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INTRODUCTION

This manual contains instructions on the use of the KIMath subroutine pack­
age. KIMath provides the software for doing floating-point (decimal) arithmetic 
on the KIM microcomputer system.

Because of the wide availability of calculators and larger computers we 
take decimal arithmetic for granted. Perhaps you were surprised when you first 
read the 6502 microcomputer programming manual and discovered that the 6502 in­
struction set could do addition and subtraction of whole numbers only in the 
range of +128 to -127! If you tried writing a program to multiply two eight- 
bit binary words to produce a sixteen-bit result, you will appreciate the ability 
in KIMath to multiply two sixteen-digit BCD numbers just by calling a subroutine.

KIMath gives you the capability to add, subtract, multiply, divide and calcu­
late square roots. In addition, KIMath can calculate logs and antilogs as well as 
tangents and arc tangents. Other common mathematical functions can be calculated 
by combining these basic operations. KIMath also has special subroutines to make 
it easy to evaluate polynomial expressions, which can be used to approximate most 
mathematical functions.

Since your KIM system, like any microcomputer, has to break large numbers 
into several successive words in memory and then work on them one word at a time, 
floating-point arithmetic is much more time- and memory-consuming than simple 
binary arithmetic. A single floating-point number may use as many as 18 words of 
memory in your KIM system, and the multiplication of two 16-digit numbers may 
take as long as 40 milliseconds— 40,000 machine cycles! The same multiplication 
using only 4 digits of precision would take only 10 milliseconds, so if you will 
accept less precision you can speed up your calculations.

To make this possible KIMath allows you to specify the number of digits to 
be used in any calculation. You may use the same precision for your entire pro­
gram or you may adjust the precision depending on the needs of each step in your
calculations.

The KIMath subroutines are an ideal addition to the KIM resident assembler.
Naturally, the assembler is not required in order to use KIMath.
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Because each floating-point number is stored in several memory words, 

KIMath provide utility routines to move blocks of words corresponding to 

each number to and from the locations required to perform the calculations.
Finally, KIMath allows floating point values to be stored in several 

different representations or formats to improve computational efficiency 

while conserving memory. Routines are provided to convert between these 
formats.

Chapter 1 of this manual gives you an overview of the concepts used in 
KIMath. Chapter 2 shows how KIMath could be used to solve a simple equation. 

Chapter 3 examines the different storage formats and Chapters 4 and 5 cover 

the use of the individual subroutines.
Several appendices are provided for the user who desires a more rigorous 

explanation of the techniques used in designing KIMath. A storage map and a 

complete program listing are also included.
The KIMath subroutines were carefully designed and thoroughly tested to 

insure accuracy and correct operation. The final decision of their suitability, 
however, rests with the user and no warranty of fitness is implied by this 

document. If you suspect an error in these routines, contact the Manager of 
Product Support at MOS Technology Sales, Inc. 901 California Avenue, Palo Alto, 

California 94304.
This manual assumes familiarity with 650X assembly language. You should 

first study the KIM Resident Assembler if necessary.



CHAPTER 1
Overview

1.0 Basic Concepts
KIMath is a package of subroutines designed for use with any MCS650X 

microprocessor-based system. The subroutines assist the user in doing the 
floating-point arithmetic necessary for many business and scientific applica­
tions. In particular, KIMath is designed to work with the KIM resident assem­
bler, although KIMath may be integrated into any MCS650X program.

1.1 Definitions
Before examining the operation of KIMath, here are definitions of some 

terms used throughout this manual:
WORD or BYTE - the basic unit of data used in the KIM system. It is com­
posed of eight BITS or binary digits, each of which may only have values 
of 0 or 1. The microprocessor can only operate on one word at a time. 
REGISTER - has a special meaning in this manual, where we define it to 
mean a group of adjacent words in memory. Since the numbers manipulated 
by KIMath are too big to store in a single word, we call the group of 
words used to hold a single floating-point number a register. This usage 
should not be confused with the registers A, X, Y, stack pointer and 
status which are single words stored within the microprocessor, not the 
memory.
POINTER - two adjacent words in memory containing the address of another 
memory location. The programming convention in the 6502 is to store the 
two low-order hex characters of the address in the first word and the two 
high-order characters in the second word. For example, given:

Label Location Contents
POINTL 17FA 00
POINTH 17FB 1C

3
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we could say that the register (POINTL, POINTH) is a pointer which cur­
rently points to the address 1C00.
ROUTINE - a segment of machine-language code which performs a specified 
operation. In this document it is synonymous with a subroutine.
ARGUMENT - the KIMath routines expect to find the numbers they are to oper­
ate on in fixed locations in memory. When the KIMath routine ADD is 
called by a program, it will take data from two fixed locations, add them 
together and put the result in a third fixed location. The data in the 
input locations are the arguments for the ADD routine. It is usually 
necessary to transfer the data from other registers in memory into the 
argument registers and transfer the calculated result to another memory 
register for storage. KIMath provides routines for moving registers about 
in memory.
WHOLE NUMBER or INTEGER - a number which does not contain a decimal point.

FLOATING-POINT NUMBER - a number containing a decimal point. Note: 12 is 
an integer while 12.0 is a floating-point number..

1.2 Number Systems
All modern digital computers are based on the binary system, where numbers 

are represented as groups of signals which are on or off, 1 or 0. For instance, 
the decimal number 39 is represented in binary as 100111. For convenience, bi­
nary numbers are often converted to groups of four and represented in base 16 or 
hexadecimal. Decimal 39 is represented as:

2 7 hexadecimal
0010 0111 binary

Because our daily arithmetic is done in decimal, the hexadecimal format is 
still difficult to interpret. The MCS6502 microprocessor also has the capability 
to do arithmetic in a modified binary format known as BCD or binary coded deci­
mal. In this system each eight-bit word is divided into two four-bit fields, 
each representing a decimal digit. Decimal 39 is now represented as:

3 9 decimal
0011 1001 BCD

memory words
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Although less efficient in use of storage, this representation is more 
readily understood. Appendix H of the 6502 Programming Manual contains a review 
of binary and BCD arithmetic.

We can represent any whole number as a series of BCD digits, with two 
digits packed in each memory word. The next problem arises when we wish to 
store numbers such as 3.14159 or 1276.3333. These numbers contain decimal frac­
tions and BCD notation contains no provisions for decimal points. Very large or 
very small numbers such as 987000000000 or 0.000000625 often have large numbers 
of leading or trailing zeros which expand storage requirements. To overcome 
these problems, KIMath uses "scientific notation" which stores decimal numbers 
in two parts. The number is first reduced to a single whole number followed by 
a decimal fraction. This is called the mantissa. The second part is the number 
of decimal places we must shift the new decimal point to get back to the original 
number. This is called the exponent (scientific notation is also referred to as 
exponential notation). If the decimal point must be shifted to the right the ex­
ponent is a positive number? if a left shift is necessary the exponent is nega­
tive. For instance:

987000000000 becomes 9.87 E+ll 
0.000000625 becomes 6.25 E-7

(An E for exponent is commonly used to separate the two values.) Similarly: 

-6.273411 E+3 is -6273.411
which is an example of a number with a negative mantissa and a positive exponent.

1.3 How Will I Use KIMath in My Program?
Your program will use data of two types: variables whose values will change

from one program run to the next or within a single run, and constants which will 
always have the same value. For example/ a simple program to compute the area of 
a circle given its radius will solve the equation:

AREA = 3.14 R2

The values for AREA and R will change each time you run the program? they are 
variables. The values 3.14 (pi) and 2 (the power to which R is raised) are con­
stants.
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When you write your program in assembly language you define memory locations 
to store this data. When you reserve storage for data used with KIMath, you will 
have to reserve several words of storage for each variable and constant and you 
will have to define a register for each data value. The size of each register 
will depend on the number of digits you wish to store— that is, how much precision 
you wish to maintain in your calculations.

When you wish to perform calculations using KIMath, you will have to transfer 
the value of the variables or constants from their memory storage registers into 
the argument registers (RX and RY) of KIMath, call the appropriate KIMath routine 
to do the calculation, and then transfer the answer or result from the KIMath 
result register (RZ) back to a variable storage register. KIMath provides rou­
tines for doing these register moves.

In addition, KIMath provides for a variety of data formats to minimize stor­
age requirements and speed computation. KIMath provides routines for converting 
data between these different formats.

1.4 Summary of KIMath Calculation Subroutines

Subroutine Action Description
ADD RX + RY RZ This routine allows the user to add two floating­

point numbers. The user may select the number of 
digits in the mantissas of the arguments.

SUB RX - RY -► RZ This routine allows the user to subtract two
floating-point numbers. The user may select the 
number of digits in the mantissas of the argu­
ments .

MULPLY RX * RY ->■ RZ This routine allows the user to multiply two
floating-point numbers. The user may select the 
number of digits in the mantissas of the argu­
ments .

This routine allows the user to divide two float­
ing-point numbers. The user may select the num­
ber of digits in the mantissas of the arguments.

DIVIDE RX f RY + RZ
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1.4 Summary of KIMath Calculation Subroutines (Continued)

Subroutine Action Argument Range 
SQRT /RX -► RH {1, 100}

Description

This routine allows the user to form the 
square root of a floating-point number. 
The user may select the number of digits 
in the mantissa of the arguments

LOG LOGx o (RX) -*• R2 This routine allows the user to form the 
common logarithm of a floating-point num­
ber. The user may select the number of 
digits in the mantissa of the argument, 
but at most 14 will be used and at most 
8 will be returned.

RXTENX 10 -► RH {0, 1} This routine allows the user to form the
common antilog of a floating-point num­
ber. The user may select the number of 
digits in the mantissa of the argument, 
but at most 12 will be used" and at most 
8 will be returned.

TANX TAN(RX) -+ RZ {0,1}

ATANX ARCTAN (RX) -► RH {0, 1}

This routine allows the user to form the 
tangent of a floating-point number.. The 
user may select the number of digits in 
the mantissa of the argument, but at most 
14 will be used and at most 8 will be 
returned. The argument and result are in 
radians.

This routine allows the user to form the 
arc tangent of a floating-point number. 
The user may select the number of digits 
in the mantissa, but at most 14 will be 
used and at most 8 will be returned. The 
argument and result are in radians.

1.5 KIMath Formats
Several variations on exponential notation are used in KIMath.
1.5.1 Computational Format

Before actual computation can take place, every number transferred to 
a KIMath argument register must be converted to an eighteen-word format:

a. The first word contains the sign of the mantissa in bit 7 (1 if 
minus, 0 if plus) and the sign of the exponent in bit 6.
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b. The next sixteen words contain the sixteen digits of the man­
tissa, one digit per word, using BCD notation.

c. The last word contains the value of the exponent (which must be
between 0 and 99) as two BCD numbers. For example: a value of
-7292.3847684 would be stored in computational format as:

Sign Word Mantissa Digits (in BCD) Exponent Word

\  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

oo00 02 09 02 03 08 04 07 06 08 04 00 00 00 00 00
/

0

A AT popositive exponent 
negative mantissa
This format allows KIMath to calculate quickly since every floating-point 

number is contained in the same number of words and each word contains only a 
single digit (except for the exponent word).

This is a very inefficient use of storage since the left half of each word 
in the mantissa always contains a zero, and each mantissa contains sixteen digits 
even if many are just trailing zeros.

1.5.2 Packed Format
To avoid this waste of storage KIMath provides a more efficient format 

for storing data when it is not being used in a computation:
a. The first word contains the signs of the mantissa and exponent as 

in computational format.
b. Succeeding words each contain two digits of the mantissa in BCD. 

The number of words used is defined by the user.
c. The final word contains the two digits of the exponent, as in 

computational format.
If the user had decided to use 12 digits of precision in storage, the 

value of -7292.3847684 would be stored as:
|_80j

t
Sign Word

CN 92 38 47 68 40 |

Mantissa
ED
tExponent

thus using eight words of storage instead of eighteen. KIMath contains routines 
to convert between computational and packed format. Packed format is the form
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usually used for memory registers storing program variables. It is your responsi­
bility to keep track of how many digits of precision are used for each variable/ 
since KIMath will need that information when moving the memory register to the 
KIMath argument registers and converting to computational format. You may choose 
to use the same precision for all storage registers to simplify this task.

1.5.3 Unpacked (ASCII) Format
The ASCII code used by the KIM-1 serial communications interface 

represents each character typed in or out as two hexadecimal characters packed in 
a single word: the character 'A' is 41, a blank is 20, a carriage return is 0D.
The digits 0 through 9 are coded as themselves plus 30: '4' is 34, '7' is 37,
etc.

To make interfacing easier, KIMath has an unpacked format which uses 
ASCII codes rather than BCD.

a. The first word contains the sign bits for the mantissa and ex­
ponent as used for computational format.

b. Up to 16 words (depending on the precision desired) are used for 
the mantissa. Each word contains one digit of the mantissa in 
ASCII code.

c. The last two words contain the two digits of the exponent, also 
in ASCII.

Using six digits of precision the value
-0.003764 (or -3.764 E-3)

would be stored as: 
Sign Word Exponent

CO 33 37 36 34 30 30 30 33

Mantissa
This format is usually used only when preparing to trans­
fer data to or from a line of terminal input or output.

1.5.4 Constant Format
KIMath calculates functions by solving polynomial equations which 

closely approximate the desired function. Because the polynomials have many 
terms and the coefficients have differing precision requirements, a special 
format is used in KIMath to store constants. The format allows all constants to
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be stored together in a list without having to specify elsewhere the precision of 
each constant. The constant format is composed of:

a. A sign byte, as in the other formats.
b. Up to eight bytes in packed BCD format (two BCD characters per 

byte) containing the mantissa.
c. An exponent byte of two characters. The first (leftmost) char­

acter is always a hexadecimal 'F' and the second character is the 
one-digit BCD exponent. Thus, constants may only have exponents 
between -9 and +9.

Thus the constant 32767.413 (3.2761413 E+4) will be stored as:

Sign *1"'yS an 'F'

Mantissa Exponent Byte
Thus, KIMath can read a constant from memory by just knowing its

starting location. It will continue to scan successive bytes until it locates 
one containing an 'F' and know it has reached the end of the constant. The next 
byte will contain the sign byte of the next constant.

The KIMath routine USRLKP is used to transfer a constant format value
from memory to the argument register RY and convert it to computational format.
1.6 Summary of Formats

KIMath supports four different formats:
a. Computational Format - used for the argument and result registers 

RX, RY and R£5. Although inefficient in use of storage, they per­
mit quick calculation.

b. Packed BCD Format - most efficient in use of storage.
c. Unpacked (ASCII) Format - less efficient in use of storage, but 

easier to convert to and from external devices.
d. Constant Format - efficient in use of storage and a good way to 

store tables, but limited in the size of the exponents which can 
be used.



CHAPTER 2
A Sample Program Using KIMath

2.0 Throughout the remainder of this manual we will develop the techniques re­
quired to create the following program:

An engineer wishes to create a program to find the resonant frequency of a 
tuned circuit, given values for L, the inductance, and C, the capacitance, in the 
circuit. The formula is:

2 7T /LC

The program will have to contain the following operations:
1. The starting address of the program must be defined and storage regis­

ters for L, C, and the constants 2tt and 1 must be created.
2. The precision of the calculations must be defined to KIMath.
3. The value of L must be read in and transferred to a KIMath argument 

register.
4. The value of C must be read in and transferred to a KIMath argument 

register.
5. L must be multiplied by C.
6. Move the answer to step 5 to a KIMath argument register. Compute the 

square root. Since the square root routine in KIMath will only accept 
numbers between 1 and 100 we must adjust the exponent of the result of 
step 5.

7. Get the first constant (2tt) and transfer it to an argument register.
8. Move the computed square root to another argument register and multiply.
9. Get the second constant (1) and put in an argument register.
10. Move the result of step 8 to an argument register and do the division.
11. Move the result of the calculation back to the register originally con­

taining L and type it out.

To summarize as an assembly language program,
;(1) define storage
;(2) define precision

- 11 -
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; (3) read L and transfer to RX
; (4) read C and transfer to RY
; (5) compute L times C— answer stored in RB
; (6) move RB to RX and

compute square root— adjust exponent of result
; (7) get 2tt to RX
; (8) move RB to RY and multiply
; (9) get 1 (constant) and put in RX
; (10) move RB to RY and divide
; (ID move RB back to L and print out
.END

To start with, our program only contains comments. As we learn more about KIMath 
we will begin to write the assembly language statements to implement the program.

To help you visualize what is happening in the program, the following table 
shows the contents of the two argument registers (RX, RY) and the result register 
(RB) after each program step:

At the end of
step # RX

1 
2

3 L
4 L
5 L
6 LC
7 2tt
8 2 tt

9 1

10 1

RY

C
C
C

2 tt*

Slc

1*
2tt/lC

RB

LC (L times C) 
/LC (adjusted)

t̂ LC 
2vfLC 
2ttv/LC

_ 1
2ttV lC

*The constant appears in both RX and RY because it is moved 
from storage to RY and then to RX.



CHAPTER 3
Defining Storage for KIMath 
Variables and Constants

3.0 In the last chapter you learned that KIMath uses several different formats
for memory storage registers used in KIMath calculation. Now let us see how we
set aside memory to hold these variables and constants.

3.1 Defining Precision
If we define an even number NDIG which is the Number of DIGits of precision 

we wish to use, storing a number of that precision will take:
a. NDIG + 3 words of storage in Unpacked format.
b. NDIG/2 + 2 words of storage in Packed format.
c. NDIG/2 + 2 words of storage in Constant format. (Constants may be

stored in fewer digits if they have leading or trailing zeros.)
d. Computational format always takes 18 words.
In our sample program (see Chapter 2) we defined two variables, L and C. 

Since we are reading them in from a terminal we will store them in Unpacked 
(ASCII) format. We also needed two constants (2tt and 1) and will store them in 
constant format.

Since we may wish to change the precision of our program, we will define 
the variable NDIG to the assembler and use it to calculate our storage. The 
following code will define storage for our sample program:

; (1) define storage
NDIG = 8; we will carry 8 digits of precision 
* = $5000; start the program at location 5000 (hex)
L * = * + NDIG + 3; reserve storage for L
C * = * +NDIG +3; reserve storage for C
TWOPI .BYTE $00, $62, $83, $18, $54, $F0; define 2tt 
ONE .BYTE $00, $10, $F0; define 1.0

13
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Note that constant format allows us to eliminate the trailing zeros in the 
constant ONE. The symbol stands for the current value of the program counter
Refer to the assembler documentation if you are not familiar with assembler direc 
tives.

Our program storage map will now be:

5000 - 500A storage for L
500B - 5015 storage for C
5016 - 501B storage for 2tt constant
501C - 501E storage for 1.0 constant
501E - ___ program storage

If we later re-assemble our program and change the value of NDIG to 4 or 
10/ to increase or decrease the precision of our calculations, the amount of 
storage allocated will automatically decrease or increase.



CHAPTER 4

4.0 Now that we have examined the data formats and storage requirements of 
KIMath we are ready to examine the subroutines themselves. The following table

Introduction to the KIMath Subroutines

summarizes the KIMath subroutines, their arguments and their functions:
Summary of KIMath Subroutines

Subroutine Arguments Function
SAVXY None Save processor X and Y index registers.
RCLXY None Recall previously saved X and Y regis­

ters.
IPREC PREC, EXTRA PREC + EXTRA ■+ N
PLOADX
PLOADY

ARGXL, ARGXH 
ARGYL, ARGYH 
PREC

Move user register in packed format to
RX or RY and change to computational 
format.

ULOADX
ULOADY

ARGXL, ARGXH 
ARGYL, ARGYH 
PREC

Move user register in unpacked format 
to RX or RY and change to computational 
format.

PSTRES
USTRES

RESL, RESH 
PREC

Move contents of RB to user register in 
packed or unpacked format.

USRLKP KDNL, KONH,
NKON

Transfer constant data to RY and convert 
to computational format.

POLY KONL, KONH, 
NKON, DEG

Evaluates a polynomial.

CLRX
CLRY
CLRB

None Clear RX, RY, or RB

DECHEX CNT Converts contents of CNT from decimal 
to hexadecimal notation.

XSY RX, RY Exchange contents of RX and RY.

4.1 Working Storage
The working storage area used by the KIMath subroutines is divided into

three parts: the computational registers (RA, RB, RQ, RM and RN) which are not
available to the user; the argument/result registers (RX, RY, RB); and the 
pointers, counters and indicators in page zero.

15
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4.1.1 The Argument/Result Registers - RX, RY, RZ
The registers RX and RY are the argument registers and RZ is the 

result register. This means that when RX and RY are set to specific values and, 
for example, the MLTPLY routine is called, then the product is returned in RZ. 
These registers are each 18 bytes long to permit a maximum of 16 digits for the 
mantissa. The registers RX, RY and RZ are CLeaRed directly by means of the sub­
routines CLRX, CLRY and CLRZ, respectively. The registers RX, RY, RZ contain a 
sign byte (SX, SY, SZ) and an exponent byte (EX, EY, EZ). The sign byte is the 
first and the exponent byte the last. Remember that data in RX, RY or RZ must 
be in computational format.

These registers may be transferred about by means of the subroutines 
whose names are of the form MVsd, where "s" stands for source and "d" for desti­
nation. For example, MVXY MoVes the contents of RX to RŶ .

4.1.2 The Pointers, Counters and Indicators
Before calling any KIMath routine, you may wish to SAVe the proces­

sor's X and Y registers in locations TMPX and TMPY by means of the routine SAVXY. 
The X and Y registers are ReCaLled by calling RCLXY.

Before calling an arithmetic or transcendental KIMath routine you 
must specify the number of digits of PRECision desired by loading locations PREC 
and EXTRA with two unsigned, binary values. The first value, PREC, specifies 
the number of digits of mantissa which the user expects in the RZ register after 
completion of a calculation and PREC+EXTRA specifies the number of digits of 
precision used by the subroutine in computing the result. The limitations on 
these values are: 0 < PREC+EXTRA < 16 and:

Function Internal Precision* Precision* Returned
ADD PREC+EXTRA PREC
SUB PREC+EXTRA PREC
MLTPLY PREC+EXTRA PREC
DIVIDE PREC+EXTRA PREC •
LOG 14 Lesser of PREC or 8
TENX 12 Lesser of PREC or 8
TANX 14 Lesser of PREC or 8
ATANX 14 Lesser of PREC or 8
SQRT PREC+EXTRA PREC

*Note: Here the word "precision" refers not to error but
to the number of digits used in calculation.
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The sum PREC+EXTRA may be computed by calling the routine named IPREC.
This routine computes the sum and stores the result in N. N is the byte which 
the arithmetic and transcendental routines use to decide the precision of inter­
nal calculation. If the user so desires, the use of PREC and EXTRA may be 
avoided and N used directly. However, the routines LOG, TENX, TANX and ATANX 
may change any value placed in N.

The bytes in page 0 named ARGXL, ARGXH, ARGYL, and ARGYH are used to contain 
the addresses of user-defined registers in the RAM memory area. By using these 
address pointers and the subroutines PLOADX, PLOADY, ULOADX and ULOADY, the user 
loads the KIMath argument registers from any place in memory.

The bytes RESL and RESH are used in conjunction with the KIMath routines 
PSTRES (Packed SToring of RESults) and USTRES (Unpacked SToring of RESults) to 
place the contents of RE in a user-defined register, which is specified by the 
pointer (RESL, RESH).

The bytes KONL, KONH are used together with DEG and KIMath routines USRLKP 
and POLY to evaluate any polynomial, subject, of course, to the constraints that 
the coefficients have fewer than 16 digits of mantissa and that the exponent has 
only one digit. More shall be said about these techniques in the section on 
Advanced Applications.



CHAPTER 5
The KIMath Subroutines

5.1 The KIMath subroutines may be divided into four groups, Functions, Conver­
sions, User Utilities and System Utilities. This section will deal with the 
first three classes.

5.1.1 The Function Subroutines are called ADD, SUB, MLTPLY, DIVIDE, SQRT, 
LOG, TENX, TANX, and ATANX. These routines may be divided into the Arithmetic 
Routines and the Transcendental Routines. Each of the routines requires that 
the argument registers (RX and RY) be in the Computational Format.

The following tables give some relevant information about the 
Arithmetic and Transcendental Routines:

Arithmetic Routines
Subroutine Precision^

ADD 0 < N <_ 16
SUB 0 < N < 16
MLTPLY 0 < N <_ 16
DIVIDE 0 < N < 16
SQRT 0 < N 1 16

mError Symbolic Action

1 Count RZ <- RX + RY
1 Count RZ -h RX - RY ^

1 Count RZ ̂  RX * RY
1 Count RZ ̂  RX 4 RY
5 Counts RZ <■ /rX~

(1) Note - Precision refers to the number of digits to which the
calculation is to be carried out.

(2) Note - Error refers to the error in the least significant digit
of the mantissa and so is the relative error. 3

(3) Note - In the case of ADD, at return time RX contains the argument
with the largest absolute value. Thus one may use this 
routine to sort a table of numbers. In the case of SUB the 
sign of the mantissa of RY is changed and then the arguments 
are added. Thus the arguments are intact except for a sign.

-18-



19

Transcendental Routines

Subroutines Interval Precision Error Symbolic Action

LOG 14 <10“8* RZ LOG10(RX)

TENX {0, 1} 12 io-8 RZ * 10RX
TANX {0, 1} 14 10-8 RZ «- TAN(RX)
ATANX (o, 1} 14 CD1of—1 RZ -e ARCTAN(RX)

*Note: The error in the case of LOG is the absolute error; the others
are relative error.

The user may use the bytes PREC and EXTRA together with the subroutine IPREC to 
calculate N, which is the value used by these routines. Note that the Transcen­
dental Routines supply their own value for N and will overwrite any value sup­
plied by the user.

Now that we know the names of the calculation routines and how to indicate 
to KIMath the desired precision of calculation we can add some statements to our 
sample program. Now it will look like (the > sign indicates new statements we 
have added) :

; (1) define storage
NDIG = 8

* = $5000 
L * = *+NDIG+ 3 
C * = *+NDIG+3

TWOPI •BYTE $00, $62, $83, $18
ONE •BYTE $00, $10, $F0

; (2) define precision
> EX = 2; use 2 extra digits in calculations
> LDA # NDIG
> STA PREC
> LDA # EX
> STA EXTRA
> JSR IPREC ; calculate N

; (3) read L and transfer to RX
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; (4) read C and transfer to RY
; (5) compute L times C - answer stored in RZ

> JSR MLTPLY ; do the multiplication
; (6) move RZ to RX and compute square root - adj. exp.

> JSR SQRT
; (7) get 2tt to RX
; (8) move RZ to RY and multiply

> JSR MLTPLY
; (9) get 1 (constant) and put in RX
; (10) move RZ to RY and divide

> JSR DIVIDE
; (11) move RZ to L and print out
END

Now by simply changing the assigned value for NDIG and EX and re-assembling 
the program, both calculated precision and storage allocation can be automatically 
changed. This allows re-assembly of the program with changed precision (and thus 
changed locations for registers L and C). The pointers will automatically be 
changed to the correct locations.

5.1.2 The Conversion Routines permit the user to transform data from the 
packed BCD, constant, or unpacked formats to the computational format and back 
again. They are PLOADX, PLOADY, ULOADX, fTLOADY, PSTRES, and USTRES. These 
routines all use PREC to determine the number of bytes to be converted.

a) PLOADX, PLOADY: These routines load RX and RY with the packed
format data found at the addresses {ARGYL, ARGXH} and {ARGYL, 
ARGYH}. The data is unpacked into the computational format and 
the value in PREC determines how many digits will be transferred. 
Note that PREC should be an even number to prevent the loss of a 
digit in transfer. This is natural when it is noted that the 
packed format requires an even number of digits in the mantissa 
bytes.

b) ULOADX, ULOADY: These routines load RX and RY with the unpacked
format data found at the addresses {ARGXL, ARGYL! and (ARGYL,
ARGYH) respectively. The data is converted into computational 
format and the number of digits transferred is determined by PREC. 
In this case PREC need not be even to effect an accurate transfer.
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The use of ULOAD and PLOAD allows us to move data to the computational regis­
ters from memory registers. We can now add them to our program at the following 
locations:

> JSR GETNL

> LDA #<L
> STA AP.GXL
> LDA #>L
> STA ARGXH
> JSR ULOADX

> IDA #<C
> STA ARGYL
> LDA #>C
> STA ARGYH
> JSR GETNC

> JSR ULOADY

(3) Read L and transfer to RX
a user-provided subroutine to get a 
number from the terminal and place 
it in L in unpacked format, 
low-order byte of address of L

high-order byte

move L to RX
(4) read C and transfer to RY 
low-order byte of address of C

high-order byte of address of L

user-supplied routine to read value of C into 
register C

Note: The assembler interprets the symbols "<L" to mean the
low-order byte of the address of the variable named L 
">L" implies the high-order byte of the address of L.

c) PSTRES: This routine moves the contents of RB into the location
specified by {RESL, RESH} as a starting address and converts it 
to packed format. The byte PREC is used to determine the number 
of bytes to be converted.

d) USTRES: This routine converts the contents of RB from computa­
tional format as it moves them to the destination specified by 
{RESL, RESH} and converts the contents to unpacked format. PREC, 
again, determines the number of bytes to be moved.

These routines allow transfer of the final answer to our example problem
back to register L for printout:
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>

>
>
>
>
>

; (11) move R2 to L and printout
LDA <L; set up
STA RESL; pointer
LDA >L; to locate
STA RESH; destination register
JSR USTRES; move it
JSR PRINTL; user-supplied routine to print the value

in L
e) USRLKP: This routine loads RY with the constant format data

beginning at the address {KONL, KONH}. The data is converted 
from constant format to computational format. The number of 
digits transferred is determined by the location of the byte con­
taining an 'F.' This routine also uses the byte named NKON to 
point at the constant. Thus if the user sets NKON equal to zero 
and the pair (KONL, KONH} equal to some address prior to calling 
USRLKP then at return time RY contains the constant. (KONL,
KONH, and NKON} point at the next constant, that is, {KONL,
KONH} + NKON is the address of the byte following the byte con­
taining an F (presumably the first byte of the next constant). 
Using this routine and POLY one may step through a table of co­
efficients and evaluate a polynomial. Use of POLY is covered in 
Appendix A. Clearly, one may also use this routine for other 
purposes such as a simple table lookup of constants needed fre­
quently in a calculation.

Now we have the capability to load our constants into the 
program. Now we can fill out steps (7) and (9):

>

>

>
>

>
>
>

; (7) get 2tt to RX
LDA <TWOPI; get low-order 
STA KONL ; pointer byte 
LDA >TWOPI; get high-order 
STA KONH ; pointer byte 
LDA #00
STA NKON ; initialize offset
JSR USRLKP ; lookup constant and put in RY
; still have to get RY to RX
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; (9) get 1 (constant) and put in RX
> JSR USRLKP ; a lot easier the second time
> ; still must transfer RX from RY

Up to 256 bytes of constants may be indexed through by successive 
calls to USRLKP.

f) DECHEX: This routine converts the contents of the byte CNT from
BCD to HEX. The converted value may be found at return time in 
CNT.

The User Utilities permit the user to move and clear various registers,
a) The routines whose names are of the form MV s, d, where "s" stands 

for source and "d" destination, allow the user to move the regis­
ters RX, RY, RZ, RM and RN about with ease. The following table 
shows the supported moves. RM and RN are working registers and 
will not normally be available to the user.

Source Destinations Corresponding Routine Names

R X R Y , R Z , R M , R N M V X Y  , M V X Z  , M V X M , M V X N

R Y R X , R Z , R M , R N M V Y X , M V Y Z , M V Y M , M V Y N

R Z R X , R Y , R M , R N M V Z X , M V Z Y , M V Z M , M V Z N

RM R X , R Y  , R Z , R N M V M X , MVM Y , M VM Z , MVMN

RN R X , R Y , R Z , RM M V N X , M V N Y , M V N Z  , MVNM

b) The routines CLRX, CLRY and CLRZ may be used to set RX, RY and RZ 
equal to zero, respectively.

c) The routine XSY exchanges RX and RY.
The move subroutines allow us to transfer computational data 

between working registers. We need them in steps (6 ), (7), (8 ),
(9) , and (10) :

; (6 ) Move RZ to RX and compute square root - adj. exp.
> JSR MVZX; move RZ to RX

JSR SQRT
; (7) get 2tt to RX
LDA #<TWOPI



24

STA KONL 
LDA #>TWOPI 
STA KONH 
LDA #00 
STA NKON
JSR USRLKP ; constant to RY

> JSR MVYX ; move it to RX
; (8 ) move RZ to RY and multiply

> .JSR MVZY 
JSR MLTPLY
; (9) get 1 (constant) and put in RX
JSR USRLKP ; get next constant

> JSR MVYX ; move it to RX
; (10) move RZ to RY and divide

> JSR MVZY ; move RZ to RY 
JSR DIVIDE

The sample program is now complete except for the fact that SQRT will only 
operate on numbers between 1 and 1 0 0, so we must adjust the exponent of the argi 
ment, take the square root and adjust the results. The two subroutines required 
are listed in Appendix B and are called SQRIN & SQROUT. They must be added to 
the program (they are not included in KIMath). Step (6 ) now becomes:

; (6 ) Move RZ to RX and compute square root
JSR MVZX ; move RZ to RX

> JSR SQRIN ; adjust exponent 
JSR SQRT ; compute root

> JSR SQROUT ; adjust exponent back

5.2 Completed KIMath Program
; (1 ) define storage
NDIG = 8

* = $5000 
L * * = *+NDIG+3
C * = *+NDIG+3
TWOPI ‘BYTE #00, $62, $83, $18, $54, $F0; TWOPI 
ONE -BYTE $00, $10, $F0
; (2 ) define precision
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EX = 2; use 2 extra digits in calculation
LDA #NDIG
STA PREC
LDA #EX
STA EXTRA
JSR PREC ; calculate N 
; (3) Read L and transfer to RX
JSR GETNL; user-provided subroutine to input value for L 

; to L register in unpacked format.
LDA #>L; low-order byte of address of L 
STA ARGXL
LDA #<L ; high-order byte 
STA ARGXH
JSR ULOADX ; Move L to RX
; (4) Read C and transfer to RY
LDA #<C ? low-order byte of address of C
STA ARGYL
LDA #>C ; high-order byte of address of C 
STA ARGYH
JSR GETNC ; user-provided subroutine to input value 

; for C to C register in unpacked format.
JSR ULOADY ; transfer C to RY 
; (5) Compute L times C 
JSR MLTPLY
; (6) Move RH to RX and compute square root
JSR MVBX ; move RB to RX
JSR SQRIN ; adjust exponent
JSR SQRT ; compute root
JSR SQROUT ; adjust exponent back
; (7) get 2pi to RX
LDA #<TWOPI ; address low of First constant
STA KONL
LDA #>TWOPI
STA KONH
LDA #00
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STA NKON
JSR USRLKP ; constant to RY 
JSR MVYX; move it to RX 
; (8) Move RE to RY and multiply
JSR MVBY 
JSR MLTPLY

(9) get 1 (constant) and put in RX 
JSR USRLKP ; get next constant 
JSR MVYX ; move it to RX 
; (10) Move RE to RY and divide
JSR MVBY ; move RE to RY 
JSR DIVIDE ;
; (11) Move RE to L and print it out
LDA #<L ; set up
STA RES ; pointer
LDA #>L ; to locate
STA RES+1 ; destination register
JSR USTRES ; move it
JSR PRINTL ; user-supplied routine to print out L. 
.END

Note: The above program would also require that the starting address of 
all KIMath subroutines be defined. See Appendix D for the correct
addresses.



Appendix A
EVALUATING POLYNOMIALS

KIMath uses polynomial approximations to generate several of its functions, 
and these subroutines are also available for calculation of user-defined poly­
nomials.

The user must first define the constants to be used in the calculation, then 
define the degree of the polynomial and the starting address of the stored con­
stant. Finally, the argument for the polynomial is transferred to RX and the 
routine POLY is called. The value of the polynomial is returned in RB.

Specifically, given a polynomial of the form:
o o Ny = cq + cix + C2X + C3XJ + ••• + cNx

the coefficients (c q / c i , C2 , C3, ..., ĉ ) are stored in constant format in con­
tiguous memory. The highest order coefficient is stored in the lowest memory 
address. NKON is set to zero, DEG is set to a value of N - 1 where N is the 
degree of the polynomial. The address pair (KONL, KONH) must point to the first 
byte of the constant storage area. RX is loaded with the value of x and the sub­
routine POLY is called. Upon return, y (the value of the polynomial) is in RB.
A Sample Program

The sine function can be expressed as:
2N-1

2Z (-D
N=1

N+l
(2N - 1) !

Expanded, this yields the polynomial:

•  ̂ ^ Z3 Z' Z* ZA1s m  Z Z “ 31 + 51 " 71 91 11!

For our example we will use the first six non-zero terms for our application. 
Our coefficients are:

c0 = 0 
ci = 1.0 
C2 = 0

27
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c3 = - jj- = -1.6666667 E-l
C4 = 0
c5 = + jfy = +8.3333333 E-3 
c6 = 0
c7 = - jy = -1.9841270 E-4 
c8 = 0
c9 = + Yj- = 2.7557319 E-6 

C 1 0 = 0
cn  = - YYY = -2.5052108 E-8

A program to evaluate the sine function would look like:

; define parameter and pointers 
PREC * = $10

.BYTE 04 ; value for PREC 
EXTRA * = $11

.BYTE 04 ; value for EXTRA 
KON * = $0E

.WORD $3000 
DEG * = $05

.BYTE 10 
NCON * = $01

.BYTE $00
* = $3000 ; starting address 

NIN = * + 7 ; reserve. 7 bytes for input register 
; define constants C0 - Cll - note that they are stored in

reverse order
.BYTE $C0,$25,$05,$21,$08,$F8 ; Cll 
.BYTE 0,0,$F0;C10
.BYTE $40,$27,$55,$73,$19,$F6 ; C9
.BYTE 0,0,$F0 ; C8
.BYTE $C0,$19,$84,$12,$70,$F4 ; C7
•BYTE 0,0,$F0 ; C6
.BYTE 04,$83,$33,$33,$33,$F3 ; C5
.BYTE 0,0,$F0 ; C4
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.BYTE $C0,$16,$66,$66,$67,$F1 ; C3 

.BYTE 0,0$F0 ; C2 

.BYTE 0,01,$F0 ; Cl 
CONST .BYTE 0,0,$F0 ; C0 

; call user-written subroutine to load some 
; value into NIN register.

JSR GETVAL

LDA KON ; set up 
STA ARGXL ; pointer to 
LDA KON+1 ; input 
STA ARGXH ; buffer

JSR ULOADX ; move NIN to RX and convert
JSR POLY ; evaluate polynomial
LDA KON ; set up
STA RES ; pointer to
LDA KON+1 ; output
STA RES+1 ; results
JSR USTRES ; move R3 to NIN and convert

; call user-written subroutine to printout 
; value in NIN 
JSR PUTVAL 
.END ; all done



Appendix B 
APPLICATIONS

In this section we shall deal with extension of the range of the functions, 
and extension of the function set.

a) Common Logarithm: Let x • 10 denote an arbitrary positive floating-point
number. Then

10 - 1 / 2 10 1/ 2

= (x 10 ' 1 / 2  ^ 10

10 

r+1/2

Now 1 ̂  x < 10 and so 10~ 1/2 - x • 10-1//2 < 101//2. But /0.1 = 10-1/2 and 
so LOG may be used to evaluate logio(x * 10“1/2). By using the following 
equation, one may compute the common log for any positive argument.

log10(x • 10r) = log10(x • 1 0 " 1/2 • 10r+1/2)

= logio(x * 10“1//2) + r + 0.5

b) Common Antilog: Let x be an arbitrary floating-point number satisfying the
inequality

|x| < 1 0 0,

and let I = [x] and F = <x>, where [x] stands for the largest integer less 
than or equal to x and <x> = x - [x]. With these definitions in mind we 
find that

x = I + F
Now 0 F < 1 and I is an integer and so

x F Iiox = 10 • 10
FSince 0 i F < 1 we may use TENX to find 10 , after which we have a number

xbetween 1 and 10. Therefore I is the floating point exponent of 10 .

30
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c) Tangent: Let x be a floating-point number which satisfies the inequality
0 - x < j. This implies that 0 1 x • — < 1. Now tan ̂  j ^ x̂  = tan  ̂j j but

> «*»(!)
! ( f )

Thus by applying TANX to the value of — x and applying the above trigono­
metric identity one may extend the tangent function to the interval [0 , j) .
Note also that

1 - tan !(!)
’ (!)

and

2 tan (!)

1 + tan ii)
and so one may use TANX to evaluate the other trig functions.

d) Arc tangent: This function may be extended from the interval [0, 1] by
means of the following identities:

arctan(-x) = -arctan x

arctan( x ) arctan (f t)' x ? 0

With these identities and the ATANX subroutine one can evaluate the arc 
tangent function for any argument. The other inverse trigonometric func­
tions may then be computed by means of the following identities:

arcsin x arctan (u  - x V /J)

arc cos x = arctan (1 - xz)2 \ 1 / 2
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e) Square Root: Since every floating-point number can be expressed as x • 10r
where 1 < | x| < 100 and |r| is even or zero, one can form the square root
as follows: ______

-/x • 10r = 10r/2 • ✓x’

where x > 0 and /x is evaluated by using SQRT. Note that r/2 is an integer 
and 1 £ /x < 1 0  and so r/2 is the floating-point exponent of / x *  10r.

Chapter 5 mentions that the sample program must be provided with two sub­
routines to extend the range of the square root function. These subroutines are 
provided below. The subroutine SQRIN must be called immediately prior to calling 
SQRT and SQROUT must be called immediately afterwards. SQRIN and SQROUT are not 
part of KIMath and must be supplied by the user:

Exponent Adjustment for SQRT

VAL * = *+l 
SQRIN SED 

SEC
LDA EX 
SBC #2 
STA EX 
BCC OUT 
CLC
LDA VAL 
ADC #1 
STA VAL 
BNE SQ1 

OUT ADC #2
BIT SX 
BVC SQ2 
STA EX 
CLC
ADC VAL 
STA VAL
RTS
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SQ2 STA EX
RTS

SQROUT LDA VAL 
STA EZ 
RTS



Appendix C 
THE APPROXIMATIONS

This section is included for those users who are interested in how KIMath 
generates its functions. Understanding of this section is not required for use 
of KIMath.

1) LOG: This subroutine has been built around the rational function given by
the following equation:

R (x) = t (x) p (t (x) ) ,

where t(x) = 2— 1 , x z [ /0 .1 , /lO] and p(x) is a polynomial given by 

p(x) = aQ + a^x + a2x2 + a3x3 + a4x4 + a3x5

where
a0 = 8.685887483405 x 10-1 
a\ = 2.89551130267 x 10" 1 
a2 = 1.731095517 x 10_1 
a3 = 1.3136901121 x 10" 1 
a4 = 5.53427387 x 10*2 
a5 = 1.820912997 x 10_1

The absolute error on the interval [/0.1 f /l0] for log^^x) as approximated 
by R(x) is less than 1 x 10~8.

2) TENX: This subroutine has been built around the polynomial given by the
following equation:

P(x) = (ag + ajx + a2x2 + a3x3 + a4x4 + a5x5 + a6x6 + a7x7)2, 

where x e [0 , 1 ] and
a0 = 1
al = 1.15129277603
a2 = 6.6273088429 x 10" 1
a3 = 2.5439357484 x 10_1

34
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a4 = 7.295173666 * 10-2 
a5 = 1.742111988 x 10"2 
a6 = 2.55491796 x io-3 
a7 = 9.3264267 x 10“4

The relative error on the interval [0, 1] for 10X as approximated by P(x) 
is less than 5 x 10~8.

3) TANX: This subroutine has been built around the polynomial given by
P(x) = x(a0 + a ^ x 2 ) 1 + a2 (x2 )2 + a3 (x2 ) 3 + a4 (x2 )4 + a5 (x2 ) 5 + a6 (x2)6, 

where
a0 = 7.853981762291 x 10' 1 
ax = 1.614897776174 x 10' 1 
a2 = 3.98659104705 x io* 2 
a3 = 9.8345945393 x io-3 
a4 = 2.7974335037 x 10‘ 3 
a5 = 2.031171084 x 10~4 
a8 = 4.109741948 x io” 4

The relative error on the interval [0, 1] for tan xj as approximated by 
P(x) is less than 1 x 10-8.

4) ATANX: This subroutine has been built around the polynomial given by
P(x) = x(ag + ai(x2) + a2 (x2 )2 + a3 (x2 ) 3 + a4 (x2 )4 + a5 (x2 ) 5 + a6 (x2 )6 +

a7 (x2 )7 + a8 (x2)8)f
where

a0 = 9.999999847657 x 10" 1 
a! = -3.333307334505 x 10_1 
a2 = 1.999261939166 x io-1 
a3 = -1.420364446652 x 10_1 
a4 = 1.06409340253 x 10" 1 
a5 = -7.50429453889 x 10"2 
a6 = 4.26915192711 x IO-2 
a7 = -1.60686289604 x io“ 2 
a8 = 2.8498896208 x 10-3

The relative error on the interval [0, 1] for arctan x as approximated by 
P(x) is less than 1 x io-8.
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APPENDIX D

KIMath Addresses

CALCULATION SUBROUTINES

ADDRESS

F808
F800
F90B
FA16
FA9E
FAE7
FB41
FB5C
FB78

NAME

ADD
SUB
MULPLY
DIVIDE
SQRT
LOG
TENX
TANX
ATANX

UTILITY ROUTINES

FEFO
FEF5
FEE8
FEOA
FE23
FE8A
FEA2
FE3C
FEBA
FD92
FDC1
FD71
FD7C
FD87
FBC3
FCBF

SAVXY
RCLXY
IPREC
PLOADX
PLOADY
ULOADX
ULOADY
PSTRES
USTRES
USRLKP
POLY
CLRX
CLRY
CLRZ
DECHEX
XSY
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WORKING STORAGE

PAGE ZERO
STARTING ADDRESS NAME

10
11
06
07
08
09
OA
OB
OE
OF
01
05
03

PREC
EXTRA
ARGXL
ARGXH
ARGYL
ARGYH
RESL
RESH
KONL
KONH
NKON
DEG
CNT

COMPUTATION REGISTERS

STARTING ADDRESS NAME

0235
0235
0246

RX
SX (sign)
EX (exponent)

0247
0247
0258

RY
SY
EY

0259
0259
026A

RZ
SY
EY





LOC0000

3000
0 0 0 10002
00030004
OC 04
0005
0006
00 07
0008
00 09
OOOAoooc
OOOEOOOF
0 0 1 0
0 01 1
0012OOli
00 14
0015
00 16
00 17
02000212
02 24

PAGE 1

C O D E C A R D *=$0000
C O P Y R I G H T  M U S T E C H N O L O G Y ,  INC. S E P T . , 1976 
ALL R I 6 H T S  R E S E R V E O .  R E V.  0

L E N = 17
XY = $01
XZ = $02
XM = $03
XN = $04
YX = $10
YZ = $12
YM = $1 3
YN = $14
ZX = $20
Z Y = $21
ZM = $23
ZN = $2 4
MX = $30
MY = $31
MZ = $32
MN = $34
NX = $40
NY = $41
NZ = $42
NM = $43
N ♦ = *♦1
N K G N ♦ =*♦1
J * = * ♦ 1
C N T * = *♦1
L E N G T H ♦ *♦
C N T A * =* ♦1
DE G *= ♦ ♦ 1
A R G X L *=*4-1
A R G X H *=* ♦1
A R G Y L ♦ =♦ ♦1
A R G Y H
RE S * = *♦2
PT R * = * ♦ 2
K U N * = * ♦ 1
K O N H *= * ♦ 1
P R E C *= *♦ 1
E X T R A * = *♦1
TE M P * = *♦1
TEMPI ♦ = *♦1
O V E R R *= * ♦ 1
TMPX ♦ ** ♦1
TM PY * = ♦♦1

♦ = $ 0 2 0 0
KA ♦ =*«-LEN + iKB * = * * L E N * 1RQ * = * * L E N



PAGE 2

CARD = LO C C O D E C A R D
53 02 35 RX *= *
54 02 35 sx * = * 4 L E N
55 02 46 EX ♦ = * ♦ 1
56 02 4 7 RY * = *
57 0 2 47 SY ♦ = * * L E N
50 02 58 LY
59 0 2 59 RZ * = ♦♦ 0
6 J 02 59 sz * = * 4 L E N
61 02 6A EZ
62 02 68 RM *= *4  L E N * 1
63 02 70 RN ♦ = * 4 L E N + 1
64 028F R A M C O D ♦ = * ♦ 3
65 02 92 RAF. A ♦ = * ♦ 3
66 0 2 95 r a m b ♦ = *4 5
67 02 9A * = $ F R O O
68
69 F L O A T I N G  P O I N T  A D D - S U B T R A C T  R U U T I N E
70
71 F 8 0 0 AD 47 02 SUB LOA SY
72 F 8 0 3 49 80 E O R = S8Q
73 r 805 80 47 02 STA SY
74 F 808 AO 35 02 A D O LDA SX
75 F 808 40 4 7 02 EO R SY
76 F 8 OF 85 12 STA TE MP
77 F R I O F 8 SEO
78
79 C L E A R F O R K I N G  S T O R A G E .
80
81 F 811 20 B8 Fb JS R C L E A R
82
83 TEST RX FU R ZERO.
04
85 F 8 14 20 A6 FC JSR XZ T S T
86
87 TE ST RY F U R ZE RO .
88
89 F 8 1 7 FO ot BE G AD 0 2
90 F 8 19 20 83 FC JSR Y Z TS T
91 F 8 1C FO OC BEU A D D  3
92 F81E 24 12 BIT TEMP
93 F 820 50 70 BVC A 0 D 6
94
95 IF THE S I G N S  OF THE E X P O N E N T S
96 o i f f e k  t h e n  S w a p  k x A N D  RY.
97
98 F 8 22 2C 35 02 a d d i B I T SX
99 F 8 25 50 03 BVC AD D3

ICC F 8 2 7 20 6F FC A 0 D2 JSR X5Y
101 F 8 2 A F 8 A 0 0 3 SEC
102 F 828 24 12 BIT TEMP
1C 3 F 8 2 D 70 03 BV S AD D 3 1
IC4 F 8 2F 4C AC F8 J M P  A D D 9



PAGE 3
RL = LOG C Q O E C A R D
1G5 F 8 32 AD 46 02 A 0 D 3 1  IDA EX
106 F 8 35 18 CLC
107 F8 36 60 58 02 ADC EY
108 F 8 3 9 BO 12 B C S A D 0 5
109 F83B 85 03 A D D 4  STA C N T
110
111 C O M P U T E  THE H E X  V
112 B C D  D I F F E R E N C E  OF
113
114 F 8 3D 20 C 3 f b JSR D E C H E X
115 F 840 C 5 00 C M P  N
116 F 842 BO 09 BCS A D 0 5
117
118 MC VE  RY TO KB .
119
120 F 844 20 1C FC JSR R B E R Y
121
122 A L I G N  D E C I M A L  POI
123
124 F 84 7 20 th FB JSR R S B C N T
125
126 R O U N D  KB OF F.
127
128 F 84A 20 07 FC JSR R b O F F
129 F8 4D AU 46 02 A D U 5  LDA EX
130 F 8 50 80 6 A 02 STA EZ
131
132 M O V E  RX TO RA.
1 33
134 F 853 20 29 FC JSR R A E R X
135 F 856 24 12 BIT T E MP
136 F 8 58 30 6 A BMI A U U 1 3
137
138 A D O KB TO RA.
l 39 F 85 A 20 5C FC JSK R A P R B
140 F 8 50 AO 00 C2 LDA RA
14 1 F 860 FO lb BEG A D D 1 2 0
142 F 862 20 A6 f b JS R R S R A
14 i
144 C O R R E C T  S I G N  AN D
145
146 F 8 65 AD 46 02 LOA EX
147 F 868 38 SEC
148 F 869 2C 35 02 BIT SX
149 F8 6C 50 19 BVC AD D 1 10
15C F8 6E 69 01 SBC =1
151 F 8 7 0 80 6 A 02 STA EZ
152 F 8 7 3 00 08 BNE ADD 120
153 F 8 75 A9 8F L O A = * B F
154 F 8 7 7 20 35 02 A N D SX
155 F 8 7 A 4C 80 F 8 JMP AD D 1 2
156 F 8 70 AO 35 02 A D O l 20 LDA SX



PAGE *

C A R D  = L O C C U D E
1 57 F 8 80 80 59 02
158
159
1*0
161 F 8 fi 3 20 *F r-c
162 F 886 60
163 F 8 8 7 69 00
16* f 8 89 8U 6 A 02
165 F 8 8 C 90 EF
166
16/
168
169 E8 8E 20 02 PC
1 70 F 6 91 60
171
17?
173
17* F 8 92 20 82 FC
175 F 895 A 5 0*
176 F 8 9 7 FO 0 3
177
178
179
180
1FI
182 F 8 99 20 BF FC
1 E 3 F8 9C AD *6 02
18* F8 9F CD 58 02
185 F 8 A2 FO 05
186 F 8 A* 9 J F3
187 F 8 A6 *C 22 F 8
188 F 8 A 9 *C 2 A F8
189
190
191
192
193
19* F 8 A C 38
195 F 8 A D 2C 35 02
196 F 860 70 09
197 F 8 B 2 AD *6 02
198 F 8 B 5 ED 58 02
199 F 8 B 8 *C 3 B F8
20 0 F 8 B B AD 58 02
201 F8 BE ED *6 02
2C2 F 8 C 1 *C 3 B F 8
2 C 3
2 C*
2 0 5
20 6 F 8 C * 20 70 FC
2C / F 8 C 7 AD *6 02
208 F 8 C A 80 6A 02

C A R D
A D D  12 STA SZ

M O V E  RA TO RZ.

A D D 1 2 1  JSR R Z E R A  
RTS

A D O i l O  AD C =0 
STA EZ 
BCC ADD 120

StT R Z = 9 . 9 . . . 9 E 9 9

JSR INF1 N 
RTS

C O M P A R E  A B S ( R X )  TO A b S ( R Y ) .

A D D 6 JSR C Q M P X Y  
LDA C N T A  
BEC A0 D8

S U AP  RX A N D  RY,
SO T H A T  RX H A S  THE 
L A R G E S T  ABS. v a l u e .

A D D  7 
A D U 8

A D D 8 1

JSR XSY 
LD A EX 
C M P  EY 
BE O A D O 81 
BCC A U U 7  
JMP ADD 1 
JM P A D D 3

C O M P U T E  THE A B S O L U T E  VA L U E  
OF THE S I G N E D  D I F F E R E N C E  CF 
THE E X P O N E N T S .

A D D 9

A D D 10

SEC
BIT SX 
B V S A U D I O  
LDA EX 
SBC EY 
JM P A D D *  
LDA EY 
SBC EX 
J M P A D D *

S U B T R A C T  RB F R O M  RA.

A D D  L 3 JS R R A M R B  
LD A EX 
STA EZ



CARD = LOC C O D E C A R D
209 F 8 C 0 AD 35 02 L D A  SX
210 F 8 D 0 8D 59 02 STA SZ
211
212 TE ST  RA F O R  Z E R O
213
214 F 8 D3 20 99 FC JSR A Z T S T
215 F 8 D6 FO 18 B E Q AD D 18
216 F 8D8 AD 01 02 A D D  15 LDA RA*1
217 F 8 DB DO A6 BNE AD D 12 1
218
219 IF RA-*-1 IS ZE R O
220 L E F T  S H I F T  RA GNI
221
222 F8 DD 20 91 FB JSR L S R A
223 F 8 E0 2 C 59 02 AU DI  7 BIT SZ
224 F 8 E 3 38 SEC
225 F8 E4 AD 6 A 02 LO A E7
226 F 8fc7 50 OB BVC A D D 2 0
227 F 8 E 9 69 00 ADC =0
228 rb EB 8D 6A 02 STA EZ
22 9 F8tb 90 E 8 BCC A D D l 5
230
231 SET RZ E Q U A L  TC -
232
233 F 8 F0 20 87 FD A D D  18 JSR C L R Z
2 34 F8 F3 60 A D D 19 RTS
235
236 A D J U S T  S I G N  A N D  1
237 OF THE A N S W E R .
230
239 F 8 F 4 E 9 01 A D D 2 0  SBC =1
240 F8 F6 80 6 A 02 STA EZ
241 F 8 F 9 BO DO B C S A D D l 5
242 F8 FB A9 01 LD A = 1
243 F 8 F D 8D 6A 02 STA EZ
244 F 9 C0 A9 40 LD A = $ 4 0
245 F9 02 00 59 02 CKA SZ
246 F 905 8D 59 02 STA SZ
247 F 908 4C D8 F 8 JMP A U D I 5
248
249
250
251
252
25 3
254
255
256
257 
250 
259
26 0

F9 0B F8

f 90C 
F90F 
F 9 1 1 
F 9 1 3

20  B8 FB 
A9 00 
85 03 
85 13

F L C A T I N G  P O I N T  P R O D U C T  R O U T I N E .  

m l t p l y  SED

C L E A R  F O R K I N G  S T O R A G E .

JSR C L E A R  
LDA -0 
STA C N T  
STA TEMP I

TEST RA FU R Z E R O



PAGE 6

C A R D  = LOC C O D E C A R D
2 61
26? F 9 15 20 A6 FC JSR X Z T S T
26 3 F 9 18 FO 05 BEC M U LT I
26A
26 5 t e s t RY F O R ZE RO .
266
26 7 F 9 1A 20 B 3 FC JSR YZ T S T
268 F 9 1D DO 08 BNE M U L T 3
269
27 0 SET RZ E Q U A L  TO ZERO.
271
2 72 F9 1F 20 87 FD m u l t i JS R C L R Z
2 7 3 F 922 60 RTS
2 7 A
275 MO V E RA TO RZ.
276
2 7 7 F 92 3 20 AF FC M U L T 2 JS R K Z E R A
278 F 9 26 60 RTS
27 9
28 0 MO VE RY TO RB.
281
282 F 92 7 20 1C FC M U LT  3 JSR R B E R Y
28 3
2 8 A M O V E RX  TO RC.
285
28 6 F 9 2 A 20 36 FC JSR ROE RX
2 8 7
288 F O R M P R O D U C T  UF M A N T I S S A S .
289
2 9 0 F 9 2 D 20 53 FA JSR MLT
291
292 F I G U R E  THE SI G N  A N D  E X P O N E N T  UF
29 3 OF THE A N S U E R  FO R THE M U L T I P L Y
29A a n d D I V I D E  R O U T I N E S .
29 5
2 9 6 F 9 30 AD A 7 02 m u l t a LD A SY
297 F9 3 3 AD 35 02 E O R SX
298 F 93 6 85 12 STA T E MP
2 9 9 F 9 3 8 2 A 12 BIT TE MP
300 F 9 3 A AD A 6 02 LD A EX
301 F 9 3D 70 IE BVS M D 1 0 0
302 F9 3F 18 MD1 CLC
30 3 F 9 AO 60 58 02 A D C EY
30A F 9 A 3 90 2 B BCC MD 2
305 F 9 A 5 DO 61 BNE M D 5 9
306 F 9 A  7 A5 13 LDA T E MP I
307 F 9A9 FO 15 B E O M D U V 2
308 F 9 A B 2C 35 02 BIT SX
309 F 9 AF 70 67 BVS M D 7
310 F 9 5 0 A5 OA LDA C N T A
311 F 9 52 FO 5F BE C M D 6 1
312 F 9 5 A A 9 00 LDA =0



PAGE 7
CA kD  = LOC C O O E C A R D

31. i F 956 85 04 STA C N T A
314 F9 58 A9 99 MD OV l LDA = $99
31b F 9 5A 4C 70 F9 JM P MD2
316 F 9 5 U 4C C 3 F9 M O I O O JMP M D 1 0
317 F 96 0 2C 35 02 M D 0 V 2 BIT SX
318 F 963 50 4E BVC MD 6 1
31 i F 965 AD 00 02 LDA RA
320 F 968 FO e e BE G MD O V l
321 F96A 20 A6 FB j S r R S R A
322 F 9 6D 4C 58 F9 JMP M D O V l
323 F 9 70 80 6 A 02 M02 STA EZ
324 F 9 7 3 DO 64 BNE MD li
32 b F 9 7b AO 35 02 LDA SX
326 F9 78 29 BF AN D = $BE
327 F 9 7A 80 59 02 MO 3 STA SZ
328 F 9 7D A 5 12 M04 LDA T E MP
329 F9 7F 30 3 A BMI MD8
330 F981 A9 7F LO A = $ 7F
331 F9 83 2D 59 02 AND SZ
332 F 9 86 80 59 02 M D 5 STA S7
3 3 3 F 9 89 A 5 13 LDA T E MP I
3 34 F 9 88 DO 52 BNE 0 1 V E X T
33b F 9 80 AO 00 02 LDA KA
3 3b F9 90 FO 1 3 BEG MD 5 I
33 7 F 9 92 20 A6 FB JSR R S R A
338 F9 95 AO 6 A 02 LDA E/
339 F 998 2C 59 02 BIT SZ
340 F*9 9fa 70 6b BVS M D 9
341 F 9 9 D 18 CL C
342 F99F 69 01 ADC = 1
343 F9 A0 FO oc BEC M06
344 F9A2 80 6 A 02 STA E /
345 F 9 A 5 4C 23 F 9 M051 JMP M U L T 2
346 F9 A8 AO 35 02 M D 59 LDA SX
347 F 9 AH 80 59 02 STA SZ
34 8 F9AE 2C 59 02 hD6 BIT SZ
34 9 F9e 1 70 04 BVS MD 7
350 F 983 20 02 FC MD61 JSR I NF IN
351 F 966 60 RTS
352 F 967 20 87 FO MO 7 JSR CL R Z
35 3 F9BA 60 RTS
354 F9 BB A9 80 MOB LOA = $80
355 F 9 6D 00 59 02 CRA SZ
356 F9 C 0 4C 86 F9 JM P MD5
357 F 9C 3 38 MU l 0 SEC
358 F 9 C 4 ED 58 02 SBC EY
359 F 9 C7 BO A 7 BCS MD 2
36 j F9 C9 38 SEC
361 F9 CA AD 58 02 LDA EY
362 F 9 CC ED 46 02 SBC LX
36 3 F 900 80 6 A 02 STA EZ
364 F 90 3 AO 47 02 LDA SY



PAGE 8

C A R O  = LOC C O D E C A R O
36 5 F 9 0 6 4C 7 a F9 JM P M0 3
366 F 90 9 AO 35 02 MO 11 LOA SX
367 F 9 0 C 4C 7 A F9 JMP MD 3
368 F9 DF A5 04 01 V E XT LDA C N T A
369 F 98 l FO C 2 b E Q MD 51
370 F 98 3 2C 59 02 D V E X T O BIT SZ
371 8 9 6 6 AO 6 A 02 L D A EZ
372 F 9 F 9 38 SEC
373 F 9 F A 50 OA BVC D V E X T 2
374 F 9 E C 69 00 ADC = 0
375 F 98 E FO Bt BEQ M06
3 76 F 9 F 0 80 6 A 02 D V E X T l STA EZ
377 F 9 F 3 4C 2 3 F9 JM P M U L T 2
37b F9 F6 FO 05 D V E X T 2 BE Q D V E X T 3
379 F 9 F 8 E 9 01 SBC = 1
380 F 9 FA 4C FO F9 JMP D V E X T 1
381 F 9 F 0 AO 59 02 D V E X T 3 LDA SZ
382 F A 00 09 40 OKA = $40
383 FA 02 80 59 02 STA SZ
384 F A 05 4C 83 F 9 JM P O V E X T O
385 FA 08 3b M 0 9 SEC
386 FA 09 E9 01 SBC = 1
387 F A OB FO 06 BEQ M 0 22
388 F A O D 8U 6 A 02 ST A EZ
389 FA 1 0 4C 23 F9 JM P M U L T 2
390 8 A 1 3 4C 70 F 9 M D 2 2 JMP MD2
391
392 F L O A T I N G  PCI N T DI V I D E
393
394 FA 16 F 8 D I V I D E SEO
395
396 T E ST RY FO R ZERO.
397
398 8 A i 7 20 B3 FC JSR Y Z T S T
399 F A 1A FO 97 BEQ MD 61
400
401 TE ST RX FU R ZERO.
402
40 3 FA 1C 20 A6 FC JSR X Z T S T
404 FA IF FO 96 BEQ MO 7
405
406 C L E A R F O R K I N G  S T O R A G E
40 7
408 FA 2 1 20 B8 FB JS R C L E A R
40 9
M l M O VE RX TO RA.
411
412 F A 24 20 29 FC JSR R A E R X
413
41 4 M O V E RY TO RB.
415
41 6 FA 27 20 1C FC JSR R B E R Y



PAGE 9

APD = LCC coot C A R D
417
Aie C O M P A R E  RX TC KY.
419
420 FA2A 23 82 FC JSR C O M P X Y
42 L
42? F O R M Q U O T I E N T .
423
424 F A 2D 20 75 FA JSR 01 V4?S
426 C G P P U T E  S I GN  A N D  E X P O N t N T  i
4? / A N S W E R .4?P
429 FA 30 A 9 01 D 1 V6 LDA = 1
430 FA 32 85 13 STA TEMP I
431 F A 34 AD 4 1 02 LDA SY
432 F A 37 49 40 EOR - i 4 3
43 3 FA 39 8D 47 02 STA SY
434 FA3C 23 43 FC JSR R A E R G
435 FA3F AD 01 02 LDA RA *l
436 F A 4 2 03 03 BNF D I V 7
43 7 F A 4 4 20 91 F6 JSR L S R A
4 38 F A 4 7 2 j 30 F9 D I V 7 JSR M U L T 4
439 r A4A AD 47 02 LDA SY
440 FA 40 49 40 EOR = 14 0
44 1 FA4F 80 47 02 STA SY
442 F A 5? 63 RTS
44 3
444 TH IS R O UT INE C C M P U T E S THE
445 P R O D U C T  OF THE M A N T I S S A S
446 (JF THE A R G U M E N T S  BY R E P E A T
44 7 a c c i t i o n . THE R E S U L T IS BU
44 P IN RA
449
4 5 C F A 5 3 A5 00 ML T LDA N
4 5 L F A 55 85 02 STA J
452 FA 57 C6 02 DEC J
453 F A 59 A6 02 ML TO LDX J
454 F A 5ti BD 24 02 LDA R Q »X
455 F A 5t 85 03 STA CNT
456 FA 60 C6 03 ML T 1 DEC CN T
45 7 FA 62 3u 06 BMI ML T 2
4 5 P F A 64 20 50 FC JSR R A P K H
459 F A 6 7 40 60 FA JMP PL T 1
46U FA 6A 20 A6 Fb ML T2 JSR RSR A
46 1 F A 6 D C6 02 DEC J
462 FA6F 10 E 8 BPL PL T 3
46 3 FA 71 20 91 FH JSR L S R A
464 F A 74 60 RTS
465
466 TH IS K C U T I N E  C O M P U T E S THE
46 7 GU OTl ENT 1OF RA A N D  R6 BY
468 r e p e a t e d  :S U B T R A C T I O N . THE



PAGE. 10

C A R C  = LOC C U D E C A R O
<♦69 R E S U L T IS B U I L T
<♦70
<♦71 F A 75 A9 00 01 V EDA -0
472 FA 7 7 85 02 STA J
4 7 3 FA 79 A9 00 01 VO LDA "0
47 4 F A 7b 85 03 STA C N T
475 FA 70 2 0 7 J FC 01 VI JSR R A M R B
<♦76 F A 80 90 04 BCC Cl V2
<.77 FA 82 £6 03 INC CNT
<♦78 FA 8A 00 F 7 BNE Cl VI
<♦79 F A 86 20 5C FC 01 V2 JSR RA PRB
<♦80 F A 89 20 91 f b JSR LSP A
4 R 1 FA RC A6 02 LD* J
<♦82 FA 86 A5 03 LDA CNT
<•83 FA 90 90 24 02 STA RC» X
4 84 F A 9 3 E 6 02 INC J
<♦86 F A 95 A5 02 LOA J
<♦86 F A 9 7 C 5 00 CMP N
<♦8 7 F A99 FO UE BEC 01 VO
48f F A9b 90 OC BCC 01 VO
<♦89 F A 9D 60 RTS
<♦9 0
<♦91 THIS R O U T I N E  CCJI
<.92 SC U A R E R C G T  OF ,
<♦9 3 n u m b e r : B E T W E E N
4 94 H E R O N S i ME T H O C •
495
A 96 FA9E A9 07 SO RT LOA = 7
49 7 F A AO 85 01 STA N K O N
49B FA A2 20 F 8 FC JSR M V X N
49 9 FA A5 20 8 7 FO JSR CL R 7
900 F A A 8 A ) 07 LDA = 7
50 i F A A A 80 5 A 02 STA R/ *i
502 F A AO A9 oe LDA = 8
50 3 FAAF 80 5B 02 STA RZ + 2
50 A FA H2 20 l 4 FO JSR M V 7 M
509 FA 85 2 j 20 FO S Q R T O JSR M V M Y
5C6 FA 88 20 2 C FC JSR MV NX
5 C 7 FA Bb 20 16 FA JSR DIVIDI
508 FA BE 20 10 FO JSR M V Z Y
509 FAC l 20 1C FO JSR M V M X
510 F A C 4 20 08 F 8 JSR ADD
511 FAC 7 20 OC FO JSR MV Z X
512 F A CA 2 0 7 C FO JSR CL RY
51 3 F A C D A9 <♦0 LOA - $4 0
5 l A FA CF 80 47 02 STA RY
515 FA 02 A9 05 LOA = 5
516 F A 0 4 80 <♦8 02 STA RY* l
517 F AD 7 A9 01 LOA = 1
518 F A 09 80 58 02 STA EY
519 FA DC 20 OB F 9 JSR M L T P L ’
920 FACF 20 14 FO JSR MV Z M



PAGE 11
RD = LOG C O D E C A R D
5? 1 FAE2 C6 01 DEC N K O N
5 22 FA E4 10 CF BPL S O R T  0
523 F A E 6 60 RTS
524
525 THIS R O U T I N E  C O M P U T
526 C U M M O N  L O G  GF A F L U
52 7 N U M B E R  B E T W E E N  S O R T
528
529 FA E7 A9 OE L O G l d a = 14
530 FA E9 85 00 STA N
531 FA EB 20 FC f e JSR S E T K C N
532 FAEE 20 F 8 FC JSR MV XN
533 FAF1 2 0 7C FO JSR CL R Y
534 FA F4 A 9 01 LD A = 1
535 F A F 6 80 48 02 STA RY *1
536 FA F9 20 00 F 8 JSR SUB
537 FAFC 2 0 2 C FO JSR M V N X
538 FAFF 20 7 C FO JSR C L R Y
5 39 F B 02 A9 01 LDA = 1
54Q FB 04 8D 48 02 STA RY *1
541 FB 07 20 18 FC JSR M V Z N
542 F B OA 20 08 F 8 JSR ADD
543 FtiOD 20 10 FO JSR M V Z Y
544 F B 1 0 20 2 C FO JSR M V N X
545 FH 1 3 20 16 FA JSR D I V I D E
546 F B 1 6 20 18 f d JSR M V Z N
547 FB 19 20 OC FD JSR M V Z X
54a FB 1C 20 10 FO JSR M V Z Y
549 FC IF 20 OB F 9 JSR ML TPLY
55 J FB 22 A9 04 LDA = 4
551 F 8 24 85 05 STA DE G
552 F B 26 A9 00 LDA = 0
553 FB 28 85 01 L G G E N D STA N K O N
■564 F B 2A 20 Cl FD JSR P O L Y
555 F B 20 20 30 FO JSR M V N Y
556 FB 30 20 OC FO L o N O O JSR M V Z X
55 7 FB 33 20 OB F 9 JSR m l t p l y
550 F B 36 A9 00 C H C P LDA = J
559 FB 38 A2 07 LOX = L E N / 2 - 1
5 60 FH 3A 90 62 02 C H G P O STA R Z «■ 9 » X
561 FB 3D CA DEX
562 f B 3fc 10 FA BPL C H G P O
56 3 F fl40 60 RTS
564
565 TH IS R O U T I N E  C C M P U T
566 C L M M G N  AN T I - L O G  GF
56 7 P l. I NT N U M B E R  b E T W E F
560
569 FH 4 l A9 OC TE NX LDA * l 2
5 7 C F b 4 3 e5 Ou STA N
571 FB 45 20 FC f e JSR S E T K C N
572 FB 48 20 FO FC JSR MV X Z

> THE 
F L O A T I N G
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KD  =
5 7 3
574
575
576
57 7
578
579
580
581
582
583
58 A
585
586
587
588
589
590
591
592
59 3
59 4
595
596
59 7
598
5 9 9600
601
60 2
60 3
6 0 4
60 5
6C6
60 7
6 0 8
60 9
610
611
612
6 1 3
6 1 4
615
616
6 1 7
61 8
61 9
6 2 06 2 1
622
62 3
62 4

LOC C O D E C A R O
F B 4 B A9 06 LDA = 6
F B 4 D 85 05 STA DE G
FB 4F A9 2E LOA = 46
FB 51 85 01 STA N K O N
F B 5 3 20 Cl FD JSR PO L Y
FB 56 20 10 FD JSR M V Z Y
FB 59 4C 30 FB JMP L G N O O

T H I S R O U T I N E  C O M P U T E S  THE
t a n g e n t  o f  a f l o a t i n g  p o i n t  n u m b e r
B E T W E E N  0 A N O  Pl /4.

F B 5 C A9 OE T A N X LOA = 14
FB 56 85 00 STA N
FB 60 20 FC f e JSR S E T K O N
F B 6 3 2 0 F 8 FC JSR M V X N
F B 6 6 20 EC FC JSR M V X Y
FB 69 20 OB F9 JSR M L T P L Y
FB 6C 20 36 FB JS R C H O P
FB 6F A9 05 LDA = 5
FB 71 85 05 STA D E G
FB 73 A9 64 LOA = 100
FB 75 4C 28 FB JMP L O G E N C

TH IS R O U T I N E  C O M P U T E S  THE
A R C T A N G E N T  OF A F L O A T I N G  POIN T N U M B E R
B E T W E E N  0 AN O l.

FB 78 A9 OE A T A N X LDA = 14
FB 7A 85 00 STA N
F B 7C 20 FC FE JSR S E T K O N
FB 7F 20 FB FC JSR M V X N
FB 82 20 EC FC JSR M V X Y
FB 85 20 OB F 9 JSR M L T P L Y
FB 88 A9 07 LOA = 7
F B 8A 85 05 STA D E G
F B 8 C A9 9C LDA = 156
F B 8E 4C 28 FB JMP LOGfcND

L t FT S H I F T  RA CNE D I G I T .

F B 91 A2 00 L SR A LDX = 0
F B 9 3 BO 01 02 L S K A O L D A RA-*-l , X
F B 9 6 90 00 02 STA RA » X
F B 9 9 E 8 INK
F B 9 A E4 00 C P X N
F B 9 C 90 F 5 BCC L S R A O
F B 9 E FO F 3 b e c L S R A O
FB AO A 9 00 LDA = 0
F B A 2 90 00 02 STA RA, X
F B A 5 60 RTS



C A R D  = LOC C O D E C A R D  PAG E
6? 5 R I G H T SH I F T  RA O N E D I G I T .
626
627 FB A 6 A6 00 R S R A LDX N
628 FBA8 CA DEX
629 FB A 9 BD 00 02 K S R A O LDA RA t X
630 F B AC 90 01 02 STA R A * i , X
631 FBAF CA DE X
632 F B B O 10 F 7 BPl R S R A O
633 FBB2 A9 00 LDA =0
6 3 A F 6 BA 80 00 02 STA RA
635 FB 67 60 RTS
636
637 C L E A R W O R K I N G  S T O R A G E .
638
639 F B B8 A2 3 A C L E A R LDX = L E N * 3 * 1
fc A 0 FB BA A9 00 LDA =0
6 A 1 FbBC 9D CO 02 AZO STA RA * X
6A2 f b b f CA DEX
6A3 F B CO 10 FA BPL AZO
6A A FB C2 60 RTS
645
6 A 6 C O N V E R T  THE C O N T E N T S  OF C N T
6A7 FR O M B C D TO HE X AND S T O R E  THE
6A8 R E S U L T IN CN T.
6A9
650 FB C3 F 8 D E C H E X SED
651 FbCA A2 00 LDX =0
652 F B C6 38 SEC
653 FB C7 A5 03 D H C N V 1 LDA CN T
6 5 A FB C9 E 9 16 SBC =i 16
655 FBCB 90 06 BCC 0 H C N V 2
656 F B CU 85 03 STA CN T
657 F eCF E 8 I NX
65b F B DO AC C 7 FB JMP D H C N V I
659 F B O 3 D8 U H C N V 2 C L D
66 0 F B DA A 5 03 LOA C N T
661 FB U6 C 9 OA CM P = * 0 A
662 FH D8 90 OA BCC D H C N V 3
663 Fb DA 29 OF a n d  = s o f
66 A F B DC 69 09 ADC = S09
665 FBDE 86 03 D H C N V 3 STX C N T
666 f b e o 06 03 ASL CNT
667 F0t2 06 03 ASL CNT
66 8 f b e a 06 03 ASL CN T
669 FB E6 06 03 ASL CN T
670 F8 E8 05 03 OR A CNT
671 f b f a 85 0 3 STA CNT
672 F B EC F« SED
673 f b e d 60 D H C N V E RTS
6 7A
675 R I G H T SH I F T  RB CNT T I ME S.
676



PAGE

iKU = LOC
6 7 7 f b e e
67 8 F B F O
6 7 9 • F B F 2
6 8 0 F B F4
681 F B F 7
682 F 8 F A
68 3 FB FB
6e 4 F B F O
685 FB FF
68 6 F C 0 2
68 1 FC 04
6 8 8 FC 06
6 8 9
690
691
69 2 FC 07
69 3 FC 09
694 FC OC
695 FC OE
6 9 6 FCll
69 7 FC l 3
698 FC 15
69 9 FC 18
700 FC 19
701 FC 1B
702
703
7C4
705 FC 1C
706 FC IE
707 FC IF
708 FC 22
709 FC 25
710 FC 26
711 FC 28
712
713
714
715 F C 29
716 F C 2B
717 F C 2 C
718 FC2F
719 FC 32
720 FC 3 3
721 FC 35
722
723
724
725 FC 36
726 FC 38
72 7 FC 39
728 FC 3C

C A R D
K S B C N T LDA CNT

BEG RBOF fc
LDX N

02 K S B C LDA RB t X
02 STA R 6 ♦ 1 * X

OCX
BPL R S bC
LDA = 9

02 STA RB
DEC CNT
BNE R S B C N T
RTS

R O U N D RB OFF.

R B CF F LDX N
02 LDA R B * 1 , X

CMP = 5
02 R B OF LDA RB 9 X

AOC ^ * 9 0
a n d = $0F

02 STA RB f X
OE X
BPL RBCF

RbliF E RTS

MO VE RY TO KB.

k b e r y LDX N
DEX

02 R B R Y LDA RY* l *X
02 STA RB ♦ 1 ,X

DEX
BPL RB KY
RTS

MO VE RX TO RA.

R A E R X LDX N
DEX

02 K A R X O LDA RX* 1 ,X
02 STA R A ♦ 1 » X

DE X
BPL R A R X O

RAKXfc RTS

MO VE RX TO RQ.

R Q E R X LDX N
DEX

02 R O R X LDA R X * l t X
02 STA RG t X

C O D h
A 5 03
FO 29
A6 00
BD 12
90 13
CA
10 F 7
A9 00
80 12
C6  03
0 0 E 8
60

A6 00
BD 13

05
BD 12
69 90
29 OF
90 12
CA
10 F 3
60

A6 00
CABD 48
90 13
CA
10 F 7
60

A6 00
CA
BD 36
90 01
CA
10 F7
60

A6 00
CA
BD 36
90 24



RD = LUC C O DE C A R D
729 FC 38 CA DE X
730 F C 40 10 F 7 8PL R Q R X
731 FC 42 60 RTS
73?
733 MO VE RC  TO RA.
7 3 A
735 FC 4 3 A6 00 R A E R Q LDX N
716 F C 45 BO 24 02 R A R O LD A R O t X
737 FC 48 90 01 02 STA R A ♦ 1 , X
7 38 FC4B CA DEX
739 FC 4C 10 F 7 BPL K A R O
740 FC 4fc 60 RTS
74 1
742 MO VE RA  TO RZ.
74 3
744 FC 4F A6 00 K Z E R A LDX N
745 FC 5 l CA DEX
746 FC 52 bD 01 02 R Z R A O LOA R A ♦ 1» X
74 7 FC 55 90 5 A 02 STA R Z +l  ,X
748 FC 58 CA DEX
749 FC 59 10 F 7 BPL R Z R A O
750 F C 58 60 RZRAfc RTS
751
762 A D O  RB TO RA.
753
754 FC 5C A6 00 K A P R B LDX N
755 FC5E 18 CLC
756 FC5F BO 00 02 AP b LDA R A * X
75 7 FC 62 70 12 02 ADC RB t X
758 FC 65 69 90 ADC = S90
759 FC 6 7 29 OF A N D = SOF
760 F C 69 90 00 02 STA RA, X
761 FC6C CA DEX
762 FC 60 10 FO BPL APb
763 FC6F 60 RTS
764
/6 5 S U B T R A C T  KB FR O M
766
767 FC 70 A6 00 R A M R B LDX N
768 FC 72 38 SEC
769 FC 73 BO 00 02 AMB LDA RA, X
770 FC 76 FO 12 02 SBC * s 6 f
771 FC 79 29 OF AND
772 F C 7B 90 00 02 STA RA, X
773 FC7E CA DEX
774 FC7F 10 F2 BPL a m b
776 FC 81 60 RTS
776
777 C O M P A R E  RX TC RY
778
779 FC 82 A9 00 C Q M P X Y LDA = 0
780 FC 84 85 04 STA CNT A



\R\j = LOG C U D E C A R D
781 F C 86 A 6 00 LUX N
78? F C 8 8 C A UEX
78 3 F C 8 9 38 SEC
7 8 4 FC 8 A BO 36 02 C O Ml LD A R X ♦ 1 » X
7b5 FC 80 F U 48 02 SBC RY* 1 . X
786 FC 90 CA OEX
78 7 FC 9 1 n F 7 BPl C O M 1
788 FC 93 90 01 BCC C O M 2
789 FC 95 60 RTS
79C F C 96 E 6 04 C O P ? INC CNT A
791 FC 98 6 0 RTS
79?
79 1 TE ST RA FUR ZERO.
7 94 >
7 9? F C 99 A6 00 A Z TS T LDX N
796 F C 96 fc 8- [NX
79 7 FC 9C BD 00 02 A Z T S T O LDA R A • X

xzfsri798 FC9F Du 11 BNt
799 FC A 1 CA DE X
8 0 0 F C A2 10 F 8 B°L A Z T S T O
801 F C A4 30 OA BMI X Z T S T 2
HO?
p0 3 TEST RX FOR ZERO.
8 0 4
HO? F C A6 A 6 00 XZ TS T LDX N
806 FC A8 BU 35 02 X Z T S T O LDA RX, X
807 FC AB DO 05 0Nfc XZ TS T1
808 FC AD CA OEX
809 F C AE 10 F 8 BP L X Z T S T O
810 FC BO A9 00 X Z T S T 2 LDA = 0
811 FC R2 60 X Z T S T 1 RTS
8 1?
p 1 3 TEST RY FUR ZERO.
814
8 1 5 F C 6 3 A6 00 YZ TS T LDX N
816 F C B5 BD 47 02 Y Z T S T O LDA RY , X
817 F C B 8 DO F 8 BNE XZ TST  1
818 FC BA CA DEX
819 f c b b 10 F 8 BPL Y Z T S T O
8?0 FC BD 30 FI BP I X Z T S T 2
82 1
82? S W AP RX AND RY.
8? 3
824 FC bF A2 li XSY LDX = L E N
82? FC Cl BD 35 02 XSY1 LDA RX, X
826 F C C 4 BC 47 02 LDY R Y t X
82 7 FC C 7 9D 4 7 02 STA R Y , X
e 2e F C CA 98 TYA
829 F C C B 9D 35 02 STA RX, X
830 F C CE CA DE X
831 FCCF 10 FO BPL XSY 1
83? FC D l 60 RTS



C A R D  a LOC C O D E C A R D P A GE

P33
834 SET RZ = 9 . S I.-. 9E 99 A N D  0 V E R R = 1 .
635
836 FC D2 A6 00 I N F I N  LDX N
837 F C D4 CA DEX
838 F C D5 A9 09 L D A =•9
839 F C 0 7 9D 5A 02 INFO STA R Z ♦1 * X
84 0 F C D A CA DEX
841 FC OB 10 FA BPl INFO
842 FC CD A9 99 L D A = $99
843 FC DF 8U 6 A 02 STA EZ
844 FC E2 A9 00 LDA = 0
645 F C E 4 80 59 02 STA sz
846 FC E 7 A9 01 LD A =1
647 F C E 9 85 14 STA O V E R R
84 8 FC ER 60 RT S
849
850 THE F O L L O W I N G  R O U T I N E S  AR E U S E D
851 TO M O V E  THE C O N T E N T S  F R O M  ONE
852 R E G I S T E R  TC A N O T H E R .  THE N A M E S  ARE
853 OF THE F O R M  MV SDt W H E R E  S S T A N O S
854 FOR S O U R C E  A N D  D FO R D E S T I N A T I O N .
855
856 FC EC A9 01 M V X Y LDA = X Y
857 FC EE 00 4 A BNE M V T R
858 F C F O A9 02 MV X Z LDA = xz
859 F C F2 00 46 BNE M V TR
860 F C F4 A9 03 M V X M LDA = XM
861 F C F 6 DO 42 BNE M V T R
662 F C F8 A9 04 M V X N LD A = XN
86 3 FC FA DO 3E BNt M V T R
664 FC FC A9 10 M V Y X LDA = YX
665 FC FF 00 3 A BNE M V T R
666 F O OO A9 12 MV YZ LDA = YZ
867 FO 02 00 36 BNE M V T R
868 F D 04 A9 1 3 MV Y M LDA = YM
669 F D 06 00 32 BNE M V T R
370 F D 08 A9 14 M V Y N LDA - YN
871 FCOA DO 2 E BNE MV TR
872 FDOC A9 20 M V Z X LDA = ZX
873 FUOt DO 2 A BNE M V TR
674 F D 1 0 A9 21 MV Z Y LDA = ZY
875 FO 12 DO 26 BNE M V T R
876 F D 14 A9 23 M V Z M LDA = Z M
877 FD 16 00 22 BNE M V T R
878 F D 18 A9 24 M V Z N LDA = Z N
879 F 0 1A DO IE BNE M V TR
800 FD IC A9 30 M V M X LDA = MX
88 1 FD IE DO 1A BNE M V T R
802 F D 2 9 A9 31 MV MY LDA = MY
883 FD 22 DO 16 BNE M V T R
884 FD 24 A9 32 MV MZ LDA = MZ

IT



PAGE 18

\RD = LOC C O D E C A R D
8 8 5 F D 2 6 DJ 12 BMC M V T R
886 F C 2 8 A9 34 M V M N LDA = MN
887 F C 2 A DO OE BNE M V T R
888 F C 2 C A9 40 M V N X LDA = N*
889 FD 2F DO OA BNE M V T R
890 F 0 3 0 A9 41 M V NY LD A = N Y
891 FD 32 DO 06 BNE M V T R
892 F 0 34 A9 42 MV NZ LOA - N /
893 FD 36 DO 02 BNE M V T R
R 94 F D 38 A9 4 3 M V N M LDA -N M
895 FD 3A 48 MV TR PHA
896 FD3EJ A2 OB LDX = 11
897 F D 3D BD 65 FO M V T R O LDA M O V R ,X
898 F D 4 0 9D 8F 02 STA R A M C O O ,X
899 F D 4 3 CA OLX
90 0 F D 4 4 10 F 7 BPL M V T R O
901 F D 4 6 68 PLA
902 F D 4 7 48 PHA
90 3 F D 4  8 29 OF A N D = $0F
904 F D 4 A a a TAX
90 5 F 0 4 B BD 60 FO LDA T AB , X
906 FD 4E 80 95 02 STA R A M B
90 7 F 0 51 68 PLA
90 8 FD 52 4A L SR A
9C9 F D 5 3 4A LSR A
910 FD 54 4A LSR A
911 FD 55 4A LSR A
912 F D 5 6 AA TAX
91 3 F D 5 7 BD 60 FO LDA TAB, X
914 F D 5 A 80 92 02 STA R A M A
915 F 0 5 D 4C 8F 02 JMP R A M C C D
91 6 F D 6 0 35 TAB .B YT E $ 3 5 , $ 4 7 , $ 5 9 , $ 6 B , $70
916 F D 6 1 47
916 F D 6 2 59
91 6 FD 63 6B
9 1 6 F D 6 4 70
91 7 F D 6 5 A2 11 M O VR LDX = LE N
918 F D 6 7 BD 35 02 M U V R O LDA R X , X
91 9 F 0 6A 90 47 02 STA R Y , X
920 F D 6 D CA DEX
921 FD 6E 10 F 7 BPL M Q V R O
922 FD 70 60 RT S
9 2 3
924 SET RX E Q U A L  TO ZERO.
92 5
926 F D 71 A2 11 C L R X LD X = L E N
927 FD 73 A9 00 LDA = J
92 8 F D 7 5 90 35 02 C L R X O STA RX, X
9 2 9 F D 7 8 CA DEX
930 F D 7 9 10 FA BPL C L R X O
931 F D 7 B 60 RT S
932



PAGE 19
C A R D  = LOC C O DE C A R O

9 3 3 SET RY E Q U A L  TO
934
935 FD7C A2 11 C L R Y LOX = L E N
936 FD7E A9 00 LD A ~0
937 FD 60 9D 47 02 C L R Y O s t a  r y , x
936 F D 8 3 CA DEX
539 FD 84 10 FA BPL C L R Y O
949 E D 86 60 RTS
94 l
94? SET RZ E Q U A L  TO
943
944 F 0 87 A2 II C L R Z LDX - L E N
94 5 F 0 89 A9 00 L D A =0
946 F DEB 90 59 02 C L R Z O STA RZ t X
947 FD8E CA DEX
946 FU8F 10 FA BPL C L R Z O
94 9 F D 9 1 60 RTS
950
951 
95?
953954
955

TH IS R O U T I N E  IS U S E D  TO L O O K  UP  
THE C O E F F I C I E N T S  OF T H E  P O L Y ­
N O M I A L S  U S E D  IN THE A P P R O X I M A T I O N S  
OF THE T R A N S C E N D E N T A L  F U N C T I O N S .

956 F 0 92 20 7 C FD L O O K U P JSR C L R Y
95 7 F D95 A2 00 LDX = 0
958 F 0 97 A4 01 LDY N K O N
959 F D 99 B I OE LDA I K O N ) ,Y
96 0 F09B BO 47 U2 STA SY
96 1 FD9E CH L K P O INY
962 FU9F 81 OE LDA (K C N )» Y
963 F DA I C 9 FO CM P = SF 0
964 FD A 3 BO I 3 BCS LKPI
96 5 FD A5 48 PHA
966 FDA6 29 OF AN D = $0F
56 7 F C A 8 9D 49 02 STA R Y + 2 . X
968 F DAB 68 PLA
96 9 F D AC 4 A L SR A
970 F D A D 4 A LSR A
971 F DAE 4 A LSR A
972 FDAF 4 A LSR A
973 FD BO 90 48 02 STA R Y ♦ i ? X
974 FD B3 E8 I NX
975 FD B4 E 8 I NX
976 FD B5 4C 9 E FD JM P L K P O
9 77 FD B8 2 7 OF LKP1 A N D •* 30 F
978 FD BA eu 58 02 STA EY
979 F D BD C 8 INY
980 FDBE 84 01 STY N K O N
981 FD CO 6 J RTS
96? 
98 3 964 TH IS R O U T I N t  E V A L U A T E S  P O L Y N O M I A L S  

bY M E A N S  OF THE N E S T E D  M U L T I P L I C A T I O N



PAGE 20

C A R O  = L O C C O D E  C A R D
98 S A L GU K I THM.
986
98 7 FO CI 20 14 f d P O LY JSR M V Z M
988 F D C 4 20 OC FD JSR M V Z X
9 8 9 F D C 7 20 92 FD JSR L C G K U P
99 0 F O C A 20 Ob F 9 P G L Y O JSK m l t p l y
991 F O C O 20 92 f d JSR L O O K U P
992 F C D O 20 OC FO JSR M V Z X
991 FDD 3 20 08 F 8 JSR AD D
994 F U C 6 20 1C FD JSR M V M X
99 5 F D C 9 20 10 FD JSR M V Z Y
996 F D OC C6 05 DEC D E G
99 7 FD DE 10 EA 0PL POL YO
998 FOE 0 60 RT S
99 9

1000 TH IS r o u t i n e  u n p a c k s AN
1001 A N D  S T C R F S  THE R E S U L T I
1002
1 GO 3 FO E1 A2 00 P G T A R G LDX = 0
1004 FDE 3 AO 00 LOY = 0
10C5 F U E 5 B 1 OC LD A (PTK) t Y
1006 F D E 7 80 59 02 STA SZ
1007 F O E A ce P G T R G O INY
1008 F D Eb C 4 04 CP Y L E N G T H
1009 F D E D FO 15 BEC P G TR Gl
1010 f d e f B 1 OC LDA ( PTK) v Y
1911 FQFl 48 PHA
1012 FD F2 29 OF AN D = SOF
1013 F D F 4 9D 5B 02 STA R Z * 2 . X
l C 14 F D F 7 68 PLA
1016 EOF 8 4 A LSR A
1016 F D F 9 4A LSR A
1017 f d f a 4 A LSR A
1018 f d f b 4 A LSR A
1019 FD FC 90 5 A 02 STA R Z +1  ,X
1029 - FD FF E 8 1 NX
1C2 1 P E C O E 8 1NX
1022 FE G1 4C EA FD JMP P G T R G O
102 3 F E 04 81 OC PG T R G 1 l d a ( P T R ) » Y
1024 FF 06 80 6 A 02 s t a EZ
1025
1026

FE 09 60 RTS

1027 TH IS k o u t i [NE U N P A C K S AN
1028 L O C A T E D  A1r (a r g x l .a r g x h
1029 THE R E S U L T S  IN RZ A N D R
1030
1031 F E O A A5 06 P L G A O X LDA A R G X L
1032 FE OC 85 OC STA PTR
103 3 FE OE A5 07 LDA A R G X H
1 C 34 FE 10 85 OD STA P T R*  1
1035 FE 12 A 5 10 LDA PK EC
1036 FE 14 4A LSR A

A R G U M E N T
RZ.

A R G U M E N T  
AND S T O R E S



PAGE 21
C A R D  = LOC C O D E C A R D
1037 FE 15 69 01 ADC = 1
1038 FE 17 85 04 STA L E N G T H
1C 39 FE 19 20 87 f d JSR C L R Z
1040 f e i c 20 El FCh JSR P G T A R G
1041 FE IF 20 oc f d JSR M V Z X
1042 FE 22 60 RTS
IC4 31044
1045
1046 
IC47

TH IS  R O U T I N E  U N P A C K S  AN A R G U M E N T  
L U C A T E O  AT (A R G Y L ,A R G Y H ) AN D S T O R E S  
THE R E S U L T  IN RY  A N D  RZ.

1048 FE 23 A5 08 P L O A D Y  LOA A R G Y L
1049 FE 25 85 OC STA PT R
1050 F E 27 A5 09 LDA ARG YH
1C51 FE 29 85 OD STA P T R*  l
1052 FE 2D A5 10 LDA P R EC
1053 FE 2D 4 A LS R A
1054 FE2E 69 01 ADC = 1
1C55 FE 30 85 04 STA L E N G T H
1C56 FE 32 20 87 FD JSR C L R Z
1G57 FE 35 20 El FO JSR P G T A R G
1058 FE 38 20 10 FD JSR M V Z Y
1059 FE 36 60 RTS
1060
1061
1062
1063
1064

T H I S  R O U T I N E  P A C K S  THE C O N T E N T S  . 
OF RZ INTO THE L O C A T I O N S  S T A R T I N G  
K I T H  A D D R E S S  ( R E S , R E S * 1 ) .

1065 FE 3C A2 00 P S T R E S l d x = 0
1066 FE3E AO 00 LDY = 0
1G67 FE 40 AD 59 02 LDA sz
1068 FF 43 91 OA STA (RE S ) * Y
1069 FE 45 C8 INY
10 70 F P 46 6D 5 A 02 P T R E S LDA R Z ♦ l » X
1071 F E 49 OA ASL A
1072 F E 4A OA ASL A
1073 FE 4b OA ASL A
1074 F E4C OA ASL A
1075 F E 4 D ID 58 02 OR A RZ *2 ? X
1 u 76 F E 50 91 OA STA ( R E S ) »Y
1077 FE 52 ca INY
1078 F E S3 E8 I NX
107 9 F E 5 4 E8 IN X
l C80 F E 55 E4 10 C P X P R EC
1081 FE 5 7 90 ED BCC P T R E S
1082 FE 59 a d 6 A 02 LDA EZ
100 3 FE 5C 91 OA STA (RES) ,Y
1084 FE SE 60 RTS
108 5 
1086
1087
1088

T H IS  R O U T I N E  C O N V E R T S  AN A R G U M E N T  
F R O M  AS CI I F O R M A T  TO C O M P U T A T I O N A L  
F O R M A T  AN D S T O R E S  THE R E S U L T  IN RZ,



C A R D  = LOC C O D E C A R D
IC89
109 J FE5F AO 00 U G T A R G  L D Y =0
1091 F E 6 l B 1 oc IDA (P T R 1» Y
1092 F 6 6 3 8D 59 02 STA S l
109 i F E 66 C 8 U G T A R O  INY
1094 FE 67 C4 04 CP Y L E N G T H
1099 F E 69 FO OA B E G U G T A R 1
1096 F E 6 b B 1 OC LD A (P T R ) , Y
IC9 7 F E 6 D 29 or- A N D = VOF
1 j 96 FE6F 99 59 02 STA R Z , Y
1099 F E 72 4C 66 FE JMP U G T A R O
1100 FE 75 Bl OC U G T A R 1  L D A ( P T R ) , Y
1101 FF 77 OA ASL A
11C2 FE 78 OA ASL A
1103 F E 79 OA ASL A
1104 F6 7A OA ASL A
11C5 FE 7B 8U 6 A 02 STA EZ
1106 FE 7E C 8 INY
1107 FE 7F Bl OC LDA I P T R ) , Y
11 08 FE 81 29 OF A N D  = SOF
1109 FE 83 OD 6 A 02 O R A EZ
i i n FE 86 80 6A 92 STA E /
m i FE 89 60 RTS
1112
1113 THIS R O U T I N E  C O N V E R T S AN A R G U M E N T
1114 F R O M  AS C I I  F O R M A T  TU CO MP . F O R M A T •
1119 THE A D D R E S S  OF THE AR G. IS F O U N D  IN
1116 (A R G X L . A R G X H )  AND THE R E S U L T  IS S T O R E D
1117 i n  r z  a n d  r x .
l u e
1119 F E 8A A5 06 U L U A D X  LDA A R G X L
1120 F E 8 C 85 OC STA PTR
1121 FE 8E A5 07 LDA A R G X H
1122 FE 90 89 OD STA P T R ♦ 1
1123 FE 92 A 5 10 L D A  P R E C
1124 FE 94 85 04 STA L E N G T H
1129 F E 9 6 E6 04 INC L E N G T H
1126 FE 98 20 8/ FD J S R C L R Z
112 / F E 9B 20 5 F FE JSR U G T A R G
11 28 FE 9E 20 OC FD JSR M V ZX
1129 FE A l 60 RTS
1130
1131 TH IS  R O U T I N E  C O N V E R T S AN A R G U M E N T
1132 F R O M  AS C I I  F O R M A T  TO C O M P .  F O R M A T .
1133 THE A D D R E S S  OF THE ARG. IS F O U N D  IN
1134 (A R G Y L »A R G Y H ) AN D THt R E S U L T  IS
1135 S T O R E D  IN RZ A N D K Y •
1136
1137 F E A 2 A5 08 U L C A D Y  LDA A R G Y L
1138 F E A 4 85 OC STA PTR
11 39 FE A6 A5 09 LD A A R G Y H
1140 F E A 8 85 OD STA P T R ♦ l



C A R D  = LUC C O D E C A R O
1141 FE AA A5 10 LDA P R EC
1142 FEAC 85 04 STA L E N G T H
1143 FE AE E6 04 INC L E N G T H
1144 f e b o 20 87 FD JSR C L R Z
1145 F E B 3 20 5F FE JSR U G T A R G
l 146 FE B6 20 10 FD JSR MV Z Y
1147 F E B 9 60 RTS

PAGE

1148
1149
U 5 C
1151
1152 
115 3

1 19C 
1191 
119?

TH IS  R O U T I N E  C O N V E R T S  THE C O N T E N T S  
OF RZ TO AS C I I  F O R M A T  M H I L E  M O V I N G  
TH EM TO THE A D O R E S S  S P E C I F I E D  BY 
(R E S , R E S * l ).

1154 FFBA AO GO U S T R E S LDY = 0
1155 FE BC AD 59 02 l d a SZ
1156 FEBF 91 OA STA (RES ) , Y
1157 FECI C 8 U S T R S O INY
1158 FE C2 C4 10 CPY PR EC
1159 FE C4 FO 02 BE Q U S T R S l
1160 F E C 6 BO 09 BC S U S T R S 2
1161 F E C8 69 59 02 U S T R S l l d a RZ, Y
116? FFCB 09 30 CRA = $30
1163 FE CD 91 OA STA (R E S ) , Y
1164 FECF DO FO BNE U S T R S O
1165 PE U 1 C8 U S T R S 2 INY
1166 FE D? AD 6 A 02 LDA EZ
116 7 FEC.5 4 A LSR A
1168 F E 06 4A L SR A
1 U 9 F ED 7 4 A LSR A
1170 FE D8 4 A LSR A
1171 FE C9 09 30 CRA = $30
117? P E CP 91 OA STA ( R E S ) , Y
1 173 FE DD C8 INY
1174 FFDF AD 6 A 02 LDA EZ
1175 FEE1 29 OF AND = $0F
1 176 F E F 3 09 30 UR A = $30
1177 P b F5 91 OA STA ( R E S ) ,Y
1 1 78 FE E7 60 RTS
1 1 7  V U F O  
1 1 PI 
IIP? l i n  
1 1 £ 4

THIS R O U T I N E  C O M P U T E S  THE 
I N T E R N A L  P R F X I S I O N  N F R O M 
PR EC AN D EX T R A .  THE A C U  IS 
A B I N A R Y  A O D  ( U N S I G N E D ) .

U P S FE E8 18 IPRE C CLC
1 lb6 FE E 9 A5 10 LDA PR EC
1187 FE FB 65 11 ADC E X T R A
1 188 FE ED 85 00 STA N
1189 FEEF 60 RTS

SAVE THE P R O C E S S O R  INDEX R E G I S T E R S .

23



p a g e 24

C A K C  = LOG C COE C A R D
1193 F E E O 86 15 S A V X Y  STX Th PX
1194 FEF 2 84 16 STY TM Py
1195
1196

FE F 4 60 RTS

1197
1198

R E C A L L  THE P R G C E S S U K  INDEX R E G I S T E R S .

1199 F E F 5 A6 15 R C L X Y  LDX T M P X
1200 FE F 7 A4 16 LDY T M P Y
1201 F E F 9 60 RTS
1202 FE FA 07 FF K A D U R  .W OR D K O N S T
1 2 C 3 F E F C AD FA FE S E T K O N  LDA K A D D R
12C4 f e f f 86 OE STA K O N
12 C 5 FF Ol AD FB FE LD A K A D O R ♦ l
12C6 F F 04 85 OF STA K O N H
120 f 
1208

FF 06 60 RTS

1209 TH ES E ARE THE C C t F E l C I E N T S  U S E D
1210 IN THE E V A L U A T I O N  OF THE T R A N S C E N D E N T A L
1211 F U N C T I O N S .
1212
1213 FF 07 40 K O N S T  .B YTE > 4 0 , 1 1 H #> 2 0 , > 9 l , 1 2 9 , > 9 1, IFl
1213 F F 0 8 18
1213 FF 09 20
1213 f f o a 91
1213 f f o b 29
1213 F F OC 97
1213 f f o d FI

. B YT E $4 0t > 5 5 , 1 3 4 , > 2 7 , > 3 H , 1 7 0 , I F 21214 FF OE 40
1214 FF OF 55
1214 FF 10 34
1214 FF 11 27
1214 FF 12 38
1214 FF 1 3 70
1214 FF 14 F2
1215 FF lb 40 .B YTE 1 4 0 , 1 1 3 , > 1 3 , 1 6 9 , > 0 1 f S 1 2 f >10
1215 FF 16 13
1215 FF 17 13
1215 FF 18 69
1215 FF 19 01
1215 FF 1A 12
1215 FF IB 10
1215 FF 1C FI
1216 FF 10 40 .B YT E > 4 0 f> 1 7 , 1 3 1 , > 0 9 , > 5 5 , 1 1 7 , IF 1
1216 FF IE 17
1216 FF IF 31
1216 FF 20 09
1216 FF 21 55
1216 F F 22 17
1216 FF 23 FI
1217 FF 24 40 .B YT E ! 4 0 , 1 2 8 » S 9 5 , > 5 1 , > 1 3 , 1 0 2 , i67
1217 F F 25 28
1217 FF 26 95



PAGE 25

CARO = LOG
1217 FF 27 51
1217 FF 28 13
1217 FF 29 02
1217 FF 2A 67
1217 FF2B FI
1218 FF 2C 4 J
1218 FF 20 86
1218 FF2E 85
1218 FF2F 88
1218 FF 30 74
1218 FF 31 83
1218 FF 32 40
1218 FF 33 50
1218 FF 34 FI
1219 FF 35 40
1219 FF 36 93
1219 FF 3 7 26
1219 FF 38 42
1219 FF 39 67
1219 FF3A F4
1220 FF 36 40
1220 FF 3C 25
1220 FF 30 54
1220 FF 3E 91
1220 FF3F 79
1220 FF 40 6U
1220 FF 41 F 3
1221 FF 42 40
1221 FF 43 17
1221 FF 44 42
1221 FF 45 11
1221 FF 46 19
1221 FF 47 88
1221 FF 48 F2
1222 FF 49 40
1222 FF4A 72
1222 FF 46 95
1222 FF4C 17
1222 F F 40 36
1222 FF4E 66
1222 FF 4F F2
1223 FF 50 40
1223 FF 5 1 25
1223 FF 52 43
1223 FF 53 93
1223 FF 54 57
1223 FF 55 48
1223 FF 56 40
1223 FF 57 FI
1224 FF 58 40
1224 FF 59 66
1224 FF5A 27

C U D E C A R D

.B YT E $4 0 , $ 8 6 , $ 8 5 , $ 8 0 , $ 7 A , $ 8 3 , $ 4 0 » $ 5 0 , $ F i

.B YT E $ 4 0 , $ 9 3 , $ 2 6 , $ 4 2 , $ 6 7 , $ F 4

. B Y T E  $ 4 0 , $ 2 5 , 1 5 4 , $ 9 1 , $ 7 9 • $ 6 0 , $F 3

.B Y T E  $ 4 0, $ l 7 , $ 4 2 , $ 1 1 , $ 1 9 , $ 8 8 , $F2

.B Y T E  $ 4 0 , $ 7 2 , $ 9 5 , $ 1 7 , $ 3 6 , $ 6 6 , $F2

.B YT E $ 4 0 , $ 2 5 , $ 4 3 , $ 9 3 , $ 5 7 , $ 4 8 , $ 4 0 , $F1

.BYT E $ 4 0 , $ 6 6 , 1 2 7 , $ 3 0 , $ 8 8 , 1 4 2 , $ 9 0 , $F1
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C A R D  = LOC
1224 F F 5B 30
1224 FF 5C 88
1224 F F 5 D 42
1224 FF 5E 90
1224 FF 5F FI
1225 FF 60 00
1225 F F 6 1 11
1225 F F 62 51
1225 FF 6 3 29
1225 FF 64 27
1225 FF 65 76
1225 F F 66 0 3
1225 FF 6 7 FO
1226 F F 6 8 00
L226 FF 69 10
1226 FF 6 A FO
1227 FF 6B 40
1227 FF6C 41
1227 FF 6D 09
1227 FF6E 74
1227 FF6F 19
122 7 F F 70 48
1227 FF 7 l F 4
122 8 FF 72 4u
1228 FF 73 20
1228 FF 74 31
1228 FF 75 17
1228 FF 76 i 0
1228 FF 77 84
1228 FF 78 F 4
1229 FF 79 40
1229 FF7A 27
1229 FF 7B 97
1229 FF7C 43
1229 FF 7D 35
1229 FF7F 03
1229 FF7F 70
1229 FF 80 F 3
123C FF 8 1 40
1230 FF 82 98
1230 FF 83 34
1230 FF 84 59
1230 FF 85 45
1230 FF 86 39
1230 FF 8 7 30
1230 FF 88 F 3
1231 FF 89 40
1231 FF 8A 39
1231 FF 8B 86
1231 F F 8 C 59
1231 FF 80 10
1231 FF 86 47

C O D E C A R D

.B YT E $ 0 0 , 1 1 1 , 1 5 1 , $ 2 9 , $ 2 7 , 1 7 6 , $J 3, S F 0

.BYTE $00»UJ,lF0

• BYTE $4 0 , $4 L , $09 , $ 7 4 f H V ,  $48 • $F4

.BYT E $ 4 0 , $ 2 0 ,$ 3 l , $ 1 / , $ L 0 , $ R 4 , $ F 4

. B YT E $4 0, $2  7 , $ 9 7 , $ 4 3 , $ 3 5 , 1 0 3 , $ 7 0 , IF 3

.B YT E $ 4 0 , $ 9 8 , 1 3 4 , $ 5 9 , $ 4 5 , $  39,$ 3 0 , $E3

.B YT E $ 4 0 , $ 3 9 , $ 8 6 , $ 5 9 , $ 1 0 , $ 4 7 , $ 0 5 , $F2
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CARO = LQC (
1231 FF8F 05
1231 FF 90 F2
1232 FF 91 40
1232 FF 92 16
1232 F F 9 3 14
1232 FF 94 89
1232 FF 95 77
1232 FF 96 76
1232 FF 97 17
1232 FF 98 40
1232 F F 99 Fi
1233 FF9A 40
1233 FF 9B 78
1233 FF9C 53
1233 FF9D 98
1233 FF9E 17
1233 FF9F 62
1233 FF AO 29
1231 FF A 1 10
1233 FFA2 FI
1234 FF A3 40
12 34 FF A4 28
1234 FFA5 49
1234 FFA6 88
1234 FF A 7 96
1234 FF A 8 20
1234 FF A9 80
1234 f f a a F 3
1235 FF AB CO
1235 FF AC 16
1235 f f a d 06
1235 FF AE 86
1235 f f a f 28
1235 FF B O 96
1235 FFBl 04
1235 FF P2 F2
1236 F F B 3 40
1236 FF 64 42
123b FF B 5 69
1236 FF B6 15
1236 F F B 7 19
1236 FFB 8 2 7
1236 FF B9 11
1236 FT^bA F2
1237 FF B B CO
1237 FFBC 75
1237 FFBO 04
123? FFBE 29
1237 FF BF 45
1237 F F C O 38
1237 FF C 1 89
1237 FFC2 F2

CODE C A R O

.BYTE $4Q,$16,$14, $89,$77,$76, $17,$AO,$F1

.BYTE $40,$78,$53,$98,$17,$62,$29,$10,$F1

• BYTE $40,$28,$49,$86,$96,$20, $80,$F3

• BYTE $C0,$16,$06,$86,$2 8,$96,$04, $F2

• BYTE $4 0,$42,$69,$ 15,$19,$27,$ 11,$F2

• BYTE SCO,$75,$04,$29,$45,$38,$89, $F2
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C A R D  = LU C 1
1238 F F C 3 40
1238 F F C 4 10
1238 F F C 5 64
1230 F F C 6 09
1238 FF C  7 34
12 3 8 FFC 8 02
1238 F F C 9 53
1238 FFC A FI
123 9 FF C B CO
123 9 FFCC 14
123 9 f f c d 20
1239 FF CE 36
12 3 9 FF CF 44
1239 F f C O 46
12 39 FF Dl 65
1239 FF D2 20
1239 F F D 3 Fi
1240 FF 04 40
1240 F F C 5 19
124 0 F F C 6 99
1240 F F 0 7 26
1240 FF 0 8 19
124 0 F F 09 39
1240 FF D A 16
124C FF D B 60
1240 F F D C FI
1241 FF OD CO
1241 FF C E 33
1241 FF CF 33
1241 F F E O 30
1241 FF E1 73
1241 FF E2 34
1241 F F E 3 50
1241 FF E 4 50
1241 FF E 5 FI
1242 F F E 6 40
1242 F F E 7 99
1242 F F E 8 99
1242 F F E 9 99
1242 FFE A 98
1242 FF EB 47
1242 FF EC 65
1242 F F E D 70
1242 FFE E FI
1243

E N D  OF m o s / t e c h i

C O D E C A R D
. BY TE  $ 4 0 , $ 1 0 , $ 6 4 , $ 0 9 , $ 3 4 , $ 0 2 , $ 5 3 , $F1

. BY TE  S C O , $ 1 4 , $ 2 0 , $ 3 6 , $ 4  4 , $ 4 6 , $ 6  5 , $ 2 0 , $F l

. BY TE  $ 4 0 , $ 1 9 , $ 9 9 , $ 2 6 , $ 1 9 , $ 3 9 , $ 1 6 , $ 6 0 ,  $F1

.B Y T E  S C O , $3 3 , $ 3 3 , $ 3 0 , $ 7 3 , $ 3 4 , $ 5 0 , $ 5 0 , $  F l

.BYTE $ 4 0 , $ 9 9 , $ 9 9 , $ 9 9 , $ 9 8 , $ 4 7 , $ 6 5 , $ 7 0 , $Fl

N U M B E R  OF E R R O R S  =

.END

N U M B E R  OF W A R N I N G S  =



S Y M B O L TA B L E

SYMBOL VA LUE LIN E DEF [1NED C R U S S - R E F E R E N C E S

ADD F 808 7 A 510 5A2 99  3
AGO l F 822 98 187ADD1Q F8 B B 2 0 0 196
A D 0 1 10 F 8 8 7 163 1 A9
ADO 12 F 8 8u 157 155
A D D l 20 F 8 7 U 156 1A l 152 165
A O U 12 1 F 8 8 3 161 21 7
ADU1 3 F 8 C A 20 6 1 36
ADD15 F8 D8 21 6 2 29 2 A 1 2A7
A0U1 7 F 860 22 3
ADD 1 8 F 8F 0 233 215
ADD 10 F 8F 3 2 3 A
AUD2 F 827 100 89
AD020 F 6 F A 23 9 226
ADD3 F82 A 101 91 99 188
ADD 3 1 F 8 32 105 103ADDA F8 3 B 109 199 202ADC5 F 8 AD 129 108 116
ADD6 F 8 92 1 7 A 93
ADD7 F 899 182 186
ACD8 F89C 183 1 76
ADD81 F 8 A 9 188 185
ADD9 F 8 AC 19A 10A
a k h FC 73 769 7 7A
APB FC5F 756 762
m RGXH 0 0 0 7 35 10 33 1 121
ARGXL 00 0 6 3A 1031 1119
ARGYH 00 0 9 37 1050 1139
ARGYL 00 08 36 10A8 1137ATANX F b 78 601
A/TST F C 99 795 2 IA
A Z T S T l FC9C 797 800A / ) Fb BC 6 A 1 6A3
CHOP F b 36 558 591
CHCPO F b 3A 560 562CL F AK FB B8 6 3 9 81 25 5 A 08
CLRX F D 71 926 ** ♦*
GLKXG FD 76 928 930
CLKY F D 7 C 9 35 512 533 538 9 5 6
CLRYC F D 8 0 93 7 939
CLRZ F D 8 7 9A A 233 272 352 A 9 9 1039 1056 11 26  1 IAA
CLRZl FD 8b 9A 6 9A8
CN T 0 0 0 3 30 109 257 A 5 i A 56 A 7A A 7 7 A 8 2  653

665 66 6 66 7 6 6 8 66 9  67 0  671 6 77
CN r A 00 0 A 32 175 310 313 368 780 790CCIMPX Y FC 82 779 l 7 A A20COM 1 F C 8 A 78 A 787
C0*2 F C 96 790 788D E C H t * FBC 3 65 0 1 1A
DtG 00 0 5 3 3 551 57A 59 3 60 8 996DHCNVt Fb ED 67 3
D H C N V 1 F B C 7 653 65 8

660



S Y M B O L v a l u e LI N E D E F I N E D

U H C N V 2 F b D 3 65 9 655
0 H C N V 3 F HOE 665 662
UI V F A 75 471 4 2 4
DI VE XT F90 F 368 334
LI VI D E F A 16 394 507 54 5
01 VO F A 79 4 73 487 488
DI VI F A 7 D 475 4 7 8
01 V2 FA 86 4 79 4 76
DI V6 F A 30 42 9 ** * ♦
r. i v 7 F A 4 7 43 8 43 6
D V E X T O F 9E 3 370 384
0 V E X T 1 F 9 F 0 376 380
D V E X T 2 F 9 F 6 378 373
0 V E X T 3 F 9 F D 381 378
EX 0 2 4 6 55 105 129 146
E X T R A 0011 43 1187
E Y 02 5 8 58 107 184 198
EZ 0 2 6 A 61 130 151 164

344 363 371
1 1 10 1 166 1174

INF IN FC D  2 836 169 350
INFO F C 0 7 83 9 841
IPR EC F E E S 1185
J 0 0 0 2 29 451 45 2 4 5 3
K A D D R FEE A 1202 1203 1205
K LN OOOE 40 959 96 2 1204
X ONH OOO F 4 1 1206
k o n s t F F 0 7 12 13 1202
LE N 0011 6 50 51 52

824 91 7 92 6
L E N G T H 0 0 0 4 31 1008 1038 1055
L G N D O F B 30 556 579
I K P O F0 9 E 961 976
LK Pl F D B 8 9 77 964
LO G F At 7 52 9 *♦ * #
L O G E N D F B28 553 595 610
L O O K U P F D 9 2 956 989 991
L S R A F B 91 614 222 43 7 46 3
L S R A O F 0 93 61 5 6 19 62 0
*D O V i F 958 314 320 322
* D U V 2 F 960 31 7 307
*01 F 9 3F 302
* C 1 0 F 9 C 3 357 316
*D LOO F 95 0 316 301
hO ll F 909 366 324
* 02 F 9 70 323 304 315 359
* D 2 2 FA 13 390 387
*0 3 F 9 7 A 327 365 367
*04 F 9 7b 328
hC 5 F 986 332 356
*D 5 1 F 9 A 5 345 336 369
* 0 5 9 F 9 A 8 346 305
* 06 F9 A E 34b 343 375
*06 1 F 9 H 3 350 311 318 399
MC 7 F 9 B 7 352 309 349 404
*0 8 F9 BB 354 329
* 0 9 FA 08 385 340

CROSS-REFERENCES

183 197 201 20 7 300 362

200
208
376

303
225
388

358
228
843

361
24 0

1024

5 18 
243 

1082

978
323

1105
338

l 1 09

461 472 4 8l 484 485

54
9 3 5

1094

57
944

1124

60

1 125

62

1142

6 3

1143

559 639

4 8 0

390



SYMBOL VAL UE L I N E OEFIT

ML T FA 5 J 450 2 9 0
MLTPLY F 90b 251 519
ML TO F A 59 4 5 3 46 2
ML T 1 FA 60 4 5 6 4 59
MIT 2 FA6A 4 6 0 4 5 7
MN 00 3 4 22 886
VOVR F 065 917 897
MOVRG F D 6 7 918 921
MULTI F 9 IF 272 26 3
MLLT2 F 923 2 7 7 345
MULT 3 F 92 7 28 2 26 8
MULT4 F 9 30 2 96 43 8
MVMN F 028 886
MVMX FU 1 C 88 0 509
MVMY F D2Q 882 505
MVM Z F 024 884 * * * ♦
MVftM F 0 36 894
MVNX FU2 C 888 506
MVNY F 0 30 890 555
MVhZ F D 34 892 * * * *
MVTR F0 3 A 89 6 857

877
MVTRO F 0 30 8 9 7 90 0
MVXM F C F 4 860 * * * ♦
MVXN F C F Q 862 498
"VXY FU EL 85 6 58 9
MVXZ F C F O 866 572
MVYM F 0 0 4 868 * ♦ ♦ ♦
MVYN F 0 0 8 870 * * * ♦
vyYX FCFC 864 ♦ ** *
MVYZ F 00 0 866
MVZM F C 14 876 504
MVZN F 0 18 87 8 541
MVZX FOOC 872 511
Y VZ Y F 01 0 874 508
MX 00 30 19 680
MY 0031 20 882
hi 003 2 21 884
N OO C O 27 1 15

6 9 2
805

NKUN 0001 28 49 7
NM 0 04 3 26 894
NX 0 0 4 0 23 888
NY C 04 l 24 89 0
i\Z 00 42 25 892
OViERR 0014 46 847
PGTARG FOE l 1003 104 0
PGTRGO FOE A 1007 1022
PGTRG1 F t 04 1023 1009
PLuADX FEOA 1031
PLOAD Y FF 23 1048 * * * *
POLY F UCl 98 7 554
PGLYO FD CA 99 0 997
PREC O j IO 42 1035
PSTRES FE 3C 1065
PTR oooc 39 1005

CROSS-RE FERENCES

549 5 5 /  5 9 0  6 0 6  9 9 0

377 389

99 4

537 544

859 861 86 3 865 8 6 7 8 6 9
879 881 8 83 885 887 8 8 9

532 588 60 4
60 5

520 9 8 7
546
54 7 55 6 98 8 992 1041 1128
54 3 6 48 5 78 995 1058 1146

45 0 4 8 6 5 3 0 570 58 6 6 0 2
735 715 725 735 744 7 5 4
815 836 1188
521 553 576 958 980

871
891

8 7 3
893

875

618
767

62 7
781

6 7 9
795

1057

577

10 52

1 0 10
1120

10 80  11 23  1141 1158 1 1 8 6

1023 103 2 1034 104 9 1051 1091 10 96  1 1 0 0  
1122 1138 1140



S Y M B O L V A L U E LI NE D E F I N E D C R O S S - R E F E R E N C E S

P T R E S FE 46 107 0 1081
RA 0 2 0 0 50 140 21 6 319 335 435 615 61 6 622 629 630

634 641 718 737 746 756 760 769 772 797
K A E R G F C 4 3 735 4 3 4
R A E K X F C 29 715 134 412
R A M A 02 9 2 65 914
R A M B 0 2 9 5 66 906
R A M C G D 02 8  F 64 898 915
R A M R B FC 70 767 206 47 5
K A P R B F C 5 C 754 l 39 45 8 4 7 9
R A R Q F C 4 5 736 739
R A R X E FC 35 721 * ♦ * *
R A R X O FC 2 C 717 720
RC 02 1 2 51 68 0 681 685 6 9 3 695 698 708 757 770
R B E R Y F C 1C 705 120 282 4 16
RB CF FC OE 69 5 700
R B O F E F C 1B 701 67 R
R 8 0 F F FC 0 7 692 128
RB R Y FC IF 707 710
R C L X Y F E F 5 1199 *♦ **
RES OO O A 38 10 68 1076 10 83 11 56 1163 1 172 11 77
RM 02 6 B 62
RN 02 70 63 * ♦ ♦ ♦
RC 02 2 4 52 45 4 48 3 728 736
R Q E R X FC 36 725 286
R C R X FC 39 72 7 730
R S b C F B F 4 6 8 0 68 3
R S B C N T F B E E 6 7 7 124 687
R S R A F B A 6 62 7 142 321 337 460
R S R A C FB A 9 62 9 632
RX 0 2 3 5 53 717 727 784 806 825 829 918 928
RY 02 4 7 56 514 516 535 54 0 707 785 816 826 827 919

9 37 96 7 97 3
RZ 0 2 5 9 59 501 503 560 747 839 946 1013 1 C 19 1070 1075

1098 1161
R Z E R A FC 4 F 744 161 277
R 7 R A E FC 58 750
RZ R A O FC 52 746 749
S A V X Y F E F O 1193 ** ♦*
S E T K O N FE F C 1203 531 571 58 7 6 0 3
SCR T FA9 E 4 9 6 ♦ ***
SCR T 0 FA B  5 505 522
SUB F 8 0 0 71 536
sx 02 35 54 74 98 148 154 156 195 209 297 308 317

325 346 366
SY 0 2 4 7 57 71 73 75 29 6 364 431 433 4 39 441 960
SZ 0 2 5 9 60 157 210 223 24 5 246 327 331 332 339 347

348 355 370 381 383 845 1006 1067 1092 1155
TAB F D 6 0 916 90 5 91 3
TANX FB 5C 585 * * ♦ *
TEMP 00 1 2 44 76 92 102 l 35 298 299 328
TEMPI 0 0 1 3 45 25 8 306 333 4 30
TENX FB4 1 569
T M P X 0 0 1 5 47 119 3 1199
TM PY 0 0 1 6 48 11 94 1200
U G T A R G FE 5F 1090 1127 1145
U G T A R D FE 66 1093 1099
U G T A R  1 FE 75 1100 1095
G L G A D X F E 8 A 1119 * ♦ ♦ ♦



SYMBUL v a l u e LINE DEFINED CROSS-REFERENCES
L L O A D Y FE A2 1137
U S T R E S f e b a 1154
U S T R S O FEC I 1157 1164
U S T R S l F E C 8 1161 1159
L S T R S 2 F EDI 1165 116 0
XM O O O i 9 860
XN 0 0 0 4 10 862
XSY FC BF 824 100 182
XSYl F C C 1 825 831
XY 0001 7 856
xz 00 0 2 8 858
XZ T S T F C A 6 80 5 85 262 4 0 3
x z t s t o F C A 8 80 6 809
X Z T S T l FC B 2 811 798 807 81 7
XZTST2. F C B O 810 801 820
YM 0 0 1 3 13 868
YN 0 0 1 4 14 870
Y X 0 0 1 0 11 86 4
YZ 0 0 1 2 12 866
Y Z T S T F C B 3 815 90 267 398
YZ TS TO F C B 5 81 6 819
XH 0 0 2 3 17 876
ZN 00 2 4 18 878
zx 0 0 2 0 15 872
ZY 002 1 16 874



I N S T R U C T I O N  C O U N T

A O C 13
AN D 14
ASL 12
BCC 11
BCS 6
BEti 24
BIT 13
BMI 5
BN E 32
BPL 26
BRK 0
B VC 6
B VS 6
CLC 5
CL D l
CLI 0
CL V 0
C M P 6
CP X 2
CP Y 3
DEC 6
DEX 30
OEY 0
EO R 5
INC 5
I NX 9
INY 10
JM P 28
JSR 114
LDA 159
LOX 31
LO Y 7
LSK 18
N O P 0
ORA 9
PHA 4
PHP 0
PLA 4
PLP 0
ROL 0
RTI 0
RT S 48
SBC 11
SEC 10
SED 6
SEl 0
STA 118
ST X 2
STY 2
TAX 2
TAY 0
TSX 0
TXA 0
TXS 0
TYA 1

S Y M B O L S  = 238 (LIM
L I N E S  * 14 4 9  ( L I M I T  = 4 00 0)

= B Y T E S  
= X R E E S  *

= 2 0 3 2  ( L I M I T  = 4096) 
743 ( L I M I T  = 1800)
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BESTELLKARTE MICROPROCESSOR-DRUCKSCHRIFTEN ENDUSER 2/78 Gultig ab 1. Dez. 1977
MICROCOMPUTER-HANDBOCHER (Netto + MWSt. + Versand) Wir bestellen zu Ihren bekannten Bedingungen:
1.10 KIM-1 User Manual englischdeutsch

DM 19,80 Stck: D M :
1.11 KIM-1 Handbuch DM 19,80 Stck; D M :
1.20 KIM-2/3/4 User Manual Expansion ModulesMemorv/Errata Sheet/Motherboard enalisch DM 9,25 Stck: D M :
1.30 KI Math Subroutines Programming Manual englisch DM 15,45 Stck: DM:1.40 KIM Text Editor User Manual englisch DM 8,90 Stck: DM:1.50 KIM Assembler Manual Prelimiary englisch DM 10,20 Stck: DM:
1.60 Programming Manual englisch DM 28,60 Stck: DM:
1.61 Programmierhandbuch deutsch DM 28,60 Stck: DM:1.62 THE FIRST BOOK OF KIM-1 DASKIM-REZEPTBUCH englisch DM 19,80 Stck: DM:
1.70 Hardware Manual englisch DM 24,90 Stck: DM:
1.71 Hardware Handbuch deutsch DM 24,90 Stck: DM:
1.80 TIM Terminal Interface Monitor Manual englisch DM 12,90 Stck: DM:1.90 Cross Assembler Manual Preliminary englisch DM 12,70 Stck: DM:
1.99 Bucherliste iiber weitere ca. 60 Bucher mit Kurzbeschreibung DM Stck: DM:

MICROPROCESSOR DATENBLATTER (Netto + 
2.10 Spectrum of Products

MWSt. + Versand) 
englisch DM 0,95 Stck: DM:2.20 MCS 6 5 0 0 Microprocessors englisch DM 0,95 Stck: DM:2.30 MCS 6 5 2 0 Microprocessors englisch DM 0,95 Stck: DM:2.31 MCS 6 5 2 2 Microprocessors englisch DM 0,95 Stck: DM:2.40 MCS 6 5 3 0 Microprocessors englisch DM 0,95 Stck: DM:

2.60 MCS 6 5 0 X Instruction Set 6502-6515 englisch DM 1,10 Stck: DM:2.80 MCS 6 5 3 2 Microprocessors englisch DM 0,95 Stck: DM:
MICROCOMPUTER-LOSEBLATT-BIBLIOTHEK (Netto + MWSt. + Versand)
3.10 Loseblattsammelordner aus Kunstleder fur alle Bucher und Datenblatter 3.20 MICRO-Info Hardware ca. 1400Seiten (FMI) deutsch 3.23 MICRO-Info Software ca. 400 Seiten (FMI) deutsch 3.26 Kontinuierliche automatische Erganzungzur (FMI) 2-monatlich ca. 150 Seiten. 10 DM/S deutsch 

*) Gilt nur in Verbindung mit Abo, sonst 84,—/76,— DM.
MICRO-COMPUTER-POSTER UND PROSPEKTE (Netto + MWSt. + Versand)

DM 4,95 Stck: DM:DM 42,00* Stck: DM:DM 38,00* Stck: DM:
DM 15,00 Abo: DM:

4.10 KIM-1 Microcomputer Module. 4-Farb-PosterSchaltschema I l= ungefaltet P] gefaltet A 49.oo m c ds-h a r d w a r e + softwarT pro-
DUKTE Schnell-INFO

COMPUTERJOURNALE (Enduserpreise incl. MWSt. + Porto)
11.10 JOCE & N: Europas einziges Computer- journal in deutsch und englisch fur Hobby, Forschung und Ausbildung11.11 KILOBAUD: Das bekannte US-Journal des MICRO + MINICOMPUTERMARKTES11.13 INTERFACE AGE: Ebenso bekanntes wie beliebtes US-Computer- Journal11.15 THE NEW HOBBY COMPUTERS, 

der BESTE Jahresextrakt11.16 THE HOBBY COMPUTERS ARE HERE, der BESTE Jahresextrakt11.17 „73" MAGAZINE AMATEUR RADIO fur Funkamateure in der BRD, 3500 Abos

englisch Abonnement DM englisch Abonnement DM
englisch englisch
englisch

COMUPTER CLUB EUROPE E.V.
21.00 MITGLIEDSCHAFT, kostenfreien Bezug des Beitrag/Jahr JOCE & N + europaweite Kommunikation Student/Jahr 

Rabatte auf Soft- und Hardware und vieles mehr.
Alle Preise verstehen sich netto fob Darmstadt.

DM 2,95 Stck: DM:
DM 0.80 Stck: DM:

:sch DM 4,00 Stck: DM:DM 40,00 Stck: DM:DM 7,50 Stck: DM:DM 75,00 Stck: DM:
DM 6,00 Stck: DM:
DM 60,00 Stck: DM:
DM 15,75 Stck: DM: '
DM 15,75 Stck: DM:
DM 7,00 Stck: DM:
DM 70,00 Stck: DM:

DM 85,00 nDM 45,00 n—

Nachname: Vorname:
Strafte ••
Postleitzahl-Landeskennbuchstabe: Ort:
Datum- Unterschrift:
MCDS MICROCOMPUTER Datensysteme GmbH, Luisenplatz 4, D-6100 Darmstadt
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