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Bihary to BCD Conversion (BN2BCD) |

4A

Converts one byte of binary data to two
bytes of BCD data.

Procedure: The program subtracts 100
repeatedly from the original data to deter-
mine the hundreds digit, then subtracts ten
repeatedly from the remainder to determine
the tens digit, and finally shifts the tens digit
left four positions and combines it with the
ones digit.

Registers Used: All

Execution Time: 133 cycles maximum, depends
on the number of subtractions required to deter-
mine the tens and hundreds digits.

Program Size: 38 bytes

Data Memory Required: One byte anywhere in
RAM (address TEMP).

Entry Conditions

Binary data in the accumulator.

Exit Conditions

Hundreds digit in the accumulator
Tens and ones digits in index register Y.

Examples
1. Data: (A) = 6E, (110 decimal) 2. Data: - (A) = B7, (183 decimal)
Result:  (A) = 01,4 (hundreds digit) Result:  (A) = 01,4 (hundreds digit)
(Y) = 10, (tens and ones digits) (Y) = 83,¢ (tens and ones digits)
H ;
i i
H i
i i
; Title Binary to BCD conversion ;
H Name: BN2BCD H
i H
Purpose: Convert one byte of binary data to two

Entry: Register A

Exit: Register A
Register Y

“e W % Ne we Ne %o we we

bytes of BCD data
binary data

high byte of BCD data

low

byte of BCD data

w8 we me s e Mo we e e

-
=}]
w
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- me ws we e we we we

BN2BCD:

D10OLP:

D1OLP:

;DATA
TEMP:

Registers used: All §

Time: 133 cycles maximum
Size: Program 38 bytes
Data 1 byte

e we wa ma we we we we

CALCULATE 100'sS DIGIT
DIVIDE BY 100

~ we we we

Y = QUOTIENT
A = REMAINDER
LDY #0FFH ;START QUOTIENT AT -1
SEC ;SET CARRY FOR INITIAL SUBTRACTION
INY ;ADD 1 TO QUOTIENT
SBC $#100 ;SUBTRACT 100
BCS D10OLP ;BRANCH IF A IS STILL LARGER THAN 100
ADC $#100 ;ADD THE LAST 100 BACK
TAX ;SAVE REMAINDER
TYA
PHA ;SAVE '100'S DIGIT ON THE STACK
TXA ;GET REMAINDER

CALCULATE 10'S AND 1'S DIGITS

DIVIDE REMAINDER OF THE 100'sS DIGIT BY 10
Y = 10'S DIGIT

A = 1'S DIGIT

n. ws we =

LDY #0FFH ;START QUOTIENT AT -1

SEC ;SET CARRY FOR INITIAL SUBTRACTION
INY ;ADD 1 TO QUOTIENT

SBC $10

BCS D1OLP ;BRANCH IF A IS STILL LARGER THAN 10
ADC $10 ;ADD THE LAST 10 BACK

;COMBINE 1'S AND 10'S DIGITS

STA TEMP ;SAVE 1'S DIGIT

TYA ;GET 10'S DIGIT

ASL A

ASL A

ASL A

ASL A ;MOVE 10'S TO HIGH NIBBLE OF A

ORA TEMP ;OR IN THE 1'S DIGIT

;RETURN WITH Y = LOW BYTE A = HIGH BYTE

TAY ;PLACE IN REG Y

PLA ;GET 100'S DIGIT

RTS

.BLOCK 1 ; TEMPORARY USED TO COMBINE 1'S AND 10'S DIGITS




- we we we e

SC0401:

4A BINARY TO BCD CONVERSION (BN2BCD}

SAMPLE EXECUTION:

:CONVERT OA HEXADECIMAL TO 10 BCD

LDA #0AH

JSR BN2BCD

BRK ;A=0, Y=10H
;CONVERT FF HEXADECIMAL TO 255 BCD
LDA #$0FFH

JSR BN2BCD .

BRK ;A=02H, Y=55H
;CONVERT U HEXADECIMAL TO 0 BCD

LDA #0

JSR BN2BCD

BRK ;A=0, Y=0

.END

165
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BCD to Binary Conversion (BCD2BN) 4B

Converts one byte of BCD data to one
byte of binary data. Registers Used: A, P, Y
Procedure: The program masks off the Execution Time: 38 cycles
more significant digit, multiplies it by ten Program Size: 24 bytes
using shifts (10 = 8 + 2, and multiplying by Data Memory Required: One byte anywhere in
eight or by two is equivalent to three or one RAM (Address TEMP).
left shifts, respectively), and adds the pro-

duct to the less significant digit.

Registers used: A,P,Y

Entry Conditions Exit Conditions
BCD data in the accumulator. Binary data in the accumulator.

- Examples
1. Data:  (A) =99 2. Data: (A) =23

Result:  (A) = 63, = 99 Result:  (A) =17, =23,

H ;
; Title BCD to binary conversion ;
H Name: BCD2BN : i
; Purpose: Convert one byte of BCD data to one i
; byte of binary data H
; Entry: Register A = BCD data ;
; Exit: Register A = Binary data ;

Time: 38 cycles

-
(= 2]
N




4B BCD TO BINARY CONVERSION (BCD2BN} 1 67

Size: Program 24 bytes
Data 1 byte

~e wa %o we we
~e wo wme we we

BCD2BN:

;MULTIPLY UPPER NIBBLE BY 10 AND SAVE IT

; TEMP := UPPER NIBBLE * 10 WHICH EQUALS UPPER NIBBLE * (& + 2)

TAY ;SAVE ORIGINAL VALUE

AND #0FOH ;GET UPPER NIBBLE

LSR a ;DIVIDE BY 2 WHICH = UPPER NIBBLE * 8

STA TEMP ;SAVE * 8

LSR A ;DIVIDE BY 4 .

LSR A ;DIVIDE BY 8: A = UPPER NIBBLE * 2

CLC

ADC TEMP

STA TEMP ;REG A = UPPER NIBBLE * 10

TYA ;GET ORIGINAL VALUE

AND #0FH ;GET LOWER NIBBLE

CLC

ADC TEMP ;ADD TO UPPER NIBBLE

RTS
; DATA
TEMP: .BLOCK 1
; ;
i ;
: SAMPLE EXECUTION: ;
; ;
; ;
SC0402:

;CONVERT 0 BCD TO 0 HEXADECIMAL

LDA $0 ,

JSR BCD2BN

BRK ;A=0

;CONVERT 99 BCD TO 63 HEXADECIMAL

LDA #099H

JSR BCD2BN

BRK ;A=63H

;CONVERT 23 BCD TO 17 HEXADECIMAL

LDA #23H ’

JSR BCD2BN

BRK ;A=17H

.END



Binary to Hexadecimal ASCII Conversion>

(BN2HEX)

4C

Converts one byte of binary data to two
ASCII characters corresponding to the two
hexadecimal digits.

Procedure: The program masks off each
hexadecimal digit separately and converts it
to its ASCII equivalent. This involves a sim-
ple addition of 30, if the digit is decimal. If
the digit is non-decimal, an additional factor

Registers Used: All

Execution Time: 77 cycles plus three extra cycles
for each non-decimal digit.

Program Size: 31 bytes

Data Memory Required: None

of seven must be addéd to handle the break
between ASCII 9 (39,,) and ASCIT A (41,)).

Entry Conditions

Binary data in the accumulator.

Exit Conditions

ASCII equivalent of more significant
héxadecimal digit in the accumulator

ASCII equivalent of less significant
hexadecimal digit in index register Y.

Examples
1. Data: (A) =FBy

Result:  (A) — 46,5 (ASCII F)

2. Data: (A) =59,

Result:  (A) = 35,4 (ASCII 5)

~e wa ws we We W e ws

ws %4 e me me wa o we o we

Entry: Register A =
Exit: Register A =
Register Y =

168

Title Binary to hex ASCII
Name: BNZ2HEX
Purpose: Convert one byte of binary data to

two ASCII characters

“e me w8 we Ne we we we

Binary data

+ we we we we we

’

First ASCII digit, high order value;
Second ASCII digit, low order value;
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Registers used: All
Time: Approximately 77 cycles

Size: Program 31 bytes

Ne np we we wp wE we e
'me we wa we wa we e e

BN2HEX:
;CONVERT HIGH NIBBLE
TAX . ;SAVE ORIGINAL VALUE
AND #0F OH ;GET HIGH NIBBLE
LSR A
LSR A
LSR A
LSR A MOVE TO LOWER NIBBLE
JSR NASCII ;CONVERT TO ASCII
PHA ;SAVE IT ON THE STACK
;CONVERT LOW NIBBLE
TXA
AND #0FH ;GET LOW NIBBLE
JSR NASCII ;CONVERT TO ASCII
TAY ;LOW NIBBLE TO REG Y
PLA ;HIGH NIBBLE TO REG A
RTS

’

;SUBROUTINE NASCII

; PURPOSE: CONVERT A HEXADECIMAL DIGIT TO ASCIIL
;ENTRY: A BINARY DATA IN LOWER NIBBLE

;EXIT: A ASCII CHARACTER

sREGISTERS USED: A,P

.
’

NASCII:

CMP $10

BCC NAS1 sBRANCH IF HIGH NIBBLE < 10

CLC

ADC #7 ;ELSE ADD 7 SO AFTER ADDING 'O' THE

; CHARACTER WILL BE IN 'A'..'F'

NAS1:

ADC #'0! ;MAKE A CHARACTER

RTS

SAMPLE EXECUTION:

~ we we we owe
me we we we we
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SC0403:
;CONVERT 0 TO '00°'
LDA #0
JSR BN2HEX
BRK ;A='0'=30H, Y='0'=30H
;CONVERT FF HEX TO 'FF'
LDA #0FFH
JSR BN2HEX
BRK ;A='F '=46H, Y='F'=46H
;CONVERT 23 HEX TO '23'
LDA $23H
JSR BN2HEX
BRK ;A='2'=32H, Y='3'=33H

.END




Hexadecimal ASCII to Bmary Conversmn

(HEX2BN)

4D

Converts two ASCII characters (repre-
senting two hexadecimal digits) to one byte
of binary data.

Procedure: The program converts each
ASCII character separately to a hexadecimal
digit. This involves a simple subtraction of
30,, (ASCII zero) if the digit is decimal. If the
digit is non-decimal, an additional factor of
seven must be subtracted to handle the break
between ASCII 9 (39,,) and ASCII A (41,,).
The program then shifts the more significant
digit left four bits and combines it with the

Registers Used: A, P, Y

Execution Time: 74 cycles plus three extra cycles
for each non-decimal digit.

Program Size: 30 bytes

Data Memory Required: One byte anywhere in
RAM !(address TEMP).

less significant digit. The program does not
check the validity of the ASCII characters
(i.e., whether they are, in fact, the ASCII
representations of hexadecimal digits).

Entry Conditions

More significant ASCII digit in the
accumulator, less significant ASCII
digit in index register Y.

Exit Conditions

Binary data in the accumulator.

Examples:
1. Data: (A) = 44,, (ASCII D) 2. Data:  (A) =31, (ASCII 1)
(Y) =37, (ASCI 7) (Y) = 42,, (ASCII B)
Result:  (A) = D7 Result:  (A) = 1By,
; Title Hex ASCII to binary :
; Name: HEX2BN ;
Purpose: Convert two ASCII characters to one

e we ws e

byte of binary data

~e e we ne

171



172 cope CONVERSION

Entry: _ Register A = First ASCII digit, high order value;
Register Y = Second ASCII digit, low order value;

’

i

Exit: Register A Binary data

Registers used: A,P,Y

e me We WE W Ws WE WE We Ne ws W we

Ne wo me ms me W ws e wp we

Time: ‘ Approximately 74 cycles
Size: Program 30 bytes
Data 1 byte
HEX2BN:
PHA sSAVE HIGH CHARACTER
TYA ;GET LOW CHARACTER
JSR A2HEX s CONVERT IT
STA TEMP ' ;SAVE LOW NIBBLE
PLA sGET THE HIGH CHARACTER
JSR A2HEX ;CONVERT 1IT
ASL A
ASL A
ASL A
ASL A ;SHIFT HIGH NIBBLE TO THE UPPER 4 BITS
ORA TEMP . ;OR IN THE LOW NIBBELE
RTS

!

;SUBROUTINE: AZ2HEX

; PURPOSE: CONVERT ASCII TO A HEX NIBBLE

;ENTRY: A = ASCII CHARACTER

;EXIT: A = BINARY VALUE OF THE ASCII CHARACTER
;REGISTERS USED: A,P

!

A2HEX: .
SEC ;SUBTRACT ASCII OFFSET
SBC $'0°
CMP $#10 .
BCC A2HEX1 ;BRANCH IF A IS A DECIMAL DIGIT
SBC $7 ;ELSE SUBTRACT OFFSET FOR LETTERS
A2HEX1:
RTS
;s DATA
TEMP: .BLOCK 1

SAMPLE EXECUTION:

~e e we w2 we
we %o we we wo




SC0404:

4D HEXADECIMAL ASCII TO BINARY CONVERSION (HEX2BN})

;CONVERT 'C7' TO C7 HEXADECIMAL

LDA $'c

LDY $'7"

JSR HEX2BN

BRK :A=C7H
;CONVERT '2F' TO 2F HEXADECIMAL
LDA §r2'

LDY $'F"

JSR HEX2BN ;A=2FH
BRK

;CONVERT '23' TO 23 HEXADECIMAL
LDA $r2

LDY 4134

JSR HEX2BN

BRK ;A=23H

.END
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Conversion of a Binary Number to Decimal ASCII

(BN2DEC)

4E

Converts a 16-bit signed binary number
to an ASCII string, consisting of the length of
the number (in bytes), an ASCII minus sign
(if necessary), and the ASCII digits.

Procedure: The program takes the absolute
value of the number if it is negative and then
keeps dividing by ten until it produces a quo-
tient of zero. It converts each digit of'the quo-
tient to ASCII (by adding ASCII 0) and con-
catenates the digits along with an ASCII
minus sign (in front) if the original number
was negative.

Registers Used: All
Execution Time: Approximately 7,000 cycles
Program Size: 174 bytes

Data Memory Required: Seven bytes anywhere
in RAM for the return address (two byles starting
at address RETADR), the sign of the original
value (address NGFLAG), temporary storage for
the original value (two bytes starting at address
VALUE), and temporary storage for the value
mod 10 (two bytes starting at address MOD10).
Also, two bytes on page 0 for the buffer pointer
(address BUFPTR, taken as 00D0,, and 00D1,,
in the listing). This data memory does not include
the output buffer which should be seven bytes
long.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of output buffer address
More significant byte - of output buffer
address

Less significant byte of value to convert
More significant byte of value to convert

Exit Conditions
Order in buffer

Length of the string in bytes
ASCII — (if original number was negative)
ASCII digits (most significant digit first)

Examples

1. Data:  Valuetoconvert = 3EB7

Result (in output buffer):
05 (number of bytes in buffer)
31 (ASCII 1)
36 (ASCII 6)
30 (ASCII 0)
35 (ASCII 5)
35 (ASCII 5)

That is, 3EB7,4 = 16055,,.

174

2. Data: Valuetoconvert = FFC8,,

Result (in output buffer):
03 (number of bytes in buffer)
2D (ASCII —)
35 (ASCII 5)
36 (ASCII 6)

That is, FFC8,, = ~5610, when considered as a
signed two’s complement number.




Titlé
Name:

s we we e e we ws we

Purpose:

Entry:

Exit:

Time:

Size:

WO WE WE MO Me WE W WS ME N N NG ME e NE WO NE e wE W we W wa wE

Registers used:

;PAGE ZERO POINTER

BUFPTR: .EQU

; PROGRAM
BN2DEC:

0DOH

;SAVE PARAMETERS

PLA
STA
PLA
STA
PLA
' STA
PLA
STA
STA
BPL
LDA
SEC
SBC
STA

RETADR
RETADR+1
VALUE
VALUE+1
NGFLAG
GETBP

#0

VALUE
VALUE

4E BINARY NUMBER TO ASCII DECIMAL STRING (BN2DEC)

Binary to decimal ASCII
BN2DEC

Convert a 16-bit signed binary number
to ASCII data

TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of the output buffer address,
High byte of the output buffer address,
Low byte of the value to convert,
High byte of the value to convert

The first byte of the buffer is the length,
followed by the characters.

All
Approximately 7,000 cycles
Program 170 bytes

Data 7 bytes plus
2 bytes in page zero

;PAGE ZERO BUFFER POINTER

iSAVE LOW BYTE OF RETURN ADDRESS
iSAVE HIGH BYTE

;SAVE LOW BYTE OF VALUE

175

we e wene e we o ne s

NP Ne e Me Ne NE N M e N e ma e NE S e M8 Ne Ne we we we we we

;SAVE HIGH BYTE OF THE VALUE TO CONVERT

;SAVE MSB OF VALUE AS SIGN OF VALUE
iBRANCH IF VALUE IS POSITIVE
;ELSE TAKE ABSOLUTE VALUE (0 - VALUE)



176 CoDE CONVERSION

GETBP:

CNVERT:

DVLOOP:

DECCNT:

LDA #0

SBC VALUE+1

STA VALUE+1

PLA ;SAVE STARTING ADDRESS OF OUTPUT BUFFER
STA BUFPTR

PLA

STA BUFPTR+1

;SET BUFFER TO EMPTY

LDA #0
LDY #0 ;BUFFER[0] := 0
STA (BUFPTR) ,Y

H .
;CONVERT VALUE TO A STRING

;VALUE := VALUE DIV 10

;MOD10 := VALUE MOD 10

LDA #0

STA MOD10

STA MOD10+1

LDX $16

CLC - ;CLEAR CARRY

ROL VALUE ;SHIFT THE CARRY INTO DIVIDEND BIT O
ROL VALUE+1 ;WHICH WILL BE THE QUOTIENT

ROL MOD10 ;AND SHIFT DIVIDEND AT THE SAME TIME
ROL MOD10+1

H
;A,Y = DIVIDEND - DIVISOR

SEC

LDA MOD10

SBC $10

TAY ;SAVE LOW BYTE IN REG Y

LDA MOD10+1

SBC #0 s SUBTRACT CARRY

BCC DECCNT sBRANCH IF DIVIDEND < DIVISOR

STY MOD10 ;ELSE )

STA MOD10+1 ; NEXT BIT OF QUOTIENT IS A ONE AND SET
; DIVIDEND := DIVIDEND - DIVISOR

DEX

BNE DVLOOP

ROL VALUE ;SHIFT IN THE LAST CARRY FOR THE QUOTIENT

ROL VALUE+1

;CONCATENATE THE NEXT CHARACTER
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CONCH:
LDA © MOD10
CLC
ADC $'0' ;CONVERT 0..9 TO ASCII '0'..'9’
JSR CONCAT
iIF VALUE <> 0 THEN CONTINUE
LDA VALUE
ORA VALUE+1
BNE CNVERT iBRANCH IF VALUE IS NOT ZERO
EXIT:
LDA NGFLAG
BPL POS ;BRANCH IF ORIGINAL VALUE WAS POSITIVE
LDA $'- ;ELSE
JSR CONCAT ; PUT A MINUS SIGN IN FRONT
\
POS:
LDA RETADR+1
PHA
LDA RETADR
PHA
RTS sRETURN

!’

;SUBROUTINE: CONCAT

;PURPOSE: CONCATENATE THE CHARACTER IN REGISTER A TO THE

; FRONT OF THE STRING ACCESSED THROUGH BUFPTR

sENTRY: BUFPTR[0] = LENGTH

;EXIT: REGISTER A CONCATENATED (PLACED IMMEDIATELY AFTER THE LENGTH BYTE)
sREGISTERS USED: A,P,Y

’

CONCAT: |
PHA ;SAVE THE CHARACTER ON THE STACK
;MOVE THE BUFFER RIGHT ONE CHARACTER
LDY #0
LDA (BUFPTR) , Y ;GET CURRENT LENGTH
TAY
BEQ EXITMR . ;BRANCH IF LENGTH = 0
MVELP:
LDA (BUFPTR),Y sGET NEXT CHARACTER
INY
STA (BUFPTR),Y ;STORE IT
DEY
DEY : .
BNE MVELP ;CONTINUE UNTIL DONE
EXITMR:
PLA ;GET THE CHARACTER BACK FROM THE STACK
LDY - #1
STA (BUFPTR) ,Y ;STORE THE CHARACTER
LDY $#0

LDA (BUFPTR) , Y ;GET LENGTH BYTE
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CLC

ADC #1

STA (BUFPTR) ,Y
RTS

;DATA

RETADR: .BLOCK
NGFLAG: .BLOCK
VALUE: .BLOCK
MOD10: .BLOCK

NN HN

SAMPLE EXECUTION:

~. we we s we

; INCREMENT LENGTH BY 1
;UPDATE LENGTH

;SAVE RETURN ADDRESS
;SIGN OF ORIGINAL VALUE
:VALUE TO CONVERT
;MODULO 10 TEMPORARY

;HIGH BYTE OF BUFFER ADDRESS
;LOW BYTE BUFFER ADDRESS
;HIGH BYTE OF VALUE

;LOW BYTE OF VALUE

;CONVERT

;BUFFER SHOULD = '0'

;HIGH BYTE OF BUFFER ADDRESS
;LOW BYTE BUFFER ADDRESS
;HIGH BYTE OF VALUE

;LOW BYTE OF VALUE

;CONVERT
;BUFFER SHOULD = '32767'

'-32768"

;HIGH BYTE OF BUFFER ADDRESS
;LOW BYTE BUFFER ADDRESS

;HIGH BYTE OF VALUE

5C0405:
;CONVERT 0 TO '0'
LDA BUFADR+1
PHA
LDA BUFADR
PHA
LDA VALUE1l+1
PHA
LDA VALUE1
PHA
JSR BN2DEC
BRK

\

;CONVERT 32767 TO '32767'
LDA BUFADR+1
PHA
LDA BUFADR
PHA
LDA VALUE2+1
PHA .
LDA VALUE2
PHA
JSR BN2DEC
BRK
;CONVERT -32768 TO
LDA BUFADR+1
PHA
LDA BUFADR
PHA
LDA VALUE3+1
PHA
LDA VALUE3

PHA

;LOW BYTE OF VALUE

L .




VALUEL:
VALUEZ2:
VALUE3:
BUFADR:
BUFFER:

JSR
BRK
JMP

.WORD
-WORD
.WORD
.WORD
.BLOCK

.END

BN2DEC

SC0405

32767
-32768
BUFFER
7

4E BINARY NUMBER TO ASCII DECIMAL STRING (BN2DEC)

;CONVERT
iBUFFER SHOULD = '-32768"

;TEST VALUE 1
;TEST VALUE 2
;TEST VALUE 3
;BUFFER ADDRESS
;7 BYTE BUFFER

179



Conversion of ASCII Decimal to Binary

(DEC2BN)

4F

Converts an ASCII string consisting of
the length of the number (in bytes), a possi-
ble ASCII — or + sign, and a series of ASCII
digits to two bytes of binary data. Note that
the length is an ordinary binary number, not
an ASCII number.

Procedure: The program sets a flag if the
first ASCII character is a minus sign and skips
over a leading plus sign. It then converts each
subsequent digit to decimal (by subtracting
ASCII zero), multiplies the previous digits by
ten (using the fact that 10=8+2, so a
multiplication by ten can be reduced to left

shifts and additions), and adds the new digit

to the product. Finally, the program subtracts
the result from zero if the original number
was negative. The program exits
immediately, setting the Carry flag, if it finds
something other than a leading sign or a
decimal digit in the string.

Registers Used: All
Execution Time: 670 cycles (approximately)
Program Size: 171 bytes

Data Memory Required: Four bytes anywhere in
RAM for an index, a two-byte accumulator
(starting address ACCUM), and a flag indicating
the sign of the number (address NGLAG), two-
bytes on page zero for a pointer to the string
(address BUFPTR, taken as 00F0, and 00F1 ¢ in
the listing).

Special Cases:

1. If the string contains something other than a
leading sign or a decimal digit, the program
retu.ns with the Carry flag set to 1. The result in
registers A and Y is invalid.

2. If the string contains only a leading sign
(ASCIHl + or ASCIl —), the program returns
with the Carry flag set to 1 and a result of zero.

Entry Conditions

(A) = More significant byte of string
address

(Y) = Less significant byte of string
address

Exit Conditions‘

(A) = More significant byte of binary value
(Y) = Less significant byte of binary value

Carry flag is 0 if the string was valid; Carry
flag is 1 if the string contained an invalid
character. Note that the result is a signed
two’s complement 16-bit number.

Examples

1. Data: String consists of
04 (number of bytes in string)
31 (ASCII 1)
32 (ASCII 2)
33 (ASCII 3)

34 (ASCII &)
That is, the number is +1,234,,.

180

Result:  (A) = 04, (more significant byte of
binary data)

(Y) = C2,, (less significant byte of
binary data)

That is, the number +1234,5 = 04C2,,.




2. Data:

e me we we we wa e we

TE Mo Me N ME NE Ne e NE WE ME ME NE We MO NE N %o %6 N Me e we W

String consists of

06 (number of bytes in string)

2D(ASCIH —)
33 (ASCII 3)
32 (ASC11 2)
37 (AsSCm
35 (ASCII 5)
30 (ASCI1 0)

That is, the number is —32,750,,.

4F ASCI DECIMAL STRING TO BINARY NUMBER (DEC2BN}

181

Result: (A) = 80,4 (more significant byte of binary

data)

(Y) = 12/ (less significant byte of binary

data)

That is, the number —32,750,, = 8012,,.

Title
Name:

Purpose:

Entry:

Exit:

Registers used:

s PAGE ZERO LOCATION

BUFPTR:

i
; PROGRAM
DEC2BN:

Time:

Size:

. EQU OF OH

STA BUFPTR+1

STY BUFPTR

Decimal ASCII to binary

DEC2BN

Convert ASCII characters to two bytes of binary

data.

Register A = high byte of string address
Register Y = low byte of string adddress

The first byte of the string is the length of

the string.

Register A = High byte of the value

Register Y

Low byte of the value

IF NO ERRORS THEN
CARRY FLAG = 0

ELSE

CARRY FLAG = 1

All

Approximately 670 cycles

Program 171 bytes

Data

4 bytes plus
2 bytes in page zero

;PAGE ZERO POINTER TO STRING

SAVE THE STRING ADDRESS

e %o we ma me we we we

WO Me M ME NE NE NE NE e N WE We ME NP W We %o we we W WE e we we
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s INITIALIZE

‘LDY $0

LDA  (BUFPTR),Y ;GET LENGTH

TAX : ‘ ; TO REGISTER X

- LDA #1 :

STA INDEX ;INDEX :=1

LDA #0

STA ACCUM ;sACCUM := 0

STA ACCUM+1 . ,

STA NGFLAG ;SIGN OF NUMBER IS POSITIVE

;CHECK THAT THE BUFFER IS NOT ZERO

TXA

BNE INIT1 ;EXIT WITH ACCUM = O IF BUFFER IS EMPTY

JMP EREXIT ;ERROR EXIT IF NOTHING IN BUFFER
INIT1:

LDY INDEX <

LDA (BUFPTR),Y ;GET FIRST CHARACTER

CMP $'- :sIS IT A MINUS ?

BNE PLUS ;BRANCH IF NOT '-'

LDA $0FFH

STA NGFLAG ;ELSE SIGN OF NUMBER IS NEGATIVE

INC INDEX ;SKIP PAST MINUS SIGN

DEX : DECREMENT COUNT

BEQ °  EREXIT ;ERROR EXIT IF ONLY '-' IN BUFFER

JMP CNVERT :START CONVERSION
PLUS:

CMP $'+

BNE CHKDIG ;START CONVERSION IF FIRST CHARACTER IS NOT ‘4!

INC INDEX '

DEX . - _;DECREMENT COUNT, IGNORE PLUS SIGN

BEQ EREXIT ;ERROR EXIT IF ONLY '+' IN BUFFER
CNVERT:

LDY INDEX

LDA (BUFPTR),Y ;GET NEXT CHARACTER
CHKDIG: CMP $'0°

BMI EREXIT . ;ERROR IF < '0' (NOT A DIGIT)

CMP $'9'+1

BPL EREXIT :ERROR IF > '9' (NOT A DIGIT)

PHA o ;SAVE THE DIGIT ON THE STACK

; VALID DECIMAL DIGIT SO
; ACCUM := ACCUM * 10

;- = ACCUM * (8 + 2)
: = (ACCUM * 8) + (ACCUM * 2)
ASL ACCUM -
- ROL ACCUM+1 sTIMES 2
LDA . ACCUM
LDY ACCUM+1l ;SAVE ACCUM * 2
ASL = ACCUM ’
- ROL ACCUM+1
. ASL ACCUM
ROL ACCUM+1 ";TIMES '8

CLC




D2B1:

OKEXIT:

EREXIT:

EXIT:

; DATA

INDEX:
ACCUM:
NGFLAG:

~e s %o we we

ADC ACCUM
STA ACCUM
TYA

ADC ACCUM+1
STA ACCUM+1

sADD IN THE NEXT DIGIT
; ACCUM := ACCUM + DIGIT

PLA
SEC
SBC $#'0'
CLC
ADC ACCUM
STA ACCUM
- BCC D2B1
INC ACCUM+1
INC INDEX
DEX
BNE CNVERT
LDA NGFLAG
BPL OKEXIT
LDA #0
SEC
SBC ACCUM
STA ACCUM
LDA #0
SBC ACCUM+1
STA ACCUM+1

4F ASCII DECIMAL STRING TO BINARY NUMBER (DEc28N) 183
;SUM WITH * 2
;ACCUM := ACCUM * 10

:{GET THE DIGIT BACK

;CONVERT '0'..'9' TO BINARY 0..9

‘7BRANCH IF NO CARRY TO HIGH BYTE
;ELSE INCREMENT HIGH BYTE

; INCREMENT TO NEXT CHARACTER
;CONTINUE CONVERSION

;BRANCH IF THE VALUE WAS POSITIVE
;ELSE REPLACE RESULT WITH -RESULT

;GET THE BINARY VALUE AND RETURN

CLC _

BCC EXIT
SEC

LDA ACCUM+1
LDY ACCUM
RTS

.BLOCK 1
.BLOCK 2
.BLOCK 1

SAMPLE EXECUTION:

;GET HIGH BYTE OF VALUE

-7INDEX INTO THE STRING

;ACCUMULATED VALUE (2 BYTES)
;SIGN: OF NUMBER

~e we we we ws
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SC0406:
;CONVERT '1234°
LDA ADRS1+1
LDY ADRS1
JSR DEC2BN
BRK
;CONVERT '-32767"
LDA ADRS2+1
LDY ADRS2
JSR DEC 2BN
BRK
;CONVERT '-32768"'
LDA ADRS3+1
LDY ADRS3
JSR DEC2BN
BRK

Sl: .BYTE 4,'1234°

s2: .BYTE 6,'+32767"

S3: .BYTE 6,'-32768"

ADRS1: .WORD Sl

ADRS2: .WORD 52

ADRS3: .WORD S3

.END

TO 04D2 HEX

;AY = ADDRESS OF S1
:A = 04, Y = D2 HEX
TO 7FFF HEX
:AY = ADDRESS OF S2
:A = 7F, Y = PF HEX
TO 8000 HEX

;AY = ADDRESS OF §3

;A = 80 HEX, Y = 00 HEX

;ADDRESS OF Sl
;ADDRESS OF S2
;ADDRESS OF 53




Lower-Case to Upper-Case

Translation (LC2UC) 4G

Converts an ASCH lower-case letter to its
upper-case equivalent.

Procedure: The program determines from
comparisons whether the data is an ASCII
lower-case letter. If it is, the program
subtracts 20, from it, thus converting it to its
upper-case equivalent. If it is not, the pro-
gram leaves it unchanged.

Registers Used: A, P

Execution Time: 18 cycles if the original
character is valid, fewer cycles otherwise.

Program Size: 12 bytes
Data Memory Required: None

Entry Conditions

Character in the accumulator.

Exit Conditions

If the character is an ASCII lower-case
letter, the upper-case equivalent is in
the accumulator. If the character is not
an ASCII lower-case letter, the
accumulator is unchanged.

Examples
1. Data:  (A) = 62,5 (ASClI b)

Result:  (A) = 42, (ASCII B)

2. Data:  (A) = 74,4 (ASCII V)

Result:  (A) = 54,, (ASCIIT)

SO e Ns we e we we we

Entry: Register A =

e we N e e e

Title Lower case to upper case translation
Name: Lcauc
Purpose: Convert one ASCII character to upper case from

lower case if necessary.

Se Ne ve me e w4 we we

Lower case ASCII character

w5 e wa e we w»
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186 CoDE CONVERSION

we ne ws me wa wa W we N we W

LC2UC:

EXIT:

~. we we we we

SC0407:

Exit: Register A = Upper case ASCII character if A
is lower case, else A is unchanged.

Registers used: A,P

Time: 18 cycles if A is lower case, less otherwise
Size: Program 12 bytes
Data none
CMP $#'a’
BCC $1 ;BRANCH IF < 'a'
CMP $'z'+1
BCS EXIT sBRANCH IF > 'z'
SEC
SBC #20H ;CHANGE 'a'..'z' into 'A'..'Z2’
RTS

SAMPLE EXECUTION:

;CONVERT LOWER CASE E TO UPPER CASE

LDA $'e!

JSR LC20C

BRK ) : ;A='E'=45H
;CONVERT "LOWER CASE Z TO UPPER CASE
LDA $'z'

JSR LC2UC

BRK ;A='2 '=5AH
;CONVERT UPPER CASE A TO UPPER CASE A
LDA $'A'

JSR LC2UC

BRK ;A='A'=41H

.END ;OF PROGRAM

e me me We me e we na we S we

. me we e we




ASCII to EBCDIC Conversion (ASC2EB) 4H

Converts an ASCII character to its
EBCDIC equivalent.

Procedure: The program uses a simple o
table lookup with the data as the index and Z;?,%Z’;;ﬂ’lﬁgi‘?ve“ bytes, plus 128 bytes for the
address EBCDIC as the base. Printable
ASCII characters for which there are no
EBCDIC equivalents are translated to an characters without EBCDIC equivalents are
EBCDIC space (40,,); nonprintable ASCII translated to an EBCDIC NUL (00,,).

Registers Used: A, P, Y
Execution Time: 14 cycles

Data Memory Required: None

Entry Conditions Exit Conditions
ASCII character in the accumulator. EBCDIC equivalent in the accumulator.
Examples
1. Data: (A) = 35,, (ASCII 5) 3. Data:  (A) =2A,, (ASCH®)
Result:  (A) = F5,, (EBCDIC 5) Result:  (A) = 5C,, (EBCDIC *)

2. Data:  (A) =77, (ASCll w)

Result:  (A) = A6, (EBCDIC w)

e e me W Ne % we ne
we w4 %o we w6 we wa ws

Title ASCII to EBCDIC conversion
Name: ASC2EB
Purpose: Convert an ASCII character to its

corresponding EBCDIC character

Entry: Register A = ASCII character

Exict: Register A = EBCDIC character

Ne wa Ne % we e we we
e e me e %o s we we
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188 ook conversion

Registers used: A,P,Y
Time: 14 cycles

Size: Program 7 bytes
Data 128 bytes for the table

e s me e %o we e wo
e ws we me we wp we e

ASC2EB:
AND #7FH ;sBE SURE BIT 7 =0
TAY ;USE ASCII AS INDEX INTO EBCDIC TABLE
LDA EBCDIC,Y ;GET EBCDIC
RTS

;ASCII TO EBCDIC TABLE
: PRINTABLE ASCII CHARACTERS FOR WHICH THERE ARE NO EBCDIC EQUIVALENTS

; ARE TRANSLATED TO AN EBCDIC SPACE (040H) , NON PRINTABLE ASCII CHARACTERS
;: WITH NO EQUIVALENTS ARE TRANSLATED TO A EBCDIC NUL (00OH)

EBCDIC:
!

NUL SOH STX ETX EOT ENG ACK BEL sASCII

.BYTE 000H,000H,000H,022H,037H,000H,000H, 000H ;EBCDIC

; BS HT LF vT FF CR SO SI ;ASCII
.BYTE OOOH,OZBH,025H,000H,000H,02DH,000H,000H ;s EBCDIC

H DLE DCl DC2 DC3 DC4 NAK SYN ETB sASCII
.BYTE 000H,000H,000H,000H,037H,000H,000H,000H ;EBCDIC

; CAN EM SUB ESC FS GS RS Vs ;ASCII
.BYTE 000K,000H,000H,000H,000H,000H,000H, OOOH ;EBCDIC

; SPACE ! " ‘4 $ - % & ;ASCII
.BYTE 040H, OSAH,07EH,04OH,OSBH,06CH,050H,07CH ;EBCDIC

H ( ) * + ’ - . / $ASCII
.BYTE 04DH,05DH,05CH,04EH,06BH,060H,04BH,061H :EBCDIC

; 1 3 4 6 7 ;ASCII
.BYTE OFOH OF1H, 0F2H 0F3H 0F4H 0F5H OF6H, OF 7H ;EBCDIC

; 8 9 > ? ;sASCII
.BYTE OF8H, OF9H, 07AH OSEH 04CH 07DH 06EH, 06FH +EBCDIC

; @ A B C D E F G ;ASCII
.BYTE 07BH, 0C1H,0C2H, 0C3H,0C4H,0C5H, 0C6H, 0C7H ;EBCDIC

H H I J K L M N [0} ;ASCII
.BYTE 0C8H, 0C9H, 0D1H, OD2H, 0D3H, 0D4H, ODSH, OD6H ;EBCDIC

; P Q R s T U \' w sASCII
.BYTE 0D7H, 0D8H, OD9H,O0E2H, 0E3H, OE4H, OESH OE6H . sEBCDIC

H X Y 2 [ \ ] <= sASCII
.BYTE 0E7H,OEBH,OESH,040H,040H,040H,06AH,040H ;EBCDIC

; a b c d e f g ;ASCII-
.BYTE 07CH,081H,082H,083H,084H,085H,086H, 087H ;EBCDIC

; h i j k 1 m n ;ASCII
.BYTE 088H,089H, 0915 092H 093H 094H,095H, 096H +EBCDIC

H P q u v ;ASCII
.BYTE 097H 098H 099H OAZH 0A3H 0A4H, OAS5H, 0A6H ;EBCDIC

{ | } ~ DEL :ASCII
.BYTE 0A7H OABH 0A9H 040H, 04FH,040H,05FH,007H :EBCDIC
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SAMPLE EXECUTION:

~e we we we we
e we we we we

SC0408: ’
;CONVERT ASCII ‘A’ -
LDA $'a’ ;ASCII 'A!
JSR ASC2EB
BRK ;EBCDIC 'A' = 0ClH
;CONVERT ASCII '1'
LDA . #'1 ;ASCII '1°
JSR ASC2EB
BRK ) ;EBCDIC 'l' = OF1H
;CONVERT ASCII 'a'
LDA ¥'a’ ;ASCII ‘'a’
JSR ASC2EB
BRK ;EBCDIC 'a' = 081H

.END ;END PROGRAM



EBCDIC to ASCII Conversion (EB2ASC) 41

Converts an EBCDIC character to its
ASCII equivalent.

Procedure: The program uses a simple Program Size: Five bytes, plus 256 bytes for the
table lookup with the data as the index and conversion table. '
address ASCII as the base. Printable
EBCDIC characters for which there are no —
ASCII equivalents are translated to an ASCII  ters without ASCII equivalents are translated
space (20,,); nonprintable EBCDIC charac- toan ASCIINUL (00,).

Registers Used: A, P, Y

Execution Time: 12 cycles

Data Memory Required: None

Entry Conditions Exit Conditions

EBCDIC character in the accumulator. ASCII equivalent in the accumulator.
Examples
1. Data: (A) = 85, (EBCDICe) 2. Data: - (A) = 4E,, (EBCDIC +)
Result:  (A) = 65,4 (ASCll e} Result:  (A) = 2B, (ASCII +)

i i
; ;
i H
i i
H Title EBCDIC to ASCII conversion ;
H Name: EB2ASC :

Purpose: Convert an EBCDIC character to its

corresponding ASCII character
Entry: Register A = EBCDIC éharacter
Exit: Register A = ASCII character

Registers used: A,P,Y

Time: 12 cycles

e we we Ws WE ws We W we we N& S

Ne w5 Ne we me wp w6 w W e we W

-
7]
o




“s % we we

EB2ASC:

SCII:

~ - e ~ ~ e - ~ ~ - e ~e ~e 9 ne w0 we ne

-

~

~

Size:

TAY
LDA
RTS

+BYTE
.BYTE
.BYTE
.BYTE
.BYTE
«BYTE
.BYTE
.BYTE
«BYTE
.BYTE
.BYTE
.BYTE
«BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

.BYTE

41 EBCDIC TO ASCIt CONVERSION (EB2ASC)

Program 5 bytes
Data 256 bytes for the table

/

ASCII,Y ;TRANSLATE

EBCDIC TO ASCII TABLE

PRINTABLE EBCDIC CHARACTERS FOR WHICH THERE ARE
ARE TRANSLATED TO AN ASCII SPACE (020H), NON PRI
WITH NO EQUIVALENTS ARE TRANSLATED TO A ASCII NU

NUL TAB DEL
OOOH,OOOH,QOOH,0008,000H,009H,000H,07FH

000H,000H,000H,000H, 000H, 000H, 000H, 000H

NEW LINE
OOOH,OOOH,OOOH,000H,000H,00DHL000H,000H

OOOH,OOOH,OOOH,OOOH,OOOH,OOOH,OOOH,OOOH
ETX LF
OOOH,003H,OOOH,000H,000H,OOAH,OOOH,OOOH
TAB CR
OOOH,000H,000H,009H,000H,00DH,OOOH,OOOH
EOT
OOOH,OOOH,OOOH,OOOH,000H,000H,000H,004H

OUOH,QOOH,OOOH,OOOH,OOOH,OOOH,OOOH,OOOH
SPACE
' ,OOOH,OOOH,OOOH,OOOH,OUOH,OOOH,OUOH
BRITISH § . < ( + |
000H, 000H, ' Pt JUEY
&

‘! ,000H,000H,000H,OOOH,OOOH,OOOH,OOOH

! * ) : i
000H,G00H, '} ,'$" AL L N Y
- /

'=','/' ,000H,000H,000H,000H,000H, 000H
- ' 8 ~.- > ?
000H,000H,""* ,',' ,'%' ,040H,'>' ,'2'

OOOH,OOOH,OOOH,OOOH,OOOH,OOOH,OOOH,OOOH
. ' = "

: e
000H,000H,':* ,'@' ,''v ,t=t '"', 000H
a b c d e £ g
OOOH,'a' ,'b' 'lcl 'Id! 'lel 'Dfl '190
h i
‘h' ,'i’ »000H,000H, 000H, 000H, 0OOH, 0004
j k 1 m n o P
OOOH'Ijl ’lkl ’|1| ’lml ’vnv ’lol 'lpl
q r

NO ASCII EQUIVALENTS
NTABLE EBCDIC CHARACTERS
L (000H)

;EBCDIC
;ASCII
;s EBCDIC
;ASCII
;EBCDIC
;ASCII
;EBCDIC
sASCII
;EBCDIC
;ASCII
;EBCDIC
;ASCII
;EBCDIC
;sASCII
;EBCDIC
;ASCII
;EBCDIC
sASCII
1EBCDIC
;ASCII
;EBCDIC
;ASCII
;EBCDIC
;ASCII
sEBCDIC
;ASCII
;EBCDIC
sASCII
;EBCDIC
;ASCII
;EBCDIC
;ASCII
;EBCDIC
;ASCII
sEBCDIC
;ASCII
sEBCDIC
$ASCII
sEBCDIC

191
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- - -

-

. = - ~ ~e -

-

w6 we we ws we

SC0409:

~ .BYTE

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

.BYTE

.BYTE

.BYTE

‘q' ,'r’ ,000H,000H,000H,000H,000H, 000H

S t

u

000H,000H,'s' ,'t' ,'u’

Yy
lyl

v

'lvl

w

'
P A

X

lxl

z
'zt ,OOOH,OOOH,OOOH,UOOH,OOOH,OOOH

OOOH,000H,000H,OOOH,OOOH,OOOH,OOOH,OOOH

000H

000H
H
‘HY

000H
Q
lQl

000H
b4

tyt
0

0"

,000H, 000H, 000H , 000H, 000K
A B E

C
'IAI 'IBI 'lcl ’

D
'p!

'IEI

,000H
F
J'E!

, 000H
G
LG

I
NI ,OQOH,OOOH,OOOH,OOOH,OOOH,OOOH
L M N 0 P

J K
I'J' ’|Kl 'ILI

R

,'R' ,000H,000H,
s T

,000H,'s" ,'T"

,'M'

000#H,000H,000H,000H
U v ]

’lNI

,|ol

,'P!

X

Z
A ,000H,000H, 000H, 000H, 0008, 000H

1 2 3
'lll 'l2l 'l3l ’

'Iul '|Vl 'lwl' lxl
4 5 6 7
|4l 'lsl 'I6l 'I'I'

9
‘9!’ ,OOOH,OOOH,OOOH;OOUH,OOOH,OOOH,OOOH

SAMPLE EXECUTION:

;CONVERT EBCDIC 'A'

LDA #0C1H ;EBC
JSR EB2ASC

BRK ;ASC
sCONVERT EBCDIC 'l1'’

LDA $0F1H ;EBC
JSR EB2ASC

BRK ;ASC
;CONVERT EBCDIC 'a’

LDA $081H ;EBC
JSR EB2ASC

BRK ;ASC
.END ;END PROGRAM

DIC

I1 'A’

DIC

II 'l'

DIC

I1 'a

IAI

lll

4

lal

041H

0318

061H

sASCII
;sEBCDIC
sASCII
sEBCDIC
;sASCII
:EBCDIC
;ASCII
;EBCDIC
;ASCII -
;EBCDIC
sASCII
;sEBCDIC
;ASCII
;+EBCDIC
;sASCII
;sEBCDIC
;sASCII
;s EBCDIC
;ASCII
;EBCDIC
;ASCII
;sEBCDIC
;sASCII
; EBCDIC
sASCII

e me we wo we




Memory Fill (MFILL)

S5A

Piaces a specified value in each byte of a
memory area of known size, starting at a
given address. ‘

Procedure: The program fills all the whole
pages with the specified value first and then
fills the remaining partial page. This approach
is faster than dealing with the entire area in

one loop, since 8-bit counters can be used
instead of a 16-bit counter. The approach
does, however, require somewhat more
memory than a single loop with a 16-bit
counter. A size of 0000, causes an exit with
no memory changed.

Registers Used: All

Execution Time: Approximately 11 cycles per
byte plus 93 cycles overhead.

Program Size: 68 bytes

Data Memory Required: Five bytes anywhere in
RAM for the array size (two bytes starting at
address ARYSZ), the value (one byte at
address VALUE), and the return address (two
bytes starting at address RETADR). Also two
bytes on page O for an array pointer (taken as

addresses 00DO, ; and 00D1, in the listing).

Special Cases:

1. A size of zero causes an immediate exit with
no memory changed.

2. Filling areas occupied or used by the pro-
gram itself will cause unpredictable results,
Obviously, filling any part of page 0 requires cau-
tion, since both this routine and most systems
programs use that page.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Value to be placed in memory

Less significant byte of area size (in
bytes)

More significant byte of area size (in
bytes) _

Less significant byte of starting address

More significant byte of starting address

Exit Conditions

The area from the starting address through
the number of bytes given by the area size is
filled with the specified value. The area filled
thus starts at BASE and continues through
BASE + SIZE — 1 (BASE is the starting
address and SIZE is the area size).

193



194 ARRAY MANIPULATION

Examples

1. Data:

Result:

e wms we e

e ms e w8 wE w5 wS we Ne we e Se Ne wa e S Ve e We We N % %6 %6

Value = FF " 2. Data

Area size (in bytes) = 0380,
Starting address = 1AEQ,

FFl6 is placed in memory

Value'= EA | (6502 operation

code for NOP)
Area size (in bytes) = 1C65,
Starting address = E34C,

?%%?SSCS 1AEQ,, through Result:  EA,is placed in memory addresses
16’ E34C through FFBO,,

Title Memory fill

Name: MFILL

Purpose: Fill an area of memory with a value

Entry: TOP OF STACK

Low byte of return address,

High byte of return address,
Value to be placed in memory,
Low byte of area size in bytes,
High byte of area size in bytes,
Low byte of starting address,
High byte of starting address

Exit: Area filled with value

Registers used: All

Time: Approximately 11 cycles per byte plus
93 cycles overhead.

Size: Program 68 bytes
Data 5 bytes plus

2 bytes in page zero

:PAGE ZERO POINTER
.EQU ODOH ;PAGE ZERO POINTER TO THE ARRAY

ARYPTR:

MFILL:

;POP THE PARAMETERS FROM THE STACK
PLA

~e N5 e w6 e me we ws we we N we N we W0 SE ~r we we we

~e me wa weve o




FULLPG:

PARTPG:

PARTLP:

EXIT:

s+ DATA
ARYSZ:
VALUE:

STA
PLA
STA

PLA
STA

PLA
STA
PLA
STA

PLA
STA
PLA
STA

LDA
PHA
LDA
PHA

!

;DO THE
LDA

LDX

BEQ

LDY

STA
INY
BNE
INC
DEX
BNE

~r e we

LDX
BEQ
LDY

STA
INY
DEX
BNE

RTS

. BLOCK
.BLOCK

RETADR

RETADR+1

VALUE

ARYS?Z

ARYSZ+1

'ARYPTR

ARYPTR+1
RETADR+1

RETADR

FULL PAGES FIRST

VALUE
ARYSZ+1
PARTPG

#0
(ARYPTR),Y

FULLPG
ARYPTR+1

FULLPG

ARYSZ
EXIT
#0

(ARYPTR) ,Y

PARTLP

2
1

5A MEMORY FILL {MFILL)

;GET THE RETURN ADDRESS

;GET FILL VALUE

;GET SIZE OF AREA

iGET STARTING ADDRESS OF AREA

;RESTORE RETURN ADDRESS

;GET VALUE FCR FILL
:X = NUMBER OF PAGES TO DO
;BRANCH IF THE HIGH BYTE OF SIZE = 0

iSTORE VALUE

;s INCREMENT TO NEXT BYTE .
;BRANCH IF NOT DONE WITH THIS PAGE
;ADVANCE TO THE NEXT PAGE

7BRANCH IF NOT DONE WITH THE FULL PAGES

DO THE REMAINING PARTIAL PAGE
REGISTER A STILL CONTAINS VALUE

195

;GET THE NUMBER OF BYTES IN THIS FINAL PAGE

;BRANCH IF LOW BYTE OF SIZE = (¢

iSTORE VALUE

; INCREMENT INDEX

i DECREMENT COUNTER

;BRANCH IF PARTIAL PAGE IS NOT DONE

iNUMBER OF BYTES TO INITIALIZE
;VALUE TO INITIALIZE ARRAY WITH
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RETADR: .BLOCK

~e %o e we we

2

SAMPLE EXECUTION

SC0501:

;FILL A SMALL BUFFER

LDA BF1ADR+1

PHA

LDA BF 1ADR

PHA

LDA BF1SZ+1

PHA

LDA BF1S2

PHA

LDA #0

PHA

JSR MFILL

BRK

sFILL A BIG BUFFER WITH

LDA BF2ADR+1

PHA

LDA BF2ADR

PHA

LDA BF2SZ+1

PHA

LDA BF2S52

PHA

LDA #0EAH

PHA

JSR MFILL

BRK

JMP SC0501
SIZEl: .EQU 47H
SIZEZz: .EQU 60U 0H
BF1ADR: .WORD BF1l
BF2ADR: .WORD BF2
BF1SZ: .WORD SIZEl
BF2S2: .WORD SIZE2
BF1l: .BLOCK SIZEl
BF2: .BLOCK SIZE2

.END

; TEMPORARY FOR RETURN ADDRESS

WITH 00

;PUSH STARTING ADDRESS

;PUSH NUMBER OF BYTES

;PUSH VALUE
;FILL BUFFER

EA HEX (NOP)
;PUSH STARTING ADDRESS

;PUSH NUMBER OF BYTES

; PUSH VALUE
;FILL BUFFER

~e we wo wa wme




Block Move (BLKMOV)

5B

Moves a block of data from a source area
to a destination area. A

Procedure: The program determines if the
starting address of the destination area is
within the source area. If it is, then working
up from the starting address would overwrite
some of the source data. To avoid that prob-
lem, the program works down from the high-
est address (this is sometimes called move
right). If the starting address of the destina-
tion area is not within the source area, the
program simply moves the data starting from
the lowest address (this is sometimes called a
move left). In either case, the program moves
the data by handling compiete pages sepa-
rately from the remaining partial page. This
approach allows the program to use 8-bit
counters rather than a 16-bit counter, thus
reducing execution time (although increas-
ing memory usage). An area size (number of
bytes to move) of 0000, causes an exit with
no memory changed.

Important Note: The user should be careful
if either the source or the destination area
includes the temporary storage used by the
program itself. The program provides aiito-
matic address wraparound (mod 64K), but
the results of any move involving the pro-
gram’s own temporary storage are unpredic-
table.

Registers Used: All

Execution Time: 128 cycles overhead plus the
following:

1. If data can be moved starting from the
lowest address (i.e., left):

20 + 4110 « (more significant byte of num-
ber of bytes to move) + 18 » (less significant byte
of number of bytes to move).

2. If data must be moved starting from the
highest address (i.e., right) because of overlap:

42 + 4622 + (more significant byte of num-
ber of bytes to move) + 18 * (less significant byte
of number of bytes to move).

Program Size: 157 bytes

Data Memory Required: Two bytes anywhere in
RAM for the length of the move (starting at
address MVELEN), four bytes on page 0 for
source and destination pointers (starting at
addresses MVSRCE and MVDEST taken as
addresses 00D0,, and 00D1,, — source
pointer — and addresses 00D2), and 00D3,, —
destination pointer — in the listing).

Special Cases:

1. A size (number of bytes to move) of zero
causes an immediate exit with no memory
changed.

2. Moving data to or from areas occupied or
used by the program itself will produce unpredic-
table results. Obviously, moving data to or from
page 0 requires caution, since both this routine
and most systems programs use that page. This
routine does provide automatic address wrap-
around (mod 64K) for consistency, but the user
must still approach moves involving page 0
carefully.
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Entry Conditions

Order in stack {starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of number of bytes
to move '

More significant byte of number of
bytes to move

Less significant byte of lowest address
of destination area C

More significant byte of lowest address
of destination area

Less significant byte of lowest address
of source area

More significant byte of lowest address
of source area '

Exit Conditions

The block of memory is moved from the
source area to the destination area. If the
number of bytes to be moved is NBYTES, -
the lowest address in the destination area is
DEST, and the lowest address in the source
area is SOURCE, then the area from
addresses SOURCE through SOURCE +
NBYTES — 1 is moved to addresses DEST
through DEST + NBYTES — 1.

Examples
1. Data: Number of bytes to moye = 02004
Lowest address in destination area
= 05D14
Lowest address in source area
= 035E¢

The contents of memory locations
035E,, through 055D are moved
t0 05D 1,4 through 07D0yg.

Number of bytes to move
= 1B7A¢

Lowest address in destination
area = C946,4

Lowest address in source area
= C300,

The contents of memory locations
C300,, through DE79)¢ are moved
to C946,¢ through E4BF ¢

Result: -

2. Data:

Resuit:

Note that Example 2 presents a more com-
plex problem than Example 1 because the
source and destination areas overlap. If, for
instance, the program were simply to move
data to the destination area starting from the
lowest address, it would initially move the
contents of C300,, to C946,,. This would
destroy the old contents of C946 ,, which are
needed later in the move. The solution to this
problem is to move the data starting from the
highest address if the destination area is
above the source area but overlaps it.




~ we wo wa

O NS NG N NE N NS NG Ne NG WO NE N MO N NE ME NE me ME WS NS N NS NS Ne Ne WE W %e %E NE s we w6

5B BLOCK MOVE (BLKMOV)

Title Block Move

Name: BLKMOV

Purpose: Move data from source to destination
Entry: TOP OF STACK

Low byte of return address,

High byte of return address,

Low byte of number of bytes to move,

High byte of number of bytes to move,

Low byte of lowest address in destination
area, .

High byte of lowest address in destination
area,

Low byte of lowest address in source area,

High byte of lowest address in source areéa

Exit: Data moved from source to.destination

Registers used: All

Time: 102 cycles overhead plus move
move left cycles equals
20 +

(high byte of length * 4110) +
(low byte of length * 18)

move right cycles equals
42 +
- (high byte of length * 4622) +
(low byte of length * 18)

Size: Program 146 bytes
Data 2 bytes plus
4 bytes in page zero

; PAGE ZERO POINTERS

MVSRCE
MVDEST

BLKMOV:

. EQU 0DOH ;SOURCE ADDRESS
.EQU O0D2H ;DESTINATION ADDRESS

;GET RETURN ADDRESS

PLA
TAY ;SAVE LOW BYTE
PLA
TAX sSAVE HIGH BYTE

;GET NUMBER OF BYTES
PLA
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STA MVELEN ;STORE LOW BYTE
PLA

STA MVELEN+1 ;STORE HIGH BYTE
;GET STARTING DESTINATION ADDRESS

PLA .

STA MVDEST sSTORE LOW BYTE
PLA

STA MVDEST+1 sSTORE HIGH BYTE
:GET STARTING SOURCE ADDRESS

PLA

STA MVSRCE ;STORE LOW BYTE
PLA

STA MVSRCE+1 ;STORE HIGH BYTE
;RESTORE RETURN ADDRESS

TXA .

PHA :RESTORE HIGH BYTE
TYA

PHA ;RESTORE LOW BYTE

DETERMINE IF DESTINATION AREA IS ABOVE SOURCE AREA BUT OVERLAPS
IT. REMEMBER, OVERLAP CAN BE MOD 64K. OVERLAP OCCURS IF
STARTING DESTINATION ADDRESS MINUS STARTING SOURCE ADDRESS (MOD 64K)
1S LESS THAN NUMBER OF BYTES TO MOVE

~ we we % we

LDA MVDEST ;CALCULATE DESTINATION - SOURCE

SEC

SBC MVSRCE

TAX

LDA MVDEST+1

SBC MVSRCE+1 ;MOD 64K IS AUTOMATIC - DISCARD CARRY
TAY

TXA ;COMPARE WITH NUMBER OF BYTES TO MOVE
CMP MVELEN

TYA

SBC MVELEN+1

BCS DOLEFT ;BRANCH IF NO PROBLEM WITH OVERLAP

;DESTINATION AREA IS ABOVE SOURCE AREA BUT OVERLAPS IT
;MOVE FROM HIGHEST ADDRESS TO AVOID DESTROYING DATA

JSR MVERHT

JMP EXIT

:NO PROBLEM DJOING ORDINARY MOVE STARTING AT LOWEST ADDRESS
DOLEFT:

JSR MVELFT
EXIT:

RTS
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7SUBROUTINE: MVELFT

;PURPOSE: MOVE SOURCE TO DESTINATION STARTING FROM
THE LOWEST ADDRESS

ENTRY: MVSRCE 2 BYTE LOWEST ADDRESS OF SOURCE AREA
MVDEST 2 BYTE LOWEST ADDRESS OF DESTINATION AREA
MVELEN 2 BYTE NUMBER OF BYTES TO MOVE

;EXIT: - SOURCE MOVED TO DESTINATION
AR AR R R R Ry S I

~e wo e we

MVELFT: .

LDY #0 ;ZERO INDEX

LDX MVELEN+1 i X= NUMBER OF FULL PAGES TO MOVE

BEQ MLPART ;IF X = 0 THEN DO PARTIAL PAGE
MLPAGE:

LDA (MVSRCE) , Y

STA (MVDEST) , Y sMOVE ONE BYTE

INY ;NEXT BYTE

BNE MLPAGE ;CONTINUE UNTIL 256 BYTES ARE MOVED

INC MVSRCE+1 ;sADVANCE TO NEXT PAGE OF SOURCE

INC MVDEST+1 ;i AND DESTINATION

DEX ;DECREMENT PAGE COUNT

BNE MLPAGE ;CONTINUE UNTIL ALL FULL PAGES ARE MOVED
MLPART:

LDX MVELEN +GET LENGTH OF LAST PAGE

BEQ MLEXIT iBRANCH IF LENGTH OF LAST PAGE = 0

;REGISTER Y IS O

MLLAST:

LDA (MVSRCE) , Y

STA (MVDEST) ,Y ;MOVE BYTE

INY sNEXT BYTE

DEX ;DECREMENT COUNTER

BNE MLLAST ;CONTINUE UNTIL LAST PAGE IS DONE
MLEXIT:

RTS

;****************************************'k*

;SUBROUTINE: MVERHT

;PURPOSE: MOVE SOURCE TO DESTINATION STARTING FROM

H THE HIGHEST ADDRESS

+ENTRY: MVSRCE 2 BYTE LOWEST ADDRESS OF SOURCE AREA

H MVDEST 2 BYTE LOWEST ADDRESS OF DESTINATION AREA
; * MVELEN 2 BYTE NUMBER OF BYTES TO MOVE

;EXIT: SOURCE MOVED TO DESTINATION
LR R L R R R R L L S e

H

MVERHT :
H
iMOVE THE PARTIAL PAGE FIRST
LDA MVELEN+1
CLC
ADC MVSRCE+1

STA MVSRCE+1 ;POINT TO LAST PAGE OF SOURCE
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;POINT TO LAST PAGE OF DESTINATION

;MOVE THE LAST PARTIAL PAGE FIRST

LDA MVELEN+1

CLC

ADC MVDEST+1

STA MVDEST+1

LDY MVELEN

BEQ MRPAGE
MRO:

DEY

LDA (MVSRCE) ,Y

STA (MVDEST) ,Y

CPY #0

BNE MRO
MRPAGE:

LDX MVELEN+1

BEQ MREXIT
MR1:

DEC MVSRCE+1

DEC *MVDEST+1
MR2:

DEY

LDA (MVSRCE) , Y

STA (MVDEST) ,Y

CPY #0

BNE MR2

DEX

BNE MR1
MREXIT:

RTS

i
;DATA SECTION

MVELEN .BLOCK 2

~o Ne we we we

SC0502:
LDA
PHA
LDA
PHA
LDA
PHA
LDA
PHA

SAMPLE EXECUTION:

SRCE+1
SRCE
DEST+1

DEST

;GET LENGTH OF LAST PAGE

;IF Y = 0 THEN DO THE FULL PAGES

;BACK UP Y TO THE NEXT BYTE

;MOVE BYTE

;BRANCH IF NOT DONE WITH THE LAST PAGE
;GET HIGH BYTE OF COUNT AS PAGE COUNTER
;BRANCH IF HIGH BYTE = 0 (NO FULL PAGES)

;BACK UP TO PREVIOUS PAGE OF SOURCE
; AND DESTINATION

;BACK UP Y TO THE NEXT BYTE
;MOVE BYTE
;BRANCH IF NOT DONE WITH THIS PAGE

;DECREMENT PAGE COUNTER
;BRANCH IF NOT ALL PAGES ARE MOVED

;LENGTH OF MOVE

MOVE 0800 THROUGH 097F TO 0900 THROUGH OAT7F

;PUSH HIGH BYTE OF SOURCE
:PUSH LOW BYTE OF SOURCE
;PUSH HIGH BYTE OF DESTINATION

;PUSH LOW BYTE OF DESTINATION

.. e we we o we




LDA
PHA
LDA
PHA
JSR
BRK

JMP
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LEN+1
;PUSH HIGH BYTE OF LENGTH
LEN
;PUSH LOW BYTE OF LENGTH
BLKMOV ;MOVE DATA FROM SOURCE TO DESTINATION
; FOR THE DEFAULT VALUES MEMORY FROM 800 HEX
i THROUGH 97F HEX IS MOVED TO 900 HEX THROUGH
; AJF HEX. i
SC0502

’
;TEST DATA, CHANGE TO TEST OTHER VALUES

SRCE .WORD
DEST .WORD
LEN .WORD

. END

0800H ;STARTING ADDRESS OF SOURCE AREA
0900H :{STARTING ADDRESS OF DESTINATION AREA
0180H ;NUMBER OF BYTES TO MOVE

; PROGRAM



One-Dimensional Byte Array Index (D1BYTE) 5C

Calculates the address of an element of a Registers Used: All
byte-length array, given the base address and Execution Time: 74 cycles
the subscript (index) of the element.

Procedure: The program simply adds the Data Memory Required: Four bytes anywhere in

base address to the subscript. The sum is the RAM to hold the return address (two bytes start-

address of the element. ing at address RETADR) and the subscript (two
bytes starting at address SUBSCR).

Program Size: 37 bytes

Entry Conditions Exit Conditions

Order in stack (starting at the top)
o (A) = More significant byte of address of
Less significant byte of return address element

More significant byte of return address L.
& y (Y) = Less significant byte of address of

Less significant byte of subscript element
More significant byte of subscript

Less significant byte of base address of

array
More significant byte of base address of
array
Examples
1. Data: Base address = 0E00, 2. Data: Base address = C4E1 ¢
Subscript = 012C ¢ Subscript = 02E4,¢
Result: Address of element = 0E00;¢ Result: Address of element = C4E1
+ 012C,; = OF2C,. + 02E4,5 = CTC5y4.

204




5C ONE-DIMENSIONAL BYTE ARRAY INDEX (018YTE) 205

; Title ’ One dimensional byte array indexing ;
: Name: D1BYTE H
; h
i i
Purpose: Given. the base address of a byte array and a

subscript 'I' calculate the address of A[I]

Entry: . TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of subscript,
High byte of subscript,
Low byte of base address of array,
High byte of base address of array

Exit: Register A = High byte of address
Register Y = Low byte of address

Registers used: All

Time: 74 cycles
size: Program 37 bytes
Data 4 bytes

WO NE We WE NE ME WE WO We We We WE N e NS Ne NS NG N NG e N we
|E NS N NE NE e NE Ne N N Ne N Ne NE Ne e we We we wE e we we

D1BYTE:
iSAVE RETURN ADDRESS
PLA
STA RETADR
PLA
STA RETADR+1
;GET SUBSCRIPT
PLA
STA ss
PLA
STA Ss+1
;ADD BASE ADDRESS TO SUBSCRIPT
PLA
CLC
aDC ss
TAY ;REGISTER Y = LOW BYTE
PLA
ADC ss+1
TAX ;SAVE HIGH BYTE IN REGISTER X

;RESTORE RETURN ADDRESS TO STACK
LDA RETADR+1 -
PHA
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LDA RETADR

PHA - ;RESTORE RETURN ADDRESS

TXA ;GET HIGH BYTE BACK TO REGISTER A

RTS ;EXIT
i
; DATA
RETADR: .BLOCK 2 ; TEMPORARY FOR RETURN ADDRESS
SS: .BLOCK 2 ;SUBSCRIPT INTO THE ARRAY
; H
i H
; SAMPLE EXECUTION: ;
H H
H i
SC0503:

;PUSH ARRAY ADDRESS

LDA ARYADR+1 ;HIGH BYTE

PHA '

LDA ARYADR ;s LOW BYTE

PHA

; PUSH A SUBSCRIPT

LDA SUBSCR+1 ;HIGH BYTE

PHA

LDA SUBSCR ;LOW BYTE

PHA

JSR D1BYTE ;CALCULATE ADDRESS

BRK ;AY = ARY+2
; = ADDRESS OF ARY(2), WHICH CONTAINS 3

JMP SC0503
H
;TEST DATA, CHANGE SUBSCR FOR OTHER VALUES
SUBSCR: .WORD 2 ;TEST SUBSCRIPT INTO THE ARRAY

ARYADR: .WORD ARY ;BASE ADDRESS OF ARRAY

;THE ARRAY (8 ENTRIES)
ARY: .BYTE 1,2,3,4,5,6,7,8

.END ; PROGRAM




One-Diniensional Word Array Index (D1WORD)

5D

Calculates the starting address of an ele-
ment of a word-length (16-bit) array, given
the bas¢ address of the array and the
subscript (index) of the element. The ele-
ment occupiés the starting address and the
address one larger; elements may be
organized with either the less significant byte
or the more significant byte in the starting
address.

Procedure: The program multiplies the
subscript by two (using a logical left shift)
before adding it to the base address. The sum

Registers Used: All
Execution Time: 78 cycles
Program Size: 39 bytes

Data Memory Requiired: Four bytes anywhere in
RAM to hold the return address (two bytes start-
ing at address RETADR) and the subscript (two
bytes starting at address SUBSCR). )

(BASE + 2+SUBSCRIPT) is then the start-
ing address of the element.

Entry Conditions

Order in stack (starting at the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of subscript
More significant byte of subscript

Less significant byte of base address of
array

More significant byte of base address of
array ‘

Exit Conditions

(A) = More significant byte of starting
address of element

(Y) = Less significant byte of starting
address of element

Examples
1. Data: Base address = A148,
Subscript = 01A9,,

Reésult:  Address of first byte of element
= Al4816 4+ 2 X 01A916
= Al48,( + 0342, = A49A,.
That is, the word-length element

occupies addresses A49A 5 and A49B, .

2. Data: Baseaddress = C4EQ,,
Subscript = 015B,¢
Result:  Address of first byte of element

=C4E0;; + 2 X 015B; .

=C4E016 + 028616 = C79616.
That is, the word-length element
occupies addresses C796,; and C797,.
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H Title One dimensional word array indexing
; Name: D1WORD
H
H
Purpose: Given the base address of a word array and a

subscript 'I' calculate the address of A[I]

Entry: TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of subscript,
High byte of subscript,
Low byte of base address of array,
High byte of base address of array

Exit: Register A = High byte of address
Register Y = Low byte of address

Registers used: All

Time: 78 cycles
Size: Program 39 bytes
Data 4 bytes
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D1WORD:

;SAVE RETURN ADDRESS

PLA

STA RETADR

PLA

STA RETADR+1

;GET SUBSCRIPT AND MULTIPLY IT BY 2
PLA '

ASL A

STA Ss

PLA

ROL A

STA SS+1

;ADD BASE ADDRESS TO DOUBLED SUBSCRIPT
PLA

CLC

ADC ss .

TAY ;REGISTER Y = LOW BYTE
PLA

ADC Ss+1
- TAX ;SAVE HIGH BYTE IN REGISTER X

;RESTORE RETURN ADDRESS TO STACK

—e we we we
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LDA RETADR+1
PHA ‘
LDA RETADR
PHA
TXA
RTS
i
; DATA
RETADR: .BLOCK 2
SS: .BLOCK 2
; SAMPLE EXECUTION:
SC0504:
;PUSH ARRAY ADDRESS
LDA ARYADR+1
PHA
LDA ARYADR
PHA
;PUSH A SUBSCRIPT OF 3
LDA SUBSCR+1
PHA
LDA SUBSCR
PHA
JSR D1WORD
BRK
JMP SC0504
;TEST DATA

SUBSCR: .WORD 3
ARYADR: .WORD ARY

;THE ARRAY (8 ENTRIES)
ARY: .WORD 0180H,01COH, 02
.END ; PROGRAM

5D ONE-DIMENSIONAL WORD ARRAY INDEX {D1WORD) 209

;RESTORE RETURN ADDRESS

;GET HIGH BYTE BACK TO REGISTER A
JEXIT,

;TEMPORARY FOR RETURN ADDRESS
;SUBSCRIPT INTO THE ARRAY

;CALCULATE ADDRESS

;FOR THE INITIAL TEST DATA

;AY STARTING ADDRESS OF ARY (3)
H ARY + (3*2)

ARY + 6

ARY (3) CONTAINS 240 HEX

~ ~e

;TEST SUBSCRIPT INTO ARY
;BASE ADDRESS OF ARRAY

00H,0240H,0280H,02COH,03E7H,0A34H

~e we wp w5 we
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Calculates the address of an element of a
two-dimensional byte-length array, given the
base address of the array, the two subscripts
of the element, and the size of a row (that is,
the number of columns). The array is
assumed to be stored in row major order (that
is, by rows) and both subscripts are assumed
to begin at zero.

Procedure: The program multiplies the row
size (number of columns in a row) times the
row subscript (since the elements are stored
by rows) and adds the product to the column
subscript. It then adds the sum to the base
address. The program performs the ‘multi-
plication using a standard shift-and-add
algorithm (see Subroutine 6H).

Registers Used: All

Execution Time: Approximately 1500 cycles,
depending mainly on the amount of time
required to perform the multiplication.

Program Size: 119 bytes

Data Memory Required: Ten bytes anywhere in
memory to hold the return address (two bytes
starting at address RETADR), the row subscript
(two bytes starting at address SS1), the size

- (length) of the rows (two bytes starting at address
S$S1SZ), the column subscript (two bytes starting
at address $S2), and the product of row size times
row subscript (two bytes starting at address
PROD).

Entry Conditions

Order in stack (starting at the top)

Less significant byte of return” address
More significant byte of return address

Less significant byte of column subscript
More significant byte of column subscript

Less significant byte of the size of a row
More significant byte of the size of a row

Less significant byte of row subscript
More significant byte of row subscript

Less significant byte of bass address of array
More significant byte of base address of array

210

Exit Conditions

(A) = More significant byte of address of
element

(Y) = Less significant byte of address of
element




Examples

1. Data:

Result:

2. Data:

Result:

~. we we we
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Base address = 3C00,,

Column subscript = 0004,

Size of row (number of columns)
= 001816

Row subscript = 0003,

Address of element = 3C00,4
+0003,, x 0018, + 0004,
= 3C00,¢ + 0048, + 0004,,
= 3C4Cy,.

Thus the address of ARRAY (3,4)
is 3C4C .

Base address = 6A4A

Column subscript = 00354

Size of row (number of columns)
= 0050,

Row subscript = 0002,

Address of element = 6A4A ¢
+ 0002, x 0050,
+ 0035, = 6A4A ¢
+ 00A0;, + 0035, = 6B1F.
Thus the address of ARRAY
(2,35) is 6BIF .

5E TWO-DIMENSIONAL BYTE ARRAY INDEX {D2BYTE)

v
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The general formula is

ADDRESS OF ELEMENT = BASE ADDRESS
OF ARRAY + ROW SUBSCRIPT x SIZE OF ROW
+ COLUMN SUBSCRIPT

Note that we refer to the size of the row
subscript; the size is the number of consecu-
tive memory addresses for which the
subscript has the same value. This is also the
number of bytes from the starting address of
an element to the starting address of the ele-
ment with the same column subscript but a
row subscript one larger.

Two dimensional byte array indexing

Given the base address of a byte array, two
'I','J', and the size of the first
subscript in bytes, calculate the address of
A[I,J]. The array is assumed to be stored in
(afo,01, a(o,11,..., A[K,L}),
and both dimensions are assumed to begin at
zero as in the following Fascal declaration:
A:ARRAY [0,.2,0..7] OF BYTE;

Title
Name: D2BYTE
Purpose:
subscripts
row major order
Entry: TOP OF STACK

Low byte of return address,
High byte of return address,
Low byte of second subscript,
High byte of second subscript,

Low byte of size of first subscript in bytes,
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High,byte of size of first subscript in bytes,;
Low byte of first subscript, :

i

H H
; High byte of first subscript, ;
H Low byte of base address of array, ;
: High byte of base address of array ;
; NOTE: H
; The size of the first subscript is the length ;
; of a row ;
H i
; Exit: Register A = High byte of address ;
; . Register Y = Low byte of address :
i H
; Registers used: All i
h ;
; Time: Approximately 1500 cycles ;
i H
H Size: Program 119 bytes :
; : Data 10 bytes H

D2BYTE:
;SAVE RETURN ADDRESS
PLA
STA RETADR
PLA
STA RETADR+1
;GET SECOND SUBSCRIPT
PLA
STA 52
PLA
STA §S2+1
;GET SIZE OF FIRST SUBSCRIPT (LENGTH OF A ROW)
PLA .
STA §s1S2
PLA
STA SS15Z+1
:GET FIRST SUBSCRIPT
PLA
STA ssl
PLA
STA S81+1

;MULTIPLY FIRST SUBSCRIPT * ROW LENGTH USING THE SHIFT AND ADD
; ALGORITHM. THE RESULT WILL BE IN SSl ’
LDA $0 . ; PARTIAL PRODUCT = ZERO INITIALLY

STA PROD
STA PROD+1
LDX #17 ;NUMBER OF SHIFTS = 17

CLC




5E TWO-DIMENSIONAL BYTE ARRAY INDEX (028YTE) 213

MULLP:
ROR PROD+1 ;SHIFT PARTIAL PRODUCT
ROR PROD
ROR SS1+1 ;SHIFT MULTIPLIER
ROR ssl
BCC DECCNT
CLC ;ADD MULTIPLICAND TO PARTIAL PRODUCT
LDA sslsz ; IF NEXT BIT OF MULTIPLIER IS 1
ADC PROD
STA PROD
LDA S518z+1
ADC PROD+1
STA PROD+1
DECCNT:
DEX
BNE MULLP
;ADD IN THE SECOND SUBSCRIPT
LbA ssl
CLC
ADC §S2
STA ssl
LDA S51+1
ADC §52+1
STA SS1+1
;ADD BASE ADDRESS TO FORM THE FINAL ADDRESS
PLA
CLC
ADC ssl
TAY ;REGISTER Y = LOW BYTE
PLA 4
ADC SS1+1
TAX 7SAVE HIGH BYTE IN REGISTER X
;RESTORE RETURN ADDRESS TO STACK
LDA RETADR+1
PHA
LDA RETADR
PHA ;RESTORE RETURN ADDRESS
TXA ;GET HIGH BYTE BACK TO REGISTER A
RTS ;EXIT
H
; DATA
RETADR: .BLOCK 2 ;TEMPORARY FOR RETURN ADDRES
Ssl: .BLOCK 2 ;SUBSCRIPT 1
§S1SZ: .BLOCK 2 iSIZE OF SUBSCRIPT 1 IN BYTES
sS2: .BLOCK 2 ;SUBSCRIPT 2
PROD: .BLOCK 2

; TEMPORARY FOR THE MULTIPLY
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SAMPLE EXECUTION:

SC0505:

; DATA
SUBS1:

SSUBS1:

SUBS2:
ARYADR

;PUSH ARRAY ADDRESS

LDA
PHA
LDA
PHA

ARYADR+1

ARYADR

; PUSH FIRST SUBSCRIPT

LDA
PHA
LDA
PHA

SUBS1+1

SUBS1

;PUSH SIZE OF FIRST SUBSCRIPT

LDA
PHA
LDA
PHA

SSUBS1+1

SsUBS1

; PUSH SECOND SUBSCRIPT

LDA
PHA
LDA
PHA

JSR
BRK

JMP

.WORD
.WORD
.WORD
:- ,WORD

;THE ARRAY (3

ARY:

- .BYTE
.BYTE

.BYTE

. END

SUBS2+1

SUBS2

D2BYTE ;CALCULATE ADDRESS
;FOR THE INITIAL TEST DATA
:AY = ADDRESS OF ARY(2,4)
;= ARY + (2%8) + 4
. = ARY + 20 (CONTENTS ARE 21)

SC0505

2 ; SUBSCRIPT 1

8 ;SIZE OF SUBSCRIPT 1

4 ;SUBSCRIPT 2

ARY ;ADDRESS OF ARRAY

ROWS. OF & COLUMNS)
1,2,3,4,5,6 ,7,8
9 ,10,11,12,13,14,15,16
17,18,19,20,21,22,23,24

; PROGRAM
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Two-Dimensional Word Array Index (D2WORD)

5F

Calculates the starting address of an ele-
ment of a two-dimensional word-length (16-
bit) array, given the base address of the array,
the two subscripts of the element, and the
size of a row in bytes. The array is assumed to
be stored in row major order (that is, by
rows) and both subscripts are assumed to
begin at zero.

Procedure: The program multiplies the row
size (in bytes) times the row subscript (since
the elements are stored by row), adds the
product to the doubled column subscript
(doubled because each element occupies two
bytes), and adds the sum to the base address.
The program uses a standard shift-and-add
algorithm (see Subroutine 6H) to multiply.

Registers Used: All

Execution Time: Approximately 1500 cycles,
depending mainly on the amount of time
required to perforin the multiplication of row size
in bytes times row subscript.

Program Size: 121 bytes

Data Memory Required: Ten bytes anywhere in
memory to hold the return address (two bytes
starting at address RETADR), the row subscript
(two bytes starting at address SS1), the row size
in bytes (two bytes starting at address SS1SZ),
the column subscript (two bytes starting at
address SS2), and the product of row size times
row subscript (two bytes starting at address
PROD).

Entry Conditions

Order in stack (starting at the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of column
subscript

More significant byte of column
subscript

Less significant byte of size of rows (in
bytes) ‘

More significant byte of size of rows (in
bytes)

Less significant byte of row subscript
More significant byte of row subscript

Less significant byte of base address of
array

More significant byte of base address of
array

Exit Conditions
(A) = More significant byte of starting

address of element

(Y) = Less significant.byte of starting
address of element

The element occupies the address in AY
and the next higher address.
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Examples

1.

2.

- we wo we

~s ms s we W e

Data:

Result:

Data:

Result:

Title
Name:

Purpose:

Base address = 5E14y¢

Column subscript = 0008,

Size of a row (in bytes) = 001C,,
(i.e., each row has 0014, or G00E ¢
word-length elements)

Row subscript = 00054

Starting address of element
= 5E14,¢ + 0005, X
001C ¢, + 0008, x 2 = SE14,,
+ 008C,¢ + 0010,, = SEBO.
Thus, the starting address of
ARRAY (5,8) is SEBO;4 and
the element occupies addresses
SEBO,4 and SEB1 4.

Base address = B100,

Column subscript = 0002;¢

Size of a row (in bytes) = 0008,
(i.e., each row has 4 word-length
elements)

Row subscript = 0006,

Starting address of element
= B100,, + 0006,
X 0008, + 0002), % 2 = B100y,
+ 0030, + 0004,, = B134,,.
Thus, the starting address of
ARRAY (6,2) is B134,; and
the element occupies
addresses B134,¢ and B135,.

The general formula is

STARTING ADDRESS OF ELEMENT
= BASE ADDRESS OF ARRAY

+ ROW SUBSCRIPT x SIZE OF ROW
+ COLUMN SUBSCRIPT X 2

Note that one parameter of this routine is
the size of a row in bytes. The size in the case
of word-length elements is the number of
columns (per row) times two (the size of an
element). The reason why we chose this
parameter rather than the number of col-
umns or the maximum column index is that
this parameter can be calculated once (when
the array bounds are determined) and used
whenever the array is accessed. The alterna-
tive parameters (number of columns or max-
imum column index) would require extra
calculations as part of each indexing opera-.
tion.

D2WORD

AlI,Jd].

Two dimensional word array indexing

Given the base address of a word array, two

subscripts 'I','J', and the size of the first
subscript in bytes, calculate the address of
The array is assumed to be stored in
row major order (a[0,0], A[O,1],..., A[K,L]),

~. we e e

w w4 ws we we we
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and both dimensions are assumed to begin at
zero as in the following Pascal declaration:
A:ARRAY[0..2,0..7] OF WORD;

Entry: TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of second subscript,
High byte of second subscript,
Low byte of size of first subscript in bytes,
High byte of size of first subscript in bytes,
Low byte of first subscript,
High byte of first subscript,
Low byte of base address of array,
High byte of base address of array

Exit: Register A = High byte of address
Register Y = Low byte of address

Registers used: ALL

Time: Approximately 1500 cycles
Size: Program 121 bytes
Data 10 bytes

O NS NG N NE e W NE W NS N N NE % e NE e W6 %6 W we We %o Ne e we we
T NS Ne NE NE Ne Ns NS N e e e Ne NE % N % we we we e e we e e w6 we

D2WORD:
;SAVE RETURN ADDRESS
PLA
STA RETADR
PLA
STA RETADR+1
;GET SECOND SUBSCRIPT AND MULTIPLY BY 2 FOR WORD-LENGTH ELEMENTS
PLA ‘
ASL A
STA 852
PLA
ROL A
STA SS52+1
;GET SIZE OF FIRST SUBSCRIPT
PLA
STA sS1Ssz
PLA
STA §S152+1
:GET FIRST SUBSCRIPT
PLA
STA ss1
PLA

STA SS1+1
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MULLP:

DECCNT:

;MULTIPLY FIRST SUBSCRIPT * ROW SIZE (IN BYTES) USING THE SHIFT AND ADD
;ALGORITHM. THE RESULT WILL BE IN s§sl-

LDA #0 ; PARTIAL PRODUCT = ZERO INITIALLY
STA PROD

STA PROD+1

LDX #17 ;NUMBER OF SHIFTS = 17

CLC

ROR PROD+1 :SHIFT PARTIAL PRODUCT

ROR PROD

ROR SS1+1 ;SHIFT MULTIPLIER

ROR ssl

BCC DECCNT

CLC . ;ADD MULTIPLICAND TO PARTIAL PRODUCT
LDA Ss1szZ ; IF NEXT BIT OF MULTIPLIER IS 1
ADC PROD

STA PROD

LDA §S182+1

ADC PROD+1

STA PROD+1

DEX

BNE MULLP

;ADD IN THE SECOND SUBSCRIPT DOUBLED

LDA ssl-

CLC

ADC 8S2

STA ssl

LDA SS1+1

ADC §S2+1

STA §S1+1

;ADD BASE ADDRESS TO FORM THE FINAL ADDRESS

PLA

CLC

ADC ssl

TAY ;REGISTER Y = LOW BYTE

PLA '

ADC SS1+1 :
TAX ;SAVE HIGH BYTE IN REGISTER X
;RESTORE RETURN ADDRESS TO STACK

LDA RETADR+1

PHA

LDA RETADR

PHA :RESTORE RETURN ADDRESS

TXA ;GET HIGH BYTE BACK TO REGISTER A
RTS FEXIT
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RETADR: .BLOCK 2 ; TEMPORARY FOR RETURN ADDRESS
Ss1: .BLOCK 2 ;SUBSCRIPT 1

Sslsz: .BLOCK 2 ;SIZE OF SUBSCRIPT 1 IN BYTES
§52: .BLOCK 2 ;SUBSCRIPT 2

PROD: .BLOCK 2 ;i TEMPORARY FOR THE MULTIPLY

SAMPLE EXECUTION:

e na e we we
e Ne we ne we

SC0506:
;PUSH ARRAY ADDRESS
LDA ARYADR+1
PHA
LDA ARYADR
PHA
;PUSH FIRST SUBSCRIPT
LDA SUBS1+1
PHA
LDA SUBS1
PHA
;PUSH SIZE OF FIRST SUBSCRIPT
LDA SSUBS1+1
PHA
LDA SSUBS1
PHA
;PUSH SECOND SUBSCRIPT
LDA SUBS2+1
PHA
LDA SUBS2
PHA
JSR D2WORD ;CALCULATE ADDRESS
BRK ;FOR THE INITIAL TEST DATA
;AY = STARTING ADDRESS OF ARY (2,4)
; = ARY + (2*16) + (4*2)
H = ARY + 40 .
H = ARY(2,4) CONTAINS 2100 HEX
JMP SC0506
;DATA
SUBS1: - WORD 2 ;SUBSCRIPT 1
SSUBS1l: .WORD 16 ;SIZE OF SUBSCRIPT 1
SUBS2: .WORD 4 ;SUBSCRIPT 2
ARYADR: .WORD ARY ;ADDRESS OF ARRAY

iTHE ARRAY (3 ROWS OF 8 COLUMNS)
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ARY:

ARRAY MANIPULATION

.WORD

.WORD-

.WORD

.END

0100H,0200H,0300H,0400H,0500H,0600H, 0700H, 0800H
0900H,1000H,1100H,12004,1300H,1400H,15008, 1600H
17004, 180UH, 19008, 2000H, 2100H, 2200H, 2300H, 2400H

; PROGRAM




N-Dimensional Array Index

(NDIM) 5G

Calculates the starting address of an ele-
ment of an N-dimensional array given the
base address and N pairs of sizes and
subscripts. The size of a dimension is the
number of bytes from the starting address of
an element to the starting address of the ele-
ment with an index one larger in the dimen-
sion but the same in all other dimensions.
The array is assumed to be stored in row
major order (that is, organized so that
subscripts to the right change before
subscripts to the left).

Note that the size of the rightmost
subscript is simply the size of the elements
(in bytes); the size of the next subscript is the
size of the elements times the maximum
value of the rightmost subscript plus 1, etc.
All subscripts are assumed to begin at Zero,
otherwise, the user must normalize the
subscripts (see the second example at the end
of the listing).

Procedure: The program loops on each
dimension, calculating the offset in that
dimension as the subscript times the size. If
the size is an easy case (an integral power of
2), the program reduces the multiplication to

Registers Used: All

Execution Time: Approximately 1100 cycles per
dimension plus 90 cycles overhead. Depends
mainly on the time required to perform the
multiplications.

Program Size: 192 bytes

Data Memory Required: Eleven bytes anywhere
in memory to hold the return address (two bytes
starting at address RETADR), the current
subscript (two bytes starting at address SS), the
current size (two bytes starting at address SIZE),
the accumulated offset (two bytes starting at
address OFFSET), the number of dimensions
(one byte at address NUMDIM), and the product
of size times subscript (two bytes starting at
address PROD).

Special Case: If the number of dimensions is
zero, the program returns with the base address
in registers A (more significant byte) and Y (less
significant byte).

left shifts. Otherwise, it performs each
multiplication using the shift-and-add
algorithm of Subroutine 6H. Once the pro-
gram has calculated the overall offset, it adds
that offset to the base address to obtain the
starting address of the element.

221
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Entry Conditions

Order in stack (starting at the top)

Less significant byte of return address
More significant byte of return address

Number of dimensions

Less significant byte of size of rightmost

dimension .
More significant byte of size of right-
most dimension

Less significant byte of rightmost
subscript

More significant byte of rightmost
subscript

Less significant byte of size of leftmost
dimension

More significant byte of size of leftmost
dimension

Less significant byte of leftmost
subscript

More significant byte of leftmost
subscript ’

Less significant byte of base address of
array

More significant byte of base address of
array

Exit Conditions

(A) = More significant byte of address of
element _
(Y) = Less significant byte of address of ele-
ment

The element occupies memory addresses
from the calculated starting address through
that address plus the rightmost subscript
minus 1. That is, the element occupies
memory addresses START through START
+ SIZE — 1, where START is the calculated
address and SIZE is the size of an elefnent in
bytes.




Example

Data:  Base address = 3C00,,
Number of dimensions = 03,
Rightmost subscript = 0005,
Rightmost size = 0003, (3-byte entries)
Middle subscript = 0003,
Middle size = 0012¢ (six 3-byte entries)
Leftmost subscript = 0004,
Leftmost size = 007E,4 (seven sets of six
3-byte entries) '
Result:  Address of entry = 3C00,, + 0005,, x
0003, + 0003, x 0012,; + 0004,
% 007E,, = 3C00;, + 000F,¢ + 0036,
+ 01F8,, = 3E3D¢ .
That is, the element is ARRAY (4,3.,5): it
occupies addresses 3E3D,, through
3E3F|,. The maximum values of the
various subscripts are 6 (leftmost) and $
(middle). Each element consists of three
bytes.
The general formula is

STARTING ADDRESS = BASE ADDRESS
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where:

N is the number of dimensions
SUBSCRIPT; is the ith subscript
SIZE, is the size of the ith dimension

Note that we use the sizes of each dimen-
sion as parameters to reduce the number of
repetitive multiplications and to generalize
the procedure. The sizes can be calculated
(and saved) as soon as the bounds of the
array are known. Those sizes can then be
used whenever indexing is performed on that
array. Obviously, the sizes do not change if
the bounds are fixed and they should not be
recalculated as part of each indexing opera-
tion. The sizes are also general, since the ele-
ments can themselves consist of any number
of bytes.

D P —

N—-1
+ E SUBSCRIPT; x SIZE,
i=0
; Title N dimensional array indexing
H Name: : NDIM
; .
; Purpose: Calculate the address of an element in a
; N dimensional array given the base address,
; N pairs of size in bytes and subscript, and the
; number of dimensions of the array. The array is
H assumed to be stored in row major order
; (af0,0,0],a(0,0,1),...,a(0,1,0],A(0,1,1],..
; Also it is assumed that all dimensions begin
; at 0 as in the following Pascal -declaration:
; A:ARRAY[O..l0,0..3,0..5] OF SOMETHING
; Entry: TOP OF STACK
;
;
H

Low byte of return address,

High byte of return address,

Number of dimensions,

Low byte of size (dim N-1) in bytes,
High byte of size (dim N-1) in bytes,
Low byte of subscript (dim N-1),

High byte of subscript (dim N-1}),

WO NE e N NE N N Ne N N e Ne mecne ma w6 we Ne s
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Ne s %o NE me wa we WS we N e e WE WS W W SE Ne We e e %o

NDIM:

LOOP:

Low byte of size (dim 0) in bytes,
High byte of size (dim 0) in bytes,
Low byte of subscript (dim 0),
High byte of subscript {dim 0),
Low byte of base address of array,
High byte of base address of array

High byte of address
Low byte of address

Exit: Register A =
Register- Y =

Registers used: All

Time: Approximately 1100 cycles per dimension
plus 90 cycles overhead.

Size: Program 192 bytes
Data 11 bytes

;POP PARAMETERS

PLA

STA RETADR

PLA

STA RETADR+1 ;SAVE RETURN ADDRESS

PLA

STA NUMDIM ;GET NUMBER OF DIMENSIONS
;OFFSET := 0

LDA #0

STA OFFSET

STA OFFSET+1

;CHECK FOR ZERO DIMENSIONS JUST IN CASE

LDA NUMDIM

BEQ ADBASE ;ASSUME THERE IS A BASE ADDRESS EVEN

; IF THERE ARE NO DIMENSIONS

; LOOP ON EACH DIMENSION
; DOING OFFSET := OFFSET + (SUBSCRIPT * SIZE)

PLA ; POP SI1ZE

STA SIZE

PLA

STA SIZE+1

PLA ;POP SUBSCRIPT
STA SS

PLA

Ne e wa e we W& wa We we e We We We N8 Wa S e Se ve S N S0
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STA 8S+1

JSR NXTOFF ‘tOFFSET := OFFSET + (SUBSCRIPT * S1ZE)
DEC NUMDIM ;DECREMENT NUMBER OF DIMENSIONS

BNE LOOP ;CONTINUE THROUGH ALL DIMENSIONS

ADBASE: ' -
;CALCULATE THE STARTING ADDRESS OF THE ELEMENT
;OFFSET = BASE + OFFSET

PLA :GET LOW BYTE OF BASE

CLC

ADC OFFSET ADD LOW BYTE OF OFFSET

STA OFFSET

PLA iGET HIGH BYTE OF BASE

ADC OFFSET+1 ;A = HIGH BYTE OF BASE + OFFSET
STA OFFSET+1

;RESTORE RETURN ADDRESS AND EXIT

LDA RETADR+1

PHA

LDA RETADR

PHA

LDa OFFSET+1 ;RETURN THE ADDRESS WHICH IS IN OFFSET
LDY OFFSET

RTS

.
’

1,

;SUBROUTINE NXTOFF

;PURPOSE: OFFSET := OFFSET + (SUBSCRIPT * SIZE);
;ENTRY: OFFSET = CURRENT OFFSET

SUBSCRIPT = CURRENT SUBSCRIPT

; SIZE = CURRENT SIZE OF THIS DIMENSION
EXIT: OFFSET = OFFSET + (SUBSCRIPT * SIZE);
REGISTERS USED: ALL

~

~o we wa

NXTOFF:
3 .
;CHECK IF SIZE IS POWER OF 2 OR 8 (EASY MULTIPLICATIONS - SHIFT ONLY)
LDA SIZE+1 sHIGH BYTE = 0 ?
BNE BIGSZ BRANCH IF SIZE IS LARGE
LDA SIZE
LDY #0 i Y=INDEX INTO EASY ARRAY
LDX #SZEASY iX=SIZE OF EASY ARRAY
EASYLP:
CMP EASYAY,Y
BEQ ISEASY ;BRANCH IF SIZE IS AN EASY ELEMENT
INY ; INCREMENT INDEX
DEX i DECREMENT COUNT
BNE EASYLP sBRANCH IF NOT THROUGH ALL EASY ELEMENTS

BEQ BIGSZ iBRANCH IF SIZE IS NOT EASY
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ISEASY:

SHL:

BIGSZ:

MULLP:

DECCNT:

ADDOFF:

EASYAY:

CPY
BEQ

#0
ADDOFF

;BRANCH IF SHIFT FACTOR = 0

;ELEMENT SIZE * SUBSCRIPT CAN BE PERFORMED WITH A SHIFT LEFT

ASL
ROL
DEY
BNE
BEQ

;SIZE IS NOT AN EAS

Ss
Ss+l

SHL
ADDOFF

;SHIFT LEFT LOW BYTE
;SHIFT LEFT HIGH BYTE

;CONTINUE UNTIL DONE
;DONE SO ADD OFFSET + SUBSCRIPT

Y MULTIPLICATION SO PERFORM MULTIPLICATION OF

; ELEMENT SIZE AND SUBSCRIPT THE HARD WAY

LDA
STA
STA
LDX
CLC

ROR
ROR
ROR
ROR
BCC
CLC
LDA
ADC
STA
LDA
ADC
STA

DEX
BNE

LDA
CLC
ADC

LDA
ADC
STA

RTS
.BYTE

.BYTE
.BYTE

#0
PROD
PROD+1
#17

PROD+1
PROD
Ss+1
SS
DECCNT

SI1ZE
PROD
PROD
SIZE+1
PROD+1
PROD+1

MULLP

SS

OFFSET
OFFSET
SS+1
OFFSET+1
OFFSET+1

e

; PARTIAL PRODUCT = ZERO INITIALLY
;:NUMBER OF SHIFTS = 17

;SHIFT PARTIAL PRODUCT

;SHIFT MULTIPLIER

sADD MULTIPLICAND TO PARTIAL PRODUCT
; IF NEXT BIT OF MULTIPLIER I1s 1

;ADD LOW BYTES

:ADD HIGH BYTES

HIFT FACTOR
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.BYTE 8 ;3

.BYTE 16. ;4

.BYTE 32, 35

.BYTE 64. ;6

.BYTE 128. 37
SZEASY .EQU $-EASYAY
;
;DATA
RETADR: .BLOCK 2 ; TEMPORARY FOR RETURN ADDRESS
SS: .BLOCK 2 7SUBSCRIPT INTO THE ARRAY
SIZE: .BLOCK 2 ;SIZE OF AN ARRAY ELEMENT
OFFSET: .BLOCK 2 ;TEMPORARY FOR CALCULATING
NUMDIM: .BLOCK 1 ;NUMBER OF DIMENSIONS
PROD: .BLOCK 2 ;TEMPORARY FOR MULTIPLICATION IN NXTOFF

SAMPLE EXECUTION:

we we we we we
e %o wp we we

;s PROGRAM SECTION
SC0507:

’ .
:FIND ADDRESS OF AY1l][1,3,0]

; SINCE LOWER BOUNDS OF ARRAY 1 ARE ALL ZERO IT IS NOT
7 NECESSARY TO NORMALIZE THEM

iPUSH BASE ADDRESS OF ARRAY 1

LDA AY1ADR+1
PHA

LDA AY1ADR

PHA

; PUSH SUBSCRIPT AND SIZE FOR DIMENSION 1
LDA #0

PHA

LDA #1

PHA

LDA #0

PHA

LDA #a1sz1

PHA

; PUSH SUBSCRIPT AND SIZE FOR DIMENSION 2
LDA #0

PHA

LDA #3

PHA

LDA #0

PHA

LDA #Alsz2

PHA



228 ARRAY MANIPULATION

;PUSH SUBSCRIPT AND SIZE FOR DIMENSION 3

LDA #0

PHA

LDA $#0

PHA

LDA #0

PHA

LDA $A1S23

PHA

; PUSH NUMBER OF DIMENSIONS

LDA $#A1DIM

PHA

JSR NDIM ;CALCULATE ADDRESS
STARTING ADDRESS OF ARY1(1l,3,0)

BRK ;AY
; ARY + (1*126) + (3*21) + (0*3)
ARY + 189

- -

,

s CALCULATE ADDRESS OF AY2([-1,6]

: SINCE LOWER BOUNDS OF AY 2 DO NOT START AT ZERO THE SUBSCRIPTS
s+ MUST BE NORMALIZED

; PUSH BASE ADDRESS OF ARRAY 2

LDA AY2ADR+1 /
PHA

LDA AY2ADR

PHA

;PUSH (SUBSCRIPT - LOWER BOUND) AND SIZE FOR DIMENSION 1
LDA $-1

SEC

SBC $A2D1L '

TAX ;SAVE LOW BYTE

LDA 4$0FFH ;HIGH BYTE OF -1 SUBSCRIPT
SBC 4$0FFH ;HIGH BYTE OF A2D1L

PHA ;PUSH HIGH BYTE

TXA

PHA : ; PUSH LOW BYTE

LDA #0

PHA

LDA $A2S21

PHA

;PUSH (SUBSCRIPT - LOWER BOUND) AND SIZE FOR DIMENSION 2
LDA #6

SEC

SBC $A2D2L

TAX ;SAVE LOW BYTE
LDA #0

SBC #0

PHA ;PUSH HIGH BYTE
TXA

PHA ;PUSH LOW BYTE
LDA #0
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PHA :
LDA #2522
PHA
; PUSH NUMBER OF DIMENSIONS
LDA #A2DIM
PHA
JSR NDIM ;CALCULATE ADDRESS
BRK ;AY = STARTING .ADDRESS OF ARY1 (-1,6)
i = ARY + (((-1) - (=5))*18) + ((6 - 2)*2)
;i = ARY + 80
JMP 5C0507
;DATA
AY1ADR: .WORD  AY1 ;ADDRESS OF ARRAY 1
AY2ADR: .WORD  AY2 ;ADDRESS OF ARRAY 2

;AY1 : ARRAY[AlDlL..AlDlH,AlDZL..AlDZH,A1D3L..AlD3H] OF THREE BYTE ELEMENTS

H ( 0 .. 3 , 0 .. 5, 0 .. &6 ]

AlDIM: .EQU 3 ;NUMBER OF DIMENSIONS OF ARRAY 1
AlD1L: .EQU 0 ;LOW BOUND OF ARRAY 1 DIMENSION 1
AlDIlH: .EQU 3 jHIGH BOUND OF ARRAY 1 DIMENSION 1
AlD2L: .EQU 0 ;LOW BOUND OF ARRAY 1 DIMENSION 2
AlD2H: .EQU 5 sHIGH BOUND OF ARRAY 1 DIMENSION 2
AlD3L: L.EQU 0 ;LOW BOUND OF ARRAY 1 DIMENSION 3
AID3H: .EQU 6 ;HIGH BOUND OF ARRAY 1 DIMENSION 3
AlS23: L.EQU 3 ;SIZE OF AN ELEMENT IN DIMENSION 3

Alsz2: .EQU ((A1D3H-A1D3L)+1) *A1S23 ;SIZE OF AN ELEMENT IN DIMENSION 2
Alszl: L.EQU ((A1D2H-A1D2L)+1) *A1SZ2 ;SIZE OF AN ELEMENT IN DIMENSION 1
AY1: .BLOCK ((A1D1H-A1D1L)+1)*A1SZ1 ;THE ARRAY

;AY2 ARRAY [AIDIL. .A1D1H,Al1D2L..A1D2H] OF WORD

; [ -5.. -1 , 2 .. 10 ]

A2DIM: LEQU 2 iNUMBER OF DIMENSIONS OF ARRAY 2
A2D1L: L.EQU -5 ;LOW BOUND OF ARRAY 2 DIMENSION 1
A2D1H: ,EQU -1 ;HIGH BOUND OF ARRAY 2 DIMENSION 1
A2D2L: .EQU 2 ;LOW BOUND OF ARRAY 2 DIMENSION 2
A2D2H: .EQU 10 HIGH BOUND OF ARRAY 2 DIMENSION 2
A2sz2: .EQU 2 ;SIZE OF AN ELEMENT IN DIMENSION 2
A2521: .EQU ((A2D2H-A2D2L)+1) *A2522 ;SIZE OF AN ELEMENT IN DIMENSION 1
AY2: +BLOCK ((A2D1H-A2D1L)+1)*A2SZ1 ;THE ARRAY

«END ; PROGRAM



16-Bit Addition (ADD16)

6A

Adds two 16-bit operands obtained from
the stack and places the sum at the top of the
stack. All 16-bit numbers are stored in the
usual 6502 style with the less significant byte
on top of the more signiﬁcant byte.

Procedure: The program clears the Carry
flag initially and adds the operands one byte
at a time, starting with the less significant
bytes. It sets the Carry flag from the addition
of the more significant bytes.

Registers Used: A, P, Y
Execution Time: 80 cycles
Program Size: 38 bytes

Data Memory Required: Four bytes anywhere in
memory for the second operand (two bytes start-
ing at address ADEND2) and the return address
(two bytes starting at address RETADR).

Entry Conditions

. Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of first operand
More significant byte of first operand

Less significant byte of second operand
More significant byte of second operand

Exit Conditions

Order in stack (starting from the top)

Less significant byte of sum
More significant byte of sum

Examples

1. Data:. First operand = 03El ¢
Second operand = 07TE4 ¢

Result:  Sum = 0BC5¢
Carry = 0

230

2. Data:  Firstoperand = A45D ¢
Second operand = 97El ¢

Result:  Sum = 3C3E
Carry = 1
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; Title 16 bit addition ;
i Name: ADDlé6 :
Purpose: Add 2 16 bit signed or unsigned words and return;

a 16 bit signed or unsigned sum. ;

Entry: TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of operand 2,
High byte of operand 2,
Low byte of operand 1,
High byte of operand 1

Exit: Sum = operand 1 + operand 2
TOP OF STACK
Low byte of sum,
High byte of sum

Registers used: A,P,Y

Time: 80 cycles
Size: Program 38 bytes
Data 4 bytes

TE N NE WS NP NE NS NP N WE NE Ne We ME N We NE We %e % Ne W wa s we
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ADD16:
;SAVE THE RETURN ADDRESS
PLA
STA RETADR
PLA
STA RETADR+1
;GET ADDEND 2
PLA
STA ADEND2
PLA -
STA ADEND2+1
;SUM ADDEND 2 WITH ADDEND 1
PLA
CLC
ADC ADEND2
TAY ;SAVE LOW BYTE OF SUM
PLA
ADC ADEND2+1

;PUSH THE SUM
PHA ;PUSH HIGH BYTE
TYA
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PHA ;PUSH LOW BYTE

;PUSH RETURN ADDRESS AND EXIT
LDA RETADR+1

PHA

LDA RETADR

PHA

RTS

;DATA
ADEND2: .BLOCK
RETADR: .BLOCK

; TEMPORARY FOR ADDEND 2
; TEMPORARY FOR RETURN ADDRESS

[ S %)

SAMPLE EXECUTION

~. %o we we we
g

SC0601:
;SUM OPRND1 + OPRND2
LDA OPRND1+1
PHA
LDA OPRND1
PHA
LDA OPRND2+1
PHA
LDA OPRND2
PHA
JSR ADD16
PLA
TAY
PLA
BRK ;A = HIGH BYTE, Y = LOW BYTE
JMP SC0601

;TEST DATA, CHANGE FOR DIFFERENT VALUES
OPRND1 .WORD 1023 :1023 + 123 = 1146 = 047AH
OPRND2 .WORD 123

.END ; PROGRAM

- %o e wo we




16-Bit Subtraction (SUB16)

68

Subtracts two 16-bit operands obtained
from the stack and places the difference at
the top of the stack. All 16-bit numbers are
stored in the usual 6502 style with the less
significant byte on top of the more significant
byte. The subtrahend (number to be
subtracted) is stored on top of the minuend
(number from which the subtrahend is
subtracted). The Carry flag acts as an
inverted borrow, its usual role in the 6502.

Procedure: The program sets the Carry flag
(the inverted borrow) initially and subtracts
the subtrahend from the minuend one byte at

Registers Used: A, P, Y
Execution Time: 80 cycles
Program Size: 38 bytes

Data Memory Required: Four bytes anywhere in
memory for the subtrahend (two bytes starting at
address SUBTRA) and the return address (two
bytes starting at address RETADR).

a time, starting with the less significant bytes.
It sets the Carry flag from the subtraction of
the more significant bytes.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of subtrahend
More significant byte of subtrahend

Less significant byte of minuend
More significant byte of minuend

Exit Conditions

Order in stack (starting from the top)

Less significant byte of difference (minuend

Examples

1. Data:  Minuend = A45D,,

Subtrahend = 97E1 ¢

Difference = Minuend — Subtrahend
= 0C7C16

Carry = 1 (no borrow)

Result:

— subtrahend)

More significant byte of difference (minuend
— subtrahend)

2. Data:  Minuend = 03El

Subtrahend = 07E4,(

Difference = Minuend — Subtrahend
= FBFD,,
Carry = 0 (borrow generated)

Result:

233
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SUB16:

Title
Name:

Purpose:

Entry:

Exit:

Registers used:

Time:

Size:

16 bit subtractioﬁ
SUB16

Subtract 2 16 bit signed or unsigned words and
return a 16 bit signed or unsigned difference.

TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of subtrahend,
High byte of subtrahend,
Low byte of minuend,
High byte of minuend

Difference = minuend - subtrahend
TOP OF STACK
Low byte of difference,
High byte of difference
A,P,Y
80 cycles

Program 38 bytes
Data 4 bytes

;SAVE THE RETURN ADDRESS

PLA
STA
PLA
STA

RETADR

RETADR+1

;GET SUBTRAHEND

PLA
STA
PLA
STA

SUBTRA
SUBTRA+1

; SUBTRACT SUBTRAHEND FROM MINUEND

PLA
SEC
SBC
TAY
PLA
SBC

SUBTRA

SUBTRA+1

;SAVE LOW BYTE OF THE DIFFERENCE

; PUSH THE DIFFERENCE

PHA
TYA
PHA

;PUSH HIGH BYTE

;PUSH LOW BYTE

~e we wo W
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; PUSH RETURN ADDRESS AND EXIT

LDA RETADR+1

PHA

LDA " RETADR

PHA

RTS
;DATA
SUBTRA: .BLOCK 2 :TEMPORARY FOR SUBTRAHEND
RETADR: .BLOCK 2 ; TEMPORARY FOR RETURN ADDRESS
H i
H H
; SAMPLE EXECUTION ;
; i
; H
SC0602:

;SUBTRACT OPRND2 FROM OPRND1

LDA OPRND1+1

PHA

LDA OPRND1

PHA

LDA OPRND2+1

PHA

LDA OPRND2

PHA

JSR SUB16

PLA

TAY

PLA

BRK ;A = HIGH BYTE, Y = LOW BYTE

JMP SC0602

;TEST DATA - CHANGE TO TEST OTHER VALUES
OPRND1 ,WORD 123 7123 - 1023 = -900 = OFC7CH
OPRND2 .WORD 1023

.END ; PROGRAM



16-Bit Multiplication (MUL16)

6C

Multiplies two 16-bit operands obtained
from the stack and places the less significant
word of the product at the top of the stack.
All 16-bit numbers are stored in the usual
6502 style with the less significant byte on top
of the more significant byte.

Procedure: The program uses an ordinary
add-and-shift algorithm, adding the multipli-
cand to the partial product each time it finds a
1 bit in the multiplier. The partial product
and the multiplier are shifted 17 times (the
number of bits in the multiplier plus 1) with
the extra loop being necessary to move the
final Carry into the product. The program
maintains a full 32-bit unsigned partial pro-
duct in memory locations (starting with the
most significant byte) HIPROD+1,

Registers Used: All

Execution Time: Approximately 650 to 1100
cycles, depending largely on the number of | bits
in the multiplier.

Program Size: 238 bytes

Data Memory Required: Eight bytes anywhere in
memory for the multiplicand (two bytes starting
at address MCAND), the multiplier and less sig-
nificant word of the partial product (two bytes
starting at address MLIER), the more significant
word of the partial product (two bytes starting at
address HIPROD), and the return address (two
bytes starting at address RETADR).

HIPROD, MLIER + 1, and MLIER. The less
significant word of the product replaces the
multiplier as the multiplier is shifted and
examined for 1 bits.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of multiplier
More significant byte of multiplier

Less significant byte of multiplicand
More significant byte of multiplicand

Exit Conditions

Order in stack (starting from the top}

Less significant byte of less significant word
of product

More significant byte of less significant word
of product

Examples

1. Data: Multiplier = 00124 (18,0)

Multiplicand = 03D1,¢ (977,¢)

Result:  Product = 44B24 (17,586,()
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Mulliplier = 37D1|6(14,289|0)

2. Daa:
Multiplicand = A045,, (41,029,0)
Result:  Product = AB55, (43,861 (). Thisis

actually the less significant 16-bit
word of the 32-bit product
22F1ABSS, (586,264,381,4).




Note that MUL16 returns only the less
significant word of the product to maintain
compatibility with other 16-bit arithmetic
operations. The more significant word of the
product is available in memory locations
HIPROD (less significant byte) and
HIPROD +1 (more significant byte), but the
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6C 16-BIT MULTIPLICATION (MUL 16}

user should note that it is correct only if the
operands are unsigned. If the operands are
signed numbers and either one is negative,
the user must determine the sign of the pro-
duct and replace negative operands with their
absolute values (two’s complements) before
calling MUL16.

; Title

H Name: MUL1é6

i
Purpose:
Entry: TOP OF STACK
Exit:

TOP OF STACK
Registers used: All
Time:

Size:
Data

TS NE WO N ME NE N N NS NG N Ne Ne We e M NE W6 NE We e We we we W

?
MUL16:
;SAVE, RETURN ADDRESS
PLA
STA RETADR
PLA
STA RETADR+1
;GET MULTIPLIER
PLA
STA MLIER

PLA

16 bit Multiplication

Multiply 2 signed or unsigned 16 bit words and
return a 16 bit signed or unsigned product.

Low byte of return address,
High byte of return address,
Low byte of multiplier,

High byte of multiplier,

Low byte of multiplicand,
High byte of multiplicand

Product = multiplicand * multiplier

Low byte of product,
High byte of product,

Approximately 650 to 1100 cycles

Program 238 bytes
8 bytes

ws e we we

T TS Ne NE e N Ne N e Ne Ne N mE M6 e NE me w4 e Mo we me we we We



238 ARITHMETIC

MULLP:

DECCNT:

;s DATA
MCAND:

STA MLIER+1
:GET MULTIPLICAND
PLA

STA MCAND
PLA

STA MCAND+1

; PERFORM MULTIPLICATION USING THE SHIFT AND ADD ALGORITHM
; THIS ALGORITHM PRODUCES A UNSIGNED 32 BIT PRODUCT IN
; HIPROD AND MLIER WITH HIPROD BEING THE HIGH WORD.

LDA #0

STA HIPROD ’ ;ZERO HIGH WORD OF PRODUCT

STA HIPROD+1

LDX $#17 ;NUMBER OF BITS IN MULTIPLIER PLUS 1, THE
; EXTRA LOOP IS TO MOVE THE LAST CARRY INTO
; THE PRODUCT

CLC ; CLEAR CARRY FOR FIRST TIME THROUGH LOOP

;IF NEXT BIT = 1 THEN
; HIPROD := HIPROD + MULTIPLICAND

ROR HIPROD+1

ROR HIPROD

ROR MLIER+1

ROR MLIER

BCC DECCNT ;BRANCH IF NEXT BIT OF MULTIPLIER IS 0
CLC ;NEXT BIT IS 1 SO ADD MULTIPLICAND TO PRODUCT
LDA MCAND

ADC HIPROD

STA HIPROD

LDA MCAND+1

ADC HIPROD+1

STA HIPROD+1 ;CARRY = OVERFLOW FROM ADD

DEX

BNE MULLP ;CONTINUE UNTIL DONE

; PUSH LOW WORD OF PRODUCT ON TO STACK

LDA MLIER+1

PHA

LDA MLIER

PHA

; RESTORE RETURN ADDRESS
LDA RETADR+1

PHA

LDA RETADR

PHA

RTS

.BLOCK 2 sMULTIPLICAND




MLIER:
HIPROD:
RETADR:

~. e wu we

SC0603:

OPRND1
OPRND2
RESULT:

«BLOCK
.BLOCK
«BLOCK

SAMPLE EXECUTION:

NN

6C 16-BIT MULTIPLICATION {(MUL16)

sMULTIPLIER AND LOW WORD OF PRODUCT
HIGH WORD OF PRODUCT
;RETURN ADDRESS

sMULTIPLY OPRNDl1 * OPRND2 AND STORE THE PRODUCT AT RESULT

LDA
PHA
LDA
PHA
LDA
PHA
LDA
PHA
JSR
PLA
STA
PLA
STA
BRK

JMP
.WORD
.WORD
.BLOCK

.END

OPRND1+1
OPRND1
OPRND2+1
OPRND2
MUL16
RESULT

RESULT+1

SC0603
-2
1023

2

; PROGRAM

;MULTIPLY

-2046 = OF802H
02H
F8H

RESULT OF 1023 * -2
IN MEMORY RESULT
RESULT+1

nuon

.
’
.
¢
.
’

72 BYTE RESULT
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16-Bit Division

(SDIV16, UDIV16, SREM16, UREM16)

6D

Divides two 16-bit operands obtained
from the stack and places either the quotient
or the remainder at the top of the stack.
‘There are four entry points: SDIV16 returns
a 16-bit signed quotient from dividing two
16-bit signed operands, UDIV16 returns
a 16-bit unsigned quotient from dividing
two 16-bit unsigned operands, SREM16 re-
turns a 16-bit remainder (a signed number)
from dividing two 16-bit signed operands,
and UREMI16 returns a 16-bit unsigned
remainder from dividing two 16-bit unsigned
operands. All 16-bit numbers are stored in
the usual 6502 style with the less significant
byte on top of the more significant byte. The
divisor is stored on top of the dividend. If the
divisor is zero, the Carry flag is set and a zero

result is returned; otherwise, the Carry flag is

cleared.

Procedure: If the operands are signed, the
program determines the sign of the quotient
and takes-the absolute values of any negative
operands. It also must retain the sign of the
dividend, since that determines the sign of
the remainder. The program then performs
the actual unsigned division by the usual
shift-and-subtract algorithm, shifting quo-
tient and dividend and placing a 1 bit in the

Registers Used: All

Execution Time: Approximately 1000 to 1160
cycles, depending largely on the number of trial
subtractions that are successful and thus require
the replacement of the previous dividend by the
remainder.

Program Size: 293 bytes

Data Memory Required: Eleven bytes anywhere
in memory. These are utilized as follows: two
bytes for the divisor (starting at address
DVSOR); four bytes for the extended dividend
(starting at address DVEND) and also for the
quotient and remainder; two bytes for the return
address (starting at address RETADR); one byte
for the sign of the quotient (address SQUOT);
one byte for the sign of the remainder (address
SREM); and one byte for an index to the result
(address RSLTIX).

Special Case: If the divisor is zero, the program
returns with the Carry flag set to 1 and a result of
zero. Both the quotient and the remainder are
Zero.

quotient each time a trial subtraction is suc-
cessful. If the operands are signed, the pro-
gram must negate (that is, subtract from
zero) any result (quotient or remainder) that
is negative. The Carry flag is cleared if the
division is proper and set if the divisor is
found to be zero. A zero divisor also results
in a return with the result (quotient or
remainder) set to zero.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of divisor
More significant byte of divisor

Less significant byte of dividend
More significant byte of dividend

240

Exit Conditions

Order in stack (starting from the top)

Less significant byte of result
More significant byte of result

If the divisor is non-zero, Carry = 0 and the
result is normal. If the divisor is zero, Carry

= 1 and the result is 0000, .
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Examples

Dividend = 03E0,¢ = 992,
Divisor = 00B6,, = 182,

1. Data:

Quotient (from UDIV16) = 0005,,

Remainder (from UREM16) = 0052,
= 0082,

Carry = 0 (no divide-by-zero error)

Result:

Note that we have taken the view that the
remainder of a signed division may be either
positive or negative. In our procedure, the
remainder always takes the sign of the divi-
dend. The user can easily examine the quo-
tient and change the form to obtain a
remainder that is always positive. In that
case, the final result of Example 2 would be

Quotient = FFF2,, = —14 )
Remainder (always positive) = 0068,

2. Data: Dividend = D73A | = —10,438,,
Divisor = 02F1;, = 753,
Result: Quotient (from SDIV16) = FFF3,
= =13
Remainder (from SREM16) = FD77,,
= —649,

Carry = 0 (no divide-by-zero error)

Regardless of the entry point used, the
program always calculates both the quotient
and the remainder. Upon return, the quo-
tient is available in addresses DVEND and
DVEND+1 (more significant byte in
DVEND +1) and the remainder in addresses
DVEND+2 and DVEND+3 (more signifi-
cant byte in DVEND + 3). Thus, the user can
always obtain the result that is not returned
in the stack.

=104,
; Title 16 bit division
; Name:
i
Purpose: SDIV1é6

16 bit
UDIV16

SREM16

UREM16

WO NE N Ne N N e Mo N Ne Ne e we s We e we e

Entry: TOP OF STACK

SDIV16, UDIV16, SREM16, UREM16

Divide 2 signed 16 bit words and return a
signed quotient.

Divide 2 unsigned 16 bit words and return a
16 bit unsigned quotient.

Divide 2 signed 16 bit words and return a
16 bit signed remainder.

Divide 2 unsigned 16 bit words and return a
16 bit unsigned remainder.

e we we we
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Exit:

Registers used:
Time:

Size:

e We W WS WE MO M We We W W We We we We WE We Ve We Ve W We Mo e o N Ne

;UNSIGNED DIVISION
UDIV1é6:

LDA #0

BEQ UDIVMD

;UNSIGNED REMAINDER
UREM16:
LDA #2

UDIVMD:
STA RSLTIX

Low byte of return address,
High byte of return addres

Low byte of divisor,

High byte of divisor,
Low byte of dividend,
High byte of dividend

TOP OF STACK
Low byte of result,
High byte of result,

If no errors then
carry := 0

else
divide by zero error
carry := 1
quotient := 0
remainder := 0

All

S,

Approximately 1000 to 1160 cycles

Program 293 bytes
Data 13 bytes

;RESULT 1S QUOTIENT (INDEX=0)

;RESULT IS REMAINDER (INDEX=2)

.
r
.
’

;SAVE RETURN ADDRESS

PLA

STA RETADR
PLA

STA RETADR+1
;GET DIVISOR
PLA

STA DVSOR
PLA

STA DVSOR+1

;GET DIVIDEND
PLA
STA DVEND
PLA

RESULT INDEX (0 FOR QUOTIENT,

2 FOR REMAINDER)

Ne e e me NG s we WMo Mo s WS WE we WO WS We s Wa we NE We Ne N Ve Ne we N



DIVER:
DIVOK:

i
i SIGNED
SDIV1eé6:

;SIGNED
SREM16:

SDIVMD:

6D 16-BIT DIVISION (SDIV16, UDIV16, SREM16, UREM1s) 243

STA DVEND+1
; PERFORM DIVISION

JSR UDIV :

BCC DIVOK ;BRANCH IF NO ERRORS

JMP EREXIT

JMP OKEXIT

DIVISION

LDA 40 ;RESULT IS QUOTIENT (INDEX=0)
BEQ SDIVMD

REMAINDER

LDA $2 ;RESULT IS REMAINDER (INDEX=2)
BNE SDIVMD

STA RSLTIX ;RESULT INDEX (0 FOR QUOTIENT,

; 2 FOR REMAINDER)

;SAVE RETURN ADDRESS

PLA

STA RETADR

PLA

STA RETADR+1

;GET DIVISOR

PLA

STA DVSOR
. PLA

STA DVSOR+1

;GET DIVIDEND

PLA

STA DVEND

PLA

STA DVEND+1

;DETERMINE SIGN OF QUOTIENT BY PERFORMING AN EXCLUSIVE OR OF THE .
HIGH BYTES. IF THE SIGNS ARE THE SAME THEN BIT 7 WILL BE 0 AND THE
QUOTIENT IS POSITIVE. IF THE SIGNS ARE DIFFERENT THEN THE QUOTIENT
IS NEGATIVE.

~. we we

LDA DVEND+1

ECR DVSOR+1

STA SQUOT

;SIGN OF REMAINDER IS THE SIGN OF THE DIVIDEND
LDA DVEND+1

STA SREM

;TAKE THE ABSOLUTE VALUE OF THE DIVISOR
LDA DVSOR+1
BPL CHKDE BRANCH IF ALREADY POSITIVE
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CHKDE:

DODIV:

DOREM:

EREXIT:

LDA
SEC
SBC
STA
LDA
SBC
STA

$0 ;SUBTRACT  DIVISOR FROM ZERO

DVSOR

DVSOR »
#0

DVSOR+1

DVSOR+1

; TAKE THE ABSOLUTE VALUE pF THE DIVIDEND

LDA
BPL
LDA
SEC
SBC
STA
LDA
SBC
STA

;DIVIDE
JSR
BCS

i NEGATE
LDA
BPL
LDA
SEC
SBC
STA
LDA
SBC
STA

;NEGATE
LDA
BPL
LDA
SEC
SBC
STA
LDA
SBC
STA
JMP

DVEND+1 .
DODIV ;BRANCH IF DIVIDEND IS POSITIVE
#0 +SUBTRACT DIVIDEND FROM ZERO

DVEND
DVEND
#0
DVEND+1
DVEND+1

ABSOLUTE VALUES
UD1v
EREXIT ;EXIT IF DIVIDE BY ZERO

QUOTIENT IF IT IS NEGATIVE

sQuUOT

DOREM ;BRANCH IF QUOTIENT IS POSITIVE
#0 ;SUBTRACT QUOTIENT FROM ZERO

DVEND

'DVEND

#0
DVEND+1
DVEND+1

REMAINDER IF IT IS NEGATIVE

SREM

OKEXIT ;BRANCH IF REMAINDER IS POSITIVE
#0

DVEND+2
DVEND+2
#0
DVEND+3
DVEND+3
OKEXIT

;ERROR EXIT (CARRY = 1, RESULTS ARE ZERO)

LDA
STA
STA
STA
STA
SEC

#0

DVEND

DVEND+1 ;QUOTIENT := 0
DVEND+2

DVEND+3 ;REMAINDER := 0

;CARRY = 1 IF ERROR
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BCS DVEXIT

;GOOD EXIT (CARRY = 0)
OKEXIT:

CLC sCARRY = 0, NO ERRORS
DVEXIT:

;PUSH RESULT

LDX RSLTIX ;}GET INDEX TO RESULT (0=QUOTIENT, 2=REMAINDER)

LDA DVEND+1,X

PHA

LDA DVEND, X

PHA

;RESTORE RETURN ADDRESS

LDA . RETADR+1

PHA

LDA RETADR

PHA )

RTS

PRRR AR AR AR AR AR AR AR R RN AR R R AR AR AN ANk
iROUTINE: UDIV

; PURPOSE: DIVIDE A 16 BIT DIVIDEND BY A 16 BIT DIVISOR
;ENTRY: DVEND = DIVIDEND

H DVSOR = DIVISOR
;EXIT: DVEND = QUOTIENT
: DVEND+2 = REMAINDER

I
;REGISTERS USED: ALL
AR R AR RN AR AR AR AR AR AR AR R R R ANk

UDIV:
;ZERO UPPER WORD OF DIVIDEND THIS WILL BE CALLED DIVIDEND[1] BELOW
LDA #0
STA DVEND+2
STA DVEND+3
sFIRST CHECK FOR DIVISION BY ZERO
LDA DVSOR
ORA DVSOR+1
BNE OKUDIV ;BRANCH IF DIVISOR IS NOT ZERO
SEC ;ELSE ERROR EXIT
RTS
$PERFORM THE DIVISION BY TRIAL SUBTRACTIONS
OKUDIV:
LDX #16 ;LOOP THROUGH 16 BITS
DIVLP:
ROL DVEND {SHIFT THE CARRY INTO BIT 0 OF DIVIDEND
ROL DVEND+1 iWHICH WILL BE THE QUOTIENT
ROL DVEND+2 7AND SHIFT DIVIDEND AT THE SAME TIME
ROL DVEND+3

;CHECK IF DIVIDEND([1l] IS LESS THAN DIVISOR
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CHKLT:
‘ SEC
LDA DVEND+2
SBC DVSOR
TAY ' ;SAVE LOW BYTE IN REG Y
LDA DVEND+3
SBC DVSOR+1 ;SUBTRACT HIGH BYTES WITH RESULT IN REG A
BCC DECCNT ,BRANCH IF DIVIDEND < DIVISOR AND CARRY
STY DVEND+2 ;ELSE
STA DVEND+3 ; DIVIDEND[1l] := DIVIDEND[l] - DIVISOR
DECCNT:
DEX
BNE DIVLP
ROL DVEND ;SHIFT IN THE LAST CARRY FOR THE QUOTIENT
ROL DVEND+1 B
CLC ;NO ERRORS, CLEAR CARRY
RTS
; DATA

;DIVISOR

'DIVIDEND[O] AND QUOTIENT
'DIVIDEND[l] AND REMAINDER

;RETURN ADDRESS

;SIGN OF QUOTIENT

+SIGN OF REMAINDER

;INDEX TO THE RESULT 0 IS QUOTIENT,
; 2 1S REMAINDER

DVSOR: .BLOCK
DVEND: _.BLOCK

. .BLOCK
RETADR: .BLOCK
SQUOT: .BLOCK
SREM:  .BLOCK
RSLTIX: .BLOCK

=N NN

SAMPLE EXECUTION:

— ne we we we
~ wa we we we

; PROGRAM SECTION

§C0604: R
;SIGNED DIVIDE, OPRND1 / OPRND2, STORE THE QUOTIENT AT QUOT
LDA OPRND1+1
PHA
LDA OPRND1
PHA
LDA OPRND2+1
PHA
LDA OPRND2
PHA
JSR SDIV1é ;SIGNED DIVIDE
PLA
STA - QUOT
PLA
STA QUOT+1
BRK sRESULT OF -1023 / 123 = -8

;: IN MEMORY QUOT = F8 HEX
i QUOT+l = FF HEX
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;UNSIGNED DIVIDE, OPRND1l / OPRND2, STORE THE QUOTIENT AT QUOT
LDA OPRND1+1

PHA
LDa OPRND1

PHA

LDA OPRND2+1

PHA

Lba OPRND2

PHA

JSR UDIV1é6 .;UNSIGNED DiVIDE

PLA _

STA QuUOT

PLA

STA QUOT+1

BRK RESULT OF 64513 / 123 = 524

; IN MEMORY QUOT = 0C HEX
; QUOT+1 = 02 HEX

;SIGNED REMAINDER, OPRNDl / OPRND2, STORE THE REMAINDER AT REM
LDA OPRND1+1

PHA

LDA OPRND1

PHA

LDA OPRND2+1

PHA

LDA OPRND2

PHA

JSR SREM16 ; REMAINDER

PLA

STA REM

PLA

STA REM+1 :

BRK ;THE REMAINDER OF -1023 / 123 = -39
; IN MEMORY REM = D9 HEX
; REM+1 = FF HEX

;UNSIGNED REMAINDER, OPRNDl / OPRND2, STORE THE REMAINDER AT REM

LDA OPRND1+1

PHA

LDA OPRND1

PHA

" LDA OPRND2+1

PHA

LDA OPRND2

PHA .

JSR UREM16 ; REMAINDER

PLA

STA REM

PLA

STA REM+1

PLA ,

BRK - ;THE REMAINDER OF 64513 / 123 = 61
; IN MEMORY REM 3D HEX
; REM+1 00

non
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;s DATA
OPRND1
OPRND2
QUOT:
REM:

SC0604

-1023
123

2

2

; PROGRAM

;DIVIDEND (64513 UNSIGNED)
;DIVISOR

; QUOTIENT

;sREMAINDER




16-Bit Comparison (CMP16)

6E

Compares two 16-bit operands obtained
from the stack and sets the flags accordingly.
All 16-bit numbers are stored in the usual
6502 style with the less significant byte on top
of the more significant byte. The comparison
is performed by subtracting the top operand
(or subtrahend) from the bottom operand (or
minuend). The Zero flag always indicates
whether the numbers are equal. If the num-
bers are unsigned, the Carry flag indicates
which one is larger (Carry = 0if top operand
or subtrahend is larger and 1 otherwise). If
the numbers are signed, the Negative flag
indicates which one is larger (Negative = 1 if
top operand or subtrahend is larger and 0
otherwise); two’s complement overflow is
considered and the Negative flag is inverted
if it occurs.

Procedure: The program first compares the
less significant bytes of the subtrahend and
the minuend. It then subtracts the more sig-

Registers Used: A, P
Execution Time:' Approximately 90 cycles
Program Size: 65 bytes

Data Memory Required: Six bytes anywhere in
memory for the minuend or WORDI (2 bytes
starting at address MINEND), the subtrahend or
WORD?2 (2 bytes starting at address SUBTRA),
and the return address (2 bytes startmg at address
RETADR).

nificant byte of the subtrahend from the
more significant byte of the minuend, thus
setting the flags. If the less significant bytes
of the operands are not equal, the program
clears the Zero flag by logically ORing the
accumulator with 01, If the subtraction
results in two’s complement overflow, the
program complements the Negative flag by
logically Exclusive ORing the accumulator
with 80, (10000000,); it also clears the Zero
flag by the method described earlier.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Less significant byte of subtrahend (top
operand or WORD?2)

More significant byte of subtrahend
(top operand or WORD?2)

Less significant byte of minuend (bottom
operand or WORD1)

More significant byte of minuend (bottom
operand or WORD]1)

Exit Conditions

Flags set as if subtrahend had been

. subtracted from minuend, with a correction if

two’s complement overflow occurred.

Zero flag = 1 if subtrahend and minuend are
equal, 0 if they are not equal.

Carry flag = 0 if subtrahend is larger than
minuend in the unsigned sense, 1 if it is less
than or equal to the minuend.

Negative flag = 1 if subtrahend is larger than
minuend in the signed sense, 0 if it is less
than or equal to the minuend. This flag is cor-
rected if two’s complement overflow occurs.
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Examples
1. Data: Minuend (bottom operand) = 03El, 3. Data: Minuend (bottom operand) = A45D,
Subtrahend (top operand) = 07E4,, Subtrahend (top operand) = 77El
Result:  Carry = 0, indicating subtrahend is Result:  Carry = 1, indicating subtrahend is not
larger in unsigned sense. larger in unsigned sense
Zero = 0, indicating operands Zero = 0, indicating operands are
not equal not equal
Negative = 1, indicating subtrahend is Negative = 1, indicating subtrahend is
larger in signed sense larger in signed sense
2. Dawa: Minuend (bottom operand) = C51A4 In Example 3. the bottom operand is a negative
Subtrahend (top operand) = C51A,, two’s complement number, whereas the top operand is
a positive lwo’s complement number.

Resuit: Carry = |, indicating subtrahend is not
. larger in unsigned sense
Zero = 1, indicating operands are equal
Negative = 0, indicating subtrahend is
not larger in signed sense

; Tit.le 16 bit compare H

; Name: CMPl6 H

H H
Purpose: Compare 2 16 bit signed or unsigned words and

return the C,Z,N flags set or cleared.

Entry: TOP OF STACK
Low byte of return address,
High byte of return address,
Low byte of word 2 (subtrahend),
High byte of word 2 (subtrahend),
Low byte of word 1 (minuend),
High byte of word 1 (minuend)

Exit: Flags returned based on word 1 - word 2
IF WORD1 AND WORD2 ARE 2'S COMPLEMENT NUMBERS
THEN

IF WORD1l = WORD2 THEN
z2=1,N=0

i e e W6 we W WS WE We Wa We Ws WP W we o w6
e we N6 & ma s Ws ws e Ne N WE We we We w8
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CMP16:

IF WORDl1 > WORD2 THEN
-2=0,N=0

IF WORD1l < WORD2 THEN
2=0,N=1

ELSE

IF WORD1 = WORD2 THEN
z2=1,Cc=1

IF WORD1l > WORD2 THEN
z=0,C=1

IF WORD1 < WORD2 THEN
Z2=0,C=0

Registers used: A,P
Time: Approximately 90 cycles

Size: Program 65 bytes

Data 6 bytes

;SAVE THE RETURN ADDRESS

'6E 16-COMPARISON (cMP16) 251

NE NE N e ME WE WE Ne N Me M6 NE N Ne NE e e ws N we

;MAKE 2 = 0, SINCE LOW BYTES ARE NOT EQUAL

PLA

STA RETADR

PLA

STA RETADR+1

;GET SUBTRAHEND

PLA

STA SUBTRA

PLA

STA SUBTRA+1

;GET MINUEND

PLA

STA MINEND

PLA

STA MINEND+1

;RESTORE RETURN ADDRESS

LDA RETADR+1

PHA .

LDA RETADR

PHA

LDA MINEND

CMP SUBTRA ;COMPARE LOW BYTES
BEQ EQUAL ;BRANCH IF THEY ARE EQUAL
;LOW BYTES ARE NOT EQUAL - COMPARE HIGH BYTES
LDA MINEND+1

SBC SUBTRA+1 ;COMPARE HIGH BYTES
ORA #1

BVS OVFLOW

RTS sEXIT

iMUST HANDLE OVERFLOW FOR SIGNED ARITHMATIC
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;LOW BYTES ARE EQUAL - COMPARE HIGH BYTES
EQUAL:
_LDA MINEND+1
SBC SUBTRA+1 ;UPPER BYTES
BVS OVFLOW :MUST HANDLE OVERFLOW FOR SIGNED ARITHMETIC
RTS sRETURN WITH FLAGS SET
;OVERFLOW WITH SIGNED ARITHMETIC SO COMPLEMENT THE NEGATIVE FLAG
; DO NOT CHANGE THE CARRY FLAG AND MAKE THE ZERO FLAG EQUAL 0.
; COMPLEMENT NEGATIVE FLAG BY EXCLUSIVE-ORING 80H AND ACCUMULATOR.
OVFLOW:
EOR #80H ;COMPLEMENT NEGATIVE FLAG
ORA $1 ;IF OVERFLOW THEN THE WORDS ARE NOT EQUAL 2= 0
:CARRY UNCHANGED
RTS
;DATA

;TEMPORARY FOR THE MINUEND
; TEMPORARY FOR THE SUBTRAHEND
;TEMPORARY FOR THE RETURN ADDRESS

MINEND: .BLOCK
SUBTRA: .BLOCK
RETADR: .BLOCK

SIS V]

SAMPLE EXECUTION

e ws we we we
~e wo e e e

SC0605:
;COMPARE OPRND1 AND OPRND2
LDA OPRND1+1
PHA
LDA OPRND1
PHA
LDA OPRND2+1
PHA '
LDA OPRND2
PHA
JSR CMP16
BRK ;LOOK AT THE FLAGS
; FOR 123 AND 1023
; c=0,2=0,N-=1
JMP SC0605
OPRND1 ,WORD 123 ;MINUEND -
OPRND2 .WORD 1023 ; SUBTRAHEND

.END : PROGRAM




Multiple-Precision Binary Addition (MPBADD)

6F

Adds two multi-byte unsigned binary
numbers. Both numbers are stored with their
least significant bytes first (at the lowest
address). The sum replaces one of the num-
bers (the one with the starting address lower
in the stack). The length of the numbers (in
bytes) is 255 or less.

Procedure: The program clears the Carry
flag initially and adds the operands one byte
at a time, starting with the least significant
bytes. The final Carry flag reflects the addi-
tion of the most significant bytes. The sum
replaces the operand with the starting address
lower in the stack (array 1 in the listing). A
length of 00 causes an immediate exit with no
addition operations.

Registers Used: All

Execution Time: 23 cycles per byte plus 82 cycles
overhead. For example, adding two 6-byte
operands takes 23 X 6 + 82 or 220 cycles

Program Size: 48 bytes

Data Memory Required: Two bytes anywhere in
RAM plus four bytes on page 0. The two bytes
anywhere in RAM are temporary storage for the
return address (starting at address RETADR).
The four bytes on page 0 hold pointers to the two
numbers (starting at addresses AYIPTR and
AY2PTR, respectively). In the listing, AYIPTR
is taken as address 00D0,, and AY2PTR as
address 00D2,,.

Special Case: A length of zero causes an
immediate exit with the sum equal to the bottom
operand (i.e., array 1 is unchanged). The Carry
flag is set to 1. ’

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Length of the operands in bytes
Less significant byte of starting address of

second operand (address containing the '

least significant byte of array 2)

More significant byte of starting address of
second operand (address containing the
least significant byte of array 2)

Less significant byte of starting address of
first operand and result (address contain-
ing the least significant byte of array 1)

More significant byte of starting address of
first operand and resuit (address contain-
ing the least significant byte of array 1)

Exit Conditions

First operand (array 1) replaced by first
operand (array 1) plus second operand (array
2).
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éxample‘

Data:

Result:

~ we we we

.o ms e %o WO NS e We W WE WS We SO W6 WE We NWs We e W e Ne W W6 We We %o W Ne %o

; EQUATES
AY1PTR:
AY2PTR:

MPBADD:

Length of operands (in bytes) = 6
Top operand (array 2) = 19D028A193EA ¢
Bottom operand (array 1) = 293EABF059C7,4
Bottom operand (array 1) = Bottom

operand (array 1) + Top operand

(array 2) = 430ED491EDBI

Carry =0

Title Multiple-Precision Binary Addition
Name: MPBADD

Purpose: Add 2 arrays of binary bytes
Arrayl := Arrayl + Array?

Entry: TOP OF STACK .

Low byte of return address,
High byte of return address,
Length of the arrays in bytes,
Low byte of array 2 address,
High byte of array 2 address,
Low byte of array 1 address,
High byte of array 1 address

The arrays are unsigned binary numbers with a
maximum length of 255 bytes, ARRAY|0] is the
least significant byte, &and ARRAY [LENGTH-1]
the most significant byte.

Exit: Arrayl := Arrayl + Array2

Registers used: All

Time: 23 cycles per byte plus 82 cycles
overhead.

Size: Program 48 bytes
Data 2 bytes plus

4 bytes in page zero

. EQU 0DOH ;:PAGE ZERO FOR ARRAY 1 POINTER
.EQU 0D2H ; PAGE ZERO FOR ARRAY 2 POINTER

;SAVE RETURN ADDRESS

Ne s e S w4 ws e Mm@ %E NE Ne W& WS Ne W We WA we W& We e Ne e e %6 We Ne e %o e

~e we no we




LOOP:

EXIT:

H
;DATA
RETADR

. e we we we

SC0606:

6F MULTIPLE-PRECISION BINARY ADDITION (MPBADD) 255

PLA

STA RETADR

PLA

STA RETADR+1

;GET LENGTH OF ARRAYS

PLA

TAX

;GET STARTING ADDRESS OF ARRAY 2

PLA

STA AYZPTR

PLA

STA AY2PTR+1

;GET STARTING ADDRESS OF ARRAY 1

PLA

STA AY1PTR

PLA

STA AY1PTR+1

;RESTORE RETURN ADDRESS

LDA RETADR+1

PHA

LDA RETADR

PHA

;INITIALIZE

LDY #0 ’

CPX #0 1S LENGTH OF ARRAYS = 0 7
BEQ EXIT ;YES, EXIT

CLC :CLEAR CARRY

LDA (AY1PTR) ,Y ;GET NEXT BYTE

ADC (AY2PTR) ,Y ;ADD BYTES

STA (AY1PTR),Y ;STORE SUM

INY ;s INCREMENT ARRAY INDEX
DEX i DECREMENT COUNTER

BNE LOOP ;CONTINUE UNTIL COUNTER = 0
RTS

+BLOCK 2 ;TEMPORARY FOR RETURN ADDRESS

SAMPLE EXECUTION:

e e we we we
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SZAYS:

AY1ADR:
AY2ADR:

AY1:

AY2:

LDA
PHA
LDA
PHA

LDA
PHA
LDA
PHA

LDA
PHA
JSR
BRK

JMP
. EQU

. WORD
.WORD

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

.BYTE
.BYTE
.BYTE
.BYTE
. BYTE
.BYTE
.BYTE

.END

AY1ADR+1

AY1ADR

AY2ADR+1

AY2ADR -

#SZAYS

MPBADD

SC0606
7

AY1l
AY2

067H
045H
023H
001d

067H
045H
023H
001n
0
0
0

; PROGRAM

;PUSH AY1l ADDRESS

;PUSH AY2 ADDRESS

;PUSH SIZE OF ARRAYS
;sMULTIPLE-PRECISION
;RESULT OF 1234567H

; IN MEMORY

~e we me we we we

;S1ZE OF ARRAYS

;ADDRESS OF ARRAY 1
;ADDRESS OF ARRAY 2

AY1

AY1+l
AY1l+2
AY1+3
AY1l+4
AY1+5
AY1+6

BINARY ADDITION

Womouwonnonn+

1234567H
CEH
8AH
46H
02H
00H
00H
00H

2468ACEH




Multiple-Precision Binary Subtraction

(MPBSUB)

6G

Subtracts two multi-byte unsigned binary
numbers. Both numbers are stored with their
least significant byte at the lowest address.
The starting address of the subtrahend (num-
ber to be subtracted) is stored on top of the
starting address of the minuend (number
from which the subtrahend is subtracted).
The difference replaces the minuend in
memory. The length of the numbers (in
bytes) is 255 or less.

Procedure: The program sets the Carry flag
(the inverted borrow) initially and subtracts
the subtrahend from the minuend one byte at
a time, starting with the least significant
bytes. The final Carry flag reflects the
subtraction of the most significant bytes. The
difference replaces the minuend (the
operand with the starting address lower in the
stack, array 1 in the listing). A length of 00

Registers Used: All

Execution Time: 23 cycles per byte plus 82 cycles
overhead. For example, subtracting two 6-byte
operands takes 23 X 6 + 82 or 220 cycles.

Program Size: 48 bytes

Data Memory Required: Two bytes anywhere in
RAM plus four bytes on page 0. The two bytes
anywhere in RAM are temporary storage for the
return address (starting at address RETADR).
The four bytes on page 0 hold pointers to the two
numbers (starting at addresses MINPTR and
SUBPTR, respectively). In the listing, MINPTR
is taken as address 00DO;, and SUBPTR as
address 00D2,.

Special Case: A length of zero causes an
immediate exit with the minuend unchanged
(that is, the difference is equal to the bottom
operand). The Carry flag is set to 1.

causes an immediate exit with no subtraction
operations.

Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Length of the operands in bytes

Less significant byte of starting address of
subtrahend (address containing the least
significant byte of array 2)

More significant byte of starting address of
subtrahend (address containing the least
significant byte of array 2)

Less significant byte of starting address of
minuend (address containing the least sig-
nificant byte of array 1)

More significant byte of starting address of
minuend (address containing the least sig-
nificant byte of array 1)

Exit Conditions

Minuend replaced by minuend minus
subtrahend.
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Example

Data: Length of operands (in bytes) .= 4
Minuend = 2FSBA7C34
Subtrahend = 14DF35B8¢

Result:  Difference = 1A7C720By.
This number replaces the original
minuend in memory. The
Carry flag is set to 1 in accordance
with its usual role (in 6502 program-
ming) as an inverted borrow.

; Title Multiple-Precision Binary Subtraction
; - Name: MPBSUB
Purpose: Subtract 2 arrays of binary bytes
Minuend := Minuend - Subtrahend
Entry: TOP OF STACK

Low byte of return address,

High byte of return address,
Length of the arrays in bytes,
Low byte of subtrahend address,
High byte of subtrahend address,
Low byte of minuend address,
High byte of minuend address

The arrays are unsigned binary fiumbers with a
maximum length of 255 bytes, ARRAY [0] is the
least significant byte, and ARRAY [LENGTH-1])
the most significant byte.

Exit: Minuend := Minuend - Subtrahend

Registers used: All

Time: 23 cycles per byte plus 82 cycles
overhead.
Size: Program 48 bytes
' Data 2 bytes plus

4 bytes in page zero

Ne we w6 we N wE Mo NS WA We we We We We WE e e We S e We %6 %6 =e o we me we wo we

; EQUATES
MINPTR: .EQU 0DOB ;PAGE ZERO FOR MINUEND POINTER
SUBPTR: .EQU OD2H ;PAGE ZERO FOR SUBTRAHEND POINTER

e we we we

~e we N N6 N8 Sa N6 e WE N8 WE WE Ne N W We We Ne W Ne W6 N6 N9 %o s w8 ws we ws we
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MPBSUB:

;SAVE RETURN ADDRESS
PLA
STA RETADR
PLA
STA RETADR+1
;GET LENGTH OF ARRAYS
PLA
TAX
:GET STARTING ADDRESS OF SUBTRAHEND
PLA
STA SUBPTR
PLA
STA SUBPTR+1
iGET STARTING ADDRESS OF MINUEND
PLA
STA MINPTR
PLA
STA MINPTR+1
;RESTORE RETURN ADDRESS
LDa RETADR+1
PHA
LDA RETADR
PHA
sINITIALIZE
LDY #0
CPX #0 ;IS LENGTH OF ARRAYS = 0 ?
BEQ EXIT : s YES, EXIT
SEC ;SET CARRY
LOOP: '
LDA (MINPTR),Y ;GET NEXT BYTE
SBC (SUBPTR) ,Y +SUBTRACT BYTES
STA (MINPTR),Y sSTORE DIFFERENCE
INY s INCREMENT ARRAY INDEX
DEX s DECREMENT COUNTER
BNE LOOP ;CONTINUE UNTIL COUNTER = 0
EXIT:
RTS
H
; DATA
RETADR .BLOCK 2 ;TEMPORARY FOR RETURN ADDRESS

SAMPLE EXECUTION:

we we we e we
wo we wa we we
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SC0607:
LDA AY1ADR+1
PHA
LDA AY1ADR
PHA ;:PUSH AY1l ADDRESS
LDA AY2ADR+1
PHA
LDA AY2ADR '
PHA ;PUSH AY2 ADDRESS
LDA 4SZAYS
PHA ;PUSH SIZE OF ARRAYS
JSR MPBSUB sMULTIPLE-PRECISION BINARY SUBTRACTION
BRK ;RESULT OF 7654321H - 1234567H = 641FDBAH
; IN MEMORY AY1l ~ = OBAH
: AY1+1 = OFDH
; AY1+2 = 41H
: AY1+43 = 06H
: AY1+4 = 00H
: AY1+45 = 00H
: AY1+6 = 00H
JMP $C0607
SZAYS: .EQU 7 +SIZE OF ARRAYS
AY1ADR: .WORD  AY1l ;ADDRESS OF ARRAY 1 (MINUEND)
AY2ADR: .WORD  AY2 ;ADDRESS OF ARRAY 2 (SUBTRAHEND)
AY1l:
.BYTE 021H
.BYTE 043H
.BYTE 065H
.BYTE 007H
.BYTE 0 '
.BYTE. ©
.BYTE 0
AY2:

.BYTE 067H
.BYTE 045H
.BYTE 023H
.BYTE 001H

.BYTE 0
.BYTE 0
.BYTE 0

.END ; PROGRAM




Multiple-Precision Binary MUIti'pIication

(MPBMUL)

6H

Multiplies two multi-byte unsigned bi-
nary numbers. Both numbers are stored with
their least significant byte at the lowest
address. The product replaces one of the
numbers (the one with the starting address
lower in the stack). The length of the num-
bers (in bytes) is 255 or less. Only the least
significant bytes of the product are returned
to retain compatibility with other multiple-
precision binary operations.

Procedure: The program uses an ordinary
add-and-shift algorithm, adding the multipli-
cand (array 2) to the partial product each

time it finds a 1 bit in the multiplier (array 1).
The partial product and -the multiplier are
shifted through the bit length plus 1 with the
extra loop being necessary to move the final
carry into the product. The program main-
tains a full double-length unsigned partial
product in memory locations starting at
HIPROD (more significant bytes) and in
array 1 (less significant bytes). The less sig-
nificant bytes of the product replace the
multiplier as the multiplier is shifted and
examined for 1 bits. A length of 00 causes an
exit with no multiplication.

Registers Used: All

Execution Time: Depends on the length of the
operands and on the number of 1 bits in the
multiplier (requiring actual additions). If the
average number of 1 bits in the multiplier is four
per byte, the execution time is approximately

316 x LENGTH? + 223 x LENGTH + 150

cycles where LENGTH is the number of bytes in
the operands. If, for example, LENGTH = 4, the
approximate execution time is

316 X 42+ 223 X 4 + 150 = 316 % 16 + 892
+ 150 = 5056 + 1042 = 6,098 cycles.

Program Size: 145 bytes

Data Memory Required: 260 bytes anywhere in
RAM plus four bytes on page 0. The 260 bytes

"on page 0 hold pointers to the two operands (the

anywhere in RAM are temporary storage for the
more significant bytes of the product (255 bytes
starting at address HIPROD), the return address
(two bytes starting at address RETADR), the
loop counter (two bytes starting at address
COUNT), and the length of the operands in bytes
(one byte at address LENGTH). The four bytes

pointers start at addresses AY1PTR and
AY2PTR, respectively). In the listing, AYIPTR
is taken as address 00DO0,; and AY2PTR as
address 00D2 .

Special Case: A length of zero causes an
immediate exit with the product equal to the orig-
inal multiplier (that is, array 1 is unchanged) and
the more significant bytes of the product (starting
at address HIPROD) undefined.
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Entry Conditions

Order in stack (starting from the top )

Less significant byte of return address
More significant byte of return address

Length of the operands in bytes

Less significant byte of starting address of
multiplicand (address containing the least
significant byte of array 2)

More significant byte of starting address of
multiplicand (address containing the least
significant byte of array 2)

Less significant byte of starting address of
multiplier (address containing the least sig-
nificant byte of array 1)

More significant byte of starting address of
multiplier (address containing the least sig-
nificant byte of array 1)

Exit Conditions

Multiplier (array 1) replaced by multiplier
(array 1) times multiplicand (array 2).

Example

Data: Length of operands (in bytes) = 04

Top operand (array 2 or multiplicand)
— 000SD1F7,¢ = 381,431,

Bottom operand (array 1 or. multiplier)
= 00000AB1,¢ = 2,737

Bottom operand (array 1) = Bottom
operand (array 1)» Top operand
(array 2) = 3E39DIC7

= 1,043,976,647,

Result:

Note that MPBMUL returns only the less
significant bytes (that is, the number of bytes
in the multiplicand and multiplier) of the
product to maintain compatibility with other
multiple-precision binary arithmetic opera-
tions. The more significant bytes of the pro-
duct are available starting with their least sig-
nificant byte at address HIPROD. The user
may need to check those bytes for a possible
overflow or extend the operands with addi-
tional zeros. '
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Title Multiple-Precision Binary Multiplication

H i

; Name: MPBMUL H

H i

i H
Purpose: Multiply 2 arrays of binary bytes

Arrayl := Arrayl * Array2

Entry: TOP OF STACK
Low byte of return address,
High byte of return address,
Length of the arrays in bytes,
Low byte of array 2 (multiplicand) address,
High byte of array 2 (multiplicand) address,
Low byte of array 1 (multiplier) address,
High byte of array 1 (multiplier) address

The arrays are unsigned binary numbers with a
maximum length of 255 bytes, ARRAY[0] is the
least significant byte, and ARRAY [LENGTH-1]
the most significant byte.

Exit: Arrayl := Arrayl * Array2?
Registers used: All
Time: " Assuming the average number of 1 bits in array 1
is 4 * length then the time is approximately
(316 * length”2) + (223 * length) + 150 cycles
Size: Program 145 bytes

Data 260 bytes plus
4 bytes in page zero

WO NS NE ME NS N NS N NE N M RE e e e e WO NE We e NE Ws NE We e we e we we we wo
WO N NS NE N8 ™ N NE NG NE N e WE NE Ne NS e NS Ne NS WE NS e NE e W we W me W we

; EQUATES
AYIPTR: .EQU ODOH ;PAGE ZERO FOR ARRAY 1 POINTER
AY2PTR: .EQU 0D2H ;PAGE ZERO FOR ARRAY 2 POINTER
MPBMUL:

;SAVE RETURN ADDRESS

PLA

STA RETADR

PLA

STA RETADR+1 ;SAVE RETURN ADDRESS

;GET LENGTH OF ARRAYS

PLA

STA LENGTH

;GET ADDRESS OF ARRAY 2 AND SUBTRACT 1 SO THAT THE ARRAYS MAY
; BE INDEXED FROM 1 TO LENGTH RATHER THAN 0 TO LENGTH-1

PLA

SEC
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SBC #1 ;SUBTRACT 1 FROM LOW BYTE
STA AY2PTR
PLA
SBC #0 ;SUBTRACT BORROW IF ANY
STA AY2PTR+1
;GET ADDRESS OF ARRAY 1 AND SUBTRACT 1
PLA
SEC
SBC #1 ;SUBTRACT 1 FROM LOW BYTE
STA AY1PTR
PLA
SBC $0 :SUBTRACT BORROW IF ANY
STA AY1PTR+1
sRESTORE RETURN ADDRESS
LDA RETADR+1
PHA
LDA RETADR
PHA
;EXIT IF LENGTH IS ZERO
LDA LENGTH :1S LENGTH OF ARRAYS = 0 ?
BEQ EXIT s YES, EXIT
;SET COUNT TO NUMBER OF BITS IN ARRAY PLUS 1
; COUNT := (LENGTH * 8) + 1
STA COUNT ;INITIALIZE COUNTER TO LENGTH
LDA #0 ,
ASL COUNT ;COUNT * 2
ROL A ’ ;A WILL BE UPPER BYTE
ASL COUNT sCOUNT * 4
ROL A
ASL COUNT ;COUNT * 8
ROL A
STA COUNT+1 ;STORE UPPER BYTE OF COUNT
INC COUNT ; INCREMENT LOW BYTE OF COUNT
BNE %ZEROPD )
INC COUNT+1 ; INCREMENT HIGH BYTE IF LOW BYTE BECOMES, 0
;ZERO HIGH PRODUCT ARRAY
ZEROPD: ,
LDX LENGTH
LDA #0
ZEROLP: .
STA HIPROD-1,X ;THE MINUS 1 FOR INDEXING FROM 1 TO LENGTH
DEX
BNE ZEROLP
;MULTIPLY USING THE SHIFT AND ADD ALGORITHM
; ARRAY 1 WILL BE THE MULTIPLIER AND ARRAY 2 THE MULTIPLICAND
CLC ;CLEAR CARRY FIRST TIME THROUGH
LOOP:

;SHIFT CARRY INTO THE UPPER PRODUCT ARRAY AND THE LEAST SIGNIFICANT
; BIT OF THE UPPER PRODUCT ARRAY TO CARRY
LDX LENGTH




SRPLP:

SRA1LP:

ADDLP:

DECCNT:

EXIT:

H

;DATA
RETADR:
COUNT:
LENGTH:
HIPROD:

-
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ROR HIPROD-1,X ;MINUS 1 FOR INDEXING FROM 1 TO LENGTH
DEX
BNE SRPLP ;CONTINUE UNTIL INDEX = 0

;SHIFT CARRY WHICH IS THE NEXT BIT OF LOWER PRODUCT INTO THE MOST
; SIGNIFICANT BIT OF ARRAY 1. THIS IS THE NEXT BIT OF THE PRODUCT.
; THIS ALSO SHIFTS THE NEXT BIT OF MULTIPLIER TO CARRY.

LDY LENGTH

LDA (AY1PTR) ,Y :

ROR A ;ROTATE NEXT BYTE

STA (AY1PTR),Y

DEY

BNE SRA1LP ;CONTINUE UNTIL INDEX = 0

;IF NEXT BIT OF THE MULTIPLIER IS 1 THEN
; ADD ARRAY 2 AND UPPER ARRAY OF PRODUCT

BCC DECCNT ;BRANCH IF NEXT BIT IS ZERO
;ADD ARRAY 2 AND HIPROD

LDY #1

LDX LENGTH

CLC

LDA (AY2PTR) , Y

ADC HIPROD-1,Y ;ADD BYTES

STA HIPROD-1,Y

INY ; INCREMENT INDEX

DEX ;DECREMENT COUNTER

BNE ADDLP ;CONTINUE UNTIL COUNT = 0

;DECREMENT BIT COUNTER AND EXIT IF DONE
;DOES NOT CHANGE CARRY !

DEC COUNT ;DECREMENT LOW BYTE OF COUNT
BNE LOOP ;BRANCH IF IT IS NOT ZERO

LDX COUNT+1 ;GET HIGH BYTE

BEQ EXIT ;sEXIT IF COUNT IS ZERO

DEX ;ELSE DECREMENT HIGH BYTE OF COUNT
STX COUNT+1

JMP LOOP

RTS

.BLOCK 2 ; TEMPORARY FOR RETURN ADDRESS
.BLOCK 2 ; TEMPORARY FOR LOOP COUNTER
.BLOCK 1 ;LENGTH OF ARRAYS

.BLOCK 255 ;HIGH PRODUCT BUFFER

~e we
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SAMPLE EXECUTION:

~o e we

SC0608:
LDA AY1ADR+1
PHA
LDA AY1ADR
PHA
LDA AY2ADR+1
PHA
LDA AY2ADR
PHA
LDA §SZAYS
PHA
JSR MPBMUL
BRK
JMP SC0608
SZAYS: .EQU 7

AY1ADR: .WORD ~AYl
AY2ADR: .WORD AY2

AY1l:
.BYTE 045H
.BYTE 023H
.BYTE 001H
.BYTE 0
.BYTE 0
.BYTE 0
.BYTE 0

AY2:

.BYTE 034H
.BYTE 012H

.BYTE 0
.BYTE 0
.BYTE 0
.BYTE 0
.BYTE 0

. END ; PROGRAM

;PUSH AY1l ADDRESS

;PUSH AY2 ADDRESS

;PUSH SIZE OF ARRAYS
;MULTIPLE-PRECISION BINARY MULTIPLY
;RESULT OF 12345H * 1234H = 14B60404H

; IN MEMORY AY1l = 04H
: AY1l+]l = 04H
H AY1+2 = B6H
: AY1+43 = 14H
; AY1l+4 = 00H
; AY1+5 = QO0H
; AY1+6 = 00H

sSIZE OF ARRAYS

;ADDRESS OF ARRAY 1
;ADDRESS OF ARRAY 2

~. we e



Multiple-Precision Bihary Division (MPBDIV) 6l

Divides two multi-byte unsigned binary
numbers. Both numbers are stored with their
least significant byte at the lowest address.
The quotient replaces the dividend (the
operand with the starting address lower in the
stack). The length of the numbers (in bytes)
is 255 or less. The remainder is not returned,
but its starting address (least significant byte)
is available in memory locations HDEPTR
and HDEPTR + 1. The Carry flag is cleared if
no errors occur; if a divide by zero is
attempted, the Carry flag is set to 1, the divi-
dend is left unchanged, and the remainder is
set to zero.

Procedure: The program performs division
by the usual shift-and-subtract algorithm,
shifting quotient and dividend and placinga 1
bit in the quotient each time a trial subtrac-
tion is successful. An extra buffer is used to
hold the result of the trial subtraction and
that buffer is simply switched with the buffer
holding the dividend if the trial subtraction is
successful. The program exits immediately,
setting the Carry flag, if it finds the divisor to
be zero. The Carry flag is cleared otherwise.

Registers Used: All

Execution Time: Depends on the length of the
operands and on the number of 1 bits in the quo-
tient (requiring a buffer switch). If the average
number of 1 bits in the quotient is four per byte,
the execution time is approximately

480 X LENGTH? + 438 x LENGTH + 208

cycles where LENGTH is the number of bytes in
the operands. If, for example, LENGTH = 4 (32-
bit division), the approximate execution time is

480 X 42 + 438 x 4 + 208 =
480 X 16 + 1752 + 208 =
7680 + 1960 = 9,640 cycles

Program Size: 206 bytes

Data Memory Required: 519 bytes anywhere in
RAM plus eight bytes on page 0. The 519 bytes
anywhere in RAM are temporary storage for the
high dividend (255 bytes starting at address
HIDEL), the result of the trial subtraction (255
bytes starting at address HIDE2), the return
address (two bytes starting at address

RETADR), the loop counter (two bytes starting
at address COUNT), the length of the operands
(one byte at address LENGTH), and the
addresses of the high dividend buffers (two bytes
starting at address AHIDE!] and two bytes start-
ing at address AHIDE2). The eight bytes on page
0 hold pointers to the two operands and to the
two ‘temporary buffers for the high dividend. The
pointers start at addresses AY1PTR (00D0, in
the listing), AY2PTR (00D24 in the listing),
HDEPTR (00D4, in the listing), and ODEPTR
(00D6,¢ in the listing). HDEPTR contains the
address of the least significant byte of the
remainder at the conclusion of the program.

Special Cases:

1. A length of zero causes an immediate exit
with the Carry flag cleared, the quotient equal to
the original dividend, and the remainder
undefined.

2. A divisor of zero causes an exit with the
Carry flag set to 1, the quotient equal to the origi-
nal dividend, and the remainder equal to zero.
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Entry Conditions

Order in stack (starting from the top)

Less significant byte of return address
More significant byte of return address

Length of the operands in bytes

Less significant byte of starting address of
divisor (address containing the least
significant byte of array 2)

More significant byte of starting address of
divisor (address containing the least
significant byte of array 2)

Less significant byte of starting address of
dividend (address containing the least
significant byte of array 1)

More significant byte of starting address of
dividend (address containing the least
significant byte of array 1)

Exit Conditions

Dividend (array 1) replaced by dividend
(array 1) divided by divisor (array 2).

If the divisor is non-zero, Carry = 0 and the
result is normal.

If the divisor is zero, Carry = 1, the dividend
is unchanged and the remainder is zero.

- The remainder is available with its least

significant byte stored at the address in
HDEPTR and HDEPTR +1

Example

Data: Length of operands (in bytes) = 03

Top operand (array 2 or divisor) = 000F45,, = 3,909,
Bottom operand (array 1 or dividend) = 35A2F7¢ = 3,515,127

Result:’ Bottom operand (array 1) = Bottom

operand (array 1) / Top operand (array 2)

= 00038316 = 899[0
Remainder (starting at address in

HDEPTR and HDEPTR +1) = 0003A8¢

= 936|0
Carry flag is 0 to indicate no
divide by zero error
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s EQUATES
AY1PTR:
AY2PTR:
HDEPTR:
ODEPTR:
MPBDIV:

Title
Name:

Purpose:

Entry:

Exit:

Registers used:

Time:

Size:

. EQU
.EQU
- EQU
.EQU

0DOH
O0D2H
0D4H
0D6H

Multiple-Precision Binary Division

MPBDIV

Divide 2 arrays of binary bytes
Arrayl := Arrayl / Array2

TOP OF STACK
Low byte of return address,
High byte of return address,
Length of the arrays in bytes,
Low byte of array 2 (divisor) address,
High byte of array 2 (divisor) address,
Low byte of array 1 (dividend) address,
High byte of array 1 (dividend) address

The arrays are unsigned binary numbers with a
maximum length of 255 bytes, ARRAY[0] is the

least

the most significant byte.

Arrayl := Arrayl / Array2
If no errors then

carry
ELSE

divide by 0 error

carry

quotient := array 1 unchanged
remainder := 0

All

Assuming there are length/2 1 bits in the
quotient then the time is approximately

(480 *

Program
Data
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~e we e we

significant byte, and ARRAY [LENGTH-1]

=0

1= 1

length®2) + (438 * length) + 208 cycles

206 bytes
519 bytes plus
8 bytes in page zero

TS WE NE N6 %o N We N Ne e Ne e Ne e Ne e Ne we Ne ne Ne NG e Ne Se %e we we w6 e we we we me e . e

' ;PAGE ZERO FOR ARRAY 1 PQINTER

SAVE RETURN ADDRESS

’
PLA
STA
PLA
STA

RETADR
RETADR+1

:PAGE ZERO FOR ARRAY 2 POINTER
:PAGE ZERO FOR HIGH DIVIDEND POINTER
i PAGE ZERO FOR OTHER HIGH DIVIDEND POINTER
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;GET LENGTH OF ARRAYS

PLA
STA LENGTH
;GET STARTING ADDRESS OF DIVISOR
PLA
STA AY2PTR
PLA
STA AY2PTR+1
;GET STARTING ADDRESS OF DIVIDEND
PLA
STA AY1PTR
PLA
STA AY1PTR+1
;RESTORE RETURN ADDRESS
LDA RETADR+1
PHA.
LDA RETADR
PHA
;INITIALIZE
LDA LENGTH ;IS LENGTH OF ARRAYS = 0 ?
BNE INIT .
JMP OKEXIT ;:YES, EXIT
;SET COUNT TO NUMBER OF BITS IN THE ARRAYS
; COUNT := (LENGTH * 8) + 1
INIT:
STA COUNT ;INITIALIZE COUNTER TO LENGTH
LDA #0
ASL COUNT ;COUNT * 2
ROL A ;A WILL BE UPPER BYTE
ASL COUNT ;COUNT * 4
ROL A
ASL COUNT ;COUNT * 8
ROL A
STA COUNT+1 ;STORE UPPER BYTE OF COUNT
INC COUNT ; INCREMENT COUNT
BNE ZEROPD :
INC COUNT+1
;ZERO BOTH HIGH DIVIDEND ARRAYS
ZEROPD:
LDX LENGTH
LDA ~ #0
ZEROLP:
STA HIDEl-1,X ;THE MINUS 1 FOR INDEXING FROM 1 TO LENGTH
STA HIDE2-1,X
DEX
BNE ZEROLP

;SET HIGE DIVIDEND POINTER TO HIDEl
LDA AHIDE1l




CHKOLP:

DIV:

LOOP:

SLLP1:

DECCNT:

SLUPR:

SLLP2:
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STA HDEPTR

LDA AHIDE1l+l

STA HDEPTR+1

;SET OTHER HIGH DIVIDEND POINTER TO HIDE2

LDA AHIDE2

STa ODEPTR

LDA AHIDE2+1

STA ODEPTR+1

;CHECK IF DIVISOR IS ZERD ' .
LDX LENGTH ;LOGICALLY OR ALL BYTES OF DIVISOR
LDY #0

TYA

ORA (AY2PTR) , Y

INY ; INCREMENT INDEX

DEX .

BNE CHKOLP ;CONTINUE UNTIL REGISTER X = 0
CMP #0

BNE DIV ;BRANCH IF DIVISOR IS NOT ZERO
JIMP EREXIT ; ELSE EXIT INDICATING ERROR

+DIVIDE USING THE TRIAL SUBTRACTION ALGORITHM
CLC FCLEAR CARRY FOR THE FIRST TIME THROUGH
;SHIFT CARRY INTO LOWER DIVIDEND ARRAY AS THE NEXT BIT OF QUOTIENT

i AND THE MOST SIGNIFICANT BIT OF THE LOWER DIVIDEND TO CARRY.
LDX LENGTH

LDY #0
LDA (AY1PTR),Y o

ROL A ;ROTATE NEXT BYTE

STA (A¥1PTR) , Y

INY ;INCREMENT THE INDEX

DEX ,

BNE SLLP1 ;CONTINUE UNTIL REGISTER X = 0

DECREMENT BIT COUNTER AND EXIT IF DONE
;CARRY IS NOT CHANGED 1!

DEC COUNT iDECREMENT LOW BYTE OF COUNT

BNE SLUPR #BRANCH IF IT IS NOT ZERO

LDX COUNT+1 sGET HIGH BYTE )

BEQ OKEXIT EXIT IF COUNT IS ZERO

DEX ;ELSE DECREMENT HIGH BYTE OF COUNT
STX COUNT+1 t

7SHIFT THE CARRY INTO THE LEAST SIGNIFICANT BIT OF THE UPPER DIVIDEND

LDX LENGTH
LDY #0

LDA {HDEPTR)', ¥
ROL A
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STA (HDEPTR) , Y

INY ; INCREMENT INDEX

DEX

BNE SLLP2 ;CONTINUE UNTIL REGISTER X = 0

;SUBTRACT ARRAY 2 FROM HIGH DIVIDEND PLACING THE DIFFERENCE INTO
; OTHER HIGH DIVIDEND ARRAY

LDY $0
LDX LENGTH
SEC
SUBLP:
LDA (HDEPTR) ,Y '
SBC (AY2PTR) ,Y ;SUBTRACT THE BYTES
STA (ODEPTR) ,Y ;STORE THE DIFFERENCE
INY ; INCREMENT INDEX
DEX
BNE SUBLP ;CONTINUE UNTIL REGISTER X = 0
;IF NO CARRY IS GENERATED FROM THE SUBTRACTION THEN THE HIGH DIVIDEND
; IS LESS THAN ARRAY 2 SO THE NEXT BIT OF THE QUOTIENT IS 0.
; IF THE CARRY IS SET THEN THE NEXT BIT OF THE QUOTIENT IS 1
; AND WE REPLACE DIVIDEND WITH REMAINDER BY SWITCHING POINTERS.
BCC LOOP :sWAS TRIAL SUBTRACTION SUCCESSFUL ?
LDY HDEPTR ;YES, EXCHANGE POINTERS THUS REPLACING
LDX HDEPTR+1 H DIVIDEND WITH REMAINDER
LDA ODEPTR
STA HDEPTR
LDA ODEPTR+1
STA HDEPTR+1
STY ODEPTR
STX ODEPTR+1
;CONTINUE WITH NEXT BIT A 1 (CARRY = 1)
JMP LOOP '
;CLEAR CARRY TO INDICATE NO ERRORS
OKEXIT:
CLC
BCC EXIT
;SET CARRY TO INDICATE A DIVIDE BY ZERO ERROR
EREXIT:
SEC
EXIT:
;ARRAY 1 IS THE QUOTIENT
;HDEPTR CONTAINS THE ADDRESS OF THE REMAINDER
RTS
h
; DATA

;s TEMPORARY FOR RETURN ADDRESS
; TEMPORARY FOR LOOP COUNTER
; LENGTH OF ARRAYS

RETADR: .BLOCK
COUNT: .BLOCK
LENGTH: .BLOCK

NN
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AHIDEl: .WORD HIDE1 ;ADDRESS OF HIGH DIVIDEND BUFFER 1
AHIDE2: ,WORD HIDE2 ;ADDRESS OF HIGH DIVIDEND BUFFER 2
HIDEl: ,BLOCK 255 ;HIGH DIVIDEND BUFFER 1
HIDE2: .BLOCK - 255 ;HIGH DIVIDEND BUFFER 2

SAMPLE EXECUTION:

e me we me w0
~e %o e we we

SC0609:
LDA AY1ADR+1
PHA
LDA AY1ADR
PHA ;PUSH AY1 ADDRESS
LDA AY2ADR+1
PHA
LDA AYZ2ADR
PHA ;PUSH AY2 ADDRESS
LDA #SZAYS
PHA ;PUSH SIZE OF ARRAYS
JSR MPBDIV sMULTIPLE-PRECISION BINARY DIVIDE
BRK sRESULT OF 14B60404H / 1234H = 12345H
; IN MEMORY AY1 = 454
; AY1+1 = 23H
; AY1+2 = 01H
; AY1+3 = 00H
; AY1+4 = 00H
H AY1+5 = 00H
; AY1+6 = 00H
JMP - SC0609
SZAYS: . EQU 7 ;SIZE OF ARRAYS
AY1ADR: .WORD AYl ;ADDRESS OF ARRAY 1 (DIVIDEND)
AY2ADR: .WORD AY2 ;ADDRESS OF ARRAY 2 (DIVISOR)
AY1l:
.BYTE 004H
.BYTE 004H
.BYTE OB6H
.BYTE 014H
.BYTE 0
.BYTE 0
.BYTE 0
AY2:

.BYTE 034H
.BYTE 012H
.BYTE 0
.BYTE 0
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.BYTE 0
.BYTE 0
.BYTE 0

.END ; PROGRAM






