE FOR o™

ANEAD2, CAL FENO /DISPLAY S1GN OF EXPONENT
LBl @00 /CLEAR REGISTER "B™ FOR COUNTER
LAN /FETCHE DECIMAL EXPONENT VALUE

SUB12s SUL 12 /SUBTRACT 16 (DECIMAL)
JTS TOMUEGH /LOOKX FOR NEGATIVE RESULT
LMA /RESTORE POS RESULT, MAINTAIN COUNT OF ROV
INB /7MANY TIMES 18 (DECIMAL) CAN BE SUBTRACTED
JNP SUB12 /TO OBTAIN MOST S1G@ DIGIT OF EXPONENT

TONUCKs LAl 268 /FORM ASECIl C€RAR FOR MSD OF EXPONENT BY

' ADB /ADDING 260 TO GOUNT IN RFGISTER “B™

CAL ECHO /AND DISPLAY MOST SIGNIFICANT D161T OF EXP
LAM /FETEX REMAINDER IN DEC EXP STORAGE LOC
ADl 268 /AND FORM ASEll GRAR PFOR LSD OF EXPONENT
CAL ECHO /DISPLAY LEAST SIGRIFICANT DIGIT OF EXP
RET /7EXIT “FPOUT™ ROUTINE

ONCE ONE NAS A DECIMAL TO BINARY INPUT ROUTINE, AND BINARY TO DECIl~
WAL OGUTPUT ROUTINE TO WORK WITE THNE FUNDANENTAL FLOATING-POINT ROUTINES
IT IS A RELATIVELY SINPLE MATTER TO TIE THEM ALL TOGETRER TO FORN AN
“OPERATING PACKAGE™ THAT WOULD ALLOV AN OPERATOR TO SPECIFY NUMERICAL
VALUES  IN FLOATING-POINT DECIMAL NWOTATION AMD INDICATE WKETEER ADDITION,
SUBTRACTION, WULTIPLICATION OR DIVISION WAS DESIRED, THEN OBTAIN AN ANS-
VER FROM TRE CONPUTERe AN ILLUSTRATIVE "OPERATING PROGRAMN™ THRAT UTILIl-
ZES ALL THE DEMONSTRATION ROUTINES PRESENTED IN THIS SECTION IS SHOWN
BELOVe TRE PROGRAM VWILL ALLOV AN OPERATOR ro MAKE ENTRIES AND RECEIVE
RESULTS IN THEE FORMAT SHOWVN NERES

433.0E¢2 X <4 = <«@,1320000E¢+6

NNEMONIC COMMENTS

FPCONT, CAL CRLF2 /DISPLAY A FEV €R & L¥*S FOR 1/0 DEVICE
€AL DINPUT /LET OPERATOR ENTER A FP DECIMAL NUNMBER
CAL SPACES /DISPLAY A FFV SPACES AFTER NUNBER

LLI 124 /SEY PNTR TO LSW OF FPACC

LDH /SET D = 8 FOR SURE

LEl 170 /7SET PETR TO TENP # STORAGE AREA
LBl @04 /SET PRECISION €OUNTER
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MNEMONIC

CAL

NVALID, CAL
LBl

CP1

JTZ

CP1

JTZ

CP1

JTZ

CP1

JTZ

CPI

JFZ

JMP

OPERAl, DCB
DCB

OPERA2, DCB
DCB

OPERA3, DCB
DCB

OPERAA, LCA
LAl

ADB

LLI

LMA

LAC

- CAL

CAL

CAL.

CAL
LAl
CAL
CAL
LLI
LDH
LEI
LBI
CAL
LLI
LLM
LH1
LEM
INL
LDM
LLI
LME

MOVEIT
INPUT
200
253
OPERAI
255
OPERA2
330
OPERA3
257
OPERAA
317
NVALID
FPCONT

L2 2

110

ECHO
SPACES
DINPUT.
SPACES
27%
ECHO
SPACES
170

134
6oa
MOVEIT
110

XXX

Z+1

INL -

LMD
LHI
LDH
JMP
CRLF2, LAl
CAL
LAl
CAL
Lal
CAL
LAl

000

RESULT
215
ECHO
212
ECHO
218
ECHO
212

COMMENTS

/MOVE FPACC TO TEMP STORAGE AREA
/FETCH “OPERATOR" FROM INPUT DEVICE
/CLEAR REGISTER *“B"

/TEST FOR “+" SIGN

/GO SET UP FOR "+ SIGN

/1F NOT *+," TEST FOR "-* SIGN

/GO SET UP FOR *=" SIGN

/1F NOT ABOVE, TEST FOR X' (MULT) SIGN
/GO SET UP FOR %X SIGN

/1F NOT ABOVE, TEST FOR "/* (DIV) SIGN
/GO0 SET UPF FOR "/ SIGN

/1F NOT ABOVE, TEST FOR “RUBOUT"

/1F NONE OF ABOVE, IGNORE INPUT

/1F “RUBOUT" START NEW INPUT SEQUENCE
/SET UP REGISTER "B* BASED ON ABOVE

, *” " " L] " L "
, " ”"” " ” ” " "
, ”"” " 1 4] " " " "”
/ " " " ” . ” "

/ L4 ” " " w . ” ”

/SAVE "OPERATOR" CHARACTER IN REG *“C"
/*%x% = NEXT TO LAST LOC IN "LOOKUP*" TABLE
/MODIFY "x%x'" BY CONTENTS OF “B*

/SET PNTR TO "LOOKUP*" TABLE ADDR STORAGE
/PLACE "LOOKUP"™ ADDR IN STORAGE LOCATION
/RESTORE “OPERATOR" CHARACTER TO ACC

'/DISPLAY THE "OPERATOR" SIGN

/DISPLAY FEW SPACES AFTER “OPERATOR" SIGN
/LET OPERATOR ENTER 2ND FP DECIMAL NUMBER
/PROVIDE FEW SPACES AFTER 2ND NUMBER
/PLACE ASCl1l CODE FOR *'=" IN ACCUMULATOR
/DISPLAY *=* SIGN

/DISPLAY FEW SPACES AFTER "=" SIGN

/SET POINTER TO TEMP NUMBER STORAGE AREA
/SET D = @ FOR SURE

/SET ANOTHER POINTER TO LSW FPOP

/SET PRECISION COUNTER

/MOVE 1ST NUMBER INPUTTED TO FPOP

/SET PNTR TO "LOOKUP" TABLE ADDR STORAGE
/BRING IN LOV ORDER ADDR OF "LOOKUP" TABLE
/XXX = PAGE THIS PROGRAM LOCATED ON
/BRING IN AN ADDR STORED IN "LOOKUP" TABLE
/RESIDING ON THIS PAGE (XXX) AT LOCATIONS
/"%x%x 4+ B* AND “xxx + B + 1* AND PLACE IT
/1IN REGS "D & E* THEN CHANGE PNTR TO ADDR
/PART OF INSTRUCTION LABELED “RESULT'" BE-
/LOVW AND TRANSFER THE “LOOKUP" TABLE CON~-
/TENTS TO BECOME THE ADDRESS FOR THE IN-
/STRUCTION LABELED “RESULT." THEN RESTORE
/REGISTERS “D" AND “H'" BACK TO "@v

/NOVW JUMP TO COMMAND LABELED “RESULT"
/SUBRTN TO PROVIDE CR & LF'S

/PLACE ASCII CODE FOR CR IN ACC & DISPLAY
/PLACE ASC11 CODE FOR LINE FEED IN ACC
/AND DISPLAY

/D0 ‘1T AGAIN ~ CODE FOR CR IN ACC
/DISPLAY. IT

/CODE FOR LF
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MNEMONIC COMMENTS

CAL ECHO /DISPLAY IT

RET /RETURN TO CALLING ROUTINE
SPACES, LAl 2a¢ /SET UP ASCI! CODE FOR SPACE IN ACC
CAL ECHO /DISPLAY A SPACE
LAI 248 /D0 IT AGAIN - CODE FOR SPACE IN ACC
CAL ECHO /DISPLAY SPACE
RET /RETURN TO CALLING ROUTINF
"z RESULT, CAL DUMMY /CAL RTN AT ADDRESS IN NEXT TW0 BYTES!

CAL FPOUT /DISPLAY RESULT
JMP FPCONT /GO BACK AND GET NEXT PROBLEM!

“LOOKUP TABLE" AAA /LOV ADDRESS FOR START OF "FPADD" RTN
BBB /PAGE ADDRESS FOR START OF "FPADD"™ RTN
ccc /LOV ADDRESS FOR START OF 'FPSUB"™ RTN
DDD /PAGE ADDRESS FOR START OF "“FPSUB'" RTN
EEE /LOW ADDRESS FOR START OF “FPMULT' RTN
FFF /PAGE ADDRESS FOR START OF "“FPMULT"™ RTN

kK GGG /LOV ADDRESS FOR START OF “FPDIV" RTN
HHH /PAGE ADDRESS FOR START OF "FPDIV" RTN

THE THREE ROUTINES, “FPINP," "“FPOUT,' AND “FPCONT*" AS PRESENTED
WOULD REQUIRE ABOUT THREE PAGE OF MEMORY FOR STORAGE. HOWEVER, AS WVILL
BE DISCUSSED SHORTLY, THF ROUTINES COULD BE MODIFIED TO FIT INTO A CON-
SIDERABLY LESS AMOUNT OF MEMORY. THE DEMONSTRATION ROUTINES ALSO USED
CERTAIN LOCATIONS ON PAGE 88 FOR STORAGE OF TRANSIENT DATA AND THESE
ARE LISTED BELOV FOR REFERENCE. NATURALLY, THE ROUTINES COULD BE EASI-
LY ALTERED TO USE OTHER TEMPORARY STORAGE LOCATIONS. '

LOCATION(S) USAGE
183 INPUT MANTISSA SIGN STORAGE
104 INPUT EXPONENT SIGN STORAGE
185 INPUT DIGIT COUNTER
106 INPUT “PERIOD*" INDICATOR
167 OUTPUT DIGIT COUNTER
110 TEMP STORAGE FOR CONTROL "OPERATOR"
156 - 183 INPUT WORKING AREA
154 - 156 INPUT STORAGE REGISTERS (FOR DECBIN CONV)
157 INPUT EXPONENT (DECIMAL FQUIVELANT)
160 - 163 OUTPUT WORKING AREA ‘
164 - 167 OUTPUT STORAGE REGISTERS (FOR BINDEC CONV)
176 - 173 TEMPORARY NUMBER STORAGE

TECHNIQUES FOR SHORTENING LENGTHY PROGRAMS

THE "FPINP,* "FPOUT," AND "FPCONT" ROUTINES DESCRIBED PREVIOUSLY
MIGHT APPEAR SOMEWHAT LENGTHY TO THE READER. INDEED THEY ARE BECAUSE
MANY OF THE SECTIONS WERE DEVELOPED IN A MANNER THAT WOULD ENABLE ONE
TO MORE EASILY FOLLOW THE LOGIC OF THE PROGRAM RATHER THAN TO SAVE MEM=-
ORY SPACE IN A COMPUTER SYSTEM. AS READERS KNOW, HOWEVER, IT IS OFTEN
DESIRABLE TO REDUCE PROGRAMS TO FORMS THAT USE LESS MEMORY STORAGE.
BUT, THERE ARE TRADE-OFFS TO CONSIDER. DESIGNING A PROGRAM TO MINIMIZE
THE AMOUNT OF MEMORY USED GENERALLY REQUIRES SIGNIFICANTLY MORE HUMAN
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PROGRAM DEVELOPMENT TIME, AND IT GENERALLY MAKES THE PROGRAM MORE "COM-
PLEX' OR DIFFICULT FOR SOMEONE ELSE TO UNDERSTAND, BECAUSE ONE OF THE
FUNDAMENTAL TECHNIQUES IN REDUCING A PROGRAM'S LENGTH IS5 TO CAPITALIZE
ON MAKING AS MANY “SUBROUTINES"™ OUT OF DIFFERENT SECTIONS OF THE PROGRAM
AS POSSIBLE. THERE IS ALSO ANOTHER PARAMETER THAT CAN BE AFFECTED BY
DESIGNING A PROGRAM TO USE LESS MEMORY - THE SPEED AT WHICH THE PROGRAM
IS EXECUTED 1S GENERALLY DECREASED BECAUSE A LOT OF EXTRA TIME IS SPENT
EXECUTING TIME CONSUMING "CALL®" INSTRUCTIONS. MORE DISCUSSION ON THE
CONSIDERATIONS OF A PROGRAM'S OPERATING SPEED WILL BE PRESENTED IN A
LATER CHAPTER.

PERHAPS THE FIRST RULE OF THUMB TO APPLY TOWARDS REDUCING THE AMOUNT
OF MEMORY A PROGRAM REQUIRES IS TO MAXIMIZE THE AMOUNT OF SUBROUTINING
UTILIZED PROVIDED THAT THE SUBROUTINING MEETS THE FOLLOWING SIMPLE MATH=-
EMATICAL RELATIONSHIP:

BXN > 3XNG+B+1

WHEREt "B" = THE NUMBER OF BYTES IN A REPEATED INSTRUCTION SEQUENCE
AND: “N* = THE NUMBER OF TIMES THE SEQUENCE IS USED IN THE PROGRAM

EXAMINING THE FORMULA ABOVE WILL SHOW THAT IT DOES NO GOOD IN TERMS OF
CONSERVING MEMORY SPACE TO CALL A ROUTINE THAT UTILIZES ONLY 3 BYTES OF
MEMORY. THIS IS BECAUSE A "CAL" INSTRUCTION ITSELF REQUIRES 3 BYTES OF
MEMORY! HOWEVER, ONCE AN INSTRUCTION SEQUENCE EXCEEDS 3 BYTES OF MEMORY
THE POINT AT WHICH SUBROUTINING BECOMES PROFITABLE FOR CONSERVING MEMORY
SPACE IS A FUNCTION OF "N,* THE NUMBER OF TIMES THE INSTRUCTION SEQUENCE
NEEDS TO BE REPEATED IN A PROGRAM. FOR EXAMPLE, IF “B" = 4, ONE STARTS
SAVING MEMORY SPACE BY SUBROUTINING WHEN “N" = 6., THE ABOVE FORMULA
SHOWS THAT THE VALUE OF “N" REQUIRED TO MEET THE CONDITION WHERE MEMORY
SPACE 1S SAVED BY SUBROUTINING DROPS QUITE RAPIDLY AS “B" IS INCREASED
SO THAT BY THE TIME ONE IS DEALING WITH INSTRUCTIONAL SEQUENCES WHICH
USE 8 OR MORE BYTES OF MEMORY, ONE CAN SAVE MEMORY SPACE BY FORMING A
SUBROUTINE IF THAT SAME SFQUENCE 1S USED MORE THAN ONCE IN A PROGRAM!

A SUMMARY OF THE MINIMUM VALUES OF *“B" AND "N'" THAT WILL RESULT IN MEM~-
ORY SPACE BEING SAVED BY SUBROUTINING BASED ON THE ABOVE FORMULA IS PRO-
VIDED BELOV.

B =4 AND N = 6
B =5 AND N = S
B = 6 AND N = 3
B= B8 AND N = 2

THE AMOUNT OF MEMORY SPACE THAT ONE SAVES BY APPROPRIATE SUBROUTIN-
ING CAN BE CHECKED BY REARRANGING THE ABOVE FORMULA:

BXN - (3XN+B+1) = 2Z

AND SOLVING FOR "Z," THE AMOUNT OF BYTES SAVED. FOR EXAMPLE, IF “B"
IS 8 AND "N*" IS 3, THEN *"Z" 1S3 :

B8X3 « (3X3+84+ 1) = ¢

WHEN DEVELOPING SUBROUTINES, ONE CAN OFTEN USE ONE ROUTINE TO SERVE
SEVERAL FUNCTIONS BY ALLOWING FOR MULTIPLE ENTRY POINTS TO THE SUBROUT-
INE. AN EXAMPLE OF THIS METHOD WAS USED IN THE FLOATING-POINT PACKAGE
DISCUSSED WHERE TWO ENTRY POINTS TO THE ROTATE SUBROUTINES WERE PROVI-
DED, SUCH AS THE "ROTATL" SUBROUTINE WHICH HAD A SECOND ENTRY POINT LAB-%
ELED “ROTL* WHICH ALLOVED ONE TO ENTER THE ROUTINE BY "SKIPPING" THE
"NDA" INSTRUCTION WHICH RESIDED. IN THE LOCATION LABELED “ROTATL."
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ANOTHER WAY TO OFTEN SAVE SIGNIFICANT AMOUNTS OF MEMORY 1S BY CARE-
FUL ORGANIZATION OF THE PROGRAM AND ASSIGNMENT OF DATA STORAGE AREAS IN
MEMORY. FOR EXAMPLE, THE READER MAY HAVE NOTED THAT ALL THE NUMERICAL
DATA STORAGE AREAS USED IN THE FLOATING-POINT ROUTINES ALONG WITH THE
COUNTERS AND INDICATORS STORED IN MEMORY WERE LOCATED ON PAGE #8. THIS
WS DONE TO MINIMIZE THE RESETTING OF THE PAGE POINTER (REGISTER “H").
SCATTERING DATA ON DIFFERENT PAGES OF MEMORY IN A LARGE PROGRAM CAN RE-
SULT IN QUITE A BIT OF WASTED MEMORY BECAUSE REGISTER "“H" MUST BE FREQ-
UENTLY ALTERED (WHICH REQUIRES A TWO BYTE INSTRUCTION) TO CHANGE THE
MEMORY POINTER ADDRESS. CAREFUL ORGANIZATION OF DATA STORAGE CAN EVEN
BE HELPFUL IN MINIMIZING THE AMOUNT OF TIMES THAT REGISTER "L'" MUST BE
IDADED WITH A NEVW ADDRESS (REQUIRING A TWO BYTE INSTRUCTION) BY LOCAT~-
ING STORAGE AREAS IN ACCORDANCE WITH HOW THEY ARE ACCESSED IN A PRO-
GRAM SEQUENCE SO THAT AN "INL™ OR "“DCL" (ONE BYTE COMMAND) MAY BE USED
T0O ACCESS A STORAGE LOCATION RATHER THAN AN *LLI XXX* INSTRUCTION.

IN LINE WITH THE ABOVE CONSIDERATIONS IS THE SIMPLE RULE TO MAIN-
TAIN POINTERS AND COUNTERS AND OTHER FREQUENTLY USED “INDICATORS' IN CPU
REGISTERS AS MUCH AS POSSIBLE. THIS CONSIDERABLY REDUCES THE NUMBER OF
TIMES THAT THE *"H & L" REGISTERS HAVE TO BE CHANGED TO "POINT'" TO LOCA-
TIONS THAT CONTAIN SUCH INFORMATION AND THEN CHANGED BACK TO HANDLE THE
CURRENT DATA THAT 1S BEING MANIPULATED.

ANOTHER GENERAL RULE OF THUMB TO FOLLOW FOR REDUCING PROGRAM MEMORY
USAGE IS TO CAPITALIZE ON "LOOPS." A FORMULA FOR DETERMINING WHEN ONE
CAN SAVE MEMORY SPACE BY USING A “LOOP"™ (ASSUMING THE LOOP COUNTER IS
STORED IN A CPU REGISTER") IS PRESENTED HERES

BXN > B + 6

WHERE: “B*" = THE NUMBER OF BYTES FORMING THE “REPEATED'" PORTION OF
THE SEQUENCE THAT MUST BE CONSECUTIVELY REPEATED.
AND: "N* = THE NUMBER OF TIMES THE SEQUENCE MUST BE CONSECUTIVELY
REPEATED.

THUS, BY USING THE FORMULA, ONE CAN SEE THAT IF A PROGRAMMER HAS A FOUR
BYTE INSTRUCTION THAT MUST BE CONSECUTIVELY REPEATED THE PROGRAMMER CAN
SAVE MEMORY BY SETTING UP A "LOOP" IF THE SEQUENCE MUST BE CONSECUTIVELY
REPEATED THREE OR MORE TIMES. 1IF "B" IS ONLY TwO, THEN A "LOOP" CONSER~
VES MEMORY IF IT MUST BE CONSECUTIVELY PERFORMED FIVE OR MORE TIMES.
(THE ABOVE FORMULA IS DERIVED FROM THE FACT THAT IT REQUIRES SIX BYTES
TO SET UP A "COUNTER,' INCREMENT OR DECREMENT THE COUNTER EACH TIME A
*LOOP" 1S COMPLETED, AND MAKE A "CONDITIONAL'" BRANCHING TEST).

A SUBTLE CONCEPT THAT CAN SAVE MEMORY SPACE INVOLVES THE POSSIBILI~
TY OF INCLUDING A FEW CAREFULLY CHOSEN INSTRUCTIONS IN SUBROUTINES TO
INCREASE THEIR GENERAL USEFULNESS. FOR EXAMPLE, CONSIDER THE SUBROUT=-
INE ILLUSTRATED BELOW:

SAMPLE, LCH /SAVE VALUE OF "H" IN "C"
LHI XXX /SET PNTR TO "“DATA" PAGE
LAM /FETCH A BYTE OF “DATA"
LHC /RESTORE ORIG VALUE OF *“H"
NDA /SET FLAGS FOR ACC CONTENTS
RET

SUCH A SUBROUTINE MIGHT BE EXTREMELY VALUABLE IN A LARGE PROGRAM WHERE
“DATA" WAS STORED ON ONE PAGE, BUT "COUNTERS" AND "INDICATORS"™ HMAD TO
BE STORED ON ANOTHER. BEFORE CALLING THE ABOVE ROUTINE, THE PROGRAM
WOULD MAVE SET REGISTER "L" TO THE APPROPRIATE ADDRESS ON THE PAGE
WHERE "DATA" WAS TO BE OBTAINED. SUPPOSE THAT SOMETIMES THE MAIN PRO~
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GRAM NEEDED TO SIMPLY TRANSFER DATA FROM ONE LOCATION TO ANOTHER, AND
AT OTHER TIMES IT MADE "TESTS'" ON THE DATA IT OBTAINED. THE SIMPLE IN~-
CLUSION OF THE "NDA'" INSTRUCTION IN THE ABOVE ROUTINE DOES NO HARM IN
CASES WHERE DATA IS TO BE SIMPLY TRANSFERRED, BUT IT CAN SAVE VALUABLE
MEMORY STORAGE IF THERE ARE TWO OR MORE TIMES IN WHICH THE DATA MUST BE
“TESTED" IN THE MAIN PROGRAM BY HAVING THE “NDA" IN THE SUBROUTINE!

FOR, THE “NDA" SETS UP THE FLAGS ALLOWING ONE TO IMMEDIATELY EXECUTE A
CONDITIONAL BRANCHING INSTRUCTION UPON RETURN FROM THE SUBROUTINE WHEN
DESIRED BASED ON THE “DATA" LOADED INTO THE ACCUMULATOR BY THE SUBROUT~-
INE. TO PUSH THE POINT BEING MADE ONE STEP FURTHER - ADDING ONE MORE
INSTRUCTION TO THE ABOVE SUBROUTINE - AN "INL" PLACED JUST BEFORE THE
“NDA" INSTRUCTION COULD MAKE THE ROUTINE EVEN MORE "GENERAL PURPOSE."
FOR INSTANCE, IN A TYPICAL DATA MANIPULATING PROGRAM ONE MIGHT BE SEQ-
UENTIALLY ACCESSING LOCATIONS IN THE “DATA"™ STORAGE AREA WHILE POSSI-
BLY SEARCHING FOR A CERTAIN *“CODE." AT OTHER TIMES ONE MIGHT BRANCH OFF
TO PERFORM WORK IN ANOTHER AREA OF MEMORY IN WHICH CASE ONE WOULD PRO~-
BABLY HAVE TO PERFORM AN *LLI XXX* INSTRUCTION. THUS, THE INCLUSION OF
THE " INL" COMMAND IN THE SUBROUTINE TAKES CARE OF ALL THE TIMES THAT ONE
NEEDS TO ACCESS THE NEXT LOCATION IN THE “DATA"™ AREA, YET DOES NO HARM
IF THE PROGRAM WILL BE DIRECTED TO A DIFFERENT MEMORY AREA! (NOTE, HOW~-
EVER, THAT ONE WOULD HAVE TO EXAMINE CAREFULLY, HOW OFTEN THE MAIN PRO-
GRAM MIGHT BE REQUIRED TO ACCESS THE EXACT SAME LOCATION AGAIN, THUS RE-

QUIRING A COMPENSATING *DCL"™ INSTRUCTION IN THE MAIN PORTION OF THE PRO-
GRAM!)

HOWEVER, ONE OF THE MOST POWERFUL MEMORY SAVING TECHNIQUES FOR 8008
SYSTEMS 1S BASED ON THE USE OF A CLASS OF INSTRUCTIONS THAT MANY NOVICE
PROGRAMMERS COMPLETELY OVERLOOK! THIS CLASS OF INSTRUCTIONS IS THE
"RESTART" (RST XXX) GROUP. FOR, WHILE THE MNEMONIC FOR A “RESTART" IN-
STRUCTION 1S SHOWN AS CONSISTING OF TWO PARTS, THE ACTUAL COMMAND IS AN
EFFECTIVE ONE BYTE “CALL" INSTRUCTION! WHILE THE "RST" COMMANDS WERE
INCLUDED IN THE 8008 INSTRUCTION SET TO FACILITATE IMPLEMENTING '"START~
UP" OPERATIONS IN CONJUNCTION WITH THE “INTERRUPT" FACILITY ON TYPICAL
8008 SYSTEMS, THEY MAY ALSO BE PUT TO EXTREMELY EFFECTIVE USAGE IN GEN-
ERAL PROGRAMMING APPLICATIONS. THE REASON IS EASY TO UNDERSTAND ONCE
IT HAS BEEN POINTED OUT - BEING ABLE TO "CALL"™ A SUBROUTINE WITH A ONE
BYTE INSTRUCTION INSTEAD OF A THREE BYTE INSTRUCTION CAN SAVE A LARGE

AMOUNT OF MEMORY SPACE IF A ROUTINE HAS TO BE “CALLED" FREQUENTLY IN A
PROGRAM.

THE READER SHOULD REVIEW THE MATERIAL ON PAGE 17 OF THE CHAPTER
WICH EXPLAINS THE 80068 INSTRUCTION SET IN THIS MANUAL PERTAINING TO
THE "“RESTART" INSTRUCTIONS. SINCE THERE ARE 8 "RESTART" LOCATIONS ON
PAGE 606, THAT MEANS THAT ONE CAN HAVE UP TO EIGHT DIFFERENT SUBROUTINES
IN A PROGRAM THAT CAN BE ACCESSED WITH BUT A ONE BYTE CALL! WHILE THE
"RESTART" LOCATIONS ARE SPACED BUT 8 (DECIMAL) LOCATIONS APART, ONE CAN
STILL USE THE "RESTART" LOCATIONS FOR REACHING THE DESIRED OBJECTIVE
OF SAVING MEMORY SPACE EVEN IF TME DESIRED SUBROUTINE WILL NOT FIT IN
THE 8 LOCATIONS BY SIMPLY MAVING A “JUMP" INSTRUCTION AT A RESTART LOC-
ATION THAT DIRECTS THE PROGRAM TO THE ACTUAL SUBROUTINE!

TO SEE THE IMPORTANCE OF USING "RSTY COMMANDS. IN LARGE PROGRAMS CON
SIDER THE FACT THAT IT MAY OFTEN BE NECESSARY TO CALL A PARTICULAR SUB-
ROUTINE 30 OR 4@ (DECIMAL) TIMES. USING A ONE BYTE “RESTART" INSTRUCT-
ION INSTEAD OF A THREE BYTE "CAL' COMMAND CAN THUS SAVE 60 TO 8@ (DECI-
MAL) MEMORY LOCATIONS. THAT IS ROUGHLY ONE-FOURTH OF A "PAGE" OF MEM-
ORY IN AN 8088 SYSTEM! MULTIPLY THAT BY A FACTOR OF 8 - THE NUMBER OF
*RST** LOCATIONS AVAILABLE - AND ONE CAN SEE A VERY CONSIDERABLE SAVINGS
IN MEMORY USAGE! THE PERSON WHO HAS DEVELOPED FAIRLY DECENT SIZED PRO~-
GRAMS FOR AN 8068 SYSTEM WITHOUT TAKING ADVANTAGE OF THE "RST' COMMANDS
T0 CONSERVE MEMORY 1S OFTEN AMAZED WHEN SUCH PROGRAMS ARE RE~WRITTEN TO
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UTILIZE THE TECHNIQUE AND THME PROGRAMMER FINDS MEMORY USAGE CUT BY A
CONSIDERABLE PERCENTAGE!

AS A CHALLENGE TO THE READER WHO IS INTERESTED IN DOING A LITTLE
CREATIVE "TRIMMING" OF A PROGRAM, WHY NOT GO TO WORK ON REDUCING THE
SIZE OF THE “FPINP," "FPOUT,'" AND “FPCONT" ROUTINES PRESENTED IN THIS
CHAPTER? USING THE TECHNIQUES DESCRIBED IN THE LAST SEVERAL PAGES.,
ONE SHOULD BE ABLE TO WORK THOSE ROUTINES DOWN FROM THE ROUGHLY THREE
PAGES OF MEMORY THEY REQUIRE AS PRESENTED, TO WITHIN ABOUT TWO PAGES!
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INPUT/OUTPUT PROGRAMMING

THIS CHAPTER VILL BE CONCERNED WITH DISCUSSING PROGRAMMING TECHNI~
G@UES FOR TRANSFERRING INFORMATION TO AND FROM THE COMPUTFR AND EXTERNAL
DEVICES. EXTERNAL DEVICES ARE CONNECTED TO THE COMPUTER IN AN 8808
SYSTEM VIA PHYSICAL CONNECTIONS WHICH CARRY ELECTRONIC SIGNALS. SINCE
.IT 1S OFTEN DESIRABLE TO HAVE A NUMBER OF DIFFERENT DEVICES CONNECTED
TO A SYSTEM AT ONE TIME, A HARDWARE ARRANGEMENT. 1S GENERALLY PROVIDED
THAT ENABLES A NUMBER OF DEVICES TO BE CONNECTED AT ONE TIME, BUT ONLY
ONE SUCH DEVICE MAY ACTUALLY “COMMUNICATE™ WITH THE COMPUTER AT ANY Glv-
W INSTANT OF TIME. TO ALLOV CONTROL OF WHICH DEVICE 1S ABLE TQ0 COMMU~
NICATE VITH THE COMPUTER, AN ELECTRONIC ARRANGEMENT. 1S PROVIDED THAT
ALLOVS "“SOFTWARE" SELECTION OF INPUT AND OUTPUT “PORTS.™ AS FAR AS A
PROGRAMMER IS CONCERNED, A “PORT™ CONSISTS OF EIGHT SEPARATE ELECTRONIC
SIGNALS THAT CAN BE IN A "1™ OR “@#™ STATE. THE EIGHT SIGNALS CORRES~
POND TO THE EIGHT BIT POSITIONS AVAILABLE IN THE ACCUMULATOR OF THE CPU.
AN "INPUT" PORT ACCEPTS INFORMATION FROM AN EXTERNAL DEVICE AND PRESENTS
.IT T0O THE ACCUMULATOR OF AN 8€68. AN "OUTPUT"™ PORT TAKES INFORMATION
FROM TME ACCUMULATOR AND PASSES IT TO AN OUTPUT DEVICE. THE SELECTION
OF A PARTICULAR INPUT OR OUTPUT PORT 1S SPECIFIED BY THE PROGRAMMER
WEN UTILIZING AN 170 COMMAND. THNE READER MAY DESIRE TO REVIEW THE DIS~
CUSSION OF TME 170 INSTRUCTIONS PRESENTED ON PAGE 18 OF THME CMAPTER DE-
SCRIBING TME INSTRUCTION SET FOR THE 8088 CPU AT THIS TIME.

NOTE¢ FOR TME PURPOSES OF THE DISCUSSION. IN THIS CMAPTER,
ALL 170 OPERATIONS WILL BE ASSUMED TO TAKE PLACE BETVEEN
THE 1y0 "PORTS® AND THE ACCUMULATOR OF THE CPU. WNILE SOME
READERS MAY BE AWVARE THMAT IT IS POSSIBLE TO COMMUNICATE
WiTH A COMPUTER VIA TECMNIQUES KNOWN AS “DIRECT MEMORY AC~
CESS, WVMEREBY AN EXTERNAL DEVICE PLACES DATA DIRECTLY. INTO
AREAS IN MEMORY, OR VICE~-VERSA, SUCM CAPABILITY IS RARELY
FOUND ON 8808 BASED SYSTEMS. FURTHERMORE, SUCH TRANSFER
TECHNIQUES ARE ESSENTIALLY “MARDWARE CONTROLLED™ AND ARE
OUTSIDE THE PURELY PROGRAMMING REALM TO WHICM THIS MAN-
UAL IS DEVOTED.

THE BASIC CONCEPT BEMIND COMMUNICATING WITH A COMPUTER LIES. IN PRO-
VIDING SOME FORM OF SYSTEMATIC SYSTEM FOR ENCODING. INFORMATION FROM AN
EXTERNAL DEVICE TMAT WILL ALLOV A PROGRAM TO DECODE TME INFORMATION AND
TAKE APPROPRIATE ACTION, AND TO ALLOW A PROGRAM TO SEND CODES TO AN EX-
TERNAL DEWCE THMAT VILL DIRECT. IT TO PERFORM IN A PRESCRIBED MANNER.

SUCH A SYSTEM CAN BE CREATED ENTIRELY BY TME PROGRAMMER. INDEED.,
.IN MANY SPECIAL APPLICATIONS, SUCM AS CONTROLLING A UNIQUE PIECE OF
MACHINERY, TMAT 1S JUST THE APPROACM TAKEN. FOR EXAMPLE, SUPPOSE SOME
MANUFACTURER MAD A MACHINE THAT WAS TO BE CONTROLLED BY THE COMPUTER.
THE MACHINE COULD BE CONSTRUCTED SO TMAT WHEN. IT WAS PERFORMING A CER~
TAIN TYPE OF FUNCTION. IT WOULD CLOSE A PARTICULAR ELECTRICAL SVWITCHN.
TRERE MIGMT BE A NUMBER OF SUCH SWITCHMES ON TME MACHINE AND EACH ONE
COULD BE CONNECTED TO AN INPUT LINE, REPRESENTING ONE "BIT” OF AN INPUT
FPORT. FOR TME SAKE OF DISCUSSIONM, SUPPOSE A MACHNINE MAD EIGHT SUCHM. IN-
PUT SWITCHMES, ONE CONNECTED TO EACH POSSIBLE LINE MAKING UP AN INPUT
FORT. WMEN THE SWITCHR VAS "CLOSED™ A "1™ COMDITION VOULD BE PLACED ON
THE LINE AND WMEN.  IT WAS "OPEN" THE LINE WOULD REPRESENT A "@" CONDI-
TION. FOR THE SAKE OF SIMPLICITY, IT COULD ALSO BE ASSUMED THAT ONLY
ONE SVITCM COULD BE CLOSED AT ANY B8IVEN TIME,

NOVW, ASSUME TME COMPUTER WAS TO MONITOR TME STATUS OF THE SWITCHES
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BY PERIODICALLY EXECUTING AN INPUT INSTRUCTION FOR THE INPUT PORT TO
WHICH THE SWITCHES VERE ATTACHED. TMEN, DEPENDING ON WHICH SVWITCH WAS
IN THE CLOSED CONDITION, THE COMPUTER WOULD. DIRECT. INFORMATION TO BE
OUTPUTTED ON. AN OUTPUT PORT, SAY, TO DIRECT ANOTHER PART OF THE MACHINE
TO PERFORM A SPECIFIC OPERATION. A PROGRAMMER MIGHT MAKE UP AN “INPUT™
PROGRAM. IN THE FOLLOWING MANNER.

MNEMONIC COMMENTS

INCTRL, INP X - YREAD DATA FROM PORT X INTO ACCUMULATOR
NDA 7SET FLAGS AFTER INPUT OPERATION
JTZ INCTRL 7NO SWITCHES CLOSED = KEEP LOOKING
CP1 @al ri1S. 1T SWITCH #17
JTZ START1 /sYES, DO REQUIRED ROUTINE
CPl1 @02 ~71S. 1T SVITCH #27?
JTZ START2 /YES, DO REQUIRED ROUTINE
CPl 66a 71S. IT SVITCH #37
JTZ START3 sYES, DO REQUIRED ROUTINE
CPl 016 71IS IT SVWITCH #A4?

JTZ STARTA /sYES, DO REQUIRED ROUTINE

L]
CPl1 208 71S. 1T SVITCH #87
JTZ START8 7YES, DO REQUIRED ROUTINE
JMP ERROR 71F PROGRAM EVER GETS HERE SOMETHING WRONG

THE ABOVE INPUT ROUTINE. IS QUITE SIMPLE AND LACKS A TECHNICAL CONSI~
DERATION THAT MIGHT BE NECESSARY. IN A REAL SYSTEM (HOW CAN THE ROUTINE
TELL WMETHER A READING. INDICATES A "NEW™ SWITCH CLOSURE OR A “PREVIOUS"”
CONDITION STILL PRESENT?) HOVEVER, IT DOES ILLUSTRATE THE CONCEPT OF
. INPUTTING INFORMATION AND HAVING THE COMPUTER INTERPRET THAT INFORMA~-
TION.

IN A SIMILAR MANNER TO THE INPUT ROUTINE, ONE COULD CONNECT, SAY,
THE COILS OF ELECTRONIC RELAYS TO THE OUTPUT LINES OF A SPECIFIC OUTPUT
PORT. EACH OF THE EIGHT POSSIBLE LINES CONNECTED TO AN OUTPUT PORT
COULD ACTIVATE THE ASSOCIATED RELAY VHEN A "1™ CONDITION WAS PRESENT,
BUT NOT VHEN A “@" CONDITION EXISTED. SINCE EACH LINE CORRESPONDS TO
ONE *BIT".  IN THE ACCUMULATOR, ONE COULD EASILY. DEVELOP A PROGRAM TO CON-
TROL THE OPERATION OF THE RELAYS BY PLACING APPROPRIATE CODES IN THE AC-
COMULATOR OF THE CPU AND THEN EXECUTING AN *“OUT Z= INSTRUCTION WHERE "“Z%
REPRESENTED THE OUTPUT PORT WHOSE LINES WERE CONNECTED TO THE RELAYS.

IN THE ABOVE EXAMPLE INPUT PROGRAM TO MONITOR THE STATUS OF A SET OF
SVITCHES IT WAS ASSUMED THAT ONLY ONE SWITCH COULD BE CLOSED AT A GIVEN
TIME. THUS, THERE VERE ONLY NINE POSSIBLE SIGNAL CONDITIONS THAT COULD
BE RECEIVED BY THE COMPUTER -~ ANY OME OF THE EIGHT SWITCHES, EACH REPRE-
SENTED BY THE STATUS OF A PARTICULAR BIT IN THE ACCUMULATOR, COULD BE
*ON,” OR NONE OF THEM VERE ACTIVATED. THUS, THE PARTICULAR CODING TECH-
NIQUE FOR THE EXAMPLE VAS REALLY QUITE LIMITED. HAD. IT BEEN STATED THAT
/MY NUMBER OF THE SWITCHES COULD BE "ON*” AT ANY GIVEN TIME, THEN THERE
WULD BE 256 DIFFERENT CODES POSSIBLE ON THE 8 INPUT LINES AT ANY GIVEN
TIME! SUCH AN ENCODING SCHEME WOULD ALLOV QUITE A LOT MORE INFORMATION
T0 BE CONVEYED TO THE COMPUTER ON ONE INPUT PORT. ONE COULD READILY
INVISION COMING UP WITH A SYSTEM WHNEREBY AN EXTERNAL MACHINE COULD USE
THE 256 POSSIBLE STATES AVAILABLE ON ONE INPUT PORT TO PROVIDE A LOT OF
. INFORMATION TO THE COMPUTER. BY ASSIGNING DIFFERENT CODES TO REPRESENT
DIFFERENT "ARTIFACTS™ ONE COULD EASILY COME UP WITH A DEVICE THAT COULD
ESSENTIALLY ENCODE ALL THE LETTERS OF THE ALPHABET, TMNE NUMBERS @ - 9,
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AND A LOT OF SPECIAL SYMBOLS AND STILL HAVE UNUSED STATES! WELL, AS THE
READER UNDOUBTABLY KNOWS, PEOPLE DEVELOPED SUCH ENCODING SYSTEMS QUITE
SOME TIME AGO. IN FACT, A NUMBER OF DIFFERENT “STANDARDIZED" ENCODING
SYSTEMS HAVE BEEN DEVELOPED OVER THE YEARS. ONE OF THE MOST POPULAR EN-
CODING SYSTEMS, ONE THAT 1S USED ON MANY KINDS OF MACHINES SUCH AS ELEC-
TRONIC KEYBOARDS, TYPEWRITER, NUMBERICAL CONTROL MACHINES AND IN A VAR-
. IETY OF COMMUNICATION DEVICES, 1S COMMONLY ABBREVIATED AND REFERRED TO
AS TME "ASC11I" CODE. “ASCII" IS THE ABBREVIATION FOR "AMERICAN STANDARD
CODE FOR INFORMATION INTERCHANGE.™ *“ASCI1" CODE ITSELF IS ACTUALLY DE-
SIGNED TO USE JUST 7 BITS OF INFORMATION €¢THUS ALLOWING FOR THE ENCOD-
ING OF 128 DIFFERENT "SYMBOLS™), HOWEVER, "ASCIlI" CODE IS OFTEN USED IN
DEVICES THAT USE & BITS BECAUSE THE LAST BIT OF DATA CAN BE USED TO TEST
FOR TRANSMISSION ERRORS BY SERVING AS A "PARITY" INDICATOR. MORE WILL
BE SAID ABOUT "PARITY" A LITTLE LATER,

WHILE THE ENTIRE "ASCII"™ CODE 1S BASED ON THE DIFFERENT PATTERNS
THAT WILL FIT IN SEVEN BITS OF A REGISTER, THUS YIELDING 128 (DECIMAL)
DIFFERENT "“CODES,™ A COMMONLY USED "SUBSET" OF THE ASCII1 CODE IS OFTEN
UTILIZED. TME “SUBSET" DOES NOT USE EVERY POSSIBLE PATTERN BUT ONLY
THOSE PATTERNS DESIRED. THE “SUBSET" REFERRED TO IS FREQUENTLY USED IN
“ASCIlI CODED KEYBOARDS, TELETYPE MACHINES, AND OTHER DEVICES. IN THE
LISTING SHOWN BELOY, THE 8°'TH BIT NOT USED BY THE “ASCIlI* CODE WILL BE
SHOWN AS A "1™ CONDITION AND TME CODES WILL BE PRESENTED AS THEY COULD
APPEAR IN THE REGISTERS OF AN 8088 CPU.

CHARACTERS BINARY OCTAL CHARACTERS BINARY OCTAL

SYMBOLIZED CODE REP SYMBOLIZED CODE REP
A 11 000 @81 . 301 ! 18 100 @01 241
B 11 060 @10 382 w 1e 160 @816 242
c 11 600 011 303 , ’ 18 106 0211 243
D 11 060 100 384 L 10 188 10680 244
E 11 68066 181 385 x 190 106 1061 245
F 11 0006 110 386 & 16 100 1106 246
G 11 000 111 387 ' 16 162 111 247
H 11 0061 808 316 4 16 101 800 250
1 11 601 @061 311 ) 18 101 001 251l
J 11 001 010 312 * 19 181 @10 252
K 11 0081 211 313 + 19 181 811 253
L 11 001 14e 31a ’ 10 101 100 254
™ 11 88} 101 315 - 18 181 101 255
N 11 @8t 1180 316 . 16 161 110 256
0 11 801 111 317 ’ 16 161 111 257
P 11 610 800 320 0 16 110 000 268
Q 11 610 691 321 1 16 110 001l 261
R 11 210 010 322 2 10 110 o010 262
S 11 816 @11 323 3 16 118 9211 263
T 11 @10 100 324 A 18 110 100 264
U 11-810 101 325 5 16 110 161 265
v 11 610 110 326 6 16 110 110 266
| J 11 6106 111 327 7 19 110 111 267
X 11 @11 @90 330 8 10 111 600 278
Y 11 211 @01 331 ] 10 111 @01 271
z 11 011 @610 332 : 19 111 @1e@ 272
€ 11 811 811 333 3 10 111 811 273
\ 11 811 100 334 < 16 111 1028 274
] 11 811 161 335 = 19 111 101 275
* 11 611 11e@ 336 > 10 111 110 276
- 11 811 111 337 ? 16 111 111 277
] 11 000 9068 380

SPACE 11 160 000 240



THE SUBSET OF THE “ASCii* CODE JUST PRESENTED HAS SEVERAL NICE FEA-
TURES WORTH NOTENG. FOR ENSTANCE, TME 26 LETTERS OF THE ALPMABET ARE
ALL ENCODED €N A SEQUENCE STARTING WEITH 381 (OCTAL) AND ENDING WITHM 332
WCTAL). THUS ONE CAN EASELY CHMEGK DATA, FOR EXAMPLE, BEING ENPUTTED
BY AN OPERATOR TO SEE iF THE CODE BEING RECEIVED REPRESENTS A LETTER OF
THE ALPNABET BY PERFORMEING A "RANGE TEST™ AS SLLUSTRATED BELOVW.

MNEMONIC COMMENTS
CKALFA, INP X FAGCEPT A CHARACTER FROM INPUT DEVICE
cPI 361 ¥SEE 1F INPUT IN RANGE FROM 381
JTS CKALFA rTO0. 332, 4F IT 1S NOT, 1GNORE THE
eP4 333 ¥INPUT, &F IT 1S WITHIN THE RANGE
JFS CKALFA FTHEM NMAVE AN ALPHABETICAL CHARACTER
4SALFA, ... FTO PROCESS AS DESIRED

THE READER MAY NOTE TMAT THME NUMBERS @ THMROUGHM 9 ARE ALSO GROUPED
TOGETMER AN THE SEAUENCE FROM 268 TO 27} AND THE PROGRAMMER CAN THUS
READILY. PERFORM A SEMILAR RANGE TEST TO ONLY ACCEPT NUMBERS.

THERE ARE SEVERAL OTHER “CHARAGCTERS™ TMAT ARE USED BY MANY MACMINES
THAT OPERATE WiITH ASCil CODE THAT WiLL BE MENTIONED FOR REFERENCE. TME
MONCTEONS “CARRIAGE-RETURN™ ¢215), "LENE~-FEED" ¢212), "BELL"™ (207) AND
"ROUBOUT™ €377), ARE MOST OFTEN FOUND ON TELETYPE MACNINES WHICH MAKE
VERY NICE $70 DEVICES FOR A COMPUTER.,

. WHEN AN INPUT INSTRUCTION 1S EXECUTED, TME COMPUTER WILL RECEIVE
FIGNT BITS OF INFORMATION SIMULTAINEOUSLY. - CORRESPONDING TO THE EIGHT
POSSIBLE LINES OF AN. INPUT PORT WNiCH ARE FED INTO TME ACCUMULATOR. 1IN
OTHER WORDS, THE DATA {S ACCEPTED. §N PARALLEL. LIKEWISE, WHNEN AN OUT-
PUT INSTRUCTION. iS EXBECUTED, TME COMPUTER WILL SEND ALL EIGHT BITS OF
THE ACCUMULATOR OUT TO TME APPROPRIATE OUTPUT PORT SIMULTAINEOUSLY.
MOVWEVER, SOME DEVICES WHICH ONE DESIRES TO OPERATE WITH TNE COMPUTER MAY
NOT BE "PARALLEL" DEVICES. TMEY MAY INSTEAD BE “SERIALLY" OPERATED
WICH MEANS THEY DO NOT TRANSMIT.INFORMATION OVER A GROUP OF WIRES, BUT
PMATHER SEMD THE INFORMATION “ONE BIT AT A TIME"™ OVER A SINGLE VWIRE,

SUCH DEVICES MAY, MOVEVER, STILL BE CONNECTED TO AN 8868 SYSTEM SINCE
ONE MAY SIMPLY "DISCARD"™ TME UDNUSED BITS CORRESPONDING TO UNUSED LINES
OF AN 170 PORT. N SUCH CASES, THE PROGRAMMER MUST KNOW WNICH LINE OF
A PORT 1S TRE “ACTIVE™ LINE AND TAKE CARE TO ENSURE TMAT THE PROGRAM
MANZIPULATES BITS OF. INFORMATION SO THAT TMEY APPEAR ON THAT LINE AT TME
FROPER TIME. WHETMER A PARTICUKAR DEVICE CONNECTED TO A COMPUTER IS
“SERIAL" OR "PARALLEL" IN OPERATION ¢AS FAR AS TME COMPUTER IS CONCERN~-
ED) §3 OFTEN A FUNCTEON OF THE TYPE OF NARDWARE INTERFACE PROVIDED FOR
THE EXTERNAL DEVICE. FOR INSTANCE, TELETYPE MACHMINES ARE ESSENTIALLY
“SER4AL™ DEVICES SINCE THEY ACT ON. INFORMATION ONE BiT AT A TIME. HNOV-
EVER, WHEN ACTUALLY CONNECTED TO A COMPUTER ONE CAN ELECT TO MAVE A
"HARDVARE"” INTERFACE THAT CONVERTS. {NFORMATION RECEIVED FROM THE MACHINE
. 3N SERIAR FORM AND PLACES (T IN A "PARALLEL" REGISTER BEFORE PASSING TNME
PATA TO THE COMPUTER., AND GOENG. IN THE OTMER DIiRECTION, MAVE THE COMPUT-
R SEND. DATA N PARALLEL FORM TO THE INTERFACE WHICM MILL THEN PASS IT
Of TG THE MACHINE IN BIT-SERIAL FASHION. SUCHM AN INTERFACE CAN SAVE

A LOT OF COMPUTER TIME BECAUSE THE EXTERNAL NARDWARE INTERFACE IS ABLE
T0 MANDLE THE TIME CONSUMING SERIAL TO PARALLEL AND PARALLEL TO SER{IAL
TASKS. HNMOVEVER, SUCHN MARDWARE COSTS MONEY, AND. IN MANY APPLICATIONS ONE
MAY DESIRE TO MAVE THE COMPUTER D8 THE SERIAL T0 PARALLEL CONVERSION AND
VICE-VERSA. THIS CAN BE ACCOMPLISMED QUITE READILY WITH A SUITABLE PRO-
@RAM THAT ACTUALLY UTILIZES TME COMPUTER'S OWN TIMING TO DETERMINE WNEN
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T0 "LOOK™ OR "SAMPLE” FOR THE NEXT BIT OF INFORMATION FROM TME SERIAL
DEVICE OR WHEN TGO SEND THE NEXT BIT OF INFORMATION TO TME SERIAL DEVICE,
WIILE TME DETAILS OF CAREFULLY CONTROLLING TME TIMING FOR SUCH A PROGRAM
WLL BE DISCUSSED. IN THE NEXT CMAPTER, TME CONCEPT OF HAVING TME COM-
PUTER PERFORM PARALLEL TO SERIAL OR SERIAL TO PARALLEL CONVERSION VILL
BE DEMONSTRATED WITH SEVERAL ROUTINES AT TMIS POINT. TME TECHNIQUE CON-
SIST OF USING ACCUMULATOR "ROTATE™ INSTRUCTIONS TO SMIFT TME SERIAL DATA
IN OR OUT OF THE COMPUTER.

IN THE PARALLEL TO SERIAL ROUTINE SMOWN NEXT, IT WILL BE ASSUMED
TMAT A DEVICE THAT ACCEPTS SERIAL DATA 1S CONNECTED TO THME LEAST SIGNI-
FICANT BIT LINE OF OUTPUT PORT "X" AND THAT THE REMAINING LINES AVAIL-
ABLE ON THME PORT ARE UNUSED. TME DEVICE VILL BE ASSUMED TO BE A UNIT
THAT OPERATES WITH "ASCII™ CODE AND BEFORE THE ILLUSTRATED ROUTINE IS
"CALLED” THAT THE CODE FOR A CHARACTER HAS BEEN PLACED. IN THE ACCUMULA-
TOR.

MNEMONIC COMMENTS

PARSER, LCI 010 YSET UP REGISTER "C"™ AS A BIT COUNTER
NEXOUT, OUT X 7OUTPUT DATA IN ACC TO PORT X, ONLY THE
RRC 7DATA IN LSB USED, NOW ROTATE ACC RIGHT
DCC 71GNORE CARRY TMEN DECREMENT BIT COUNTER
JFZ NEXBIT 7DO NEXT BIT IF CNTR NOT ZERO
RET 7EXIT RTN WMEN ALL 8 BITS TRANSMITTED

IN THE FOLLOWING SERIAL TO PARALLEL ROUTINE IT 1S ASSUMED TMAT DATA
IS ARRIVING AT THE MOST SIGNIFICANT BIT POSITION OF AN INPUT PORT AND
THAT IT IS TO BE ASSEMBLED. INTO AN EIGHT BIT FORMAT.

"MNEMONIC COMMENTS
SERPAR, XRA 7CLEAR ACCUMULATOR AND ALSO CLEAR
. LBA ' 7REGISTER "B"™ AT START OF ROUTINE
LCI 618 = /SET A BIT COUNTER
NEXTIN, INP X /BRING. IN DATA FROM INPUT PORT X
NDI 200 * JSINCE ONLY MSB HAS. IMPORTANT DATA, MASK
RAL 7OFF OTMER BITS & CLR CARRY, NOW ROTATE
ADB JLEFT TO SAVE NEV BiIT, TNEN ADD IN ANY
RAR /PREVIOUS BITS FROM “B™ AND ROTATE RIGKT
LBA" YTO ADD ON LATEST BiT, STORE IN "B"
DCC 7DECREMENT BIT COUNTER
JFZ NEXTIN /1F NOT FINISHMED, GET NEXT BiIT
RET 7EXIT RTN VMEN 8 BITS RECEIVED & STORED

ANOTHER POPULAR “STANDARDIZED"™ CODE FOR OPERATING 170 DEVICES IS
MIOWN AS “BAUDOT™ CODE. BAUDOT CODE IS A "S5 LEVEL™ CODE IN THAT IT RE-
QUIRES FIVE BITS TO SPECIFY A PARTICULAR CHNARACTER. THUS, THNERE ARE
THEORETICALLY 32 DIFFERENT PATTERNS THAT CAN BE REPRESENTED WMEN USING
BPAUDOT CODE. NOV, BAUDOT CODE KAS LONG BEEN USED IN A VARIETY OF TELE-
- TYPES AND OTHER COMMUNICATION DEVICES AND TME CODE. IS OF INTEREST TO
MANY COMPUTER OWNERS BECAUSE OLDER MODEL TELETYPE MACMINES, PAPER TAPE
PUNCHES AND PAPER TAPE RFADERS CAN OFTEN BE OBTAINED FROM SECOND NAND
SOURCES AT QUITE REASONABLE PRICES, AND USED AS AN 170 DEVICE FOR A COM~
PUTER. WMILE BAUDOT CODE CAN ONLY REPRESENT 32 DIFFERENT BIT PATTERNS,
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TMESE MACHMINES CAN PRINT ALL TME LETTERS OF THE ALPHABET, TME NUMBERS
@ THROUGH 9, AND A VARIETY OF PUNCTUATION SYMBOLS! THAT IS A LOT MORE
THAN 32 DIFFERENT CHARACTERS! MOVW. IS IT DONE?

WELL, THE DESIGNERS OF TMOSE MACHINES USED A LITTLE. INGENUITY TO
INABLE TME MACMINE TO HANDLE ALMOST DOUBLE THE NUMBER OF CHARACTERS
THAT COULD BE REPRESENTED BY A FIVE BIT CODE BY USING SEVERAL OF TME
CODES TQ "SHIFT" THE MACHINE BETWEEN TWO MODES, SO TMAT IN ONE MODE IT
WOULD INTERPRET THE CODES TO MEAN ONE SET OF CHMARACTERS AND IN THE OTMER
MODE IT VOULD INTERPRET THNE CODES TO REPRESENT A DIFFERENT SET OF CHAR-
ACTERS. IN ONE MODE, TERMED TME “LETTERS” MODE, ALL TNE LETTERS OF THE
ALPHABET MAY BE PRINTED.  IN THE "FIGURES™ MODE, NUMBERS AND PUNCTUAT=-
. I0N ARE PRINTED. THE “BAUDOT"” CODE. IS PRESENTED BELOVW.

CHARACTERS 5 LEVEL CODE OCTAL
LC  UC, BIT POSITION CODES

Vo3
031

gleé
a1l

001

o185
032
24
206
213
01T
p2e
v34
vla
B30
26
@27
12
bos
b20
a7
a3e
823
83%
w25
p21

a4
sl1e
a02
1%
633
237

NS X E- T NI UOCZXERIrXLEQAMENUOUOTD
zm‘smtoq<pE:>~cDOb o w A -attg-@:u-'da

SPACE
CARs RETe
LINE FEED

NULL

FI1GURES

LETTERS

o N RN RDNE o o v o e D e D OO -S
e L R L R R e N ol T

o N e R N DO e QE ot b GO E oot o e RO =S
- N E O = ==~ SRS =S - -

IN THE BAUDOT TABLE SHOWN ABOVE THE OCTAL CODES COLUMN WAS SHOWN
ASSUMING TMAT THE CODES WERE STORED. IN THE LEAST SIGNIFICANT BIT POSI-
TIONS OF AN 80068 RESISTER WITH THE THREE MOST SIGNIFICANT BITS SET TO #.
THE READER CAN NOV SEE TMAT 26 OF THE POSSIBLE 32 CODES CAN REPRESENT
TWO DIFFERENT CHARACTERS DEPENDING ON WHICH MODE THE MACMINE IS IN. THE
FUNCTIONS “SPACE," "CARRIAGE-RETURN,"” “LINE-FEED,"” AND “NULL"™ MEAN TNE
SAME REGARDLESS OF WHICHM MODE THE MACHINE IS IN, AND TWO CODES "FIGURES™
AND “LETTERS” ARE USED TO SWITCH TNE MODE OF THE MACMINE. VWNILE EVERY-
THING MAY SEEM FINE AT THIS POINT, IT IS IMPORTANT TO DISCUSS HANDLING
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THE CODE AS PART OF AN 1/0 ROUTINE BECAUSE THERE IS A SUBTLE FACTOR THAT
CAN BE OVER~LOOKED BY SOME BEGINNING PROGRAMMERS!

IN ACTUAL OPERATION, A BAUDOT TELETYPE OPERATES IN THE “MODE" THAT
IT WAS LAST PLACED IN BY A "FIGURES"™ OR “LETTERS" KEY AND REMAINS IN
THAT MODE UNTIL THE OPPOSITE MODE CODE 1S RECEIVED. THUS, A MECHANICAL
ARRANGEMENT ACTUALLY SERVES TO “REMEMBER" A “BIT" OF INFORMATION. THE
‘FACT THAT AN EXTERNAL MECHANICAL LINKAGE 1S USED TO HOLD A “BIT" OF IN-
FORMATION MUST BE TAKEN IN ACCOUNT IF A COMPUTER PROGRAM IS TO PROCESS
THE CODE VWITH PRACTICAL RESULTS!

FOR INSTANCE, 1F ONE HAD AN INPUT ROUTINE THAT SIMPLY LOOKED FOR A
FIVE BIT PATTERN FROM A BAUDOT DEVICE ONE COULD GET THAT PATTERN IN MANY
INSTANCES FROM TWO POSSIBLE CONDITIONS OF THE TELETYPE MACHINE. FOR IN-
STANCE WHEN THE OPERATOR TYPED AN "A" OR AN "~-" MARK. IF THE PROGRAM
WAS DESIGNED TO PERFORM A CERTAIN FUNCTION ON RECEIPT OF THE LETTER "A"
IT WOULD ALSO PERFORM IT IF THE PUNCTUATION *=-" WAS RECEIVED! TO AVOID
THAT HAPPENING, ONE MIGHT INFORM THE HUMAN OPERATOR TO ALWAYS ENTER IN-
FORMATION DURING THAT PART OF THE PROGRAM WITH MACHINE IN THE "LETTERS"
MODE, BUT THAT IS NOT THE SAFEST WAY IN WHICH TO DESIGN A PROGRAM.

INSTEAD, ONE WOQULD BE BETTER OFF TO ADD A BIT TO THE BAUDOT CODE
WHEN IT WAS MANIPULATED IN THE COMPUTER THAT WOULD SERVE TO DIFFERENT~
IAT BETWEEN "LETTERS™ AND "FIGURES." FOR INSTANCE, THE CODE 00011
COULD BE USED TO INDICATE THE LETTER "A" AND . 100811 TO INDICATE THE
PUNCTUATION *“-* MARK. IN ORDER TO INSTITUTE THIS METHOD, ONE WOULD
HAVE TO HAVE A PROGRAM THAT KEPT TRACK OF WHICH MODE THE TELETYPE MACH-
INE WVAS OPERATING IN WHENEVER IT WAS RECEIVING DATA FROM THE MACHINE,

BY “REMEMBERING® THE LAST “LETTERS" OR "FIGURES" CODE RECEIVED. FURTH=-
FRMORE, IN ORDER TO ENSURE THAT THE MODE WAS PROPERLY RECEIVED (SUCH AS
WHEN THE PROGRAM WAS FIRST STARTED OR POWER TURNED ON THE TELETYPE MACH-
INE), IT WOULD BE WISE TO HAVE THE COMPUTER OUTPUT A COMMAND THAT WOULD
PLACE THE MACHINE IN A KNOWN STATE SUCH AS WOULD BE ACCOMPLISHED BY OUT-
PUTTING A “LETTERS™ OR "FIGURESY CODE AT THE START OF SUCH OPERATIONS.
THEN, FOR STORAGE AND MANIPULATION IN THE COMPUTER, THE INPUT ROUTINE
COULD SET A SIXTH BIT TO A *“1*" CONDITION WHENEVER A CODE WAS RECEIVED
WHILE THE MACHINE VAS IN, SAY, THE “FIGURES"™ MODE, AND LEAVE THE SIXTH
BIT AS A "@" VHEN CODES WERE RECEIVED IN THE "LETTERS" MODE. THE SIX
BIT CODES COULD THEN BE MANIPULATED AND STORED BY THE PROGRAM IN MUCH
THE SAME MANNER AS ONE MIGHT PROCESS “ASCII"™ CODES WITH THE ABILITY TO
IMMEDIATELY RECOGNIZE THE CLOSE TO 6@ DIFFERENT CHARACTERS. WHEN IT WAS
DESIRED TO OUTPUT INFORMATION, THE SIXTH BIT WOULD BE USED TO INDICATE
WHETHER IT WAS NECESSARY TO FIRST OUTPUT A "FIGURES" OR "LETTERS" CODE
T0 SET THE MACHINE IN THE PROPER MODE. (1T WOULD NOT BE NECESSARY TO
OUTPUT A “FIGURES"™ OR “LETTERS™ MODE COMMAND BEFORE EVERY CHARACTER WAS
SENT BECAUSE ONE COULD USE AN ALGORITHM THAT WOULD ONLY SEND A “MODE"
COMMAND WHEN THE *"SIXTH BIT" WAS NOTED TO HAVE CHANGED FROM THAT PRESENT
WHEN THE PREVIOUS CHARACTER WAS TRANSMITTED).

TWO SAMPLE ROUTINES FOR PERFORMING SUCH A FUNCTION, ONE FOR INPUT-
TING DATA FROM A BAUDOT MACHINE, AND ONE FOR OUTPUTTING DATA TO SUCH A
MACHINE, WILL BE ILLUSTRATED BELOW.

MNEMONIC COMMENTS

BAUDIN, LAY 837 /LOAD "LETTERS" CODE INTO ACCUMULATOR
CAL OUTPUT /CALL ROUTINE TO SEND BAUDOT CHAR
CAL LETCOD Z/INITIALIZE REG "B TO "LETTERS"™

INBAUD, CAL INPUT /NOVW ACCEPT BAUDOT CHARS FM MACHINE
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MM ENONIC Co COMMENTS

L2 X 2 L o L 1 2 T X ¥ X 2 J D D D WGP OP G AN av Eb dv WD WD

CPt 833 /SEE IF "FIGUR!!S" CoDE
CTZ Fl1GCOD /G0 SET UP “i™ AS SIXTH POSITION BIT
CP1 837 /SEE. 1¥ “LETTERS"™ CODE
CTZ LEYCOD /G0 SET UP “@" AS SIXTH POSITION BIT
: ADB /ADD IN STATUS OF SIXTH BIT POSITION
STORBD, CAL MANIP /USER SUBRTN TO PROCESS DATA
JMP INBAUD '/GET NEXT CHAR IN SEQUENCE IF APPLICABLE

FI6COD, LBI 84@ . /SET SIXTH BIT. IN "B = |
RET " /RETURN TO MAIN ROUTINE
LETCOD, LBI 888 ~ /SET SIXTH BIT IN “B" = @

RET /RETURN TO MAIN ROUTINE

_THE READER SHOULD NOTE THAT THERE ARE ACTUALLY TWO ENTRY POINTS TO
THE ROUTINE JUST PRESENTED. THE SUBROUTINE “BAUDIN" SHOULD BE CALLED
T0 INITIALIZE THE CONDITION OF THE BAUDOT MACHINE WHENEVER THE ' PROGRAM
1S FIRST STARTED OR AT OTHER TIMES WHEN THE "MODE™ OF THE MACHINE 1S NOT
CERTAIN. ONCE THE MACHINE AND ROUTINE HAS BEEN "INITIALIZED" THEN THE
PROGRAM. MAY BE CALLED AT "INBAUD™ AS LONG AS SOME OTHER ROUTINE DOES NOT
INTERFERE WITH THE STATUS OF REGISTER "B.™* THE READER WHO IS INTERESTED
IN “LOGIC” MIGHT NOTE THAT REGISTER “B* IN THE ABOVE PROGRAM ACTS AS A
“FLEP~-FLOP™ TO REMEMBER THE “MODE"™ IN WHICH THE TELETYPE 1S OPERATING.

THE ROUTINE SHOWN NEXT ALSO HAS TWO ENTRY POINTS. THE FIRST TERMED
"BAUDOT*" IS USED WHEN THE FIRST CHARACTER OF A STRING OF CHARACTERS IS
TO BE OUTPUTTED IN ORDER TO “INITIALIZE" THE BAUDOT MACHINE AND SET UP
REGISTER "C.” THE ENTRY POINT "OTBAUD" MAY THEN BE USED UNTIL- THE
*MODE” MEMORY REGISTER ¢"C*™) 1S INTERFERED WITH BY ANY OTHER EXTERNAL
ROUTINE. NOTE TOO, THAT-THE ROUTINE BELOVW EXPECTS THE CHARACTER TO BE
OUTPUTTED T0 BE RESIDING. IN REGISTER "B™ WHEN THE SUBROUTINE 1S CALLED!

 MNEMONIC ' COMMENTS

" BAUDOT, LAI 037 /LOAD "LETTERS"” CODE INTO ACCUMULATOR
CAL OUTPUT /CALL ROUTINE TO SEND BAUDOT CHARACTER
LCI oee /SET INDICATOR FOR "LETTERS™. IN "C"
OTBAUD, LAB " /MOVE CHAR FM “B™ TO ACCUMULATOR
: NDiI 040 /SEE IF SIXTH BIT = 1, IF YES = “FIGURES"
JTZ LTCHAR /CHARACTER, IF NOT = “LETTERS" CHARACTER
NDC /1F “ri@” SEE IF LAST OUT ALSO "FIE"
JTZ LASLET /3iF @ HERE THEN LAST WAS A "LETTERS"™
O0UTCOD, LAB /PUT PRESENT CHARACTER IN ACCUMULATOR
' ‘CAL OUTPUT /SEND THE BAUDOT CHARACTER
. RET /RETURN TO CALLING ROUTINE
LASLET, LAlI £33 /SINCE LAST WAS “LTR" PUT "FIG“ CODE
LASFri@, CAL OUTPUT /SEND CODE
LCB /SAVE LATEST N REG "C" FOR COMPARISON
_ . JMP OUTCOD /SEND CURRENT CHARACTER
- LTCHAR, LA 840 /7SET MASK & _SEE IF LAST WAS “LETTERS"™
: NDC /BY COMPARISON OF SIXTH BIT POSITION
JTZ OUTCOD /1iF 6 NERE, LAST WAS ALSO "LETTERS™
LAl 837 . /3F WOT, SEMD "LETTERS™ CODE FIRST

JMP LASFi€ /BY USING ABOVE RTN TO SEND “"LETTERS™ CODE
IT 1S OFTEN DESIRABLE T0 HAVE 1/0 ROUTINES TNAT WILL CONVERT BETVEEN
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ONE TYPE OF 1/0 CODE AND ANOTHER, SUCH AS BETWEEN "ASCI1" AND “BAUDOT.”
THIS MAY BE DESIRED FOR A NUMBER OF REASONS - FOR INSTANCE BECAUSE ONE
HAS ONE TYPE OF INPUT DEVICE USING ONE CODE AND A DIFFERENT OUTPUT DE-
VICE USING ANOTHER CODE. OR, ONE MIGHT DESIRE TO USE A PARTICULAR PRO-
GRAM THAT WAS VRITTEN TO USE ONE KIND OF CODE, WITH A MACHINE THAT USED
A DIFFERENT KIND OF CODE, WITHOUT HAVING TO MODIFY A LOT OF LOCATIONS

IN THE ORIGINAL PROGRAM THAT MIGHT HAVE BEEN TESTING FOR SPECIFIC 1/0
CODES FROM AN EXTERNAL DEVICE. IN SUCH CASES, THE COMPUTER'S CAPABILITY
TO PERFORM CONVERSION FUNCTIONS IS READILY CAPITALIZED UPON BY CONSTRUC-
TING A "LOOKUP" TABLE AND USING A SUITABLE PROGRAM TO CONVERT FROM ONE
CODE TO ANOTHER.

FOR EXAMPLE, SUPPOSE IT WAS DESIRED TO USE A "BAUDOT" MACHINE WITH
A PROGRAM THAT WAS DEVELOPED ORIGINALLY TO OPERATE WITH A MACHINE THAT
USED “ASCII™ CODE. ONE COULD PROCEED TO FIRST CONSTRUCT A "LOOKUP"
TABLE SIMILAR IN FORMAT TO THAT SHOWN HERE:

ADDRESS CONTENTS COMMENTS
10 900 301 : "AY (ASCID)

18 6861 203 A" (BAUDOT)

16 @82 382 “B*" (ASCII)

18 @63 231 “B* (BAUDOT)

. . . . .

16 0876 240 “SPACE" (ASCII)
186 877 004 “SPACE™ (BAUDOT)
190 1606 241 i (ASCII)

18 1061} 215 i (BAUDOT)

. . ) . . .

16 174 277 " (ASCID)

18 175 aT1 "2 (BAUDOT)

19 176 380 e (ASCIID)

18 177 208 SUBSTITUTE “NULL" (BAUDOT)

IN CONSTRUCTING THE TABLE, ONE COULD ELECT TO LEAVE OUT OR "IGNORE"
CHARACTERS THAT WERE NOT REPRESENTED BY BOTH CODES, OR TO SUBSTITUTE A
“SUBSTITUOTE" CHARACTER WHEN ONE CODE DOES NOT HAVE AN BQUIVALENT CHAR-
ACTER. EITHER METHOD REQUIRES CONSIDERATION WHEN THE SEARCH ROUTINE IS
DEVELOPED. THE FORMER METHOD LEAVES THE POSSIBILITY THAT A HUMAN OPERA-
TOR MIGHT TYPE IN A CHARACTER THAT DID NOT EXIST IN THE TABLE AND SO THE
PROGRAMMER WOULD HAVE TO BE CAREFUL TO “LIMIT" THE TABLE SEARCH ROUTINE.
NOTE THAT IF EVERY POSSIBLE ENTRY EXIST IN THE TABLE, THEN THE TABLE
SEARCH ROUTINE WILL BE "SELF LIMITING" IN THAT A MATCH WILL ALWAYS BE
FOUND. ON THE OTHER HAND, THE LATTER CHOICE OF USING A SUBSTITUTE CHAR-
ACTER REQUIRES THAT THE TABLE BE ORGANIZED SO THAT THE "PREFERRED” CHAR~
ACTER FOR CASES OF MULTIPLE SUBSTITUTION VILL BE THE ONE FOUND "FIRST"
BY THE TABLE LOOKUP ROUTINE. FOR INSTANCE, THERE ARE SEVERAL CHARACTERS
- BESIDES THE "@" MARK, SUCH AS ™1" AND *(*" WHICH COULD BE INCLUDED IN THE

~ ABOVE TABLE WHICH ARE REPRESENTED BY ASCI1 CODES BUT NOT BAUDOT CODES.

IF ONE DECIDED TO. INCLUDE THEM. IN THE TABLE, BUT HAVE “NULL" CHARACTERS
AS THEIR CONVERSION FRUIVALENT, ONE CAN SEE THAT A PROBLEM ARISES WHEN

ONE USES THE SAME TABLE TO CONVERT FROM BAUDOT TO ASCII AS NOW THERE
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ARE SEVERAL PLACES IN THE TABLE THAT HAVE THE “NULL'" CODE. AS VILL BE
CLEAR SHORTLY, THE ROUTINE THAT CONVERTS FROM BAUDOT TO ASCIl, WILL AL~
WAYS REPRESENT A "NULL" CHARACTER. IN BAUDOT AS A "e" SYMBOL IN ASCIl BE-
CAUSE THE BAUDOT ROUTINE “SEARCHES® THE TABLE FROM HIGHEST ADDRESS TO
LOWEST AND WILL FIND THE “NULL" TO *“@*" ENTRY FIRST. NATURALLY, THE TAB-
LE COULD BE RE-ORGANIZED SO THAT SOME OTHER “NULL®' CONVERSION ENTRY WVAS
LOCATED FIRST. OR, A DIFFERENT TYPE OF LOOKUP ROUTINE THAN THE ONE TO
BE PRESENTED CAN BE DEVELOPED. THESE FACTORS ARE SIMPLY BEING POINTED
OUT TO INCREASE THE READER'S AWARENESS AS TO THE TYPES OF FACTORS THAT
MUST BE CONSIDERED WHEN PERFORMING SUCH OPERATIONS.

A ROUTINE THAT WILL USE THE "LOOKUP" TABLE TO CONVERT "“ASCII" CHAR~
ACTERS TO "BAUDOT*" IS ILLUSTRATED NEXT. THIS PROGRAM, AND THE “BAUDOT"™
ROUTINE DISCUSSED EARLIER COULD BE USED TO OUTPUT CHARACTERS FROM A
PROGRAM THAT WAS ACTUALLY DOING INTERNAL PROCESSING WITH ASCII CODES.

MNEMONIC , COMMENTS
ASBAUD, LHI 0610 /SET PAGE ADDR PNTR TO LOC OF TABLE
LLI @00 /SET LOW ADDR PNTR TO "TOP" OF TABLE
FASC11, CPM /COMPARE (ASC11) CODE IN ACC TO CONTENTS
JTZ FNDBDO /OF TABLE, IF MATCH, DO CONVERS1ON
INL /0THERWISE ADVANCE LOW ADDR POINTER
- INL /TO NEXT "ASCII" CODE LOCATION IN TABLE
: JMP FASCII /AND KEEP LOOKING FOR A MATCH
FNDBDO, INL /WHEN HAVE ASCII MATCH, ADV PNTR 1 LOC
LAM /AND FETCH BAUDOT EQUIVALENT INTO ACC
RET /EXIT LOOKUP ROUTINE

THE ABOVE ROUTINE ASSUMES THAT THE CODE (IN ASCII) FOR A CHARACTER
THAT EXISTS IN THE TABLE IS IN THE ACCUMULATOR WHEN THE ROUTINE IS ENT-
FRED. NOTE THAT THE ROUTINE DOES NOT TEST FOR THE "END" OF THE TABLE
BECAUSE OF THAT ASSUMPTION. 1F FOR ANY REASON IT MIGHT BE POSSIBLE FOR
A CODE TO BE IN THE ACCUMULATOR THAT WAS NOT IN THE TABLE, THEN IT WOULD
BE NECESSARY TO ADD AN “END OF TABLE"” TEST EACH TIME THE TABLE POINTER
WAS ADVANCED AND TO TAKE APPROPRIATE ACTION IF "NO MATCH" WAS FOUND IN
THE TABLE.

THE NEXT ROUTINE DOES ESSENTIALLY THE REVERSE PROCESS, USING THE
SAME TABLE, TO CONVERT BAUDOT CODES TO ASCII CODES. IT COULD BE USED
ALONG WITH THE PREVIOUSLY DESCRIBED "BAUDIN" ROUTINE TO ACCEPT CHARAC-
TERS FROM A BAUDOT MACHINE AND CONVERT THEM FOR USE IN A PROGRAM THAT
UTILIZED ASCII CODES. AS IN THE ABOVE ROUTINE, THE PROGRAM ASSUMES
THAT A VALID BAUDOT CODE 1S IN THE ACCUMULATOR WHEN THE ROUTINE IS CAL-
LED. NOTE THAT THE ROUTINE STARTS SEARCHING THE TABLE IN THE OPPOSITE
IKRECTION THAN THE ROUTINE PRESENTED ABOVE.

MNEMONIC COMMENTS
ocoeoocaandbonocan . - e s e - -
BAUDAS, LH1 @180 /SET PAGE ADDR PNTR TO LOC OF TABLE
LLI 177 /SET LOV ADDR PNTR TO “BOTTOM” OF TABLE
FBAUDO, CPM /COMPARE (BAUDOT) CODE IN ACC TO CONTENTS
JTZ FNDASC /OF TABLE, IF MATCH, DO CONVERSION
DCL /0THERVISE DECREMENT LOW ADDR POINTER
DCL /TO NEXT “BAUDOT" CODE LOCATION IN TABLE

JMP FBAUDO /AND KEEP LOOKING FOR A MATCH
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MNEMONIC ' - COMMENTS
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FNDASC, DCL /WHEN HAVE BAUDOT MATCH, DECR PNTR 1 LOC
' LAM /AND FETCH ASCII EQUIVALENT INTO ACC
RET /EXIT LOOKUP ROUTINE

NATURALLY, THE TECHNIQUES ILLUSTRATED TO CONVERT BETWEEN "ASCI1"™
AND “BAUDOT™ CODES MAY BE APPLIED TO MANY OTHER TYPES OF CODES. INDEED,
THE SMALL COMPUTER MAKES AN IDEAL DEVICE FOR "“COUPLING" BETWEEN A VAR~
IETY OF 1/0 DEVICES, PARTICULARLY IN COMMUNICATION APPLICATIONS, THUS
ENABLING MACHINES OF DIFFERENT CHARACTERISTICS AND USING DIFFERENT CODES
TO GOMMUNICATE WITH ONE ANOTHER.

\ A CONCEPT THAT WILL BE DISCUSSED MORE FULLY IN THE NEXT CHAPTER WILL
BE BRIEFLY MENTIONED AT THIS TIME TO POINT OUT AN IMPORTANT CONCEPT WHEN
DEALING WITH 1/0 DEVICES CONNECTED TO THE COMPUTER. AS THE READER UN-
DOUBTABLY KNOWS, MANY MACHINES THAT MIGHT BE CONNECTED TO A COMPUTER ARE
MUCH SLOWER IN OPERATION, IN FACT OFTEN TIMES ORDERS OF MAGNITUDE SLOV-
ER, THAN THE BASIC OPERATING CYCLE OF A COMPUTER. FOR INSTANCE, AN 8088
SYSTEM REQUIRES BUT A MERE 32 MILLIONTHS OF A SECOND IN A TYPICAL SYSTEM
TO EXECUTE AN "INPUT" INSTRUCTION. THAT IS, IN THAT SHORT AMOUNT OF
TIME IT CAN “ACCESS'" AN INPUT PORT AND BRING IN & PARALLEL BITS OF IN-
FORMATION INTO THE ACCUMULATOR OF THE CPU.

THE EXTREME SPEED OF THE COMPUTER CAN IN FACT CAUSE PROBLEMS WHEN
PERFORMING I/0 OPERATIONS 1F STEPS ARE NOT TAKEN TO "CONTROL" THE SIT-
UATION. ASSUME FOR EXAMPLE, THAT A PERSON DESIRED TO CONNECT AN ELEC-
TRONIC KEYBOARD UNIT, SIMILAR TO A TYPEWRITER, THAT WOULD PRESENT THE
ASCII CODE FOR THE KEY BEING DEPRESSED IN PARALLEL ON THE LINES OF AN
INPUT PORT. IF THE PERSON JUST CONNECTED THE KEYBOARD OUTPUT LINES TO
THE INPUT LINES OF AN INPUT PORT, AND WANTED TO DEVELOP A PROGRAM THAT
WOULD ACCEPT. INFORMATION FROM THE KEYBOARD, THERE WOULD BE A NUMBER OF
RATHER TOUGH PROBLEMS, AND THEY WOULD BE RELATED TO THE SPEED AT WHICH
THE COMPUTER CAN OPERATE RELATIVE TO THE SPEED AT WHICH A HUMAN CAN DE-
PRESS THE KEYS ON A KEYBOARD.

SUPPOSE THAT THE KEYBOARD WAS DIRECTLY CONNECTED TO AN INPUT PORT
AND A PROGRAMMER TRIED TO DEVELOP A ROUTINE THAT WOULD SIMPLY READ THE
CODE BEING SENT BY THE KEYBOARD, STORE THE CHARACTER IN MEMORY, AND GO
ON TO READ THE NEXT CHARACTER. IN THE FIRST PLACE, HOV WOULD THE PRO-
GRAM BE ABLE TO EVEN TELL IF A KEY HAD BEEN DEPRESSED? TRUE, ONE COULD
ASSUME THAT IF NO KEYS WERE DEPRESSED, THAT THE CODE BEING RECEIVED
WOULD BE ALL ZEROS, AND A PROGRAM COULD CHECK FOR THAT CONDITION. BUT.,
EVEN 1F THAT WAS DONE, THE PROGRAMMER WOULD SOON HAVE ANOTHER PROBLEM.
WHEN A KEY WAS ACTUALLY DEPRESSED AND A "NON-ZERO™ CONDITION RECEIVED.
A SHORT PROGRAM TO PLACE THE CHARACTER IN MEMORY AND ADVANCE THE MEMORY
POINTER WOULD BE ACCOMPLISHED. IN THE ORDER OF A HUNDRED-MILLIONTHS OF
A SECOND. THE POOR HUMAN DEPRESSING THE KEY WOULDN'T HAVE A CHANCE OF
GETTING A FINGER OFF THE DEPRESSED KEY IN THAT AMOUNT OF TIME, AND IN
FACT IT WOULD TAKE ON THE ORDER OF SEVERAL TENTHS OF A SECOND FOR A PER~
SON TO REMOVE A FINGER FROM A KEY. IN THAT AMOUNT OF TIME, THE SIMPLE
INPUT ROUTINE COULD HAVE "READ™ THAT SAME CHARACTER AND PACKED IT INTO
MEMORY LOCATIONS A FEW HUNDRED TIMES! NOT EXACTLY THE DESIRED RESULT.
WHAT NOW? WELL, ONE COULD DEVELOP THE INPUT ALGORITHM SO THAT, ONCE A
"NON~-ZERO" CODE WAS RECEIVED, ONE WOULD NOT ACCEPT ANOTHER CHARACTER UN-
TIL A "ZERO"” CODE WAS OBSERVED. THAT MIGHT IMPROVE THINGS SOMEVHAT, BUT
IT WOULD PRECLUDE ACTUALLY BEING ABLE TO RECEIVE A "ZERO™ CODE (THAT
MIGHT REPRESENT A VALID CONDITION) AND, BECAUSE OF TECHNICAL CONSID~-
FRATIONS (SUCH AS "CONTACT BOUNCE" ON THE MECHANICAL SWITCHES OF THE
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KEYBOARD) IT WOULD NOT BE A VERY RELIABLE METHOD TO UTILIZE.

. INSTEAD, IT WOULD BE FAR BETTER TO PLACE AN “INTERFACE" BETWEEN THE
KEYBOARD AND THE COMPUTER INPUT PORT THAT WOULD ACCOMPLISH THE FOLLOW~-
ING OBJECTIVES. WHENEVER A KEY ON THE KEYBOARD WAS DEPRESSED, THE IN-
TERFACE WOULD “LATCH™ (HOLD) THE CODE REPRESENTED BY THE KEY IN AN ELEC-
TRONIC "BUFFER" THAT WAS CONNECTED TO THE LINES OF AN INPUT PORT. THE
"BUFFER" WOULD THUS HOLD “DATA™ FROM THE KEYBOARD. NEXT, WHEN THE KEY
" THAT HAD BEEN DEPRESSED WAS RELEASED, THE " INTERFACE" WOULD PRESENT A
SIGNAL TO AN INPUT LINE OF ANOTHER INPUT PORT - TERMED A "CONTROL" PORT.
FINALLY, THE INTERFACE WOULD HAVE A LINE COMING FROM AN OUTPUT PORT OF
THE COMPUTER, THAT WOULD ALLOW THE COMPUTER TO SIGNAL TO THE INTERFACE
THAT IT HAD TAKEN APPROPRIATE ACTION. A DIAGRAM OF AN ELECTRONIC INTER-
FACE VITH THE CHARACTERISTICS DESCRIBED IS SHOWN IN THE NEXT ILLUSTRAT-
ION.

—>—] —— .
> ————————
—y————— b
MACHINE - P 7::2
QUTPUT | ———
> A
> JLATCH [ o,
STROBE +
, [_ CONTROL
NEW I 9 INTO PORT ¥

CYCLE -b—{>
SI1GNAL cLK 0
CONTROL

~——<— oUT OF PORT 2

’

WITH SUCH AN INTERFACE, ONE COULD DEVELOP A MUCH MORE RELIABLE SYS-
TEM USING AN INPUT PROGRAM THAT WOULD PERFORM IN THE FOLLOWING MANNER:

MNEMONIC COMMENTS
MACHIN, INP Y /CHECK STATUS OF “CONTROL' FM MACHINE
- JFS MACHIN /I1F DATA NOT READY - WAIT BY LOOPING
INP X /DATA READY NOVW SO FETCH “DATA"
" LBA - /SAVE "“DATA" IN REGISTER "B"
LAl 981 /PREPARE TO PULSE LINE ON PORT "Z"
-0uUT 2 /SEND LOGIC "1" ON PORT Z CONTROL LINE
XRa /CLEAR ACCUMULATOR
ouUT Z : /SEND LOGIC *9" ON PORT Z CONTROL LINE
LAB - /RESTORE "DATA" TO ACCUMULATOR
RET - ZEXIT RTN VWITH "DATA"™ IN ACCUMULATOR

THE ABOVE ROUTINE ASSUMED THAT THE “CONTROL" LINE FROM THE INTERFACE
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CAME INTO THE MOST SIGNIFICANT BIT OF THE ACCUMULATOR AND THAT THE CON~-
TROL LINE GOING TO THE INTERFACE ORIGINATED FROM THE LEAST SIGNIFICANT
BIT IN THE ACCUMULATOR. FURTHERMORE, WHILE THE ABOVE ROUTINE *“WAITED"
FOR NEV DATA TO ARRIVE FROM THE EXTERNAL DEVICE BY MONITORING THE INPUT
CONTROL PORT CONTINUOUSLY, THE "JFS MACHIN* INSTRUCTION COULD HAVE BEEN
REPLACED BY A DIRECTIVE TO HAVE THE COMPUTER PERFORM SOME OTHER FUNC-
TION(S) BEFORE TESTING INPUT PORT “Y" AGAIN INSTEAD OF WASTING TIME DO~
ING NOTHING!

- A SIMILAR TYPE OF INTERFACE, AND SIMILAR PROGRAMMING TECHNIQUES CAN
BE APPLIED TO A VIDE VARIETY OF DEVICES THAT MIGHT BE CONNECTED TO THE
COMPUTER. WHILE THE EXAMPLE SHOWED BUT ONE LINE BEING USED ON EACH CON-
TROL PORT, ONE SHOULD NOTE THAT WITH EIGHT LINES AVAILABLE ON ONE PORT,
ONE CAN USE JUST A FEW "CONTROL' PORTS IN A SYSTEM TO MONITOR AND CON-
TROL A LARGE GROUP OF EXTERNAL INSTRUMENTS BY USING THE AVAILABLE BIT
POSITIONS.

TESTING FOR ERRORS DURING 1/0 OPERATIONS

IT 1S OFTEN DESIRABLE TO TRANSMIT DATA TO AN EXTERNAL DEVICE THAT
WILL STORE THE DATA IN SOME SORT OF PERMANENT FORM, SUCH AS ON PAPER
TAPE OR MAGNETIC TAPE. THEN, AT SOME LATER TIME, READ THE DATA BACK
INTO THE COMPUTER. DURING SUCH A PROCESS IT IS POSSIBLE FOR ERRORS TO
OCCUR. THAT IS, BITS OF INFORMATION WITHIN A "WORD" MAY BE ALTERED BE-
CAUSE OF "NOISE"” OR RANDOM ERRORS OCCURING IN THE 1/0 SYSTEM. WHILE
SUCH ERRORS ARE LIKELY TO OCCUR AT A VERY LOW RATE IN A WELL DESIGNED.,
PROPERLY OPERATING 1/0 SYSTEM, IT 1S OFTEN DESIRABLE TO UTILIZE TECHNIQ-
UES THAT WILL AT LEAST INDICATE WHEN AN EFRROR HAS OCCURRED. THERE ARE
A VARIETY OF ERROR CHECKING TECHNIQUES AVAILABLE, SOME SO SOPHISTICATED
THAT THEY CAN OFTEN “CORRECT*" CERTAIN TYPES OF ERRORS -THAT OCCUR DURING
170 OPERATIONS. TWO TECHNIQUES VWILL BE DISCUSSED HERE. WHILE NEITHER
ONE OF THEM HAS "ERROR CORRECTING*" CAPABILITY, THEY ARE CAPABLE OF DE-
TECTING THE MOST COMMON TYPE OF 1/0 ERROR WHICH IS FOR A BIT IN A WORD
CHANGING STATE.

THE FIRST METHOD TO BE DISCUSSED CONCERNS THE USE OF USING “PARITY"
TECHNIQUES TO DETECT TRANSMISSION ERRORS. THE TECHNIQUE CONSISTS OF
EXAMINING A GROUP OF BITS FOR THE NUMBER OF BITS THAT ARE IN THE *"1“
CONDITION WHEN IT IS BEING READIED FOR " TRANSMISSION" AND THEN SETTING
A BIT SET ASIDE FOR THE PURPOSE TO THE STATE THAT VWILL MAKE THE TOTAL
NUMBER OF BITS THAT ARE IN THE 1" CONDITION EITHER AN "ODD" OR “EVEN"
COUNT (FOR THE ENTIRE GROUP). FOR INSTANCE, IT WAS MENTIONED EARLIER
THAT THE "ASCI1* CODE REQUIRED 7 BITS TO REPRESENT ALL THE POSSIBLE 128
CHARACTERS DEFINED BY THE CODE, BUT THAT MANY SYSTEMS EMPLOYED AN 8°'TH
BIT FOR "PARITY" PURPOSES. THUS, THE *ASCl1I" CODE 1S IDEAL FOR USE IN
TYPICAL 8008 SYSTEMS BECAUSE THERE ARE EXACTLY 8 BITS TO A COMPUTER
WORD. )

FURTHERMORE, THE 806068 CPU HAS AS PART OF IT'S INSTRUCTION SET, SPEC-
IFIC INSTRUCTIONS TO FACILITATE THE USE OF PARITY TECHNIQUES. REMEMBER
THE "PARITY" FLAG THAT WAS DISCUSSED IN THE CHAPTER ON THE 80088 INSTRUC-
TION SET AND THE VARIOUS CONDITIONAL BRANCHING INSTRUCTIONS THAT USE THE
STATUS OF THE PARITY FLAG?

WHEN THE CODES FOR THE "ASCI1" SUBSET WERE DESCRIBED EARLIER, IT VAS
MENTIONED THAT THE EIGHTH BIT POSITION (MOST SIGNIFICANT BIT) IN THE
LISTING WAS ARBITRARILY SET TO THE "1" CONDITION AS THE *“ASCII" CODE DID
NOT USE THAT BIT. HOWEVER, THAT BIT POSITION MAY BE USED TO SPECIFY THE
DESIRED "PARITY" IN A SYSTEM WHERE PARITY CHECKING IS TO BE EMPLOYED.

6~ 13



. FOR INSTANCE, 1F ONE WANTED TO ESTABLISH AN EVEN PARITY SYSTEM., ONE
WOULD PROCEED IN THE FOLLOWING MANNER. '

EXAMINE THE SEVEN BITS MAKING UP THE CODE FOR THE CHARACTER TO BE
TRANSMITTED (ASSUMING *ASCI1* CODE FOR THIS EXAMPLE). IF THE NUMBER OF
BITS IN THE CHARACTER THAT ARE A LOGIC "1' ARE "EVEN," THAT IS THERE ARE
@, 2, A4 OR 6 BITS IN THE "1* STATE, SET THE 8°'TH BIT TO A "8.* IF THE
NUMBER OF BITS ARE "ODD,* THAT 1S THERE ARE 1, 3, 5 OR 7 BITS IN THE "1"
STATE, SET THE 8°'TH BIT TO A *1* CONDITION SO THAT THE TOTAL NUMBER OF
BITS IN THE ENTIRE GROUP BECOMES AN EVEN NUMBER! SOME EXAMPLES ARE IL-
LUSTRATED BELOV.

ORIGINAL 7 BIT ASCI1 CODE 8 BIT “EVEN" PARITY CODE
Q) 1 860 601 01 6066 601
(B) 1 860606 61080 g1 2068 61686
) i1 9006 011 11 0006 0611
() i 6060 1| 66e 61 068 1068
(E) 1. 8806 101 11 60606 1| 8
@) - e 1106 o600 20 110 0668
(48 e 110 001 16 1106 0061

ONE COULD ALSO ELECT TO USE AN *"ODD"™ PARITY SYSTEM BY ESSENTIALLY
REVERSING THE SCHEME SO THAT THE 8°'TH BIT IS ALWAYS SET TO MAKE THE TOT-
AL NUMBER OF BITS IN A GROUP THAT ARE IN THE “1* STATE BE AN "ODD" NUM-
BER. “ASCII™ CODE USING AN 8'TH BIT TO PRODUCE AN *"ODD PARITY" SYSTEM
IS ILLUSTRATED BELOW FOR SEVERAL CHARACTERS.

ORIGINAL 7 BIT ASCII CODE . 8 BIT “ODD” PARITY CODE

@) 1- 2060 801 11 200 @01
®) 1 286 818 11 0e¢ @1 @
> 1 6806 811 21 eee 811
(D> 1 860 1668 11 6860 100
(E) 1 €060 101 21 @@ 101
@) 2 1186 600 18 110 0060
1) 2 118 @81 28 11¢ 00,1

ONCE ONE HAS SELECTED WHICH PARITY (ODD OR EVEN) TO USE WITH A SYS-
TEM ONE SIMPLY SENDS THE DATA IN THE DESIRED MODE TO THE 1/0 DEVICE.
THEN, WHEN THE DATA IS LATER READ INTO THE COMPUTER, A CHECK IS MADE ON
EACH "WORD™ OF DATA RECEIVED TO DETERMINE IF THE PARITY IS CORRECT. IF
IT IS NOT, THEN AN ERROR HAS OCCURRED. SAMPLE ROUTINES TO GENERATE
“EVEN" PARITY WORDS FOR AN OUTPUT ROUTINE, AND FOR CHECKING FOR " EVEN"
PARITY IN AN INPUT ROUTINE ARE SHOWN NEXT.

MNEMONIC \ ‘ COMMENTS

SEVENP, NDA /ASSUME 7 BIT ASCII CODE IN ACC, 8'TH BIT
JTP GOUT /INIT @, IF PARITY EVEN AS 1S, SEND DATA
XR1 200 /O0THERWISE SET MSB = 1 TO GET EVEN PARITY

GOUT., CAL OUTPUT /USER ROUTINE TO TRANSMIT DATA TO 1/0
RET . /EXIT EVEN PARITY GENERATOR ROUTINE
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MNEMONIC COMMENTS

REVENP, NDA /ASSUME DATA FM 1/0 DEVICE IN ACCUMULATOR
RTP /SET FLAGS, IF EVEN PARITY, ALL O.K.
'~ JMP PERROR /I1F NOT EVEN PARITY DO USER ERROR ROUTINE

SIMILAR ROUTINES ARE EASILY DEVELOPED FOR UTILIZING "ODD" PARITY.
THE PROGRAMMER SHOULD NOTE THAT "PARITY" TECHNIQUES CAN BE USED WITH
VIRTUALLY ANY CODING TECHNIQUE AS LONG AS ONE BIT 1S SET ASIDE FOR THE
PARITY INDICATOR. FOR INSTANCE, ONE COULD EASILY ADAPT PARITY TECH~
NIQUES FOR THE BAUDOT CODE DISCUSSED EARLIER PROVIDED THAT THE 1/0 DE-
VICE COULD HANDLE THE EXTRA BIT. THAT MIGHT NOT BE POSSIBLE WITH A
BAUDOT TELETYPE MACHINE BUT IT MIGHT BE APPLICABLE, SAY, IF BAUDOT CODE
WAS BEING WRITTEN ON A MAGNETIC TAPE UNIT WHERE EXTRA BITS COULD BE AD-
DED TO THE CODE AND PROCESSED BY THE 1/0 UNIT.

THE READER SHOULD ALSO BE AWARE OF THE FACT THAT THE USE OF PARITY
CHECKING TECHNIQUES IS NOT INFALLIBLE. IT DOES DETECT ERRORS THAT RE~-
SULT IN AN ODD NUMBER OF BITS CHANGING STATE WITHIN A GROUP, BUT NOT 1IF
AN EVEN NUMBER OF STATE CHANGES OCCUR. IT IS THUS MOST USEFUL IN A SYS-
TEM WHERE THE EXPECTED PROBABILITY OF MORE THAN ONE ERROR OCCURRING IN A
GROUP OF EIGHT BITS 1S EXTREMELY LOW. THE PROGRAMMER MIGHT ALSO WANT TO
'CONSIDER, WHEN USING A “PARITY" CHECKING SCHEME, THE POSSIBILITY OF
TRANSMITTING EACH GROUP OF BITS TWICE. THEN, WHEN DATA IS READ BACK .
FROM THE 1/0 DEVICE, AN ALGORITHM THAT WILL SKIP THE SECOND GROUP IF THE
GROUP 1S RECEIVED CORRECTLY THE FIRST TIME, OR READ THE SECOND GROUP IF
AN ERROR WAS DETECTED IN THE FIRST GROUP, CAN BE UTILIZED. SUCH A FOR~-
MAT, WHILE REQUIRING A LONGER TRANSMIT AND RECEIVE TIME, CAN RESULT IN
HIGHLY RELIABLE 1/0 DATA HANDLING OPERATIONS.

ANOTHER ERROR CHECKING METHOD THAT 1S OFTEN USED WHEN PASSING DATA
TO AND FROM I/0 DEVICES 1S TERMED THE “CHECK~SUM" TECHNIQUE. THE METHOD
IS QUITE SIMPLE IN APPLICATION YET REMARKABLY POWERFUL IN DETECTING ER~-
RORS. THE TECHNIQUE CONSISTS OF SIMPLY MAINTAINING A ONE REGISTER SUM
OF ALL THE DATA TRANSMITTED WITHIN A “BLOCK."™ THAT 1S, AS EACH WORD IS
SENT OUT, IT 1S SUMMED VWITH A REGISTER THAT CONTAINS THE SUM OF ALL PRE-
VIOUS DATA WORDS TRANSMITTED IN THE BLOCK. (OVER-FLOWS IN THE SUMMING
REGISTER ARE IGNORED). AT THE END OF A BLOCK OF DATA, THE TWO'S COMPLE-
MENT OF THE SUM THAT HAS BEEN COMPILED IS SENT AS THE FINAL PIECE OF
DATA IN THE BLOCK.

WHEN THE BLOCK OF DATA 1S READ BACK INTO THE COMPUTER A SIMILAR SUM
IS FORMED AS EACH DATA WORD IS RECEIVED. THEN, WHEN THE LAST PIECE OF
DATA IS RECEIVED, WHICH IS THE TWO'S COMPLEMENT OF THE "“CHECK-SUM,'" THAT
VALUE 1S ADDED TO THE SUM OBTAINED FROM ALL THE PREVIOUS DATA WORDS IN
THE BLOCK. THE RESULT, IF NO TRANSMISSION ERRORS HAVE OCCURRED, WILL BE
ZERO - THE RESULT OF ADDING ANY NUMBER TO IT'S TWO'S COMPLEMENT. 1IF IT
IS NOT ZERO, THEN A TRANSMISSION ERROR HAS OCCURED. THE METHOD 1S
SIMPLE AND QUITE RELIABLE. THE READER CAN READILY DETERMINE, THAT IF
ERRORS HAVE OCCURRED, IT WILL AFFECT THE VALUE OF THE SUM AS IT IS FORM-
ED, AND THUS LIKELY RESULT IN A NON-ZERO VALUE AS A FINAL RESULT WHEN
THE CHECK-SUM AND IT'S TWO*'S COMPLEMENT ARE ADDED. (NOTE: 1IT IS THEOR~-
ETICALLY POSSIBLE FOR JUST THE RIGHT NUMBER OF ERRORS TO OCCUR WHEN
READING A BLOCK OF DATA TO RESULT IN A "ZERO"™ CONDITION BUT IT IS QUITE
SMALL - HARDLY ENOUGH TO LOSE SLEEP OVER)!

A ROUTINE FOR GENERATING A CHECK-SUM AND PLACING THE TWO'S COMPLE-
MENT OF THAT VALUE AS THE LAST WORD SENT IN A BLOCK OF DATA, FOLLOVWED BY
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MNEMONIC

COMMENTS

A ROUTINE THAT WILL READ BACK A BLOCK OF DATA USING A CHECK-SUM TECH-
NIQUE AND TEST TO SEE IF ANY ERRORS OCCURED IS SHOWN BELOW.

SCKSUM, LHI
LLI
LEI
LDI
NXCKSM, LAM
ADD
LDA
LAM
CAL
INL
DCE
JFZ
LAD
XR1
ADI1
CAL
RET

RCKSUM, LHI
LLI
LEI
LDI
INCKSM, CAL
LMA
ADD
LDA
INL
DCE
JFZ
CAL
ADD
RTZ
JMP

THE ABOVE ROUTINES,

XXX
YYyy
YA A A
0oe

OUTPUT

NXCKSM

377
ool
OUTPUT

XXX
YYY
YAAA
poe
INPUT

INCKSM
INPUT -

CKSMER

/SET PAGE ADDR WHERE BLOCK OF DATA STORED
/SET LOC ON PAGE FOR START OF DATA BLOCK
/SET # WORDS IN BLOCK COUNTER

/SET CHECK-SUM REGISTER TO @ AT START
/FETCH DATA WORD FROM MEMORY

/ADD PRESENT DATA TO CHECK-SUM VALUE
/SAVE NEW CHECK-SUM VALUE

/RESTORE ORIG DATA WORD FROM MEMORY
/0UTPUT THE DATA WORD TO I1/0 DEVICE
/ADVANCE MEMORY POINTER

/DECREMENT WORD COUNTER

/1F CNTR NOT @, FETCH NEXT DATA WORD
/PUT CHECK-SUM VALUE IN ACCUMULATOR
/FORM«TWO'S COMPLEMENT VALUE

/1N STANDARD MANNER

/SEND 2'S COMPLEMENT OF CK-SUM AS LAST
/WORD IN BLOCK AND EXIT ROUTINE

/SET PAGE ADDR WHERE BLOCK OF DATA GOES
/SET STARTING LOC ON PAGE FOR DATA

/SET # WORDS IN BLOCK COUNTER

/SET CHECK-SUM REGISTER TO 6 AT START
/FETCH DATA FROM 1/0 DEVICE

/STORE DATA WORD IN MEMORY

/ADD NEW DATA TO CURRENT CHECK-SUM VALUE
/SAVE NEW CHECK-SUM VALUE

/ADVANCE MEMORY POINTER

/DECREMENT WORD COUNTER

/GET NEXT DATA WORD IF CNTR NOT 0

/NEXT WORD FROM 1/0 IS 2°'S COMP OF CK~-SUM
/ADD IT TO CHECK-~-SUM FORMED BY DATA

/1F RESULT IS 0, 0.K., EXIT ROUTINE
/0THERWISE GO TO USER ERROR ROUTINE

AS THE READER WILL NOTE, ASSUME THAT DATA BLOCKS

ARE ONE PAGE OR LESS IN LENGTH AND DO NOT CROSS PAGE BOUNDARIES. HOW-
EVER, BY THIS TIME THE READER SHOULD HAVE LITTLE DIFFICULTY WRITING A
CHECK~-SUM ROUTINE THAT COULD HANDLE LARGER BLOCKS.

THE NEXT CHAPTER WILL CONTAIN MORE INFORMATION OF INTEREST TO THOSE
DEVELOPING PROGRAMS FOR I/0 OPERATIONS THAT REQUIRE CONSIDERATION OF
'"REAL-TIME" PARAMETERS.
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REAL-TIME PROGRAMMING

REAL-TIME PROGRAMMING AS DISCUSSED IN THIS MANUAL APPLIES TO THE DE~
VELOPMENT OF PROGRAMS WHOSE PROPER EXECUTION ARE DEPENDENT ON THE LENGTH
OF TIME IT TAKES FOR THE COMPUTER TO PERFORM AN OPERATION OR SERIES OF
INSTRUCTIONS. THE NEED FOR REAL-TIME PROGRAMMING IS INVARIABLY RELATED
TO THE RECEIPT OF INFORMATION FROM DEVICES AT SPECIFIC TIMES OR THE CON~-
TROL OF DEVICES EXTERNAL TO THE COMPUTER WHOSE PROPER OPERATION DEPEND
UPON RECEIVING COMMANDS FROM THE COMPUTER AT SPECIFIC TIMES.

THE DISCUSSION OF THE SUBJECT OF REAL-TIME PROGRAMMING HAS BEEN DE-
FERRED TO THE LATTER PART OF THIS MANUAL AS REAL-TIME PROGRAMMING IS
GENERALLY MORE DIFFICULT THAN THE DEVELOPMENT OF PROGRAMS THAT ARE NOT
RESTRICTED BY EXBECUTION TIMES. THE REASON IS SIMPLY THAT IN ADDITION TO
THE "LOGIC*" AND "TECHNIQUE" FACTORS THAT THE PROGRAMMER MUST CONSIDER
WHEN DEVELOPING ANY PROGRAM, THE PROGRAMMER MUST NOW ADD IN THE FACTOR
OF HOW MUCH TIME IT WILL TAKE FOR THE COMPUTER TO EXECUTE VARIQUS IN-
STRUCTIONS AND INSTRUCTIONAL SEQUENCES. THE PROBLEM IS REALLY ONE OF
“COMPLICATION.*

HOWEVER, REAL-TIME PROGRAMMING IF OFTEN VITALLY NECESSARY IN CERTAIN
APPLICATIONS AND HENCE THE PROGRAMMER MUST BECOME AWARE OF SOME OF THE
CRITICAL ASPECTS OF SUCH PROGRAMMING. THE READER SHOULD NOT, HOWEVER,
BE OVER-WHELMED BY THE PROSPECTS OF SUCH COMPLICATIONS. FOR, ONCE ONE
HAS AN UNDERSTANDING OF STANDARD MACHINE LANGUAGE PROGRAMMING PROCEDURES
AND HAS GAINED A LITTLE EXPERIENCE, WHICH ONE SHOULD HAVE OBTAINED BY
THE TIME ONE IS DELVING INTO THIS SECTION, ONE SHOULD FIND THE ASPECTS
OF REAL-TIME PROGRAMMING SIMPLY "ONE STEP UP" AND AN EJOYABLE CHALLENGE.

AS VITH MANY OTHER ASPECTS OF PROGRAMMING, PROPER PREPARATION SUCH
AS CLEARLY DEFINING THE PROBLEM TO BE HANDLED, AND PROCEEDING IN AN OR-
DERLY FASHION, CAN GREATLY EASE THE OVER-ALL TASK OF DEVELOPING REAL~-
TIME PROGRAMS. )

THE LAST SEVERAL PAGES OF CHAPTER ONE PRESENTED THE TYPICAL EXECU-
TION TIMES FOR THE VARIOUS CLASSES OF INSTRUCTIONS AVAILABLE. THE TIMES
SHOWN ARE THOSE FOR AN 8008 UNIT WHOSE MASTER CLOCK HAS BEEN ADJUSTED TO
A NOMINAL FREQUENCY OF 5080 KILOHERTZ. WHEN GETTING DOWN TO PRACTICAL
APPLICATIONS, ONE MUST REALIZE THAT ANY SYSTEM VILL HAVE SOME FINITE
DEVIATION FROM THE NOMINAL FREQUENCY. FOR INSTANCE, IF AN 80068 SYSTEM
HAS A CRYSTAL CONTROLLED MASTER CLOCK, THE POSSIBLE VARIATION FROM THE
NOMINAL FREQUENCY MIGHT BE IN THE ORDER OF #.65 TO @.1 PERCENT. SOME
8008 SYSTEMS MIGHT HAVE RESISTOR=-CAPACITOR CONTROLLED MASTER'  CLOCKS AND
THE POSSIBLE VARIATION FROM THE NOMINAL COULD BE CONSIDERABLY WIDER -

UP TO 4 OR S PERCENT. IN ANY EVENT, WHEN CONTEMPLATING THE DEVELOPMENT
OF REAL-TIME PROGRAMS, ONE MUST ALWAYS TAKE INTO ACCOUNT THE POSSIBLE
VARIATION FROM NOMINAL OF THE MASTER CLOCK FREQUENCY, AND IN FACT SHOULD
PLAN PROGRAMS TO OPERATE UNDER "WORST CASE"™ VARIATION CONDITIONS. THUS,
IF ONE WAS THINKING OF USING AN 8008 SYSTEM TO CONTROL A PROCESS THAT
REQUIRED TIMING ACCURACIES OF #.81 PERCENT, ONE COULD IMMEDIATELY STOP
CONSIDERING USING A COMPUTER THAT HAD A MASTER CLOCK ACCURATE TO ONLY
8.8S PERCENT! A SECOND CONSIDERATION ABOUT WHETHER TO USE A COMPUTER TO
CONTROL TIME-DEPENDENT EVENTS, INVWLVES HOW CLOSE TOGETHER EVENTS THAT
ARE TO BE CONTROLLED NEED TO OCCUR. IT CAN BE OBSERVED BY EXAMINING THE
INFORMATION AT THE END OF CHAPTER ONE, THAT ALMOST ALL THE INSTRUCTIONS
REQUIRE A MINIMUM OF 20 MICROSECONDS TO BE EXECUTED. THUS, ONE CANNOT
PLAN ON USING THE COMPUTER TO CONTROL EVENTS THAT ARE LESS THAN THAT FAR
APART IN TIME. IN FACT, BECAUSE 1/0 INSTRUCTIONS THEMSELVES TAKE 24 AND
32 MICROSECONDS, AND BECAUSE THOSE INSTRUCTIONS WOULD INVARIABLY BE RE=-
QUIRED TO DEAL WITH EXTERNAL DEVICES, ALONG WITH THE FACT THAT ONE WILL
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ALMOST CERTAINLY WANT TO DO SOME OTHER INSTRUCTIONS BETWEEN 1/0 COM-
MANDS, IT IS A PRETTY GOOD RULE OF THUMB TO DISQUALIFY THE USE OF AN
8088 SYSTEM AS A REAL-TIME CONTROLLER IF ANY TWO EVENTS DEPENDENT UPON
TIMING FROM THE COMPUTER WILL OCCUR WITHIN 108 MICROSECONDS. A SECOND
RULE OF THUMB TO IMMEDIATELY REJECT THE USE OF SUCH A SYSTEM AS A TIME
DEPENDENT CONTROLLER, ONE THAT 1S PRETTY MUCH DERIVED FROM EXPERIENCE,
IS IF THE APPLICATION WILL REQUIRE MUCH MORE THAN 100606 170 OPERATIONS
PER SECOND. UNLESS, SUCH OPERATIONS ARE STRICTLY REPETITIVE AND THE
PREVIOUS RULE CAN BE MET. THIS SECOND RULE OF THUMB 1S DERIVED FROM
PRACTICAL EXPERIENCE WITH "PROGRAMMING OVERHEAD" WHICH RESULTS WHEN A
VARIETY OF TIME-DEPENDENT EVENTS MUST BE "JUGGLED" IN A REAL-TIME PROG-
RAM.

THE PROSPECTIVE REAL-TIME PROGRAMMER SHOULD BECOME FAMILIAR WITH
THE LENGTHS OF TIME REQUIRED TO EXECUTE THE VARIOUS CLASSES OF INSTRUC-
TIONS. ONE OF THE FIRST NEV HABITS TO LEARN WHEN PREPARING REAL-TIME
PROGRAMS 1S TO WRITE DOWN THE EXECUTION TIME REQUIRED FOR EACH INSTRUC-
TION ALONGSIDE THE MNEMONIC AS THE PROGRAM IS WRITTEN. IT THEN BECOMES
AN EASY MATTER TO FIGURE OUT *"TOTALS'" FOR VARIOUS PORTIONS OF THE ROUT-
INE(S>). ADDITIONALLY, IT IS OFTEN HELPFUL TO WRITE DOWN THE "TOTAL"
EXECUTION TIMES ALONG *PATHS'" AND "LOOPS*" ON A FLOW CHART OF THE PROG=-
RAM. REAL-TIME PROGRAMMING OFTEN REQUIRES A FAIR AMOUNT OF “JUGGLING"
BETWEEN CHOICES OF INSTRUCTIONS USED AND ALTERNATE SEQUENCES OF COMMANDS
IN ORDER TO OBTAIN DESIRED PROGRAM EXECUTION TIMES. HAVING CRITICAL
TIMING INFORMATION ON HAND IN THE FORMS SUGGESTED CAN PROVIDE THE PRO-
GRAMMER WITH A QUICK VIEW OF HOW THE PROGRAM DEVELOPMENT EFFORT IS PRO-
CEEDING.

IN ANY PROGRAMMING APPLICATION, FLOW CHARTING IS AN EXTREMELY VAL-
UABLE AID TO ENABLING ONE OBTAIN AN "OVER-ALL" VIEW OF A PROGRAM'S OP~
ERATION. IN REAL-TIME PROGRAMMING ANOTHER TOOL OF EQUAL IMPORTANCE
SHOULD BE BROUGHT INTO USE. THAT TOOL IS A “TIMING DIAGRAM."™ A "TIM-
ING DIAGRAM'" ILLUSTRATES THE RELATIONSHIP. IN TIME BETWEEN THE OCCUR-
INCE OF SPECIFIC EVENTS OF INTEREST TO THE PROGRAMMER.

A TIMING DIAGRAM IS SHOWN ON THE TOP OF THE NEXT PAGE. THE DIAGRAM
ILLUSTRATES THE DESIRED STATUS OF A SIGNAL LINE AS A FUNCTION OF TIME
FOR AN ELECTRONIC SIGNAL THAT IS TO PROVIDE INFORMATION TO A “BAUDOT™
TELETYPE MACHINE. THE DIAGRAM SHOWS THE SIGNAL CONDITIONS REQUIRED TO
DIRECT THE MACHINE TO PRINT THE LETTER "Y" OR THE FIGURE ' 6" DEPENDING
ON WHICH MODE THE TELETYPE 1S OPERATING IN ("LETTERS" OR "FIGURES").
THIS DIAGRAM VILL BE USED TO DEVELOP A SAMPLE PROGRAM FOR OPERATING A
TELETYPE PRINTER MECHANISM AS AN INTRODUCTION TO THE CONSIDERATIONS RE=-
QUIRED WHEN DEALING WITH REAL-TIME PROGRAMMING.

IN ORDER TO CLARIFY THE DIAGRAM A BRIEF EXPLANATION OF THE OPERATION
OF A BAUDOT TELETYPE MACHINE WILL BE PRESENTED. A TELETYPE MACHINE IS
AN "ASYNCHRONOUS"™ DEVICE IN THAT IT REQUIRES *START' AND "STOP" INFOR=-
MATION. ONCE THE MECHANISM IN THE TELETYPE HAS BEEN STARTED IN MOTION
BY A "START" SIGNAL, THE MACHINE “EXAMINES* THE STATUS OF A SIGNAL LINE
DURING SPECIFIC TIME PERIODS IN ORDER TO RECEIVE A "“CODE" THAT WILL EN-
ABLE IT TO PRINT A SPECIFIC CHARACTER. AT THE END OF THE PERIOD OF TIME
OCCUPIED BY THE "“CODE SIGNALS" THE MACHINE EXPECTS A “STOP" SIGNAL SO
THAT VARIOUS MECHANICAL OPERATIONS MAY BE COMPLETED AND THE INTERNAL
MECHANISMS SET UP TO BEGIN ANOTHER "CYCLE" OF OPERATION. WHEN DEALING
VITH TELETYPE MACHINES A “CYCLE" 1S OFTEN TERMED AS REQUIRING A CERTAIN
NUMBER OF "UNITS OF TIME."” THE DIAGRAM ILLUSTRATES A "CYCLE" FOR CER=-
TAIN KINDS OF BAUDOT TELETYPE MACHINES. (THOSE THAT REQUIRE A “STOP"
LENGTH OF TWO UNITS)! THE CYCLE 1S SHOWN DIVIDED INTO 8 EQUAL UNITS OF
TIME. THE FIRST UNIT OF TIME 1S RESERVED FOR A "“START" PULSE. BY DEFI-
NITION, THE START PULSE MUST BE A LOGIC "@" AS SHOWN IN THE DIAGRAM.
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TIMING DIAGRAM FOR SENDING BAUDOT CHARACTER."Y" OR “6" TO PRINTER

THE NEXT 5 UNITS OF TIME ARE USED TO TRANSMIT THE *BAUDOT'" CODE FOR
WHATEVER CHARACTER 1S TO BE PRINTED BY THE MACHINE. THE LAST 2 UNITS OF
TIME MUST BE A LOGIC "1 TO PLACE THE MACHINE IN THE "STOP'" MODE AND AL-
LOV IT TO COMPLETE THE CYCLE. THE DIAGRAM ABOVE SHOWS A CYCLE IN UNITS
OF TIME. TO PUT THE DIAGRAM INTO PRACTICAL USE, ONE MUST DEFINE THE
INIT OF TIME. FOR INSTANCE, SUPPOSE ONE HAD A TELETYPE MACHINE THAT
USED THE CYCLE FORMAT ILLUSTRATED THAT WAS DESIGNED TO OPERATE CORRECT-
LY WHEN EACH UNIT OF TIME (THE LENGTH OF TIME NOTED BY THE ARROWS MARK-
ED "A" ON THE ABOVE DIAGRAM) WAS 26 MILLISECONDS (NOMINALLY). AN EN-
TIRE CYCLE WOULD THUS REQUIRE 166 MILLISECONDS (FOR THE TIME SPAN MARK-~-
ED "B' ON THE ABOVE DIAGRAM).

IF IT WAS DESIRED TO HAVE THE COMPUTER SEND A SIGNAL ON AN OUTPUT
LINE THAT CLOSELY APPROXIMATED THE DESIRED _SIGNAL PATTERN, ONE WOULD
HAVE TO DEVELOP A PROGRAM THAT WOULD CHANGE THE "“STATE" OF THE LINE ON
AN OUTPUT PORT THAT WAS SUPPLYING THE SIGNAL TO THE MACHINE AT THE TIMES
INDICATED BY THE SHORT UPWARD POINTING ARROWS SHOWN UNDERNEATH THE DIA-
GRAM. THE RESULTING PROGRAM WOULD BE A "REAL-TIME" PROGRAM!

REAL-TIME PROGRAMMING FOR THIS TYPE OF APPLICATION IS RELATIVELY
STRAIGHT-FORWARD. FIRST OF ALL, THERE IS ONLY ONE SIGNAL LINE TO BE
CONCERNED WITH (IN MANY REAL-TIME APPLICATIONS THERE MAY BE A MULTITUDE
OF LINES TO CONTROL)! SECONDLY, THE AMOUNT OF TIME BETWEEN *EVENTS" IS
QUITE LARGE SO THERE WILL NOT BE ANY REQUIREMENT FOR FANCY PROGRAMMING
STREAMLINED FOR SPEED OF OPERATION. IN FACT, ALL ONE REALLY HAS TO DO
IS MAKE SOME SIMPLE MATHEMATICAL CALCULATIONS AND DEVELOP SOME “TIMING
LOOPS" THAT WILL MAKE THE PROGRAM "WAIT* FOR THE DESIRED LENGTH OF TIME
BETWEEN SENDING "BITS*™ OF INFORMATION TO THE OUTPUT PORT THAT WILL CARRY
THE SIGNAL TO THE TELETYPE UNIT. THE PROGRAM BECOMES SIMPLY A LITTLE
FANCIER VERSION OF THE "PARALLEL TO SERIAL" OUTPUT PROGRAM DISCUSSED IN
THE PREVIQUS CHAPTER. -

A SUITABLE PROGRAM 1S PRESENTED BELOW. A DISCUSSION WILL BE PRE-
SENTED AFTER THE PROGRAM. NOTE NOW THAT THE EXECUTION TIMES HAVE BEEN
PROVIDED ALONGSIDE TIME-DEPENDENT PORTIONS OF THE PROGRAM.

MNEMONIC COMMENTS
BDOUT, LCI @06 /SET BIT CNTR = ¢ BITS + 1
NDA /SET CARRY BIT = *@*
RAL /BRING "@" FM CARRY INTO LSB OF ACC
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24 MORBDO, OUT X /SEND "“START" OR “CODE"™ BITS TO MACHINE
20 RAR /POSITION NEXT BIT OF CODE
a4 + 19,848 CAL BDELAY /GIVE MACHINE ONE UNIT OF TIME ,
29 , DCC . /SEE IF FINISHED START & CODE BITS
an s 36 JFZ MORBDO /IF NOT, SEND NEXT BIT
32 LAl 00} /PREPARE TO SEND STOP BITS
24 : ouUT X /SEND STOP BIT ¢1
a8 + 19,848 CAL BDELAY /GIVE MACHINE ONE UNIT OF TIME
44 + 20 CAL DUMMY /PROVIDE LITTLE MORE TIME
a8 + 20 ‘ CAL DUMMY /PROVIDE LITTLE MORE TIME
24 OUT X /SEND STOP BIT #2
44 + 19,848 CAL BDELAY /GIVE MACHINE ONE UNIT OF TIME
an + 20 CAL DUMMY /PROVIDE LITTLE MORE TIME
44 + 20 CAL DUMMY /PROVIDE LITTLE MORE TIME
: RET _ /EXIT OUTPUT A CHARACTER RTN
o9 DUMMY, RET . /SHORT RTN TO EAT UP TIME
32 BDELAY, LDI 215 /SET TIMER LOOP COUNTER
24 ouUT Z 70UTPUT TO UNUSED PORT TO TRIM TIME
24 oUT Z /0UTPUT TO UNUSED PORT TO TRIM TIME
4a + 20 CAL DUMMY /USE A LITTLE TIME BEFORE STARTING LOOP
44 + 20  MDELAY, CAL DUMMY /FOR A TIME CONSUMING LOOP
29 DCD /SEE IF TIME EXPIRED (CNTR = £)?
12 7 20 RTZ /EXIT BACK TO CALLING RTN WHEN FINISHED
44 JMP MDELAY /OTHERWISE CONTINUE USING UP TIME

THE ABOVE ROUTINE ASSUMED THAT THE DATA TO THE TELETYPE MACHINE OR-
1GINATED FROM THE LEAST SIGNIFICANT BIT IN THE ACCUMULATOR.,

THE READER SHOULD NOTE THAT FOR CASES WHERE THERE ARE TWO POSSIBLE
EXECUTION TIMES FOR AN INSTRUCTION, SUCH AS A CONDITIONAL INSTRUCTION,
THAT THE TIME REQUIRED FOR THE CONDITION "MOST OFTEN" TO OCCUR IN THE
- PROGRAM WAS SHOWN FIRST, FOLLOWED BY THE TIME REQUIRED WHEN THE OTHER
CONDITION OCCURED.

THE PROGRAM WAS INITIALLY DEVELOPED BY WRITING THE "MAIN" PORTION
WITH THE TIME REQUIRED FOR THE "BDELAY" SUBROUTINE CONSIDERED AS AN *"UN-
KNOWN" FACTOR. WHEN THE BASIC FORMAT OF THE PROGRAM HAD BEEN DETERMINED
THE EXECUTION TIME OF THE "LOOP"™ STARTING AT THE LABEL "MORBDO'" WHICH
INCLUDED THE FIVE INSTRUCTIONS:

MORBDO, OUT X
RAR
" CAL BDELAY
pCC
JFZ MORBDO

WAS CALCULATED =- LEAVING OUT THE AS YET UNDETERMINED TIME OF "BDELAY."
THE TIME REQUIRED BY THE FIVE INSTRUCTIONS WHEN "LOOPING" WAS FOUND TO
BE 152 MICROSECONDS. SINCE IT WAS KNOWN THAT A TOTAL OF 28,0006 MICRO-
SECONDS (20 MILLISECONDS) WAS DESIRED BETWEEN OUTPUTTING EACH BIT IN
THE "CODE" IT WAS THEN EASY TO CALCULATE THAT 208,000 - 152 = 19,848
MICROSECONDS DELAY WAS REQUIRED IN “BDELAY." -

THE SUBROUTINE "BDELAY™ 1S A TYPICAL EXAMPLE OF A TIMING DELAY LOOP.
THE MAIN PORTION OF THE DELAY LOOP STARTS AT “MDELAY"™ AND INCLUDES THE
FOUR INSTRUCTIONS:



MDELAY, CAL DUMMY
DCD
RTZ
JMP MDELAY

THE THEORY BEHIND THE "BDELAY"™ SUBROUTINE WAS TO EXECUTE THE *“MDELAY"
LOOP THE REQUIRED NUMBER OF TIMES TO GET CLOSE TO A DELAY OF 19,848 MIC-
ROSECONDS AND THEN CLOSE ANY GAP BY THE "SET UP" INSTRUCTION FOR THE
“LOOP"™ AND PERHAPS A FEW “FILLER*" INSTRUCTIONS.

THE TIME REQUIRED TO COMPLETE THE FOUR INSTRUCTIONS IN THE *“MDELAY"
LOOP WHEN THE "RTZ*" CONDITION IS NOT MET 1S 140 MICROSECONDS. FINDING
OUT HOW MANY TIMES IT 1S NECESSARY TO EXECUTE THE LOOP TO GET CLOSE TO
A DELAY OF 19,848 MICROSECONDS IS A SIMPLE MATTER OF DIVIDING. DOING SO
YIELDED A FIGURE OF ALMOST 142 (DECIMAL). TAKING INTO ACCOUNT THE FACT
THAT IT WAS NOT DESIRABLE TO GO OVER THE ALLOTED TIME, AND THE FACT THAT
SETTING UP THE LOOP WOULD TAKE SOME TIME, THE FIGURE OF 141 DECIMAL VWAS
CHOSEN - WHICH IS 215 OCTAL. ONE OTHER FACTOR HAD TO BE CONSIDERED.
WHEN THE COUNTER IN THE LOOP REACHED ZERO, THE “RTZ"™ INSTRUCTION WOULD
BE EXECUTED AND THE *"JMP MDELAY" COMMAND WOULD NOT. THUS, THE FULL LOOP
WOULD ONLY BE EXECUTED 148 (DECIMAL) TIMES - THE LAST TIME THROUGH THE
*MDELAY*" ROUTINE WOULD ONLY TAKE 184 MICROSECONDS. THUS, AT THIS POINT
IT WAS POSSIBLE TO CALCULATE THE TOTAL DELAY CAUSED BY EXECUTING THE
"MDELAY*" LOOP THE SELECTED NUMBER OF TIMES: 140 X 1406 = 19,600 PLUS 1064
FOR A TOTAL OF 19,784 MICROSECONDS. THEN IT WAS AN EASY MATTER TO DE-
TERMINE HOW MUCH TIME TO USE TO “SET UP" THE "MDELAY" ROUTINE. THE DE-
SIRED TOTAL DELAY OF 19,848 MINUS THE 19,784 MICROSECONDS CONSUMED BY
EXECUTING THE “MDELAY" ROUTINE 141 (DECIMAL) TIMES LEFT 144 MICROSECONDS
To BE CONSUMED. THE "LDl 215" AT THE START OF "BDELAY' ONLY REQUIRED
32 MICROSECONDS SO 112 MORE MICROSECONDS WERE CONSUMED BY ADDING THE
“FILLER" INSTRUCTIONS "CAL DUMMY®" AND TWO *"OUT X' COMMANDS. THE TO~-
TAL "BDELAY" SUBROUTINE THEN EQUALLED EXACTLY THE DESIRED DELAY TIME OF
19,848 MICROSECONDS!

AFTER SENDING THE START AND 5 CODE BITS IT WAS NECESSARY TO SEND
A "TWO UNIT" STOP PULSE. SINCE THE STOP PULSE BY DEFINITION WAS TO BE
A LOGIC *1," IT WAS NECESSARY TO SET UP THE STOP BIT AS A 1" IN THE
ACCUMULATOR. THE READER CAN CALCULATE THAT THE ACTUAL DELAY BETWEEN
THE SENDING OF THE LAST CODE BIT AND THE FIRST "STOP" UNIT IN THE ROUT-
INE COMES OUT TO BE 28,024-MICROSECONDS. REMEMBER, IN MAKING THE CALC-
ULATION THAT THE "JFZ MORBDO"™ INSTRUCTION VWILL ONLY REQUIRE 36 MICRO-
SECONDS ON THE FINAL EXECUTION OF THE "LOOP* THEREBY REDUCING THE LOOP
EXECUTION TIME TO 19,992 MICROSECONDS AND THE “LAl 001" WILL ADD 32
MICROSECONDS TO THAT VALUE BEFORE THE NEXT "OUT X" INSTRUCTION CAN BE
EXECUTED. HOWEVER, FOR THE APPLICATION, THE VALUE OF 20,024 IS PLENTY
CLOSE ENOUGH TO 20,888 (OFF BY ABOUT @.1 %) TO OPERATE A TELETYPE WHICH
CAN TYPICALLY OPERATE RELIABLY WITH THE TIMING OFF BY 10 TO 20 PERCENT!

THE DELAY BETWEEN THE FIRST STOP UNIT AND THE SECOND, AS WELL AS
THE FINAL DELAY TO0 COMPLETE THE SECOND STOP UNIT, WAS MADE TO COME OUT
NICELY TO 20,8068 MICROSECONDS BY THE INSERTION OF THE “CAL DUMMY'" COM-
MANDS FOLLOWING THE "“CAL BDELAY" INSTRUCTIONS.

THE ABOVE ROUTINE, AS THE READER CAN UNDOUBTABLY SEE, COULD BE MODI~
FIED TO SERVE TO OPERATE A VARIETY OF TELETYPE MACHINES OPERATING AT
DIFFERENT SPEEDS BY CHANGING THE “TIMING LOOPS."™ THE PROGRAM COULD ALSO
BE MODIFIED FOR ASCII CODED MACHINES, OR OTHER TYPES OF CODES BY CHANG~-
ING THE "BIT COUNTER™ AND POSSIBLY ALTERING THE LENGTH OF THE "STOP"
PULSE DEPENDING ON THE TYPE OF MACHINE BEING DRIVEN. FURTHERMORE, THE
TECHNIQUES DEMONSTRATED CAN BE APPLIED TO MANY OTHER TYPES OF PROBLEMS.
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A SIMILAR ROUTINE COULD BE DEVELOPED TO RECEIVE DATA FROM THE SAME
KIND OF BAUDOT MACHINE. HOWEVER, WHEN RECEIVING DATA FROM SUCH A UNIT
THERE ARE A FEW NEW CONCEPTS TO CONSIDER.,

WHEN THE COMPUTER WAS SENDING INFORMATION TO THE TELETYPE PRINTER
IT HAD AN ADVANTAGE IT WILL NOT HAVE WHEN IT IS USED TO RECEIVE INFOR=-
MATION FROM THE MACHINE. NAMELY, WHEN TRANSMITTING, THE COMPUTER HAD
“CONTROL" OF WHEN THE FXTERNAL MACHINE WOULD BF OPERATED. IN THE RE-
VERSE MODE, THE COMPUTER WILL HAVE NO "KNOWLEDGE'" OF WHEN THE EXTERNAL
DEVICE WILL BEGIN TO OPERATE AND SEND DATA TO THE COMPUTER!

ADDITIONALLY, ONCE A "CHARACTER'" STARTS ARRIVING ON A LINE OF AN
INPUT PORT, THE "TOLERANCE" SITUATION REVERSES. WHAT IS MEANT BY THIS
IS THAT WHEN THE -COMPUTER SENT DATA TO THE PRINTER MECHANISM, IT WAS
POSSIBLE FOR THE COMPUTER TO BE MUCH MORE ACCURATE IN PROVIDING PROPER
TIMING TO THE MACHINE, THAN THE MACHINE REQUIRED TO OPERATE SUCCESS-
FULLY. THUS, IF THE TIME PERIOD FOR A "UNIT' OF TIME WAS OFF A FEW
TENTHS OF A PERCENT WHEN GENERATED BY THE COMPUTER, IT WOULD NOT AFFECT
THE OPERATION OF THE MACHINE. HOWEVER, WHEN THE COMPUTER IS RECEIVING
DATA FROM THE MACHINE, THE START OF EACH UNIT OF TIME MAY BE OFF BY AS
MUCH AS 18 PERCENT OR SO, BECAUSE OF THE LOOSE TOLERANCE OF THE ELECTRO-
MECHANICAL MACHINERY INVOLVED. IF THE COMPUTER PROGRAM DOES NOT MAKE
PROPER ALLOWANCES FOR SUCH POSSIBLE VARIATIONS, THEN *“INCORRECT" DATA
MAY BE RECEIVED.

FORTUNATELY, THE PROBLEMS RELATED TO THESE CONCEPTS ARE NOT TOO DIF-
FICULT TO OVERCOME. THE FIRST PROBLEM, DETERMINING WHEN THE EXTERNAL
MACHINE IS STARTING TO SEND, CAN BE SOLVED BY PERIODICALLY CHECKING THE
INPUT LINE FOR THE PRESENCE OF A "@'" CONDITION INDICATING A “START" BIT.
(NOTE: WHILE THERE IS ANOTHER MANNER IN WHICH ONE COULD DETECT THE BE-
GINNING OF AN EXTERNAL OPERATION IN PROPERLY EQUIPPED 8008 SYSTEMS,
THROUGH THE USE OF A HARDWARE GENERATED "INTERRUPT" SCHEME, SUCH A MET-
HOD IS MORE PROPERLY CONCERNED WITH HARDWARE CONSIDERATIONS WHICH ARE
NOT WITHIN THE INTENDED SUBJECT MATTER OF THIS MANUAL. IF SUCH A DET-
ECTION SCHEME WERE USED, THE REMAINDER OF THIS DISCUSSION ON HANDLING
THE RECEIPT OF THE INCOMING DATA WOULD STILL APPLY). NATURALLY, HOW OF-
TEN ONE CHECKED FOR THE PRESENCE OF A “START" BIT WOULD HAVE AN AFFECT
ON THE OVER-ALL ABILITY OF A REAL~-TIME PROGRAM TO RECEIVE THE DATA. FOR
INSTANCE, ASSUMING A START BIT 1S PRESENT FOR 28 MILLISECONDS AS IN THE
CASE FOR THE TYPE OF MACHINE BEING DISCUSSED, IT WOULD BE FOOLISH TO
TEST FOR THE PRESENCE OF SUCH A "START" BIT AT PERIODS THAT WERE 21 MIL-
LISECONDS APART! IN FACT, BECAUSE OF OTHER CONSIDFERATIONS, IT WOULD NOT
BE WISE TO CHECK FOR A “START" BIT MUCH LESS OFTEN THAN EVERY FEW MILLI-
SECONDS .

THE SECOND PROBLEM OF DEALING WITH THE LOOSE TOLERANCE OF THE MACH~-
INERY CAN BE EFFECTIVELY DEALT VITH BY ADJUSTING THE RECEIVE ROUTINE SO
THAT IT “SAMPLES" THE INCOMING SIGNAL AT THE THEORETICAL MIDDLE OF A
“UNIT* OF TIME RATHER THAN AT THE BEGINNING OR END OF A TIME PERIOD. OF
COURSE THE ABILITY TO DO THIS ALSO DEPENDS ON HOW CLOSELY ONE 1S ABLE
TO DETECT THE ACTUAL *“START" OF A CHARACTER FROM THE MACHINE.

A TIMING DIAGRAM SHOWING A "BAUDOT" CHARACTER BEING SENT BY A MACH-
INE IS ILLUSTRATED AT THE TOP OF THE NEXT PAGE. SHORT UPWARD POINTING
ARROWS ALONG THE BOTTOM OF THE DIAGRAM ILLUSTRATE THE TIMES AT WHICH A
“REAL-TIME" PROGRAM WOULD NEED TO “SAMPLE" THE INCOMING LINE IN ORDER
TO CORRECTLY RECEIVE THE DATA. NOTE THAT PRIOR TO THE TIME A "STARTY
SIGNAL IS DETECTED, THE COMPUTER SHOULD SAMPLE THE LINE OFTEN IN ORDER
TO MINIMIZE THE PERIOD OF TIME IN WHICH A START SIGNAL MAY BE PRESENT
BUT UNDETECTED. NEXT, IT 1S DESIRABLE TO ADJUST THE *“SAMPLE" PERIOD SO
THAT IT COINCIDES WITH THE THEORETICAL MIDDLE OF A UNIT OF TIME, RATHER
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TIMING DIAGRAM FOR RECEIVING BAUDOT CHARACTER Y™ OR "é&*
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THAN SAMPLE AT INTEGERS OF UNITS OF TIME AFTER THE START SIGNAL VAS DE-
TECTED. THIS METHOD COMPENSATES FOR THE “TOLERANCE" PROBLEM MENTIONED
PREVIOUSLY.

FINALLY, AFTER THE S°TH CODE BIT HAS BEEN RECEIVED, ONE CAN OBSERVE
THAT IT WILL WOT BE NECESSARY TO START TESTINGE FOR A NEVW "START" PULSE
FOR ABOUT 2 AND 1/2 TIME UNITS AS IT IS KNOWN THAT THE MACHINE VILL BE
. USING THAT TIME TO COMPLETE 1T°S OPERATION. THUS, THE COMPUTER WOULD BE

ABLE TO PERFORM SOME OTHER FUNCTIONS PFOR ABOUT S@ MILLISECONDS BEFORE
B0ING BACK TO THE “SAMPLE™ MODE TO LOOK FOR A NEW START BIT - THAT 1S
ENOUGH TIME TO PERFORM A FEVW THOUSAND. INSTRUCTIONS ON AN 8088 SYSTEMI

A SAMPLE ROUTINE FOR RECEIVING. INFORMATION FROM A DEVICE. IN ACCORD-
ANCE WITH THE ABOVE DIAGRAM, ASSUMING THAT THE TIME SPAN MARKED "C™ IN
THE ABOVE DIAGRAM WAS 10 MILLISECONDS, AND THAT MARKED “D™ WAS 20 MILLI~
SECONDS IS ILLUSTRATED NEXT. THE READER MAY NOTE THAT IT IS ESSENTIALLY
AN EXPANDED VERSION OF A “SERIAL TO PARALLEL®" ROUTINE WITH INSTRUCTIONS
T0 CONTROL THE TIMING ADDED.

MNEMONIC ' COMMENTS
BDIN, LBl 888 /CLEAR_ INCOMING FORMING & STORAGE REGISTER
LC1 083 /SET BIT COUNTER
STRTIN, INP X ~ /LOOK FOR “START” BIT
NDI 208 /MASK OFF. IRRELEVANT DATA
/7 36 JTS STRTIN /IF NO START BIT, FORM “SAMPLING LOOP*
+ 9796 CAL HDELAY /IF FIND LOSIC "0 ASSUME START, DELAY
INP X /TO MIDDLE OF START UNIT & VERIFY RECEIPT
NDI 200 /0F A START BIT BY MAKING APPROPRIATE TEST
/7 AA JTS STRTIN /IF NOT "6" HERE ASSUME FALSE START
* 20 CAL DUMMY /STRETCH THE DELAY A LITTLE
JMP MORBDI /STRETCH THE DELAY A LITTLE MORE
+19748 MORBDI, CAL. IDELAY /MAIN. DELAY LOOP = ALMOST | FULL TIME UNIT
INP X /GET NEXT BIT
NDI 260 /TRIM TO JUST DESIRED DATA BIT
RAL ‘ /SAVE INCOMING BIT. IN CARRY FLAG
LAB . /GET ANY PREVIOUS BITS
RAR /ROTATE NEV BIT FROM CARRY INTO REGISTER
LBA /SAVE IN REGISTER "B"
DCC /DECREMENT BITS COUNTER
/7 36 JFZ MORBDI /DELAY & FETCH NEXT INCOMING BIT
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MNEMONIC COMMENTS

20 RRC /HAVE ALL S BAUDOT BITS = RIGHT JUSTIFY
290 RRC /IN ACCUMULATOR BY ROTATES

20 RRC /BEFORE PREPARING TO EXIT RTN

M+ 9796 CAL HDELAY /OPTIONAL DELAY TO MAKE SURE INTO “STOP"
aa + 20 CAL DUMMY /PART OF OPTIONAL DELAY

A + 20 CAL DUMMY /PART OF OPTIONAL DELAY

28 RET /UN1TS AREA BEFORE EXITING ROUTINE

32 IDELAY, LDI 215 /SET TIME LOOP COUNTER

12 . RTS /TRIM TIME - CONDX NEVER MET

A + 20 RDELAY, CAL DUMMY /TIME CONSUMING LOOP

20 DCD /DECREMENT COUNTER

12 7 28 RTZ /EXIT TO CALLING RTN WHEN CNTR = @

a JMP RDELAY /OTHERVISE CONTINUE USING UP TIME

3 HDELAY, LDI 1066 /SET TIME LOOP COUNTER

Al . JMP RDELAY /GO USE UP ABOUT 1/2 A TIME UNIT

20 DUMMY, RET /SHORT RTN TO USE UP TIME

VHILE THE ABOVE ROUTINE IS SIMILAR IN MANY RESPECTS TO THE ONE DES~-
CRIBED EARLIER FOR TRANSMITTING DATA FROM THE COMPUTER, SEVERAL DIFFER-
INT FEATURES WILL BE HIGH~LIGHTED. FIRST, THE READER CAN NOTE THAT THE
PROGRAM EXPECTS DATA TO BE ARRIVING AT THE MOST SIGNIFICANT BIT POSITION
OF THE ACCUMULATOR (AS IN THE SERIAL TO PARALLEL ROUTINE IN THE PREVIOUS
CHAPTER) . i

NEXT, THE READER SHOULD NOTE THAT THE THREE INSTRUCTIONS STARTING AT
THE LABEL *“STRTIN" FORM A “LOOP"™ TO TEST FOR A "START" BIT ARRIVING FROM
THE INPUT PORT. THE READER CAN SEE THAT THE LOOP REQUIRES 108 MICRO-
SECONDS TO EXECUTE AND THUS IT IS POSSIBLE FOR A START UNIT TO HAVE BEEN
PRESENT FOR ALMOST THAT LENGTH OF TIME BEFORE IT IS DETECTED. FOR IN-
STANCE, IF THE START PULSE ACTUALLY STARTED JUST A MICROSECOND AFTER THE
“INP X" INSTRUCTION AT “STRTIN" WAS EXECUTED, THAT PULSE WOULD NOT BE
DETECTED UNTIL THE "INP X" INSTRUCTION VWAS EXECUTED ON THE NEXT ROUND.
HOVEVER, IT 1S ALSO POSSIBLE FOR THE PROGRAM TO DETECT THE START BIT AT
JUST ABOUT THE INSTANT IT ACTUALLY HAPPENS - THUS, THERE CAN BE A VARI-
ATION IN DETECTING THE BEGINNING OF THE “START" TIME UNIT OF ABOUT 188
MICROSECONDS. NOW, THE ACTUAL DETECTION OF THE START PULSE IS USED AS
A REFERENCE FOR "DELAYING®” TO THE MIDDLE OF THE TIME UNIT IN ORDER TO
“SAMPLE"” THE REMAINING BITS. IN THE DESIRED REGION. ON THE AVERAGE, ONE
COULD ASSUME THAT THE START PULSE WAS DETECTED. IN ABOUT THE MIDDLE OF
THE POSSIBLE RANGE OF VARIATION, WHICH WOULD BE ABOUT 54 MICROSECONDS
AFTER THE PULSE ACTUALLY STARTED. THIS INFORMATION IS USED TO ESTABLISH
APPROXIMATELY HOWV LONG THE "HDELAY"™ LOOP SHOULD BE IN ORDER TO GET
CLOSE TO THE THEDRETICAL MIDDLE OF A TIME UNIT. THUS, IF ONE ASSUMES
THAT ON AN AVERAGE, THE START PULSE 1S DETECTED 54 MICROSECONDS AFTER IT
BEGAN, AND ONE ADDS 144 MICROSECONDS FOR THE EXECUTION OF THE INSTRUC-
TIONS FROM “STRTIN"™ TO THE “CAL HDELAY.,*” ONE CAN DETERMINE THAT “HDELAY"
NEEDS TO CONSUME 9862 MICROSECONDS. THE VALUE 9796 ACTUALLY DEVELOPED
WAS A “CLOSE ENOUGH™ COMPROMISE FOR THE SITUATION.

ANOTHER AREA OF INTEREST NEAR THE END OF THE MAIN ROUTINE IS MARK-
ED BY THE COMMENTS AS AN “OPTIONAL DELAY TO MAKE SURE INTO *“STOP*™ UNITS
AREA BEFORE EXITING ROVUTINE."™ AS POINTED OUT FARLIER, AFTER THE FIVE
DATA BITS HAVE BEEN SAMPLED THE COMPUTER HAS QUITE A BIT OF TIME - UP
TO ABOUT S# MILLISECONDS IN WHICH TO PERFORM SOME OQTHER FUNCTIONS BE-
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CAUSE THE MODEL MACHINE WOULD BE UNABLE TO SEND A NEW “START" PULSE
UINTIL IT HAD COMPLETED IT'S CYCLE DENOTED BY THE TWO STOP UNITS IN THE
DIAGRAM. HOVEVER, IN SOME INSTANCES, THE COMPUTER MAY NOT REQUIRE ANY
WHERE NEAR THAT LENGTH OF TIME TO PROCESS THE CHARACTER JUST RECEIVED.
IN SUCH CASES, THE PROGRAMMER WOULD WANT TO MAKE SURE THE PROGRAM DID
NOT START "LOOKING" FOR A NEVW START BIT BEFORE THE LAST "DATA™ BIT HAD
BEEN COMPLETED. THE “OPTIONAL" HALF UNIT DELAY ENSURES IN SUCH A CASE
THAT THE MACHINE WOULD BE IN IT'S "STOP UNITS" PHASE, WHICH BY PREV-
I0US DEFINITION WOULD BE A LOGIC “1" CONDITION, BEFORE 1T BEGAN "“LOOK-
ING* FOR A NEV LOGIC "@" CONDITION SIGNIFYING A NEW START PULSE.

FINALLY, THE READER MIGHT TAKE NOTE OF AN INTERESTING "TRICK" TO GET
A RATHER SHORT ADDITIONAL DELAY BY THE USE OF THE “RTS*" INSTRUCTION AS
THE SECOND COMMAND IN THE “IDELAY" SUBROUTINE. A CONDITIONAL RETURN. IN~-
STRUCTION WHEN THE CONDITION 1S NOT MET IS THE ONLY TYPE OF COMMAND THAT
WILL USE BUT 12 MICROSECONDS OF TIME. THE “RTS" INSTRUCTION INSERTED AT
THAT POINT VWILL NEVER HAVE THE TRUE CONDITION MET AS THE READER MAY VER~-
IFY BY CLOSE EXAMINATION OF THE POSSIBLE CONDITION OF THE "SIGN" FLAG
WHENEVER THAT INSTRUCTION IS EXECUTED. IT IS A 600D TECHNIQYE TO REMEM-
BER IF A 12 MICROSECOND DELAY IS REQUIRED BUT THE PROGRAMMER MUST MAKE
CERTAIN THAT THE CONDITION WILL NEVER BE SATISFIED WHEN USED FOR THAT
PURPOSE! (REMEMBER, VIRTUALLY ALL OTHER TYPES OF INSTRUCTIONS TAKE UP
AT LEAST 20 MICROSECONDS OF EXECUTION TIME IN A NOMINALLY ADJUSTED 8@68
SYSTEM) .

AS ANOTHER EXAMPLE OF THE DETAILS OF REAL-TIME PROGRAMMING, THE
ABOVE EXAMPLE VILL BE EXPANDED TO DEMONSTRATE HOW THE PROGRAM COULD BE
IMPROVED TO INCREASE THE RELIABILITY OF RECEIVING CORRECT DATA FROM THE
EXTERNAL MACHINE. AS MANY READERS MAY KNOW, THE INCOMING DATA FROM AN
ELECTRO~-MECHANICAL MACHINE SUCH AS A TELETYPE MAY BE "NOISY."™ THAT IS,
A SIGNAL THAT 1S SUPPOSED TO BE, FOR INSTANCE, IN THE LOGIC *"1" STATE
FOR AN ENTIRE UNIT OF TIME MAY OCCASIONALLY GO TO THE *8*" CONDITION FOR
SMALL FRACTIONS OF A UNIT OF TIME, OR VICE-VERSA. IN THE ABOVE PROGRAM
THE COMPUTER °''SAMPLES"™ FOR THE STATE OF THE INCOMING SIGNAL JUST ONCE
IN EACH UNIT OF TIME. 1IF BY CHANCE IT SHOULD SAMPLE THE SIGNAL AT THE
MOMENT THAT *NOISE™ WAS PRESENT, INCORRECT DATA COULD BE RECEIVED. IN
A "CRITICAL" APPLICATION, IT MIGHT BE DESIRABLE TO REDUCE THE CHANCE OF
SUCH AN ERROR OCCURING. THIS COULD BE DONE BY "SAMPLING" THE INCOMING
SIGNAL SEVERAL TIMES DURING EACH UNIT OF TIME AND COMPUTING AN AVERAGE
OF THE "VALUE* RECEIVED TO DETERMINE WHETHER THE SIGNAL WAS TRULY IN A
*1* OR 8" STATE. FOR INSTANCE, ONE COULD ELECT TO “SAMPLE" THE S1G-
NAL FIVE TIMES NEAR THE “MIDDLE" OF EACH UNIT OF TIME AND THEN MAKE A
DECISION AS TO WHETHER THE SIGNAL WAS A 1" OR A “@" BY DETERMINING
WHICH STATE VAS DETECTED 3 OR MORE OUT OF THE S SAMPLED TIMES. SUCH A
“SAMPLING" METHOD WOULD GREATLY REDUCE THE CHANCES OF "NOISE"™ CAUSING
AN INCORRECT SIGNAL LEVEL TO BE RECEIVED.

THE TIME DIAGRAM AT THE TOP OF THE NEXT PAGE ILLUSTRATES A SIGNAL
VITH THE UPWARD ARROWS ALONG THE BOTTOM OF THE DIAGRAM REPRESENTING THE
MULTIPLE SAMPLING POINTS IN EACH UNIT OF TIME. DEVELOPING A PROGRAM TO
GIVE THE IMPROVED PERFORMANCE 1S NOT DIFFICULT BUT IT DOES REQUIRE A
FEW MORE TIME RELATED CONSIDERATIONS WHEN DEVELOPING THE "SOFTWARE."
THESE ILLUSTRATIONS WILL BE POINTED OUT IN THE DISCUSSION THAT FOLLOWS.

. TO BEGIN DEVELOPMENT OF THE MULTIPLE-SAMPLING PROGRAM A MAJOR SUB-
ROUTINE WAS DEVELOPED THAT WOULD PERFORM THE TASK OF “SAMPLING" FIVE
TIMES IN SUCCESSION, KEEPING TRACK OF WHETHER A *|" OR "@*" WAS RECEIV-
ED, AND FINALLY DETERMINING WHICH STATE WAS RECEIVED MOST OFTEN. THE
SUBROUTINE VITH EXECUTION TIMES FOR EACH INSTRUCTION 1S PRESENTED AFTER
THE DIAGRAM ON THE NEXT PAGE. THE READER MIGHT PAY SPECIAL ATTENTION TO
THE MANNER IN VHICH THE "PREDOMINANT®" SIGNAL STATE WAS DETERMINED.
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TIMING DIAGRAM FOR MULTIPLE SAMPLING OF INCOMING SIGNAL

MNEMONIC COMMENTS
32 SAMPLE, LDl @05 /SET COUNTER FOR NUMBER OF SAMPLES
32 LEl 377 /7SET UP REG "E" FOR STORING SIGNAL STATE
32 BITEST, INP X /SAMPLE CURRENT SIGNAL ON INPUT LINE
32 NDI 288 . /MASK OFF UNUSED INPUT LINES
aa 7 36 CTS PLUSE /INCREMENT “E" IF SIGNAL A LOGIC "1"
32 ' NDI 200 /RESTORE FLAGS TO REFLECT ACC CONTENTS
36 /7 AA CFS MINUSE /DECREMENT “E" IF SIGNAL A LOGIC "e"
28 DCD /DECREMENT SAMPLING COUNTER
a4 /7 36 dFZ BITEST /SAMPLE AGAIN IF COUNTER NOT = @
28 LAE /WHEN HAVE S SAMPLES PLACE “E" INTO ACC
32 NDI 200 /JMASK OFF ALL BUT MOST SIGNIFICANT BIT
20 RET /EX1IT W1ITH PREDOM SIG STATE IN MSB OF ACC
20 PLUSE, INE /INCREMENT REGISTER “E"
29 RET /EXIT
20 MINUSE, DCE /DECREMENT REGISTER “E"
20 ’ RET /7EXIT )

INFORMATION REGARDING THE AMOUNT OF TIME REQUIRED TO EXECUTE POR-
TIONS OF THE "MULTIPLE SAMPLING'" ROUTINE JUST PRESENTED IS REGUIRED

BEFORE THE OVER-ALL ROUTINE CAN BE DEVELOPED FOR REASONS THAT WILL SOON
BE APPARENT.

THE READER CAN CONFIRM THAT THE TIME BETWEEN EACH OF THE FIVE SAM-
PLES VWILL BE 280 MICROSECONDS FOR A TYPICAL 80088 SYSTEM REGARDLESS OF
WHAT SIGNAL STATE VWAS RECEIVED. . IT IS IMPORTANT TO NOTICE HOV THE
SAMPLING ROUTINE WAS "BALANCED" BY THE APPROPRIATE CHOICE OF INSTRUC-
TIONS SO THAT THE RECEIPT OF EITHER SIGNAL STATE RESULTS IN THE SAME
TOTAL TIME TO EXECUTE THE "SAMPLING LOOP.* IF THIS REQUIREMENT VWERE
NOT MET THE PROGRAMMER WOULD HAVE QUITE A "HEAD-ACHE"™ TRYING TO DEVEL-
OPE AN ACCURATE ROUTINE BASED ON ALL THE POSSIBLE COMBINATIONS OF *1“
AND @' SIGNAL STATES THAT COULD BE RECEIVED!

THE READER SHOULD ALSO TAKE NOTE THAT THE "“SET UP™ TIME, THAT IS THF
TIME TO EXECUTE THE INSTRUCTIONS FROM THE LABEL “SAMPLE" TO “BITEST"
PLUS THE TIME TO ACTUALLY *“CALL" THE SUBROUTINE WOULD REGUIRE 108 MICRO-
SECONDS. THAT 1S, IT WILL TAKE 108 MICROSECONDS FROM THE TIME THE PRO-

GRAM STARTS TO “CALL™ THE SUBROUTINE UNTIL THE FIRST “INP X* INSTRUCTION
1S ENCOUNTERED.

ADDITIONALLY, THE READER SHOULD NOTE THAT IT WILL REQUIRE 344 MICRO-
SECONDS FROM THE TIME THE $°'TH SAMPLE 1S TAKEN UNTIL THE SUBROUTINE I8
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ACTUALLY EXITED!

IT IS IMPORTANT TO KNOW THESE RELATIONSHIPS S0 THAT THE ENTIRE SUB-
ROUTINE CAN BE PROPERLY LOCATED WITHIN A TIME FRAME. FOR INSTANCE,
SINCE IT WOULD BE DESIRABLE TO HAVE THE 3°'RD "SAMPLE"™ TAKE PLACE AT THE
THEORETICAL "MIDDLE" OF A “UNIT OF TIME" 1T VWILL BE NECESSARY TO START
“CALLING" THE '"SAMPLE" SUBROUTINE WHEN THERE ARE ABOUT 668 MICROSECONDS
REMAINING BEFORE THE THEORETICAL MIDDLE OF THE “UNIT OF TIME." THIS IS
BFCAUSE IT WILL REQUIRE 108 MICROSECONDS TO "CALL" AND “SET UP*" THE SAM-
PLING SUBROUTINE, PLUS 280 MICROSECONDS BETWEEN THE 1°'ST AND 2°'ND SAMPLE
AND ANOTHER 280 MICROSECONDS BETWEEN THE 2°'ND AND 3°RD SAMPLE.

SIMILARLY IT IS IMPRTANT TO XKNOV THAT THERE WILL BE 904 MICROSECONDS
FROM THE TIME THE 3°RD SAMPLE IS TAKEN UNTIL THE ROUTINE IS EXITED. AS,
260 MICROSECONDS VWILL BE TAKEN BETWEEN SAMPLE NUMBER 3 AND 4, ANOTHER
280 MICROSECONDS BETWEEN SAMPLE 4 AND $, AND AN ADDITIONAL 344 MICRO-
SECONDS FROM SAMPLE NUMBER § TO THE TIME THE ROUTINE IS EXITED.

WITH THIS INFORMATION NOW AVAILABLE ONE CAN CALCULATE HOW MUCH TIME
SHOULD BE USED FROM THE TIME A START BIT IS RECEIVED UNTIL IT IS TIME TO
“CALL" THE "SAMPLE" SUBROUTINE SO THAT THE 3°'RD SAMPLE POINT VILL BE IN
THE MIDDLE OF A "“UNIT OF TIME."” AND, AFTFR THAT, HOW MUCH DELAY TO PRO-
VIDE FROM THE TIME THE *SAMPLE" SUBROUTINE 1S EXITED IN ONE UNIT OF TIME
UNTIL IT IS TO BE CALLED AGAIN TO SAMPLE THE SIGNAL IN THE MIDDLE RANGE
OF THE NEXT UNIT OF TIME.

IN A SITUATION SUCH AS THE ONE BEING DISCUSSED, 1T 1S OFTEN HELPFUL
TO PRODUCE AN "EXPANDED TIMING DIAGRAM" TO ILLUSTRATE SMALLER PORTIONS
OF “CRITICAL" TIME RELATIONSHIPS. AN EXPANDED DIAGRAM SHOWING THE iIN-
FORMATION #UST DERIVED AS IT APPLIES TO THE "START"™ BIT AND THE 1°ST
“DATA* BIT OF THE EXAMPLE INCOMING SIGNAL IS SHOWN BELOW.

START 1
5

Y terr

54 - 668+ 704 66851 104
9,374 18,428 .

f¢—— 10,000 20,000 >

JL

EXPANDED TIMING DIAGRAM

_ VITH THE TIMING REQUIREMENTS OF THE “SAMPLE"™ SUBROUTINE KNOVN, THE

APPROPRIATE DELAYS TO PLACE THE "SAMPLING" SUBROUTINE SUCH THAT THE 3°'RD
SAMPLE IS AT THE MIDDLE OF A “UNIT OF TIME" CAN BE ASCERTAINED AS SHOWN
ON THE ABOVE EXPANDED DIAGRAM. IT IS THEN A RELATIVELY EASY MATTER TO
MODIFY THE PROGRAM PREVIOUSLY DEVELOPED FOR THE CASE WHEN ONLY A SINGLE
SAMPLE WAS TAKEN PER TIME UNIT SO THAT IT "CALLS" THE “SAMPLE" SUBROUT-
INE. AN EXAMPLE OF SUCH A ROUTINE IS PRESENTED NEXT.

7« 11



MNEMONIC - COMMENTS

L L 1 2 X 2 T 2 1L ¥ 3 L X 2 L X X L T & X X 2 4 J

BDIN, LBl 000 7/CLEAR INCOMING FORMING & STORAGE REGISTER

LC1 908§ /SET BIT COUNTER

K STRTIN, INP X /LOOK FOR “START" BIT

32 ‘ND1 200 /MASK OFF IRRELEVANT DATA

aA /7 36 TS STRTIN /1F NO START BIT, FORM “SAMPLING LOOP*

A4 + 9184 'CAL HDELAY /1F FIND LOGIC "@" ASSUME START, DELAY

AL + 1828 CAL SAMPLE /AND THEN DO MULTIPLE SAMPLE ON START BIT

36 /7 AA 4TS STRTIN /IF RESULT NOT "0 ASSUME FALSE START

AL + 20 CAL DUMMY /ADD COMPENSATING DELAY BEFORE ENTERING

20 NDA /MAIN "DATA"™ SAMPLING ROUTINE

20 NDA " /WITH THESE THREE INSTRUCTIONS

Aa+1824@ MORBDI, CAL IDELAY /EXECUTE MAIN DELAY LOOP

A + 1§28 CAL SAMPLE /MULTIPLE SAMPLE ROUTINE ON "DATA"™ BITS

20 RAL /SAVE RESULTING STATE IN CARRY FLAG

20 LAB /GET ANY PREVIOUS BITS

29 RAR /JROTATE NEVW BIT FROM CARRY INTO ACC

20 LBA /SAVE FORMATION IN REGISTER "“B*

20 'DCC /DECREMENT BITS COUNTER

aa /7 36 'dFZ MORBDI /DELAY & THEN FETCH NEXT "“DATA" BIT

29 RRC /HAVE ALL § "DATA" BITS - RIGHT JUSTIFY

20 RRC /71N ACCUMULATOR BY ROTATES

20 RRC /BEFORE PREPARING TO EXIT

aa + 9184 CAL HDELAY /OPTIONAL DELAY TO REACH *“STOP" AREA

20 RET /EXIT BAUDOT INPUT ROUTINE

a2 I1DELAY, LDI 202 /SET TIME LOOP COUNTER

20 NDA /TRIM TIME DELAY

20 NDA /TRIM TIME DELAY

44 + 280 RDELAY, CAL DUMMY /TIME CONSUMING LOOP

20 DCD /DECREMENT COUNTER

12 7 28 - RTZ /EXIT TO CALLING RTN WHEN CNTR = @

an JMP RDELAY /OTHERVISE CONTINUE USING UP TIME

a2 HDELAY, LDI 161 /SET TIME LOOP COUNTER

29 NDA /TRIM TIME DELAY

20 NDA /TRIM TIME DELAY .

AL JMP RDELAY /GO USE UP MORE TIME

29 DUMMY, RET /SHORT RTN TO USE UP TIME

THE INFORMATION PRESENTED TO THIS POINT IN THE CHAPTER HAS BEEN CON-
CERNED WITH ILLUSTRATING TECHNIGQUES TO COORDINATE THE EXECUTION OF A
PROGRAM VWITH THE TIMING REQUIREMENT OF AN EXTERNAL DEVICE, THROUGH THE
METHOD OF PROVIDING TIME DELAYS, TO EFFECTIVELY *SLOW DOWN' THE EXECU-
TION OF A PROGRAM. HOVEVER, ANOTHER ASPECT OF REAL-TIME PROGRAMMING IN-
VWLVES ESSENTIALLY THE OPPOSITE OBJECTIVE. THAT IS TO OBTAIN MAXIMUM
SPEED OF OPERATION FROM A COMPUTER PROGRAM SO THAT 1T MAY HANDLE EVENTS
THAT MIGHT BE OCCURING QUITE RAPIDLY. THE BALANCE OF THIS CHAPTER WILL
PRESENT SEVERAE BASIC GUIDE LINES FOR “STREAMLINING" THE OPERATION OF A
PROGRAM TO OBTAIN MAXIMUM SPEED OF EXECUTION.

PERHAPS THE FIRST POINT TO PRESENT IS THAT THERE IS A COROLLARY BE-
TVEEN OBTAINING MAXIMUM OPERATING SPEED AND THE AMOUNT OF MEMORY REOUIR-
ED BY THE PROGRAM THAT MAY AT FIRST SEEM A LITTLE STRANGE. THAT 1S, AS
ONE ATTEMPTS TO PROGRAM AN 8808 SYSTEM TO EXECUTE A PROGRAM THAT WILL
PERFORM A FUNCTION IN A MINIMUM AMOUNT OF TIME, ONE GENERALLY WILL IN-
CREASE THE AMOUNT OF MEMORY NEEDED TO STORE THE OPERATING PROGRAM. THE
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REASON FOR THIS RELATIONSHIP IS THAT STREAMLINING A PROGRAM GENERALLY
REQUIRES THE ELIMINATION OR REDUCTION IN THE USE OF *“LOOPS™ AND SUBROUT-
INES, WHICH, THE READER MAY RECALL, WERE EARLIER STRESSED FOR THEIR AB-
ILITY TO SAVE MEMORY STORAGE SPACE! '

TO ILLUSTRATE HOV THE ELIMINATION OF "LOOPS"” CAN DRAMATICALLY REDUCE
THE TIME REQUIRED TO EXECUTE A SPECIFIC FUNCTION, CONSIDER THE EXAMPLE
PRESENTED NEXT. IN THIS CASE, A PROGRAMMER NEEDS TO LOAD THREE CONSECU~
TIVE WORDS IN MEMORY WITH THE CONTENTS OF THE AGCUMULATOR IN AS LITTLE
TIME AS POSSIBLE. A ROUTINE USING A “LOOP" MIGHT BE AS SHOWN HERE:

32 LBl 003
28 AGAIN, LMA

20 INL

20 DCB
AKL/36 JFZ AGAIN

THE READER MAY EASILY CALCULATE THAT THE TOTAL TIME REQUIRED TO EXEC~-
UTE THE ABOVE LOOP WOULD BE 360 MICROSECONDS. A ROUTINE THAT DID NOT
USE A LOOP COULD BE EXECUTED IN ABOUT 1/3 THE TIME IN THIS PARTICULAR
CASE AS ILLUSTRATED NEXT:

28 LMA
20 INL
28 LMA
20 INL

28 LMA

THE "STRAIGHT™ ROUTINE ONLY REQUIRES 124 MICROSECONDS TO DO THE SAME
J0B. WHILE THE COROLLARY MENTIONED ABOVE MIGHT NOT SEEM EVIDENT WHEN
SUCH A SHORT LOOP IS INVOLVED, CONSIDER THE SAME CASE IF 20 LOCATIONS
IN MEMORY WERE TO BE LOADED WITH THE DATA IN THE ACCUMULATOR. ONE CAN
CALCULATE THAT THE LOOP METHOD WOULD ONLY REQUIRE 8 (DECIMAL) LOCATIONS
IN MEMORY FOR THE OPERATING PORTION OF THE PROGRAM AND WOULD EXECUTE
THE PROGRAM IN 2264 MICROSECONDS. ON THE OTHER HAND, THE *“STRAIGHT"
ROUTINE METHOD VWOULD REQUIRE SOME 39 LOCATIONS IN MEMORY FOR STORAGE OF
THE OPERATING PROGRAM, BUT THAT “STRAIGHT" ROUTINE WOULD BE EXECUTED IN
A MERE 940 MICROSECONDS.

THE ELIMINATION OF SUBROUTINES CAN ALSO GREATLY SPEED UP THE OPERA-
TION OF A CRITICAL PORTION OF A PROGRAM AS SHOWN BY THE FOLLOVING EXAM-
PLE. THE FOLLOWING "“SUBROUTINE" METHOD MIGHT BE USED AS PART OF A PRO-
GRAM THAT WAS TO RAPIDLY OUTPUT THE CONTENTS OF THE ACCUMULATOR AS A
SERIES OF OCTAL DIGITS. l.E., THE OUTPUT DEVICE WOULD ONLY RECEIVE THE
THREE LEAST SIGNIFICANT BITS IN THE ACCUMULATOR.

24 ouT X

A4 + 80 CAL ROTAND
24 ouUT X

AA + 88 CAL ROTAND
24 OouT X

16 HLT

'HEREvTHE'SBBBOUTINE “ROTAND" APPEARS AS:

20 ROTAND, RAR

20 RAR
29  RAR
20 RET

ONE CAN CALCULATE TMAT EXECUTING THE ABOVE “SUBROUTINED" PROGRAM WOULD
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REQUIRE 336 MICROSECONDS. “THE "STRAIGHT" PROGRAM METHOD SHOWN BELOV ON-
LY REQUIRES 208 MICROSECONDS TO DO THE SAME FUNCTION.

24 ouUT X
20 RAR
20 RAR
20 RAR
24 ouT X
20 RAR
20 RAR
20 RAR
24 . 0UT X
16 HLT

WHIEE THE ABOVE EXAMPLE DOES NOT SUPPORT THE “MEMORY USAGE CORALL-~-
ARY" ONE CAN SEE THAT IF THE SUBROUTINE VERE SOMEVHAT LONGER - SAY IT
CONTAINED EIGHT OR NINE INSTRUCTIONS, THAT THE CORALLARY WOULD BE TRUE.

ANOTHER RULE OF THUMB TO APPLY TOWARDS DEVELOPING PROGRAMS TO OPER~
ATE IN A MINIMUM AMOUNT OF TIME IS TO DO AS MUCH WORK AS POSSIBLE WITH
CPU REGISTERS INSTEAD OF WITH MEMORY. FOR INSTANCE, SUPPOSE ONE HAD AN
INSTRUMENT INTERFACED TO A 8088 SYSTEM THAT PERIODICALLY NEEDED TO SEND
A SHORT "BURST" OF DATA TO THE COMPUTER FOR STORAGE. FOR TECHNICAL CON-
SIDERATIONS ASSUME THAT IT WAS DESIRED TO RECEIVE THE “BURST" AS RAPID-
LY AS POSSIBLE, AFTER WHICH THE COMPUTER WOULD HAVE SOME "IDLE" TIME TO
PROCESS THE DATA. ONE CAN READILY SEE BY THE FOLLOWING EXAMPLE THAT IT
VILL TAKE MUCH LESS TIME TO STORE, SAY FOUR “CHARACTERS" IN CPU REGIS-
TERS, THAN TO STORE THE SAME AMOUNT DIRECTLY IN MEMORY. A ROUTINE TO
STORE THE CHARACTERS DIRECTLY IN MEMORY WOULD REQUIRE:

3g INP X
28 LMA
20 INL
32 INP X
28 LMA
20 INL
32 INP X
28 LMA
20 INL
32 INP X
28 LMA

OR A TOTAL OF 300 MICROSECONDS. STORING THE DATA IN CPU REGISTERS WOULD
ONLY REQUIRE 216 MICROSECONDS USING THE FOLLOWING ROUTINE.

32 ‘ INP X
2@ LBA
32 INP X
20 LCA
32 INP X
20 LDA
32 INP X
20 ' LEA

THE FACTOR THAT MIGHT BE PARTICULARLY VALUABLE IN A "TIME-TIGHT" APPLI-
CATION 1S THAT EACH CHARACTER IN THE SECOND ROUTINE COULD BE ACCEPTED

AT $2 MICROSECOND INTERVALS 'VHILE THE FIRST ROUTINE COULD NOT ACCEPT THE
CHARACTERS AT A RATE FASTER THAN EVERY 88 MICROSECONDS. NATURALLY, THE
ABOVE EXAMPLE 1S STRICTLY LIMITED T0 THE CASE WHERE VERY SHORT “BURSTS"
ARE BEING HANDLED AS THERE ARE A LIMITED NUMBER OF CPU REGISTERS AVAIL-
ABLE IN WHICH TO STORE DATA. HOWEVER, THE PRINCIPLE CAN BE VALUABLE.

1
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THE CONCEPT OF UTILIZING CPU REGISTERS AS MUCH AS POSSIBLE CAN BE
EXTENDED TO A VARIETY OF APPLICATIONS BESIDES THE ONE ILLUSTRATED ABOVE.
FOR INSTANCE, 1T 1S OFTEN ADVANTAGEOUS TO SET UP CPU REGISTERS IN AD-
WANCE OF A "CRITICAL" TIME PERIOD IN ORDER TO STREAMLINE A PROGRAM DUR-
ING SELECTED OPERATING PERIODS. FOR INSTANCE, SUPPOSE ONE NEEDED TO IN-
PUT DATA AT A FAST RATE AND ALSO PERFORM SOME MANIPULATION OF THE DATA.
SUCH AS, PERFORM A TWO'S COMPLEMENT OPERATION ON THE DATA AND THEN DEPO-
SIT THE DATA IN MEMORY. ONE WAY TO DEVELOP THE ROUTINE WOULD BE AS FOL-
LOVS:

32 RECEIV, INP X

3e ND1 377

K} AD1 081

28 LMA

29 INL

A4/36 JFZ RECEILV

THE ABOVE ROUTINE COULD HAVE THE TIME FACTOR DECREASED BY ABOUT 12
PERCENT IF, PRIOR TO ENTERING THE "LOOP" (A NECESSARY EVIL IN THIS EX-
AMPLE BECAUSE A "LARGE"™ BLOCK OF DATA IS HYPOTHETICALLY BEING PROCESSED)
ONE FIRST SET CPU REGISTER “B™ TO CONTAIN *"377" AND CPU REGISTER "“C" TO
HOLD *@81.," AND USED THE ROUTINE SHOWN NEXT.

3g RECEIV, INP X

20 NDB
20 ADC
28 LMA
20 ~INL
44/36 ' JFZ RECEIV

A FEW CLOSING COMMENTS ON THE SUBJECT OF “STREAMLINING"™ REAL-TIME
PROGRAMS WOULD INCLUDE THE MENTION THAT IF “SUBROUTINES"™ ARE NECESSARY,
TO USE THOSE VALUABLE "RESTART" COMMANDS WHICH ONLY REQUIRE 20 MICRO-
SECONDS FOR AN EFFECTIVE “CALL" INSTEAD OF 44 MICROSECONDS. ADDITION~-
ALLY, THE PROGRAMMER SHOULD PAY STRICT ATTENTION TO OVER-ALL PROGRAM OR-
GANIZATION IN ORDER TO REDUCE TIME CONSUMING "QUVERHEAD" OPERATIONS, OR
AT LEAST TO DEFER SUCH OPERATIONS FOR EXECUTION DURING NON-CRITICAL TIME
PERIODS. :

FINALLY, REAL-TIME PROGRAMMING IS AN AREA WHERE THE CREATIVE PROG-
RAMMER CAN HAVE A LOT OF FUN. EXPERIMENT, LOOK FOR NEW METHODS TO SOLVE
A PARTICULAR PROBLEM - YOU MAY FIND A BETTER, FASTER WAY! SUCH AS:

HAVE THE FIRST INSTRUCTION OF THE ABOVE ROUTINE LOCATED AT THE ADD-
RESS OF RESTART LOCATION *X,* MODIFY THE ROUTINE AS ILLUSTRATED, AND CUT
ANOTHER 7 PERCENT OFF THE REQUIRED EXECUTION TIME OF THE ROUTINE!

32 INP X"
20 NDB
20 ADC
28 LMA
20 INL
12726 RTZ
20 RST "X»
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*PROM* PROGRAMMING CONSIDERATIONS

FOR READERS WHO MAY NOT BE FAMILIAR WITH THE ABBREVIATION, A "PROM"
IS A "PROGRAMMABLE READ-ONLY MEMORY"™ ELEMENT. A PROGRAMMABLE READ-ONLY
MEMORY ELEMENT IS AN ELECTRONIC DEVICE THAT CAN BE “PROGRAMMED™ WITH A
PROGRAM USING A SPECIAL INSTRUMENT SO THAT IT CONTAINS A “PERMANENT"
PROGRAM. SOME "PROM™ ELEMENTS CAN BE “ERASED"™ AND RE-PROGRAMMED BY US-
ING SPECIAL INSTRUMENTS WHICH ARE GENERALLY TOO EXPENSIVE FOR THE AVER=~
AGE USER TO HAVE READILY AVAILABLE., WHEN THE "PROGRAMS* IN SUCH ELE-
MENTS NEED TO BE CHANGED IT IS GENERALLY NECESSARY TO SEND THE DEVICE
BACK TO THE MANUFACTURER OR REPRESENTATIVE FOR PROCESSING.

THE KEY FEATURE THAT A “READ-ONLY MEMORY* ELEMENT HAS OVER A “RAM"
(READ AND WRITE MEMORY) DEVICE 1S THAT ONCE A PROGRAM HAS BEEN PLACED IN
A “ROM"™ IT 1S NON-VOLATILE, OR PERMANENT, A SEMI-CONDUCTOR "RAM™ DEVICE
WILL LOSE IT*S CONTENTS IF POWER IS REMOVED FROM THE DEVICEe. A "ROM"™
WILL RETAIN THE INFORMATION PLACED IN IT 1F POWER IS REMOVEDe THUS, THE
"ROM™ IS AN IDEAL MEMORY DEVICE IN WHICH TO STORE PROGRAMS THAT ARE PER~
MANENT IN NATURE OR THAT HAVE FREQUENT USE IN A SYSTEM WHERE POVER MAY
FREQUENTLY BE REMOVEDe IT ELIMINATES THE PROCESS OF HAVING TO *“LOAD"
PROGRAMS BACK INTO MEMORY WHEN A COMPUTER SYSTEM IS INITIALLY “POWERED-
UP" FOR A PERIOD OF OPERATION,

THE KEY DISADVANTAGE OF THE "ROM" 1S THAT THE COMPUTER CANNOT ALTER
THE CONTENTS OF THOSE MEMORY LOCATIONS ASSIGNED TO A "ROM“ DEVICE. THUS
ONE MUST TAKE SPECIAL PRECAUTIONS WHEN DESIGNING PROGRAMS THAT ARE TO
RESIDE IN A "ROM"™ DEVICE.

FOR INSTANCE, ONE CANNOT USE MEMORY ADDRESSES IN A ROM TO STORE TEM=-
PORARY POINTERS AND COUNTERS FOR A PROGRAM THAT NEEDS TO ALTER SUCH
POINTERS AND COUNTERS DURING THE PROGRAM®'S OPERATION - AND SIMILARLY ONE
CANNOT USE ANY SUCH LOCATIONS FOR ANY KIND OF TEMPORARY STORAGE OF DATA
OR OTHER “TEMPORARY*" INFORMATION, BECAUSE, AS JUST MENTIONED, THE COM-
PUTER VILL NOT BE ABLE TO “WRITE” THE INFORMATION INTO THE ROM!

THUS, IF A PROGRAM IS TO BE STORED IN A ROM, AND IT IS NECESSARY TO
USE POINTERS AND COUNTERS IN A PROGRAM (AS WILL CERTAINLY BE THE CASE IN
MANY APPLICATIONS) ONE SHOULD ARRANGE THE PROGRAM TO USE CPU REGISTERS
FOR THOSE PURPOSES, OR TO USE ADDRESSES IN MEMORY THAT WILL CONTAIN RAM
ELEMENTS,

A ROM ELEMENT CAN BE CONSIDERED AS A “HARDWARE™ MEMORY ELEMENT AND
AS SUCH, ONE OF THE FIRST MATTERS ONE SHOULD CONSIDER WHEN PLANNING ON
INSTALLING ROMS IN A COMPUTER SYSTEM, IS WHERE TO ASSIGN THE ROM ELE-
MENTS IN MEMORY, A GOOD RULE OF THUMB 1S TO PLACE SUCH ELEMENTS AT THE
UPPER EXTREME ADDRESSES AVAILABLE IN THE SYSTEMe FOR INSTANCE, IF ONE
HAS AN 8008 SYSTEM CAPABLE OF ADDRESSING UP TO 4 K OF MEMORY, (PAGES 00
THROUGH 17) IT WOULD BE ADVISABLE IN MOST CASES TO DEVELOP PROGRAMS FOR
ROM(S) THAT ARE ON PAGE 17, OR IF MORE PAGES ARE REQUIRED FOR ROMS, TO
WORK DOWNWARD FROM THAT ADDRESS. (MOST ROM AND PROM DEVICES CAN CONTAIN
256 EIGHT BIT WORDS - OR ONE "PAGE™ IN A TYPICAL 8808 SYSTEM.) THIS AL-
LOWS ALL ADDRESSES BELOW THE ROM ELEMENT(S) TO BE AVAILABLE AS ONE CON-
TINUOUS BLOCK OF “READ AND WRITE™ MEMORY WHICH IS GENERALLY A MORE CON-
VENIENT ARRANGEMENT THAN, SAY, STICKING A ROM ELEMENT ON PAGE 18 IN SUCH

A SYSTEM, THUS DIVIDING THE AVAILABLE ADDRESSES FOR RAM MEMORY INTO TWO
SEPARATE AREAS. ‘

ALTERNATIVELY, ONE MIGHT WANT TO CONSIDER PLACING ROM ELEMENTS AT
THE LOWEST AVAILABLE ADDRESSES FOR THE SYSTEM, AND LFAVING THE UPPER AD-
[IRESSES AVAILABLE AS ONE CONTINUOUS BLOCK FOR RAM ELEMENTS. HOWEVER,
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INLESS A SYSTEM 1S BEING DESIGNED TO SERVE AS A SPECIAL FUNCTION. DEVICE,
IT IS GENERALLY WISE TO NOT USE A ROM ON PAGE @0 IN AN 8088 SYSTEM AS IT
WILL OCCUPY ALL THE POSSIBLE “RESTART" (RST) INSTRUCTION LOCATIONS! THE
EXCEPTION TO THIS WOULD BE IF ONE DELIBERATELY WANTED TO HAVE “POWER-UP"™
ROUTINES THAT USED THE INTERRUPT FACILITY OF THE 8068 SYSTEM IN CONJUN-
CTION WITH A ROM TO AUTOMATICALLY GO TO A "RESTART" LOCATION. THE

“RST™ CLASS OF INSTRUCTIONS, WHICH USE THE SPECIAL LOCATIONS ON PAGE #£0,
ARE PARTICULARLY USEFUL COMMANDS WITH GENERAL PURPOSE APPLICATIONS, AS
DISCUSSED ELSEWHERE IN THIS MANUAL, AND ONE SHOULD CONSIDER THEIR GEN-
ERAL PURPOSE CAPABILITIES CAREFULLY BEFORE DECIDING TO RESTRICT THEM TO
A ROM APPLICATION.

THE TYPES OF PROGRAMS THAT ARE GENERALLY MOST SUITABLE FOR PLACE-
MENT ON ROMS INCLUDE ROUTINES TO ASSIST GETTING A SYSTEM "ON-LINE" IM-
MEDIATELY FOLLOWING POWER TURN=-ON, SUCH AS 1/0 ROUTINES AND *"PROGRAM
LOADERS," FREQUENTLY UTILIZED PROGRAMS THAT ONE MAY NOT WANT TO HAVE TO
BE BOTHERED LOADING EACH TIME A SYSTEM IS STARTEDo OR PROGRAMS FOR DEDI-
CATED APPLICATIONS.

FOR INSTANCE, A USER WITH A TELETYPE SYSTEM MIGHT WANT TO PUT A
STANDARD ROUTINE TO INPUT AND OUTPUT INFORMATION TO THE DEVICE (WHICH
COULD BE .CALLED BY GENERAL ROUTINES) AND POSSIBLY A "LOADER PROGRAM"
THAT WOULD ENABLE THE USER TO QUICKLY LOAD PROGRAMS INTO RAM MEMORY VIA
A PAPER TAPE READER, IN SUCH AN APPLICATION, ONE MIGHT ALSO HAVE SPACE
ON A PROM TO INCLUDE A SIMPLE PROGRAM THAT WOULD ENABLE ONE TO EXAMINE
AND MODIFY MEMORY LOCATIONS USING THE TELETYPE DEVICE. THUS, WHENEVER
POWER WAS APPLIED TO THE COMPUTER SYSTEM, ONE WOULD INSTANTLY BE IN A
POSITION TO “LOAD™ LARGER PROGRAMS INTO RAM MEMORY, OR TO IMMEDIATELY
USE THE TELETYPE TO PLACE INFORMATION INTO RAM MEMORY. WITHOUT A ROM,
THE USER WOULD HAVE TO USE MANUAL CONTROL METHODS TO *“LOAD* A "LOADER"™
PROGRAM OR OTHER ROUTINES INTO MEMORY. THE SAVINGS IN TIME ONE CAN ACH-
IEVE BY USING A ROM TO STORE "START-UP™ PROGRAMS OVER HAVING'fb USE PUR~
ELY MANUAL PROCEDURES CAN BE WELL WORTH THE COST OF A ROM OR PROM DE-
VICE.

HOWVEVER, A USER WHO DESIRED TO DEVELOP SUCH A PACKAGE FOR STORAGE
ON A ROM DEVICE WOULD HAVE TO BE PARTICULARLY CAREFUL WHEN DEVELOPING
THE TELETYPE 1/0 ROUTINE 1F SUCH A ROUTINE REQUIRED "REAL-TIME PROGRAM~
MING™ CONSIDERATIONS, SUCH AS A “TIMING LOOP."™ FOR INSTANCE, THE READ-
FR WHO HAS READ THE PREVIOUS CHAPTER WILL REALIZE THAT IF THE COMPUTER
PROGRAM ITSELF WILL CONTROL THE ACTUAL OPERATION OF A DEVICE SUCH AS A
TELETYPE MACHINE, AND “TIMING LOOPS*™ ARE ESTABLISHED TO CONTROL THE PRE-
CISE TIME AT WHICH EVENTS WILL OCCUR, THAT THE ACTUAL TIMING REQUIRED
TO PROPERLY OPERATE A DEVICE VILL BE A FUNCTION OF THE DEVICE BEING CON-
TROLLED AS WELL AS THE TIMING IN THE COMPUTER ITSELF, AND THAT THE AC-
CURACY AT WHICH SUCH TIMING MUST BE MAINTAINED. IS A FUNCTION OF THE AC-
CURACY OF THE TIMING IN THE COMPUTER SYSTEM AND THE DEVICE ITSELF. THIS
ACCURACY MAY VARY BETWEEN DIFFERENT UNITS. . IF A FIXED "TIMING LOOP™ WAS
PROGRAMMED INTO A "PROM™ AND AT SOME LATER DATE THE EXTERNAL DEVICE VWAS
REPLACED WITH A DIFFERENT ONE, OR THE TIMING OF THE COMPUTER WAS ADJUST-
D, THE ORIGINAL “TIMING LOOP* MIGHT BE MADE INVALID. THUS, IN SUCH AN
APPLICATION, IT MIGHT BE WISE TO PLACE THE ACTUAL "DATA™ VALUE THAT IS
TO CONTROL THE “TIMING LOOP*™ IN A "RAM™ LOCATION AND HAVE THE PROGRAM IN
THE PROM ACCESS THAT VALUE, WHICH WOULD BE MANUALLY INSERTED BY THE OP-
ERATOR, RATHER THAN HAVING THE VALUE BE "FIXED"” IN THE PROM., THE FOL-
~LOVING TWO SUBROUTINES WILL HELP CLARIFY THE POINT.

PROM PROGRAM WITH A “FIXED" TIMING LOOP VALUE '

TIME, LDI 100 /SET TIMING LOOP COUNTER
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TIMER, CAL DUMMY /DELAY SUBROUTINE
DCD /DECREMENT TIMING LOOP COUNTER
RTZ /EXIT SUBROUTINE WHEN TIME DELAY DONE
JMP TIMER /O0THERWISE CONTINUE TIMING LOOP

PROM PROGRAM WITH CAPABILITY TO ALTER TIMING LOOP VALUE

TIME, LHI XXX /SET POINTER TO *RAM"™ LOCATION WHERE
LLI YYY /TIMING LOOP COUNTER VALUE STORED
LDM /SET TIMING LOOP COUNTER VALUE
TIMERs oo /SAME AS ABOVE ROUTINE

THE SECOND ROUTINE ILLUSTRATED ABOVE ASSUMES THAT THE CPU MEMORY
POINTER REGISTERS WILL BE SET UP TO POINT TO A LOCATION IN RAM MEMORY
WHERE THE ACTUAL *“LOOP COUNTER™ VALUE WILL HAVE BEEN PLACED BY THE OP-
ERATORe WHILE THE METHOD NECESSITATES THE OPERATOR HAVING TO SET THE
PROPER VALUE INTO RAM MEMORY BEFORE USING THE PROGRAM STORED ON THE ROM,
IT AVOIDS THE PROBLEM OF HAVING A "USELESS" PROGRAM IN THE PROM IF A
TIMING VALUE MUST BE ALTERED AT SOME FUTURE DATEe. 'IT SHOULD BE APPARENT
THAT THI1S KIND OF SCHEME CAN BE APPLIED TO ANY SIMILAR SITUATION WHERE A
*WALUE" USED BY A PROGRAM MIGHT CONCEIVABLY NEED TO BE ALTERED.

IF, FOR SOME REASON, ONE DID NOT WANT TO HAVE TO DEDICATE A LOCATION
IN RAM MEMORY FOR A “VARIABLE™ VALUE IN SUCH A ROUTINE - THERE IS STILL
ANOTHER TRICK THAT CAN “SAVE™ THE DAY IN SUCH A SITUATION. THE OPERATOR
COULD MANUALLY LOAD THE D" REGISTER IN THE CPU PRIOR TO USINGE THE ABOVE
TYPE OF SUBROUTINE (OR HAVE AN EXTERNAL ROUTINE IN RAM MEMORY PERFORM
THE SAME FUNCTION BEFORE USING THE ROUTINE), IN WHICH CASE ONE COULD EL~
IMINATE THE PORTION OF THE ABOVE ROUTINE LABELED "TIME" AND SIMPLY USE
THAT PORTION LABELED "TIMER." :

A GOOD RULE OF THUMB TO APPLY WHEN CONSIDERING THE USE OF ROM IN A
SYSTEM IS TO TAILOR THE PROGRAM FOR COMPACTNESSes AFTER ALL, THE MORE
ROUTINES OR SUBROUTINES ONE CAN STORE ON A PROM, THE MORE USEFUL THE DE-
VICE VILL BE. MAKE EVERY EFFORT TO SAVE MEMORY SPACE BY JUDICIOUS USE
OF SUBROUTINING, WITH MULTIPLE ENTRY POINTS IF APPLICABLE, AND BY USE OF
PROGRAM LOOPS. AN EARLIER CHAPTER STRESSED THE CONCEPT AND PROVIDED
GUIDELINES AND FORMULAS FOR CALCULATING WHEN SUCH TECHNIQUES ARE APPLI-
CABLE., ONE SHOULD FIGURE ON SPENDING SOME EXTRA TIME WHEN DEVELOPING
PROGRAMS TO BE STORED ON ROMS IN ORDER TO LOOK AT WAYS TO SAVE MEMORY
SPACEe TRY TO USE EVERY AVAILABLE LOCATION ON A PROM = AFTER ALL, ANY
UINUSED LOCATIONS WILL BE “PERMANENTLY"™ WASTED. IF ONE FINDS ONE HAS
SOME ROOM LEFT IN A PROM AFTER ONE HAS PLACED THE PROGRAMS REQUIRED TO
BE ON THE DEVICE FOR A PARTICULAR APPLICATION, CONSIDER THE POSSIBILITY
OF "TUCKING IN™ A FEW SMALL ROUTINES THAT WOULD HAVE GENERAL USEFULNESS.
SUCH ROUTINES AS “SWITCH,* "ADV,*™ AND "CNTDWN™ WHICH WERE PRESENTED AND
USED FREQUENTLY IN EXAMPLES THROUGH-OUT TH1S MANUAL ARE TYPICAL KINDS OF
GENERALLY USEFUL SUBROUTINES THAT ONE MIGHT CONSIDER HAVING ON A ROM
RATHER THAN "WASTING"™ ANY LOCATIONS. THESE TYPES OF ROUTINES WOULD THEN
ALWAYS BE AVAILABLE IN THE SYSTEM FOR USE BY PROGRAMS RESIDING IN RAM,

ABOVE ALL, HOWEVER, ONCE ONE HAS DEVELOPED ROUTINES FOR A PROM, ONE
SHOULD THOROUGHLY TEST AND CHECK THE PROGRAM(S) TO MAKE SURE THEY ARE
- ABSOLUTELY OPERATING AS INTENDEDe AFTER ALL, IT IS A BIT COSTLY TO MAKE
A “PROGRAM PATCH™ ON A READ-ONLY MEMORY ELEMENT!



CREATIVE PROGRAMMING CONCEPTS

ONCE ONE HAS BECOME FAMILIAR WITH THE FUNDAMENTAL ASPECTS OF MACH-
INE LANGUAGE PROGRAMMINGe. ONCE ONE IS FAMILIAR VWITH THE MNEMONICS THAT
REPRESENT THE MACKINE LANGUAGE COMMANDS AND CAN MENTALLY THINK OF THE
FUNCTIONS THAT THOSE MNEMONICS REPRESENT, ONCE ONE HAS LEARNED HOW TO
FORMALIZE AND PLAN OUT A PROGRAM, UNDERSTANDS FLOW CHARTING, AND MEMORY
ALLOCATION OR MAPPINGe ONCE ONE HAS HAD SOME PRACTICE AT DEVELOPING AL~
GORITHMS AND COMBINING SMALLER ALGORITHMS INTO FULL SIZED PROGRAMS BY
SUBROUTINING, ONCE ONE 1S FAMILIAR WITH SETTING UP POINTERS, COUNTERS,
FORMING PROGRAM LOOPS, UTILIZING BIT "MASKS."™ ONCE ONE KAS A "FEEL"
FOR ORBANIZING DATA FOR TABLES, AND UNDERSTANDS HOW DATA CAN BE SORTED.
ONCE ONE UNDERSTANDS HOW MATHEMATICAL INFORMATION MAY BE PROCESSED BY
THE COMPUTER, AND, ONCE ONE KNOWS HOW TO GET DATA INTO AND OUT OF THE
CPU FROM AND TO SOME EXTERNAL. DEVICESe 1leEes ONCE ONE HAS SPENT A LIT~-
TLE TIME STUDYING THE ASPECTS OF MACHINE LANGUAGE PROGRAMMING A COMPUT=-
FR « AS ONE WILL HAVE DONE BY READING (AND HOPEFULLY LEARNING!) THE
INFORMATION PRESENTED IN THE PRECEEDING SECTIONS OF THIS MANUALe THEN,
ONE SHOULD BE IN A POSITION TO UNDERSTAND AND APPRECIATE THE TRUE POTe
EINTIAL OF A DIGITAL COMPUTER WHEN IT*S POWER IS UNLEASHED UNDER THE
AUSPICES .OF A CREATIVE PROGRAMMER, THEN, IS WHEN ONE CAN REALLY START
HAVING FUN CREATING AND DEVELOPING COMPLETELY ORIGINAL PROGRAMS T0O PER=
FORM MYRIADS OF PERSONALLY DESIRED FUNCTIONS, THIS 1S THE POINT AT
WHICH ONE MAY TAKE A “BROAD VIEW™ OF THE IMMENSE CAPABILITY OF THE MACH=-
INE BY STANDIN@ BACK AND PONDERING SOME “SCENES* MUCH THE WAY AN ARTIST
WOULD PONDER A BLANK CANVAS BEFORE STARTING TO PAINT A “CONCEPT®™ OR “IM~
ABE"” THAT EXISTED PURELY IN THE ARTIST*S MIND, THE DISCUSSION THAT FOL~
LOWS MERELY PRESENTS SOME WAYS IN WHICH TO VIEW THE CAPABILITY OF A DIGe
. 1TAL COMPUTERe SOME POINTS OF VIEW THAT MAY HELP PROGRAMMER®S APPROACH
PROGRAMMING TASKS WITH CREATIVITY. NO GREAT “MAGIC™ 1S CLAIMED FOR THE
IDEAS PRESENTED, NO GUARANTEE 1S MADE THAT THE POINTS OF VIEVW WILL IN-
SPIRE EVERYONE TO GREATER PROGRAMMING CREATIVITY OR ABILITY. BUT, IT IS
KNOWN THAT THE V1EWS PRESENTED HAVE HELPED AT LEAST ONE PROGRAMMER TO
CREATE COUNTLESS PROGRAMS, SOME OF WHICH OTHERS HAD CLAIMED “COULDN'T BE
DONE ON A SMALL MACHINE,™ AND SOLVE NUMEROUS PROGRAMMING PROBLEMS, WHILE
HAVING A LOT OF FUN - AND QUITE OFTEN SAVING A LOT OF TIME! THUS, THE
IDEAS VWILL BE PRESENTED IN THE HOPES THAT PERHAPS A FEW OTHERS WILL BEN=-
EFIT A LITTLE, OR A LOT, .

IT MUST BE ADMITTED THAT TO SOME READERS THE CONCEPTS DISCUSSED. IN
THIS SECTION MIGHT SEEM “TRIVIAL™ AT FIRST GLANCE., PERHAPS THE REASON
" SOME PEOPLE INITIALLY SEE THE CONCEPTS AS TRIVIAL 1S BECAUSE THEY ARE
PROFOUNDLY BROAD AND TO SOME LUCKY PEOPLE, PERHAPS, INSTINCTIVELY OB~
VIOUSe HOVEVER, MOST READERS WILL PROBABLY FIND THE CONCEPTS *“GROW*
AS ONE DOES MORE AND MORE PROGRAMMING, UNTIL ONE DAY, THE READER "DISe
COVERS*™ A PROFOUNDLY *SIMPLE™ WAY TO HANDLE A PROGRAMMING PROBLEM BASED
ON A VARIATION OF ONE SORT OR ANOTHER OF THE CONCEPTS PRESENTED IN THIS
SECTION. :

FOR WHAT THEY ARE WORTH, THE CONCEPTS TO BE PRESENTED WILL BE DISe
CUSSED IN THREE PARTS,

THE ONE DIMENSIONAL VIEW

THE UNDERLYING PRINCIPAL IN THIS ENTIRE DISCUSSION ON CREATIVE PROe
GRAMMING IS TO LEAVE OUT THE DETAILS OF THE OPERATION OF THE CPU AND
IT*S ASSOCIATED REBISTERS, IT IS KNOWN THAT TRE CPU AND THE ASSOCIATED
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REGISTERS CAN DO A WHOLE HOST OF SPECIFIC OPERATIONS ~ MATHEMATICAL, BO~
OLEAN 1L0GIC, EXECUTE CONDITIONAL BRANCHES AND WHATEVER, THESE FUNCTIONS
WILL BE TAKEN FOR GRANTED IN THE FOLLOWING DISCUSSIONe WHAT 1S IMPOR=-
TANT IN THE PRESENT SITUATION IS TO REALIZE THAT THE POWER OF THE COMPUe
TER IS IN IT*S MEMORY, THE CPU OBTAINS IT*S INSTRUCTIONS FROM MEMORY,
AND THE CPU IS ABLE TO MANIPULATE INFORMATION IN MEMORY, THE CPU IS
ABLE TO ACCESS A PARTICULAR WORD IN MEMORY, IN THE CASE OF AN 8008 SYSe
TEM, BY POINTING TO THE “ADDRESS™ USING THE *H & L* REGISTERS, FOR EACH
SPECIFIC *ADDRESS™ THERE IS A “SPECIFIC WORD IN MEMORY"™ THAT CONTAINS
EIGHT BINARY BITS,.

ONE WAY TO VIEW THE ORGANIZATION OF MEMORY IS TO THINK OF MEMORY
AS BEING ONE LONG LINE OF WORDS = STACKED ONE AFTER THE OTHER, IN FACT,
THIS IS THE WAY VIRTUALLY ANY MACHINE LANGUAGE PROGRAMMER FIRST STARTS
THINKING OF MEMORY BECAUSE OF THE SIMPLE WAY IN WHICHK EACH MEMORY AD~
DRESS CORRESPONDS TO A WORD IN MEMORY « AND MEMORY ADDRESSES ARE SIMPLY
A SERIES OF CONSECUTIVE NUMBERS,

EREEREEREREEEREEEREREREEREER R RE
% ADDR # "N*™ # MEM WORD # "“N*™ =
EREREEEEEREELEEEE SRR EE R SRR GRS
w ADDR # N¢l & MEM WORD # N+l =
SRR EREREEEERER R SRR R R R RRRk PR RRR
% ADDR # Ne¢2 # MEM WORD # N¢2 %=
SEREREREREBEEE B EEEEEXREERREEE R R
® [ ] L] [ [ ]

[ ] [ ] ® [ ] [}
SREERREEREEEEREREEREREER SRR R RPN
% ADDR # N+X & MEM WORD # Ne¢X =
SHERERE R RS EREEEEEEE RS EREERE R

THUS ONE CAN CONSIDER MEMORY AS SIMPLY BEING ONE LONG STRING OF LOCe
ATIONS THAT MAY BE FILLED WITH WHATEVER INFORMATION !S DESIRED IN A SERe
IAL SEQUENCEe IF ONE WERE TO FILL EACK MEMORY WORD WITH A “CODE"™ THAT
SYMBOLIZED A LETTER OR DIGIT, OR PUNCTUATION SYMBOL, ONE COULD PROCEED
T0 FILL A "“STRING™ OF MEMORY LOCATIONS WITH ENGLISH (OR FRENCHs, OR GER~
MAN, OR WHATEVER) WORDS, AND G0 ON TO FORM SENTENCES, AND BY USING OTHER
CODESs TO SEPARATE SENTENCES INTO PARAGRAPHS,

N 0 W SPACE b¢ S
ADDR N ADDR Nel ADDR Ne2 ADDR N+3 ADDR N+4 ADDR Ne5
OR, ONE COULD PLACE MATHEMATICAL VALUES IN MEMORY LOCATIONS, SEPA=
RATE THOSE VALUES BY “OPERATOR® SYMBOLSs AND PROCESS “COLUMNS™ OF MATH-

EIMATICAL DATAe (ASSUMING IN THIS STRICT CASE THAT THE VALUES WERE SMALL
ENOUGK TO BE STORED IN ONE MEMORY WORD,)

ADDR N ¢ +100
ADDR Nel ¢ MINUS
ADDR Ne2 ¢ - 50
ADDR Ne3 ¢ EQUAL

OR, THE CONTENTS OF MEMORY WORDS MAY BE USED TO SYMBOLIZE JUST ABOUT
ANY ABSTRACT ITEM THAT THE PROGRAMMER MIGHT DESIRE, THE PROGRAMMER NEED
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SIMPLY FORM A CODE THAT THE PROGRAMMER DESIRES TO HAVE SYMBOLIZE SOMEe
THING. ‘ .

ADDR N ¢ SYMBOL FOR *“APPLES*®
ADDR N+l &8¢ SYMBOL FOR "“PEARS*™
ADDR N¢2 ¢ SYMBOL FOR “BANANAS"™
ADDR N¢3 ¢ SYMBOL FOR “CHERRIES"™
ADDR N3 ¢ SYMBOL FOR “LEMONS*™
ADDR Ne4 ¢ SYMBOL FOR *“BELLS*™

THE READER SHOULD REALIZE HERE, THAT THE CONCEPT BEING PRESENTED IS
CONCENTRATING ON HOW MEMORY IS UTILIZED FOR HANDLING "DATA"™ OR INFORe
MATION: IT IS TAKEN FOR GRANTED THAT A PORTION OF MEMORY WILL BE USED
TR THE ACTUAL OPERATING PROGRAM THAT *CONTROLS* THE MANIPULATION OF THE
MEMORY THAT 1S BEING USED FOR THE "DATA." THUS, IN THE ABOVE EXAMPLES
ONE MUST REALIZE THAT AN "OPERATING PROGRAM™ VILL PLACE THE CODES FOR
LETTERS OR DIGITS, PUNCTUATION MARKS, SPACES, AND SO FORTH, AND PERFORM
WHATEVER PROCESSING IS DESIRED, AN OPERATING PROGRAM WILL TAKE THE VAL~
UES GIVEN IN THE MATHEMATICAL EXAMPLE AND “INTERPRET®" THE SYMBOLS AND
PERFORM THE DESIRED FUNCTIONS. AND, AN OPERATING PROGRAM IN THE THIRD
EXAMPLE WOULD RECOGNIZE A PARTICULAR CODE TO MEAN “APPLES®™ AND PRINT OR
DISPLAY THE ENTIRE WORD (OR PICTURE!) WHEN 1T INTERPRETED THAT CODE,

THE PRIMARY POINT BEING MADE IS THAT THE DATA IS ORGANIZED AS A LONG
"LINE” OF INFORMATION., THAT LINE OF INFORMATION CAN BE ARBITRARILY
SPLIT UP INTO MANY PARTS AND PIECES OF THE LINE BE CONSIDERED AS FORMING
ONE PARTICULAR SECTION, AS IN THE CASE WHEN ONE "ENGLISH WORD™ IS FORMED
FROM A SERIES OF “LETTERS+" THE LONG LINE 1S SIMPLY FORMED, AND LOCA~-
TIONS ALONG THE LINE ARE MARKED, BY A "MEMORY ADDRESS."™

HOWEVER, AND TH!S THE CREATIVE PROGRAMMER SHOULD TAKE PARTICULAR
NOTE OF, THE FACT THAT LOCATIONS ARE MARKED ALONG THE LINE BY “MEMORY
ADDRESSES™ CAN BE TRANSFORMED BY THE PROGRAMMER SO THAT MEMORY ADDRESe
SES ESSENTIALLY STAND FOR ANY ARBITRARILY ASSIGNED “MARKER."” 1IN OTHKER
WORDS, TO THE PROGRAMMER, MEMORY ADDRESS NUMBER “N* CAN CORRESPOND TO
TIME *T,* OR DISTANCE "D,™ OR POINT *Z.,” THUS, ONE CAN STOREs SAY,

THE VALUE OF THE AMPLITUDE OF A S1GNAL AT TIME *T™ IN ONE LOCATION, THE
VALUE AT TIME T ¢ T* IN THE NEXT LOCATION, THE VALUE AT TIME T ¢ 2T* IN
THE NEXT LOCATIONe. FURTHERMORE, IT SHOULD BE APPARENT TKAT T* CAN BE
“SCALED"™ AS DESIRED BY APPROPRIATE PROGRAMMING SO THAT T°® REPRESENTS ONE
MICROSECOND, OR MILLISECOND, OR SECONDs, OR A YEAR!

FURTHERMORE, ONE CAN ACTUALLY G0 BEYOND THE POINT. OF CONSIDERING
THE LOCATIONS TO BE A LONG STRAIGHT LINE, BY CONSIDERING THE POSSIBILITY
OF MANIPULATING THE LINE OF LOCATIONS AS A PIECE OF STRINGes ONE CAN
FIGURATIVELY *CUT®™ THE PIECE OF "STRING™ AT ANY DESIRED LOCATION AND
FORM THE “STRING™ INTO A "RING"™ OR "CIRCLE.* THIS IS EASILY ACCOMPLISHe=
ED BY SIMPLY HRAVING THE “MEMORY ADDRESS POINTER™ GO BACK TO LOCATION
*N" WHEN IT REACHES LOCATION *N ¢ X" CONSIDER THE POSSIBILITY OF DO=-
ING SUCK AN OPERATION WITH THREE SECTIONS OF THE LINE AND USING THE
TECHNIQUE TO SIMULATE A “ONE ARMED BANDIT™ MACHINES

ADDR N APPLE ADDR NeXel PEAR ADDR N+2Xe¢l BANANA
ADDR N¢1 PEAR ADDR NeXe2 BANANA ADDR Ne2Xe2 LEMON
ADDR Ne2 CHERRY ADDR Be¢X+3 LEMON ADDR Ne2Xe3 APPLE
ADDR N+3 BANANA ADDR N+X+4  BELL ADDR N+2X44  BELL
ADDR Ne¢4 LEMON ADDR N+X+5 CHERRY ADDR Ne2X+5 PEAR
ADDR N+X BELL ADDR N+X¢6 APPLE ADDR N+¢2X+6 CHERRY



ONE COULD DEVELOP ALGORITHMS TO *SPIN™ THE MEMORY POINTER AROUND.EACH
*RING™ AND RANDOMLY COME TO A STOP AT A LOCATION WITHIN EACH RING. THE
RESULTS OF THE EVENTS IN ALL THREE “RINGS*" COULD THEN BE PROCESSED TO
DETERMINE WHETHER ONE “HIT A JACKPOT™ OR MISSED, THE DETAILS OF SUCK A
PROGRAM VILL BE LEFT TO THE CREATIVE PROGRAMMER, BUT THE CONCEPT OF HOW.
" ONE COULD APPROACH SUCH A SIMULATION PROJECT 1S HOPEFULLY CLEAR,

FINALLY, TO TAKE THE “ONE DIMENSION" VIEW A LITTLE FURTHER, ONE CAN
@ DOWN TO THE "BIT"™ LEVEL, SINCE A MEMORY WORD IN AN 8088 SYSTEM AC~
TUALLY CONSIST OF 8 INDIVIDUAL *BITS,” ONE COULD CONSIDER MEMORY TO BE
A LONG LINE OF "™1°S" AND "3°S," EACH MEMORY LOCATION CONTAINS EIGHT
BITS AND BY USING CONSECUTIVE MEMORY LOCATIONS ONE CAN BUILD UP LONG
“STRINGS™ OF BITSe AGAIN, THE “STRING™ CAN BE "BROKEN™ AT ANY DESIRED
POINT AND MANIPULATED AS DESIRED, THIS TECHNIQUE CAN BE USEDs SAY, TO
SIMULATE A HUGE *SHIFT REGISTER® (USING ROTATE INSTRUCTIONS) OR TO RE~
PRESENT AN EVENT OCCURING, OR NOT OCCURING AT POINTS IN TIME, OR AT DIS~
TANCES ALONG A LINE. IN THIS VIEW, A BIT IS "ADDRESSED™ AS BEING AT A
SPECIFIC *"POSITION™ WITHIN A SPECIFIC *MEMORY ADDRESS LOCATION.,* WHILE
THE PROGRAMMING “OVERHEAD"™ TO MANIPULATE SUCH “DATA"™ WILL GENERALLY BE
MORE COMPLICATED THAN THE CASE WHERE ENTIRE MEMORY “WORDS* ARE USED TO
REPRESENT A *SYMBOL™ OR PIECE OF DATA, ONE CAN SEE THAT THE BASIC CON-
CEPT OF CONSIDERING ALl BITS IN MEMORY AS BEING FORMED OF ONE CONTINUOUS
“LINE™ OF ONES AND ZEROS IS A VALID, AND OFTEN USEFUL IMAGE,

THE TWO DIMENSIONAL VIEWV

THE CONCEPT OF VIEWING MEMORY AS A TWO DIMENSIONAL PLANE WILL BE
STARTED BY CONSIDERING AN IMAGE AT THE BIT LEVEL, '

ADDR N ® ADDR Ne+X¢l = ADDR Ne¢2Xel

ADDR N

~000000000000O0OD0000O =
~O=00000000~D00000O =0 m
~0O0O=O00DO0000=O=~0000O0=0O -
—~DO00=0000=000=000 =000 =
~ 0000 =O0Om=00000~0=0000 —
—~—00000=00000000=00000 -
~-000O0O=00000O=0000O~0000 -
—~O00O0OmOO00DO0O0O=O0000 =000 -
~-OO0O=mO0000000OROO00000 =0 w
~Om00000000=0000000 =0~
e OOOOQ vttt st 4 o ot b0 e 0 OO OO o e
—~O= 0000000000000 mO =
~O0OO0mO0O0O0000O0O=O00000 =00 —
—~00O0=000000O=0O0000 =000 m
—~000O0OmOO00O0O0OmOO000O~00O0O0 -
~-00000=00000C0O=0OO000O0 ~
" 0000 O~ m OO0 mOmOOOO -
~O0O0~O000OROO0ROO00O~000 -
~O00=O000000~0OmO00000O=00 w
~OmOO0O00000ORO0O000C0 mO w
~00000000D00000000O000 =
Gt Pubt (ub Qub (ub Qub Gub 00 PuS Qub Pt Gut (et Gt Db b Qub (ub Gud Puib Pud Pt

ADDR NeX

-
o
o
X

NeX =

D
=)
=]
=)

Ne2X % ADDR

=
*
w
>

THE ABOVE DIAGRAM ILLUSTRATES AN IMAGE CREATED BY THE STATUS OF THE
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BITS IN A “PLANE"” OF MEMORY, THE “PLANE WAS ESTABLISHED BY ESSENTIAL~
LY TAKING "LINES™ OF MEMORY ADDRESSES (AS PRESENTED IN THE “ONE DIMEN~-
SIONAL V1IEW*) AND PLACING THEM ALONGSIDE ONE ANOTHER TO FORM A SURFACE
OR “PLANE.™ THIS CONVENTION WOULD BE ESTABLISHED BY THE MANNER IN WHICH
THE PROGRAMMER MANIPULATED THE MEMORY POINTER IN THE CPU., IN THE ABOVE
ILLUSTRATION THE *PLANE" 1S ESTABLISHED AT THE MOST FUNDAMENTAL (AND
COMPLEX) LEVEL AND BITS WITHIN EACHK WORD ARE MANIPULATEDes AS MAY BE 0B~
SERVED IN THE ABOVE DIAGRAM, ONE CAN VIEW AND MANIPULATE BITS IN MEMORY
SO AS TO FORM "PICTURES*™ OR "DIAGRAMS." THE ABOVE REPRESENTS A RECT=
ANGLE, A DIAMOND, AND A CROSS AS AN IMAGE MADE UP OF APPROPRIATE ONES
AND ZEROS IN SELECTED BIT POSITIONSe ONE COULD THUS MANIPULATE PORTIONS
OF MEMORY TO REPRESENT “PICTURESe™ (OR CHARTS, GRAPHS, PLOTS!) THE DE=-
GREE OF DETAIL WHICH ONE CAN OBTAIN BY SUCH MANIPULATIONS IS A FUNCTION
OF HOW MANY *“BITS"™ ARE USED TO REPRESENT A GIVEN "AREA™ OF A REAL (OR
PROPOSED "REAL") OBJECTe THE ABOVE EXAMPLE PRESENTS ALL KINDS OF POSSI~
BILITIES FOR THE CREATIVE PROGRAMMER, ONE CAN USE SUCH TECHNIQUES TO
FORM "MODELS,*™ CREATE PATTERNS, AND SO FORTH,

IN FACT, GOING THE OTHER WAY SO TO SPEAK, THAT 1S FROM HAVING THE
COMPUTER GENERATE PATTERNS OR OBJECTS, ONE CAN ALSO TAKE THE TWO DIMEN~
SIONAL CONCEPT AND APPLY. IT TOWARDS HAVING THE COMPUTER RECOGNIZE OB~
JECTS BY ‘“PROJECTING™ THEIR SHAPE OR FORM AS A SIMILAR IMAGE OF ONES
AND ZEROS IN MEMORY,

MUCH RESEARCH 1S CURRENTLY BEING CONDUCTED TOWARDS DEVELOPING ALGO~
RITHMS THAT CAN RECOGNIZE “OBJECTSe™ ONE APPROACH THAT IS BEING STUDIED
IS AN INTERESTING APPLICATION OF THE TWO DIMENSIONAL CONCEPTe A "PICe~
TURE™ OF AN "OBJECT™ 1S “MAPPED" INTO MEMORY WITH *1°S%™ BEING USED TO
REPRESENT THE AREA OCCUPIED BY THE “OBJECT®™ AND *0°S* FOR AREAS *"0UT~
SIDE+" THEN, THE COMPUTER 1S *“TRAINED"™ TO IDENTI!FY OBJECTS BY USING AL~
@RITHMS BASED ON A "NEIGHBORING BITS* SCHEME. IN THIS MANNER, THE COM~
PUTER DETERMINES HOWV MANY *@°*S* SURROUND A "1%* AND PERFORMS CALCULATIONS
TO FIND THE “OUTLINE™ AND SHAPE OF THE OBJECTe THESE FINDINGS ARE THEN
COUPLED WITH COMPLEX ALGORITHMS TO ATTEMPT TO IDENTIFY THE OBJECT FROM A
"CLASS"™ OF POSSIBILITIES.

SUCH PROGRAMS ARE OF COURSE QUITE COMPLEX AND THE DETAILS OF SUCH
MANIPULATIONS ARE SOMEWHAT ESOTERICe BUT, THE IDEA IS INTRIGUEING AND
CAN PROVIDE FERTILIZATION FOR THE CREATIVE PROGRAMMER®S IMAGINATION,

TAKING THE TWO DIMENSIONAL VIEW TO THE MEMORY WORD LEVEL IS PERHAPS
A BIT LESS COMPLICATED (IT ISt IT 1S?) THAN CONSIDERING IT AT THE BIT
LEVELe, 1IN THIS CASE, ONE NEEDS ONLY ENVISION A "PLANE™ OF MEMORY WORDS
WHICH CAN CONTAIN CODES FOR LETTERS, NUMBERS, SYMBOLS OR ACTUAL MATHE=-
MATICAL VALUESe THE READER HAS ALREADY SEEN EXAMPLES OF PROGRAMS THAT
COULD BE CONSIDERED AS TWO DIMENSIONAL IN ORGANIZATIONe ONE FOR IN-
STANCE, WAS DESCRIBED IN CHAPTER FOUR IN THE PRESENTATION OF THE NAMES
SORTING PROGRAM. ' THERE, LINES OF NAMES WERE FORMED "ONE BENEATH THE
OTHER®™ IN ORDER TO MAKE THE SORT ROUTINE EASIER TO PROGRAMe ONE MIGHT
REVIEW THE DIAGRAM SHOWING THE SAMPLE NAMES STORED IN MEMORY AS THEY REe
lATE TO THE MEMORY ADDRESSES, WHICH WAS PRESENTED NEAR THE END OF CHAPTe
ER FOUR,

THE PROGRAMMER IS AGAIN REMINDED THAT AS IN THE ONE DIMENSIONAL
VIEW, THE MEMORY ADDRESSES THAT FORM THE “X" AND "Y™ BOUNDARIES OF A
TWO DIMENSIONAL MEMORY PLANE CAN ACTUALLY BE THOUGHT OF AS ARBITRARY
WNITS = SUCH AS TIME, FREQUENCY, OR DISTANCE, AND THE PROGRAMMER ALSO
HAS THE FREEDOM TO *SCALE™ BOTHR THE “X% AND “Y% BOUNDARIES BY APPROP-
RIATE SOFTWAREs, THE NEXT ILLUSTRATION SHOWS HOW AN “ALTITUDE MAP™ OF
A GEOGRAPHICAL AREA MIGHT BE STORED IN A "PLANE" OF MEMORY.
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N NeX Ne2X Ne3X Ne4X NeSX Ne6X

N 060 265 978 875 074 o780 @64 560 YDS
Nel 261 876 @84 283 888 @76 870 488 YDS
 Ne2 862 278 288 898 = 996 291 882 300 YDS
N+3 262 278 290 182 101 @89 872 200 YDS
N+4 @55 270 875 253 047 863 839 ' 100 YDS
Ne(X=l) 840 235 020 010 211 009 008 @ YDS

@ YDS 100 YDS 200 YDS 300 YDS 408 YDS 588 YDS 680 YDS

IN THE ABOVE ILLUSTRATION EACH MEMORY LOCATION CONTAINS A VALUE
THAT REPRESENTS THE ELEVATION OF A PIECE OF LANDe THE TOP AND LEFT SIDE
OF THE ILLUSTRATION SHOWS THE ACTUAL MEMORY ADDRESSES IN THE COMPUTER
WHILE THE BOTTOM AND RIGHT SIDE ILLUSTRATE THAT EACH “ADDRESS™ ACTUALLY
STANDS FOR *100 YARDS DISTANCEe.*™ IT SHOULD BE APPARENT THAT THE ELe
EVATION FACTORS COULD BE, INSTEAD, INCHES OF RAINVWATER, OR A TEMPERATURE
PROFILE FOR THE AREA, OR, AS PREVIOUSLY MENTIONED, THAT THE *“YARDS" CAN
BE ALMOST ANYTHING ELSE THE PROGRAMMER MIGHT DESIRE TO DEFINE.

AS A FINAL EXAMPLE OF THE TWO DIMENSIONAL CONCEPT, THE READER WILL
BE LEFT VITH THE FOLLOVING DIAGRAM < WHICH HOPEFULLY WILL ENCOURAGE ONE
TO CONSIDER THE POSSIBILITIES FOR MUCH MORE COMPLEX *“BOARD GAMESt™

N NeXel Ne2Xel
_ - *®
N X * 0 *® X Ne2Xel
* *
LB R REEREEEEEEEEEREERERE R K
= *
Nel (4] ] X, » 0 Ne2X+2
. ® *®
EREEEERRREEREREREREE R R SR B RN
] ]
NeX (4] - X * X N+3X
*® -
NeX Ne2X N+3X

FINALLY, THE READER WILL BE REMINDED, THAT IN A MANNER SIMILAR TO
FORMING A "RING™ AS DISCUSSED IN THE ONE DIMENSIONAL VIEW, ONE CAN ALSO

CONSIDER FORMING A "CYLINDER"™ OUT OF A “PLANE" WITH INTERESTING RAMI=-
FICATIONS?!

THE THREE DIMENSIONAL VIEW

IT SHOULD NOV BE APPARENT THAT IF ONE CAN SET UP MEMORY LOCATIONS
BY APPROPRIATE ADDRESSING TO REPRESENT "LINES™ AND “PLANES,* ONE CAN EXe
TEND THE PRINCIPLE OUT TO THE “THIRD DIMENSION™ TO FORM *CUBES"™ OF MEM=-
ORYe THERE ARE MANY INTERESTING POSSIBILITIES WHEN MEMORY IS VIEWED IN
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THIS MANNER., ONE CAN PLOT THREE DIMENSIONAL GRAPHS OR VECTORS. -ONE CAN
APPROACH MANY TYPES OF “MODELING™ AND MANIPULATE SUCH MODELS SO AS TO
OBTAIN DIFFERENT *“CROSS=SECTIONAL™ VIEVS,

AS IN THE CASE OF THE ONE AND TWO DIMENSIONAL IMAGES, THE PROGRAM-
MER CAN SUBSTITUTE C(EFFECTIVELY) MEMORY ADDRESSES FOR SCALE FACTORS, NOW
ALONG THREE AX1Ss AND, AS IN THE PREVIOUS EXAMPLES, ONE CAN TAKE SUCH
MANIPULATIONS DOWN TO THE BIT LEVEL IF DESIRED.

THE DIAGRAM BELOW PRESENTS AN IMAGE OF MEMORY WHEN VIEWED AS A THREE
DIMENSIONAL VORKING AREA,

/
N ] }
/
N+4 x X /
X //
N+2 X /
X 1
N+3 X X /
: /«—J(J(ﬁsx)
: ——— +6X
N+X /.{— 2(N+6X)
- (N+6X)

N+X N+2X N+3X N+4X N+5X N+6X

IT IS HOPED, THAT BY THIS TIME, THE READER HAS RECEIVED SUFFICIENT
INFORMATION ON THE PRACTICAL ASPECTS OF MACHINE LANGUAGE PROGRAMMING
FROM THE PRECEEDING CHAPTERS, AND THAT THIS CONCLUDING CHAPTER HAS PRO-
VIDED SOME STIMULATING CONCEPTS, SO THAT THE READER MAY GO ON TO DE-
VELOP PROGRAMS THAT WILL BE OF PARTICULAR VALUE TO THE INDIVIDUAL. 1IT
IS ALSO HOPED THAT THOSE WHO HAVE BEEN INTRODUCED TO THE SUBJECT BY THI1S
MANUAL, WILL FIND MACHINE LANGUAGE PROGRAMMING AN EXCITING, ENJOYABLE,
AND IN AS MANY VAYS AS POSSIBLE, A REVARDING ENDEAVORY
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