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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




e we wo we
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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






