
Freescale Semiconductor
Application Note

Document Number: AN3348
Rev. 0, 11/2006

Contents

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Software Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.1 Unsigned 8 × 8 Multiply (UMULT8) . . . . . . . . . . . . . 2
2.2 Unsigned 16 × 16 Multiply (UMULT16) . . . . . . . . . . 4
2.3 Unsigned 32 × 32 Multiply (UMULT32) . . . . . . . . . . 5
2.4 Signed 8 × 8 Multiply (SMULT8) . . . . . . . . . . . . . . . 7
2.5 Signed 16 × 16 Multiply (SMULT16) . . . . . . . . . . . . 9
2.6 8 × 8 Unsigned Divide (UDVD8) . . . . . . . . . . . . . . 11
2.7 32 × 16 Unsigned Divide (UDVD32) . . . . . . . . . . . 14
2.8 Table Lookup and Interpolation (TBLINT) . . . . . . . 16

3 Software Listing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Integer Math Routines for RS08
by: Murray Stewart
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East Kilbride, Scotland
1 Introduction
This application note is based on AN1219: M68HC08 
Integer Math Routines and is re-targeted for the RS08 
family. Some significant code changes were required to 
implement the integer math routines on the RS08. These 
changes were required for several reasons. First, the 
RS08 uses a compact subset of the HCS08 instruction 
set. In particular, the core does not have an 8-bit 
multiplier or a negate (two’s complement) instruction. 
Secondly, the RS08 uses a memory-paging scheme in 
place of extended addressing. Finally, the RS08 does not 
implement stack-relative addressing. Even with these 
limitations, the complex math routines were successfully 
implemented, showing the versatility of the RS08.

These subroutines are implemented in this application 
note:

• Unsigned and signed 8-bit × 8-bit multiplier
• Unsigned and signed 16-bit × 16-bit multiplier
• Unsigned 32-bit × 32-bit multiplier
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Software Description
• Unsigned 8-bit × 8-bit divide
• Unsigned 32-bit × 16-bit divide
• Lookup table and interpolate

This application note demonstrates very specific math routines; however, it will also be of great interest to 
any programer new to the RS08. The subroutines provide useful examples of programing features such as 
subroutine nesting using CodeWarrior™ macros and paging to access memory.

The first subroutine implemented is the unsigned 8-bit × 8-bit multiplier. Because this is implemented in 
software rather than hardware (as done in HCS08), you must load/store RAM locations rather than the core 
registers. The multiplier and multiplicand must be stored at memory locations MP and MA, respectively, 
and the 16-bit result can be loaded from RESULT. The 8-bit × 8-bit multiplier is then called by all the other 
multiplier subroutines in this application note. Other than the 8-bit × 8-bit multiplier, all the routines use 
INTACC1 and INTACC2 which are two continuous 4-byte global RAM locations that are used to input 
hexadecimal numbers to the subroutines and to return the results1. For proper operation of the following 
subroutines, these two storage locations must be allocated together but may be located anywhere in RAM 
address space. 

As mentioned, the RS08 does not have the NEG (negate = two’s complement) instruction. The most 
efficient way to generate the two’s complement on RS08 is to load the accumulator with zero and then 
subtract from the accumulator the positive number to be converted. For example:

;Two’s complement on RS08
LDA #00 ;load accumulator with 0
SUB <location> ;subtract positive value
STA <location> ;store at positive value location

This operation is used in all subroutines where two’s complement is required.

2 Software Description

2.1 Unsigned 8 × 8 Multiply (UMULT8)
Entry conditions: 

The two 8-bit numbers to be multiplied need to be saved at RAM locations MP (multiplier) and 
MA (multiplicand).

Exit conditions: 
RAM locations RESULT (MSB) and RESULT+1 (LSB) contain the 16-bit multiplication 
result.

Size: 
103 bytes

1. None of these six routines contained in this application note check for valid or non-zero numbers in the two integer 
accumulators. You must ensure proper values are placed in INTACC1 and INTACC2 before the subroutines are invoked.
Integer Math Routines for RS08, Rev. 0
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Software Description
RAM space: 
7 bytes

Subroutine calls: 
None

Procedure:
This routine multiplies the bytes MA and MP. The RAM location INDEX loops through each 
bit of MP in turn. If the Nth bit of MP is set, MA is multiplied by 2N. Do this by using a left-shift 
by N. This intermediate result is stored at PP (MSB) and PP+1 (LSB). The running total of 
intermediate results are added and stored at RESULT and RESULT+1. This process is 
illustrated below:

MP = multiplier

MA = multiplicand

MA x MP

MA[0:7]
 MP[0:7]

____________________
MA[0:7] MP[0] (= MA << 0 if MP[0] set)
MA[0:7] MP[1] (= MA << 1 if MP[1] set)
MA[0:7] MP[2] (= MA << 2 if MP[2] set)
MA[0:7] MP[3] (= MA << 3 if MP[3] set)
MA[0:7] MP[4] (= MA << 4 if MP[4] set)
MA[0:7] MP[5] (= MA << 5 if MP[5] set)
MA[0:7] MP[6] (= MA << 6 if MP[6] set)
MA[0:7] MP[7] (= MA << 7 if MP[7] set)

____________________
= RESULT:RESULT+1

+
+
+
+
+
+
+

×
×
×
×
×
×
×
×
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Software Description
Figure 1. Unsigned 8 × 8 Multiply

2.2 Unsigned 16 × 16 Multiply (UMULT16)
Entry conditions: 

INTACC1 and INTACC2 contain the unsigned 16-bit numbers to be multiplied.

Exit conditions: 
INTACC1 contains the unsigned 32-bit product of the two integer accumulators.

Size: 
217 bytes

RAM space: 
12 bytes (including those required for UMULT8)

BEGIN

MOVE MA TO INTERMEDIATE

SHIFT LEFT INTERMEDIATE RESULT

RESULT LSB (PP+1)
LOAD INDEX WITH 8

CLEAR PP, RESULT, RESULT+1

SHIFT RIGHT MP
INCREMENT INDEX

MP LSB = 0?

ADD INTERMEDIATE LSB TO
RESULT LSB

ADD WITH CARRY INTERMEDIATE
MSB TO RESULT MSB

STORE RESULT:RESULT+1

YES

NO

INDEX = 0?

YES

RETURN FROM SUBROUTINE

NO
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Software Description
Subroutine calls: 
UMULT8

Procedure: 
This routine multiplies the two left-most bytes of INTACC1 (INTACC1 = MSB, INTACC1 + 
1 = LSB) by the two left-most bytes of INTACC2 (INTACC2 = MSB, INTACC2 + 1 = LSB). 
Temporary stack storage locations hold the two intermediate product. These intermediate 
products are then added, and the final 32-bit result is stored in INTACC1 (INTACC1 = MSB, 
INTACC1 + 3 = LSB). This process is illustrated below: 

Figure 2. Unsigned 16 × 16 Multiply

2.3 Unsigned 32 × 32 Multiply (UMULT32)
Entry conditions: 

INTACC1 and INTACC2 contain the unsigned 32-bit numbers to be multiplied.

INTACC1 x INTACC2
INTACC1 : INTACC1 +1
INTACC2 : INTACC2 +1

__________________________________________________
(INTACC1 : INTACC1 + 1) (INTACC2 + 1)

(INTACC1 : INTACC1 + 1) (INTACC2)
__________________________________________________

RES1_MSB RES1_BYTE2 INTACC1 + 3
INTACC1  RES2_BYTE2  RES2_LSB

__________________________________________________
=  INTACC1 INTACC + 1  INTACC1 + 2 INTACC1 +3

=

×
=

+

=
+

BEGIN

MULTIPLY

MULTIPLY

ADD THE TWO INTERMEDIATE

RETURN FROM SUBROUTINE

INTACC:INTACC1 + 1 BY
INTACC2 + 1 AND STORE FIRST

INTERMEDIATE PRODUCT

INTACC:INTACC1 + 1 BY
INTACC2 AND STORE SECOND

INTERMEDIATE PRODUCT

PRODUCTS AND STORE
FINAL 32-BIT RESULT IN LOCATIONS

INTACC1....INTACC1 + 3
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Software Description
Exit conditions:
INTACC1 concatenated with INTACC2 contains the unsigned 64-bit result.

Size: 
386 bytes

RAM space: 
47 bytes (including those required for UMULT8)

Subroutine calls: 
UMULT8

Procedure: 
This subroutine multiplies the unsigned 32-bit number located in INTACC1 (INTACC1 = 
MSB, INTACC1 + 3 = LSB) by the unsigned 32-bit number stored in INTACC2 (INTACC2 = 
MSB, INTACC2 + 3 = LSB). Each byte of INTACC2, starting with the LSB, is multiplied by 
the 4 bytes of INTACC1 and a 5-byte intermediate product is generated. The four intermediate 
products are stored in a 32-byte table located in RAM. These products are then added, and the 
final 8-byte result is placed in INTACC1.....INTACC2 + 3 (INTACC1 = MSB, INTACC2 + 3 
= LSB). This process is illustrated below.

INTACC1 x INTACC2

INTACC1:INTACC1 + 1:INTACC1 + 2INTACC1 + 3
INTACC2:INTACC2 + 1:INTACC2 + 2INTACC2 + 3

______________________________________________________________________
(INTACC1:INTACC1 + 1:INTACC1 + 2:INTACC1 + 3) (INTACC2 + 3)

(INTACC1:INTACC1 + 1:INTACC1 + 2:INTACC1 + 3) (INTACC2 + 2)
(INTACC1:INTACC1 + 1:INTACC1 + 2:INTACC1 + 3) (INTACC2 + 1)

(INTACC1:INTACC1 + 1:INTACC1 + 2:INTACC1 + 3) (INTACC2)
______________________________________________________________________

0  0  0  IR15  IR19  IR23 IR27 IR31
0  0  IR1  0  IR14 IR18 IR22 IR26 0
0  IR5  IR9  IR13  IR17 IR21  0 0

IR 0  IR4  IR8  IR12  IR16  0  0 0
______________________________________________________________________
INTACC1..............................................................................................INTACC2 + 3

x

=

=

+

=

+

+

+
+

+
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Software Description
Figure 3. Unsigned 32 × 32 Multiply (Sheet 1 of 2)

2.4 Signed 8 × 8 Multiply (SMULT8)
Entry conditions: 

INTACC1 and INTACC2 contain the signed 8-bit numbers to be multiplied.

A

RETURN FROM SUBROUTINE.

YES

YES

STORE INTACC2+3 ADDR AT MSB
STORE IR+31ADDR AT LSB

SET OUTER LOOP TO 8 = IR COLS
SET INNER LOOP TO 4 = IR ROWS

CLEAR CARRY

LOAD ACCUM WITH CARRY.
CLEAR CARRY.

ADD IR BYTE USING LSB POINTER.
IF CARRY, INCREMENT CARRY.

DECREMENT LSB TO POINT
TO NEXT BYTE IN IR COLUMN.

DECREMENT INNER LOOP.

INNER LOOP = 0?

STORE IR POINTER AT LSB.
STORE COLUMN TOTAL AT FINAL 

RESULT BYTE POINTED TO BY MSB.
DECREMENT MSB.

SET INNER LOOP TO 4.
DECREMENT OUTER LOOP.

LOAD ACCUM WITH INTACC1
ADD CARRY

STORE AT INTACC1
DECREMENT MSB

SET INNER LOOP TO 4
DECREMENT OUTER LOOP

OUTER LOOP = 0?NO

NO

BEGIN

CLEAR TABLE OF

SET IR TABLE POINTERS FOR 

INTERMEDIATE RESULTS (IR)

MSB AND LSB OF FIRST RESULT
SET POINTERS TO INTACC1+3

 AND INTACC2+3 BYTES

INNER LOOP = 0?

A

INITIALIZE INNER AND OUTER
LOOP COUNTERS.

NO

NO

YES

MULTIPLY
ADD MULT LSB TO IR TABLE LSB

ADD WITH CARRY MULT MSB 
TO IR TABLE MSB

DECREMENT BY 4 MSB AND 
LSB IR TABLE POINTERS.

DECREMENT MULTIPLICAND
BYTE POINTER

DECREMENT INNER LOOP

YES

OUTER LOOP = 0?

SET IR TABLE POINTERS FOR MSB
AND LSB OF NEXT RESULT

SET POINTERS TO INTACC1+3
AND INTACC2+[OUTER_LOOP-1]

SET INNER LOOP COUNTER
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Software Description
Exit conditions: 
The two left-most bytes of INTACC1 (INTACC1 = MSB, INTACC1 + 1 = LSB) contain the 
signed 16-bit product.

Size: 
184 bytes 

RAM space: 
8 bytes (including those required for UMULT8)

Subroutine calls: 
UMULT8

Procedure: 
This routine performs a signed multiply of INTACC1 (MSB) and INTACC2 (MSB). Before 
multiplying the two numbers, the program checks the MSB of each byte and performs a two's 
complement of that number if the MSB is set. One byte of temporary RAM storage holds the 
result sign. If both numbers to be multiplied are negative or positive, the result sign LSB is 
cleared or set to indicate a negative result. Both numbers are then multiplied, and the results 
are placed in the two left-most bytes of INTACC1 (INTACC1 = MSB, INTACC1 + 1 = LSB). 
The routine is exited if the result sign storage location is not equal to one, or the result is two's 
complemented, and the negative result is stored in locations INTACC1 and INTACC1 + 1.
Integer Math Routines for RS08, Rev. 0
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Software Description
Figure 4. Signed 8 × 8 Multiply

2.5 Signed 16 × 16 Multiply (SMULT16)
Entry conditions: 

INTACC1 and INTACC2 contain the signed 16-bit numbers to be multiplied.

Exit conditions: 
INTACC1 contains the signed 32-bit result.

Size: 
316 bytes

A

MULTIPLY MULTIPLICAND BY

GET SIGN BIT FROM TEMP
STORAGE

MULTIPLIER AND STORE 16-BIT
RESULT

IS SIGN BIT SET,
INDICATING A

NEGATIVE RESULT?

TWO’S COMPLEMENT 16-BIT
RESULT AND STORE NEGATIVE

ANSWER IN LOCATIONS
INTACC1 : INTACC1 + 1

RETURN FROM SUBROUTINE.

YES

NO

BEGIN.

CHECK MSB OF MULTIPLIER

IS MULTIPLIER MSB SET,
INDICATING A NEGATIVE

NUMBER?

IS MULTIPLICAND MSB SET,
INDICATING A NEGATIVE

NUMBER?

A

TWO’S COMPLEMENT MULTIPLIER
AND INCREMENT SIGN BIT

CHECK MSB OF MULTIPLICAND

TWO’S COMPLEMENT
MULTIPLICAND AND SET OR CLEAR

SIGN BIT

YES

YES

YES
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Software Description
RAM space: 
13 bytes (including those required for UMULT8)

Subroutine calls: 
UMULT16

Procedure: 
This routine multiplies the signed 16-bit number in INTACC1 and INTACC1 + 1 by the signed 
16-bit number in INTACC2 and INTACC2 + 1. Before multiplying the two 16-bit numbers, the 
sign bit (MSB) of each 16-bit number is checked, and a two's complement of that number is 
performed if the MSB is set. One byte of temporary storage space is allocated for the result 
sign. If both 16-bit numbers to be multiplied are positive or negative, the result sign bit is 
cleared, indicating a positive result, otherwise the result sign bit is set. Subroutine UMULT16 
is called to multiply the two unsigned 16-bit numbers, and the result is stored in locations 
INTACC1......INTACC1 + 3 (INTACC1 = MSB, INTACC1+3 = LSB). After multiplication the 
subroutine is exited if the result sign bit is cleared. Otherwise, the two's complement of the 
result is taken to generate the correct sign, and INTACC1 is updated with the 32-bit negative 
result.
Integer Math Routines for RS08, Rev. 0
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Software Description
Figure 5. Signed 16 × 16 Multiply

2.6 8 × 8 Unsigned Divide (UDVD8)
Entry conditions: 

INTACC1 contains the 8-bit unsigned dividend. INTACC2 contains the 8-bit unsigned divisor.

Exit conditions: 
INTACC1 contains the 8-bit quotient. INTACC2 contains the 8-bit remainder.

Size: 
69 bytes

A

CALL SUBROUTINE UMULT16

GET SIGN BIT FROM TEMP
STORAGE

IS SIGN BIT SET,
INDICATING A

NEGATIVE RESULT?

TWO’S COMPLEMENT 32-BIT
RESULT AND STORE NEGATIVE

ANSWER IN LOCATIONS
INTACC1.....INTACC1 + 3

RETURN FROM SUBROUTINE.

YES

NO

BEGIN

CHECK MSB OF MULTIPLIER.

IS MULTIPLIER MSB SET,
INDICATING A NEGATIVE

NUMBER?

IS MULTIPLICAND MSB SET,
INDICATING A NEGATIVE

NUMBER?

A

TWO’S COMPLEMENT MULTIPLIER

NO

AND INCREMENT SIGN BIT

CHECK MSB OF MULTIPLICAND

TWO’S COMPLEMENT
MULTIPLICAND AND SET OR CLEAR

SIGN BIT

YES

NO

YES
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Software Description
RAM space:
4 bytes

Subroutine calls: 
None

Procedure: 
This routine takes the 8-bit dividend stored in INTACC1 and divides it by the divisor stored in 
INTACC2 using the standard shift-and-subtract algorithm. This algorithm first clears the 8-bit 
remainder, then shifts the dividend/quotient to the left one bit at a time until all eight bits of the 
dividend are shifted through the remainder, and the divisor subtracted from the remainder 
(illustrated below). Each time a trial subtraction succeeds, a 1 is placed in the LSB of the 
quotient. The 8-bit quotient is placed in locations INTACC1, and the remainder is returned in 
locations INTACC2.

Table 1. Before Subroutine Executes

INTACC1 INTACC2 INTACC2 + 1

dividend divisor 0

Table 2. During Subroutine Execution

INTACC1
⇐

INTACC2
INTACC2 + 1

⇐

dividend divisor remainder

 – divisor

Table 3. After Returning from Subroutine

INTACC1 INTACC2 INTACC2 + 1

quotient remainder X
Integer Math Routines for RS08, Rev. 0
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Software Description
Figure 6. 8 × 8 Unsigned Divide

BEGIN

SUBTRACT DIVISOR

WAS SUBTRACTION
SUCCESSFUL?

HAVE ALL 8
SHIFTS BEEN
COMPLETED?

SET QUOTIENT TO 1

YES

YES

NO

LOAD COUNTER FOR 8 SHIFTS

SHIFT DIVIDEND AND

ADD DIVISOR TO REMAINDER

FROM REMAINDER

REMAINDER 1 BIT TO THE LEFT

MOVE REMAINDER TO DIVISOR

RETURN FROM SUBROUTINE

NO
Integer Math Routines for RS08, Rev. 0
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Software Description
2.7 32 × 16 Unsigned Divide (UDVD32)
Entry conditions: 

INTACC1 contains the 32-bit unsigned dividend. INTACC2 contains the 16-bit unsigned 
divisor.

Exit conditions: 
INTACC1 contains the 32-bit quotient. INTACC2 contains the 16-bit remainder.

Size: 
193 bytes

RAM space: 
9 bytes

Subroutine calls: 
None

Procedure: 
This routine takes the 32-bit dividend stored in INTACC1....INTACC1 + 3 and divides it by the 
divisor stored in INTACC2:INTACC2 + 1 using the standard shift-and-subtract algorithm. This 
algorithm first clears the 16-bit remainder, then shifts the dividend/quotient to the left one bit 
at a time until all 32 bits of the dividend are shifted through the remainder, and the divisor 
subtracted from the remainder (illustrated below). Each time a trial subtraction succeeds, a 1 is 
placed in the LSB of the quotient. The 32-bit quotient is placed in locations INTACC1 = 
MSB...INTACC1 + 3 = LSB, and the remainder is returned in locations INTACC2 = MSB, 
INTACC2 + 1 = LSB.

Table 4. Before Subroutine Executes

INTACC1 INTACC1 + 1 INTACC1 + 2 INTACC1 + 3 INTACC2 INTACC2 + 1

dividend
[MSB]

dividend dividend dividend
[LSB]

divisor
[MSB]

divisor
[LSB]

Table 5. During Subroutine Execution

INTACC1
⇐

INTACC1 + 1
⇐

INTACC1 + 2
⇐

INTACC1 + 3
⇐

INTACC2
⇐

INTACC2 + 1
⇐

remainder
[MSB]

remainder
[LSB]

dividend
[MSB]

dividend dividend dividend [LSB]/
quotient [MSB]

– divisor
[MSB]

– divisor
[LSB]
Integer Math Routines for RS08, Rev. 0
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Software Description
Figure 7. 32 × 16 Unsigned Divide

Table 6. After Returning from Subroutine

INTACC1 INTACC1 + 1 INTACC1 + 2 INTACC1 + 3 INTACC2 INTACC2 + 1

quotient
[MSB]

quotient quotient quotient
[LSB]

remainder
[MSB]

remainder
[LSB]

A

DECREMENT SHIFT COUNTER BY ONE

HAVE ALL 32
SHIFTS 

COMPLETED?

RETURN FROM SUBROUTINE

YES

MOVE 32-BIT QUOTIENT TO
LOCATIONS

INTACC1...INTACC1 + 3

MOVE 16-BIT REMAINDER TO
LOCATIONS

INTACC2:INTACC2 + 1

NO

BEGIN.

SUBTRACT 16-BIT DIVISOR

WAS SUBTRACTION
SUCCESSFUL?

A

SET LSB OF QUOTIENT TO 1

YES

NO

LOAD 16-BIT DIVISOR AND COUNTER
FOR THE NUMBER OF SHIFTS

SHIFT ALL 4 BYTES OF
DIVIDEND 16 BITS TO THE RIGHT
AND CLEAR 16-BIT REMAINDER

SHIFT DIVIDEND AND

ADD DIVISOR TO REMAINDER

FROM REMAINDER

REMAINDER 1 BIT TO THE LEFT
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2.8 Table Lookup and Interpolation (TBLINT)
Entry conditions:

INTACC1 contains the position of table ENTRY 2. INTACC1 + 1 contains the interpolation 
fraction.

Exit conditions: 
INTACC1 + 2:INTACC1 + 3 contains the 16-bit interpolated value (INTACC1 + 2 = MSB, 
INTACC1 + 3 = LSB).

Size: 
125 bytes

RAM space: 
8 bytes (including those required for UMULT8)

Subroutine calls: 
UMULT8

Procedure: 
This routine performs table lookup and linear interpolation between two 16-bit dependent 
variables (Y) from a table of up to 256 entries and allowing up to 256 interpolation levels 
between entries. (By allowing up to 256 levels of interpolation between two entries, a 64k table 
of 16-bit entries can be compressed into just 256 16-bit entries). INTACC1 contains the 
position of table entry 2. INTACC1 + 1 contains the interpolation fraction. The unrounded 
16-bit result is placed in INTACC1 + 2 = MSB, INTACC1 + 3 = LSB. INTACC2 holds the two 
16-bit table entries during subroutine execution.
The interpolated result is of the form:

Y = ENTRY1 + (INTPFRC(ENTRY2 − ENTRY1)) / 256

where:
— Y can be within the range 0 < Y < 32767
— INTPFRC = (1 ≤ X ≤ 255) / 256
— ENTRY1 and ENTRY2 can be within the range 0 < ENTRY < 32767
— Slope of linear function can be positive or negative.
— The table of values can be located anywhere in the memory map.
Integer Math Routines for RS08, Rev. 0
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Software Description
— Find the interpolated Y value halfway between entry 146 and 147.
— ENTRY2 = Entry # 147 = 4271
— ENTRY1 = Entry # 146 = 2416
— For a 50% level of interpolation: INTPFRC = 128 / 256 = $80
— So:

Y = 2416 + (128(4271 − 2416))/256
= 2416 + (128(1855)/256
= 2416 + 927

Y = 3343 or $D0F

Table 7. Example

Entry # Y Value

0 0

: :

145 1688

ENTRY 1 → 146 2416

ENTRY 2 → 147 4271

: :

255 0
Integer Math Routines for RS08, Rev. 0
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Software Description
Figure 8. Table Lookup and Interpolation

A

MULTIPLY RESULT BY

GET SIGN BIT FROM TEMP
STORAGE

IS SIGN BIT SET,
INDICATING A

NEGATIVE RESULT?

RETURN FROM SUBROUTINE.

NO

YES

SUBTRACT INTERPOLATED RESULT
FROM ENTRY1

ADD INTERPOLATED RESULT TO
ENTRY1

INTERPOLATION FRACTION, DIVIDE
PRODUCT BY 256, AND STORE

NEW RESULT

BEGIN.

WAS RESULT POSITIVE?

A

GET ENTRY2 AND ENTRY1 FROM

YES

 RELEVENT PAGE OF TABLE

SET SIGN FLAG LSB AND TWO’S
COMPLEMENT 16-BIT RESULT

NO

SUBTRACT ENTRY1 FROM ENTRY2
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3 Software Listing
;******************************************************************************
;       Filename: main.asm
;       Revision: 1.00
;       Date: September 19, 2006
;       Updated By: Murray Stewart
;                   Freescale TSPG MCD Applications
;
;       Original By: Mark Johnson
;
;       Assembled Under: Code Warrior HC(R/S)08 V5.1
;
;       Revision 1.00   09/19/06 Original source from AN1219 updated for RS08
;
;******************************************************************************
;       Program Description:
;******************************************************************************
;
;       This program contains seven integer math routines for the RS08 family
;       of microcontrollers.
;
;       1. UMULT8   - Unsigned 8 bit x 8 bit multiply
;       2. UMULT16  - Unsigned 16 bit x 16 bit multiply 
;       3. UMULT32  - Unsigned 32 bit x 32 bit multiply
;       4. SMULT8   - Signed 8 bit x 8 bit multiply   
;       5. SMULT16  - Signed 16 bit x 16 bit multiply  
;       6. UDVD8    - Unsigned 8 bit x 8 bit divide 
;       7. UDVD32   - Unsigned 32 bit x 16 bit divide  
;       8. TBLINT   - Table lookup and interpolation 
;
;******************************************************************************
; Macro to manage nested Subroutine entry code
;******************************************************************************
ENTRY_CODE: MACRO
             SHA
             STA pcBUFFER+(2*(\1))
             SHA
             SLA
             STA pcBUFFER+(2*(\1))+1
             SLA
            ENDM

;******************************************************************************
; Macro to manage nested Subroutine exit code
;******************************************************************************
EXIT_CODE: MACRO
             LDA pcBUFFER+2*(\1)           
             SHA
             LDA pcBUFFER+2*(\1)+1
             SLA
           ENDM

;******************************************************************************
; Include derivative-specific definitions
;******************************************************************************
             INCLUDE 'derivative.inc'
Integer Math Routines for RS08, Rev. 0

Freescale Semiconductor 19



Software Listing

       
;******************************************************************************
; export symbols
;******************************************************************************
             XDEF _Startup
             ABSENTRY _Startup

;******************************************************************************
; constants
;******************************************************************************            
MAXlevel     EQU   3            ;Max nesting depth for subroutine macro
HPAWS        EQU   $C0          ;Start address of High Page Access Window
LUT_START_PG EQU   $F7          ;LUT start page

;******************************************************************************
; variable/data section
;******************************************************************************
             ORG TINY_RAMStart;Insert your TINY data definition here

pcBUFFER DS.W   MAXlevel ;Buffer for return address of nested subroutine macro
;                  =6 bytes
MA           DS.B   1           ;Multiplier for 8x8 bit Multiplier            
MP           DS.B   1           ;Multiplicand for 8x8 bit Multiplier
PP           DS.B   2           ;16-bit PP for 8x8 bit Multiplier
RESULT       DS.B   2           ;16-bit Result for 8x8 bit Multiplier
INDEX:       DS.B   1           ;Bit index for 8x8 bit Multiplier
SIGNED:      DS.B   1           ;Storage for sign for signed multipliers
;                  =14 out of 14 bytes

             ORG    RAMStart    ;Insert your DIRECT data definition here

CARRY:       DS.B   1           ;Storage for carry for 16x16 bit multiplier
LSB:         DS.B   1           ;Pointer to intermediate result table LSB
MSB:         DS.B   1           ;Pointer to intermediate result table MSB
OUTER_LOOP:  DS.B   1           ;Outer loop counter
INNER_LOOP:  DS.B   1           ;Inner loop counter
LSB_64       DS.B   1           ;LSB of 64-bit result 
MP_POINTER:  DS.B   1           ;Pointer to multiplier byte
MA_POINTER:  DS.B   1           ;Pointer to multiplicand byte
IR:          DS.B   32          ;Array of intermediate results (IR from now on)

INTACC1      DS.B   4           ;Multiplier input & Multiplier Output MSB
INTACC2      DS.B   4           ;Multiplicand input & Multiplier Output LSB
                   ;---

        ;=48 out of 48 bytes
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;******************************************************************************
; code section
;******************************************************************************
            ORG    ROMStart

_Startup 

mainLoop
             ;Load subroutine inputs
             MOV   #$FF,INTACC1
             MOV   #$FF,INTACC1+1
             MOV   #$FF,INTACC2
             MOV   #$FF,INTACC2+1
             MOV   #$FF,INTACC1
             MOV   #$FF,INTACC1+1
             MOV   #$FF,INTACC2
             MOV   #$FF,INTACC2+1
             
             ;Jump to subroutine
             JSR   UMULT8
             JSR   SMULT8
             JSR   UMULT8
             JSR   SMULT16
             JSR   UMULT32
             JSR   UDVD32
             JSR   TBLINT
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;******************************************************************************
; 8 bit Unsigned Multiplier
;******************************************************************************
;
; This routine multiplies the unsigned 8-bit number stored in 
; location MP by the signed 8-bit number stored in location MA
; and places the signed 16-bit result in RESULT:RESULT+1.
;
UMULT8       ENTRY_CODE 2                ;call macro for nested subroutines

             MOV   MA,PP+1               ;store multiplicand in partial product LSB
             MOV   #8,INDEX              ;set number of loops
             CLR   PP                    ;zero partial product MSB
             CLR   RESULT+1              ;zero result LSB
             CLR   RESULT                ;zero partial product MSB
                          
MULT         BRCLR 0,MP,NO_MULT          ;branch if MP[x] is zero
             LDA   PP+1                  ;load pp LSB
             ADD   RESULT+1              ;add pp LSB to result LSB
             STA   RESULT+1              ;store result LSB
             LDA   PP                    ;load pp MSB
             ADC   RESULT                ;add w/carry pp MSB to result MSB
             STA   RESULT                ;store result MSB
                          
NO_MULT      LDA   PP+1                  ;load pp LSB
             LSLA                        ;shift left (x2)
             STA   PP+1                  ;store pp LSB
             LDA   PP                    ;load pp MSB
             ROLA                        ;rotate left with carry 
             STA   PP                    ;store pp MSB
             LDA   MP                    ;load multiplier
             RORA                        ;rotate right
             STA   MP                    ;store multiplier
             DBNZ  INDEX,MULT            ;branch to mult if INDEX not zero
             
             EXIT_CODE 2                 ;call macro for nested subroutines
             RTS
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;******************************************************************************
; 16 Bit Unsigned Multiplier
;******************************************************************************
;
; This routine multiplies the 16-bit unsigned number stored in
; locations INTACC1:INTACC1+1 by the 16-bit unsigned number stored in
; locations INTACC2:INTACC2+1 and places the 32-bit result in locations
; INTACC1:INTACC1+3 (INTACC1 = MSB:INTACC1+3 = LSB.
;
;Need to re-use variables used in UMULT32
;
RES1_BYTE2  EQU IR     ;Intermediate results for unsigned 16x16 bit multiplier
RES1_MSB    EQU IR+1   ;      "        "      "     "       "    "      "
RES2_LSB    EQU IR+2   ;      "        "      "     "       "    "      "
RES2_BYTE2  EQU IR+3   ;      "        "      "     "       "    "      "

UMULT16 
            ENTRY_CODE 1                 ;call macro for nested subroutines
          
         ;clear local variables  
            CLR   RES1_BYTE2
            CLR   RES1_MSB
            CLR   RES2_LSB
            CLR   RES2_BYTE2
      
         ;Multiply (INTACC1:INTACC1+1) by INTACC2+1
            
            MOV   INTACC1+1,MP           ;load w/multiplier LSB          
            MOV   INTACC2+1,MA           ;load w/multiplicand LSB          
            JSR   UMULT8                 ;multiply
            MOV   RESULT,CARRY           ;save carry from multiply       
            MOV   RESULT+1,INTACC1+3     ;store LSB of final result
            MOV   INTACC1,MP             ;load w/multiplier MSB          
            MOV   INTACC2+1,MA           ;load w/multiplicand LSB          
            JSR   UMULT8                 ;multiply
            LDA   RESULT+1               ;load result LSB 
            ADD   CARRY                  ;add carry from previous multiply
            STA   RES1_BYTE2             ;store 2nd byte of interm. result 1.
            LDA   RESULT                 ;load mult msb
            BCC   NOINCA                 ;check for carry from addition            
            INCA                         ;
NOINCA      STA   RES1_MSB               ;store MSB of interm. result 1.
            CLR   CARRY                  ;clear storage for carry
            
         ;Multiply (INTACC1:INTACC1+1) by INTACC2
            
            MOV   INTACC1+1,MP           ;load w/multiplier LSB       
            MOV   INTACC2,MA             ;load w/multiplicand MSB  
            JSR   UMULT8                 ;multiply
            MOV   RESULT,CARRY           ;save carry from multiply
            MOV   RESULT+1,RES2_LSB      ;store LSB of interm. result 2.
            MOV   INTACC1,MP             ;load w/multiplier MSB          
            MOV   INTACC2,MA             ;load w/multiplicand MSB  
            JSR   UMULT8                 ;multiply
            LDA   RESULT+1               ;load result LSB        
            ADD   CARRY                  ;add carry from previous multiply
            STA   RES2_BYTE2             ;store 2nd byte of interm. result 2.
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            LDA   RESULT                 ;multiply 
            BCC   NOINCB                 ;check for carry from addition
            INCA                         ;increment MSB of interm. result 2.
NOINCB      STA   INTACC1                ;store MSB of interm. result 2.

         ;Add the intermediate results and store the remaining three bytes of the
         ;final value in locations INTACC1:INTACC1+2.

            LDA    RES1_BYTE2            ;load acc with 2nd byte of 1st result
            ADD    RES2_LSB              ;add acc with LSB of 2nd result
            STA    INTACC1+2             ;store 2nd byte of final result
            LDA    RES1_MSB              ;load acc with MSB of 1st result
            ADC    RES2_BYTE2            ;add w/ carry 2nd byte of 2nd result
            STA    INTACC1+1             ;store 3rd byte of final result
            LDA    INTACC1               ;load acc with MSB from 2nd result
            ADC    #0                    ;add any carry from previous addition
            STA    INTACC1               ;store MSB of final result
 
            EXIT_CODE 1                  ;call macro for nested subroutines
            RTS                          ;return
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;******************************************************************************
; 32 Bit unsigned Multiplier
;******************************************************************************
;
; Each byte of the 32-bit multiplier (INTACC2) multiplies each byte of the
; 32-bit multiplicand to generate an intermediate result (IR).  The IR 
; from each multiplication is placed in a the 32-byte IR table.  
;
; Intermediate Result 1 = (INTACC1:INTACC1+1:INTACC1+2:INTACC1+3) x (INTACC2+3)
;                       = (IR+3, IR+7, IR+11, IR+15, IR+19, IR+23, IR+27, IR+31)
; Intermediate Result 2 = (INTACC1:INTACC1+1:INTACC1+2:INTACC1+3) x (INTACC2+2)
;                       = (IR+2, IR+6, IR+10, IR+14, IR+18, IR+22, IR+27, IR+31)
; Intermediate Result 3 = (INTACC1:INTACC1+1:INTACC1+2:INTACC1+3) x (INTACC2+1)
;                       = (IR+1, IR+5, IR+9,  IR+13, IR+17, IR+21, IR+25, IR+29)
; Intermediate Result 4 = (INTACC1:INTACC1+1:INTACC1+2:INTACC1+3) x (INTACC2)
;                       = (IR+0, IR+4, IR+8,  IR+12, IR+16, IR+19, IR+24, IR+28)
;
; Sum IRs to get final 64-bit result:
;
;              (IR+3, IR+7, IR+11, IR+15, IR+19, IR+23, IR+27, IR+31)
;            + (IR+2, IR+6, IR+10, IR+14, IR+18, IR+22, IR+26, IR+30)
;            + (IR+1, IR+5, IR+9,  IR+13, IR+17, IR+21, IR+25, IR+29)
;            + (IR+0, IR+4, IR+8,  IR+12, IR+16, IR+19, IR+24, IR+28)
;   -----------------------------------------------------------------------------
; = (INTACC1:INTACC1+1:INTACC1+2:INTACC1+3:INTACC2:INTACC2+1:INTACC2+2:INTACC2+3) 
;
UMULT32      ENTRY_CODE 0                ;call macro for nested subroutines

         ;Clear IR array
             
             LDA   #IR+31                ;load address of IR LSB
             STA   X                     ;store at X
CLEAR_IR     CLR   ,X                    ;clear address point to by X
             DEC   X                     ;decrement X
             LDA   #IR                   ;load address of IR MSB
             CMP   X                     ;compare with X
             BNE   CLEAR_IR              ;branch if not equal
             CLR   ,X                    ;to clear final IR
             
             MOV   #4,OUTER_LOOP         ;set OUTER_LOOP
             MOV   #4,INNER_LOOP         ;set INNER_LOOP
             MOV   #INTACC2+3,MP_POINTER ;set byte pointer to multiplier LSB
             MOV   #INTACC1+3,MA_POINTER ;set byte pointer to multiplicand LSB
             MOV   #IR+31,LSB            ;store IR LSB element in LSB
             MOV   #IR+27,MSB            ;store IR MSB element in MSB

             
;Compute 32 IRs

INNER        LDX   MP_POINTER            ;load X with MP_POINTER
             MOV   D[X],MP               ;store X data at MP
             LDX   MA_POINTER            ;load X with MA_POINTER
             MOV   D[X],MA               ;store X data at MA
             JSR   UMULT8                ;jump to 8-bit multiplier
             LDA   RESULT+1              ;load result LSB
             LDX   LSB                   ;load X with LSB address
             ADD   D[X]                  ;add LSB to acc
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             STA   D[X]                  ;store acc at LSB
             LDA   RESULT                ;load result MSB
             LDX   MSB                   ;load X with MSB address
             ADC   D[X]                  ;add with carry MSB to acc
             STA   ,X                    ;store acc at MSB
                                         
             LDA   LSB                   ;load LSB address
             SUB   #4                    ;point 4 bytes down array
             STA   LSB                   ;store LSB address
             LDA   MSB                   ;load MSB address
             SUB   #4                    ;point 4 bytes down array
             STA   MSB                   ;store MSB address
             
             DEC   MA_POINTER ;decrement multiplicand byte pointer
             DBNZ  INNER_LOOP,INNER ;branch if not zero
             
             LDA   OUTER_LOOP            ;load OUTER_LOOP
             DECA                        ;decrement acc
             STA   OUTER_LOOP            ;store OUTER_LOOP
             CMP   #3                    ;compare
             BEQ   LOOP3                 ;branch if equal
             CMP   #2
             BEQ   LOOP2
             CMP   #1
             BEQ   LOOP1
             BRA   EXIT_LOOP             ;branch always
             
LOOP3        MOV   #4,INNER_LOOP         ;set loop counter
             MOV   #INTACC2+2,MP_POINTER ;set byte pointer to next multiplier byte
             MOV   #INTACC1+3,MA_POINTER ;set byte pointer to multiplicand LSB
             MOV   #IR+26,LSB            ;store IR LSB element in LSB
             MOV   #IR+22,MSB            ;store IR MSB element in MSB
             BRA   INNER                 ;branch always
             
LOOP2        MOV   #4,INNER_LOOP         ;set loop counter
             MOV   #INTACC2+1,MP_POINTER ;set byte pointer to next multiplier byte
             MOV   #INTACC1+3,MA_POINTER ;set byte pointer to multiplicand LSB
             MOV   #IR+21,LSB            ;store IR LSB element in LSB
             MOV   #IR+17,MSB            ;store IR MSB element in MSB
             BRA   INNER                 ;branch always
             
LOOP1        MOV   #4,INNER_LOOP         ;set loop counter
             MOV   #INTACC2,MP_POINTER   ;set byte pointer to next multiplier byte
             MOV   #INTACC1+3,MA_POINTER ;set byte pointer to multiplicand LSB
             MOV   #IR+16,LSB            ;store IR LSB element in LSB
             MOV   #IR+12,MSB            ;store IR MSB element in MSB
             BRA   INNER                 ;branch always
EXIT_LOOP
                        

;Sum IRs

             ;LSB/MSB variable reused. Names have no significance
             MOV   #INTACC2+3,MSB        ;load address of 2nd byte of 64-bit result
             MOV   #IR+31,LSB            ;load address of IR LSB column
             MOV   #8, OUTER_LOOP        ;load OUTER_LOOP
             MOV   #4, INNER_LOOP        ;load INNER_LOOP
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             CLR   CARRY                 ;clear CARRY
       
OUTADDLP     LDA   CARRY                 ;load CARRY 
             CLR   CARRY                 ;clear CARRY
             LDX   LSB                   ;load X with address of IR LSB column 
INADDLP      ADD   D[X]                  ;add X data
             BCC   ADDFIN                ;check for carry
             INC   CARRY                 ;increment CARRY
ADDFIN       DECX                        ;decrement X address
             DBNZ  INNER_LOOP,INADDLP    ;branch if not zero
             
             STX   LSB                   ;store X address
             LDX   MSB                   ;load X address
             STA   D[X]                  ;store X data (final result for byte)
             DECX                        ;decrement X address
             STX   MSB                   ;store X address
             MOV   #4, INNER_LOOP        ;set INNER_LOOP
             DBNZ  OUTER_LOOP,OUTADDLP   ;branch if not zero
             

EXIT_CODE 0                 ;call macro for nested subroutines                 
             RTS                         ;return  
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;******************************************************************************
; 8 bit Signed Multiplier                    
;******************************************************************************
;
; This routine multiplies the signed 8-bit number stored in location
; INTACC1 by the signed 8-bit number stored in location INTACC2
; and places the signed 16-bit result in INTACC1:INTACC1+1.
;
SMULT8       ENTRY_CODE 0                ;call macro for nested subroutines

;Two's complement INTACC1 if negative

             CLR   SIGNED
             BRCLR 7,INTACC1,TEST        ;check multiplier sign bit                      
             LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC1               ;2's comp by sub from zero
             STA   INTACC1               ;store result
             INC   SIGNED                ;set sign bit for negative number
                        
         ;Two's complement INTACC2 if negative

TEST         BRCLR 7,INTACC2,SMULT       ;check multiplicand sign bit
             LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC2               ;2's comp by sub from zero   
             STA   INTACC2               ;store result 
             INC   SIGNED                ;set or clear sign bit
SMULT        LDA   INTACC1               ;load multiplier
             STA   MP                    ;store multiplier
             LDA   INTACC2               ;load multiplicand
             STA   MA                    ;store multiplicand
             JSR   UMULT8                ;multiply
                                     
         ;Two's complement RESULT if negative

             LDA   SIGNED                ;load sign bit
             CMP   #1                    ;check for negative
             BNE   RETURN                ;branch to finish if result is positive
             LDA   #0                    ;load acc with zero for subtraction
             SUB   RESULT+1              ;2's comp by sub from zero     
             STA   RESULT+1              ;store result
             BCC   NOSUB                 ;check for borrow from zero
             LDA   #0                    ;load acc with zero for subtraction
             SUB   RESULT                ;2's comp by sub from zero   
             DECA                        ;decrement for borrow
             STA   RESULT                ;store result MSB
             BRA   RETURN                ;finished
NOSUB        LDA   #0                    ;load acc with zero for subtraction
             SUB   RESULT                ;2's comp by sub from zero
             STA   RESULT                ;store result MSB
RETURN       MOV   RESULT, INTACC1       ;move RESULT MSB
             MOV   RESULT+1, INTACC1+1   ;move RESULT LSB
             
             EXIT_CODE 0                 ;call macro for nested subroutines 
             RTS                         ;return
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;******************************************************************************
; 16 Bit signed Multiplier
;******************************************************************************
;
; This routine multiplies the signed 16-bit number in INTACC1:INTACC1+1 by
; the signed 16-bit number in INTACC2:INTACC2+1 and places the signed 32-bit
; value in locations INTACC1:INTACC1+3 (INTACC1 = MSB:INTACC1+3 = LSB).
;
SMULT16      ENTRY_CODE 0                ;call macro for nested subroutines

;Two's complement INTACC1 if negative   
         
             CLR   SIGNED                ;clear storage for result sign
             BRCLR 7,INTACC1,TEST2       ;check multiplier sign bit and negate
                                         ;(two's complement) if set
             LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC1+1             ;2's comp by sub from zero
             STA   INTACC1+1             ;store multiplier LSB 
             BCC   NOSUB1                ;check for borrow from zero
             LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC1               ;2's comp by sub from zero
             DECA                        ;decrement MSB for borrow
             STA   INTACC1               ;store multiplier MSB              
             BRA   MPRSIGN               ;finished
NOSUB1       LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC1               ;2's comp by sub from zero
             STA   INTACC1               ;store multiplicand LSB
MPRSIGN      INC   SIGNED                ;set sign bit for negative number

;Two's complement INTACC2 if negative
         
TEST2        BRCLR 7,INTACC2,MLTSUB      ;check multiplicand sign bit and negate
                                         ;(two's complement) if set
             LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC2+1             ;2's comp by sub from zero
             STA   INTACC2+1             ;store multiplicand LSB
             BCC   NOSUB2                ;check for borrow from zero
             LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC2               ;2's comp by sub from zero
             DECA                        ;decrement MSB for borrow
             STA   INTACC2               ;store multiplicand MSB 
             BRA   MPCSIGN               ;finished
NOSUB2       LDA   #0                    ;load acc with zero for subtraction
             SUB   INTACC2               ;2's comp by sub from zero
             STA   INTACC2               ;store multiplicand MSB
MPCSIGN      INC   SIGNED                ;set or clear sign bit
MLTSUB       JSR   UMULT16               ;multiply INTACC1 by INTACC2
             LDA   SIGNED                ;load sign bit
             CMP   #1                    ;check for negative
             BNE   DONE                  ;exit if answer is positive,
                                         ;otherwise two's complement result
                                         

;Two's complement RESULT if negative 
         
             LDA   #0
             SUB   INTACC1+3             ;complement a byte of the result 
             STA   INTACC1+3             ;store result 
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             LDA   #0
             SBC   INTACC1+2             ;complement a byte of the result 
             STA   INTACC1+2             ;store result
             LDA   #0
             SBC   INTACC1+1             ;complement a byte of the result 
             STA   INTACC1+1             ;store result            
             LDA   #0
             SBC   INTACC1               ;complement a byte of the result 
             STA   INTACC1               ;store result            
             
DONE         EXIT_CODE 0                 ;call macro for nested subroutines
             RTS                         ;return
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;******************************************************************************
; 8 x 8 Unsigned Divide
;******************************************************************************
;
; This routine takes the 8-bit dividend stored in INTACC1 and divides it by 
; the 8-bit divisor stored in INTACC2.
; The quotient replaces the dividend and the remainder replaces the divisor.
;
UDVD8      

DIVIDEND8    EQU   INTACC1
DIVISOR8     EQU   INTACC2
REMAINDER8   EQU   INTACC2+1
LOOP         EQU   IR

             MOV   #8,LOOP               ;loop counter for number of shifts
             CLR   REMAINDER8            ;zero remainder
;             
;Shift dividend and remainder one bit to the left, ensuring carry from remainder
;goes to dividend and carry from dividend goes to remainder.
;

SHFTLP8      LDA   REMAINDER8            ;get remainder
             ROLA                        ;shift remainder MSB into carry
             LDA   DIVIDEND8             ;shift dividend
             ROLA                        
             STA   DIVIDEND8             ;store dividend
             LDA   REMAINDER8            ;shift remainder
             ROLA                        
             STA   REMAINDER8            ;store remainder
             
;
;Subtract divisor from the remainder
;
             LDA   REMAINDER8            ;get remainder
             SUB   DIVISOR8              ;subtract divisor from remainder
             STA   REMAINDER8            ;store new remainder
             LDA   DIVIDEND8             ;get dividend/quotient
             SBC   #0                    ;dividend holds subtract carry
             STA   DIVIDEND8             ;store dividend/quotient
;
;Check dividend/quotient. If clear, set LSB of quotient to indicate
;successful subraction, else add divisor back to remainder.
;
             BRCLR 0,DIVIDEND8,SETLSB8   ;check for a carry from subtraction
                                         ;and add divisor to remainder if set
             LDA   REMAINDER8            ;get remainder
             ADD   DIVISOR8              ;add divisor to remainder
             STA   REMAINDER8            ;store remainder LSB
             LDA   DIVIDEND8             ;get dividend
             ADC   #0                    ;add carry to dividend
             STA   DIVIDEND8             ;store dividend
             BRA   DECRMT8               ;do next shift and subtract
SETLSB8      BSET  0,DIVIDEND8           ;set LSB of quotient to indicate
                                         ;successive subtraction
DECRMT8      DBNZ LOOP,SHFTLP8           ;decrement loop counter and do next
                                         ;shift
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             MOV  REMAINDER8,DIVISOR8    ;move remainder to divisor
             RTS                         ;return from subroutine
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;******************************************************************************
; 32 x 16 Unsigned Divide
;******************************************************************************
;
; This routine takes the 32-bit dividend stored in INTACC1:INTACC1+3
; and divides it by the 16-bit divisor stored in INTACC2:INTACC2+1.
; The quotient replaces the dividend and the remainder replaces the divisor.
;
UDVD32

DIVIDEND     EQU   INTACC1+2
DIVISOR      EQU   INTACC2
QUOTIENT     EQU   INTACC1
REMAINDER    EQU   INTACC1               ;used as temp variable and written to
                                         ;INTACC2:INTACC2+1 at end of routine
SP1          EQU   IR
SP2          EQU   IR+1
SP3          EQU   IR+2

             MOV   #32,SP3               ;loop counter for number of shifts
             MOV   DIVISOR,SP1           ;put divisor MSB in working storage
             MOV   DIVISOR+1,SP2         ;put divisor LSB in working storage
;
;Shift all four bytes of dividend 16 bits to the right and clear
;both bytes of the temporary remainder location
;
             MOV   DIVIDEND+1,DIVIDEND+3 ;shift dividend LSB
             MOV   DIVIDEND,DIVIDEND+2   ;shift 2nd byte of dividend
             MOV   DIVIDEND-1,DIVIDEND+1 ;shift 3rd byte of dividend
             MOV   DIVIDEND-2,DIVIDEND   ;shift dividend MSB
             CLR   REMAINDER             ;zero remainder MSB
             CLR   REMAINDER+1           ;zero remainder LSB

         ;Shift each byte of dividend and remainder one bit to the left

SHFTLP       LDA   REMAINDER             ;get remainder MSB
             ROLA                        ;shift remainder MSB into carry
             LDA   DIVIDEND+3            ;shift dividend LSB
             ROLA                        ;shift dividend LSB into carry
             STA   DIVIDEND+3            ;store dividend LSB
             LDA   DIVIDEND+2            ;shift 2nd byte of dividend
             ROLA                        
             STA   DIVIDEND+2            ;store 2nd byte of dividend
             LDA   DIVIDEND+1            ;shift 3rd byte of dividend
             ROLA                        
             STA   DIVIDEND+1            ;store 3rd byte of dividend
             LDA   DIVIDEND              ;shift dividend MSB
             ROLA                        
             STA   DIVIDEND              ;store dividend MSB
             LDA   REMAINDER+1           ;shift remainder LSB
             ROLA                        
             STA   REMAINDER+1           ;store remainder LSB
             LDA   REMAINDER             ;shift remainder MSB
             ROLA                        
             STA   REMAINDER             ;store remainder MSB
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         ;Subtract both bytes of the divisor from the remainder

             LDA   REMAINDER+1           ;get remainder LSB
             SUB   SP2                   ;subtract divisor LSB from remainder LSB
             STA   REMAINDER+1           ;store new remainder LSB
             LDA   REMAINDER             ;get remainder MSB
             SBC   SP1                   ;subtract divisor MSB from remainder MSB
             STA   REMAINDER             ;store new remainder MSB
             LDA   DIVIDEND+3            ;get low byte of dividend/quotient
             SBC   #0                    ;dividend low bit holds subtract carry
             STA   DIVIDEND+3            ;store low byte of dividend/quotient

         ;Check dividend/quotient LSB. If clear, set LSB of quotient to indicate
         ;successful subtraction, else add both bytes of divisor back to remainder

             BRCLR 0,DIVIDEND+3,SETLSB   ;check for a carry from subtraction
                                         ;and add divisor to remainder if set
             LDA   REMAINDER+1           ;get remainder LSB
             ADD   SP2                   ;add divisor LSB to remainder LSB
             STA   REMAINDER+1           ;store remainder LSB
             LDA   REMAINDER             ;get remainder MSB
             ADC   SP1                   ;add divisor MSB to remainder MSB
             STA   REMAINDER             ;store remainder MSB
             LDA   DIVIDEND+3            ;get low byte of dividend
             ADC   #0                    ;add carry to low bit of dividend
             STA   DIVIDEND+3            ;store low byte of dividend
             BRA   DECRMT                ;do next shift and subtract
SETLSB       BSET  0,DIVIDEND+3          ;set LSB of quotient to indicate
                                         ;successive subtraction
DECRMT       DBNZ SP3,SHFTLP             ;decrement loop counter and do next
                                         ;shift

         ;Move 32-bit dividend into INTACC1:INTACC1+3 and put 16-bit
         ;remainder in INTACC2:INTACC2+1

             LDA   REMAINDER             ;get remainder MSB
             STA   SP1                   ;temporarily store remainder MSB
             LDA   REMAINDER+1           ;get remainder LSB
             STA   SP2                   ;temporarily store remainder LSB
             MOV   DIVIDEND,QUOTIENT     ;
             MOV   DIVIDEND+1,QUOTIENT+1 ;shift all four bytes of quotient
             MOV   DIVIDEND+2,QUOTIENT+2 ;16 bits to the left
             MOV   DIVIDEND+3,QUOTIENT+3 ;
             LDA   SP1                   ;get final remainder MSB
             STA   INTACC2               ;store final remainder MSB
             LDA   SP2                   ;get final remainder LSB
             STA   INTACC2+1             ;store final remainder LSB

             RTS                         ;return
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;******************************************************************************
; Table Lookup and Interpolation      
;******************************************************************************
;
; This subroutine performs table lookup and interpolation 
; between two 16-bit dependent variables (Y) from a table of up
; to 256 enties (512 bytes) and allowing up to 256 interpolation 
; levels between entries. INTACC1 contains the position of ENTRY2
; and INTACC1+1 contains the interpolation fraction. The 16-bit 
; result is placed in INTACC1+2=MSB, INTACC1+3=LSB. INTACC2 is
; used to hold the two 16-bit entries during the routine.
;
; Y = ENTRY1 + (INTPFRC(ENTRY2 - ENTRY1))/256        
;
; Lookup Table placed in Flash at page "LUT_START_PG". From 
; position of ENTRY2 need to find the page of the memory location.  
; Care has to be taken as adjacent data may be at page boundary. 
;
TBLINT       ENTRY_CODE 0        ;call macro for nested subroutines                                                    
                                                                       
ENTNUM       EQU   INTACC1 ;position of entry2 (0-255)            
INTPFRC      EQU   INTACC1+1    ;interpolation fraction (1-255)/256    
RES          EQU   INTACC1+2    ;16-bit interpolated Y value           
ENTRY1       EQU   INTACC2      ;16-bit entry from table               
ENTRY2       EQU   INTACC2+2    ;16-bit entry from table            
             
             CLR   SIGNED       ;clear                 
;                                                                      
;Get ENTRY2 Page                                                       
;  
;256 entries spread over 8 x 64k pages.
;Therefore 3 MSBs of ENTNUM give page number.  
;                                                                  
             LDA   ENTNUM       ;get position of ENTRY2 (0-255)
             AND   #$E0         ;mask 3 MSBs to find page number of ENTRY2
             RORA               ;rotate right 5 times to get page number (0-7)
             RORA
             RORA
             RORA
             RORA
             ADD   #LUT_START_PG ;add page number of first location of LUT
             STA   PAGESEL
;                                                                      
;Get ENTRY2 Data                                                       
;              
;6 LSBs of ENTNUM give address on page of ENTNUM LSB.
;Add 1 to address to get MSB.
;
  
             LDA    ENTNUM      ;get position of ENTRY1 (0-255)        
             LSLA               ;multiply by 2 (for 16-bit entries)
             AND    #$3F        ;remove 2 MSBs as 64 byte paged memory

ADD    #HPAWS ;add start address of High Page Access Window                                              
STA X ;store position at X                                      
MOV    D[X],ENTRY2 ;store ENTRY2 MSB
INCX               ;increment X for ENTRY2 LSB

             MOV    D[X],ENTRY2+1 ;store ENTRY2 LSB             
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;                                                                      
;Get ENTRY1 Page                                                     
;          
             LDA   ENTNUM       ;get position of ENTRY1 (0-255)
             DECA               ;decrement to find position of ENTRY1
             AND   #$E0         ;mask 3 MSBs to find page number of ENTRY1
             RORA               ;rotate right 5 times to get page number (0-7)
             RORA
             RORA
             RORA
             RORA
             ADD   #LUT_START_PG ;add page number of first location of LUT
             STA   PAGESEL      ;store ENTRY1 page number
;                                                                      
;Get ENTRY1 Data                       
;          
             LDA   ENTNUM       ;get position of ENTRY2 (0-255)
             DECA               ;decrement for position of ENTRY1
             LSLA               ;multiply by 2 (for 16-bit entries)
             AND #$3F         ;remove 2 MSBs as 64 byte paged memory    

ADD #HPAWS ;add start address of High Page Access Window                                              
STA X ;store position at X                                      

             MOV D[X],ENTRY1  ;store ENTRY1 MSB
             INCX               ;increment X for ENTRY1 LSB
             MOV   D[X],ENTRY1+1 ;store ENTRY1 LSB
;
;Subtract ENTRY1 from ENTRY2 and store the 16-bit result.                                                        
;                        
             LDA   ENTRY2+1
             SUB   ENTRY1+1     ;entry2(LSB) - entry1(LSB)             
             STA   RES+1        ;store result LSB                      
             LDA   ENTRY2                                              
             SBC   ENTRY1       ;entry2(MSB) - entry1(MSB)             

STA RES ;store result MSB                                                                                                                                                   
;             
;Two's complement 16-bit result if ENTRY1 was greater than ENTRY2, else
;go do multiply                                                        
;                                                                                

AND #$80  ;check MSB for sign                                       
             BEQ   MLTFRAC      ;go do multiply if positive               
             MOV   #1, SIGNED   ;set sign flag for negative result            
             LDA   #0           ;load acc with zero for subtraction      
             SUB   RES+1        ;2's comp by sub from zero               

STA   RES+1 ;store in RES LSB                                    
             BCC   NODECR       ;check for borrow from zero            
             LDA   #0           ;load acc with zero for subtraction      
             SUB   RES          ;2's comp by sub from zero               

STA   RES ;store in RES MSB                                    
             DEC   RES          ;decrement result MSB for borrow         
             BRA   MLTFRAC      ;go do multiply                          
NODECR       LDA   #0           ;load acc with zero for subtraction      
             SUB   RES          ;2's comp by sub from zero               

STA RES ;store in RES MSB                                                 
;                                                                      
;(INTPFRC(RES:RES+1))/256 = Interpolated result                  
;                                                                      
;Multiply result by interpolation fraction                             
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;                                                                      
MLTFRAC      LDA   INTPFRC      ;get interpolation fraction            
             STA   MP           ;store at multiplier            
             LDA   RES+1        ;get result LSB                        
             STA   MA           ;store at multiplicand                  

JSR   UMULT8 ;branch to multiplier                                      
             MOV   RESULT, RES+1;store upper 8-bits of result and throw
                                ;away lower 8-bits (divide by 256)                       
             LDA   INTPFRC      ;get interpolation fraction            
             STA   MP           ;store at multiplier                        
             LDA   RES          ;get result MSB

STA   MA           ;store at multiplicand                              
             JSR   UMULT8       ;branch to multiplier 
             LDA   RESULT+1     ;UMULT RESULT LSB
             ADD   RES+1        ;add result LSB to lower 8-bits of     
                                ;product                               
             STA   RES+1        ;store new result LSB
             LDA   RESULT       ;UMULT RESULT MSB           
             ADC   #0           ;add carry from last addition          
             STA   RES          ;store result MSB                      
;                                                                      
; Y = ENTRY1 + Interpolated result                                     
;                                                                      
; Check sign flag to determine if interpolated result is to be added to
; or subtracted from ENTRY1                                            
;            
             LDA   SIGNED       ;test sign flag for negative  
             BEQ   ADDVAL       ;if not set, add interpolated result   
                                ;to entry1, else subtract              
             LDA   ENTRY1+1     ;get entry1 LSB                        
             SUB   RES+1        ;subtract result LSB                   
             STA   RES+1        ;store new result LSB                  
             LDA   ENTRY1       ;get entry1 MSB                        
             SBC   RES          ;subtact w/ carry result MSB           
             STA   RES          ;store new result MSB                  
             BRA   TBLDONE      ;finished                              
ADDVAL       LDA   RES+1        ;get result LSB                       
             ADD   ENTRY1+1     ;add entry1 LSB                        
             STA   RES+1        ;store new result LSB                  
             LDA   ENTRY1       ;get entry1 MSB                        
             ADC   RES          ;add w/ carry result MSB               
             STA   RES          ;store new result MSB                  
;                                                                      
;Return from subroutine.                                                           
;                                                                      
TBLDONE EXIT_CODE 0 ;call macro for nested subroutines                               

RTS  ;return from subroutine                               
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;**************************************************************
;*                 Startup Vector                             *
;**************************************************************
            ORG   $3FFD

            JMP _Startup          ; Reset
            
;**************************************************************
;*                 Lookup Table                               *
;************************************************************** 
;256 x 2 byte LUT = 512 byte
;Require 8 x 64 byte pages
;Place LUT at end of flash but remember to leave bottom page for 
;Startup Vector           
;
;     Data          Page       Start Address
;  ------------------------------------------
;  Startup Vector    FF            3FC0
;  LUT Page 7        FE            3F80
;  LUT Page 6        FD            3F40
;  LUT Page 5        FC            3F00
;  LUT Page 4        FB            3EC0
;  LUT Page 3        FA            3E80
;  LUT Page 2        F9            3E40
;  LUT Page 1        F8            3E00
;  LUT Page 0        F7            3DC0

            ORG   $3DC0
            
FDATA: DC.W 0      ;Entry 0
            DC.W 32767  ;Entry 1
            DC.W 2416   ;Entry 2
            DC.W 4271   ;Entry 3
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